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Chapter 5 

BACTERIOPHAGE INVESTIGATIONS 

Early Obsenations 

In marked contrast to the copiousness of later records, during the 
period of about a decade following the discovery of bacteriophagy by 
Twort (1915) and by d'Herelle (1917) publications on the role of bacteria
phages in cholera were rather scanty. 

D'Herelle himself (1922 ; see also d'Herelle, Malonc & Lahiri, 1930), 
referring to his early obserYations in this respect, stated that : 

" Amongst about one hundred cases of cholera studied in Indochina it was possible 
to observe but one following recovery. In this last, in spite of daily examinations of 
stools, in but a single specimen taken at the beginning of convalescence has a bacterio
phage active for the vibrio been found. This gave about 50 plaques when planted on 
agar. In spite of many attempts it has been impossible to cultivate it by serial transfers. 
None of the fatal cases yielded a bacteriophage." 

Continuing to work with cholera stools after the above-mentioned 
observations had been made in 1920, d'Herelle (1923) was able regularly 
to demonstrate the presence of a lytic principle in the stools of cholera 
patients by 

(a) incubating broth dilutions or suspensions of the faeces for about 12 hours at 
3TC; (b) filtering the fluids first through kieselguhr and then through candles, and 
(c) after admixing agar-grown cholera vibrios to obtain a concentration of 100 million 
organisms per m!, incubating the mixtures for 12-18 hours at. 3JDC, at the end of which 
period the vibrios were found to have been dissolved. 

The lytic principle began to become manifest in the cholera faeces 
3-4 days after onset of the disease and continued to be present until the 
death of the patients, and in the case of the single convalescent examined, 
up to the end of an observation period of about two weeks. Similarly, in 
the case of one cholera-vaccinated individual the lytic principle became 
manifest on the fourth day after the first inoculation and disappeared two 
weeks after a second dose of vaccine had been given 8 days after the first. 

D'Herelle felt convinced that the above-described phenomena were not 
due to bacteriophage action, because : (1) in contrast to what was observed 
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in the latter case, there was a strictly quantitative relation between the 
concentration of the filtrates and the amount of cholera vibrios per ml they 
were capable of dissolving, filtrates diluted to 50% lysing only 20-25 million 
organisms per ml, and those diluted to 10% exerting no action even upon 
small inocula; (2) serial transmission proved impossible; and (3) the charac
teristic plaque formation remained absent when suspensions of cholera 
vibrios in active stool filtrates were spread on agar plates. D 'Herelle was 
inclined, therefore, to ascribe the observed vibriolysis to the action of a 
bacteriolytic (" diastatic ") ferment. 

It is interesting that afterwards a similar claim was made by Bernard & 
Guillerm (1933a), who stated that they had obtained by a method suitable 
for the extraction of diastases from bacteriophage-free broth cultures of 
V .. cholerae a substance endowed with transmissible lytic power. As these 
two workers formulated it in a second note (1933b), this substance had 
" the characters of an activator of the diastase which in normal cultures 
produces an autolysis of vibrios ". However, even if acceptable at face 
value, these observations cannot invalidate the now generally accepted, 
because fully confirmed, belief in the virus nature of the bacteriophages. 

D'Herelle's initial observations, which testified to the occurrence of 
true bacteriophagy in the case of cholera, found early confirmation through 
Jotten (1922), who in one instance demonstrated specific phage activity of a 
filtrate derived from a cholera stock strain. Flu (1923), on the contrary, 
obtained entirely negative results with the filtrates from 13 cholera strains 
which had been subcultivated monthly after they had been isolated seven 
years previously in Java. 

Similarly Ciuca (1923) found the filtrates obtained from the faeces of 
five cholera patients (four of whom recovered) active only against dysentery 
bacilli and E. coli, but not against the 17 V. cholerae strains tested. However, 
as stated by Petrovanu (1924a), Ciuca and he had afterwards been able to 
demonstrate a weak lytic action of cholera stool filtrates on heterologous 
strains of V. cholerae not directly isolated from patients. 

Meissner (1924), making " incomplete " Pfeiffer tests by intraperito
neally injecting guinea-pigs with lethal doses of V. cholerae and small amounts 
of cholera-immune serum, found that filtrates of the peritoneal exudate 
of such animals displayed a typical bacteriophage activity which was 
serially transmissible. Working obviously with phage-contaminated 
materials, she obtained identical results with the peritoneal exudates of 
guinea-pigs intraperitoneally injected only with nutrient broth. 

In contrast to the findings of Meissner, Petrovanu (1924a) was unable 
to demonstrate a lytic action of the peritoneal exudate of rabbits injected 
intraperitoneally with lethal or non-lethal doses of V. cholerae. However, 
Petrovanu (1924b) found that filtrates from the washings of ground-up 
small intestines of cholera-immunized rabbits exerted a typical bacteriophage 
action on the organisms freshly isolated from the heart-blood of cholera-
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infected rabbits, though not on one of the stock strains used for the im
munization of his animals. Noting these as well as further discrepant 
results obtained with other filtrates and .. or cholera vibrios of different 
origin, Petrovanu maintained that these organisms were evidently apt to 
undergo variations, sometimes even rapid changes, in their behaviour to 
bacteriophages. 

A valuable study of the susceptibility and the resistance of cholera 
vibrios to bacteriophage action was made by Flu (1924, 1925). As excel
lently summarized in the Tropical Diseases Bullerin (1926), the thesis of 
this worker was 

•· that strains resistant to bacteriophagy are, or may be, not only resistant, but also may 
by their growth, especially in bouillon, bring about a steady diminution of potency of 
any bacteriophage which may be present : there would naturally be failure to carry on 
bacteriophage in subpassage, if the resistant strains got the upper hand and brought 
about the disappearance or inactivity of the bacteriophage. 

"This idea of the author may further be set out as a number of propositions : 

" (I) A killed lysogenic strain in association with a young growing lyso-susceptible 
strain in bouillon culture often furnishes a potent bacteriophage. 

" (2) Lysogenic strains cultured in bouillon often deYelop resistant strains with 
lengthening of the incubation time. 

" (3) Strains which are resistant to bacteriophage bring about with their growth, 
disappearance of any bacteriophage present.'' 

Flu pointed out that these considerations explained on the one hand 
why d'Herelle, using too long an incubation period for his test specimens, 
had usually failed to demonstrate the presence of cholera bacteriophage, 
and made it clear on the other hand why .Meissner, who evidently worked 
with a specially lysogenic strain, obtained positive results even in tests 
with filtrates from the peritoneal exudate of normal guinea-pigs. 

Finding it legitimate for the reasons stated abo\·e to utilize again ten of 
the cholera strains which had given negative results in his 1923 bacterio
phage tests, Flu adopted the following technique : 

" Of each of these strains the well-grown layers on four agar slants were suspended 
in 3 ml broth or normal saline and the suspension was mixed with sufficient anhydrous 
Na2S04 for a solid mass to be formed. This was finely triturated in a mortar, the powder 
was suspended in lOO m! broth, which was then heated for one hour at 58°C. The cooled 
broth was afterwards distributed into ten flasks, each of which contained lOO m! of broth. 
Each of these flasks was then seeded with one of the test cholera strains. One obtained 
thus ten test series, each consisting of ten flasks. 

" After an incubation for two weeks a few ml of the contents of each flask were heated 
for I hour at 58°C and 0.1-ml quantities of these fluids were used for bacteriophage 
tests with each of the cholera strains under examination.'' [Trans.] 

Tests carried out with the aid of the above-described technique showed 
on the one hand that only one of the ten strains examined was markedly 
lysogenic, i.e., capable of exerting a lytic action on phage-susceptible 
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strains, and on the other hand that not all of the remaining nine strains 
were susceptible to lysis. In fact, as established by Flu, 
"only three [of these] strains were found to give lysis under all circumstances and to 
lead to plaque formation on the plates and slants, and only these out of 20 strains of my 
stock could be used for subcultivation of the bacteriophage." [Trans.] 

The strongly lysogenic strain was not only lysoresistant against the bacte
riophage obtained from it, but also capable of inhibiting bacteriophage 
action in fluid media and to lead after repeated subcultivation in such 
media to a complete disappearance of the bacteriophage. 

Nobechi (1926a), while unable to demonstrate the presence of cholera 
bacteriophages with. the aid of the techniques of Jotten, Meissner, or 
Petrovanu, found the method recommended by Flu effective. However, 
Nobechi stated that he had obtained at least equally good results by simply 
filtering the bacteriophage-containing broth cultures. 

Making cross bacteriophage tests with the 18 V. cholerae strains at his 
disposal and their broth culture filtrates, Nobechi found 3 of these strains 
to be bacteriophage-resistant and lysogenic, while a second group of 6 
strains proved to be resistant but non-lysogenic, and a third lysosensitive 
and non-lysogenic. It was noted that the clarification of broth cultures of 
lysosensitive strains under bacteriophage influence began to become manifest 
after 3 hours and became maximal after 4-5 hours. It was essential, therefore, 
to observe the tubes continuously from the beginning of the tests, because 
in the case of delayed examination rapidly occurring secondary growth 
could mask the presence of bacteriophage. Nobechi also .advised making 
subcultivations during the phase of maximal lysis. 

Studying the mutations of V. cholerae under the influence of bacterio
phage, Nobechi (1926b) found that these were not of a permanent character : 
reversion to type took place after some passages in bacteriophage-containing 
broth media, and the strains in question became at the same time resistant 
to bacteriophage action, non-lysogenic, and also spontaneously agglutinable. 
However, spontaneous agglutination was no longer observable when such 
strains were transplanted on agar. 

Nobechi further found that intraperitoneal injection of guinea-pigs 
with 0.3;0.5 ml of bacteriophage cultures protected the animals against 
intraperitoneal challenge with 3-10 MLD of V. cholerae, the phenomena of 
Pfeiffer's reaction becoming manifest in such animals. Bacteriophage 
administration by the oral, subcutaneous or intravenous route as a rule 
did not protect the animals against intraperitoneal challenge. The filtrates 
of either lysogenic or non-lysogenic cultures also showed only slight pro
tective power. Intravenous injections of bacteriophage did not effect a 
disappearance of the organisms from the gall-bladder of experimental 
animals which had become carriers of V. cholerae. 

In his work The bacteriophage and its behaviour, d'Herelle (1926), 
besides referring to his own previous experiences and to those of some of 
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the other workers mentioned above, recorded only one observation he had 
made more recently : 

" In 1924, during the return of the pilgrims from Mecca, while they were quarantined 
at the lazaretto of Tor, I isolated from the stools of one of these pilgrims (although he 
showed none of the symptoms of cholera) a vibrio which agglutinated with an anti
cholera serum to its titre. . . While held in the lazaretto the stools of this pilgrim were 
examined every 48 hours. After a time the stool revealed a non-agglutinating vibrio, and 
after a further 48 hours all the vibrios had disappeared. 

" The ~brio susceptible to agglutination was bacteriophaged perfectly by the bac
teriophage isolated by Flu; while the vibrio which was inagglutinable, isolated 48 hours 
later, was refractory. At this time the intestinal contents contained a bacteriophage 
having a virulence for the agglutinable vibrio." 

Interesting as this observation is, the information supplied by d'Herelle 
is too scanty to show whether the "inagglutinable " vibrio found after 
the disappearance of the specifically agglutinable organisms was a rough 
cholera vibrio. It is quite possible, therefore, that the appearance of not 
specifically agglutinating vibrios in the stools of the pilgrim was of an 
accidental nature. 

To complete the present record, reference has to be made again to 
the observation of van Loghem (1926), already quoted in the preceding 
chapter, that bacteriophage action hastened the liberation of the endo
haemolysin of V. cholerae. 

Later Investigations 

A new epoch in the history of the subject presently under review began 
in the year 1927 when large-scale investigations on cholera bacteriophagy 
were started in India under the auspices of the Indian Research Fund 
Association by d'Herelle and eo-workers (see d'Herelle & :\!alone, 1927) 
and also by Morison (see Morison & Vardon, 1929). While, as will be 
described below, Mori,son and his colleagues continued to make important 
contributions to the knowledge on cholera bacteriophages and their role 
in the prevention and cure of the disease, d'Herelle's work was taken 
over in 1928 by Asheshov (see Asheshov et al., 1930) who published final 
reports on the experiences made by him and his staff in 1933 (see Asheshov 
et al. 1933). 

The main results obtained by these and some other investigators 
working in India or elsewhere, as far as they fall under the scope of the 
present disquisition, may be discussed under the following headings. 

Types of cholera bacteriophages 

In their final report (Part II), Asheshov et al. (1933b) thus described 
the properties of the three cholera bacteriophages they had detected early 
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in their work (Asheshov et al., 1930) and of two additional phages found 
by Pasricha, De Monte & Gupta (1932a): 

"Chq:>A (i.e. cholera phage A) is a quick acting bacteriophage: the best race of this 
can produce complete lysis of vibrios in less than two hours. Its generation period is 
approximately between 45 minutes and 1 hour 15 minutes. 

" The lysis is never permanent and is quickly followed by abundant secondary growth 
resistant to all bacteriophages of the type A. It attacks only the smooth elements of the 
culture, not touching the rough. The members of this group vary widely in activity, 
range, virulence and stability. The virulence can be exalted, particularly if bacteriophage 
is freshly isolated. But the great majority of the freshly isolated ChcpA are very unstable. 
They die out within a very short period-sometimes within a few days-unless they are 
adapted to laboratory conditions by frequent transfers. The range of virulence of some 
of the races of this type is often restricted to a small number of strains of vibrios, but 
they are comparatively easily adapted to act on the other strains of smooth cholera 
vibrios. They do not attack the non-agglutinable vibrios even if the latter are smooth. 

"ChcpB. The generation period of this bacteriophage on a smooth-rough culture is 
usually between l hour 15 minutes and 1 hour 45 minutes, and the lytic action of even 
the most active of this type is considerably slower than that of ChcpA. The lysis is seldom 
produced in less than three hours. The lysis is also not permanent and is followed by the 
secondary growth which appears later than with the type A. On the other hand, ChcpB 
is considerably more stable than ChcpA. The range of virulence is very wide . . . ChcpB 
acts on both smooth and rough elements attacking also some of the non-agglutinable 
vibrios. 

"ChcpC is a slowly growing bacteriophage, with generation period of 2 hours to 
2 hours 30 minutes. It produces appreciable lysis only with rough cultures and even 
then seldom complete and followed by the usual secondary growth ... ChcpC acts on the 
culture better on the agar surface than in the broth. The range of activity of this type is 
very wide : we have not yet met a strain of cholera vibrios which is not acted upon by 
our ChcpC. It attacks also many non-agglutinable vibrios. 

"ChcpD (Pasricha). The generation period of this bacteriophage ... is 1 hour 20 minutes 
to 1 hour 30 minutes on a smooth and 1 hour 30 minutes on a rough strain. The lytic 
action is slower than that of ChcpB but quicker than that ofChq;C; it gives an incomplete 
lysis in about five hours ... The range of activity and stability of this bacteriophage have 
not yet been sufficiently studied.[!] 

"ChcpE (Pasricha). A very slow acting bacteriophage with generation period on 
rough culture of 1 hour 40 minutes to 1 hour 50 minutes seems to act only on rough 
elements. The lytic action is very slow, but is more pronounced than with ChcpC : the 
lysis of rough culture is more complete than with ChcpC and the secondary growth appears 
with difficulty." 

Important additional information on these choleraphages, particularly 
the first three types, was supplied by Morison (1932), Rao (1932), and 
White (1936b, 1937). 

Morison (1932) stated that cholera vibrios, if made resistant to type A 
choleraphages, became as a rule, though not invariably, rough in character, 
and also drew attention to the fact that, though the strains isolated from 
patients were usually smooth in character, batches found at the end of 
one Calcutta outbreak had been mostly rough and at the same time 

1 Accordmg to Pasricha, De Monte & Gupta (1932a), the cholera D phage had a greater range of 
act~vity than any other choleraphage. 
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resistant to cholera A phages. However, while admitting that these findings 
were in accord with those made by d'Herelle (1926), Morison stated that 
he was " not yet in a position to comment on the claim that resistant 
strains are avirulent ". 

In Morison's experience cholera strains, which had become rough 
and resistant to type A choleraphages, became apparently changed into 
smooth strains if they were made resistant also ro rype B or type C phages. 
Thus, as this worker put it, the type A cholera phage seemed" to be a factor 
in producing rough and B and C factors in producing smooth strains". 

Rao (1932), studying the relationship between the action of cholera
phages and the reaction of the media used for such work, reached the 
conclusion that: 

" Within the optimum limits lysis of the type A cholera bacteriophage is enhanced 
by increasing acidity and that by type B by increasing alkalinity." 

Rao maintained, therefore, with much reason that differences in the 
reaction of the media used might exert an influence upon varying results 
obtained in cholera bacteriophage work. 

White (1936b) stressed that the cholerapbage A exerted a lytic action 
solely upon classical cholera and El Tor strains. Positive reactions obtained 
with such strains were, therefore, of diagnostic importance, but it deserved 
attention that some of the type A phages failed to arrack Inaba-type strains 
of V. cholerae. Another important fact was that alone among the cholera
phages known to White the A-type phages lysed only the S form of the 
vibrios they were capable of attacking, but nor the R races isolated from 
the smooth strains without the intervention of bacteriophage. In analogy 
with this observation the secondary growths resulting from the action 
of cholera A phages were "essentially if not always entirely rough". 

Further studying two cholera A phages be had obtained from :Morison 
and from Asheshov respectively, White (1937) found that both these 
phages attacked all Ogawa-type cholera strains regardless of their geo
graphical origin. Indian Inaba strains were attacked by Asbeshov's A 
phage but not by that of Morison. Neither of rhese phages could be 
cultivated either in peptone water or on agar on the Chinese or Japanese 
cholera strains at White's disposal, unless the activity of the phages was 
enhanced by the addition of egg-white ("lysozyme") to the cultures in 
question. 

In order to turn attention to the discovery of cholerapbages additional 
to those enumerated above, it has first to be stated that Pasricha, De Monte 
& Gupta (1932b), finding a bacteriophage, which had been grown originally 
on a cholera-like vibrio, capable of attacking the secondary growths pro
duced through the action of the hitherto known cholera phages, classed this 
new type as cholera phage " F ". Further, as summarized by Pasricha and 
colleagues (1936): (1) M orison (1933; see also a preliminary remark made by 
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this worker in 1932) reported on the isolation of three new choleraphage 
types " G ", " H" and " J "; (2) Pasricha (1933) found a " K" type, 
active for rough vibrios only (White, 1937); (3) an " L " type was reported 
in 1935 by Anderson; and (4) an "M" phage had been recently isolated 
from a vibrio strain not agglutinable with cholera-immune serum which 
had been cultivated from the faeces of a cholera patient. As noted by 
Pasricha and colleagues (1936), this new phage, while slow in action, had a 
wide range of activity, attacking some cholera-like vibrios as well as most 
cholera strains. 

Commenting upon these observations, the same authors (1936) empha
sized that among the cho1eraphages known thus far the A phage alone was 
restricted in action to vibrios agglutinable with cholera-immune serum 
and acted, moreover, solely on .organisms possessing a considerable degree 
of smoothness. The choleraphage A was also immunologically in a class 
of its own, because sera raised with it inhibited only the action of their 
homologous. phage, whereas serological relationships existed in the case 
of the other choleraphages. 

As stated by White (1937), he proposed to continue work with the 
L choleraphage. However, he lost the strain which had been isolated 
originally by Anderson (1935) from Calcutta sewage, and a second strain 
labelled phage L received afterwards was found incapable of lysing the 
cholera strain attacked by the original L phage. White considered it 
advisable, therefore, to call the second strain at his disposal the " LL " 
phage, thus indicating that it was probably distinct from the original 
type. Summarizing his experiences with this second strain, White stated 
that the LL phage 

"is possibly the most frequently occurring of Indian cholera phages. The majority 
at least of cultures of V. cholerae from Indian sources are LL-lysogenic. On the other 
hand those Chinese and Japanese strains of V. cholerae which have been so far examined 
have been found LL-free and LL-sensitive. While all V. clwlerae examined have been 
found either infected with or sensitive to LL, neither of these conditions has yet been 
detected in El Tor and other vibrios." 

While, as will be seen below, the LL phage does not quite show the 
limitations in geographical distribution postulated by White, the observa
tions of this worker on the restriction of the distribution of this phage 
to the classical V. cholerae are of great interest. 

Another interesting fact established by White was that the usually 
feeble lytic action of the LL phage could be enhanced by the addition 
of " lysozyme " (i.e., egg-white in a 1:25 concentration) to the culture 
media. As already alluded to, White also found that two A-type cholera
phages, which failed to multiply on Far Eastern Inaba strains in spite 
of their specific affinity for the polysaccharides of these strains, attacked 
the organisms in question vigorously in the presence of the egg-white 
lysozyme. Where no such affinity existed, the lysozyme failed to promote 
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bacteriophagy. In White's opinion this observation supported the view 
" that the combining property of bacteriophage is to be clearly distin
guished from its lytic activities ". 

In apparent agreement with this view White found that, though no signs 
of bacteriophage action became manifest when rough ll-free races of 
V. cholerae were exposed on agar plates to the action of this phage, it 
could multiply indefinitely upon the R cultures which, like the smooth 
growths, became lysogenic. He added that: 

" Cholera phage LL is fixed and inactivated by the polysaccharides of S,R and p 

V. cholerae and probably has a specific affinity for the substance which I have termed 
C y (White, 1936[a])." 

Continuing work with the LL phage, Pasricha, lahiri & De Monte 
(1941) established that (a) the secondary cultures obtained after the action of 
this phage were lysable by the 12 other types of choleraphages (A-~M), 
while (b) the LL phage acted reciprocally on the secondary cultures resulting 
from the action of each of the other types of choleraphages. White's 
assumption that the LL phage was a new type being thus confirmed, Pasricha 
and co-authors proposed for it the name of choleraphage "N ". 

Like choleraphage A, the N type exerted no action on cholera-like 
vibrios. Evidence of its presence could be found in only 3 out of 115 
recently isolated cholera strains but it is noteworthy that these had all 
been obtained within a short time from one and the same locality. Positive 
results were obtained with all Indian stock cholera cultures and, in contrast 
tp White's experiences, also with some strains from Hong Kong, three of 
which yielded N phage, while a fourth proved resistant and a fifth sensitive 
to the action of this phage. In confirmation of White's observations, 
Pasricha and colleagues found egg-white lysozyme an excellent means of 
propagating the N phage but they obtained satisfactory results also with 
solid or semi-solid agar. 

In their article describing the D and E types of choleraphages, Pasricha, 
De Monte & Gupta (1932a) also stated that they had isolated from the 
water of the Hooghly river a "W" phage, found to be capable of lysing a 
number of cholera-like strains. Though the latter had proved to be resistant 
to the action of choleraphages A-~C, the secondary growths appearing 
after the action of W phages were found to be lysable by cholera
phages. 

Subsequently Pasricha and colleagues (1932b) referred to the isolation of 
8 (or. to judge from their protocols, rather 9) strains of vibrio phages, found 
to be active against cholera-like strains which were not lysed by cholera
phages. After repeated passages on their respective vibrios, 5 of these 
phages acquired the property of lysing cholera vibrios. However, as 
stated by the same authors in 1936, such vibriophages," if active on agglutin
able (i.e. cholera) vibrios do not give the reciprocal cross test ". 
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To judge from a short remark made in 1934 by Russell (1935), up to 
then over 30 different races of vibriophages had been isolated in India. 

Pasricha, De Monte & Gupta (193la), studying the seasonal incidence of 
choleraphages in Calcutta, found that: 

" (a) Cholera 'phages in Nature vary with the incidence of the disease. It is rare 
to isolate cholera 'phages from water during the non-cholera season. 

" (b) The mortality rate which is high at the beginning of the cholera season, falls 
rapidly when cholera 'phages have become widely distributed in Nature. The spread 
of bacteriophages thus apparently plays a very important role in the lowered mortality, 
and in bringing an epidemic to a close. 

"(c) Cholera 'phages in Natu,re are of the quick-acting type A, and evidence is 
presented suggesting that the types B and C die out in Nature." 

These conclusions are in accord with the postulations of d 'Here lie 
and his eo-workers, to which reference will be made later. They stand, 
however, in a curious contrast to the contention of Morison (1935) that, 
unlike other phages types, cholera A phages, though frequently met with 
in the patients, "may have little effect on the infectivity or virulence " 
of V. cholerae. 

Fixation and inhibition of choleraphages 

White (1936b) pointed out that observations by several workers, made 
with bacterial species other than the vibrios, had demonstrated the power 
of specific extracts separated from the organisms in question to fix and 
inactivate particular bacteriophages. He made, therefore, corresponding 
tests with substances extracted from vibrios and choleraphage types A-~J. 
White was thus able to show that 

(I) the A-type phage was selectively inactivated by the smooth specific poly
saccharide of cholera and El Tor vibrios ; 

(2) the polysaccharides derived from cholera-like vibrios as well as those from R 
and p races of V. cholerae exerted no inhibiting action on the A-type choleraphage; 

(3) " lipoid" constituents of the cholera vibrios, obtained by alcohol extraction, 
while in properly conducted tests not interfering with the action of choleraphage A 
(and also of the type D), specifically inhibited the phage types C, E, G and H, while 
the B-type phage was not invariably inhibited by these substances. 

White concluded from these observations that, regardless of whether 
the polysaccharides or the lipoids specifically bound the phages, " in both 
cases the resistance of the secondary culture is probably due to its loss of 
susceptible substance rather than to any positive modification or 'immu
nity'". 

Pandit, Maitra & Datta Roy (1936), who also made an early study of the 
problem presently under review, used the following technique to prepare 
extracts of cholera and other vibrios: 

" The organisms were grown in R{)ux's flasks for 48 hours. The growth from 
each. flask was washed and emulsified in 10 c.c. distilled water. The emulsions 
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were placed in a water-bath at 55°C for 72 hours. They were then diluted by adding 
twice the amount of distilled water, and filtered through a Seitz filter." 

Applying this technique, Pandit and co-\vorkers tested the inhibitions 
produced by the extracts of 17 strains of cholera, El Tor, and cholera-like 
vibrios on cholera phages A-~ K. It was found that the phage types C and 
G were not inhibited by any of the extracts tested and that, on the other 
hand, the extracts of two cholera-like vibrio strains as well as that of the 
single available El Tor strain did not inhibit the action of any of the above
mentioned bacteriophage types. 

No definite correlation appeared to exist between phage-type inhibition 
and resistance of the strains to the phages in question, but multiple-type 
resistance was found to be associated with a diminution in the number 
of types inhibited. A parallelism was found to exist between the types of 
phage inhibition produced by the extracts of the strains and the polysaccha
ride content of the organisms concerned according to the classification of 
Linton and his eo-workers (see Chapter 3). 

Continuing the above-described work, .'vlaitra (1939) combined phage
inhibition tests (types A~L) with precipitin tests, made with sera raised 
against strains falling into different groups according to the type of their 
phage inhibition and polysaccharide content. It was found that according 
to the results obtained by such combined tests the vibrios could be divided 
into two groups, namely, one consisting of typical smooth cholera vibrios 
and El Tor vibrios in the strict sense, and a heterogeneous group comprising 
atypical cholera vibrios, particularly rough strains, and cholera-like vibrios. 
Maitra concluded in contrast to the statements of Pandit and colleagues 
that: 

" Both the inhibition and precipitin reaction appear to depend on a common factor 
which is related to the complex polysaccharide receptor of the cholera Yibrio but bears 
no direct relation to the type or quality of polysaccharide by chemical analysis as found 
by Linton." 

As stated in a preliminary note by Doorenbos & Cossery (1950), a 
serum raised in rabbits against cholera B phage, b:sid:::s possessing weak 
agglutinating properties (titre 1 : 300), inhibited in dilutiDns of 1/ lOC>Cl after 
an incubation for 4 hours the activity of this phage. 

Action of clwleraphages on El Tor vibrios 

Though repeated references are made elsewhere in the present chapter 
to the behaviour of El Tor vibrios under the action of choleraphages, it 
is necessary to deal separately with the observations made in this respect 
by Jadin (1936). 

Making comparative tests with a cholera bacteriophage, Jadin found 
it far more active for classical cholera than for El Tor vibrios: the former 
organisms were completely lysed when the phage was us:;od at a dilution 
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of 10·8, and after joint subcultivation for several months even at a dilution 
of 10-10• The El Tor vibrios, though slightly lysed by I0-5 bacteriophage 
dilutions, were completely lysed only by I0-3 dilutions. Subcultivation of 
the phage on cholera vibrios did not increase its lytic power for V. El Tor; 
subcultivation of the phage on the latter organisms did not abate its potency 
for V. cholerae. 

Heating of the bacteriophage dilutions for half an hour at 64°C did not 
deteriorate their lytic action for cholera vibrios, but such heated dilutions 
produced no lysis of El Tor vibrios. However, it was possible to restore 
the activity of such phage dilutions for the V. El Tor by repeatedly exposing 
them to a temperature of 75°C. 

A serum raised with a bacteriophage active for cholera vibrios but inac
tive for V. El Tor was found to inhibit the action of unheated choleraphages 
on the latter organisms, but only to diminish the phage activity against 
V. cholerae. The serum completely inhibited the action of choleraphages 
heated to 65°C. 

It was further established that repeated subcultivation of an El Tor 
strain contalninated with a 10-8 dilution of bacteriophage rendered the latter 
capable of lysing El Tor vibrios, apparently because in the course of sub
cultivation a multiplication of the phages had taken place. 

Jadin concluded from these observations that the different behaviour 
of the choleraphage towards cholera and El Tor vibrios respectively was 
the result of differences in the. phage sensitivity of the two organisms and 
not of the separate presence. of an anti-cholera and an anti-El Tor factor 
in the phage. 

Bacteriophage-produced vibrio variations 

Reporting on their studies in India, d'Herelle, Malone & Lahiri (1930; see 
also d'Herelle, 1930) stated that under the influence of bacteriophages the 
vibrios underwent profound changes: the motility of the organisms was apt 
to become eventually lost; their morphology became changed, bacillary and 
ultimately coccal forms making their appearance; the reactions produced 
by the vibrios in carbohydrate-containing media became modified, and the 
property of reducing nitrates became lost. More important still, bacterio
phage action led to a loss·· of the specific agglutinability with cholera
immune sera and also to a loss of virulence. 

Commenting upon their findings in this respect with the faeces of cholera 
patients, d'Herelle, Malone & Lahiri stated it to be "beyond dispute " that 
these changes in the properties of the organisms, which had been observed 
as well under the action of baCteriophages in vitro, " constitute real muta
tions of the typical cholera vibrio ". They maintained in this connexion that: 

" When the loss or the modification of a character is the result of a mutation, this 
character apparently cannot be recovered. The mutation appears to be final and the 
return to the original form impossible, in contra-distinction to what is produced when 
the loss of a character is simply the result of ' dis11se '. 
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"' In a word, if a powerful bacteriophage is brought into contact with cholera vibrios, 
the latter are parasitized and then rapidly and finally destroyed. If the bacteriophage 
which attacks them is less potent a certain number of .-ibrios resist but contract a chronic 
disease, transmissible to their descendants, which has the effect of modifying, more or 
less profoundly, their characters." 

While the fargoing conclusions which d'Herelle and his colleagues drew 
from the above and allied observations will receive attention later, the 
following records of other investigators deserve consideration at the present 
juncture: 

Finkelstein (1931) drew attention to unpublished observations accord
ing to which the phage-resistant growths appearing after the action of a 
choleraphage fell into two types in regard to their agglutinability, one 
showing a granular and the other a large-flake agglutination. This disso
ciation, which appeared to be stable in character, was accompanied by a 
loss of the motility of the organisms. 

Chen (1932), testing two cholera strains with the aid of a cholera
dysentery phage, noted the successive appearance of three types of variant 
colonies, two of which showed signs suggestive of roughness, producing a 
granular growth in broth subcultures and showing spontaneous agglutina
tion in saline suspensions. Motility was found to have disappeared in 
the case of one of these variants and also in that of the third, apparently 
smooth, variant. All three variants reverted to type after more or less 
prolonged subcultivation, more rapidly after animal passage. While 
the variants showed no marked changes in agglutinability, they seemed 
to be less virulent for hamsters than the parent strain. 

These observations were supplemented by valuable findings made by 
Chen (1933) with 195 stool specimens of 21 cholera patients, 18 of whom 
could be studied throughout their convalescence. Chen found that the 
cholera colonies thus isolated 

" were divisible into 3 distinct types according to their ' smooth ' and ' rough ' reaction, 
susceptibility to cholera-phage and agglutinability with high titered serum. Smooth 
type, lysible colonies by cholera-phage with full titer agglutination was always isolated 
in abundance during early acute stage of the disease when cholera-phage had not yet 
appeared ... 

" As soon as cholera-phage appeared in the stool and the patient was convalescent, 
smooth type colonies became scanty or entirely absent, and intermediate and rough 
resistant variants of comparatively low titer agglutination (1: 160-1: 640) took their 
place . . . Motility of the rough variants was also sometimes impaired and non-motile 
colonies of rough cholera vibrio were isolated in 4 cases. The motility, however, could 
be restored on subsequent transfers in laboratory media." 

In the case of five of the above-mentioned 18 patients, absolutely "non
agglutinating" cholera-like vibrios appeared, which pro\•ed to be rough 
in tests with Millon's reagent and choleraphage-resistant. However, 
cross-agglutination and absorption tests with sera raised against (a) smooth 
cholera vibrios, (b) slightly agglutinable rough variants, and (c) four of 

25 
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the cholera-like vibrios respectively showed a full antigenic independency 
of the latter organisms, not only as far as the smooth cholera vibrios, but 
also as far as the rough variants of the latter were concerned. It was in 
accord with these observations that daily transfers in alkaline peptone 
water, repeated for three months, as well as animal passages, while pro
ducing a tendency to better agglutinability with cholera-immune sera in 
the case of the rough variants, yielded no such results in the case of the 
cholera-like strains. 

An interesting study of the antigenic characters of three types of second
ary cultures obtained with A, B, and C choleraphages respectively, was 
made by Pandit & Rao (1932) who thus summarized their results: 

" The main change was in respect of presence of somatic antigen. This antigen was 
considerably diminished in the case. of secondary A but it persisted in varying amounts 
with secondaries B and C. The above gradation was noted in the case of flagellar antigen 
also. The power to provoke normal agglutinins was found to be proportional to the 
amount of somatic antigen present." 

It is important to note that the rough variants of V. cholerae produced 
independently of any ph~ge action " showed more or less the same antigenic 
structure as was noted with A phage type secondary cultures ". The variants 
appearing after action of choleraphages B or C could not be considered as 
truly rough in character because, as noted above, they continued to contain 
some of the smooth somatic antigen. 

As already referred to in Chapter 4, Morison (1932) stated that he had 
been unable to make cholera vibrios specifically inagglutinable by growing 
them in the presence of bacteriophages; he added that, when working under 
conditions that precluded contamination, he and his colleagues had also 
been unable to transform true cholera into cholera-like vibrios by dther 
means. 

These observations were confirmed by Vardon (1940), who stated that 
the secondary growths, which appeared after the individual action of the 
11 types of choleraphages known in 1935 on a typical V. cholerae strain, 
were agglutinated to over 50% of the titre by an H -'-- 0 serum raised 
against this parent strain. The sugar reactions of the secondary growths 
were also identical with those shown by the original culture. 

However, Morison reported in 1935 that, using combinations of the 
choleraphages instead of single types, he and his eo-workers had been 
able to effect 

"changes in the morphology, the colonies on agar, the growth in broth, the salt stability, 
the agglutinability and the ability to ferment sugars which varied with the combinations 
of types of bacteriophage and the period of action. These changes ranged from slight 
to so profound that the bacteria resulting. therefrom are quite unrecognizable as vibrios." 

Some details on these and on analogous observations made during the 
following years with the aid of 0-agglutinating sera raised against cholera 
and phage-produced variant strains were furnished by Vardon (1940). 
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Though he found in vitro some changes in the serological behaviour of 
such variants, it is noteworthy that according to a statement made by 
Anderson (1937), the presence or absence of phages infecting the vibrios in 
nature did not appear to influence their agglutinability. 

Careful studies on the changes 16 typical, non-haemolytic and more or 
less phage-sensitive Indochinese cholera strains were apt to undergo under 
the influence of cholera bacteriophage were made by Bernard & Liang (1933) 
and by Bernard, Raynal & Liang (1933). As stated by Bernard & Liang, the 
secondary cultures obtained from these 16 strains after the action of a 
cholera phage from Assam showed the following properties: 

(a) while no change in agglutinability was observable in four instances, six of 
the variant strains showed an impairment and six a total loss of their agglutinabi.lity 
with the three cholera-immune sera used; 

(b) the proteolytic properties of the variant strains were not altered in six instances, 
whereas the others liquefied gelatin and coagulated serum with some delay and to a 
lesser degree, or were even altogether unable to liquefy such media. 

As shown in the case of one of the strains, daily subcultivation of the 
phage-produced variants on gelatin-agar led to a gradual restoration of the 
properties of the parent strain, which became complete after the seventh 
passage. If such a " purified " strain was again contaminated with bacterio
phage, the cycle of modifications was started once more. Bernard & Liang 
maintained in this connexion that 

" the isolation from the seven first passage cultures on gelatin-agar of colonies which 
had preserved an absolutely normal form shows that pure and modified colonies co
exist in the same growths. In the course of successive passages, the pure colonies develop 
more rapidly than the contaminated colonies and restore, after a minimum of seven 
passages, the original culture. There can be no doubt that, depending upon the character 
of the original culture and the actiyity of the bacteriophage. used, marked differences 
ought to exist in the number of passages necessary for the reconstitution of the growths 
to their original state." [frans.] 

Bernard, Raynal & Liang (1933) supplemented these observations by 
stating that the cholera-red reaction, positiYe in the case of all 16 original 
strains, was more marked in that of six of the secondary growths appearing 
after bacteriophage action, and weaker than normal four times. The findings 
made by these workers regarding the behaYiour of their strains in blood
containing media will receive attention in a later part of this chapter. 

In order to assess the alterations of the properties of cholera vibrios 
under the influence of bacteriophage, Damboviceanu, Combiesco & Soru 
(1934) used six strains, two of which were of a smooth character, while two 
were rough and two were either in a transitory stage or consisting of a mix
ture of smooth and rough elements. Bacteriophage action produced no 
alteration of the specific agglutinability of all these strains and also did not 
alter the physico-chemical properties of the two rough strains. However, the 
variant growths developing after bacteriophage action in the case of the 
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smooth and transitory strains showed changes in their agglutinability with 
trypatlavin and in the zones of their acid agglutination as well as in the speed 
of their cataphoresis, exhibiting in these respects, in contrast to the original 
growths, the reactions characteristic of R strains. 

Damboviceanu & Soru (1934), studying the content in residual antigen 
of three smooth, two transitory, and one rough cholera strains before and 
after bacteriophage action, found that 

(a) residual antigen, though abundant in the extracts of the smooth parent strains, 
was no more demonstrable in the growths which had recently acquired rough properties 
under bacteriophage action; 

(b) however, strains which already exhibited rough features before bacteriophage 
action yielded after as well as before this action extracts as rich in residual antigen as 
the smooth strains or even showed a higher content in residual antigen. 

A study of the rough variation of V. cholerae and its relation to resistance 
to cholera A phage byYang & White (1934) led to the following conclusions 
of importance for the subject presently under review : 

" (a) According to the condition of the 'ultrapure ' culture of V. cholerae exposed 
to A type choleraphage the resistant growth is predominantly smooth, intermediate or 
rough in serological character; 

"(b) Extreme rough variants isolated from ultrapure cultures without the help of 
A choleraphage are identical with those obtained by its use and seem to be invariably 
resistant to this agent; 

" (c) Attempts to isolate from ultrapure cultures, by methods of simple selection, 
variants resistant to A type phage have met with a single but apparently significant 
success. On the whole we are inclined to believe that resistance to A phage is not a 
modification induced by phage action but that resistant elements are present in the 
ultrapure culture and survive lysis." 

As recorded by White (1937a), the action of the LL choleraphage 
resulted 
".in a very variable and usually trivial tendency towards roughness in the surviving 
growth, which may lead to its behaviour as a mixed SR antigen, to some reaction with R 
agglutinin and even in certain cases to somewhat increased susceptibility to the precipit
ating action of NaCl ". 

The observations made in regard to the problem presently under review 
by Doorenbos (1932) and Scholtens (1935) as well as part of those by 
Bernard, Raynal & Liang (1933) deserve separate consideration, because 
these workers paid particular attention to the modifications produced by the 
action of choleraphages in the behaviour of the vibrios in blood-containing 
media. 

Doorenbos (1932) reported in this connexion that he had worked with 70 cholera 
strains which were originally lysosensitive and incapable of lysing goat erythrocytes. 
After having been artificially contaminated with bacteriophage, 14 of these strains became 
strongly haemolytic. Though finding that these haemolytic variants were not stable, 
their subcultivation leading to the appearance of non-haemolytic as well as of haemolytic 
colonies, Doorenbos felt entitled nevertheless to claim an in vitro transformation of 
cholera into El Tor vibrios. 
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As found by this worker, bacteriophage action led also to other modifications of the 
properties shown by the parent strains : while the colonies of the latter were endowed 
invariably with marked haemodigestive power, after bacteriophage action this property 
became less conspicuous or was even no more apparent. Further, phage-contaminated 
strains showed a less abundant, sometimes a granular growth in peptone water. The 
cholera-red reaction, though markedly varying, was as a rule more strongly positive in 
the case of the phage-contaminated strains than in that of the parent strains. The degree 
of gelatin-liquefaction produced by the phage-contaminated strains showed more marked 
variations than was the case with the parent strains; sometimes the phage-contaminated 
growths failed to liquefy gelatin. 

Testing 35 of his strains with two different cholera-immune sera, Doorenbos found 
that in the case of the parent strains agglutination took place both in the form of flakes 
and of granules. Several of the lysogenic growths, on the contrary, showed merely 
agglutination in the form of granules, which sometimes were hardly visible with the 
naked eye. One of the two sera, which had a low titre, sometimes failed altogether to 
agglutinate colonies of the lysogenic strains. 

The general conclusion which Doorenbos reached on account of these 
observations was that 

"it is possible (namely, through the intervention of d'Herelle's bacteriophage) to trans
form in vitro the agglutinable vibrio into a non-agglutinable vibrio, a non-haemolytic 
vibrio into a haemolytic vibrio, a vibrio giving a feeble indol reaction into one giving a 
strong reaction : to isolate, from one and the same strain agglutinable and inagglutinable 
vibrios, haemolytic and non-haemolytic vibrios ". [Trans.] 

While most of these postulations of Doorenbos are acceptable because 
they are in agreement with corresponding observations made by other 
workers, exception must be taken to the claim that he had succeeded in 
transmuting cholera into El Tor vibrios. For all that he \Vas able to achieve 
in this direction was to produce quite unstable haemolytic variants of 
V. cholerae, whereas actually, as has been shown in the third chapter, 
the reactions given by cholera and El Tor vibrios respectively in properly 
conducted haemolysis tests are characterized by a great stability. There 
can be no doubt, however, that, as had been shown previously by van 
Loghem (1926) and was confirmed by the observations of Doorenbos 
as well as by the findings of Bernard, Raynal & Liang (1933) and Scholtens 
(1935) recorded below, the action of choleraphages is apt to exert an 
activating influence on the latent haemolytic properties of V. cholerae. 

The experience, in this respect, of Bernard and co-authors (1933) with 
16 cholera strains may thus be tabulated: 

Reactions 

Haemagglutination 
(sheep erythrocytes) 

Haemodigestion 
(rabbit-blood agar) 

Haemolysis 
(saline suspensions 
of sheep ery throeytes) 

Parent strains 

uniformly 
positive 

uniformly 
positive 

totally negative 
even after 48 

hours 

Secondary growths obtained after phage action 
for 6 hours for 24 hours 

identical, 10 times 
stronger, 5 times 

weaker, once 

identical, 9 times 
weaker, 7 times 

identical, 11 times 
stronger, 4 times 

weaker, once 

identical, 7 times 
weaker, 9 times 

4 times positive after 24 hours, 
9 times inconstant results 
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Disquieted by the possibility of diagnostic errors which might be made if 
haemolytic variants of V. cholerae were met with in actual practice, Bernard 
and colleagues recommended resorting to serial subculture of possibly 
modified growths so as to obtain once more colonies of a typical character. 

Scholtens (1935) inoculated 15 tubes containing 0.5 ~;.; suspensions of 
sheep erythrocytes in broth with isolated colonies of a secondary growth 
of V. cholerae obtained after phage action. Slight but definite haemolysis 
was noted in those tubes in which, undoubtedly as the result of roughening, 
a flocculent growth took place, while haemolysis was almost negligible in 
the tubes showing a diffuse growth, characteristic of smooth organisms. 
The variants definitely producing haemolysis ~were found to be phage
resistant but non-lysogenic. 

This demonstration of a potentially existing parallelism between S-R 
transition and aberrant haemolytic reactions giwn by the vibrios in question 
is of considerable interest. 

While several of the above-quoted observers, including Doorenbos, 
found that under the influence of bacteriophages the specific agglutinability 
of V. cholerae might be impaired or even lost, it should now be mentioned 
that a few workers claimed that strains of this organism, which were no 
longer amenable to the action of cholera-immune sera after they had been 
exposed to phages, might regain their original agglutinability and that 
even hitherto " inagglutinable " cholera-like vibrios might after phage 
action show serological reactions identical with those of the true cholera 
vibrios. 

As already partly discussed in Chapter 4, claims to this effect have been 
made by Pasricha, De Monte & Gupta (1931b, 1932b, 1933). 

In their 1931 paper, these workers recorded that the lysability of 355 
strains of cholera-like vibrios of various origin by choleraphages was as 
follows : 

Source Number of strains Type A J)pe B T;pe C Type B Percentage 
tested and C lysed 

River and tank water . 88 2 26 18 52.0 
Stools of healthy persons . 82 13 16.0 
Stools of cholera con-

valescents . 126 8 12 4 19.0 

Totals 296 10 38 35 23.0 

Note : No instance of lysis was observed in the 59 specimens of cholera patients' 
stools, the vibrios isolated from which were frequently found to be contaminated with 
type A choleraphages. 

As noted in the preceding chapter. Pasricha and colleagues found that 
some of the secondary phage-resistant colonies which developed after action 
of choleraphages B, C, or B and C on these cholera-like strains were agglu
tinable by a high-titre cholera serum, completely absorbed the agglutinins 
from this serum, and were capable of producing sera which agglutinated 



BACTERIOPHAGE I~VESTIGATIO.'<S 391 

cholera vibrios at high titre. As also noted, Pasricha and his colleagues, 
even though finding this acquired agglutinability difficult to maintain, 
ascribed great significance to their observations, feeling convinced that a 
large proportion of the "non-agglu tinable" vibrios present in cholera-affected 
localities were mutant forms of V. cholerae, apt to play a considerable 
role in the causation of the disease. Howewr, discussing the origin of the 
phage-resistant and specifically agglutinating vibrios obtained after bacterio
phage action on cholera-like vibrios, these workers admitted the difficulty 
of refuting the criticism that the apparently transmuted organisms might 
have been pre-existent in " a very small proportion " in the original growths. 
There is no doubt in the mind of the present writer that this interpretation 
of their findings and of some analogous results afterwards recorded by 
Vardon (1940) is by far the most likely one. 

In their 1932 paper, Pasricha, De Monte & Gupta referred to one" non
agglutinating " strain isolated from the faeces of a patient who showed 
clinical features of cholera, stating that (a) the Yibrios in question were 
lysable by a bacteriophage isolated from water, (b) the secondary growths 
developing after the action of this "vibriophage" were lysable by cholera
phages B, C, and D, and (c) these secondary growths were agglutinable to 
full titre by a highly potent cholera serum. Pasricha and co-authors added, 
without giving details, that similar changes were brought about by vibrio
phages grown on three other strains of cholera-like vibrios. 

As set forth already in the preceding chapter. Pasricha and colleagues 
(1933) claimed that out of 56 strains of "non-agglutinating" vibrios 11 
became agglutinable with cholera-immune serum after action of cholera
phages, while the same result was obtained in 13 instances after the action 
of vibriophages. Commenting upon these findings, Pasricha and his eo
workers stated that: 

·• ... \Ve have not made a sufficiently extensive study of vibrios and phages in non
endemic areas, nor have we made an investigation into the seasonal variations of vibrio
phages in relation to the epidemic of cholera, to enable us to draw definite conclusions 
as to the part played by vibriophages in the epidemiology of cholera, but in the laboratory 
under the influence of a virus disease (choleraphage) the typical cholera vibrio becomes a 
harmless saprophytic organism which when once again parasitized by another virus 
disease (vibriophage) assumes the characteristics \\hich render it indistinguishable from 
the typical virulent type ... Whether the vibrios regain their virulence or not we have no 
means of judging. The conclusion is forced upon us that the vibriophages play an im
portant part in the epidemiology of cholera and that they are one of the important factors 
in bringing about a regeneration of degenerated cholera vibrio.s." 

As reported by Anderson (1940), workers in the King Edward VII 
Memorial Pasteur Institute in Shillong, bearing in mind that cholera-like 
vibrios found in surface-waters might be cholera germs which had lost 
their specific agglutinability, tried to produce a reversion of the organisms 
to their original state by growing water vibrios in dilutions of antiphage 
sera. However, these attempts gaye entirely negative results. 
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In a preliminary note published in 1950, Doorenbos & Cossery claimed 
on the contrary to have transmuted with the aid of an antiphage serum, 
produced by the repeated intravenous administration of type B cholera
phages to rabbits, a rough variant of V. cholerae Korein into the smooth 
form. 

The two workers stated that they had used for this purpose 1/100 and 1/500 dilutions 
of the antiphage serum in broth, in which the rqugh vibrios were cultivated two times 
in succession for 48 hours respectively. Final subcultures were then made and cultures 
on agar were plated out after an incubation of the broth tubes for 72 hours. After the 
agar plates had been left at room temperature for 5 days, the vibrios grown repeatedly in 
the presence of antiphage serum showed-in contrast to those grown under identical 
conditions in 1/100 dilutions of normal rabbit serum-evidence of a reversion to the S 
type. Through subcultivation on agar slants growths of a definitely smooth appearance 
were obtained, which were stable in normal saline and were agglutinated by spe~ific 
sera at the same titre as the original smooth cultures of V. choferae Korein (the causative 
organism of the 1947 cholera outbreak in Egypt). 

, While maintaining that the action of the antiphage serum was responsible 
for the transmutation of rough cholera vibrios into the smooth .form, 
Doorenbos & Cossery admitt~d the possibility of "a spontaneous R-S 
transformation of the R-vibrios when grown on different media". They 
proposed to confirm the validity of their preliminary findings through 
further investigations, but-as far as the present writer is 'aware-no 
confirmatory publication on this subject has been made: Moreover, as 
has been pointed out in the preceding chapter, even final proof of such 
transformations under highly artificial conditions would not constitute 
proof that analogous reversions take place under natural conditions-a 
postuliltion which, as has been explained, appears to be altogether unlikely 
on epidemiological grounds. 

On the other hand, the evidence adduced above leaves no room for 
doubt that bacteriophage action is apt to effect a transmutation of typica. 
smooth cholera vibrios into an " inagglutinable ", evidently a rough, forml 

Use of choleraphage-produced lysates for vaccination 

While, in order to avoid duplications, the use which has been made of 
bacteriophages in cholera diagnostic work as well as in the treatment and 
mass control of the disease will be described in later parts of this book, 
attention has to be devoted at present to some attempts to utilize cholera
phage-produced lysates for vaccination. 

As summarized by Maitra & Mallick (1931 ), it was suggested by d 'Herelle, 
Malone & Lahiri (1930) that a solid and lasting cholera immunity might be 
produced in man by the administration of single 1-ml doses of choleraphage 
lysates. Commenting upon this recommendation, Maitra & Mallick stated 
that it was · 

" probably based on reported protection against ' Barbone ' induced in buffaloes by 
injections of the 'phage lysate of B. bovisepticus, The type of immunity produced by 
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injections of cholera 'phage lysate should be either antitoxic or antibacterial or a com
bination of both. As the bulk of bacterial bodies in a lytic filtrate undergo complete 
dissolution, one would naturally expect to find in it more of the disintegration products of 
organisms (the so-called endotoxins of vibrio in this case) than intact bacteria themselves, 
in addition to bacteriophage protobes which grow at the expense of these organisms. 
Before attributing any property of inducing active antitoxic immunity to such filtrates 
it must be proved that they contain potent toxins as weak toxins can never act as satis
factory antigens." 

In order to test the toxic properties of choleraphage lysates and to 
explore at the same time the immunogenic value of such preparations, 
Maitra & Mallick injected three rabbits with 1- to 3-ml doses of a V. cholerae 
lysate, produced with a potent choleraphage. Careful observation of the 
animals for two weeks showed no impairment of their health. However, 
when the animals were injected intravenously on the 15th day with amounts 
of killed cholera vibrios equivalent to 1. 5 times the calculated minimal 
lethal dose, like the control rabbits they developed diarrhoea, collapsed, 
and died in 24 hours. 

Considering it possible, however, that addition of choleraphage lysates 
to standard cholera vaccines might enhance the immunogenic value of the 
latter, six rabbits were given subcutaneously two doses of cholera vaccine 
of 0.5 ml and 1 ml respectively, to which each time 1-ml doses of a cholera
phage lysate had been added. Bactericidal tests made two weeks after the 
second inoculation with the sera of these animals gave results identical 
with those obtained in the case of a group of control animals, which had 
been injected only with standard vaccine doses. 

As far as one is entitled to judge from these limited experiences, addition 
of phage lysates to standard cholera vaccines does not enhance the bac
tericidal power of the latter. Hence, even though it \Vas found that the 
agglutination titres of the sera of the animals injected with phage lysates as well 
as with vaccine were on the whole higher than was the case in the control 
group, addition of choleraphage lysates to standard cholera vaccines offers 
presumably no. advantages. 
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Chapter 6 

GENERAL PATHOLOGY AND 
MORBID ANATOMY 

PATHOGENICITY FOR MAMMALS 

Though, as narrated by Sticker (1912) in his compendium on cholera, 
it has been repeatedly recorded in the past that large numbers of domestic 
animals were apt to succumb to cholera when, or immediately before, the 
disease was rampant in man, the validity of such claims has never been 
substantiated. Emphasizing this lack of trustworthy information, Koch 
stated in the report he rendered at the 1884 cholera conference in Berlin: 

" It has been claimed that cholera occurs in cows, dogs, chickens, elephants, cats, and 
several other animals, but if one scrutinizes these claims, one finds them always utterly 
unreliable. Up to now we still possess no certain evidence that animals contracted the 
infection spontaneously at times when cholera was prevalent." [Trans.] 

As unanimously held, this dictum of Koch has remained fully valid up 
to the present, at least as far as the higher animals are concerned. 

Koch (1884) further maintained that 

" also, all experiments made thus far in animals with cholera substances gave either a 
frankly negative result or, if allegedly positive, were not completely convincing or were 
not confirmed by other experimentators ". [Trans.] 

Numerous attempts made by Koch and his eo-workers to infect white 
mice (used in the past with rather questionable success by Thiersch, 1856) 
by feeding with cholera faeces or with the intestinal contents of cholera 
victims gave negative results. The same was the case when, instead of these 
animals, other species, particularly monkeys, cats, dogs, or chickens, were 
tested. Feeding the animals with pure cultures of V. cholerae was also not 
successful, since the organisms evidently perished in the stomach of the 
animals instead of reaching the intestines. 

To overcome this barrier, Koch introduced cholera materials directly 
into the small intestine of animals after laparotomy and also attempted 
rectal infection of monkeys, without obtaining success. Administration of 
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laxatives before oral infection likewise proved ineffective. Intravenous 
infection of rabbits with pure cultures of V. cholerae rendered the animals 
markedly ill, but they recovered. However, Koch succeeded in producing 
fatal infection in white mice through the administration of large doses of 
cholera cultures by the intraperitoneal route, the animals succumbing 
within 24-48 hours with signs of bacteraemia. 

As will be described below, these rather scanty results obtained by 
Koch in the course of his work in India have been supplemented by pioneer 
studies of Nicati & Rietsch (1884a, 1884b ), Koch (1885), and Doyen (1885), 
and subsequently by ample observations of numerous other experimenta
tors. The evidence thus made available may be classified as follows. 

Infection by the Oral Route 
Guinea-pigs 

Nicati & Rietsch, the first workers definitely able to produce enteric 
cholera in experimental animals, though mainly relying upon direct intra
duodenal infection (see below), found that guinea-pigs could be given the 
disease " even through injection into the stomach with the aid of a tube, 
if one uses in the latter case a very considerable amount of the poisonous 
substance". 

Likewise using guinea-pigs as his test animals, Koch (1885) devised an 
elaborate method to overcome the barrier created against an entry of 
V. cholerae into the intestine by the acid reaction of the stomach juices. 
He· thus described his technique of infection by the oral route: 

" A preparation of the test animals is necessary for this purpose. They are given 
first 5 ccm of 5% sodium carbonate solution and 20 minutes later 10 ccm of broth con
taining comma bacilli are injected into the stomach; immediately afterwards tincture of 
opium (1 ccm per 200 g body-weight) is injected intraperitoneally. The animals are 
thus anaesthetized for ~'2-1 hour but then completely recover." [Trans.] 

Koch depicted the results he had obtained with the aid of this procedure 
in 85 guinea-pigs as follows: 

" On the following day the animals appear to be ill, their fur becomes ruffied, and a 
marked debility of the hinder extremities and the musculature of the back becomes 
apparent; they die in 1-3 days. At autopsy the small intestines are extended and, like the 
stomach and caecum, filled with an alkaline, colourless and fiocculent fluid, which repre
sents almost a pure culture of comma bacilli." [Trans.] 

Though these findings closely resembled those in human victims who 
had succumbed in the acute stage of cholera, Koch admitted that the rather 
drastic procedure used by him rendered the guinea-pigs also susceptible to 
infection with the cholera-like vibrios of Finkler & Prior (1884) and of 
Deneke (1885). However, the animals were far less amenable to infection 
with these organisms than to that with V. cholerae and showed signs different 
from those produced by the latter. 
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Doyen (1885) found that the resistance of guinea-pigs to cholera infec
tion by the oral route could be overcome by previous treatment of the test 
animals with 40% ethanol at the proportion of 1. 7 g per 100 g body-weight. 
However, Tizzoni & Cattani (1888), who applied both this and Koch's 
method, were able to produce oral cholera infection in only 4 out of 16 
guinea-pigs preliminarily given ethanol, as against 11 successes in 15 guinea
pigs treated according to Koch's method. Cultivating the blood of 14 of 
their successfully infected animals, Tizzoni & Cattani obtained positive 
results in 7 guinea-pigs inoculated according to tl;le latter procedure and 
only in 2 preliminarily treated with alcohol. It also deserves attention that 
further trials of the alcohol method in rabbits and dogs, to which reference 
will be made below, did not yield satisfactory results. 

According to Pfeiffer & Nocht (1889), extensive use was made of Koch's 
technique in the Berlin Institute of Hygiene for guinea-pig experiments 
with a highly virulent cholera culture which had been isolated in Shanghai. 
When direct use was made of the intestinal contents of animals killed with 
this culture and the vibrios were passed in this manner through 10 genera
tions of guinea-pigs infected orally, the virulence of the organisms became 
so exalted that finally 0.25 ml of the intestinal contents sufficed to produce 
death in 18-20 hours. Describing the post mortem findings in their test 
animals, Pfeiffer & Nocht referred, in addition to the signs recorded by 
Koch, to a peculiar pink congestion of the small intestines, a feature also 
noted by most subsequent observers. 

As referred to in Chapter 4, Brieger and colleagues (1892), Klemperer 
(1892), and Pfeiffer & Wassermann (1893) took advantage of Koch's 
technique to study the problems of cholera immunity in guinea-pigs. 

Sobernheim (1893), also following Koch's technique, found that the 
introduction of living and heat-killed cholera vibrios respectively into the 
stomach of guinea-pigs in equal doses gave identical results. He concluded, 
therefore, that · 

"though certainly a multiplication of living vibrios in the intestinal canal takes place, 
the factor of 'intoxication' plays a considerable role". [Trans.] 

The alkali-opium treatment facilitated in his opinion the resorption of 
the toxins. These postulations of Sobernheim were endorsed by Klemperer 
(1894), who said that he had already referred to them in his 1892 publication. 

Sewastianoff (1910) maintained that cholera vibrios, if introduced into 
the stomach of guinea-pigs according to Koch's method in large quantities 
(5-10 m1 of a 24 hours' broth culture), entered the blood-stream via the 
intestinal lymph vessels and the mesenterial glands, and thus reached the 
internal organs. He added that in animals which had been infected per 
os, i.e., which had been fed with agar-grown cholera Yibrios without pre
vious alkalinization of the stomach, the organisms could be often demon
strated in the submaxillary lymph-nodes, and sometimes also in the blood 
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and the internal organs. The significance of these assertions will be assessed 
in a later section of the present chapter. 

Bearing in mind that according to observations made during the Balkan 
wars (1912), bodily exertions, if corn bined with fasting and unspecific gastro
intestinal disturbances, promoted the appearance of cholera in man, 
Cantacuz(me & Marie (1914) tried to imitate the latter conditions by (a) 
keeping guinea-pigs without food for 24 hours and (b) then orally adminis
tering, after alkalinization of the stomach, 0.01-0.02 g of podophyllin 
together with an infective dose of V. cholerae, usually a third of a slant of 
a 24-hour culture. Results obtained in 77 guinea-pigs with this and various 
control methods were as follows: 

Cholera mortality percentage in guinea-pigs receiving 

Fasting 
Not fasting 

alkali and podophyllin alkali only 

83.0 
30.0 

12.0 
0.0 

Note.-In 2 instances, control animals, which had received only alkali and podo
phyllin, but no cholera vibrios, died within 38 and 46 hours respectively of typical cholera, 
contracted through contact with the infected animals. 

It is noteworthy that with a single exception, when positive cultures 
were obtained from the heart blood as well as from the gall-bladder, cholera 
vibrios were found only in the gastro-intestinal_ tract of the animals which 
had succumbed to the infection. 

In a further series of tests, 5 fasting guinea-pigs were orally infected 
with the intestinal contents of a cholera-positive animal, to which scrapings 
from the intestinal mucosa of the same carcass had been added. Three of 
these 5 guinea-pigs, which had also received podophyllin, succumbed in 
20-26 hours to typical cholera; one of the other 2 animals, given no laxative, 
died in 8 hours, while the other survived. Cholera vibrios Were most abun
dant in the succumbed animals and it was noted that the organisms in 
contact with the intestinal walls were agglomerated in large masses-a 
phenomenon never observed in the guinea-pigs infected with pure cultures 
of V. cholerae. 

Following up the observations of Cantacuzene & Marie, Nasta (1914) 
experimented with guinea-pigs in which an intestinal irritation had been 
produced through intraperitoneal injection of an " enterolytic " serum. 

This serum was prepared by 6-times-repeated subcutaneous injection of rabbits with 
scrapings from the small intestine of normal guinea-pigs emulsified in normal saline, and 
collection of the serum of the animals thus immunized 8 days after the last injection. 
Inoculated intraperitoneally into guinea-pigs in doses of 2-3 rnl, this serum produced 
after 2-3 hours a slight diarrhoea lasting some hours. Animals sacrificed 1 hour after 
injection of the serum showed in spots a coagulation necrosis of the intestinal epithelium. 

Nasta infected his test guinea-pigs by giving them, with the aid of a 
stomach tube 2 hours after intraperitoneal administration of the serum 
described above, half a slant of a 14-hour-old cholera culture. The animals, 
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which were kept without food, showed a drop of their body temperature 
after 7 hours and died 20-36 hours after infection, showing typical signs of 
cholera (intensive congestion of the intestines, which were filled with rice
water-like contents; fatty degeneration of the liYer; congestion of the 
adrenals and almost complete emptiness of the urinary bladder). Histolo
gical examination of the small intestines showed marked epithelial desqua
mation with penetration of the vibrios into the submucosa. 

In the course of an investigation, to which further reference \Yill be made 
below, Schoebl (1916a) administered, with the aid of a pipette, suspensions 
of cholera vibrios into the pharynx of guinea-pigs, either using an alkaline 
peptone water solution as vehicle or giving magnesium oxide before infec
tion or together with the inoculum. The infected animals, none of which 
died spontaneously, were killed at interYals ranging from 20 hours to 2 
weeks, and the contents of their gastro-intestinal tract as well as the bile 
were examined by cultivation. Positive results were obtained from the 
intestines in 6 out of 14 animals, and once also from the stomach. In 2 of 
the 6 infected animals, which had been killed after 1 and 2 weeks respec
tively, cholera vibrios were also found in the gall-bladder. 

Interesting observations were made by Cohendry & Wollmann (1922) 
with 10- to 15-day-old guinea-pigs which had been either reared under 
aseptic conditions or, though brought up in the usual way, had been fed 
only with sterilized materials. When the aseptically reared animals were 
orally infected with V. cholerae, they succumbed 6-9 days afterwards, 
showing typical signs of cholera in their intestines and yielding positive 
cultures from the latter as well as from their blood. In the case of the guinea
pigs brought up without aseptic precautions, the cholera vibrios disappeared 
from the gut 36 hours or even 24 hours after oral infection. 

Horowitz-Wlassowa & Pirojnikowa (1926), to whose work reference 
has been made already in Chapter 4, stated that they had been able to 
produce enteric cholera in guinea-pigs by administering with the aid of 
a stomach tube 2 ml of ox bile and half an hour later a whole agar slant 
of V. cholerae. The organisms could be isolated from the bile as well as 
the intestine of these animals, but cultures from the peritoneal cavity and 
the heart blood gave negative results. 

A valuable study of'experimental enteric cholera in the guinea-pig with 
the aid of modern techniques was made by Burrows, Elliott & Havens 
(1947). The modified procedure adopted for the oral infection of the test 
animals (young guinea-pigs of 400-500 g) 
" consisted of starvation for 24 hours, intraperitoneal inoculation of 0.2 m! of tincture 
of opium a few minutes before oral inoculation, and inoculation by stomach tube of 
2 hour culture of vibrios suspended in phosphate buffer [~HO buffer of pH 8] ". 

If strains of a high virulence were used, the lethal dose was found to be 
18-20 mg dry weight, corresponding to 36 000-40 000 million vibrios. If 
doses of 25 mg or more were administered, death occurred in all animals 

26 



402 CHOLERA 

in 18-36 hours; with lesser doses, survival was prolonged, up to 5-12 days at 
the lower limit of the lethal doses. As far as ascertained, non-fatal infec
tions could be produced with as little as 7 mg (14 000 million vibrios). It was 
found that during the period of infection 
"the animals were listless and obViously ill and became emaciated. There was little 
or no diarrhoea and the feces continued to be formed; emaciation was apparently a 
result of failure to take food and water. At autopsy the capillaries of the small intestine 
were hyperemic, the tissue somewhat edematous, and in many instances there was shedding 
of the epithelium. Other than hyperemia of the mesenteric capillaries and a somewhat 
increased amount of fluid in the peritoneal cavity, the remaining gross pathology was 
essentially that of dehydration and •not characteristic. In general then, the fatal disease 
corresponded closely to that described by Koch (1885)." 

Systematic studies, in the course of which series of animals were orally 
infected, sacrificed after various intervals, and used for cultivations from 
the intestines as well as from the peritoneal cavity, the liver, spleen, kidneys, 
and adrenals, convinced Burrows and his eo-workers that (a) cultures 
from the small intestine were uniformly positive for V. cholerae, while (b) 
cultures from the spleen were positive only in one third to one half of the 
animals, and (c) the other organs were, with rare exceptions, vibrio-negative. 
The conclusion reached, therefore, was that the infection resulting from oral 
administration of V. cholerae to guinea-pigs was " confined primarily to 
the lumen of the bowel, with vibrios occasionally reaching the blood 
stream but taken up in the spleen without further spread". Another 
important fact established in the course of these investigations through 
systematic examination of the stools of the infected animals was that 
" The infection was shown to be a true infection by demonstration of the multiplication 
of the vibrios within the animal; the total number of vibrios recovered from the feces 
over the period of infection was as great as 900~,~ of the inoculum." 

A further study, by Burrows, Deupree & Moore (1950), on guinea-pigs 
given 100 to 200 r of X-radiation and orally infected with V. cholerae on 
the following day, as well as on a non-infected but irradiated control 
group, showed that in a majority of the infected animals and in about half 
of the controls a generalized bacterial infection resulted. In the case of the 
43 cholera-infected animals examined at autopsy, 63% showed bacteraemia, 
V. cholerae being isolated from the heart blood in 48 %, and streptococci 
or staphylococci in 52%. Commenting upon these findings, compatible 
with the assumption that a bacteraemia of intestinal origin forms a part 
of the signs of radiation sickness, Burrows and co-authors pointed out 
that the cholera vibrio, once it had gained an entrance to the tissues, was 
apt to be pathogenic for the guinea-pig. 

It is noteworthy that Burrows and his eo-workers, when making the 
experiments described above; modified their original technique by (a) 
giving to the irradiated animals a short time prior to infection 2 mg of mor
phine sulfate intraperitoneally, instead of opium tincture, and (b) using as 
inoculum .2 ml of a suspension. of an 18-hour culture in isotonic phosphate 
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buffer of pH 8, which contained the equivalent of 20 mg dry weight of 
cholera vibrios. 

Subsequently, Freter (1955), working in Burrows' laboratory, estab
lished that guinea-pigs could be regularly infected with V. cholerae by 
the oral route, provided that (a) their normal intestinal flora had been 
reduced by starvation and inhibited by streptomycin administration and 
(b) a streptomycin-fast strain of V. cholerae was used. The detailed 
procedure adopted by Freter was as follows: 

" (1) The animals were starved for 4 days but water was given ad libitum throughout 
the experiment ... 

" (2) The second step in the procedure was the administration of 250 mg CaC03 

suspended in 10 ml of distilled water by stomach tube. 

" (3) Three hours later the streptomycin-resistant vibrios were given, also by stomach 
tube, in 15 ml of veal infusion broth (previously diluted with distilled water to half strength), 
together with 250 mg NaHC03 and 5 mg streptomycin sulfate' ... 

" (4) One-half hour later, 8 mg morphine sulfate were given intraperitoneally to 
reduce intestinal motility." 

Depending upon the dosage used the infected animals showed signs 
of illness-first listlessness, followed by a gradually developing paralysis 
of the hind legs, hypothermia, and tremor-after 12-48 hours and death 
usually occurred within 18-48 hours after infection. At autopsy the caecum, 
or often the entire bowel, was found to be filled with 50-60 ml of fluid, 
containing V. cholerae in practically pure culture. On the other hand, 
cultures from the heart blood and spleen were invariably sterile, thus 
testifying that the infection was strictly limited to the lumen of the bowel. 

A further interesting point was that the lethal doses (LD50) necessary 
to produce enteric infection in two different races of guinea-pigs were 
markedly at variance-an observation which served in Freter's opinion 
" as an indication that other mechanisms, beside bacterial antagonism, 
also play a significant part in determining the resistance of an animal 
to enteric cholera infection." 

In continuation of his studies, Freter (1956a) reported that, by slightly 
modifying his above-described technique for o:ral infection of guinea-pigs, 
especially by omitting fasting and morphine administration, he had been 
able to produce in such animals a long-lasting asymptomatic cholera 
infection, the degree of which could be assessed by performing bacterial 
counts on the faecal specimens. However, rapid disappearance of the 
cholera vibrios from the stools was found to take place in animals which 
had been given a streptomycin-resistant strain of E. coli of human origin 
together with the V. cholerae strain used for their oral infection. Thus, 
Freter stated, as far as it was possible to draw conclusions from tests made 
with one strain each of the organisms concerned, his observations showed 
that bacterial antagonism was a definite factor in the resistance to enteric 
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infection. It was possible " that a similar protective mechanism might also 
be operative in human beings which carry a suitable normal enteric flora ". 

In a further paper, Freter (1956b) adduced evidence that introduction 
of the above-mentioned streptomycin-resistant E. coli strain also increased 
the resistance of the guinea-pigs to fatal enteric cholera infection. Passive 
immunization of the animals with OH or 0 antiserum by the intraperitoneal 
route as well as oral administration of H antiserum did not protect them 
against such infection. Ho,vever, oral immunization with OH or 0 anti
serum was found to confer protection. 

Rabbits 

As far as could be established, successful attempts to infect rabbits 
with V. cholerae by the oral route were first made in 1894 by Issaeff & Kolle 
and by Metchnikoff. 

Issaeff & Kolle established through preliminary experiments on 5 rabbits 
that it was possible to produce intestinal cholera in these animals, provided 
that half an hour before administration of the organisms with a stomach 
tube 10 ml of a 5% solution of sodium bicarbonate were given in the same 
manner. Autopsy findings in the infected animals were similar to those in 
orally infected guinea-pigs; with one exception, their blood and internal 
organs were sterile. 

Continuing the work with 32 young rabbits, Issaeff & Kolle produced 
manifest intestinal cholera in 9, while 3 more of the test animals were found 
to harbour the causative organisms in their intestines. The internal organs 
were invariably sterile. Since even the rabbits showing no evidence of 
successful infection with V. cholerae had suffered from some diarrhoea and 
showed at autopsy fatty changes in their liYer (as was the case in intra
venously infected animals), Issaeff & Kolle assumed that they had recovered 
from cholera attacks. In fact, the serum of one of these rabbits was found 
to protect guinea-pigs against intraperitoneal challenge with V. cholerae. 

Prolonged administration of 40 ~~ ethanol in doses up to 12 ml did not 
increase the susceptibility of the rabbits to the above-described method of 
cholera infection. 

Postulating that the inimical action of the intestinal flora in adult 
animals rather than the acid reaction prevailing in their stomach prevented 
their infection with V. cholerae, Metchnikoff experimented with 1- to 
4-day-old rabbits which received no food besides the milk of their mothers. 
Part of these animals were intra-orally infected with the aid of a bent glass 
tube with cholera vibrios only/ while a second group was in addition given 

• It has to be noted that :>fetchnikoff performed mo•t of the experiments described above with a vibrio 
from Massawa, the cholera nature of ,-.,·hich was rather doubtful. HoweYer, he obtained identical results 
with a true strain of V. cho/rrae. ~loreo,·er, the validity of his principal findings was con finned first by Scbotfer 
(1894-95), and then by several other workers including Chouke;ich (1911; see also Chapter 4, p. 322), 
who all worked with authentic cholera strains. 
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in the same manner 3 other bacterial species (a yeast fungus, a Sarcina, 
and an E. coli-like bacillus), which in Metchnikoff's experience promoted 
the growth of V. cholerae on gelatin plates. Only half of the animals 
infected with cholera vibrios alone succumbed to the infection after a 
considerable delay (6 days or more), whereas out of 22 young rabbits 
receiving the mixed infection, 20 succumbed 36-48 hours afterwards and 
showed at post mortem signs closely resembling those of human cholera. 
It is noteworthy, howeYer, that, while cholera vibrios abounded in their 
intestinal contents, it was impossible to demonstrate the presence of the 
admixed bacterial species en:n in animals which had been killed a few 
hours after infection. 1Ietchnikoff's not Yery satisfactory explanation of 
this disappearance \Vas that 

" one must admit that the role of the infection-promoting microbes is to facilitate 
[favoriser] the first moments of the parasitic existence of the vibrio; when the latter 
has become established, the fa,·ouring organisms become useless, so that their disappear
ance does not prevent the continuation of the choleraic process". [Trans.] 

Dealing with the distribution of V. cholerae in the young rabbits infected 
orally, Metchnikoff stated that 

" The cholera vibrio becomes localized principally in the small intestine and penetrates 
regularly into the large intestine. but rarely into the stomach. Outside the intestine, it is 
most often met with in the gall-bladder. In 16 cases examined in this respect, the bile 
gave vibrio cultures 8 times (50~c;). Penetration into the liver is more rare; in 24 cases 
the vibrios have been cultiYated 8 times (33 ~;) ... Generalization of the cholera vibrios 
in the blood has been observed in a fourth of the cases studied (12 positive in 48 animals, 
the heart blood of which was examined)." ~Trans.] 

Most interestingly, ~fetchnikoff quite often observed instances of cholera 
in members of his experimental litters which had not been directly infected. 
He claimed that a contamination of the teats of the mothers. was responsible 
for ·such contact infections. 

Though able to produce a cholera syndrome through oral infection of 
quite young guinea-pigs with the aid of the Massawa vibrio, particularly 
if using this together ''ith the abow-mentioned infection-promoting 
microbial species, Metchnikoff never succeeded in infecting such animals 
with his true cholera strain. He stressed in this connexion that the young 
guinea-pigs, because they started to feed on vegetables on the second or 
even the first day after birth, had a more plentiful flora of intestinal bacteria 
than young rabbits, which subsisted solely upon the milk of their mothers 
for several weeks. 

Schoffer (1 894-95), while fully confirming that quite young rabbits, which 
fed upon their mothers' milk only, were highly susceptible to intra-oral 
cholera infection, strongly opposed ~fetchnikoff's views regarding the role 
played in this process by other bacterial species. 

Schoffer emphasized in this connexion that, in order to cause the disease, 
the vibrios introduced had to possess a high initial virulence instead of 
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becoming virulent afterwards through the action of infection-promoting 
organisms, as Metchnikoff postulated. Accordingly, 7 of Schoffer's young 
rabbits, which had remained healthy when infected with an avirulent strain 
of V. cholerae, promptly succumbed when afterwards given a highly viru
lent culture. 

Schoffer maintained, therefore, that one was entitled to assume an 
infection-promoting role of other bacterial species only in those cases 

"where these organisms cause abnormal changes in the intestinal canal, e.g., lesions 
of the epithelium, which facilitate the invasion of the cholera vibrios, ahd hence the 
resorption of their toxin". [Trans.] 

He also drew attention to the contention of lssaeff & Kolle (1894) that 
the frequent occurrence of coccidiosis analogously facilitated the develop
ment of cholera in the test rabbits. 

Furnishing details regarding 20 of his young rabbits infected intra-orally, 
Schoffer stated that: 

(a) cholera vibrios were invariably present in the intestines, occurring in almost half 
of the animals in pure culture in the small intestines; 

(b) in the stomach the organisms were demonstrable three times with the aid of 
peptone water enrichment; 

(c) the heart blood was sterile in 7 instances, and yielded growth of E. coli only in 
two, whereas V. cholerae could be cultivated in 11 instances, but mostly grew scantily, 
occasionally in association with E. coli; 

(d) however, cholera vibrios could be cultivated invariably from the liver blood, 
being associated in half of these cases with more or less numerous E. coli colonies. 

Wiener (1896b) who, using Metchnikoff's technique, infected several 
litters of 5-day-old rabbits either with cholera vibrios alone or with both 
these organisms and E. coli, summarized the findings made at autopsy of 
these animals thus: 

" Vibrios were mostly absent from the. stomach contents, in which other bacteria 
were present in varying numbers. The shorter was the interval between infection and 
death, the more characteristic were the findings in the small and large intestines. In cases 
running their course within a few hours, the whole intestinal tract was overflooded with 
vibrios, which were present in dense masses in the whitish flocculi of the caecum, but 
other bacteria were usually not seen, regardless of whether infection with cholera vibrios 
only or mixed infection had been used. The more protracted was the course of illness, 
the more conspicuous were admixtures of other bacteria ... Invasion of the other organs 
was not constant. If pure cholera infection was used, the plates inoculated from the liver 
showed moderate numbers of [V. cholerae] colonies in two thirds of the cases; vibrios 
were cultivated much more rarely from the kidney, but occasionally from the spleen. In 
the heart blood they could be demonstrated invariably even by smear examination. No 
other bacteria were found in the internal organs." [Trans.] 

Cano (1913), in order to study to what extent oral cholera infection led 
to a transition of the causative organisms into the internal organs, adminis
tered to rabbits less than 20 days old 5 ml of 24-hour broth cultures per 
os. In 7 of these animals he demonstrated the presence of V. cholerae 
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6 times in the urinary tract, 4 times in the heart bl-ood, 3 times in the " sub
maxillary glands " and twice in the liver. In 3 additional animals killed 
6 hours after oral infection, cholera vibrios, in addition to being found 
in the intestines, were found once in the heart blood, the submaxillary 
glands; and the urine, and twice in the kidneys. 

Having preliminarily dealt in 1916 with the problem of oral cholera 
infection of rabbits, Sanarelli published in 1921 an exhaustive study on 
this subject. The salient points of the voluminous conclusions he then 
reached were as follows: 

(a) The gastric contents of newborn rabbits have a very marked 
acidity which, like that in adult animals, exerts an almost instantaneous 
bactericidal action upon the cholera vibrios as well as upon other non-spore
bearing bacteria. In Sanarelli's experience it was impossible to infect quite 
young rabbits by direct intragastric injection of cholera vibrios after 
laparotomy. 

(b) The vibrios introduced into the mouth of sucking rabbits do not 
reach the intestines directly through the stomach but, having been first 
taken up by the lymphatics, reach the intestinal wall indirectly through the 
blood circulation. 

(c) The morbid process in young rabbits infected orally involves first 
the caecum with the appendix and the colon, selectively reached by the 
vibrios. The small intestine is invariably less rich in vibrios, if not entirely 
sterile, which is the rule for the duodenum. Hence, " from the viewpoint of 
bacteriology as well as from that of morbid anatomy, the process in question 
ought to be considered as a choleraic [ choler~forme ] enterocolitis and not 
at all as intestinal cholera". 

(d) The vibrionic enterocolitis may be produced in young rabbits 
parenterally through subcutaneous, intraperitoneal, or intravenous injection 
of the causative organisms., 

In a further publication dealing with the problem of oral cholera infec
tion in adult rabbits, Sanarelli (1923a) held that in these animals also 
the vibrios deposited on the buccal mucosa could penetrate through the 
epithelium and could reach the intestines " through the lymph or blood 
circulation". He admitted, however, that such invasions took place "with 
great slowness, some irregularity, and in rather feeble proportions " and 
that, reaching the intestines in this manner, the organisms produced not 
an acute, but a chronic process, sometimes leading to death from" intestinal 
cachexia". Old cholera cultures, rich in supposedly more resistant sphe
roidal forms, were most suitable for demonstrating the permeability of the 
buccal mucosa of adult rabbits by V. cholerae. Sanarelli added that these 
organisms were also capable of entering the circulation through the mucosa 
of the nose and the deeper respiratory tract. 
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Assessing the rather unusual postulations made by Sanarelli in regard 
to the pathogenesis of cholera in rabbits infected orally, one must admit 
that, as will be discussed below, parenteral administration of the causative 
organisms may result in a localization of the infection in the intestines. 
It is further undeniable that direct intra-oral administration of the vibrios 
may lead to a spread of the infection through the lymph- and blood-channels. 
This was definitely proved by Solarino (1939), who was able to produce 
the disease by depositing material from 24-hour-old cholera cultures on 
the bucco-pharyngeal mucosa of young rabbits after the oesophagus of 
the animals had been divided and ligatured at both ends. 

However, irrefutable evidence speaks against the assumption that, as 
claimed by Sanarelli, an entry of the infection into the intestines a tergo 
and not through the lumen of the gastro-intestinal tract is normally re
sponsible for the causation of enteric cholera. Important as the acid reaction 
of the stomach is, in experimental animals as well as in man it does not 
create an impassable barrier against the entry of V. cholerae. On the con
trary, as has been recorded above, several workers have been capable of 
producing enteric cholera by the introduction of the organisms with the 
aid of stomach tubes. Further, as will be stated below, direct intragastric 
cholera infection after laparotomy has been successfully used. Regardless 
of whether either of these methods or intra-oral infection of young animals 
had been resorted to, in the experience of most workers a morbid process 
resembling human cholera resulted, in which involvement of the small 
intestines was of an obviously initial as well as of a comparatively most 
serious character. A secondary invasion of the blood-stream and sub
sequently of the internal organs by the causative organs, which were always 
present and usually abounded in the small intestines, could take place, but 
occurred in a rather irregular manner and by no means invariably, as 
would have to be a sine qua non were Sanarelli's contentions valid. One 
may claim, therefore, that th~ views of this worker, which have been 
supported by only a few more recent writers, for the last time apparently 
by Koesoemadilaga (1939), are of historical interest rather than of any 
actual importance even as far .as cholera in experimental animals is con
cerned. 

Monkeys 

As Mendoza (1913) stated, he had succeeded as early as 1886 in 
producing cholera in monkeys by infecting them orally after previous 
alkalinization of their stomach with sodium bicarbonate. It could not 
be ascertained which species of monkeys had been used in these expe
riments. 

Pottevin & Violle (1913) recorded that they had produced cholera both 
in Cynomolgus and in Rhesus monkeys by (a) administering to these animals 
sodium sulfate in doses capable of producing copious purging in 3-4 hours 
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(usually 7-8 g), and (b) as soon as diarrhoea had appeared, giving, with the 
aid of a stomach tube, suspensions of 2-t-hour-old agar cultures in 20 ml 
of 24-hour-old broth cultures of V. clzolerae. 

Positive results were obtained in this manner only with one particularly 
toxigenic strain, and not with another less toxic race. That the action of 
the cholera toxin was of great importance was also shown by the successful 
use of ether-killed growths of the toxigenic strain. 

If infected with a sufficiently large dose (contents of a whole dish with a 
diameter of 9 cm), the animals died in 1 S--+8 hours; with lesser doses (l/5th
l/10th of such a dish), death took place only after 2-4 days. However, rapid 
results. could be obtained when using, instead of culture material, small 
amounts of the intestinal contents of monkeys which had succumbed to 
the infection. 

Animals which had been successfully infected soon showed hypo
thermia and their yellowish diarrhoeic stools were gradually replaced by 
rice-water-like stools closely resembling those in human cholera. Vibrios 
abounded in the stool flocculi. 

At autopsy, the usual signs of cholera were found. Abundant growths 
of V. cholerae could be obtained from the intestinal contents, but it is signi
ficant that cultures from the heart blood were negative. 

Sisels 

In a report published in 1894, to which reference has already been made 
in the fourth chapter, Zabolotny stated that he had been able to produce 
an enteric infection in sisels (Spermophilus guttatus) by feeding these animals 
with materials contaminated with cholera cultures, or instilling a few 
drops of a 24-hour-old broth culture of V. cholerae into their mouths. 
About half of the sisels thus infected succumbed to cholera and still better 
results were obtained when small amounts of a sodium carbonate solution 
were added either to the cultures or to the food materials used. Some of 
the surviving animals, because they had passed through a severe cholera 
attack, became immune to this infection. The fatally infected sisels were 
found at autopsy to harbour plentiful cholera vibrios in their stomach and 
intestinal contents. The organisms were also often present in the peritoneal 
cavity and in the " abdominal organs ,. (apparently the liver and the spleen), 
and not rarely also in the blood. 

It would be interesting and potentially useful to establish whether this 
marked susceptibility to oral cholera infection is possessed also by allied 
species of wild rodents, particularly the ground-squirrels abounding in the 
western part of the CSA. 

Mice 
Kamen (1895) stated that he had produced a fatal enteric infection in 

two commensal (domestic) mice which had been fed with bread contami
nated with a cholera-suspect Yibrio culture. The organisms were found to 
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be plentiful in the fluid and brownish contents of the enormously dilated 
small intestines. 

Working with some authentic cholera strains, Karlinski (1896) was 
unable to cause infection by feeding in commensal as well as in field and 
white mice. He obtained positive results by feeding commensal mice with 
Kamen's strain but found that identical tests with field and white mice 
were unsuccessful. Karlinski was rather inclined to assume that Kamen's 
strain was not of a true nature, but was an aberrant species (Abart) of 
vibrios. 

Koesoemadilaga (1939) obtained success when orally infecting white 
mice with V. cholerae in 3 different ways, namely, (1) feeding the animals 
with bread which had been moistened with small amounts of vibrio sus
pensions; (2) depositing loopfuls of cholera agar cultures on the tongues of 
the mice; and (3) squirting suspensions of the organisms With the aid of a 
syringe, which had been provided with a blunt needle, deep into the mouths 
of the animals. Since, as has been mentioned before, Koesoemadilaga 
expressed agreement with the views of Sanarelli discussed above, it is 
important to note that only application of the third, comparatively drastic, 
method of oral infection was found to lead to a transition of the cholera 
vibrios into the blood-stream. 

Dogs 

Reporting upon experimental cholera infection of dogs, Klemperer 
(1894) noted that attempts by Nicati & Rietsch (1884c) to produc.e the 
disease in this species by the introduction of human cholera dejecta into the 
alkalinized stomach of the animals had failed. However, it deserved atten
tion that Gamaleia (1892) had succeeded in producing in dogs through 
intravenous injection of cholera vibrios a fatal syndrome characterized by 
vomiting, diarrhoea with rice-water-like stools, and collapse. Klemperer 
tried, therefore, once more to produce cholera in dogs by administering, 
after previous alkalinization, with the aid of a stomach tube usually large 
amounts (50-100 ml) of broth cultures ot of suspensions from agar cultures 
of V. cholerae and summarized the results of these experiments as follows: 

Succumbed within about 20 hours (2 after 4Y:z hours 
and 2 after 7Y:z hours respectively) 4 

Recovered from a severe cholera attack 1 
Had cholera diarrhoea without general signs 7 
Negative 13 

Total 25 

The clinical signs observed in the four fatally infected animals consisted mainly of 
vomiting, severe diarrhoea (leading in two instances to the voiding of rice-water-like stools), 
and collapse. At autopsy, one could note more or less marked congestion of the mucosa 
or of all layers of the upper part of the small intestine, and in two cases also congestion 
of the stomach mucosa. Cholera vibrios were more or less plentiful in the intestinal 
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contents but were, as shown by histological examinations, not present in the walls of the 
intestines. Desquamation of the epithelium was invariably marked in the upper part of 
the small intestine. 

As far as could be gathered from Klemperer's protocols, no generali
zation of the infection took place. He was rather inclined to ascribe the 
rapid death of the animals referred to above to the action of preformed 
cholera toxin. 

Klemperer tried to predispose some of his test animals to cholera infec
tion by preliminary administration of ethanol, but reached the conclusion that 

" previous treatment with large alcohol doses does not at all reliably create conditions 
in the intestines under which cholera bacilli cause infection ". [Trans.] 

Karlinski (1896) reported, in an article which does not lend itself to 
exact analysis, that by feeding several litters of quite young dogs with cholera
contaminated cows' milk instead of the milk of their mothers he had 
succeeded in producing enteric cholera in a minority of these animals. The 
successfully infected young dogs suffered from diarrhoea and showed at 
autopsy marked congestion of their small intestines, in which cholera 
vibrios abounded. 

Again studying the problem presently under review, Sanarelli (1922) 
admitted that newborn pups, which had not yet partaken of the milk of 
their mothers, were highly susceptible to cholera infection per os. He found 
it rather difficult, however, to obtain positive results in 24-hour-old dogs 
and ascribed their resistance to cholera, which became total 36 hours after 
birth, to the vibriocidal action of the milk of their mothers. Sanarelli 
postulated that in the pups infected orally as well as in young rabbits the 
cholera vibrios entered the system through the buccal mucous membranes 
and thus indirectly reached the intestines through the blood-stream. The 
reasons convincingly speaking against this thesis have been set forth when 
discussing the production of oral cholera infection in rabbits. 

Cats 

Success in oral cholera infection of young cats was reported in 1896 by 
Karlinski, whose observations were started several years previously, and 
independently by Wiener (1896a). 

The results Karlinski obtained when feeding newborn cats with cholera
contaminated milk were analogous to those he had recorded in pups infected 
orally (see above). 

Wiener (1896a) used 11 24-hour-old cats belonging to two litters, 
which he orally infected by an unspecified method. All these animals 
developed severe diarrhoea and voided cholera vibrios in their stools. 
However, only one of the 5 animals composing the first litter died 36 hours 
after infection, while the others recovered. The 6 animals of the second 
litter, infected with a different and more virulent strain, were all found dead 
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on the day following infection, and half of. them showed a most marked 
congestion of their whole, gastro-intestinal tract at autopsy. 

Cholera vibrios abounded .in the intestinal contents of all succumbed 
animals and were apparently also numerous in their blood, but scanty in 
the liver and kidneys and absent from the spleen. 

In view of the postulations of Sanarelli, it is important to note that 
(a) the cats infected by Wiener continued to be nourished by their mothers 
so that at autopsy their stomachs were found to be filled with masses of 
coagulated milk; and (b) in one animal at least cholera vibrios could be 
demonstrated in the stomach contents, even though these showed in this 
as well as in the other kittens a strongly acid reaction. 

In confirmation of Karlinski's and Wiener's results, viewed with doubt 
by some writers, Gohar & Makkawi (1948) reported success in the case of 
two 2-day-old kittens which were infected by soiling the teats of their mother 
with cholera vibrios, and one also by oral instillation of a V. cholerae sus
pension. In both these kittens diarrhoea developed 7 days afterwards, and 
they died 48 hours later, showing, besides congestion of the small intestines 
and the abdominal organs, patches of broncho-pneumonia. Cholera vibrios 
were isolated from the intestines as well as from the stomach and the lungs. 

When attempting to infect adult cats as well by the oral route, Gohar & 
Makkawi were successful in the case of only 2 animals, which had been 
given large infective doses (500 000 million vibrios in the one case, and 25 000 
million of V. cho/erae one day after 500 000 million of E. coli had been 
given per os in the other). Apparently, the infection did not become gene
ralized in these animals. 

Direct lntragastric Inoculation 

The method of infecting experimental animals by direct injection of 
V. cholerae suspensions into the stomach after laparotomy seems to have 
been used first by Schoebl (1916a) when attempting to produce a carrier 
state in guinea-pigs through the introduction of cholera vibrios by various 
routes. 

Schoebl infected 5 guinea-pigs intragastrically with small doses l" 0.025 of a slant") 
of a cholera culture possessing presumably a low virulence, giving a suspension of magne
sium oxide per os before operation. Two. of the animals died of pneumonia after 2 and 
4 days respectively, the others were apparently killed 3-8 days after infection. Positive 
bacteriological findings were made in four of the guinea-pigs examined 2-8 days after 
inoculation. Growths of V. cholerae were obtained twice from the stomach and in all 
four animals ftom the gall-bladder as well as from the gastro-intestinal tract. 

Experimenting with mostly quite young rabbits, Solarino (1939) was 
also able to produce cholera infection with the aid of the method presently 
under review-a result which bears an interesting relationship to the success 
this worker obtained in young rabbits infected intra-orally after division 
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and ligature of their oesophagus (see above). For, while the latter experi
ments, made under rather unrealistic conditions, showed that V. cholerae 
was able to pass into the circulation and to reach the intestines when entering 
through the buccal mucosa, Solarino "s experiences with gastrotomy estab
lished the far more important fact that vibrios, if directly introduced into 
the stomach, could pass thence into the intestines in spite of the acidity of 
the gastric contents. This is all the more significant because it may be 
claimed that these experimental observations were made under more exacting 
conditions than those often prevailing in human infection, in which for 
various reasons adduced in Chapter 4 the vibrios may escape the inimical 
action of the gastric juices. 

Direct Intestinal Infection 

Intraduodenal infection 

Nicati & Rietsch (1884b) recorded that 

" if, after ligature of the common bile duct, one injects into the duodenum of a dog 
some intestinal contents of a cholera victim or part of a culture of comma bacilli, one 
finds that the anirrals die after one or several days and that, as in human sufferers 
succumbing to cholera after a few hours, the intestinal tract is filled with a pasty mi:ky mass 
(Brei) extremely rich in epithelia. In this, the comma bacilli multiply as markedly as 
in the stools of hurr.an cholera patients after the mass had been exposed to n~oist air for 
a certain period, which varies according to the preYailing temperature." =Trans.] 

The two workers added that one could obtain identical results in guinea
pigs not only without ligature of the bile duct, but even through infection 
with the aid of a stomach tube. They maintained nevertheless that bile, 
even though exerting no untoward influence when added to cholera broth 
cultures, proved inimical to the vibrios in riro. Nicati & Rietsch stated in 
support of this view that in rapidly succumbing human cholera victims the 
milky masses, which filled the duodenum as well as the ileum and even the 
opening of the common bile duct, contained not even a trace of bile. 

Koch reported at the 1885 cholera conference in Berlin that the experi
ments of Nicati & Rietsch had been successfully repeated by several other 
workers. In his own laboratory, positive results had been obtained in 6 out 
of 10 guinea-pigs intraduodenally infected after the ligature of the common 
bile duct as well as in 13 out of 18 animals in which no such ligature had 
been made. Koch added that, when using this method, 

" the slighter the operation is and the less the intestine is pulled and squeezed when the 
duodenum is brought in view, the fewer positive results are obtained. For this reason, 
a positiYe result is obtained but occasionally, when the abdominal cavity is opened to a 
slight extent and the injection is made into the first intestinal loop presenting itself instead 
of into the duodenum. Of the guinea-pigs infected in this manner but one died. Identical 
tests in 4 rabbits failed to cause death or even illness." LTrans.] 

As summarized by Tizzoni & Cattani (1888), some of the early workers 
successfully using the method of intraduodenal infection had been able to 
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demonstrate cholera vibrios in the blood of their test animals. Finkler & 
Prior (188~) also claimed to have isolated the organisms from the urinary 
tract of 4 out of 6 guinea-pigs inoculated intraduodenally. 

Experimenting with rabbits, Violle (1914a, 1914b) was unable to obtain 
positive results by intraduodenal cholera infection .even in animals the 
common bile duct of which had been ligatured. However, a young dog, 
which had remained healthy after imbibing up to one litre of cholera broth, 
could be fatally infected by the intraduodenal injection of but 1 ml of such 
a culture. Further, as will be described below, Violle was able to produce 
cholera in rabbits by introducing the infective material into the small 
intestine instead of near the pylorus. 

Arnold & Shapiro (1930) confirmed the negative results obtained by 
Violle with intraduodenal inoculation of rabbits in so far as they were 
unable to infect such animals through the injection of saline suspensions 
of V. cholerae. However, the two workers were able to produce a fatal 
infection, manifested by diarrhoea and the presence of the causative organ
isms at autopsy in the other internal organs as well as in the intestines, when 
using, instead of saline, a buffered phosphate solution for preparation . of 
the inocula for intraduodenal injection. Arnold & Shapiro (see also Arnold, 
1927) maintained in this connexion that in normal animals the contents of 
the duodenum and the upper half of the small intestine, which had a slightly 
acid reaction, were almost free from bacteria, but that abnormal conditions, 
facilitating bacterial growth, were created there through the production 
of an alkaline reaction. In support of this contention the two workers 
stated that (a) intravenous injection of ! MLD of cholera vibrios was 
innocuous for normal rabbits even if followed by intraduodenal saline 
injection, but that (b) a fatal infection could be produced if instead of saline 
an alkaline buffered phosphate solution was injected intraduodenally even 
as late as 18 hours after intravenous administration of t MLD of V. cho
lerae. The animals treated in this manner had cholera vibrios in their 
diarrhoeic stools and died after 24-48 hours, showing at autopsy findings 
identical with those observed by Arnold & Shapiro in rabbits infected intra
intestinally. 

Injection into the small intestine 

As noted above, Koch (1885) found the method of cholera inoculation 
into the small intestines only occasionally successful in guinea-pigs and not 
at all effective in the case of some rabbits. 

Kolle (1894), referring to 4 guinea-pigs, in which intended intraperi
toneal infection had accidentally led to an injection of the cholera suspen
sions into the small intestine, stated that only I of these animals died spon
taneously on the following day of an E. coli peritonitis, whereas the other 
3 remained well until they were sacrificed 24 hours after infection. He 
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recorded that he had found very large amounts of cholera vibrios in the 
small intestines of all 4 animals, fewer in the large intestines, only very few 
in the peritoneal cavity, and none in the blood or the internal organs. The 
intestines were in general pale and but moderately filled, thus not showing 
the characteristic changes met with in guinea-pigs which had been orally 
infected according to Koch's method. Hence, Kolle maintained, these 
obseryations 

" proved that the presence of very numerous cholera bacteria is incapable per se of 
producing morbid appearances in the guinea-pig intestine or of producing cholera in 
these animals. These facts are in accord with the views of R. Pfeiffer that the presence of 
vibrios in the intestinal lumen is per se innocuous as long as the intestinal epithelium 
remains intact." [Trans.] 

However, further findings of Issaeff & Kolle (1894) stood in marked 
contrast to the few results obtained by Kolle under rather unfavourable 
conditions. The two workers injected, after laparotomy, suspensions of 
cholera vibrios into the small intestines of 11 rabbits. Four of these animals, 
dying at intervals of less than 24 hours to 9 days after infection, showed at 
autopsy usually marked signs of enteric cholera. The causative organisms 
were plentiful in the intestines of the animals surviving more than a day, 
but were in all four instances absent from the internal organs. 

A further animal of Issaeff & Kolle's series, which died 15 days after 
infection, had slightly congested intestines, in the contents of which cholera 
vibrios could be demonstrated with the aid of peptone water enrichment. 
The other 6 animals showed no or no clear-cut evidence of having become 
infected. 

In contrast to the disappointing experiences he had with intraduodenal 
infection, Violle (1914a, 1914b) was able to produce enteric cholera in 
rabbits through injection of small amounts of broth cultures into the small 
intestine below the entrance of the pancreatic duct, which in this species 
is situated about 20-30 cm distally from the pylorus, provided that either 
the common bile duct of the animals had been tied off or that the bile secre
tion had been diminished through intravenous administration of cholera 
toxin. Like Nicati & Rietsch (1884a, 1884b), Violle postulated, therefore, 
that the bile, while promoting the growth of V. cholerae in vitro, exerted 
in the intestine an inimical action on this organism. There was no evidence 
to show that either a diminution or an increase of the pancreatic secretion 
exerted an influence on the appearance of enteric cholera in rabbits-a view 
which had also been held by Nicati & Rietsch. 

Violle was careful to point out that his experiences with rabbits were 
not applicable to dogs or monkeys, or to man, in all of whom the opening 
of the pancreatic duct was situated in the duodenum near to that of the 
common bile duct. Experimental cholera infection could be produced in 
monkeys as well as. in dogs through intraduodenal infection following 
ligature of the common bile duct. 
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Further experiments by Violle & Crendiropoulo (1915) showed that 
typical lesions could also be produced in rabbits by ligaturing a short loop 
of the highest part of the small intestine at both ends and injecting into 
this tied-off portion a suspension of virulent cholera vibrios. The two 
workers found that injection of even enormous inocula into non-ligatured 
or unilaterally ligatured intestinal loops failed to produce an infection, the 
vibrios disappearing within 24 hours. However, these negative results 
stand in contrast to the success obtained by Issaeff & Kolle (1894) with 
direct injection of V. cholerae into the small intestines of rabbits. Sanarelli 
(1921) also stated that he had produced enteric cholera in quite young 
rabbits with the aid of this method. Analogous experiments were made 
recently by Dutta & Habbu (1955), who were able to produce in 10- to 
16-day-old rabbits a disease clinically and anatomically quite similar to 
human cholera through injection of heavy inocula (100 million of V. cho" 
ferae per lOO g body-weight) directly into the small intestine. As shown 
by an examination of 50 young rabbits inoculated in this manner and sacri
ficed at various intervals, the infection remained almost invariably restricted 
to the gut, only 3 of the animals showing a vibrionaemia, while a fourth 
harboured cholera vibrios in the liver. The two authors stressed that the 
" quantitative nature ,. of the method used by them rendered it suitable 
for comparative studies on the action of sulfonamides and antibiotics in the 
treatment of cholera. 

In the course of further studies on the pathogenesis of cholera, Sanarelli 
(l923a) resorted inter alia to direct injection of live or killed vibrios into 
the wall of various parts of the intestine of rabbits or into the plaques of 
Peyer and other lymphatic tissues of the intestines. The conclusions to 
which these experiments led were as follows: 

(a) " Direct injection of li\e or killed [cholera] '-ibrios into the intestinal walls of 
rabbits leads only to tardy death from marasmus or intestinal cachexia - conditions 
associated frequently with secondary infections with pyogenic bacteria or B. coli; 

(b) " More serious on the contrary is the direct injection into the lymphoid tissues 
of Peyer's plaques, of the appendix and the sacculus ronmdus. In such cases death may 
occur a short time (12-18 hours) after infection ... or several days later. One finds-at 
autopsy an enteric process invoh·ing the wl-.ole intestine. which may be very acute, sub
acute, or chronic. Often there are also typical renal lesions with albuminuria ; 

(c) " The vibrios injected in suitable doses into the major lymphatic organs of the 
rabbit intestine ... spread immediately in large quantities along the walls of the digestive 
tube and into the blood, reachiilg the buccal ca,ity and the gall-bladder and causing a 
most severe and fatal enteritis with diffuse epithelial desquamation. In this case one finds 
the vibrios in the contents of the whole digestive tube as well as in the stomach walls. 
If death takes place late, one finds at autopsy the usual appearances of intestinal cachexia, 
which sooner or later fa\·ours the development of one of the usual secondary infections." 
[Trans.] 

As.recorded in the 1946 report of the Indian Research Fund Association, 
the method of injecting V. cholerae suspensions. after laparatomy, into the 
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small intestine had been resorted to in the case of monkeys in the King 
Institute, Guindy, Madras. To lower the resistance of the animals to 
cholera, either 20 ml of hot distilled water (56cC) were injected into the 
gut, or deep X-ray irradiation was used one week before infection. In 5 out 
of 6 monkeys which had survived irradiation diarrhoea became manifest 
48 hours after infection, but apparently cholera vibrios could be found 
in the stools for a few days in two instances only and no spontaneous death 
from cholera took place. In the animals which had been sacrificed, a slight 
congestion of the omentum and some histologically manifest desquamation 
of the mucosa of the small intestine could be noted. 

A technique analogous to that of Violle & Crendiropoulo (1915) was 
recently used by De & Chatterjee (1953) to study the action of V. cholerae 
on the intestinal mucous membranes. Both adult rabbits and rats were 
used for this purpose, but only the former were found satisfactory, because 
in rats the contents of the isolated loops of the small intestine were almost 
invariably free from vibrios 24 hours after 1-ml doses of freshly made 
peptone water suspensions of young cholera cultures had been injected. 
However, interesting results were obtained in a series of 10 analogously 
treated rabbits. 

While in control animals, which had been injected with sterile peptone water, the 
isolated intestinal segments were collapsed and empty, in the infected rabbits they were 
distended with fluid and swollen to the diameter of a thumb. The wssels of their walls 
were congested. The fluid contained in the isolated segments was usually rice-watery 
with a pinkish hue and contained cholera vibrios, whereas these were absent elsewhere 
in the small intestine. Microscopically, shreds of mucus with numerous epithelial cells 
were seen in the fluid, but pus cells were rare and macrophages altogether absent. The 
albumin content of the fluid was invariably high, ranging from 1 ~'~ to 3.8 ;i~. 

The most prominent changes found upon histological examination in the isolated 
intestinal segments of the cholera-infected rabbits were marked oedema and '.'idening 
of the submucosa of the wall. The lymphatic channels appeared to be enlarged, the 
targer blood vessels were engorged. The summits of the Yilli were often necrotic, but 
!here was nowhere any evidence of a cellular infiltration. 

Considering the findings described above and also noting that Evans 
blue solution injected intravenously leaked into the contents of the ligatured 
intestinal segments, De & Chatterjee concluded that V. cho!erae altered 
the permeability of the intestinal capillaries to proteins. 

Gupta and eo-workers (1956) obtained results closely resembling those 
just described when injecting cholera cultures into isolated loops of the 
rabbit intestine. It is of great interest that they also observed similar 
manifestations when, instead of V. cholerae growths, some of the strains 
of cholera-like vibrios isolated during a mild gastro-enteritis outbreak 
at Allahabad in 1954 (see Yajnik & Prasad, 1954) were used for such tests. 
Commenting upon these findings, the authors suggested 

" that many so called 'inagglutinable ' strains are capable of producing clinical cholera. 
But the antigenic structure and choleragenicity of vibrios are independent attributes and 

27 
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may be dissociated. Hence to define ' true ' cholera vibrio, a search for the mechanism 
and the test for choleragenicity alone would provide the decisive answer." 

The present writer for one finds it impossible to agree with this sweeping 
statement. The fact that, as apparently confirmed by Gupta and colleagues, 
cholera-like vibrios may occasionally prove pathogenic does not entitle 
one to consider such strains choleragenic. On the contrary, all that can 
legitimately be said of them is that they appear to be capable of causing 
choleraic syndromes. To make the latter faculty instead of the result of 
serological tests the decisive factor in classification of the vibrios would be 
quite unjustified. In fact, were one willing to follow the lead of Gupta and 
his eo-workers, one would be unable to draw a sharp line of distinction 
between the vibrio group and other bacterial genera, particularly the 
salmonellae, some of which are occasionally capable of producing syndromes 
clinically quite indistinguishable from cholera gravis. 

Intrarectal infection 

As far as could be established, the method of producing cholera in 
experimental animals through the introduction of the causative organisms 
into the rectum has been utilized by only a few workers, of whom the first, 
according to Sewastianoff (1910), was Nasaroff (1907), whose publication 
was not accessible to the present writer. 

Sewastianoff (1910) obtained positive results with the method presently 
urder review in guinea-pigs and in rabbits. He stated that the intrarectal 
introduction of large doses of cholera vibrios led in the case of the former 
animals to the appearance of these organisms together with E. coli in the 
internal organs, Analogously, he maintained that 

" if one introduces large quantities of cholera vibrios through the anus and sub
sequently closes this with collodion according to the method of Nasaroff and Jurgelunas, 
one can produce in rabbits a fatal mixed infection, in which the cholera vibrios as well 
as the other intestinal bacteria penetrate into all internal organs and the animals die in 
1-2 hours. It is not possible to produce the infection without occlusion of the anus with 
collodion." [Trans.] 

In agreement with these findings, Crendiropoulo (1921) noted that the 
intnirectal administration to rabbits of the lOth or even the 25th part of 
a cholera slant led in 15 minutes to an appearance of the organisms in the 
intestine as well as in the blood, bile, stomach, and urine, the vibrios 
persisting in the body of the animals for 24-36 hours. 

Sanarelli (1921) found it impossible to produce a fatal infection in 
quite young rabbits by intrarectal introduction of cholera vibrios. However, 
examining animals which had been sacrificed a few hours after such inocu
lations, he noted that the organisms had spread in the intestinal tract as 
far as the jejunum. 
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Direct Gall-bladder Infection 

Violle (1912), apparently the first worker to use the method of injecting, 
after laparotomy, cholera vibrios directly into the gall-bladder of experi
mental animals, did so not with the aim of producing infection, but in 
order to study whether this method of administering V. cholerae was apt 
to immunize rabbits. He avoided, therefore, the use of massive inocula, 
which were apt to kill these animals. 

Violle found that only slight general and local reactions resulted, when 
non-lethal doses of cholera vibrios were injected into the gall-bladder of 
rabbits after the bile had been removed and the bladder had been washed 
with alkaline water, but without preliminary ligature of the common bile 
duct. The vibrios were apt to survive in the gall-bladder of these animals 
for 10-15 days, but no generalization of the infection took place and no 
state of immunity was engendered. 

If cholera vibrios were injected into the gall-bladder of rabbits prepared 
in an identical manner, after the common bile duct had been tied, the 
organisms first multiplied and a marked local reaction was produced, 
characterized by congestion of the gall-bladder mucosa and epithelial 
desquamation. Leucocytes soon began to accumulate and, as assumed 
by Violle, were responsible for the destruction of the vibrios which soon 
took place. As proved by serological tests, a marked formation of anti
bodies resulted. 

Schoebl (1916a), to whose investigations reference has been made 
already earlier in this chapter, used direct inoculation into the gall-bladder 
of guinea-pigs (without preliminary ligature of the common bile duct) as 
one of several methods to produce a cholera-carrier state in his test animals. 
Comparing the results he obtained in this manner with those of infection 
by other routes he found that 

" Direct inoculation into the gall bladder, stomach and small intestine and inoculation 
by feeding proved successful inasmuch as a certain percentage of the inoculated animals 
were found to harbor cholera vibrios in the alimentary canal. This was ascertained by 
bacteriological examination of various parts of the digestiYe system, made in the great 
majority of cases immediately after death. 

"The intra vesicular inoculation (i.e. gall bladder infecticn) proved to be far superior 
to other methods. Practically every one of the animals inoculated in this way harboured 
cholera vibrios." 

In the course of a further study on the production of a carrier state in 
experimental animals, Schoebl (1916b) used a cholera strain the virulence 
of which had been exalted through gall-bladder passage repeated several 
times. Most of the guinea-pigs "intravesically" infected with these virulent 
organisms were decidedly ill after inoculation and some died 3-4 days after 
such injections had been made. 

The animals which had died spontaneously showed at autopsy a more· 
or less extensive swelling of the abdomen, due to a haemorrhagic oedema. 
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A fibrinous exudate was present in the peritoneal cavity. The internal 
organs were congested, the spleen also enlarged and soft. Cholera vibrios 
could be recovered by culture from the subcutaneous oedematous fluid, 
the peritoneum, the arterial blood, and the internal organs. 

In the far more numerous animals which did not succumb to the infection 
but were sacrificed at different intervals, various degrees of inflammation 
were found in the gall-bladder~ Pathological changes were also found to 
a varying degree in the liver, but seemed in part at least of a chronic charac
ter instead of being the result of the infection. Except in the animals exa
mined later than 14 days after inoculation, cholera vibrios were invariably 
found in the intestinal contents as well as in the gall-bladder. However, 
the organisms were absent from the peritoneum, the blood, the spleen, and 
the lung, and were but occasionally found in the liver. 

Commenting upon the results of identical tests made in rabbits, Schoebl 
stated: 

" With regard to the intravesicular inoculation the rabbits' behaviour differed from 
that of the guinea-pig inasmuch as the inflammatory process which followed the injection 
of cholera vibrios brought about the occlusion of the gall-bladder so that the cholera 
vibrios were no longer to be found in the intestine at a time when they were still present in 
the contents of the gall-bladder. 

" It is evidently a benign process which shows marked tendency to healing ; i.e. the 
cholera vibrios disappear from the animal's body and the animal survives, altho a large 
percentage of the animals showed signs of chronic intoxication." 

In contrast to these experiences of Schoebl, Calvano (1933) found the 
method of administering small doses of cholera vibrios directly into the 
gall-bladder of rabbits most suitable to produce in these animals the fea
tures of human cholera. Injection of double doses into the small intestine 
of control animals as well as intraperitoneal administration of whole agar 
slants of V. cholerae proved in Calvano's experience unsuccessful. 

Parenteral Infection 
Percutaneous infection 

Following up preliminary observations by a few Japanese observers, 
Matsumoto, Ando & Shiraiwa (1927), experimenting with guinea~pigs, 

systematically studied the problem of the permeability of the skin by 
V. cholerae. They applied for this purpose suspensions of the organisms 
in peptone water or tap-water to the shaved or the intact skin of their test 
animals and killed them 15-27 hours later. Cultivations were then made 
immediately from the site of the infection as well as from the blood and 
the internal organs. In 4 out of 10 guinea-pigs to the shaved skin of which 
suspensions of cholera vibrios had been applied, it was possible to cultivate 
the organisms, not only from the site of the infection, from the heart blood, 
and from various internal organs, but also three times from the bone
marrow and twice from the intestines. In a fifth animal positive results 
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were obtained from the bone-marrm.,~ as well as from the site of the infection. 
However, in 27 tests in which V. cho/erae was applied to, or rubbed into, the 
intact (unshaved) skin the presence of the organisms could never be demon
strated in the heart blood or the organs and 4 times only at the site of the 
infection. 

As far as one is entitled to judge from these findings, which do not 
seem to have been supported by further observations, V. cho/erae appears 
to be incapable of penetrating through the intact skin. 

Intranasal and intratracheal infection 

Besides resorting to intravenous infection, Diatroptoff (1894) inoculated 
V. cholerae into the nostrils or, after tracheotomy, into the trachea of 
rabbits. 

Al112 animals, into each nostril of which 1-2 loops of a cholera culture 
had been placed, succumbed within 5-20 days after having suffered from 
diarrhoea and emaciation. In the 8 instances in which death had taken 
place not later than on the 9th day, cholera vibrios could be isolated in 
nearly pure culture from the fluid intestinal contents, but not from the blood 
or the internal organs. 

The rabbits infected intratracheally with 2-3 loops of a V. cholerae 
culture usually succumbed after 3-4 days, yielding positive cultures from 
their blood and organs as well as from the intestinal contents. In the 
animals which survived somewhat longer, cholera vibrios were found to 
be present only in the intestinal contents and even these gave negative 
results if death had taken place 15-20 days after infection. 

Subcutaneous infection 

The method of subcutaneously inoculating experimental animals with 
V. cholerae appears to have been used by Nicati & Rietsch who, as stated 
by Pfeiffer (1892) without further details, "had succeeded in poisoning 
guinea-pigs by the administration of live cholera vibrios into the subcutane
ous tissue". The French publication (1884c) in which Nicati & Rietsch 
presumably recorded this result was not available to the present writer. 

Koch (1885) found that guinea-pigs which had been inoculated sub
cutaneously or intraperitoneally with specially toxigenic cholera strains 
usually succumbed within a few hours, after having shown signs of collapse 
similar to those which developed more slowly in animals infected orally. He 
ascribed, therefore, the death of the guinea-pigs infected parenterally solely 
to an action of the cholera toxin. On the other hand, some other early 
observers, enumerated by Tizzoni & Cattani (1888), finding that their 
subcutaneously inoculated test animals, which died after only 12-24 hours, 
harboured V. cholerae in the peritoneal cavity as well as in the internal 
organs, assumed the presence of a generalized cholera infection. 
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Of particular interest is the fact that Babes (1885), one of the workers 
quoted by Tizzoni & Cattani, found that 1 out of 2 white mice, which 
rapidly succumbed after injection of cholera vibrios into the root of their 
tails, showed moderate numbers of the organisms in the fluid whitish 
contents of its intestine as well as in the blood and the spleen. Analogously, 
Buchner (1885) recorded that subcutaneous injection of a guinea-pig with 
an atypical vibrio strain, which .had been isolated during a cholera outbreak 
at Naples, led to a congestion of the middle portion of the small intestine 
and to the appearance of numerous " comma bacilli " there and more 
still in the lower portion of the small intestine. Observations identical with 
that of Buchner were recorded by Cunningham (1887), who no doubt 
worked with typical cholera strains. 

While unable to produce a fatal cholera infection in normal guinea-pigs 
through subcutaneous inoculation, Tizzoni & Cattani (1888) obtained 
positive results when using this method in combination with either intra
peritoneal injection of opium tincture or administration of ethanol with 
the aid of a stomach tube. A large majority of the animals thus infected 
harboured V. cholerae in their blood, while cultivations from the perito
neal cavity, made in three instances only, also yielded positive results. 

Further advantage of the method of subcutaneously inoculating 
guinea-pigs was taken by Pfeiffer (1889) for a study of a cholera-like vibrio 
(V. metchnikovi Gamaleia, 1888). He found that this organism, if adminis
tered subcutaneously in adequately large doses, produced a generalized 
infection resulting in death after 18-24 hours. However, while the organisms 
abounded at the site of the infection as well as in the blood and the internal 
organs, they were scanty in the contents of the intestines, which showed 
no gross changes. 

Vincenzi (1892) found that subcutaneous administration of one drop 
of a cholera broth culture sufficed to produce in guinea-pigs an abundant 
oedema at the site of inoculation and to kill the animals in 20-30 hours. 
Since, however, he worked with cultures from Massawa, the true nature 
of which is dubious, these findings have to be considered with scepticism. 
Be this as it may, Pfeiffer (1894), working with authentic fresh cholera 
strains, established that most of these cultures, 
" regardless of whether they had been derived from the most severe, rapidly fatal cholera 
cases or from slight infectious diarrhoeas, showed a remarkably uniform behaviour. 
The dosis lethalis minima for intraperitoneal infection was invariably not more than a 

fraction of a loop-usually -~~- -~ of a loop sufficed to kill the guinea-pigs. On the 

other hand, the subcutaneously inoculated guinea-pigs reacted merely with fever, whereas 
pigeons survived the infection." [Trans.] 

An exception was formed by3 strains only which in the doses mentioned 
above killed all guinea-pigs infected subcutaneously and some of the 
pigeons. On account of this unusual behaviour, Pfeiffer was inclined to 
doubt the authentic nature of the 3 strains. 
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In view of this postulation it is not surprising to find that Issaeff (1894) 
described the strain Pfeiffer had given him for immunological studies as 
possessing 

" all properties of a typical cholera microbe, being pathogenic for guinea-pigs and 
rabbits if administered intraperitoneally but not upon subcutaneous inoculation and being 
not pathogenic for pigeons in doses of one loop." ~Trans.] 

Similarly, Pfeiffer & Issaeff (1894), characterizing the strain they used 
for further immunological work, stated that this was lethal for guinea-pigs 
infected intraperitoneally in doses of 1 10th-1'12th of a loop with a capacity 
.of 2 mg, but produced, if giyen subcutaneously in quantities of one loop, 
only passing fever and a local reaction terminating in skin necrosis. 

Kolle (1894), in a study on experimental cholera in the guinea-pig, 
maintained that the method of subcutaneous infection required "very 
large inocula to kill the animals and was comparatively unreliable ". He 
further stated that after subcutaneous (or intraperitoneal) injection 

" one finds the cholera vibrios in the blood of guinea-pigs only under quite peculiar 
experimental conditions, but never, if autopsy is made soon after death, in such amounts 
that one could speak of a fatal septicaemia . . . The conditions under which a transition 
of the vibrios into the blood via the lymph channels takes place are, firstly, doses which, 
in relation to the body weight of the animals, are multiples of the absolutely lethal doses ... 
Secondly, the vibrios are sometimes demonstrable in the blood, when the agonal period 
was prolonged. In this case they are found particularly often in the blood of the right 
ventricle, while they are absent from the blood of the left ventricle and the organs .... " 
[Trans.] 

The findings Kolle made regarding the transition of the cholera vibrios 
into the intestine will be considered together \Yith his observations on 
intraperitoneal infection. 

In a supplementary study, devoted to investigations on experimental 
cholera in rabbits, Issaeff & Kolle (1894) stated that subcutaneous inocula
tion of such animals with small doses led neither to local reactions nor to 
general and intestinal manifestations; after 24 hours the organisms 
were no longer demonstrable at the site of the infection. If large doses were 
used, there resulted merely a local reaction, consisting of the formation of 
an abscess, in the pus of which the vibrios were demonstrable. Such 
animals were apt to succumb, but even then the organisms could not be 
found in the blood or in the organs. 

In contrast to the observations recorded above, Hahn (1905) found 
that 2 out of 4 Russian cholera strains which had been fairly recently 
isolated produced a rapidly fatal septicaemia in rabbits if administered in 
!-loop doses either by the subcutaneous or the intraperitoneal route. 
In the case of the other 2 strains, somewhat higher doses were necessary to 
obtain positive results by subcutaneous inoculation. As asserted by Hahn, 
there was no reason whatsoever to doubt the authenticity of these strains. 
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Results analogous to those of Hahn were obtained. by Kabeshima 
(1918a) through subcutaneous infection of white mice with 1 El Tor and 
2 classical V. cholerae strains respectively, all of which proved lethal to the 

animals if administered in doses of ~- 1~0 of a loop. However, while 
emphasizing that these uniform findings spoke in favour of the cholera 
nature of V. El Tor, Kabeshima pointed out that his cholera strains, which 
produced "haemotoxin ", probably possessed an exalted virulence. 

Further studies on subcutaneous inoculation of experimental animals 
with V. cholerae were undertaken almost exclusively with the aim of ascer
taining to what extent this as well as other modes of infection led to its 
generalization and its localization in the intestines-problems which will 
receive further consideration later in this chapter. Record has to be made 
at the. present juncture of the following observations. 

Crendiropoulo (1921) found that subcutaneous administration of 
V. cholerae usually did not lead to a dissemination of the infection. Even if 
lethal doses were given, only 1 out of 12 rabbits showed a presence of the 
organisms in the intestinal tract (appendix). The test animals appeared to 
succumb to toxaemia rather than to septicaemia. 

On the other hand, Sanarelli (1921), subcutaneously infecting quite young 
rabbits, found ample evidence for a generalization of the infection and its 
localization in the intestines. 

Sanarelli noted in particular that subcutaneous inoculation of 4-day
old rabbits led to (a) an inflammatory process at the site of infection, where 
vibrios abounded; (b) appearance of the causative organisms in limited 
numbers in the blood, liver, spleen, and duodenum; (c) presence of most 
numerous vibrios accompanieo by that of desquamated epithelia in the 
diarrhoeic contents of the markedly congested small intestines and also 
in the large intestine. 

In somewhat older, e.g., 6-day-old, rabbits the morbid appearances 
resembled more closely those considered typical for enteric cholera by 
Sanarelli. Vibrios appeared to be rather rare in the blood as well as in the 
duodenum and the upper part of the small intestine, but were most plentiful 
in the caecum and the colon. 

To judge from a short remark in Sanarelli's paper, he found that sub
cutaneous inoculation of guinea-pigs led after a more prolonged course of 
illness to marked signs of cholera in the intestinal tract. 

Using guinea-pigs, Masaki (1922) found that 

" the virus injected subcutaneously . remains at first during 2-3 hours in the cellular 
tissue. The leucocytes assemble at the site of inoculation and form an abscess. A part of 
the vibrios leaves the subcutaneous tissue and progresses towards the intestinal mucosa ; 
six hours after inoculation one already finds the vibrios in the intestine." [Trans.] 

Masaki noted that abscess formation at the site of inoculation took 
place with particular regularity when massive doses of little virulent cholera 
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vibrios were injected. To judge by two protocols given by this worker, the 
animals in question, one of which died 12 hours after subcutaneous inocula
tion, while the other was sacrificed after about the same interval, showed 
vibrios only at the site of the infection and in the intestines, but not in the 
blood, bile, or peritoneal cavity. 

Suzuki (1926), who infected guinea-pigs by various routes with an El Tor 
strain (V. kadikoj}, found that subcutaneous administration of these 
organisms led to a generalized infection with the appearance of the organisms 
in the blood, peritoneum, liver, spleen, kidneys, and bone-marrow, but not 
in the stomach, small intestine, and urine. 

A valuable study on the subject presently under review was made by 
Ray (1927; see also the preliminary communication by Hahn, 1926), who 
for this purpose infected guinea-pigs subcutaneously, intraperitoneally, or 
intracardially either with old stock cultures of V. cholerae or with freshly 
isolated strains. It was found that, regardless of which mode of infection 
was used, inoculation with the stock strains led but exceptionally to an 
appearance of the organisms in the blood, the intestines, or the internal 
organs. On the other hand, positive bacteriological findings were obtained 
from these substrates with great regularity when freshly isolated cholera 
strains were used for parenteral infection. 

Ray refuted the idea that an invasion of the various organs by V. cholerae 
took place merely during the agonal period, because he was able to obtain 
positive blood cultures not only in the case of animals succumbing spontane
ously but also in those which had been sacrificed and had been examined 
immediately afterwards. He admitted, however, that the infective doses 

used by him (even in the case of the freshly isolated strains, usually~ of a 

slant) were very large "and thus not in accord with natural conditions". 
Reporting on a few additional observations in guinea-pigs infected 

subcutaneously or intraperitoneally with V. metc!mikori, Ray stated that 
these organisms could be found in the blood and the intestines if similarly 

large inocula(~ of a slant) were used. He concluded from these and the 

findings recorded above that " there were no principal differences in the 
septicaemic properties shown respectively by V. metchnikovi and 
V. cholerae ". 

A further most interesting observation made by Ray was that the 
majority of guinea-pigs which had been subcutaneously infected after 
their common bile duct had been ligatured did not show cholera 
vibrios in their intestine. At first glance these findings indicated 
that V. cholerae introduced parenterally entered the intestines with the 
bile. However, after 5 ml of ox bile had been given per os, the organisms 
could be demonstrated in the intestines of the animals infected after ligature 
of the bile duct. It appeared, therefore, that the vibrios reached the in
testines through the blood-vessels and not through the bile. Ray added that 
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it was impossible to decide whether (a) the bile, successfully used for bac
terial enrichment in vitro, exerted an analogously favourable action in the 
intestines, or (b) as was the case in oral vaccination, the bile facilitated the 
passage of the organisms through the intestinal wall, or (c) unknown 
factors were at work. The present writer believes that an intestinal irritation 
produced through bile administration might be of importance in this 
respect. As stated in Chapt¥r 4, bile administration for the purposes of 
oral cholera vaccination has been found capable of exerting such an irritating 
effect. · 

Reference has to be made finally to the observations of Panja & 
Paul (1943), who made a comparative study of the invasiveness of (a) true 
cholera vibrios; (b) "paracholera" vibrios, i.e., cholera-like organisms 
isolated from patients with clinical features of cholera; and (c) water 
vibrios isolated from the Hooghly river at Calcutta. When examining the 
blood of their test animals, obtained from the skin of their ears 2, 18, and 
36 hours after subcutaneous inoculation, Panja & Paul found that an early 
invasion of the blood-stream was effected only by the true cholera vibrios 
and by one of the two " paracholera " strains used, but not by any of the 
water vibrios, which could be demonstrated in the blood but occasionally 
even 36 hours after infection. Nevertheless, 75% of the test animals infected 
with the water vibrios succumbed, as against a mortality of 50% caused by 
the cholera vibrios and a death-rate of 62% in the case of "paracholera " 
infection. At autopsy, the animals invariably showed congestion of the 
small intestines which were abundantly filled with a whitish glairy fluid. 
The causative organisms could be isolated from there as well as from the 
blood, the peritoneal cavity, and the gall-bladder. 

Panja & Paul found that the 3 kinds of vibrios used by them showed no 
marked differences in pathogenicity when administered orally to guinea-pigs 
or intravenously to rabbits. 

Intraperitoneal infection 

As summarized by Baumgarten (1921), the method of intraperitoneally 
infecting white mice with V. cholerae, originally used by Koch (1884-see 
above, page 398), also proved successful in the hands of a few other early 
observers. Positive results with this mode of infection in guinea-pigs seem 
to have been obtained first by Hueppe (1887), who found that intraperi
toneal administration of 1 ml or even of 1 drop of cholera broth cultures 
usually killed these animals within 24 hours, sometimes at longer intervals 
up to 5 days. He noted that their small intestines showed a congestion 
identical to that met with in intraduodenally infected guinea-pigs and that 
their fluid intestinal contents abounded in cholera vibrios. In Hueppe's 
opinion the presence of the organisms there was the result of their direct 
entry into the intestine through " preformed stomata of the serosa ". 
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The validity of this contention was vigorously denied by Vincenzi (1887) 
who stated that he had obtained entirely negative results in 17 guinea-pigs 
infected intraperitoneally with the aid of glass capillaries cautiously in
troduced after laparotomy. However, this worker found that if the intestine 
was mechanically irritated before infection, 

" regardless of whether they had been introduced into the peritoneal cavity or into 
the lung or subcutaneously or directly into the blood vessels, the comma bacilli enter 
by means of the capillary haemorrhages, invariably forming at the site of the irritation, 
into the intestinal lumen, find there favourable conditions for development and cause 
the death of the animals." [Trans.] 

Vincenzi added that presumably identical results might be obtained 
through chemical irritation of the intestines. 

In marked contrast to these statements, Vincenzi (1892) maintained 
that the blood as well as the intestines of intra peritoneally or intrapleurally 
infected guinea-pigs invariably contained viable cholera vibrios. It is note
worthy, however, that-as noted above (page 422)-he used Massawa 
strains of doubtful authenticity for his second series of investigations. 

Be this as it may, Pfeiffer (1892), in his initial study on the toxin of 
V. cholerae, emphasized that he had never been able to find the organisms 
in the intestinal contents of intraperitoneally infected guinea-pigs. He 
added that 

" the peritoneal contents and the blood were found sterile several times even if autopsy 
was made immediately after death. In the majority of the cases, scanty V. cholerae colonies 
could be cultivated from the peritoneal exudate, but even then the blood was sterile. 
In 2-3 cases the peritoneum contained numerous viable cholera vibrios ... and then 
scanty vibrios could be demonstrated in the heart blood." [Trans.l 

Pfeiffer concluded from these observations that, since as a rule the 
intraperitoneal!y injected cholera vibrios were rapidly killed, one had to 
ascribe the death of the test animals not to an infection, but to an intoxi
cation. He admitted, however, that, when small inocula were used, the 
organisms rapidly multiplied at first, until the amount of transudated 
serum became sufficient first to impede and then to prevent their further 
development. In support of his contentions he adduced ample evidence to 
show that intraperitoneal administration of killed cholera vibrios in appro
priately increased doses was as lethal for guinea-pigs as injection of live 
organisms. 

In strict contrast to Pfeiffer's findings, Gruber & Wiener (1892) insisted 
that intraperitoneal injection of killed cholera cultures was almost or even 
totally ineffective even in amounts 20-30 times larger than the lethal doses 
of live vibrios. Since, on the other hand, in the experience of these two 
workers, intraperitoneal injection of young virulent cholera cultures led 
to a most marked multiplication of the vibrios not only in the peritoneal 
exudate but even in the pleural cavity, Gruber & Wiener postulated that 
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this mode of inoculation produced a specific infection and not an intoxi
cation of the test animals. · 

The conclusions reached by Sobernheim (1893) through an examination 
of 24 intraperitoneally infected guinea-pigs were that (a) cholera vibrios 
were invariably present in the peritoneal exudate and usually abounded 
there; (b) in about two-thirds of the animals the vibrios were scanty in the 
blood or even altogether absent, whereas they were plentiful in 7 instances; 
(c) in 20 of the animals, the intestines contained most numerous cholera 
vibrios, often in practically pure culture. 

Sobernheim found, however, no evidence to show that the organisms 
penetrated directly from the peritoneal cavity into the intestines. Refuting 
Hueppe's postulations he maintained, therefore, with great reason that the 
cholera vibrios, initially "resorbed" by the lymph-vessels, were further 
transported by the blood-stream. In his opinion, however, in experimental 
cholera the blood served merely as a transport vehicle for the causative 
organisms and not as a substrate for their multiplication, as was the case 
in septicaemic processes caused by other bacteria. 

Confirming Pfeiffer's observation that 
" it was possible to kill the animals with adequately increased amounts of killed 
cultures with appearances identical with those obtained through injection of living 
cultures," [Trans.] 

Sobernheim maintained that the process induced through intraperitoneal 
administration of the latter was not of a purely infectious nature, bu.t that 
" the toxic moment also played a. considerable role ". 

Further investigating the problem presently under review, Pfeiffer & 
Wassermann (1893) drew a distinction between four stages or, one should 
rather say, degrees of the process induced in guinea-pigs through intra
peritoneal cholera inoculation: 

(1) Minimal amounts of cholera vibrios produced merely passing fever 
(Stage I). 

(2) Somewhat higher doses led after a short febrile period to a marked 
lowering of the body temperature and other signs ofcollapse, from which, 
however, the animals recovered within 24 hours (Stage II). 

(3) Administration of carefully increased doses so as just to reach the 
minimal lethal dose led to a fatal cholera intoxication, but if autopsies 
were made immediately after death, the peritoneal cavity was sterile or 
contained only solitary cholera vibrios, which were usually enclosed in 
leucocytes (Stage Ill). 

(4) If, finally, massive doses, corresponding to those used by Gruber & 
Wiener, were given, the peritoneal cavity contained most numerous vibrios 
(Stage IV). 

Pfeiffer & Wassermann added that, whereas the animals in Stage Ill 
showed at autopsy a fibrino-purulent exudate in their peritoneal cavity, in 
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Stage IV the peritoneal exudate was almost clear and contained besides 
most numerous cholera vibrios only few leucocytes and small numbers of 
erythrocytes. 

Observations on 69 intraperitoneally inoculated guinea-pigs and groups 
of such animals infected with V. cholerae with the aid of other methods led 
Kolle (1894) to the following main conclusions: 

(a) Cholera vibrios appeared in the intestines of intraperitoneally 
injected guinea-pigs in large numbers only when the intestines had been 
accidentally punctured. 

(b) If, on the contrary, inoculation had been made properly, the organ
isms were absent from the intestines in 80 ~·~ of the animals, while they 
were so scanty in the remainder of the guinea-pigs as not to be demonstrable 
in smears. 

(c) Results analogous to those just recorded were obtained with the 
aid of methods precluding an accidental lesion of the intestines, such as 
subcutaneous or intrapleural injection, direct introduction of the organ
isms into the circulation or, after laparotomy, into the peritoneal cavity. 

(d) While there was no doubt that the vibrios reached the intestines 
with the blood-stream, it could not be decided with certainty whether they 
actually entered the intestinal lumen or were present merely in the capillaries 
of the mucosa. 

(~) It was possible to produce through intraperitoneal administration 
of suitable doses a fatal disease in guinea-pigs, in which the cholera vibrios 
remained absent from the blood, the intestines, and the internal organs. 
Even the peritoneal cavity remained sterile if minimal lethal doses had 
been given. The process of intoxication thus induced in the animals was 
the analogon of the algid stage in human cholera. 

Results closely resembling those of Kolle were recorded by Klemperer 
(1894), who postulated that the. process induced through intraperitoneal 
cholera inoculation in guinea-pigs was essentially an intoxication because 
(1) the appearance of signs and the occurrence of death were extremely 
rapid; (2) killed vibrios produced an identical syndrome; and (3) living 
vibrios were apt to cause a fatal disease without entering the circulation. 
Klemperer stated in the latter respect that 16 attempts to cultivate V. cho
lerae from the heart blood of his test animals, 2 attempts to obtain positive 
cultures from the spleen, as well as 5 attempts to demonstrate the presence 
of the organisms in the intestine of sacrificed animals gave entirely negative 
results. 

Issaeff & Kolle (1894) obtained results similar to those recorded by 
Kolle in guinea-pigs through the intraperitoneal inoculation of young 
rabbits: in the animals injected with large doses, the Yibrios abounded in 
the peritoneal cavity, were scantily present in the blood, and the internal 
organs, and sometimes occurred in quite small numbers in the intestines. 
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If smaller doses were given, the peritoneal cavity as well as the blood and 
the intestines were found to be sterile. 

Older rabbits proved to be rather resistant to intraperitoneal cholera 
infection, unless large-sized inocula were used. 

It is of interest to note in this connexion that in the experience of Bezzola 
(1912) the resistance of rabbits to intraperitoneal infection could be over
come by the administration of bile together with otherwise non-lethal 
doses of V. cholerae. 

Sanarelli (1919a, 1919b), again drawing attention to the problems of 
intraperitoneal cholera infection, stated that in guinea-pigs inoculated in 
this manner a rapid invasion of the blood-stream took place, regardless 
of whether non-lethal or lethal doses were used. In the case of non-lethal 
infections, leucocytes agglomerating on the omentum acted as a potent 
barrier against further invasions of V. cholerae, phagocytizing the organisms 
and becoming ultimately ingested in their turn by large mononuclear cells. 
Vibrionaemia usually abated 2-3 hours after inoculation, and after 12 hours 
the blood was invariably sterile. 

In the case of a lethal infection, phagocytic action was at first incomplete 
and a tardy revival of the leucocytic activity combined with the bactericidal 
action of the peritoneal fluid was incapable of checking tqe progress of the 
infection, though bringing about the sterility of the peritoneal cavity met 
with at autopsy. Sanarelli maintained, therefore, that the intraperitoneally 
cholera-infected guinea-pigs did not succumb to peritonitis-a postulation 
which, as will be gathered from the findings of earlier observers recorded 
above, was by no means novel. However, in contrast to these workers he 
insisted in another paper (1919b) that V. cholerae exerted a toxic action not 
on the nervous centres but upon the intestinal tract, where an acute and 
fatal gastro-enteritis resulted.· Such an evolution was possible because in 
Sanarelli's opinion the blood of guinea-pigs did not exert a bactericidal 
action upon the cholera vibrios. Consequently, the organisms, passing 
from the peritoneum into the blood, multiplied there and were subsequently 
excreted through the intestinal walls. Moreover, reaching also the stomach 
walls, they produced there functional and anatomical changes which were 
instrumental in rendering the stomach contents alkaline and thus facilitating 
an abundant multiplication of V. cholerae within the stomach. 

In a further article, Sanarelli (1920b), besides reiterating his previous 
statements, claimed that an extirpation of the omentum, the principal 
centre of defence against the intraperitoneally injected cholera vibrios, 
rendered the invasion of the blood-stream by the organisms more rapid and 
copious, and consequently aggravated the " vibrio gastro-enteritis of 
peritoneal origin ". He further alluded to the possibility that 

" on account of their own motility, the vibrios might even pass directly from the 
peritoneal cavity onto the intestinal wall via the network of lymphatics, which creates a 
communication between the subserosa and the submucosa ". [Trans.] 
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Experimenting with rabbits as well as with guinea-pigs, Sanarelli (1923a) 
found that in the former as well as in the latter the intraperitoneally injected 
cholera vibrios rapidly passed into the circulation and thence into the 
intestinal wall. He stated in this connexion that excretion of the vibrios 
by the rabbit intestine began as soon as a few minutes after inoculation 
and, though as a rule ceasing after 12 hours, could continue for a few 
days. 

Continuing his studies, Sanarelli (1923b) reached the conclusion that by 
intravenous injection of E. coli 6 to 7 hours after intraperitoneal cholera 
infection one could produce in these animals a condition analogous to the 
algid stage of human cholera. Further reference to this contention, which 
was supported by Sdrodowski & Brenn (1925) will be made in a later part 
of this chapter. 

Observations confirming that after intraperitoneal inoculation of guinea
pigs the cholera vibrios rapidly passed into the intestines were recorded by 
Masaki (1922) and Ray (1927), while Suzuki (1926) obtained identical 
results with an organism show·ing the properties of V. El Tor. 

Intraperitoneal inoculation of white mice with V. cholerae, already 
resorted to by Koch (1884) and a few other early experimenters, was again 
amply used by modern workers, such as Koesoemadilaga (1939), Griffitts 
(1942), Ranta & Dolman (1943), and more recently also by Gallut & Jude 
(1954; see also Jude & Gallut, 1955) and Husain & Burrows (1956), to 
whose observations attention has already been drawn when dealing with 
the problem of cholera immunology in Chapter 4. 

Koesoemadilaga (1939) found that intraperitoneal administration of 
cholera vibrios led to an invasion of the blood-stream within 10 minutes, 
whereas the invariably occurring invasion of the intestinal tract took place 
later than that of the blood. The organisms disappeared from the circulation 
6-10 hours after infection. 

As mentioned in the fourth chapter, Griffitts (1942) demonstrated the 
possibility of infecting white mice by the intraperitoneal route with small 
doses of mucin-suspended cholera Yibrios. 

Ranta & Dolman (1943), who resorted to intraperitoneal inoculation 
of white mice in the course of their work with cholera vaccines, thus 
adequately described their findings : 

" Mice that succumbed to an intraperitoneal injection of V. cholerae had fairly charac
teristic pathological signs. Within half an hour of the injection they hunched together in 
their cages, inactive and obviously ill. Death usually occurred within 16 to 24 hours, but 
where the dosage was barely lethal they often survived until the second or third day. 
Autopsy findings revealed injected vessels in the skin and in the mesentery. Invariably 
the upper nine inches of the small bowel, or slightly over half its length, was filled with 
a pale, greenish-brown viscous fluid, having a soft, jelly-like consistency. In mice dying 
more than 48 hours after the injection, this fluid was dark green in colour. The liver, 
spleen, lungs, kidneys, brain and heart showed no typical features." 
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Cultures, taken at autopsy, of more than 40 mice were found to be 
positive for V. cholerae in the following percentages : 

Peritoneal cavity 
Heart blood 
Upper intestinal contents 
Stomach contents 
Anal contents 

100.0 
100.0 
88.0 
21.0 

Never positive 

Commenting on these findings, Ranta & Dolman pointed out that 
" The finding of the vibrios in only 88 per cent of the upper intestines does not neces

sarily give a complete picture of the situation there, as all of those specimens reported 
negative were overgrown by ' spreader ' types ". 

Intrapleural inoculation 

The method of intrapleurally inoculating experimental animals with 
V. cholerae seems to have been utilized by a few workers only, first apparently 
by Vincenzi (1892), who stated that guinea-pigs injected in this manner 
succumbed to the infection in 20-30 hours. 

Sluyts (1893) recorded that rabbits infected with cholera vibrios by the 
intrapleural route died within a few hours and showed at autopsy large 
amounts of the organisms in the blood as well as in the pleural cavity. 

In the experience of Kolle (1894) guinea~pigs intrapleurally infected with 
V. cholerae died after 6 hours to about 12 hours. At autopsy, vibrios were 
plentiful in the chest cavity and invariably present in the blood, where, 
however, they were usually scanty. In the case of two animals, which 
showed fair amounts of cholera vibrios in their blood, the organisms were 
also scantily present in the intestine. 

Schoebl (1916a) was able to produce infection in but one out of 3 guinea
pigs inoculated with V. cholerae by the intrapleural route. This animal, 
killed in a moribund condition 24 hours after injection, yielded positive 
peptone water cultures from the chest cavity as well as from the blood, 
peritoneum, lungs, spleen, and liver. 

Intrameningeal inoculation 

The method of cholera inoculation by the intrameningeal route seems 
to have been used only by Urbain (1929). Though working with a culture 
of rather low virulence, he was able to produce in rabbits a rapidly fatal 

infection by injecting 8~- 10 ~00 of an agar slant of this strain through 
the atlanto-occipital ligament. The animals died in 24 hours and showed 
at autopsy congestion of the brain, the medulla oblongata, and the spinal 
cord. Pure cholera cultures could be isolated from these parts as well as 
from the heart blood. 

Still lesser doses of the weakly virulent cholera strain used by Urbain 
produced in rabbits signs of a meningo-encephalitis. The animals thus 
affected died after 20-30 days in a cachectic condition. 
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Intravenous il!(ection 

While, in order to introduce cholera vibrios directly into the blood
stream, numerous experimentators took advantage of the usual method of 
intravenous injection, a few resorted instead to intra-arterial (intracarotic) 
or intracardial inoculations. Since, howeYer, the results obtained by the 
last-mentioned workers were not fundamentally different from those 
produced through intravenous introduction of V. clzolerae, it is legitimate to 
deal with them in the course of the present disquisition. 

As quoted by Emmerich (1885) and by Thomas (1893), the method of 
producing cholera in experimental animals through intravenous injections 
which, as stated aboYe (page 398) proved unsatisfactory in the hands of 
Koch (1884), had been used before discovery of the cholera vibrio. 
Magendie (1832) in particular had been able to produce in dogs a syndrome 
similar to human cholera through intravenous injection of large amounts 
of blood withdrawn from cholera patients. At autopsy of the rapidly 
succumbing animals, changes more or less resembling those of human 
cholera were noted in the intestines. It is important to note that the validity 
of Magendie's observations has been confirmed through experiences with 
dogs which had been intravenously infected with pure cultures of 
V. cholerae (Gamaleia, 1892; Klemperer, 1894). 

Though giving no details in this respect, Emmerich (1885) evidently 
resorted to intravenous infection of some of the animals (guinea-pigs, cats, 
and dogs) used by him for cholera experiments, for he claimed to have 
obtained proof 

" that regardless of the mode of inoculating experimental animals (injection into the 
veins, the lungs, the peritoneum, or under the skin) the pathogenic organisms [Pilze] 
are able to penetrate sooner or later through the intestinal wall into the lumen of the 
intestine and to produce there severe changes". [Trans.] 

Since, like Buchner (1885), Emmerich worked with a Neapolitan strain, 
the nature of which is uncertain, the validity of his claims is doubtful. 

In the course of a carefully conducted study on " the fate of micro
organisms injected into the blood of warm-blooded animals", Wyssoko
witsch (1886) used, inter alia, cholera vibrios and Finkler & Prior's cholera
like vibrios for the intravenous infection of rabbits. He found that these 
organisms rapidly disappeared from the blood-stream, not because they 
were excreted into the intestinal or the urinary tract, but because they were 
retained in the internal organs. On account of these findings and of ana
logous experiences with numerous other bacterial species, Wyssokowitsch 
postulated that this retention was the mechanism at work in rendering the 
blood-stream free from invading bacteria. 

In agreement with this contention, Tizzoni & Cattani (1888) found it 
impossible to infect normal guinea-pigs through injection of cholera vibrios 
into the bared juguliir vein. However, the two workers were able to produce 

28 
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a rapidly fat~l infection in 5 out of 7 guinea-pigs which had received an 
intraperitoneal injection of opium tincture simultaneously with a cholera 
inoculum given intravenously. The causative organisms were occasionally 
found in the blood of these 5 animals up to 20 hours after infection and 
were usually demonstrated in the peritoneal cavity and the internal organs. 
However, with one rather doubtful exception, they were found to be absent 
from the intestinal contents of the infected animals. 

In strict contrast to the observations recorded above; Thomas (1893) 
found that intravenous injection of rabbits with adequately large doses of 
V. cholerae led invariably, and usually within 18-36 hours, to a fatal 
infection, which was characterized by signs and symptoms resembling those 
of human cholera as well as by the presence of the causative organisms in the 
intestines in almost pure or even in pure culture. 

Making further parallel observations on normal rabbits and on other 
animals, into the common bile duct ofwhich a canula had been introduced 
after double ligature, Thomas established that, regardless of whether or 
not this operation had been made, the cholera vibrios invariably appeared 
in the bile of rabbits which had been infected intravenously with a lethal 
dose. Since the causative organisms could be always cultivated from the 
intestinal contents of the operated as well as the normal animals, Thomas 
was led to assume that 

" the bacilli can reach the intestinal contents through the bile as well as directly 
through the intestinal walls." 

A further observation of Thomas's was that oral administration of 
20%-25% ethanol for 2 days previous to intravenous inoculation rendered 
the rabbits in question susceptible to infection with otherwise sublethal 
doses of V. cholerae. 

In the experience of Diatroptoff (1894), intravenous injection of rabbits 
with cholera vibrios led almost invariably to an appearance of the organisms 
in the intestinal contents, regardless of whether the animals had succumbed 
after 1-2 days or whether they had survived for 5-6 days because they had 
received smaller doses or inocula of lower virulence. However, only the 
rapidly succumbing rabbits yielded positive cultures from their blood and 
internal organs. 

In marked contrast to the findings of Thomas and Diatroptoff, Pfeiffer 
(1894) maintained that 

" if one injects cholera vibrios into the blood-stream of normal guinea-pigs, particu
larly into the carotis, one .finds that after but a few minutes a quite overwhelming part 
of the vibrios has been destroyed . . . This rapid death of the vibrios is associated with 
most rapidly appearing signs of intoxication, which are quite identical with those appearing 
after intraperitoneal inoculation of highly immune guinea-pigs. On account of these 
findings it is easy to understand that in the case·of intravascular injection into guinea-pigs 
the lethal dose of living bacteria is but slightly lower than that of chloroform-killed cul
tures." [Trans.] 
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Kolle (1894), furnishing details of the 7 experiments referred to by 
Pfeiffer, summarized that 

" even after introduction of very large doses, exceeding the minimal lethal dose 

(f loop) 4-8 times, one found in these animals a few hours after injection no more living 

vibrios in the blood and the organs. Vibrios were totally absent from the intestines in 
4 animals and were quite scanty in three." [Trans.] 

In agreement with Pfeiffer's contentions, Klemperer (1894) claimed on 
the basis of a few observations that intravenously infected rabbits suc
cumbed to an action of the cholera toxin and not to an infection. It is note
worthy, however, that, while unable to cultivate cholera vibrios from the 
stools of his test rabbits, he found the organisms present or even numerous 
in the small intestines at autopsy of such animals. 

More to the point than the rather sketchy observations of Klemperer 
were the results of systemati<; studies made by lssaeff & Kolle (1894) on 
35 intravenously infected rabbits. The conclusions arrived at by these two 
workers were as follows: 

" After injection of cholera vibrios into the blood-stream, rabbits fall sick and succumb 
under otherwise identical conditions the more certainly the younger they are. The 
animals which, in relation to their body-weight, receive comparatively large doses die 
within 18 hours after injection with the signs of an acute intoxication. In this case the 
comma bacilli more or less abound in the blood and in the organs, [but] they are absent or 
quite scanty in the intestinal contents. If one has reached the lower limit of the dose, after 
the administration of which the animals die within a short time, one sometimes finds the 
blood sterile. One cannot, therefore, speak of a real vibrionic septicaemia. The gross and 
microscopic· changes in the intestine as well as the diarrhoea present during life must be 
ascribed consequently to the action of toxins furnished by the cholera vibrios, which 
succumbed in the blood. 

" Those animals which survive the first 18 hours after infection develop diarrhoea 
within the following days and mostly succumb after some time. to an intestinal affec
tion completely analogous to human cholera. In typical cases one finds in the contents 
of the intestine, which is congested and bereft of its epithelium, Koch's bacilli in pure 
culture. In most cases the organisms cannot be found in the organs and in the blood 
even with the aid of peptone water enrichment. The organs are macroscopically normal 
with exception of the liver, which shows more or less fatty changes." [Trans.] 

Baroni & Ceaparu (1912) repeated the work of Issaeff & Kolle, but used 
in contrast to the latter exclusively adult rabbits for their experiments. 
Sacrificing their test animals at intervals varying from 5 minut.es to 16 days 
after intravenous injection and making peptone water cultures from the 
organs as well as from various parts of the intestine, they found that 

(a) if large doses were given, the vibrios appeared in the bile and the 
appendix after 30 minutes, but in the small intestines after one hour only, 
even though a marked congestion of these intestines, accompanied by. a 
watery exudation into the lumen, became manifest as little as 10 minutes 
after intravenous inoculation of V. cholerae; 



436 CHOLERA 

(b) if lesser, but still lethal doses were used, the vibrios disappeared 
48 hours after infection even in animals the death of which occurred some 
days later; 

(c) the stomach contents, urine, and stools of the infected animals never 
yielded positive cultures. 

In contrast to the observations just mentioned, Violle (1912) found that 
adult rabbits which rapidly succumbed to an intravenous injection of 
cholera vibrios showed no lesions. In animals succumbing with some 
delay the small intestines were intensely congested and had diarrhoeic 
contents. Violle added in a further publication (1914b), to which reference 
has already been made above (pages 414 and 415) that in adult rabbits 
·intravenously injected with a lethal dose of a cholera broth culture, the 
organisms were present not only in the blood, but also in the contents of 
the small intestine. The congestion of its mucosa was more pronounced 
in the lower part of the small intestine than in the upper part above the 
opening of the pancreatic duct. Correspondingly, smears made from the 
upper part of the small intestine showed only scanty cholera vibrios, while 
the organisms abounded in the material collected below the opening of the 
pancreatic duct. 

Again working with young rabbits, Cano (1913) found that intravenous 
injection of 2-ml amounts of cholera broth cultures led in 6 animals in
variably to an appearance of the organisms in the intestinal contents. The 
presence of cholera vibrios was also demonstrated five times in the kidneys 
as well as in some instances in the urinary bladder, the urine, or both. 

Following up an investigation on gall-bladder lesions in human cholera 
victims, Greig (1914b) intravenously injected 10 adult rabbits with cholera 
vibrios. Though the animals invariably became seriously ill after inoculation 
and some developed diarrhoea, only 2 spontaneously succumbed to the 
infection. However, positive bacteriological findings were also made at 
autopsy of 3 rabbits which had been sacrificed. The causative organism 
could be isolated not only from the bile but also from the intestinal contents 
or the heart blood, or both, of the five animals showing evidence of cholera 
infection. Histological examination resorted to in the case of one of the 
animals revealed the presence of gall-bladder alterations which closely 
resembled those met with in human cholera. 

Greig also found that intravenous inoculation of rabbits with cholera
like vibrios produced a generalized infection. He afterwards showed (see 
Greig 1915, 1916) that intravenous injection of rabbits with cholera-like 
vibrios, if repeatedly administered over long periods, almost always pro
duced a cholecystitis and quite often also led to a formation of gall-stones 
in the animals concerned. Almost without exception the cholera-like 
vibrios continued to be present in the bile of the inoculated rabbits. 
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Nichols (1916) stated in an experimental study on the pathogenesis of 
gall-bladder infections in cholera as well as in typhoid and dysentery that 

" In three rabbits given ear vein injections of 1 c.c. of a 24 hour [cholera] broth culture, 
I found no lesions and no vibrios in the bile at the end of 1 week. In three rabbits given the 
same dose by a mesenteric ,·ein, one animal had bloody bile but no vibrios were found in it." 

However, further observations by Nichols on rabbits, in which after 
ligature of the cystic duct a fistula of the common bile duct had been made 
and which were afterwards injected with 1-ml amounts of cholera broth 
cultures through a mesenteric vein, showed the organisms to be capable 
of passing into the first specimens of bile collected at short intervals within 
one hour after infection. Tests made in an analogous manner by the intro
duction of the vibrios into an ear vein gave less satisfactory results. On 
account of these findings, Nichols felt convinced that the cholera vibrios 
"regularly enter the bile from the liver if they are present in the blood in 
sufficient numbers " and suggested that, besides a general septicaemia, a 
septicaemia of the portal-vein system might be of importance in the patho
genesis of cholera. 

Experimental studies continuing the work of Nichols were made by 
Mashimo (1923) and, more recently, by Bifulco (1932a, 1932b, 1948). The 
former observer, intravenously injecting rabbits with cholera vibrios after 
a common bile duct fistula had been made, confirmed that the organisms 
rapidly appeared in the bile: demonstrable there in small num hers as early as 
2 minutes after infection, they soon became abundant and continued to 
be numerous up to the end of the observation period of 24 hours. 

Bifulco, who like Nichols resorted to inoculation of V. clwlerae into 
the mesenteric vein of rabbits and also of dogs, stated that he had been 
able to produce in this manner typical signs of enteric cholera secondary 
to an invasion of the liver and the bile of the animals. 

Evaluating the findings of Nichols and of Bifulco and the claim made 
by the former regarding the importance of a portal-vein septicaemia in 
cholera, one must note that results analogous to theirs have been recorded 
by other workers when injecting V. cholerae not into the mesenteric vein, 
but into other blood-vessels of their experimental animals. 

Further to the observations by Tizzoni & Cattani (1888) and 
Thomas (1893) quoted above, according to which the resistance of experi
mental animals to intravenous cholera infection could be lowered through 
opium or alcohol administration, Golovanoff (1923) found that rabbits 
when orally given 10 ml of bile mixed with licorice powder 4 hours before 
intravenous cholera infection succumbed to otherwise non-lethal doses. 

Similarly, Arnold & Shapiro (1930) established that intravenous admi
nistration of half a lethal dose ot V. cholerae, if followed even after a consi
derable interval by an intraduodenal injection of an alkaline buffered 
phosphate solution, produced diarrhoea and death. The causative 
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organisms could be cultivated from the faeces of these animals during 
life, from their intestinal tract and internal organs at autopsy. 

To support his postulation that cholera in man was the result not of a 
direct gastro-intestinal infection but of a septicaemia engendered through 
an entry of the causative organisms through ~he faucial organs, Sanarelli 
laid great stress upon observations he made in experimental animals infected 
by the intravenous route. 

Dealing with this mode of infection in his study on cholera in young 
rabbits, Sanarelli (1921) pointed out that, when making injections into the 
jugular vein of such animals, it was necessary to use very small doses in 
order to avoid a rapid death due to a vibrionic septicaemia. If, however, 
such a generalization of the infection could be avoided, an entry of the 
cholera vibrios through the blood as well as by other routes led to their 
elective localization in the digestive tube, where, regardless of which mode 
of infection had been chosen, identical characteristic lesions were produced~ 

As stated by Sanarelli in his 1924 study on experimental cholera, in 
contrast to the young animals 

" adult rabbits better resist the intravenous administration of cholera vibrios. The 
minimal lethal doses are those which kill after more than 48 hours. In these cases the 
anatomic picture is that of an enteritis and the bacteriological findings-as in guinea-pigs 
succumbing several days after an intraperitoneal injection of the vibrios-are characterized 
by sterility of the blood and organs, and by the constant presence of the organisms 
throughout the intestinal tract." [Trans.] 

Sanarelli noted in this connexion that the cholera vibrios which had 
been intravenously administered to adult rabbits in non-lethal doses almost 
completely disappeared from the blood after 24 hours, but then began to 
appear in the ileum; 48 hours after infection the blood was as a rule sterile, 
while the organisms multiplied in the intestinal tract, where they usually 
persisted for 5~6 days. However, he maintained that 

" sometimes even intravenous injection of the vibrios in a usually non-lethal dose is 
capable of suddenly killing the rabbits. In such cases death is caused either by a sudden 
exaltation of the virulence of other microbial species (generally colon bacilli) followed 
by their rapid invasion, or by an anaphylactic crisis provoked through the existence of 
old 'sensitizing ' microbial foci in the liver, the lungs, etc., upon which the vibrios act 
as releasing (' dechainants ') antigens." [Trans.] 

Sanarelli claimed in this connexion that, while intravenous injections 
of killed cholera cultures did not exert the sensitizing action described 
above, an anaphylactic crisis could be provoked through intravenous 
administration of small quantities of coli-toxin or proteotoxin. However, 
while it is conceivable that such unspecific agents exerted an action through 
lowering the resistance of the test animals to infection with V. cholerae, 
one cannot share Sanarelli's belief in the universal importance of this factor 
and its role in the pathogenesis of human cholera. 
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Masaki (1922) also held that intravenous injection of cholera vibrios 
led to signs and to a distribution of the organisms identical with those 
resulting from subcutaneous or intraperitoneal infection. As can be gathered 
from the single protocol he quoted in this respect, a young rabbit, which 
died 10 hours after intravenous inoculation of half a slant of a cholera 
culture, showed at autopsy marked congestion of the intestinal tract, 
particularly of the small intestines, which were filled with diarrhoeic contents. 
Cholera vibrios were scanty in the blood and absent from the bile, the urine, 
and the stomach, but abounded in the intestines. 

Paralleling the observations of Sanarelli and of Masaki, Ray (1927) 
found that intracardial injection of cholera Yibrios into guinea-pigs led to 
a septicaemia and to the appearance of the organisms in the peritoneum, 
the liver, and the bile as well as in the intestines. Commenting upon these 
findings and analogous experiences with subcutaneous or intraperitoneal 
infection, Ray stated that 

" the appearance of the vibrios in the intestine stands apparently in close connexion with 
their appearance in the blood. In the majority of cases, in which the vibrios were demon
strated in the blood, they could be found as well in the intestines ... Possibly, therefore, 
the so-called enterotropism of the cholera vibrio could be explained by the assumption 
that the organisms reach the intestine as well as other organs through the blood circulation 
and find in the intestine particularly favourable conditions for their multiplication." 
[Trans.] 

There can be no doubt that the explanation tentatiYely offered by Ray 
to account for the supposed enterotropism of V. cholerae is fully valid: 
without being in any way actively attracted by the intestinal tract, those 
organisms which have been passively transported there find in the intestines 
incomparably favourable conditions for their entrenchment and multipli
cation, and are therefore able to produce an enteric affection, even though 
they have been administered by parenteral routes. 

General considerations 

As will be gathered from the evidence quoted aboYe, the views arrived 
at by the various workers regarding the nature of the processes engendered 
by parenteral cholera infection in experimental animals varied widely. 
While some felt convinced that oRly intoxication resulted, others thought 
that a generalization of the infection occurred or even held that after a 
passing phase of bacteraemia parenteral cholera inoculation led in an obli
gatory manner to a purely enteric affection. 

However, while there is no reason to doubt that the observations 
recorded by the advocates of these contending schools were as a rule authen
tic as far as they went, the workers concerned erred by ascribing a universal 
validity to the results of their individual investigations. For it is certain 
that depending upon the interaction of several variables, among which
apart from the mode of infection chosen-the character of the strains 
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used, the dosages employed, and differences in the susceptibility of the 
test animals were .most important, parenteral cholera inoculation could 
lead either to a rapidly evolving intoxication or to a generalized infection 
and its sequelae, or, finally, quite often to a combination of both these pro
cesses. It ought to be clear, therefore, that, however interesting the expe
riences with parenteral infection of different test animals often were, they 
should not be used to support any narrowly conceived theories. 

Action of Cholera Toxin 
Animal experiments 

As mentioned already in the first part of Chapter 3 and also occasionally 
alluded to in the course of the present disquisition, some of the early 
workers; following up the pioneer investigations of Nicati & Rietsch 
(1884d) and of Cantani (1886), experimentally explored the pathogenicity 
of the cholera toxin. The evidence quoted in this respect may thus be 
summarized and supplemented. 

Tizwni & Cattani (1888) experimented, not only with living cholera vibrios, but also 
with cultures of these organisms which had been killed by heating at 80°C for one hour. 
They were able in this manner to .cause death in (a) 2 guinea-pigs given orally 10 ml of a 
heat-killed broth culture after alkalinization of their stomach and also receiving opium 
tincture intraperitoneally; (b) 7 out of 9 guinea-pigs given the toxin subcutaneously and 
opium tincture intraperitoneally; (c) one out of 3 animals given ethanol intragastrically 
together with a subcutaneous toxin dose; and finally (d) 3 out of 4 guinea-pigs receiving 
the toxin intraperitoneally and opium tincture subcutaneously. 

Noting that the animals successfully inoculated with toxin showed during life as 
well as at autopsy signs identical with those met with in cholera-infected guinea-pigs, 
Tizzoni & Cattani emphasized that regardless of the route of administration of either 
living or heat-killed vibrios " the morbid picture as well as the anatomical lesions are 
determined ultimately by the action of the cholera poisons ". 

As already referred to in Chapter 3, Pfeiffer (1892) fully confirmed these views by 
showing that it was possible to kill guinea-pigs through intraperitoneal injection of either 
killed or living cholera vibrios, provided that in the former case adequately increased 
doses of the organisms were used, since they were no longer capable of a preliminary 
multiplication in the animal body. 

Pfeiffer established in this connexion that admixture of chloroform or thymol to broth 
cultures of V. cholerae, or finally drying of thin layers of agar-grown vibrios in glass 
dishes at 37°C for 24 hours were the best methods to obtain the toxic materials. Having 
had bad experiences with exposure of his cultures to higher temperatures (60°C or 
100°C), Pfeiffer was led to assume that through this procedure the "primary" cholera 
toxin was changed into a less acutely active secondary modification. He also concluded 
from a few ex]:eriments with glycerin broth cultures and with suspensions of V. c/wlerae 
in glycerin and then in broth, that Chamberland-filtrates of cholera cultures exerted no, 
or at least no lethal, toxic action. 

Sobernheim (1893), while otherwise confirming Pfeiffer's experiences with intra
peritoneal administration of cholera toxin, established in agreement with the observations 
of most other workers that the filtrates of cholera broth cultures exerted a typical toxic 
action, provided that grmnhs of a sufficient age (in Sobernheim's experience 30-day-old 
cultures) were used for experimentation. He concluded, therefore, with much reason 
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that the toxicity of the filtrates was due to ·• the death and disimegration [Auslaugung] 
of a great number of bacterial bodies". 

Sobernheim's experiences with oral administration of cholera toxin have already been 
recorded above (see page 399). 

Experimenting with agar-grown cholera vibrios killed with the aid of chloroform 
vapours, Issaeff & Kolle (1894) established that this material, \Vhile highly toxic for 
intravenously injected guinea-pigs, was far less acti\·e for rabbits inoculated by the same 

route: whereas{-{ loop of the killed growths sufficed to kill the former animals within 

a few hours in a typical manner, the certainly lethal dose for intravenously injected 

rabbits varied from 1{ to 2i- loops. Moreover, these animals succumbed to the toxin 
much less rapidly than the guinea-pigs, even an animal which had received the enormous 
dose of 60 loops into the ear-vein dying only after 2 days. It is interesting that the toxin
inoculated rabbits, while not manifesting marked oscillations of their temperature, 
suffered as a rule from diarrhoea. At autopsy they invariably showed fatty changes in 
their liver. 

There is no need to adduce at the present juncture the experimental evidence regarding 
the relations existing between the toxicity and the virulence of ~,~ cholerae, because this 
subject has alrea,dy received attention when the problems of immunology were discussed 
in Chapter 4. 

As also stated there, Ransom (1895) worked with a soluble toxin obtained by heating 
5- to 10-day-old cholera broth cultures of V. cholerae for a short time at l00°C and 
passing the fluids through Pukal filters, and with a solid toxin prepared from the filtrates. 
Details referring to the action exhibited by these two toxins in experimental animals were 
as follows: 

0.5-ml doses of the fluid toxin were sufficient to kill either imraperitoneally or sub
cutaneously inoculated guinea-pigs within 24 hours. Administration of lethal doses 
invariably produced marked signs. of collapse. At autopsy of the subcutaneously injected 
animals no, or no marked, signs were found at the site of the inoculation. There was a 
considerable amount of sometimes slightly blood-stained fluid in the peritoneal cavity. 
The intestine and the suprarenals were congested. 

The soluble toxin was also lethal for rabbits, a dose of 4 ml given subcutaneously 
sufficing to kill animals of 1500 g within 24 hours. White mice and pigeons appeared to 
be insusceptible. 

Parenteral administration of the solid toxin was effective in much smaller doses, 0.07 g 
representing the minimal lethal dose for subcutaneously injected guinea-pigs. Multiples 
of this dose, which usually killed the animals after 6-8 hours, caused death within a very 
short time. It was not possible to infect guinea-pigs through the administration of even 
large doses of the solid toxin with their food. 

The endotoxin which, as stated in Chapter 4, Schurupow (1909) obtained through 
alkali treatment of V. clwlerae cultures followed by candle filtration, exerted in intra
peritoneally inoculated guinea-pigs an action similar to that of Ransom's soluble toxin 
and also marked signs of intoxication in horses. Some of these animals, injected intra
venously with 5-10 m! doses of the endotoxin, i.e .. apparently with amounts gathered from 
1-3 agar slants, succumbed within a few days or even after 2-11 hours, after having shown 
signs of profound collapse and diarrhoea. 

Discussing the effect of oral doses of cholera endotoxin, Freter (1955) drew attention 
to the work of Burgers (1910), who was unable to kill guinea-pigs by feeding them with 
large amounts of heat-killed cholera vibrios-a result confirmed by Freter in the case 
both of these experimental animals and of mice. 

Turning attention to later and recent obsen·ations in regard to the 
action exerted by cholera toxins on experimental animals, reference has to 
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be made first to the work of de Bonis & Natale (1913). As already noted 
in the fourth chapter, they found that intragastric administration of cholera 
nucleoproteid (1-3 doses of 0.005 g to 0.02 g dissolved in 0.5% sodium 
bicarbonate solution) exerted a lethal effect upon 9 out of their 11 test 
guinea-pigs.· Given intra peritoneally, the nucleoproteid was lethal for 
250-g guinea-pigs in 1-mg doses. 

Cicconardi (1914), also working with the cholera nucleoproteid of 
Galeotti (1912), found this product to be lethal for rabbits in doses of a 
few milligrams, death occurring rapidly after intravenous injection, more 
slowly after intraperitoneal inoculation. Guinea-pigs were, in the experi
ence of this worker, less amenable to the action of the nucleoproteid. 

As further stated by Cicconardi, administration of the cholera nucleo
proteid, besides causing a marked fall of the blood pressure and a slowing 
of the pulse in rabbits, produced (a) respiratory disturbances (hurried and 
laboured breathing or different types of irregular breathing) apt to terminate 
in respiratory paralysis; (b) an increased peristalsis of the gut; and (c) 
suppression of the urine, which did. not seem to be secondary to an action 
of the toxin on the kidney vessels. A slight increase of the red blood 
corpuscles appeared to be the result of peripheral stasis. Leucocytosis was 
occasionally observed. 

The experiences of Puntoni (1913) with daily oral administration of 
cholera toxin together with sufficient doses of sodium carbonate solution 
to produce slight abrasions of the gastro-intestinal mucosa suggested that 
the toxin was more potent in a series of guinea-pigs kept in a warm and 
humid atmosphere (30a~32°C with 90%-95% saturation of the air) than in 
a series kept at l7°C to 19aC with 50%-60% saturation of the air. It is 
however, important to note that recent observations of Gallut and Jude, 
referred to in Chapter 4, were not in accord with the postulations ofPuntoni. 
Thus, as was mentioned in that chapter, Gallut & Jude (1954) stated that, 
depending upon variations in the toxigenic power of their cultures, the 
virulence of the growths incubated at l8°C was highest, and that of the 
vibrios grown at 41SC lowest. Further, Gallut & Jude (1955) established 
in accordance with these findings that the most active cholera toxins were 
obtained from cultures kept at l8°-20°C, the comparatively most feeble 
from growths incubated at 41 ac, :while the toxicity produced at 37°C was 
of an intermediate degree. . · 

Interesting observations of Penfold & Violle (1914) showed that intra
venous injection of rabbits with distilled water at the rate of l/30th of the 
body-weight, while innocuous per se, greatly enhanced the toxicity of 
otherwise sublethal doses of either unfiltered or filtered cholera broth 
cultures administered simultaneously. The same result was obtained when 
intraperitoneal inoculation of sublethal toxin doses was followed 2 hours 
afterwards by intravenous injection of distilled water. Since the injection 
of lysed blood in small quantities together with sublethal doses of cholera 
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cultures also produced rapid death in rabbits, Penfold & Violle reached 
the conclusion that the action of distilled water injections described above 
depended largely upon a lysis of the erythrocytes. The phenomenon was 
not specific for V. cholerae or its toxin, because identical results were 
obtained with cultures of some other micro-organisms. 

The conclusions reached by Demetrescu (19I5), when examining the 
suprarenals of rabbits subcutaneously injected with heat-killed suspensions 
of V. cholerae were that 

(1) The cholera endotoxin produced in most of the 9 test animals an 
almost complete disappearance of the chroma:ffine substance as manifested 
by the disappearance of the normal colour reactions. 

(2) Extracts prepared from the suprarenals of the inoculated animals 
contained no or almost no adrenaline, because 

(a) they produced only a slight or even no elevation of the arterial 
pressure; 

(b) they failed to produce the Ehrmann-Meltzer reaction (mydriasis) 
in the eyes of frogs; and 

(c) they did not give the characteristic colour reactions with phospho
molybdenic acid.1 

Sanarelli (1920a), in order to study the toxic action of V. cholerae, 
prepared a " cholera proteid " by emulsifying the material from 24-hour 
agar cultures in a 0.1% solution of sodium carbonate and adding to each 
9 ml of this emulsion I ml of a I % solution of pancreatin and 4-5 drops of 
toluene. After vigorous shaking, the tubes containing these mixtures were 
incubated at 37°C. On the following day the tubes were found to contain 
a slightly opaline but fully transparent fluid, because the pancreatin had 
been capable of dissolving the vibrios killed by the toluene. 

Experimenting with guinea-pigs, Sanarelli found that these animals were 
not affected by subcutaneous injection of even large doses of the cholera 
proteid. In regard to intraperitoneal inoculation he maintained that 
" the peritoneal absorption of the proteid as well as of simply heat-killed vibrio cultures 
takes place in the guinea-pigs in an imperfect manner. It follows that the minimal lethal 
doses of killed cultures introduced by the peritoneal route must always be a multiple of 
the minimal lethal dose of living cultures." [Trans.] 

Intravenous injection of guinea-pigs with the cholera proteid, on. the 
contrary, was lethal with dosages corresponding to those of the living 
vibrios. As stressed by Sanarelli, the toxic action of cholera proteid admi
nistered by this route 
" was not exerted directly on the nerve centres, as certain authors had postulated, .but 
[it] reaches a tergo the mucosa of the digestive tube, where it produces an acute and fatal 
gastro-enteritis ". [Trans.] 

1 In connexion with these observations, it is interesting to note that according to Gallut (1955) extirpation 
of the suprarenals markedly enhanced the susceptibility of white mice to the action of cholera endotoxin. 
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Referring to his experiences with intraperitoneal and intravenous 
inoculation of rabbits, Sanarelli summarized that in these animals 

" even if injected intraperitoneally, the toxic action of the proteid extracted from the 
cholera vibrios is exerted electively on the digestive canal, producing, according to the 
dosages used, a fatal acute, subacute, or chronic gastro-enteritis. These affections of the 
walls, characterized by very grave anatomical and functional lesions, are constantly 
accompanied by a most massive multiplication of B. coli in the intestine, and can ter
minate in a general bacillary infection. " [Trans.] 

Acton & Chopra (1924) studied the toxic action of the protein bases of 
V. cholerae isolated with the aid of the following method : 

A simplified Martin's broth was prepared by mincing veal finely, soaking it for 24 
hours at 37'C, then boiling, filtering, and neutralizing this digest and adding 0.5% peptone 
and sodium chloride to it. 

Cholera vibrios were grown in this broth for 10 days at 3TC with occasional shaking 
to allow free access of air to the medium. After 10 days' cultivation the growth was heated 
for 5 minutes at lOO'C. After cooling, the culture was filtered through paper, and phospho
tungstic acid was added to the filtrate to obtain a precipitate. The clear fluid obtained 
after addition of acetone to the precipitate and filtration was treated with baryta water 
to get rid of the phosphotungstic acid. After filtration the barium was precipitated by 
blowing C02 through the solution and a little weak sulphuric acid was used to remove 
remaining traces of barium. The resulting fluid was then concentrated over a water-bath, 
the concentrated extract was filtered, neutralized with weak Na 2C03, and made faintly 
alkaline. The extract was finally heated over a sand bath at lOO'C to distil over the volatile 
protein bases. 

Acton & Chopra established that the cholera toxin was contained in the 
non-volatile protein bases which remained in solution. While capable of 
making some pharmacological tests with this toxin, they had only 150 mg 
of the material left to inject 2 young rabbits. One of these animals, receiving 
50 mg, showed no characteristic signs except slight cramp of the hinder 
limbs, and recovered. The second rabbit, which was injected with 100 mg 
(route not stated), soon collapsed and was killed after 1 hour. At autopsy, 
the small intestines were found to be markedly congested, while the peri
toneal surfaces had lost their shiny appearance owing to a slight exudation 
of lymph. Histologically, some vascular engorgement, cloudy swelling of 
the secreting tubules, and intratubular oedema were found in the kidneys. 

Hahn & Hirsch (1926) claimed to have obtained a cholera toxin through 
cultivation of the organisms for only 6-10 hours in broth containing small 
amounts of glucose and kept at a constant pH of 8.0. They found that the 
centrifugate of such growths, sterilized with chloroform or toluene, pro
duced characteristic signs (collapse, respiratory cramps~ and paralysis of 
the extremities) in guinea-pigs injected intraperitoneally with 0.25- to 
1-ml amounts and caused the death of these animals within 12-18 hours. 
At autopsy, the suprarenals and often also the small intestines were found 
to be congested and exudates were seen in the serous cavities. Hahn & 
Hirsch also stated that the toxic action of the centrifugates was abolished 
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through heating at 70"C for half an hour and was markedly weakened by 
filtration through Berkefeld candles. 

It is important to note that, as can be gathered from a subsequent 
elaborate publication of Hahn & Hirsch (1929), the explanation of their 
extraordinary findings lies in the fact that they worked almost exclusively, 
not with classical cholera vibrios, but with El Tor strains and even used for 
their early studies one strain which, as convincingly shown by Andu & 
Niekerk (1929) and Soeleiman & Niekerk (1930), was immunologically 
different from V. cholerae. There can be no doubt, therefore, that Halm & 
Hirsch did not observe the action of the endotoxin of this organism, but 
worked with exotoxins, mainly with the haemolysin of the V. El Tor. In 
fact, they admitted in their 1929 article that 

" the toxin can be demonstrated in the first place in those strains which clearly produce a 
haemolysis on sheep blood agar plates.' A relation between the haemolytic properties 
and the toxic function is rendered likely by the observation that the amount of [immune] 
serum neutralizing one lethal toxin dose also neutralizes the haemolytic effect correlated 
with this amount of toxin." [Trans.] 

Ghosh (1933) claimed to have obtained a product which he considered 
to be an exotoxin of V. cholerae by (a) cultivating the organisms under a 
layer of paraffin, i.e., under anaerobic conditions, in a broth prepared with 
Martin's peptone and adjusted to a pH of 8.0 with sodium carbonate, and 
(b) filtering the fluid after an incubation for 20 hours through L3 candles. 

5-6 ml of the filtrate caused the death of intravenously injected rabbits 

in 1+-2 hours; a preliminary inoculation of 2.5 ml of the toxin, followed 
by further injection of 0. 75-ml amounts 4 hours later and again the next 
morning led to the appearance of diarrhoea, which could be maintained 
by 2 daily injections of 0.5 ml until the animals died of uraemia. Ghosh 
maintained in this connexion that 

" the cholera toxin exerts a specific action on the secretory glands of the small intestine, 
which produce a large quantity of alkaline. stools, the characteristic rice-watery stools 
of cholera . . . An irritating action is exerted on the kidneys. It is probable that the 
uraemia is caused through the elimination of large quantities of fluids and alkaline salts 
of the body and through the toxic effect on the kidneys." [Trans.] 

Autopsy findings in the toxin-injected rabbits varied according to the 
length of illness : in the case of animals succumbing within a few hour~ the 
small intestine was but slightly congested. In the animals succumbing 
2-4 days after inoculation this congestion was marked and petechiae, were 
present in the small intestine. 

Working with a cholera endotoxin prepared from broth cultures ac
cording to the method of Besredka & Golovanoff (1923; see Chapter 4), 
Pham (1935) found these filtrates inert when subcutaneously administered 
to guinea-pigs, while a dosage of 0.8 ml was necessary to cause death 
through intracardial inoculation. However, spectacular results could 
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be obtained through injection of much smaller doses into the vicinity of 
the splanchnic nerve: guinea-pigs which had received 0.1-ml amounts by 
this route showed after as little as 1 hour shock, hypothermia, abdominal 
distension, and anuria, and died after 4 hours. At autopsy, the terminal 
portion of the small intestine showed a haemorrhagic infiltration, while 
the plaques of Peyer were found to be congested. The intestinal lumen 
was filled with fluid containing whitish flocculi. 

Doses of 0.05 ml, injected in the manner described above, produced 
death in guinea-pigs after 24 hours, while the animals receiving fo ml 
survived for 3-4 days, showing diarrhoea, oliguria with albuminuria, and a 
marked loss of weight. Rabbits given 2-ml injections into the vicinity of the 
splanchnic nerve showed identical signs, and died after 24 hours. 

Histologically, marked epithelial desquamation was found to be present 
in the small intestines; the capillaries of their submucosa showed a con
siderable distension and were in part ruptured. Alterations in the kidneys 
concerned mainly the glomeruli, which showed sometimes a hyaline de genera~ 
tion, and sometimes oedema and haemorrhages. Apart from some paren
chymatous hepatitis and congestion of the suprarenals the other organs 
showed no abnormal findings, 

Recently making further experimental studies on the action of cholera 
toxin, De, Sarkar & Tribedi (1951) resorted for this purpose to intra
peritoneal injection of rabbits with vibrio suspensions killed through 
a 15 minutes' exposure at 56°C. As these workers found, the administration 
of the toxin led (a) to an outpouring of fluid into the peritoneal cavity 
and as a consequence to haemoconcentration, and (b) to a fall in blood 
pressure conditioned partly by the haemoconcentration, and partly by a 
direct action of the toxin on the cardiovascular system. 

The appearance of the peritoneal effusion and of an oedema demon
strated histologically in the myocardium as well as in the mucosa and 
submucosa of the small intestine stood in causal connexion with an in
creased capillary permeability, " brought about by a direct local action of 
the cholera toxin and also by its remote specific action on the capillaries 
of the myocardium and the. inner coats of the small intestine ". 

As further stated by De and colleagues, the cholera toxin 

" also affects the vasculature and the parenchyma of the kidneys, leading to diversion of 
the toxin-laden blood from the cortex to the medulla. The vital cortical elements are 
thus protected from the effects of the toxin which, however, damages those parts of the 
nephrons situated in the medulla and juxta-medullary regions. As the majority of the 
glomeruli are rendered ischaemic, filtration of urine is diminished and further loss of body 
fluid by this route is prevented. This preventive mechanism fails when a very heavy dose 
of cholera toxin is injected." 

It has to be noted that conclusions to some extent anticipating those of 
Oe and .co-authors had been .reached by Fujii (1924) through a study of the 
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kidney changes produced in guinea-pigs through subcutaneous injection of 
small doses (1 mg per kg of body-weight) of heat-killed cholera vibrios. As 
Fujii put it, 

" In short, the nephrose of the urinary canal is brought about in the kidney of experi
mental cholera in from 8 to 24 hours. The swollen epithelia do not hinder the urinary 
stream but press the vas afferens and the vas deferens leading to the glomerules, thus 
compelling the blood of the canal of the Malpighian bodies to show either a state of 
anaemia or one of no blood at all. Then the action of diluting the urine in the glomerules 
decreases or ceases, while the urinary canal with nephrosis is incapable of concentration 
when the excretion of the kidney is entirely suspended." 

While in view of the vastly divergent methods used by the numerous 
workers quoted above and the discrepant results recorded by some of them 
it is difficult to come to generally valid conclusions, the bulk of the available 
evidence leaves no room for doubt that the endotoxin of V. cholerae is apt 
to produce in experimentaL animals signs and lesions closely resembling 
those which result from inoculation with comparable doses of living organ
isms. It is justifiable. to postulate, therefore, that also if administration of 
the latter is resorted to, the manifestations produced .in experimental 
animals are largely caused by the toxin and not by a direct action of the 
cholera vibrios. This may be claimed to hold true even in those instances 
in which a generalized infection with V. cholerae is demonstrable. In fact, 
one might almost say that in such animals the presence of the organisms 
in the blood and internal· organs to a large extent camouflages the action 
of the cholera toxin instead of superseding it. 

Since, as will be discussed in a later part of this chapter, notwithstanding 
some claims to the contrary, a vibrionaemia is exceptional in man, it would 
seem at first glance that in human cholera more still than in the case of 
experimental animals the action of the endotoxin of V. cholerae ought to be 
of paramount importance. However, as will be shown, this assumption 
appears to be justified to a lesser extent than is claimed by some 
authorities. 

Tests with isolated organs 

Tizzoni & Cattani (1888), evidently the first workers taking advantage 
of the method presently under review, maintained that the organs of healthy 
experimental animals, kept in vitro at a temperature of 35°C in sterilized 
fluid cultures of V. cholerae showed changes analogous to those in the 
corresponding tissues of cholera-infected animals. 

The action of cholera toxin on the isolated rabbit heart was studied by 
Cicconardi (1914), who ascribed the sudden slowing and the irregularity 
of the beat produced by the toxin to an interference with the nervous 
mechanism of the organ and not to a direct influence on the myocar
dium. 
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Further studies of the action of cholera toxin on the isolated heart of 
rabbits were made by Manwaring, Boyd & Okami (1923), who resorted for 
this purpose to perfusion of the organ with well-aerated Locke's solution 
containing 1 %-2 ~~ of carefully filtered defibrinated rabbit blood and 
5%-10% of Berkefeld filtrates of 2- to 7-day-old broth cultures of V. cho
lerae. It was found that these mixtures were almost non-toxic for the 
conductory and contractile tissues of the excised mammalian heart, but 
markedly toxic for the capillary endothelium. as evidenced by the appearance 
of myocardial oedema and diapedesis of erythrocytes, which led to the 
formation of numerous extravasates beneath the endocardium and peri
cardium. 

In contrast to these findings, Acton & Chopra (1924) stated that the 
non-volatile toxic bases which they had isolated from. cholera cultures 
(see above, page 444), exerted, if used in a quantity of2 rug for the perfusion 
of the isolated heart of a rabbit, a stimulating action on the organ. They 
maintained, therefore, that the fall in blood pressure becoming manifest 
after intravenous injection of a cat with their toxic bases was the result of a 
dilatation of the vessels supplying the small intestines combined with an 
increased permeability of the endothelium of the vessels in the splanchnic 
area. 

Soeleiman & Niekerk (1930) experimented on the isolated heart of 
rabbits with a toxin which, following the technique used by Andu & 
Niekerk (1929), they had obtained by (a) centrifuging and evaporating 
18-hour-old cholera broth cultures; (b) precipitating the residue with 96% 
ethanol; (c) pouring off the alcohol after 24 hours' standing at room tem
perature; and (d) evaporating the residue to complete dryness. For the 
perfusion tests, solutions in distilled water were prepared, which contained 
40 rug of the precipitate per ml. 

Soeleiman & Niekerk found that the toxins obtained in this manner 
from several true cholera strains did not exert an action on the isolated 
rabbit heart. They were on the contrary able to confirm previous findings 
of Rothberger (1905) and of Andu & Kiekerk (1929) that the toxins of 
cholera-like strains were capable of exerting such an action. 

Experimenting with the isolated uteri of guinea-pigs, Acton & Chopra 
(1924) found that their non-volatile toxic bases produced even in a dilution 
of 1/250 000 histamin-like contractions, which became particularly marked 
in pregnant animals. 

Acton & Chopra, who also seem to have been the first to study the action 
of cholera toxin on the isolated intestines of experimental animals, noted 
in the case of rabbits 

" an increase in the tone and amplitude of contractions when the non-volatile bases 
were tested in a dilution of 1-60,000. At a dilution of 1-120,000, the tone was slightly 
increased but the contractions were smaller and more irregular With volatile bases a 
more marked effect was seen." 
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For a further study of the action exerted by the cholera toxin on the 
isolated rabbit intestine, Hahn & Hirsch utilized the toxic products pre
pared according to the procedure described by them in 1926 (see page 444). 
They found (Hahn & Hirsch, 1927) that these substances, if added in a 
low concentration (0.02 %-0.0006 %) to Tyrode solution, caused a shortening 
of the contraction amplitude of the intestinal loops immersed in such 
:fluids, which was apt to lead to complete paralysis. As established by the 
two workers in the course of further investigations (1928), perfusion of 
the intestinal loops with the toxic solution did not exert such an effect on the 
peristalsis. Hahn & Hirsch felt entitled to conclude from these observations 
that the cholera toxin was active only when it was administered parenterally. 
However, as has been discussed before (see page 445), this rather surprising 
conclusion as well as the postulations of these two workers in general cannot 
be considered as valid since the authors did not experiment with the endo
toxins of true cholera vibrios, but utilized the soluble toxins of El Tor or 
even cholera-like vibrios. 

Soeleiman & Niekerk (1930), though finding like Andu & Niekerk 
(1929) that the toxin of a cholera-like strain was capable of diminishing 
or even inhibiting the peristalsis of isolated pieces of the rabbit small 
intestine, obtained entirely negative results in analogous tests with the toxin 
of true cholera strains. They admitted, however, that these failures might 
have been due to extrinsic causes, particularly an insufficient purification 
of their toxin, the irritating action of the unspecific components of their 
products possibly masking their essential paralysing effect. 

Though finding that within the limits of their experiments the cholera 
toxin did not influence the peristalsis of pieces of small intestine taken from 
freshly killed guinea-pigs or rabbits, Burrows, Wagner & Mather (1944) 
recorded the following important experiences (already shortly mentioned 
in the fourth chapter) with these and other liYing semipermeable membranes 
(pieces of frog skin): 

" The rate of flow through the normal membrane immersed in Ririger-Locke solution 
was found to be about 0.25 ml per hour. The addition of living vibrios, or crude or 
purified toxin to the solution either within or outside the membrane markedly accelerated 
this rate ... The acceleration of flow began to be apparent at a concentration of 0.5 MLD 
(Mouse) per ml and increased with increased concentration of toxin until with 4 MLD 
per ml the rate was approximately double that of the controls ... With higher concentra
tions more rapid flow could be produced-we have observed as much as 6-fold differences 
-but the results were erratic. It was immaterial whether the toxin was placed inside or 
outside the membrane, within or outside the lumen in the case of strips of intestine ... " 

Additional tests with strips of intestine, which had been soaked overnight 
in Ringer-Locke solution containing 4 MLD of toxin per ml, but had been 
thoroughly washed before use, gave results not differing from control 
tests with normal intestines, thus furnishing further proof that the acce
leration of flow described above took place only in the presence of the 
cholera toxin. 

29 
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PATHOGENICITY FOR LOWER ANIMALS 

Pigeons 

It is of historical interest to note that the question whether the cholera 
vibrio was pathogenic for pigeons formed the subject of a debate between 
Gamaleia (1888) and Pfeiffer & Nocht (1889). Gamaleia claimed that it 
was possible to enhance the virulence of V. cholerae through some passages 
through pigeons to such a degree that the organisms, if administered to 
these animals in minimal doses, produced a rapidly fatal generalized infec
tion with localization in the intestines. Pfeiffer & Nocht stated on the 
contrary that (a) it was not possible to produce cholera in pigeons through 
oral or intravenous administration of the causative organisms; (b) "rela
tively enormous" doses were necessary to obtain positive results through 
intraperitoneal or intrapleural inoculation; and (c) no evidence could be 
adduced to show that passage through pigeons enhanced the virulence of 
the organisms. On the basis of these experiences and of an exhaustive study 
of the V. metchnikovi, Pfeiffer (1889) reached the conclusion that the latter 
cholera-like vibrio 

"was quite extraordinarily p~thogenic Ior pigeons, whereas cholera [vibrios] possess 
practically no [so gut wie gar keine] virulence for this animal species". [Trans.] 

Statements supporting the postulation of Gamaleia were made by a 
few other authors,! while Ray (1927) concluded from a few observations 
that the subcutaneous administration of large doses of cholera vibrios 
(~-1 slant) was apt to cause .a fatal septicaemia in pigeons. 

However, far more important than these claims is that, as established 
through tests with 65 strains by Kolle & Gotschlich (1903), intramuscular 
inoculation of pigeons with small doses of V. cholerae did not produce 
infection. 

To judge from these consistently negative results it would seem at firs1 
glance that the method of intramuscularly inoculating pigeons with small 
doses of suspect strains would be of great value for the identification of 
true cholera vibrios. Unfortunately, however, as shown already by Kolle 
& Gotschlich and confirmed by Greig (1917), cholera-like vibrios do not 
uniformly produce positive results if tested in this manner. In fact, Kolle 
& Gotschlich found among their 22 cholera-like strains only 6 which, if 
introduced into the pectoral muscle of pigeons with the aid of a platinum
needle, i.e., in minimal amounts, produced a fatal vibrionaemia. Similarly, 
Greig obtained with the same method only 8 positive results when testing 
24 of his cholera-like strains, while 16 strains failed to cause a lethal infection 
even if administered in comparatively large doses. He stressed in this 
connexion that intramuscular inoculation of pigeons yielded either positive 

' See, for instance, Yincenzi (1892), Salus (1893) and the summaries of Sticker (1912), p. 262, and of 
Kolle & Prigge (1928), p. 41. 
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or negative results regardless of the serological character of the vibrios in 
question, so that " in other words the pigeon pathogenicity method of 
classification does not agree with the serological". Greig refuted, therefore, 
with much reason, the suggestion of Chalmers & Waterfield (1916) that 
tests with pigeons were useful for a distinction of different species of cholera
like vibrios. 

Chick-embryos 

Interesting observations on the fate of cholera and cholera-like vibrios 
in fertilized eggs were made by Wilson (1946), who used for this purpose 
3 strains of V. cholerae as well as 2 strains belonging respectively to the 
subgroups Ill and IV of Gardner & Venkatraman (1935). If 7-day-old 
chick-embryos were inoculated with any of these organisms via the allantoic 
sac, they died within 1 or 2 days, except when such small doses were used 
that probably no vibrios were contained in the inoculum. Shortly before 
the death of the embryos the organisms could be cultivated not only from 
the allantoic fluid, but also from the amniotic fluid and the yolk. 

Frogs 

As far as could be ascertained, David (1927) was the first worker who 
experimentally infected frogs with V. cholerae, presumably through injection 
into the dorsal lymph-sac. He recorded in this connexion that the animals 
which had received larger doses of classical cholera or El Tor vibrios 
cultivated at room temperature, died after 4-8 days and showed signs 
identical with those met with in frogs infected with V. piscium, a cholera-like 
fish-pathogenic vibrio studied by him (see below). It should be noted that 
David found in the latter animals an acute gastro-enteritis and haemorrhages 
in the internal organs. There was reason to assume that the V. piscium was 
pathogenic for frogs under natural conditions. 

Using dosages of 200 million cholera \'ibrios, Gohar & Makkawi (1948) 
succeeded in infecting frogs of 20 g body-weight by the intramuscular route. 
Animals kept at 18°C died in 24 hours, those kept at 37°C in 12 hours. At 
autopsy, the organs, which were found to be congested, as well as the blood 
yielded positive cultures. 

Frogs which had been injected intramuscularly with a toxic solution, 
obtained by treatment of cholera vibrios with NaOH and subsequent neu
tralization with hydrochloric acid, succumbed in 24 hours. 

Lizards 

Goere (1913) orally administered to 4 of the green lizards commonly 
met with in Tunisia 0.5-ml doses of a 24-hour broth culture of a human 
cholera strain. One of these animals developed acute diarrhoea \Vith 
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plentiful vibrios in the stools, which contained whitish granules, and 
succumbed after 30 hours. A second lizard had diarrhoea for only 2 days, 
but continued to harbour the vibrios in its stools until it died in a cachectic 
condition after a month. The other 2 animals showed only passing dia
rrhoea, continuing to excrete the vibrios in their stools for 2 and 5 days 
respectively. 

Interesting as these observations are, it is difficult to share Goere's 
belief that lizards could become carriers of V. cholerae under natural con
ditions. 

Fish and shellfish 

The problem of the natural occurrence and persistence of V. cholerae 
in aquatic animals is of great practical importance because (a) as has been 
discussed in Chapter 3 this organism is apt to survive for considerable 
periods or even to. multiply in fish and shellfish stored for consumption, 
and (b) it has been repeatedly found that such contaminated foodstuffs have 
been the cause of cholera manifestations in man. It deserves attention in 
this respect that, as recorded by Takano, Ohtsubo & Inouye (1926), a report 
from the sanitary authorities of the Kochi Prefecture in Japan stated: 
" that cholera vibrios were recovered from a large proportion of the fish caught in 
the bay which had been polluted with cholera." 

More convincing than this information are the observations of Kundu 
& How (1938), who, though as a rule finding only cholera-like vibrios in 
the prawns, lobsters, and shrimps brought in baskets from the delta districts 
of Burma to the Rangoon market, were in two instances able to isolate 
V. cholerae from prawns. 

Before further dealing with the fate of cholera vibrios in fish and shell
fish, it is important to refer to observations demonstrating the presence or 
even the pathogenicity of cholera-like vibrios in these aquatic animals. 

Klein (1905), studying the bacterial flora of oysters and mussels with the 
aid of cultivation on Drigalski-Conradi agar, recorded in this connexion 
that he had found 

(a) once in a mussel (A1ytilus myosus), twice in oysters collected from contaminated 
sea water, and also several times in sewer contents a vibrio markedly distinct from 
V. cholerae by growing slowly and sparsely in peptone water, not liquefying gelatin, and 
apt to possess 2 or 3 flagella, which was apparently not pathogenic; 

(b) in another species of mussel (Cardium edule) a vibrio capable of growing well in 
peptone water and of liquefying gelatin as well as coagulated blood serum, showing in 
gelatin stabs growth appearances similar to those of cholera vibrios, but sometimes 
possessing two flagella and not giving the cholera-red reaction. This organism, called by 
Klein Vibrio cardii, though producing only a local reaction in subcutaneously inoculated 
guinea-pigs, killed these animals within 20 hours if injected intraperitoneally in doses of 
one loop of a 24-48 hour agar culture. At autopsy the peritoneal cavity was found to 
contain a viscous and turbid exudate abounding in vibrios; the peritoneal coats and the 
intestines were congested and showed haemorrhages. 
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Similarly, Remlinger & Nouri (1908b) stated that they had isolated 
from oysters and mussels collected at Constantinople a vibrio which, 
because it was agglutinated by a high-titre cholera immune serum only in 
a dilution of 1/100, had to be considered as a cholera-like organism. The 
two workers stressed that such vibrios could be responsible for the appear
ance of choleriform diarrhoea in man. 

In two articles published in 1909 and 1912 respectively, Bergman 
reported (1) on the isolation of a cholera-like vibrio (V. anguillarum) found 
to be responsible for an infectious tumour disease (rore Beulenkrankheit) 
of eels, and (b) on that of a similar or possibly identical organism which 
was the cause of an infective eye disease (keratomalacia) in codlings (Gadus 
morrhua) and, as shown by one observation, also of a gingivitis terminating 
in septicaemia in pike. 

The organisms in question were capable of liquet~-ing gelatin and grew 
well in peptone water, but differed in other respects from V. clwlerae, 
particularly by not giving a cholera-red reaction and growing best at room 
temperature. 

The vibrios isolated from the codlings proved to be experimentally 
pathogenic not only for this species, for eels, carp, and roaches, but also 
for subcutaneously infected crayfish, for 1 subcutaneously and 1 out of 2 · 
intraperitoneally infected mice. A few tests with guinea-pigs (subcutaneous 
and intraperitoneal infection) and with intravenously or intraperitoneally 
inoculated rabbits gave negative results. 

Though showing some differences in agglutination tests with sera raised 
in rabbits with the organisms isolated from codlings, the various strains 
studied by Bergman belonged obviously to one serological group of fish
pathogenic vibrios. 

Defressine & Cazeneuve (1914) demonstrated the presence of cholera
like vibrios in 20% of the mussels collected in F ranee at a short distance 
from the river Neuve which had been found to be contaminated with true 
cholera vibrios. The cholera-like organisms, though identical with V. cho
lerae in regard to their morphology, staining, cultural and fermentative 
properties and found to be pathogenic for guinea-pigs and rabbits, differed 
from classical cholera vibrios by their serological reactions, haemolytic 
power, and inability to reduce nitrates to nitrites. 

A further profound study of a cholera-like vibrio responsible for violent 
and recrudescent epizootics among carp bred in a pond near Vienna, Austria, 
was made by David (1927). The organisms in question, designated as 
V. piscium, differed from cholera vibrios not only serologically but also in 
other respects. 

Particularly noteworthy in the latter connexion is that they (a) failed 
to give the cholera-red reaction; (b) grew poorly in peptone \Vater; and (c) 
showed an aberrant behaviour when cultivated on agar: their growth 
optimum on this medium ranged from 8°C to 20°C. Im·olution forms 
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alone developed on the cultures kept at 37°C and no further growth took 
place when subcultures made from such slants were kept at the same temper
ature in the incubator. If, on the contrary, the subcultures were held 
at room temperature, morphologically normal and subcultivable. vibrios 
developed. 

The V. piscium was not pathogenic for guinea-pigs, and as a rule also 
not for rabbits, and produced no fatal infection in intramuscularly inocu
lated pigeons, but was experimentally pathogenic for carp, also for a few 
other fish species and, as mentioned above, for frogs. 

Reference has already been made in Chapter 2 to the isolation from 
fish and shrimps caught at Rostov-on-the-Don as well as from the water 
of that river of cholera-like vibrios, which were found to be responsible 
for the causation of a choleraic disease in man. 

To avoid duplications, further laboratory observations on the occurrence 
of cholera-like vibrios in fish and shellfish recently made by workers in 
India will be recorded when dealing in the tenth chapter with the role of 
these animals in the epidemiology of cholera. 

Experimental observations on the fate of cholera vibrios in fish and 
shellfish seem to have been made first by Remlinger & Nouri (1908a). 

These workers put goldfish into large jars filled with water to which cholera vibrios 
were added; 48 hours afterwards the fish were killed and cultures were made from their 
intestinal tract and their meat. It was invariably possible to isolate the vibrios from these 
materials in quantities corresponding to the degree of contamination of the water. Cultures 
from infected fish which had been cooked, fried, or grilled, proved, on the other hand, 
always sterile. 

Kabeshima (1918b), noting that (a) cholera in Japan broke out mainly on 
the coast where, by preference, it attacked fishers, and (b) Okawa had demon
strated the presence of V. cholerae in fish (Trichiuris leptmus) loaded on a 
fishing vessel in the course of an epidemic, felt impelled to explore the 
possible role of aquatic animals in cholera with the aid of experiments. 

Kabeshima put for this purpose sea fish and shellfish of several species into a tank 
containing sea water to which 50 mg of cholera vibrios harvested from 1 8-hours-old 
agar cultures were added. After the animals had been kept in the tank for varying periods, 
they were kept immersed for 10-15 minutes in a 2 per 1000 solution of mercuric bichloride 
and then left wrapped in a cloth soaked in the same fluid until they died. Autopsy was 
made after the fish had been cleaned with ethanol and the Yiscera were put into large 
tubes with peptone water, which were incubated for about 15 hours. Platings were then 
made from the topmost layers of the fluid cultures. 

Experimenting in this manner with 24 scombridae, 8 shrimps, and 20 others species, 
Kabeshima found that a penetration of V. cholerae into the intestine had taken place 
in 76.9% of the animals after a sojourn in the contaminated water for periods ranging from 
as little as 5-10 minutes up to 5 hours. He likewise found cholera Yibrios in the intestines 
of 17 out of 37 fish or shrimps left dead for 1-5 hours in the contaminated water and postu
lated that in these instances the anus had been the ponal of entry of the infection. 

In their studies on cholera in Japan, Takano, Ohtsubo & Inouye (1926), 
besides referring to the work of Kabeshima. stated: 
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" When fish kept in a glass jar are fed with food containing cholera vibrios, the 
organism can be demonstrated in the intestine of the fish. The vibrio is naturally also 
diffused in the water and becomes attached to the surface of the fish. If such a fish be 
moved to fresh clean water, it is found that the vibrio entirely disappears in 4Y2 days. 
Even when the fish is kept in water containing cholera vibrios, the vibrio does not penetrate 
the skin." 

Dealing with the relationship of shellfish to cholera, Takano and col
leagues maintained that 

" Vihen an oyster, shelled or unshelled, is placed in fresh sea- or salt waters which are 
contaminated with the cholera vibrio, the vibrio enters the stomach within 1 minute. 
When oysters and clams are kept in cholera-polluted sea-water at a temperature of zero 
to S'C., the vibrio survives for I Y2 months and at 22'C. for 15 to 20 days." 

As briefly mentioned by David (1927) in his publication quoted above, 
carp as well as frogs, which he had infected w·ith large doses of cholera 
or El Tor vibrios cultivated at room temperature, succumbed after 4-8 days 
and showed at autopsy signs identical with those in the animals infected 
with V. piscium. 

Schoebl & Nukada (1935), in order to elucidate the possible role of 
fish in cholera, infected 8 young carp (body-weight 50 g) by administering 
with the aid of a stomach tube 2.5-ml doses of a peptone ·water culture of 
V. cholerae, and killed the fish at intervals ranging from one to 19 days. 

Cholera vibrios were invariably found in the 5 carp killed \Vithin the 
first 6 days after infection, always in the stomach ,I usually also in the intes
tines, once in the bile as well, but never in the faeces. In one fish killed 
on the 7th day, positive cultures were obtained from the faeces on the same 
day, while in another of the carp, sacrificed on the 19th day, V. cholerae 
had been found in the faeces on the 17th day. 

The two workers concluded from these observations that fish might 
serve as cholera carriers. However, the method of infection used by them 
was rather unrealistic as well as drastic. 

As briefly mentioned by Abraham (1954), suggestive results in experi
mental cholera infection of Saurus ophidion, a small fish commonly known 
under the name of the Bombay duck, were obtained by Albuquerque & Bhat 
(1953), whose original publication was not available to the present writer. 

In an article, to which further reference will be made later on, Pillay and 
co-authors (1954) reported that 

" The viability of cholera vibrios in the alimentary tracts of certain fishes was studied 
by the technique of artificial infection. Specimens of the Climbing Perch (Anabas testu
dineus) and Murrel (Ophicephalus punctatus) which were kept under observation and had 
been found to have ceased to excrete N A G vibrios [i.e., cholera-like vibrios], were 
infected by feeding them on artificially infected pupae and larvae of house-flies bred in 
the laboratory. Each day the fish were removed to fresh sterilized aquaria and the water 
samples from the old aquaria were examined. But no vibrios were recowred for a period 

1 Schoebl & Nukada maintained in this connexion that the stomach comenrs sho..,, ~a ic1 most fish species 
a strongly alkaline reaction, whereas the intestinal contents "ere neutral in reaction. 
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of more than 30 days. The fish were then dissected and their intestinal content examined 
bacteriologically. Haemolytic non-agglutinable vibrios were recovered." 

They added that in 4 sets of subsequent experiments, climbing perches, 
artificially infected with cholera vibrios, were found to excrete cholera
like vibrios of Heiberg's Group II for a period ranging from 2 to 4 days 
after infection. They claimed that these obserYations "suggest the possi
bility of mutational changes of V. cholerae in the alimentary tracts of at 
least certain fishes ". 

An excellently documented study on the viability of cholera vibrios in 
clams (Meretrix casta) was recently published by Abraham (1954), who 
resorted (a) to exposure of such clams for half an hour in water to which 
saline suspensions of the centrifugate of 8-hour-old cholera cultures had 
been added, and (b) to inoculation tests made by injecting 0.05-0.1 ml of 
suspensions of cholera vibrios containing 14 000 million of the organisms 
per millilitre into the foot of the animals. Daily examinations of specimens 
of the infected clams, which after adequate cleansing were kept in running 
water, showed that cholera vibrios were apt to survive in these animals for 
3 days without multiplication and that the strains recovered from them did 
not show any evidence of mutation. 

The epidemiological significance of the above-recorded and allied 
observations will be discussed in Chapter 10. 

OBSERVATIONS ON INSECTS 

Common flies 

Though, as discussed by Sticker (1912 1), the existence of a causal 
connexion between an abundance of flies and the spread of cholera epi
demics had been postulated long before Koch's time, naturally definite 
proof for this assumption could be obtained only after the discovery of 
V. cholerae. Grassi (1884), apparently the first worker to adduce such 
proof; did so in an indirect manner by demonstrating the presence of the 
" curved " bacilli in substances such as sugar and fruits, on which flies had 
alighted after they had been in contact with cholera stools. 

The validity of the contention made on account of these observations 
by Grassi, that flies were of importance in the spread of cholera, was con
firmed in 1885 by Maddox through the demonstration of the regular pre
sence of V. cholerae in the faeces of flies which had been permitted to feed 
on sugar solutions contaminated with cholera cultures. The findings made 
by Maddox were soon confirmed in their turn by several other workers 
(see summaries by Sticker, 1912 and Schuckmann, 1926). Significant 
results obtained by these early observers may be summarized thus. 

1 See paragraph 79 of his work. 
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Tizzoni & Cattani (1886, 1888) collected in 1885 three lots of 15-20 flies 
each in a cholera hospital, decapitated these insects 3-4 hours later and 
used their bodies for cultivation in fluid blood serum. In two out of these 
three tests they could subcultivate vibrios which shmved, morphologically 
and culturally, properties identical with those of V. cholerae. 

As Simmonds (1892a) stated in a short note, he had (a) succeeded in 
growing numerous V. cholerae colonies in gelatin cultures inoculated with 
flies, which 5-45 minutes previously had been brought in contact with the 
intestine of a cholera victim; and (b) obtained identical results with 6 flies 

which had been kept for a period of 1 + hours between the time of such 
an exposure on a cholera intestine and cultivation. 

In order to furnish clear proof that flies which came in contact with 
cholera-contaminated materials actually fed on them, Sawtschenko (1892) 
disinfected such insects after their exposure on cholera cultures, or on 
cholera faeces, or on the intestinal contents of cholera victims by (a) rinsing 
them with an antiseptic fluid; (b) washing them in alcohol; and (c) drying 
them first with the aid of filter paper and then by quick passage through 
the flame of a Bunsen burner. The posterior end of the fly's body was then 
clipped off with sterile scissors and material for cultivation on gelatin plates 
was taken from the abdominal cavity with a platinum loop. Sawtschenko 
obtained in this manner positive results with the abdominal contents of 
flies tested 1-4 days after infection. As shown by guinea-pig experiments, 
the virulence of the cholera vibrios had not been abated through a sojourn 
in the intestines of the flies for 2 or 3 days. Some evidence was obtained 
to show that the organisms multiplied in the intestinal tract of the 
insects. 

Uffelmann (1892) brought cholera-infected flies in contact with either 
freshly boiled milk or a small piece of fried beef. Cultures made from these 
materials (1) immediately after contamination by the flies, and (2) after 
the milk and beef had been kept for 16 and 24 hours respectively, invariably 
gave positive results. However, the number of cholera colonies developing 
on the plates which had been inoculated with the stored materials was 
most markedly larger than that on the immediately inoculated plates. 

It will be noted that the interesting experiments of ~Cffelmann confirmed 
the validity of Grassi 's pioneer observations. 

Tests resembling those of Sawtschenko were made with houseflies by 
Craig (1894), apparently the first worker in this field in the L'SA. He fed 
3 large flies for 3 days on a piece of bread which had been moistened with 
a cholera broth culture. After the insects had been killed, their wings and 
legs were cut off. The hinder part of their bodies was then squeezed with a 
sterile forceps and the small drop of faeces appearing in the anus was used 
for the inoculation of broth cultures. The growths thus obtained were 
contaminated and gave a negative cholera-red reaction. However, in one 
of the three instances a pure strain of V. cholerae could be subcultivated, 
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identified by typical growth appearances m gelatin stab cultures, and a 
positive cholera-red reaction. 

Observing a cholera outbreak involving part of a jail in India, Macrae 
(I 894) was able to isolate V. cholerae from samples of milk exposed to the 
flies which abundantly infested the affected premises. These were separated 
from the other half of the jail by a high wall, beyond which the flies evidently 
could not pass. It was probably for this reason that the infection remained 
restricted to the originally invaded section of male prisoners. 

Working during a cholera outbreak in North China, Tsuzuki (1904) 
was able (a) to cultivate cholera vibrios from flies collected in a house, the 
inmates of which had been affected by cholera; and (b) to demonstrate that 
flies were capable of carrying within a period of 24 hours the organisms 
from an agar culture of V. cholerae to a sterile dish exposed near to this 
culture. 

As summarized by Sticker (1912), Ganon (1908), working in the Nether
lands East Indies, 

" demonstrated in numerous experiments that flies ingest the cholera vibrio from 
faeces and cultures, transfer it in a viable and multipliable form to water, pisang and 
rice, and [then] die themselves after 2-4 days". [Trans.] 

Experimenting with old stock cultures, Graham-Smith (1910) found 
that the cholera vibrios (a) rapidly succumbed on the wings and legs 1 of 
flies; and (b) survived in the crop and intestinal tract of these insects not 
longer than 48 hours, being demonstrable in their faeces up to 30 hours 
after infection. 

In the course of a further study, Graham-Smith (1911) established that 
blowflies developing from larvae which had been fed on meat contaminated 
with V. cholerae, were free from infection. 

Passek (1911), a Russian worker, experimenting with houseflies and 
bluebottle flies, found cholera vibrios to be most abundant in the intestinal 
contents of these insects 12~24 hours after infection and to be absent after 
72 hours. In the intestines of adult flies V. cholerae was usually present in 
association with Proteus vulgaris, a symbiosis which, in the experience of 
Passek, greatly enhanced the virulence of the cholera vibrios. A corollary 
to this was that the vibrios isolated from the intestines of flies just hatched, 
in which the symbiont was still absent, had a lessened. virulence. Highly 
virulent vibrios associated with Proteus could be isolated from the faeces 
of adult flies up to 3 hours after voiding. 

Interesting observations by Alessandrini & Sampietro (1912) showed 
that (1) flies which had been brought in contact with cholera-contaminated 
materials abundantly harboured the organisms on their surface as well as 
in their intestines for 24-36 hours; (2) contaminated fly larvae also showed 

1 It should be noted in this connexion that in the experience of Chantemesse & Borrel (1905) V. cholerae 
remained viable on the legs of flies up to 17 hours after contact with cholera materials. 



GENERAL PATHOLOGY A:\D '.lORB!D ANATO'.IY 459 

the organisms on their surface, but only in rare instances in their intestine 
or faeces; (3) pupae did not carry cholera vibrios; and ( 4) adult flies reared 
from larvae which had been kept in cholera faeces were found to be free 
from V. cholerae. 

The results of more recent studies on the problem presently under review 
by workers in India may be summarized as follows. 

A limited number of excellently planned experiments with laboratory
bred flies originally derived from latrines and infected by feeding them on 
cholera milk-emulsions, was made by Gill & Lal (1931). Examinations by 
cultural methods (enrichment in peptone water, follow-ed by plating on 
Esch's medium and subcultivations for identification tests) were made of 
the following materials: 

(1) pieces of sterilized meat, on which the infected flies had rested for 
a few minutes; 

(2) sterilized milk filled into capillary tubes and contaminated by the 
infected flies through insertion of their proboscis for the purpose of feeding: 

(3) faeces of the infected flies, deposited in sterilized tubes; 

( 4) whole chloroformed and crushed flies: 

(5) crop and gut of the infected flies, excised under sterile precautions. 

Summarizing their findings, the two workers stated that 

" The experiments recorded above are admittedly meagre and it is not at present 
claimed that they justify the conclusion that a true host-parasite relationship exists be
tween the fly and the vibrio. It would, however, seem in the first place that the vibrios 
are capable of surviving in the fly for a period of at least five days. Secondly, it would 
appear that the cholera vibrio apparently disappears from the body of the fly after 
24 hours or so, but that it re-appears on or about the fifth day, at which time the fly is 
capable of infecting food [i.e. meat] by its faeces. Thirdly, it has been shown that infection 
of milk via the proboscis can take place up to 24 hours, but it has not yet been proved 
that infection via the proboscis can take place on and after the fifth day_" 

Gill & Lal suggested on account of these observations 

" that possibly one phase of the life-cycle of the cholera Yibrio is passed in the body 
of the house-fly and that this insect may play a more important part in the transmission 
of cholera than has hitherto been suspected". 

Results of experimental studies made in the King Institute, 1Jadras 
(see Soparkar, 1938) indicated that cholera vibrios remained viable in 
flies for not longer than 4 hours at most-a length of surYival found in 
only 2 out of 60 observations. However, a surYival of the organisms in 
deposited faeces and vomits of the infected flies for 8 hours was frequently 
noted and occasionally the vibrios remained cultivable from these materials 
for as long as 24 hours. 

As will be gathered from the above-recorded findings made since 1884, 
the epidemiological significance of which will be appreciated in a subsequent 
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chapter, the flies are apt to serve as vehicles and even as short-term reposi
tories for V. cholerae, but do not serve as reservoirs of the infection for 
prolonged periods, as has been suggested by some writers. There is also 
no valid reason to assume that the cholera vibrios undergo mutations 
in the flies. On the contrary, a special study made in this respect by Lal 
and colleagues (1939) failed to show changes in the biochemical reactions 
and in the serological properties of the strains recovered from experimentally 
infected flies (genus Musca). 

Phoridae 

The possibility of a spread of cholera by Aphiochaeta ferruginea, a 
dipterous insect belonging to the family of Phoridae, was experimentally 
explored in the Philippine Islands by Roberg (1915). He stressed in this 
connexion that this fly, which had a >vide distribution throughout the 
tropical regions and some adjacent parts of the temperate zone, but was 
apt to be overlooked on account of its minute size, was potentially dangerous 
because (a) it bred in putrefying materials, preferably in human faeces, 
and (b) it was capable as a result of its omnivorous feeding habits of con
taminating food for human consumption or even of becoming ingested 
together with such food. 

Roberg found that the larvae of this fly, 

" when fed on a medium containing cholera vibrios harbor these organisms in their 
intestinal tracts only as long as cholera vibrios are present in the medium and sufficiently 
plentiful in numbers not to be outgrown by other organisms. 

" There is a transference of vibrios from the larvae to the pupae and from the pupae 
to the imagines. This, however, is only possible when the larvae and the pupae are 
constantly changed to a sterile medium and drenched with 24-hour-old broth cultures of 
cholera vibrios. If this is not done, the vibrios are outgrown by the bacteria which are 
commensals in the intestines of the larvae and by the bacteria which are associated with 
putrefaction of the medium." 

While under these circumstances the larvae of this fly species seem 
incapable of playing a role in the transmission of cholera, it deserves atten
tion that in the experience of Roberg adult Aphiochaeta ferruginea, when 
fed on cholera-contaminated materials, harboured the organisms on their 
surface for 10 hours and in their intestinal tract for 26 hours. 

Cockroaches 

Early experiences of Cao (1898) to the effect that cholera vibrios, when 
passed through the intestinal tract of cockroaches (Periplaneta orientalis) 
as well as through other insects (flies or beetles) remained viable and virulent, 
have been elaborated through further obseryations of Barber and Toda. 

Barber (1914), experimenting with winged adults of Periplaneta ameri
cana kept at temperatures of 29°-31 cc, established that if these insects 
were fed on human cholera stools, the organisms could be isolated from 
their faeces from 6 to at most 79 hours after infection, usually from 
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24 to 48 hours. Though apparently not multiplying in the cockroaches, 
the cholera vibrios passing through these insects underwent no loss in 
virulence. The faeces of the infected cockroaches, if kept in a moist environ
ment, e.g., when placed on fresh beef, lettuce, fish, or clams at room tem
perature, contained viable cholera vibrios for at least 16 hours. Numerous 
cholera vibrios could be found in the vomits of infected cockroaches 
voided up to one hour after infection. 

Observations similar to those of Barber were made by T oda (1923), who 
experimented with another cockroach species, Blatra germanica. He found 
that 14 out of 94 of these insects, when fed with bread soaked in a suspension 
of V. cholerae, harboured viable vibrios in their faeces for periods up to 
72 hours. In one of these cockro;tches cholera vibrios could still be isolated 
from the intestine when the inse( t in question was killed 120 hours after 
infection. 

Other insects 

As briefly mentioned by Nuttall (1899), Maddox (1885) experimented 
not only with flies (see above), but alst' with bees, a wasp, and a beetle and 
found in the faeces of these insects also, 1fter they had been fed with cholera
contaminated sugar solutions, motile organisms morphologically identical 
with V. cholerae. 

Further observations made regarding the fate of cholera vibrios in insects 
other than flies or cockroaches may be summarized as follows: 

(1) Ants. Experimenting with cholera-infected red ants C\1onomorium latinode), 
Barber (1914) was unable to obtain satisfactory results with the insects' faeces, which 
became rapidly dry. He noted, however, that the ants readily fed on cholera stools as 
well as on cholera cultures and that the ingested organisms could be reco\·ered from the 
crushed bodies of such insects killed 8-9 hours after infection. 

(2) Beetles. As noted above, Cao (1898) found that cholera vibrios were apt to pass 
through the intestinal tract of certain beetles (e.g., Tentyria sardoa, B!aps mucronata, 
Pimelia bifurcata, and Pimelia sardoa) in a viable and virulent condition. 

(3) Caterpillars. Metalinkow & Gaschen (19211 stated in a short communication that 
the caterpillars of the bee moth Galleria were susceptible to parenteral infect ion with 
V. cholerae, but could be easily and rapidly immunized against this either by the 
injection of sublethal doses of living vibrios or by Yaccinaticn with suspensions of the 
organisms which had been killed by heating at 58'C. 

PATHOLOGY OF HUMAN CHOLERA 

Morbid Anatomy 

As can be gathered from a survey of the early literature a d a study of 
compilations such as that of Sticker (1912), the morbid anatomy of cholera 
had been the subject of numerous and often extensive investigations long 
before the discovery of V. cholerae, particularly after the disease began to 
make inroads into Europe, where ample facilities for such work existed. 
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Being for a period of more than five decades unable to correlate their 
autopsy findings with, and to confirm them by, bacteriological examina
tions, the early workers naturally aimed at discovering macroscopic features 
which were pathognomonic. The existence of such fully characteristic post 
mortem signs was often postulated. Indeed, it is curious to note that 
claims to this effect were made as late as in 1892 by Klebs in a review of 
the ample experiences gained in his past studies on the morbid anatomy 
of cholera. In his opinion, a " very certain diagnosis " of early cholera 
manifestations could be made owing to the presence of (1) a greyish-white 
and firmly adherent layer of mucus covering the mucosa of the small in
testine, and (2) immediately appearing alterations in the kidney. Klebs 
insisted, therefore, that anti-cholera measures should be instituted as soon 
as such autopsy features had been met with without waiting for the results 
of bacteriological examination, which might come to hand late or might 
even be negative. 

The validity of these contentions was emphatically denied by Simmonds 
(1892b), who asserted that it was impossible to arrive at a final post 
mortem diagnosis of cholera without bacteriological examinations and that 
it was consequently not permissible to use the macroscopic findings alone 
for an identification of initial cases. 

The opinion that, as Crowell (1914) aptly expressed it, the bacteriologist 
was " the court of last appeal " in the diagnosis of cholera, has been upheld 
by almost all modern pathologists. 

A further most important fact established through the correlation of 
laboratory investigations with the macroscopic findings made at the autopsy 
of cholera victims was that, in contrast to the impression given by most 
early descriptions, the gross changes produced by V. cholerae in man were 
characterized by a marl}ed variability rather than by uniformity. 

Crowell (1914), devoting attention to this fact in his short, but excellent, 
study on the diagnosis of Asiatic cholera at autopsy, stated with much 
reason that this variance of the post mortem signs was due to 

"(1) the stage of the disease at which the patient died; (2) whether or not the patient had 
received treatment, and (3) the presence of associated diseases". 

It was also noted by some observers, e.g., by Simmonds, that early in 
cholera outbreaks most of the victims showed signs suggestive of their 
death in the first stages of the disease, particularly during the algid stage, 
whereas later in the epidemics an increasing number of the dissected indi
viduals showed evidence of having survived longer. It is probable that 
changes of this nature were due mainly to gradual improvements of the 
anti-epidemic work, owing to which an increasing number of the sufferers 
received treatment with initially beneficial results, many, however, succumb
ing afterwards to uraemia or other complications. This at least was the 
experience .of the present writer in the cholera outbreaks in China, where 
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no evidence could be found of any abatement of the virulence of V. cholerae 
in the course of the outbreaks. 

While, for the reasons stated above, one must insist that the gross post 
mortem findings met with in a sufficiently large random sample of cholera 
victims show a marked variability, it must be stated at the same time that 
the features met with at autopsy of sufferers who succumbed in the algid 
stage of the disease, though not pathognomonic, are rather characteristic. 
Crowell (1914) aptly stated in this connexion that the signs manifest m 
such victims were those of an 

" acute catarrhal enteritis associated with (1) cyanotic finger nails; (2) dry tissues ; 
(3) oligemia; (4) dry and sticky peritoneum with pink serosa of ileum; (5) contracted and 
empty urinary bladder; (6) shrunken dry spleen and li-.·er; (7) acute degeneration of 
parenchymatous organs; (8) poorly coagulated blood; (9) absence of formed faeces; 
(1 0) presence of rice-water intestinal contents; (11) prominence of lymphoid tissue in 
ileum". 

These and other signs met with at autopsy of cholera victims may be 
described in some detail as follows. 

General appearances 

As excellently described by Liebermeister (1896), in the case of indivi
duals who succumbed to cholera quite early or died during the algid stage, 

"the whole body appears to be shrunken, the skin is withered and wrinkled, the eyes are 
sunk in, are usually half open and show signs of desiccation on the uncovered portions, 
the nose is pointedly prominent, the cheeks are sunk in, the malar bones markedly pro
minent. The fingers are curved, the arms and legs in a flexed position with markedly 
prominent muscle bellies (so-called fencing posture). The cyanosis present during life 
is generally manifested by a dark, more greyish colouration of the body surface, [but] 
many portions of the skin still show an injection of the finer veins and are therefore bluish
grey to violet, the lips, nails, fingers, and toes in particular still showing definite cyanosis. 
Rigor mortis appears early, becomes marked and lasts long; during its development one 
may observe often clearly perceptible movements of the limbs, particularly the fingers. 
A postmortal increase of the body temperature may be observable; the dead bodies cool 
slowly. Presumably on account of the decreased water-content of the body putrefaction 
sets in late." [Trans.] 

These marked signs are less conspicuous or even altogether absent in 
the case of victims succumbing during later stages of cholera when, owing 
to the disappearance of the dehydration and grave circulatory disturbances 
the general aspect of the dead bodies shows nothing characteristic. While 
rigor mortis does not become marked in such cases, putrefaction is apt to 
set in rapidly and to reach an intense degree. 

It 1s generally held that the exanthemata sometimes present in cholera 
sufferers .during life are no longer visible after death. On the contrary, the 
presence of skin haemorrhages has been noted at the autopsy of such victims 
by several modern observers, Simmonds (1892b) referring even to one 
instance in which signs of purpura were manifest. It is noteworthy, how
ever, that Stoerk (1916), who dissected 373 cholera victims, referred to the 
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total absence of skin haemorrhages even in cases where copious haemo
rrhages were present on the serous membranes. 

Ciaccia (1914) laid great stress upon the presence in the dead bodies of 
cholera victims of a " skin sign ", consisting of 

" a peculiar stiffness of the skin, on account of which the latter appears to adhere 
to the aponeurotic layers and cannot be lifted easily in folds". [Trans.] 

He claimed that this sign, while absent in the dead bodies of individuals 
succumbing to other diseases, was invariably present in cholera victims and, 
therefore, pathognomonic. Since, however, Ciaccia felt entitled to include 
in his series of cholera cases some which gave bacteriologically negative 
results, it is not possible to share his belief in the infallibility of the skin sign. 

Subcutaneous tissues and musculature 

In individuals who succumbed to cholera while dehydration and general 
circulatory disturbances persisted, the subcutaneous tissues are found to 
be firm and dry, the muscles dark red. 

Boltz (1893) was apparently the first modern worker to draw attention 
to the presence of different degrees of degeneration in the musculature of 
the larynx, the diaphragm, and occasionally the calf muscles of cholera 
victims. While varying in degree in the different muscle groups in indi
vidual cases, generally speaking, the degeneration of the muscles appeared 
to be most frequent and marked in the victims succumbing to the disease 
with moderate rapidity, less conspicuous in those who succumbed quite 
rapidly or later in the disease. Boltz maintained that these degenerative 
processes were the result of a direct action of the cholera toxin on the 
protoplasm of the muscles. 

Further referring to the condition of the musculature in cholera victims, 
Crowell (1914) stressed the importance of the rigidity of the abdominal 
muscles, which showed evidence of the waxy degeneration previously 
described in the case of typhoid fever by Zenker (1863). 

Stoerk (1916), while confirming the presence of degenerative processes 
in the larynx muscles and also in other parts of the musculature in the 
dead bodies of cholera victims through exhaustive investigations, was 
unable to establish a relation between the degree of these alterations and 
the duration of the disease. Marked changes 'vere sometimes met with 
after a " strikingly short " duration of illness, while those met with in 
some cases of longer duration were quite inconspicuous. Warasi (1922) 
also noted a rapid appearance of cloudy swelling and waxy degeneration 
in the abdominal and calf muscles of cholera victims and felt convinced 
that these alterations were the result of an action of the cholera toxin. The 
presence of various atrophic changes in the striated muscles of cholera 
victims was noted by Utsumi (1922), who also drew attention to a waxy 
degeneration of the heart musculature. 
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Cemral nervous system 

As maintained by most modern obserYers, the alterations met with in 
the central nervous system of cholera victims are not marked. According 
to the statements usually made in this connexion, the sinus of the dura 
mater and the meningeal vessels were filled with dark thick blood and, in 
individuals succumbing at an early stage. the meninges showed dryness or 
were at most slightly oedematous, while little rluid was present in the 
ventricles of the brain. The occasional presence of meningeal haemorrhages 
was also recorded. It was further noted that, in individuals succumbing 
during later stages of cholera, meningeal oedema was apt to be conspicuous 
and that in such cases considerable accumulations of fluid could be present 
in the brain ventricles. 

In marked .contrast to these descriptions, Michailow (1909, 1912, 
1913) (a) pointed to observations made by some earlier workers of more 
conspicuous alterations in the nervous system of cholera victims, and (b) 
recorded that he himself had made identical findings, including far-gone 
degeneration of nerve cells and nerve fibres in the brain, medulla oblongata, 
and spinal cord, swelling of the endothelial cells of the blood-vessels of 
these parts, and hyaline degeneration of the vessel walls as well as pro
liferation of the ependyma of the central canal of the spinal cord. He stated, 
moreover, that he had twice demonstrated the presence of organisms mor
phologically identical with V. cholerae near degenerated nerve cells of the 
brain or the spinal cord. However, Michailow admitted in his elaborate 
1913 study that he had been unable to follow up the latter observations, 
which had been made with the aid of histological examinations only, and 
that consequently the problem of these organisms had remained "unelu
cidated and unsolved". There can be no doubt, howe;cer, that otherwise 
the results of Michailow's painstaking studies deserve attention. 

Reference to the presence of meningitis in cholera victims has been 
made by a few observers, but there can be hardly any doubt that as a rule 
the occurrence of such inflammatory processes has been the result of inter
current infections or of post-choleraic invasions of organisms other than 
the V. cholerae. It would appear, however, that the case of an acute menin
gitis in a cholera-affected child, referred to by Scicluna (1912) in a report 
the original of which was not accessible to the present writer, formed an 
exception to this rule. 

Mouth and fauces 

The alterations found in the mouth and fauces of cholera victims suc
cumbing early in the disease usually consisted of marked congestion asso
ciated with dryness of the mucous membranes. ~Ioreover, as noted by 
Rogers (1921), enlargement of the lymph follicles at the back of the tongue 
and in the pharynx was apt to be present. No significant alterations have 

30 
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been recorded in the buccal and pharyngeal cavities of sufferers dying in 
the later stages of cholera. 

Thyroid gland and thymus 

The thyroid gland and thymus of cholera victims were often found to 
be congested. In addition to this feature, Banerjee (1939) was struck by 
the frequency with which the latter organ was enlarged, but the significance 
of this condition, often noted by the present writer in pneumonic plague 
victims as well, is not clear. 

Respiratory system 

While the mucosa of the air passages from the larynx to the bronchioles 
is usually markedly reddened in the victims who succumb late to cholera, 
this feature is less conspicuous, and according to Sticker (1912) even absent, 
in the case of individuals dying in the early stages of the disease. While 
then but little viscous mucus is found in the air passages, as a result of 
catarrhal conditions developing in the course of the disease, copious mucoid 
or even purulent matter may be present in the trachea and bronchi of 
persons who fell a prey to cholera after more prolonged illness. More 
marked alterations, eg., laryngeal ulcers or glottis oedema, have been 
recorded occasionally, e.g., by Simmonds (1892b). 

Shortly but adequately describing the condition of the lungs in cholera 
victims, Crowell (1914) stated: 

"The lungs are as a rule poorly inflated, and the pleura is exceedingly dry. In cases 
which have lost much fluid, the cut surfaces of the lungs are red but very dry, while in the 
very early cases and in those which have received fluid, congestion and oedema of the 
lungs may be marked." 

Like other observers Crowell further found that quite frequently ecchy
moses of the pleurae may be present in cholera victims. 

In the experience of most workers who had opportunities of dissecting 
considerable numbers of cholera victims, pneumonic processes formed a 
frequent complication in the later stages of the disease. Thus Simmonds 
(1892b) recorded that he had found pneumonic foci, almost always of a 
lobular character, 62 times in 150 autopsies of cholera victims who had 
succumbed after an illness of more than 3 days; Similarly, Stoerk (1916), 
besides noting the presence of small haemorrhages in the lung parenchyma 
of dead bodies also showing pleural and epicardial ecchymoses, maintained 
that pneumonias, mostly of a lobular character, formed the most frequent 
complication of cholera. 

There can be no doubt that as a rule not V. cholerae but other secondar
ily invading bacteria were responsible for these lung complications. 
However, in marked contrast to this usual evolution, Greig (1912, 1913c, 
1914a) stated (a) that he had demonstratt.>d the presence of V. cholerae in 
pneumonic foci found .in 5 cholera victims, one of whom had succumbed 
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after an illness of only 29 hours, while the others had died after 3-12 days; 
and (b) that he had also cultivated cholera vibrios from the lungs of 6 
cholera victims who, while not manifesting pneumonic foci, showed evi
dence of a generalization of the infection. Further reference to these unusual 
findings will be made in a later part of the present disquisition. 

Circulatory system 

One of the most marked and at the same time most important alterations 
manifest in cholera victims succumbing during the algid stage as well as 
during the life of such sufferers is a profound disturbance of the blood 
distribution, as a result of which the blood is accumulated in the large 
venous trunks and the vessels of the viscera, whereas the vessels of the 
teguments are well-nigh empty. Chatterjee (1939b) aptly stated in this 
connexion that cholera shock, instead of solely being the result of dehydra
tion, was also due to the marked dilatation of the capillaries of the internal 
organs, the victims as it were bleeding into these Yessels. 

While most older writers describing the circulatory disturbances early 
manifest in cholera victims often referred to a macroscopically noticeable 
thickening of the blood, the aspect of which they sometimes likened to 
that of blueberry jam (see Sticker, 1912), modern observers failed to 
confirm these findings. Thus Stoerk (1916) maintained that 

"in the heart cavities as well as in the large veins I failed withom exception to perceive 
the 'inspissation [Eindickung] of the blood' noted by a majority of the writers; at least 
this phenomenon did not seem recognizable with the aid of the usual anatomical method 
of judgement". [Trans.] 

Simmonds (1892b) stated in this connexion more succinctly that in cholera 
there existed no macroscopically recognizable thickening of the blood, but 
merely an unequal distribution. 

In cholera victims dissected after death in later stages of the disease the 
abnormal distribution of the blood described aboye is less conspicuous or 
even altogether absent. 

If the sufferers died in a dehydrated condition, the pericardial serosa 
as well as the pericardial cavity exhibited signs of dryness. Subserous 
haemorrhages on the inner layer of the pericardium, though occasionally 
noted, are met with but rarely. Epicardial haemorrhages on the contrary 
have been frequently observed. Simmonds (1892b), who paid special atten
tion to their occurrence, noted that the epicardial haemorrhages were most 
often present on the posterior aspect of the heart, particularly near the base. 
In the case of victims who succumbed in the algid stage, these haemorrhages 
were punctiform, sharply defined, and bright red, while in individuals who 
had died after a more prolonged illness, they were more diffuse and bluish 
in colour, and were finally apt to be quite pale. The occurrence of sub
endocardial ecchymoses appears to be exceptional. 
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As can be gathered from the descriptions of most pathologists, the left 
ventricle and atrium of the heart of cholera victims were contracted, while 
the corresponding parts on the right side of the organ were filled with 
dark-red blood and/or cruor. Simmonds, while considering these features 
not constant, found the right parts of the heart well filled with blood in 
the victims who had been treated with intravenous infusions. 

In the victims who succumbed after a more prolonged illness, more or 
less pronounced signs of degeneration of the heart muscles-cloudy swelling 
or, as occasionally noted byFraenkel (1893), even fatty degeneration-were 
met with invariably. The occurrence of endocarditis (caused no doubt by 
secondary infections), though occasionally noted, for instance by Stoerk 
(1916), appears to be quite exceptional. As a rule, the heart of cholera 
victims merely shows the signs usually met with in other acutely infectious 
diseases as well. 

Oesophagus 

As described by Sticker, the oesophagus of cholera victims 

" is usually markedly pale with a lustreless white or reddish tint; the longitudinal folds 
in the lumen are obliterated, the epithelium is often markedly swollen; in later stages the 
mucosa is apt to show a ,darker hue and then exhibits a marked development of the 
mucous follicles ". [Trans.] 

Stoerk drew attention to the presence of small erosions of the mucosa 
in the lowest portion of the oesophagus, due perhaps to the stresses during 
repeated vomiting. He also recorded an exceptional instance of mucosa 
necrosis in the lower two thirds of the oesophagus which, however, was 
apparently due to a secondary pneumococcal infection. 

Stomach 

The alterations met with at autopsy in the stomach of cholera victims 
are apt to show much variation and may be quite inconspicuous. Almost 
always, however, even in the case of sufferers who have succumbed during 
the first stage of the disease, the stomach, instead of being empty and 
contracted, has been found to contain at least a small amount of viscous 
fluid masses. Many early observers, probably because they had far more 
occasion than the modern workers of dissecting cholera victims who had 
died soon without being treated, commented upon the frequency with 
which in addition to the above-described fluid contents food remnants 
were found in the stomach. The reaction of the stomach contents was 
found to be either alkaline or, particularly in the case of deaths having 
taken place early, still acid (Fraenkel, 1893). 

The stomach mucosa was usually found to be covered with viscous 
mucus and somewhat swollen. Congestion of the mucosa was apt to be 
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marked in the case of victims having succumbed late. Smaller or larger 
submucous haemorrhages have been found to be common. Exceptionally, 
necrotic or gangrenous mucosa lesions haw been met with, more recently 
by Deycke (1893) and by Crowell (1914). 

Small intestines 

Inspecting small intestines of cholera victims who have succumbed in the 
early stages of the disease, one may sometimes note the presence of intus
susceptions of one or several intestinal loops \Vhich, similarly to those 
not rarely observed in the dead bodies of children succumbing to ''arious 
diseases, obviously formed during the agonal period. 

Palpation of the unopened intestinal loops often gives the impression 
of an increased thickness and heaviness of the walls, which besides being 
caused by congestion is also largely due to the presence of marked oedema. 

Like the serous membranes of dehydrated cholera victims in general, 
the serosae of the small intestines in particular are often covered by a 
sticky and slimy coat, owing to the presence of which the intestinal loops 
may be glued together. It has to be noted, however, that this stickiness of 
the intestinal serosae; typical and frequent though it is, is not invariably 
conspicuous at autopsy of cholera victims succumbing early in the disease. 
Stoerk (1916) insisted in this connexion that the stickiness of the serous 
membranes, particularly that of the peritoneal coats, was best demonstrable 
when dissections had been made within a few hours after death. He often 
noted then the presence of a quite thin whitish layer covering the peritoneal 
serosae, but felt uncertain whether this macroscopic feature stood in con
nexion with the proliferation of the serosa epithelium demonstrable histo
logically in a majority of freshly dissected victims to cholera, but also found 
in individuals who had succumbed to other acute or subacute intestinal 
affections. 

Several other obseners, e.g., Crowell (1914) and more recently Banerjee 
(1939) and Chatterjee (1939a), pointed to the practically far more important 
fact that the stickiness of the intestinal serosae as well as of other serous 
membranes was apt to be absent in the bodies of cholera victims whose 
dehydrated condition had been counteracted through treatment with saline 
infusions. 

A second important alteration often met with when inspecting the 
small intestines in acutely fatal cholera is a rather peculiar pink coloration 
of the intestinal serosa, due to an intense injection of the blood capillaries, 
which may involve either the whole small intestine or only its lower parts. 
As maintained by Stoerk, this coloration, which is all the more conspi
cuous because the serosae of the stomach and large intestine are as a rule 
pale, is well marked only in the freshly dissected dead bodies, whereas in 
the later dissected the pink colour may have faded or may be even merely 
indicated by a faint congestion of the subserous small wins. 
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Typically, the small intestines of cholera victims succumbing early are 
brimful (schwappend gefiillt) with fluid,. the quantity of which may amount 
not rarely even to 3-4 litres (Liebermeister). To judge from the rather 
divergent statements made by different observers, the character of this 
fluid may vary considerably. Thus it has been maintained (see Kolle 
& Schlirmann, 1912) that 

" in quite acute cases the intestinal contents consist of a slightly reddish fluid, in which 
numerous jelly-like pale-red lumps of mucus float, so that the masses are not dissimilar 
in aspect to coarsely minced meat extracted with a copious amount of water ". 
[Trans.] 

As noted for instance by Fraenkel (1892), sometimes, owing to the 
admixture of blood associated with an absence of flocculi, the intestinal 
contents are of a reddish colour, resembling that of diluted wine. Further, 
as stated initially by Koch (1884) and also recorded by other workers, e.g., 
by Fraenkel (1892), the intestinal contents found in cholera victims, while 
colourless, may have the consistency of a thin gruel (Mehlsuppe) 
instead of that of rice-water. 

Nevertheless, it has been maintained by other workers that the presence 
of rice-water-like intestinal contents identical in aspect with the typical 
cholera stools was the most constant and, at the same time, the most 
specific sign to be found in the dead bodies of early cholera victims. As 
claimed by Sticker (1912), Cruveilhier was the first who stressed the 
diagnostic importance of the liquide choterique (i.e., of the fluid intesti
nal contents) long before the discovery of V. cholerae, in his classical 
work on human morbid anatomy. However, a directly opposite opinion 
was expressed by Fraenkel (1892) who stressed that even: in cholera victims 
succumbing early there was considerable variation in the aspect of the 
intestinal contents, which could resemble thin gruel rather than rice-water 
or be more or less haemorrhagic without admixture of flocculi. Still, while 
one must fully agree with the contention of the last worker that bacterio
logical examinations are indispensable for the final post mortem diagnosis 
of cholera, one may claim that the presence of typical rice-water-like contents 
in the small intestines, which generally appears to be more frequent than 
Koch's and Fraenkel's observations indicated, is of presumptive im
portance, particularly at the time of established cholera outbreaks. 

It deserves attention that large amounts of typical intestinal contents 
may be found post mortem in the case of cholera victims who, because 
they showed no diarrhoea, had been diagnosed as suffering from cholera sicca 
-a form of the disease which, besides being as a rule infrequent (see the 
experiences in India quoted by Rogers, 1921), thus seems to be a clinical 
syndrome rather than a pathological entity. 

Giving a masterly detailed description of the contents found in the 
small intestines of early cholera victims, Stoerk stated the following: 
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·' As a rule it is a grey, not unpleasantly smelling or almost odourless fluid, in which 
membranes very frequently float which are whitish in colour (or sometimes yellowish 
ow·ing to absorption of bile), delicate, and irregularly contoured, and which are very 
small or small but may sometimes be rather larger (up to almost an inch in diameter). 
They are sometimes found more or less singly, and sometimes in great number, and they 
still show by their flat appearance their original relation to the mucosa surface. Micro
scopically, they consist mainly of cellular elements glued together by delicate or more 
abundant masses of mucus. These cellular parts may be aggregates of detached, more 
or less urtchanged, or at times necrotic, intestinal epithelium~almost exclusively from 
the epithelial coating of the villi of the small intestine-or one may be confronted by 
complexes of subepithelial round cells: lymphoid round cells, polymorphonuclear 
forms, or occasionally pus cells. In some cases, moreoyer, one finds erythrocytes, 
enclosed either singly or in masses between the other elements. Sometimes membranes 
of both types occur in the intestinal contents: those of an epithelial character and those 
consisting of the above-mentioned non-epithelial elements." [Trans.} 

Describing the gross appearances of the mucosa of the small intestine 
in cholera victims having succumbed early, Koch (1884) referred to com
paratively few instances in which this membrane showed no marked 
changes, being merely somewhat swollen and less transparent, while the 
solitary follicles and Peyer's plaques were prominent. Though generally 
speaking the mucosa of the small intestines showed more or less intense 
reddening, sometimes this congestion was less marked or present only in 
spots. Instances were met with in which merely rims of congestion were 
visible round the follicles and Peyer's plaques-appearances which Koch 
considered particularly characteristic of cholera. 

The observations of some of the subseq-qent workers, particularly those 
of Stoerk, indicated that the congestion of the mucosa of the small intestine 
met with in victims succumbing in the early stages of cholera, though apt 
to vary in degree and extent, was as a rule more marked than Koch had 
described. Stoerk stressed, however, that the characteristic pink-red 
colouration of the intestinal mucosa was fully manifest only when dissections 
were made within a few hours after death. 

Continuing his apt description, Stoerk stated that 

·' hand in ham~ with the reddening of the mucosa goes on the one side the constantly 
present but not always macroscopically recognizable hypersecretion of mucus, and on 
the other side the on the whole more frequent occurrence of mucosa haemorrhages; both 
findings which I am inclined to consider as sequelae of the peculiar and almost specific 
hyperaemia". [Trans.} 

In Stoerk's experience, the mucous secretion became macroscopically 
manifest (a) more frequently in the form of fiat, sharply circumscribed 
whitish layers, which became easily detached; and (b) more rarely in the 
form of thicker, tenaciously adherent masses \Vith a rounded surface, which 
mainly filled the depths between the intestinal folds, but could become 
more or less protuberant. 

General agreement exists that. the appearances of the mucosa of the small 
intestines in cholera victims succumbing later in the disease are apt to show 
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a most marked variance. As aptly described by Simmonds (1892b) one 
may find in some of these in~tances 

" extensive haemorrhages, specially on the top of the mucosa folds, in others marked 
swelling of the follicles and plaques; in some cases the follicles are prominent in the form 
of pink-red nodules, in others they are barely visible. Sometimes the mucosa is pale and 
smooth, in other cases lustreless and cloudy or covered with bran-like deposits. In some 
cases the mucosa shows an extensive dark-red colouration similar to that of an intestinal 
loop strangulated in a hernia. In the latter cases the intestinal contents show a dirty 
brownish·red colour and have an offensive smell, where a~ as a rule, after the attack the 
intestinal contents of the jejunum possess a more egg-yolk-like colour, those of the 
ileum as a rule a spinach-like colour and the large intestines are filled with yellowish
brown fluid and pap-like faeces". [Trans.] 

Further, Simmonds continued, one was apt to find in the viCtims suc
cumbing after an illness of three or more days in the small as well as in 
the large intestines necroses which, localized particularly on the tops of 
the mucosa folds, occurred in different form and size as well as in varying 
numbers. If illness lasted longer, the necrotic eschars were apt to become 
detached and flat ulcers with sharply defined margins could then take their 
place. 

The histological alterations observable in the small intestines of cholera 
victims have been the subject not only of numerous studies but also of 
much debate. 

One of the principal points at issue was the question whether the 
often extensive desquamation of the mucosa epithelium noted at autopsy 
was an intravital phenomenon or the result of a postmortal process. The 
former view, which had been advocated already by Virchow (see his 
Gesammelte Abhandlungen, 1879), was also supported by the workers 
performing numerous autopsies during the 1892 cholera outbreak at 
Hamburg. Fraenkel (1893), one of these pathologists, maintained that in 
cholera the mucosa of the small intestine b.::came "flayed" (geschunden) 
owing to a wholesale loss of its epithelium, and made this loss responsible 
for the marked congestion of the intestinal mucosa manifest in victims who 
succumbed in the early stages of the disease. Deycke (1892), stressing that 
epithelial desquamation was observable in the small intestines of cholera 
victims dissected within a short time after death (in one instance after 
one hour), also felt certain that this process ·was of an intravital nature. 

The contrary view, advocated by Cohnheim (1889-90) and some other 
early workers, was more recently upheld by Goodpasture (1923). Since, 
however, this worker based his conclusions upon a detailed study of only 
3 cholera victims, 2 of whom had succumbed late in the disease, on the 
6th and 9th days respectively, when a regeneration of the originally desquam
ated epithelium was apt to have taken place, not much reliance can be 
placed on his contentions: Indeed, since desquamated epithelia are found 
invariably in the rice-water-like evacuations of cholera patients, it is impos-
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sible to deny that the desquamation takes place already during the life of 
the sufferers. This common-sense view was held by Stoerk (1916) who 
concluded from his extensive and most careful studies that 

" in accordance with the so frequent appearance of epithelial membranes in the cholera 
stools there can be no doubt as to the frequent occurrence of an intravital detachment 
of the epithelium ". [Trans.] 

At the same time, however, Stoerk maintained with great reason that 
a postmortal detachment of the intestinal epithelium not only took place 
as well, but was probably more frequent. A similar view had been advo
cated already by Macleod (1910), who pointed out that "the amount of 
epithelial cells found in the [intestinal] contents after death exceeds that 
discovered in the stools during life". 

While admitting the occurrence of an intravital epithelial desquamation, 
Stoerk strenuously opposed the postulation of Fraenkel that the congestion 
of the intestinal mucosa represented a reaction to this process. He main
tained, on the contrary, that in cholera an initial dilatation of the intestinal 
vessels was followed by an extravasation of fluid, which in turn led fre
quently to an often extensive detachment of the epithelium from its basal 
membrane not followed by desquamation. A concomitant or subsequent 
emigration of erythrocytes led to the formation of usually small haemo
rrhages in the mucosa of the ileum or sometimes of the whole small intestine, 
which were situated mainly on the tops of the mucosa folds, but sometimes 
were seen to surround solitary follicles or to cover Peyer's plaques. Occa
sionally, one could note the presence of more conspicuous haematomata 
under an intact epithelium. 

The constant and rather characteristic presence of a subepithelial 
oedema in the small intestine of cholera victims was also noted by Good
pasture (1923) and more recently by Banerjee (1939) and Chatterjee (1939a). 

Both Deycke (1892) and Stoerk (1916) concluded from their histological 
studies that the occurrence of necrotic changes in the intestinal mucosa of 
cholera victims was variable in frequency as well as in extent. Deycke 
maintained in this connexion that a coagulation necrosis, involving either 
whole villi or only their tops, could appear in different stages of the disease, 
being- sometimes met with in victims who had succumbed within 24 hours, 
while apt to be absent in those who had survived for 2-3 days. 

Stoerk stressed that necrosis, though frequently, was by no means 
invariably present in detached or desquamated groups of the intestinal 
epithelia and upheld, therefore, that 

" one cannot by any means establish a closer relationship between necrosis and 
epithelial detachment: both can appear quite independently of each other. Apparently 
their common factor is only their causation through the cholera toxin .. , [Trans.] 

Though the contrary has been asserted by a few workers, more recently 
by Banerjee (1941 ), several other observers (see, for example, Deycke, 1892; 
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Stoerk, 1916; and Chatterjee, 1939a) stressed that in cholera cases not 
complicated by a secondary infection, regardless of whether necrosis had 
set in or not, there was never any evidence of an inflammatory round cell 
infiltration in the intestines. 

The evidence regarding the presence and arrangement of cholera vibrios 
in the histological sections made from the intestines will be dealt with in 
the following section of this chapter. 

Large intestine 

Dealing with the gross appearances of the large intestine in cholera 
victims who succumbed early, Sticker (1912) stated that: 

"the large intestine, specially the rectum, is as a rule empty, narrow, and contracted; 
its mucosa sbows no marked alterations. In contrast to the intensively reddened mucosa 
of the small intestine above the ileocoecal valve, it appears in the coecum already pale; 
only in exceptional cases the hyperaemia continues to be present in the initial portions of 
the large intestine." [Trans.] 

In the experience of many other observers as well, usually no conspi
cuous changes were found in the large intestines, though occasionally, 
besides congestion of the mucosa and of the usually pale serosa, the 
presence of extensive ecchymoses of the mucous membrane has been observed 
(Rogers, 1921). 

It is noteworthy, however, that the findings of Stoerk (1916) did not 
tally with the descriptions recorded above. He noted that the large intestine 
of cholera victims could be filled with fluid contents identical in character 
with those of the small intestines but that in other cases partly or even 
quite solid faecal masses could be present in the large intestines in spite 
of the presence of typical cholera evacuations in the small intestine. A 
congestion of the mucosa throughout the large intestine could be met with 
and could be as intense as in the small intestine. Its presence was usually 
associated with that of an oedematous swelling of the mucosa and sub
mucosa, which produced a marked thickening of the intestinal walls. 

While admitting that m,ucosa haemorrhages were definitely less frequent 
in the large than in the small intestines, Stoerk drew attention to an asso
ciation of these haemorrhages with microscopically demonstrable mucosa 
necroses, which were apt to give rise to the formation of shallow roundish 
ulcers. · 

The histological findings in the mucosa of the large intestines showed 
in Stoerk's experience a marked analogy with those manifest in the small 
intestines of cholera victims, except that there was no evidence of large
scale epithelial detachment. Extensive mucosal necroses were often micro
scopically manifest in victims dissected soon after death and were apparently 
caused by an occlusion of the small blood-vessels of the areas concerned 
through blood coagula or fibrinous thrombi, the formation of which was 
due presumably to an action of the cholera toxin. 
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Mesenteric lymph-nodes 

Though some observers who had access to a large material, like Crowell 
(1914), failed to detect lesions in the mesenteric lymph-nodes of cholera 
victims, most workers found these nodes to be usually enlarged and slightly 
or moderately congested. Liebermeister (1896) noted that these alterations 
were most conspicuous in the lymph-nodes in the region of the lower part 
of the small intestine, while Sticker (1912) found them pronounced only 
when corresponding alterations were present in the plaques of Peyer. 

Kubo & Yuan (1933) noted in the 3 cholera victims dissected by them 
the occurrence of catarrhal changes in the sinuses and of degenerative 
processes in the germinative centres not only of the mesenteric, but of all 
lymph-nodes. 

Liver 

To judge from the rather discrepant descriptions of the different obser
vers, the findings in the liver of cholera victims were apt to show considerable 
variation. 

Both Simmonds (1892b) and Fraenkel (1893) recorded that in their 
numerous autopsies they had never noted any gross changes in the liver. 
Fraenkel asserted that histological changes were absent as well, while 
Simmonds referred to the rare occurrence of what was evidently a paren
chymatous degeneration of the liver cells. 

Sticker (1912) and Crowell (1914) noted that in the victims who 
succumbed in the early stages of cholera the liver was not enlarged or 
-owing to the loss of fluid-even reduced in size (Crowell), but was rich 
in blood and consequently, dark in colour. The presence of venous con
gestion was also recorded by Macleod (1910). Liebermeister (1896) stated, 
on the contrary, that in the victims succumbing early the liver was anaemic, 
flabby, and fragile-appearances considered by Sticker as characteristic 
of cholera victims having succumbed later. 

It is certain that, in contrast to the statements of Simmonds and 
Fraenkel, often signs of cloudy swelling, and more rarely moderate degrees 
of fatty degeneration are met with in the liver of cholera victims (Lieber
meister, 1896; Crowell, 1914; Stoerk, 1916). 

Ciaccia (1914) laid great stress upon the frequent occurrence of focal 
fatty changes in the liver of cholera victims, which were present particularly 
in the left lobe and near the falciform ligament and were macroscopically 
manifest by the presence of straw-coloured spots with a diameter varying 
from 0,5 cm to 3-4 cm, while the liver in general had a cherry-red colour. 
Certainly such appearances, which never seem to have been noted by other 
observers, 1 are not pathognomonic for cholera, since the present writer 
saw them repeatedly in plague victims. 

' El·Ramli (1948) referred to one victim in whom histological examination of the liYer revealed the 
presence of necrotic foci, " generally distributed centrally and sometimes in the periphery of the lobules 
around the portal tracts". Apparently, however, Schistosoma ova had been found in the latter. 



476 CHOLERA 

Reference to further alterations occasionally observed in the liver of 
cholera victims, which were secondary to affections of the gall-bladder 
and the biliary ducts, will be made in the following paragraph. 

Gall-bladder and biliary passages 

The conditions met with at autopsy in the gall-bladder of cholera victims 
have been the subject of many studies. As summarized by Sticker (1912), 
as long ago as the 1817 outbreak in India, British observers had been struck, 
when dissecting victims who had succumbed early, to find, contrasting with 
the acholic intestinal contents, a superabundance of normally coloured 
bile in the gall-bladder. This paradoxical phenomenon also attracted the 
attention of all subsequent workers who tried to account for it in various 
ways. 

It was occasionally claimed that a mechanical obstruction, created by 
the presence of mucus plugs occluding the entrance of the common bile
duct into the duodenum or through congestion and swelling of the mucosa 
at this spot (see Rogers, 1921) prevented the outflow of the bile from the 
gall bladder. There can be no doubt, however, that such mechanical 
obstructions are extremely rare, most observers finding that almost in
variably a slight pressure exerted at autopsy on the gall-bladder sufficed 
to start an outflow of the bile into the duodenum. 

As pointed out by Sticker (1912), in the opinion of several early workers 

"the scarcity of bile in the dejecta was due merely to a high dilution of the intestinal 
contents through the tissue transudates, since even in dead bodies succumbing in the 
algid stage very often bile was found in the duodenum and traces of it were sometimes 
still present in the lower part of the small intestines.·· [Trans.] 

More recently, Kubo & Yuan (1933) expressed the belief that in addition 
to its subnormal sec1etion the bile's dilution in the in:testinal contents 
accounted for the acholic condition of the cholera evacuations. 

· Being an ardent supporter of the views of Emmerich (see Emmerich 
& Tsuboi, 1893), who considered the manifestations of cholera to b¥ due to 
nitrite poisoning, Sticker maintained that there existed no real acholia of 
the intestinal contents and faeces, but that the bile was decolorized in the 
intestines through the nitrous acid formed there by V. cholerae. He men
tioned in support of this postulation that a few observers had found the 
presence of cholera Yibrios in the bile associated with a watery or milky 
aspect of the gall-bladder contents. However, ample observations of later 
workers failed to confirm the frequency or even the occurrence of such 
coincidences. Thus Greig (l913a), recording 81 instances in which cholera 
vibrios had been isolated from the gall-bladder of cholera victims, never 
mentioned a watery or milky aspect of their bile. More important still, the 
postulation of Emmerich that cholera was the result of nitrite poisoning 
has been categorically rejected by almost all other observers. 
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As summarized by Sticker, several of the early workers had already 
ascribed the absence of a bile outflow in the early stages of cholera to nervous 
mechanisms, such as a cramp of the sphincters of the biliary ducts or spas
modic contractions of the ductus choledochus or duodenum, or finally a 
bile stasis conditioned by a general weakening of the reflex functions. 

The most likely explanation-that a nerYous mechanism was at work
has been accepted also by modern obserYers, like Stoerk (1916) and 
Chatterjee (1939b). Stoerk stated in this connexion that he had been unable 

·· to establish an evident relation between the absence, or the presence, of bile pigment 
in the stools and alterations of the gall-bladder, or a possible relation to the degree of 
parenchymatous damage in the liver. Perhaps this is a rather complicated process. 
I am inclined to think of the possibility that besides a toxic impairment of the liver 
secretion a role could be played by a disturbance of the reflectory processes regu
lating the influx of the bile through the papilla into the small intestine." [Trans.] 

As will be gathered from the statements made above, in cholera victims 
succumbing early, the gall-bladder was almost invariably found to be 
filled with more or less normally coloured bile which, however, as stressed 
by several observers, often showed an abnormally thick consistency. In 
the case of victims who died in the later stages of the disease, on the contrary, 
the gall-bladder was usually found to contain thin and lighter coloured, 
occasionally even water-clear bile (Simmonds, 1892b; Liebermeister, 1896; 
Macleod, 1910). 

Marked gross alterations in the gall-bladder of cholera victims, though 
on the whole not frequent, have been recorded by a considerable number 
of workers-first apparently by Pirogoff who, as quoted in the summaries 
of Kulescha (1910) and of Coulter (1915), referred in a monograph on the 
morbid anatomy of cholera published in 1850 to 2 instances in which a 
diphtheric cholecystitis had been found in cholera victims, one of whom 
bad succumbed to a generalized peritonitis due to a perforation of the gall
bladder. 

Important further observations on this point may be summarized as 
follows. 

Simmonds (1892) performing more than 300 cholera autopsies, noted 
once the presence of necrosis of the gall-bladder mucosa and 4 times that of 
cholecystitis, characterized by swelling and congestion of the mucosa and 
also by admixture of pus to the bile. Apparently, however, in these instances 
the inflammatory process was due to a secondary invasion of cocci instead 
of being caused by V. cholerae. 

Kulescha (1909) described the case of a male succumbing about a month 
after he had been attacked by cholera, who showed at autopsy signs of (a) 
acute enteritis with necroses, specially of the colon, the perforation of which 
had led to peritonitis; (b) septicopyaemia with endocarditis; and (c) purulent 
cholangitis. Histological examination proved that the purulent inflamma
tion of the intrahepatic bile passages had led to round-cell infiltrations and 
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necrosis in the adjacent parts of the liver, in which also metastatic abscesses 
not connected with the bile passages were found. The generalized infection 
was no doubt due to a secondary invasion mainly of E. coli and diplococci, 
but Kulescha succeeded in isolating cholera vibrios from the pus in the bile 
passages. He added that in the 109 cholera victims he had dissected, the 
causative organisms had been detected. in the bile in 49 instances and that 
in a considerable number of these instances signs of cholecystitis had been 
found-invariably in cases of longer duration (5-6 days). 

In 1910, Kulescha, reporting upon a total of 430 cholera autopsies, 
stated that he had found signs of acute, usually purulent cholecystitis in 
42 instances, i.e., in nearly 10%; half of these victims had succumbed 
within the first week, most of the others within the second week of illness. 
In only 8 of these cases did the gall-bladder contain a colourless thick fluid. 
Microscopically, the mucosa of the gall-bladder was found to be denuded 
of its epithelium and infiltrated with round cells, while the submucosa 
showed, besides round-cell infiltration, signs of marked congestion with 
some blood extravasation. 

In four of these cases gross and histological signs of an acute chol
angitis were found. This process led invariably to an involvement of the 
adjacent liver tissue so that Kulescha felt entitled to class 3 of these instances 
as purulent biliary hepatitis, while he considered the fourth a case of 
hepatic biliary cirrhosis. Cholera vibrios were detected in all 4 instances 
by bacteriological and histological methods, the organisms seen in the 
sections showing signs of involution. 

Kulescha also referred to the extraordinary case of a woman who, 
admitted with signs of cholera and marked jaundice, continued to harbour 
the causative organisms in her stools for 57 days; 7 months later she was 
again hospitalized with an enlarged and painful liver, but succumbed only 
after a further period of 4 months. At autopsy, signs of cholangitis with 
marked biliary stasis were found. V. cholerae, though absent from the 
intestines, could still be recovered from the contents of the intrahepatic 
bile ducts. However, as Kulescha added, the possibility that this woman 
had been reinfected with V cholerae before she was hospitalized the second 
time could not be excluded. 

Further exhaustive studies on the subject presently under review were 
made by Greig. Following up a preliminary note on the occurrence of 
cholera vibrios in the biliary passages published in 1912, he reported in 
1913 on 271 autopsies of cholera victims, in 81 of whom the causative 
organisms were isolated from the bile and in 12 of whom (4.4 %) gross signs 
of cholecystitis were found. Histological examinations demonstrated the 
presence of V. cholerae not only on the mucosa but in this as well as in the 
submucosa. 

In a subsequent communication Greig (1914b) referred to a further 
series of 235 autopsies of cholera victims, in whom no bacteriological 
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examinations of the bile had been made. It was noteworthy, however, that 
in about 4% (10 cases) of this series also gross signs of cholecystitis had 
been detected. 

Giving at the same time a description of the gall-bladder alterations 
met with in bile-positive cholecystitis cases, Greig stated that under these 
circumstances frequently a thickening of the wall of the gall-bladder as 
well as signs of congestion of the mucosa and sometimes also the submucosa 
were grossly manifest. The histological changes consisted of desquamation 
of the mucosa epithelium, infiltration of the submucosa with polynuclear 
and mononuclear leucocytes, in some cases also of haemorrhages or evid
ence of the recent formation of blood-vessels, and the presence of foci of 
round cells in the serosa. The penetration of V. cholerae into the tissues 
of the gall-bladder wall was confirmed with the aid of cultivation of the 
organisms. 

Desquamation of the epithelium and round-cell infiltration of the 
submucosa associated with the presence of cholera vibrios, were also found 
in sections made from the hepatic, cystic, and common bile-ducts. Moreover, 
Greig stated that 

" in addition to the pathological changes observed in the gall-bladder and the cystic, 
hepatic and common bile ducts in cases of cholera, there are alterations of an inflam
matory nature in connection with the biliary passages in the liver itself and even between 
the columns of liver cells. The presence of true cholera vibrios was determined in the 
liver tissue by cultivation as well as by examination of sections." 

Crowell (1914), noting only 3 instances of marked gall-bladder inflam
mation in his 92 cholera autopsies, considered the presence of this condition 
or of gall-bladder hydrops as rare. Similarly Coulter (1915), summarizing 
the results of 635 cholera autopsies in Manila (presumably including those 
of Crowell), stated that an inflammation of the gall-bladder was met with 
but 12 times, an inflammation of the bile ducts once. The former number 
probably included the 3 instances described by Schoebl (1915), to whom 
Coulter stated that he had sent 39 tied-off gall-bladders. Schoebl succeeded 
in isolating cholera vibrios from the bile in 17 of these organs, but met 
with macroscopic lesions in only three. Twice a hydrops of the gall-bladder 
was found to be present, characterized by distension of the organ, which 
was filled with a mucous fluid of light-amber colour with a flaky sediment, 
a milky colour becoming apparent upon stirring. In the third case, the 
gall-bladder was small, showing apparently thickened walls and rather dark 
contents. Histological examination showed epithelial desquamation as 
well as congestion and round-cell infiltration of the mucosa. Apart from 
desquamation of the epithelium identical changes were found in the cystic 
duct. 

The significance of the positive bacteriological findings in the gall
bladder of cholera victims will be discussed in the following section of this 
chapter. 
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Spleen 

Many observers were in agreement with the findings described in the 
spleen of cholera victims by Liebermeister (1896), who summarized that 
(a) in those who succumbed early, the organ was small and flabby with a 
wrinkled surface, on section dry and rather anaemic, while (b) in victims 
having succumbed later, the spleen was sometimes enlarged, usually richer 
in blood and of normal turgor, and occasionally showed the presence of 
infarctions. Simmonds (1892b) maintained in this connexion that spleen 
enlargement was almost exclusively met with in instances where concomi
tant processes or their sequelae were present. Similarly, Fraenkel (1893) 
stated that he had met with a large spleen but once in the case of a secondary 
infection with streptococci. Both he and Simmonds noted the presence 
of pulpa haemorrhages in a minority of the victims. 

It is noteworthy, however, that in the experience of Stoerk (1916) 

·· the spleen showed in uncomplicated cases a somel\hat increased consistency and I do 
not believe I have seen a case in which it did not seem at least a little enlarged. A con
siderable enlargement, howe,~er, was never obserYed, at least not in cases where a spleen 
enlargement through complicating diseases could be excluded. The almost invariably 
present hyperaemia due to cardiac insufficiency appeared to account for the consistency 
and the enlargement of the organ."' [Trans.] 

According to Stoerk, the histological alterations in the spleen were rather 
variable. As a rule the pulpa was rather rich in cells, while the follicles 
were somewhat enlarged. 

Rogers (1921) and Chatterjee (l939a) also referred to congestion of the 
spleen and to hyperplasia of the Malpighian bodies, the latter observer, 
moreover, stating that the organ was definitely enlarged in a high proportion 
of his autopsies. One cannot help feeling that these two workers as well as 
Stoerk described the condition of the spleen in the later rather than in 
the early stages of cholera. 

Bone-marrow 

Fraenkel (1893) constantly found in the acute stage of cholera a marked 
haemorrhagic condition of the bone-marrow, which was sometimes diffuse, 
and in other cases manifested only in the form of foci (herdweise). 

Similar observations were also made by Kulescha (1910) who, as sum
marized by Greig ( 1929), distinguished between 2 stages in the condition of 
the bone-marrow in cholera victims, namely, (1) an erythroblastic reaction 
to the deficiency of oxygen in the blood; and (2) a granulo-cellular hyper
plasia, representing a reaction to the infection itself. 

Chatterjee, who had already dealt with the alterations of the bone
marrow in cholera in an earlier article (1939a), summarized in 1947 his 
experiences when studying the bone-marrow of the humerus, femur, and tibia 
in a total of 40 victims. He found that macroscopically the bone-marrow 
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" may present a red appearance in cases in which the reactive hyperplasia is marked. 
In others pink areas interspersed with white or fatty marrow present the usual picture. The 
general consistency is more solid than that of inactive fatty marrow and the specimens 
are sectioned more easily." 

Through histological examinations it was established that 
"(1) There is an acute dilatation and engorgement of the normally collapsed system 

of capillaries of the bone marrow in cholera. 
" (2) These capillary changes are more marked than in any other organ in cholera 

and might at least in some way partially explain the condition of great shock in the 
disease. 

" (3) Owing to the widening of the above capillaries it is possible to study their 
openings into the venous sinusoids of the bone marrow. 

" (4) The sinusoids are also distended. 
" (5) There is an increase in the number of eosinophils, and a variable amount of 

Jeucoblastic reaction of the marrow. 
"(6) Small lymphatic nodules have been observed in some cases." 

Suprarenals 

The condition of the suprarenals in human cholera victims seems to 
have been studied by only a few workers. Sticker (1912) briefly noted 
that in victims succumbing early, the suprarenals were usually found to be 
dry and anaemic. Banerjee (1939), who paid attention to these organs in 
view of the possible importance of an adrenal insufficiency in the production 
of the cholera syndrome, described degenerative changes in the cortex of 
the suprarenals. According to De, Sengupta & Ganguli (1955), Chatterjee 
(1939b), studying the suprarenals of some cholera victims, established the 
presence of a congestion of the boundary zone, which he thought to be 
related to the condition of extreme shock in the first stage of the disease. 

Quite recently De and eo-workers (1955), examining the suprarenals 
of 11 cholera victims, who had succumbed within 48 hours in the stage of 
shock, found that a depletion of the cortical lipoids had. taken place to a 
varying degree and postulated that this evidence suggested 

" an active role of the suprarenal cortex for enhanced synthesis of its hormones in response 
to the stress of dehydration, shock and anoxia of cholera". 

In view of these divergent statements one must fully agree with De and 
colleagues that there is need for further inquiries into the functional state 
of the pituitary-suprarenal system in cholera. 

Kidneys 

As statedin a classical summary by Leyden (1893), the early observers, 
though vastly differing in the opinions they held in regard to the nature 
of the kidney lesions in cholera, were fairly unanimous when describing 
the alterations actually met with in the victims. Referring to the macro
scopic findings, Leyden stated that 

" all observers agree that the cholera kidneys in rapidly succumbing cases show hardly 
any external changes; in protracted cases they are enlarged, hyperaemic with small 

31 
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haemorrhages and sometimes show cuniform infarctions. From the papillae one may 
express a turbid fluid rich in casts and in cells. Microscopically it is particularly striking 
to find cloudy swelling and partly fatty degeneration of the epithelia. The interstitial tissues 
as well as the capsules of Malpighi appear to be free. the cortical tubules are often enlarged 
and filled with a granular fibrinous or cellular material. the collecting tubes of the papillae 
are thoroughly plugged with casts. To these descriptions E. Klebs [1887] added the 
important finding of a coagulation necrosis ... 

'· All observers likewise agree that this affection of the kidney is of short duration arid 
apparently never passes into a chronic stage.'' [Trans.] 

As Leyden added, he had been able to confirm the presence of an 
extensive coagulation necrosis of the epithelia in one of the four kidneys 
examined by him; in 2 other instances the epithelia of the renal tubules 
were intact, but there were within their lumen as well as within the capsules 
of Malpighi more or less numerous cells showing the features of necrosis. 

It is interesting to compare this early description, which was based in 
part on the results of the pioneer investigations by Reinhardt & Leubuscher 
(1849), with the most recent findings made by De, Sengupta & Chanda (1954) 
in the kidneys of (a) 14 cholera victims who had succumbed in the state of 
shock; (b) 10, who had died in the stage of reaction; and (c) 8 individuals, 
in whom uraemia had supervened. As noted by De and co-authors, in 
the first group 

.. The stellate vessels beneath the capsule appeared injected, while the intervening 
areas looked pale. The cut surface of the kidney showed evidence of pallor of the cortex 
with congestion of the medulla. The interlobular vessels stood out conspicuously against 
the pale background."" 

Histological examinations showed the presence of a cortical ischaemia, 
engorgement of the medullary vessels, and also of oedema in the connective 
tissue separating the medullary tubules. Parenchymatous changes included 
some degree of cloudy swelling of the epithelium in the cortical tubules, 
in two instances fatty and necrotic changes in the tubules. 

In the stage of reaction, no evidence of cortical change or of vascular 
disturbance was found in the kidneys, the cut surface of which exhibited 
a uniform hue of both the cortex and the medulla. The tubular epithelium 
showed cloudy swelling in some cases only, while fatty changes of the 
tubular epithelium were noted exclusively in one kidney showing evidence 
of tuberculous lesions. 

As summarized by De and his colleagues, 

·· The kidneys of postcholeric uremia show signs of conical ischemia and of medullary 
congestion which are more marked than in the stage of shock. ~ecrosis and fatty change 
of the cortical tubules and thickening and splitting of the glomerular basement membrane 
are constant features. Besides, eYideoce of repair and of total necrosis of cortical substance 
may be found in some specimens. The medulla is uniformly congested and is free from 
any sign of damage." 

It is of great interest to note that the \aluable investigations of De and 
colleagues confirmed the early observations made by Klebs and by Leyden 
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in regard to the occurrence of necrotic changes in the cholera kidneys. As 
shown below, the views held by these recent workers regarding the nature 
of the kidney alterations met with in cholera victims also showed a quite 
close agreement with Leyden's postulations. 

As can be gathered from the classical summary of this author, a few 
of the early observers were inclined to classify the morbid process developing 
in the kidney of cholera sufferers in the category of nephritic affections, 
Frerich (1851), for instance, dealing with it in his monograph on Bright's 
disease. In marked contrast to this view, Griesinger (1857) felt convinced 
that the renal manifestations characteristic of cholera were not due to a 
local inflammatory process, but were the indirect result of the enormous 
dehydration and the marked lowering of the arterial pressure becoming 
apparent in severe attacks of the disease. This idea was vigorously sup
ported by Bartels (1875), who aptly spoke in this connexion of an ischaemia 
of the kidneys. 

Though Griesinger's views were at first widely accepted, they were set 
aside when, as Leyden excellently put it, owing to recent discoveries 
including that of V. cholerae, 

"the experimental pathology lost its importance [blasste ab] and the bacteriology became 
the focus of interest and of concepts ". [Trans.] 

Accordingly, it was advocated by several observers, e.g., by Klebs 
(1887), Aufrecht (1892) Fraenkel & Simmotlds (1892), and Fraenkel (1893), 
that the renal manifestations in cholera sufferers were due to an action of 
the toxin of V. cholerae on the kidneys. However, Leyden (1893) took a 
determined stand against the claims of Klebs and Aufrecht that Griesinger's 
view was erroneous because the kidneys even of cholera victims having 
succumbed early were apt to be hyperaemic. Leyden pointed out that the 
process in question was not one of a stoppage of the blood supply, but 
one of a markedly lowered blood pressure and that consequently remnants 
of blood, capable of producing a veinous congestion, could continue to be 
present in the renal vessels. Emphasizing that (a) the alterations observed 
in the kidneys of cholera sufferers were altogether different from the 
nephritic processes caused by bacterial toxins in other infectious diseases; 
and (b) in contrast to what was observed in cholera, the acute nephritic 
processes of other infectious diseases could pass over into a chronic state 
and even result in renal atrophy, Leyden concluded that 

" owing to its rapid course the cholera nephritis rather shows a certain analogy with the 
nephritis of pregnancy, or eclampsia, ascribed hitherto to circulatory disturbances during 
pregnancy, which became quickly abolished after parturition, thus accounting for the 
usually rapid course of the process." [Trans.] 

It is of great interest to note that views closely similar to this quite 
forgotten statement of Leyden have been recently expressed by several 
observers. Thus Maegraith and colleagues (1945), quoting Rogers (1921), 
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Chatterjee (1941), and Tomb (1942) maintained that cholera was one of quite 
numerous conditions in which a syndrome of renal " anoxia " secondary 
to peripheral vascular failure accounted for the manifestations on the part 
of the kidneys. 

On account of these statements and their own observations, De, 
Sengupta & Chanda (1954) reached the conclusion that 

" Reduction of renal blood flow aided by some degree of cortical vasospasm is thought 
to bring about a complete cessation of urinary secretion in the stage of shock. These 
factors are, however, usually incapable of causing any morphological renal damage, 
although functional damage is indicated by the occurrence of albuminuria and hematuria 
in the following stage. In a minority of cases. the occurrence of hemoglobinemia is a 
possible factor in intensifying the renal vasospasm and in rendering more complete the 
cortical ischemia, which is responsible for serious structural damage leading to post
choleric uremia." 

As far as the present writer is entitled to judge, the above postulations 
offer a far more satisfactory explanation for the genesis of the renal mani
festations in cholera than the assumption of a direct action of the cholera 
toxin on the kidneys. In this connexion, De and colleagues pointed out 
with much reason that, whereas in human cholera victims the ischaemia 
and the subsequent renal lesions showed a cortical localization, there was 
no experimental evidence to claim a selective action of the cholera toxin 
on the cortical tubules alone. Agreement with these views has recently 
been expressed by Banerjee & Ghosh (1957), who were inclined to ascribe 
the marked diminution of the glomerular filtration rate and the renal plasma 
flow, found by them after restoration of the urine flow in cholera patients 
as well as in sufferers from gastro-enteritis, " to renal anoxia causing 
temporary diminution in blood flow through the cortex of the kidney and 
not ... to any specific toxins of the disease ". 

Urinary passages and urinary bladder 

The appearances met with in the urinary passages and the urinary 
bladder of cholera victims depend upon the stage in which death took 
place. As long as anuria had been manifest, the calices and the pelvis of 
the kidneys contain minimal amounts of a thick mucous fluid in which 
desquama.ted epithelia and casts are present. The urinary bladder is con
tracted and, if not practically empty, contains a little of the same fluid or 
a few millilitres of turbid urine in which, besides numerous casts, erythro
cytes and, according to Sticker, also some leucocytes may be found. 
Crowell (1914) recorded in this respect the following figures: 

Condition of the urinary bladder 

Contracted and empty 
Containing 2-3 ml urine 
Unknown 

Total number of autopsies 

Sumber of Percentage who had received 
obserrations saline infusions 

60 11.6 
18 77.0 
14 

92 
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In the later stages of cholera, when urine secretion has been restored, 
the urinary bladder is often found to be quite full so that,· as justly stated 
by Simmonds (1892b ), the reappearance of the urinary flow per se does not 
invariably indicate a favourable prognosis. 

As generally agreed, the presence of haemorrhages on the mucosa of 
the urinary passages and bladder is quite frequent. Simmonds, who seems 
to have paid special attention to this point, found that the bladder hae
morrhages could become so numerous and extensive as to lead to an 
admixture of blood to the urine. 

The presence of cystitis or of diphtheritic or gangrenous changes in the 
mucosa of the urinary bladder in the later stages of cholera has been 
recorded by some observers, e.g., by Simmonds (1892b) and Deycke (1893). 

Genital apparatus 

While no conspicuous changes have been found in males, marked and 
interesting alterations have been recorded quite often in the uterus and the 
vagina, and sometimes also in the ovaries or ovarian tubes of female 
cholera victims. 

As can be gathered from an article published in 1872 by Slavjanski 
and a later summary by Klautsch (1894), these alterations had already 
attracted the attention of several early observers, some of whom, noting 
the conditions they had met with in the uteri and ovaries, spoke of the 
presence of a " pseudo-menstrual " state in cholera victims. Slavjanski 
himself claimed that the process observable in the uteri of non-pregnant 
subjects was of an inflammatory nature and spoke likewise of the presence 
of an " endometritis decidualis haemorrhagica " in pregnant cholera victims. 

After the discovery of V. cholerae the alterations of the genital apparatus 
in female cholera victims received particular attention by Tipjakoff (1892), 
Simmonds (1892b), Deycke (1893) and Klautsch (1894). 

Tipjakoff noted that in non-pregnant females who fell victims to cholera, 
invariably the serosa and more markedly still the endometrium of the 
uterus were hyperaemic, while small haemorrhages were present in the 
uterine tissues. In some instances large coagula were found in the cavity 
of the uterus, twice a haemosalpinx. Histologically, there was no evidence 
of a round-cell infiltration in the uterus. 

In the 6 pregnant cholera victims seen by this worker who succumbed 
after they had abortions or miscarriages, conditions similar to those de
scribed above were found in the serosa of the uterus, but the tissues of this 
organ in general appeared to be anaemic and large coagula were found 
to be present on the site of attachment of the placenta. 

Simmonds referred to the very frequent occurrence of haemorrhages 
on the endometrium, which occasionally was found to be markedly swollen. 
In about a third of the victims who succumbed in the later stages of cholera, 
the presence of superficial necrotic areas in the vagina was noted and in two 
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instances an extensive necrotic process involving the adjacent tissues was 
found. In the ovaries, haemorrhages were occasionally seen to be present. 

Deycke recorded the occurrence of marked alterations in the uterus of 
65% of the 170 non-pregnant cholera victims seen by him. Besides more 
or less copious haemorrhages into the uterine cavity, he regularly noted 
even in the case of victims succumbing early the presence of either superficial 
or more deeply penetrating haemorrhagic infiltrations of the endometrium. 
Histologically, evidence of a haemorrhagic infarction of the endometrium 
was found together with signs of marked congestion of the parts of the 
endometrium not infarcted and the muscular layers of the uterus. Moreover, 
not rarely signs of a superficial coagulation necrosis of the endometrium 
were met with and necrosis was found to be extensive in one case where 
a secondary im·asion of streptococci had taken place. Superficial necrotic 
areas and once an ulcerative process were found in the vagina, but these 
alterations seemed to be due to secondary infections. 

Klautsch (1894). summarizing the results of an examination of the 
genitalia of 11 adult non-pregnant cholera Yictims, maintained that these 
organs were in a condition of inflammation as well as of hyperaemia. 
Moreover, haemorrhagic foci were found in (a) the uterus mucosa, (b) the 
old corpora lutea of the O\aries. and (c) the subserous tissue of the tubes. 
Klautsch added that there also occurred the formation of small granules 
consisting of iron-containing pigment in these foci of extravasation. 

Ample experience has shown that, though exceptions were not 
altogether rare, as a rule cholera attacks of pregnant women led to an 
intra-uterine death of the foetuses during the early stages of the disease 
followed by abortion or miscarriage. 

Referring to such observations, Tizzoni & Cattani (1888) stated that, 
while some of the early workers found no gross alterations in the foetuses 
of cholera victims, others described the occurrence of blood-stained tran
sudations in the serous caYities or of congestion of the small intestines 
which then contained. instead of meconium, a clear or greenish or even a 
rice-watery fluid. 

Tizzoni & Cattani themselves examined the foetus of a cholera-stricken 
woman who, being in the 5th month of pregnancy, had an abortion on 
the 4th day of illness, but afterwards recovered. They found that the serous 
cavities of the foetus contained a sanguinolent fluid. The small intestine 
was congested and contained a soft mass of reddish colour. Cholera 
vibrios could be culti Yated not only from the intestinal contents but also 
from the heart blood and the serous cavities. 

Further observations were recorded by Segale (1913) who found in 
3 stillborn children of sufferers attacked by cholera during advanced 
pregnancy (a) subpleural and subpericardial haemorrhages ; (b) marked 
degeneration of the 1iver and kidneys : and (c) haemorrhages or even 
haematomata in the suprarenals. While cultures made from the intestine 
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and blood of these foetuses gave negative results, the serum of 2 proved 
toxic for guinea-pigs, 0.25-ml amounts killing the animals in less than 
half an hour. Segale maintained, therefore, that besides an asphyxia 
produced by the congestion of the maternal organs, poisons elaborated by 
the mothers might have been responsible for the intra-uterine death of 
these foetuses. 

In contrast to these experiences, Simmonds (1892b ), though able to make 
fairly ample observations in this respect, stated that he had never found 
in the foetuses of cholera victims any signs indicating either the presence 
of V. cholerae or an action of its toxin. Similarly, Tipjakoff (1892) 
maintained that difficulties of gas exchange, promoted by the occurrence 
of haemorrhages between the uterus wall and the placenta accounted for 
the intra-uterine death of the foetuses of cholera-stricken mothers. Klautsch 
(1892) postulated in a well-documented article that the factors at work in 
this respect were (a) the dehydration of cholera victims which, by leading 
to a lowering of the blood pressure and consequently to an insufficient 
intake of oxygen by the maternal organs, also rendered the placental 
respiration deficient; (b) alterations in the foetal portion of the placenta 
in which, according to Slavjanski (1872), epithelial decay could take place; 
and (c) haemorrhages between the uterus wall and the placenta which, as 
observed by Tipjakoff and by Klautsch himself, could cause a partial 
detachment of the placenta. Nevertheless, while not believing in an intra
uterine infection with V. cholerae, Klautsch considered the possibility 
that an action of the cholera toxin played a role in the death of foetuses 
of cholera victims in utero. Schtitz (1894), in a lecture on the influence of 
cholera on menstruation, pregnancy, birth and the puerperium, the text of 
which was available to the present writer in the form of a summary only, 
was evidently inclined to consider this toxin responsible for the contractions 
of the uterus and for the haemorrhages from the uterine mucosa observed 
during attacks of the disease in pregnant as well as non-pregnant patients. 

Distribution of the CausatiYe Organisms in the Dead Bodies 
of Cholera Yictims 

Intestinal conrenrs 

Reporting in 1884 on the obsen·ations he had made in nearly 
100 instances, Koch stated that he had invariably fotmd the comma bacilli 
in the intestinal contents of cholera Yictims and added that 
"' the examination has not only shown that they [i.e., the comma bacilli] are present but 
that ... their presence is always dire;:tly proportionate to the cholera process. For 
where the cholera pro~ess proper produces the most profound alterations in the 
intestine, namely, in the lower segments of the small intestine, they were most numerous, 
becoming less numerous in the upper parts. In the most clear cases they were present 
in nearly pure culture, but became the less conspicuous the older the cases were and the 
more secondary alterations had taken place in the intestine." [Trans.] 
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Besides thus admitting that the bacteriological findings made in the 
intestinal contents of cholera victims were apt to vary according to the 
stage of the disease, Koch also stressed the necessity of resorting to cultural 
methods, since the demonstration of the comma bacilli in smears sufficed 
for a diagnosis "only in comparatively few cases". He also emphasized 
the importance of performing the autopsies as soon as possible after the 
death of the victims before putrefaction of the intestinal contents and 
walls had commenced. 

Though the occurrence of the causative organisms in the intestinal con
tents of cholera victims was also investigated by some other early workers, 
the first really exhaustive studies were made by the pathologists performing 
numerous autopsies during the 1892 Hamburg outbreak. 

Simmonds (1892b), one of these observers, maintained that in cholera 
victims succumbing early, the vibrios could invariably be demonstrated in 
smears from the intestinal contents, but often appeared to be present in 
surprisingly small numbers. Usually, they were most conspicuous in 
smears made from the ileum contents, less numerous in the large intestine, 
still less in the jejunum, and least in the duodenum. However, exceptions 
to this rule were found, the vibrios, while scanty in the ileum, being 
plentiful in the large intestine or even in the jejunum. In contrast to these 
variable findings, cultivations from all parts of the intestine gave abundantly 
positive results. 

While admitting that no definite rules could be laid down regarding the 
presence or absence of V. cholerae in the intestinal contents of sufferers 
who had succumbed to the disease in different stages, Simmonds maintained 
that 

" before the 6th day I have never missed the bacilli, between the 7th and the 12th days 
I still found them in more than half of the cases, after the 12th day but exceptionally ". 
[Trans.] 

Fraenkel (1892), though also recommending culture methods for the 
post mortem diagnosis of cholera, found that smear examinations were 
apt to give frankly positive results as long as the intestinal contents were 
of a typical appearance with numerous flocculi. He stated in this connexion 
in his 1893 paper that in 536 autopsies performed on victims who suc
cumbed in various stages of cholera, smear examination proved positive 
442 times, while giving a negative result in 94 instances-almost exclusively 
in the case of victims who had died later than on the 4th day of illness, 
In a considerable number of these negative cases, culture tests as well 
failed to give a positive result. 

Further experiences, to which reference will be made below, while 
confirming that it is not invariably possible to isolate the causative organisms 
from the intestinal contents of cholera victims, have shown that bile cultiva
tion forms an important additional means to obtain positive results. Since, 
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as will be discussed in the seventh chapter, the present aim of practical 
cholera laboratory diagnosis is a rapid isolation of V. cholerae for the 
purposes of serological identification, no more stress is laid upon smear 
examination. In fact, besides giving by no means rarely negative results, 
this method may prove misleading in view of the possible presence of 
cholera-like vibrios in the intestinal contents. 

Intestinal walls 

Describing his histological findings in the intestinal wall of cholera 
victims, which led to the discovery of V. cholerae, Koch (1884) stated that 
the suspected bacteria 

" had partly penetrated into the tubular glands and partly had advanced between th~ 
epithelium and the basal membrane, thus, as it were, detaching the epithelium. In other 
places it was seen that the organisms had penetrated also more deeply into the tissues. 
Further cases were found in which behind these bacteria, which had a peculiar size and 
aspect, so that one could distinguish them from other bacteria and could devote special 
attention to them, different other bacteria penetrated into the tubular glands and the 
surrounding tissue ... Thus conditions were created similar to those in necrotic, diph
theric alterations of the intestinal mucosa and in typhoid ulcers, where likewise sub
sequently other non-pathogenic germs penetrate into the tissue destroyed by pathogenic 
bacteria." [Trans.] 

Koch illustrated these findings by a drawing showing an oblique sectioi1 
through a tubular gland of a cholera-affected intestine, in which numerous 
typical vibrios could be seen between the epithelium and the basal membrane 
besides some in the lumen as well as aJew deeper in the intestinal tissue.1 

Babes (1885) summarized corresponding observations on the intestine 
in cholera victims by stating that the causative organisms were mainly 
assembled on the mucosa surface and under the epithelium, whereas 

"in the interior of the mucosa one sees the comma bacilli, as if they had entered acci
dentally, without a definite arrangement. Later on, when dysentery-like processes have 
replaced these alterations, there occurs a massive penetration of the bacilli into the deep 
layers, where they can form dense agglomerations; these organisms are usually larger 
than the cholera bacilli. In rare cases one sees colonies of micrococci in the necrotic 
mucosa." [Trans.] 

In contrast to these fi,ndings, Deycke (1892) maintained that even in 
cholera victims succumbing rapidly a penetration of the vibrios was invari
ably found to have taken place in some parts of the intestinal wall-partly 
more or less deeply into the necrotic tissue of the villi or still further into 
the submucosa, sometimes to points not far from the muscularis. An 
agglomeration of the vibrios in Lieberkuhn's crypts was very frequent. 

1 A coloured reproduction of this drawing is attached to the article of Kolle & SchGrmann (1912) and 
also to that of Kolle & Prigge (1928). 
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According to the ample experiences of Stoerk (1916), the cholera vibrios 
were to be found almost exclusively above the surface of the epithelium, 
and mainly in the contents of the intestine. 

" but in large part immediately on the epithelium. as if affixed, or in the mucus of the 
crypts. In the first case (in the intestinal contents 1 they often form voluminous complexes, 
in the latter they appear as small and very small groups, less often more singly." [Trans.] 

Stoerk's comment upon these findings was as follows: 

·• In numerous descriptions it has been stated that~apart from their main occurrence 
on and above the mucosa surface~the cholera vibrios can be found also in the depth 
of the mucosa ... In contrast to this I must emphasize on account of my microscopic 
studies that, in sections of specimens preser•ed an adequately short time post mortem 
and in the absence of ulcerative alterations, I almost ne, er saw certainly identifiable 
vibrios below the basal membrane of the intestinal epithelium. The occurrence in the 
lumen of the crypts is almo~t constant; but I ha1dly ever encountered in freshly preserved 
specimens an arrangement of a clearly intravital origin between the loosened epithelium 
and the basal membrane of the kind illustrated. for instance, by R. Koch ... 

··No doubt in many cases a considerable postmortal enrichment of the intestinal flora 
takes place; since we do not possess a specific staining method for the cholera vibrios and 
their form is frequently quite uncharacteristic .... endeavours to identify the vibrios in 
the maze of bacteria present in sections of specimens from not immediately dissected cases 
often give no satisfactory results. Identical difficulties may be encountered in the case of 
sections from freshly obtained postmortem specimens; and I also cannot ascribe great 
value to a comparison of the sections with the smears made from the intestinal contents 
of one and the same case ... [Trans.] 

In view of these difficulties Stoerk concluded that 

·• much of what has been stated so far on account of histological findings regarding the 
occurrence of vibrios in the intestinal walls has to be accepted with considerable restric
tions". [Trans.] 

As will be further discus:;ed below. Goodpasture (1923) maintained, in 
agreement with the Yiews of Stoerk, that the cholera vibrios remained 
mostly confined to the intestinal lumen. 

Stomach 

Recording the results of his pioneer studies, Koch (1884) .maintained 
that, though he had Yery frequently examined the \omits of cholera patients, 

·'cholera Yibrios had been found in them but t\\ice. and in these instances the appearance 
of the vomits showed that they were not proper contents of the stomach but intestinal 
contents, which had been forced up through the abdominal pressure and had [thus] been 
voided. The fluid showed an alkaline reaction and also had quite the aspect of intestinal 
contents." [Trans.] 

Some of the fairly numerous subsequent ob:>ervers, who found cholera 
vibrios in the vomits of the patients, particularly Schoebl (1915), considered 
this occurrence of the organisms to be quite frequent. Indeed, as far as 
the present writer is entitled to judge from his own experiences, it would 
seem that the rarity of positive results recorded in this respect is more 
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apparent than real, depending largely upon the usually but casual attention 
given to a bacteriological examination of the vomits. It is in accord with 
this assumption that, while Simmonds (1892b) stated that he had found 
cholera vibrios in the stomach contents at only few of his autopsies, 
Tizzoni & Cattani (1888) recorded such findings in 3 out of 5 cholera 
victims and Briiloff (1910) in 78 ~~ as against over 90% positive results 
obtained with the contents of the small intestines and 62% with the rectal 
contents. 

Oesophagus 

Sewastianoff (191 0) stated without furnishing details that he had found 
cholera vibrios in the oesophagus of 2 out of 14 cholera victims. How 
often he actually examined this organ is not clear. 

Gall-bladder and biliary passages 

The occurrence of cholera vibrios in the gall-bladder and, more rarely, 
in the biliary passages of cholera victims has been demonstrated by a 
considerable number of observers, first apparently in 1885 by Doyen, 
Kelsch & Yaillard and ~icati & Rietsch. 

Important findings made in this respect may be summarized as follows. 
Nicati & Rietsch ( 1885) found V. cholerae to be present in the bile of 

4 out of 8 cholera victims-twice in the gall-bladder and twice in the biliary 
passages. 

Studying the ac-tion of the baci!le-virgule (comma bacillus) on the 
liver and pancreas of cholera 1ictims. Girode (1892) found in 14 out of 
28 instances the organisms to be present in the gall-bladder as well as in 
the bile ducts, and 6 times in pun~ culture. Identically positive results were 
also obtained (a) in the case of a cholera victim who succumbed on the 
18th day, showing signs of cholecystitis and generalized angiocholitis with 
involvement of the adjacent liver tissue: and (b) in a second victim succumb
ing to cholera after 13 days and showing at autopsy signs of a presumably 
pre-existent atrophic liver cirrhosis. 

As quoted by Sewastianoff (1910), Rekowsky (1892) found during the 
1891 outbreak in St. Petersburg cholera vibrios in the gall-bladder of all 
14 victims examined by him. 

Lesage & ~Jacaigne (1893) established in the course of an interesting 
investigation that (a) cholera 1ibrios were absent from the gall-bladder 
of 7 victims who, having succumbed in the algid stage and having been 
dissected immediately. showed the causative organisms in their intestines; 
and (b) the vibrios ,,-ere present in pure culture in the bile of 3 out of 
18 victimes who, ha' ing also died in the algid stage, were autopsied after 
4 hours. A postmortal in' asion by E. coli was manifest in the other organs 
of these 3 dead bodies. 



492 CHOLERA 

In a study on the invasion ·of the body by V. cholerae, to which further 
reference will be made below, Sewastianoff (1910) stated that he had found 
this organism in the gall-bladder of 10 out of a total of 18 cholera victims 
examined by him in 1907 and 1908. 

Kulescha, reporting-as mentioned above-in 1910 upon a total of 
430 cholera autopsies, recorded that he had isolated V. cholerae from the 
gall-bladder in 87 out of 159 of these victims, i.e., in 54.7 %. The number 
of positives included 40 out of the 42 instances in which signs of chole
cystitis had been manifest at autopsy. 

Further observations on this point were made by (1) Tanda (1911), who 
isolated V. cholerae from the gall-bladder in 2 out of 4 victims; (2) Defressine 
& Cazeneuve (1912), who obtained identical results in all 3 instances 
examined by them, including one victim showing signs of a catarrhal 
cholecystitis; and (3) Flu (1913) who, with the aid of peptone water 
enrichment, was able to isolate the causative organisms from the gall
bladder of 8 out of a total of 18 cholera victims and noted that the viru
lence of these cultures practically equalled that of the growths obtained 
from the intestines. 

Greig (1912, 1913a), examining 271 cholera victims, was able to isolate 
V. cholerae from the bile of 81 of these individuals, 12 of whom showed 
distinct pathological changes in their gall-bladder. The bile was found to 
be sterile in 163 out of the 190 cholera-negative cases, while in the opinion 
of Greig the presence of organisms other than V. cholerae in the remaining 
27 instances was partly accounted for by ~·postmortal invasion. He main
tained, therefore, that: 

" The bile, being generally sterile, is, for this reason, a very suitable habitat for the 
delicate comma bacillus, as there are no other organisms to interfere with the growth, 
such as it would meet in the intestine." 

In a further exhaustive study, Greig (1914b) recorded that in a number 
of the bile-positive cholera victims he had succeeded also in demonstrating 
the presence of V. cholerae (a): by bacteriological and histological examina
tions in the gall-bladder wall; and (b) in some of these instances with the 
aid of histological methods also in the wall of the cystic, hepatic, and 
common bile ducts. Moreover, he showed in 9 of these cases with the aid 
of cultural tests and examinations of histological sections the presence of 
cholera vibrios in parts of the liver adjacent to pathologically altered 
intrahepatic bile passages. 

Coulter (1915), reporting on the examination of numerous cholera 
victims, stated that on two of these occasions he had found in the gall
bladder wall organisms which, though often showing evidence of involu
tion, appeared to be morphologically identical with V. cholerae. That 
these organisms were of a true nature was rendered practically certain by 
the results obtained by Schoebl (1915), when examining 39 gall-bladders 
removed from the dead bodies of cholera victims by Coulter after the 
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common bile duct had been ligatured: it was possible to cultivate cholera 
vibrios from 17 of these 39 specimens, only 3 of which showed gross altera
tions (see page 479 above). 

A question of considerable importance is whether instances do occur 
in which cholera vibrios, while not demonstrable in the intestinal contents, 
may be cultivated from the gall-bladder of the victims. The data available 
in this respect may be tabulated thus: 

Total Cholera vibrios found in 
number intestines & gall-bladder intestine only gall-bladder only 

number (%) number (%) number (%) 

Kulescha (1909) 
Cholera victims 80 27 33.7 31 38.7 22 27.5 

Crowell & Johnston (1917) 
Cholera victims 209 125 59.8 72 34.4 12 5.7 
Cholera carriers 32 10 31.2 8 25.0 14 43.7 
(detected at autopsy)* 

* In 4 out of 5 further dead bodies of individuals known to have been cholera carriers 
during life, negative bacteriological results were obtained at autopsy. In the fifth instance, 
V. clzolerae could be isolated from the bile, while vibrios not agglutinable with cholera
immune serum were cultivated from the small intestine. 

These findings make it clear that, when examining the dead bodies of 
cholera-suspect individuals, cultivations should be made from the gall
bladder as well as from the intestinal contents. 

While the comparatively quite frequent presence of V. cholerae in the 
gall-bladder of the victims is generally admitted, the problem as to when 
and how the organisms invade this organ has been the subject of consider
able debate. 

With regard to the former question it was held by some of the early 
observers that the presence of V. cholerae in the gall-bladder as well as any 
other extra-intestinal appearance of this organism was the result of an 
invasion taking place after death or during the often prolonged agonal 
period of the disease. This view, which was expressed in a general manner 
by Diatroptoff (1894), seems also to have been adopted as regards the gall
bladder by Les1ge & Macaigne (1893), who-as noted above-were able 
to demonstrate the presence of cholera vibrios in the bile of some victims 
dissected after 4 hours, but failed to do so in case of the dead bodies autop
sied immediately after death. 

However, while one must admit the possibility that V. cholerae may 
enter the gall-bladder during the agonal period or after the death of the 
victims, there can be not the least doubt that such an invasion is also apt to 
take place at an earlier stage of the disease. Irrefutable proof of the.latter 
contention is furnished by the observations recorded above, which have 
shown that the presence of cholera vibrios in the bile could be associated 
with marked reactions on the part of the gall-bladder and with a penetration 
of the organisms into the walls of this organ. Further, as stressed by several 
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workers, e.g., by Defressine & Cazeneuve (1913) and by' Schoebl (1915), 
observations on cholera convalescents and cholera carriers in general lead 
to an analogous conclusion. Schoebl convincingly stated in this connexion: 

" Considering the lengthy period of infectiveness found in certain instances of cholera 
carriers and the periodic reoccurrence of cholera vibrios in the stools of convalescents, 
theoretically it would be difficult to believe that the cholera vibrio would live for such a 
length of time free in the intestinal tract where the competition with the normal inhabitants 
and other factors render the conditions unfavourable to irs vitality. 

" The tidal occurrence of the cholera vibrios in the stools of com ale scents who become 
carriers, seems to indicate a focus communicating with the alimentary canal, where the 
vibrios multiply and are being discharged into the digestil·e tract. At times and under 
certain conditions they appear in the excreted faeces in numbers large enough to be 
detected by the usual methods."' 

A unique observation by Valk (1915) definitely demonstrated that cholera 
vibrios are capable of invading the gall-bladder of non-moribund patients : 
the sufferer in question, whose stools had become free from V. cholerae, 
had to be operated on account of a cholecystitis. Cholera vibrios could be 
isolated in pure culture from the bile and continued to be excreted with it 
through the fistula made for a period of at least four weeks after the opera
tion. 

In answer to the question how the cholera vibrios penetrated into 
the gall-bladder, some workers postulated that in addition to, or even 
instead of, entering directly from the intestine, their invasion was effected. 
by other routes. Thus Kulescha (l9l0), pointing out that he had been 
able to isolate cholera vibrios from necrotic foci in the liver apparently 
unconnected with the biliary passages, maintained that an invasion of the 
gall"bladder by the blood-stream also played an important role. Similarly, 
Sewastianoff (1910) expressed the opinion that V. cholerae could enter 
the gall-bladder both by the " ascending " route from the intestines and 
by the " descending " route through the blood-stream. He thought that 
the former was the case in instances where the cholera vibrios were found 
in the bile in association with other organisms, whereas the presence of 
V. cholerae in pure culture indicated a haematogenous infection of the gall
bladder. Greig (1913a), giving initial attention to the problem presently 
under review, stated: 

" In typhoid fever the b. typhosus, after circulating in the blood stream for a time, 
deposits locally in various tissues and appears to gain access to the bile from the blood 
stream. In cholera it may be that the entrance is from the intestine, cholera vibrios being 
very abundant in the (rice water) contents of the small intestine, differing in this respect 
from the b. typhosus; the observations of Briiloff, however, ... who found the cholera 
vibrio in the blood, and, also, my own observation, that the comma bacillus may occur 
in the lung, dealt with later in this paper, have to be remembered; it may hereafter be 
shown that the cholera vibrio like the b. typhosus gains an entrance to the bile by the 
blood stream." 

Reporting afterwards on the occurrence of V. cholerae in the mesenteric 
lymph-nodes, Greig (1914a, 19l4b) felt entitled to postulate that the 
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organisms might reach the liver and the bile through the lymph channels. 
However, Nichols (1916), pointing out with full reason that it was difficult 
to see how an entrance of the infection by this route might be effected, once 
more stressed the importance of an invasion of the gall-bladder through 
the blood-stream. 

A determined stand against the latter view was taken by Schoebl (1915) 
and by Crowell & Johnston (1917). Schoebl, discussing the comparative 
importance of a direct and a haematogenous infection of the gall-bladder, 
stated: 

'· The facts that the bile passages show marked pathological changes while the liver 
tissue proper exhibits as a rule only signs of toxic effect, the high percentage of infected 
gall bladders, and the rarely encountered e\idence of a bacteraemic stage of cholera 
infection speak in favour of the first mentioned ).e .. the direct intestinal] mode of infec
tion.'' 

Schoebl stressed in support of this contention that, as proved by the 
repeated demonstration of cholera vibrios in the stomach contents and their 
presence even in the vomits, the organisms were quite capable of penetrating 
into the proximate portions of the digestive tract. 

Crowell & Johnston, considering the divergent views held by previous 
observers, came to the conclusion that 

" While the evidence is conflicting, it must be admitted that occasionally the disease 
may be a septicaemia, but that under ordinary conditions the gall bladder is more probably 
infected through the bile ducts from the duodenum". 

The validity of this contention was confirmed by the personal experiences 
of Crowell & Johnston, who failed to isolate the causative organisms from 
any part of the body of the numerous cholera victims examined by them 
outside the intestines, the biliary passages, and the gall-bladder. 

No further evidence has become available to invalidate the correctness 
of the views held by Scboebl and the two last-mentioned workers. On the 
contrary Snijders (1922), detecting V. cholerae in the bile of 4 out of 5 
cholera victims, but not in their blood, reasserted that at least as a rule the 
invasion of the gall-bladder took place directly from the intestinal tract 
and not via the blood-stream. 

Pancreas 

An invasion of the pancreas by V. clzolerae seems to have been recorded 
solely by Girode (1892) and by Greig (1914a). Girode found in the case 
of a victim who, as mentioned above, showed at autopsy also an atrophic 
cirrhosis of the liver, the pancreas increased in size, firm, and somewhat 
knobby. The protuberances in question showed spots of marked congestion 
with yellowish centres, which latter were found to correspond to small 
pancreatic ducts filled with a thick fluid rich in cellular elements including 
leucocytes. Cholera vibrios could be cultivated from this as well as from 



496 CHOLERA 

the bile and also from the liver substance. Girode entertained no doubt 
that the invasion of the pancreas as well as that of the gall-bladder was 
due to a direct extension of the infection from the intestinal lumen. 

Greig (1914a) demonstrated in 2 out of 3 instances the presence of 
V. cholerae in the pancreas of cholera victims, apparently without finding 
gross changes in the organ. 

Mesenteric lymph-nodes 

Sewastianoff (1910), recording positive results in 6 out of 8 cholera 
victims examined in respect of the mesenteric lymph-nodes, seems to have 
been the first worker to demonstrate the presence of V. cholerae in these 
nodes. This observation was confirmed in a few instances by Greig (1914a) 
and later by Chatterjee (1939a), who stated that he had established the 
presence of the organisms in the mesenteric lymph-nodes in not less than 
25% of his 85 cholera autopsies as against 70% positive cultural results 
from the intestinal contents and 60% of successful cultivations from the bile. 

It would appear, therefore, that an invasion of the mesenteric lymph
nodes by V. cholerae is not infrequent. However, even though Sewastianoff 
claimed to have isolated the organisms from the thoracic duct in 2 instances, 
it is generally held that the lymphatic system does not usually serve as a 
channel for the general distribution of V. cholerae. 

Other organs 

Dealing in his 1884 report with the etiology of cholera, Koch categori
cally refuted the idea that this disease was the result of a generalized 
infection. For, he declared, it was 

" a peculiar phenomenon, that the comma bacilli remain restricted to the intestine. 
They do not pass into the blood, not even into the mesenteric lymph-nodes." [frans.] 

While, as has been discussed above, an invasion of V. cholerae into 
these lymph-nodes was demonstrated comparatively late, evidence of a 
penetration of the organisms into other parts of the body outside the 
alimentary tract was adduced soon after Koch had made the statement 
mentioned above. The early findings made in this respect were diligently 
summarized by Sewastianoff (1910), whose tabulation it seems well to 
reproduce in a modified form : 

Author 

Doyen (1884) 

Finkler & Prior 
(1885) 

Findings 

Claimed (a) to have obtained positive results when cultivating in 
gelatin small pieces of the liver, spleen, and kidney of 3 cholera 
victims, V. cholerae growing as well as contaminating organisms; 
and (b) to have found also in several instances organisms morpholo
gically identical with V. cholerae in histological sections of the liver 
and kidney. 

Demonstrated according to Sewastianoff the presence of cholera 
vibrios in the liver and the blood of cholera victims. 



GEKERAL PATHOLOGY AND MORBID ANATOMY 497 

Aurhor 

Raptschewsky 
(1885) 

Tizzoni & Cattani 
(1888) 

Rekowsky (1892) 

Rommelaere 
(1892) 

Fischer (1893) 

Lesage & Macaigne 
(1893) 

B.ordoni-Uffreduzzi 
& Abba (1894) 

Diatroptoff (1894'1 

Findings 

Isolated, according to Tizzoni & Cattani (1888), cholera vibrios in 
pure culture from the liwr of some victims. 

Stated (a) that they had isolated in 2 instances cholera vibrios from 
the subarachnoid fluid of victims; and (b) that they had obtained 
cultures of V. cholerae from the heart blood and serous cavities as 
well as from the intestinal contents of a 5-month-old foetus of a 
cholera-affected patient. In the case of 2 cholera victims the cau
sative organisms seemed to be present in blood smears, but cultiva
tions gave a negative result. 

As summarized by Sewastianoff, Rekowsky examined 14 cholera 
victims, obtaining positiw bacteriological results, not only from the 
bile, but also 7 times from the liver, 6 times from the heart, 4 times 
from the blood, 3 times from the spleen, 7 times from the kidney, 
3 times from the brain and the spinal cord, 4 times from the sub
arachnoid fluid, and one time from a muscle. 

Demonstrated, as stated by Sewastianoff, in some instances cholera 
,-ibrios in the li,·er, blood, lung, and kidney. 

Claimed to ha,-e isolated in one instance cholera vibrios not only 
from the intestine, but also from pieces of the liver, lung, and spleen, 
which had been washed in 1 per 1000 mercury bichloride and had 
been opened under aseptic precautions. Histological examina
tion showed small numbers of cholera vibrios in liver and spleen 
sections. 
Obsen·ed a --cadaveric" invasion by V. cholerae in 6 out of 18 
cholera victims, who had died in the algid stage of the disease and 
had been autopsied more than 4 hours after death-the organisms 
being present ·'in all organs .. 3 times and only in the bile in the 
other 3 dead bodies. "\o positive results were obtained (a) from 
the liver, blood, and spleen or from the bile of 14 cholera victims 
"ho. ha,·ing succumbed in the algid stage, had been dissected 
immediately after death; (b) in the case of 13 victims who had died 
:n the same stage and were autopsied after 2-4 hours; and (c) from 
the dead bodies of 3 individuals who were dissected immediately 
after they had died in the stage of reaction. 
Recorded that they had isolated an atypical strain of V. cholerae 
from the heart blood and the spleen as well as from the intestinal 
contents of a cholera victim succumbed 48 hours after onset of the 
disease and dissected 5 hours later. 

Found, when making cultures from the organs of 5 cholera victims, 
the causative organisms 5 times in the lung and liver, and 3 times 
in the kidney, and one time out of 4 instances also in the blood. 

Nore: Babes (1885) recorded that he had obtained a culture of V. cholerae from the 
kidney of one out of 5 cholera victims, but considered this positive result to have been 
due to an accidental contamination from the intestinal contents. 

The observations made regarding the problem presently under review 
by subsequent workers may be summarized thus. 

Further to the findings of Tizzoni & Cattani in a foetus described 
above, liwschitz (1909) recorded the isolation of V. cholerae from the 

32 
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intestinal contents of the stillborn child of a cholera patient in the 8th month 
of pregnancy, the material in question having been obtained from a loop of 
the small intestine which had been removed by laparatomy. Liwschitz's 
short note furnishes no clue as to in what way the bacteriological diagnosis 
was confirmed, but apparently the examination was made in a careful 
manner. 

That, however, the observations made by Tizzoni & Cattani and by 
Liwschitz were exceptional is proved by the already recorded experiences 
of Simmonds (1892b-see page 487) and by further findings of Schoebl 
(1915), who was unable to isolate V. cholerae from the organs of 4 stillborn 
children and of one foetus of cholera-affected women. He obtained in one 
of these instances, in which the foetal sac had been broken prematurely, 
a positive result from the amniotic fluid. 

As already alluded to, Michailow (1909) stated that he had found in 
sections from the brain and the spinal cord respectively of two cholera 
victims, autopsied soon after death, agglomerations of organisms showing 
the typical morphological features of V. cholerae. No cultures from the 
central nervous system bad been made in these two instances and cultiva
tions from the spinal cord and the cerebrospinal fluid: resorted to in the 
case of 2 other victims dissected after 6 hours and 25, hours respectively 
gave a negative result. Nevertheless, Micbailow felt entitled to emphasize 
the importance of a generalization of cholera infection and particularly 
that of a penetration of the causative organisms into the central nervous 
system, which latter was in his opinion responsible for the production of 
the cholera syndrome. Michailow's chief, Bechterew (1910), while admitting 
the validity of the former's histological findings, warned against the accept
ance of this far-fetched postulation. As has been noted already, Michailow 
himself admitted in his 1913 study that the results of his bacteriological 
observations were not conclusive. 

Briiloff (191 0), bacteriologically examining the autopsy material of 
Kulescha (1909, 1910), reached the conclusion that in the dead bodies of 
cholera victims the causative organisms were met with not merely in the 
intestinal tract, but also in the blood and the other organs. Their incidence 
in the latter was 16 %, that in the blood and the urinary bladder about 40 %: 
In Briiloff's opinion the frequency with which V. cholerae was found in 
the dead bodies outside the intestinal tract was not influenced by differences 
in the length of time, at which the autopsies were made after death; however, 
the purity of the growths of V. cholerae was adversely affected by prolonga
tions of the interval between death and dissection. Briiloff refuted, therefore, 
the idea that the penetration of the organisms beyond the gastro-intestinal 
tract was merely a postmortal phenomenon. However, she did not wish 
to suggest that cholera was a truly septic infection. 

In an article already quoted several times in the present chaptet;, Sewastia
noff (1910) stated that the frequency with which the causative organisms 
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were found by him in the various organs of 14 cholera victims, dissected 
at intervals varying from 0-26 hours after death, was as follows: 

Number Number of Number Number of 
Organ of positive pure· cholera Organ a/positive pure cholera 

findings cultures findings cultures 

Gall-bladder 10 ? Oesophagus 2 
Heart blood 8 3 Ductus thoracicus 2 
Mesenteric lymph-nodes 6 3 Serous cavity(? Peritoneum)! 
Kidney 5 3 Lung I 
Spleen 4 I Cerebrospinal fluid I 
Liver 3 I Urine 1 ? 

Sewastianoff pointed out that these figures were not comparable because, 
when dealing with the different dead bodies, he had made cultures from 
different sets of organs. Nevertheless, he felt convinced that the cholera 
vibrio was, on the whole, most often met with in the gall-bladder, the 
mesenteric lymph-nodes, and the blood. 

It has to be noted that in the case of the single victim dissected imme
diately after death. the cholera vibrios were found "in all organs " except 
the urinary bladder and, apart from the lungs, were met with in pure culture. 
As shown by the above table, other instances in which V. cholerae grew in 
pure culture were less frequent. However, while admitting that the occur
rence of impure growths increased pari passu with the delay in performing 
the autopsies, Sewastianotf maintained, like Briiloff, that 

" the difference in time between death and autopsy does not influence the frequency with 
which cholera bacilli can be demonstrated in the internal organs." [Trans.] 

In view of the contention of Sewastianoff that the invasion of the 
internal organs took place intra vitam, it is curious to note that as a rule 
the organs found to be free from V. cholerae yielded growths of other 
organisms. 

Tanda (1911), examining the dead bodies of 4 cholera victims with the 
aid of cultivations from the heart blood, liver, and kidney as well as from 
bile, obtained growths of V. cholerae once from the bile and the kidney, 
and in a second instance from the heart blood, the liver, the spleen, and 
the kidney. 

In the first of several articles dealing with the problems presently under 
review, Greig (1912, 1913a) recorded that he had demonstrated the presence 
of organisms morphologically identical with V. cholerae in smears and 
sections from the pneumonic patches met with at autopsy of a cholera 
victim. He soon confirmed (see Greig 1913b) this observation by the 
isolation of cholera vibrios from the lungs as well as from the stools and 
bile of another victim. Organisms morphologically resembling V. cholerae 
could also be demonstrated in sections· from the kidney of this dead body 
and Greig also shortly referred to another instance in which cholera vibrios 
had been cultivated from the kidneys. 
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In a further publication, Greig (1914a) stated that he had been able to 
undertake an exhaustive bacteriological examination of the organs of 9 
cholera victims autopsied soon after death. He thus described the technique 
used for this purpose: 

·· Portions of the organs were removed with sterilised instruments, and to eliminate 
any possibility of accidental contamination the pieces of tissue were dipped in alcohol 
and flamed. They were then placed in peptone \\ater and broken 'UP with a sterile glass 
rod. The flasks containing the tissues were placed in the incubator at 37°. After 6 and 
24 hours subcultures were made on Dieudonne blood agar. In the case of the bile it was 
drawn off with aseptic precautions and spread on ordinary agar slopes. Then the gall
bladder was opened and the bile washed away with sterile normal saline, a piece of the 
wall was cut out and dipped in alcohol and flamed and then placed in peptone water as in 
the case of other organs. Smears were made from the various organs and portions were 
fixed in alcohol for section cutting." 

Results of culture tests made by Greig in the course of his 9 investiga
tions with the aid of the above described technique may thus be summarized: 

Organ :"\ ,.,.:~o c~t pn5iti1•es Organ Number ofpositiPes 

Bile 8 Brain and plexus choroideus 1 
Gall-bladder wall 5 Heart wall 5 
Pancreas 2 Lung 9 
Mesenteric lymph-noda 5 Kidney 9 
Liver 8 Wall of urinary bladder 4 
Spleen 7 Urine 3 

Note : The number of instances in which pure cultures of V. cholerae were obtained is 
not given. 

Jacobitz (1915), examining the blood of 5 cholera patients and of 7 
victims to the disease with the aid of peptone water enrichment for the 
presence of V. cholerae, obtained positive results only in the case of 2 of 
the dead bodies. One of these 2 victims had succumbed after an illness 
of about 5 days and had been dissected 6 hours after death, while the second 
had died on the day of attack and had been autopsied 16 hours afterwards. 

As has been noted above, Crowell & J ohnston were in the course of 
their numerous inwstigations unable to demonstrate the presence of the 
causative organisms in the dead bodies of cholera victims outside the 
intestinal tract, the biliary passages, and the gall-bladder. 

Performing 53 autopsies of cholera victims immediately after death, 
Cantacuzene (1920) \vas able to isolate the causative organisms from the 
heart blood in only 5 instances. 

As will be gathered from the findings recorded above, a considerable 
number of workers claimed that a generalization of the infection by V. 
cholerae was more or less frequent. In order to assess the validity of these 
claims, it is necessary to consider (l) ho\v far the various workers took 
precautions against an accidental contamination of their culture materials 
by the intestinal contents of the victims: (2) to what extent they succeeded 
in establishing the true cholera nature of their growths; and (3) how far 
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the presence of V. cholerae in the organs outside the gastro-intestinal tract 
and its annexes was due to invasions taking place before death or before 
the agonal period. 

In regard to the first of these questions it has to be stated that most of 
the workers enumerated aboYe appear to have been quite aware of the 
danger of an accidental contamination of the materials they collected for 
cultivation from the organs outside the gastro-intestinal system and con
sequently took precautions to prevent it. Hence, while it is impossible to 
deny that such a contamination through the intestinal contents may have 
been responsible occasionally for false positives, it seems legitimate to 
maintain that generally speaking this source of error did not play an 
important role, and in the case of certain series of investigations presum
ably none at all. 

Since the obserYations made regarding a distribution of V. cholerae 
beyond the gastro-intestinal system go back to the first years after the dis
covery of this organism, when the only quite reliable method for its iden
tification-namely, serological tests-was not yet available or at least not 
universally used. it would seem a priori that the value of the early findings, 
supported merely by the outcome of bacterioscopic and cultural tests and 
of the equally not quite reliable cholera-red reaction, is questionable. 
Actually, however, it would be wrong to overrate the importance of this 
potential source of error. For practically all the positive findings recorded 
above were made at times of established cholera outbreaks and in the case 
of victims in whom the presence of the disease had been demonstrated 
through examination of their intestinal contents or their stools. It was thus 
possible to compare the character and the reactions of the growths obtained 
from the various organs outside the gastro-intestinal system with the 
corresponding results arrived at through an examination of the faeces or 
intestinal contents. Generally speaking, there seems, therefore, little reason 
to question the authenticity of even the early findings made in regard to 
the problem presently under review. 

The question, however_. to what extent the general distribution of 
V. cholerae was the result merely of a postmortal or agonal invasion of 
the organs concerned instead of an invasion taking place earlier deserves 
the greatest attention. ·while, as noted above, a few workers admitted or 
even stressed the occurrence of a postmortal distribution of V. cholerae, 
several other observers strongly denied the occurrence or at least the 
frequency of this phenomenon_ 

Though the arguments brought forward by Michailow (1909) and by 
Sewastianoff (1910)-the principal advocates of the latter view-were 
mostly rather far-fetched, one must agree with them and their supporters 
that the penetration of V. cholerae beyond the gastro-intestinal system was 
by no means invariably the result of a postmortal invasion. At the same 
time, however, there can be no doubt that the writers bent upon disproving 
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the latter failed to pay due attention to the probability of an agonal invasion 
of the general system by V. cholerae. For it is certain that during the often 
prolonged algid stage of cholera, which with much reason has been likened 
to a stage of "living death", conditions are favourable for a bacterial 
invasion and it is consequently most likely that the penetration of V. cholerae 
into the general system is particularly apt to take place during this state of 
nearly abolished vitality. At the same time, however, it would be un
warranted to deny that such an invasion can take placealso earlier in the 
disease, the sole point at issue being whether this or an agonal invasion is 
more common. 

It has to be noted in the latter connexion that observations reliably 
proving the existence of a vibrionaemia in cholera patients have been made 
upon only one occasion: 1 Ling (1932) described the case of a patient suffering 
from typhoid fever, from whose peripheral blood cholera vibrios were 
isolated on two occasions besides typhoid bacilli and from whose heart 
blood, obtained by puncture after death, V. cholerae was cultivated together 
with Ps. pyocyanea. 

Ling was unable to decide whether the individual in question had 
suffered from a cholera attack followed by a secondary infection with 
S. typhosa or-what seems on the whole more likely-had been a cholera 
carrier in whom typhoid infection had facilitated an entry of V. cholerae 
into the blood-stream. 

In marked contrast to the findings obtained by Ling under altogether 
unusual conditions, cultivations made by several other workers with the 
blood of typically affected cholera patients gave invariably negative results. 

Sewastianoff (1910) recorded in this connexion that he had noted in the 
case of 2 out of 30 such blood samples in the initial peptone water cultures 
and subcultures some turbidity, which appeared to be conditioned by the 
presence of a small number of organisms morphologically resembling 
cholera vibrios. Since, however, he was unable to produce growth of these 
suspect organisms on solid media, he admitted that the examination of his 
30 samples, though " almost successful " in two instances, had given 
negative results-a conclusion with which one must thoroughly agree. 

Similarly, Greig (1914b) admitted that he had invariably obtained 
negative results when cultivating blood samples collected from numerous 
cholera patients. He argued, therefore, that a distribution of the organisms 
through the lymph channels accounted for the invasion of the general 
system by V. cholerae which, in his opinion, was of frequent occurrence. 

1 As noted above, Tizzoni & Cattani (1888) stated that they had seen in 2 instances organisms showing 
the morphological features of V. cholerae in smears from the blood of cholera patients, but were unable to 
confirm these observations through cultivation of the blood samples in question. 

Pasricha and colleagues (1938) recovered through liver puncture V. cholerae from a patient who in the 
course of a cholera attack had developed icterus and a marked enlargement of the liver. Presumably, however, 
the presence of cholera vibrios in this organ was the result of a local ext~nsion of the infection from the 
intrahepatic bile ducts instead of being due to a vibrionaemia. It speaks for this assumption that cultures 
from the blood and the urine of this patient gave negative results. 
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However, even if one were ready to accept the idea that the lymphatic 
system did play a role in the general distribution of the organisms, it would 
be impossible to see how the various organs, except the mesenteric lymph-

, nodes, could have been reached by V. cholerae without a subsequent inter
vention of the blood-stream. 

Jacobitz (1915) while, as noted above, obtaining positive results with 
the blood of 2 out of 7 cholera victims, failed like the above-mentioned 
observers to obtain growths of V. cholerae when cultivating blood samples 
collected from 5 cholera patients. 

Dealing with the problem presently under review, ~ichols (1916) 
postulated that in cholera there existed a portal rather than a general 
septicaemia and that consequently better results might be obtained if, 
instead of the peripheral blood, the blood of a mesenteric vein could be 
used for cultivation. However, this assumption is not in accord with the 
observations of Briiloff (1910) who, as quoted by Jacobitz, obtained in 
the case of cholera victims but slightly better results when making cultures 
from the portal vein instead of the heart blood ( 40 ~'~ isolations of V. clzolerae 
from the portal blood as against 38% in the case of the heart blood). 

Since it might be argued that a vibrionaemia, though apt to occur, 
might be of a passing nature, great attention has to be paid to the results 
arrived at by De Monte & Gupta (1938) when inoculating 5-ml amounts 
of the blood of 26 cholera patients into 100-ml quantities of peptone water 
and also making direct cultures on agar. For, even though the samples in 
question were collected soon after the onset of the disease (3-9 hours after 
the sufferers had fallen ill), results of cultintion were always negative. 

In support of the findings just recorded, observations on the appear
ance of V. cholerae in the urine of cholera patients, which one would expect 
to have been frequent were a vibrionaemia of common occurrence, were 
actually few and far between. The evidence aYailable in this respect may 
be summarized thus: 

Sewastianoff (1910) reported upon 31 examinations, stating that he 
usually collected his urine samples with the catheter, but that he some
times utilized the last drops of urine which had been voided by male 
patients after careful disinfection of the praeputium and glans penis with 
bichloride of mercury. Cultivation of these samples yielded growths of 
V. cholerae in the case of 2 male and 3 female patients. In one of the former, 
whose history was given in some detail, the vibrionuria was found to last 
4 days. After that time the urine of this sufferer, found to be slightly acid 
and free from albumen, still gave a cholera-red reaction for a few days. 

As briefly stated by Cano (1913), he and Wiener had been able to 
demonstrate the presence of V. cholerae in the mucosa of the urinary 
bladder of a male cholera victim and had also succeeded in finding cholera 
vibrios in the scanty urine obtained through catheterization from a female 
patient. 
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Positive findings in the urine of cholera patients were also recorded by 
Greig (1913b), who claimed .to have found cholera vibrios in 8 out of 55 of 
the samples examined. However, as justly stated by Chatterjee (1941), 

" owing to the absence of complete details in his [i.e., Greig's] procedure, chances of con
tamination cannot be ruled out." 

While this objection seems not justified in the case of Sewastianoff's 
and Cano's observations, the great rarity of the presence of V. cholerae in the 
urine of the patients is well illustrated by (a) the entirely negative results 
obtained by Kulescha (1910) when bacteriologically examining numerous 
urine samples collected under strictly aseptic conditions from cholera 
patients; (b) the observations of Schoebl (1915), who failed to find the 
causative organisms in 41 urine samples from 27 cholera patients or con
valescents; and (c) further investigations by Chatterjee & Malik (1938), 
who were unable to demonstrate the presence of V. cholerae in urine 
samples collected with the aid of catheterization within periods of 1-7 days 
after onset of the disease from 122 patients. Takano, Ohtsubo & Inouye 
(1926) likewise stated that the workers in Japan had nyver been able to 
find cholera vibrios in the urine or in the blood of cholera patients. 

Taken as a whole, the experiences gained through examinations of 
the blood and urine of cholera patients lend strong support to the view 
that a pre-agonal generalization of the infection, instead of being of common 
occurrence, is exceptionally rare. 

Pathogenesis 

Though it is impossible to deal exhaustively with the pathogenesis of 
cholera before the problems of the clinical pathology of the disease have 
received attention in the eighth chapter of this book, the following subjects, 
being germane to the present disquisition. may with advantage now be 
discussed. 

Portal of entry of the infection 

As has been stated above (see page -1071. Sanarelli (1923a) suggested 
on account of experimental findings that cholera was the result not of an 
intestinal infection but of an entry of the causative organisms through 
the faucial organs, followed by their distribution through the blood-stream. 
As was pointed out, however, for various reasons Sanarelli's assumption 
was not acceptable. It may be claimed that the validity of this contention 
is fully supported by the observations no" recorded on the pathology 
of the disease and the distribution of V. cholerae in man. It would be 
redundant, therefore, elaborately to deal with Sanarelli's hypothesis which 
may be said to be merely of historicaL if of any. interest. 
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Role of the cholera toxin 

Reporting on his findings at the 1884 cholera conference, Koch main
tained that the signs and the course of the disease in man could be explained 
by the assumption that the comma bacilli produced a specific poison, 
adding that 

'" the action of the poison becomes manifest panly in an immediate manner, inasmuch as 
through it the epithelium, and in the most seYere cases also the upper strata of the intestinal 
mucosa, become necrotized; panly it is resorbed and acts on the whole organism, particu
larly on the circulatory organs which, as it were. become paralysed. The symptom complex 
of the cholera attack proper, usually considered to be due to dehydration and a concentra
tion of the blood, is in my opinion to be considered essentially as an intoxication. For 
it is not rarely met with also when during life comparatively very small amounts of fluid 
have been lost through vomiting and diarrhoea. and when immediately after death the 
intestine as well contains but little fluid." [Trans.) 

Even apart from the fact that, as has been discussed in the first section 
of Chapter 4, Koch erred when assuming that the cholera vibrios produced 
an exotoxin, the validity of his hypothesis has remained the subject of 
considerable debate. It was soon assailed by Emmerich & Tsuboi (1893; 
see also Emmerich, 1893 and 1911), who reached the astonishing conclusion 
that the cholera syndrome was the result of nitrite poisoning due to the 
capability of V. cho!erae to reduce in vim as well as in vitro the nitrates to 
nitrites. However, though winning the support of a few writers, quite 
particularly that of Sticker (1912), the \alidity of this assumption was 
categorically refuted by several other workers, such as Klemperer ( 1893), 
Pfeiffer (1894), Liebermeister (1896), ChoukeYich (1911), and Kolle & Prigge 
(1928). Most important among these objections to the theory of Emmerich 
& Tsuboi and of Emmerich are the following: 

Klemperer (1893) pointed out inter alia that (a) cholera vibrios which 
had been bereft of their vitality, and consequently of their ability to reduce 
nitrates to nitrites, still produced a typical fatal syndrome in experimen~l 
animals, and (b) the virulence of the organisms could become lowered 
without impairment of their power to cause a nitrate reduction. 

Though examining with the aid of Proskauer not only animals which 
had succumbed to cholera but also those killed at various stages of the 
infection, Pfeiffer (1894) was never able to demonstrate the presence of 
nitrites in the peritoneal exudate of intraperitoneally infected guinea-pigs 
or in the contents of the small intestines after oral infection according to 
Koch's method. 

Choukevich (1911) was unable to confirm that, as claimed by Emmerich, 
guinea-pigs which had ingested cholera vibrios together with nitrates 
succumbed and showed autopsy signs characteristic of cholera, whereas 
controls, given either the organisms or nitrates, remained unharmed. For, 
though in Choukevich · s experience the combined oral treatment proved 
usually fatal, the post mortem appearances in such animals " had nothing 
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in common with cholera". Moreover, young rabbits which, because solely 
fed with the milk of their mothers, did not ingest nitrates, were nevertheless 
susceptible to oral cholera infection. Such animals showed no or only 
negligible quantities of nitrates in their intestinal contents. 

In the opinion of Kolle & Prigge (1928) there existed on the one hand 
" no demonstrable analogies between the morbid picture of cholera and 
nitrite poisoning", while on the other hand pathogenic organisms like 
S. paratyphi B and Sh. flexneri, though equalling V. cholerae in nitrate
reducing properties, produced clinical syndromes fundamentally different 
from that of cholera. 

While refuting Sanarelli 's thesis, Pfeiffer (1894) fully supported the 
views of Koch: drawing attention to the marked epithelial desquamation 
met with even in the intestines of cholera victims who had been dissected 
soon after death, Pfeiffer concluded from these observations that 

"at least a very considerable damage of the intestinal epithelium was present during life. 
In this way, in man also the preliniinary conditions are created which were found neces
sary in guinea-pigs for the evolution of cholera intoxication. The resorbed cholera 
toxins produce as in the guinea-pig a drop in temperature, paralysis of the circulation, 
general muscular debility, and partial muscular convulsions, that is, just the symptoms 
characteristic of the algid stage." [Trans.l 

Moreover, Pfeiffer emphasized, the specific serological changes met 
with in cholera convalescents served as a direct proof "that these toxic 
substances actually come into the blood-stream ". 

Agreement with the views of Koch, which were reasserted in the 1887 
. report by Gaffky, was expressed also by other workers. Thus Klemperer 
(1894), anticipating Pfeiffer, held that the appearance of immune bodies 
in the blood serum of individuals who had been affected by cholera formed 
proof positive of a resorption of the cholera toxin. Further, as has been 
mentioned above (see page 483), some early observers believed in a 
circulation of these toxins, because they held them responsible for the pro
duction of the renal lesions characteristic of severe cholera attacks. 

Kolle & Schiirmann (1912; see also Kolle & Prigge, 1928) aptly expressed 
the views of the German school by stating that 

" The cholera process is ... essentially an infective process of the intestinal epithelium 
with subsequent intoxication. The vibrios multiplying in the lymph-spaces between the 
epithelial cells supply this toxin when they succumb. If it has come to an epithelial necrosis 
and desquamation of the epithelium, the toxic substances present in the intestinal lumen 
also exert an action." [Trans.l 

However, like Koch (1884), Kolle & Schilrmann pointed to the occur
rence of cases of cholera sicca, in which diarrhoea and vomiting were 
absent and, even though an infection of the intestinal epithelium could be 
demonstrated, no epithelial desquamation was found at autopsy. 

The indispensability of an epithelial desquamation for the pathogenesis 
.of typical cholera attacks was denied by Stoerk (1916) who, as mentioned 
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before, maintained that the process was initiated by a dilatation of the 
intestinal vessels followed by the transudation of fluid, which frequently 
led to a detachment of the epithelium from the basal membrane not resulting 
in desquamation. He added that 

·• The histological appearances justify the assumption that the extent of transudation 
from the vessels of the intestinal mucosa. specially from the subepithelial capillaries, into 
the intestinal lumen is very considerable. One could compare the process for example 
with an inflammatory lung oedema; for evidently one has to do with an abnormal per
meability of vessel walls damaged by the toxin. I am of the opinion that there exists a 
most immediate relation between this form of transudation and the watery consistency 
of the cholera stools. One must realize in this connexion ... the tremendous extent of the 
interior surface of the intestine (and the corresponding extent of the subepithelial capillary 
net primarily concerned in the transudation) conditioned by the configuration of the 
villi in the small intestine." [Trans.l 

Reference has been made already (see pages 472 and 490) to the views 
of Good pasture (1923) who, denying the common occurrence of a pre-agonal 
epithelial desquamation, held that in cholera 

" the great mass of the \·ibrios is confined to the intestinal lumen and, if toxic substances 
are formed there directly or indirectly as a result of their growth, they are absorbed early 
in the disease through an anatomically intact mucosa." 

An opposite view was expressed by Banerjee (1939) who, considering 
a marked necrosis of the epithelium as one of the characteristic lesions 
present in the small intestine of cholera victims, thought it probable that 
this destruction of the epithelial lining accounted for the great drain of body 
fluids and salts into the intestinal lumen. 

De, Sarkar & Tribedi (1951) came on account of experimental observa
tions to a view similar to that expressed by Stoerk, for they stated that in 
human cholera sufferers: 

··The endotoxin, liberated by the death and disintegration of the vibrios, through 
a local action on the capillaries of the intestinal mucosa, increases their permeability 
causing an outpouring into the lumen of the gut of plasma sometimes mixed with red 
blood cells. The toxin is also absorbed and thereafter exerts a specific toxic effect on the 
submucosal capillaries of the small intestine."' 

When trying to draw conclusions from the rather discrepant opinions 
of the observers enumerated aboye, one must incline to the belief that an 
action of the cholera toxin on the submucous capillaries of the small 
intestine is of primary pathogenetic importance, while the epithelial desqua
mation plays a secondary and not indispensable role. The results of experi
mental studies like those of Burro\YS, Wagner & Mather (1944) and of De 
& Chatterjee (1953), referred to above (see pages 417 and 449) fully 
support this contention. 

While, notwithstanding the dissensions discussed above, it is generally 
accepted that the intestinal manifestations of cholera are due to an action 
of the endotoxin of V. cholerae, the question to what extent this endotoxin 
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is responsible for the production of the general symptoms. and signs of the 
disease has remained the subject of much doubt. 

It seems well to consider in this connexion first an hypothesis which, 
though commonly ascribed to Sanarelli (1923b), was advanced already by 
some earlier writers, with particular clarity by Ciaccia (1914) who, in an 
article already referred to spoke of 

" the possibility that the cholera vibrio engenders only a local action with the consecutive 
severe lesions of the intestinal mucosa, which in its turn would create necessary and 
sufficient conditions for the transition of toxic, po8sibly in part bacterial products from 
the intestinal lumen into the circulation". [Trans.] 

In Ciaccia's opinion among these toxic substances those produced by 
the E. coli group of bacteria seemed particularly important. 

Sanarelli (1923b) concluded from experimental observations already 
noted above (page 431) that: 

"The number of points of contact that one finds between the symptomatology and 
the anatomic lesions in this kind of algidity obtained experimentally in guinea pigs, and 
the algid state observed in human cholera permits, so it seems to me, to class, from now, 
cholera algidity among the anaphylactic phenomena. Algidity would only be a brusque 
access after a preparatory phase of sensitization or incubation, represented by the simple 
and direct action of the vibrios on the mucous membranes of the intestine and then set 
going by the joint action, as unexpected as it is indispensable, of other microbes, or their 
proteid. These are, as a rule, B. coli, staphylococcus, etc., tempora~y, but nearly always 
habitual, inhabitants of the lymphatics of the alimentary. canal. Following upon the 
enteric action of the vibrios, these others are roused and become· exalted in virulence 
pouring into the blood their antigen and invading, very often, the different viscera." 1 

Sdrodowski & Brenn (1925), while cautiously supporting the validity of 
Sanarelli's contentions, admitted that it was possible to produce an algid 
syndrome by sensitization of experimental animals with E. coli in place 
of cholera vibrios. In their opinion, therefore, this problem 

"fell into the realm of the pathology of' algid states ', which are met with also in some 
intestinal diseases not caused through cholera vibrios (cholera nostras, gastroenteritis of 
children) and the etiology of which stands in a close relation with the coli bacilli ". [Trans.] 

Views similar to those of Sanarelli were also propounded by Banerjee 
(1939) and by Chatterjee (1939b, 1939c). As quoted in the Tropical Diseases 
Bulletin (1939), Banerjee considered the algid stage of cholera to be due 
to the conjoined action of the cholera vibrio and extraneous intestinal 
organisms and also suggested that an absorption of histamine from the 
intestine might be responsible for the fall in blood pressure seen in cholera 
patients. 

Chatterjee (1939b, 1939c) laid even greater stress upon a role played in 
the pathogenesis of cholera by an absorption of histamine, pointing out 
that (a) V. cholerae, when grown in synthetic media, brought about a 
complete transformation of histidine into histamine, and (b) the lesions met 

1 Tran5lation cu~fed fr0m the n·~. ie,,- of Sanarelli's article in the TFJpit a! Di~J'{I{;eo.; Bulletin, 1924 
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with in cholera victims resembled those produced by histamine. Generally 
speaking, he was of the opinion that the cholera syndrome was not the result 
of a toxaemia, but was rather due to the creation of an allergic state. 

Claims that an absorption of E. coli autolysates from the intestines of 
cholera patients might aggravate the symptoms of the disease were made 
by Ghosh & Mukerjee (1941), because they had observed that (a) the 
injection of sterile filtrates of cholera stools into rabbits led to the appear
ance of considerable amounts of E. coli agglutinins in the sera of these 
animals, and (b) the sera of 25 out of a total of 35 cholera convalescents, 
which agglutinated V. cholerae, also agglutinated the E. coli strains isolated 
from these individuals, whereas such coli agglutinins were much more 
rarely met with in healthy persons or in typhoid patients. 

The vie~s propounded by Sanarelli and by Sdrodowsky & Brenn were 
sharply criticized by Kolle & Prigge (1928), who reached the conclusion 
that the results recorded by these workers 
" had added nothing certain to the already known facts, experimental findings, and 
theories, through which the pathogenesis and the e\·olution of the cholera infection, the 
clinical picture and especially the characteristic complex of symptoms, the algid stage, 
could be explained in a satisfactory manner. The importance of the Bact. coli for the 
causation of the algid stage and the interpretation of the latter as an anaphylactic shock 
have not found a satisfactory experimental confirmation." [Trans.] 

Similarly, an editorial in the Calcutta Medical Journal (1939) which 
followed the article by Chatterjee (1939b) was not in agreement with the 
views of this worker or with those of Banerjee (1939), declaring that 

·· At the present state of our knowledge cholera cannot be regarded as an allergic 
manifestation as it is difficult to imagine specific hypersensitiveness in epidemic diseases." 

The writer of the editorial was likewise of the opinion that the supposed 
production of histamine in the intestinal tract failed to offer a satisfactory 
explanation for the pathogenesis of cholera. 

Weighing the evidence adduced abow, one must agree with the views 
of Kolle & Prigge and of the editorial statement just mentioned. For it is 
impossible to see how the development of an allergic condition could 
account for the rapidly e·volving cholera syndrome and how, in particular, 
an action of E. coli could be held responsible, in view of the fact that early 
in the disease V. cholerae is often present in the intestines in nearly pure, 
or even quite pure, culture. \foreowr, even if the claims of Ghosh & 
Mukerjee could be accepted as generally valid, their findings furnish no 
evidence that the E. coli autolysates, supposed to be of importance in cholera 
by these two workers. exert an action early in the disease. 

Though it was held by some authorities, e.g., by Kolle & Prigge (1928) 
and the editorial writer just mentioned, that a refutation of the postulates 
of Sanarelli and of similar dissentient opinions (see also Rainsford, 1952) 
automatically reaffirmed the nlidity of Koch's tenets, actually a critical 
reappraisal of the latter is urgently required. 
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As will be gathered from his statement in 1884 quoted above, Koch 
felt entitled on account of his recent discoveries to overrule the formerly 
held opinion that the general signs of cholera were the result of a dehydra
tion and of a subsequent concentration of the blood and to maintain 
instead that the cholera syndrome was the result of a toxaemia. However, 
Leyden (1892), approaching this problem with the wide outlook of a great 
clinician, again affirmed the great importance of the formerly held views, 
stating that he 

" was not able to recognize in the symptoms of the initial cholera attack the action of an 
essential toxin ... Very frequently the sensorium remains free until asphyxia becomes fully 
developed, anyhow for very long. The heart also shows nothing suggestive of a toxin 
action, for the pulselessness is the result of dehydration. If, however, the blood again 
attracts water, or as the result of an intravenous infusion, pulse and heart recover fairly 
rapidly. Equally important is the empirically established fact that cholera is followed by 
but few secondary diseases [Nachkrankheiten] and hardly by any referable to a toxin 
action." [Trans.] 

Liebermeister (1896), in his classical contribution on cholera to 
Nothnagel's handbook on. internal diseases, maintained that, as had 
already been advocated in 1849 by Niemeyer, cholera fell into the category 
of" local " infectious diseases, inasmuch as the causative organisms exerted 
a direct action only in the intestinal tract. He was willing to admit that the 
intense intestinal catarrh as well as the necrosis and desquamation of the 
intestinal epithelia was mainly the result of an early action of the cholera 
toxin but deplored the tendency to 

"consider all or almost all disturbances outside the intestinal tract ·simply due to toxic 
actions and thus to underrate the importance of dehydration and nervous impairment of 
the heart". [Trans.] 

Though, as has been noted above, no complete agreement has been 
reached, most modern observers (see, for example, Burrows, 1948) are in 
favour of the views of Leyden and Liebermeister rather than of those of 
Koch and his school. It has already been stressed in this connexion that 
the results of recent studies on the kidney lesions in cholera strongly spoke 
against a direct action of the endotoxin on this organ. 

At the same time, however, it would be unwise to assume that the cholera 
toxin exerts exclusively a local action in the intestinal tract. There can 
be no doubt that an absorption of the toxin does take place and it is most 
likely that some of the lesions becoming manifest in the course of -cholera 
outside the gastro-intestinal tract, for instance the degeneration of the 
striated muscles, observed also in other infectious diseases, are due to its 
direct action. This view is further supported by the experiences with the 
cholera toxin in experimental animals and in tests with isolated organs. 
Hence, overshadowed though it is by the spectacular manifestations due 
to dehydration and its sequelae, a direct role of the toxin in the causation 
of the general cholera syndrome should not and cannot be disregarded. 
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Chapter 7 

PRACTICAL LABORATORY DIAGNOSIS 

Stool Examination 

Collection of specimens 

Different procedures have to be used for the collection of stool specimens 
for cholera laboratory work according to whether faeces of patients or of 
suspected carriers of V. cholerae have to be examined. Moreover, a special 
technique is required for obtaining the material necessary for such examina
tions from the intestinal contents of supposed victims of the disease. 

The method usually resorted to when handling the fluid stools of cholera 
patients is to put adequate quantities of freshly voided faeces-preferably 
with the aid of small pasteboard spoons of the type supplied by ice-cream 
vendors-into suitable containers, which are then forwarded as rapidly as 
possible to the laboratory. In place of thick-walled, small Erlenmeyer 
flasks or glass jars ordinarily· used for commercial samples, and recom
mended early by Dunbar (1896), other containers, particularly the earthen
ware jars cheaply available in Eastern countries, may be utilized. In fact, as 
long as the laboratory is situated near to the wards, any leak-proof con
tainer which is provided with a cover fitting tightly enough to avoid spilling, 
access of flies, and rapid drying of the samples, and which can be sterilized 
by autoclaving or boiling, is serviceable. However, it would be more 
expedient to employ, in place of such containers, the pasteboard boxes 
recommended originally for quarantine work (McLaughlin, 1916) because 
these, if taken immediately before use from the original packages, can be 
utilized without preliminary sterilization and, after completion of the 
examination, can be discarded easily as well as safely by incinerating them 
together with their contents. 

Some modern workers have recommended relying for the examination 
of cholera dejecta not upon their natural evacuation but upon their collection 
with the aid of mechanical contrivances. Besides the method of swabbing
which will be dealt with below as it is as a rule used in the search for cholera 
carriers rather than for the examination of patients in the acute stage of 
the disease-the insertion of glass tubes or of rubber catheters has been 
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recommended for stool collection. Thus Reimann et al. (1946) recorded 
that, in order to obtain material for cholera diagnostic tests during an 
epidemic, they utilized for each sufferer two glass tubes which " were 
inserted in turn about 3 inches into the rectum, drawn back and forth 
gently several times until fluid entered the side aperture and collected in 
the rounded end ". One of these tubes, after a smear had been taken from 
its outside surface, was placed into alkaline peptone water, the other into 
the preserving medium of Venkatraman & Ramakrishnan (1941), described 
later in this chapter, to serve as a reserve in case the examination and 
subcultivation of the peptone water specimen gave no clear-cut results. 

The sterile soft rubber catheters to be used for the collection of the 
fluid stools of patients in the acute stage of cholera should be first lubricated 
with sterile liquid petrolatum and then inserted 4-5 cm into the rectum. 
The specimen thus voided is collected into a sterile tube or flask. 

Whatever method of collecting the specimens is chosen, it is imperative 
to avoid their coming in contact with disinfectants or with ordinary water, 
which, besides generally not being sterile, may contain cholera-like vibrios. 
The greatest possible attention must be paid to the prop~r labelling of the 
samples. To use merely the bed number for this purpose is altogether 
unreliable, because, when the results of the examination are reported to the 
ward, the bed in question may already be occupied by another patient. 
Particular care must be taken in this respect when further samples from a 
previously examined patient are sent to the laboratory. 

In order to avoid the difficulties and delays attendant upon the collec
tion of stools from suspected carriers of V. cho!erae, many of whom may 
have to be handled simultaneously in quarantine work, several workers, 
e.g., Creel (1911), Craster (1913), and Ahuja et al. (1950, 1951), recom
mended obtaining material for laboratory examination from such persons 
with the aid of rectal swabs. McLaughlin (1916) pointed with great reason 
to the disadvantages of this method: it was difficult to obtain sufficient 
material, or even any at all, if the suspected persons were constipated; the 
material on the swab was apt to be scraped off by the anal sphincter during 
the process of retraction; in the case of individuals afllicted with haemor
rhoids, in particular, the insertion of the swab was quite painful. It is true 
that some of these drawbacks can be obviated by dipping the swab before 
insertion into peptone water or some other sterile fluid, or, better still, by 
encasing it in a clipped rubber catheter or rubber tube, through the open 
inner end of which the swab is pushed after the well-lubricated tube has 
been inserted 3-4 cm deep into the rectum. After faeces have been collected 
by moving the swab to and fro, the swab is drawn back into the rubber 
casing and the assembly is withdrawn. A still more satisfactory, but also 
more tedious, procedure is, according to Creel (1911 ), the initial insertion 
into the rectum of short thickcwalled glass tubes with rounded edges, which 
serve as specula for the subsequent introduction of the swabs. Nevertheless, 
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on the whole the method of obtaining faecal specimens with swabs seems 
not an advantageous one; all the less so because, according to a small 
series of observations recorded in the 1949 report of the Indian Research 
Fund Association, the percentage of positiYe results obtained through their 
examination alone was below that obtainable with stool samples. 

The usual procedure of obtaining stool specimens from suspected 
cholera carriers is to issue them with wide-mouthed bottles or jars of a 
capacity of about f-1 fluid ounce (about 15-30 ml), provided with corks 
or preferably with metal covers, or, best, with screw-caps. Small wooden, 
tin, or pasteboard spoons wrapped in paper may be issued together with 
these containers to facilitate insertion of the stool specimens into the latter, 
but it is better to affix the spoons to the inside of the covers. The persons to 
be examined must be instructed to put a piece of stools of about hazel-nut
size into the containers and to close them carefully. 

A definite, though often not realized, drawback to this otherwise con
venient method is that one can be never quite sure whether the collected 
samples are actually derived from the individuals named on the labels of 
the containers. The present writer knows of instances where ships' stewards 
obligingly filled the jars supposed to have been issued to the passengers 
with their own stools. 

An alternative method of stool collection used by ~1i.iller (1915) was to 
issue to each of the numerous soldiers he had to examine a piece of thick 
packing paper, measuring 15 X 15 cm, for deposition of their faeces. 
Wooden sticks were then used to collect pea-sized portions of the stools. 
A similar procedure was successfully used by the present writer to study the 
incidence of cholera and cholera-like vibrios in the population of Shanghai 
through collection of numerous samples in the public privies. 

In the official instructions for the collection and transport of cholera
suspect objects for examination, compiled by Koch and co-authors and 
promulgated by the Prussian authorities in 1902, it was prescribed that "if 
no voluntary voiding of stools can be obtained, the same must be effected 
through the introduction of glycerin ". 

Recommendations for inducing the passing of stools artificially. for the 
purpose of laboratory examinations were also made by several subsequent 
cholera workers. While Pottevin (1915) suggested the use for this purpose 
of either (?glycerol) suppositories or enemas with boiled water or purgatives, 
most authorities advocated the use of the latter. McLaughlin (1916) re
commended in this respect that passengers who had to undergo quarantine 
be given magnesium sulfate routinely before breakfast so as to ensure the 
collection of stool samples. However, for persons suffering from diarrhoea 
as well as for children he used large catheters or rectal tubes with several 
openings at the inner end to obtain specimens, which, like those from the 
naturally voided stools, were put into pasteboard " cuspidors " or similar 
containers. 
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It is important to note that the administration of magnesium sulfate to 
cholera convalescents whose stools had proved bacteriologically negative 
on two or three previous examinations was found by some workers, such as 
Tanda (1911), Zirolia (1911), and Piras (1913), to lead more or less fre
quently to a reappearance of V. cholerae in the faecal specimens. Gohar & 
Makkawi (1948a) were unable to obtain such results when administering 
magnesium sulfate to a group of cholera convalescents examined about one 
month after an epidemic in the village in question had terminated. They 
added that 
" in a few cases duodenal intubation and administration of magnesium sulphate were 
carried out but this did not alter the result; Apart from the trouble this procedure entailed, 
it was found that the concentrated magnesium sulphate solution when added to the 
peptone water medium .caused inhibition of the cholera vibrio, in a dilution of 1.5 per 
cent., though it was not bactericidal in as much as 25 per cent. concentration". 

However, in contrast to these findings, the actual experiences of the 
earlier workers did not indicate an unfavourable influence of magnesium 
sulfate on the reappearance of V. cholerae in the stools. Their method 
therefore perhaps deserves more attention than it has recently received. 

The routine administration of laxatives in quarantine practice, as used 
by McLaughlin, is in the opinion of the present writer not recommendable .. 
If such mass examinations have to be undertaken, there is, with but few 
exceptions, no difficulty in obtaining stool specimens. If constipated in
dividuals are met with, faecal specimens can be quite easily obtained from 
them with the aid of glycerol suppositories or small enemas. 

Amending the rather elaborate original recommendations of Koch and 
co-authors (1902) for the collection of material for bacteriological examina
tion from cholera-suspect dead bodies, instructions promulgated by the 
German authorities in 1916 and reprinted by Kolle & Prigge (1928) pre
scribed the removal of a loop about 10-cm long of the lowest part of the 
small intestine after double ligature. This piece of intestine was to be 
enclosed in a thick-walled, wide-mouthed glass jar provided with a ground-in 
glass stopper or with a well-fitting and freshly boiled cork. The jars had to 
be safely packed before transport to the laboratory. 

Adequate though this method is, modern workers will prefer to remove 
material from the small intestine for dispatch to the laboratory at autopsy 
under aseptic conditions; this is best done with a sterile pipette provided 
with a rubber bulb. For the reasons discussed in the preceding chapter, it 
is essential, when dissecting the dead bodies of cholera-suspect individuals, 
also to obtain material from the gall-bladder for bacteriological examination. 

Preservation of specimens 

Discussing the chemical affinities of V. cholerae, Nicholls (1917) re
commended preserving cholera-suspect stools by the addition of an adequate 
amount of sodium carbonate. 
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Panganiban & Schoebl (1918) studied possibilities of preserving cholera
suspect faecal specimens through experiments conducted at room tem
perature (32° C) with artificially contaminated stools. They recorded the 
following results: 

(a) Glycerol exerted no preserving action, the cholera vibrios surviving 
in 20% or 25% concentrations of this carbohydrate for 4 days only, while 
at a concentration of 30% the organisms were no longer cultivable on the 
fourth day. 

(b) Sodium chloride in concentrations of from 0.5 ~'~ to 5 ~,~ preserved 
the cholera faeces throughout the observation period of 5 weeks, but in 
concentrations of more than 5 % the organisms were no longer demonstrable 
after 4-5 days. 

(c) Ox bile used in a concentration of 50/~. 75 ~~. or pure, gave identi
cally good results and proved more apt than sodium chloride at a 1 /6 con
centration to maintain the viability of cholera Yibrios added to the faecal 
emulsions in small numbers. 

Notwithstanding these experiences, the method of using sodium chloride 
solutions for the preservation of cholera-suspect stools ·was again recom
mended by Tomb & Maitra (1926) and by Brahmachari (1927), who advised 
the addition of 4-5 g of the faeces to 30 ml of 1 ~·~ saline in test-tubes 6 inches 
by 1 inch. 

The problem of the admissible delay in the examination of stools for 
V. cholerae was again studied by Soda et al. (1936), who were able to ex
periment with the faeces of three cholera patients, keeping the specimens 
respectively at 37° C, at an unspecified room temperature, and in the 
refrigerator. As was to be expected, survival of the organisms was shortest 
at incubator temperature (37° C)-sometimes not longer than 3 hours-and 
as long as 8 days in the refrigerator. Survival of the cholera vibrios was 
also found to be longer in diarrhoeic than in solid stools. On account of 
these experiences and of-further tests made with artificially contaminated 
faecal specimens, Soda et al. recommended that in actual work with the 
faeces of suspected cholera carriers not less than 5-g quantities of stools 
should be used for examination and that these should be collected not 
more than 24 hours beforehand and kept at a low temperature. If, in 
sea-borne traffic, a ship's doctor was ayailable, he should immediately 
make peptone water cultures \Vith the travellers' faeces collected within 
24 hours before arrival. Otherwise, it was recommended that the faecal 
specimens be preserved at a low temperature after addition of 10 ml of 
peptone water with a pH of 8.4. 

Seal (1939), making a comparative study of enrichment methods to 
which further reference \Vill be made below, preserwd his stool specimens 
by adding them in quantities of 2 teaspoonfuls(= 8-10 g) to 20 ml of 2 ~~~ 
NaCl solution filled into 100-ml, wide-mouthed and glass-stoppered 
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sterile bottles, afterwards adding 2-3 drops of a N/1 NaOH solution. In 
the latter part of his study, however, he increased the quantity of the NaCl 
solution to 40 ml with a corresponding increase in the inoculum. 

A similar technique was used by Read & Pandit (1941), when studying 
the incidence of cholera and El Tor vibrios in rural areas of India. 

Sufficient amounts of stool samples, quite freshly collected in earthenware pots with 
lids, were put with the aid of bamboo sticks into 50-ml amounts of a 2% solution of 
common sea-salt, contained in wide-mouthed, glass-stoppered bottles, to obtain thick 
emulsions. As a rule, 3-4 drops of a normal NaOH solution were added to the sea-salt 
solution before inoculation, so as to counteract the usually acid reaction of the stools. 

Venkatraman & Ramakrishnan (1941) found that: (a) a sea-salt con
centration of 2% and a pH of 9.2 were most suitable for a prolonged 
survival of V. cholerae in the presence of other bacteria; and (b) cholera 
vibrios survived in boric acid solution at a concentration of up to 1.5 %, 
whereas E. coli and Aerobacter aerogenes were completely inhibited by a 
concentration of 0.6% and, to a considerable extent, even of 0.3%- Ac
cordingly, these two workers devised a preserving fluid for the transmission 
of cholera-suspect specimens prepared as follows: 

" 12.405 g. boric acid (H3B03) and 14.912 g. potassium chloride (KCl) are dissolved 
in about 800 c.c. of hot distilled water, the solution cooled and made up to 1 litre. From 
this stock solution 250 c.c. are taken, mixed with 133.5 c.c. of M/5 NaOH and the whole 
made up to a litre. Twenty grammes dried sea-salt (common salt from the bazaar serves 
equally well) are dissolved and the buffered saline filtered through paper, dispensed in 
10-c.c. quantities in 1-oz. [28 ml] screw-capped bottles and sterilized in the autoclave." 

The two workers added that: 

"The sterilized buffer has a pH of 9.2 and is found to maintain the same pH for 
months. The collecting outfit includes, for convenience, a small aluminium spoon which 
will hold about 1 g; to 3 g. of stool depending on the consistency. Iri use, a spoonful of 
the stool specimen is well mixed in the buffer which is then mailed." 

Reporting on the use of their preserving fluid, Venkatraman & Rama
krishnan stated that in the case of artificially contaminated faeces only a 
slight initial multiplication of the choler~ vibrios took place, but that the 
organisms remained viable in the buffer solution for as long as 62 days. 
From stool samples collected from a cholera patient on the first day of 
illness and kept in the preserving fluid, V. cholerae could be isolated up to 
the 92nd day, i.e., until the specime~s w~re exhausted. Referring to a field 
trial of their preserving fluid, Venkatraman & Ramakrishnan recorded that 
during an epidemic: 

" Two sets of specimens of stools were collected in the preservative from clinically 
typical cases of cholera. One set was examined immediately on the spot, while the other 
was mailed to the laboratories at Tanjore, taking 4 to 7 days in transit, and occasionally 
longer. Both in the field and in the laboratory, platings were made after preliminary 
enrichment in mannose-bismuth-sulphite medium. Sixty-six specimens, including a 
specimen of vomit, were taken from 60 cases. V. cholerae was isolated from 64 specimens 
in the field, and from 60 in the laboratory. No case was missed. In two instances, 
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V. cholerae was isolated from mailed specimens, while the immediate examination of 
specimens taken in the field proved negative. \Ve had the impression that failure to 
isolate V. cholerae occurred in those instances where an excess of stool had been added 
to the preservative causing a drop in the pH." 

Venkatraman & Ramakrishnan also obtained apparently satisfactory 
results when using their preserving fluid for the examination of stools of 
cholera contacts. 

The use of this method in the case of suspect stools which had to be 
examined after some delay was recommended in instructions for cholera 
laboratory work published by the Public Health Laboratory Service under 
the auspices of the British Medical Research Council in 1947. It is also 
noteworthy that Felsenfeld et al. (1951), in the course of a laboratory 
study to which further reference will be made below·, found the average 
survival time of V. cholerae in the preserving fluid at present under review 
to be satisfactorily long, regardless of whether tests were made with pure 
cultures or with mi.xtures containing both cholera vibrios and other or
ganisms, including E. coli, A. aerogenes, and Proteus vulgaris. 

Pooling methods 

As far as can be ascertained, ~fuller (1915) was the first worker to report 
on the successful use of pooling methods for the detection of V. cholerae in 
the stools of large groups of individuals, in his case of battalions of soldiers 
among whom cholera cases had occurred and who therefore had to be 
quarantined. In order to examine them in a simplified manner, he succes
sively emulsified pea-sized pieces of the stools of 10 individuals in 50 ml, or 
sometimes even in only 30 ml, of peptone \Yater and then continued with 
examination of these initial cultures in the usual way. Whenever positive 
results had been obtained by this method, the groups in question were 
isolated and treated with animal charcoal and tincture of iodine; the in
dividuals actually found to harbour cholera vibrios were discharged only 
after further examination of their stools had proved negative three times. 

The pooling method was again used by Shahin (1933) for the mass 
examination of Mecca pilgrims. However, though he once succeeded in 
finding V. cholerae in a pool of ten stools and isolated on three further 
occasions cholera-like vibrios from such pooled specimens, he was unable 
to ascertain who among the members of these groups were responsible for 
the positive results. It is possible that he omitted the now universally 
adopted procedure of keeping the individual stools which remain after 
specimens have been taken for pooling until the examination of the pooled 
material had been completed. To rely instead upon repeated collection and 
examination of individual specimens is rather unsatisfactory in view of the 
often markedly intermittent character of vibrio excretion by cholera carriers. 

The method of examining pooled stool specimens for the presence of 
V. cholerae has also been utilized more recently by Gohar & Makkawi 

34 
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(1948a) and in a large-scale investigation in Madras State in India carried 
out under the direction of Venkatraman (1949). The first two observers, 
working in an Egyptian village where an epidemic had ended about a month 
previously, were unable to detect carriers with the aid of pooling tests in a 
group of people who had not been in direct contact with patients. A search 
for subclinical cholera cases undertaken with the same technique by Ven
katraman and his staff also gave entirely negative results, even though 
Venkatraman & Ramakrishnan's preserving fluid was used in 5-ml quantities 
for the collection of individual stool samples, and although highly specific 
media, which will be described below, were utilized for enrichment and 
cultivation of the pooled specimens. That, however, these negative results 
were due merely to an absence of cholera in the investigated villages and 
not to any inadequacy of the pooling technique was proved by the examina
tion of 2240 stool specimens from 245 staff members of a hospital where 
cholera patients were accommodated at the time. Cholera vibrios could be 
detected in the pooled stool specimens of these 245 persons upon five 
occasions and in all but one of these instances it was possible to identify 
the carriers in question by referring back to the remnants of emulsified 
stools left in the collecting bottles. Continued daily examination of their 
stools, on the other hand, failed to give positive results. 

These findings as well as the results originally recorded by Muller 
support the contention that it is legitimate to resort to pooling tests when 
trying to detect cholera carriers in the course of mass examinations. 

Macroscopic inspection of stools 

General agreement exists that, though as a rule severely attacked cholera 
patients void rice-watery stools during the acute stage of the disease, this 
feature is of no diagnostic importance, because it is also quite often met in 
gastro-intestinal affections due to other causes. Moreover, it is frequently 
possible to isolate V. cholerae from quite uncharacteristic stools not only 
of carriers but also (a) of patients suffering merely from choleraic 
diarrhoea; (b) of individuals who, though afterwards showing symptoms 
and signs of a severe cholera attack, are first seen quite early in the disease; 
and (c) of sufferers past the acute stage of cholera or convalescing from it. 
The marked variance in the aspeCt of bacteriologically positive stools met 
with in laboratories to which faecal specimens of contacts as well as of 
cholera patients are sent is well illustrated by a series of observations 
recorded by Dunbar (1896), who succeeded in isolating V. cholerae from 
faecal specimens showing the following macroscopic appearances: 

Typically rice-watery 
Like gruel ( mehlsuppenartig) 
Clear, watery, yellow 

10 
6 

21 

Watery and bile-coloured 
Thin " faecal " fluid 
Thin, pap-like, brown 
Solid, brown 

14 
49 
11 
24 
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Hence, while, particularly during an epidemic, clinicians may with some 
reason pay attention to the evacuation of rice-watery stools by patients 
showing other features usually met with during the acute stage of severe 
cholera attacks, laboratory workers should beware of being influenced by 
the macroscopic aspect of the faecal specimens submitted to them for 
examination. 

Bacterioscopic examination 

In view of the rather limited importance accorded by modern cholera 
workers to bacterioscopic examinations, it is interesting to note that even 
the opinions held by the early observers regarding the value of this diag
nostic method were divergent. The following of these early statements 
deserve attention: 

In a report presented at the 1884 cholera conference Koch stated that. he had resorted 
to an examination of stool smears stained with watery solutions of fuchsin or methylene 
blue, but that in only comparatively few cases could a diagnosis be arrived at without 
resorting to cultivation. Occasionally, however, it was possible to find microscopically 
a number of vibrios sufficient to permit a diagnosis. 

Some other early workers, of whom the first was Escherich (1884), warned against 
placing reliance in cholera-diagnostic work solely upon bacterioscopic examinations, 
particularly in view of the occurrence of spirilla which, more or less resembling V. cholerae, 
were specially apt to abound in the mucoid diarrhoeic stools of cholera nostras patients. 

Schottelius (1885), admitted that the bacterioscopic examination of specimens taken 
directly from the stools of cholera-suspect individuals was apt to give doubtful or even 
frankly negative results. At the same time, however, he stressed that hanging-drop or 
stained preparations made after the stools had been enriched in broth proved fully 
satisfactory and that, therefore, their microscopic examination sufficed to establish the 
diagnosis of cholera. 

The statements made by Gruber (1887) regarding the problem at present under 
review, though interesting, have to be interpreted with caution, not only because he 
examined less cholera stools than intestinal contents of supposed victims of the disease, 
but mainly because most of these materials had reached him with considerable delay. 
As far as his findings go, they showed that bacterioscopic examinations alone were not 
of decisive diagnostic importance: on the one hand, several times no positive cultures 
could be obtained from specimens showing the presence of vibrios under the microscope, 
while, on the other hand, in'two instances V. cholerae could be cultivated from microsco
pically negative specimens. However, Gruber found that reliable results could be obtained 
if hanging-drop preparations, protected against evaporation, were kept for half an hour. 
On account of the tendency of the vibrios to accumulate at the periphery of the drops, 
the re-examination of these preparations or of stained smears made from them was apt 
to give clear-cut results. 1 

Judging from observations made during the 1892 Hamburg outbreak, Fraenkel (1892) 
considered cultivation a far more reliable means of diagnosing cholera than smear exam
ination. Nevertheless, the latter was apt to give frankly positive results as long as the 

1 It was presumably on account of this early observation by Gruber that the method of ex:amining 
hanging-drop preparations of cholera-suSpect materials not only immediately but also after half an hour's 
incubation at 37°C was prescribed in the successive editions of the official German instructions for 
cholera-diagnostic work (see Kolle, 1904; Kolle & Schiirmann, 1912; Kolle & Prigge, 1928). It was 
only in the last (1916) edition of these instructions, quoted by Kolle & Prigge, that the use of this 
method as well as examination of stained smears prepared directly from the suspect materials was made 
optional in all but the first cholera cases in a given locality. 
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stools showed the rice-watery appearance with mucus flocculi usually met with during 
the acute stage of the disease. 

Revising his preYious rather sceptical views, Koch (1893), in an important article on 
the current state of bacteriological cholera diagnosis, stated that according to the expe
riences recently gained in his institute it had been possible to arrive at a positive diagnosis 
through mere smear examination of almost 50 o ~ of the stool specimens afterwards 
confirmed to contain V. cholerae, whereas not a single instance was met with in which 
subsequent tests necessitated a revision of the bacterioscopically established diagnosis. 
Koch stressed, howeYer, that in order to get such reliable results, adequate experience 
on the part of the obserYers was an indispensable prerequisite. 

The simple technique recommended by Koch for the bacterioscopic examination of 
cholera-suspect stools or intestinal contents consisted of the preparation of smears on 
cover glasses which, after they had become air-dry, were fixed by heat and stained with 
diluted carbo! fuchsin. 1 

Dunbar (1896), reporting on the observations he had made during the 1892 Hamburg 
cholera outbreak, endorsed the value of bacterioscopic examinations. He recorded 
that he had demonstrated the presence of cholera Yibrios with this method in 60.3% 
of 68 patients showing manifest clinical signs of the disease and in 53.2% of 47 persons 
suffering from choleraic diarrhoea but only in 14.8 o o of 17 individuals found to be 
healthy carriers. 

Another claim made by Dun bar was that he succeeded in arriving at a speedy diagnosis 
of cholera by the examination of smears made from the initially inoculated peptone 
water cultures after short incubation. He stated that, using this method, he was capable 
in 12 out of 14 instances of arriving at a positive diagnosis with the aid of peptone water 
cultures incubated for only 3 hours. It deserves attention, however, that Babes (1914) 
as well as Vemir & Weszeczky (1916), who were able to confirm their bacterioscopic 
findings with agglutination tests, obtained disappointing results with this rapid method. 

Generally speaking, the modern experts are agreed that bacterioscopic 
examinations do not suffice to establish the laboratory diagnosis of cholera 
and that even the presumptive value of this method is limited. The main 
objections made to it may be summarized as follows: 

1. As has been stressed by several observers, recently, for instance, by 
Ahuja et al. (1950, 1951), the use of bacterioscopic examinations is rather 
redundant in that they prove most often and most frankly positive in those 
cases in which a presumptive diagnosis can be made on clinical grounds. 

2. However, even in clinically suspicious and afterwards confirmed 
cholera cases bacterioscopic examination may give a negative result (see, 
for instance, Straus & Roux, 1884; Babes, 1914; Vemir & Weszeczky, 1916; 
Maitra & Basu, 1924; Pollitzer, 1926). 

3. In countries like India and China, where cholera-like vibrios abound 
in the surface-waters, the presence of these organisms in the stools not only 
of healthy persons, but also of individuals suffering from gastro-intestinal 
disturbances may prove quite misleading. 

1 Since dilutions of carbolfuchsin are not stable, a concentrated solution must be kept..in stock, prepared 
according to Ziehl (1882) by admixing 10 ml of a saturated solution of basic fuchsin in 95% ethanol to 90 ml 
of a 5% aqueous solution of carbolic acid (phenol). While Koch (1893) gave no specifications in this respect, 
most workers resorted for the purposes of cholera laboratory diagnosis to a dilution of one part of concen· 
trated carbo\ fuchsin with 9 parts of distilled water, as prescribed for instance in the official German instruc· 
lions (see Koch and co·authors, 1902). However, some experts preferred more concentrated solutions, 
Gallut (1954), for example. recently adwcating the use of a carbo! fuchsin dilutio" of 1/5 for the purposes of 
cholera·diagnostic work. 
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4. While the cholera vibrios in stool smears do not invariably show a 
typical morphology, other intestinal bacteria may assume an aspect more 
or less closely resembling that of vibrios. As shown by Baerthlein (1912) 
and some other workers (see summary by Kolle & Prigge, 1928), this is 
particularly true of the organism commonly known under the name of 
B.faecalis alcaligenes (Petruschky, 1896), met with quite frequently in work 
with cholera-suspect stools. 

Though, in spite of these limitations and drawbacks, the time-honoured 
method of bacterioscopic examination is still recommended in some of the 
modern guides for the laboratory diagnosis of cholera (see, for instance, 
Ahuja et al., 1950, 1951; Gallut, 1954), the present writer cannot help 
wondering whether it still deserYes such attention. Working before and 
during the Second World War under rather difficult conditions in unoccupied 
China, he was mostly unable to use smear examination of cholera-suspect 
stools and never had reason to assume that this omission exerted an 
unfavourable influence on the results of cholera laboratory diagnosis, which 
almost always became available in less than 24 hours. 

Flagellar staining 

The differential diagnostic importance of the methods of flagellar 
staining, already referred to in Chapter 3, is limited in that, though some 
of the cholera-like vibrios are distinct from V. cholerae in possessing more 
than one flagellum, this is by no means an invariable rule. 

Various methods of flagellar staining have been recommended by the 
different observers who have given their attention to this method (see 
summaries ofGruber, 1894; Kolle & Gotschlich, 1903; Kolle & Prigge, 1928; 
Mackie, 1929a, and Pollitzer, 1934). Since these tedious and delicate 
procedures can be used only for research purposes but not for the routine 
laboratory diagnosis of cholera, it would be superfluous to enter here into 
a detailed description of their techniques. However, it is important to add 
that in laboratories in which an electron microscope is available it is easily 
possible to reach an immediate decision whether a given vibrio possesses 
one or more than one flagellum. 

Peptone water enrichment 

While, as has been stated in the third chapter, the idea of using fluid 
media for the enrichment of cholera vibrios in faecal specimens was 
originated by Schottelius (1885), Bujwid (1888) was the first to recommend 
the use of peptone water for this purpose. However, it was only on account 
of the excellent results which Dunbar obtained during the 1892 Hamburg 
outbreak and which he afterwards recorded in 1896, that the value of the 
latter, eminently useful method was generally recognized. As stated by 
Koch (1893) in a preliminary account on Dunbar's work, the latter used 
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for enrichment the weakly alkaline sterilized solution of 1 %. peptone and 
0.5% sodium chloride originally recommended for the rapid growth of 
V. cho/erae by Dunham (1887). In addition to originally using this medium 
in test-tubes for the inoculation of mucus flocculi or other small particles of 
the stools to be examined, Dunbar afterwards also resorted to the inoculation 
oflarger amounts of the faecal specimens (1 ml or more) in correspondingly 
increased quantities of the enriching fluid in Erlenmeyer flasks. This last 
procedure was again recommended by Abel & Claussen (1895), who 
advocated, side by side with the tube method, inoculation of 10-20-ml 
amounts of the faecal specimens in 5-10 times the quantity of peptone 
water. After these fluids had been incubated for 20 hours, subcultures 
were made from their surface in peptone water tubes and examination of 
the latter was continued in the usual manner. 

The utilization both of tubes filled with 10-ml amounts of peptone water 
and of flasks containing 50 :q:1l each of this medium was also prescribed in 
the official instructions for cholera-diagnostic work compiled by Koch and 
co-authors in 1902 and promulgated in the same year. However, the use 
of the latter was restricted to the examination of specimens obtained from 
convalescents or supposed carriers, while in the case of the .stools of cholera 
patients the inoculation of several (3-6) peptone water tubes was recom
mended. All these cultures were bacterioscopically examined after 6 hours' 
and 12 hours' incubation at 37° C, and each time subcultures in peptone 
water tubes as well as on solid media were made from the most promising 
growths. 

In a further classical contribution to this subject, Hetsch (1903), while 
praising the value of peptone water enrichment, which had recently been 
confirmed through the large-scale investigations of Kolle & Gotschlich (1903), 
stressed that 
" the peptone solution is by no means a medium offering selective growth conditions 
exclusively for the cholera vibrios but, according to their oxygen requirements and their 
motility, all vibrio species become more less enriched on its surface". [Trans.] 

Hence, Hetsch continued, 
" it is essential for practical diagnostic work to determine the species of the enriched 
vibrios through reliable and easily applicable methods of identification and for this 
purpose their even distribution on agar plates and the testing of the colonies thus isolated 
with highly specific immune sera will serve". [Trans.] 

It is indeed the mode of procedure described by Hetsch, and not any 
rash attempt to use the primary peptone water cultures for the direct 
identification of V. cho/erae, which constitutes the outstanding value of this 
and other methods of enrichment for cholera-diagnostic work. 

The method of preparing peptone water for enrichment prescribed by 
Koch and co-authors (1902) was to make stock solutions by dissolving by 
heat, in 1-litre quantities of sterile distilled water, 100 g ofpeptonum siccum 
Witte, 100 g of sodium chloride, 1 g of potassium nitrate, and 2 g of crystal-
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line sodium carbonate, to filter these solutions, and to fill them in 100-ml 
quantities into flasks which were then sterilized. Peptone water could then 
be easily prepared by mixing 1 part of this stock solution with 9 parts of 
water. The mixtures were then filled in 10-ml quantities into tubes as well 
as in 50-ml amounts into flasks, and sterilization was repeated. 

The following comment must be made on this method, which was also 
prescribed in the subsequent editions of the official German instructions 
with the exception that the one published in 1916 and reprinted by Kolle & 
Prigge (1928) rendered it obligatory to use not less than 50-ml quantities 
of peptone water in flasks for all cholera-diagnostic work. 

(a) While Koch and co-authors specified one particular kind of peptone, 
many other brands have been found equally suitable, and some even more 
suitable, for cholera-diagnostic work. However, as maintained by 
Kabeshima (1922) and by Bengston (1924), some kinds of peptone cannot 
be used for this purpose because they have a strongly acid reaction. As 
pointed out by Bengston, this untoward feature could be counteracted by 
a corresponding adjustment of the reaction of the media. Nevertheless, 
when one has to use a brand of peptone hitherto untried for cholera labo
ratory work, it is well to ascertain its suitability through tests with known 
strains of V. cholerae. 

(b) It will be noted that, in contrast to the original recommendation 
of Dunham (1887), the official German instructions prescribed the use of 
peptone water containing 1 % sodium chloride. While, as stated in the 
third chapter, some authorities advised the use of a salt concentration 
of 3%, many workers preferred to adhere to Dunham's formula, which 
is also given for peptone water manufacture in the standard text-books 
on laboratory methods. Gallut (1954) recommended either following 
this practice or utilizing peptone solutions containing 30 g of sodium 
chloride per litre. 

(c) The advice of Koch and co-authors (1902) to bring the peptone 
solutions to a suitable reaction by the incorporation of standard doses of 
sodium carbonate cannot be considered invariably satisfactory-not 
merely because this produces only a moderate alkalinity, but mainly because 
the reaction not only of different brands of peptone but even of the water 
used in the various laboratories may vary considerably. Modern workers 
therefore prefer to bring each lot of their peptone water media to a suitable 
pH by the easily applicable methods now generally used for the standardiza
tion of media. However, so far no uniform pH standard has been adopted 
for this purpose. Thus Mackie (1929b) recommended a pH of 8.0-9.0 for 
peptone water manufacture and Gallut (1954) recently one of 8.6, while 
the investigations of Read et al. (1939), referred to in Chapter 3, as well 
as those of Venkatraman & Ramakrishnan (1941), indicated the desir
ability of using a pH somewhat in excess of 9.0. As far as the present 
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writer can judge, the figure of 9.2, suggested by the two last-mentioned 
groups of workers, might to advantage be adopted as standard for peptone 
water manufacture. 

(d) Ample experiences have shown that, when dealing with the faeces 
of cholera patients in the acute stage of the disease, it is quite sufficient to 
implant loopfuls of the specimens in tubes containing 10-ml quantities of 
peptone water, as was originally prescribed by Koch and co-authors (1902). 
Certainly, however, \vhen examinations have to be made of the stools of 
convalescents and contacts, i.e., of specimens the vibrio contents of which 
are presumably scanty, it is indicated to inoculate correspondingly larger 
amounts of the faeces (Koch and co-authors proposed 1-ml quantities) 
into flasks containing 50 rnl of peptone water. It is true that, if numerous 
examinations of this kind have to be made at the same time, the use of these 
larger amounts of peptone water might heavily tax the resources of the 
laboratories. However, as has been indicated earlier in this chapter, this 
difficulty can easily be overcome, and much labour can be saved at the same 
time, by using instead of individual faecal specimens the pooled stools of 
suspected cholera carriers for enrichment in peptone water or other suitable 
media. 

As been discussed in Chapter 3, the question for how long the peptone 
water cultures and subcultures used for enrichment should be incubated 
has also not been settled. It was stated that, while as a rule incubation 
periods of 6 hours or even more were recommended, the present writer 
found it sufficient, when dealing with the stools of patients during out
breaks, to incubate his peptone water cultures and subcultures for periods 
of 3 hours only. The great advantage of this procedure was that, without 
it being necessary to arrange for a night-shift of workers, even specimens 
received late in the afternoon could be plated on the same day and that thus 
a diagnosis could as a rule be arrived at on the following morning. As noted, 
the precaution was taken of keeping the peptone water cultures and sub
cultures (from the latter of which the platings had been made) so as to make 
it possible to re-examine them should the original platings give an indefinite 
result. Actually, however, instances where this was necessarywere exceptional. 

There can be no doubt, however, that in the case of specimens collected 
from cholera convalescents or from suspected healthy carriers the peptone 
water cultures and subcultures must be incubated for at least 4-5 hours, 
and preferably for 6 hours in the case of the primarily inoculated cultures. 
This prolongation of the incubation time entails hardly any inconvenience, 
because arrangements can as a rule be made for collecting such specimens 
early in the day. 

Other enrichment methods 

Several proposals have been made for using other fluid media for the 
enrichment of V. cholerae in suspect materials in place of the time-honoured 



PRACTICAL LABORATORY DIAGNOSIS 537 

peptone water method. Though the procedures recommended for this 
purpose in the past are not utilized any more, the following among them, 
because they attracted considerable attention for some time, deserve discussion. 

Ottolenghi (1911) found that ox bile, after alkalinization with sodium 
carbonate, favoured the growth ofT'. cholerae while inhibiting that of E. coli 
and the other organisms usually met with in human faeces. He therefore 
prepared an enrichment medium as follows: 

Fresh ox bile was filtered through paper, and 3% of a I 0% solution of 
crystalline sodium carbonate and 0.1 ~·~ potassium nitrate were added to the 
filtrate. The mixture was distributed in 5-ml quantities into tubes and these 
were sterilized in the autoclave at a pressure oft atmosphere. 

Ottolenghi recommended that for each faecal specimen 3 of these tubes 
should be inoculated with I loop, 3 loops, and 0.1 ml of the material under 
test, respectively. After incubation, material for bacterioscopic examination 
and implantation of agar plates was taken from the surface of the bile cultures. 

Experimenting with pure cultures and artificially contaminated faecal 
specimens, Ottolenghi found that his medium, while as suitable for enrich
ment as peptone water, sometimes promoted the multiplication of V. clwlerae 
more slowly than the latter. However, owing to its inhibitory action on the 
other organisms, the bile medium facilitated the isolation of cholera vibrios 
on the plates even if platings were made from the primarily inoculated tubes 
with considerable delay. It therefore seemed particularly suitable for the 
examination of specimens from convalescents and suspected carriers, the 
vibrio content of which was apt to be scanty. The bile medium, like peptone 
water, facilitated the growth of cholera-like as well as of cholera vibrios. 

While a few workers, including Hach (1924), who worked with actual 
cholera stools, confirmed the good experiences of Ottolenghi, others did not 
share these favourable opinions. Thus, as summarized by Kolle & Prigge 
(1928), Dieudonne & Baerthlein (1912) and Haendel & Baerthlein (I912) 
noted that Ottolenghi's method "sometimes gave better results than 
peptone water enrichment, but that the latter was often successful where 
the bile method failed". Schi.irmann & Abelin-Rosenblat (1913) main
tained in this connexion that if small inocula were used the bile medium 
could exert an inhibitory action on V. cholerae as well as on other organisms. 
In their opinion peptone water, which could be easily prepared and was 
stable, was preferable to Ottolenghi's medium. 

Krombholz & Kulka (1912), while admitting that this medium exerted 
an inhibitory action on certain competitors of V. cholerae occasionally met 
with in the stools of the patients, considered it a far less suitable substrate for 
the growth of cholera vibrios than peptone water. These two workers 
stressed, moreover, that: 

" In general, the solution of the problem of a maximally certain and accelerated 
diagnosis in cholera-suspect cases lies less in the inhibition of the competing organisms 
than in the provision of optimal conditions of growth for the cholera vibrios. " [Trans.] 
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Schoebl (1915) who, using dry instead of fresh bile, obtained unsatis
factory results with Ottolenghi's method, also maintained that bile could 
exert an inhibitory action on the growth of V. cholerae. 

All in all it is difficult to contradict the opinion of Kolle & Prigge that 
there was no necessity for the adoption of Ottolenghi's method in practical 
cholera laboratory work. 

In an article which appeared in the same year as that of Ottolenghi, 
Kraus and co-authors (1911) reported on the suitability of a blood-alkali 
broth for the enrichment of V. cholerae. For practical purposes they recom
mended the preparation of this new medium as follows: 

"To 100 ml of neutral broth are added 25 ml of blood alkali [prepared according to 
the method of Dieudonne (1909) described below]. The open flasks are kept for 3 hours 
at 50° and then for 24 hours at 37°, and are then tubed in 5-ml quantities and inoculated." 
[Trans.] 

Kraus & eo-workers claimed that this medium was superior to peptone 
water as far as both the inhibition of other organisms and the enrichment 
of V. 'cholerae were concerned. 

The medium of Kraus & eo-workers shared the fate of that of Ottolenghi, 
being considered suitable by some workers and unsatisfactory by others. 
Among the former observers were Dieudonne & Baerthlein (1912), Haendel 
& Baerthlein (1912), and Schoebl (1915). Sgalitzer & Loewy (1913) even 
claimed that this medium, while promoting the growth of V. cholerae, 
exerted an inhibitory action on the cholera-like vibrios. However, Schtir
mann & Abelin-Rosenblat (1913) disapproved of the method, and their 
opinion was evidently shared by Kolle & Prigge. Certainly account has to 
be taken of the tedious process of manufacturing the medium and of the 
inconstant results different lots may give. 

Goldberger (1914) made the interesting proposal to use an alkaline-egg
peptone medium for the selective enrichment of V. cholerae,. As summarized 
by Mackie (1929b), this medium 
"is composed of whole egg mixed with an equal volume of water, to which mixture is 
added an equal volume of 5 per cent sodium carbonate; the alkaline-egg preparation is 
finally mixed with nine parts of peptone water". 

It was found that in this illedium, the manufacture of which was again 
carefully studied by Bengston (1924), V. cholerae multiplied less rapidly 
than in peptone water but continued to multiply for a longer period. 

According to Mackie, Goldberger's medium was "recommended as an 
alternative to alkaline peptone water in the Medical Research Council 
Special Report (1920) on the' Laboratory diagnosis of intestinal infections'". 

A further enrichment method to be referred to at thy present juncture 
was that of Yen (1933), who prepared for this purpose a starch-containing 
medium in the following manner: 2 g Witte peptone, 1 g maltose, 0.5 g 
potassium nitrate, 0.5 g crystalline sodium carbonate, 10 g sodium chloride, 
and 0.5 g crystalline magnesium chloride are dissolved in 900 ml of distilled 
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water; the solution is boiled for 3 minutes and then filtered. Next 100 ml 
of a 5% solution of soluble starch, which has been previously boiled for 
2 minutes, are thoroughly mixed with the filtrate. The mixture is filtered 
through cotton and then through asbestos. After readjustment ofthe volume 
the clear filtrate is sterilized by boiling for 3 minutes and is then kept in the 
refrigerator. Immediately before use the reaction of the medium is adjusted 
to pH 9.0-9.2, 5 ml of a saturated solution of phenolphthalein in 50% ethanol 
per litre serving as indicator. The ready-made medium is distributed into 
sterile 50-ml flasks. 

To utilize this medium, 0.1-0.2 ml amounts of fluid, or loopfuls of solid 
stools, were inoculated in 50-ml quantities and the flasks were incubated 
for 5-8 hours. If a decolorization of the fluids indicated the presence of 
cholera or cholera-like vibrios, direct agglutination tests were made with 
material taken from the surface of the growths. If, however, decolorization 
was incomplete or the growths were too scanty for agglutination tests, 1-ml 
quantities were transferred to new flasks for a further incubation for 5-8 hours. 

Making comparative tests with his medium and with peptone water, 
Yen found that the former better promoted the growth of V. cholerae 
and restricted the growth of E. coli than the latter. However, as far as these 
observations, made with artificially contaminated faecal specimens, went, 
even the degree of inhibition produced by the starch media was by no means 
spectacular. 

The modern phase of the problem under review may be said to have 
started in 1939, when Read recommended the use of a modification of the 
bismuth-sulfite medium originally devised by Wilson & Blair (1931), for 
work with typhoid bacilli, for the selective enrichment of V. cholerae. The 
prescriptions given for the preparation of this modified medium, as brought 
up to date in a WHO technical report published in 1950, were as follows: 

Formula of the medium : 
2% peptone solution 
Sea-salt mixture 
Distilled water or stool suspension 

in distilled water 
10% mannose solution 
Liquor bismuthi 
20% sodium sulfite solution 
Absolute alcohol 
Mercury perchloride (HgCl2), 

m/ 

8.8 
1.2 

10.0 
1.0 
0.12 
1.2 
0.2 

1/10 000 solution 0.8 
adjusted to a pH of 9.2 with N caustic soda, with thymol blue as indicator. 

Formula of the sea-salt mixture : 
Sodium chloride (NaCl) 
Potassium chloride (KCI) 
Magnesium chloride (MgCl., 6H20) 
Magnesium sulfate (MgSO., 7H20) 
Distilled water 

Parts 

27.00 
1.00 
3.00 
1.75 

100.00 
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Formula and preparation of liquor bismuthi: 
Bismuth citrate 
Ammonia (12.5 ~~) 
Distilled water to make up to 

60g 
20ml 

500ml 

Liquor bismuthi is prepared as follows: a bottle with a ground-glass stopper is filled 
almost completely with 500 ml of distilled water and the liquid leYel is marked on the 
side of the bottle. The water i~ poured out, and 60 g of bismuth citrate are introduced 
through a wide funnel, followed by 50 ml of distilled water. The citrate is mixed with 
the water into a smooth paste, using a glass stirrer. ~ext, 20 rnl of 12.5% ammonia 
(liquor ammonii, specific gravity 0.880) are added. The mixture is stirred with a glass 
rod and a chemical reaction takes place with evolution of heat. The glass stopper is 
inserted, the bottle shaken, and as soon as the bismuth citrate has almost entirely dissolvt;d 
distilled water is added up to the 500-rnl mark. 

Note. It should be noted that Read & Pandit (19411, while otherwise following the 
formula for preparing the medium, reduced the amount of liquor bismuthi to 0.04 ml. 

Preparation of the medium : 

All ingredients are made up in separate solutions and kept in stoppered bottles. 
According to Read (1939) the 2 ~~ peptone solution and the distilled water alone were 
autoclaved before use. The sea-salt mixture, if made up with sterile water, remained 
sterile for practical purposes. The mannose was made up in 10% solution for the needs 
of the day and was sterilized by boiling. while the sodium sulfite was merely exposed to 
slight heat to dissolve it.1 

Some modifications of Read's formula were proposed by Wilson & 
Reilly (1940), who recommended in particular the following method for 
preparing a sulfite-bismuth mixture: 

" ... to avoid any variation and for convenience we have found it an advantage to 
use bismuth ammonio-citrate scales instead of liquor bismuthi. In the sulphite-bismuth 
solution there is put glucose (if we had had a supply we would have used mannose) 
which not only serves for the nutrition of the Yibrios but also prevents oxidation of the 
sulphite. 

"The stock solution is prepared by dissoh-ing 20 g. sodium sulphite anhydrous 
in lOO c.c. of boiling water and adding to it 0.1 g. bismuth ammonio-citrate scales dissolved 
in 10 c.c. of water. A precipitate of bismuth hydrate separates out on boiling. A solution 
of 20 g. of commercial glucose in 100 c.c. of boiling water is made and when cool both 
solutions are miwd. In place of glucose, saccharose, mannitol or mannose may be 
employed. The stock solution keeps for months and is added to the saline peptone water 
just before use: the pH of the stock solution is 9 .4. 

"To 100 c.c. of saline peptone water pH 9.1, 10 c.c. of stock glucose sulphite bismuth 
mixture are added and then I c.c. of absolute alcohol. We have found little advantage 
in the addition of 4 c.c. of I 10,000 HgCI,. \Vilson & Blair employed HgCI. with a 
view to the suppression of Proteus strains, but recently we have found it disappointing 
for this purpose. In the tubes enterococci often develop, and we have an impression 
that HgC12 tends to suppress them. 

" In our work tubes containing 10 c.c. of the enrichment medium were inoculated 
with a drop of peptone water culture of the vibrio. In field work it would probably be 

1 lndications for the preparation of a cheap substitute for chemically pure mannose from ivory-nut 
shavings (a by-product in button manufacture) have been given by Bose (1939) and in an improved form by 
Narayanan (194l). These substitutes were found to be suitable not only for the manufacture of the above 
medium but also for the preparation of solutions for fermentation tests. However, as pointed out by Read & ' 
Pandit (1941), "allowances in the media formula had to be made owing to the reduced concentration of 
mannose obtained in the rough extracts (4 per cent to 6 per cent)''. 
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found more convenient to employ a medium of double strength and to add to it an equal 
volume of a saline faecal emulsion." 

Concerning the last paragraph of these instructions it should be noted 
that, for the purpose of stool examinations, Read (1939) originally recom
mended placing the portions of his medium, prepared according to the 
formula on page 540, into 50-ml screw-capped medicine bottles, but, in 
order to accommodate the Seitz discs or filter-papers used for an improved 
method of water examination (see below), he recommended substituting 
100-ml wide-mouthed, glass-stoppered flasks. According to him stool 
emulsions were prepared 

'· by measuring out the required volume of stool in the barrel of a Roux syringe and 
mixing with an equal quantity of normal saline and filtering through a single layer of lint. 
The mixture could then be diluted as required so that the volume added to the media 
bottle was 10 c.c." 

Commenting on the results of his laboratory observations, Read main
tained that: 

" By the use of this medium mannose-fermenting vibrios can be successfully differentiated 
from non-mannose-fermenting vibrios and from coliform types. Other common water 
and stool organisms except streptococci are suppressed but no method of facilitating 
V. cholerae against mannose-fermenting inagglutinable vibrios was discovered. The 
value of the method will depend on whether the mannose-fermenting vibrios found in 
natural sources can outgrow V. cholerae or not. The difficulty due to the growth of total 
organisms when ordinary peptone-water emichment is employed is overcome." 

Parallel with the laboratory investigations discussed above, a field trial 
of the new medium was undertaken by Seal (1939), who, besides using the 
faecal samples, preserved by him according to the method described earlier 
in this chapter (see page 527), in 10-ml quantities for inoculation in Read's 
fluid, for the sake of comparison also inoculated 2-ml quantities into 20 ml 
of 1 ~/~ peptone water. In both cases the pH of the fluids after inoculation 
was readjusted to 9.2. Plates were implanted after the flasks had been in
cubated at 3r C overnight. 

Evaluating the results obtained with a total of 309 faecal specimens, 
Seal stated that : 

"Of the cases of clinical cholera 64.7 per cent yielded V. cholerae in the new medium as 
compared to 43.1 per cent in alkaline peptone water. Only 4 of 21 recent contacts gave 
positive results with both media." 

A further important finding was that : 

" Compared with the alkaline peptone water there was some restriction of gro~>ih of the 
inagglutinable vibrios in the new medium and the majority (87.4 per cent) were mannose 
fermenters." 

The value of this method for the selective enrichment of V. cholerae was 
confirmed through the laboratory studies of Wilson & Reilly (1941) and 
through further field work of Read & Pandit (1941). 
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Wilson & Reilly (1941) found that-in contrast to 31 strains of cholera 
vibrios, which developed rapidly and profusely in their medium-only 
6 out of 25 cholera-like and "paracholera" strains grew well, and 19 but 
scantily or not at all. Out of 11 El Tor strains 5 only grew in the fluid 
bismuth-sulfite medium. 

Recording the results of their field investigations, Read & Pandit (1941) 
stated that they had found 
"the non-haemolytic agglutinable vibrio ... in all except one of the clinical cases in 
areas where the presence of cholera could be established, provided the examination was 
carried out sufficiently early in the disease ". 

It is further noteworthy that Venkatraman (1949) used the enrichment 
method described above with evident success for the detection of V. cholerae 
in pooled stool samples which had been collected from the staff members of 
a cholera hospital (see page 530 above). 

In a series of articles which began to appear two years after Read's 
initial publication, Gohar (1941, 1951) and Gohar & Makkawi (1947, 1948a, 
1948b) recommended a medium containing potassium tellurite for the 
selective enrichment of V. cholerae. The technique finally adopted for this 
purpose was thus described by Gohar & Makkawi (1948b) and by Gohar 
(1951): 

Whenever the medium was required, an aqueous solution containing 1 % peptone and 
0.5 %NaCl was made, and enough sodium carbonate (usually 0.2 %) was . added to 
obtain a pH of 9.0. 0.5% sodium taurocholate was added and the medium was distributed 
into flasks, preferably 25-ml conical flasks, which were filled to the bottom of the neck 
so as to obtain a comparatively small surface and thus to concentrate the cholera vibrios 
growing in the medium. 

If possible 3 such flasks were provided for each faecal specimen, to which enough 
potassium tellurite was added to obtain concentrations of 1/100 000, 1/120 000, and 
1/400 000, respectively. However, if economy was essential, the medium was distributed 
in 10-ml quantities into tubes, and 0.002% of potassium tellurite was inserted to produce 
a concentration of 1/200 000. This usually sufficed to inhibit the growth of E. coli, while 
the sodium taurocholate Suppressed that of coccal forms and most of the anthracoids 
met with in the stool specimens. 

The flasks or tubes were heavily inoculated with the stools and incubated at 37° C, 
loopfuls being taken from the surface after 8 and again after 24 hours with the help of a 
loop bent at right angles, so that it was level with the surface when touching the medium. 
The material thus taken was implanted into a special semi-solid agar containing 
1% mannite and 0.1% glucose with.Andrade's indicator (see Gohar, 1947, 1948). 

Testing several other chemicals and dyes besides potassium tellurite for 
their suitability in inhibiting the growth of the usual intestinal organisms 
without interfering with that of V. cholerae, Gohar & Makkawi (1947) found 
potassium and sodium selenite in dilutions of 1/500 to 1/1000 of limited 
usefulness in this respect. Neutral red and other dyes, on the other hand, 
were found to exert an inimical action on the vibrios rather than on E. coli 
and B. faecalis alcaligenes. 

Before dealing with a further potassium tellurite medium recommended 
by Ch'i & Zia (1949), attention has to be drawn to a peculiar method 



PRACTICAL LABORATORY DIAGNOSIS 543 

devised for the examination of cholera-suspect faecal specimens by Panja 
(1942), who found 

" that when a sample of cholera stool is put into an L3 candle fitted into a wider test
tube containing peptone-water in such a position that the unglazed part of the candle is 
covered by the surrounding peptone-water and the whole is then incubated, vibrios from 
the stool grow through the candle into the peptone-water in 24 to 48 hours, and sometimes 
a pure culture is obtained by this procedure in 18-20 hours. Bact. faecalis alkaligenes, 
motile coliform organisms and late lactose-fermenters also grow through the candle but 
not so readily as the vibrios . . . If a small amount of the stool is mixed with peptone
water and partly aspirated through the candle into the surrounding peptone-water by 
vacuum action, growth of the vibrios occurs earlier (18 to 20 hours)". 

Panja further established that the value of this method for the isolation of 
V. cholerae was greatly enhanced if, in order to counteract the growth of 
coliform organisms, boric acid in a strength of 0.08% was added to the 
peptone water and the final pH was adjusted to 9.0. 

The great value of Panja's "candle-boriccpeptone-water" method was 
demonstrated by tests with 45 stool samples collected during the declining 
period of an epidemic from patients showing clinical signs of cholera: 
while direct plating of these specimens on bile-salt agar gave only 44% 
positive results, V. cholerae was isolated with the aid of Panja's method 
in 87%- Further, as will be recorded in a later section of this chapter, 
Panja's method of cultivation also yielded considerably more positive results 
than direct plating of cholera-suspect faecal specimens on a bismuth
sulfite medium. 

However, impressive though these results are, account has to be taken 
of the great difficulties which would arise with the large-scale use of Panja's 
method under field conditions. He himself pointed out in this connexion 
that: 

"To ensure success candles should be tested before sterilization for patent porosity and 
leakage by forcing air under pressure of 15 lb. to 20 lb. [1.05 to 1.40 kg per cm2

] above 
the atmospheric pressure, while the candles are immersed in water. If no air passes 
through, blockage is indicated and if large bubbles come out there is leakage." 

It is well-nigh impossible to see how, in places where no first-class 
laboratory facilities are available, this desideratum could be fulfilled and 
how under such circumstances the candles could be adequately sterilized 
without damaging them. It is, therefore, not surprising to find that, in spite 
of its excellent record, Panja's method was not mentioned in the instruc
tions for cholera laboratory work compiled by a group of the leading Indian 
cholera experts (see Ahuja et al., 1950, 1951). 

Ch'i & Zia (1949) tried to combine the enriching properties of the fluid 
medium of Yen (1933-see page 538) and of potassium tellurite in the follow
ing way: 

A broth base was prepared by adding 5 g of beef extract, 10 g of peptone, 8 g of 
sodium chloride, and 1 g each of potassium nitrate and of magnesium chloride (MgC1 2 , 
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6H10) to 900 ml of distilled water. After this mixture had been heated to solution, it was 
added to a solution of 5 g of soluble starch in 100 ml of water, which had been boiled for 
2 minutes. 

The pH of the fluid was next adjusted to 9.2 with 10 N caustic soda, using 0.04% 
thymol blue as indicator, or with the aid of a potentiometer. The medium was then 
distributed into flasks in 100-ml quantities and sterilized in the autoclave at 12 pounds 
per square inch (0.84 kg per cm') for 20 minutes. 

Immediately before use 1 ml each of a sterilized 0.2 ~·~ aqueous solution· of potassium 
tellurite and of a 0.5 ~,;; solution of rosolic acid in 90 ~,~ ethanol were added to each flask. 
After thorough mi""<ing, the medium was then distributed in 10-ml amounts into sterilized 
tubes. 

To test the medium, the tubes were inoculated with drops of artificially 
cholera-contaminated stool emulsions. After an incubation of from 10 to 
24 hours, the tubes were inspected and those showing decolorization were 
tested with Gram's iodine solution. The gro\\ths giving a negative starch 
reaction were then used for slide-agglutination tests and for plating. 

While the results obtained with this new medium in the laboratory were 
most satisfactory, Ch'i & Zia stressed that 

" while absence of decolorization and positive starch test have invariably indicated the 
absence of V. cholerae in the specimens, simple decolorization and negative test did not 
always indicate grov.1h [of this organism]. It appeared to us that certain as yet unknown 
enzymes probably acted on the starch to produce this false effect. For that reason the 
medium must be either freshly prepared before use, or it must be stored in flasks with 
rubber stoppers before its final preparation ... ·· 

The two workers added that : 

" In view of the inhibitory action of rosolic acid and potassium tellurite, it may be possible 
to plant larger inoculum with feces from suspected carriers or with infected water. In 
that case, a double strength liquid medium may be employed and equal volume of ino
culum could be used. The possibility of recovering the infecting organism may thus be 
greatly increased." 

However, one cannot help feeling that the rather complicated procedure 
involved would limit the usefulness of this method, even if it should be 
found as satisfactory in the field as in laboratory tests. 

While trying to devise a solid medium suitable for the identification of 
V. cholerae, Dishon (1951) also established that a fluid medium prepared 
on similar lines was useful for the selective enrichment of this organism. 
The fluid medium was obtained by adding the following ingredients to 
100-ml quantities of a broth base, containing 0.6% meat extract, 0.5% 
bacto-peptone, and 2 ~~ ~aCl: 

10% sodium sulfite solution, 1.5 ml; 20~~ sodium carbonate solution, 4.0 ml; 
20% saccharose solution, 2.5 ml; saturated alcoholic solution of acid fuchsin, 0.2 ml; 
as well as gentian violet and brilliant green to a concentration of 1/200 000. 

Dishon stated that his fluid medium 

'" inhibits the growth of Coliforms, spore formers and Pseudomonas for 12 hours, and of 
Cocci for 24 hours, whilst the pellicle of the Vibrio cholerae appears after the first 6 hours ". 
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In comparative tests made with artificially contaminated faecal speci
mens, it was found that cholera vibrios could be isolated with the aid of 
Dishon's fluid medium when present in the stool samples in a dilution of 
1 o-9, whereas in the case of alkaline peptone water the highest dilution from 
which positive results could be· obtained was I0-7• It deserves attention, 
however, that the peptone water used for these tests had a pH of only 
8.5-8.7. 

For practical purposes Dishon recommended adding 1 ml of the test 
specimens to 10 ml of the fluid medium, incubating for 6 hours at 37° C, 
and then taking material for plating besides making stained smears from 
the pellicle. 

A comparative study of the suitability of various fluid media for the 
growth of V. cholerae in the presence of other organisms with which it has 
to compete under normal conditions was made by Felsenfeld et al. (1951). 
Details of the technique they used for this purpose were as follows: 

The media used in 100-ml quantities were (I) the preserving fluid of Venkatraman & 
Ramakrishnan (1941); (21 Wilson & Reilly's (1940) modification of the bismuth-sulfite 
medium, prepared by dissolving 20 g anhydrous sodium sulfite in lOO rni boiling distilled 
water, adding 10 m! of a I ~.; solution of iron ammonium sulfate " green scales" and 
100 m! of a 20 ~,~ glucose solution and mixing 10 m! of this stock solution with 100 m! 
of peptone water, 1 containing I~·; peptone and 2 ~·~ NaCI, pH 9.2; (3) Gohar's (1948) 
medium, made up by adding 0.2 m! of a 1 ~.~ aqueous solution of potassium tellurite 
to 100 ml of peptone water, pH 7.8-S.O; (4) alkaline peptone water, containing I% peptone 
and 0.5% KaCl; (5) alkaline selenite-F 'broth' ·• prepared by adding enough 10 per 
cent aqueous sodium carbonate solution to Selenite-F ... to bring the pH of the fluid 
to the desired alkalinity •· (see tabulation below)! 

The inocula used for these tests consisted of (a) 500-1000 cholera vibrios per m! of 
the media and (b) 10 000-15 000 organisms each of E. coli, Aerobacter aerogenes, Proteus 
vulgaris, Pseudomonas aeruginosa, and an enterococcus strain. 

The results of the tests made according to this technique with 53 cholera 
strains >vere summarized by Felsenfeld et al. in the form of the following 
table, showing the average multiplication rate of cholera vibrios in fluid 
media inoculated with bacterial mixtures (as specified above): 

_\fedium 

Venkatraman & Ramakrishnan 
Wilson & Reilly 
Gohar 
Alkaline peptone "broth" (water) 
Selenite broth pH 6.9 to 7.1 
Selenite broth pH 7.4 to 7.6 
Selenite broth pH 7.8 to 8.0 

l"ibrio count in millio!ls per ml medium after 
incubation 

At 37o C At 22°-26° C 
:~ hours 48 hours 24 hours 48 hours 

lOO 
70 

380 
400 
150 
270 
330 

420 
90 

800 
880 

75 
310 
570 

30 
25 

250 
220 

40 
130 
180 

250 
.30 
370 
680 
45 

160 
240 

1 Though Felsenfeld et al. spoke at this juncture and also elsewhere in their article of" peptone broth", 
they obviously referred to what is called peptone water in the present study. 

2 The commercial se]enite-F product used by Felsenfeld et al. was undoubtedly similar to, if not identical 
with, the "selenite F broth", prepared according to the handbook, Diagnostic Procedures and Reagents. 
issued by the American Public Health Association (1950), by dissolving 5 g peptone, 4 g lactose, 10 g anhydrous 
sodium phosphate and 4 g sodium acid selenite in 1 litre of water. 

35 
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It will be noted that in these laboratory tests the modified bismuth
sulfite medium gave results far below those obtained by enrichment in the 
other media. However, as has been discussed above, the efficacy of the bis
muth-sulfite medium for the selective enrichment of V. cholerae under actual 
conditions has been amply proven, so that there is no reason to doubt its 
full adequacy for practical cholera laboratory work. At the same time, 
however, it would seem indicated to compare its efficacy in diagnostic 
work with that of the potassium tellurite medium, because the latter, if 
equally reliable, would be preferable on account of the simplicity of its 
preparation. 

Cultivation on solid media 

The method of cultivating cholera-suspect stools on solid media originally 
recommended by Koch (1884) was as follows: 

"A very small mucus floccule is put into 10 cc nutrient gelatin [meat-infusion peptone 
gelatin with a gelatin content of 10% and a weakly alkaline reaction] and is distributed 
by moving the fluid. One then pours the fluid gelatin on a horizontal glass plate, which 
is kept cooled by putting ice under it. If spread out with a sterile glass rod, the gelatin 
very rapidly solidifies. The plate is kept moist under a glass bell until the bacterial colonies 
develop and . . . is then examined with a suitable magnification of the microscope." 
[Trans.] 

As Koch described in great detail, the growth appearances of V. cholerae 
on the gelatin plates, and more still those becoming manifest when gelatin 
stab subcultures were made from the cholera-suspect colonies developing 
on the plates, seemed to be so characteristic as to permit a distinction of this 
organism from all other bacterial species. On the other hand, though briefly 
mentioning that the cholera vibrios could be grown also on " agar-agar " 
plates, Koch evidently placed no confidence in this method of cultivation. 

Again dealing with the methods of cholera laboratory diagnosis in 1893, 
Koch no longer upheld the diagnostic importance of gelatin stab-cultures, 
but still stressed that of gelatin plates, particularly if this mode of cultiva
tion was used in combination with peptone water enrichment. He empha
sized, however, that in order to obtain reliable results, the gelatin plates 
(made by then with the aid of dishes devised by Petri, 1887) had to be kept 
at or quite near 22° C, because only under these circumstances did the 
cholera colonies, after an incubation of 15-20 hours, assume their character
istic aspect. If, he continued, 

"the cultures are kept at too high a temperature, or if the gelatin is unsuitable and 
becomes too soft at 228

, then the cholera colonies liquefy the gelatin to a greater extent, 
and thus assume an aspect closely resembling that of Finkler's bacteria". [Trans.] 

It will be noted that Koch thus still stuck to the belief that the growth 
appearances of V. clzolerae on gelatin plates were different from those of the 
cholera-like vibrios-a belief which not long afterwards was definitely 
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disproved (see, for instance, Kolle, 1903; Kolle & Gotschlich, 1903; Hetsch, 
1903). 

While admitting that a practised obserYer could also distinguish the 
cholera vibrios developing on agar plates from the usual faecal and water 
bacteria, Koch considered it necessary to verify the vibrio nature of such 
suspect colonies through bacterioscopic examinations. However, the great 
advantage of agar cultures was that they could be incubated at 37° C and 
therefore, in contrast to the gelatin plates, yielded colonies of a size suitable 
for identification tests after as little as 8-10 hours. Koch pointed out, 
however, that in order to obtain such satisfactory results, it was necessary 
(a) to resort to preliminary enrichment in peptone water; (b) to spread out 
the material to be examined on the surface of the plates instead of admixing 
it to the liquefied agar; and (c) to use agar plates with a dry surface, obtained 
by keeping them for a few days in the incubator before inoculation.1 

As has already been described in the fourth chapter, the well-nigh 
ritualistic scheme for cholera diagnosis painstakingly built up by Koch 
was soon swept aside by the tide of epochal discoveries in the field of 
immunology which led to the introduction of far more reliable serological 
methods for the identification of V. cholerae. This new orientation of 
cholera-diagnostic work was fully recognized in the regulations framed by 
Koch and co-authors (1902) for official use. While cultivation on gelatin 
as well as on agar plates was still made obligatory in these instructions, it 
was recommended that the pure subcultures necessary for identification 
tests be obtained from agar plates after an incubation ranging from 12 to 
18 hours. 

The method of preparing the gelatin media was thus described in these 
instructions: 

(1) A meat-peptone broth was prepared by (a) digesting fat-free minced beef in 
water for 24 hours in the cold (or for 1 hour at 37' C) at a ratio oft kg of the meat 
to 1 litre of water; (b) squeezing out the juice of the beef through a cloth; (c) adding 
per litre of the fluid thus obtained 10 g of peptone and 5 g NaCl; (d) boiling fort hour; 
(e) rendering the reaction alkaline with sodium carbonate solution; (f) again boiling 
for t hour; and (g) filtering. 

(2) To prepare the medium, 1 litre of this broth was added to 100 g of gelatin, the 
latter dissolved by gentle heating, and the fluid rendered neutral to litmus and then 
alkaline by the addition of 3 ml of a 10~~ solution of crystalline sodium carbonate per 
100 ml. The medium was then heated in the steam sterilizer for -! hour and filtered. 

Similarly, the method of agar preparation prescribed in the German 
instructions was to add 30 g of agar per litre of the neutral broth described 
above, to boil until this was dissolved, to neutralize again, and to add 
3 ml of a 10 ~~ solution of crystalline sodium carbonate to each 100 ml. 
The alkalinized medium was again boiled for ! hour, filtered, distributed 

1 Koch and co-authors (l902) stated that incubation of the plates for half an hour was sufficient, provided 
that the dishes were kept open during th1s time in an inverted position. 
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in flasks or tubes, and sterilized repeatedly in the steam sterilizer (or, 
according to the present practice, once in the autoclave). 

As in the case of peptone water manufacture, modern workers, instead 
of using standard doses of sodium carbonate solutions to bring the solid 
media for cholera-diagnostic work to an adequate degree of alkalinity, will 
prefer to determine the pH and to bring. this to a proper standard by the 
addition of the amount of a suitable alkali required for each lot of the media 
in preparation. A pH above 9.0-e.g., one of 9.2-is desirable in the case of 
the solid plain media as well .as in that of peptone water. 

Though the problem of preparing solid media selectively suitable for 
the isolation of V. cholerae began to attract much attention only after 
Dieudonne had proposed such a medium in 1909, this question had already 
been considered by several earlier workers. Some of them, for instance, 
Dahmen (1892) and Fraenkel (1892), stressed in this connexion the impor
tance of using, instead of the weakly alkaline gelatin originally resorted to 
by Koch (1884), a gelatin with a stronger alkalinity. Deycke (1893) re
commended for the same purpose an alkali-albuminate gelatin, while 
Dunbar (1896) worked not only with the usual gelatin but also with soda
gelatin plates. 

In view of the ample use afterwards made of blood and blood derivatives 
for the manufacture of cholera-selective media, it is interesting to note that 
Heim (1901) devised "blood-decoction" (Blutdekokt) media for the 
isolation of V. cholerae. To prepare these in solid form he added gelatin 
or agar to the fluids obtained by (a) boiling the coagulum of cattle, horse, 
or pig blood, mixed with equal parts of water, in the steam sterilizer; 
Eh) squeezing out the juice through a cloth; and (c) filtering. The resulting 
liquid was weakly alkaline in reaction. 

The use of the medium originally introduced by Drigalski & Conradi 
(1902) for the isolation of S. typhosa for cholera-diagnostic work was re
commended by Hirschbruch & Schwer (1903). The modified method utilized 
by the last-mentioned two workers for preparing this medium was as follows: 

20 g agar, 10 g Liebig's mea:t extract, 10 g peptone, and 5 g NaCI are boiled in 1 litre 
of tap-water for It hours and, after filtration, for a further 30 minutes. After addition 
of 15 g lactose and boiling for 15 minutes, the reaction is rendered alkaline with the aid 
of a sterilized aqueous solution ·of sodium carbonate. One adds then 130 m! litmus 
solution (Kubel-Tiemann), which has been boiled fort hour as well as 10 m! of a solution 
of crystal-violet B in 100 ml hot distilled and sterilized water. Mter thorough shaking, 
8-ml amounts of the medium are used to pour plates, which are kept uncovered for about 
t hour until they have cooled and solidified. 

Hirschbruch & Schwer stated that, in contrast to the colonies of E. coli, 
which, when grown on this medium, were red and surrounded by a red zone, 
cholera colonies, becoming well developed after an incubation of 10-20 
hours, were blue and surrounded by a blue zone. 

Commenting upon ample tests they had made with different pure cul
tures and also with artificially cholera-contaminated specimens of diarrhoeic 
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stools, Hirschbruch & Schwer pointed out that many cholera-like vibrios 
reacted on this medium like V. cholerae. Identification tests were therefore 
indispensable. For the latter purpose they recommended the use of hanging
drop preparations for preliminary agglutination tests and confirmation of 
positive results thus obtained by Pfeiffer's reaction. 

In a subsequent paper, Hirschbruch & Schwer (1904) advocated the 
use, instead of litmus solution, of azolitmin in a proportion of 0.4 g per litre 
of agar for the preparation of their medium. The suitability of modified 
Drigalski-Conradi media for the isolation of cholera and cholera-like 
vibrios was confirmed by Klein (1905). Subsequently Rivas & Smith (1912) 
advised direct cultivation of cholera-suspect faecal specimens on lactose
litmus agar, while Stokes & Hachtel (1913) recommended the use of an 
azolitmin-containing lactose-glycerol agar for the isolation of V. cholerae. 
Aronson (1915) asserted in contrast to these workers that, owing to the 
fermentation of lactose produced by this organism, it grew on Drigalski
Conradi plates in the form of reddish instead of blue colonies. 

Further solid media for the selective cultivation of V. cholerae devised 
from 1909 onwards by a considerable number of workers may be classified 
as follows. 

1. Media prepared with blood or blood derivatives 

As already mentioned, Dieudonne in 1909 introduced a blood-alkali 
agar for the selective cultivation of V. cholerae, describing the manufacture 
of this medium as follows: 

" If one adds to defibrinated cattle blood equal parts of normal caustic potash, a 
laked blood-alkali solution is formed which can be sterilized in the steam-sterilizer. If 
one adds 30 parts of this solution to 70 parts of ordinary litmus-neutral agar, [one obtains 
a medium] on which the cholera vibrios grow abundantly, whereas B. coli develops not 
at all or only very scantily." [Trans.] 

Dieudonne pointed out that it was necessary to dry the plates poured 
with this medium for several days at 37° C or for 5 minutes at 60° C. While 
plates implanted with normal stools showed no bacterial growth at all, 
V. cholerae could be isolated from those inoculated with artificially cholera
contaminated faecal specimens. The agglutinability of the cholera vibrios 
thus cultivated was not impaired in comparison with that of agar-grown 
vibrios-an observation which, in spite of some statements to the contrary, 
was confirmed by the majority of the subsequent workers. 

While Dieudonne in his short note gave no description of the growth 
appearances of the cholera vibrios on his medium, Huntemiiller (1909) 
stated in an article published at the same time that the organisms developed 
on this medium in the form of large, circular colonies with entire edges, 
showing a glassy transparency in transmitted light, but appearing greyish 
in reflected light. 
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Huntemiiller also gave the following more detailed indications for the 
preparation of the new medium: 

The cattle blood was collected in sterile glass jars containing glass beads, was defi
brinated by shaking for ~- hour, and, after the addition of equal amounts of normal 
caustic potash, steam-sterilized for t hour. This blood-alkali solution, which kept 
indefinitely, was added, whenever needed, to neutral agar in a proportion of 3: 7 and 
plates were poured forthwith and dried for t hour at 60'C. 

Huntemiiller added that it was indispensable to keep the plates for at 
least 24 hours at room temperature before they were used so that the con
siderable amounts of ammonia which were at first given off by the medium 
and which inhibited the growth of V. cholerae could evaporate. 

While confirming that Dieudonne's medium inhibited the growth of 
E. coli, Huntemiiller found that it promoted the growth of cholera-like as 
well as of cholera vibrios and also noted in one instance that the medium, 
though considerably restricting the growth of Ps. pyocyanea, did not 
totally inhibit it. Nevertheless, the results obtained by Huntemiiller in 
ample tests with a large number of cholera strains were so satisfactory that 
it was decided to use Dieudonne's medium side by side with alkaline agar 
for the examination of cholera-suspect stools in the Berlin Institute for 
Infectious Diseases headed by Gaffky. 

The initial experiences of Dieudonne and of Huntemiilller stimulated 
many further observations recorded in numerous publications. While 
admitting the great progress made in cholera-diagnostic work through the 
introduction of Dieudonne's medium, a considerable number of the sub
sequent observers pointed out that it was by no means fully satisfactory
mainly on account of the necessity of procuring fresh cattle blood for its 
manufacture and of the delay of at least 24 hours caused by the need for 
letting the plates mature. It thus appeared that it was impossible to take 
advantage of the new medium under the conditions where its use would 
have been most desirable-namely, when dealing with cholera-suspect 
stools in localities hitherto free from the infection. 

It is important to note that neither of these main criticisms levelled against 
Dieudonne's method was fully justified. As Huntemiiller had noted, the 
blood-alkali mixture was rather stable and thus could quite easily be kept in 
stock to serve in emergencies in places threatened by cholera. Further, as 
shown by observations recorded by Haendel & Baerthlein (1912), it was even 
possible to exsiccate Dieudonne's medium after plates had been poured, the 
resulting coarse brown powder keeping well if protected against moisture 
and being reconditionable at short notice. ~oreover, as found, in 1909, 
by Hachla & Holobut, it was not indispensable to use cattle blood for 
manufacturing the medium, pig or horse blood proving even more satis
factory for this purpose. Finally, as will be further discussed below, several 
methods were recommended for rendering the Dieudonne plates usable 
within a short time of being made. 
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Nevertheless, on account of the objections mentioned above and of 
others, during the years immediately following Dieudonn6's publication 
several modifications of his method and several substitute selective media 
were recommended. The following among these alternative procedures 
deserve particular mention. 

(a) 1\fodijicatiom of Dieudomu?s method. In a valuable study on cholera
selective media, Neufeld & Woithe (1910) recommended that, immediately 
before the plates were poured, 2 ml of 10 o~ lactic acid should be added to 
each 100 ml of Dieudonne's blood-alkali agar medium in order to counter
act ammonia formation and to neutralize any excess of alkali that might 
be present. The two workers found that plates made with this modified 
medium became ready for use as soon as they had been dried for half an hour 
at 60°C. However, in contrast to ordinary Dieudonne plates, which remained 
fit for use for a week (see Weisskopf, 1911), those prepared according to 
Neufeld & Woithe's method remained selective for 24-28 hours only, 
because their alkalinity rapidly decreased. 

Pilon (1911) claimed that freshly poured Dieudonne plates could be made 
fit for use by keeping them for about one hour in a carbon-dioxide atmo
sphere. He explained this result by the assumption that the unsuitability 
of such plates immediately after pouring was due to the presence of an 
excess of free caustic potash and not to that of ammonia, as maintained by 
most observers. In a C02 atmosphere the caustic potash was rapidly 
converted into potassium carbonate, whereas in the case of the plates exposed 
to air it took about 24 hours before this conversion reached a sufficient degree 
to render the medium fit for use. 

Another way to hasten the maturing of Dieudonne plates was according 
to Moldovan (1912) to admix, when preparing the medium, only one part 
of the blood-alkali mixture to 4 parts of agar. He claimed that plates made 
from this modified medium could be used after only 6 hours, i.e., at the 
time when the peptone water cultures inoculated with cholera-suspect 
stools had become ready for subcultivation. However, Haendel & Baerth
lein (1912) found that the media prepared in this manner as well as those 
made according to Neufeld & Woithe's method were less reliable than the 
Dieudonne plates, occasionally inhibiting the growth of V. cholerae. 

According to Hall (1916) it was essential to store the blood-alkali 
mixtures for 6-8 weeks in flasks plugged with cotton wool, because plates 
prepared with such stock material were immediately ready for use. More 
important still was the assertion of Mackie (1929b) 
"that by repeated steaming of the blood-alkali until the ammoniacal odour is removed, 
the completed [Dieudonne] medium prepared from it can be used immediately and the 
blood-alkali can be kept for considerable periods without losing its selective properties". 

Studying possibilities of improving Dieudonne's medium, Hofer & 
Hovorka (1913) paid particular attention to the fact that this, while inhibit
ing the growth of most intestinal bacteria, exerted no such action on some 
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organisms, especially the B.faecalis alcaligenes (see Glaser & Hachla, 1911). 
To enhance this incomplete selectivity, Hofer & Hovorka prepared a mo
dified medium by (a) adding 4 ml of cattle blood to 16 ml of normal caustic 
potash; (b) incorporating this blood-alkali mixture into 80 ml of freshly 
prepared 3% neutral agar; and (c) then adding per 10 ml of the medium 
0.5 ml of a 0.1 % solution of crystal violet in distilled water. To become 
ready for use, the poured plates had to be kept partly open in the incubator 
for 24 hours and, after closing, for a further 12 hours at room temperature. 

Experimenting with pure cultures of cholera and cholera-like vibrios 
as well as of B. faecalis alcaligenes, Proteus, etc., and with mixed peptone 
water cultures of these organisms, Hofer & Hovorka found that their mo
dified medium effectively inhibited not only the growth of the bacillary 
species but also that of a number of cholera-like strains. 

These favourable experiences were confirmed by Ftigner (1914). How
ever, Baerthlein & Gildemeister (1915), while admitting the high selectivity 
of Ho fer & Hovorka 's medium, found that it very often impeded the growth 
of V. cholerae as well. · 

Lentz (1915), obtaining unsatisfactory results in field work with Dieu
donne media which had been kept in stock in dry form (but had apparently 
not been stored in a proper manner), recommended drying the blood
alkali mixture separately and admixing the resulting powder after solution 
in distilled water to the agar immediately before plates had to be prepared. 
He found that such media could be used at once and continued to give 
fully satisfactory results for 8-10 days. 

While confirming the value of Lentz's method, Ftirst (1916) found it 
advantageous to use, instead of distilled water, a 0.3% solution of sodium 
carbonate for dissolving the blood-alkali powder and to employ an agar 
containing 2 % of cane sugar. 

Finally, reference has to be made at the present juncture to the recom
mendation by Ghedini (1916) to enhance the selectivity of Dieudonne 
media by (a) titrating the blood-alkali solution and adding further alkali 
if necessary; and (b) using an alkaline, instead of a neutral, agar. 

(b) Substitute selective media. Esch (1910) recommended that, instead 
of fresh cattle blood, dry haemoglobin, as commonly prepared from horse 
blood, should be used for the manufacture of blood-alkali media. A 5-g 
quantity of this substance was dissolved in 15 ml of normal caustic soda + 
15 ml of distilled water, and, after the solution had been sterilized in the 
steam sterilizer for 1 hour, 15-ml amounts of it were added to 85-ml quan
tities of neutral agar. Esch (1910, 1912) stated that plates poured with this 
medium, which could be used after they had been dried at room temper
ature for 1 hour, were as satisfactory for the cultivation .of V. cholerae as 
Dieudonne's original medium. Further, though not exerting such marked 
inhibitory action on other organisms, Esch's medium retarded the growth 
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of even the alkali-tolerant Ps. pyocyanea to a degree sufficient for the prac
tical purposes of cholera diagnosis. 

According to Takano and eo-workers (1926) a similar medium was also 
prepared by Tokunaga (1911). 

Pilon (1911) stressed that, as had been shown by Deeleman (1897), the 
cholera vibrios were endowed not so much with a tolerance to caustic 
potash or caustic soda, as with a tolerance to carbonates. Pilon accordingly 
recommended preparing a medium for the selective cultivation of V. 
cholerae as follows: defibrinated blood of pigs, goats, or rabbits is mixed 
with an equal amount of a 12 ~,;; solution of crystalline sodium carbonate 
and 3 parts of this mixture are added to 7 parts of neutral 4% agar; after 
thorough mixing the blood!sodium-carbonate agar is poured into Petri 
dishes which are left open until solidification has taken place; the plates 
become fit for use after 30-45 minutes. 

Following Esch 's method, but using a different haemoglobin product, 
Kabeshima (1913) prepared a selective medium for cholera-diagnostic 
work by (a) adding to 80 ml of 3% neutral agar, which had been liquefied 
in the steam-sterilizer, 10 ml of an 18 ~/~ solution of sodium carbonate; 
(b) boiling the mixture for about 10 minutes; (c) adding, after the agar had 
been cooled to about so= C, 3 g of a commercial haemoglobin extract; and 
(d), after thorough mixing, using this material for pouring 7 plates, which 
were left uncovered until the agar had solidified. The plates were imme
diately fit for use, but it \vas well to dry them first by keeping them for 
20-30 minutes open and in an inverted position in the incubator. 

A medium similar to that of Kabeshima was recommended by Baerth
lein & Gildemeister (1915). 

An exhaustive study on the comparative value of Dieudonne's and the 
above-mentioned substitute media-with the exception of that of Esch, 
which in the experience of Haendel & Baerthlein (1912) showed an unsatis
factory degree of selectivity 1-conducted by Baerthlein & Gildemeister 
(1915) with over 100 stools of cholera patients or carriers, led to the follow
ing main conclusions: 

(1) Pure cultures of V. cholerae grew most abundantly (iippig) within 
16-18 hours on Kabeshima's medium, and vigorously on Dieudonne's 
and Pilon's media. 

(2) Pure cultures of cholera-like Yibrios invariably grew on these three 
media though less well than cholera vibrios. 

(3) Pure cultures of B. faecalis alcaligenes usually grew abundantly on 
Dieudonne's and Pilon's media, but scantily on Kabeshima's medium. 
Ps. pyocyanea grew almost invariably on these three media, but developed 
scantily, while pure cultures of Proteus grew but exceptionally. 

1 It is important to note that, no doubt in view of the favourable experiences recorded by some other 
observers, the 1916 German instructions for cholera diagnostic work (see Kolle & Prigge, 1928, p. 81) re
commended the use of Esch's medium if no suitable Dieudonne plates were avai]able. 
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(4) Inoculation of faecal specimens of cholera patients or carriers 
invariably gave a positive result in the case of Dieudonne's and Kabeshima's 
media, while Pilon's medium failed in some instances. 

(5) When such faecal specimens were used, pure cultures of V. cholerae 
resulted in 54.7% of plates with Kabeshima's medium, in 55.6% of Dieu
donne and 57.5% of Pilon plates. Among the contaminants B. faecalis 
alcaligenes was met with in 25.7% of the Dieudonne plates, in 26.6% of 
Pilon plates, but in only 4.75% of the Kabeshima plates. While poorly 
developed colonies of enterococci were invariably present on all three 
media, colonies of Prote'us, Ps. pyocyanea, and dysentery bacilli were met 
with but exceptionally. 

(6) While the value of Dieudonne's original method for the isolation 
of V. cholerae had thus been demonstrated once more, it had to be stressed 
that this medium could not be used immediately and often did not suffi
ciently suppress the growth of B. faecalis alcaligenes. 

(7) Pilon's medium, while immediately fit for use, was in general not 
inferior to that of Dieudonne but did fail occasionally. 

(8) Apart from being highly selective and suitable for the cultivation of 
V. cholerae within 12-16 hours, Kabeshima's medium also had the advan
tages of (a) the commercial availability of its ingredients; (b) a simple 
method of preparation; (c) immediate readiness; and (d) marked inhibition 
of B. faecalis alcaligenes. However, this medium did not keep well and its 
alkalinity was apt to vary with the result .that the growth of cholera vibrios 
was sometimes markedly impeded or even inhibited. 

(9) To overcome these drawbacks, Baerthlein & Gildemeister advocated 
(a) sterilizing the haemoglobin extract through boiling in caustic potash; 
and (b) resorting, as far as necessary, to further alkalinization with a 5.5% 
solution of anhydrous sodium carbonate (Sodamehl). This modified 
medium kept for two weeks and ensured a constantly good growth of 
V. cholerae. Its selectivity was also satisfactory, an occasionally more 
marked growth of B. faecalis alcaligenes never interfering with the rapid 
isolation of the cholera vibrios. 

Whatever the merits of the substitute media were, both before and 
during the First World War Dieudonne's method was by far the most 
frequently used in actual laboratory practice by Burgers (1910) and a 
considerable number of subsequent workers in Europe as well as by Greig 
(1913, 1917) in India, with equally satisfactory results. A large-scale study 
undertaken during the 1930 cholera outbreak in co-operation with the 
present writer by the Shanghai Public Health Laboratory (see Pollitzer, 
1934) also confirmed the value of Dieudonne's method. Still, while parallel 
tests made with alkaline agar almost invariably gave positive results, 
absence of growth on the Dieudonne plates inoculated with the same 
cholera stools or peptone water subcultures, though rare, was not excep-
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tional. The practical recommendations made on account of these expe
riences were that in laboratory work with actual cholera stools it was indis
pensable (a) to use cultivation on plain alkaline agar side by side with that 
on Dieudonne plates, and (b) to ascertain the proper ripeness of the latter 
through continuous controls with known V. cho/erae strains. 

Interest in the use of blood-alkali media in cholera laboratory work was 
revived through profound investigations undertaken by Vedder & van Dam 
(1932a, 1932b). Studying the reasons why the Dieudonne plates at first 
inhibited all bacterial growth and, after they had selectively promoted for 
some time the growth of V. cho!erae, they lost their selecti\'ity, Vedder 
& van Dam (1932a) came to the conclusion that in tire case of this medium 

" ripeness and selectivity are connected with a definite pH range which lies between 
about 9.0 to 9.6. At lower values other organisms also grow and therefore the plate is 
no longer selective. At higher values the cholera vibrio also does not grow. The ripening 
of the Dieudonne medium is due therefore to a decrease of the pH value, caused mainly 
by an entry of C02 from the air, but partly also by an elimination [Ausrrirt] of NH, 
from the plate . . . Differences in ripeness and selectivity of different Dieudonne fluids 
and series of plates as well as the variations in the ripeness and selectivity of one and the 
same fluid at different times are connected with differences in the pH values". [Trans.] 

On the basis of these and further studies Vedder & van Dam (1932b) 
recommended preparing the following two media for cholera diagnostic 
work: 

(1) 1 g haemoglobin is boiled for a few minutes in 20 m! of 0.2 N caustic potash. 
After the fluid has been rapidly cooled, one adds 120 mg glycocoll and, after a few minutes, 
80 m! of liquefied but not too hot agar, made from 1 g peptone, 0.5 g sodium chloride, 
and 3 g agar per 100 m! of water. The 6 plates poured from this material are immediately 
fit for use without preliminary drying in the incubator, but lose their selectivity if kept 
in storage. 

(2) 1 g haemoglobin is triturated in a mortar with 4 m! K"C03 (prepared by dissolving 
6.9 g anhydrous potassium carbonate in 100 m! boiled distilled water). One then adds 
(a) 1 m! of KHC03 solution (prepared by dissolving 5 g of hydrogen potassium carbonate 
in 100 m! of boiled distilled water); (b) 10 m! of distilled water; and finally (c) 35 m! of 
liquefied and somewhat cooled peptone-agar (see above), i.e., enough to pour 3 plates, 
which can be used immediately and, in contrast to those made with medium 1, retain 
their selectivity upon storage. 

ln laboratory tests, including those with cholera-contaminated faeces, 
both media proved most satisfactory: while cholera and El Tor vibrios 
invariably grew well or, particularly in the case of medium 2, even abun
dantly, other organisms, including Ps. procyanea, B. faecalis alcaligenes, 
E. coli, and enterococci failed to grow. Cnfortunately Vedder & van Dam 
had no cholera-like vibrios at their disposal. 

Wahbi (1938), who had the opportunity of using Vedder & van Dam's 
media for the stool examination of 61 pilgrims at a quarantine station in 
Iraq, stated in a short note that he had isolated El Tor vibrios on plates 
prepared with these media but not on Dieudonne's medium. Since, how
ever, some of the previous workers-e.g., Neufeld & Woithe (1910) and 
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Pilon (1911)-had observed growth of V. El Tor on the latter medium, it 
is difficult to believe that the .unfavourable results obtained by Wahbi were 
due to other than accidental causes. 

Lefebvre & Gallut (1937) recommended a cholera-selective medium 
similar to those of Vedder & van Dam which, as summarized in the Tropical 
Diseases Bulletin (1938), was made up as follows: 

"(1) Prepare ordinary nutrient bouillon of pH 8. (2) Add 3 per cent. agar. (3) Sterilize 
20 min. at 120° C. (4) Filter and add 40 cc. normal soda per litre. (5) Remove precipitate 
by filtration through cotton wool. (6) Distribute in large tubes in amounts of 14 cc. 
(7) Sterilize 15 minutes at 115° C. (8) Prepare: 10 per cent. solution of commercial 
crystalline haemoglobin in 10 per cent. soda 10; distilled water 90. (9) Prepare a buffer 
solution(pH 9.3) containing 8 volumes of sod. chloride 5.650; glycine 7.505 and 2 volumes 
of decinormal soda. (10) Mix haemoglobin solution and buffer solution in the propor
tions respectively of 1 to 2.75 and sterilize for 20 minutes at 120° C. (11) Add 6 cc. of 
buffered haemoglobin to each 14 cc. of agar medium. (12) Slope. (13) Use immediately, 
or preferably after drying for 24 hours in the incubator." 

Growth of V. cholerae on this medium was fairly rapid, the organisms 
sown from a mixture of different bacterial species appearing in the form of 
large colonies after an incubation of 10-12 hours, thus anticipating the 
growth of the concomitant organisms. 

Since their medium kept at least six months, Lefebvre & Gallut (see 
also Gallut, 1954) recommended speeding up the diagnostic work by 
issuing the tubes to field workers for direct inoculation of suspect stools at 
the bedside of sufferers. As the two workers stated with great reason, this 
procedure would be indicated particularly in cholera-affected localities 
distant from laboratories. 

2. Egg media 

Krumwiede, Pratt & Grund (1912) found it possible to prepare solid 
media for the selective growth of V. cho!erae by substituting egg-white or 
whole eggs for the blood or blood-derivatives used by the workers enumer
ated above. According to Goldberger (1914), the whole-egg medium of 
Krumwiede and eo-workers, which seemed preferable to a similarly prepared 
egg-white medium, was made up as follows: 

" Shake thoroughly equal volumes of egg (whole) and water. Then mix equal volumes 
of this egg water and a 12 per cent solution of crystalline sodium carbonate and filter 
through a thin layer of cotton. Steam the alkaline egg solution for 20 minutes. 

" Three volumes of the alkaline egg solution are mixed with 7 volumes of a 3 per 
cent peptone agar (salt 0.5, peptone 1, agar 3, water 100) and plates are poured. Allow 
to set and dry with covers off for 20 to 30 minutes. They are then ready for seeding." 

Krumwiede, Pratt & Grund stated that on this medium, which in contrast 
to that of Dieudonne was translucent, cholera vibrios (as well as cholera
like vibrios) grew in the form of distinctive colonies: examined in trans
mitted light, they had the appearance of being deeply embedded in the agar 
and had a peculiar hazy look owing to the presence of a halo round the colo-
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nies, which-in the case of vigorous growth-was surrounded by a zone of 
clearing. Hence, though the egg medium was somewhat less selective than 
that of Dieudonne, this untoward feature was counterbalanced by the ease 
with which the cholera colonies could be picked out. The simple method 
of preparation from readily available ingredients likewise rendered. this 
medium attractive. However, in a valuable study to which reference has 
already been made (see page 538), Goldberger (1914) expressed dissatisfac
tion with the method of Krumwiede and eo-workers, because he found their 
medium " to restrain not only the ordinary fecal bacteria, but also to mar
kedly inhibit the growth of cholera itself." Goldberger therefore recommend
ed the following modified egg medium for the selective growth of V. cholerae: 

"(a) Alkaline-egg solution. First prepare an egg water by beating up a whole egg (or 
any multiple) with an equal volume of distilled (or good quality of tap) water. Then mix 
one volume of this with an equal volume of a 6.5 per cent solution of anhydrous sodium 
carbonate and steam for half to one hour. 

·• (b) Meat extract glucose agar. This is prepared as follows: Meat extract ... 3, 
peptone ... 10, sodium chloride (c.p.) 5, glucose 1, agar 30, distilled (or good quality 
tap) water 1,000. Steam for 3 hours to bring the agar into thorough solution and decant. 
Distribute in flasks in convenient quantities and sterilize by steaming for an hour and a 
half. Store and use as needed. 

" For use, 1 volume of the alkaline-egg solution (a) is well mixed with 5 of the hot, 
freshly melted meat extract glucose agar (b) and plates poured. 

" The plates, if poured in a quiet room free from dust, may be left to set and dry with 
the covers off for half to three-quarters of an hour, when they are ready for seeding. If 
such a room is not available or if the plates are not for immediate use, it is much better 
to allow the plates to cool and set with the covers on and to get rid of the condensed 
moisture and dry the plates in the incubator at 37°. This is conveniently done by sliding 
the dish partly over the edge of the cover in an inverted position." 

Note. Goldberger added that the latter procedure, which prevented contamination, 
was also advantageous in the case of Dieudonne's and related media. 

On Goldberger's medium, which was translucent, cholera and some 
cholera-like vibrios grew well, the colonies showing the distinctive features 
described by Krumwiede and eo-workers, while the growth of the ordinary 
faecal bacteria was markedly restrained. The plates, if kept at 15° C, 
remained fit for use at least for 10 days, whereas the alkaline-egg solution, 
if stored at the same temperature, was found to remain serviceable for 
83 days. 

Comparing the medium described above with an alkaline meat-infusion 
agar he had also devised for selective cultivation of V. cholerae, Goldberger 
reached the conclusion that : 

" All things considered, the choice for practical work must fall upon the alkaline-egg 
glucose agar .medium. In comparison with Dieudonne's the alkaline-egg glucose agar 
permits of a more luxuriant growth of the vibrio colony; the vibrio colony is more 
distinctive in appearance; it exercises but little if any less restraint for the common fecal 
1:\acteria; its ingredients are more generally available, and, most notably, plates may be 
used at once." 
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As far as the present writer can judge, it is certainly regrettable that 
neither Goldberger's alkaline-egg medium nor Vedder & van Dam's media 
have been tried out on a worth-while scale in laboratory. work with actual 
cholera stools. 

3. Dye-containing media 

The use of the medium devised for the differential isolation of S. typhosa 
by Endo (1904) 1 for cholera-diagnostic work seems to have been recom
mended first by Creel (1911). While considering the subcultivation of pep
tone-water-enriched faecal specimens on Dieudonne agar or the egg medium 
afterwards described by Krumwiede and eo-workers instead of on alkaline 
agar to be an "unnecessary refinement of the technique", he maintained 
that: 

"All the advantages that Endo"s medium possesses for isolation of B. typhosus obtain in 
cholera work if the alkalinity of the medium is increased to double that usually employed, 
for on this medium Yibrio colonies give a very typical, clear, amethystine color." 

As quoted by Takano and co-authors (1926), Yoshida (1911), noting 
that cultivation of V. cholerae on En do's medium led to the appearance of 
scarlet-coloured colonies, recommended for cholera-diagnostic work a 
medium as follows: 

3 ~·~ agar base 
10 ~ ~ sodium carbonate 
Saturated alcoholic solution of fuchsin 
Pure glucose 
10~,~ sodium sulfite solution 

1000 ml 
30-40 ml 

4 ml 
30-40 g 

25 ml 

On this medium cholera and cholera-like vibrios developed in the form 
of scarlet-red colonies, while those of the usual faecal organisms were 
colourless. 

To judge from a short quotation by Kolle & Prigge (1928), a medium 
similar to the one just described was recommended for the isolation of 
V. cholerae by Mitsutake (1912), while Stokes & Hachtel (1913) once more 
referred to the possibility of using Endo 's original medium for this purpose. 
However, related methods of cultivation began to attract much attention 
only when Aronson (1915) recommended rendering Endo's medium more 
selective for cholera-diagnostic work by curbing the growth of E. coli 
through (a) an increased alkalinity and (b) the use of saccharose (and 
dextrin) as fermentable carbohydrates. The method of preparing Aronson 's 
medium was as follows: 

One litre of tap water is added to 35 g of agar in a flask. On the following day 10 g 
of meat extract, 10 g of peptone, and 5 g of NaCl are added, and the mixture is steamed 
for 4-5 hours. To obviate filtering, the flask is put in a slanting position and, after the 

1 To manufacture Endo's medium, Harris (1925) recommended( a) the preparation of an agar base with 
he following ingredients per litre of distilled water: dibasic potassium phosphate (K,HPO,) 3.5 g, peptone 

10 g, agar 15 g, and lactose 10 g; and (b) tbe addition of0.25 g of anhydrous sodium sulfite and 3.5 ml of 
a filtered 10% alcoholic solution of basic fuchsin per 100 m1 of the agar base. 
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sediment has settled, the supernatant is decanted in 100-ml quantities into 200-250 ml 
Erlenmeyer flasks. One adds then per I 00 ml of the still hot agar 6 ml of a I 0% solution 
of sodium carbonicum siccum and steams for IO-I5 minutes. Afterwards one incorpo
rates (a) 5 ml each of a 20 ~,~ saccharose and a 20 o~ dextrin solution, which have been 
sterilized through steaming for } hour; (b) 0.4 ml of a saturated alcoholic solution of 
diamond fuchsin; and (c) 2 ml of a fairly freshly prepared IO% solution of sodium 
sulfite, which has been sterilized through short boiling. After the flasks have been kept 
in a slanting position for the purpose of sedimentation, the contents of each are used 
for pouring 2 plates, which are dried open and in an im·erted position for -~ hour at 
50° C or correspondingly longer in the incubator. The transparent medium is then 
ready for use and, if kept in the dark, remains usable for several days. 

As described by Aronson, the cholera colonies, which became visible 
on his medium after an incubation of only 10 hours, were at first colourless, 
but after 15-20 hours showed an increase in size and a bright red colour, 
while E. coli colonies did not develop within 15-20 hours. Observations he 
was able to make with one cholera stool fully confirmed these findings: 
while growth of E. coli was inhibited for 24 hours, the colourless cholera 
colonies developing after an incubation of 10 hours could be easily identified 
with bacterioscopic and slide-agglutination tests, the characteristic red 
colour of the growths becoming manifest 17 hours after inoculation of the 
plates. 

The validity of Aronson's claims soon became the subject of consider
able debate. The great usefulness of his method was confirmed by the 
observations of several workers, among which those made by Schi.irmann & 
Fellmer (1915) and Stern (1915), partly with actual cholera stools, are 
particularly noteworthy. However, a number of other observers (see the 
summari:cs by Baumgarten & Langer-Zuckerkandl, 1917; Hesse, 1920; 
Kolle & Prigge, 1928) were less favourably impressed by the value of 
Aronson's medium and tried in part to improve it by lowering its alkalinity 
or using substitute dyes or other ingredients. Particularly noteworthy in 
this respect is that Taylor & Ahuja (1938) and Read (1939), continuing to 
make successful use of Aronson's medium in actual cholera work, while 
otherwise following the original formula of this author reduced the amount 
of sodium carbonate solution incorporated into the medium by one-sixth. 

It was afterwards pointed out by Venkatraman (1949) that a precipita
tion of rosaniline from the alcoholic solution of fuchsin by alkali was apt 
to render certain batches of Aronson's medium inhibitory for the growth of 
V. cholerae and that the isolated colonies developing after massive implanta
tion of such plates with cholera cultures tended to be rough in character. 
Bhaskaran (1953), besides confirming these obsermtions through an elabo
rate investigation, also established that the rough Yariants developing under 
these conditions differed markedly from their smooth parent strains in 0 
antigenic structure and were avirulent for mice. HoweYer, notwithstanding 
these shortcomings, Ahuja et al. (1950, 1951) considered Aronson's medium, 
the use of which had been recommended in the 1947 instructions for cholera 
work issued by the British ~Iinistry of Health, to be " generally reliable." 
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It has to be added that a method of subcultivating cholera-suspect 
colonies on and in a semi-sloped agar medium, which contained mannite 
and Andrade's indicator,1 has been described by Gohar (1947, 1948). 
It would seem, however, that this procedure, ingenious though it was, has 
been superseded by the more expedient methods now available for the 
isolation and identification of V. cholerae. 

Mention must finally be made of the use for extensive cholera laboratory 
studies by Husain & Burrows (1956) of a thionin-glycerol-agar medium 
containing 1% peptone, 0.2% glycerol, 1.5% agar and thionin to a concen
tration of 10 f.Lg per lOO ml (pH 8.0). As the two workers stated, this 
medium, while giving substantially the same plate counts as plain or blood 
agar, "allowed maximal differentiation of the colonial types, prolonged 
viability not obtainable with ' 2-1 ' agar, and a high degree of stability of 
colonial type on successive subculture ". Substitution of acid fuchsin, 
eosinate of methylene blue or malachite green for thionin was found to 
give " a slightly reduced differential effect , .. 

4. Starch-containing media 

Though Eijkman recorded as early as 1901 that cholera and cholera-like 
vibrios, in contrast to E. coli, produced a halo round their colonies when 
grown on agar plates containing rice- or arrowroot-starch, Gordon (1906) 
seems to have been the first worker who proposed to take differential
diagnostic advantage of the marked ability of V. cholerae to decompose 
starch. Using for this purpose a litmus-tinted fluid medium which contained 
0.5 % starch besides 1 % meat extract, 1 % peptone, and 0.1 % sodium 
bicarbonate, he found that in this the cholera vibrio alone produced a 
strongly acid reaction within 24 hours, whereas (a) Finkler & Prior's vibrio 
produced only a feeble acidity by the third day of incubation, and (b) other 
organisms including E. coli, S. enteritidis, and Proteus failed to acidify the 
medium. 

Stokes & Hachtel (1913), apparently the first to work with similar solid 
media, stated that they had been unable to distinguish between cholera and 
E. coli colonies when growing the organisms on 3% starch-litmus agar 
plates. They found, however, that, when inoculated in 0.55% semi-solid 
agar containing 1 % starch and litmus, cholera and cholera-like vibrios had 
a characteristic appearance, growing in the form of pink colonies, whereas 
E. coli and other organisms like B. faecalis a!caligenes, Proteus, and typhoid 
bacilli formed blue colonies. 

As summarized by Takano and co-authors (1926): 

"Ito (1914), taking advantage of the fact that the cholera vibrio changes starch into 
sugar and then produces acid, while colon organisms do not have any such action, devised 
the following starch medium: 

'The indicator of Andrade (1906) is prepared by dissolving 0.1-0.5 g of acid fuchsin in 16 ml ofN sodium 
hydroxide and 100 ml of water. 
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Water 1,000 c.c. Saturated alcoholic solution 
Starch 10 g. of fuchsin 5 c.c. 
Peptone 30 g. 10 /'~ sodium sulphite solution 25 c.c. 
Salt 5 g. 10% crystal sodium carbonate 
Agar 30 g. solution 30 c.c. 

" On this medium the colonies of cholera become visible in 12 hours and are bright 
scarlet; in 20 hours the colonies have a diameter of about 2 mm. and are surrounded 
with a clear zone. The colon bacilli do not thrive very well and the colonies are greyish 
white, without any clear zone around them. Differentiation between cholera and the 
other vibrios on this medium is not possible . . . Cane sugar may be substituted for 
starch and litmus for fuchsin."" 

As claimed by Lange (1915, 1916), a suitable medium for cholera
diagnostic work could be prepared by mixing 6 parts of hot highly alkaline 
agar (containing 40 ml of 10 ~~ sodium carbonate solution per litre) with 
I part of 5% rice-starch size (Kleister), obtained by gluing up the starch 
with boiling hot water and afterwards autoclaving. In distinction from other 
organisms, cholera and cholera-like vibrios, after an incubation for 14-
20 hours on this medium, showed a peculiar growth, characterized by the 
presence of dew-drop-like colonies surrounded by a distinct halo-features 
which greatly facilitated the identification of V. cholerae with slide agglutina
tion tests and subcultivation of the organisms. 

Discussing the value of his medium, Lange admitted that, if used for the 
direct cultivation of cholera-suspect faecal specimens, it was not quite as 
reliable as other selective media. He asserted, hmveyer, that in combination 
with peptone water enrichment " it was definitely superior to the hitherto
known cholera media". 

Botticher (1915), who had an early opportunity of working \vith Lange's 
medium, was not in agreement with the claims made by the latter, stating 
that: 

" Lange's agar does not show the selectivity for cholera vibrios possessed by Dieudonne 
agar. For less experienced workers it may come into consideration as a substitute for 
Koch [i.e., alkaline] agar. Thbse familiar with cholera diagnosis will hardly be willing 
to prefer the halo formation to the characteristic appearance of V. cholera colonies on 
Koch agar." [Trans.] 

Returning to the method suggested by Stokes & Hachtel and used by Ito, 
Gibson (1916) recommended the use of a medium containing per litre of 
water 30 g agar, 10 g each of peptone and starch, as well asl.5 g sodium 
bicarbonate to which, after fractionate sterilization, a sufficient amount of a 
sterile aqueous litmus solution was added to produce a blue colour. 

As stated by Gibson, the V. cholerae colonies becoming visible on this 
medium after an incubation of 18 hours already showed a faint pink colour, 
whereas those of other organisms, including even the cholera-like vibrios, 
still exhibited a blue or whitish colour at this stage. After an incubation of 
36 hours the colonies of the cholera-like vibrios also shmved a pink tinge, 
but this coloration was less marked than that of the V. cholerae colonies, 

36 
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which after an incubation of about 24 hours were already seen to be sur
rounded by a faint pink halo. With the exception of some Gram-positive 
diphtheroids, no other faecal organisms grew in the form of pink colonies. 

Considering his findings, Gibs on was of the opinion that his medium was 
suitable for the direct cultivation of broth-emulsified faecal specimens, 
including even specimens from suspected· cholera carriers-a claim which 
the present writer for one would not be prepared to endorse. 

Starch-containing media were also recommended for the selective 
cultivation of V. cholerae by Kodama (1921, 1922a, 1922b) and Kiribayashi 
(1933), as well as more recently by Yen (1947), Ch'i & Zia (1949), and 
Dishon (1951). 

Yen (1947), noting that the fluid medium he had devised for the same 
purpose (see above, page 538) rarely yielded pure growths of V. cholerae, 
recommended hastening the isolation of this organism by the use of an 
analogous solid medium, prepared as follows: 

"To 40 ml. egg white [are] added 280 ml. distilled water and 20 ml. N.NaOH. The 
mixture is beaten thoroughly, gently boiled for 30 minutes in an evaporating basin and 
cooled to room temperature. lOO ml. of a 10% aqueous solution of soluble starch, 
previously warmed to 40° C and thoroughly shaken for 2 minutes, are then added and 
the volume made up to 1 liter with distilled water. To this are added: 

Peptone 10 gm. Maltose 1 gm. 
Meat extract 3 gm. Magnesium chloride 1 mg. 
Potassium nitrate 3 gm. Agar agar 20 gm. 
Sodium chloride 3 gm. 

" The whole mixture is heated in a water bath for one hour with frequent shaking, 
then filtered through cotton, and the reaction of the medium adjusted to pH 8.0. The 
filtrate is then distributed into flasks in 100 ml. lots and autoclaved at 15 lbs. [1.05 kg 
per cm2

] pressure for 15 minutes. Just before pouring into plates, 1 ml. of 1 : 10,000 dilu
tion of Malachite Green in 95% ethanol, and 0.5 ml. of 1 : 100 dilution of Rosolic Acid 
in 95% ethanol are added to each 100 ml. of the medium, and thoroughly shaken until 
the indicators are evenly distributed throughout the mixture. It is then poured into 
sterile plates to a depth of about 0.3 cm. During inoculation, the surface of the cooled 
medium should not contain excessive moisture." 

Cultivation of cholera vibrios on this medium for 18-24 hours at 37° C 
gave rise to transparent colonies surrounded by greenish-yellow haloes, 
whereas other organisms, including E. coli, Proteus, and B. faecalis 
alcaligenes failed to produce such zones of clearing and enterococci failed 
to grow. Yen claimed that his medium had "been found to be of great 
practical use for the primary isolation of V. cholerae ". 

Ch'i & Zia (1949), finding Yen's media unsatisfactory, tried to improve 
them by the incorporation of potassium tellurite. While .the fluid medium 
they thus manufactured has already been dealt with above (see page 543), 
their method of preparing an analogous solid medium may be described 
as follows: 

To a broth made with 5 g meat extract, 10 g peptone, 1 g KN03, 1 g MgC12, 6H20, 
8 g NaCI, and 900 ml distilled water one adds 20 g of agar. After this mixture has been 
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dissolved by heating in a double boiler and the water lost by evaporation has been resti
tuted, the pH is adjusted to 9.2. Then, after the medium has been cleared. by sedimentation 
and the sediment discarded, lOO m! of a. 5% soluble starch solution, which has been 
sterilized by boiling for 2 minutes, are added. After thorough mixing the medium is 
distributed in 100-ml lots into flasks and these are sterilized at 12 pounds per square 
inch (0.8 kg per cm2) for 20 minutes. Just before plates are poured from the medium 
cooled down to 60° C, one adds to each lot (a) 1 m! sterile 0.2% potassium tellurite 
solution (aqueous), and (b) 1 m! of a 0.5% rosolic acid solution in 90% ethanol. 

According to Ch'i & Zia, growth of V. cholerae on this medium was 
manifested after an incubation of 12-24 hours by the appearance of black 
colonies. These, if found to consist of vibrios, were used for slide-aggluti
nation tests with cholera-immune serum diluted 1/80. Apart from the 
occasional development of bluish colonies of coliform organisms the medium 
inhibited the growth of the normal intestinal flora. However, while finding 
their solid medium reliable, Ch'i & Zia were able to arrive· at a more rapid 
diagnosis of cholera with the aid of their fluid medium. 

The solid medium of Dishon (1951) was prepared with a 2%-2.5% agar 
base containing 0.6% meat extract, 0.5% peptone, 2% NaCl, and 1 % 
starch. After this medium had been autoclaved, the following ingredients 
were added per 100 ml: 1. 5 ml of a 10% sodium sulfite solution; 4 ml of 
a 20% sodium carbonate solution; 2.5 ml of a 20% saccharose solution; 
0.2 ml of a saturated alcoholic solution of acid fuchsin, and 1/200 000 
each of gentian violet and brilliant green (final pH 8.5-8. 7). 

Cholera colonies developing on this medium were transparent and 
slightly pinkish; they had a diameter of 2-5 mm and were surrounded by a 
clear zone, which already began to become manifest after an incubation of 
6-8 hours. Nevertheless, as has been indicated above (see page 545), Dishon 
recommended inoculating cholera-suspect stools first into his fluid medium 
and transferring material from .this to plates of the solid medium after an 
incubation of 6-8 hours. After the plates had been kept in the incubator 
overnight, isolated colonies were picked out for identification tests. Exami
nation of the plates was greatly facilitated by the fact that growth of con
taminants was inhibited for 48 hours. 

As far as could be ascertained, Dishon's media as well as those 1of Ch'i 
& Zia have not yet been tried out in laboratory work under actual cholera 
conditions. 

5. Casein-containing media 

In the course of his classical investigations on bacterial enzymes, Eijk
man (1901) found that some species, including V. cholerae, had the property 
of producing haloes round their colonies on milk agar plates as well as on 
agar media to which, instead of milk, a mixture of (a) a solution of casein 
carbonate and (b) calcium chloride had been added. There was no doubt, 
therefore, that the halo formation on milk agar plates was the result of an 
action of the bacterial enzymes on the casein and not on the milk fat. 
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Further establishing that the property of halo production on milk or casein 
agar plates was possessed solely by gelatin-liquefying species, Eijkman 
concluded that one and the same bacterial enzyme was responsible for 
both these phenomena. He pointed out that for diagnostic work it would 
be more convenient to use milk agar instead of gelatin plates in view of 
the low melting-point of the latter and their progressive liquefaction during 
incubation. It has to be noted, however, that the property of halo produc
tion on milk or casein agar plates was possessed also by many cholera-like 
vibrios as well as by some other organisms, such as Ps. pyocyanea, apt 
to be met with in cholera-suspect stools. It was possibly for this reason 
that no immediate diagnostic advantage seems to have been taken of 
Eijkman's method of cultivation. However, in later years casein-containing 
media were again recommended for the cultivation of V. cholerae by 
Boccolari & Olivi (1916), Ko-Ran (1922a, l922b), Vardon & Datta Roy 
(1938) and Koch & Kaplan (1952, 1953). 

Boccolari & Olivi (1916) found it preferable to use 6 g of trypsinized casein per litre 
instead of 10 g of peptone for the preparation of Aronson ·s medium. 

The medium recommended by Ko-Ran (1922a, 1922b) was prepared by adding to 
100-ml amounts of a 3 ~~ agar base, made up with peptone and sodium chloride only, 
(a) a mixture of 0.5 g casein or nutrose and of 2 m! of a 10% solution of anhydrous 
sodium carbonate in 10 m! distilled water; and (b) 0.1 m! of a saturated solution of 
fuchsin in ethanol.' 

On plates poured with this medium cholera vibrios grew in the form of light-red, 
round colonies surrounded by a clear zone. 

Papain-casein digest broth and agar media deYised by Vardon & Datta Roy (1938) 
were found to be satisfactory for the growth of Yarious bacteria including V. cho/erae. 
However, since these media would be useful for Yaccine manufacture and bacteriophage 
work rather than for diagnostic purposes, it does not seem indicated to deal here with 
the details of their manufacture, which are clearly set forth in the well-documented 
publication of these two authors. 

As a result of investigations made with the aim of finding a simple medium for the 
cultivation of cholera vibrios with an increased yield, Koch & Kaplan (1952, 1953) 
arrived at the following formula: 

Peptone 0.5 ~"~, casein hydrolysate .0.5 ~~. sodium chloride 0.5 ~"~• disodium hydrogen 
phosphate 0.25 ~~. Bovril 0.15 %. Marmite, 0.15 ~;glycerol 2.2 ~~. and agar 2.5 %. 

The two workers found that the yield of V. c/rolerae on this medium was more than 
twelve times that on plain peptone agar and that the organisms grown according to 
their method possessed satisfactory immunizing properties. It would seem, therefore, 
that, like the fluid casein hydrolysate medium utilized by Sokhey; Habbu & Bharucha 
0 950), mention of which has been made in Chapter 4, and a similar semisynthetic medium 
with a good yield recommended by Uttberg-Olsson & Billaudelle (1956), Koch & Kaplan's 
medium would be useful principally for the manufacture of cholera vaccine. 

6. Bile-containing media 

As summarized by Takano and co-authors (1926): 

"'Toyoshima (1914) took advantage of the fact that cholera grows well in ox bile and 
substituted it for broth in preparing strongly alkaline agar medium. Cholera grows in 

1 The statement made in the review of Ko-Ran's article bv Takano and co-authors (1926) that the in
gredients enumerated above V~ ere added to one litre amounts o{O.J o o agar js obviously due to a misprint. 
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large colonies greyish white in colour, with a moist surface. Around the colonies are 
discoloured zones. The growth of other organisms than the vibrio is inhibited." 

An attempt made by Maitra & Basu (1924) to utilize the bile-salt/lactose 
medium-which was devised by MacConkey (1905) for the isolation of 
S. typhosa and allied organisms-for cholera work as well proved disap
pointing: while cultivation of about 200 cholera stools on plain alkaline agar 
was invariably successful, parallel inoculation of these specimens on Mac
Conkey's medium gave a negative result in 80 ~;. HoweYer, it deserves 
attention that, as Gohar & Makkawi (1947) afterwards claimed, the ingre
dient in MacConkey's medium responsible for this untoward result was the 
neutral red, which, if added in concentrations above 1,20 000, was apt to 
inhibit the growth of V. cholerae. It is certain that, as proved by ample 
experiences in India (see,. for instance, Brahmachari, 1927; Pasricha and 
co-authors, 1932a; Ashehov et al., 1933a; and Panja, 1947), agar media 
containing 0.5% sodium choleate (commonly, but not quite correctly, called 
sodium taurocholate) were fully suitable not only for the subcultivation of 
V. cholerae, but even for its direct cultivation from cholera-suspect stools, 
and could therefore be used to advantage for practical purposes. Similarly, 
direct cultivation of cholera-suspect faecal specimens on desoxycholate 
citrate agar (a medium described in the standard works on laboratory 
technique) was recommended in the 1947 instructions for stool examination 
issued by the British Ministry of Health. 

Panja & Ghosh (1943), who were unable to prepare desoxycholate 
citrate agar during the Second World War, recommended in its place a 
medium of the following composition: 

Meat extract 
Peptone 
Sodium taurocholate 
Sodium citrate 
Sodium thiosulfate 

0.5% 
0.5% 
0.85% 
0.80% 
0.85% 

Sodium phosphate 0.75% 
Ferric citrate 0.30% 
Lactose 1.25% 
Agar 2.50% 
Neutral red (0.25 ~~~solution) 1.5 ml/100 ml 

Compared with other bile-salt-containing media, including that of Mac
Conkey, Panja & Ghosh's agar gave better results not only with artificially 
contaminated faecal specimens but also with actual cholera stools. The 
plates .of the new medium, which was transparent, remained fit for use for 
about a week. Chatterjee (1953, 1956) recommended that, in order to obtain 
particularly reliable diagnostic results, plates of this medium be used 
side by side with plates of MacConkey's medium and of sodium choleate 
agar for the direct cultivation of cholera-suspect stools. 

7. Bismuth-sulfite agar 

In their important article on bismuth-sulfite media for the isolation of 
V. cholerae already referred to earlier in this chapter (see page 540 et seq.) 
Wilson & Reilly (1940) drew attention to the fact that the solid medium 
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devised by Wilson & Blair (1931) for work with the typhoid-paratyphoid 
group of bacteria, if slightly modified, was also eminently useful for cholera
diagnostic work. The method of preparing such a modified medium was 
as follows: 

" Peptone 40 g., NaCl 20 g., agar 80 g., water 4000 c.c., sodium carb. sol. (53 g. 
to 400 c.c. water) 40 c.c. The medium is autoclaved and without being filtered is adjusted 
to a reaction of pH 8.6. 

"To 100 c.c. of this medium melted and cooled to 50s C are added 20 c.c. stock 
mannitol saccharose sulphite bismuth solution, 2 c.c. phenol red 1/1000 watery solution, 
and 2 c.c. absolute alcohol . . . Plates are poured and the surface inoculated. 

"The stock mannitol sacchawse bismuth sulphite solution is prepared as follows: 
(a) 100 g. sodium sulphite anhydrous dissolved in 500 c.c. boiling distilled water. 
(b) 30 g. bismuth ammonio-citrate scales dissolved in 250 c.c. of boiling water. 
(a) and (b) are mixed and boiled for two minutes, cooled and then added to (c) which 
consists of 50 g. saccharose and 5 g. mannitol dissolved in 250 c.c. of water. To the 
mixture are added 15 g. sodium bicarbonate dissolved in 50 c.c. cold water." 

As established by Wilson & Reilly, their modified medium, while pro
moting the rapid and profuse growth of V. cholerae, not only suppressed 
that of E. coli and B. lactis aerogenes (Bact. aerogenes), but also proved 
to be unfavourable for the development of many cholera-like vibrios: of 
25 such strains tested six only grew well. while the growth of 19 was scanty 
or even nil. More important still, the medium was also not favourable for 
V. El Tor, the colonies of which were much smaller than those resulting 
from the implantation of " epidemic '' strains of classical non-haemolytic 
cholera vibrios. 

Describing the growth appearances of the latter, Wilson & Reilly stated 
that: 

" On the mannitol saccharose sulphite bismuth phenol red alcohol agar plates colonies 
of the cholera vibrio appeared after one night's incubation and were yellowish brown in 
colour. In the case of some strains after two days the colonies exhibited a dark metallic 
lustre. In general the characteristic feature was a yellowish brown growth resulting from 
the action of the acids produced from fermentation of the mannitol and saccharose on 
the phenol red." 

Wilson & Reilly admitted that somewhat similar colonies were formed 
on their medium by various strains of the genus Proteus, which, however, 
were unable to form spreading films of growth. For this reason and also 
because it was easy to differentiate cholera vibrios not only with slide-agglu
tination tests but even by mere smear examination, the ability of Proteus 
strains to grow on the bismuth-sulfite medium did not cause difficulties. 

On the basis of their findings, Wilson & Reilly felt entitled to postulate 
that: 

" Rich growth on our sulphite bismuth agar medium will be another differential test 
supplementing serological tests and the finding of Taylor (1937) and others that the 
true cholera vibrio is (a) non-haemolytic of washed goat erythrocytes, (b) ferments 
saccharose and mannose but not arabinose, (c) gives a positive cholera red and a negative 
Voges-Proskauer reaction." 
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A modified bismuth-sulfite medium afterwards recommended for 
cholera-diagnostic work in India (see Pandit, 1941; Ahuja et al., 1951) had 
the following formula: 

2.5% agar base (pH 8.8) * lOO ml 
20% sodium-sulfite solution 4.8 ml 
Liquor bismuthi ** 0.16 ml 
Absolute ethanol 0.2 ml 
10% mannose solution 1.0 ml 

*Pandit (1941) recommended preparing the agar base with papain-digest broth, whereas 
Ahuja et al. advised the use of a tryptic digest broth (Douglas, 1914) for this purpose. 

** Liquor bismuthi was prepared according to the formula given above on page 540. 

Reporting in 1942 to the Scientific Advisory Board of the Indian 
Research Fund Association on the examination of 233 cholera-suspect 
stools, the Director of the School of Tropical Medicine in Calcutta stated 
that direct plating of these specimens gave 58% positive results in the case 
of Wilson & Reilly's medium as against 59% positives on bile-salt agar 
plates. Both these results were thus inferior to those obtained with the 
enrichment method devised by Panja (1942-see above, page 543), which 
gave 81% positive results. 

However, Pandit (1941) as well as Ahuja et al. (1950, 1951) found 
Wilson & Reilly's modified medium particularly useful for the direct 
plating of cholera-suspect stool specimens. The last-mentioned observers, 
while admitting that Aronson's medium also exerted an inhibitory effect 
on many organisms other than vibrios, stressed that (a) certain batches of the 
latter medium were" poorly supportive of the growth of V. cholerae ",and( b) in 
contrast to Aronson's medium that of Wilson & Reilly inhibited the growth 
of many cholera-like strains and even hampered that of V. El Tor. 

It has to be noted that Felsenfeld et al. (1951), comparing various solid 
media by growing on them bacterial mixtures containing, per millilitre, 
500-1000 cholera vibrios as well as 10 000-15 000 organisms each of E. coli, 
B. aerogenes, Proteus vulgaris, Pseudomonas aeruginosa, and an enterococcus, 
arrived at a less favourable estimation of Wilson & Reilly's medium. They 
recorded the results of their comparative tests as follows: 

Probability of isolation of at least one colony of cholera vibrios when inoculating 
0.01 m/ vibrio+mixture to each of two identical plates 

Medium Chefflical composition Probability 
(Poisson distribution) 

Alkaline agar Peptone agar, pH 7.8-8.0 91.7 
Dieudonne Alkaline blood agar 67.8 
Krumwiede Alkaline egg agar 72.5 
Aronson Alkaline-sucrose-dextrin-agar+ Andrade 97.8 
Wilson & Reilly Alkaline bismuth-sulfite agar 88.7 
Teague & Travis (1916) * Alkaline eosin-vesuvin agar 81.2 
Panja & Ghosh Bile-salt agar 90.5 

* As given by Gradwohl (1948), this medium was prepared by adding 1 g of sucrose, 
2 ml of 3% aqueous solution of eosin B, and 4 ml of a 1/1000 aqueous vesuvin (Bismarck 
brown) solution per 100 ml of 2%-3% beef extract agar (pH 8.0). 
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It would not seem wise, however, to lay greater stress upon the obser
vations made under rather artificial as well as rigid conditions by Felsen
feld et al. than upon the favourable results obtained with the modified 
medium of Wilson & Reilly (not tested by Felsenfeld et al.) in the course 
of laboratory work with actual cholera stools. As far as the present writer 
can judge, it is the involved method of preparation, and not any lack in 
reliability, which limits the usefulness of this medium. 

While, as discussed above, many investigators were intent upon devising 
specially selective media for cholera-diagnostic work, some continued to 
advocate the use of plain alkaline agar for this purpose. 

Thus Creel (1911), describing the methods used at the ~ew York Quarantine Station 
for the detection of cholera carriers, stated that, in order to save time and labour, plain 
alkaline agar media were used for making the subcultures from the originally inoculated 
peptone water cultures. 

Similarly, Babes (1914; see also Neumann, 1915) recorded that, when having to 
make mass examinations of cholera-suspect stools during the Balkan wars, he resorted 
to subcultivation on plain alkaline agar. He first used agar tubes for this purpose, starting 
inoculation at the bottom of the slants and continuing it upwards in a zigzag course. 
He claimed that by following this technique it was possible to find isolated colonies of 
V. cholerae at the top of the slants after incubation for only six hours. Later, in order 
to save glassware and labour, Babes distributed layers of plain alkaline agar on the 
inside of 1-litre bottles and used these for the inoculation of 20 specimens in the manner 
just described. 

Volpino (1916) considered subcultivation of peptone-water-enriched faecal specimens 
on plain alkaline agar as satisfactory as that on Aronson's medium, on which the charac
teristic appearance of the cholera colonies was apt to become manifest with some delay. 

Attention has to be dra"n also to various procedures devised by some 
of the earlier workers to increase the selectiYity of plain agar media for 
V. cholerae. 

Crendiropoulo & Panayotatou (1910) tried to reach this goal by separately preparing 
(I) a 3% agar base containing 1 ~-~ peptone and 0.5 ~ ~ sodium chloride, and (2) an alkaline 
peptone solution made by (a) dissolving 5 g of peptone in 190 ml of tap water; (b) adding, 
according to the kind of peptone used, 8-10 ml of a 10~~ solution of caustic soda; 
~c) after short heating and subsequent cooling of this mixture, filtering it through paper; 
and, finally, (d) sterilizing it for 1 hour in the steam-sterilizer. 

Immediately before use 4 parts of this alkaline peptone solution were admixed under 
aseptic conditions to 6 pans of the agar base, and plates were poured. 

Crendiropoulo & Panayotatou claimed that their new medium, besides being easily 
preparable and transparent, had the advantage of inhibiting the growth of the usual 
faecal bacteria and-in contrast to Dieudonne's agar----considerably· retarding that of 
Ps. pyocyanea. However, while Crendiropoulo (1912) recorded satisfactory experiences 
with the new medium in actual cholera work, Goldberger (1913) found it insufficiently 
selective. 

Tokunaga (1911) recommended, for the isolation of ~-. cholerae, the use of a serum
containing alkaline agar, which, being transparent-in contrast to Dieudonne's medium
facilitated diagnostic work. For the same reason, Violle (1915) advocated the use of an 
alkaline agar medium to which 10% of glycerol had been added. 

The alkaline meat-agar (Fieischnatronagar) devised by Esch (1915) was prepared 
by heating 500 g of meat (or of fish) in 250 m1 of normal soda solution, filtering the pro-
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duct after dissolution through cambric, sterilizing it, and admixing it, when needed, 
i·n a proportion of 3 : 7 to a neutral agar base. Like Dieudonne's agar, the plates poured 
from this medium required a ripening period of 24 hours. However, while otherwise 
possessing qualities comparable to those of Dieudonne's medium, the alkaline meat-agar 
plates had the advantage of being transparent. 

While none of the modified media just described has been permanently 
adopted, a study of the newer literature as well as of the recent instructions 
for cholera laboratory work (Seneca & Henderson, 1949; Ahuja et al., 1950, 
1951; Gallut, 1954) shows that notwithstanding the introduction of special 
selective media the use of plain alkaline agar plates has been continued. 
This is not surprising if it is considered that under certain conditions the 
latter media are apt to giYe as satisfactory results in cholera-diagnostic 
work as the former. This is particularly true if the solid media are used 
merely for the subcultivation of preliminarily enriched faecal specimens 
collected from patients in the acute stage of the disease. 

There can be no doubt, however, that if sole reliance is placed upon the 
rapid method of directly plating the faecal specimens-a procedure already 
recommended by a few of the earlier workers, e.g., by Rivas & Smith (1912), 
and increasingly used in recent years-cultivation on highly selective media 
is indicated. However, even these give reliable results only with the vibrio
rich faecal specimens collected from patients in the acute stage of cholera, 
but not with the stools of cholera convalescents or carriers, which usually 
contain only scanty numbers of the causative organisms. It is generally 
agreed, therefore, that preliminary enrichment of the latter kind of specimens 
in fluid media is indispensable. If, as is indicated, the highly effective 
enrichment methods now available are applied for this purpose, it seems a 
moot point whether it is necessary also to use highly selective solid media 
for subcultivation. 

Examination of Vomits 

The contention made in Chapter 6 that the occurrence of the causative 
organisms in the vomits of cholera patients is by no means as exceptional 
as has been claimed by some authors is well supported by systematic 
observations made in this respect by Panja, Malik & Paul (1942). Examining 
single specimens of the vomits of 52 cholera patients both with the aid 
of peptone water enrichment and by direct plating on bile-salt agar, these 
workers were able to isolate V. clzolerae 26 times, i.e., in 50% of their 
material. As was to be expected, they obtained positive results more fre
quently if the pH of the vomits was above 6.0 (as was usually the case), 
whereas at a pH below 5.0 no isolations were made. 

However, valuable as these observations are, they render it clear that an 
examination of the vomits of cholera patients could only supplement but not 
replace that of faecal specimens. 
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A unique observation by Lieou (1938) deserving attention at the present 
juncture concerned an individual who succumbed within less than 24 hours 
to an illness characterized solely by severe gastric pains, anuria, and collapse. 
Since food-poisoning was suspected, the stomach contents obtained at 
autopsy were used for subcutaneous inoculation of a guinea-pig and a rabbit 
as well as for intraperitoneal injection of a mouse. The first-mentioned 
animal, which had received a dose of 2 ml, succumbed after about 30 hours, 
showing at autopsy a sero-purulent infiltration at the site of injection and 
congestion of the abdominal organs. Cultivation of its heart blood led to the 
isolation of V. cholerae. There can be no doubt that an adequate bacterio
logical examination of the stomach or intestinal contents of this victim 
(which was omitted for the not very cogent reason that the material had not 
been collected under sterile conditions) would have led to an identical 
result. In fact, material for such tests might have been obtained during the 
life of the sufferer either through rectal swabbing or with the aid of an enema, 
or-as was afterwards suggested by Panja, Malik & Paul (1942)-by 
giving the patient sterile water to drink so as to induce vomiting. 

Water Examination 

The history of the examination of water samples for the presence of 
V. cholerae goes back to Koch who stated at the 1884 cholera conference 
in Berlin that by cultivating small quantities of such specimens directly on 
gelatin plates he had 

" succeeded in finding comma bacilli with all their characteristic properties in a tank 
which. supplied the drinking and otherwise used water for all people Jiving in the vicinity 
and in the immediate environment of ..yhich a number of fatal cholera cases had occurred ". 
[Trans.] 

As can be gathered from the literature, especially from a valuable 
summary by Prausnitz (1903), some other early workers, using the same 
technique as Koch, also claimed to have isolated cholera vibrios from sur
face-waters, or from wells. or other sources, e.g., the bilge-water of a steam
tug coming from the infected port of Hamburg (Lubarsch, 1892). However, 
as maintained by some observers, such as Gruber (1894) and Prausnitz 
(1903), none of these early isolated strains could be properly identified so 
that, as the latter author put it, " the question of their cholera nature must 
remain open ". 

However, even if these early claims as to the occurrence of cholera 
vibrios in surface or other waters could have been accepted at face value, 
the scantiness of such allegedly positive findings was certainly dispropor
tionate to the apparently paramount role played by contaminated surface
waters in the contemporaneous cholera outbreaks. Stressing this dis
crepancy, Fraenkel (1892) thus wrote in a little noted but interesting article: 
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"To furnish final and exact proof that the water was not unjustly incriminated, namely, 
the discovery of the cholera bacteria in the suspected rivers, was not possible. Competent 
and most experienced observers examined the Elbe water at Hamburg and the Spree 
water at Berlin most painstakingly, yet no positive findings rewarded their endeavours." 
[Trans.] 

But, Fraenkel aptly continued, 

" For the expert this is not surprising. For in view of the extraordinarily small quantities 
to which bacteriologicaL water analysis is necessarily restricted, and more still' on account 
of the abundance of various saprophytes in surface water, it must be considered a lucky 
accident of the first order if one nevertheless succeeds in getting hold of the cholera 
bacteria." [Trans.] 

It is not at all surprising that under these circumstances the thought 
arose of improving the results of water examination by resorting, in place of 
direct platings with a few drops of the samples, to the enrichment of larger 
quantities of the suspected waters. In fact, as will be discussed soon, such an 
improved technique was suggested as early as 1892 by Heim. However, 
before dealing with this proposal, it seems well first to refer for the con
venience of the record to an alternative method devised by Arens (1893) 
for the discovery of small numbers of cholera vibrios in water samples. 

For this purpose, Arens advised the use of 175-rnl quantities of the suspect waters, 
to which 25 ml of a broth, prepared according to the method of Karlinski (1890) from 
cattle pancreas, and-further to promote the growth of V. cholerae-1 ml of a 10% 
caustic potash solution were added. As Arens established through laboratory tests, it 
became possible in this way regularly to isolate cholera vibrios by subsequent plating 
from specimens containing not more than two of the organisms per 5 ml of water. 
Occasionally, positive results were obtained with samples containing orie cholera vibrio 
per 5 ml-once even with a specimen containing one organism per 30 rnl. 

While in spite of its apparent efficacy Arens' method seems never to 
have been used in actual practice, the procedure originally suggested by 
Heim (1892) soon attracted universal attention. As this worker summarized 
in 1901, he had pointed out in his original article 

" that the detection of cholera vibrios in water is rendered easier, if one takes instead of 
the usual amount of 1 c. c. a larger quantity of the suspected water and prepares through 
the addition of substances suitable as pabulum for the bacteria a substrate in which the 
vibrios, on account of their oxygen requirement, come to the surface and, assembling 
there, form a membrane from which they can easily be isolated. Having examined several 
such nutritive substances, I particularly recommended peptone and sodium chloride". 
[Trans.] 

For work with actual specimens, Heim (1892) advised adding to at least 
250-500 ml of the waters to be examined sufficient amounts of these two sub
stances to obtain a peptone concentration of 1 %-2% and a NaCl content 
of 0.5 %. The incubated specimens were examined daily by direct 
platings on gelatin and by broth subcultures, both made with material 
from the surface membranes of the growths. 

The value of the method just described was endor.sed by Fltigge (1893) 
as well as by Koch (1893), and accordingly the following procedure for the 
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examination of cholera-suspect water samples was prescribed in the regula
tions for cholera laboratory work compiled by Koch, Kirchner & KoUe 
(1902): 
"To 1 litre of the water to be examined one adds one flask [100 m!] of the peptone stock 
solution [1] and shakes thoroughly; the mixture is then distributed in 100-ml quantities 
into flasks and, after an incubation of 8 and 18 hours respectively at 37° C, these are 
examined by (a) using drops removed from the surface for microscopic examination, 
and (b) making from the flask which shows most vibrios peptone water subcultures as 
V~<ell as inoculating gelatin and agar plates, which are then handled like those made from 
stool specimens. The pure cultures isolated are identified with the aid of agglutination 
and Pfeiffer's test.'' [T rans.] 

A similar technique was still recommended in the 1916 German instruc
tions for cholera laboratory work (see Ko11e & Prigge, 1928), with the 
difference that, instead of subcultivation in peptone water tubes and on 
gelatin and agar plates, direct inoculation on Dieudonne and agar plates 
was prescribed. Similarly Gibson (1916) recommended direct cultivation 
of the peptone-water-enriched water samples on his starch agar medium 
(see above, page 561). However, in the course of extensive studies made 
from 1932 to 1936 on the occurrence of cholera and cholera-like vibrios in 
the Shanghai surface-waters, which were as a rule highly contaminated, the 
present writer found it more adequate to resort before plating to subcultiva
tion of the enriched water samples in peptone water tubes. Plating on plain 
alkaline agar then gave satisfactory results. He established on the other 
band that it was sufficient to collect one specimen of each water to be 
examined in a sterilized, 300-ml, flat, medicinal bottle and tu incubate this 
directly after a corresponding amount of peptone stock solution had been 
added. 

It was gratifying to note that Taylor & Ahuja (1938), in order to study 
the water vibrios of ~orth India, had independently adopted an analogous, 
though more refined, technique. 

Taylor & Ahuja collected 200-ml amounts of the waters to be examined in l 0-ounce 
(about 280 ml), screw-capped, flat, medicinal bottles and then added 20 mi of a stock 
solution containing 10 ~·~peptone and 5 ~,:; NaCI. Alternatively, for the collection of water 
samples in distant localities, bonles containing this stock solution were issued and 200 ml 
of the water samples to be examined were added in the field. In both cases the reaction 
of the samples was raised to pH 9.0 by the addition of~ 1 NaOH, thymol blue serving 
as indicator. 

After incubation o\·ernight (done at room temperature during the hot season) 2-ml 
amounts of the enriched specimens were added to 10-ml quantities of peptone water 
and then, after an incubation for 6 hours, I drop of the fluids was used for the inoculation 
of Aronson plates containing only 516ths of the originally recommended amount of 
sodium carbonate. 

A new chapter in the history of the subject presently under review may 
be said to have commenced in 1939, when Read proposed to replace the 

1 The peptone stock solution was prepared by (al dissolving by heat in 1 litre of sterile distilled water 
100 g peptone, lOO g sodium chloride, 1 g potassium nitrate. and 2 g crystalline sodium carbonate; (b) after 
filtration, distributing the solution in 100-ml quantities into ftasks; and (c) autocla1·ing these. 
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hitherto. practised enrichment method of water samples to be examined for 
the presence of V. cholerae by filtration of large amounts of the waters, 
the vibrio-rich residue collected on the filters then being used for cultivation. 

Read resorted to filtration either through Seitz filters or through kiesel
guhr-impregnated filter papers. In regard to the first procedure he stated: 

.. Using the bismuth-sulphite original modification and passing one litre of water 
through a Seitz filter and inoculating the disc better results were obtained, especially 
when 2 per cent KaCl were added to the water and the reaction was raised to [pH] 9.2 
immediately after inoculation ... 

·· The samples were run through the Seitz filters by gravity through the pressure type 
filters using about six feet [2 m] head of pres.sure." 

To carry out the second method, 

·· Three hundred c.c. of 0.5 o ~ Kieselguhr [porous diatomite] were run through a 
6-inch [15-cm] filter-paper. The water was held in large 4-litre flasks closed with a rubber 
cork containing a moderate-sized glass tube. These were inverted in the funnel in such 
a manner that the outer end of the tube just reached below the surface of the fluid in 
the funnel. Filtration then proceeded automatically until the flask was emptied. About 
15 litres could be passed through two filter-papers in 5 to 6 hours. The filter-papers were 
then folded and placed in 60 c.c. or so of bismuth-sulphite enrichment medium and 
incubated overnight."" 

Actually using the filtration method in field tests, to which reference 
has already been made on page 541, Seal (1939) adopted the following 
technique: 

" Samples of water were collected in sterile quart [litre] whisky bottles by dipping them 
directly into the source. To each of these bottles two teaspoonfuls of common salt were 
added to make the concentration between 1 and 2 per cent, each bottle accommodating 
about 750 c.c. of water if filled to the brim. For purposes of comparison water samples 
were also collected in 250-c.c. screw-capped medical bottles containing 20 c.c. of 10 per 
cent peptone and 10 per cent ~aCI. This medium was directly inoculated with water at 
its source. the total volume being made up to 200 c.c. Eight drops of N/1 NaOH were 
then added to increase the alkalinity of the specimen." 

Continuing the description of his technique, Seal stated that 

'· The salted samples were passed through Seitz filters fitted with 6-cm. discs in quantities 
varying from 300 c.c. to 1,000 c.c. The discs were inoculated each into 20 c.c. of the 
selected medium freshly prepared in 100-c.c. wide-mouthed glass-stoppered bottles. 
The pH was adjusted to 9.2 . . . and the bottles [were] incubated overnight at 37°C. 
Subsequent treatment was the same as in stool culture." 

Summarizing his findings, Seal stated that whereas with the aid of 
peptone water enrichment only 5 out of 117 tank water specimens proved 
positiYe for V. cholerae, the number of successful isolations obtained with 
filtration and subsequent enrichment in the bismuth-sulfite medium (modi
fication of Read, 1939) rose to 8. 

Read & Pandit (1941), studying the distribution of the cholera and El 
Tor types of vibrio in rural areas oflndia, resorted to the kieselguhr method 
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instead of Seitz-filtration of their water samples. Describing the handling 
of these specimens, the two workers stated that : 
" 1,500 c.c. of water from each source were collected in sterilized whisky bottles. To 
1,000 c.c. was added by means of a scoop, common bazaar salt so that the salt concentra
tion was about 1 per cent and sufficient alkali to raise the pH to 9.2. This was then 
filtered through Kieselguhr impregnated filter-papers ... the water being poured through 
funnels by hand. In the Bihar and Sind investigations an improved method consisting 
of the use of funnel covers and automatic levelling apparatus similar to that described 
for 'phage filtration by Pandit (1934) was used... After filtration, the filter-papers 
were folded in small packets with due regard to asepsis and covered consecutively with 
(a) cellophane, (b) vase line paper, (c) cellophane and (d) ordinary brown paper... The 
packet was then ready for despatch to the central laboratory for inoculation into the 
bismuth sulphite medium." 

A study of the results recorded by Read & Pandit, to which due attention 
will be paid in a later chapter, certainly shows the outstanding value of their 
method of water examination. 

Kieselguhr-impregnated filters. were also used by Venkatraman, Krish
naswami & Ramakrishnan (1941) in order to study the occurrence of El 
Tor vibrios in natural sources of water in the absence of cholera. Details 
of the technique applied for this purpose were as follows: 

" 2,500 c.c. quantities of water were collected from each source, sufficient sea-salt added 
to make a 1 per cent concentration and the pH brought up to 9.2 by the addition of 
sufficient N/1 NaOH solution, at the spot of collection. These were then transported to 
the Laboratory generally within 3 to 4 hours (often within one hour) and filtered through 
Kieselguhr impregnated filter-paper, which, with the deposit, was then taken in 100-c.c. 
stoppered bottles containing 60 c.c. of the mannose-bismuth-sulphite medium and incu
bated overnight. Platings were made on .Aronson and agar media from the enriched 
cultures." 

Examining a total of 878 samples of water collected from 237 different 
sources, Venkatraman and eo-workers were able to isolate El Tor vibrios 
with the above method in 15 instances and classical non-haemolytic vibrios 
two times. 

Panja & Ghosh (1947), in order to utilize the method of isolating V. 
cholerae devised by Panja (1942-see above, page 543) for stool examination 
for· the examination of water samples as well, adopted the following tech
nique: 
" Three to five c.c. of uncon~entrated river water from each sample were put into the 
porcelain candle and incubated for one or two days. A few drops of the surrounding 
boric-peptone water were then placed on bile-salt agar." 

The two workers stated that, examining in this way 524 samples of 
water collected from the Hooghly River at Calcutta, they had isolated cholera 
vibrios on 16 occasions. They added that they had compared the efficacy 
of their method with that " of filtration through filter-paper adopted by 
Dr. S. R. Pandit " (? the kieselguhr method) and claimed that the latter 
had given less satisfactory results. However, to judge from their protocols, 
this difference was marked only as far as the isolation of V. cholerae in pure 
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culture was concerned. As was to be expected, the candle method gave 
incomparably better results than direct plating of the water samples on 
bile-salt agar. 

As has been stated already when dealing above (page 543) with the original 
recommendation of Panja (1942), there can be no doubt that the method 
devised by this worker is efficacious, and this was again confirmed by the 
experiences with water samples just recorded. However, as has been pointed 
out by the present writer when commenting upon Panja's observations, 
practical difficulties militate against the large-scale use of his method when 
handling cholera-suspect stools. The same objection holds true if more 
than occasional water samples have to be tested for the presence of 
V. cholerae. 

It deserves attention that Gohar & Makkawi (1947) claimed to have 
obtained good results when enriching such water samples with peptone 
stock solutions containing potassium tellurite. However, their findings, 
made solely with artificially cholera-contaminated specimens, need con
firmation through field trials. The same holds true of the attempt made by 
Felsenfeld & Rokkaku (1956) to adapt the method of membrane filtration, 
now amply used for water examination in general, to the recovery of 

' cholera vibrios from water samples. Describing the technique they used 
for tests with specimens to which V. cholerae alone or also E. coli and 
Aerobacter aerogenes had been added, the two workers stated that 

" ' Millipore ' filter (MF) disks were used in conjunction with pyrex millipore filter 
holders. The holders were sterilized in boiling water for 2 min between operations. After 
the filtration of artificially contaminated water, the filter disks were put on the surface 
of modified Aronson plates in individual petri dishes. This medium consisted of beef 
extract, 0.3 per cent; pancreatic digest of casein (Difco), 1.5 per cent; agar, 1 per cent; 
sucrose and dextrin, 1 per cent each; sodium carbonate, 0.5 per cent; basic fuchsin, 
0.012 per cent; and sodium sulfite, 0.2 per cent. The disks were observed under the 
dissecting microscope and with the naked eye after incubation for 6 and 24 hr. All tests 
were carried out in duplicate." 

As shown by comparative tests with samples enriched with peptone 
water and afterwards plated, the membrane filter technique proved superior 
as well as expedient. One must fear, however, that in the countries where 
cholera is frequent the use of this new method will be difficult for financial 
reasons. Nevertheless, it would be important to compare its efficacy under 
field conditions with that of the kieselguhr and potassium tellurite methods. 

Identification Tests 
Introductory remarks 

Ever since the discovery of V. cholerae it has been generally agreed that 
the demonstration of this organism in the stools of the patients is not 
merely the best, but practically the only means of differentiating between 
true cholera and other morbid conditions in which merely signs of a choleraic 
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affection were present. However, for more than a decade after the causative 
organisms of cholera had been found, no permanent agreement could be 
reached regarding the choice of the methods suitable for their identification. 
It was soon realized that the problem at issue was not simply that of demon
strating the presence of vibrios with the aid of the bacterioscopic and culture 
methods devised by Koch but that the main stress had to be laid upon a 
differentiation of the cholera from the cholera-like vibrios detected by 
successive workers in ever-increasing numbers. In spite of the assertions of 
some of the early observers, it was soon shown that none of Koch's original 
methods sufficed for the latter purpose. As will be further discussed below, 
the hope that the cholera-red reaction recommended in 1886-87 would 
fill this gap was likewise soon dispelled. For reasons which have been set 
forth partly in the sixth chapter and will be further referred to below, 
experiments with various laboratory animals also failed to give results 
permitting an invariably clear-cut differentiation between cholera and 
cholera-like vibrios. 

Firm ground was thus reached only after the introduction of serological 
methods for cholera laboratory work by Pfeitfer (1895) and Gruber & 
Durham (1896). Though the reliability of Pfeiffer's test was far greater 
than that of the early agglutination methods and although it has retained 
its outstanding value in spite of improvements in the latter and the intro
duction of alternative serological procedures, practical difficulties militated 
from the first against its use in routine cholera laboratory work. It is not 
surprising, therefore, that Pfeiffer's method fell into disuse even before 
there was valid justification for abandoning it. This is well illustrated by 
the fact that this test, which had been still referred to in detail in the 1907 
German instructions for cholera laboratory work quoted by Kolle & Schtir
mann (1912), was no longer recommended in the 1916 revision of these 
instructions (see Kolle & Prigge, 1928). Since, however, other reliable 
methods, particularly improYed agglutination tests, are now available for 
practical cholera laboratory work, there really does not seem to be any 
indication for continuing the use of Pfeiffer's reaction for routine purposes. 
It appears to be unnecessary, therefore, at the present juncture, to deal 
once more with this method, the principles of which have already been 
discussed in the fourth chapter of this book. 

As will be gathered from the discussion in Chapter 4, a number of alter
native serological methods have successiYely been recommended for use in 
cholera laboratory work side by side with, or e\·en in place of, the agglutina
tion tests. In view of the fact, however, that none of these substitute pro
cedures surpasses the agglutination method in practical value and that they 
are almost invariably less expedient, it also seems unnecessary to deal further 
with them in the course of the present disquisition. On .the other hand, it 
is important to pay additional attention to the problem of haemolysis tests, 
which are indispensable for a differentiation of the true cholera vibrios from 
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El Tor strains in the strict sense. The attempts made by some workers to use 
bacteriophage tests for diagnostic purposes also require consideration. 
The cholera-red test and the problem of animal experimentation will be 
dealt with together with other methods of confirmatory value in the conclud
ing section of the present chapter. 

Agglutination tests 

Inasmuch as the subject of agglutination received full general considera
tion when the problems of cholera immunology were discussed in Chapter 4, 
all that needs to be done now is to deal with (a) the methods of manu
facturing agglutinating sera; (b) the technique of performing the agglutina
tion tests; and (c) the problem of making such tests with rough or otherwise 
dissociated cholera vibrios. In considering these points, attention will be 
paid solely to the technique of 0-agglutination, because, as has been proved 
by ample recent experiences, this alone gives diagnostically valid results 
in cholera laboratory work. 

(a) Manufacture of 0-agglutinating sera. Theoretically the necessity 
of separately preparing 0-agglutinating sera for the purposes of cholera 
diagnosis could be obviated by observing the action of the formerly used 
H +O sera, prepared with living or formolized vibrios, on boiled suspensions 
of the organisms under test. In actual practice, however, this alternative 
procedure would be not only inexpedient but also rather undesirable because, 
as was established through the pioneer observations of Gardner & Venkatra
man (1935), the boiling of the organisms about to be tested is apt to decrease 
their 0-agglutinability. Accordingly, the principle of working with specific 
0-agglutinating sera, manufactured with boiled suspensions of suitable 
V. cholerae strains (or otherwise prepared 0 antigens), has been generally 
adopted. 

It also seems to be the consensus of opinion that-in place of the larger 
animals (horses or, preferably, donkeys) that were sometimes formerly 
used-rabbits ought to serve for the manufacture of 0-agglutinating sera.! 
However, no full agreement has been reached regarding the details of 
preparing the 0 antigens, the route of their administration, or the size and 
number of the antigen doses it is advisable to utilize in order to obtain sera 
with a satisfactory titre. The following rather divergent recommendations 
made in these respects deserve attention: 

Describing their techniques, Gardner & Venkatraman (1935) stated that: 

"Pure 0 sera were made with saline suspensions from agar [cultures] boiled for 2 hours. 
Two doses of 0.5 and 1.0 c.c. at a week's interval generally gave sera of 1000-2000 0 titre 
and no method of dosage was discovered that would consistently improve on this, though 
three doses of a fivefold denser suspension appeared sometimes to be a better stimulus." 

1 Still, the value of immune sera raised in horses for cholera laboratory work has been upheld by a few 
modern workers such as lida (1953) and Azarginova and colleagues (1956). 

37 
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Gardner & White (1937) briefly referred to the manufacture ofO-agglu
tinating sera by various institutes in India with a dry antigen prepared by 
White through alcohol extraction of cholera vibrios followed by steaming 
and washing with ether (see White, 1948). They noted that in Kasauli 
4 doses of this 0 antigen were administered to rabbits at 4-5 days' interval, 
starting with a dose of not more than 0.25 mg. At Shillong a longer course 
of immunization was resorted to, an initial dose of only 0.1 mg being 
followed at weekly intervals by gradually increased doses up to 1 mg or, 
if no satisfactory titre had been attained in this manner, even up to 1.5 mg. 
However, Gardner & White, probably influenced by the experience of 
Gardner & Venkatraman to the effect that such a prolonged course 'of 
immunization was of questionable value, were in favour of the method 
adopted at Kasauli. 

Gallut & Grabar (1943) prepared 0-agglutinating sera with alcohol
killed antigens, giving during a period of 20 days 5 injections, increasing 
from 0.25 mg to 5 rug of the dry weight of the organisms, and bleeding the 
animals 7 days after the last injection. It has to be noted in this connexion 
that Gardner & Venkatraman strongly objected to the method of using 
alcohol-killed antigens for the manufacture of 0-agglutinating sera. How
ever, as will be recorded below, Gallut & Grabar's procedure has been used 
again with apparent success by Gallut (1949). 

The simple and apparently satisfactory technique adopted by Tang, 
Chu & Wong (1944) for the manufacture of 0-agglutinating sera was (a) to 
wash off V. cholerae growths on agar with normal saline and to boil the 
resulting suspensions for 2 hours in the water-bath; (b) to dilute the sus
pensions to a standard of 10 milliards of organisms per ml; (c) to inoculate 
rabbits first at one day's interval with 0.5 and 1.0 ml amounts of the sus
pensions, respectively, by the subcutaneous route and then to administer, 
after a rest period of 4 days, the same doses at one day's interval intra
venously; and (d) to bleed the animals on the 5th day after the last injection. 

In the course of their studies on the antigenic structure of cholera and 
related vibrios Burrows et al. (1946) found that the method of boiling the 
vibrio suspensions for two hours according to Gardner & Venkatraman's 
method " was not sufficient to destroy all effective trace of H antigen but 
that boiling the suspension for 2 to 3 hours under a reflux condenser gave 
an antigen which did not stimulate the formation of agglutinins to the H 
antigen". 

In order to prepare 0 sera, Burrows et al. resorted to a process of hyper
immunization adapted to the reactions of the individual animals. They 
found that: 

" The best immune response was given by young animals weighing about 2.5 to 3 kg 
and subjected to a course of inoculation sufficiently rigorous to prevent gains of more 
than 100 gin body weight per week. This ordinarily consisted of a series of 5 inoculations 
at 3-4 day intervals, the first 2 intraperitoneal and followed by 3 intravenous inoculations. 
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The first inoculation was 1 mi of a suspension containing 10-20 thousand million vibrios 
per mi and the dose doubled with succeeding inoculations, except that in the transition 
from the intraperitoneal to the intravenous route the dose was not increased, and when 
loss in weight occurred the dose was not increased. Occasional animals did not tolerate 
the rapid acceleration and gave an inferior immune response. In most instances, however, 
the immunization was tolerated with maintenance or slight gain in body weight, and peak 
titer was reached after the third imrawnous inoculation as indicated by trial bleeding. 
If the titer at this time was less than 1 : 20,000, 2 more intravenous inoculations were 
given without increase in dosage and the animal bled out 3 or 4 days after the last 
inoculation." 

When trying to prepare a-agglutinating sera, Gohar & Makkawi (1948a) 
used one of the following two methods to reduce the high mortality of the 
rabbits undergoing immunization: they either injected their animals repeat
edly at short intervals intramuscularly, completing the course of immun
ization with the aid of one intraperitonal and one intravenous injection of 
boiled V. cholerae suspensions; or resorted to intravenous injections of 
sensitized suspensions prepared thus: 

"To a thick suspension boiled for two hours, one-tenth its volume of a high-titre 0-serum 
was added; the mixture was then incubated at 37'C. for two hours and centrifuged; and 
finally the deposit [was] washed with saline and resuspended in saline to the required 
density." 

Three injections of this sensitized antigen resulted in the production of 
sera with the quite satisfactory titre of 1 : 1250, with practically no mortality 
among the rabbits undergoing immunization. 

For his studies on cholera immunology, to which reference has been 
made in Chapter 4, Gallut (1949) worked with antigen suspensions prepared 
according to the method of Burrows et al. (see above) containing 10 milliards 
of cholera vibrios per ml. He used rabbits of an average weight of 3 kg to 
which a series of 5-7 inoculations gradually increased from 1 to 6 ml was 
given at 4-day intervals, the first two being administered intraperitoneally, 
the following intravenously. Since, particularly if recently isolated strains 
were used, the mortality among the animals undergoing immunization was 
high, Gallut resorted concurrently to the inoculation procedure of Gallut 
& Grabar (1943), administering in this manner a total of 20 milliards of 
cholera vibrios. :Most of the a-agglutinating sera produced by Gallut had a 
titre of not less than 1 : 20 000. 

Kauffmann (1950), in the course of an investigation also referred to in 
the fourth chapter, used for the preparation of a-agglutinating sera a 
method analogous to that of Bruce White (1948-see also Gardner & White, 
1937, quoted abow), the details of which were as follows: 

"A 20-hour agar culrure 'vas suspended in saline and boiled for 2Vz hours in flowing 
steam. After centrifuging, the sediment was incubated with 96% alcohol at 37" for 
4 hours, then centrifuged again, and washed twice with acetone. Then the sediment was 
collected together with a few ml. acetone and kept overnight at 37°. Of the powder 
obtained in this way, a small portion was ground in [a] mortar, stirred with saline and 
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then injected intravenously into the rabbits in increasing doses. 4 injections were given at 
intervals of 4-5 days. Ten days after the last injection the animals were bled totally." 

As Kauffmann added, the a titre of. the sera he was able to produce 
varied between 1 : 640 to 1 : 2560 with an average of 1 : 1280. 

Singh & Ahuja (1950), briefly referring to the technique of manufacturing 
a-agglutinating sera in a study devoted to a re-evaluation. of the findings 
recorded by Burrows et al. (1946) and by Gallut (1949), stated that they 
prepared the 0 antigens necessary for this purpose by keeping the washings 
of agar cultures of V. clzolerae, enclosed in sealed glass ampoules, for 2 hours 
in boiling water containing salt so as to raise the ambient temperature 
to 101 o C. In a further note on the serological analysis of V. cholerae, 
(see Chapter 4, page 246), Ahuja (1951) insisted with great reason upon the 
indispensability of using exclusively strains reliably tested for the absence 
of roughness for the manufacture of a-agglutinating sera for cholera
diagnostic work. 

Reporting in 1953 on serological studies of the antigens of V. cholerae, 
Venkatraman referred to the possibility of preparing suitable a antigens 
by keeping the saline washings of 24-hour agar cultures for two hours at 
lOOaC in a steam-sterilizer. Burrows & Pollitzer (1958), in a carefully 
compiled statement on the laboratory diagnosis of cholera (see also the 
annex to this book, page 991), considered autoclaving of the V. cholerae 
suspensions at a steam pressure of 1-2 pounds per square inch (0.07-0.14 kg 
per cm2) an effective and probably the simplest method of a-antigen 
preparation. The antigen thus obtained was standardized to contain 1 mg 
per ml dry weight of vibrios (2000 million per ml), and was then used for the 
immunization of young rabbits, first by the intraperitoneal route and 
afterwards by the intravenous route according to the method of Burrows 
and eo-workers (1946) described above. 

In the course of their pioneer studies Gardner & Venkatraman (1935) 
were able to confirm the claim originally made by Japanese workers as 
to the occurrence of V. cholerae in three serological types. Making 
absorption tests with sera raised against Inaba and Ogawa strains respec
tively the two observers found that 

" from each type serum the heterologous type vibrio removes all the subgroup agglutinin 
for itself but leaves a large residue of agglutinins for the other types". 

However, while these results testified to the presence of a different 
subsidiary a antigen in the original (Inaba) and variant (agawa) types 
of V. cholerae and to the possibility of producing type~specific sera with 
the aid of the absorption method, numerous observations by Gardner 
& Venkatraman left no room for doubt that these two types as well as the 
intermediary (Hikojima) type fell into the cholera subgroup I of vibrios, 
since (a) they were agglutinated by a sera of that subgroup, if not to full 
titre, at least to a large fraction of the titre; and (b) a sera raised against 
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representatives of the three types similarly agglutinated unheated suspen
sions of various strains belonging to cholera subgroup I of the vibrios. 
In view of these findings Gardner & Venkatraman recommended that for 
practical laboratory work a "standard subgroup I 0 serum" should be 
manufactured which contained both the main and the subsidiary antigens 
of that subgroup. 

Analysing field experiences made in India with 0 sera which had been 
manufactured with a dry antigen furnished by White (see above), Gardner 
& White (1937) also came to the conclusion that 

" for the purpose of routine diagnosis it is recommendable to use an 0 serum of the 
bivalent or mixed type, while the use of separate [i.e., type-specific] 0 sera ought to be 
restricted to scientific or epidemiological observations". [Trans.] 

In agreement with this advice Tang, Chu & Wong (1944) relied, for the 
purpose of determining the incidence of the serological types of V. cholerae 
during the 1942 cholera outbreak at Kunming, China, upon the use of 
type-specific Inaba and Ogawa sera, the preparation of which they described 
as follows: 

"For preparation of specific type sera, the Inaba ('original') serum was absorbed with 
the Ogawa ('variant') suspension and vice versa... The absorption test was done by 
diluting the serum ten times with saline and mixing the diluted serum with 1/10 of its 
volume of packed bacterial cells which had previously been boiled for two hours. The 
mixture was then incubated at 37°C. in a water-bath for four hours and placed in the 
refrigerator overnight. Next morning the mixture was centrifuged for one hour at high 
speed and the supernatant removed and used as the specific' 0 ' serum after having the 
titre for the homologous and the heterologous strains controlled." 

However, while using this elaborate method of preparing type-specific 
sera and tube-agglutination tests for the purposes of their scientific investi
gations, Tang and eo-workers resorted for routine purposes to the preli
minary identification of cholera-suspect strains through rapid slide tests 
made with an unabsorbed serum raised against a stock strain of 
V~ cholerae. 

As recorded by Ahuja (1951), it remained 

" in most laboratories in India the routine procedure for identification and typing of 
vibrios. . . to test them against sub-group I ' 0 ' anti-sera designated ' cholera non
differential 0 sera '. Such anti-sera contain cholera group-specific agglutinins and a 
proportion of Inaba and Ogawa type specific agglutinins depending on the antigen 
employed in raising these sera. If the organism reacts against this serum further tests 
with' mono-specific' Inaba or Ogawa serum are done to find out their appropriate types." 

Similarly, as has already been stated in Chapter 4, Kauffmann (1950) 
recommended using for cholera-diagnostic purposes a polyvalent 0 serum 
produced by simultaneous immunization of rabbits with both Inaba and 
Ogawa antigens and resorting for differential diagnosis between the two 
types to a serum obtained by absorption of a polyvalent or an Ogawa 
serum by an Inaba strain. 
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As has been discussed m the fourth chapter, these proposals were not in 
agreement with the conclusions reached by Burrows et al. (1946) and by 
Gallut (1949), who, considering their A antigen the group-specific antigen 
of the cholera subgroup, advocated that exclusive use be made for the 
serological identification of V. cholerae of monospecific anti-A sera. Since, 
however, as further discussed in Chapter 4, the validity of these recom
mendations has been Yigorously opposed by Kauffmahn (1950), Ahuja 
& Singh (1950), and Ahuja (1951), it '''ould be unwise, pending further 
investigations, to deviate from the methods hitherto adopted for the 
serological identification of V. cholerae. It is reassuring to note in this 
connexion that in his 1954 article on cholera laboratory diagnosis, Gallut, 
while insisting upon the use of monovalent 0 sera for tube-agglutination 
tests, considered it legitimate to use for rapid slide tests a serum manu
factured by immunization of rabbits with cholera vibrios of either the 
Ogawa or the Inaba type, which had been heated at 100°C for 3 hours. 

It has to be noted in connexion with Gallut's work that he evolved a 
reliable and comparatively simple method of absorbing immune sera for 
cholera-diagnostic work similar to that used by Venkatraman & Pandit 
(1938). As stated in his 1949 article, Gallut proceeded as follows: 

"An agar culture of the vibrios in a Roux bottle is harvested after.an incubation at 37° 
for 18 hours and suspended in 19 ml of normal saline: one adds 1 ml of the immune 
serum and shakes the mixture mechanically for one hour. After the mixture has been 
kept in the refrigerator for 24 hours, it is centrifuged. One verifies that the serum thus 
diluted to 1 : 20 is effectively absorbed: it should no longer agglutinate the strain used 
for absorption at a titre of 1 : IOO. The agglutination titre for the homologous strain 
invariably becomes reduced by the absorption, but this reduction takes place at varying 
proportions according to the antigenic relationships of the strains used ... The absorbed 
sera diluted to I : 20, if kept in the refrigerator, retain a sufficiently high agglutinating 
titre for several weeks." [Trans.] 

A new description of the method of manufacturing type-specific cholera
immune sera was given by Burrows & Pollitzer (1958) as follows: 

.. In the preparation of type-specific antiserum by absorption of bivalent or mono
valent antiserum with the heterologous serotype, H-0 antigen, e.g., living or formolized 
vibrios, may be used. Antiserum may be absorbed undiluted or diluted I : 5, using 
approximately I Roux bottle agar culture of vibrios per ml of undiluted serum or per 
5 ml of 1 : 5 diluted serum. The growth is suspended in the serum by washing it directly 
off the slant, and is incubated at 37°C for two or three hours, either with constant gentle 
agitation or with shaking every I5 minutes. The bacteria are removed by centrifugation, 
the supematant serum is decanted on to the next agar culture, etc. Usually three such 
absorptions suffice to exhaust the antiserum of antibody homologous to the absorbing 
antigen and only rarely are as many as five such absorptions required." 

(b) Technique of agglutination tests. As has been discussed in Chapter 4, 
Bandi (1910) recommended the direct use of immune-serum-containing 
fluid media into which the suspect stools were inoculated for the purposes of 
cholera diagnosis, and similar methods have also been proposed by some 
other workers, r;:cently, for instance, by Seneca & Henderson (1949). 
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However, either these methods have been found unsatisfactory or their 
usefulness, which, a priori, is rather problematic, has not been confirmed 
through field experiences. It therefore remained the generally adopted 
practice to use the growths of cholera-suspect materials on solid media or 
subcultures made from such originally inoculated media for the purpose 
of preparing suspensions for agglutination tests. Gardner & Venkatraman 
(1935) alone recommended the alternative method of obtaining antigens 
for such tests by growing the suspect organisms for 24 hours in veal broth 
(pH 8.0) and then killing them by adding, respectively, 0.2% of formal 
and of chloroform. It deserves attention, hmvever, that in the experience 
of Burrows et al. (1946) formal-saline suspensions of vibrios made from 
solid media were not inferior in agglutinability to the formolized broth 
antigen of Gardner & Venkatraman and were preferable in view of the 
not infrequent sediment formation in the latter type of antigen. 

As far as the usual method of obtaining material for agglutination tests 
from solid media is concerned, it is generally agreed that after inoculation 
the latter ought to be incubated for a period of not less than 18 and not more 
than 24 hours. To use the growths after a shorter incubation period is not 
advisable in view of the claim of Friedberger & Luerssen (1905), mentioned 
in Chapter 4, that then a " pseudo-agglutination " of the organisms under 
test might prove misleading. 

The question whether live or killed antigens should be used for the 
agglutination tests has not been uniformly answered. 

The early workers (see, for instance, Koch, Kirchner & Kolle, 1902) 
invariably used live organisms not only for their orientative tests, made 
with the aid ofhanging-drop preparations, but also for tube-agglutination. 
The practice of using live vibrios was also generally recommended by some 
modern workers-for instance, by Seal (1935), Linton & Seal (1935), and 
Sugio & Shimomura (1936), and for testing the sera of cholera-vaccinated 
individuals by Brounst & Maroun (1949) and by Gallut & Brounst (1949) -
and is, of course, universally resorted to for the preliminary identification of 
cholera-suspect colonies with the aid of rapid slide tests. 

Gardner & Venkatraman (1935), having to rely for the purposes of 
their studies solely upon tube agglutination tests, established the important 
fact that, in contrast to what was the case in the Salmonella group, formal 
did not inhibit the 0-agglutinability of V. cholerae, and therefore worked 
with formolized suspensions. 

In the experience of Burrows et al. (1946) it was fully satisfactory to use 
suspensions of classical cholera vibrios killed by the addition of 0.2% 
formal for tube-agglutination. However, these obserwrs noted that, in 
the case of the V. El Tor, agglutination tests with live suspensions gave more 
consistent results than those with formol-killed organisms. 

Gallut (1949), working both with live vibrios and with suspensions to 
which 5 per 1000 of formal had been added, obtained equally good results 
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with both. He stated, however, that the formolized suspensions were more 
practical because they could be kept for one week at least without under
going appreciable autolysis. It is noteworthy, however, that, when dealing 
again with the technique of tube-agglutination tests in his 1954 instructions 
for cholera laboratory work, Gallut advocated the use of " preferably not 
formolized " suspensions. These were apparently also recommended by 
Ahuja et al. (1950, 1951), while Kauffmann (1950) stated that he had resorted 
to formolized suspensions for his tube-agglutination tests. 

As has been discussed before, Gardner & Venkatraman were not in 
favour of using 0 antigens obtained through boiling of the suspensions 
for 2 hours for tube agglutination tests, because this prolonged exposure 
to heat depressed the 0-agglutinability of the vibrios. They added that, 
as a few experiments had convinced them, exposure of H +O suspensions 
to 95°-100° C for a few minutes sufficed to remove their H-agglutinability 
and that formolized broth cultures treated in this manner were " excellent 
reagents for detecting and measuring 0 agglutinins". Nevertheless, 
Gardner & Venkatraman advocated the use of H +0 suspensions for 
cholera-diagnostic work and this procedure has been adopted by all modern 
workers except Tang, Chu & Wong (1944), who employed V. cholerae 
suspensions which had been boiled for two hours for their type-identification 
tests. Still, though this technique apparently proved satisfactory for the 
purposes of Tang and eo-workers, there can be no doubt that for routine 
cholera diagnosis H +O suspensions ought to be used in combination with 
0-agglutinating sera. As has been noted above, the latest advice seems to be 
that live vibrios ought to be employed in preference to formolized suspensions. 

The simple technique universally adopted for the performance of rapid 
slide-agglutination tests consists of placing drops of nonnal saline and of 
diluted 0-agglutinating serum on slides and distributing material taken 
with the aid of a loop from cholera-suspect colonies first in the saline and 
then in the immune serum. The appearance of agglutination in the latter, 
which takes place almost immediately, should be observed with the aid 
of a hand lens or preferably under the low power of the microscope. A 
conglomeration of the organisms under test taking place also in the saline 
control drops, which usually indicates a transition of the vibrios into the 
rough state, renders the specimens in question unfit for a rapid presumptive 
diagnosis. 

Since, as has been discussed in Chapter 4, organisms other than vibrios 
may become paragglutinated by cholera"immune sera, it is indispensable 
to confirm positive results of slide-agglutination tests through bacterio
scopic examinations. The specimens necessary for these can easily be 
prepared by (a) spreading out the drops in which the organisms under test 
have been distributed, specially the saline drops, in thin layers; (b) fixing 
the films thus made, after they have become air-dry, by heat; and (c) staining 
them with dilute carbol-fuchsin. 
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It is obvious that bacterioscopic examinations are also essential in cases 
where slide-agglutination tests made with material from macroscopically 
suspect colonies give a negative result, because otherwise the presence of 
cholera-like vibrios in the stool or water samples examined would be 
overlooked. 

Though occasionally lower serum dilutions have been used for rapid 
slide tests, most modern cholera workers recommend dilutions ranging 
from 1/50 to 1/100. It is important to note in this connexion that in the 
experience of Burrows et al. (1946): 

" Preliminary investigation indicated that the occurrence of low titer agglutinin for the 
cholera vibrio was common in normal rabbit serums. Titers varied from 1 : 20 to 1 : 80 
in individual serums and pools almost invariably showed a titer of not less than 1 : 50. 
No normal rabbit serums were found to agglutinate the vibrios to a titer of 1 : lOO, 
however, and this relatively high level was taken as the lower limit of significance." 

In view of these observations it would be well to adopt a serum dilution 
of I j I 00 as the standard for rapid slide agglutination tests, even though 
many workers, including the present writer, obtained fully clear-cut results 
when using a dilution of 1/50 for a preliminary examination of cholera
suspect growths. 

The technique of tube-agglutination tests may be exemplified by de
scribing the methods adopted for this purpose by the following workers: 

1. Koch and eo-workers (1902): The test sera are diluted with 0.8% saline (passed 
two times in succession through hardened paper filters for the purpose of complete 
clarification) in proportions of 1 :50, 1 : 100, 1 : 500, 1 : 1000, and 1 : 2000. Loopfuls 
of the agar cultures to be tested are evenly distributed into 1-ml amounts of these serum 
dilutions put into agglutination tubes. These are examined after an incubation at 37°C 
for one hour, preferably by holding them in a slanting position and inspecting them 
with the aid of a weakly magnif}-ing lens from below in the daylight reflected from the 
ceiling of the room. 

Controls must be made with (di the suspect culture and the normal serum of the 
animal species which served for serum manufacture; (b) with saline alone; and (c) with 
a known cholera culture incubated as long as that under test. 

2. As summarized in the 1932 volume of the Tropical Diseases Bulletin, Kiribayashi 
(1931) recommended the following method of tube agglutination, which he claimed to, 
be not only expedient but more sensitive than the ordinarily used procedures: 

" A series of 10 tubes is set up, each containing 2 cc. of 1 per cent. peptone water. A 
dilution of cholera agglutinating serum is made at 1 in 25 with the same 1 per cent. 
peptone water, and 2 cc. of the serum-dilution is added to No. 1 of the series of tubes. 
Successive transferences of 2 cc. of mi.xtures made in each of the tubes, except the last, 
which remains as a control, give dilutions of cholera serum in peptone water ranging 
from 1/50 to 1/12,800. A suspicious colony from a plate culture spread with test faeces 
is suspended in 1 cc. peptone water and one drop added to each of the 10 serial tubes. The 
tubes are then incubated for 3 hours and readings taken of the resultant agglutination." 

3. Gardner & Venkatraman (1935) stated that they had used the agglutination method 
of Dreyer (1906, 1909) as described by Gardner (1931). The tubes were incubated in a 
water-bath at 5l 0 -53°C and readings were taken after 4-5 hours and finally after 18-24 
hours. As the two workers added, " the end-point recorded was the last definite trace of 
agglutination visible with a weak lens by artificial light against a dark background ". 
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4. To ascertain the presence of cholera agglutinins in the population of certain rural 
areas of India, Read & Pandit (1941) tested the sera, which had been collected in the 
field and sent to the laboratory in ampoules, in dilutions of 1/25, 1/50, and 1/125 against 
formolized and boiled suspensions of lnaba and Ogawa strains of V. cholerae. Readings 
were taken after the tubes had been kept for 2 hours in the incubator and for a further 
22 hours at room temperature. 

5. Tang, Chu & Wong (1944) used for their agglutination tests 24-hour agar cultures 
of the strains to be examined. After saline suspensions made from these growths had 
been boiled for 2 hours, they were adjusted in a standard comparator with barium sulfate 
emulsions to a density of about 2000 millions of vibrios per m!. Dilutions ranging from 
1/20 to 1/2560 were made from Inaba and Ogawa monospecific sera, and 0.5 m! of 
each dilution was mixed in an agglutination tube with an equal amount of the vibrio 
suspensions. Readings were taken after the tubes had been kept at 56°C for 2 hours 
and at 37°C for a further 18-24 hours. 

6. Referring to the agglutination method they used for the purpose of their investiga
tions, Burrows et al. (1946) stated the following: 

" The usual method of setting up the agglutination test based on tube-to-tube dilution 
to give serum dilutions as reciprocals of 2n is slow and cumbersome and is impractical 
when large numbers of titrations are carried out. We have, therefore, employed a 
method ... which makes possible more rapid and accurate serum dilutions. The tubes 
are set up in groups of 3 on large boards and saline, serum and antigen added in the 
amounts shown in [the following] table ... 

Serum 
dilution 

1:50 

1:500 

1:5,000 

Tube 
number 

1 
2 
3 

4 
5 
6 

7 
8 
9 

Saline 
(cc) 

0 
0.25 
0.40 

0 
0.25 
0.40 

0 
0.25 
0.40 

Serum Antigen Final 
(cc) (cc) dilution 

0.50 0.5 1: 100 
0.25 0.5 1:200 
0.10 0.5 1: 500 

0.50 0.5 1: 1,000 
0.25 0.5 1:2,000 
0.10 0.5 1: 5,000 

0.50 0.5 1 : 10,0)0 
0.25 0.5 1:20,000 
0.10 0.5 1: 50,000." 

Burrows et al. pointed out that only three pipettes were required for the preparation 
of these serum dilutions and that dispensing could be facilitated by using burettes. 

A further important observation made by these workers was that 
"there appeared to be no difference between agglutinations incubated at 37°C and 53°C. 
The former was preferable since it allowed the ro.utine use of the usual incubator. At 
either temperature agglutination was incomplete in 6 hours but complete at 15-18 hours. 
The tests were then incubated at 37°C overnight, and were read against a dark back
ground without hand lens ". 

The technique recommended by Ahuja et al.. (1950, 1951) for cholera-diagnostic work 
was as follows: 

" Agglutination tests are carried out in a waterbath at 52°C with Inaba and Ogawa 
anti-0 agglutinating sera. Young cultures of freshly isolated strains show a tendency 
to rapid lysis and, if a number of tests are being done at a time, it helps to place each 
rack in the waterbath as soon as the addition of the culture suspension has been made 
without waiting for the whole series of additions to be completed. The ' 0 ' agglutination 
of cholera usually appears very early and a preliminary reading may be taken at the 
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end of 2 hours, but the final reading is taken next day, after the racks have been stood 
at room temperature overnight. The suspensions should agglutinate at over 50%-75% 
of the titre of either lnaba or Ogawa anti-0 serum." 

Similarly, Gallut (1954) prescribed the following agglutination technique: 

A suspension of an 18-24-hours-old agar culture in 8.5 per 1000 saline and containing 
about 2000 millions of cholera vibrios per ml is utilized for the tests. The serum dilutions 
should vary from lllOO up to the maximum titre of the sera used (lnaba and Ogawa 
anti-0 sera and absorbed monovalent anti-0 Inaba and Ogawa sera). Agglutination 
generally appears quite rapidly so that preliminary readings can be made after the tubes 
have been kept in the water-bath at 52°C for 2 hours. A second reading is taken after 
the tubes have been kept at room temperature overnight. 

It is certain that tube-agglutination tests are altogether indispensable for 
establishing the diagnosis of cholera in early and sporadic cases. It would 
also be most desirable to use this elaborate method as a matter of routine 
during outbreaks. However, as exemplified by the experiences of the present 
writer in the cholera epidemics raging in China during the Second World 
War, which often, with lightning speed, involved wide regions or even whole 
provinces, it may be impossible to make tube-agglutination tests with the 
growths isolated from each patient. In the face of such emergency situations 
it was often unavoidable to base the final diagnosis of cholera upon the 
outcome of rapid slide tests combined with the cumulative evidence procured 
through simple confirmatory tests. Provided that its use was restricted to 
clinically typical cases, this simplified procedure appeared to give sufficiently 
reliable results. 

(c) Identification of dissociated cholera ribrios. Commenting upon the 
results obtained in cholera-diagnostic work by various observers in India 
with a-agglutinating sera (see Gardner & White, 1937), White (1937) 
stressed that 

(a) "Certain variants [of V. cholerae], selectively produced through the action of cholera
phages B to M or combinations of the latter may show a reduced agglutinability with 
anti-cholera 0 sera"; and 
(b) "The rough variant of the cholera vibrio, which is selectively produced through the 
widely distributed A type of choleraphage and which no longer synthesizes the specific 
polysaccharide responsible for the 0-serological reactions of the smooth form, is not 
agglutinable by 0-agglutinating serum raised against the smooth type of V. clwlerae ". 

White admitted that any doubts which might arise on account of a 
reduced agglutinability of the cholera vibrios under the action of cholera
phages B-M could and should be overcome with the aid of agglutinin 
absorption tests. However, in view of the antigenic difference existing 
between the S and R forms of V. cholerae it was indispensable for the identi
fication of the latter to resort to special agglutinating sera manufactured 
with rough cholera vibrios. Moreover, in view of the instability of the latter 
in 0.85% normal saline, it was necessary for all serological work with 
rough cholera vibrios to use solutions with a NaCl content of only 0.4 %-
0.5~'~, 
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Ahuja (1951; see also Singh & Ahuja, 1951) also emphasized the neces
sity of using rough as well as smooth 0-agglutinating sera for cholera
diagnostic work. Ahuja pointed out in this connexion that the SR variation 

" may display different degrees of roughness. Some strains which, according to all 
accepted criteria, morphological, physical, serological, etc., appear to be smooth cholera 
vibrios, display the presence in varying degrees of rough element when tested against 
cholera rough '0' serum. They even lack the characteristic property, that of salt 
instability in 0.85 per cent sodium chloride, which is considered one of the usual characters 
of a rough strain. The colonial appearance may be that of a typical smooth vibrio and 
yet the strain may have varying degrees of rough antigen in its make-up". 

As has been described in the fourth chapter, Ahuja (1951) and Singh & 
Ahuja (1951) recommended a test based on the vibriocidal action of guinea
pig serum on rough or partially rough cholera vibrios for the detection of the 
R state. It has been added that the reliability of this method, which was 
questioned by Gallut (1953), was reaffirmed by Dudani (1955). Still, there 
can be no doubt that for the routine purposes of cholera diagnosis aggluti
nation tests with rough 0 sera are rather more expedient than the quite 
elaborate procedure of Singh & Ahuja. 

Haemolysis tests 

The problem of haemolysis and the general principles underlying the 
carrying out of haemolytic tests, which are indispensable {or a differentiation 
of the classical V. cholerae from the El Tor vibrios in the strict sense, have 
already received full attention in earlier parts of this book. It seems sufficient, 
therefore, to quote here the methods recommended by Ahuja et al. (1950, 
1951) for the performance of haemolysis tests with vibrios isolated for the 
purpose of cholera diagnosis: 

" The haemolysis test is done by adding 1 m! of 24-hour culture in isotonic Douglas 
broth to 1 m! of a 5 % suspension of washed sheep or goat erythrocytes, incubating the 
mixture at 37°C for 2 hours followed by overnight storage in the cold room. It is essential 
to make sure that the erythrocytes used in the test are not fragile in 0.65% saline. Alter
natively, a saline suspension of a 24-hour growth on nutrient agar, standardized to contain 
8,000 million organisms per ml, may be used. To 1 m! of this vibrio suspension is added 
1 ml of a 3% suspension of washed erythrocytes and the mixture [is] treated as above. 
Krishnan, who recently made a detailed study of the various factors involved in the tests, 
has shown that more consistent results may be obtained by using broth cultures in 
preference to saline suspensions of agar cultures and that a 24-hour growth in broth is 
preferable to a 48- or 72-hour growth." 

It would be most desirable if the method ascribed in this statement to 
Krishnan alone, but actually recommended by Krishnan & Gupta (1949), 
(see Chapter 3, page 148), were to be adopted as standard. It is important 
to note that in the experience of these two workers the use of the more easily 
available sheep erythrocytes was preferable to that of goat erythrocytes. 
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Bacteriophage tests 

In the course of a lecture on the problems of cholera bacteriology 
Finkelstein (1931) reported that according to unpublished observations by 
Clark cholera and cholera-like vibrios did not behave uniformly when 
subjected to the action of a choleraphage which had been supplied by 
Morison. Though 30 V. cholerae strains were lysed by this phage, 8 were 
not, whereas out of 23 cholera-like strains 11 were lyso-sensitive and 12 
resistant. 

Combiesco-Popesco & Wisner (1933), on the other hand, found all the 
15 cholera-like strains they were able to examine resistant to the action of a 
choleraphage received from Egypt, while not less than 94% of their 67 
cholera strains were lysed by this. 

Commenting upon these observations, which had been made in his 
laboratory, Cantacuz(me (1933) pointed out that 

" Lysosensitivity by phage appears to be a phenomenon most often, but not invariably, 
linked with the authenticity of the cholera strains. One ought to consider it as a pheno
menon of great probability but not of certitude". [Trans.] 

The limited diagnostic value of bacteriophage tests was also admitted 
by Seal (1935), who made in this connexion the following statement: 

" Study regarding the bacteriophage is yet far from complete. New phages are still 
being discovered and added to an already long list. . . Different vibrios have been found 
to behave differently with these phages. They may be lysable by one or more of these 
phages or may be completely resistant to all. 'A'-phage lysability has been held as a 
criterion for complete smoothness, but smooth vibrios have later on been found by 
Pasricha and his collaborators [1932b], which are not A-phage lysable. The difficulty 
specially arises with those vibrios which are phage resistant. ~on-agglutinable vibrios 
obtained from cholera cases, convalescents, carriers, water, etc., have often been found 
phage resistant or lysable only by few or mixed phages. On the whole, phage lysability 
may be utilized as an additional confirmatory test and this is always done nowadays 
in all experimental work." 

A consideration of these statements and also of the great difficulty of 
maintaining suitable phage strains in readiness makes it clear that tests 
with choleraphages are of no practical value in cholera laboratory work. 
It is not surprising, therefore, that no reference to their use has been made by 
any modern authority. 

Confirmatory Tests 

Tests for roughness 

Before dealing with the tests customarily used for confirming the labora
tory diagnosis of cholera, it is indicated to refer to two simple methods which 
have been recommended for the detection of the rough state of microbial 
organisms including the V. cholerae-namely, tests with Millon's reagent 
and with trypaflavine. 
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Millon's reaction. According to the standard works on organic chemistry, 
the reagent of Millon (1849), which is widely used in chemical work for the 
detection of various substances containing the hydroxy-phenyl group, 
including tyrosine, phenol, and thymol, is prepared by (a) dissolving 1 part 
of mercury in 2 parts of strong nitric acid, (b) adding 2 ':'Olumes of water, 
and (c) decanting the clear fluid after standing. The reagent seems to have 
been used first for bacteriological work by White (1929) in the course of a 
study on the smooth and rough races of intestinal bacteria. White stated in 
this connexion that: 

" When a large loopful of rough growth is emulsified in approximately 3 c.c. of water 
and about 1 c.c, of Millon's solution is added thereto, the bacilli are at once clumped 
and, on boiling the mixture, collected in dense masses and quickly assume the deep 
red-pink coloration of the positive test. Under the same conditions typically smooth 
bacilli of the Salmonella, colon and dysentery groups are relatively little affected; the 
bacilli remain dispersed and the colour of their suspension does not deepen during a few 
minutes of boiling beyond a yellowish or ochre tint. The deposit which settles on standing 
commonly varies in colour from yellow to ochre; occasionally it is pale pink-a variation 
probably related to the degree of smoothness-; in all cases it is fine and readily dispersible. 

" Smooth bacilli from which the soluble specific non-protein factor has been extracted 
(e.g. by prolonged boiling with dilute acid) or the proteins thrown down by acid from 
a solution of smooth bacilli in NaOH solution react precisely like fresh rough bacilli 
and it would seem to be an inevitable conclusion that in the smooth organism the soluble 
specific carbohydrate intervenes-probably mechanically-between the tyrosin-containing 
complex and the reagent." 

Taking advantage of tests with Millon's reagent in the course of their 
work on cholera bacteriophage, Asheshov et al. (1933b) found that these 
compared favourably in reliability as well as in ease of application with 
other procedures used for detecting the roughness of V. cholerae cultures, 
including observation of the appearance of the colonies, the character of 
growth in fluid media, the influence of N a Cl concentration, and the type of 
agglutination. Asheshov et al. used for the purposes of their bacteriophage 
work the following modified method of preparing Millon's reagent: 

Solution of 1 part of metallic mercury in 2 parts by weight of nitric acid of 36° according 
to Baume 's scale was done in a fume chamber or in the open air, because during this 
process dense fumes of nitrous oxide are given off. After dissolution had become com
plete, the green liquid obtained was diluted with 2 parts of water and then poured into 
a large photographic dish, where it was left to aerate for about 24 hours. 

To make tests with this reagent, Asheshov et al. proceeded as follows: 

"A loopful of 24 hours' growth of microorganisms on agar is emulsified in 2 c.c. of 
tap-water, 0.2 c.c. of Millon's reagent is added, the tube is left for about one minute, 
and then heated nearly to boiling point. The heat is maintained for about one minute 
more, but without boiling." 

Commenting upon their method, Asheshov et al. stressed that their 
well-aerated reagent did not produce a red coloration when acting upon 
rough vibrios. This was desirabJe, because in their experience the addition 
of non-aerated Millon's reagent even to smooth cholera cultures led to the 
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appearance of a red colour owing to the presence of extraneous organic 
matters as well as of a few rough elements. When the aerated reagent was 
used, reliance had to be placed upon the presence or absence of two other 
phenomena thus described by Asheshov and his colleagues: 
" 1. F/occu/ation. \Vith pure rough culture this appears e1·en without heating, the flocculi 
slowly falling to the bottom. On heating, the flocculi 'coagulate ', partly floating on 
the froth, partly falling to the bottom, clearing the liquid more or less completely. The 
more complete the coagulation and the clearer the liquid the more rough is the culture. 

"2. ' Creeping'. After heating, it will be obsen·ed that a film, more or less granular, 
is 'creeping ' up along the wall of the test-tube abO\·e the surface of the liquid. It consists 
of coagulated vibrios which float on the surface of a thin layer of the liquid adhering 
to the wall. The more marked the phenomenon the more rough is the culture." 

Trypaj{avine reaction. Trypafiavine, first considered by Alessandrini & 
Sabatucci (1931) as a means of distinguishing between supposedly different 
Brucella species, was recognized by Pampana (1931, 1933) as a reagent 
suitable for a differentiation between the smooth and rough forms of one 
and the same bacterial species: 

Describing his technique, Pampana (1933) stated: 
" The reagent consists of a 1 : 500 solution of trypajia1ine, in normal saline. A drop 
of the solution is put on a slide. Close to the drop, but not in the drop, we depose a 
minute fraction of a loopful of the bacterial colony to be examined. We then flame the 
loop, and, when it is cool again, we moisten it gently with the trypafladne and gradually 
emulsify the material on the slide. Finally we mix it with the whole droplet of trypaflavine 
solution. If the colony contained the "R " variant, agglutination takes place immediately 
or within a few seconds. The reaction is very easily read, the more so if the surface of 
the slide is illuminated by oblique light against a dark background." 

Pampana added that his test could also be performed by mixing equal 
amounts of 1/500 trypafiavine solution and of the bacterial suspension to 
be examined in a test-tube, but found this procedure less sensitive than the 
above-described " drop-agglutination " method. 

Working with 100 vibrio cultures, including El Tor and cholera-like 
vibrios besides classical V. cholerae strains, -Popesco-Combiesco & Soru 
(1934) confirmed the value of the latter test, with the aid of which they were 
able to distinguish between smooth, SR, and rough organisms. The former 
two types produced a uniformly turbid growth in broth, the latter a granular 
growth. Results obtained with the acid-agglutination method of Dambo
viceanu (1933) (see Chapter 4, page 280) paralleled those ofPampana's test, 
also permitting a classification of the vibrios into three groups. However, 
in contrast to the trypafiavine reaction, Damboyiceanu's method was too 
elaborate to be of practical value. 

Bhaskaran (1953), who had the opportunity of examining variant strains 
of V. cholerae obtained through cultivation on .-\ronson-type media (see 
page 559 above) with rough 0-agglutinating sera as well as with Millon's and 
Pampana's reagents, commented thus on the results of these combined tests: 
" From all the strains of V. cholerae, rough variants were obtained during cultivation in 
B.C. agar [i.e., basic-fuchsin,'sodium-carbonate agar] which gave positive results with 
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Millon's and trypafiavin tests and agglutinated wholeheartedly with rough '0 ' serum. 
Further, every grade of intermediate condition between smoothness and roughness was 
seen to exist. At one end of the scale were the typically rough strains which reacted only 
with rough ' 0 ' sera, while not being clumped by smooth ' 0 ' sera at as low a dilution 
as 50. The majority of the variants, however; represented intermediate stages between 
smoothness and roughness. These variants, while satisfying Millon's and trypaflavin 
tests, agglutinated with rough as well as the homologous ' 0 ' sera. At the other end of 
the scale were a few smooth strains which were recovered unaffected after cultivation 
in B.C. agar." 

As far as one may judge from these findings made with artificially 
dissociated variants of V. cholerae, tests with Millon's and Pampana's 
reagents were as reliable for detecting the presence of rough elements in 
these growths as those with rough 0-agglutinating sera. However, attention 
has been drawn above (page 588) to the observations of Ahuja (1951), 
who found, among the cholera strains at his disposal, some reacting with 
rough 0 serum even though they lacked all other characteristics indicating 
roughness. In view of this and more still because, as confirmed by Bhas
karan, cholera strains do occur which react solely with rough 0 sera, there 
can be no doubt that tests with these have to be resorted to in cholera
diagnostic work regardless of whether tests with Millon's and Pampana's 
reagents are utilized as well. 

Cholera-red reaction 

It is of historical interest to note that the technique now generally adopted 
of performing the cholera-red reactions with organisms cultivated in peptone 
water was not used by the pioneer workers. Poehl (1886), who first recorded 
that addition of hydrochloric acid to V. cholerae growths led to the appear
ance of a red "pigment", worked with Koch's nutrient gelatin. This was 
also used by Brieger (1887), while Bujwid (1887), who independently 
described the reaction, resorted to cultivation in broth. However, Dunham 
(1887), systematically searching for an optimal technique to produce the 
cholera-red reaction, recommended the use of 1% peptone water, with 
which he said he obtained positive results after cultivation for four hours 
or once even after an incubation of only three hours. Dunham noted, on the 
other hand, that gelatin stab cultures of V. cholerae gave a cholera-red 
reaction only after they had become entirely liquefied, whereas the presence 
of even inconsiderable remnants of undissolved gelatin led to the appear
ance of a brown coloration. 

Another important proposal made by Dunham, which has been adopted 
by modern observers (see, for instance, Ahuja et al., 1950, 1951; and 
Gallut, 1954), was to use concentrated sulfuric acid in place of hydrochloric 
or other acids for the performance of the cholera-red test. 

As already alluded to above (see page 576), the early observers inclined 
to the belief that a typical cholera-red reaction was given solely by V. cholerae 
and that consequently a positive outcome of such tests sufficed for the identi-
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fication of this organism. This view was expressed in particular by Bujwid 
(1888), who reached the now quite amazing conclusion that by (a) cultivating 
material from cholera-suspect stools in 10 ml of 2% peptone water, (b) taking 
after 24 hours a loop from the surface of the culture for subcultivation in the 
same medium, (c) successively making in this manner two further peptone 
water subcultures, and (d) using the third subculture for the cholera-red 
test, one was able to establish the laboratory diagnosis of cholera without 
the aid of a microscope. 

However, the belief in the specificity of the cholera-red reaction was soon 
discredited by observations showing that it was also given by cholera-like 
vibrios, such as the V. metchnikovi, isolated by Gamaleia (1888) from fowls, 
and water vibrios such as the V. berolinensis (Neisser, 1893), the V. danubicus 
(Heider, 1893), and, according to Prausnitz (1903), the majority of the strains 
isolated from water samples in Hamburg. Hence, as the last mentioned 
observer maintained with much reason, the cholera-red test was mainly 
valuable as an easy means of ruling out the cholera nature of vibrio strains 
which reacted negatively, whereas a positive result obtained in the case of 
strains morphologically and culturally identical with V. cholerae was not 
conclusive. 

It was sometimes claimed that the nitroso-indole reaction, if done with 
one and the same strain upon successive occasions, was apt to give variable 
results (see, for instance, Pottevin, 1913, and summary by Pollitzer, 1934), 
but, as far as the present writer can judge, such differences were of a quanti
tative rather than a qualitative nature. It is, however, of the utmost impor
tance to realize that for various extrinsic reasons cholera-red tests done with 
authentic strains of V. cholerae may give falsely negative results. 

In the first place, as was recognized by Bujwid (1887), it is necessary to 
use pure cultures of the organisms under examination for the performance 
of the tests, because the presence of extraneous organisms is apt to interfere 
with the reaction. To bey (1908) and Logie (1913) showed that, in particular, 
the presence of nitrite-destroying organisms like E. coli exerted such an 
untoward influence. The direct use of cholera stools for cholera-red tests, 
even though it may lead to positive results, is therefore inadvisable. 

Another indispensable prerequisite for the proper performance of 
cholera-red tests is the use of suitable media. Experience has shown that 
not all brands of peptone are adequate in this respect, because they may be 
lacking in tryptophane, which is indispensable for the formation of indole 
(Mackie, 1929c). A proper content of the media in nitrates is also of 
crucial importance. Bleisch (1893), who made a profound study of this 
question, maintained that besides avoiding too low a nitrate content, it was 
also essential to guard agaist an excess of nitrates or preformed nitrites. 
He considered broth media, apt to show an inconstant composition, to be 
altogether unsuitable substrates for cholera-red tests and insisted upon the 
use of specially prepared 2% peptone water media to which exactly deter-

38 
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mined amounts of diluted potassium nitrate solution had been added to 
bring the nitrate content to a proper level. Ample practical experiences 
have shown, however, that-provided that they had been manufactured 
with suitable brands of peptone-the peptone water media ordinarily used 
for cholera laboratory work prove reliable for the performance of cholera
red tests as well. Their suitability may be simply ascertained by growing a 
known cholera-red-positive strain of V. cholerae in them for 24 hours and 
then adding one drop of strong sulfuric acid per ml of the medium (see, 
for instance, Taylor, Pandit & Read, 1937). However, even if the lot of 
peptone used has been found suitable through such preliminary tests, it is 
advisable always to inoculate a control tube with a known nitroso-indole
positive culture of V. cholerae when making cholera-red tests with unknown 
vibrio strains. 

Tests for indole 

As has been stated in the third chapter, tests for indole are 
of no differential diagnostic value in cholera laboratory work because 
(a) in addition to intestinal bacteria belonging to other genera, many 
cholera-like strains as well as V. cholerae show evidence of indole produc
tion; and (b) naturally, all cholera-red-positive vibrio strains are indole 
producers. However, as is to be expected as well, cholera-like strains which 
prove negative in nitroso-indole tests do not react uniformly when being 
examined for indole formation, yielding either negative or positive results 
(Taylor, Pandit & Read, 1937). 

As far as could be ascertained, former cholera workers followed the 
method introduced by Bohme (1901) to demonstrate the presence of indole 
in their cultures (see, for instance, Mackie, 1929c). 

This method consisted of the use of two reagents composed as follows: 
(1) p-dimethylamidobenzaldehyde 4 parts 

96% ethanol 380 parts 
Concentrated hydrochloric acid 80 parts; 

(2) Potassium persulfate in saturated aqueous solution 
(used as oxidant). 

Bohme's procedure was to add to about 10 ml of a broth culture of the organisms 
to be tested, first, 5 ml of solution 1, then the same amount of reagent 2, and to shake 
well. The presence of indole was indicated by the appearance of an intense red colour 
becoming visible at once or within a few minutes. 

Taylor, Pandit & Read resorted to a modified procedure: (a) using 
24-hours-old peptone water cultures of their vibrio strains instead of broth 
cultures; (b) superimposing Bohme's reagent 1 on the culture fluids instead 
of admixing it; and (c) omitting the addition of potassium persulfate solu
tion. In their experience slight heating was useful to hasten the appearance 
of a positive reaction. 
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Animal experiments 

The value of animal experiments for the differentiation of cholera from 
cholera-like vibrios was emphasized by Koch (1893). He insisted in this 
connexion that, in order to obtain reliable results, it was necessary to work 
with material from agar cultures and not from fluid cultures. A dose of one 
loop (about 1.5 mg) of the former growths, suspended in 1 ml of broth, was 
adequate for the intraperitoneal infection of guinea-pigs weighing 300-
350 g, but increased doses had to be used for heavier animals. Main
taining that this mode of experimentation invariably led to the appearance 
of a typical collapse and eventually to the death of the animals, Koch stated 
that: 

" Since one or a few well-developed [cholera] colonies are able to furnish sufficient 
material for an animal experiment, the great value of making agar cultures early becomes 
evident. One must rate the method of animal experimentation highly because, in analogy 
with the cholera-red test, it makes manifest a property possessed exclusively by the 
cholera bacteria. Among all curved, i.e., spirilla-like, bacteria which come into question 
in cholera laboratory work, so far none has been found which produces in the 
above-mentioned dose symptoms even remotely similar to those of the cholera bacteria." 
[Trans.] 

A determined stand against these postulations of Koch was taken by 
Gruber (1894), who denied the specificity of the method of animal experi
mentation devised by Koch and, moreover, stressed that the virulence 
of cholera cultures as well as the susceptibility of the test animals was 
variable. 

Prausnitz (1903), besides suggesting that under certain circumstances, 
e.g., through immersion in water for some time, the cholera vibrios might 
lose their virulence, laid greater stress upon the fact that many of the 
cholera-like strains isolated from water samples at Hamburg had shown 
a high pathogenicity for guinea-pigs. 

Subsequent observations have supported the views of Gruber and Praus
nitz rather than those of Koch. It is true that there is no great likelihood 
of meeting avirulent strains among the cholera vibrios isolated from the 
faeces of patients in the acute stage of the disease and that consequently 
negative results of animal experiments obtained under these conditions 
speak strongly against the presence of V. cholerae. However, a positive 
result obtained through inoculation oftest animals with vibrios isolated from 
the patients' stools cannot be considered conclusive. It is obvious, more
over, that it would be altogether impossible to make routine use of animal 
experimentation during a major outbreak of cholera. To resort to this 
method when dealing with early or sporadic cases would be within the 
realm of practical policy but, as far as the present writer can judge, it 
would be better then to use the available guinea-pigs for Pfeiffer's test 
rather than for simple intraperitoneal inoculation. 
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Carbohydrate tests 

From the exhaustive description of the saccharolytic effects produced 
by cholera and cholera-like vibrios in Chapter 3 it will be gathered that 
for the practical purposes of cholera diagnosis it suffices to make tests 
with only three sugars, namely, saccharose, mannose, and arabinose. 
It has been shown that with very few exceptions strains which failed to 
acidify the former two substances or acidified arabinose were not cholera 
vibrios. At the same time, however, it has to be stressed that these charac
teristic reactions were given not only by V. cholerae, but also by a consider
able number of cholera-like strains. 

As has been suggested in the third chapter, it would be well to adopt the 
method of Heiberg (1934) as standard when making tests with these three 
sugars. The procedure of this worker was (a) to grow the strains to be 
tested in peptone water into which the various carbohydrates had been 
incorporated at a concentration of 0.5% (equivalent-according to Gallut, 
1954-to 3 drops of a 30 ~~solution of the sugars per 10 ml of the medium); 
(b) to add a few drops of a 0.2 per 1000 solution of bromothymol blue 
in ethanol as indicator; and (c) to take initial readings after an incubation 
of not more than 20 hours at 37~ C so as to be able to distinguish between 
rapid and late acidifications-an essential distinction for diagnosis. As 
has been noted, Heiberg worked with peptone water media of comparatively 
low alkalinity (pH 8.0-8.4). It would be preferable for the sake of uniformity 
and expediency to use peptone water of a pH of 9.2 for these tests as well 
as for cholera laboratory work in general (see page 536 above). 

Voges-Proskauer reaction 

The important results which can be obtained through an examination 
of classical cholera vibrios, El Tor vibrios, and cholera~like vibrios with 
the Voges-Proskauer reaction (originally described in 1898) as well as the 
modern technique preferable for carrying out this method have been fully 
dealt with in Chapter 3. While it had to be admitted that it was impossible 
to distinguish with the Voges-Proskauer reaction alone between cholera 
and cholera-like vibrios, attention could be drawn to the cardinally 
important conclusions reached by Taylor. Pandit & Read (1937) when 
considering the results of such tests in combination with those elicited with 
the aid of the cholera-red reaction and fermentation tests with saccharose, 
mannose, and arabinose. As these workers found, it was possible 
" on biochemical evidence alone, to obtain presumpti\-e diagnosis of the serology of the 
typical V. cholerae; if it giyes fermentation reactions of Heiberg type I [i.e., acidification 
of saccharose and mannose, but not of arabinose], is cholera-red positive and negative 
to the modified V-P [Voges-Proskauer] test, it is very probably an agglutinable vibrio". 

From the foregoing, it transpires that a typical result of such combined 
tests goes a long way to support a presumptive diagnosis of cholera arrived 
at through rapid slide-agglutination. 
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Chapter 8 

CLINICAL PATHOLOGY 

Loss of Fluids and Salts in the Evacuations 

In view of the fact that evacuations from the gastro-intestinal tract, 
brought about by a local action of the endotoxin of V. cholerae, form, as a 
rule, the earliest and one of the most spectacular signs of clinically manifest 
cholera infection, it is not surprising that investigations on the character 
of the stools and vomits voided in this disease were commenced as soon as 
the appearance of outbreaks in Europe offered adequate opportunities for 
study. The often truly amazing copiousness of these evacuations, already 
commented upon by observers in the East (see page 101 of the summary 
by Rogers, 1921) was confirmed by, for instance, Loder (1831) and Marcus 
(1832), who witnessed the 1830 epidemic in Moscow. Moreover, the physi
cal and chemical properties of the cholera stools and vomits were investi
gated by several of the early workers, such as Hermann (1832) during the 
epidemic just mentioned and Wittstock (1831) in Berlin. Both noted an 
invariably alkaline reaction of the characteristic cholera stools. The specific 
gravity of these varied according to the latter .observer from 1.0073 to 1.0082 
and their salt content appeared to be considerable, one specimen of 2000 
grains yielding 26 grains of salt from a total of 44 grains of solids. 

The cholera vomits examined by Hermann and Wittstock varied some
what in character. Those voided at the onset of the disease showed a some
what higher specific gravity (up to 1.014) and an acid reaction, while those 
obtained later and resembling in aspect the rice-watery stools had a specific 
gravity of only 1.003-1.006 and were alkaline. The sodium chloride content 
of the vomits was found to be markedly below that of the faeces. 

Results of further examinations of cholera stools were recorded towards 
the end of the second cholera pandemic by Parkes (1847), Becquerel (1849) 
and by Schmidt (1850). As quoted by Rogers (1921), the first-mentioned 
worker found that the rice-watery stools of cholera patients contained 
0.5%-1% of salts, but only very little protein-an observation also made by 
Becquerel and by Schmidt. Becquerel confirmed the observation of Witt
stock that the cholera stools contained only a small proportion of solids 
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(1 %-2 %), the NaCl content of which varied from 3 to 7 per 1000. The 
presence could be demonstrated, not only of sodium chloride, but also of 
ammonium carbonate and sodium phosphate as well as of small amounts 
of potassium chloride and of traces of creatine and uric acid. Like Schmidt 
he was inclined to consider the rice-watery stools of cholera patients as a 
true transudate, analogous in character to the fluids found in instances of 
hydrocephalus or hydrocele. 

Examining cholera Yomits, Schmidt noted a lesser NaCl content in these 
than in the stools, but found them to contain somewhat larger amounts of 
ammonium carbonate and urea. 

Turning attention to modem observations, reference has to be made 
first to those of Rogers (1909a, 1911, 1921 ), who stated that in his experience 
the average chloride content in rice-watery cholera stools was 0.53% while 
there was only a very small amount of chlorides in the vomits of the patients. 

A careful study of the chemical constituents of the stools of 31 cholera 
patients with the aid of modem methods was made by Ghosh & Chakra
borty (1940). Summarizing the results which they had recorded in tabular 
form, the two workers stated that: 

"The stools in all cases were highly alkaline. The average alkalinity has been found 
to be nearly equivalent to 50.7 c.c. of N/10 HCI per 100 c.c. of stool. The average per
centage of sodium chloride was found to be 443.2 mg. Protein, non-protein nitrogen, 
ammonia, phosphorus, sulphur and carbonate contents per 100 c.c. of stool were found 
to be 0.95 g., 36.9 mg., 9.1 mg., 57.5 mg., 14.1 mg. and 0.081 g., respectively. The per
centage of total solid material has been found to be 2.05 g. The tests for occult blood were 
positive in all the samples of stools examined." 

Commenting upon these findings, Ghosh & Chakraborty (a) stressed 
the alkaline reaction of the stools, which in their opinion favoured the 
formation of cholera toxin, and (b) drew attention to the elimination of 
considerable amounts of alkaline bases as well as of chlorides in the dejecta. 
These losses were bound to disturb the osmotic balance and to lead to 
acidosis. 

In an interesting article on hypochloraemia in cholera, Banerjee (1941a) 
made the following statements regarding the problems at present under 
review: 

(I) The total volume of stools passed during successive 24-hour periods by 20 cholera 
patients varied from a minimum of 500 ml to a maximum of 5000 ml per day, while 
the sodium chloride content varied from a minimum of 110 mg per I 00 ml to a maximal 
figure of 865 mg or 0.865 ~~- Since the quantity of the stool sample with this maximal 
saline content was 4000 ml, the loss in chlorides during 24 hours amounted in this instance 
to 34.6 g. 

(2) The amount of vomitus, determined in the case of four patients only, averaged 
3325 ml per 24 hours, while the sodium chloride content per 100 ml was at an average 
293 mg. Hence " the total excretion of NaO through vomiting during 24 hours had been 
more than 9.7 grammes in an a\·erage case of cholera". 
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As stated in the 1941 report of the Indian Research Fund Association, 
investigations by Panja had shown that the sodium chloride content of 
cholera vomits varied from 66 mg to 821 mg per lOO ml, while their pH, 
though varying froin 2.4 to 8.4, was usually between 6.0 and 7.0. According 
to a statement in the 1946 report of the Indian Research Fund Association, 
the chloride content of 100 typical cholera stools (average pH 7.8) was at .an 
average 0.431 g. 

In the course of a study on the fluid balance in cholera made during the 
1947 Egyptian outbreak Safwat & Adham (1948a) found that 

" There was a tremendous water loss in the vomit and stools. Figures showed that as 
much as 10 litres were lost by many cases in the course of 24 hours, while some figures 
indicated that as much as 15 litres were lost by other cases. Though the loss in the vomit 
was great, yet in the majority of cases the loss in the stools was much greater." 

The two workers apparently did not determine the salt content of the 
evacuations, but they came to the general conclusion that cholera presented 
a combination of water and salt depletion. 

El-Ramli (1948) stated in a valuable clinical study on 689 cholera patients 
isolated in a fever hospital that the amounts of fluid lost by the sufferers in 
their stools and vomits varied considerably but that instances were met 
with where they lost one litre of fluid in a single faecal discharge and 4 litres 
or more in 24 hours. The amount of vomit could reach 800 ml upon a 
single occasion and it was noted that one patient, who had been given 
10 litres of fluid by mouth, vomited as much as 7 litres in one day. The 
degree of dehydration ultimately developing was not invariably proportional 
to the fluid loss: some sufferers showed marked signs of dehydration even 
though they had lost comparatively little fluid, while others, who had 
voided much larger amounts of fluid, became but mildly dehydrated. 
The chloride content of the stools was found to vary from 221 mg to 
750 mg per 100 ml, that of the vomits from 48 mg to 351 mg. 

As summarized in the Tropical Diseases Bulletin, Saha & Das (1952) 
arrived through an examination of a series of cholera stools at the following 
average figures: 

"Specific gravity-1,010; sediment-9.8 per cent.; reaction-pH 7.86; total protein-
0.26 gm. per cent.; sodium-286.2 mgm. per 100 m!.; potassium-74.6 mgm. per 100 m!.; 
chlorine ion-268 mgm. per cent.; inorganic phosphate as P04-3.6 mgm. per cent.; 
bicarbonate-68.2 m!. of eo. per cent." 

While unable to detect Evans blue in the stools examined 1-2 hours after 
intravenous injection, Saha & Das found thiocyanate in every specimen 
tested in this respect, though in a somewhat lesser concentration than 
corresponded to the amount injected into the blood-stream. The conclusion 
they reached was that the fluid part of cholera stools resembled physically 
and chemically the plasma minus its protein and was of the nature of a 
transudate, the intestinal mucosa acting as a semipermeable membrane. 
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The two workers thus supported the postulations made more than a century 
before by Becquerel (1849) and Schmidt (1850). 

In order to arrive at an evaluation of the findings recorded above, it is 
necessary to pay attention to the observations made within recent years on 
water and salt depletion in general. Experimental findings by Kerpel
Fronius (1935) and tests on normal men by Nadal and eo-workers (1941) 
as well as recent clinical observations have clearly shown that, besides a 
mixed type of depletion, either pure water or pure salt depletion may occur 
under varying conditions. Marriott (1947), exhaustively dealing with this 
and related problems, stated that: 

(a) Pure water depletion occurs when the intake of water is stopped or · 
greatly diminished without a significant loss of salt. This condition may 
develop in shipwrecked individuals, in instances of dysphagia, or in coma. 

Lack or deficiency of water intake without a corresponding loss of salt 
renders the extracellular fluid hypertonic. As a result water is sucked from the 
cells so that dehydration takes place mainly at the expense of the cellular fluid. 

(b) Pure salt depletion, due to abnormal losses of sodium and chlorine 
in the presence of an adequate water intake. may develop in various patho
logical conditions, such as severe vomiting or diarrhoea, presence of a 
biliary or intestinal fistula, in Addison's disease, and in heat exhaustion due 
to severe sweating combined with an abundant intake of salt-free fluids. 

As a result of salt depletion the extracellular fluid becomes hypotonic 
and greatly diminished in amount because the kidneys excrete water in an 
attempt to maintain isotonicity. There is also a relative shift of fluid from 
the tissues into the plasma. However, a condition of oligaemic circular 
failure or shock is apt to follow and the decreased blood volume combined 
with an increased viscosity of the blood leads to death. 

As a secondary effect disturbances of the acid-base balance, due to an 
asymmetrical loss of sodium or of chlorine may develop. Thus alkalosis 
may result in instances of severe vomiting, acidosis in the case of violent 
diarrhoea. 

(c) In mixed water and salt depletion the patients show the circulatory 
and other features due to salt depletion, but they are also thirsty and show 
early oliguria, as is characteristic of water depletion. 

While there can be no doubt that cholera falls into the category of 
diseases with a mixed water and salt depletion, it is equally true that, as 
aptly summarized by Shattuck (1951), 

" In chokra loss of water and of salts occurs in amounts which vary from time to 
time in the individual case and which differ in degree in relation to the severity of the 
symptoms". 

One must admit, however, that the evidence regarding a manifest in
fluence exerted by a differently proportioned loss of water and electrolytes 
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respectively on the clinical picture of cholera is contradictory as well as 
scanty. ,1 

It has to be noted in this connexion that Ghanem & Mikhail (1949), 
studying the clinical pathology of cholera, came to the conclusion that in 
this disease a loss of water as well as of salts was responsible for the signs of 
dehydration, but that the former was more important, since no special 
clinical manifestations could be ascribed to salt depletion alone. 

Massias (1938), on the contrary, asserted that chloropenia played a more 
important role in cholera than water depletion, many of the grave features 
of the disease being due to hypochloraemia. Similarly, Rogers (1952) 
referred to particularly severe cholera cases, in which a loss of salts from 
the blood preponderated over that of fluid and in which, therefore, the 
chloride content of the blood could fall below 0.85 ~~, haemolysis taking 
place in the circulation in extreme cases. 

More significant perhaps than these statements are observations recorded 
by Banerjee (1939a), who maintained that in cholera two special types could 
be distinguished from the usual "straightforward" form-namely (a) a 
"renal failure type", in the causation of which hypochloraemia presum
ably played a more important role than siniple dehydration; and (b) a 
"vasomotor failure type", in which, one might venture to suggest, water 
loss was of preponderant importance. 

It would certainly be most desirable to obtain further evidence regarding 
the occurrence of these special types of cholera and their clinical pathology. 

Blood Changes 

Introductory remarks 

In explanation of the fact that investigations on the blood changes 
observable in cholera attracted early attention, Liebermeister (I 896) aptly 
stated that: 

" The first European cholera epidemics occurred at the time of the predominance of 
haemopathology, when it was believed that a chemical investigation of the blood would 
furnish particularly important clues for the nature of the diseases. Moreover, at that time 
still, most abundant use was made of blood-letting and, since this method was also 
often applied in cholera, sufficient material was available for exact investigations. In fact 
one found in the blood of cholera sufferers at the acme of the attack and in the asphyctic 
stage alterations surpassing in importance those met with in any other acute disease. 
While it was not possible to obtain the hoped-for insight into the nature of the disease, 
these older investigations remain valuable, because they furnish important clues for an 
appreciation of the morbid symptoms." [Trans.] 

That the early studies by workers like Hermann (1832) in Moscow, 
O'Shaughnessy (1831-32a, 1831-32b, 1832) and others in Great Britain, 
Le Canu (1832) in France, Wittstock (1832) and Rose (1833) in Berlin 
were valuable indeed is well illustrated by a preliminary communication 
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made in the form of a letter to the editor of the Lancet by O'Shaughnessy 
(1831-32a), wherein he stated that: 

" (1) The blood drawn in the worst cases of the cholera is unchanged in its anatomical 
or globular structure. 

"(2) It has lost a large proportion of its water, 1000 parts of cholera serum having but 
the average of 860 parts of water. 

" (3) It has lost also a great proportion of its Xeutral saline ingredients. 

"(4) Of the free alkali contained in healthy serum, not a particle is present in some 
cholera cases, and barely a trace in others. 

" (5) Urea exists in the cases where suppression of urine has been a marked symptom. 

"(6) All the salts deficient in the blood, especially the carbonate of soda, are present in 
large quantities in the peculiar white dejected matters." 

The significance of these interesting findings, most of which were con
firmed by further observations, will be discussed in the following analysis 
of the physical and chemical alterations met with in the blood of cholera 
patients and occasionally also in that of victims to the disease. 

Physical changes in the blood of cholera patients 

Early observations 

To support his claim that in cholera " the essential and constant altera
tion of the blood consists in a decrease of the water content or, what signifies 
the same, in an increase of the solids ", Liebermeister (1896) recorded the 
following early observations on the specific gravity and the fluid contents 
of the blood of the patients: 

Author 

Hermann (1832) 
Wittstock (1832) 
Thomson (1832) 
O'Shaughnessy (1832) 
Andrews (1832) 
Schmidt (1850) 

Specific gra•ity of blood serum (normally about 1.028) 

1.036 in a patient examined 4 hours before death 
1.0385 - 1.0447 
1.0443 - 1.057 

Usually about 1.040 
1.038 - 1.045 . 

1.0286 - 1.0470 * 

* Schmidt found the specific gravity ofthe whole defibrinated blood to vary in cholera 
patients from 1.0596 to 1.0711 as against 1.055 in normal men. In one instance the speci
fic gravity of not defibrinated blood was 1.0728. 

" According to the analyses of Schmidt ", Liebermeister continued, " the water 
content of the whole blood in a healthy man was 78.87%, in the male cholera patients 
examined by him 76.09-74.53-74.73%, further in a healthy woman 82.46%, in cholera
affected women 78.61-76.09-78.06%. Wittstock obtained 26.5% dry solids from the 
blood of a cholera patient, so that there was 73.5% of water. Andrews found in four 
severe cases at the acme of the attack a water content of the whole blood amounting 



CLINICAL PATHOLOGY 613 

respectively to 78.43-73.11-74.93-76.07%. Thomson noted in his cases a still more 
marked decrease of the water content: whereas he determined that of normal blood at 
78.39%, he found in two cholera patients 66.121 and 67.94% respectively." [frans.] 

Further observations on the specific gravit_v of the blood and plasma 

As Rogers summarized in 1921, he found that 

"In the acute stages of the disease [cholera] the specific gravity [of the blood] nearly 
always varies between 1060 and.1068, rarely reaching as high as 1072 in natives of India, 
in whom the normal figure in health is about 1054. I haYe seen it as high as 1076, but 
only in extremely severe cases. The most common point is about 1063 to 1065, which 
means a loss of about half the fluid from the blood and is nearly ahvays accompanied 
by general symptoms indicating the necessity for transfusion." 

Observations made by subsequent observers may be tabulated as follows: 
Author 

Lob & Tai (1936) 

Banerjee (1938) 

F~r.dings 

Found, measuring the specific gravity according to the 
method recommended by Rogers (1911, 1921), in 13 
cholera patients before saline treatment had been given, 
values ranging from 1.056 to 1.069 (average 1.064). After 
saline infusion the specific gravity of the blood became 
lower than normal (average 1.053). In the opinion of 
Loh & Tai this drop was partly due to the replacement of 
the body fluids of high specific gravity by saline of lower 
specific gravity. 
The blood specific gravity of 16 patients examined 3 or 
more days after onset of the disease varied from 1.046 
to 1.068, but was 11 times 1.056 or less. 

Stated that his numerous cholera patients who required 
saline infusions had blood specific gravities varying from 
1.063 to 1.070. 

Ghosh & Chakraborty (1940) The blood specific gravity of 31 cholera patients examined 
at the time of their admission was found to range from 
1.062 to 1.066. 

Safwat & Adham (1948a) 

El-Ramli (1948) 

Determined the specific gravity of the blood in 11 cholera 
patients by the copper sulfate method (Phillips et al., 
1943). The values ascertained before treatment ranged 
from 1.068 to 1.075 as against normal standards of 
1.052-1.055 in Egyptians and 1.056---1.058 in Europeans. 

Found, also using the copper sulfate method, blood 
specific gravities in cholera patients ranging from 1.050 
to 1.078. It is noteworthy that a normal specific gravity 
of the blood was found in 2.2% of 124 patients with 
severe dehydration, 2.2% of 83 patients with moderate 
clinical signs of dehydration, and 1.4% of 42 patients 
showing but mild signs of dehydration. On the other 
hand 2.8% of 76 cholera sufferers without clinical signs 
of dehydration had increased specific gravities of the 
blood (1.060---1.068), whereas according to El-Ramli 
the standard values in Egyptians ranged from 1.054 to 
1.058. 
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Awny (1948) While the blood specific gravity ofhis cholera patients 
varied from 1.056 to 1.078, in 18 out of 25 cases the plasma 
specific gravity was above 1.030. · 

Ghanem & Mikhail (1949) Examination of the specific gravities of the blood and the 
plasma according to the copper sulfate method in the 
case of 23 cholera patients revealed that: 
(1) "Most of the cases with moderate or marked dehy
dration showed definite rise in the specific gravity of blood 
(13 out of 23). Because the figures on admission were 
higher than normal in only six of these cases due to 
associated anaemia, a single determination before treat
ment is considered unreliable as a sign or measure of the 
degree of blood concentration." 
(2) "' All the cases with clinical dehydration showed 
higher specific gravity of plasma on admission than 
normal (15 out of 23); only six of these showed high 
specific gravity of the blood. This illustrates the value 
of this determination as an index and measure of the 
degree of blood concentration." 

Saha & Das (1951) Found the specific gravities of the blood and the plasma 
increased in practically all 49 cholera patients examined 
immediately after admission and before treatment was 
commenced. 

Chakraborty (1954) Determinations of the blood specific gravity in 31 dehy
drated cholera patients showed values below 1.065 in 2 
instances; between 1.065 and 1.069 in 15 instances; and 
between 1.070 and 1.072 in 14 instances. 

The clinical significance of the findings recorded above and the methods 
used for determining the blood specific gravity will receive attention later 
in this chapter. 

Further observations on water depletion 

As will be gathered from the summary of Liebermeister (1896) 
quoted above, a decrease in the fluid contents of the blood in cholera had 
already been noted by several·of the earliest observers, some of whom, e.g., 
O'Shaughnessy (1831-32b), spoke in this connexion of an increase of 
the "crassamentum ", i.e., the solid portion of the blood of cholera 
patients, settling out on standing. 

Investigations on this point have been continued by numerous subsequent 
workers, who were able to utilize improved methods of examination for 
thir purpose, particularly determinations made with the aid of the haema
tocrit. Though devised by Hedin as early as 1890, this method of comparing 
the volume of the blood corpuscles, " packed " by means of centrifugation, 
with that of the plasma, seems to have been used first in cholera work by 
Rogers, who stated in an article published in 1909 (a) that: 
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" In order to estimate the actual degree of concentration of the blood in cholera, I 
have rapidly defibrinated the blood and centrifuged it in a haemocrite, the percentage of 
corpuscules and serum being thus ascertained. As the blood corpuscles are not lost 
(except to a very small extent, in the rare haemorrhagic cases) ... the amount of serum 
which has been drained from the blood can be estimated by a simple calculation." 

Rogers claimed that the serum loss in the most severely affected cholera 
patients, comprising those who succumbed in spite of treatment," amounted 
to no less than 64 per cent of the total ", while those who could be saved by 
transfusion, had shown a serum loss of 52%- In mild cholera attacks 
followed by recovery, even though no saline had been given, the serum loss 
averaged only 35 %- Hence, Rogers maintained, 

"If we take the blood as one-thirteenth of the body weight and the volume of serum 
of these Bengali patients as 55 per cent, then in the fatal cases no less than 42 of the total 66 
ounces of serum were on the average lost from the circulating blood alone, in addition to 
the great drain from all the tissues of the body. Further, in the second class of recoveries 
after transfusion, the loss averaged 34 ounces. Such great losses 'of fluid, accompanied 
by a corresponding degree of concentration of the blood, must necessarily embarrass 
the circulation, evidence of which is so clearly seen in the cold and blue extremities. In 
the severer cases the blood is so thick that it will not run into the capillary tube of a 
haemocrite without the aid of suction, so that its passage through the minute vessels of 
the pulmonary and systemic circulations must be very difficult." 

Aron (1910), determining the water content of the blood in 8 cholera 
patients and also in the case of 6 cholera victims by drying the specimens 
at 99° to 100° C to a constant weight, found that the percentage of solids 
varied in the patients' blood from 21.5% to 28.5/6, and in the dead bodies 
from 26.3% to 28.8 %. Commenting upon these observations, he stated 
that, while in four instances the blood of patients showed a normal or but 
slightly diminished water content, in the four others the degree of water 
depletion corresponded to that met with in the blood of the dead bodies. 
It was noteworthy that in the case of the second group of patients the spe
cimens had been obtained early in the disease. Thus Aron's results were in 
agreement with the experiences of Schmidt (1850), who also found an 
increase in the blood solids in the early, but not in the later, stages of the 
disease. 

Once more using the haematocrit method, Loh & Tai (1936) established 
that the average percentage of the blood corpuscle volume in 13 cholera 
patients examined before treatment was 63.1, becoming lowered after 
treatment to 48.2. The haematocrit figures ascertained in the case of 16 
patients late in the disease varied considerably, but were with a single excep
tion surprisingly low. 

Reporting on the cell volume and the moisture content of the blood found 
in 17 cholera patients during the acute stage of the disease, Pasricha & 
Malik (1940) said in summary that (a) the cell volume varied from 36.3% 
to 69.3 ~;;; with an average of 50.5 ~·6 as against normal values ranging from 
36 ~;; to 51 ~,;;; (b) the moisture content of the blood, determined according 
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to a method described by Malik & Pasricha (1940), averaged 77.4 g per 
100 ml of blood, as compared to normal values of 75-82 g per 100 ml of 
blood. 

Taylor (1941), referring to a cholera enquiry under the auspices of the 
Indian Research Fund Association, recorded that according to calculations 
made in the course of this work 

" the total fluid loss including loss from blood plasma, intestinal fluid and intra-cellular 
fluid might be as high as 3.3 litres. Such loss might be equivalent to the total volume of 
the blood of the individual. It was estimated in the examination of cases that a blood 
concentration amounting to 140 per cent of the normal level was often present and that 
such concentration was a very dangerous level. Even at the equivalent of 125 per cent 
a dangerous condition was considered to exist." 

Awny (1948), one of the several workers who made observations on 
the problems at present under review during the 1947 Egyptian cholera 
outbreak, stated that in his. experience the voh.1me of the packed red cells 
varied from 48% to 80 %. Commenting upon these results as well as upon 
those obtained with the aid of other methods of blood examination, which 
will receive attention elsewhere in this chapter, he remarked that 

" With very few exceptions the whole blood specific gravity, the volume of packed 
red cells, the haemoglobin percentage, and the red cell count gave a fairly reasonable 
indication of the degree of haemoconcentration in any given case. In our experience, 
the indication derived from these data was also in close correlation with the clinical 
condition of patients. But they were of no prognostic significance whatsoever. 

" The few exceptions referred to were cases who had high haematocrit readings 
together with low plasma specific gravity and plasma protein concentration, giving an 
erroneous finding for whole blood specific gravity. As the main object of treatment at 
this stage is the restoration of a normal balance between the plasma and cellular elements, 
the best thing to depend upon is a haematocrit estimation. If this is not available, I think 
the next best would be a haemoglobin estimation or a red cell count. These are less 
elaborate than the specific gravity method, which necessitates much effort in the pre
paration of bottles which can be used for a few estimations only." 

In strict contrast to this statement, Ghanem & Mikhail (1949) came to 
the conclusion that " the haematocrit reading has no value in gauging the 
degree of dehydration " in cholera patients. In support of this unusual 
contention the two workers pointed out that 

" Only 11 cases showed higher haematocrit readings before than after treatment, five 
of these were in grade + + + [of clinical dehydration], ... six showed only mild degrees 
of dehydration ( + ). Moreover, some cases with severe dehydration showed no rise in 
haematocrit reading." 

For the purpose of studying the body fluid changes in cholera, Chaudhuri 
and eo-workers (195lc) determined not only the haemoglobin content 
of the blood, the haematocrit. values, and the protein and chloride content 
of the plasma in 27 recently admitted cholera patients, but also the blood 
volume and the available thiocyanate space. 
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The blood volume was determined according to a method described in 
detail by Chaudhuri and eo-workers (195la). In principle it consisted of 
(a) taking a 5-rnl blood sample from an arm vein; (b) then injecting through 
the needle, which had been left in situ, an adult dose of 5 ml of a 0.7% 
Evans blue solution into the vein; and (c) taking after 10 minutes a second 
blood sample (3 ml) from an arm vein on the opposite side. Both these 
samples were centrifuged in haematocrit tubes and, after readings had been 
taken, the plasma was separated. Next a known quantity of the dye solution 
was added to a measured quantity of undyed plasma from the first blood 
sample, 

" so that this would serve as a standard against which the concentration of the dyed 
sample was compared. From the dilution of the dye injected, plasma volume was deter
mined, the estimation being done in a photo-electric colorimeter ... Blood volume was 
calculated from the plasma volume and relatiYe haematocrit." 

As described by the same authors (195lb), the available thiocyanate 
space was determined according to the technique of Crandall & Anderson 
(1934 ). To apply thi.s, 10 ml of a 5% solution of sodium thiocyanate were 
injected into an arm vein after a 3-ml blood sample (hereafter designated as 
" sample A") bad been withdrawn. After one hour a second blood sample 
(" sample B ") was taken from the opposite arm. The further procedure 
was as follows: 

"From both the samples serum is separated. In 0.9 c.c. of sample A is added 0.1 c.c. 
of 1 : 100 dilution of stock thiocyanate solution ... In another tube 1.0 c. c. of the sample 
B is taken. To both these samples 1.0 c.c. of 20 per cent trichloro-acetic acid is slowly 
added and the protein is precipitated. Both these tubes are centrifuged for 20 minutes 
and the supernatant clear fluid is pipetted off. To 1.0 c.c. of each clear aliquot, 8 c.c. 
of distilled water are added and finally one c.c. of Reissner's reagent is added (Reissner's 
reagent-SO c.c. 10 per cent HN03, 40 c.c. N-FeCl3, 40 c.c. distilled water). The buff 
colour developed is immediately matched in a photo-electric colorimeter ... 

"The control sample A represents a dilution of the 10 c.c. thiocyanate injected into 
10,000 times and this dilution is compared with the uriknown sample B. Then, CNS 

space = ·i X 10,000, where CNS space = available thiocyanate space in c.c., S 

optical density of the standard and R = optical density of the unknown." 

As they stated in their third communication (195Ic), 

" The interstitial fluid volume was calculated from the available thiocyanate space 
by deducting the plasma volume and 70 per cent of the r.b.c. mass as calculated from the 
haematocrit." 

The results obtained in 27 recently admitted patients with the methods 
described above were summarized by Chaudhuri and co-authors (195lc) in 
tabular form, showing, for the two groups of these cases, the mean values 
and standard deviations in ml per kg of body-weight and per m2 of body 
surface. These figures are reproduced below, and the average values deter
mined by these authors (195la, 1951b) in groups of healthy Indians have 
been added for the sake of comparison. 
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Cholera patients 
Tests for Measure 17 (recovered) 10 (died) Healthy Indians 

Plasma volume mlfkg 40.0±5.6 33.5±8.2 47.7 
ml/m2 1263.0±231.6 1074.0±207 1591.0 

Blood volume ml/kg 89.1 ± 16.6 83.6±17.9 83.1 
ml/m2 2745.0±498 2795.0±614 2770.0 -, 

Thiocyanate space mljkg 233.4±24.5 165.8±29.3 236.3±30.8 
ml/rn2 7008.6±825 5704.0 ± 1,017 7401.0±817.3 

Interstitial fluid ml/kg 153.0±29.9 98.1 ±18.6 160.0±26.3 

Red blood cell mass ml/kg 45.5±12.4 46.0±15.1 
ml/m2 1403.0±377 1559.0±477 

Total circulating 
chloride mgfkg 229.8 ±53.7 215.8 ±61.6 

Repetition of these tests in 8 of the patients who recovered showed 

" that plasma volume, interstitial fluid and circulating plasma chloride all increased with 
treatment, being actually higher than normal values in many of them, while the blood 
volume, r.b.c. mass, cell volume, haemoglobin and total plasma protein were reduced. 
Thus all the body-fluid and cellular changes were corrected with recovery and it seems 
some of them were over-corrected, probably due to excessive satin~ infusion." 

Commenting upon their findings in the recently admitted patients, 
Chaudhuri and his colleagues made the following important statements: 

(a) Plasma volume. The survival group of patients showed a 20.6% 
reduction of the mean normal value of the plasma volume per square metre 
as against a 32% reduction in those who did not survive. Though the latter 
degree of reduction was not necessarily the critical one, it was most dan
gerous. However, as in haemorrhage, the rapidity of the plasma loss was 
perhaps of greater importance than the actual amount of total reduction. 

(b) Blood volume. In contrast to the plasma volume, the blood volume 
" was not reduced in any group, as the packed-cell volume in all cases was 
much more increased than could be accounted for by the corresponding 
reduction in the plasma volume". In the opinion of the authors it was 
difficult to say whether this increase of the erythrocyte mass was apparent 
or real. They noted in this connexion that several workers had reported an 
unequal distribution of the erythrocytes, so that the blood drawn from 
larger vessels gave haematocrit values about 25 ~,;; higher than the average 
body haematocrit figures. However, Root and eo-workers (1945), when 
determining the _blood volume by other methods, had found little difference 
between the central arterial and the body haematocrit values. While it 
remained to be seen whether these findings were applicable in the case of 
cholera, it was possible that the increase of the red blood cell mass, found 
without exception in seriously affected patients, represented 

" an attempt on the part of nature to compensate for the reduction of plasma volume, 
by pouring more cells into circulation from the large blood reservoir, probably spleen". 
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(c) Interstitial fluid. While changes in the interstitial fluid were rather 
insignificant in the patients who afterwards recovered, there was a 39% 
reduction of the mean normal value of the interstitial fluid in the sufferers 
who eventually succumbed. This difference between the two groups of 
patients was most significant, because it was certain that a marked reduction 
of the interstitial fluid, particularly if it remained long uncorrected, was apt 
to produce irreversible changes in the environment of the body cells. The 
authors insisted in this connexion that the immediate effect of hypertonic 
saline infusions was a withdrawal of fluid from the extracellular space into 
the circulation. They admitted that such treatment was apt to lead to a 
rapid improvement of the circulation, but maintained that 
" in cases where extra-cellular fluid is grossly depleted, further reduction with hypertonic 
saline may be detrimental to the tissues themselves due to further change in their environ
ment". 

Further reference to the interesting observations and postulations 
summarized above will be made later in this chapter. 

Inves~igations similar to those just described were made also by Saha 
& Das (1951). As summarized in the Tropical Diseases Bu11etin (1952), 
these authors 
" estimate that for Indians of average weight and height the nom1al plasma volume 
will be 2.5 litres and the total extracellular fluid space will be 10 litres. On that basis 
and after making corrections for haemoconcentration and increase of the protein con
centration of the plasma, the calculated average plasma volume of the series of cases 
examined is 1.6 litres. 

"Estimation on four cases by the dye method gave an average plasma volume of 
1.7 litres, representing a loss of 0.8 litres (32 per cent.) of the plasma fluid. By the thio
cyanate method the average total extracellular fluid in the same cases was estimated 
at 7.7 litres. The total fluid loss is thus 2.3 litres of which 0.8 litre is from the plasma and 
1.5 litres from the interstitial spaces." 

It is important to note that the determinations made by Saha & Das as 
well as those of Chaudhuri and co-authors do not support the statements 
of some of the earlier observers who, working with less reliable methods, 
were led to believe in truly amazing losses of fluids from the blood and the 
tissues. Chaudhuri and his colleagues (1951c), while fully admitting the 
clinical significance of the plasma volume reduction in cholera, considered 
the most detrimental effect to be " the increased viscosity of blood with 
increased r.b.c. mass which prevents maintenance of proper circulation in 
the body". 

Observations on the erythrocytes 

As far as can be ascertained, Garrod (1849) was the first worker who 
pointed out that in cholera the "blood-globules were found to be increased 
in amount". The unavailability of his original publication renders it 
impossible to establish what method of examination he used for this 
purpose. 
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According to Hayat (1948), this observation was confirmed by Hayem, 
who in 1875 had already described methods of counting the blood corpuscles 
and in 1885 published together with Winter an article on the condition of 
the blood and the bile in cholera. 

The wide spread of cholera in Europe in 1892 facilitated further inves
tigations on this point. Sticker (1912) mentioned in this respect that an 
increase of the red blood corpuscles to 6 million or even more had been 
noted in that year by workers in Hamburg. Biernacki (1895) referred to 
similar statements in the Russian literature, particularly to observations 
made by Okladnych (1892) in the course of studies on the blood changes 
in cholera. Biernacki himself found in the algid stage of cholera a numerical 
increase in the red blood corpuscles, which usually ranged from 6.5 to 7.5 
million, but was occasionally higher, up to over 8 million in one instance. 
The few patients in the reaction stage to whom Biernacki referred usually 
showed about normal, occasionally even subnormal, values. Commenting 
upon his findings in the algid stage, Biernacki maintained that though the 
numerical increase in the erythrocytes might be taken to indicate a state 
of blood concentration, it could not be considered an exact yardstick for 
measuring that concentration. 

Describing the blood findings in 23 cholera sufferers as well as in six' 
patients with choleraic disease, Rogers (1902) stated that 

"In two of the [cholera] cases ,the number of red corpuscles rose to over 8,000,000 per 
cubic millimetre and both patients died, but one patient out of 3 cases in which they 
reached between 7,000,000 and 8,000,000 recovered, as did one patient (Case 1) in Table 11 
[showing the findings in the sufferers from choleraic disease]. On the other hand, four 
patients out of five cases in which they numbered 5,000,000 and under also died, while 
out of 11 [?] cases in which they were between 5,000,000 and 7,QOO,OOO seven patients 
recovered and only five died." 

Rogers concluded, therefore, that there was no constant relationship 
between the degree of concentration of the blood as indicated by the number 
of erythrocytes and the death-rate. 

Again referring to the subject under review, Rogers recorded in 1921 
that in the acute stage of cholera the number of erythrocytes was usually 
6-8 million per ml, but occasionally exceeded the latter figure. Owing to 
the replacement of fluid there was usually a decline in the counts after the 
fourth day of illness, but not rarely the number of red blood corpuscles was 
found to be high in patients dying several days after admission with uraemic 
symptoms. Though, as stated above, there was no constant relation between 
the number of erythrocytes and the death-rate, a very high count, since it 
indicated an excessive loss of fluid from the blood, was a bad sign. 

Though Rosenthal (1914), dealing with the blood changes in cholera, 
gave details regarding the erythrocytes in one instance only, these are of 
value i'n that they show that the number of red blood corpuscules, which 
showed an increase to 7 800000 per ml on the first day of illness, dropped 
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incessantly, amounting to a little over 6 million on the 4th day, to 5 852 000 
on the 6th, to 5 million on the 12th, and finally to 3 764 000 on the 18th 
day after onset. It may be conveniently added that there was also a continu
ous drop of the haemoglobin content of the blood from 115% on the first 
day to 73% on the 18th day of illness. 

Marcovici (1916), reporting on findings in 50 cholera patients, stated 
that in the algid stage of severe cholera attacks the number of erythrocytes 
was usually increased to 7-8 million. Though ascribing this phenomenon 
mainly to dehydration of the blood, he drew attention to the fact that a 
moderate increase in the red blood corpuscles could also be met in slight 
cholera attacks. Hence the possibility of an action of the cholera toxin on 
the haemapoietic system deserved attention. 

Wakamatsu, Suzuki & Ando (1922) confirmed that there was a marked 
increase in the number of erythrocytes in the early stage of cholera, the 
counts occasionally exceeding 8 million per millilitre. The appearance of 
normoblasts sometimes observed indicated an unfaYourable outcome. 

Findings similar to those of the above-quoted workers were recorded 
by Loh & Tai (1936), who stated that the average increase in the number 
of erythrocytes in the early stages of cholera was about 20 ~,~-25 ~;;;, but 
that the values became practically normal after large amounts of saline 
had been infused. 

Awny (1948), while confirming that the number of erythrocytes in the 
blood of recently admitted cholera patients was invariably increased, found 
that the highest value met did not exceed 7.5 million per ml. As discussed 
above (see page 616), he maintained that, next to haematocrit estimations, 
red cell counts or haemoglobin determinations represented expedient as 
well as dependable methods to gauge the degree of haemoconcentration 
in the patients and could thus serve as guides to adequate restoration of 
the fluid balance through saline administration. 

Recently De, Bose & Mondal (1955) determined the number of erythro
cytes present on admission (a) in 18 patients, in whom the diagnosis of 
cholera was afterwards bacteriologically confirmed, and (b) in a second 
group of 18 patients showing clinical features of the disease, but whose 
stools proved negative for V. cholerae. In the cholera group the average 
value of the red cell count was 5.83 million per ml (limits 4.1 million and 
7.5 million), whereas in the vibrio-negative group the aYerage value was 
5.56 million per ml (limits 3.5 million and 6.5 million). 

Haemoglobin determinations 

Though an apparatus for the clinical estimation of haemoglobin was 
devised by Gowers in 1879 and a few years later Sahli (1886) introduced a 
universally known and still used method for the same purpose, it would 
seem that advantage was not taken of these procedures in cholera work 
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earlier than during the 1892 outbreaks. It is certain that in that year Oklad
nych-as quoted by Biern.acki {1895)-found that 24 cholera patients 
showed not only increases in the specific gravity of the blood and in the 
numbers of the red and white blood corpuscles but also an increase in the 
colour index (Fiirbekraft) of the blood. 

Rogers {1902), examining 23 cholera patients with the aid of Gowers' 
method, found that, with few exceptions, the haemoglobin values were 
above-and usually well above-the low normal standard of 70 met with 
in the class of Indians among whom cholera was rampant. The increased 
haemoglobin values varied from a minimum of 73 to a maximum of 130, 
according to Gowers' standard. 

From a table in Rogers' work on bowel diseases in the tropics (1921), 
it may be gathered that the average haemoglobin percentages determined 
at various stages of cholera compared thus with the average number of 
erythrocytes : 

Stage of the disease 

1st day 
2nd day 
3rd day 
Later 

'Haemoglobin percentage 

110 
104 
102 
94 

Number of erythrocytes 

6 753 000 
6 106 000 
6 486 000 
5 745 000 

Note: Normal values were 70% for haemoglobin and 5 million for the erythrocyte 
count. 

Using Sahli's method, Marcovici (1916), as well as Loh & Tai (1936), 
found markedly increased haemoglobin values in the early stage of cholera. 
The first-mentioned worker noted that these could reach 150% in severe 
and 120% in slight attacks of the disease. In their 13 cholera patients, Loh 
& Tai found, with one exception, haemoglobin percentages varying from 
102 to 148 (average 122) on admission. After treatment these values dropped 
to an average of 90%. The haemoglobin content in the blood of these pa
tients thus exhibited changes parallel to those established by erythrocyte 
counts. 

In order to determine the haemoglobin content of the blood of 17 cholera 
patients, Pasricha & Malik (1940) used a modification of the method of 
Newcomer {1919) and found.values varying from 13.0 g to 26.2 g per 100 ml 
of blood with an average of 18.5 g, as against normal values of 13 g to 16 g. 
As the two workers added, the increases in the haemoglobin content ob
served by them were in direct correlation with increased haematocrit values. 

Awny {1948) stated, without furnishing details, that the haemoglobin 
content of the blood of recently admitted cholera patients varied from 
85% to 135%. 

Chaudhuri and eo-workers (195lc) found that, on admission, haemo
globin contents of the blood of 25 cholera patients varied from 14.3 g to 
21.5 g per 100 ml, with values above 16.0 gin 17 instances. It is important 
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to note in this connexion that the same authors (1951a), examining the blood 
of 50 healthy Indians, found, with few exceptions, haemoglobin values well 
below this figure. In 8 of the cholera patients who could be examined 
before and after treatment, the mean haemoglobin content dropped from 
18.7 : 6.8 g per 100 ml of blood to 11.9 _:_ 1.4 g per 100 ml. 

De, Bose & Mondal (1955) determined, with a modification of Sahli's 
method, the haemoglobin content in the blood of (a) 18 recently admitted 
patients suffering from true bacteriologically confirmed cholera, (b) 18 
patients who showed clinical features of the disease but whose faeces 
were negative for V. cholerae, and (c) an equally sized group of normal 
controls, and obtained the following results : 

(a) Cholera group 
(b) Patients with clinical cholera 
(c) Normal controls 

Erythrocyte sedimentation rate 

Haemog[(Jbin percentages 
Average Limits 

111.66 
109.72 
95.82 

95 and 130 
70 and 130 
80 and 100 

The erythrocyte sedimentation rate in cholera was studied by De Monte 
& Gupta (1941) in view of the observations of Wolf (1924), who had found 
that the speed of sedimentation of the red blood corpuscles was accelerated 
in infants suffering from diarrhoea with toxic manifestations, but not in 
those affected by uncomplicated diarrhoea. Tests made with the aid of the 
apparatus of Westergren (1921) showed an increase of the sedimentation 
rate in 53 out of79 cholera patients, i.e., in 67%. It was noted that the higher 
the specific gravity of their blood was at the time of the sedimentation tests, 
the greater was the number of instances in which no increase of the eryth
rocyte sedimentation rate was observable. Hence, as pointed out by Napier 
(1951), 

" it would appear that there are two opposing influences, because it is mainly in the 
serious cases, in which the specific gra,·ity of the blood is high, that the erythrocyte sedi
mentation rate is within normal limits. \Vith clinical improvement it tends to rise," 

Awny (1948), using Wintrobe's technique (see Wintrobe & Landsberg, 
1935) found that 

(a) in all 13 cholera patients examined before rehydration the erythro
cyte sedimentation rate ranged from 0.45 mm/minute to 1.7 mm/minute 
(average 0.7 mm/minute) as against normal values of 0.1-0.3 mm/minute.; 
and · 

(b) in the 11 patients tested after complete rehydration the sedimenta
tion rate varied from 0.6 to 1.5 mm,"minute (average LO mm/:rninute). 

Noting that thus the figures obtained after treatment were higher than 
those before rehydration, Awny considered it "possible that the higher 
viscosity of the blood before rehydration interfered with the sedimentation 
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rate". He ascribed the discrepancy between his findings and the observa
tions of the Indian workers quoted above to the fact that-as was essential
he had corrected his results with the aid of those obtained through haemato
crit readings. 

Erythrocyte fragility 

In the paper just quoted Awny (1948) also stated that in 14 cholera 
patients 

"fragility of the red cells was estimated by the Sanford technique [1
] (diminishing dilu

tions of sodium chloride solution). Taking the dilution of 0.45% as the critical concentra
tion at which normal red cells reveal initial haemolysis, we found that 13 out of our 14 
patients showed increased fragility of their red cells during the acute stage of the disease. 
In six patients serum was obtained for two purposes: First, to determine the red cell 
fragility using the Wiseman technique [1

] (increasing dilutions of the serum with distilled 
water), second, to determine the ~erum icterus index. This was performed during the 
acute stage and after complete recovery. During the acute stage the results showed a 
definitely increased fragility of the red cells which later became normal during convales
cence." 

For the convenience of record it is added that in these six cholera patients 
the icterus index (determined presumably through comparisons with 
standard solutions of potassium bichromate) was high (between 12 and 
23 units) during the acute stage of illness, but dropped to less than 8 units 
during convalescence. 

Coagulability of the blood 

Discussing the blood changes in cholera, Sticker (1912) drew attention 
to observations of Orton (1820) and other pioneer workers, according 
to which the blood in cholera showed little tendency to coagulate. Even 
earlier than that the English medical men working during the 1817 out
break in India had noted that great care had to be exerted when resorting 
to venesection in the early stages of cholera, because it was difficult to stop 
the flow of blood initiated in this manner. Hand in hand with clinical 
improvement, the coagulability of the blood increased and the separation 
of the fluid from the solid part of the blood, which was formerly absent, 
took place in a typical mamier. 

Again referring to this subject in modern times, Rogers (1909b) stated 
the following : ' 

" A few observations on the clotting power of the blood have been made by Sir Almroth 
Wright's method (1893). The results were very variable, the time being normal in some, 
slightly reduced in most, and very markedly in a few. • It is noteworthy that in several 

1 The method described in the handbooks on laboratory methods under the name of Sanford's test 
was originally introduced by Giffen & Sanford (1919). For Wiseman's technique, see Wiseman & Bierbaum 
rt932). 
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of the worst cases, with a specially low percentage of chlorides, blood taken in glass 
tubes remained quite uncoagulated after several hours, and in one such case there were 
haemorrhagic stools, found post mortem to be dependent on extensive petechial haemor
rhages in the caecum. After transfusion with hypertonic solutions the blood in such 
cases clotted firmly and gave a clear serum. In view, however, of the frequency of reduc
tion of the clotting power of the blood in cholera, I now add 3 grains of calcium chloride 
to each pint of salt solution, and have seen no haemorrhagic stools in the few cases since 
treated." 

Noting that a lessened coagulability of the blood had also been observed 
during the 1908-09 cholera outbreak in St. Petersburg, Marcovici (1916) 
expressed the belief that this phenomenon was connected with atypical 
behaviour of the blood platelets which, instead of being agglomerated 
in groups, as is normal, were seen to lie singly in staneid smears of the 
blood from patients in the algid stage of the disease. 

Lahiri (1935) claimed in a preliminary communication that the coagu
lation time of the finger blood was shortened in most of the 116 cholera 
patients tested by him in this respect. A shift towards normal values 
(3-5 minutes) took place with clinical improvement. In Lahiri's opinion, 
such examinations furnished more reliable clues regarding the general 
condition of the sufferers than specific gravity deterrninations. 

In support of Lahiri's claim, Chatterjee (1946) stated that 

" Procuring blood from a cholera patient is a comparatively difficult procedure owing 
to its high concentration and great liability to clot within the syringe." 

It is also noteworthy that, as recently recorded .. by Chatterjee et al. 
(1956) in a preliminary statement, in 41 cholera patients studied by them 
there was a definite increase in the prothrombin time, the value of which, 
though sometimes remaining low even after the blood specific gravity bad 
been restored to a normal level, tended to become normal during con
valescence. A reduction of the prothrombin time was particularly noted 
in pregnant cholera patients. As the authors added, "this seems not an 
unmixed evil as there is a greatly reduced post-partum haemorrhage which 
seldom extends beyond the first day ". 

Blood viscosity 

Though some workers, such as Biernacki (1895) and, as mentioned 
before, Chaudhuri and colleagues (1951c), laid emphasis upon the role 
played by an increased blood viscosity in the causation of the general 
cholera syndrome, actual measurements of this phenomenon seem to have 
been made only by \Vakamatsu and co-authors (1922). Using a method 
not specified in the reYiew of their article by Takano, Ohtsubo & Inouye 
(1926), they found that 

"The viscosity of blood is markedly increased: the highest observed was 22.8. In 
most cases the viscosity becomes normal in a week." 

40 
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It would be certainly desirable to obtain further information regarding 
the viscosity as well as the coagulability of the blood in cholera. 

Observations on the blood platelets 

As far as can be ascertained, observations on the blood platelets in 
cholera were made first by Chistovich (Tschistowitsch, 1909), during the 
1908-09 outbreak in St. Petersburg, who considered a diminution of the 
number of the platelets as characteristic of this disease: Marcovici (1916) 
maintained that Chistovich must have made his observations on cholera 
patients in the later stages of illness, because in his experience the number 
of the blood platelets increased considerably (up to 1 million per ml) in 
the algid stage, whereas in convalescents a disintegration and a marked 
numerical decrease in the platelets became noticeable. However, Waka
matsu and co-authors (1922) recorded once more that in cholera the blood 
platelets " at first tend to decrease but they increase again after recovery 
of the patient". 

This discrepancy of opinion is rather distressing. 

Observations on the leucocytes 

Try as the present writer might, the information he was able to procure 
regarding early observations on the leucocytes in cholera is incomplete. 
Griesinger (1857) stated in his treatise on infectious diseases, without 
giving a reference, that, as in many other diseases, so also in cholera attacks, 
the number of the " colourless " blood corpuscles was increased, but that 
"no certain explanation could be given for this phenomenon". Possibly 
Griesinger referred in this connexion to findings of Virchow who, according 
to some later compilers, established the presence of a leucocytosis in cho
lera, presumably afterwards recording this fact in his collected papers on 
public health subjects (1879). As Macleod (1910) added, identical observa
tions were later published by Lewis & Cunningham, evidently in one of the 
Reports of the Sanitary Commissioner with the Government of India (date 
not specified). According to Hayat (1948), the presence of leucocytosis 
in cholera was also referred to quite early by Hayem (see Hayem & Winter, 
1885). 

Towards the end of the 19th century further observations on this point 
were recorded by Okladnych (1892) and by Biernacki (1895). According 
to the latter author, Okladnych observed a high degree of leucocytosis 
in all the 24 cholera patients examined by him. 

Biernacki seems to have been the first worker to establish that leucocy
tosis was marked not only in the algid stage of cholera gravis (during which 
presumably the early observers made their examinations), but also in the 
later stages of the disease. He found instances of exquisite Leukocitose 
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in slightly affected cholera patients as well but he also referred to one 
slightly affected sufferer who showed a leucopenia instead. 

From a table summarizing Biernacki's findings in 8 severely affected 
patients examined either during the algid stage or later in the disease, the 
following data can be culled: 

Algid stage Reaction stage (Normal values) 

Number of leucocytes 26 562-57 031 17 968-35 781 (7 500) 
Number of erythrocytes 6 000 000-7 662 000 3 193 750-5 987 500 (5 000 000) 
Proportion of leucocytes 

to erythrocytes 1 : Ill to 1 : 288 1 : 136 to 1 : 333 (1 : 666) 

Note: In a 9th patient, who could be examined twice, the number of leucocytes per 
m! was 27 500 (i.e., 1 : 234 erythrocytes) during the algid stage, and 14 062 (i.e., 1 : 352 
erythrocytes) during the stage of reaction. 

Differential counts convinced Biernacki of the preponderant presence 
of neutrophil polynuclear leucocytes in the blood of cholera patients 
(82.5 %-95.4% in the 4 patients for whom he gave details). Eosinophil cells 
were never seen. 

Dealing with the prognostic significance of the results of leucocyte 
counts, Biernacki stressed that all patients who showed an extremely high 
leucocytosis ( 40 000 or more per ml) in the algid stage rapidly succumbed. 
However, a high leucocytosis was not invariably present in the sufferers 
who succumbed to the disease. Biernacki added that 

" an increase in the number of the leucocytes in the reaction stage was also correlated 
with a serious character of the illness; but it was not regular enough to serve per se as a 
diagnostic and prognostic sign". [Trans.] 

Still, the number of leucocytes decreased more rapidly in the patients 
who soon began to void urine than in those with signs of uraemia or cholera 
typhoid. 

Recording the findings he made in 23 cholera patients as well as in 6 
individuals suffering from non-choleraic diarrhoea, Rogers (1902) stated 
the following: 

" It has long been known that leucocytosis is a well-marked condition in Asiatic 
cholera, while it is said to be most marked in the severest and most fatal cases. These 
statements are borne out by my observations, leucytosis having been present in every case 
which was examined in the earlier stages-that is, within the first two days of the disease. 
In nine cases it was present in comparatively slight degree, less than 20,000 leucocytes 
per cubic millimetre, and five of these patients recovered. On the other hand, out of 
14 cases in which this number was exceeded 11 patients died and only three recovered, 
these three, however, including two out of the three cases in which over 40,000 leuco
cytes were found per cubic millimeter. A high degree of leucocytosis is, then, a bad 
prognostic sign and a slight degree a good one, yet a very high degree is not incompatible 
with recovery. The constancy of the occurrence of leucocytosis in cholera is of importance 
in distinguishing it from se me forms of acute diarrhoea in which it is absent ... It is not, 
however, of absolute value, as leucocytosis occurs in ptomaine poisoning and sometimes 
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in cases of acute dysentery beginning with severe diarrhoea ... and it is just these which 
for a time present the greatest difficulty in diagnosis." 

Making differential counts, Rogers found that: 

(I) The percentage of polynuclear leucoc~ies was increased to about 
80% as against a normal value of 68 ~~-

(2) The number oflymphocytes, which was normally 25 ~;;;. was markedly 
decreased, being under I 0 ~·~ in 13 out of 17 cases examined on the first or 
second day of the disease. 

(3) On the other hand, the number of the large mononuclear cells was 
usually increased abm:e the normal percentage (6 ~~) as well as absolutely. 

(4) As can be gathered from the table given in Rogers' article, the 
percentage of eosinophils was with some exceptions well below the normal 
of 1%. 

Rogers maintained that the decrease in the lymphocytes and increase 
in the large mononuclear cells which were always found were of diagnostic 
value, since corresponding changes were absent in three patients with non
choleraic diarrhoea, even though two of them showed the presence of 
leucocytosis. 

He also postulated that these findings were of prognostic value since: 

(a) Out of 16 cholera patients in whom less than 10% of lymphocytes 
had been found, not less than 12 succumbed, whereas out of7 sufferers with 
more than 10% lymphocytes, four recovered; and 

(b) Out of 6 patients in whom under 10 ~·~ of large mononuclear cells 
were found, four recovered, while out of 15 showing more than 10% of these 
cells, 12 died. 

Further important observations regarding the behaviour of the leuco
cytes. in cholera may be summarized as follows : 

Rosenthal (1914) stated that : 

(a) In all 30 cholera patients examined by him there was a marked, 
often even an extremely high, leucocytosis (several times over 40 000, once 
76 400 per ml), which was thus quite out of proportion to the blood con
centration manifested by an increase in the erythrocytes and the haemoglobin 
values, and which, though decreasing from day to day, persisted to a lesser 
degree "fairly long" (recht /ange). 

(b) Throughout the illness the large mononuclear cells were far more 
numerous than, or at least as numerous as, the lymphocytes. 

(c) The eosinophils were rare or often even altogether absent early in 
the disease, but-to judge from apparently few observations-reappeared 
towards the end of the first week of illness and reached 10% in the case 
of a patient with a specific skin rash examined on the 1Oth day after onset. 

While denying that leucocyte counts of 40 000-50 000 or more per ml 
rendered the prognosis invariably infaust, Rosenthal admitted that 
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" there was a correlation between the number of leucocytes and toxic symptoms and 
patients with over 40 000 leucocytes invariably showed a serious clinical picture ". 
[Trans.] 

However, two patients with 21 600 and 18 400 leucocytes respectively 
per ml rapidly recovered. 

Summarizing the results of previous observations on the blood in cholera, 
Benzler (1916) took it for granted that, besides an apparent increase in the 
number of the white as well as of the red blood corpuscles as a consequence 
of the concentration of the peripheral blood, there v.-as also a real numerical 
increase in the leucocytes, due presumably to an action of the cholera toxin. 
While it was well established that the neutrophil polynuclear cells prepon
derated in this increase in the leucocyte. counts, in Benzler's opinion less 
satisfactory information was available in regard to the role of the large 
mononuclear cells and the lymphocytes. For this particular reason as well 
as on general grounds, he therefore made a careful study of more than 
11 000 blood cells in 30 stained blood smears, prepared at various stages 
of the disease from 20 cholera patients, and recorded the results according 
to the well known system of Schilling (1911). As shown by this study, 
the behaviour of the leucocytes in the successive stages of cholera was as 
follows : 

(1) Prodromal stage: While, apart from a possible increase in the large mononuclear 
cells, there were, generally speaking, no abnormal findings, the presence of prodromal 
diarrhoea led to lymphopenia and mononucleosis. 

(2) At the onset of the disease the number of the lymphocytes showed a marked drop; 
moreover, a mononucleosis associated to some extent with the presence of irritation 
forms, and a slight hyperleucocytosis appeared. 

(3) Algid stage : There was a most marked lymphopenia, which sometimes almost 
assumed an aplastic character. The presence of a marked mononucleosis was due to the 
massive appearance (Ausschiittung) of atypical forms. 

(4) In the stage of reaction there was a gradual increase in the number of the lympho
cytes and a numerical decrease in the large monocytes. The prognosis remained doubtful 
if, in spite of a numericai increase in the lymphocytes, the number of the large mono
nuclear cells remained comparatively high. 

(5) Conralescence : Besides a marked lymphocytosis a reappearance of irritation forms 
and a numerical increase in the eosinophils could be noted. There was also a slight 
neutropenia and a disappearance of the atypical large mononuclear cells. 

Since, as stated, for instance, by Naegeli (1923), a lymphocytosis often 
appears after the administration of bacterial vaccines, it is tempting to 
associate the numerical increase in the lymphocytes which becomes manifest 
in cholera patients late in the disease with the de\·elopment of immunity 
to the infection. 

Examining the blood of 50 cholera patients in the usual manner, Mar
covici (1916) made the following noteworthy findings: 

(1) During the algid stage of the disease the number of leucocytes 
varied from 8000 to almost 40 000, a high degree of leucocytosis rendering 



630 CHOLERA 

the prognosis unfavourable. The usually marked leucocytosis was of a 
neutrophil type, the lymphocytes and large mononuclear .cells being scanty 
(up to a maximum of 3% and 8% respectively), and the eosinophils absent 
or rare; 

(2) With the onset of convalescence in the second week of illness, owing 
perhaps to an action of the cholera toxin on the lymphatic system, the 
number of white blood corpuscles was still high (10 000-15 000 per ml). 
However, there was a marked decrease in the neutrophilleucocytes with a 
corresponding preponderance of the mononuclear cells, especially the 
lymphocytes and macrolymphocytes (irritation forms). The number of 
eosinophils increased up to 6 %- A disintegration of polynuclear leucocytes 
as well as of the blood platelets seemed to be characteristic of this stage. 

Banerjee (1921), using the leucocyte classification system of Arneth 
(1904) for a study of 51 cholera patients, came to the conclusion that (a) in 
this disease there was a well-marked "shift to the left", the average index 
being 71.9 as against 52.55 in healthy Bengalis; and (b) Arneth's index 
was of use in determining the severity of cholera attacks, the average figure 
in the sufferers who afterwards succumbed being 81.30. 

Reporting in a second paper on a general study of the leucocytic picture 
in 100 healthy Bengalis and the 51 above-mentioned cholera patients, 
Banerjee (1922) gave the following summary of his findings: 

" 1. Differential counts of average healthy Bengalees show slight increase in Large 
Mononuclears and Eosinophiles, the average being:-

Poly. 

67.22 
Large Mono. 

9.67 
Small Mono Eosino. 

18.42 4.69 

" 2. Total count of healthy Bengalees is on an average - 7698. 
" 3. Differential count of cholera cases shows marked Mononuclears increase, pro

portional decrease of Lymphocytes, which is peculiar to cholera and is not found in any 
other disease. The average being,-

Poly. 

72.55 
Large Mono. 

16.83 
Small Mono. 

10.03 
Eosino. 

0.59 

" 4. Total leucocyte count in Cholera cases shows marked leucocytosis more specially 
in fatal cases, but very high leucocytosis is not incompatible with recovery. Majority of 
cases showing count between 10,000 to 30,000. This leucocytosis is both absolute and 
relative, and has got no relation to the concentration of the blood." 

Takano and co-authors (1926), summarizing the findings made in regard 
to the behaviour of the leucocytes in cholera by Wakamatsu and others 
(1922), stated that: 

" The number of leucocytes is highest at the uraemic period, and most of the cases 
who had over 20,000 died. The highest count was 38,000. In the final stages of the disease, 
the leucocyte count is low. The ratio of red to white cells is always less than normal 
because of the increase of the leucocytes. The increase of the polymorpho-leucocytes 
at first is slight, but with the onset of the intoxication symptoms they gradually increase, 
and finally myelocytes may begin to appear and justify a bad prognosis. The lymphocytes 
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are decreased from the beginning, and if the diminution is progressive the prognosis is 
poor. The large mononuclear cells are slightly decreased during the acute stage, but the 
decrease is within physiological limits. They increase with the recovery in -number of 
other leucocytes. Eosinophile cells usually disappear during the acute stage, but in a few 
cases which died with uraemia there were eosinophile cells just before death." 

Reporting in detail on the blood examination of 13 cholera patients, 
Loh & Tai (1936) recorded the constant presence of a leucocytosis, the 
number of white blood corpuscles before saline infusions were given averag
ing 22 280 cells per ml, and decreasing after treatment to an average of 
17 700 cells per ml. The two \Vorkers ascribed the persistence of a high 
white cell count to a leucocytic reaction to the infection. 

Differential counts made by Loh & T ai yielded no significant results, 
the average percentages of the yarious types of white blood cells before 
and after saline treatment remaining practically unchanged. Quite possibly 
the second determinations had been made soon after rehydration. 

Awny (1948), reporting on haematological studies during the 1947 
Egyptian cholera epidemic, stated that: 

"In most of the cases, the white blood corpuscles showed a definite increase which 
could not be explained solely on the basis of haemoconcentration. Figures between 
20,000 and 30,000 per cubic mm. were quite common. In one case the count was 43,000 
per cubic mm. If we compare this increase with the rise in red cell counts we come to the 
conclusion that there was a definite leucocytosis in addition to the increase due to haemo
concentration. 

" This leucocytic reaction was found to in\·olve mainly the neutrophile polymorpho
nuclears. There was a definite lymphopenia and a disappearance of the eosinophils. 
There was also some left shift in the polymorphs. No abnormal cells were observed in the 
circulation. 

" After subsidence of the acute stage of \Omiting and diarrhoea, and correction of the 
dehydration, the total leucocytic count was still high in most of the cases, ranging from 
9000 to 19,000 with an average of 11-14.000 per cubic mm. Differential counts showed a 
persistence of the lymphopenia, a slight increase in monocytes, a definite elevation of the 
neutrophilic polymorphs. and a reappearance of the eosinophils and basophils. 

"During com·alescence, the total counts were still high, ranging from 7,000 to 14,000 
per cubic mm. This stage was characterised by an elevation of the percentage of eosino
phils in the differential counts. This ele\ation might have been due to parasitic infestation 
of the patients or to antibody formation of which allergy is a manifestation. This point 
ought to be further investigated." 

The results of total leucocyte counts obtained by De and eo-workers 
(1955) in their three groups of 18 individuals each (see page 623), were as 
follows: 

Average ratio of leucocytes 
Number of leucocytes per ml (in thousands per m/) 

arerage limits to erythrocytes 
(in millions per m/) 

(a) Cholera group 12 638 4 500 and 25 000 2.17 
(b) Patients with clinical 

cholera 10 193 3 500 and 16 000 1.83 
(c) Normal controls 6 806 4 400 and 9 500 1.40 
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While pointing out that haemoconcentration was partly responsible for 
the increase in the number ofleucocytes noted in the two groups of patients, 
De and his colleagues justly maintained that 

" a rise in the white cell/red cell ratio in both groups of patients, indicating a dispropor
tionate increase of the whites, suggests the occurrence of a real leucocytosis ". 

Differential leucocyte counts gave the following results: 

neutrophil 
polymorphonuc/ears 

(a) Cholera group 82.5 
(b) Patients with clinical cholera 82.2 
(c) Normal controls 58.0 

Percentages 

eosinophils 

0.83 
1.17 
5.39 

/ymphocytes 

16.30 
17.55 
35.78 

Thus there was in the cholera group, and somewhat less markedly in 
the group of patients with clinical signs of the disease, a neutrophilia asso
ciated with an eosinophilia and a lymphopenia. In regard to the last, 
however, it is noteworthy that these authors found no reduction in the number 
of lymphocytes in two of their cholera patients who, to judge from the 
unusually large amounts of saline needed for their rehydration, suffered 
from particularly severe attacks. But, they added, a fatal issue was noted 
in a third sufferer showing a lymphopenia associated with an unusually 
large number of eosinophils. 

Though by no means invariably in agreement in regard to details, espe
cially as far as the results of differential counts are concerned, practically 
all recent workers making haematological studies in cholera patients were 
agreed as to the presence of a leucocytosis in this disease which (a) was 
disproportionally higher than the numerical increase in the red blood cells, 
and (b), in contrast to the latter, continued to be manifest to a considerable 
degree in the latter stages of the disease, even after the number of erythro
cytes had become normal. 

While, therefore, unanimous in stating that it was impossible to ascribe 
this leucocytosis merely to a haemoconcentration, the various workers 
reached no general agreement regarding the nature of the additional factor 
at work. A few, e.g., Loh & Tai (see above) spoke somewhat vaguely in 
this respect of a " leucocytic reaction to the infection ". The generally 
accepted opinion ascribes the presence of a disproportionally high and 
persistent leucocytosis in cholera to an action of the V. cholerae endotoxin 
on the haematopoietic system. However, De and co-authors, commenting 
upon their observations on the leucocytes and also on the sugar content 
in the blood of their two groups of patients (see below) suggested that 

" Identical blood changes in both groups of cases point to the non-specific stimulation 
of the pituitary-adrenal axis by the associated dehydration, shock and anoxia rather than 
by the products of V. clzo/erae ". 

It would seem, nevertheless, that it would be rash to discount the role 
of the cholera endotoxin in the production of the leucocytosis which becomes 
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manifest in this disease. For, even though De and co-authors failed to 
obtain positive bacteriological results in their second group of cases, it is 
quite likely that these patients, who showed signs typical of severe cholera 
attacks, actually suffered from this disease. Moreover, it stands to reason 
that other organisms, which are capable of producing such a syndrome, 
possess, like V. cho!erae, pathogenetically active endotoxins. 

An additional problem of considerable interest is whether the physical 
changes of the blood in cholera dealt with earlier in the present chapter are 
exclusively the result of a concentration of the peripheral blood. As noted 
before (see page 621), Marcovici (1916), finding that a moderate numerical 
increase in the erythrocytes was also met in patients with slight attacks of 
cholera which did not result in marked dehydration, postulated that an 
action of the V. cho!erae endotoxin was to some extent responsible for this 
hyperglo bulia. 

Support for this contention, which certainly deserves serious considera
tion, may be found in experimental observations made long ago by Grawitz 
(1893). This worker established that (a) intravenous injection of rabbits 
with old unsterilized or sterilized cholera broth cultures led to a concen
tration of the blood of the animals manifested by an increase in the specific 
gravity, whereas (b) no such effect could be produced with young V. cholerae 
growths. Ascribing, therefore, his results not to an action of the cholera 
vibrios themselves but to that of their metabolic products, Grawitz made 
the following interesting comment: 

" It is most suggestive to think of the haemoconcentration which takes place in human 
cholera and which is generally considered to be merely a consequence of the watery excre
tions in the intestine. However, it seems well worth considering that besides this factor 
an influence is exerted as well in the human body by the proven lymphagogue [lymph
treibende] action of the metabolic products of the cholera bacteria, and that this action 
perhaps even plays a very important role, if one takes into account the massive multipli
cation of these bacilli in the intestine of the patient, in comparison to which the small 
quantities of my artificial grO\\lhs are well-nigh infinitesimal and if one further considers 
how favourable conditions exist for a resorption of the metabolic products at the time of 
their formation in the intestine." [Trans.] 

It might be well to repeat these experiments, preferably using other 
species of laboratory animals, particularly rats, in addition to rabbits. 

For the convenience of record, reference is made at the present juncture 
to a recent study of the sterna! marrow picture in cholera made by Ata 
(1954). Examining 18 cholera patients (7 of them twice at an interval of 
one week), this worker found that the total cell count in the sterna! bone
marrow varied from 9000 to 336 000 per ml; however, in only 6 instances 
were the counts outside the normal range (20 000-100 000 cells per ml). 
The number of myeloblasts and myelocytes was found to be invariably 
below normal, while the number of lymphocytes showed an increase in 
14 of the patients, and that of the plasma cells in two instances. It is note-
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worthy that the increase in the lymphocytes in the bone-marrow was as a rule 
not accompanied by a corresponding rise in their number in the peripheral 
blood. In all but one of the patients examined the number of normoblasts 
in the bone-marrow was lower than normal. The myelogram as well as 
the counts in the peripheral blood were found to have become normal in 
convalescence. 

Chemical changes in the blood of cholera patients 

Early investigations 

Though, as quoted above (see page 612), O'Shaughnessy (1831-32a), 
investigating the chemical properties of the blood in cholera, reached 
conclusions which have been endorsed by modern observations, some of 
the other early workers in this field were not in accord with his findings, 
so that this problem soon became the subject of much debate. While it 
would serve no useful purpose to deal with this controversy in a detailed 
manner, attention is due to the observations of Schmidt (1850), which 
indeed may be said to have ushered in the modern phase of the problem 
at present under review. 

As tabulated by Biernacki (1895) and again by Aron (1910), the chemical 
findings made by Schmidt in the blood of five cholera patients, examined 
at varying lengths of time after onset, were as follows: 

Case Clinical data Percentages of 
phosphorus potassium sodium 

hours after chlorides pentoxide oxide oxide phosphate of 
onset outcome (Cl) (P,O,) (K,O) (Na,O) calcium magnesium 

1 3 Died 0.228 0.0314 0.194 0.158 0.032 0.096 
2 9 Died 0.222 0.0746 0.203 0.149 0.046 0.047 
3 12 Died 0.259 0.0887 0.225 0.140 0.074 
4 18 Cured 0.221 0.0612 0.166 0.172 
5 36 Died 0.195 0.0809 0.184 0.111 0.086 

Normal values : 0.262 0.0766 0.173 0.190 0.039 

Note : Examining the chloride contents of the serum in four of these patients, Schmidt 
found percentages of 0.354 (case 1), 0.296 (case 3), 0.305 (case 4) and 0.314 (case 5). 

As far as these figures go-the adequacy of Schmidt's normal standards 
has been doubted-they indicate (a) a marked decrease of the sodium 
percentages in all, and of the chloride percentages in most of the specimens, 
and (b) increases in the potassium as well as in the phosphorus or phosphate 
contents of the blood of cholera patients. 

Owing to their fundamental importance, the investigations of Rogers 
(1909a, 1909b) and of Aron (1910), though following those of Schmidt 
after a long interval of time, also deserve attention at the present juncture. 

As pointed out by Rogers (1909a), it was to be expected a priori that 
the abundant loss of fluids from the blood of cholera patients 



CLINICAL PATHOLOGY 635 

" would be associated with an increase of salts in the circulating blood, and this condition 
might act as a conservative process by producing osmotic currents carrying fluid into the 
blood rather than from it". 

The observation often made that intra\-enous infusion of large amounts 
of normal saline, though leading to a temporary improvement in the general 
condition of the patients, was apt to be followed by renewed evacuations 
from the bowel, seemed to support the above assumption, because as a 
result of this treatment the supposedly high salt concentration of the blood 
would become lowered. 

However, making a series of observations with the aid of silver nitrate 
titrations, Rogers found that the chloride content of the blood of his patients 
was below the normal standard, which, as he assumed on account of the 
investigations of McCay et al. (1907), was higher in Indians than in Euro
peans, reaching almost 1 ~{ He recorded in this connexion average values 
of 0.79% in 7 patients who afterwards succumbed to the disease, and of 
0.9% in 12 patients who could be saved through subsequent treatment 
with hypertonic saline. An average chloride content of0.92% was found in 
5 sufferers from mild cholera attacks, who did not require saline infusions. 

Hence, as Rogers still maintained in 1952, 

"The salts are also lost from the blood [of cholera patients] in large amounts; this 
loss may even be greater than that of the fluid so that the percentage of chlorides actually 
falls below the normal of 0.85 per cent., and in extreme cases haemolysis may take place 
in the circulation". 

It is important to note that on this occasion, as well as previously in 
his 1921 book, Rogers considered a chloride content of the blood of 0.85% 
as the normal standard. There can be no doubt that the figure of nearly 
1% for Indians had been arrived at by McCay et al. (1907) with an inade
quate technique. 

Aron (1910) determined the chloride content of the blood of 9 cholera 
patients and of 5 cholera victims by incinerating the specimens after admix
ture of sodium carbonate at a low temperature and subsequently resorting 
to precipitation with silver nitrate, the amount of silver chloride present 
then being determined gravimetrically or by titration. 

As can be gathered from Aron's tables, examination of these blood 
samples as well of serum samples of 4 cholera patients showed in nearly 
all instances a decreased chloride content-a result which was in accord 
with the experiences of Schmidt (1850) and Rogers (1909a). Turning atten
tion to the question whether, as postulated by the latter worker, owing to a 
disproportionally large salt loss, the blood of cholera patients became 
hypotonic, Aron made the following interesting statement: 

"We have seen that the blood of cholera patients loses water. An isotonic blood, with 
a lower content of water, should have a lower content of salts (chlorides). The decrease 
in salts (chlorides) in itself does not prove that the blood has become hypotonic. The 
quantity of salts is often reduced in relation to the amount of total solids, but this ea!-
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culation is apt to convey a wrong idea with regard to the tonicity ofthe fluid. The quantity 
of salts should be compared in relation to the quantity of water and then it should be 
determined whether the loss in salts is proportional to the loss in water, or greater or less. 
If we do this, we will see that in the samples obtained during the first three days of the 
disease we can scarcely speak of a greater loss in the salts than would correspond to that 
of water. Of course, in the later stage of the disease, in Schmidt's analyses as well as in 
my own, the water content of the blood is almost normal, while that of salts, estimated as 
chlorides, is below that point. At this time ... we really would have a hypotonic blood". 

Making a few additional analyses of the blood samples obtained from 
cholera victims, Aron found a marked decrease in the sodium content as 
well as slight increases of potassium and phosphorus-findings in agree
ment with the more numerous observations of Schmidt. As Aron added, 
the increase in potassium 

" is readily explained if we consider that cholera blood contains a higher percentage of 
red blood cells than normal ". 

The rise in the percentage of erythrocytes as well as an increased protein 
content seemed to account for the higher phosphorus content of the blood 
in cholera. 

Further observations on the electrolyte content of the blood in cholera 

( 1) Chlorides. Shorten (1918), estimating the " chlorine " content in 
the serum of 11 patients in various stages of cholera as sodium chloride 
according to a method described in detail in the first part of his article, 
stated that · 

" The chlorine content would appear to be slightly increased early in the disease 
before treatment is begun; but taking into account the great loss of fluids from the )Jlood, 
the loss of chlorine to the body must be considerable... From the figures it will· be seen 
that there is a general tendency to a fall in the chlorine content as the case progresses; 
but it is remarkable how closely the figures in cases treated by the hypertonic method 
approximate the normal." 

Again dealing with the problem under review, Liu, Wang & Fan {1933b) 
recorded that in 13 cholera patients who could be examined during the, a,cu,te 
stage of the disease, usually before treatment had been commenced, the 
chloride concentration of the blood was reduced to an average of 92.2 
milli-equivalents per litre. Re-examinations of the 12 surviving sufferers 
during convalescence showed that the chloride content of their blood had 
risen to an average of 99.2 milli-equivalents per litre. 

Making further observations on 13 still untreated cholera patients, 
Loh & Tai (1936) found that the sodium chloride content of the blood of 
these sufferers, determined by Whitehorn's method (1921), was but 
slightly decreased (average value 503 mg NaC1 per 100 ml of blood). Saline 
infusions brought the salt content of their blood to an. average value slightly 
above normal (575 mg NaCl per 100 ml of blood). 
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Pasricha & Malik (1940), using a micro-method described in detail by 
Malik & Pasricha (1940), made similar observations on 10 still untreated 
patients in the collapse stage of cholera and maintained that, though a 
diminution of the NaCl concentration was noticeable in the blood and in the 
plasma of the sufferers, this reduction was not marked:. the average sodium 
chloride content in the blood \Yas 435 mg per 100 ml as against normal 
limits of 450-530 mg, whereas the corresponding figure for the plasma 
of the patients was 586 mg as against normal values of 560-620 mg per 
100 ml. 

In marked contrast to these findings, Banerjee (1941 a), determining the 
sodium chloride content in the blood as well as in the stools of 20 cholera 
patients, mostly from day to day, emphasized that, even though these 
sufferers had been amply treated with saline infusions (average NaCl 
intake 25 g per day for the first 2-3 days after admission), the blood chlorides 
never rose aboYe 495 mg per 100 ml, and in a large number of the patients 
varied from only 350 mg to 450 mg. Still lower values were found in the 
blood samples taken before treatment had been initiated. 

Concluding, therefore, that " in cholera, hypochloraemia is invariably 
present in all cases", Banerjee added the following important statement: 

"As a 'threshold substance', ?"aCl \Yith a threshold value of 560 mg. to 570 mg. 
per lOO c. c. of blood is re-absorbed through the [kidney] tubules back to the circulation 
in order to maintain its equilibrium in the blood. In 2holera, as the plasma chloride 
concentration is lowered to the limit of the threshold ~alue, a decrease in urinary chloride 
occurs. . . The diminution in the plasma chloride concentration produces a great altera
tion in the distribution of the electrolytes and in the acid-base balance. This constitutes 
one of 'the most significant metabolic features in conditions producing hypochloraemia, 
and particularly in cholera." 

Studying the chemical changes of the blood in 105 cholera patients, 
Chatterjee & Sarkar (1941), for determination of the chlorides, resorted to 
the method of Van Slyke (1923). Though, as will be further discussed 
below, it appeared that the loss of sodium from the blood of these sufferers 
was more considerable, the two workers nevertheless invariably noted a 
diminished chloride content of their specimens. Moreover, they stressed 
with great reason that, when assessing the significance of such alterations or 
of any other chemical alterations of the blood in cholera, it was essential to 
consider the results in relation to the degree of blood concentration. Thus, 
the apparently slight lowering of the chloride content of the blood in severely 
cholera-affected and consequently much dehydrated patients referred to by 
Rogers (1911, 1921) actually indicated a marked loss of chlorides parallel 
with that of fluid from the blood. 

Further obserYations on this problem made during the 1947 cholera 
outbreak in Egypt showed the following: 

Hafez (1947), estimating the blood chlorides in 24 patients, found 
values belO\v the normal standard in eight instances only. 
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Noting that the normal chloride content of the blood in Egyptians 
varied from 479 to 500 mg %, El-Ramli (1948) stated that 

" In the 25 cases examined during the acute stage, the blood chlorides were found to 
vary from 432-561 mg.% but mostly around 470 or slightly over except in one fatal case 
which started at 421 and ended with 374 ". 

Safwat & Adham (1948a) maintained that 

" Hypochloraemia was not found to be a marked feature in the 32 cases examined. 
We had only 4 cases with figures definitely below normal levels. Moreover on fluid 
treatment with normal saline, chlorides quickly rose and remained at the new level ". 

However, details furnished regarding these investigations in a second 
paper by Safwat & Adham (1948b) do not quite bear out their general 
statement just quoted. As noted in the second article, the lowest chloride 
figures in the blood of the 32 patients ranged from 450 mg% to 470 mg%, 
but as a rule values varying from 470 mg% to 500 mg% were obtained. 
Since the two workers maintained in contrast to El-Ramli that the "normal 
figure in Egyptians is estimated to run between 479 and 600 mg% ", it would 
appear that, usually at least, a hypochloraemia was initially present in their 
patients which, in relation to their dehydrated condition, cannot be consi
dered " very slight ". 

It is noteworthy, however, that the presence of. hypochloraemia in 
cholera was again denied by Ghanem & Mikhail (1949), who stated in 
this respect that 

"Estimations of blood chloride [with the aid of direct titration] were carried out 
before and after treatment in 16 cases. It was increased above the normal in all cases, the 
figures ranged from 520 to 710 mg. per cent. (the normal is 450 to 520). In seven cases, 
it showed higher figures on admission than after treatment, and in eight cases the blood 
chlorides were lower on admission than after treatment." 

The two workers admitted, however, that 

" this estimation of the plasma chlorides is fallacious as an indicator of the total loss of 
chloride in mixed depletions because of the tendency to hypertonicity in the diminished 
extracellular fluid ". 

Similarly, as quoted in the Tropical Diseases Bulletin (1952), Saha & Das 
(1951), though as a rule finding the blood chloride ions in 49 patients 
examined before treatment to be within normal limits, stated that 

" Although there is no appreciable alteration in the plasma chloride concentration 
the loss of 2.3 litres of body water will be accompanied by the loss of 8.83 gm. of chloride 
ions (14.5 gm. of NaCI)." 

Further observations on this point were made by Chaudhuri and co
authors (195lc) who, in the course of an investigation on the body-fluid 
changes in cholera, determined the plasma chloride content of the blood of 
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the 27 patients studied by them with the aid of the method of Wilson & Ball 
(1928). They found that the percentage values of plasma chloride were all 
within normal limits or even slightly increased. If, however, the total 
quantity of circulating chloride 'vas estimated from the plasma-volume 
figures and the values were expressed per kilogram of body-weight, a marked 
decrease of the chlorides became manifest in all instances, particularly in 
the 10 patients who could not be saved through saline infusions and other 
means of treatment. 

As can be gathered from the tables of Chaudhuri and collaborators, 
the comparative mean values of total circulating chloride in mg per kg of 
body-weight were 229.8 ±53. 7 in the 17 patients who recovered, and 215.8 ± 
61.6 in the 10 sufferers who afterwards succumbed. In the case of 8 patients 
who could be examined before and after saline treatment the corresponding 
figures were 229-!--32.4 and 362 ' 71. 

Commenting upon these findings, Chaudhuri and co-authors added 
that, 

" as the proportion of chloride concentration is the same in the interstitial fluid as in the 
plasma, the total loss of chloride from the body is probably much more if we take into 
account the gross depletion of interstitial fluid that occurs in these cas~s ". 

Chakravarti & Chaudhuri (1954), determining with the aid of the usual 
standard technique the chloride content in the plasma of 17 cholera patients, 
found-with the exception of one instance of slight hypochloraemia in a 
sufferer who had developed signs of uraemia on the 15th day of illness-no 
significant changes in the plasma chloride values. They noted in this con
nexion that similar findings had been made by most previous observers and 
considered the divergent results obtained by Banerjee (194Ia) 

"to be due to estimation of whole blood which is much richer in cells in cholera due tQ 
dehydration and naturally would give a low figure for chloride as compared to plasma 
estimations ". 

As aptly summarized in the Tropical Diseases Bulletin (1955), the two 
authors concluded from their above findings and observations on other 
electrolytes in the plasma of their patients, which will be discussed below, 
that in cholera the fluid lost from the body 'vas isotonic with the extracellular 
fluid and that, though the remaining part of the latter was greatly diminished 
in volume, nevertheless its isotonicity was well maintained. 

(2) Sodium. As recorded above (see page 634), Schmidt (1850), examin
ing the blood of 5 cholera patients at varying times after onset of the disease, 
found the sodium oxide values lowered to 0.111 %-0. I 72% as against a 
normal standard of 0. I 90 %. An identical observation was made in one 
instance by Aron (1910) on a blood specimen from a cholera victim (Na20 
contents 0.129% as against normal values ranging from 0.16% to 0.19 %). 

Chatterjee & Sarkar (1941) similarly stated that in their 105 patients 
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"The sodium of. the blood serum [determined according to the method of Rourke 
(1928)] showed greatly reduced figures, especially when the blood concentration is taken 
into account. After the administration of saline transfusions, as would be expected, there 
was a normal or even a high sodium content." 

As noted earlier (see page 637), the two workers found that in some of 
their specimens at least the loss of the sodium base exceeded that of the 
chlorides. 

In fair agreement with the observations recorded .above, Saha & Das 
(I 951) found that in 87% of their 49 blood specimens the serum sodium 
values were below the normal minimum. 

Chakravarti & Chaudhuri (1954), with the aid of flame-photometry 
(see Hald, 1947), found plasma sodium concentrations within the normal 

. range in six cholera patients, examined before the commencement of treat
ment. On the 3rd to 5th day after treatment had been started, the sodium 
content in the plasma of the 5 survivors showed a. slight reduction, but 
even then the values were still within normal limits. 

In a second group of 8 patients, whose blood was examined once only 
after some complication, such as uraemia or pulmonary oedema, had deve
loped, and who died within the following 24 hours, the plasma sodium con
centration was usually low. However, very high plasma sodium values were 
found in the case of two of these sufferers, to whom rather large quantities 
of saline had been administered within a short period (12 hours) in an 
attempt to combat repeated circulatory collapse. The two patients suc
cumbed to pulmonary oedema. 

( 3) Potassium. The early observations made by Schmidt (1850) and 
Aron (191 0) regarding an increased potassium content of the blood in cholera 
(see page 636) have been confirmed by most subsequent workers paying 
attention to this problem. Thus Chatterjee & Sarkar (1941) stated that, 
particularly in the case of severely affected patients, the potassium values, 
(determined according to the method of Kramer & Tisdall, 192la) were 
high, showing in their 105 specimens an average of 25.15 mg per 100 ml of 
serum. While in some instances the potassium content of the blood became 
lowered after saline administration "as an after-effect of dilution", no 
such drop was noted in the case of other patients who had been treated 
with large amounts of saline and showed a corresponding lowering of the 
specific gravity of their blood. 

Saha & Das (1951) recorded that the serum potassium level was above 
normal in 60 ~~ of their 49 specimens. 

Estimating the plasma potassium content with the aid of flame-photo
metry, Chakravarti & Chaudhuri (1954) found that (a) in 4 out of 5 cholera 
patients who eventually recovered the potassium levels were high on ad
mission, becoming normal or low in the course of infusion treatment; 
and (b) in 6 out of the 8 sufferers who afterwards succumbed to uraemia or 
pulmonary oedema, the plasma potassium values were abnormally high. The 
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two patients in whom these values were within the normal range had been 
treated within a short period with exceptionally large quantities of saline. 

Chakravarti & Chaudhuri postulated that the increased potassium 
content found in the plasma of most of their specimens might have been 
due to a migration of potassium from the cells provoked by an excess 
acidity of the plasma and extracellular fluid, which the potassium was 
capable of counteracting. However, as justly stated by the reviewer of their 
paper in the Tropical Diseases Bulletin ( 1955), a more likely assumption 
was that this outpouring of potassium from the cells was the result of 
alterations in the permeability of the cell membranes, as they were apt to 
occur in the presence of extracellular dehydration. 

In view of the identical results recorded by the series of observers 
quoted above, it is rather surprising to find that Ghanem & Mikhail (1949) 
reached diametrically opposite conclusions in regard to this problem. 
They stated in this connexion that: 

"The blood potassium was estimated [with the aid of Kramer & Tisdall's method} 
in 22 cases on admission. Considering that the normal blood potassium ranges from 
16 to 22 mg., and contrary to Chatterjee and Sarkar's statement that the blood potassium 
increases in cholera, it was found that 18 cases showed hypopotassaemia ranging from 
7.1 to 15.5 mg. per cent., three cases showed figures within normal (16 to 17.1) and one 
case showed a higher figure than normal (22.9); this last patient died." 

Ghanem & Mikhail added that 

" hypopotassaemia has no relation to the degree of the se1·erity of the clinical condition. 
Of the six patients who died, the blood potassium was reduced in three, normal in two, 
and in one, increased. It can also be seen that saline and glucose infusions were not 
sufficient to raise the blood potassium to normal." 

In the opinion of Ghanem & Mikhail, a potassium loss in the excreta, 
not compensated for by any intake, possibly accounted for the hypopotassae
mia they had found in most of their cholera patients. 

( 4) Calcium. Loh & Tai (1936), determining the serum calcium content 
in the blood of 13 cholera patients with the aid of a method devised by 
Kramer & Tisdall (192lb), found before treatment an average value of 
14.3 mg per 100 ml of blood, which after saline infusion dropped to l 0.1 rug 
per 100 ml. The calcium content of the blood thus appeared to show changes 
parallel to those of the blood specific gravity. 

In contrast to these observations, Chatterjee & Sarkar (1941), also 
using Kramer & Tisdall's method, found in their 105 cholera patients 
before treatment a definite lowering of the serum calcium values, which 
appeared to be very pronounced if the specific gravity of the blood was 
taken into account. With clinical improvement, as the specific gravity of 
the blood became normal, the serum calcium values markedly increased, 
apparently as a rule exceeding the normal figures for Indians (9.5 rug per 
100 ml of serum). As the two workers added, it was 
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" difficult to localize the source from which the increased calcium is mobilized, especially 
in view of the fact that no calcium is given to the patients either with the saline trans
fusions or per mouth except perhaps as negligible impurities". 

It may be conveniently added that Chatterjee & Sarkar failed to find any 
constant changes in the magnesium content of their serum specimens ; 
most of the readings fell with!n the normal range (3.3 mg per 100 m! of serum 
for Indians), while in a ~inority the figures were either higher or lower 
than the normal average. 

(5) Inorganic phosphates. Shorten (1918), determining the inorganic 
phosphate content in the serum of 11 patients in various stages of cholera 
according to a method described in his article, came to the conclusion that 

"The occurrence of phosphatic retention in these cases is definitely established ... 
There is some degree of phosphatic retention in every case from the earliest stages, and in 
untreated cases there is a rise to a maximum and a gradual fall to normal as the patient 
improves." 

As will be discussed below, Shorten was led to believe that this retention 
of phosphates played a most important role in the pathogenesis of post
choleraic uraemia. 

Liu, Wang & Fan (1933b), examining 13 cholera patients, found that 
in the acute stage of the disease there was 

"besides the decrease in pH and bicarbonate content ... a distinct reduction in serum 
total base and chloride concentration and an elevation of phosphate, and, to a lesser 
extent, protein." 

It was noted that these changes tended to disappear hand in hand with 
the disappearance of the acute symptoms, but that the rate of return to 
normal of the individual chemical constituents of the blood was apt to vary 
considerably. 

Determining the phosphate content of the blood in 13 cholera patients 
with the aid of a method devised by Benedict & Theis (1924), Loh & Tai 
(1936) found that, in contrast to the calcium content, an " increase in phos
phate has persisted even after transfusion, causing an increased demand for 
base and aggravating acidosis." 

Pasricha & Malik (1940), studying the blood of 17 cholera patients, 
confirmed that in the acute stage of the disease there was an increase in the 
inorganic phosphate contents. As can be gathered from the tabulation of 
their results, the content of the plasma in inorganic phosphate averaged 7.2 
mg per 100 m1 as against normal values ranging from 2 mg to 5 mg. The 
method the two workers used for these de terminations was that of Young
berg & Youngberg (1930-see Malik & Pasricha, 1940). 

Observations on the blood changes in 49 cholera patients by Saha & Das 
(1951) showed an increased content of the plasma in phosphorus in 75% 
of the specimens examined in this respect. 
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Observations on the reaction of the blood and acidosis 
It is of considerable historical interest to see that observations on the 

reaction of the blood in cholera were started as soon as the spread of the 
disease in Europe facilitated laboratory investigations. 

Thus, as referred to above (see page 612), O'Shaughnessy (1831-32a) 
noted an absence or a most marked reduction of the free alkali in the 
serum of cholera patients. 

As quoted by Sticker (1912), Buchheister & Noodt (1832) found that 
the cruor and, to a lesser extent, also the blood serum of severely attacked 
cholera patients showed an acid reaction and noted such a reaction also 
in the cerebrospinal fluid of cholera victims. According to Sticker, Hermann 
(1832), who made similar findings, noted the interesting fact that the acid 
reaction was still absent in the blood of cholera patients let before the onset 
of diarrhoea and also observed that the blood of convalescents was no 
longer acid. 

While the validity of the above findings was contested by some of the 
other early observers, for instance, by Wittstock (1832), Garrod (1849) 
again spoke of a diminished alkalinity of the blood in cholera. 

An acidity of the blood in the agonal stage of cholera was recorded in 
1884 by Straus et al., by Maragliano, and by Cantani (see also Cantani, 
1892). To judge from a remark ofBiernacki (1895), a diminished alkalinity 
of the blood in cholera was noted by Hayem, who presumably referred to 
this observation in the paper published by him and Winter in 1885. 

Hoppe-Seyler (1892) mentioned the possibility that the so-called cholera 
typhoid, which clinically resembled the coma diabeticum, was, like the 
latter, connected with acid intoxication of the organism. Agreement with 
this opinion was expressed in a note appended to Hoppe-Seyler's article by 
Quincke, who stated that he had actually found a lowered alkalinity 
in the blood of two cholera patients. In one of these a marked increase 
of the alkali content of the blood was noted after recovery. 

In the opinion ofBiernacki (1895) the lowered blood alkalinity in cholera 
was mainly due to a decreased sodium content of the blood, as established 
by Schmidt (1850). However, an increase in the phosphoric acid content 
of the blood might also have played a role. 

Turning attention to later investigations on the problem at present under 
review, reference has to be made first to a publication by Sellards (1910) who, 
though not making blood examinations, indirectly proved the presence of 
acidosis in cholera by showing that in this disease a marked tolerance for 
alkalies existed, very large amounts of sodium bicarbonate being required 
to render the reaction of the urine alkaline. As noted by Sellards & Shaklee 
(1911), an observation on this point had already been made by Quincke 
(1892), who found that the urine of a cholera patient had remained acid, 
though in the course of 3 days 30 g of sodium citrate had been administered 
orally and per rectum. 
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Again dealing with the problem of acid intoxication in cholera, Sellards 
& Shaklee (1911) and Sellards (1914) stated that they had determined 
the carbon dioxide content in the blood of two cholera patients showing 
symptoms of uraemia. with the aid of the gravimetric method of Kraus 
(1889) and had found values of 16% and 26% respectively as compared 
with normal values of 40% to 50%. The evidence in regard to the titrable 
alkalinity of the blood was not conclusive, but the results obtained suggested 
a definite lowering of this (Sellards, 1914 ). In the opinion of the two workers 
the acidosis developing in cholera was due not solely to a loss of alkali from 
the bowel but also to a suppressed excretion of acids by the kidneys. 

Rogers & Shorten (1915), determining the alkalinity of the blood in 
15 unselected cholera patients according to a method described in their 
paper found that 

" apart altogether from the occurrence of uraemic symptoms, there is a constant reduction 
of the alkalinity of the blood in cholera which is of a very marked character in all but 
the very mildest cases, and the degree of which increases steadily with the severity of the 
disease. A reduced alkalinity of the blood is, therefore, a most essential and important 
feature of the blood changes in cholera, and one which requires to be combated in the 
treatment of the disease." 

Additional observations indicated an extreme reduction of the blood 
alkalinity in the case of 5 cholera patients who had developed uraemia. 

Once more referring to the subject now under review in his 1921 text
book, Bowel Diseases in the Tropics, Rogers summarized the results of 
observations on 104 cholera patients by stating that 

"in only 23.1 per cent. was the alkalinity over N/45, 21 of these recovering. In another 
23.1 per cent. a moderate degree of reduced alkalinity represented by N/45 but under 
N/60 was present, and an equal number showed the next degree of reduction from N/60 
to under N/80. The percentage of deaths in each of these three classes was 12.5. On the 
other hand, 21.1 per cent. of the cases showed the greatly reduced alkalinity of N/80 to 
under N/100, with a death-rate of 27.3 per cent., and the remaining 9.6 per cent. of cases 
gave the extremely low readings of N/100 and less, and their mortality reached the high 
figure of 60 per cent., one-third of them having died in the collapse stage, and no less 
than two-thirds, or 67 per cent., of uraemia against 6.7 per cent. of uraemic deaths in 
the whole series, or ten times as great as the average of the series. 

"It is clear from the above data that a greater or less reduction of the alkalinity of the 
blood occurs in three-fourths of cholera cases, while it reaches an extreme degree in the 
uraemic ones ". 

Tsurumi & Toyoda (1922), testing the alkali content of the blood of 
49 cholera patients with the aid of a method described in their paper, con
firmed that there was a relation between the alkali decrease and the severity 
of the disease. The alkali level of the blood was practically normal in the 
case of 19 patients showing the features of a mild attack and there was no 
marked decrease in the 11 individuals suffering from cholera in a moderately 
severe form, only one of whom succumbed. However, there was a marked 
decrease of the alkali content of the blood in the 19 severely affected patients, 
no less than 13 of whom fell victims to the infection. 
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The modern phase of the investigation of the problem under review 
may be said to have been initiated by valuable studies on acidosis in 
cholera made by Liu, Wang & Fan (1933a, 1933b). Using a method devised 
by Shock & Hastings (1929), they determined the cell volume, pH, and total 
carbon dioxide 1 content of blood samples collected from 28 patients both 
before treatment and repeatedly afterwards, making a total of 222 observa
tions. The serum bicarbonate content of the blood in millimols per litre 
and the C02 tensions in millimetres of mercury were calculated from these 
values. The constant presence of acidosis during the acute stage of the 
disease was shown by the following findings : 

The serum pH on admission awraged 7.28, the bicarbonate content 14.1, and the 
C02 tension 30.7; but the lowest pH observed was 7.07, the lowest bicarbonate content 
8.2, and the lowest carbon dioxide tension 16.6, as compared to normal averages of 
respectively 7.40, 26.6, and 44.9. 

Following intravenous treatment with saline or alkaline solutions, or 
both, the pH became normal quite rapidly and then the bicarbonate content 
also returned to normal. Irrespective of whether or not they had received alkali 
solutions, a tendency towards alkalosis soon afterwards became manifest 
in the 14 recovering patients who could be kept under observation for a 
comparatively long period. However, in the four patients who succumbed, 
the restoration of the serum pH and bicarbonate content to normal through 
intravenous treatment was but temporary. 

Studying 48 blood samples, collected from 13 of their patients at con
secutive stages of the disease, in a detailed manner (see pages 636 and 642), 
Liu, Wang & Fan (1933b) found that: 

" When the values obtained on admission are compared with those on discharge, it 
may be observed that during the acute stage sufficient base is lost from the body to lower 
the serum base concentration to the extent of 14.1 milli-equivalents per litre. Added to 
this alkali deficit from loss of base is the increased demand for base from the increase 
of 2.2 milli-equivalents in phosphate, 2.3 milli-equivalents in protein and 4.5 milli
equivalents in lactate, totalling 9.0 milli-equivalents. The combined alkali deficit from 
loss of base and from increased demand for it amounts to 23.1 milli-equivalents. This 
alkali deficit is shared by bicarbonate and chloride. Chloride being a fixed acid, is 
decreased only 7.0 milli-equivalents, leaving the greater part of the burden to bicarbonate, 
which is decreased 15.9 milli-equivalents giving as a result marked acidosis." 

The following of the subsequent publications referring to the problem 
of acidosis in cholera deserYe attention at the present juncture. 

Loh & Tai (1936), using the method of Van Slyke & Cullen (1917), 
found a considerable decrease of the carbon dioxide combining power of 
the blood in 13 cholera patients examined before treatment had been 
commenced. In contrast to most other initially abnormal properties of the 
blood in such patients the C02 combining power (as well as the non-protein 

1 According to .\larcovici (1916) a diminished CO, content in the blood of cholera patients had already 
been demonstrated by Hayem & Winter (1885). 
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nitrogen content of the blood) remained decreased after saline adminis
tration, thus, as Lob & Tai put it, suggesting a tendency towards the develop
ment of acidosis and uraemia even in the early stage of the disease. 

The C02 combining power in the blood of 16 cholera patients examined 
when clinical signs of acidosis and uraemia had become manifest was also 
found to be decreased, particularly in the samples collected some time after 
alkaline solutions had been administered. 

Advocating a modified method of cholera treatment with sodium lactate, 
Banerjee & Datta (1936) maintained that the development of acidosis in 
this disease was the result not only of an excessive loss of base in the stools 
and dehydration of the tissues but also of the production of excess acid by 
the cholera toxin. However, in view of the fact that acidosis is met in a 
wide variety of morbid conditions, including those in which the action of 
a bacterial toxin is out of the question, it is doubtful whether the V. cholerae 
endotoxin does play a direct role in the production of this symptom-complex. 

As already mentioned (see page 608), Ghosh & Chakraborty (1940) 
pointed out that the considerable elimination of alkaline base and chlorides 
in the cholera stools was bound to lead to acidosis and disturbance of the 
osmotic balance. 

Banerjee (1941a), referring to the problem of acidosis in his study on 
hypochloraemia in cholera (see page 637), stated that 

" Chlorides play a great part in stabilizing the acid-base balance of the body fluids 
by helping the interchange of buffer effects between the richly buffered cells and the 
poorly buffered plasma. In cholera, the acid-base balance is greatly altered (Banerjee, 
1936) and so is the quantity of chlorides. This shows that deficiency of the chloride 
anions in the plasma interferes with the exchange of the bicarbonate anions from cells 
to plasma. 

" A vicious circle thus occurs in cases of cholera as a result of the intimate relations 
which exist between the loss of chloride and the maintenance of the acid-base balance. 
If the base and chloride loss remains unrestricted, it leads to but one result and that in 
the form of depletion of the salt supplies of the body which is invariably followed by 
loss of water, dehydration, retention of nitrogenous waste products and renal failure." 

Subsequently the development of an acidosis in severely attacked cholera 
patients was confirmed by Chatterjee (1946), Safwat & Adham (1948b), 
and Saha & Das (1951). 

The first-mentioned worker, determining the reserve alkalinity of the 
whole blood in 55 patients in the collapse stage of cholera with the aid of 
the method of Levy and colleagues (1915), found this invariably diminished. 
The decreased alkalinity of the blood was found to persist after the specific 
gravity and also the phenol content of the blood (estimated according to 
the method of Theis & Benedict, 1924) had been brought down to normal 
through infusion treatment. 

Continued estimations of the C02 content of the plasma in 5 cholera 
patients as well as occasional determinations made in 12 other sufferers 
convinced Safwat & Adham (1948b) that there was a marked degree of 
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acidosis at the onset of the disease, the values becoming gradually normal 
(50 volumes per 100 ml) when the condition of the patients improved under 
treatment. Not rarely the C02 content of the plasma was initially as low 
as 22-30 volumes per 100 ml. 

Similarly to Chatterjee (1946), Saha & Das (1951) found that there 
was a depletion of the alkali reserve in the blood of 49 cholera patients 
examined immediately after admission, i.e., before treatment had been 
started. The two workers estimated that the average fluid loss of 2.3 litres 
from the body led to a loss of 28.75 milli-equivalents of bicarbonate ion. 
Simultaneously with this loss there was a drop in the C02 combining power 
of the blood from 65 to 35 Yolumes per 100 ml. 

A further study of the problems presently under review was made by 
Banerjee et al. (1956) \\ith the aim of deciding whether death in cholera 
was due to acidosis or to an inadequate supply of oxygen to the tissues. 
Therefore the carbon dioxide content of the whole blood and the bicarbonate 
content of the plasma in 30 cholera patients and in 10 normal individuals 
were compared with the aid of the methods of Van Slyke & Neill (1924) 
and Van Slyke, Stillman & Cullen (1919); at the same time the packed 
cell volume was determined by centrifuging the blood in a Wintrobe tube 
(see Wintrobe, 1933). Discussing the findings thus made, Banerjee and 
colleagues stated that 

" The packed cell volume increased significantly in cases of cholera due mainly to 
loss of plasma. The carbon dioxide contents of the whole blood diminished to a marked 
degree in cholera cases. Plasma bicarbonate level also decreased significantly in patients 
suffering from cholera. The diminished alkali reserve of blood indicates a condition 
of acidemia in cholera . . . The oxygen content of the whole blood and also of the red 
blood cells, in patients suffering from cholera, did not differ from the corresponding 
values in normal persons. This indicated that cholera patients did not suffer from 
deficient oxygenation of the tissues and as such death in cholera is not due to anoxemia." 

Further reference to the problem of acidosis will be made in subsequent 
sections of this chapter. 

Protein content of the blood 

To judge from the available information, Garrod (1849) was the first 
worker who found that in the blood of cholera patients " albumen" was 
"always in large excess and to this was due, in a great measure, the increased 
weight of the serum ". 

Garrod 's contention that the protein content of the blood was increased 
in the acute stage of cholera has been almost unanimously supported by 
modern observers. The first among these were apparently Liu and colleagues 
(1933b ), who found in the acute stage of the disease in 13 patients an average 
of 15.8 milli-equivalents of protein per litre of blood as against a mean 
value of 13.5 milli-equivalents in the 12 patients reaching the stage of con
valescence. 
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Using methods described by Malik & Pasricha (1940) for an examination 
of the blood of 17 cholera patients, Pasricha & Malik (1940) established 
the presence of an appreciable increase in the total plasma proteins, due 
to an increase in the fibrin and globulin fractions. Recording their findings 
in mg per 100 ml of plasma, they gave the following relevant figures: 

Averages Limits Norma/limits 

Protein nitrogen 1538 1078-2139 928-1376 
Fibrin nitrogen 94 51- 153 32- 64 
Globulin nitrogen 812 495-1348 192- 464 
Albumin nitrogen 652 243-1147 544--1072 

In contrast to the findings recorded above, Ghanem & Mikhail (1949) 
stated that only 16 out of 23 .cholera patients, in whom the plasma protein 
values were estimated according to the method of Phillips et al. (1943), 
showed a hyperproteinaemia ranging from 7. 53 g to 17.4 g. In the other 
7 patients the plasma protein values were reduced to values ranging from 
3.43 g to 5.65 g, even though in 5 of them a marked or at least a moderate 
degree of dehydration was present. It is noteworthy that in these 7 patients 
the plasma specific gravity, ranging from 1.017-1.027, was invariably not 
above the normal limits of 1.025-1.028, while it was higher than normal 
(often markedly so) in the sufferers in whom a hyperproteinaemia was 
present. 

Also using the method of Phillips et al. (1943) for the examination of 
the blood of 27 collapsed cholera patients, Chaudhuri and eo-workers 
(195lc) found an increase o( the total plasma proteins "indicative of the 
degree of haemoconcentration ". De terminations of the total plasma 
proteins in 8 of these patients before and after treatment gave the following 
mean values: 

Before treatment 
After treatment 

Thus, as the authors summarized, 

10.9±1.9 g% 
6.9±0.2 g% 

" From the high values of plasma protein level obtained in these cases, there seems no 
appreciable loss of plasma proteins from the body". 

Further reference will be made to these findings when the merits of 
plasma administration for the treatment of cholera are assessed. 

The presence of an increased protein concentration in the plasma of 
patients in the acute stage of cholera was confirmed by Saha & Das (1951), 
Lahiri (1951), and Chakravarti & Chaudhuri (1954). 

Lahiri (1951), reporting on observations made in the case of90 collapsed 
cholera patients, stated that an increase of the total plasma protein was 
present in many of these sufferers and 

" was mainly due to increase of the globulin and fibrinogen fractions, thus altering and 
often reversing the normal albumin-globulin ratio of the plasma". 
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Like Liu and co-authors (see page 645), Chakravarti & Chaudhuri 
(1954) pointed out that the increased amount of protein in the blood of 
cholera patients 
" acts as a weak acid and thereby increases the total acidity of the blood reducing the 
bicarbonate concentration". 

As noted before (see page 641), Chakravarti & Chaudhuri postulated 
that " potassium from the cell may be called upon to neutralise this rise in 
the acidity of the plasma ". 

Blood sugar determinations 

Referring to blood sugar determinations in their 13 cholera patients 
according to the well-known method of Folin & Wu (1920), Loh & Tai 
(1936) stated that: 

" Another interesting finding was the rapid fall in the content of sugar, occurring 
during the administration of saline, before which the blood was hyperglycemic, more so 
than what the concentration of the blood could be accounted for and after which it became 
distinctly hypoglycemic, more so than that due to the dilution with saline. It may be 
possible that the rise of body temperature which always occurred during transfusion 
might be responsible for this fall from the increased consumption of available sugar in 
the blood." 

The average blood sugar values in Loh & Tai's series, expressed in mg 
per 100 ml, were 156 before, and 68 after, saline treatment. Corresponding 
cholesterol values, determined in a few instances according to the method 
of Bloor and co-authors (1922) were 148 mg and 125 mg respectively per 
100 rnl of blood. 

Using a method described in the paper of Malik & Pasricha (1940), 
Pasricha & Malik (1940) found in the blood of 17 patients examined in the 
acute stage of cholera glucose values ranging from 90 mg to 243 mg per 
100 ml of blood (average 162 mg) as against normal values from 60 mg to 
120 mg per 100 ml of blood. There was thus an appreciable increase in 
the glucose concentration. 

In contrast to these observations, Chatterjee & Sarkar (1941), again 
using Folin & Wu's method, found in 75% of their 105 cholera patients a 
marked fall in the blood sugar level. Commenting upon this result, 
Chatterjee & Sarkar noted the following: 

"That there is a fall in the blood sugar in shock-like conditions is a well known 
fact ... Besides, the great muscular cramps and intestinal movements may have a part 
in the production of this hypoglycaemia." 

Among the 25% of patients in whom no hypoglycaemia was present, 
4 showed figures above the normal average. In the opinion of Chatterjee 
& Sarkar, these comparatively high values could have been due to the blood 
concentration and possibly also to a non-utilization of sugar for unknown 
reasons. 
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Reference to a low blood sugar content in cholera was also made in 
the 1943 report of the Indian Research Fund Association. 

Again dealing with the problem under review, Ghanem & Mikhail 
(1949) stated that the blood sugar content, estimated in 21 recently admitted 
cholera patients by Folin & Wu's method, was lowered in two instances, 
within normal limits in four, and definitely increased in 14 instances, when 
values ranging from 143 mg ~{ to 280 mg ~·~ were found. In the case of one 
patient with an extremely high blood concentration, who died within 24 
hours, a blood sugar content of 565 mg per 100 ml of blood was determined. 
After correction of the dehydration, the increased sugar. values returned to 
normal or low normal (80-134 mg %) in all but one instance, in which a 
sugar content of 65 mg ~~ was noted. 

Commenting upon these findings, Ghanem & Mikhail stated that 
" The degree of hyperglycaemia corresponds more or less to the degree of haemo

concentration as measured clinically and by the specific gravity of plasma; also it is 
known that hyperglycaemia occurs in cases of circulatory failure; 12 of these cases with 
hyperglycaemia showed marked lowering of the blood pressure, and the blood sugar 
was shown to rise with the deterioration of the clinical condition, including the circulation, 
in 3 cases under treatment." 

The two workers added that in the 6 instances in which the blood sugar 
content did not rise in relation to the blood concentration, the store of 
glycogen in the liver and muscles might have been depleted. In these 
instances also the blood sugar content became normal after treatment 
with not particularly large amounts of saline and glucose solutions. 

In relation to Ghanem & Mikhail's reference to the glycogen content 
of the organs in cholera it is important to note that Segale (1912) was 
unable to demonstrate the presence of this substance in the blood of 6 
cholera victims examined soon after death and found only minimal traces 
in the liver of 2 of these dead bodies. As quoted in the Tropical Diseases 
Bulletin (1912), Segale pointed out 
"that many of the conditions known to favour the disappearance of glycogen, such as 
reduced food-absorption, increased muscular work (cramps), acidity of the tissues and 
body-fluids, insufficiency of oxygen, fever, renal lesions, are present at the same time in 
an acute case of cholera". 

Further blood sugar determinations, made by De and co-authors (1955) 
in their two groups of patients mentioned above gave the following results: 

" The blood sugar ranged from 110 to 130 mg. per 100 m!. in 4 cases, from 95 to 
105 rng. in 4 cases, and from 55 to 85 mg. in 10 cases of the vibrio~positive group. The 
mean value was 88.17 mg. per 100 m!. In the vibrio-negative cases of diarrhoea the blood 
sugar was 120 to 130 mg. per 100 ml. in 3 cases, 95 mg. in 1 case, and 60 to 90 mg. in 
14 cases, with a mean value of 78.83 mg. per 100 m!. The normal fasting level of blood 
has been assumed to be 100 mg. per 100 mL" 

Commenting upon these findings, the authors stated that : 

" While some of the cases had normal blood sugar, most of them exhibited definite 
hypoglycaemia. The blood-sugar level was not related to the duration of the disease 
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during admission ... The relatively higher blood-sugar level in a minority of our cases 
may be due to an increase of cortical hormone or to reflex adrenaline discharge in shock. 
However, the observation of a low blood sugar in most of the cases is in keeping with 
the established fact that hypoglycaemia characterizes advanced shock (Sayers, 1950). 
In cholera this finding may perhaps be the result of deficiency of cortical hormone-an 
excess of which is known to decrease the glucose tolerance." 

Observations on urea 

A markedly increased urea content of the blood in cholera has been 
recorded not only by the modern observers enumerated below, but also by 
several of the early workers, for instance by O'Shaughnessy (1831-32a), 
Garrod (1849), and Herapath (1849). 

Shorten (1918), who, as far as could be established, was the first among 
the modern workers to make exhaustive observations on the urea content 
of the blood in cholera, used for this purpose the urease method of Van 
Slyke & Cullen (1916). He found that in all his 11 patients 

" there was a definite increase in the urea concentration on admission. There was, as a 
rule, a further increase to a maximum which was reached after a variable time-usually 
3 to 6 days. In cases which recover, there is a gradual decline to the normal figure", 

Shorten emphasized that a high urea concentration was not incom
patible with recovery and that, therefore, 

"it is not the high urea concentration which is the cause of the symptoms observed in 
post-choleraic uraemia ". 

In order to determine the urea content of the blood in their series of 
17 cholera patients, Pasricha & Malik (1940) used a modification of the 
calorimetric method of Beattie (1928), described in the paper of Malik & 
Pasricha (1940). The urea content of the blood of these patients during 
the acute stage of the disease was found to vary from 28 mg to 125 mg per 
100 ml of blood with an average of 62 mg. Since the normal values varied 
from 15 mg to 40 mg per 100 ml of blood, there was thus as a rule an appre
ciable increase of the urea content of the blood in the limited series of 
cholera patients examined. 

Using a method devised by Mukherjee (1929) for the determination of 
urea in the blood of their 105 cholera patients, Chatterjee & Sarkar (1941) 
invariably found increased values. The two workers insisted that this 
increase as well as that of the non-protein nitrogen (see below) was not 
due to the concentration of the blood, because 

" even in those cases in which the specific gravity is restored there still remains the high 
nitrogenous retention, the figures being considerably high although reduced". 

Wilkinson (1943), in a study on cholera in Hong Kong, stated that 
during the anuric phase of the disease the blood urea content rises rapidly 
and may reach very high figures. Thus one patient, who had been anuric 
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for over 50 hours, had at the end of this period a blood urea content of 
350 mg per 100 ml of blood. It is interesting that he nevertheless recovered. 

Further estimations of the blood urea content were made by Safwat & 
Adham (1948b) in 63 cholera patients with the following results (showing 
the maximal rise of blood urea figures): 

1\~umber of cases 

25 
18 
12 
8 

Maximal values (mg%) 

40-100 
100-200 
200-300 
300-390 

In the case of 52 of these patients, the blood of whom could be examined 
repeatedly, the blood urea values became normal in 25% during the first 
week, in 54% during the 2nd week, in 15 % during the 3rd week, and in 
6% later. 

Reporting also on the results of blood urea clearance tests (made pre
sumably according to the method of Moller and co-authors (1928), described 
in the textbooks on laboratory technique), Safwat & Adham stated that 

" Generally, figures obtained run close to those of blood urea, i.e., a minimal value 
generally accompanied a maximum blood urea value and then urea clearance began to 
rise to normal . value as blood ·urea decreased. The minimum values obtained were as 
follows: 5%, 18.6%, 22%, 33%, 35%, 39.5% [normal above 70%]. 

" The time from the onset of the disease to the time when a normal urea clearance 
value was obtained ranged from 2-20 days. It ran parallel to the time taken by urea to 
become normal." 

It may be conveniently added that the two workers, also made estima
tions of the blood uric acid and creatinine with the following results: 

" Blood uric acid: (normal from 0.3-3.5 mgm %). All cases had high values at the 
beginning. Generally, the rise ran parallel to that of urea. The highest value obtained 
was 11.76 mgm%, the next highest value, however, was 8 mgm%. 

In all cases when normal values of blood urea were obtained, the uric acid values 
were at the upper limit of normal range or slightly above normal ... 

"Blood creatinine (normal1-2 mgm%) was estimated in 6 cases only. The maximum 
value obtained was 7.5 mgm%. The next highest value, however, was 4.2 mgm%. 

"Generally, creatinine values closely follow the urea values. It has been noticed in 
the 6 cases examined that creatinine became normal before urea and uric acid, the time 
being directly proportional to the amounts retained in the blood." 

El-Ramli (1948), evidently referring to the group of 52 cholera patients 
repeatedly examined according to Safwat & Adham (see above), asserted 
that there was (a) no correlation between the haemoconcentration and the 
blood urea content; and (b) as shown by 25 observations, also almost 
invariably no correlation between the chloride and urea contents of the 
blood in the sense that as the urea values decreased, the chlorides increased. 
However, there was mostly a direct correlation between the blood urea 
contents and the excretion of the chlorides in the urine, the latter increasing 
as the blood urea figures decreased. 
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El-Ramli stressed that the blood urea content remained generally high 
for 1-15 days after cessation of the diarrhoea and maintained, therefore, 
with much reason, that one 

" should not be misled by the hydration of the patient and the absence of diarrhoea 
and vomiting. One must always think of this high urea concentration and look for it ". 

Referring to blood urea determinations they had made with the aid of 
nesslerization (a method going back to Nessler, 1856), Ghanem & Mikhail 
(1949) stated that 

"In 17 cases, the blood urea was estimated before and after treatment; it was high 
in 11, the figures ranging from 41 to 179 mg. per cent., taking into account the fasting 
state of the patient. In all the cases the blood urea returned to normal after treatment 
except in three, where it rose, in only one of these was anuria present." 

The two workers maintained in this connexion that an azotaemia, as 
manifested by a high urea content of the blood, had no relation to the 
clinical severity of the cholera attacks in question, to the blood concentra
tion, or to a state of hypochloraemia. It was mainly related to dehydration 
and circulatory failure, but a renal factor of a toxic nature probably also 
accounted for the production of azotaemia-a postulation which will 
receive further attention below. 

Observations on non-protein nitrogen 

Recording the results of determinations of the non-protein nitrogen 
content of the blood in 11 cholera patients according to the method of 
Kjeldahl (1883), Shorten (1918) stated that 

"Variations in the percentage of non-protein nitrogen appear on the whole to run 
parallel to those of urea concentration:- A moderate increase on admission, a rise to a 
maximum in three or four days, and a gradual drop to normal in cases which recover. 
Here again the concentration in the blood bears no relation to the severity of the 
symptoms, and an increase to a figure many times the normal amount does not preclude 
convalescence. \Ye may therefore exclude the nitrogenous metabolites from the list of 
possible causes of the symptoms of this form of uraemia [i.e., post-choleraic uraemia]." 

In diametrical contrast to this contention of Shorten's, Dhar and col
leagues (1930) postulated that, owing to an increase in the non-protein 
nitrogen content in the blood of cholera patients, each instance of this 
disease was one of potential uraemia. 

Using the methods of Folin & \Vu (1919) for determining the non
protein nitrogen and creatinine contents in 13 cholera patients, and that 
of Folin (1930) for uric acid determinations, Loh & Tai (1936) found that 

" The content of non-protein nitrogen, creatinine and uric acid was considerably 
increased, the increase being more than that due to the concentration of the blood. Even 
after injection of an adequate amount of saline, their values, though lowered to a certain 
extent, remained much higher than normal. Two factors may be responsible for this 
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rise: the first, the more important one, is due to anuria in the collapse stage and the 
second is probably due to the increased protein destruction from dehydration of tissue 
cells." 

Pasricha & Malik (1940), utilizing a method described by Malik & 
Pasricha (1940), found an appreciable increase of the non-protein nitrogen 
content in the plasma of 17 cholera patients. The average values found 
were 60 mg per 100 ml of plasma (limits 28-145 mg) as against normal 
values of 18-30 mg. 

The observations regarding the subject under review by Banerjee go 
back to the year 1931 when this worker, in a handbook on cholera, drew 
attention to the marked retention of nitrogenous waste products in the 
blood of nearly all cholera patients. Though often becoming extreme, the 
level of these products in the blood became lowered as soon as the urine 
flow was re-established. 

As further quoted by Banerjee (1941), Banerjee & Datta (1935) pointed 
out that a high non-protein nitrogen content or urea retention in the blood 
of cholera patients did not necessarily indicate a bad prognosis and insisted 
upon the close relationship existing between haemoconcentration, hypo
chloraemia, and nitrogen retention. Which of the two first-mentioned 
factors was of greater importance for the production of nitrogen retention 
(azotaemia) was a moot question. Banerjee (1939b) inclined to the view 
that hypochloraemia played a more important role in this respect, because 
he had noted that introduction of a fairly big quantity of fluid in the form 
of glucose produced little change in the azotaemia, whereas a small quantity 
of hypertonic NaCl solution improved both the hypochloraemia and azo
taemia. 

In his 1941 article Banerjee stated that a syndrome called "coma hypo
chloraemicum "had been described by Porges (1932), in which a diminution 
of the chloride content of the blood was associated with a rise of the nitrogen 
content. This observation was confirmed by other workers quoted by 
Banerjee, French authors speaking in this connexion of an azotemie par 
manque de se! (nitrogen retention due to hypochloraemia). Banerjee felt 
convinced that a hypochloraemia invariably developed in seriously affected 
cholera patients and, as quoted earlier in this chapter, maintained that 
this salt depletion was apt to lead to a retention of nitrogenous waste 
products and renal failure. 

Chatterjee (1941), in an article dealing with the histopathology of the 
kidney in cholera already referred to in Chapter 6, stated that a retention 
of nitrogenous products in the blood of patients suffering from the disease 
was commonly met with, occurring in his experience in 79% of the cases, 
while an increase of the blood urea was met with in 72 ~~· The retention 
of the nitrogen substances could not be explained by the mere concentration 
of the blood, because it persisted in patients in whom the specific gravity 
of the blood had been brought down to normal values through saline 



CLIKICAL PATHOLOGY 655 

infusions. Chatterjee pointed out that ample observations on a similar 
retention of nitrogenous substances had been made in shock and allied 
conditions and that, as defined by Fishberg (1939), this azotaemia, de
veloping even though there was little or no structural alteration of the 
kidneys, was of a pre-renal nature. As Chatterjee maintained with much 
reason, the azotaemia in cholera fell into the same category. While the 
retention of nitrogenous waste products was associated with hypochloraemia 
and decreased renal blood flow, in his opinion an action of histamine-like 
substances, as they were produced by V. cholerae in synthetic media, 
possibly also played a role in the production of azotaemia. 

Supplementing these observations, Chatterjee & Sarkar (1941) stated 
briefly that, as shown by an examination of the blood of 105 cholera patients 
with the aid of a micro-Kjeldahl method, there was a retention of non
protein nitrogen as well as of urea, which remained at a somewhat lowered, 
but still " considerably high " level after the specific gravity of the blood 
had been decreased through saline administration. 

Also using a micro-Kjeldahl method, Chatterjee (1946) found in the 
blood of a series of 55 cholera patients non-protein nitrogen values aver
aging before treatment 57.8 mg per 100 ml of blood. He added that the 
administration of saline and glucose solutions led to a lowering of these 
values, giving, however, only few details in this respect. 

Determining the content of the blood in non-protein nitrogen in the 
case of 61 uraemic cholera patients, Tao, Woo & Loh (1948) found, in 
a majority of them, values ranging from 70 mg ~'~ to 120 mg %. It is note
worthy that there were 6 deaths among the 14 sufferers with blood non
protein nitrogen values ranging from 121 mg~~ to 270 mg~~~. whereas three 
fatalities only occurred among the 47 patients with corresponding values 
below 120 mg%. There was no death in the group of 26 patients showing 
a non-protein nitrogen level ranging from 51 mg~~ to 90 mg% in their 
blood. Thus, as far as these insufficiently numerous observations went, 
they indicated a relationship between the non-protein nitrogen level in 
the blood of uraemic cholera patients and the outcome of the disease. 

Commenting upon their observations on the increased content of the 
blood of cholera patients in urea, uric acid and creatinine (see page 652), 
Safwat & Adham (1948b) expressed agreement with the view "that the 
azotaemia noted in many cholera cases is of pre-renal origin". They 
pointed out that an analogous postulation had been made in the case of 
cholera nostras by Froin & ~1arie (1912). 

Lahiri (1951 ), recording obsen'ations on 90 cholera patients, stated that 

"Increase of urea and total non-protein nitrogen of blood was noted in all the severe 
cases examined and this was eYident before there was prolonged anuria." 

It is noteworthy that the sodium chloride content in the blood of these 
patients was inYariably found to be decreased. 
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Further reference to the findings recorded above will be made below 
in connexion with the problem of post-choleraic uraemia. 

Observations on hyperbilirubinaemia and haemoglobinanryia 

As will be further discussed later in this chapter, De and co-authors 
(1952) described the case of a cholera patient in whom the presence of a 
hyperbilirubinaemia and haemoglobinaemia was associated with a haemo
globinuria, and suggested that the appearance of these signs was the result 
of an absorption of the V. cholerae endohaemolysin into the circulation, 
which brought about a destruction of the red blood cells (" intravascular 
haemolysis "). In order to establish the frequency with which such a haemo
lysis took place, De and colleagues (1954b) studied (a) 30 cholera patients, 
in whom the diagnosis could be bacteriologically confirmed; and (b) 
7 patients with clinical signs of the disease, whose stools gave negative results 
for V. cholerae. It was found that all 30 patients with true cholera showed 
evidence of hyperbilirubinaemia, whereas this was absent in the 7 patients 
exhibiting only clinical signs of the disease, even though they manifested 
a degree of haemoconcentration paralleling that met with in the bacterio
logically confirmed cases. Soon after admission, three of the 30 cholera 
patients showed a haemoglobinaemia with plasma-haemoglobin levels of 
180 mg, 180 mg, and 138 mg respectively per 100 ml, while a fourth, ex
amined on the day after admission, had a haemoglobin content of 96 mg 
per 100 ml of plasma. In all these four instances the haemoglobinaemia 
was found to have disappeared on the day after it was discovered. As De 
and co-authors added, 

" None of the cases of cholera showed any evidence of abnormal susceptibility of the 
red cells to mechanical trauma, the average fragility [of the erythrocytes] showed no 
significant difference among the different groups; and there was no significant rise in 
the concentration of sodium chloride at which initial haemolysis took place." 

Out of the 4 patients with haemoglobinaemia two also manifested signs 
of haemoglobinuria, while in a third the first sample of urine (most likely 
to give a positive result) could not be tested and the fourth died in the stage 
of shock without having passed urine. Only one of the 3 other patients 
with haemoglobinaemia had an uneventful recovery, whereas two, like the 
patient of De and co-authors (1952), eventually succumbed to post
choleraic uraemia. 

Further reference to these interesting findings will be made in a later 
section of this chapter. 

Circulatory Failure 
General considerations 

In contrast to the views held by early observers, it is now generally 
agreed that the profound circulatory failure which, as will be described in 
the following chapter, forms one of the most characteristic as well as 



CLINiCAL PATHOLOGY 657 

distressing features of severe cholera attacks, is not of a central origin but 
of a peripheral nature. Aptly expressing the now accepted view, Henderson 
& Seneca (1951) stated that the circulatory failure of cholera 

" is of the extracardiac or shock type and is due to extreme depletion of the circulating 
blood volume. It is quite unlike congestive failure, for the heart is intact, at least until 
its function and structure are damaged by anoxia." 

It is important to note that the two authors were careful to refer to the 
circulating and not to the total blood volume. For, though it is certain 
that the loss of body fluids characteristic of typical severe cholera attacks 
leads to a reduction of the former, it would be erroneous to lose sight of 
the fact that besides this a change in the distribution of the blood plays a 
most important role in the production of the circulatory changes manifest 
in severely affected cholera patients. 

As already alluded to in Chapter 6, early attention to the importance 
of the latter factor was drawn by Simmonds (1892). Like the above-quoted 
authors, be laid stress upon the fact that, in contrast to other infectious 
diseases, the myocardium showed no signs of degeneration in victims 
succumbing in the acute stage of cholera and not very marked alterations 
in a number of those who succumbed later in the disease, and also main
tained that the only striking observation he was able to make in regard to 
the blood was its unequal distribution, \Vhich led to a congestion of the 
viscera and an emptiness of the Yessels of the integument. 

Similarly, Macleod (1910) summarized that in cholera 

" The distribution of blood in the body is abnormal, the veins and their tributaries 
are distended with thick dark blood, and the arteries and capillaries empty .. The solid 
organs exhibit well-marked wnous engorgement." 

Similar statements were also made more recently by Chatterjee (1939), 
who has already been quoted in the sixth chapter, by Banerjee (194lb), 
and by Ghanem & Mikhail (1949). As Banerjee maintained, the circulatory 
failure resulting in cholera from dehydration, while emptying the arteries, 
led to an engorgement of the wins, particularly of the splanchnic area, 
and to stagnancy in the capillary system. Ghanem & Mikhail (1949) 
pointed out with great reason that the capillaries, especially those of the 
intestinal mucosa, were capable of retaining several times the normal 
blood volume. Thus in cholera " the effective rather than the total circu
latory volume is reduced ". 

Systemic blood pressure 

Ample observations initiated in 1908 convinced Rogers (1921) that in 
cholera the blood pressure 

"is below 70 mm. at the wrist in the majority of the patients on admission to the hospital, 
and commonly below 50 mm. In extreme collapse it is too low to be measured at all at 
the wrist, such seyere cases forming over 40 per cent. of the admissions. to Calcutta 

42 
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hospitals. These observations were mainly made on native patients, whose normal 
blood-pressure is only from 100 to 120 mm. In European patients equally marked loss 
of pressure was also met with as a rule.'' 

Commenting on the results of parallel determinations of the blood 
specific gravity and the blood pressure in 836 cholera patients, Rogers 
added 

" that a great decrease in the blood-pressure is of more serious import than a very high 
specific gravity of the blood . . . Thus, ·in patients admitted with a blood pressure of 
over 70 mm .... 91 per cent. recovered, and only 9 per cent. were lost, whereas in patients 
admitted with a blood pressure below 70 mm., 73.4 per cent. recovered and 26.6 per cent. 
died, and in those with little or no pulse at the wrist, indicated by a blood pressure actually 
below 50 mm., the mortality was 30 per cent. or over three times that of the first class." 

Making daily observations on the blood pressure, Rogers also noted 

"that if it remained below 100 mm. in adult males or 90 in females for two or three days 
after the collapse stage was over, uraemic symptoms almost invariably developed and 
proved fatal unless the blood pressure could be raised·to over 105 mm." 

Occasional instances were met with in which uraemia proved fatal in 
spite of a blood pressure above 105 mm Hg, but in these patients chronic 
kidney affections or other pre-existent pathological conditions of the 
urinary tract (e.g., urethral stricture with back-pressure effects) were 
invariably found. 

The conclusion Rogers drew from these observations will be referred 
to in a following section of the present chapter. 

Observations made during the 1947 Egyptian outbreak on 689 cholera 
patients convinced El-Ramli (1948) that no constant parallelism existed 
between the blood pressure and the blood specific gravity in their relation 
to the state of dehydration of the sufferers. It was true that in 71.5% of 
the patients in whom a high specific gravity of the blood indicated a dehy
drated condition the blood pressure could not be measured at all with an 
ordinary sphygmomanometer or was very low (70 mm Hg or less systolic 
pressure, and no measurable diastolic pressure). However, in 28.5% of 
the patients, even though the blood specific gravity was high, the diastolic 
pressure was easily measurable and the systolic pressure varied from 
80 mm Hg to 130 mm Hg. Thus in this group of patients " the blood 
pressure could not be taken as a measure of dehydration". On the other 
hand, in some instances in which dehydration, as measured by the blood 
specific gravity, appeared to be slight or even absent the blood pressure 
was very low or even not measurable at all. 

El-Ramli further found that 

" The blood pressure is generally corrected either with hydration or even before 
complete hydration takes place. In cases that need repeated hydration the blood pressure 
fluctuates with the specific gravity of the blood, but in a few of these cases it remains 
corrected in spite of repeated dehydration. In rare cases in spite of hydration, the blood 
pressure of patients continues to be low for some time." 



CLINICAL PATHOLOGY 659 

Further observations on this point, made by Zaki & Ragab (1948), will 
receive attention in the following section of this chapter. 

Dealing with the problem of circulatory failure in cholera and its treat
ment, Lahiri (1951; see also Lahiri & Basu, 1954) made the following 
interesting statement: 

" Circulatory collapse and haemoconcentration due to great loss of body fluid are 
the immediate results of profuse vomiting and purging in cholera. . . There is initial fall 
of blood pressure as a result of loss of circulatory fluid in every patient presenting typical 
signs and symptoms of the disease. In severe cases this fall is profound with imperceptible 
radial pulse and inaudible sound in the cubital space when recording blood pressure 
with a sphygmomanometer. In many patients immediate replenishment of the depleted 
fluids and salts produces a quick recovery. But in others the circulatory collapse caused 
by dehydration passes into a condition resembling secondary shock. This is commoner 
in old persons, children and persons otherwise debilitated, also in untreated cases and 
in cases where great loss of fluid has occurred. . . Recovery may of course occur in 
many patients even when this shock syndrome has supervened but in some cases the 
collapse persists in spite of all efforts." 

In 56 of the patients suffering from such a secondary shock, and who 
could not be revived through saline transfusion, the systolic blood pressure 
was found to range from 60 to 80 mm Hg, or even less, with an average of 
60-70 mm Hg in the majority. It is noteworthy that, in agreement with the 
observations of Rogers, recorded above, in all these patients the specific 
gravity of the blood was found to have been lowered through the treatment. 

Venous pressure and circulation time 

Observations on the venous pressure and circulation time in cholera 
have been made recently by Zaki & Ragab (1948) and by Chakraborty 
(1954). 

As summarized in the Tropical Diseases Bulletin (1949), the two Egyptian 
workers 
" found that venous pressure was lowered in all cases and that the degree of lowering 
was proportionate to the severity of the case. Additional factors contributing to the 
fall in venous pressure were the increased viscosity of the blood, compensating vaso
constriction and loss of muscle tone". 

Though the arterial pressure was also found to be lowered, it showed 
a less close relation to the degree of clinical severity of the cholera attacks. 
However, it was found that the higher the diastolic pressure was, the more 
favourable was the prognosis. 

The circulation time was found to be but slightly prolonged and its 
determination was of no prognostic value. 

According to an exhaustive review in the Tropical Diseases Bulletin 
(I 955), Chakraborty studied a series of 60 initially dehydrated cholera 
patients, 6 of whom eventually succumbed to the disease in spite of saline 
treatment. On admission, the systolic blood pressure in these patients was 
never above 94 mm Hg and it could not be measured at all in 35 instances~ 
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the same was true of the diastolic blood pressure in 46 instances. As noted 
before (see page 614), determinations of the blood specificgravity in 31 of the 
patients showed values below 1.065 in 2 instances, from 1.065 to 1.069 
in 15, and from 1.070 to 1.072 in 14 cases. 

Estimations of the venous pressure were made in 48 of the patients by 
introducing into a cubital vein an intravenous injection needle connected 
by a thin rubber tube to a spinal manometer. Values definitely above the 
normal range of 2-10 cm of water, i.e., above 10 cm, were found in 9 in
stances only, while the average value before saline treatment was 7.5 cm. 
Infusion treatment led to an increase of the venous pressure averaging 4 cm. 
Mter clinical cure values ranging from 7 cm to 10 cm were found in 6 
instances, and values above 10 cm in 12 of the convalescents. A slight 
further rise could practically always be noted afterwards. 

The circulation time was determined by intravenous injection of 20% 
dehydrocholine and recording the time after which a bitter taste was first 
felt in the mouth. The average length of the circulation time in the 60 
patients was 22.1 seconds as against a mean normal value of 13.5 seconds 
(limits 9-18 seconds). Values above 18 seconds (maximum over 40 seconds 
in 2 instances) were found in 46 of the sufferers. After saline treatment 
the circulation time remained unchanged in one instance and was increased 
in two others. In the 57 other patients a drop of an average of 6.3 seconds 
in the circulation time was noted after treatment. At the time of discharge 
the circulation time was about normal in 19 instances, while in two it was 
respectively 24 and 26 seconds. 

With four exceptions the venous pressure was within normal limits or 
but slightly increased when the circulation time was normal. 

RenaJ Failure 

Disturbances in urine secretion 

That disturbances in urine secretion, manifesting a dysfunction of the 
kidneys, are frequent in cholera and play a most ominous role in the clinical 
pathology of this disease is generally recognized. In fact, as De and co
authors (1954a) recently put it, 

" Even the lay villager of India gives a sigh of relief when the patient passes urine 
after the day or two of the anuria of the algid stage." 

As will be gathered from this statement, a complete cessation of the 
urine secretion is frequently met with in severely affected cholera patients. 
The most comprehensive statistical study made in this respect, by Rumpf 
& Fraenkel (1894), showed that among about 3000 cholera patients in 
regard to whom pertinent information could be obtained only 698 showed 
oliguria instead of anuria. That this group of patients with merely dimi-
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nished urine secretion included many slightly attacked sufferers is proved 
by the fact that only 33 of them or 4.7% succumbed, whereas there were 
590 deaths (57.2~;,;) among 1031 of the patients exhibiting signs of anuria. 

Depending upon the severity of the cholera attacks, i.e., upon the 
rapidity with which the stage of evacuation commences to pass over, or 
has actually passed over, into the collapse stage, the time of onset of anuria 
varies. As Lebert (1874) stated, 

" It has been maintained that in a violent attack the secretion of urine ceases as early 
as the period of discharges. But it is difficult to prove this statement, and the more 
attentive patients assure us at times that in the beginning the urine escaped with the 
discharges from the bowels, so that the quantity could not be noted. Still, it is undeniable 
that suppression of urine occurs early in some cases." 

Generally speaking, however, Rogers (1921) was right when stating that 

" Suppression of urine ensues as soon as the evacuations have induced a marked 
fall in the blood pressure; it is therefore present for a time, at any rate, in all but the 
mildest cases of cholera; being an important symptom, as it is less frequent and sustained 
in other forms of diarrhoea." 

In relation to the severity of the attacks and the efficacy of the infusion 
treatment given, the length of time during which the anuria persists may vary 
considerably. Referring in this respect to the experiences of earlier workers 
as well as to his own observations, Griesinger (1857) stated that in severely 
affected cholera patients the urine secretion was usually not restored before 
the second, the third, or even the beginning of the fourth day from the onset 
of the attack. Similar findings were also recorded by Lebert (1874). 

While admitting that generally speaking the restoration of the urine 
secretion took place hand in hand with the general improvement in the 
condition of the cholera patients, Rumpf & Fraenkel (1894) claim~d that 
the anuria often persisted for days, for instance, for 12 and 15 days respec
tively in two patients who eventually recovered, and in a third even for 
17 days. Generally speaking, the two workers stated that: 

" An anuria of 3-7 days is not uncommon either in recovering cases or in those with 
a fatal issue. It is true that the prognosis is more favourable in the instances in which 
anuria disappears early. Nevertheless lack of the urine secretion by no means invariably 
indicated an unfavourable issue. On the contrary, the proportion of those who died 
though amply voiding urine to the patients succumbing with signs of anuria or oliguria 
was 4 : 6." [Trans.] 

Rumpf & Fraenkel stressed in this connexion that a lack of urine secre
tion could not be the cause of the comatose condition developing in cholera 
patients. 

As Sticker (1912) summarized, the anuria, while lasting only 1-2 days 
in less seriously affected cholera patients, persisted in the severely attacked 
for 2-4 days. 

Modern observers have usually recorded less long a duration of the 
anuric period in their cholera patients. Thus Loh & Tai (1936) briefly 
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mentioned that the anuria invariably developing during the collapse stage 
"may last 30-60 hours". El-Ramli (1948) even maintained that in his 
numerous cholera patients "the excretion of urine became normal on the day 
following hydration". However, Lahiri (1951); studying 90 cholera patients 
in the collapse stage, noted that in those who recovered, urine secretion 
started after an anuric period lasting from 17 to 58 hours. Napier (1946), 
while stating that a persistence of anuria for 4-5 days was usually followed 
by death of the patients, referred to the instance of one sufferer who 
succumbed after he had been anuric for 9 days. Napier added that recovery 
had been seen to take place in patients who had not voided urine for a period 

·of 4 days. 
As will be further discussed when dealing below with the results of urine 

examination, the urine first ~oided after the period of anuria is scanty as 
well as highly abnormal in character. However, this stage of oliguria is 
of short duration, the quantity of the urine voided per day becoming first 
normal and then even unusually large, so that, as some writers put it, a 
" critical diuresis " takes place during the period of reaction or incipient 
recovery from cholera. 

Even early observers, like Griesinger (1857) and Lebert (1874), felt 
convinced that; plausible though it might seem at first glance, the anuria 
becoming manifest in cholera patients was not the direct result of dehydra
tion. Lebert, though believing that severe cholera attacks led to a degene
rative parenchymatous nephritis, admitted that the evolution of this renal 
affection did not fully account for the anuria commencing as early as the 
end of the stage of evacuation. He maintained that different factors, like 
" dryness, diminished arterial pressure, distention of the veins, anatomical 
changes in the cortical substance", conduced to the production of the 
anuria. However, like Griesinger before him, he attributed it mainly to the 
great diminution of the blood pressure in the arterial system. 

Liebermeister (1896), dealing with this problem, made the following 
interesting statement: 

" A considerable reduction of the urine secretion could be explained satisfactorily 
by an abundant dehydration; it also occurs following the loss of water by other routes, 
e.g., after excessive perspiration. However, whether a complete cessation of the urine 
secretion, an absolute anuria, is produced through the water loss alone is perhaps doubt
ful, even though in seYere [cholera] attacks the loss of water is more conspicuous and 
takes place more suddenly than in any other conditions. If, however, one considers at 
the same time the severe circulatory failure, one finds a sufficient explanation of the 
anuria. To ascribe, on the contrary, the anuria to an action of the [cholera] toxin on 
the kidneys is untenable." [Trans.] 

Though sharing the belief of early workers like Lebert that cholera led 
to a nephritic affection of the kidneys, Sticker (1912) declared that during 
the period of anuria this process was not advanced enough to account for the 
cessation of urine secretion. He also admitted that even .in the most severe 
forms of glomerulonephritis the urine secretion never ceased so completely 
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and so suddenly as was the case in cholera. Sticker assumed, therefore, that 
the anuria characteristic of the latter disease was due to the dehydration of 
the patients and to an" anaemia in the kidney circulation". 

While maintaining " that the failure of the kidneys to secrete in the acute 
stages [of cholera] is directly due to deficient blood-pressure, " Rogers 
(1921) also 

" considered it as evident that, when the specific grm ity of this r1uid [i.e. the blood] is 
much above normal, it will both circulate less freely through the kidneys and also allow 
of greatly diminished escape of secretion owing to from one-half to two-thirds of the 
fluid of the serum having been lost. Until the blood has been once more diluted to its 
normal consistency, free secretion of urine is not to be expected." 

Several subsequent observers, like Banerjee (1941b), Wilkinson (1943), 
Napier (1946, 1951), Lahiri (1951), and Henderson & Seneca (1951), 
maintained with great reason that the circulatory failure characteristic of the 
collapse of cholera exerted a most important influence upon the urine 
secretion by lowering the blood pressure below the minimum necessary for 
glomerular filtration. This postulation is in accord with the now generally 
held view, authoritatively expressed by Best & Taylor (1955), that 

"Anuria occurs when the filtration rate [of the urine in the kidney] is greatly reduced 
and reabsorption of the small volume of tubular fluid is complete." 

At the same time, however, some of the above-quoted obs~rvers as well 
as other modern workers maintained that the influence exerted by the drop 
in the blood pressure on the glomerular filtration, important as it was, was 
not the only factor responsible for the production of anuria in the collapse 
stage of cholera. 

Ghosh & Chakraborty (1940) stated in this connexion that the distur
bances of the osmotic balance of the blood, produced by the loss of alkaline 
bases and chlorides in the eYacuations, partly accounted for the suppression 
of urine observed in the collapse stage of cholera. Similarly to this view, 
Wilkinson (1943) drew attention to experimental findings which had shown 
" that the kidney in salt-deficient animals does not secrete urine freely". 

While agreeing with Rogers (1921) that a deficient blood pressure 
played an important role in the production of the anuria met with in a 
majority of the cholera patients, Chatterjee (1941) postulated that 

"Haemoconcentration has also its probable part. The glomerular capillaries are 
unable to produce a normal volume of filtrate from the abnormal concentrated blood 
(Moon, 1938). Consequently after restoration of blood volume and lowering of the 
specific gravity of the blood there is again the free secretion of urine, in the uncom
plicated cases of cholera." 

As maintained by Wilkinson (1943) and by Chaudhuri and co-authors 
(195lc), it was an increased Yiscosity rather than an increased concentration 
of the blood, leading-as Wilkinson put it-to a diminution of the minute 
volume of the kidney, which played a role in the production of the anuria. 
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Tomb (1941, 1942) came to the conclusion that a deficient oxygen 
supply to the kidney accounted for the anuria met with in cholera as well 
as in other shock conditions. 

In the opinion of Ghanem & Mikhail (1949), the anuria, met with in 
only 9 of their 23 cholera patients, was partly related to the degree of clinical 
dehydration. They maintained, however, that 

" circulatory factors, especially the venous pressure, also play an important role. Analysis 
of data also suggests a renal element in the production of anuria as well as azotaemia ... " 

In regard to the last of these postulations it is noteworthy that according 
to Napier (1946, 1951), besides haemoconcentration and circulatory failure 
through loss of blood volume, 

" possibly some degree of toxic . vasomotor paresis with resultant haemostasis lead to 
failure of the renal circulation, and therefore of renal secretion". 

De and colleagues (1954a) asserted, on the other hand, that, in addition 
to the reduction of renal blood flow, a cortical rasospasm took part in the 
production of the anuria. This contention deserves greater attention than 
the postulation of Napier-the more so because, as discussed in the sixth 
chapter, it is unlikely that the endotoxin of V. cholerae exerts a direct 
action on the kidneys. It is important to consider in this connexion that 
Best & Taylor thought the ischaemia of the renal cortex, which they 
suspected of playing a causative role in the production of anuria in shock 
and allied conditions, to be due to a diversion of the blood through the 
juxtamedullary glomeruli. De & Sengupta (1951) found evidence of such 
a shunting of the blood from the cortex to the medulla in the kidneys of a 
cholera victim who had clinically shown signs of profound collapse and 
anuria. 

Results of urine analysis 

In view of the limited opportunities for observation and the difficulty 
of collecting urine samples from patients manifesting the violent and often 
even uncontrollable purging characteristic of serious cholera attacks, it is 
not surprising to find that statements regarding the nature of the urine 
secreted by the sufferers before the onset of anuria are not numerous. To 
judge from the available evidence (see, for instance, Griesinger, 1857; 
Liebermeister, 1896; Sticker, 1912; Napier, 1946), prior to its suppression 
the urine voided by cholera patients is scanty, of high specific gravity, rich 
in salts and urates, and as a rule contains albumin. As added by Sticker, 
casts and epithelia are found in the sediment. 

As described by Griesinger (1857), the first urine voided after the period 
of anuria 

"is usually turbid, of a dirty-brownish or deeply yellow colour, of low specific gravity 
(1.007-1.010 according to Lebert, 1856), contains almost always, but not without exception, 
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varying, often very considerable amounts of albumin,['] is mostly very poor in urea and 
sodium chloride, which latter (owing no doubt to the great salt loss from the intestine 
during the attack) is often altogether absent. The urine forms a sediment consisting of 
epithelia of the urinary bladder, fibrinous [? hyaline] and epithelial casts, leucocytes 
and not rarely erythrocytes derived from the bladder mucosa, as well as crystals of uric 
and oxalic acid (Giiterbock, 1853)." [Trans.] 

Continuing his classical description, Griesinger stated that 

" The second urine, following most often a few hours after the first, is already abundant 
and very often already free from albumin. If recovery is undisturbed, hand in hand with 
hydration of the blood, as well as with the restoration of the circulation and the meta
bolism, the urine secretion rapidly increases, so that on the 3rd to 6th day it usually reaches 
a maximum far surpassing the normally voided amount; afterwards the quantity decreases 
and gradually becomes normal. In the abnormally large amounts of urine, quantities 
of urea far surpassing the normal are voided. On the contrary, according to Buhl [1855], 
the sodium chloride content of the urine only becomes maximal when the urea content 
decreases; according to Giiterbock [1853] for the first 8 days after the restoration of the 
urine secretion the amounts of sodium chloride present cannot be determined by weigh
ing." [Trans.] 

Interesting additions to the information supplied by Griesinger were 
soon made by (a) Begbie (1862) who, as quoted by Sticker (1912), " found 
in the first urine after addition of mineral acids a marked purpuric colour 
as a 'pathognomonic sign' of past cholera" ; and (b) Wyss (1868), who 
definitely proved the presence of large amounts of indican in the urine 
voided by cholera patients during the reaction stage. 

Further important observations on the urine of cholera patients were 
made during the 1892 outbreaks by Hoppe-Seyler (1892), Quincke (1892), 
Bethe (1892), and Terray, Vas & Gara (1893). 

Hoppe-Seyler (1892), examining the urine of three cholera patients, 
found a marked indoxyl content, especially in the samples voided imme
diately after the anuric stage. Then the indoxyl secretion soon decreased 
and disappeared altogether during the stage of " critical diuresis". 
As shown by parallel examinations of urine samples obtained from patients 
with gastro-enteritis, neither the presence of large amounts of indoxyl nor 
the increased content of the cholera urines in ethyl sulfuric acid, which 
was also established, was characteristic of cholera alone. 

Besides proving positive for aceto-acetic acid, the urine samples collected 
from the cholera patients also gave marked reactions for ammonia. As 
Hoppe-Seyler pointed out, the latter result was in accord with the marked 
secretion of acid in the urines, which was connected with the lowered 
alkalescence present in cholera patients. Reference to a similar observation 
of Quincke (1892) has already been made in an earlier section of this chapter 
(see page 643). 

As excellently described by Bethe (1892), the first urine voided by cholera 
patients after the anuric period 

1 According to Griesinger and to Sticker (1912), the presence of albumin in the urine of cholera patients 
was first demonstrated by Hermann (1831) during the 1830 Moscow outbreak. 
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" was of the usual straw-yellow colour but invariably very turbid, and on standing formed 
a thick sediment. The fatter consisted microscopically mostly of casts, present in an 
amount and in a completeness never so far seen by me in any other disease; there are 
extraordinarily long, mostly hyaline, casts, but also partly fragments of the straight and 
convoluted tubules, to which a fatty detritus is affixed. In between are fat-infiltrated 
renal epithelia and in specially large numbers bladder epithelia, further mucus cells, and 
leucocytes. Erythrocytes I have found but rarely and then only in small numbers. The 
amount of casts is of prognostic importance-the larger their number, the better is the 
prognosis. . . The first urine is strongly acid and very rich in albumin. Its amount is 
small (100-150 ml), but it soon increases, usually reaching on tlle 3rd or 5th day the 
normal quantity of 1500-2000 ml. Hand in hand with this increase in quantity goes a 
decrease of the albumin content, so that usually tlle urine becomes quantitatively and 
qualitatively normal at one and the same time," [Trans.] 

As further stated by Bethe, in all cholera convalescents, regardless of 
whether they had been seriously or slightly affected, the quantity of the 
urine became further increased to reach amounts far above the normal. 
In ten of his convalescents the daily output of urine increased to 2200-4200 
ml. The specific gravity of these urines was maximally 1.012, and in 6 in
stances 1.007 or less (twice as low as 1.001). 

A careful study of the urine of 17 cholera patients (14 of whom had 
been seriously affected) led Terray, Vas & Gara (1893} to the following 
conclusions: 

" 1. The so-called first urines are characterized by a small amount, a greenish-brown 
colour, median specific gravity, and strongly acid reaction. They contain plenty of 
albumin and yield a copious sediment, consisting mainly of casts and renal epithelia, 
but also of leucocytes, more rarely of erythrocytes. The amount of the solid contents, 
especially of NaCl, Ca, and Mg is markedly decreased. The secretion of urea and 
phosphoric acid sllows only a slight decrease or none at all. Both kinds of sulfuric 
acid are comparatively increased.,. The amounts of indoxyl- and phenyl-sulfuric acid, 
of ammonia, and of acetone are also large; aceto-acetic acid is also demonstrable. 

" 2. A diuresis commences in the stage of reaction or even as early as in the stadium 
typhosum. At the same time the elimination of the products derived from the destruction 
of the organ tissues commences. Urea, phosphoric acid, as well as ammonia are eliminated 
in large amounts. The amounts of total sulfuric acid and B-sulfuric acid are maximal in 
this stage ... The secretion of NaCl, Ca, and Mg increases incessantly, mostly reaching 
or even exceeding the normal values. Indole, phenol, albumin, and acetone are always 
present in large amounts. Aceto-acetic acid is still demonstrable. ' 

"3. The diuresis reaches its maximum in the period of convalescence. The urea 
secretion is still increased; likewise phosphoric acid and ammonia are often eliminated 
in larger amounts. The amount of the total sulfuric acid still shows constantly high 
values, while the proportion of the two sulfuric acids slowly becomes normal. NaCl, 
Ca, and Mg have reached or even exceeded the normal values. Albumin as well as the 
formed elements have disappeared. Indole and phenol are present in considerably 
decreased amounts or are not found any more; the same is true of acetone and aceto
acetic acid. In one instance there was a glycosuria lasting for 3 days." [Trans.] 

As can be gathered from the text of the article by Terray and co-authors, 
the maximal daily amounts of urine voided 6-14 days after onset by the 
patients who had been seriously affected usually varied from 2000 ml to 
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5000 ml. Once the daily output reached the extraordinarily high figure of 
7000 ml. A maximum of 6000 ml per day \Vas observed in the case of 
one of the slightly affected patients. 

Rumpf & Fraenkel (1894) stated that, though as a rule the quantity 
of urine first voided after a cholera attack was small (sometimes only 
20-30 ml), occasionally it amounted to 400-500 ml; in an exceptional 
instance a cholera patient even voided after an anuric period of 2 days 
3500 ml of urine with a specific graYity of 1.020. Generally speaking, in the 
experience of these two workers, the specific gravity of the first voided urines 
was not invariably low, reaching sometimes values of 1.015-1.020, and de
creasing during the following days. Albumin was almost invariably present; 
in one patient who eventually recovered the albuminuria persisted for 11 days. 

Making nitrogen deterrninations with the aid of Kjeldahl's method, 
Rumpf & Fraenkel found that the :'\" content of the urine was apt to be 
high in comatose cholera patients who eventually succumbed, as well as 
in sufferers who recoYered after having been in a serious condition. In the 
opinion of the two workers, therefore, there was no reason to assume that 
a lack in the excretion of nitrogen was the cause of the coma or of related 
serious signs manifest in cholera patients. 

Comparing the results of urine examination in 23 cholera patients who 
showed signs of moderately severe collapse with oliguria but eventually 
recovered with those obtained in the case of 6 sufferers who succumbed to 
uraemia, Nichols & Andrews (1909) recorded the following average findings: 

23 reco;oering patients 6 patients developing uraemia 
Day of quantity of tcta;· quantity of total 
illness urine (ml; albumin* urea** so!i:is + urine (m/) albumin* urea** solids t 

1st 18 1.5 0.8 3 17 1.0 0.05 0.5 
2nd 188 1.6 2.0 5 10 3.0 0.06 0.4 
3rd 725 1.0 12.0 17 50 1.7 0.22 1.1 
4th 1023 0.9 17.0 

,, 
~-' 60 1.6 0.20 1.3 

5th 1337 0.7 20.0 2':' 153 2.0 0.40 4.0 
6th 1764 0.5 2~.0 30 125 2.0 1.00 4.0 
7th 1810 0.5 30.0 3~ 160 2.0 2.00 4.0 

* Macroscopically estimated with the aid of nitric acid tests 
** Estimated with the aid of the ureometer of Dorernus 

't Estimated with aid of specific graYity determinations 

It will be noted that in the recovering patients the quantity of the urine, 
the urea output, and the specific gravity increased, while the albumin 
content showed a decrease. In the patients who afterwards succumbed 
to uraemia, an oliguria continued to be present and was associated with 
a high albumin content, whereas the urea output and the specific gravity 
showed only a slight increase. 

Sellards (1910), performing urine examinations in the course of a study 
on acidosis in cholera (see page 643), recorded the following observations: 

(1) Tests for aceto-acetic acid made in the case of 20 cholera patients attacked with 
dilferent severity and in different stages of the disease gave dubious results, which have 
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to be considered negative in view of the fact that none of the specimens gave a definite 
reaction for acetone. (It has to noted, however, that these findings are not in accord 
with the positive findings recorded by some of the above-quoted workers as well as 
with those of Loh & Tai (1936) mentioned below). · 

(2) As Sellards stated: 
"In the examination of 28 cases we have found, almost uniformly, an increase in 

the ammonia coefficient. There were but 6 cases which at any time gave a coefficient 
of less than 5 per cent, and 3 of these were receiving alkali or acetate in relatively large 
amounts. In some instances the increase was comparable only to the values obtained 
in the acid intoxication occurring in diabetes." 

(3) As already mentioned (see page 643), Sellards further found that: 
" Cholera patients showed a definite tolerance to alkalies, a considerable excess of 

sodium bicarbonate being required to render the urine alkaline as compared with normal 
individuals. Within certain limits, the administration of alkalies not only failed to render 
the urine alkaline, but its acidity was even increased, as measured by titration." 

(4) Also making urea determinations by the hypobromite method in the urine of a 
number of cholera patients, Sellarps found that in the early stages of the disease " a 
suppression of urea somewhat comparable to the suppression of urine " took place. 
In the case of patients who were treated with sodium chloride infusions, an increase of 
the urea output in the urine took place gradually, whereas in those treated with alkaline 
solutions a sudden increase of the' urea output was often noted, which was not due to a 
diminution of the urine flow, but was rather accompanied by an increase of the urine 
volume. Sellards expressed the belief that the initial suppression of urea was not due to 
a failure of the kidney to excrete urea but was the result of metabolic 'disturbances created 
by the acidosis. 

As may be conveniently added, further examinations of urine samples 
collected from 50 patients with bacteriologically confirmed cholera and 
27 healthy individuals by Chatterjee & Malik (1938) showed, in accordance 
with previous findings, that the reaction of the urine, determined with the 
aid of Hellige's comparator, was markedly acid in the acute stage of cholera 
(pH 4.4-5.4), but became gradually normal as the acute symptoms subsided. 
On the 7th day after onset of the disease the average pH of the urine samples 
collected from the cholera patients was 5.9 as compared to a pH of 6.0 in 
the controls. 

Attention has to be drawn next to observations by Tsurumi & Toyoda 
(1922) who stated: 

" Quantitative tests for chlorids in the urine, were made by Moore's method [1] in 
ten cases and showed that the quantity of chlorid decreased markedly as the patient's 
condition reached a very serious stage and increased as he improved, gradually reaching 
the physiologic state. The quantity of chlorid contained in the urine of a healthy person 
is about 1 gm. In our patients, the average was only 0.2 gm. on the second day of the 
disease, 0.4 gm. on the fifth day, and 0.5 gm. on the ninth day." 

According to Takano and co-authors (1926), further observations by 
Japanese workers showed that the urine passed in small amounts (50-
lOO ml) by a part of the cholera patients during the acute stage of the 
disease 

1 No reference to this method could be found in the a,·ai!able handbooks on ·laboratory technique or 
technical dictionaries. 
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" is strongly acid and contains a large amount of albumin. Red blood corpuscles and 
cylinders may be seen. There is no sugar in the urine at any stage. In many cases, the 
indican and creatinin reactions are strongly positive." 

Interesting results were obtained by Loh & Tai (1936) through examina
tion of urine samples collected during the later stage of the disease from 16 
cholera patients, who generally showed a fairly marked degree of acidosis 
and uraemia and five of whom eventually succumbed: 

(a) The urine was invariably scanty in amount. 

(b) The specific gravity, measurable in only 8 of the patients, varied from 1.002 to 
1.009, but was almost always below 1.005. 

(c) Albumin was invariably present and often plentiful. 

(d) "Acetone bodies " were likewise invariably met with, but tests for them gave 
mostly weakly positive results. 

(e) Granular casts were always found, hyaline casts less regularly. 
(f) Leucocytes were almost invariably seen in the sediment and were quite often 

plentiful. 
(g) Erythrocytes were found in the sediment in 8 of the patients and were twice 

plentiful. It is noteworthy that the two patients with numerous red blood corpuscles 
in their urine succumbed to the disease-presumably to uraemia. Four out of the 
6 patients with less plentiful erythrocytes in their sediment recovered. 

(h) Phenolsulfonephthalein excretion, determined according to the method of 
Geraghty & Rowntree (1911), was found to be low in all 7 patients tested in this respect. 

Further observations on the urine of cholera patients were made during 
the 1947 Egyptian outbreak by Safwat & Adham (1948b), El-Ramli (1948), 
and Ghanem & Mikhail (1949). The first-mentioned two workers, recording 
findings made in 8 patients, stated that 

" 1 - At the beginning, all the 8 cases had albuminuria which disappeared with 
the general improvement of the excretory power of the kidney and drop of blood urea. 

"2 - At the beginning all the cases had oliguria which rapidly changed to polyuria 
that persisted for some time, though the blood urea values were still high. 

" 3 - Low values of urine specific gravity were obtained, even from small volumes 
of urine. The specific gravity began to rise only when the blood urea became normal 
(from 20-40 mgm %). 

"4 - At the beginning hyaline and granular casts were found in 4 of the 8 cases. 

" 5 - In all 8 cases examined, the chlorides in the urine increased with the general 
improvement of the case and the drop of blood nitrogenous constituents." 

According to El-Ramli (1948) if was found that after hydration 80 ~~ 
of the patients who had shown a high blood urea concentration passed 
normal amounts of urine (about one litre in 24 hours) or even had polyuria. 
In the remaining 20% oliguria evidently continued to be present. In 60% 
of the patients showing a high urea content in their blood, varying amounts 
of albumin were found in the urine, mostly with casts and occasionally 
with erythrocytes. Usually the albumin appeared in the urine of these 
patients early in the disease, but sometimes it appeared only at the end of 
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the first, or at the beginning of the second week. In 40% of the patients, 
the urine was normal in amount and free from albumin, casts, or erythro
cytes, even though the blood urea content was high, while the specific 
gravity, chloride content, and urea content were below normal. In most 
instances the chloride excretion in the urine increased in direct correlation 
with a decrease of the urea content in the blood. 

Determining the chloride content of the urine in 7 recently admitted 
cholera patients, Ghanem & Mikhail (1949) found values varying from 
1.5 g to 10.5 g per litre, but of 3.5 g or less in 5 instances. Higher figures 
were found after infusion treatment. Commenting upon their initial find
ings, the two workers stated: 

"Taking into consideration the small amount of urine passed [usually not more than 
100 ml], these figures indicate marked salt depletion. In comparing the urine chlorides 
with the blood chlorides, no correlation could be found suggesting that tissue electrolyte 
depletion does not reflect itself in the level of blood chlorides. This also shows that 
blood chloride estimation is fallacious as an indicator of the total loss of these ions in 
mixed depletion, the urine chlorides are more useful for this purpose, and can be taken 
as measure of the degree of salt depletion and as a guide to salt therapy." 

However, regardless of whether or not one accepts these postulations, 
ample experiences have shown that it is mostly impossible to obtain urine 
specimens for examination in the early stage of severe cholera attacks. 
Therefore other criteria have as a rule to be used for the purpose of adminis
tering the infusion treatment in an adequate manner. 

As has been noted earlier (see page 656), De and co-authors (1952) 
observed haemoglobinuria in. a cholera patient who had been admitted 
in a state of collapse 6 hours after onset of the disease. The urine which he 
first passed 6 hours after hospitalization, showed 

" port-wine colour; acid reaction, albumin + + + ; red blood cell + + + + ; hyaline 
casts +. The supernatant fraction of the freshly voided centrifuged sample showed 
absorption bands of methaemoglobin ... and was positive to chemical test for blood." 

The urine passed on the following day in a quantity of 528 ml had a 
deep yellowish colour and a specific gravity of 1.016; red cells +++, 
granular casts +; tests for blood in the supernatant portion of the centri
fugate gave a negative result. The urobilinogen content of the urine was 
high. 

Albumin, erythrocytes, and casts persisted in the urine of the patient, 
who succumbed with signs of uraemia on the morning of the 7th day of 
illness. 

Examining (a) urine samples collected almost daily from 25 patients 
suffering from bacteriologically confirmed cholera; and (b) control speci
mens from 10 patients with non-choleraic diarrhoea (or acute dysentery) 
with clinical signs of dehydration, De and co-authors (1954a) found that 

" after an attack of cholera excretion of albumin and casts is a constant feature and 
continues for 3 to 17 days. Haematuria lasted for 0 to 17 days-only 3 out of 25 cases 
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did not pass any red blood cells, while in 2 cases they were detected only on the first 
day. The degree and duration of these urinary abnormalities did not depend upon the 
duration of anuria (14 to 48 hours) in the stage of shock." 

It is of great interest to note that two out of the three cholera patients 
of this series, who, in addition to the above-mentioned findings in the 
urine, also showed evidence of haemoglobinuria, subsequently succumbed 
to post-choleraic uraemia. ·while in their case the excretion of blood, 
albumin, and casts in the urine was continuous and progressive, the urine 
of the third patient ·with haemoglobinuria became quickly normal, and 
recovery ensued. 

Only two instances of anuria, lasting for 12 and 36 hours respectively, 
were met with in the controls. Albuminuria, continuing for 1-5 days, seems 
to have been present in all of them, but some erythrocytes and casts were 
found only in specimens collected from the two previously anuric patients. 

Post-choleraic uraemia 

It is not surprising to find that the numerous workers who have dealt 
with the subject of post-choleraic uraemia have reached no agreement as 
to the etiology of this symptom complex. For, as can be gathered from a 
comparison of the different modern textbooks on pathological physiology 
and medicine, generally speaking, this question has not been settled. Under 
these circumstances it is necessary to approach the problem of post-choleraic 
uraemia in a humble spirit of inquiry rather than with an attitude of cer
tainty. 

While the early observers were practically unanimous in stating that 
the post-choleraic uraemia was the result of a retention of urea and other 
nitrogenous substances normally excreted in the urine, they voluminously 
debated the relation of this symptom complex to ·what they called " cholera 
typhoid". Griesinger (1857), dealing with the latter subject, denied that 
the patients showing the features of this condition invariably suffered from 
uraemia. For, he said, 

" there are typhoid conditions in which nothing permits of this assumption and the 
blood can undergo many other alterations as a consequence of a [cholera] attack (retention 
of other products of secretion, absorption of components of the exudate, sequelae of 
the salt loss, etc.). . . But it is undeniable that an insufficient urine secretion is one of 
the most important morbid features of this period, and that in a considerable number of 
cases the presence of an uraemia is sufficiently confirmed on account of the clinical 
manifestations and the post ·mortem findings." [Trans.] 

However, Griesinger insisted, only those cases fell into the category of 
uraemia, 

" in which either the urine secretion did not become restored or soon ceased again, or 
in which at least but very little urine with a very low specific gravity and a high albumin 
content was voided". [Trans.] 
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Lebert (1874), besides mentioning that according to Frerichs (1851) 
the so-called cholera typhoid 'Yas an uraemic condition, also pointed out that 
"the later the secretion of urine is established after the third day, the graver are the 
symptoms that may develop from the retention of urea and its transformation into car
bonate of ammonia; some of these patients die of exhaustion and others with the typhoid 
manifestations of uraemia." 

Another point emphasized by Lebert was that, as far as his experiences 
went, the kidney affection of cholera almost never became chronic-an 
observation confirmed by all subsequent workers. 

Lebert's claim as to the frequency of uraemia in those patients who had 
been anuric for a long period was supported by observations of Rogers 
(1909b). For, as the latter worker stated, an uraemia was particularly 
often met with (a) in cholera patients admitted more than 48 hours after 
onset of the disease, the early treatment of whom had been consequently 
neglected; and (b) in sufferers who had been attacked with particular 
severity, so that-in spite of early commenced treatment-it was extremely 
difficult to restore the urine secretion. Thus, as Rogers added in 1921, 
" In both cases there has been prolonged suppression of urine and stasis of the renal 
circulation, making the restoration of the functions of the kidneys a difficult matter."' 

It was in accord with these observations that, as Rogers (1909b) stated, 
signs of uraemia appeared more commonly in those cholera patients whose 
systolic blood pressure could not be raised above 100 mm Hg. Further, 
examining the kidneys of patients who had died in the uraemic stage of 
cholera, he was 
"struck by the amount of effused blood in and around the convoluted and straight 
tubules and the tense state of the capsule enclosing the extremely congested organ; all 
suggesting an actual mechanical difficulty in the re-establishment of an efficient circula
tion through the organ." 

" In order to test if this was the case or not, " Rogers continued, " I tried perfusion 
of normal saline solution through the renal artery from different heights, so as to measure 
the actual pressure required to obtain a fairly full outflow from the renal veins." 

He established in this manner that, while a pressure equal to 20-30 mm 
Hg sufficed to perfuse the kidneys of subjects 'Yho had died of other causes, 
a pressure of 90-100 mm Hg was necessary to obtain the same result with 
the kidneys of victims to post-choleraic uraemia. In one of the latter experi
ments, subsequent splitting of the renal capsule reduced the pressure 
required for perfusion to 20 mm Hg. Since, moreover, a pressure of 30 mm 
Hg sufficed to perfuse the kidney of a cholera victim who had died of a 
complication after the urinary flow had become re-established, Rogers 
felt convinced that only in post-choleraic uraemia did an obstruction of 

1 It is interesting to note that views similar to those of Rogers haYe been expressed quite recent1y by 
Chakravarti & Mondal (1956). Their conclusion was" that in cholera two types of renal reactions might be 
encountered. Firstly (in the majority of cases) there might be initial renal failure due to a Quickly reversible 
functional disturbance following extreme fall of blood pressure and possibly due to compensatory renal 
ischaemia ... in the second group, during the initial shock stage, the ischaemic process may be acting too 
long to precipitate variable organic damage of the kidney". 
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the renal circulation exist to a marked degree. It seemed to be a corollary 
to this contention that it was sometimes possible to save uraemic cholera 
patients with a blood pressure not exceeding 100 mm Hg through the 
administration of adrenaline and digitalis. 

A further noteworthy contribution to the matter was made by Sellards 
(1910; see also Sellards, 1914), who, though believing that cholera uraemia 
was the result of the appearance of a nephritis, pointed out that in this 
process 
·' the symptoms of acid intoxication become so intimately related to those of uraemia 
that differentiation is hardly possible. Indeed it has been suggested by Senator [1902] 
that uraemia from any cause whatsoever is only an acid imoxication. •· 

Again referring to the relation between uraemia and acidosis, Shorten 
(1918) asserted that 

"' Post-choleraic uraemia is really a misnomer. The condition really is a retention 
acidosis, as shown by the diminished alkalinity. phosphatic retention, and peculiar type 
of dyspnoea. The concomitant retention of urea and other nitrogenous metabolites 
does not appear to be of any importance, except insofar as it denotes abeyance of the 
function of the kidneys." 

Though, as will be discussed below, this postulation deserves serious 
consideration, the authors dealing with the problem of post-choleraic 
uraemia after Shorten's publication often continued to lay stress upon the 
pathogenetic role of the retention of nitrogenous products rather than 
upon that of acidosis. Reference has been made already in this respect to 
the views propounded by Dhar and co-authors (1930, mentioned on page 653 
above). A further interesting statement in point by Loh & Tai (1936) 
was that 

"The retention of non-protein nitrogenous substances in the blood, the low sulpho
nephthalein excretion, the low specific gravity of urine which is always seamy, and the 
presence of albumin, casts, and cellular elements indicate serious damage of the kidneys 
and profound disturbances of the renal function." 

Pointing out that the blood pressure, while markedly lowered in the 
collapse stage of cholera, was usually not significantly low after rehydration, 
the two workers maintained in contrast to Rogers that attempts to raise the 
blood pressure at this stage with the aid of analeptics were of no value in 
either preventing or curing uraemia. Since both this condition and acidosis 
were the more likely to become serious the longer the anuria had lasted, 
a rapid restoration of the urinary flow was one of the main tasks of rational 
cholera treatment. 

Tomb, as well as Chatterjee, writing in 1941, stressed the importance of a 
pre-renal azotaemia in the causation of post-choleraic uraemia. The former 
author quoted in this respect a statement by Langdon-Brown & Evans 
(1937), according to which, in Tomb's words, 

.. More recently the name 'non-renal uraemia' has been gi1en to the high grade of 
urea-retention which may develop as a result of non-renal facwrs. Amongst the most 

43 
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important of these factors are vomiting and diarrhoea both of which cause urea-retention 
through loss of body fluids and the accompanying loss of chlorides." 

Chatterjee (1941), while admitting the paramount importance of the 
pre-renal azotaemia, considered it possible that the histological changes 
(swelling of the basement membrane of the glomeruli and the tubules 
accompanied by non-inflammatory dilatation of the capillaries of the 
glomerular tufts and the medulla) detected by him in the kidneys of uraemic 
cholera victims, because they impeded filtration, might to some extent be 
eo-responsible for the high level of nitrogenous products in the blood. 

Commenting upon the case of a patient who showed clinical signs of 
post-choleraic uraemia associated with a high level of non-protein nitro
genous products in the blood, but with a urine specific gravity of only 
1.010, Chatterjee maintained that possibly this low specific gravity of the 
urine could be explained 

" by the functional. disturbances of the tubules and their inability to concentrate urine 
and absorb water owing to the great thickening of the basement membrane as well as 
the engorgement of the capillaries ". 

As further stated by Chatterjee, there was no reason to assume that 
pre-existing kidney diseases frequently accounted for the appearance of post
choleraic uraemia; such chronic kidney alterations were met with only 
in two of the 13 uraemic cholera victims examined by him. Moreover, 
78% of these victims were less than 35 years old. Similar observations were 
afterwards recorded by Wilkinson (1943), who found a uraemic condition, 
ascribed by him to acidosis, particularly frequent among "stocky, broad
shouldered young men". It is noteworthy, however, that in contrast to 
these experiences Henderson & Seneca (1951) maintained the incidence of 
post-choleraic uraemia to be higher than usual in patients with damaged 
or overburdened kidneys, e.g., in pregnant women. Rogers (1952), besides 
stating that in his experience fatal post-choleraic uraemia was most fre
quently met with " in feeble Indian subjects of fifty years of age and 
upwards ", also asserted that 

" A very slight degree of chronic interstitial nephritis, requiring an abnormally high 
blood pressure to produce sufficient renal secretion in a healthy subject, is another not 
rare cause of fatal post-choleraic uraemia. Such fibrosis of the organ is met with much 
more frequently in fatal cases of cholera than in the general run of autopsies." 

Safwat & Adham (1948b), though entitling their valuable article 
Uraemia in cholera, dealt not so much with this condition as with azo
taemia. Since, examining the kidneys of a few uraemic cholera victims, they 
found marked histological changes, they did not wish to exclude the possi
bility that the latter might have played a causative role in the production 
of azotaemia. Nevertheless, they admitted that " the azotaemia noticed 
in many cholera .cases is of pre-renal origin ". 
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Recording observations on 689 cholera patients, El-Ramli (1948) 
maintained that only a minority of the sufferers \Yith a high urea concentra
tion in the blood developed " the well known classical signs and symptoms 
of uraemia ", and that " their prognosis was worse than that of the others ". 
Some others did not show signs except a slight \Veakness, while the majority 
of the patients with a high blood-urea level 

" were found to be easily fatigued with slow cerebration. The tongue may be dry or 
moist, the appetite is bad, slight diarrhoea and a slight hiccough may be present but 
vomiting is rare. The urine in most of the cases is normal in amount and, in a good 
proportion, free from albumin." 

Such patients rapidly improved as the urea content in :heir blood 
decreased, and apparently they became well before the blood-urea level 
became normal. 

Discussing the problem of post-choleraic uraemia in an interesting 
article, to which repeated reference has already been made in this chapter, 
Chakravarti & Chaudhuri (1954) laid stress upon the fact that the plasma 
potassium level as well as the urea concentration of the blood were high 
in a group of 8 patients who succumbed to uraemia, or pulmonary oedema, 
or both, thus supporting the assumption that the much raised potassium 
concentration in the plasma was a contributory cause of death. In two 
further patients, who could be cured even though they had developed 
uraemia, the initially very high potassium and urea levels came down to 
normal with recovery, the plasma potassium levels even temporarily reaching 
subnormal values in one of these two convalescents. 

On account of the findings recorded above (see page 671), De and his 
colleagues (1954a, 1954b) came to the conclusion that the initial haemo
globinaemia and haemoglobinuria observed in some of their cholera 
patients might have played an important role in the subsequent development 
of uraemia. 

For an evaluation of this postulation, reference has to be made to a 
statement by Rogers (1921 ), according to which post-choleraic uraemia was 
particularly frequent in what he called the haemorrhagic form of the 
disease. Rogers evidently used this term to designate instances in which 
haemorrhagic stools were found during life and extensive haemorrhages 
were seen on the intestinal mucosa, especially that of the caecum, at autopsy. 
Howeve~, Rogers also drew attention to extensive haemorrhages in the 
kidneys apparently met with only in the cholera victims \vho had succumbed 
to uraemia. 

It has also been noted (see page 669) that Loh & Tai described two in
stances in which apparently fatal post-choleraic uraemia was associated with 
the presence of numerous erythrocytes in the urine. 

Still, while these earlier findings lend indirect support to the postulation 
of De and co-authors, the observations made by the latter workers are not 
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numerous enough to permit of a decision as to whether post-choleraic 
uraemia stood to the haemoglobinaemia and haemoglobinuria in a causal 
or merely in a post hoc relationship. 

Turning from the rather discrepant views of the cholera workers quoted 
above to the modern literature on uraemia in general, one finds a similar 
diversity of opinion. Some of the recent writers have adopted the thesis 
propounded more than fifty years ago by Senator (1902) that acidosis played 
a preponderant role in the production of the uraemic symptom complex. 
Thus Best & Taylor (1955) stated that the symptoms of uraemia 

" are now believed to be due rather to a general disturbance in water and electrolyte 
metabolism resulting in serious abnormalities in the chemical composition of the body 
fluids. Acidosis and an imbalance of certain electrolytes, especially of sodium, chlorine, 
calcium, phosphorus and bicarbonate, leading to a disorder in osmotic relationships 
and in the distribution of intracellular and extracellular I' ater, are looked upon as the 
causative facto'rs." 

Most of the modern writers, however, still ascribe uraemia to a retention 
of waste products or to the presence of an azotaemia. While it is now often 
held that the nitrogenous products normally excreted in the urine do not 
play a role in this respect, it do,es not seem that any other harmful substances 
have been definitely incriminated. 

Some observers maintain with much reason that the symptom complex 
of uraemia is due to an interaction of various causative factors rather than 
to any single cause. Mason & Harrison (1954) aptly insisted in this respect 
that 

" In the production of the manifestations of uraemia, two factors are particularly 
concerned. One of these is excess ofcertain substances, of which the nitrogen-containing 
compounds of the urine, the phenolic bodies, phosphates, potassium, water and the acidic 
ions are perhaps the most important. The other is deficiency of certain substances. Such 
deficiencies arise secondarily, as the result of either retention of chemical antagonists, 
or of loss by the kidneys or by other routes. Thus retention of non-volatile acids, defective 
ammonia formation and failure to conserve sodium all tend to cause deficiency of alkali 
reserve indicated by a decline in serum bicarbonate or total CO, ... " 

As far as the present writer can judge, this general hypothesis adequately 
accounts for the pathogenesis of post-choleraic uraemia. When dealing 
with the latter, great attention ought to be paid as well to the additional 
dictum of Mason & Harrison that: 

" Since it is easier to remedy a deficit than to OYercome an excess, search for deficiencies 
of essential components of the body fluids is of special practical importance in patients 
suffering from uraemia." 
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Chapter 9 

SYMPTOMATOLOGY, DIAGNOSIS, 
PROGNOSIS AND TREATMENT 

SYMPTOMATOLOGY 

Incubation Period 

Dealing with the length of the incubation period in cholera, Griesinger 
(1857) pointed to the marked discrepancy of the findings recorded in this 
respect: while some observers spoke of an average length of the incubation 
period of one to two days, or 50-60 hours, with a maximum of six days, 
others claimed that longer intervals, even up to three or four weeks, could 
separate the time of infection and that of outbreak of the disease. While 
considering the existence of such long incubation periods with scepticism, 
Gfiesinger pointed to 
" numerous instances showing that the incubation period can be very short, cholera 
breaking out 12-24 hours after the first possibility of infection. There are still more 
numerous, indeed very many, instances where the length of the incubation period 
seems to have been 2-4 days ... " [Trans.] 

A further important statement by Liebermeister (1896) was that: 
" There are cases in which the disease breaks out within 24 hours following an 

opportunity of infection. On the other hand, several days may elapse from the time 
of infection until the appearance of marked [ausgebildeten] manifestations, in rare 
instances even 8 or 14 days or more; in the latter cases, a moderate diarrhoea sometimes 
already existed for a longer time, but was I).eglected, until suddenly, perhaps on account 
of a gross error of diet, the severe. signs appeared." [ Trans. ] 

Liebermeister felt convinced that usually the incubation period of 
cholera, averaging two to three days, was much shorter than that of most 
other infectious diseases. Indeed, it was, in fact, still shorter than was often 
assumed, if, as was justified, account was taken not of the onset of signs of a 
severe attack, but of the appearance of a prodromal diarrhoea. He also 
drew attention to observations made by Pettenkofer (1856) during the 1854 
cholera outbreaks in Bavaria, which had shown that: 

(a) Five persons reaching a cholera-free place from an infected locality 
fell ill two and a half to five days after arrival; and 
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(b) In 18 instances, an average of seven to eight days elapsed before 
contacts of persons who had recently arrived from a cholera focus in a 
hitherto uninfected locality manifested the disease. 

Commenting upon the latter observations, liebermeister again insisted 
that in most of these instances the actual length of the incubation period was 
shorter than that recorded, because there was no reason to assume that 
infection invariably took place at the first opportunity. 

In the opinion of Macleod (1910), the duration of the incubation period 
in cholera 

·' varies from a few hours to a few days, probably not exceeding ten. Three to six days 
appear, inferentially, to be the usual length of this stage ... •· 

Sticker (1912), discussing this problem, drew attention to a report 
rendered in 1832 by the British Central Board of Health, \Yherein it was 
asserted on account of numerous observations made at home, in 18 ships 
which had arrived from the Baltic Sea, and in India, that cholera broke out 
most often on the first day after infection, then frequently within the second 
to fifth days, more rarely on the sixth day. and quite exceptionally still later. 

Like the above-quoted authors, Sticker was sceptical regarding the 
existence of unusually long periods of incubation, pointing out that in such 
instances infection might have been contracted from some intermediary 
source, e.g., from cholera carriers. 

Further most interesting observations on the kngth of the incubation 
period in cholera were recorded by Babes ( 1914). who stated in this con
nexion that 

(a) Numerous experiments had shown that cholera-infected animals fell 
ill as early as the day following the infection, similarly to the maximal 
growth shown by V. cholerae after an incubation of 24 hours; 

(b) Human beings who voluntarily or involuntarily contracted the 
infection through ingestion of material from cholera cultures invariably 
showed signs of the disease on the first or second day following the entry 
of the organisms into the gastro-intestinal tract: and 

(c) As shown by ample experiences in Romania, under natural condi
tions as well the incubation period in human cholera hardly reached a 
length of two days. 

Babes added that: 

" In numerous cases we examined isolated persons every 3-5 days for the presence 
of V. cholerae and never found the organisms earlier than [about] 24 hours before onset 
of the disease. If vibrios were found, either one had to do with carriers, or the positive 
result immediately preceded the onset of the disease (12, 18, 26 hours before onset)." 
[Trans.] 

As summarized by Takano and co-authors (1926), ?v1urayama (1917) 
found incubation periods ranging from 18 hours to three days in 207 
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seriously affected cholera patients. Kamimura & Tsuda (1921) recorded in 
four-fifths of their cholera patients an incubation period of less than five 
days, and in a majority one of three days. According to their observations 
the onset of the disease took place more rapidly in children under 10 years 
and in females than in adult males. 

The views held by modern observers regarding the length of the incuba
tion period in cholera may be exemplified by the following statements: 

Author Length of incubation period 

Strong (1944) Usually 1-5 days, more commonly not over 3 days. 

Napier (1946) Not longer than 5 days, usually less than 3 days. Some
times the first symptoms appear within 24 hours after 
infection. 

Henderson & Seneca (1951) 1-5 days, usually 3 days. "A very brief incubation period, 
perhaps only a few hours, is occasionally found during 
an epidemic, but its significance is difficult to determine." 

Shattuck (1951) Varying from a: few hours to 5-6 days, but usually about 
3 days. 

Manson-Bahr (1954) "Although cholera may declare itself within a few hours 
of exposure to infection, it may also do so at any time 
up to ten days. Three to six days may be set down 
as the usual incubation period." 

It is significant that most of these authors considered a period of up to 
three days as the usual length of incubation in cholera and that according 
to most of them the interval between infection and onset of the disease was 
never longer than five or, at the most, six days. Only Manson-Bahr, in
fluenced presumably by the statement of Macleod (1910) quoted above and 
possibly also by observations recorded during the 1947 Egyptian outbreak/ 
spoke of a period of up to. 10 days, whereas Henderson & Seneca (1951), 
though in general agreement with the other writers quoted above, main
tained that if 

" the ingestion of vibrios took place long before the onset, which was precipitated by 
intercurrent disease (e.g. dysentery), then the incubation period must have been the 
duration of the carrier state, or a matter of weeks." 

Since, however, one must assume that, ordinarily at least, carriers of 
V. cholerae do become immune to this organism, the occurrence of an 
activation of the infection postulated by Henderson & Seneca appears to 
be an altogether unlikely contingency. It seems legitimate, therefore, for 
all practical purposes to reckon with an incubation period not exceeding 
five or, at most, six days in the case of cholera. The former figure (5 days) 
has been adopted for the purposes of the International Sanitary Regula
tions promulgated by the World Health Organization in 1951. 

1 Kamal (1951) claimed that among 123 quarantined contacts of cholera patients 16 fell ill with the 
disease on the seventh to tenth day of isolation. 
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Clinical Types 

Defining the usual characteristics of the disease, Griesinger (1857) 
stated with admirable conciseness and exactness that: 

"The process of cholera appears in the form of an attack with a quick and feverless 
course, in which colourless evacuations, vomiting, cramps, collapse, cessation of urine 
secretion, disappearance of the pulse, algor and cyanosis are the principal pheno
mena." [Trans.] 

However, Griesinger continued, 

" these symptoms are peculiar to marked cases and as in the other infectious diseases, 
e.g., the various forms of typhus, there are many differences of gradation in the develop
ment of symptoms, inasmuch as the specific cause produces either a \iolent or a very 
slight disease. It has been generally agreed, therefore, to distinguish between various 
actually occurring forms [in der Natur begriindeten ], which differ first of all in 
degree ". [Trans.] 

These separate forms were (a) choleraic diarrhoea; (b)" higher degrees 
of intoxication" designated as cholerine; and (c) the typical syndrome of 
cholera. Later in his text Griesinger also referred to instances of a foudroyant 
nature, without, however, separately classifying this rapidly fatal type as 
cholera sicca or, less commonly but more felicitously, as cholera siderans, 
as many other authors did. 

Accepting Griesinger's classification, Lebert (1874) aptly wrote: 

"We include under the term of Asiatic cholera the diarrhoeas which occur during 
the prevalence of an epidemic, cholerine and the well-defined grave forms of the disease. 
That all three are expressions of the disease itself, and not simply degrees of it, is proven 
by the facts that the simple diarrhoea often terminates itself without leading to cholera; 
that the grave forms of cholera not infrequently begin precipitately without previous 
diarrhoea; and, finally, that cholerine occurs mostly without previou~ diarrhoea, fre
quently does not turn into cholera, and may present, in the most positive manner, all 
the signs of the graver forms-only a few of these signs, of course, being present in one 
and the same case." 

Sticker (1912), one of the authors putting cholera sicca, siderans or 
" apoplectica " in a separate group, aptly designated cholerine as " cholera 
minor " (kleiner Choleraanfall), so as to differentiate it from the " grave " 
or" major" form of the disease. Were it not for the undesirability of using 
unfamiliar terms, the name of cholera minor would be prefenible to that of 
cholerine, because the latter is sometimes incorrectly used to designate 
gastro-intestinal affections not caused by the V. cho!erae, or-lzorribile 
dictu-even the prodromal diarrhoea held by some observers to precede 
typically severe cholera attacks. The term " ambulatory ., cholera, used by 
some modern writers to designate attacks of choleraic diarrhoea has also 
found no general acceptance. "Cnder these circumstances it seemed best to 
adhere for the purpose of the present disquisition to the classification 
adopted by the above-quoted early authorities. It has to be kept in mind, 
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however, that no sharp lines of distinction can be drawn to separate chol
eraic diarrhoea from cholerine or the latter from the grave form of the 
disease. More than that, nor can a sharp distinction be made between the 
slightest forms of clinically manifest cholera and what some authors
first, possibly,. Rumpel (1894)-called cholera infections without clinical 
manifestations (Commainfectionen ohne klinische Folgen), to designate 
instances in which V. cholerae had been isolated from the stools of apparently 
quite healthy persons, i.e., from carriers of the infection. 

Rumpel claimed in this connexion that the absence of clinical signs in 
the nine carriers detected by him, as well as that of severe cholera manifesta
tions in the 60 pati('nts with choleraic diarrhoea or cholerine observed by 
him, was the result of a " personal " immunity of the individuals in question. 
Though they had been hospitalized, they received no treatment and there 
was also no reason to assume that an onset of grave cholera had been pre
vented through the adequate diet they had been given, because most of the 
82 patients suffering from the latter form of the disease had not committed 
any manifest errors in their diet before they fell ill. 

It is important to add that, before the period of 1892-94, both Gruber 
(1887) and Lustig (1887) had confirmed the validity of the clinical observa
tions of the earlier workers through demonstration of sometimes enormous 
numbers of cholera vibrios in the stools of patients manifesting merely signs 
of slight diarrhoea. 

Choleraic Diarrhoea. 

Comparing the descriptions of choleraic diarrhoea by different authors 
one is struck by the discrepancy of the data, proving that at least three 
different subtypes of this slightest form of cholera may be distinguished
namely, (1) a quite mild affection manifested only by diarrhoeic evacua
tions; (2) a transitory form, in which other signs as well are present but 
not conspicuous; and (3) a comparatively more serious form, in which 
the latter signs, though still overshadowed by the diarrhoea, are more 
prominent. It is, however, important to note that even the patients more 
seriously affected in this way do not vomit, and that, though more violent 
choleraic diarrhoea may lead to a diminution of the urine secretion and 
occasionally a1so to albuminuria, it never produces the anuria characteristic 
of grave cholera. 

The number of evacuations in choleraic diarrhoea and the duration of 
this affection may vary considerably. Reporting upon 25 observations, 
Rumpel (1894) stated in this respect: 

"The diarrhoea was of varying intensity, from a single evacuation throughout the 
illness to 20 dejections on one day. The aspect of the dejections was most often that 
of an ordinary diarrhoeic stool [Diinndarmstuhl], but one also saw typical rice-water 
stools. The duration of illness varied from one to 24 days." [Trans.] 
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The appearance of rice-water-like stools in choleraic diarrhoea appears 
to be exceptional. However, it deserves attention that, as stressed by 
Guttmann (1892), the more or less fluid and bile-coloured dejecta ordinarily 
met with in this type are rich in mucous flocculi, in which the causative 
organisms are particularly abundant. Guttmann admitted, however, that 
such mucoid stools were also observed in cholera nostras and in dysentery. 

A classical description of the comparatively most serious subtype of 
choleraic diarrhoea as well as of its slighter forms was given by Griesinger 
(1857) thus: 

" In this affection there is a daily evacuation of 2-8 thin, faeculent-mucous, bile
coloured stools, usually first during the night or in the early morning: the evacuations 
are accompanied by flatulence and particularly by borborygmus in the lower abdomen, 
but hardly, or not at all, by abdominal pains. Often the patients feel quite well and have 
an appetite; in very many cases, however, the diarrhoea is associated with a white coating 
of the tongue, a sticky taste in the mouth, thirst, a sense of pressure in the stomach, 
nausea, often marked malaise, lassitude, headache, ringing in the ears, diminution of 
the urine secretion, and twinges in the calves of the legs; there may be also a tendency 
to coldness of the extremities or to abundant perspiration, or slight fever may be 
present." fTrans.] 

While stating that gradual recovery was by far the most frequent outcome 
of choleraic diarrhoea, Griesinger maintained that 

"in old, markedly weakened persons or in small children, or under extremely unfavourable 
environmental conditions, e.g., among soldiers in the field, there may be a fatal termina
tion, without transition into the grave form of cholera, with signs of exhaustion: the 
patient becomes weaker from day to day, he looks more collapsed and grey, and children 
and quite old people in particular die within a period of up to 8 days without showing 
signs of typical cholera, except perhaps traces of muscular cramps." [Trans.] 

With all due respect to the clinical acumen of Griesinger one might 
claim that these patients suffered from atypical major cholera rather than 
from choleraic diarrhoea, which by general consent is considered a benign 
form of the disease, terminating in recovery even without treatment. 

While maintaining with prophetic wisdom that choleraic diarrhoea was 
etiologically different from all other forms of diarrhoea, Griesinger admitted 
the impossibility of definitely differentiating between the former and the 
latter on clinical grounds. He pointed out, however, that choleraic diarrhoea 
was often more persistent and, since it impaired the general condition of 
the patients more, was more apt to lead to a retarded recovery. Borboryg
mus and the slight disturbances noted above on the part of the nervous 
system were also more characteristic of choleraic than of ordinary 
diarrhoeas. 

To determine the comparative frequency of choleraic diarrhoea is well
nigh impossible. Dealing in this connexion with the early manifestations of 
cholera in Europe, Sticker (1912) referred to a high incidence of diarrhoea 
or of other minor gastro-intestinal disturbances preceding and accompanying 
the outbreaks. He admitted, however, that 

44 
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" these manifold morbid conditions were not rarely morbi factitii, produced partly 
through sudden changes of the usual diet, particularly the daily consumption of red 
wine and a strictly animal diet, and partly through constant fear, care and other mental 
emotions, but most often no definite predisposition could be determined. The spread 
of this predisposition corresponded throughout to the increase and decrease of the 
epidemic, so that it was much less manifest in the last weeks of decline of the disease." 
[Trans.] 

It is most noteworthy that the case incidence of diarrhoea was sometimes 
quite out of proportion to that of typical cholera. Thus, according to Kopp 
(1837), at the time of the 1836-37 epidemic in Munich, which claimed 915 
victims among a total of 1974 patients with cholera gravis, more than 
12 000 sufferers from diarrhoea were medically treated. According· to the 
1850 report of the British General Board of Health, also quoted by Sticker, 
there were, in 1848, 600-4000 diarrhoea patients per 100 cholera patients. 
In the following year 130 000 diarrhoea patients were treated in 15 major 
English towns as against 250 patients with cholera gravis. 

Writing after the discovery of V. cholerae, Cantani (1892) made the 
following statement: 

" Whoever has taken the trouble to search during a widespread cholera outbreak 
in the stools of persons suffering apparently from simple diet-caused diarrhoea for 
cholera bacilli, will have found ample evidence that during such an epidemic there occur 
very numerous cases of apparently simple, spontaneously terminating or easily curable 
diarrhoeas due to the comma bacilli ... " [Trans.] 

Cantani added, however, that these patients, if neglected by their 
physicians, often developed signs of grave cholera. It is not possible, 
therefore, to deduce from his statement the frequency of uncomplicated 
choleraic diarrhoea. Reliable information regarding the latter was furnished · 
by Rumpel (1894), who had an opportunity of observing 317 persons 
kept in quarantine as cholera suspects; 151 of these individuals were found 
to be infected with V. cholerae, thus: 

Number Percentage 

Healthy carriers 9 6.0 
Choleraic diarrhoea 25 16.5 
Cholerine 35 23.1 
Cholera gravis 82 54.3 

---- ---· 

Total 151 99.9 

According to these figures the case-incidence of choleraic diarrhoea was 
not as high as the general statements of some other authorities would lead 
one to assume. Nevertheless, even according to these statistics, the 
occurrence of this form of cholera, which on account of its banal manifesta
tions is apt to escape the attention of the medical staff under ordinary 
circumstances, was quite considerable enough to deserve most serious 
attention. 
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Cholerine 

In order to deal adequately with cholerine, it seems best to quote the 
excellent description of this form of cholera by Lebert (1874), who stated 

" that the cholerine which appears during the pre\ alence of a cholera epidemic is only 
a mild form of cholera, a statement which finds additional support in the fact that some 
of the grave symptoms of cholera are often associated with cholerine. According to 
the histories of cases which I have collected at different times, a diarrhoea lasting from 
one to three days preceded the attack of cholerine in one-eighth of all the cases. Cholerine 
is, on the whole, a condensed picture of a true cholera attack in its mildest form. Malaise, 
headache, weariness of the limbs, diminution of appetite, precede it for one or two days, 
or at least twelve hours. The attack. of cholerine occurs generally in the night. Patients 
sleep with discomfort, are restless, and are then suddenly awakened by the necessity 
for a stool. Copious, yellowish-brown, almost watery discharges follow each other 
at short intervals, to the number of three, four, eight, or even twelve or more, until in 
many cases where the discharges are very numerous they become at last colorless and 
like rice-water. During the very first operations patients complain of fulness and tension 
in the praecordial region, with nausea; soon afterwards vomiting occurs, at first of the 
remains of the food, then of a yellowish-green, \·ery fluid, bitter or sour substance. 
It is thrown up not unfrequently by an easy regurgitation, and its great quantity at once 
reminds one of the vomiting of cholera; it may, indeed, at last become colorless and 
whey-like, and show a deposit very much like bruised grains of rice. The vomiting is 
repeated quickly, four or five times, then becomes more infrequent, less in quantity, 
and ceases altogether in a few hours. The patients, who ha\·e in the meantime become 
very much reduced, now either recover rapidly, or the inclination w diarrhoea continues 
for some days, with lack of appetite, meteorism, occasional colic, rumblings in the 
abdomen; and sometimes even with continued inclination to vomit, especially after 
the ingestion· of food. At the end of the attack, or after it, there are in many patients 
very distressing cramps in the calves. I have also seen moderate cooling of the extremities. 
I myself almost entirely lost my voice for twenty-four hours after a violent attack of this 
kind, and only perfectly recovered it again after several days. I have noticed also 
considerable reduction in the quantity of urea for several days after an attack, as well 
as the temporary occurrence of albumen and casts in the very scanty, dark urine. 
Catarrh of the stomach not infrequently interferes with com·a]escence, and errors in 
diet may even lead to a relapse. In other cases, temporary typhoid symptoms manifest 
themselves, such as headache, vertigo, roaring in the ears, cloudin~ss of vision, great 
debility, sopor, etc. Recovery may take place, therefore, in a few days, but it is often 
not perfect for one or two weeks . . . Cholerine may be fatal to aged persons." 

It will be gathered from the above description that, in contrast to 
choleraic diarrhoea, (a) the manifestations of cholerine are often marked 
enough to induce the patients to seek medical aid; and (b) the symptoms 
and signs of this type are as a rule also characteristic enough to render 
the patients suspect for cholera, at least during epidemics, and thus to call 
for a bacteriological examination of their stools. Though transitory forms 
exist, as a rule it is not difficult to differentiate between cholerine and cholera 
gravis on clinical grounds, because the marked dehydration, the profound 
collapse and the anuria characteristic of typically severe attacks of the disease 
are absent in its mitigated type. 
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Though but little information is available regarding the incidence rate of 
cholerine, it would appear that on the whole this form, while by no means 
rare, is less frequent than either choleraic diarrhoea or cholera gravis. 

Cholera Gravis 

Mode of onset 

The question whether the onset of severe cholera attacks is abrupt or 
whether premonitory signs, especially a prodromal diarrhoea, usher in the 
attacks, has been the subject of much debate. Some of the early European 
observers, e.g., Froriep (1832) and Gery (1868), considered a prodromal 
diarrhoea to be extremely rare. Similarly, Macnamara (1876) in India 
looked upon it as an exception rather than the rule. Other authors on the 
contrary asserted the frequency of this and other premonitory signs during 
the incubation stage of severe cholem. Thus Griesinger (1857) maintained 
that a prodromal diarrhoea was present in four-fifths of the cholera patients, 
lasting sometimes only a few hours, in others several weeks, most often 
1-3 days. Lebert (1874) stated in this connexion that the frequency of this 
sign was apt to vary in different outbreaks: while he had observed it almost 
invariably in Paris, he missed a prodromal diarrhoea in one-third of the 
cholera patients seen by him at Zurich. In contrast to Griesinger, who 
stated that an abrupt onset of cholera gravis often foreshadowed the deve
lopment of particularly severe attacks, Lebert asserted that: 

"An attack of cholera in which premonitory diarrhoea is absent is by no means 
worse on this account, nor has it a less tendency to recovery than one in which it is 
present." 

Evaluating the above statements as to a frequency of prodromal 
diarrhoea made before the discovery of the V. clwlerae, one must naturally 
ask whether a causal (propter hoc) or merely a post hoc relation existed 
between this premonitory sign and the subsequent cholem attacks. Several 
of the early observers, claiming that a transition of choleraic diarrhoea into 
the severe form of the disease was frequent, felt convinced that such a 
causal relation existed. It is noteworthy, however, that this assumption 
was not supported by actual observations. Thus Sticker (1912), quoting 
the 1850 report of the British General Board of Health, stated that 

"In England there were in the year 1848 per 100 cholera sufferers 600-4000 patients 
with diarrhoea. The transition of the diarrhoea into a fatal cholera attack occurred 
in the presence of a careful mode of life and medical treatment once only among 160-
200 diarrhoea cases, so that the mortality of those who developed diarrhoea was about 
I: 200. If the diarrhoea was neglected, it led far more often to severe attacks and 50 
of 100 died." [Trans.] · 

These and similar observations strongly suggest that often no direct 
causal connexion existed between the so-called prodromal diarrhoea and 
the subsequent cholera attacks. Nevertheless the gastro-intestinal distur-
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bances, though due to unspecific causes, were apt to be of importance in 
so far as they created a locus minoris resistentiae facilitating the subsequent 
infection with V. cholerae. Support for this assumption was furnished by 
observations made with the aid of bacteriological examinations. Thus 
Rumpel (1894) stated that 

"During the winter epidemic of 1892-93 we had noted the fact that in none of the 
30 patients affected with choleraic diarrhoea and cholerine did the serious cholera stage 
follow, that consequently in none of these cases had we to do with a prodromal diarrhoea. 
Since in the only case of prodromal diarrhoea the bacteriological examination of which 
had been possible no comma bacilli could be found, we assumed that the appearance 
of viable cholera vibrios in the stool, without the development of the serious symptoms 
of cholera, was due to a personal immunity of the individuals in question. Though 
in the present epidemic we demonstrated the presence of comma bacilli in two instances 
of prodromal diarrhoea, the above assumption appears to be Yalid in general, because 
in none of the above-mentioned 69 patients [i.e., 9 carriers without clinical signs, 
25 patients with choleraic diarrhoea and 35 cholerine patients] did a severe cholera attack 
follow." [Trans.] 

The widespread and often panicky fear created by the early manifesta
tions of cholera in Europe and the well-meant but rather unpropitious 
attempts to avert the danger of infection by changes in the diet mentioned 
above, on the one hand, and the great efforts made to detect all possible 
cholera sufferers, on the other hand, probably explain why in some of 
the early European outbreaks such enormous numbers of diarrhoea 
patients were encountered. It is obvious that most of the latter could not 
have been cholera-affected ab initio, and even had no occasion for a sub
sequent infection with V. cholerae, because otherwise the disease would 
have been far more rampant than it actually was. 

Certain it is that modern workers who have had opportunities for ample 
observations of their own have been practically unanimous in stating that the 
presence of a prodromal diarrhoea in cholera gravis was infrequent, if not 
exceptional. This is well exemplified by the studies made, in the case of 
687 and 689 cholera patients respectively, by Tao and eo-workers (1948) 
and by El-Ramli (1948). The first-mentioned authors recorded that 

" The onset of illness was abrupt in most of the cases. Premonitory symptoms were 
rarely encountered." 

Similarly, El Ramli declared that 

"The onset is almost always sudden with diarrhoea or vomiting and may occur 
at any time, even while the patient is asleep." 

Stage of evacuation 

Diarrhoea and vomiting 

The sequence in which diarrhoea and vomiting, the most outstanding 
signs manifesting the first stage of severe cholera attacks, make their appear
ance, varies to some extent. Most observers maintain that diarrhoea is the 
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first sign, followed more or less rapidly by vomiting and other manifestations 
of the disease. However, it is sometimes stated that vomiting may com
mence not only simultaneously with, but even before onset of the bowel eva
cuations. Thus, El-Ramli (1948) recently recorded that in a series of 212 
cholera patients diarrhoea preceded vomiting only 86 times and followed 
it 43 times, whereas in 83 of the sufferers both made a simultaneous appear
ance. He also drew attention to a few instances in which the patients were 
giddy, or nauseated and giddy, before the evacuations .from the gastro
intestinal tract commenced. Still, while no hard and fast rule can thus be 
laid down, it may be maintained that diarrhoea usually ushers in the 
evacuation stage of cholera gravis. 

It is further important to note that diarrhoea is comparatively a more 
constant and persistent sign of severe cholera attacks than vomiting. Thus, 
according to Tao and colleagues (1948), diarrhoea was present in all their 
687 patients, and vomiting in only 86 ~~- Similarly, El-Ramli (1948) 
recorded that, in a series of 689 cholera patients, diarrhoea was observed 
in 95 %, but was accompanied by vomiting in 85 % only; the presence of 
the latter alone was exceptional. Interesting data of Tao and eo-workers 
regarding the duration of these two types of evacuation may be tabulated 
as follows: 

Days Duration of diarrhoea Duration of vqmiting 

number ~~ number % 

1 61 8.9 368 62.3 
2 134 19.5 114 19.3 
3 122 17.7 48 8.1 
4 120 17.3 { 61 10.3 
5 or more 250 36.6 \ 

~-- ---
Total 687 100.0 591 100.0 

It will be noted that in a considerable majority of the patients diarrhoea 
was of so long a duration as to outlast the evacuation stage. Vomiting, on 
the contrary, continued in more than half of the sufferers for one day only, 
and in 81.6% not beyond two days. 

Less detailed data furnished by El-Ramli (1948) showed similarly that 
(a) the duration of the diarrhoea varied from 12 hours to 15 days with an 
average of 4.6 days, whereas (b) vomiting lasted 1-8 days with a mean of 
2.8 days; 82% of the patients had ceased to vomit within the first 4 days 
of illness, at which time diarrhoea persisted in 79 %. 

The character of the evacuations voided during the first stage of cholera 
gravis undergoes typical changes. After an initial period, during which 
fluid but still bilious stools are excreted, these become acholic and finally 
assume the notorious rice-watery appearance, consisting of a colourless 
fluid in which colourless or whitish floccules are suspended. Describing 
these evacuations, Liebermeister (1896) stated: 
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" The rice-watery stools have a faint insipid Uaden] odour, which has been likened 
by some to that of sperm, whereas one misses the proper faecal odour. The reaction 
is mostly alkaline, sometimes neutral. The mucous floccules, which render the fluid 
turbid, contain sporadic leucocytes and fat droplets. further intestinal epithelia, which 
partly still form smaller lamellae and represent the cast-off cover of the intestinal villi 
or the inner layer of the tubular intestinal glands, but are partly changed into detritus 
or a formless mucoid mass; finally, they contain the specific cholera bacilli, often in a 
slight, often in a large, amount, sometimes even so abundantly as to represent nearly 
pure cultures. Not rarely one also finds erythrocytes. and if these are present in a large 
amount, the fluid resembles a meat-infusion [/feischlfasserdlmlich]." [Trans.] 

As with the stools, the vomited masses consist first of food remnants, 
then of uncharacteristic fluid masses, but finally assume an aspect quite 
similar to that of the rice-watery stools. Like the latter, the vomits of cholera 
patients may show a reddish tint due to the presence of erythrocytes. 

To judge from the rather discrepant statements made in this respect, the 
frequency of diarrhoea and vomiting during the first stage of cholera gravis 
is apt to vary to a considerable extent. Thus El-Ramli, confirming the 
statements of many earlier workers noted that : 

"The frequency of defaecation varies. It may be as many as 20 or 25 times in the first 
twelve hours or it may be 2 to 3 times in the 24 hours."' 

Statistics on this point collected by Tao and eo-workers indicated that 
more than half of their patients (56.7 %) had more than 10 stools per day. 
Vomiting was comparatively less frequent. 

To what extent the series of the workers quoted above included less 
severely affected patients is difficult to decide. It is certain that the 
numerous evacuations taking place in the typically severe form of cholera 
gravis lead to a massive, sometimes even an almost incredibly excessive, 
loss of body fluids. Dealing with this plight of the sufferers, Corbyn wrote 
in 1832 : 

"To those who have not seen persons labouring under this disease, it \Vill not be 
easy to convey an idea of the enormous amount of these discharges. It seemed as if 
the whole fluids of the body would have been insufficient for their supply . . . The 
evacuations were sometimes poured forth in a continuous stream, as if from a sluice; 
at others ejected in small volumes, as if from a syringe, by the Yiolenr action of the 
stomach and rectum." 

Besides, like Corbyn, becoming impressed by the copiousness of the 
evacuations in the first stage of cholera gravis, most subsequent observers 
also stressed that the stools and vomits were passed " rapidly, without 
any hindrance, as if voided from a tube" (Griesinger, 1857), and that 
defaecation was never followed by any tenesmus. The manner in which the 
evacuations take place soon after the onset of the disease was \vell depicted 
by Wardener (1946) thus: 

" The evacuations were separated by intervals of an hour or more and were often 
f allowed by a sense of relief. According to the severity of the attack, vomiting would 
follow a few hours later; it was rarely frequent, but was remarkable for its lack of effort. 
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Pints of fluid gushed out from a patient's mouth without any straining or apparent 
distress. I was once questioning a patient suspected of cholera who was standing up 
apparently fit and resenting the imputation. Up to that time he had had only one rather 
loose and copious motion. As he was talking he suddenly turned his head aside, brought 
up two pints of clear fluid, and resumed the conversation as if nothing had happened. 
Within two hours he was in the algid stage." 

The question whether the violent voiding of stools and vomits, characte
ristic of the evacuation stage. of cholera gravis, is accompanied by abdo
minal pains, has been differently answered, a few authors asserting that 
such colic-like pains are frequently met with, while many other observers 
testify to the usual absence of this symptom. There can be no doubt that 
the presence of intra-abdominal pains is often merely apparent, the patients 
actually suffering from muscular cramps which, as will be discussed soon, 
may involve the musculature of the abdominal wall. Corbyn (1832), for 
instance, seems to have referred to the presence of such cramps when stating 
that 

" The patient always complains of pain across the abdomen, which is generally 
sore to the touch, and swelled from the scrobiculus cordis to the pubes, sometimes hard 
and knotted, and drawn back towards the spine." 

At the same time, however, colic-like abdominal pains may be met 
with in a minority of the sufferers. Thus El-Ramli (1948) recorded that in 
29 out of 689 cholera patients " the diarrhoea or vomiting was accompanied 
or preceded by colic", while. Tao and eo-workers (1948) even noted the 
presence of abdominal pain in 117 (17 .0 %) of their 687 patients. 

Rogers (1921) maintained that severe abdominal pains associated with 
a marked and persistent burning sensation in the stomach were apt to be 
present particularly in patients voiding pink, blood-containing stools, and 
added that such sufferers invariably succumbed. While instances of this 
kind are undoubtedly rather rare, the frequent presence of a burning 
sensation in the stomach of the sufferers is generally admitted. Quite 
possibly, however, this symptom is often related to the burning thirst by 
which severely attacked cholera patients are usually tormented. 

A1uscular cra~ps 

The appearance of muscular cramps is a further feature usually becoming 
distressingly manifest in the evacuation stage of cholera. Griesinger (1857), 
furnishing in 'this as in many other respects a classical description, stated 
that these cramps 

" begin as a rule with the first copious rice-watery dejections, with the deterioration 
of the pulse, but very rarely before the characteristic evacuations (when a transudation 
into the intestinal lumen may already have taken place). Invariably the cramps are 
tonic, first of all frequent in the muscles of the calves, next in the toes, arms, fingers, 
hands and thighs, rarely, and mostly in very severe attacks only, in the face, the jaw, 
the rectus abdominis, the thorax musculature; general or tetanic forms almost never 
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occur. The cramps are often heralded by twinges or tickling in the muscles concerned 
and then set in suddenly, either spontaneously or after minimal movements, commonly 
last a few minutes, then cease for a short time and recur. They are painful, sometimes 
most markedly so; during them the muscles are felt to be hard and rigid ... " [Trans.] 

The only objection to this description is that cramps of the abdominal 
musculature are by no means as rare as Griesinger indicated. As noted 
above, involvement of this group of muscles may lead to the impression 
that the patients suffer from intra-abdominal pains. More ominously still, 
the presence of cramps in the muscles of the abdominal wall may be eo
responsible for the abortions or miscarriages often occurring in cholera
affected pregnant women, though presumably cramps of the uterine mus
culature play a still more important role in this respect (Strong, 1944). 

Griesinger pointed out that the muscular cramps were apt to be more 
marked in young and vigorous individuals contracting cholera than in 
persons who had been in a weakened condition; thus, as had been noted by 
early observers in India (see also Rogers, 1921), the muscular Europeans 
suffered far more in this respect than the Indians. However, muscular cramps 
were usually pronounced in the male cholera patients recently met with in 
China, most of whom came from the labourer or small farmer classes; 
according to Tao and eo-workers, such cramps were present in 60.4% of 
their series of 687 patients (431 males and 256 females), almost 65% of 
whom were from 11 to 40 years old. 

Much dissension exists regarding the cause of the muscular cramps 
described above. Griesinger (1857), after reviewing the divergent opinions 
held in this respect by earlier writers, considered as most likely a derivation 
of the cramps 

"from anaemia and blood concentration (Polunin [1849] and others), by analogy with 
the cramps following considerable blood losses, and I would hold it more probable 
that this factor exerts a local action in the muscles rather than one in the nerve centres. 
The rapid diminution of the blood volume in the muscles owing to the deficient 
[stockenden] arterial inflow seems to produce the phenomenon in the same way, as one 
sometimes observes similar painful muscular cramps in arterial embolism." [Trans.] 

At the same time, however, Griesinger did not rashly dismiss the postu
lations of some of the early cho~era workers that physico-chemical changes 
in the muscles, leading to an abnormal metabolism, might also play a role 
in the production of the cramps. 

Modern observers are partly inclined to lay emphasis upon such meta
bolic changes, incriminating in particular the rapid loss of body fluids in 
the evacuations, while some are led to assume that both locally acting circu
latory and metabolic factors are responsible for the causation of the muscular 
cramps. 

However, in view of the fact that, not rarely, the muscular cramps 
appear quite early, before signs of circulatory failure have become pro
nounced, this failure seems of much less importance in causing the cramps 
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than the often quite rapidly evolving loss of body fluids. Dealing with this 
problem, some authors, e.g., Shattuck (1951), suggested with much reason 
that the etiology of the cramps met in cholera might be identical with that of 
heat cramps (often called stokers' cramps) which, as Cecil & Loeb (1955) 
recently put it, are 
" most commonly seen among manual workers in hot environments whose body fluids 
have been depleted of sodium chloride by unreplaced heavy losses in sweat". 

lt would appear that the cramps in cholera as well a's the heat cramps 
are amenable to treatment with sodium chloride. But, inasmuch as in 
cholera therapeutic use is invariably made of saline infusions, one might 
argue that it is the replacement of the lost water, because it restores the 
blood volume and therefore the circulation, which accounts for the suc
cessful treatment of the cramps. Since, however, according to Rogers 
(1921) these often disappear 

" after only a pint or so has been run in, and the patient commonly falls asleep before 
the process is concluded ", 

the re-establisment of the electrolyte balance through the administration 
of sodium chloride probably plays a more important role than the restora
tion of the blood volume. 

Other early signs 

If it is. borne in mind that the evacuation stage, ushering in the attacks 
of cholera gravis, instead of being static for any length of time, is really 
a phase of incessant and often even most rapid deterioration in the condition 
of the patients, the discrepant descriptions given by different observers of 
the early symptoms and signs are easily understood. Some authors con
sider that apart from the triad of diarrhoea, vomiting and muscular cramps 
described, above, only a quickly developing exhaustion of the sufferers 
is characteristic of the initial stage of the disease. Others, paying attention 
to the symptoms and signs which, though becoming maximal in the following 
algid stage, begin to make their appearance in the evacuation phase, give 
descriptions fitting the fornier rather than the latter. While, in order to 
avoid repetition, it is not proposed to adopt this method, the following points 
deserve attention at the present juncture. ' 

Dealing with the onset of" major" cholera attacks, Sticker (1912) felt 
entitled to distinguish a "sthenic" form from the usual asthenic form of 
the disease. This was characterized by severe heartburn, most violent pains 
in the intestines, tenesmus, fever and signs of congestion similar to those 
seen in acute lead-poisoning, in addition to diarrhoea and vomiting. 
However, though Sticker claimed that this type of cholera, in which recovery 
was usual, had been seen by early observers in India (more frequently 
among Europeans) as well as in Europe, it was never referred to after the 
discovery of V. cholerae except by himself. It is rather unlikely, therefore, 
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that V. cholerae was responsible for these attacks of sthenic disease. Likewise, 
one cannot agree with Sticker's assertion that at the onset of the usual 
asthenic form of cholera 
•· some indications [Andeutungen] of an increased activity of the heart and the other 
organs are almost invariably found to be present, if only the physician arrives early 
enough, and that the signs of deterioration [Cnterliegens] are really peculiar only to the 
advanced, developed disease.·· [Trans.] 

For it is generally agreed that, from the first, signs of exhaustion and 
incipient collapse dominate the clinical picture, Griesinger (1857), for 
instance, stating that the main general disturbances making an early 
appearance consist 
" of dizziness and a feeling of anxiety which appear with the earliest deterioration of 
the pulse, as it would seem, with the first copious bowel transudation. These disturbances 
are accompanied by a change of the facies, disturbed features, great weakness, ringing 
in the ears, etc .. and may, if they appear rapidly, lead to fainting fits." [Trans.] 

The anxiety initially betrayed by the patients is not, as a rule, very 
great, most of them exhibiting from the first " a certain indifference " to 
their distressing condition (lebert, 1874). Wardener (1946), who was able 
continuously to observe the onset of cholera among his fellow prisoners of 
war, even maintained that at that time apathy was a most striking feature. 

While anorexia becomes manifest immediately and may be accompanied 
by a bitter or pasty taste in the mouth, thirst appears soon and is apt to 
become so distressing that the patients are compelled to drink continuously, 
even though each draught induces further vomiting. 

A state of imminent collapse is indicated by (a) signs of incipient cir
culatory failure, the quality of the pulse showing a progressive deterioration, 
while the pulse rate becomes more or less, but according to Lebert (1874) 
never more than moderately, accelerated; and (b) a drop of the body 
temperature, \vhich, as claimed by liebermeister (1896), becomes somewhat 
lowered even in the rectum during the evacuation stage of cholera. 

Though. as noted in Chapter 8, it is difficult to gauge the urine secre
tion owing to the Yiolent purging. there can be no doubt that oliguria 
commences soon and that anuria may occasionally follow even before 
the algid stage has been reached. 

According to some observers, hiccough may appear, or even become 
continuous in the early stage of cholera gravis. It is, however, curious to 
note that in China at least this distressing sign was infrequent not only 
then, .but also in the later stages of the disease, Tao and co-authors (1948), 
for instance, noting the presence of hiccough in only 41 (i.e., about 6 %) of 
their 687 patients. 

Duration of the evacuation stage 

Standing, as Napier (1946) aptly put it, in an inverse relation to the 
severity of the symptoms, the duration, of the evacuation period may show 




