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SYNOPSIS

Discussing the symptomatology of cholera, the author deals
first with the incubation period, the clinical types, choleraic
diarrhoea, and cholerine; he then considers in detail the various
stages of cholera gravis and the relapses and complications that
may be met. This is followed by sections on diagnosis and diffe-
rential diagnosis, and on prognosis and the various factors
influencing it. The author's highly detailed review of the treatment
of cholera which concludes this study is divided into three parts,
dealing with attempts at specific therapy, with infusion treatment,
and with adjuvant 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,
Griesinger pointed to

"6 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.]

* This is the ninth of a series of studies which will be published as a monograph on cholera in separate
editions in English and French.-ED.
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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 neglected, 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

(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, wherein 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 length 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;
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(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 b fore 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), Murayama (1917)
found incubation periods ranging from 18 hours to three days in 207
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,'

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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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.

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 violent or a very
slight disease. It has been generally agreed, therefore, to distinguish between various
actually occurring forms ['in der Natur begrundeten '], 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 afoudroyant
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 previous 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."
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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 un-
familiar terms, the name of cholera minor would be preferable to that of
cholerine, because the latter is sometimes incorrectly used to designate
gastro-intestinal affections not caused by the V. cholerae, or-horribile
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. Under 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,
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 patients 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
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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 also 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 ['Dunndarmstuhl '], but one also saw typical rice-water
stools. The duration of illness varied from one to 24 days." [Trans.]

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." [Trans.]

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
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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

" 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
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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.

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 prevalence 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, very 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 have in the meantime become
very much reduced, now either recover rapidly, or the inclination to 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.
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Catarrh of the stomach not infrequently interferes with convalescence, 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, cloudiness 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.

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 cholera. 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. cholerae, one must naturally
ask whether a causal (propter hoc) or merely a post hoc relation existed
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between this premonitory sign and the subsequent cholera 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 600-4,000 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
1:200. 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-
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 valid 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 (see page 301), 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
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exceptional. This is well exemplified by the studies made, in the case of
687 and 689 cholera patients respectively, by Tao and co-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
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 950%, but was accompanied by vomiting in 850% only; the presence of
the latter alone was exceptional. Interesting data of Tao and co-workers
regarding the duration of these two types of evacuation may be tabulated
as follows:

Days Duration of diarrhoea Duration of vomiting
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 17.361 03
5 or more 250 36.6 61 10.3

Total 687 100.0 591 100.0

5
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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 mban 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:

" The rice-watery stools have a faint insipid [' faden '] 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 viii
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 [' fleischwasserdhnlich ']." [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 co-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:
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" To those who have not seen persons labouring under this disease, it will 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 violent 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 well depicted
by Wardener (1946) thus:

" The evacuations were separated by intervals of an hour or more and were often
followed 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.
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 co-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
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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.

Muscular cramps

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
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 co-
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 co-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
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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 cholera 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
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 ".

It would appear that the cramps in cholera as well as 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-
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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 former 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,
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 [' Unterliegens '] 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,
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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, which, as claimed by Liebermeister (1896), becomes somewhat
lowered even in the rectum during the evacuation stage of cholera.

Though, as noted in the previous study,' it is difficult to gauge the
urine secretion owing to the violent 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
considerable variations. Rapidly following evacuations may produce the
dehydration and circulatory failure characteristic of the algid stage within
as little as two hours, while, on the other hand, it may take 12 hours or
even more before that stage has become fully developed. To what extent
differences in the severity of the infection and in the individual susceptibility
of the patients are responsible for these marked differences in the length
of the evacuation period it is difficult to decide. Presumably, however, as
a rule both these factors are of importance to a varying degree.

Algid stage

Even the full development of the algid or, as it is often called, the
collapse stage of cholera gravis2 does not necessarily lead to a disappear-
ance of the signs predominating during the first phase of the disease
described above. The muscular cramps appearing in the evacuation stage
may continue to torment the collapsed cholera patients, or the cramps
may even first become manifest in the algid stage. Sometimes vomiting
may persist or, as is occasionally the case as early as the evacuation stage,
may be replaced by retching. Moreover, as aptly stated by Macleod (1910):

See Bull. Wld Hlth Org., 1957, 16, 176.
2 Sticker (1912) was dissatisfied with both these designations and also pointed out that, as discussed

already by Liebermeister (1896), the name of stadium asphycticum, used instead by some writers, since it
refers merely to a state of pulselessness, was also inadequate. He recommended, therefore, the use of the
term stadium paralyticum (already used by some earlier writers) to indicate " the extreme weakness of all
vital functions " during the second stage of cholera gravis. Since, however, the designations of algid stage
or collapse stlge have been widely adopted and, moreover, as defined in the large dictionaries, they have
a meaning quite similar to that of stadium paralyticum, no cogent reason exists to give them up in favour
of the latter, unfamiliar designation which, in its turn, is somewhat misleading.
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" Liquid colourless motions may still be occasionally passed involuntarily or the
presence of watery material may be detected in the intestines by palpation or succussion."

Rogers (1921) pointed out with much reason that
" the lessened secretion by the bowel may be only due to the great failure of the circulation
and concentration of the blood, and so be an unfavourable rather than a good sign. This
view is borne out by the fact that intravenous injections of normal saline solution are
commonly followed by renewed copious rice-water stools."

Giving an excellent description of the algid stage of cholera gravis,
Macleod (1910) stated that, though muscular cramps as well as lesser-scale
bowel evacuations might persist, their continued presence is
" overshadowed by the evidences of failing power: the pulse flickers and fails at the wrist,
and is sometimes imperceptible in the brachial and almost so in the femoral arteries;
the rate, always accelerated, may rise to 120 or 140, or even higher. The heart-sounds get
less distinct, especially the first; in some cases murmurs and friction sounds are detected
in this stage ..."

" The capillary reaction ", Macleod continued,
"becomes slow and feeble, the surface gets livid; respiration is quick and shallow; painful
and often paroxysmal dyspnoea arises, compelling the sufferer to struggle for breath;
the expired air is cold, and deficient in carbonic acid. The face presents the characteristic
choleraic expression-features pinched, skin drawn, eyeballs sunken and surrounded by
a dark areola, lids half-closed, pupils contracted, mouth open, teeth covered with sordes,
tongue cold, face apathetic. The general surface is cyanotic and clammy or bedewed
with cold sweat; the fingers and toes are wrinkled. There is great restlessness and profound
debility. The intelligence is clouded, the senses impaired, the muscular power diminished;
in some cases sense and sensibility and capacity of movement are retained; in others coma
or a semi-comatose state exists. The voice is husky and feeble, or the patient can speak
only in faint whispers. Thirst is imperative, and a feeling of coldness is felt. The urine
is suppressed; the bladder is generally emptied in the preceding stage, and no further
accumulation of urine takes place. The temperature of the surface and mouth is greatly,
and in fatal cases increasingly depressed, and may fall below 90°F. [32.2°C]; the tem-
perature of the axilla is higher, but below normal, readings of 950 [35°C] to 97°F. [36.1°Cl
being not uncommon in this stage; the rectal temperature may be slightly subnormal
or normal, but in time it shews a tendency to rise above the normal."

Fully adequate though the above description is in most respects, it has
to be pointed out that in the experience of most observers the intelligence
of the algid cholera patients was not clouded. Thus Tao and colleagues
(1948) stressed that " in spite of the severe prostration, preservation of a
clear mentality was a striking feature ". However, as Liebermeister (1896)
put it, the sufferers are usually so apathetic as to evince little interest
either in their environment or in their own condition. Probably, therefore,
Liebermeister was right when asserting that

"In general the subjective sensation of being ill [' Krankheitsgefuhl '] is usually much
slighter than one would expect from the severe objective signs." [Trans.]

Supplementary information on the symptomatology of the algid stage
may be classified as follows:
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Dehydration

According to El-Ramli (1948), the various clinical signs of dehydration
were met with in the following order of frequency:

" Weak or imperceptible pulse, low or not measurable blood pressure, cold skin, sunken
eyes, cyanosis of nails and lips, diminished elasticity of the skin, oliguria, anuria, husky
feeble voice, dry tongue, thirst, pinched nose, anxious look, washerwoman's hand,
restlessness, muscular cramps, dyspnoea, pericardial rub and oppression in the chest."

It is noteworthy, however, that Tao and colleagues (1948), who saw a
far higher percentage of seriously affected cholera patients than El-Ramli,
enumerated intense thirst (met with in 96.1 % of their 687 patients) and
signs of skin dehydration, characterized by loss of elasticity and wrinkling,
the latter especially over the dorsum of the fingers (present in 81.2 %), among
the most frequent signs of dehydration. Cyanosis was found to be present
in but 35.5 % of the sufferers.

As can be gathered from El-Ramli's study, the relation between the
severity of the cholera attacks and the degree of dehydration was not quite
constant: some of the patients who appeared to have been mildly affected,
their illness lasting not more than three days, were admitted in a severely
dehydrated condition. Among the patients classified as suffering from
moderately severe cholera (i.e., 4-6 days of illness with but mild, if any,
complications), some showed mild, but others marked, signs of dehydration.
Further, though most of the patients classified as having severe cholera
attacks were on admission in a bad condition,

" some of them came to hospital in a fairly good condition with a mild or moderate
dehydration and then developed severe symptoms."

Circulatory failure

Though, as has been discussed in the previous study,' the circulatory
failure becoming maximal during the algid stage of cholera is primarily
of an extracardiac origin, nevertheless, signs of a secondary involvement of
the heart in this process are apt to become manifest. Griesinger (1857)
noted in this respect a progressive weakening of the heart sounds, the second
of which often became altogether inaudible, and also the occasional appear-
ance of systolic murmurs. He considered it possible, though unlikely,
that the hypothetical cholera " poison" might exert an action on the heart,
but ascribed far greater importance to "a kind of sympathetic action from
the intestine ", analogous to the depression of the cardiac activity occasion-
ally observed in patients with strangulated hernias. However, in Grie-
singer's opinion a most important role was played also by the stagnant
circulation and the resulting metabolic deficiencies in the heart muscle,

'See Bull. Wld Hlth Org., 1957, 16, 172.
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which thus, like the musculature in general, became extremely weakened.
Propounding views similar to those of Griesinger, Liebermeister (1896)

also maintained that the cardiac weakness observed in the algid stage was
" in cases with marked blood concentration partly due to a deficient nutri-
tion of the cardiac musculature."

The rapid, though sometimes only temporary, restoration of the blood
circulation usually following even single saline infusions' leaves no room
for doubt that the cardiac disturbances observed in the algid stage of cholera
are as a rule of a functional nature only. That, however, this is not invariably
the case, is proved by the occurrence of sudden deaths from heart failure
in cholera convalescents.

Interesting observations have been made in this connexion with the aid
of electrocardiography. While Bien & Tung (1933), apparently the first
to use this method for the examination of cholera patients, made no signi-
ficant findings, some have been more recently recorded by Baligh (1948)
and by Godel (1948).

As summarized in the Tropical Diseases Bulletin (1948), Baligh consi-
dered heart failure as the most common complication of cholera, being
met with in
" (I) most of those patients dying within 24 hours of admission, as a result of sudden
changes in the blood and ischaemia, (2) sometimes during treatment with large transfu-
sions given rapidly, (3) occasionally during apparent convalescence as a result of toxaemia
and myocarditis. Extrasystoles were quite common at this stage, but corrected equilibrium
of the blood soon caused them to disappear. Electrocardiographic examinations confirmed
that the heart may be so deranged in severe cholera as to fail at any moment during
convalescence. In fact 8 apparently well patients did die suddenly at this stage in 10 to
20 days from the onset of the disease."

Godel, evidently dealing with the same group of patients, stated that

"the general aspect of the electrocardiogram, considered in its four derivations, shows
a striking similarity to acute coronary insufficiency; it is the more tempting to come to
this interpretation, because the heart often shows a galloping rhythm and the patient
feels some retrosternal pain in spite of the prostration numbing his sensitivity". [Trans.]

Godel stressed that intravenous infusion of normal saline solutions
containing calcium, though it brought the blood concentration to normal,
did not immediately lead to changes in the electrocardiogram, which became
normal only after intervals of up to 12 days. He also stated that the patients
suddenly succumbing either during the acute phase of cholera (i.e., on the
third to fifth day after onset of the disease) or after 12-15 days in the stage
of convalescence, frequently showed " salvoes" of extrasystoles a few
hours before death, indicating the imminence of ventricular fibrillation.
In his opinion " the coronary circulation was involved in these dramatic
incidents."

1 It is of historical interest to note that Griesinger referred to instances of temporary restoration of the
blood circulation effected in cholera patients with the aid of blood transfusions.
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Respiration

Giving a description of the type of respiration met with in the algid
stage of cholera similar to that of Macleod (see page 312), Griesinger was
inclined to ascribe the often marked dyspnoea and sensation of oppression
in the chest mainly to the sluggish and decreased blood circulation in the
lungs. He added, however, that the concentrated blood had lost much of
its faculty to maintain an adequate relationship with the air oxygen. The
coldness of the breath and the reduced content of the expired air in carbon
dioxide were compatible with a reduced circulation and gas exchange in
the lungs.

Griesinger maintained that auscultation of the lungs led to no abnormal
findings. Subsequent observers referred in this connexion to the occasional
presence of pleural friction in extremely dehydrated cholera patients.
Apparently, this sign is considerably rarer than the pericardial friction
quite often noted, but one should not lose sight of the probability that the
physicians attending cholera patients pay far more attention to an examina-
tion of the heart than to that of the lungs.

It is striking to note that modern authors generally make little or no
reference to the presence of a marked dyspnoea and sensation of oppression
in the chest, as a rule merely stating that the respiration in the algid stage
of cholera is rapid and shallow-signs produced according to Strong (1944)
by a stimulation of the respiratory centres due to the deficient circulation
and poor aeration of the blood. It is quite possible that the descriptions of
the early writers were often based on observations made on adult Europeans
in whom, according to Sticker (1912), dyspnoea and a sensation of chest
oppression were frequent, whereas, as this author put it,
" in the delicate bodies of the Hindus and of children the respiration remains regular,
gradually decreasing in force and deepness in the paralytic stage, and finally ceasing long
after the heart has stopped to beat." [Trans.]

As a corollary to Sticker's contention it may be added that, so far as the
experiences of the present writer go, marked dyspnoea and a sensation of
chest oppression were not at all conspicuous in Chinese cholera patients.
Likewise, Tao and colleagues did not mention the occurrence of these
signs in the 687 patients observed by them in a Shanghai cholera hospital.

Vox cholerica

As aptly stated by Sticker, the appearance of the so-called vox cholerica
is primarily due to a tendency of the greatly weakened cholera patients to
articulate with their lips (" Mundsprache ") without any effort on the part
of the larynx, so that at first, if they wish, they can raise their voice. Later,
however, dryness of the vocal chords, muscular debility and lack of will-
power combine to render the voice really quite feeble and husky or may
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even lead to complete aphonia. A cadaveric position of the vocal chords or
paralysis of single laryngeal muscles could be present in this extreme stage.

Though often met with to a varying degree in cholera gravis, signs of
a vox cholerica can remain absent in severely affected patients, particularly
quite often in children. Total aphonia was, according to Sticker, a most
infaust sign.

Sensory organs

Most authorities maintain that the alterations which may, but need
not, become manifest in the eye during the algid stage of cholera are of a
superficial nature: a cessation of the tear secretion, combined with reduced
lid movements and more or less pronounced lagophthalmus may lead to
exsiccation of the exposed parts of the conjunctiva or the cornea. Brownish
or blackish spots, surrounded by injected blood vessels may become mani-
fest on the former, while the cornea may appear more or less cloudy and as
if covered with dust particles.

Statements regarding the condition of the pupils vary. As noted above
(page 312), Macleod considered contraction of the pupils a characteristic
of the algid stage of cholera, while according to some other authors (e.g.,
Takano and colleagues, 1926) the pupils were dilated and reacted slowly
to light. Quite probably the pupils are at first contracted, but may later
become dilated in profoundly collapsed patients and particularly in those
hopelessly affected.

While Sticker insisted that even in the presence of most severe dehydra-
tion the tension of the eyeballs remained nbrmally high, Manson-Bahr
(1954) stated on the contrary that
"cataract may develop suddenly in the stage of collapse and may have a similar osmotic
basis as that of diabetes. In cholera loss of fluid from the bowel may lead to osmotic
dilution of the body fluids, including the aqueous, and consequent inflow of water into
the lens."

Manson-Bahr added that
"The ophthalmoscopic changes consist of a wavy gridiron appearance with dark

lines against a red background, possibly denoting wrinkling of the capsule."
Possibly a patient mentioned by Wardener (1946), whose eyesight

became so impaired during a cholera attack that he could merely dis-
tinguish between light and dark, suffered from a condition similar to those
described by Manson-Bahr. It has to be noted, however, that this cholera
patient and some others observed by Wardener, who suffered to a lesser
degree from dimness of vision, were probably affected by pre-existing
nutritional deficiencies. It is certain that nowadays eye symptoms are
generally infrequent among patients treated in well-run cholera hospitals.
Thus Tao and colleagues noted blurring of vision in but one out of 687 such
sufferers.
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A ringing noise in the ears, though rather more characteristic of the
evacuation stage, may occasionally be present during the algid phase of
cholera as well. Wardener (1946) noted progressive deafness in some of
his patients admitted in a dehydrated condition, but, as noted above, these
prisoners of war possibly suffered from nutritional deficiencies. Tao and
colleagues recorded ringing in the ears in 7.9% of their patients without
stating at which stage of the disease this symptom was present.

Temperature

The problem of the body temperature in cholera has been exhaustively
dealt with by Griesinger (1857), and later by Liebermeister (1896) and by
Sticker (1912).

Griesinger stated that, though the lowering of the surface temperature
of the peripheral parts of the body was so characteristic of cholera as to
lead to the definition of the second phase of the disease as the algid (cold)
stage,

" the actual temperature decrease is not as marked as it seems to the hand of the examiner,
be it that the moisture simultaneously present gives the impression of a marked and
untoward coldness or, as is indicated by the strikingly slow rise of the thermometer,
that there is an actual reduction of heat radiation." (Trans.]

While doubting that the surface temperature of the extremities could
actually sink as low as 20°-25°C, as had been claimed by some earlier
observers, Griesinger considered temperature readings of 29°-31°C (i.e.,
about 6°-8°C below normal) as correct. The temperature in the oral cavity
and that of the tongue hardly ever fell below 30°C.

As shown by its close association with the degree of cyanosis, the tempe-
rature loss in the extremities was due mainly to the circulatory failure.
However, the occasional occurrence of a considerable algor of the extre-
mities in patients still having a fairly good pulse proved that an inability
of the tissues to generate heat, i.e., "a kind of acutest tissue inanition ",
also played a role.

Provided that sufficiently prolonged thermometry was resorted to, the
temperature of the trunk was as a rule found to be normal or but slightly
lowered, measuring not less than 350C in the axilla. As Griesinger noted,
statements regarding the rectal and vaginal temperatures were discrepant,
some observers recording low, others markedly increased, values. High
temperatures were also occasionally found in the axillary cavity. However,
Griesinger emphasized, these observations did not indicate that cholera
was an " inflammatory " or occasionally febrile disease, as had been claimed
by some writers. On the contrary, it appeared that, as in other infectious
diseases, for instance, typhoid, such high temperatures were apt to become
particularly manifest immediately before death of the sufferers. Griesinger
admitted that
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" the cause of this pre-agonal temperature rise was unknown; apparently it may involve
the whole body or only the internal organs, but it has nothing to do with the prolongation
of vital processes. For in some instances the temperature increase takes place only after
death ... Moreover, the dead bodies of cholera victims continue to cool with a striking
slowness; it would seem that the reduction of heat loss, which is striking in the patients,
still continues after death." [Trans.]

In agreement with Griesinger's views, Liebermeister (1896) stated that
in the algid stage of cholera

" the temperature of the peripheral parts of the body drops considerably; in the closed
palm it frequently reaches only 30°C or less, and the ears and tip of the nose are often
still considerably cooler. But the trunk of the patients feels far less cold, and the tem-
perature in the interior of the body, in spite of the low temperature of the peripheral parts,
is frequently normal or even increased." [Trans.]

Liebermeister maintained in the latter connexion that during the evacua-
tion stage the rectal as well as the surface temperature was usually slightly
below normal, but that with the onset of the algid phase the latter
continued to drop, whereas the rectal temperature rose, to reach sometimes
390 or 40°C. Like Griesinger, he noted that such increases of the rectal
temperature were particularly marked before death and that a post-mortem
rise of this temperature could be observed. At the same time, however,
an abnormally low rectal temperature during the algid stage was also an
unfavourable sign.

Though postulating the occurrence of a " sthenic " form of cholera
associated with fever, Sticker (1912) admitted that

" Cholera is usually an asthenic disease in the truest sense, a disease without fever,
which is mostly associated ab initio with a drop of the body temperature." [Trans.]

However, marked differences between the surface and the rectal tempe-
ratures were apt to occur. Moreover, slight initial rises of the surface as well
as of the rectal temperature were sometimes observed in children.

In contrast to Griesinger, some authors continued to assert that cholera
was a febrile disease. Thus, as quoted by Rogers (1921), Chevers (1883)

" described cholera as a fever in which the rise of temperature is masked during the
collapse stage by the failure of the circulation through the peripheral parts, but becomes
apparent during the reaction period of the disease."

Accepting Chevers's postulation, Rogers (1952) referred to a patient
who had manifested a variola rash during the convalescent stage of cholera,
but had not shown the initial fever characteristic of smallpox during the
algid stage. However, one must remark that such an absence of a febrile
reaction to an extraneous infection does not furnish proof that invasion
of the body by V. cholerae must necessarily lead to such a reaction, which
is suppressed during the algid stage. Generally speaking, most modern
observers, in contrast to Rogers, do not share the belief of writers like
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Chevers that cholera is typically a febrile disease. Thus Napier (1946)
stated:

" Cholera has been described as a disguised febrile disease, the fever being suppressed
in the collapse stage; the writer questions this interpretation and doubts whether the
early rise that may occur is really part of the cholera syndrome. He has seldom seen any
febrile reaction in an uncomplicated case that could not be accounted for by the infusion
of pyrogen-containing saline."

El-Ramli (1948), dealing with the problem presently under review,
declared that:

" The majority of our cases ran an afebrile course (65 %) ... When a patient was first
seen, the temperature was generally subnormal or normal and remained so, or rose to
normal and remained as such. Sometimes the temperature rose to above normal at the
end of the diarrhoea stage (70% of the febrile cases). In 30% of these cases, the diarrhoea
was still present, although the temperature had subsided. 12% of the cases showed a
rise of temperature on the first day of illness."

Recording the results of clinical observations of 687 cholera patients,
Tao, Woo & Loh (1948) stated:

"Because of the frequent occurrence of reactions to saline in the form of chills and
fever, it is difficult to ascertain the actual incidence of fever in this disease. Among
260 cases seen in August, when improved pyrogen-free saline was used and reactions
occurred rarely, slight or moderate fever (as measured by rectal thermometer) was noticed
only in 31.5%, or 82 cases."

Duration of the algid stage

No fully satisfactory information on the duration of the algid stage of
cholera can be derived from the classical writings of authors like Griesinger
(1857), Lebert (1874) and Liebermeister (1896), because (a) in many
respects they dealt with the attack stage of the disease, comprising the stage
of evacuation and that of collapse, instead of separately dealing with each
of these phases; and (b) they came to the conclusion that patients showing
signs of profound collapse, who nowadays can quite often be cured through
adequate infusion treatment, mostly died. Thus Griesinger, concluding
his description of the " asphyctic or paralytic " phase of the cholera attack,
stated that:

" Only rather rarely does recovery from this condition take place; in the overwhelming
majority of the cases the aspect of the sufferers becomes progressively more like that of a
corpse, the coldness of the skin increases, sticky sweats appear, the eyes, with the eyeballs
turned headwards, remain half open, the action of the heart ceases, the respiration be-
comes deep, sighing or stertorous, sensory functions and consciousness disappear."
[Trans.]

As Griesinger added,
" A large number of the patients die in this manner, after the stormy manifestations

of the attack have ended. Death can take place after the attack has lasted as little as two
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hours, very often in the course of the first day, often also on the second day... The
attack almost never lasts longer than 24-36 hours." [Trans.]

Similarly Liebermeister added to a description of profound cholera
collapse that

" Finally this death-like condition passes over into actual death, sometimes a few
hours after onset of the attack, frequently in the course of the first, or at the latest within
the second day. In more rare cases the sufferer rallies andenters theregressive stage." [Trans.]

While stating that the length of the collapse stage could vary from a few
hours to two days, Rogers (1921) emphasized that the chances for the
patient deteriorated pari passu with the longer persistence of the algid
condition. In this connexion he quoted Goodeve (1866), according to whom
an uneventful convalescence could be expected if the algid stage did not last
longer than 8-10 hours, but complications had to be anticipated if the
patient could be brought round after having been collapsed for 18-24 hours.
The danger of uraemia, in particular, was the greater, the longer the collapse
lasted.

Stage of reaction
It is one of the most distressing features of cholera that the termination

of the algid stage is by no means invariably followed by a rapid and uncom-
plicated restitution of the health of the patients. Quite often, on the con-
trary, a tardy and incomplete improvement of their condition exposes them
to the danger of relapses, or untoward (or, as Griesinger (1857) called
them, "excessive") reactions may take place, which threaten or frequently
cut short the life of the sufferers. One may thus distinguish between three
main types of the reaction stage, which will now be dealt with seriatim.

Rapid restitution of health
The signs of uneventful and rapid recovery from the algid stage of

cholera have been shortly but adequately described by Macleod (1910),
thus:

" The pulse returns to the wrist, feebly and fitfully at first; but there is, in favourable
cases, a progression in steadiness and strength. The breathing becomes easy and the
patient tranquil. Blueness, coldness, shrinking and clamminess of the skin give way to
roundness and warmth. Temperature is normal or slightly raised. The stomach regains
its tone, and food is retained. The stools resume their proper colour; some looseness may
persist, but the motions are less frequent and less watery, and exhibit deepening tints of
grey and brown. Urine is passed, though its appearance may be delayed for many hours;
it is at first scanty, high-coloured, of strong smell, high specific gravity, albuminous and
containing indican and casts; .then it becomes copious. Mental activity and muscular
power return, and complete recovery may take place within a few days."

Imperfect and interrupted reaction
A retarded and incomplete recovery from the algid stage may, as Grie-

singer put it, lead to " various intermediate states of an oscillatory and
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dangerous character ". Usually incipient signs of a disappearance of the
algid stage become manifest, but further progress is irregular and incom-
plete. Thus the warmth of the body may not be uniformly restored, parti-
cularly in the extremities. Diarrhoea may persist, the urine secretion may
not be resumed or may remain insufficient. An insufficiency of the peri-
pheral circulation may continue to be manifest. Deaths from sudden heart
failure may take place even at times when the general condition of the
patients seems to improve. The sufferers remain in an exhausted condition
and may once or repeatedly relapse into the algid state. Though uneventful
recovery may take place even after repeated collapses, as a rule the patients
either succumb while in an algid condition or, temporarily showing signs
of improvement, they may fall into an uraemic condition. Uraemia may
develop even if a careful watch is kept over the patients so as to deal with
impending relapses.

Excessive reactions

Dealing with what Griesinger aptly called excessive reactions becoming
manifest in the third stage of cholera gravis, modern authors refer merely
to hyperpyrexia and to uraemia. However, before assessing the importance
of the latter symptom complex, attention has to be devoted to what earlier
writers discussed voluminously under the name of cholera typhoid.

Hyperpyrexia. As has been alluded to above (see the quotation from
Napier, 1946, on page 319) and as will be fully discussed when dealing with
the treatment of cholera, accesses of fever, not rarely ushered in by chills,
which take place when the patients react to saline infusions, are generally due
to the presence of pyrogenetic substances in the fluids used. However, as
proved by ample descriptions of the early writers (e.g., Griesinger, 1857, and
summary by Sticker, 1912) as well as by further observations, an excessive
febrile reaction unconnected with infusion treatment may also occur.
Liebermeister (1896) briefly, but adequately, referred in this connexion to a
" reaction fever " appearing in the third stage of cholera, which could last for
one or several days, and could be associated with a frequent and dicrotic
pulse, headache, sometimes even with somnolence and delirium-a descrip-
tion which tallies well with that given more elaborately by Griesinger for the
excessive febrile reactions apt to become manifest in that phase of the
disease.

Interesting statements on hyperpyrexia in cholera were made by Rogers
(1921), who maintained that

" except occasionally in very mild cases, some rise of temperature occurs during
reaction. In those recovering without transfusion it usually only reaches from 1000 to
1020 [F (about 37.8°-39°C)] in the axilla in native patients ... In Europeans this rise of
temperature is still more marked, and frequently reaches a dangerous point apart alto-
gether from the use of intravenous or subcutaneous saline."

6
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In support of this contention Rogers stated that

"fatal excessive febrile reaction was the most frequent cause of death in those Europeans
who survived the collapse stage of cholera even when no saline injections had been given,
and actual hyperpyrexia caused 28 per cent. of the deaths in the reaction period."

He felt convinced that " absorption of a fatal dose of toxins from the
bowel with revival or circulation " accounted for these deaths.

It has to be noted that observations made on European cholera patients
by Rumpf & Fraenkel (1894) stood in curious contrast to Rogers' expe-
riences. According to these two German workers there was not a single
death among 170 patients who after a cholera attack developed fever without
other complications, regardless of whether there had been only a single
rise of the temperature or whether the fever had been remittent or continuous
for several days. Out of 41 patients, in whom the fever had been accompa-
nied or followed by coma, 25 died, but, as can be gathered from Rumpf &
Fraenkel's publication, these sufferers did not succumb to hyperpyrexia
but to uraemia. As will be further discussed below, such a combination
of a febrile condition with the subsequent manifestation of uraemia has
also been noted by later observers.

Modern workers, while not denying the occurrence of hyperpyrexia in
the reaction stage of cholera, consider it infrequent. The validity of this
contention is borne out by the recent observations of El-Ramli (1948) and
of Tao and co-workers (1948). The first-mentioned worker declared that

" Very few cases had high fever and we did not encounter hyperpyrexia nor was the
fever any trouble to us."

Tao and colleagues, referring to the problem of hyperpyrexia, which they
classed among the complications of cholera, stated that

" Transient rise in body temperature up to 39°C. or more (as measured by the rectal
thermometer) following saline infusions was found in the great majority of patients,
especially in the first month, when the saline used was known to be not pyrogen-free.
Prolonged elevation of the temperature above 40°C. lasting over 12 hours, unexplained
by any inflammatory complication, occurred in 4 cases, all of which were among children
and proved fatal. Convulsions developed in two of them."

These observations are in agreement with the contention of Lebert
(1874) that the stage of reaction was " more intense " in cholera-affected
children.

" Cholera typhoid ". A consideration of the voluminous literature dealing
with the so-called cholera typhoid clearly shows to an unbiased observer that
the altercations on this subject were due mainly to repeated attempts to make
a clinical entity out of a clinical syndrome or, one should rather say, syn-
dromes characterized by the presence of a status typhosus. Particularly
noteworthy in this respect is the fact that some authors, and most empha-
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tically Frerichs (1851), felt convinced that the patients exhibiting signs of a
status typhosus actually suffered from post-choleraic uraemia. On the
other hand, even some modern observers considered the cholera typhoid a
febrile affection, Rogers (1921), for instance, stating that

" In addition to the hyperpyrexial form of reaction, a less common typhoid-like form
occurs, in which the temperature remains persistently high, even although no saline
injections may have been given, such as at about 1030 [F (39.4'C)] for two or more days. .

Significantly, Rogers added that

"these cases are very fatal and difficult to deal with, especially if accompanied by symp-
toms of uraemia, as is often the case."

In contrast to the above postulations, other authorities asserted that the
name of cholera typhoid was used to designate different syndromes observed
in the reaction period of cholera. Griesinger, a vigorous advocate of this
concept, though stressing the necessity of distinguishing between these
various affections, held that for the sake of brevity the common and sympto-
matically adequate designation of cholera typhoid might nevertheless be
retained. He estimated that signs of this condition, becoming manifest
in a majority of the patients who had passed through a stage of " asphyxia "
(i.e., profound collapse), appeared in one-quarter of all those suffering
from true cholera. Though occasionally developing as early as two days
after onset of the disease, signs of the typhose condition usually became
noticeable after an illness lasting three to four days.

Expressing agreement with these statements, Liebermeister (1896) gave
the following masterly description of the cholera typhoid:

" The name of cholera typhoid is given to all cases in which a status typhosus develops.
This consists of general debility and exhaustion with special impairment of the psychic
functions. Some patients are apathetic, drowsy, speak stammeringly, complain of head-
ache; occasionally there is vomiting or also singultus. In others the sensorium is still
more disturbed, delirium appears which is mostly quiet, with muttering, but sometimes
more active. Or there is a state of drowsiness, and this may be exacerbated to fully
developed coma, the unconscious patient lying with half-closed eyes, injected and mucus-
covered conjunctivae, and a diminished reaction of the pupils. In some cases cramps are
seen in various muscle groups; or, more rarely, general convulsions, followed by coma,
make an appearance. The tongue and lips are dry and cracked, and often covered with
a sooty, the so-called fuliginous, layer. Often rales can be heard in the lungs. In some
cases there is fever with a considerable increase of the temperature, rapid and dicrotic
pulse, accelerated respiration, and reddened face. In other patients the body temperature
remains about normal or even abnormally low throughout the persistence of the condition
or during its later period, the pulse being not rapid. Urine secretion is mostly scanty, the
urine is albuminous, and often contains abnormal formative elements. The spleen is but
rarely enlarged." [Trans.]

As will be gathered from this classical description, the patients labelled
as suffering from cholera typhoid fall, as far as their temperature is concerned,
into three groups-namely, (a) one in which fever remains absent; (b) a
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second, in which the initially increased temperature later becomes normal;
and (c) a third, in which considerable fever and the signs usually accom-
panying an elevation of the body temperature persist.

As was conceded by most of the early writers and is now generally
admitted, it is certain that the patients of the first group, who show the
signs common to what has been called cholera typhoid, but no fever, actually
suffer from post-choleraic uraemia. Further, there can be little doubt that
in those who are first feverish but then became afebrile uraemia became
manifest in the course of an inflammatory process. Such a combination
which, as stated above, was considered frequent by Rogers (1921), was also
noted by earlier observers. Thus Macleod (1910), in the course of a discus-
sion of the " typhoid " state in cholera, declared that

" There are cases which seem to occupy an intermediate position between the hyper-
thermic and the typhoid cases; in these mild fever of an intermittent or remittent form
complicates and delays recovery."

However, though it is certain that uraemia plays a preponderantly
important role in the causation of the so-called cholera typhoid, there can be
no doubt that the status typhosus may stand in causal connexion solely
with the development of a highly febrile condition without the presence of
signs of renal failure. As has been noted above, Rogers (1921) expressed
the belief that the instances of the latter kind fell in a special category,
distinct from that in which a hyperpyretic condition developed in the
reaction stage of cholera. However, there seems to be no justification for
such a differentiation either from the viewpoint of symptomatology or from
that of etiology.

As referred to above (see page 322), Rogers was of the opinion that an
absorption of the cholera toxins, taking place in the stage of reaction, was
responsible for the production of hyperpyrexia. The same postulation
has been made by some earlier observers, e.g., by Amako (1909) and
Jochmann (1914).

Amako noted that the serum of five individuals, who had succumbed
in the reaction stage of cholera after they had exhibited signs of a typhose
condition, did not exert an opsonic action, but was endowed with marked
bacteriolytic properties. He further recorded that (a) in these individuals
the cholera vibrios had disappeared from the dejecta simultaneously with
the manifestation of the status typhosus, and (b) at autopsy it was impossible
to cultivate either V. cholerae or other organisms (e.g., E. coli and cocci)
from the intestinal contents or from the intestinal walls, even though the
latter often showed evidence of necrosis.' Amako polemized, therefore,
against the postulation of writers like Kolle (1904) that the cholera typhoid
was due to secondary infections with common intestinal bacteria and

1 It is interesting to note in this connexion that an absence of V. cholerae in smears prepared from the
intestinal contents of cholera victims who had succumbed in a typhose condition, had already been noted
in 1886 by Weisser & Frank.
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maintained, like Rogers after him, that an action of the V. cholerae endo-
toxin was responsible for the causation of this syndrome. He declared in
this connexion that

" Whereas a gradual production of bacteriolysins is bound to exert a favourable
influence on the course of the disease, their sudden and abundant appearance leads to a
rapid lysis of the cholera bacteria . . . As a consequence of this sudden lysis of numerous
vibrios large amounts of endotoxin are liberated and these call forth the signs of severe
intoxication characterizing the symptom complex of the cholera typhoid." [Trans.]

According to Jochmann (1914)

" The cholera typhoid is a febrile state, in which, particularly, a general poisoning
with the cholera toxin, and especially disturbances of the sensorium, become prominent ...
A high degree of fever replaces the subnormal temperature.. ." [Trans.]

Baerthlein & Grunbaum (1916) objected to this contention of Jochmann.
For, they stated,

" In almost all cholera patients in whom we observed, together with typhoid appear-
ances, a transition of the subnormal to the febrile temperature, we could bacteriologically
demonstrate another complicating infection, a mixed infection, e.g., typhoid fever, with
the aid of blood-bile cultivation, or malaria or gonorrhoeic cystitis." [Trans.]

The two workers were of the opinion that one should speak of the pre-
sence of a cholera typhoid only when a status typhosus without fever became
manifest.

When trying to assess the comparative validity of the divergent postula-
tions quoted above, one must unhesitatingly express agreement with the
views of Kolle and Baerthlein & Grunbaum.

For, even if one could believe that a sudden and massive absorption
of the V. cho/erae endotoxin takes place in the reaction stage of cholera,
it is inconceivable that this should produce high fever and not the marked
drop of the body temperature observed in experimental animals to which
the endotoxin is administered.

Uraemia. Dealing with the problem of post-choleraic uraemia,
Griesinger (1857) maintained that

" strictly speaking one should ascribe to uraemia ... only those cases in which the urine
secretion has not become established or has soon ceased again, or in which, at least, only
very little urine of a very slight specific gravity and high albumin content is voided."
[Trans.]

Adequate though this statement is in general, it must be realized that
oliguria and anuria, followed by uraemia, may develop once more in cholera
patients whose urine secretion had become initially re-established. Wardener
(1946) referred in this connexion to two patients in whom uraemia became
manifest after they seemed to have recovered from cholera attacks and had
voided apparently adequate quantities of urine for three weeks. While
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instances of this kind are certainly exceptional, shorter periods of a more
or less restored renal function may not infrequently be observed. Henderson
& Seneca (1951), aptly describing the curious state of imbalance which may
thus exist, stated that

" Sometimes the return of kidney function is intermittent and finally unsuccessful.
As in other diseases with renal insufficiency, the blood pressure rises as if to bring about
adequate filtration by force; in cholera, this will occur as well as the restored circulation
can permit. Some nitrogen is thus cleared, but the blood pressure may fall off again, and
anuria may return. See-sawing of this kind may continue, and the patient may die, or the
quantity of urine may increase progressively, albumin become a little less, and azotemia
steadily diminish, until an ample flow of urine makes recovery a certainty."

It has to be added that Rumpf & Fraenkel (1894) referred to a few
cholera patients in whom a fatal comatous condition developed at a time
when the urine secretion had become restored or even abundant. The two
workers claimed, therefore, that lack of urine secretion could not be the
cause of the comatose process met with in cholera. But while, as has
been discussed in the previous study,' the causes of post-choleraic uraemia
are complex, it is certain that almost invariably its manifestation is pre-
ceded by, and associated with, marked oliguria or often even anuria.
The claims made by Rumpf & Fraenkel must, therefore, be interpreted
with caution.

Describing the clinical manifestations of post-choleraic uraemia,
Griesinger stated that

" as a rule the patients fall into a state characterized by a dull, drowsy facial expression,
increasing stupor amounting to sopor, but also with intercurrent excitement and delirium,
slow and deep respiration with long intervals, slow pulse, and no appreciable increase
of the surface temperature (hardly any or no fever); the gaze becomes staring, the pupils
immotile; the conjunctiva often shows an abundant secretion of mucus; the tongue tends
to become dry, is red or shows a brownish coating; the cheeks are often red; the head
is hot; the extremities are cool; and, rarely, exanthemata develop; diarrhoea usually
persists; vomiting or singultus may be present; the skin is often covered with an oily,
sticky sweat, which leaves a residue of urea crystals; in very rare instances general convul-
sions appear; mostly general )iralysis develops with the increasing sopor." [Trans.]

Giving a similar, though less exhaustive description, Macleod (1910)
pointed out with great reason that the looseness of the bowels met with in
part of the uraemic patients was apt to be beneficial and therefore should
not be checked.2 He added that the condition of the sufferers might be
aggravated by a suppression of the secretion or discharge of the bile (" cholo-
uraemia" according to Chevers, 1883).

The following figures may be quoted to illustrate the incidence of post-
choleraic uraemia.

1 See Bull. Wld Hlth Org., 1957, 16, 187.
2 According to Rogers (1921), the same advice had already been given by Goodeve (1866).
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Rumpf & Fraenkel (1894) stated that " coma without fever ", due pre-
sumably to uraemia, was present in 183 out of about 700 cholera patients,
i.e., in about 26%. Fully reliable records by Nichols & Andrews (1909)
showed an occurrence of uraemia in 73 (15.7 %) of 466 hospitalized cholera
patients. Hence features of this condition became manifest in almost
one-quarter (24.4%) of the 299 sufferers who survived the collapse stage.
Figures submitted by Rogers (1921) were as follows:

Period Method of treatment Total cholera deaths Uraemic deaths
number % number %

1912-14 Hypertonic saline 152 25.6 66 11.1*
and permanganate

1915-17 Alkaline saline
solution 115 19.7 19 3.25

* As against 13.2% in a group of patients admitted in 1907 and not treated with
hypertonic saline.

As with Rogers' latest figures, Tao & colleagues (1948) reported 27
instances of uraemia in their 687 cholera patients, i.e., 3.9 %. They added
that

" Of the 27 cases of uraemia, 8 died, giving a mortality of around 30%. Symptoms of
uraemia might start at any time from the second to the sixth day of illness. Among the
cases that recovered the symptoms usually lasted from 3 to 5 days, although the longest
duration was 7 days. Of the fatal cases, 7 died within 3 days and only 1 died 5 days after
the onset of symptoms."

Duration of the reaction stage

The duration of the reaction stage depends upon the absence or presence
not only of the " excessive " reactions described above, but also of the
complications dealt with below. However, if such untoward deviations
from the normal course of the disease remain absent, recovery of the
patients progresses rapidly to become complete within a week. Similarly
to numerous statements previously made in this respect, Tao and co-workers
(1948) reported that

" In uncomplicated cases the average duration of illness was 4 to 5 days, although
in quite a number of cases diarrhea persisted for a week or longer. With the super-
vention of uraemia as a late complication, the course of illness became prolonged to
an average of 7 to 8 days."

It is important to add that the frequent continuance of diarrhoea referred
to above did not depend upon the persistence of V. cholerae in the stools.
For, as successive bacteriological examinations of samples collected almost
daily from 218 patients showed, in almost 90% the cultures became negative
for cholera vibrios on or before the sixth day of illness, while in no instance
were positive findings obtained for more than eight days after onset of the
disease.

327



328 R. POLLITZER

Relapses

It has been discussed above (see page 320) that an initially favourable
reaction to severe cholera attacks may be of a temporary character, the
patients remaining, as it were, in a state of imbalance, during which relapses
into the algid condition may occur once or even several times. Some
workers, like Griesinger (1857), Macleod (1910), and Sticker (1912) also
stated that after a temporary amelioration there may be a reappearance
of purging and vomiting, which sometimes lead to death of the patients from
exhaustion or, as Griesinger and Sticker claimed, to renewed collapse. It
was held that the injudicious use of purgatives, dietary indiscretions, or
exposure of the patients to cold temperatures or to overexertion were apt
to lead to this kind of relapse. As Griesinger maintained, such relapses were
sometimes responsible for chronic gastro-intestinal disturbances.

As mentioned elsewhere in these studies,' Sticker also referred to the
recurrence of cholera attacks in individuals who had recovered from the
disease but some weeks previously (" Spatrecidive "). He admitted that such
early recurrences of cholera were not related to the initial attacks, but were
the result of reinfections. It is noteworthy that such reappearances of the
disease, which Sticker himself conceded to be rare, were mostly recorded
before the discovery of V. cholerae offered possibilities for an exact diagnosis
of cholera.

Complications

General considerations

Etiologically the complications met with in individuals who are recover-
ing or who have recovered from cholera fall into two categories: (a) com-
plications spontaneously arising either as immediate sequelae of the choleraic
process or owing to the presence of secondary infections or other con-
comitant morbid processes; and (b) complications whose cause lies in
inadequacies of the infusion treatment (to be dealt with in a later part
of this study).

Macleod (1910) made an interesting but (in the light of further informa-
tion) not invariably adequate attempt to classify the complications spon-
taneously arising into the following three groups:

(1) Complications of a functional character, comprising conditions such
as anaemia, debility, nervous depression, jaundice, gastric irritability,
persistent hiccough, insomnia, dementia, paraplegia, anasarca, irregularity
of bowels, chronic diarrhoea, and abortion (or miscarriage) in pregnant
women.

1 See Bull. Wld Hlth Org., 1955, 12, 1030.
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(2) Complications of an inflammatory nature, including oedema of the
lungs (?), bronchitis, pneumonia, pleurisy, meningitis, conjunctivitis,
arthritis, parotitis and dysentery."

(3) Destructive processes, such as ulcerations of the cornea, bed-sores,
gangrene of the nose, ears, penis, and scrotum or, more rarely, of the
fingers and toes.

It is consoling to note that nowadays, owing to prompt and adequate
treatment and proper general management of cholera patients, several of
the complications enumerated by Macleod or other early writers have
ordinarily become exceptional or are even no longer encountered at all.
This is particularly true of " destructive " processes such as gangrene and
bed-sores. That, however, if it cannot be checked, cholera may still lead
to such ravages, is exemplified by observations made by Wardener (1946)
in a group of prisoners of war, who lived, and whose ailments had to be
treated, under most distressing conditions. As he recorded,

" Large, painless, black and rapidly growing areas appeared at all pressure points,
mainly across the sacrum and upper back. In 24 hours an area might be formed
3-4 [inches (7.5-10 cm)] in diameter. After two or three days the gangrenous areas would
begin to separate. In a few cases the whole patch would slough, but the patient always
died before epithelisation. The pain attending the separation of the slough, the huge
raw weeping areas which followed, the inadequacy of dressings, of nursing and comfort,
all combined rapidly to exhaust the patient. In others there was no reaction; the gan-
grenous area remained, becoming more extensive until death."

Such skin gangrene, which was always a fatal sign, was most marked
in sufferers who had been debilitated by the pre-existence of chronic
dysentery or beriberi, but was by no means met with in them alone.

In some of Wardener's patients multiple skin abscesses, showing little
reaction, developed. In one of these sufferers an abscess on the back
became so enormous that one pint of pus was voided after incision.

Diphtheric processes on the mucous membranes of the mouth, fauces
and the superficial parts of the female genital apparatus, due to secondary
infections, also seem to have become rare in the cholera patients seen
nowadays. Whether one such patient, stated by El-Ramli (1948) to have
an " ulcer of the tongue ", had such a diphtheric lesion is not certain.

Parotitis leading to abscess formation, evidently quite frequent in past
cholera outbreaks, is also of rare occurrence according to recent observa-
tions. Thus, Tao and colleagues (1948) noted this complication but once
in their series of 687 cholera patients, while El-Ramli encountered it twice
in 689 sufferers (once in the form of a bilateral affection).

The various complications classified as functional by Macleod seem
also to have become rare recently under usual conditions. Still, some

1 Macleod's statement that " dropsy has been described as a result of consecutive nephritis " can no
longer be accepted, because in the unanimous opinion of modern observers chronic nephritic processes
never develop as the result of cholera.
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instances of mental derangement are mentioned in recent publications.
Thus El-Ramli twice recorded the presence of post-choleraic psychoses,
while Baligh (1948) referred to three cholera patients in whom a maniacal
condition developed and in two of whom death ensued. This writer also
stated that he had seen signs of a temporary paraplegia in one of the cholera
patients under his observation.

It is of considerable interest to note that Huang & Mao (1947) observed
11 cholera patients who, immediately after recovery, developed a complete
flaccid paralysis of the neck and extremities associated with loss of the
tendon reflexes, as well as with a slow and weak action of the heart, which
responded well to treatment with potassium. An identical syndrome had
been previously described under the name of " Pa-Pin " (transient paralysis)
in individuals not suffering from cholera and had been ascribed to the
consumption of barium-contaminated table-salt, the barium supposedly
disturbing the potassium metabolism. The two authors considered it
probable that in the case of the cholera patients exhibiting signs of " Pa-Pin "
(who had been kept on a salt-free diet and had been treated with saline
solutions containing no barium), dehydration and acidosis played a causative
role in the production of the transient paralysis by (a) mobilizing the
barium deposits in the bones and (b) causing a loss of potassium from the
tissues.

The following complications, which either remain more or less frequent
or are of special interest, deserve separate consideration:

Digestive system

As will be gathered from Macleod's summary and from statements
made earlier in this study (see pages 327 and 328), various gastro-intestinal
disturbances, particularly diarrhoea, gastric irritability or anorexia, may
persist during and sometimes well beyond the period of convalescence from
cholera, but it would seem that, apart from a more or less pronounced
looseness of the bowels, less mention is made of them now than in the past.
However, as shown by the experiences of Wardener, such manifestations
are apt to be conspicuous in individuals contracting cholera while suffering
from general nutritional disturbances such as beriberi, or from malaria or
gastro-intestinal infections, especially amoebic or bacillary dysentery which,
per se, have a great tendency to become chronic. He frequently observed
under these circumstances the persistence of diarrhoea and also referred
to the occurrence of tenacious anorexia, for which, however, the not only
inadequate but repulsive fare offered the cholera convalescents was co-
responsible.

Since, as has been discussed in an earlier instalment of these studies,'
macroscopically manifest signs of cholecystitis were comparatively seldom

1 See Bull. Wld Hlth Org., 1955,13, 1155 et seq.
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met with at autopsy of cholera victims, it is not surprising to find a similar
infrequency of clinical appearances pointing to gall-bladder inflammation.
Still, observations on this point have been recorded by some authors.
Reference has been made already in this connexion 1 to Valk's (1915)
record on a cholera convalescent who had to be operated on on account of
cholecystitis due probably to an invasion of the gall-bladder by V. cholerae.
Rogers (1921), after referring to the occasional observations of a macro-
scopically manifest cholecystitis at autopsy of cholera victims, stated that

" More rarely this lesion may be sufficiently extensive to produce clinical symptoms
of cholecystitis, and I have several times been able to diagnose the condition during
life, in the later stages of cholera, in the form of an enlarged and tender gall-bladder
palpable in the right hypochondrium. It nearly always subsides within a few days under
fomentations, although I know of a private patient of a surgeon, who was operated
on by him for cholecystitis during convalescence from cholera . . ."

Making a similar statement in 1952, Rogers estimated that clinically
recognizable features of cholecystitis were met with in about 1% of the
cholera patients.

El-Ramli (1948) seems to have noted clinical evidence of cholecystitis
in five (i.e., in about 0.7 %) of his 689 cholera patients and to have found
enlargement of the liver in two others.

Though it is generally agreed that appearance of jaundice is a rare
complication of cholera, its presence has been recorded upon several
occasions. Sticker (1912) stated in this connexion that

" Icterus is an extremely rare complication in cholera attacks; occasionally it seems
to be more frequent. Montefusco [1888], who observed during August and September
1887 ... at Naples among a little more than one hundred patients five such cases, was
struck by this frequency and considered it accidental, since he saw in 1884 among a
far larger number of cholera cases only one with icterus. In all five cases the liver became
enlarged, the urine had a brown colour and contained bile pigment. The icterus lasted
5 days. Galliard [1892c] found at Paris in 1892 among 380 cholera cases 6 with icterus,
four times as a simple symptom of the attack, and twice in the reaction stage as a sign
of a general infection with fever, profound prostration and generalized erythema; there
was no bile pigment in the urine. Autopsy in these two cases showed cholecystitis and
angiocholitis suppurativa. Hesse [1909], at St. Petersburg during the years 1908 and
1909, found icterus 8 times during the attack or the period of convalescence in 1156
cholera patients.

"Icterus is more frequently seen in the reaction stage or during convalescence than
during the attacks." [Trans.]

The occasional presence of jaundice was also referred to by some
subsequent cholera workers, for instance by Piras (1913), who made the
unique claim that all convalescents continuing to show V. cholerae in their
stools for prolonged periods had transient icterus. El-Ramli (1948) noted
the presence of icterus in but one of his numerous cholera patients.

1 See Bull. Wld Hlth Org., 1955,13, 1171.
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Circulatory system

As discussed above (see page 313), cardiac alterations may lead to
sudden death of cholera convalescents from heart failure. Another interest-
ing, but apparently quite rare sign of cardiac impairment in cholera con-
valescents is bradycardia, which in the experience of Wilkinson (1943)
sometimes became rather marked (40-50 pulse beats per minute). As noted
above, Huang & Mao (1947) also referred to the presence of this sign.

Respiratory system

Though the occurrence of various complications in the respiratory
system of cholera sufferers has been described, only bronchitis, the two
types of pneumonia and, as will be discussed later, lung oedema are regularly
met with, while others, like pleurisy, empyema, lung abscesses and infarc-
tions, are rare. Even the statements regarding the frequency of bronchitis
and pneumonia vary considerably, no doubt because their incidence is
governed by climatic factors. Reference has been made already in this
respect1 to the frequency with which Simmonds (1892) and again Stoerk
(1916), both working in Europe, found pneumonic foci at autopsy of
cholera victims. Similarly, Rogers (1921) drew attention to a statement
of Wall (1893), according to which the incidence rate of pneumonic com-
plications during the 1892 Hamburg epidemic was no less than 41 %,
whereas such lung processes were far less common in the cholera patients
of India. Referring to his personal experiences, Rogers added that

" In Calcutta I have lost only from 3 to 5 per cent of my cases from these [i.e., pulmo-
nary] affections, while they have been less frequent since a more airy ward has been
available for the treatment of cholera patients."

As a corollary to these findings Arzt (1914), working during the First
World War at Cracow (now in Poland), was impressed by the frequency of
pulmonary complications, including bronchopneumonia, in his cholera
patients, whereas El-Ramli (1948) in Egypt noted the occurrence of pneu-
monia four times only and of bronchitis twice in a series of 689 such sufferers.
Identically, Tao & co-workers (1948) found in Shanghai only two instances
of pneumonia (one of the lobar and the other of the lobular type) among their
687 cholera patients.

Further referring to the problem under review, Rogers (1921) maintained
that in cholera patients

" Pneumonia in particular tends to run a very rapid course, an increase in the
rapidity of the respirations leading to the detection of a patch of consolidation one day
in a patient who appeared to be almost convalescent, while on the following day it may
prove fatal. Recovery, however, not infrequently takes place, although it is always
a serious complication."

I See Bull. Wld Hlth Org., 1955,13, 1144.
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Rogers (1952) felt entitled to assert that the seriousness of lung compli-
cations in cholera was

" associated with much toxaemia due to the presence of large numbers of comma bacilli
in the lesions. These cases commonly terminate fatally within a day or two of the appear-
ance of the lung trouble and this complication accounts for a mortality of 3-4 per cent
in severe hospital cases."

To consider this statement generally valid is impossible. It is true that,
as has been discussed in the sixth of these studies, an invasion of the lung of
cholera victims by V. cholerae has occasionally been recorded. Since,
however, a vibrionaemia, which may lead to such a localization of the
causative organisms, is not by any means of common occurrence, but, on
the contrary, exceptional, it cannot account for the frequent occurrence
of lung complications in cholera. There is consequently not the least reason
for doubt that these complications are mostly the result of secondary
infections.

It is of great historical interest that an analogous contention had already
been made by Griesinger (1857). Refuting the postulation of some writers
that, by analogy with pneumotyphoid, a kind of " lung cholera " existed,
Griesinger declared that

" One must object to the idea of such an immediate 'localization ' and must rather
assume that all these lung alterations are of a quite secondary kind; should such a
primary lung cholera exist, pulmonary and bronchial affections could not be so much
rarer in many epidemics, whereas the great preponderance of gastric affections shows
a quite specific trend towards the intestinal mucosa." [Trans.]

Indeed, as Griesinger postulated, the unequal frequency of pulmonary
affections in different outbreaks or, one should rather say, in different
climates, militates against the assumption of their direct causation by
V. cholerae.

As will be discussed in a later part of this study, the development of lung
oedema in the reaction stage of cholera is unfortunately quite often con-
nected with the injudicious administration of infusion fluids. However,
clinical observations as well as post-mortem findings made in the past leave
no room for doubt that the presence of pulmonary oedema is by no means
invariably the result of such treatment. In agreement with these records,
El-Ramli (1948) found lung oedema to be present in three cholera victims to
whom no treatment had been given. Only two of his 13 cholera patients in
whom clinical evidence of pulmonary oedema had been found recovered;
the other 11 died between the third and 18th day of illness, at an average
after 11 days. This high mortality, noted also by other observers, is not
surprising in view of the fact that, as recently confirmed by Chakravarti &
Chaudhuri (1954), pulmonary oedema often becomes manifest in the course
of post-choleraic uraemia.
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Meningitis and meningismus

While meningitis, mostly the result of secondary infections, appears
to be a rare complication of cholera, signs of meningismus are quite fre-
quently met with in children affected with this disease. Sticker (1912)
referred in this connexion to observations of Niemeyer (1832), according
to whom in such children the development of hydrocephalus acutus led to
rapid death in spite of an otherwise favourable reaction. However, in the
experience of other workers also quoted by Sticker, this condition, though
leading to profound sopor, was not necessarily fatal as long as the secretion
of urine remained satisfactory.

Sensory organs

Referring to eye-complications in cholera, Sticker (1912) stated that

" One observes not rarely in the eyes of cholera convalescents a keratitis, which
commences in slowly progressing attacks as a consequence of corneal exsiccation and
progresses during the following days. It is first manifested by the appearance of small
whitish areas of turbidity which, accompanied by slight injection of the adjacent parts
of the conjunctiva, form mainly in the lower half of the cornea, because this had not been
covered by the eyelid. Within a few days these areas of cloudiness become confluent
and form a white spot in front of the pupil, which diminishes or abolishes vision. If the
process is not interrupted by a fatal issue, small ulcers form, which may subsequently
exhibit all manifestations and sequelae of an ulcus serpens." [Trans.]

Sticker added that a persistence of the amaurosis, which sometimes
suddenly developed during acute cholera attacks, was rare because most ofthe
patients thus affected succumbed before they had reached the reaction stage.

The development of corneal ulcerations, though not as common as in the
past, has still been noted by modern observers. For instance El-Ramli
(1948) recorded having met with this condition (three times unilaterally and
twice bilaterally) in five of his patients.

Rogers (1921), dealing with the sequelae of cholera attacks, stated that

" Sloughing of the cornea occurs in the late stage of severe attacks in old and weakly
subjects, who have long lain in a semiconscious state with the eyes half open. It affects
the lower segment of the cornea, and, according to Goodeve (1866] it may readily heal
in recovering cases without serious disfigurement. It has disappeared since hypertonic
transfusions have been in use."

Ear inflammations, only occasionally observed in the past (particularly
in connexion with faucial diphtheritic affections or purulent parotitis), have
nowadays become even more rare complications of cholera. Thus El-Ramli
recorded but one instance of otitis media in his series of 689 patients.

The difficulties of hearing noted in cholera patients by Wardener (see
page 317) and also by a few earlier observers invariably disappear with the
progress of convalescence.
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Urinary apparatus

Complications developing independently in the urinary apparatus
of cholera patients are quite infrequent. Indeed, a convincing corollary
to the now generally accepted belief in an extrarenal origin of the post-
choleraic uraemia is that cholera attacks lead only with extreme rarity, or-
as almost all modern workers maintain-even never to nephritic alterations
of a chronic nature. Sticker stated in this connexion that

" Chronic morbus Brighti with hydrops as a secondary disease of the cholera attack
has only been observed quite exceptionally; the more frequent is long-lasting oedema
of the legs without nephritis as a sign of cholera marasmus." [Trans.] 1

Other rare complications noted in the urinary apparatus of cholera
convalescents comprised cystitis, kidney abscesses due to an ascending
infection (one observation by Rumpel, 1894) and pyonephrosis, once
recorded by Wilkinson (1943).

Sticker maintained that disturbances of the function of the urinary
bladder were not rare after cholera attacks. These consisted of

" pains in the urinary bladder, due to exsiccation of the mucosa or the violent contraction
of the muscularis; further sphincter paralysis with incontinence of the urine; bladder
paralysis with urinary retention or ischuria paradoxa." [Trans.]

Usually, however, such functional disturbances were but temporarily
manifest so that, as Sticker put it, their prognosis was not bad.

Genital organs

Apart from gangrene of the penis or scrotum, observed in the past
but hardly ever nowadays, no complications have been met with in the
genital organs of male cholera patients. However, the complications apt
to develop in the female genital organs are of great and often even of
ominous importance.

In agreement with observations on this point made in cholera victims,2
Griesinger stated that

" As early as the attack stage there is often marked congestion and haemorrhage
in the internal genitalia, particularly in the ovarian follicles. Similarly, blood excretions
take place in the reaction period which are not coincident with the menstrual periods
and also occur in old women; a partly catarrhal and partly diphtheritic process with
haemorrhagic infiltration of the uterine mucosa is frequent in the case of protracted
reactions and may-sometimes with marked intensity-spread so far down into the
vagina as to become visible ... If somewhat more markedly developed, these processes
give a very bad prognosis." [Trans.]

1 Sticker's belief in the non-renal origin of the leg oedema becoming manifest in cholera convalescents
has been shared by subsequent authors, e.g., by Takano and colleagues (1926). Dunlop (1946), who observed
development of oedema in almost all the cholera-affected prisoners of war under his care, ascribed it to
protein deficiency.

' See Bull. Wld Hlth Org., 1955, 13, 1163 et seq.
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Fortunately the more serious alterations described above are nowadays
of historical interest rather than of actual importance.

Continuing his masterly description, Griesinger recorded that

" Pregnancy enhances the danger of cholera, but not invariably to a very considerable
extent. Sometimes the disease terminates favourably with subsequent birth of a healthy
child, more frequently it leads to abortion followed by death or recovery of the woman.
Many die without having aborted. The statements of the various observers regarding
the frequency of abortion are very discrepant; abortion is said to be more likely after
the fifth month of pregnancy and to occur the more rapidly, the more violent are the
muscular cramps ... If lying-in women are attacked by cholera, generally a very serious,
often rapidly fatal, illness results; the lochiae may cease to flow or may continue, the
milk secretion ceases but rarely in a complete manner; croup of the uterus is frequent
in lying-in women or those who have aborted. Cholera is almost without exception
rapidly fatal in those attacked when suffering from puerperal fever." [Trans.]

Supplementing these statements, Sticker noted that Drasche (1860) had
demonstrated the presence of urea in the milk of a lying-in woman. He also
drew attention to the claim of Marcus (1832) that breast-feeding of babies
during or after cholera attacks of the mothers or wet-nurses did not endanger
the infants.

Early statistics compiled by Bouchut (1849) and by Hirsch (1855)
respectively and quoted by Griesinger and by Sticker had shown that

(a) out of 50 pregnant women contracting cholera 25 had abortions; 9 of
the latter died as against 19 of the 25 women whose pregnancy had not been
interrupted; and

(b) abortions or miscarriages were observed in 17 out of 25 women
contracting cholera when pregnant; 11 of the former died, while out of the
8 women not delivered 5 succumbed.'

Further valuable information on the subject under review became
available during the 1892 cholera outbreaks. As noted in the sixth of these
studies, Tipjakoff (1892) observed a fatal issue in six out of seven cholera-
affected pregnant women, all of whom had abortions or miscarriages.

Klautsch (1892) reported that out of the 10 cholera-affected pregnant
women he saw, five died (one undelivered, four after they had had abortions
or miscarriages). Only one out of the five survivors had a stillborn child one
week after admission, while the other four were delivered of living children,
one during her stay in hospital, three after they had been discharged.

Referring to earlier observations in France since 1866, Galliard (1892a)
stated that according to most of them cholera-affected pregnant women
almost invariably died, an overwhelming majority after they had had
abortions or miscarriages. In one instance a caesarian section was per-
formed post mortem on a 8 I/2-months pregnant woman who had succumbed

1 Further early publications on cholera in pregnant women, which have not been accessible to the present
writer, are quoted in the Index-Catalogue of the Library of the Surgeon-General's Office, United States Army,
Washington, D.C., 1882, vol. 3, 147, and 1898, 2nd series, vol. 3, 605.
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to the disease in less than 24 hours, but the foetus was delivered dead.
However, in contrast to these unfavourable experiences, Galliard quoted,
without furnishing an exact reference, the following statement of Moutard-
Martin:

" I have attended many women struck [by cholera] at all the stages of pregnancy
and the number of those who have succumbed after premature birth or abortion has
been minimal. In one female, affected 8 days before the term of pregnancy by algid
cholera provoking premature delivery, the illness rapidly terminated in a favourable
manner. Among the women delivered before term under the influence of the disease,
one only succumbed." [Trans.]

Galliard's personal experiences were far less favourable than those of
the observer just quoted. For, including two patients mentioned by him
in a second paper (1892b), only two out of the nine pregnant women under
his care survived (mild) cholera attacks, one being discharged well in the
sixth month of pregnancy, the other having been delivered of a living child
while still in hospital. It is remarkable that no less than five out of the seven
pregnant patients succumbing to cholera died without having been delivered.

Since the idea of saving the life of cholera-affected pregnant women by
the induction of labour had been entertained by some writers, it is important
to note that in Galliard's opinion this procedure, while offering hypothetical
chances of survival for the child if resorted to near term, would certainly

a coup sur ") kill the mother. Hence, he said, " I consider that there is
only one thing to do: not to interfere ('s'abstenir') ". The same opinion
was also expressed by Kovalevski (1894) and by Schlitz (1894), who recorded
that 28 out of 50 pregnant women, who out of a total of 115 such patients
survived cholera attacks, could be discharged undelivered. However,
Lowell (1917) maintained that

" The essential factor in the treatment of pregnant cholera cases is to remove the
dead foetus as soon as possible and in the manner best suited to the mother's condition,
because it shortens the period of convalescence, preserves the strength of the mother,
and reduces the mortality to about that of the nonpregnant cases."

It may be conveniently added that according to Galliard (1892b) cholera
was by no means particularly fatal in women who contracted the infection
while nursing their babies: out of 10 such patients only four died, the
mortality rate being thus below the general average of 50 %.

Like some previous workers, Galliard noted that in several of these
patients the cholera attacks did not disturb the physiological function of the
mammary glands. Similarly, Schutz (1894) found that, regardless of the
severity of the infection, milk secretion continued in about half of the
nine cholera-affected lying-in women observed by him during the 1892
Hamburg outbreak.

Turning to recent observations on cholera in pregnant women, reference
has to be made first to the publication of Baligh (1948) who, as quoted in
the Tropical Diseases Bulletin, found that
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" Abortion and premature labour were constant in those pregnant women who had
cholera. Of 7 such, 4 aborted, 2 had premature labour and I died during labour at term.
All of them died within 2 or 3 days, except I who died of pneumonia in 5 days. These
abortions were complete and without haemorrhage and were attributed to severe purga-
tion, severe reflex uterine contractions and toxaemia."

Baligh was, like Galliard long before him, averse to any interference
when dealing with such patients, the more so because, in his experience,
abortion was always quickly completed.

In agreement with Baligh's findings, El-Ramli (1948) recorded that out
of 14 women admitted with cholera when 2-8 months pregnant, no less than
11 had abortions or miscarriages while in hospital, one died there undeli-
vered, and only two were discharged while still pregnant. Abortions or
miscarriages took place from the fourth to the seventh day after the onset
of illness. It is noteworthy, however, that a fatal issue was observed in
only four of the 11 patients in whom pregnancy had become interrupted.

In contrast to these recent experiences in Egypt, Tao & co-workers
(1948) recorded only six instances of abortion in 20 cholera-affected
pregnant women. Thus Griesinger was certainly right when insisting that
the frequency with which cholera attacks led to abortions or miscarriage
was apt to vary to a considerable degree. As far as the present writer can
judge, it is impossible to adduce valid intrinsic reasons for the occurrence
of these marked differences. One cannot fail to note in this connexion that
the figures on the incidence of abortions or miscarriages submitted by the
various workers are too small to have statistical significance.

Skin manifestations
Classical descriptions of the manifestations on the skin of cholera

patients or convalescents have been given by Griesinger (1857) and again
by Liebermeister (1896). As the latter author stated

"No exanthemata are present at the height of the disease; they appear first in the
stage of involution [' Riickbildung '] and even then only in a minority of the patients.
Frequently blue-red spots become manifest during the reaction on the skin, corresponding
to areas in which the circulation has not become restored to a sufficient degree. Next
in frequency one observes smaller or larger red spots, designated respectively as roseolae
and erythemata, and the latter can show various forms, appearing, for instance, as
erythema annulare, figuratum or multiforme. Sometimes nodules are simultaneously
present, so that a roseola papulosa is formed, or weals are formed so that the appearances
of urticaria are present; more extensive reddening and swelling of the skin can show
the features of erysipelas. Smaller petechial or larger blood extravasates (vibices and
suggillations) also occur. Less rarely there are eruptions of vesicles, corresponding
to miliaria, or formation of pustules (impetigo or ecthyma). The exanthemata are found
most frequently on the extremities, but they can appear also on other parts of the body.
Herpes labialis or facialis in the strict sense is extremely rare. Moreover, furuncles appear
and a tendency to the formation of these may persist long in the period of convalescence.
In rare cases one meets with extended phlegmonous inflammations, decubitus and
gangrenous processes in the peripheral parts of the body (ears and nose, fingers and
toes)." [Trans.]
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In Liebermeister's opinion the etiology of these various manifestations
was not uniform. The appearance of some of them, particularly of the
erythemata, the furuncles and the gangrenous processes, was due to, or
was facilitated by, the previous circulatory disturbances. In the causation
of others, especially of the urticarial rashes, toxins or other harmful sub-
stances in the blood might have been involved. Erysipelatous and phleg-
monous processes were the result of secondary infections, particularly
streptococcal invasions. However, though admitting a possible role of the
cholera toxin, Liebermeister maintained that all the skin manifestations
described above merely fell into the category of non-specific sequelae.
There is ", as he put it, " no specific cholera exanthema ".
The subject at present under review continued to be dealt with in quite

numerous publications, specially noteworthy among which-besides some
already quoted in this study-are those of Simond & Pasteur Vallery-Radot
(1914), Valk (1915), Soucek (1916), Ichikawa (1916) and Dong-Noc-Dieu
& Millous (1923).

One noteworthy fact which a study of this newer literature discloses is
that the more serious skin affections appear to have become far less frequent
than was the case in the past-no doubt on account of the prompt treat-
ment and better general care which can now usually be accorded to cholera
patients.

It is generally agreed that the skin exanthemata, which appear at the
end of the first or during the second week after the onset of the disease,
disappear again after a few days. It is also universally held that, with rare
exceptions, the appearance of such skin rashes is a prognostically favourable
sign. Dealing with the evidence available in this respect, Griesinger (1857)
considered it an open question

" whether the eruption itself exerts a modifying influence on the intrinsic processes,
or whether these must already have taken a more favourable turn by the time an
exanthema becomes manifest". [Trans.]

Liebermeister (1896) and, quite categorically, Sticker (1912) advocated
the latter view, which is now generally accepted.

Statements regarding the frequency of the skin exanthemata are at
variance. Griesinger maintained that they appeared more frequently in
female than in male cholera patients and, while more frequent in younger
individuals, were rare in children. He also noted that the frequency of the
skin manifestations varied markedly in different epidemics or even in
different stages of one and the same outbreak. While quoting identical
experiences, Sticker (1912) pointed out that the statistics furnished in this
respect by different observers were not uniformly comparable.

Arzt (1914), who observed exanthemata in three out of 25 cholera
patients (in 20 of whom the diagnosis had been bacteriologically confirmed),
considered the incidence of these affections to be high, an opinion also
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expressed by Soucek (1916). Ichikawa (1916) claimed that skin rashes,
appearing in cholera patients who had passed the critical stage of the
disease, showed a total incidence of 78 %, but became marked in only 5 %.
Studying 207 seriously affected cholera patients (only 58 ofwhom recovered),
Murayama (1917) found skin rashes in 6.70% of all the sufferers.
A definitely low incidence of the exanthemata was noted by Valk

(1915-eight instances of urticarial rashes in about 115 cholera patients),
by Dong-Noc-Dieu & Millous (1923-seven positive observations in
129 patients) and by El-Ramli (1948), who recorded the presence of various
skin rashes, apparently including herpes, in only six of his 689 patients.

The question of the etiology of the skin exanthemata is still under
debate. Some of the modern observers, e.g., Arzt (1914), ascribed their
appearance to an action of the cholera toxin, others, like Ichikawa (1916)
and Soucek (1916), considered them anaphylactic phenomena. However,
while it would be unwarranted categorically to rule out these possibilities,
which had already been envisaged by Liebermeister (1896), it is most likely
that an important, perhaps even a preponderant role in the production of
these skin manifestations is played by the administration of inadequately
prepared saline solutions. Strongly in favour of this postulation are the
facts that (a) Valk (1915) noted an appearance of urticarial rashes not
only in some of his cholera patients but also in other individuals whom
he had treated with hypertonic saline, but in whom the presence of V. cholerae
could not be demonstrated even after repeated examination; and (b) Tao
and co-workers (1948), who were aware of the reactions produced by
pyrogen-containing saline solutions and avoided their use later in their
work, evidently. never observed the appearance of skin rashes in their
numerous cholera patients. It is likely that at least some of the skin rashes
observed by early workers, who did not resort to saline treatment, were
due to the internal administration of drugs such as calomel.

Co-existing diseases

Since, as Sticker (1912) aptly stated, cholera

4" attacks with predilection sick and weakened individuals and makes, as it were, a selec-
tion of the invalidated members [' Anbruchingen '] of the population." [Trans.]

it is not surprising to find that infections with V. cholerae have often been
observed in, and have exacted a heavy toll among, patients suffering from
pre-existent acute or chronic diseases. Among the former, Griesinger
enumerated typhoid, pneumonia, " catarrh of the lungs " (i.e., incipient
lung tuberculosis), erysipelas, puerperal infections, dysentery, relapsing
fever, acute rheumatic fever and smallpox, and among the latter chronic
gastro-intestinal affections (including gastric ulcer), dropsy due to various
causes, tuberculosis, nervous and mental diseases, carcinoma, syphilis and
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emphysema. Continuing with an impressive account of the influence
exerted by subsequent cholera infection upon some of these pre-existing
diseases, he stated:

" In the case of the acute diseases one sometimes finds a mixture of the progressing
phenomena of the old and the new disease and a fluctuation between the two; still more
frequently the former come to a standstill with the onset of cholera . .. After the termina-
tion of cholera they mostly recur, complete their course, if acute, or continue for an
indefinite time when chronic. In the case of smallpox, pneumonia and similar affections,
with the onset of cholera the fever soon ceases, the local process in the lungs does not
spread, the exudate remains stationary and is said to be particularly dry after death;
signs of acute rheumatism often disappear altogether, but reappear afterwards; the
spleen tumour in typhoid is said to decrease rapidly (Hamernik [1850]). In patients
with relapsing fever cholera sometimes appears during the attack and then proves rapidly
fatal (Heidenhain [1854]); if it begins during apyrexia, it can still come to a paroxysm
of fever. Extensive pleuritic exudates, marked ascites and general hydrops mostly
decrease rapidly with the appearance of purging, but ovarian cysts remain filled; of
course the hydrops resulting from liver and heart affections and the like afterwards
becomes manifest again. A sudden cessation of the sugar secretion in diabetes and its
return after recovery were likewise observed . . . Generally speaking, the inspissated
blood attracts all the water otherwise used for pathological processes. One likewise
observed, together with the onset of cholera, a cessation of pertussis and its later reappear-
ance; the disturbances of tuberculosis become minimal, to return afterwards with
renewed violence (Dittel [1850]); mental diseases are but rarely influenced." [Trans.]

The problem of the relation of cholera attacks to other acute infections,
either pre-existing or appearing subsequently, especially dysentery and
typhoid, calls for further discussion.

The statements made by earlier observers regarding the co-existence of
cholera and dysentery have to be interpreted with caution, because patients
affected only with the former disease may show clinical features resembling
those of the latter. Girode (1892) noted in this connexion that cholera
vibrios were sometimes detected in viscous stools intermixed with pure
blood and that after the death of such sufferers features suggestive of
dysentery were met with in the large intestines mainly affected. Similar
observations on a " haemorrhagic " form of cholera have also been recorded
by some subsequent workers, e.g., by Scicluna (1912) and by Rogers (1921).1
Sticker (1912) maintained in this respect that in some cholera epidemics
" the disease showed in its clinical appearance and in its course a striking similarity
with dysentery, being associated with rending abdominal pains, incessant defaecation
and tenesmus, frequent haemorrhagic-purulent dejecta, and lasted for a week or longer,
very slow recovery taking place instead of the development of a reaction." [Trans.]

It is, however, rather doubtful whether such patients suffered from
cholera alone. Sticker himself conceded the difficulty of differentiating
clinically the above syndrome from dysentery and admitted that the latter
infection might have been co-existent with cholera in some of the out-

1 See Bull. Wld Hlth Org., 1957, 16, 191.
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breaks mentioned above. It is certain that such an association of cholera
and dysentery has been repeatedly observed, particularly often during the
First World War at autopsy by Stoerk (1916) and clinically by several
other Austrian or German workers (see summary by Meggendorfer, 1918).
The following of these observations, which have invariably been confirmed
by laboratory examinations, deserve mention:

Author

Bujwid & Arzt (1914)

Aronson (1915)

Walko (1915)

Baerthlein & Grunbaum (1916)

Findings

Stated, referring briefly to patients who had previously
been infected with bacillary dysentery (Shiga-Kruse
type) and had afterwards contracted cholera, that the
prognosis of such mixed affections was not necessarily
unfavourable. For instance, out of three such
sufferers only one died, while the other two recovered.

Referred, besides briefly mentioning one instance of
mixed dysentery and cholera infection, to another
patient who showed clinical features of cholera but
from whose stools only dysentery bacilli could be
isolated. (Considering, however, the occasionally
great or even unsurmountable difficulties of arriving
at a laboratory diagnosis of cholera, the absence of
a mixed infection should not be rashly asserted.)

Commented upon six instances of mixed dysentery
and cholera infection by stating: " Besides the mostly
grave cholera symptoms, signs of dysentery were
manifest as well, the most marked of which were
blood-containing stools. The patients suffered to an
extraordinary degree from the double infection and it
was amazing that, in spite of a high degree of debility,
their life was spared. Recovery was very slow." [Trans.]

Found evidence of mixed dysentery and cholera
infection in 15 patients, only one of whom succumbed,
and stated that: " A minority of these mixed infections
were merely bacteriological complications, i.e.,
the complicating infection-dysentery-was mani-
fested solely by simple excretion of dysentery bacilli;
in the majority specific, clinical features were observed,
e.g., in dysentery, admixture of blood to the stools. . ."
[Trans.]. Sometimes the cholera patients showed
passing fever when becoming additionally affected
with dysentery.

Note. Reference will be made below to some further observations on this point by
Meggendorfer (1918).

In the experience of Rogers (1921, 1952), the life of cholera patients
contracting dysentery in the convalescent stage was not endangered, because
such complicating infections yielded readily to simple treatment. As has
been noted above (see page 330), Wardener (1946) found, on the contrary,
that the appearance of cholera in patients who had been weakened by
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pre-existing amoebic or bacillary dysentery was fraught with serious
consequences.

Important observations on the co-existence of cholera and typhoid
infections may thus be summarized:

Author

Lebert (1874)

Girode (1893)

Doerr & Weinfurter (1914)

Jacobitz (1915)

Walko (1915)

Findings

Found that typhoid patients, if subsequently attacked
by cholera, almost invariably died.
Stressed that both clinical and post-mortem signs
suggestive of typhoid had been found by him in several
individuals infected only with V. cholerae. Conse-
quently, one was entitled to speak of a mixed infection
only if, in addition to this organism, E. typhosa could
be isolated either during the life of the patients or
from autopsy materials. Referred to two instances
in which such a true mixed infection had been present.
One of these sufferers, personally observed by Girode,
had apparently contracted both infections simultane-
ously, signs of typhoid becoming manifest after the
acute cholera attack had subsided. Death occurred
after an illness of 10 days; typical gross signs of
typhoid were found at autopsy, and E. typhosa was
isolated in pure culture from the swollen spleen.
Gave a detailed account of a patient who was admitted
with typical signs of, typhoid, but at the end of the
second week of illness suddenly showed signs of
collapse with a rapid drop of the temperature and
rice-watery stools and died on the same day. In the
intestinal contents obtained at autopsy, both cholera
vibrios and typhoid bacilli were found; the latter
were also isolated from the bile and spleen. It could
not be decided whether this individual was a cholera
carrier who had afterwards contracted typhoid
infection or, as was more probable, he became
infected with V. cholerae while in the incubation
stage of typhoid fever.
Referred to an instance of mixed typhoid and cholera
infection which was identical with that just described.
It is interesting that the rice-watery stools of both
these patients showed a yellowish tint.
Observed a considerable number of patients in whom
cholera infection became manifest at the acme or
during the decline of typhoid fever. If a severe
cholera attack resulted, the signs of typhoid fever
were altogether replaced by those of cholera gravis,
but it is noteworthy that several times the onset of
the latter disease was associated with profuse in-
testinal haemorrhages. The combination of typhoid
with severe cholera was not invariably fatal; the
patients who survived no longer showed marked
signs of typhoid fever, but relapses of the latter
affection were sometimes observed.
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Author Findings

Cholera attacks of moderate severity exerted a
less profound influence on the pre-existing typhoid
affection, the signs of which once more became
marked as soon as the reaction stage of cholera had
been reached. Slight cholera attacks or the develop-
ment of a cholera carrier state did not modify the
course of the pre-existing typhoid affections.

Secondary infections of cholera patients with
typhoid were much more rare than those described
above. However, cholera carriers more frequently
contracted infections with E. typhosa.

Baerthlein & Grunbaum (1916) Referred to eight patients showing evidence of mixed
cholera and typhoid infection (one fatality) as well as
to two sufferers in whom the first-mentioned infection
was associated not only with typhoid, but also with
dysentery; one of these sufferers with a triple infection
recovered, the other died after an illness lasting two
weeks.

The majority of the cholera- and typhoid-infected
patients showed either slight fever for several days or
serious signs of typhoid, so that, as the authors put it,
the cholera affection was relegated to the rank of a
subordinate complication. It is noteworthy that
cholera vibrios were invariably detected in the stools
before typhoid or dysentery bacilli could be cultivated.

Meggendorfer (1918) Observed in a group of soldiers, who had consumed
lettuce cleaned with contaminated water, 20 pure
cholera infections and 5 typhoid or paratyphoid
infections, and the following instances of mixed
infections: cholera +typhoid or paratyphoid (14 times),
cholera+dysentery (once) and cholera +paratyphoid
+dysentery (3 times). Out of these 18 patients showing
evidence of mixed infections, none died; 12 had
severe and 5 slight cholera attacks, while one was
merely a carrier of V. cholerae.

Note. A further observation by Ling (1932) has already been referred to in the sixth
of these studies.'

In contrast to the ample experiences recorded above, observations on
mixed cholera and paratyphoid infections seem to have been made only
by Meggendorfer (see above) and previously by Mancini (1913) and by
Jastrowitz (1916). The records of the two last-mentioned workers may be
summarized thus:

Mancini (1913) dealt with a 14-year-old girl, admitted seven days after she had fallen
ill with moderately high fever, some meteorism, spleen tumour and pea-soup-like diar-
rhoeic stools. Positive agglutination tests established the presence of a paratyphoid B
infection. Nine days after admission signs of collapse became manifest, the temperature
in the axilla dropping to 35.2°C. Diarrhoea became more frequent, the stools became
rice-watery and were found to contain cholera vibrios. Two days later the patient died.

1 See Bull. Wld Hith Org., 1955, 13, 1179.
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In Mancini's opinion she had been a carrier of V. cholerae, subsequent paratyphoid
infection leading to a manifestation of clinical signs of cholera infection.

As described by Jastrowitz (1916), a man who fell ill with signs of bacteriologically
confirmed cholera showed a temperature rise and an incipient spleen tumour three days
after onset. At the same time the stools became faeculent, but still contained cholera
vibrios. After the fever had continued for about a week, paratyphoid B bacilli could be
cultivated from the blood of the patient and at the same time V. cholerae was isolated
from the stools for the last time. About a week later the fever ceased, the stools became
solid, and the patient felt well, though weak. He had, however, two relapses, during
which the stools, though containing neither cholera vibrios nor paratyphoid bacilli,
were diarrhoeic and contained small mucus particles and blood. On both occasions
paratyphoid bacilli were found in the urine. Though no further relapses occurred, the
convalescence of this patient was still interrupted by the appearance of febrile bronchitis
and final recovery began only about two months after the onset of the initial cholera
attack.

In the opinion of Jastrowitz the cholera and the paratyphoid infections of this patient
had taken place at one and the same time.

The simultaneous occurrence of cholera and relapsing fever was recorded
during the First World War by Russ (1915) and by Walko (1915). The
latter observed 16 patients admitted with cholera in whom relapsing fever
attacks appeared afterwards as well as four sufferers in whom both infec-
tions were already manifest at the time of hospitalization. A few instances
of triple infection with cholera, typhoid and relapsing fever were also
observed.

Unusual forms of cholera

Cholera siderans (cholera sicca)

Some of the early observers of cholera outbreaks both in India and in
Europe drew attention to the occurrence of a rapidly fatal type of the
disease to which, since purging and vomiting appeared to be absent, they
gave the name of cholera sicca in preference to the less frequently used
but-as will be shown below-more adequate designation of cholera
siderans.

Dealing with this form of the disease at a later date, Griesinger (1857)
made the following statement:

As to cholera cases without any evacuations, the cholera sicca, one cannot totally
deny their occurrence; however, as has been established at Moscow in 1830 (Jahnichen
[& Marcus]), examinations of the abdomen and autopsy show that a serous transudation
into the intestine has taken place, but has not been voided. One has to consider this as
essentially due to a paralytic state of the intestinal musculature (? in some cases to a
rectal spasm). Sometimes, however, the transudation appears to be more scanty than
usual or merely of a mucoid character (Parkes [1847]). Cases with such a course, in which
the appearances of a cholera attack develop without evacuations, invariably end un-
favourably; they occur particularly in old, debilitated individuals, in whom a slight
amount of intestinal transudation suffices to cause the profoundest exhaustion." [Trans.]
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Again discussing the problem of the so-called dry form of cholera,
Rogers (1921) stressed that in the experience of most Anglo-Indian obser-
vers, e.g., of Annesley (1829) and Macpherson (1866), this type of the
disease was extremely rare. Moreover, he drew attention to a statement of
Goodeve (1866), according to which, even though purging could be absent
in rapidly succumbing cholera patients,

" it does not follow that because there has been no purging there was no exudation into
the intestines. The exudation is sometimes poured out and retained there, and we should
never for a moment confound exudation with purging. In numerous instances in which
there has been an absence of evacuations, post-mortem examination has shown the
intestines full of fluid."

Rogers drew particular attention to a cholera patient who suddenly died
without purging, but whose small intestines were found to be filled with
fluid, even though solid faecal matter was present in the large bowel.
Reiterating a statement he had made in an earlier publication (1909b),
Rogers maintained with great reason that

" The very rapid loss of several pints of fluid into the intestines may obviously be
more fatal than the gradual evacuation of a much larger quantity through repeated
vomiting and purging spread over some days, as in the latter case much loss may be
replaced by absorption from the tissues or by fluid given by the mouth and rectum."

Modern observations have confirmed the rarity of cholera siderans.
Thus Tao and co-workers (1948) stated that they had not met this type
among their 687 patients,1 and El-Ramli evidently had the same experience.
Wilkinson (1943) referred to the occurrence of " cholera sicca " in but
three of the 547 individuals falling ill with cholera at Hong Kong in 1938.
It is noteworthy, however, that the clinical features in these three patients
(two children and one young man) did not fully correspond to those usually
met with in cholera siderans. For, as Wilkinson described,

" Cyanosis, hyperpyrexia and collapse were the outstanding signs, and one of the
children, who had no diarrhoea, showed signs of free fluid in the peritoneum and shrivelled
finger tips on admission. Her temperature was 1060 F ... All these patients died and
vibrios were isolated from the intestinal contents at autopsy. Presumably in such cases
the outpouring of rice-water fluid into the gut is so rapid that a paralytic ileus ensues,
which accounts for a complete absence of diarrhoea."

A unique instance of recovery of a patient showing typical features of
cholera siderans (absence of purging, but collapse and presence of fluid
in the intestines) was recorded by Craster (1913).

The assumption of Griesinger and some subsequent authors that in the
type of cholera at present under review an ileus-like intestinal paralysis
accounts for the absence of purging appears to be adequate. Since, however,
in the patients attacked in this manner a transudation of fluid into the small

1 However, as noted in the seventh of these studies (see Bull. Wld Hlth Org., 1956, 14, 752), one patient
obviously succumbing to cholera siderans had been seen in Shanghai by Lieou (1938).
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intestines invariably occurs, they cannot be said to suffer from a " dry"
form of cholera. The designation of cholera sicca should, therefore, be
given up in favour of that of cholera siderans, which, while not conveying
an erroneous impression regarding the underlying morbid process, appro-
priately draws attention to the almost invariably rapid death of the sufferers
affected by this type of the disease.

Cholera in children and aged persons

Though some reference has already been made in the foregoing pages to
cholera in children and aged people, and although this subject will have to
be discussed further when dealing with the problems of epidemiology in the
following instalment of these studies, it seems necessary to describe at the
present juncture the clinical peculiarities of the disease in these two age-
groups in a comprehensive manner.

Children. Dealing with infantile cholera, Griesinger (1857) stated that
"In newborn and very young children in general, the course is often rapid, showing

rather the signs of a very quick exhaustion through the evacuations than the characteristic
symptoms of cholera; there is often no prodromal diarrhoea; vomiting is also not a con-
stant feature of the attacks. Watery purging is invariably present, the children become
very restless, the face becomes wan and bluish, the skin and musculature are withered,
cramps are rare, cyanosis is not marked. The children become soporous and cold and lie
prostrate with weak respiration and heart activity, open and staring eyes, toneless voice
and no urine. Sometimes a typhoid state or a stage of exhaustion resembling the hydro-
cephaloid with sopor and slight convulsions, but with satisfactory urine secretion, sub-
sequently develop, which are often followed by recovery." [Trans.]

Generally speaking, however, the prognosis of cholera in children was
unfavourable, over 900% of the newborn and about 70 %-80% of children
under 4 years not surviving the attacks; according to Griesinger, the morta-
lity of older children up to 10 years was also above the average.

Making a special study of infantile cholera in the Philippine islands,
McLaughlin (1909) reached the conclusion that, owing to its frequently
atypical appearances, the presence of the disease in children
" is often unrecognized and unreported as such, being reported as acute or chronic
enteritis, gastro-enteritis, entero-colitis, dysentery, acute or simple meningitis, and pro-
bably also as ' infantile ' beriberi, convulsions of children, and other diseases".

McLaughlin maintained in particular that, owing to the frequency of
cerebral manifestations in cholera-affected children, they were often sup-
posed to suffer from acute meningitis, whereas-notwithstanding statistics
to the contrary-acute meningitis was really a rare disease in Manila.
Another source of diagnostic errors was that infection with V. cholerae
could occur in children suffering from enteritis or dysentery without leading
to the choleraic syndrome met with in adults. Actually, bacteriological
examinations of all children supposed to have succumbed to these two
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diseases or to meningitis during a cholera outbreak showed that the inci-
dence of V. cholerae infections in children under 10 years of age was 32.5 %
being thus considerably higher than the average of 22.8 % recorded for this
age-group from 1907 to 1909.

The observations of most subsequent workers confirmed that the cholera
mortality of children under 10 years of age was more or less above the
average. It is interesting to note in this connexion that Rogers (1921), while
in general agreement with this view, pointed out that, after improved
methods of treatment had been adopted in 1913, the infantile mortality from
cholera remained high only in children under 5 years of age (36.4%),
whereas the fatality rate in those from 6 to 10 years was lowered to 16.40%,
thus comparing favourably with the death-rate of 19.2% in the age-group
from 11 to 40 years. But the fact that 1388 records were available for the
latter group as against a total figure of 150 for children under 10 years of
age deserves attention.

Recent experiences in China definitely support the view that the death-
rate from cholera in children was abnormally high. Thus Pollitzer and co-
workers (1941) found in a comparatively small but carefully observed group
of 324 cholera patients an average fatality rate of 63.2%, whereas that of
the 52 children up to 9 years old was 80.8 %. Tao & colleagues (1948),
though in general obtaining excellent therapeutic results (the total death-
rate in 687 patients equalling only 4.7 %), were unable to save 14 out of the
78 cholera-affected children up to 10 years old; this represents a fatality
rate of 17.9%.

Aged persons. General agreement exists that the mortality from cholera
is abnormally high in aged persons. Griesinger (1857), summarizing the early
evidence available in this respect, stated that in this disease the prognosis was
best in those from 10 to 20 years old and was still quite good in the following
age-group (20-30 years), but then became increasingly less favourable, the
fatality rate becoming high in persons over 50 years old and higher still in
those over 70 years old, 80 %-90% of whom succumbed. He also drew
attention to observations like those of Farr (1852), which showed that aged
persons were apt to die from cholera not only more frequently but also more
rapidly.

Sticker (1912), dealing with the subject under review, maintained that
" The behaviour of old and of prematurely debilitated persons in cholera epidemics

bears a relation to lessened resistance. If cholera is prevalent, the slightest diarrhoea
in an individual over 60 years is almost invariably a true cholera attack, and the slightest
attack is extremely dangerous. Moderate diarrhoeas and slight cramps lead to rapid and
most marked loss of forces and body temperature. If death does not ensue during the
attack it is certainly caused through subsequent exhaustion." [Trans.]

Similarly, Rogers (1921) pointed out that, even after improved methods
of treatment had become available, the mortality from cholera remained
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high (49.9 %) in persons over 50 years, their low resistance " not giving the
treatment the same chance as in those of more vigorous ages ".

In China, Pollitzer and co-workers (1941) recorded a mortality of
77.80 in 27 patients of 50-59 years and one of 76.2% in 21 individuals above
the latter age, as against an average fatality rate of 63.2 %. Tao and col-
leagues (1948), on the other hand, recorded only one death in 20 patients
61-70 years old, and none in five individuals of 71 years or more.

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

Diagnosis

While it must be fully admitted that it is impossible to arrive at an exact
diagnosis of cholera without exact laboratory examinations, it is at the same
time of the utmost importance to obtain prima facie evidence, by clinical
methods, of the presence of this disease as soon as the sufferers are first
seen. For, as has been discussed in the seventh of these studies, no reliable
rapid method for the recognition of V. cholerae in their stools is available,
so that one has to resort to the comparatively tedious procedure of isolating
the organisms and identifying them with the aid of serological tests. To
delay isolation of the patients, immediately followed by appropriate treat-
ment, until a final diagnosis has been made in this manner would be fraught
with the gravest consequences not only for them but also for their contacts
and for the community at large.

However, while the need for a speedy preliminary diagnosis is obvious,
unfortunately it is not uniformly easy to obtain such prima facie evidence.
It is true that, as soon as the epidemic prevalence of cholera has been estab-
lished, no difficulties will as a rule be encountered in the case of severely
affected adult patients. The usually sudden onset of the disease with violent
purging and, soon, vomiting, leading first to the appearance of rice-watery
evacuations and in due course to the progressive development of marked
dehydration, profound collapse and complete, or at least almost complete,
cessation of the urine secretion, in association with other signs, such as most
painful muscular cramps and a characteristic change in the very aspect
of the sufferers, furnish well-nigh unmistakable evidence of the presence of
cholera. It is true that, as will be discussed below, the presence of other
diseases may be manifested by signs more or less resembling those of cholera
gravis, but instances in which all the classical signs of this disease are met
with even though no infection with V. cholerae has taken place are exceptions
rather than the rule.

Serious difficulties for a clinical diagnosis may arise, however, if one is
confronted by -(a) early or sporadic manifestations of cholera, particularly
in localities where the occurrence of this disease is unusual; (b) atypical forms
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of the disease, especially infantile cholera, in which meningeal or cerebral
manifestations may overshadow those of the digestive tract; or (c) mild
choleraic affections which, being apt to terminate in recovery without
treatment, may be quite easily overlooked, even during epidemics, unless
adequate attention is paid to an examination of the stools of the sufferers
in question.

As proved by the observations of de Moor (1949), already referred to
in the third of these studies,' the clinical features of what he called " para-
cholera (El Tor)" or, more adequately, Enteritis choleriformis El Tor,
caused by infection with haemolytic vibrios agglutinable with cholera-
diagnostic sera, are quite indistinguishable from those produced by the
classical non-haemolytic cholera vibrios. In agreement with the clinical find-
ings, the " choleriform " outbreaks in the Celebes were characterized by a high
fatality rate (75 % in 1937-38 and 69% in 1939-40). One must keep in mind,
however, that, desirable though it is to distinguish between choleriform
enteritis and classical cholera through appropriate laboratory tests, particu-
larly haemolysis tests, this differentiation is of no import as far as the
treatment of the patients and the control of the outbreaks are concerned.

Considerable diagnostic difficulties may be created during outbreaks
caused by the classical V. cholerae through the occurrence of what has been
termed " clinical " cholera, i.e., manifestations of the disease characterized
by the presence of typical clinical signs of cholera gravis while laboratory
tests fail to furnish evidence of V. cholerae infection. Though the incidence
of this " clinical " cholera is not usually considerable, the contrary has been
found in some outbreaks. Thus Wilkinson (1943) recorded that in a series
of 500 apparently cholera-affected patients at Hong Kong positive labora-
tory findings could be obtained only 349 times. He added that the mortality
of the 151 patients showing no laboratory evidence of cholera infection
was quite high (47.7 % as against 60.45 % in the bacteriologically positive
group). Tao and colleagues (1948) stated in this connexion that they
could obtain positive cultures from the stools of only 687 patients, while
in the case of 934 sufferers showing typical clinical appearances of cholera
the diagnosis remained unconfirmed, usually because no laboratory tests
had been made, less often because V. cholerae could not be isolated from the
stools upon one or sometimes upon two occasions. Evidently, however,
these workers entertained no doubt that these 934 patients had cholera,
and they even claimed that, in view of the epidemic prevalence of the
disease, the same held true of 443 patients without bacteriological confirma-
tion and less clear-cut clinical manifestations of the infection.

While one may entertain doubts regarding the validity of this claim,
there seems to be no reason to deny that most, if not all, patients seen during
outbreaks with typical clinical appearances of cholera but negative labora-

1 See Bull. Wid Hlth Org., 1955, 12, 833.
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tory findings have been infected with V. cholerae, the failure to isolate the
causative organisms from the stools being due merely to accidental causes.
It is noteworthy in this respect that Rumpel (1893), besides recording three
instances in which V. cholerae could not be cultivated from the rice-watery
stools of patients with clinical signs of cholera gravis, also referred to some
other such sufferers whose stools gave alternatively positive and negative,
or negative and positive, results. El-Ramli (1948) maintained in this con-
nexion that in most of the instances in which a laboratory confirmation of
the diagnosis could be obtained
" the cholera vibrios can be isolated from the stools early in the course of the disease.
But in other cases they cannot be isolated except at a late period, and sometimes after
the stools have become formed

Evidently El-Ramli was able to cultivate V. cholerae from the stools of
76 % of his bacteriologically positive patients within four days of the onset
of the disease, in 15 % after an illness lasting from five to seven days, and in
9 % later, once on the 24th day.

El-Ramli further referred to 36 cholera victims who had succumbed to
typical cholera attacks and at whose autopsy characteristic signs of the
disease were found, but from whom no positive cultures had been obtained
either during life or after death. It is quite likely that in the case of such
cholera victims, as well as when dealing with patients showing the signs of
" clinical " cholera, a retrospective diagnosis might be established with the
aid of appropriate serological tests. However, since patients showing clinical
signs of cholera gravis must be promptly isolated and adequately treated
regardless of whether the presence of V. cholerae is demonstrated in their
stools, such a late confirmation of the diagnosis is of academic rather than
practical importance.

Differential diagnosis

In order to deal adequately with the various diseases the clinical appear-
ances of which more or less resemble those of cholera, separate considera-
tion will be given to (1) infections produced by vibrios other than the
V. cholerae; (2) gastro-enteric affections caused by bacterial species not
belonging to the genus Vibrio; (3) malaria; (4) parasitic infestations; (5)
processes due to the ingestion of certain poisons; (6) stokers' cramp and
allied conditions; and (7) a few other diseases.

Infections produced by cholera-like vibrios

Though it is impossible to accept all claims made regarding a patho-
genetic role of cholera-like vibrios in man, a study of the relevant literature 1

'See, in addition to the excellent summary of the early literature by Mackie (1929), Kwaschnina (1933),
Ta-lor. Pandit & Read (1937), Read (1937), Hisano (1938), Lefrou et al. (1945), and Mathis (1946).
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shows that invasions by such organisms may produce manifestations of
choleraic disease or, as it is often called, of " paracholera ", which more or
less resemble those of severe cholera attacks. However, for various reasons
the occurrence of such infections, curiously far more frequently observed
in areas where true cholera does not regularly occur, especially in Africa,
is not apt to cause serious difficulties of differential diagnosis. It is true
that " paracholeraic " infection sometimes produces syndromes quite
closely resembling those of cholera gravis, an evacuation stage-manifested
by violent purging with finally rice-watery stools, vomiting and muscular
cramps-passing into a collapse stage. However, even then clinical signs
absent or at least rare in true cholera-for instance, colicky pains or fever,
or the two together-may almost invariably be observed. In marked contrast
to true cholera, even the patients most seriously affected with " paracholera "
almost always recover. The method of treating such sufferers is identical
to that adopted in the case of cholera gravis, and soon after treatment
has been initiated the results of laboratory examinations will show the
presence of an infection with vibrios other than V. cholerae. However, a
laboratory diagnosis of " paracholera" should not be rashly made because
(a) owing to accidental causes cholera-like vibrios may be present in addition
to V. cholerae in the stools of patients suffering from cholera, and may even
abound; and (b) the apparently exclusive presence of cholera-like vibrios
may merely camouflage infections due to organisms of other bacterial genera,
which are apt to remain undetected if attention is focused upon the rapid
isolation and identification of vibrios.

Gastro-enteric affections produced by other bacteria

As unanimously stated by numerous observers, gastro-enteric infections
produced by organisms other than those of the genus Vibrio (particularly
often by salmonellae) 1 may produce syndromes more or less closely resem-
bling that of cholera and variously designated as acute gastro-enteritis,
cholera nostras, or food-poisoning, and in children often as infantile
diarrhoea or as pseudocholera infantum (Sasaki, 1937). As exemplified by
the table on page 353, based on an excellent tabulation of Napier (1946), it is
usually not difficult to make a differentiation between such affections and
true cholera even on clinical grounds. However, sometimes manifestations
more closely resembling those of the latter disease may be met with. Thus
the evacuations, instead of exhibiting appearances fitting Napier's descrip-
tion, may be inoffensive and rather similar to those in cholera. It is true
that, as has been pointed out by early observers such as Guttmann (1892),
they are usually not quite acholic, showing a more or less pro-

1 Reference to the production of cholera-like syndromes by organisms other than salmonellae has
been made recently by Ghosh (1938-Ps. pyocyanea infections) and by Menon (1947-intestinal fuso-
spirochaetosis).
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DIFFERENTIAL DIAGNOSIS OF CHOLERA, FOOD POISONING AND ARSENIC
OR ANTIMONY POISONING*

Cholera [ Food poisoning Arsenic andantimony poisoning

~I _.

Epidemiology Associated with Often single group Often one person
other cases in neigh- of persons who only
bourhood shared meal; no

secondary cases

Incubation 24-72 hours 4-24 hours |1/-2 hours

Onset With purging With vomiting With burning in
throat followed by
vomiting

Nausea and None Yes Yes; retching
retching marked

Vomiting Precipitate, watery; Often single severe Violent, continuous,
rarely blood; con- vomit;mucus,blood- mucus, often freely
tinuous streaked streaked with blood

Evacuation Early; continuous Frequent; usually Delayed; single,
pouring out of pints follows vomiting; massive,
of watery fluid; faecal, plus blood followed by frequent
inoffensive and mucus, often passing of blood

offensive and mucus

Tenesmus None Yes Very marked

Abdominal None Marked; all over Very marked
tenderness abdomen

Dehydration Very marked Distinct Slight

Muscular cramps Constantand severe Less constant; Severe
extremities only

Surface Often up to Normal or sub-
temperature Subnormal 100O-102F (37.8--39'C) normal

Headache None Often Often

Urine Suppressed Seldom suppressed Sometimes sup-
pressed later

Blood Leucocytosis; Normal Slight leucocytosis;
mononuclear in- normal differential
crease

* Based on Table VI of Napier (1946), p. 385. An earlier tabulation of the signs differentiating
cholera and food poisoning by Tomb (1930) will be found reproduced in the 1931 volume of the
Tropical Diseases Bulletin.
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nounced yellowish tinge; but this is not invariably the case, while, on the
other hand, such slightly tinged stools may be voided by cholera patients.
Therefore, attempting a clinical differentiation, one should lay no undue
stress upon this or other individual signs, but appreciate the condition of
the patient in general, paying attention at the same time to the history of
his affection. In view of the occurrence of mild or atypical forms of cholera,
one should never omit a laboratory examination of the stools of the sufferers,
if there is an even remote possibility of the presence of this disease.

It deserves special attention that a sudden onset of acute bacillary
dysentery may be characterized by signs quite similar to those of cholera.
Rogers (1921) stated in this connexion that

" Acute Bacillary Dysentery sometimes presents copious watery stools with marked
collapse, and I have known several such cases admitted to the cholera ward. In these
cases I have also usually, although not invariably, found an absence of leucocytosis,
while the differential count is quite unlike that of cholera, the large mononuclears not
being increased. As soon as a stool has been passed, mucus and also often blood may be
detected, and the diagnosis of dysentery can be confirmed by bacteriological examination.
It is only very acute bacillary dysentery that I have seen mistaken on first admission for
cholera, while if collapse is marked and the blood somewhat concentrated, transfusion is
indicated, as in the latter disease."

In agreement with this statement, Strong (1944) quoted evidence to
show that in Europe also, during the first World War, considerable difficul-
ties were encountered in differentiating between the choleraic form of
dysentery and cholera. The not infrequent association of both diseases
must also be kept in mind to avoid diagnostic errors.

Choleriform malaria

As described by Thayer (1910),

" The special localisation of grave aestivo-autumnal [malaria] infections in the intes-
tinal tract may result in symptoms simulating Asiatic cholera-sudden, profuse, watery
diarrhoea with collapse, the patient sinking before death into an algid condition...
In other cases, without intestinal manifestations, the paroxysm may be ushered in by a
train of symptoms not unlike the algid stage of cholera-algid pernicious fever."

A differentiation of the latter atypical form of malaria from cholera
ought not to be difficult, both because the patients will not report initial
gastro-intestinal disturbances and because the algid stage will be followed
in due course by a fever paroxysm. Regarding the first-mentioned unusual
form of malaria it must be kept in mind that (a) in this the typically rice-
watery stools usually voided by cholera patients are hardly ever met with
(Rogers, 1921); and (b) diagnostic doubts raised by the absence of such
evacuations may be resolved by blood examinations, with the aid of which
it will be possible not only to ascertain the presence or absence of malaria
parasites, but also to establish whether the specific gravity of the blood is
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increased, as ought to be the case in algid cholera patients. Moreover, as
pointed out by Rogers (1952), in malaria patients one finds an increase of
the large mononuclears Without the total increase of the leucocytes met
with in cholera. Pending blood examination, the algid malaria patients
will be benefited by the administration of saline infusions, but it is most
essential to start adequate anti-malarial treatment with the least possible
loss of time.

Parasitic infestations

Referring to the contention of Manson-Bahr (1942), that the early
stage of trichinosis might be confused with cholera, Strong (1944) stated:

" When the adult worms in the small intestine reach sexual activity, gastro-intestinal
irritation is produced. Abdominal pain, vomiting, severe diarrhoea of the choleraic type
may ensue if the infections are severe, with muscular cramps and pain. The presence of
eosinophilia and the finding of trichinae would, however, establish the diagnosis."

Napier (1946), making a similar statement, pointed to the rarity of
trichinosis in India. As the present writer noted, human infestation with
trichinellae is also rather rare in China.

According to Strong (1944), observations in Assam had shown that
infestations with the trematode Gastrodiscus hominis led to acute intestinal
disturbances apt to terminate in death and that, consequently, individuals
thus affected had sometimes been supposed to suffer from cholera. A
proper diagnosis could be made by searching for the ova of the parasites
or for the reddish translucent flukes themselves in the faeces of such patients,
which were at the same time negative for V. cholerae.

It was also claimed by Das Gupta and co-workers (1944) that a ful-
minant type of Giardia infestation could occasionally lead to violent
diarrhoea and other signs of choleraic disease. However, as pointed out
by the reviewer of the article of these workers in the Tropical Diseases
Bulletin, it was uncertain whether the Giardia infestation was the real
cause of these disturbances or of the dysentery-like syndromes becoming
manifest in some other individuals showing evidence of such infestation.

Action of poisons

Various poisonous substances, including the preformed toxin of Clos-
tridium botulinum, poisonous mushrooms and chemical poisons like anti-
mony, arsenic and, according to Guttmann (1892), antipyrin as well, have
been found to produce clinical syndromes more or less resembling cholera
attacks.

As pointed out by Strong (1944), botulism may be manifested initially
by nausea or vomiting, and occasionally also by diarrhoea, associated with
marked prostration but not with fever. However, in the course of this
affection constipation is as a rule present. More important still, besides
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the manifestation of some signs also met with in cholera, like impairment
of the voice and dimness of vision, progressive bulbar paralysis leads to
the appearance of palpebral ptosis, diplopia, inability to swallow and
respiratory paralysis. Hence, even apart from the results of stool examina-
tion, doubts whether a patient suffers from cholera or from botulism will
not persist for long.

The " mycetismus choleriformis " apt to develop after the consumption
of poisonous mushrooms, was according to Strong characterized by the
appearance of nausea or vomiting and usually profuse diarrhoea, but in
contrast to cholera vomiting commenced before the onset of purging and
violent abdominal pains became apparent. Apart from the history of the
patients, a prima facie diagnosis of mycetismus could be made through
inspection of the stools, which was apt to show the presence of mushroom
particles. While mushroom poisoning was apt to lead to the appearance
of a toxic nephritis with anuria, it was often also responsible for a severe
hepatitis with marked jaundice.

The signs differentiating arsenic and antimony poisoning from cholera
are enumerated in the table on page 353, based on Napier (1946). Guttmann's
antipyrin-poisoned patient, though otherwise showing signs of a choleraic
affection, had normal stools.

Stokers' cramp

As summarized by Strong (1944), there exists a similarity between the
clinical manifestations of cholera and those of stokers' cramp, a syndrome
developing in persons working under conditions of excessive heat and
moisture and characterized by the appearance of severe muscular cramps,
collapse and sometimes frequent watery stools. A similar condition, also
brought about by excessive sweating and loss of chlorides, has been observed
among travellers in hot and dry desert areas.

Unless the possibility of cholera can be altogether excluded, the stools
of persons showing signs of either of these syndromes must be examined
for the presence of V. cholerae pending the administration of fluids con-
taining adequately large amounts of sodium chloride.

Other diseases

The following other diseases, the differentiation of which from cholera
has come into question, deserve mention: 1

Meningitis. Since, as noted earlier in this study, cholera-affected children
may exhibit marked signs of meningismus or similar conditions, it is not

1 For a more elaborate list, compiled according to recent experiences in Egypt, see Hassan (1948).
Rogers (1952) further mentioned that sometimes a clinical similarity could exist between cholera and melioi-
dosis.
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surprising to find that such patients have sometimes been supposed not to
suffer from that disease but from true meningitis. On the other hand, as
once observed by Wilkinson (1943), for instance, patients suffering from
the latter disease may be sent to the cholera wards. Laboratory examination
of the stools, cerebrospinal fluid, or both, must be resorted to in order to
differentiate in a reliable manner between cholera with signs of meningismus
and essentially meningeal affections.

Intra-abdominal haemorrhage. It is distressing to note that, as exemplified
by an observation of Wilkinson, a diagnosis of cholera has sometimes been
made in the case of women who showed signs of collapse and circulatory
failure due to intra-abdominal haemorrhage after rupture of an ectopic pre-
gnancy. Every possible effort must be made to ensure that such patients or
those with other acute abdominal affections, if mistakenly sent to a cholera
hospital, receive prompt surgical attention. Generally speaking, a fully
adequate preliminary sifting of the patients admitted to the cholera wards is
essential to correct the diagnostic errors made through carelessness,
ignorance or panicky fear of the infection.

PROGNOSIS

It is consoling to note that improvements in the methods of treatment,
to which attention will be paid below, have led to a marked reduction of
the mortality from cholera. According to Griesinger (1857), during the
early manifestations of the disease in Europe usually about 50 %, not rarely
approximately 60 %, and occasionally even a higher percentage of the
sufferers succumbed, and, as summarized by Rogers (1921), similar or
sometimes even considerably higher figures were recorded by the early
workers in India. On the contrary, gratifyingly low death-rates have been
reported by several modern observers. Thus Mooser and co-workers (1939)
as well as Robertson & Pollitzer (1939) stated that, in spite of the havoc
generally caused in unoccupied China by a wholesale spread of cholera
during the Sino-Japanese hostilities, they had been able to reduce the
mortality from this disease in isolation wards established under the auspices
of the League of Nations to 9.5 %, and even to 7.5 %. Similarly, El-Ramli
(1948) recorded that during the unforeseen calamity of the 1947 cholera
outbreak in Egypt, which in general caused a mortality of about 50% (see
Shousha, 1948), only 83 (12.7%) of his 653 patients who survived longer
than 5 hours after admission succumbed to the disease, while the mortality
among the sufferers coming from the vicinity of the hospital was only 6.6 %.
Tao and colleagues (1948), working after the restoration of peace in China
in a permanently established cholera hospital, reported a mortality of 6.2%
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in a total of 2064 patients showing clinical features of the disease, while
the death-rate among the 687 patients with positive bacteriological findings
was as low as 4.6%.

Undeniable though it is that, on account of the then prominent dehydra-
tion and circulatory failure, the life of the patients is most endangered
during the algid stage of cholera, it is of the utmost prognostic importance
to note that only about two-thirds of the total deaths from the disease take
place during this initial period of one to two days, while the remainder
of the sufferers succumb later, even though they have reached the reaction
stage. In the experience of most observers, uraemia was the most important
cause of these late deaths, hyperpyrexia or other complications, like pneu-
monia, being less often responsible for the fatal termination of the disease.
However, Rogers (1921) drew. attention to observations made in the case
of European cholera patients treated during the period 1895-1906 in
Calcutta, among whom 23 % succumbed to hyperpyrexia and only 15%
to uraemia.

While, as will be discussed below, certain other factors may be of
prognostic importance as far as individual patients or groups of patients
are concerned, generally speaking, the outcome of cholera depends largely
upon the rapidity as well as upon the efficacy of treatment. This point is
well illustrated by observations tabulated by El-Ramli as follows:

Days of illness before admission
one two three four more total

Number of patients 300 168 101 70 38 677
Number of deaths 28 30 26 26 7 117
Death-rate 9.3 17.8 25.7 37.1 18.4 17.3

The great importance of rapid and efficacious treatment depends not
only upon the life-saving effect immediately produced through restoration
of the fluid balance and circulation, but also upon the rapid restoration of
the urine flow, which in its turn governs the frequency with which uraemia
develops. The validity of this contention is well exemplified by the statement
of Rogers (1921) that out of a group of cholera patients admitted at various
intervals after onset of the disease,

" only 26.2 per cent. of the uraemic cases were admitted within the first twelve hours
of the disease, and no less than 23, or 54.8 per cent., were only brought between one and
nine days after the onset, in whom the urine had been suppressed on admission for over
twelve hours in 3, for from one to two days in 8, and for two days or more in no less than
12, or over half. Suppression of urine for over twenty-four hours is, therefore, of serious
prognostic import, which becomes increasingly grave as each day passes without restora-
tion of the renal function..."

Besides those mentioned above, the following factors are of prognostic
importance in cholera.
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Age of patients

As discussed earlier in this study (see page 347 et seq.), the prognosis
of cholera is markedly more serious in young children and in aged persons.
Rogers (1921) also concluded from fairly ample statistical material that
the outlook was best in adolescents (11-20 years) and that the death-rate
then rose steadily in each subsequent age-group to become maximal in
those above 50 years. Similarly El-Ramli (1948) stated that

" Death rate is lowest among patients of the age group 5-20 years. After 20 it increases
with age till it reaches the maximum (50.9%) after 60 years. The death rate in the
group 1-5 years is also high (36.6%) while in 0-1 year age group it is 11%."

El-Ramli's reference to a low mortality in babies less than one year old
is rather surprising because, according to earlier observers (see, for instance,
Griesinger, 1857, and Sticker, 1912), cholera, while almost invariably fatal
in the newborn, claimed a death toll of 80 %-90 % in the first year of life.

Influence of sex

Notwithstanding a few statements to the contrary, it would appear that
the sex of the patients exerts no influence on the prognosis of cholera.
However, as discussed elsewhere in this study (see page 336 et seq.), in the
experience of many observers the occurrence of the disease in pregnant
women was fraught with particular danger.

Pre-existing abnormal conditions

It is unanimously held that the state of health of individuals contracting
cholera infection exerts an important influence on the outcome of the
disease, the chances of recovery becoming considerably less in persons
weakened by pre-existing diseases or by poor nutrition. The prognosis has
been found to be particularly unfavourable in alcoholics, in opium addicts,
in persons with chronic kidney affections, in those with liver complaints
according to Macleod (1910), and, as noted by El-Ramli (1948), in lunatics.

Influence of vaccination

It is gratifying to note, on the other hand, that previous anti-cholera
vaccination, while, in the experience of most workers, not materially
influencing the course of the disease, was markedly apt to lower the death-
rate. The earlier evidence available in this respect has been confirmed by
observations made during the 1947 Egyptian epidemic when, as stated by
Shousha (1948),

"Among 3,648 cases of cholera in eight different fever-hospitals, 396 (i.e. 18.7%)
were inoculated and 1,721 (i.e. 81.1 %) were non-inoculated. The fatality rate was 26.5%
among the inoculated and 42.9% among those non-inoculated."
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Less ample, but still more interesting, experience by El-Ramli (1948) of
cholera mortality in previously vaccinated patients was as follows:

Mode of vaccination Patients Deaths Mortality
rate *

One injection 1-6 days
before onset 75 7 9.3

One injection 7 or more
days before onset 45 2 4.4

Two injections 38 3 7.9

Total 158 12 7.6
* The mortality rate among the non-vaccinated was 17.3%.

As El-Ramli added, the vaccination of patients at the onset of cholera
or during the first three days of illness exerted no influence on the course
of the disease or on the fatality rate.

Long-distance transport

Experience has taught that the chances of recovery under treatment are
poor in cholera patients brought to the hospitals from distant localities.
There can be no doubt that the delay with which the treatment of such
sufferers is started largely accounts for the unfavourable therapeutic results.
As the same time, however, it stands to reason that the hardships these
patients undergo during transit also militate against their survival.

Character of the clinical manifestations

As aptly stated by Macleod (1910), signs of good or evil omen become
observable at every step during the course of cholera. According to him,

"Evil signs, in the order of the stages, are-sudden seizure, early prostration, early
stupor, quick advent of collapse, restlessness, and fighting for breath, failing pulse,
great depression of temperature, prolonged cold stage, hyperpyrexia, severe abdominal
pain, blood in vomit and stools, persistent suppression of bile and urine, permanent
muscular contractions, jaundice, lung complications, recurrent purging and vomiting,
delayed restoration of body heat, 'typhoid ' symptoms, and indications of uraemia or
cholo-uraemia, insomnia, and delirium."

Favourable signs, on the other hand, were

" maintenance of pulse during collapse, moderate depression of temperature, early and
not excessive reaction, return of colour in the motions, cessation of cramps, restoration
of urinary excretion, resumption of warmth and dryness of skin and normal colour
of face, quiet breathing, tranquillity, sleep".

Macleod added with great reason that, while violent purging and vomit-
ing in the early stage of cholera were not necessarily indicative of a severe
seizure, their persistence (or, one should add, their recurrence) was
apt not only to delay convalescence, but even to produce fatal exhaustion.
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True as it is that the majority of deaths from cholera take place during
the collapse stage, one should beware of undue optimism when one's
patients have reached the stage of reaction. For, even though at first the
condition of the sufferers may thus appear to be favourable, uraemia or
other dangerous complications may still become manifest, and even when
convalescence has commenced occasional deaths from heart failure may
still occur. Therefore, even if there is reason to hope for a favourable
outcome of the disease, one should not be prematurely sure of it.

In addition to a careful and constant general observation of the patients,
advantage must be taken of additional methods to assess their condition.
This is particularly true of stool and urine examinations.

The number and the character of the intestinal evacuations must be
watched, keeping in mind that early in the disease a sudden cessation of the
diarrhoea may be an evil rather than a favourable sign, because, parti-
cularly if combined with the presence of abundant fluid contents in the
intestines, it is indicative of intestinal paralysis (Sticker, 1912). The pre-
sence of blood in the evacuations, especially early in the disease, is most
inauspicious. On the other hand, as noted by Macleod, for instance, (see
above) the reappearance of normally coloured motions is reassuring.
Constipation in the reaction stage is on the whole less satisfactory than
a moderate evacuation of even non-solid stools and should, if necessary,
be combated through the cautious use of microclysters or enemas.
A careful and cowitinuous watch over the urine excretion, the successive

daily amounts of which should be plotted on charts or graphs, is essential.
The specific gravity of the urine should be measured, and analyses for the
presence of albumin as well as examinations of the sediment for casts,
erythrocytes and other cells should be made. While the passing presence
of albumin and casts early in the reaction stage is not disquieting, absence
of a restoration of the diuresis or its subsequent deterioration are most
alarming. A continuously satisfactory urine secretion, on the other hand,
is one of the most reliable and reassuring prognostic signs. To get indica-
tions of the presence of acidosis, the reaction of the urine must be watched
and tests for acetone must be made.

As maintained by Rogers (1952), a drop of the rectal temperature
below normal or an excessively high temperature in the rectum associated
with coldness of the extremities indicate a most serious condition in collapsed
cholera patients. The same is true of the continuous presence of high fever
in the reaction stage.

Rogers (1921) declared that

" In the stage of copious evacuations tending to produce collapse, the blood-pressure,
indicating the degree of failure of the circulation, and the specific gravity of the blood,
affording a measure of the loss of fluid from the system, furnish the most important
information regarding the prognosis."
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He maintained, however, that a great decrease in the blood pressure
was of more serious import than a very high specific gravity of the blood.
Be this as it may, as far as possible the latter as well as the former should
be determined in the early stages of cholera, the more so because, as will
be discussed below, measurements of the blood specific gravity offer con-
venient guidance in the proper conduct of the infusion treatment.

Though one must agree with Rogers that a markedly reduced alkalinity
of the blood is a signum mali ominis, it would be most difficult to take
clinical advantage of such determinations, when during serious cholera
outbreaks numerous patients have to be attended at one and the same time.
The same is true of blood urea determinations, highly valued by El-Ramli
(1948), and of leucocyte counts, the prognostic importance of which was
emphasized by Biernacki (1895) and by Rogers (1902).

TREATMENT 1

A survey of the most voluminous early literature on the treatment of
cholera 2 shows that, as Griesinger (1857) sarcastically remarked, in their
attempts to cure patients suffering from this disease the various workers
resorted to almost the whole materia medica. Thus it came about that
diametrically opposed therapeutic methods were recommended, for instance,
blood-letting and blood transfusion, laxatives (including even croton oil)
and opium or other remedies counteracting the purging applications of heat
or of cold. There can be no doubt that many of the early workers, in order
to take some kind of therapeutic action against the scourge, resorted
without much thought to the remedies they were wont to use. However, it
is consoling to find that, at least as soon as cholera became rampant in
Europe, rational methods of treatment were proposed side by side with
many others which were useless or even harmful for the unfortunate sufferers.
Particularly, as will be discussed below, the history of cholera treatment
with intravenous saline infusions, which continue to be the principal means
of therapy to date, goes back to these early days. The same is true of the
almost equally important use of alkalis and some still used minor thera-
peutic methods, for instance, medication with essential oils.

Since both saline infusions and alkali treatment, being insufficiently and
inadequately used, did not give the same beneficial results as nowadays,
their fundamental importance was not, or at least not fully, recognized, and
for many decades the treatment of cholera remained in almost the same

1 In this section, the various treatment schedules and formulae discussed are generally given in the
measures indicated by the original authors. The metric equivalents of these measures are: I minim = 0.059 ml;
1 fluid dram = 3.551 ml; 1 fluid ounce = 28.41 ml; I pint = 0.568 1; 1 grain = 0.064 g; 1 scruple = 1.296 g;
I dram = 3.887 g; 1 ounce = 28.34 g; 1 pound = 0.453 kg.

2 The exhaustive and partly classified list of the early publications on cholera treatment in the third
volume of the Index-Catalogue ofthe Library ofthe Surgeon-General's Office, United States Army, Washington,
D.C., 1882, comprises 26 closely printed octavo pages.
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confused state as at first. That advanced thinkers nevertheless continued to
realize the necessity for a rational instead of a haphazard treatment of the
disease is well exemplified by Griesinger's statement that

" As early as the first epidemics ample experiences showed that in the course of the
disease, and particularly in its most dangerous stages, nature does more than the physician,
that all that can be achieved can be attained with simple means, and that excessive
medical zeal is as harmful here as in general. We deal with cholera as with typhoid;
powerless with our therapy to reach the centre of the morbid process and thus to suppress
the process, we are mainly restricted to assisting the sufferers through it by doing justice
to the most urgent-and, in the case of cholera, almost invariably vital-indications;
it also seems possible to retard the incipient morbid process . . . and thus to prevent
a transition of the still slight initial stage into the stormy and dangerous form of the
fully developed illness." [Trans.]

While putting the diagnosis and control of the disease on a rational
basis, the discovery of the cholera vibrio did not lead to therapeutic pro-
gress. Attempts were made to suppress the specific morbid process through
the administration of various intestinal antiseptics or other drugs, or with
the aid of therapeutic sera, but neither method gave satisfactory results.
Thus real progress commenced only when Rogers (1909a), introducing
improved methods of infusion treatment, revived interest in the necessity
and eminent usefulness of treating cholera through a restoration of the lost
body fluids and salts. As noted already, this method, combined with the
judicious administration of alkalis, has retained its fundamental value in
spite of continued attempts at a specific therapy with the aid, first, of
bacteriophages and, recently, of sulfonamides or antibiotics. Thus, express-
ing with the aid of modern concepts an opinion essentially rather similar
to that of Griesinger, Napier (1946) was justified in stating that

" The complete success of efficient biochemical maintenance in a large percentage
of cases indicates that, even in those cases in which the natural immunity fails to prevent
the establishment of infection, immunity is rapidly developed and soon overcomes the
infection. Nevertheless it is obvious that if the infection could be overcome and/or
its ' toxin ' neutralized earlier, the treatment to maintain biochemical balance might be
reduced or even omitted in some cases without endangering the life of the patient."

Following Napier, it is proposed to deal for the purpose of a detailed
discussion of the historically or currently important methods of cholera
treatment, first with the various attempts at a specific therapy, next with the
steps necessary to restore the biochemical equilibrium of the sufferers, and
finally with adjuvant therapeutic procedures and management of the
patients in general.

Attempts at Specific Therapy

Serotherapy
The history of cholera serotherapy goes back to the year 1894, when

Freymuth reported that two out of three patients suffering from the disease
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had recovered after they had received subcutaneous injections of cholera
convalescent serum in quantities totalling 20-90 ml. Whether these sufferers
also received saline infusions is not mentioned.

For the convenience of the record it is added that use of this method of
treatment was made again by Ukil & Guha Thakurta (1930), who found
that better therapeutic results could be obtained if, instead of 100 ml of a
commercially prepared cholera immune serum, 10-15 ml of cholera con-
valescent serum were administered by the intravenous route.
A review in the Tropical Diseases Bulletin (1931) stated that Metz (1930)

resorted for therapeutic purposes to " the transfusion of blood from patients
convalescent after cholera, called the serum method ". Out of 15 cholera
sufferers treated in this manner, seven recovered, whereas there were only
two recoveries among 17 patients treated at the same time in the conven-
tional manner.
A further attempt to use human immune serum for the treatment of

cholera was made by Ricou & Tran-Van-Tam (1931), who for this purpose
injected healthy group-4 blood donors, free from syphilis, tuberculosis and
leprosy, subcutaneously with four doses (1 ml up to 4 ml) of cholera vaccine
at six days' intervals. As stated in the Tropical Diseases Bulletin (1932),
these individuals

" were ready to supply blood after the 2nd injection and received a dose of I cc. cholera
vaccine intramuscularly before each transfusion. The transfusion procedure used was
that of glucose serum and amounts of 150 to 200 cc. were administered daily without
any mishap."

However, since the cholera patients to whom this treatment could be
administered were in a state of profound collapse with anuria, it proved
ineffective.

According to Takano and co-authors (1926), the problem of cholera
serotherapy was studied in Japan during the year 1902. Thus Masuyama
(1903) used a cholera immune serum prepared at the Government Serum
Institute for the treatment of 218 patients. He found that, " except when
practiced in the second stage of the illness in youth ", serotherapy was not
efficacious. Kaya (1903) even claimed that it exerted an untoward effect.
Fukuhara (1903), on the contrary, recorded that out of a group of 43 cholera
patients all seven treated with serum recovered, whereas there were 19 deaths
among the 36 controls.

As Takano and his co-workers added, but little therapeutic advantage
was afterwards taken of cholera immune serum in Japan, even though its
manufacture was continued for laboratory uses and also for the prepara-
tion of sensitized vaccines.

Strong (1907) recorded that intravenous administration of the serum of
Brau & Denier (1906) in dosages averaging 300-500 ml gave the following
results in patients suffering from bacteriologically confirmed cholera:
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Treated with antitoxic
serum

Treated with antimicrobic
serum

Controls

Patients Recovered Died Mortality

15 4 11 73.3

5 3 2 40.0
18 5 13 72.2

As far as these figures go, the antitoxic serum proved unsatisfactory,
while owing to the limited number of observations the value of the " anti-
microbic" serum (manufactured with the aid of live cholera vibrios) was
not proven.

Fairly ample observations on the efficacy of some of the other cholera
immune sera during the 1908-09 outbreaks in Russia, especially at St.Peters-
burg, led to the following noteworthy results:

Observer

Albanus et al. (1909)

Hundogger (1909)

Jegunoff (1909)

(a) Serum of Kraus (1909)
Findings

The total mortality of 54 serum-treated cholera
patients was 55.5% (being 58.8% in the 17 injected
subcutaneously and 54% in those receiving up to
120 ml intravenously), whereas 48.5% of 490 controls
succumbed. It was true that 84.3% of the severely
affected controls died, but-in contrast to the serum-
treated patients most of them had received no saline.

Results of serum treatment in two further series
of 10 and 41 cholera patients were still more unsatis-
factory.
The mortality in 38 patients treated with saline and
with intravenous doses of 100 ml of serum was 52.60%
as against 48 % in 156 saline-treated controls. Serum
administration did not prevent the development of
uraemia.
Recorded fatality rates of (a) 500% in 12 serum- and
saline-treated patients; (b) 52.9% in the whole control
group of 34; and (c) 75% in the severely or moderately
affected controls. However, as Jegunoff maintained
with great reason, owing to the small number of
observations, no proof of the efficacy of Kraus's
serum had been obtained.

Note. Berthenson (1909), in a report summarizing the results of various methods
of cholera serotherapy, stated that Kraus's serum had proved unsatisfactory.

Berdnikoff (1909)
(b) Serum of Schurupow (1909)

Used Schurupow's serum intravenously in amounts
of 40-50 ml mixed with 2-3 1 of normal saline to
treat 49 patients. In the case of a group of 10 patients
thus treated the mortality was reduced to 36% as
against 70% in the controls. But administration of
other serum lots to 39 patients proved unsatisfactory.
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Findings

Recorded the following results:
Mode of treatment Treated Cured Died Mortality

(O/o)

100-200 ml doses ofserum
intravenously 1-3 times
daily with large amounts
of normal saline, and 50-
90 ml of serum subcuta-
neously 1-2 times daily
(maximal total serum

dose= 1390 ml)
Intravenous saline infu-
sions
Subcutaneous saline infu-
sions

187

228

131

131

56 29.9

97 42.5

742 335 .407 54.8

Haller (1911) The mortality in a group of 20 severely affected
cholera patients receiving daily intravenous doses of
a maximum of 220 ml of the serum was reduced to
the satisfactory level of 40%. However, serious signs
of anaphylaxis became manifest in several of the
patients and deaths due to this cause occurred twice.

Note. As stated by Berthenson (1909) some authorities, in view of the varying
results obtained by different workers, denied the efficacy of Schurupow's serum. Still,
Stiuhlern's results are impressive, though worse than those now obtainable with infusion
treatment alone.

(c) Serum of Salimbeni (1908)
Salimbeni (1910) recorded the following results of subcutaneous administration of

his serum in minimal doses of 100 ml mixed with normal saline and followed, if necessary,
by intravenous injections of 50-100 ml of serum (maximal total serum dosage=350 ml):

Type of cholera Treated Recovered Died Mortality

Most severe 19 10 9 47.4
Severe 10 9 1 10.0
Less severe or slight 13 13 0

Total 42 32 10 23.8

However, Berthenson (1909) reported a mortality of 62% in 94 cholera patients
who had received subcutaneous injections of Salimbeni's serum.

(d) Berne serum

As reported by Kolle (1909), the cholera immune serum prepared in his laboratory
(see also Carri&re & Tomarkin, 1910) had been used at St. Petersburg, together with
saline, in partly subcutaneously and partly intravenously administered doses of 50-120 ml
to treat 22 patients, of whom five (22.7%) died.

As stated by Savas (1914), further and, in part, fairly ample observations
on the efficacy of cholera immune sera obtained from various places (Insti-
tut Pasteur in Paris; Kolle's laboratory in Berne; Vienna; and Dresden) had

Observer

Stuihlem (1909)
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been made in 1913 during the Balkan wars in Greece. These observations
included findings made at Salonika by Livierato (see also Livierato, 1915),
who administered Berne serum intravenously in several doses of 40-120 ml
to 61 severely affected cholera patients in combination with hypertonic
saline infusions and cardiac stimulants. Whereas 17 controls, treated only
with the latter two remedies, all succumbed, the mortality among the serum-
treated sufferers was 55.7 %.

Commenting upon this and also the other observations made at that
time in Greece, Savas held that

" Timely intravenous injections of larger amounts of cholera serum, particularly
in combination with normal or hypertonic saline infusions, were often successful and
are therefore to be warmly recommended for the treatment of cholera." [Trans.]

As summarized by Hetsch (1928), strikingly little use of cholera sero-
therapy was made during the First World War, the only noteworthy find-
ings being those of Bujwid & Arzt (1914), who briefly recorded a mortality
of 15 % in 40 patients treated with a therapeutic serum manufactured at
Cracow as against a fatality rate of 26% in the controls.

Generally speaking, Hetsch admitted that cholera serotherapy had not
given uniformly good results, but cautiously added that it would be rash to
consider the prospects of this method of treatment unfavourable. It is
significant, however, that Kraus (1929), formerly an ardent advocate of
cholera serotherapy, came to the conclusion that the immune sera, though
efficacious in experimentally infected animals, had not given satisfactory
results (" kein giinstiges Ergebniss ") in man.

As alluded to in the sixth of these studies,' attempts to revive interest in
cholera serotherapy have been made by Ghosh (1935, 1936). As this
worker stated in a preliminary note (1935), he obtained the following results
when intraperitoneally administering a concentrated serum, produced by
him through immunization of horses with filtrates of 18-hour-old V. cholerae
broth cultures, in doses of 20 ml or of 30-40 ml in combination with saline
infusions:

Method of treatment Patients Recovered Died Fatality
rate

Serum and saline 198 158 40 20.2
Saline only 211 138 73 34.6

Note. The mortality percentage in the 32 patients who had received 30-40 ml
of the serum was 12.5 as against 26.3 in the corresponding control group of 57 patients.

Further results obtained by Ghosh (1936) when intraperitoneally
administering 70-80 ml of unconcentrated serum to 47 patients also treated
either with only one intravenous saline infusion on admission or addition-
ally with subcutaneous saline injections, were as follows:

1 See Bull. Wld Hlth Org., 1955, 12, 1086.
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Method of treatment Patients Recovered Died Fatality
rate

Serum and saline 47 42 5 10.6
Saline only 170 135 35 20.6

Note. The mortality rate in 26 serum-treated patients with a blood specific gravity
of 1.064 or more was 11.5% as against 25% in the corresponding control group of
44 patients. Ghosh also stressed that the serum-treated patients never fell into a uraemic
state.

It is undeniable that Ghosh as well as some of the workers before him
obtained fairly satisfactory results with cholera serotherapy. At the same
time, however, the present writer is in full agreement with the statement of
Strong (1944) that

" no one has reported a lower mortality in a large series of cases treated with serum
than has been obtained by careful treatment with intravenous injections of saline and
alkaline solutions."

Before dealing with the modern phase of cholera therapy, attention
has to be paid to the employment of three drugs which, though not of a
specific nature, were thought capable of suppressing the development of
severe attacks or of counteracting the V. cholerae toxin.

Treatment with essential oils

As can be gathered from the reference list in the 1882 volume of the
Index-Catalogue of the Library of the Surgeon-General's Office mentioned
earlier (see page 362), medication with cajeput oil, one of the ingredients of
the essential oils mixture afterwards used for the treatment of cholera, had
been advocated by some workers in Europe, e.g., by Tierney and by Bushell
in Great Britain, as early as 1831. It is probable that even before that time
this therapeutic method had been resorted to in India. It is certain that both
Sealy (1922) and Tomb (1923, 1926), when again drawing the attention of
the medical profession to this method of therapy, pointed out that it had
been well known and used with apparent success by laymen in India for
many years.

Sealy (1922) worked mainly with a " pro-diarrhoea mixture " containing
the volatile oils of cajeput, aniseed and juniper besides tincture of cinnamon
and other ingredients, administered in doses of 40 minims (containing
12-15 minims of the essential oils) at intervals of half an hour. However,
regardless of whether this mixture of essential oils or oils of cloves or of
cinnamon alone were used, he found that the early administration of these
drugs to cholera patients invariably led to a suppression of the attacks.
Since the essential oils were insoluble and inadsorbable in the stomach,
Sealy maintained that their therapeutic efficacy depended upon a bacteri-
cidal effect exerted on the cholera vibrios in the intestines.

The mixture of essential oils initially recommended by Tomb (1923) was
prepared with the oils of cloves, cajeput and juniper. However, in order to
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obtain a less pungent, and therefore more palatable, preparation, Tomb
(1926) advocated the following new formula:

Minims

01. anisi .5............... . S
01. cajeputi ............... . 5
01. juniperi ........ .. .. . . . 5
Acid. sulphuricum aromaticum...... . 15
Spirit. aetheris .... ........ . . 30

Note. For preparation in bulk 3 pounds of the sulfuric acid could be mixed with
6 pounds of Spirit. aetheris, and then 1 pound quantities of the essential oils be
incorporated.

Dosages: 1 dram every half-hour or ½/2 dram every quarter-hour in water, until
1 ounce was given, then 1 dram every hour until complete recovery. For contacts 1 dram
in water one or two times daily for 1-2 days or as long as contact with patients continued.

In this paper as well as in two other papers, published in 1924 and 1929,
Tomb emphasized the great value of the essential oils both in the treatment
and in the prevention of cholera.

Regarding the curative value of the essential oils, Tomb (1924) furnished
the following statistics:

Method of treatment Patients Recovered Died Mortality
(%)

Essential oils 78* 62 16 20.5
"Cholera mixtures" 217 98 119 54.8
Untreated 50 2 48 96.0

* The mortality among 60 of these patients who, ill for an average of 7 hours, were
not in a collapsed condition was 5%, as against 72% in 18 patients who, having been
ill for an average of 12 hours before commencement of treatment, were collapsed.

Further observations made by Tomb regarding the efficacy of the
essential oils in the treatment of cholera are well exemplified by the following
tabulation culled from his 1929 paper:

Method of treatment Not collapsed before treatment Collapsed when treatment was started
patients deaths mortality patients deaths mortality

(%) (%)
" Cholera mixtures " * 245 45 18.4 263
Saline infusions 11 2 18.2 51
Homoeopathic ** 38 5 13.2 30
Essential oils 41 3 7.3 44
Untreated - 102

* Containing chlorodyne or other opium preparations.
** Consisting mainly of administration of spirits of camphor.

192 73.0
24 47.0
22 73.3
21 47.7
95 93.1

Referring to the observations he had made regarding the prophylactic
value of the essential oils, Tomb (1926) summarized that there were less
than 1% of cholera infections among several thousands of cholera contacts
(i.e., house-mates of patients showing the clinical features of cholera) who
had been dosed once or-if nursing the sufferers-twice daily as long as

9
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the risk of infection continued. He added that three daily medications with
essential oils practically precluded infection.

The great value of treatment with essential oils in the early stage of
cholera was endorsed by a number of subsequent workers, for instance,
by Yui (1925), Bharati (1926), Lieo (1926), Cannon (1927), Morison,
Rice & Haythornthwaite (1934). However, the usefulness of this therapeu-
tic method has been questioned by some of the modern compilers, particu-
larly by Napier (1946), who maintained that in resorting to it one merely
made a " gesture of despair ".

To contradict this statement is difficult. It is true that, in agreement
with the assertions made by laymen in India, the present writer met in China
with observant lay people, including Roman Catholic Sisters with long
experience in dispensary work, who felt convinced of the therapeutic value
of preparations similar to the essential oils mixtures used in India. However,
it is an open question how many of the patients thus successfully treated
really suffered from cholera and not from simple gastro-enteritis. Moreover,
even if infected with V. cholerae, the patients in question might have had
slight cholera attacks, from which they would have recovered regardless of
whether they had been treated with this or any other drug.

Kaolin

Though Brassier in 1831 advised treating cholera patients with charbon
vege'tal (wood charcoal), it appears that the use of kaolin, which exerts a
similar adsorbent action in the intestines, was recommended for the same
purpose only in the twentieth century (Stumpf, 1906, 1914). Both Stumpf
and Kuhne (1918), who had worked together with him in Serbia, reported
enthusiastically on the efficacy of kaolin in the treatment of cholera, the
latter stating that with the aid of this drug alone it had been possible to
reduce the mortality from the disease from 45 % to 2 %-3 %.

While Stumpf (1914) recommended the use of kaolin suspensions of a
strength of 50%, Kuhne's practice was to mix equal volumes of the drug
and water (e.g., by putting 100 g of kaolin into 0.25 1 of water) and to give
one glassful of the suspension every half hour or hour, thus administering
up to 200 g of kaolin during the first 12 hours of treatment. During the
next 12 hours and the following day, several glasses were given according
to the condition of the patient. During the first 18 hours of treatment the
sufferers were not permitted to take other drinks or any food.

Further favourable results with kaolin were recorded not only by some
of the medical men attending cholera patients during the First World War
in Austria and Germany (see, for example, Arneth, 1916) but also by some
workers in China and India.

Braadfladt (1920), reporting on the treatment of 100 such patients,
reported only one death among the 35 sufferers (15 of them with severe
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attacks) treated with kaolin alone, as against seven deaths in 24 patients
(20 with cholera gravis) also receiving hypertonic saline infusions, and nine
deaths in 41 patients (32 with cholera gravis) given only saline infusions.

Deviating from the recommendations of Stumpf and Kuhne, Walker
(1921) encouraged his patients to drink as much 50% kaolin suspensions as
possible, withholding at the same time all food for 18-24 hours, and he also
resorted to rectal lavage with suitably diluted suspensions. He stated that
under this regime,

" In the lighter cases 12 hours saw the cessation of diarrhoea and 24 to 36 hours the
passage of urine. In the most critical cases, which required the introduction of saline
to bring about an improvement of the pulse, rectal introduction of heavy suspensions
of kaolin was commenced at once and had a marked effect in preventing the further
loss of fluid. On the return of consciousness and during the introduction of the saline
kaolin was given by the mouth and was usually retained

Walker added that there was not a single death among 75 cholera
patients treated in this manner, even though many of them arrived in the
hospital in a condition of extreme collapse. He established through labora-
tory tests that kaolin exerted no bactericidal action in V. cholerae cultures,
but found that treatment of the filtrates of such cultures with kaolin ren-
dered them non-fatal for rabbits.'

Comparing different methods of cholera treatment, Chatterjee (1924)
recorded the following results:

Method of Number Stage of the Cured Died Remarks
treatment treated disease *

Kaolin 6 In early stage 3 3 2 drams in water every half-hour
for 4 hours

Kaolin and 6 2 in early, 5 1 Every half-hour one 2-grain pill
permanganate 3 in late stage of potassium permanganate

and 1 dram of kaolin in water
Essential oils 6 In early stage 2 4

Essential oils and 6 2 in early, 3 3 Pink solution of potassium per-
permanganate 1 in late stage manganate given as drink
* Cured patients only.

On account of these findings Chatterjee was in favour of combined
treatment with kaolin and potassium permanganate, but admitted the
necessity of further observations.

In the experience of Ghosh-Dastidar (1925), kaolin was useful for the
treatment of cholera patients in the early stage of the disease or suffering
from mild attacks.

Tomb (1926), while admitting that thorough treatment with kaolin
reduced the mortality from cholera to 25%, noted that this therapy was

I Further laboratory tests by Dhar (1930) showed that addition of large quantities of kaolin to cholera
cultures exerted a hampering effect on the growth of the organisms which, however, was due merely to
physical causes. Dhar & Sen (1928) had previously shown that the rate of absorption of killed cholera
vibrios by kaolin was higher than that of killed typhoid bacilli or E. coli.
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disliked by the patients and was unsuitable for field work on account of the
difficulty of transporting the required bulky supplies of the drug. It was
perhaps on account of such extrinsic difficulties, which were also experienced
by the present writer, that Strong (1944), Napier (1946) and Manson-Bahr
(1954) viewed the method of treating cholera patients with kaolin with
great disfavour.

The proposal of Groaik (1915) and of Adler (1916) to use animal charcoal
for the treatment of cholera instead of kaolin, seems to have won no
approval.

Potassium permanganate

It is curious to find that Wienkowski (1873), apparently the first to use
potassium permanganate for cholera treatment, did so in the hope of
destroying the fungi (" Pilze ") causing this disease. While claiming success,
he stressed the necessity of also administering cardiac stimulants to the
sufferers.

As exhaustively described by Rogers in 1910 and again in his book,
Bowel Diseases in the Tropics (1921), he started using permanganate com-
pounds, in addition to hypertonic saline infusions, for the treatment of
cholera in 1909. He resorted to this combined therapy on the assumption
that, on account of their oxidizing action, the permanganate compounds
were capable of destroying the cholera toxin in the intestines.

As Rogers explained, the simplest plan was to administer these drugs
(preferably the less astringent calcium permanganate) in the form of drinks,
but it was found to be more effective to give them in the form of pills so
coated that they dissolved only in the alkaline contents of the intestines; the
non-hygroscopic potassium permanganate was preferable for this purpose.
The formula recommended by Rogers was:

Finely powdered potassium permanganate 2 grains
Kaolin and vaselin ........... . Quantum sufficit

Coat with salol one part and sandarach varnish five parts, or with keratin.

As stressed by Rogers, it was important to ascertain that pills which had
been stored for some time were still soluble in 1% alkaline solutions, since
otherwise they might pass through the bowel unchanged.'

The manner of administration of the pills was according to Rogers
(1921) as follows:

" Immediately on admission one or two pills containing 2 grains of the salt are given
every quarter of an hour for two hours and then one or two pills every half hour; any

I This was actually observed in field work by Bharati (1926), who used such pills in combination with
essential oils for the treatment of 18 cholera patients, over 80% of whom recovered, even though only six
had also been given saline infusions.
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pills which are rejected by the stomach are replaced without delay. They are continued
until the stools become green and less copious; this usually occurs in about twelve to
twenty-four hours with this treatment. In mild cases it will suffice to continue the pills
during each alternate four-hourly period . . . At the beginning of the second twenty-four
hours, eight more pills . . . are given within four hours. In severe cases this is again
repeated at the beginning of the third day to prevent a relapse. Nothing but barley water
should be given during this treatment . . ."

Rogers (1921) illustrated the value of the permanganates in the treat-
ment of cholera in a table, from which it can be gathered that 74.1 % of
858 patients given these drugs as well as hypertonic saline infusions
recovered, as against 67.4% recoveries in 294 patients receiving only the
latter.

Favourable results with potassium permanganate were also recorded
by some subsequent workers.
Thus Goere (1913) found this drug effective for the treatment of cholera

carriers. Frendl (1914), using it in a 0.1 :1000 dilution apparently without
concomitant saline infusions, claimed that all but the too severely affected
of 326 cholera patients were cured.

Maddock (1915), working under conditions in which but little use could
be made of saline infusions, recorded a mortality of 35.6% in 4574 cholera
patients treated with potassium permanganate pills according to Roger's
scheme as against a fatality rate of 51.6% in 11 599 not so treated; the
corresponding death-rates in 483 patients under the supervision of the
dispensary staffs were 21.98 % and 60 %. Further, as noted above, Chatterjee
(1924), administering various forms of treatment to a small group of
cholera patients, found the combined use of potassium permanganate pills
and of essential oils more effective than that of the latter alone.

Unfortunately, however, further observations have failed to endorse
the favourable experiences recorded above. It has first to be noted in this
connexion that Pasricha and co-workers (1939), though finding a slightly
higher rate of recoveries in patients receiving potassium permanganate
pills as well as saline infusions than in a calomel-treated group, noted that
the former vomited longer and recovered more slowly.'

Tomb (1926) declared that potassium permanganate treatment of
cholera patients was valueless and this adverse opinion has been shared
more recently by Strong (1944) and by Napier (1946), who made the
following statement:

" Potassium permanganate has been most disappointing in the writer's experience,
and, in the large doses advocated, it appears to cause gastro-intestinal irritation very
frequently. It seems very questionable whether its in-vitro toxin-oxidizing properties
are reproduced in vivo."

I Pasricha and his colleagues maintained that additional treatment with essential oils, while giving a
higher recovery rate than that of the calomel- or permanganate-treated patients, also delayed recovery.
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Bacteriophage treatment

Noteworthy statements made in support of the therapeutic efficacy of
bacteriophages in cholera may be summarized as follows:

Recording the results of trials commenced in 1926 in the Punjab,
d'Herelle and colleagues (1930) stated that they had usually resorted to the
oral administration of choleraphages, administering-without using any
other kind of treatment-an initial dose of 2 ml in 10 ml of cold water and
leaving with the patients a further amount of 4 ml in half a cup of water for
gradual consumption during the following three hours; if necessary, this
medication with 6 ml of phage was repeated on the next day.

Out of 74 patients treated in this manner only six died, whereas there were
78 deaths among 124 controls treated either according to native methods
or with essential oils. The sooner was phage administration started, the
better were the results, no fatality being observed among the 26 patients
in whom the treatment had been commenced six hours after the onset of
illness.

Subcutaneous administration of l-ml or 2-ml doses of choleraphages
in combination with oral treatment gave most disappointing results and
was therefore given up after a few trials. This, however, was not in agree-
ment with subsequent observations, Ross and co-workers (1928), for
instance, recording only two fatalities in 16 cholera patients who had
received on admission an injection of 0.25 ml of specific phages as well
as 2 ml orally. Further, as will be discussed below, Asheshov and colleagues
(1931) recommended combining intravenous injection of choleraphages in
maximal doses of 5 ml with oral administration.

Referring to initial experiences in Assam, Morison & Vardon (1929)
recorded a mortality of 29% in 31 phage-treated cholera patients (most of
whom had received no saline infusions) as against a mortality of 75.9%
in 29 controls. Again, early commencement of the bacteriophage therapy
gave comparatively the best results.

Using, like Morison & Vardon, a mixture of cholera and dysentery
phages, Morison & co-workers (1930) observed recovery of 58 out of
65 patients (mortality 10.8 %), whereas the fatality rate among 78 controls
was 80.8 %. Only five of the phage-treated patients had also been given
saline infusions.

Asheshov, Khan & Lahiri (1931), dealing exhaustively with the problem
of cholera treatment, stressed the necessity of combining phage administra-
tion with saline infusions, because the bacteriophages, though apt to
destroy living cholera vibrios, were incapable either of neutralizing the
cholera toxins or of exerting an influence on the lesions produced by the
latter or by the organisms themselves. Asheshov and his colleagues advised
oral administration of the choleraphages in dram doses, given every half
hour during the first 16 hours of treatment and followed by medication
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with a total of 50 ml given by the same route on each of the next two days.
Apart from this therapy, bacteriophage doses not exceeding 5 ml could be
given intravenously together with the saline infusions. Excluding the
sufferers who died within two hours of admission, the mortality among
140 bacteriologically confirmed cholera patients treated in this manner was
only 2.8 %, whereas 20.8 % of a corresponding control group of 24 patients
succumbed. Evaluating these statistics one cannot help noticing the dispro-
portion of the two groups of patients in question.

Two further reports on the bacteriophage treatment of cholera patients
were published by Morison and his co-workers in 1934. In the first of
these articles, by Morison, Rice & Haythornthwaite, the following results
were recorded:

Treated with bacteriophage
on 1st day on 2nd day Cnrl

Outbreak at of illness of illness Controls

Sibsagar: Recovered 53 42 207
Died 15 14 152*
Mortality (%) 22.0 25.0 42.3

Outbreak in
Darrang villages: Recovered 20 17 23

Died 16 14 82*
Mortality (%) 44.4 45.2 78.1

* Exclusive of the patients dying within 24 hours of admission.

In the second article, Morison, Rice & Pal Choudhury furnished inter
alia the following interesting statistics:

(a) Results of bacteriophage treatment in Assam, 1928-1933

Recovered Died Total Mortality

Treated with bacteriophage 799 233 1032 22.6
Treated by other methods or

untreated 1047 1364 2411 56.6

(b) Comparison of the results of standard treatment in Calcutta
and of treatment in Assam

Treatment Patients Deaths Mortality

Calcutta Saline and potassium per-
manganate

1st series 659 103 15.6
2nd series 91 14 15.4

Saline, potassium perman-
ganate and atropine 97 8 8.2

Assam Phage on 1st day of illness 482 46 9.5
Essential oils 400 95 23.7
Untreated 495 208 42.0

Further work by Pandit and colleagues (1936) during a cholera outbreak
in Assam yielded the following results:
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Method of treatment Patients Deaths Fatality

Bacteriophage only 279 93 33.33 *
Essential oils 66 24 36.4
None 400 286 71.5**

* The mortality in 55 phage-treated patients who had been
vaccinated against cholera was 27.7%.
** Half of the 12 untreated but cholera-vaccinated individuals died.

Working at Chandernagore, India, Boulnois (1936) obtained the follow-
ing results with bacteriophage treatment commenced within 12 hours after
the onset of cholera:

Method of treatment Patients Deaths
Mortality

Bacteriophage only 19 5 26.3
Bacteriophage+hypertonic saline 37 7 18.9
None 21 13 62.0

Reporting on a series of observations in the Campbell Hospital,
Calcutta, Pasricha and colleagues (1936) stated that:

(a) The mortality in 684 phage-treated patients showing clinical features
of cholera was 13.4% as against 16.6% in a control group of 685 patients.

(b) However, bacteriophage treatment appeared to exert a significant
effect only on those patients in whose stools cholera vibrios had been found,
but not on those from whom only cholera-like vibrios or no vibrios had
been isolated.

(c) The incidence of uraemia appeared to be markedly reduced in the
phage-treated series.

In a further study Pasricha and co-workers (1939) recorded that admin-
istration of various other forms of treatment to cholera patients also
receiving saline infusions and the necessary adjuvant medication had given
the following results:

Patients* Deaths Fatality
Patients ~rate M%

Calomel (1/8 grain every half-
hour for maximum of 4 hours) 75 9 12.0
Potassium permanganate 37 4 10.8
Essential oils 46 4 8.7
Cholera phage 43 1 2.3
Sulfapyridine 43 4 9.3

* Excluding those dying within 3 hours of admission as well as those under 6 or over
50 years old.

Referring to observations made in Bihar, India, Mitra (1939) maintained
that good results could be obtained by using bacteriophages alone in the
early stages of cholera, but that in the presence of collapse and dehydration
supplementary treatment with saline infusions was indispensable. An
analogous conclusion was reached by Misra (1944).
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The often enthusiastically expressed belief of the above-quoted authors
in the efficacy of cholera treatment with bacteriophages has not been shared
by other observers, who obtained disappointing results with this therapy.

In order to deal with these unfavourable experiences mention has to be
made first of a most noteworthy study by Taylor and colleagues (1930) who,
making observations on a series of 33 cholera patients, found that the mor-
tality in a group of 14 phage-treated sufferers was 57% as against a fatality
rate of 53 % in the 19 controls. Of almost equal, if not greater, importance
was that in most of the recovering patients-regardless of whether or not
they had been phage-treated-there was " no evidence of bacteriophage
in the stools active against the patient's own vibrio ". In contrast to the
assertions of d'Herelle, Malone & Lahiri (1927), Taylor and his colleagues
concluded that
" bacteriophage is not an essential agent of recovery and that its administration is not an
effective measure in the class of case dealt with."

Souchard (1930), treating 26 cholera patients, who had been ill for at
least seven hours, according to the method of d'Herelle and colleagues,
found that out of seven patients treated only with bacteriophage six (i.e.,
85.7%) died, while the fatality rate in 20 sufferers receiving also standard
treatment was 90%. Ten of the phage-treated patients succumbed after a
more prolonged illness to uraemia, the development of which had thus
not been prevented by this therapy. However, Souchard was of the opinion
that better results might be obtainable, if it were commenced within two
to three hours of the onset of the disease-a desideratum which it would
usually be most difficult to fulfil.

In the course of bacteriophage studies in Madras Presidency (now
Madras State), Raja (1934) was able to observe two groups of 36 and 33
cholera patients treated respectively with bacteriophages and with pro-
diarrhoea mixture. As far as these limited experiences went, they indicated
no significant differences between the results of these two methods of
treatment. Thus, as Raja put it, it had not been shown that the one was
more useful than the other.

Pandit & Rice (1936) recorded that during a cholera outbreak in Mon-
dair village in Assam 27 out of 55 bacteriophage-treated patients had died,
their mortality being thus higher than that of the few controls. They added
that similarly disappointing results had also been obtained during a 1934
epidemic in Nowgong district, when 16 out of 22 phage-treated cholera
patients had succumbed. The explanations which Pandit & Rice offered
to account for these failures cannot be considered satisfactory.

Even those commentators who did not altogether deny the efficacy of
bacteriophage treatment in cholera were as a rule more or less sceptical
regarding its value. Thus, as quoted by Pandit (1951), an ad hoc committee
appointed by the Scientific Advisory Board of the Indian Research Fund
Association in 1934 declared in regard to the therapy of cholera that
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" while Morison's work showed that bacteriophage treatment was far better than no
treatment at all, there was no conclusive evidence that it was better than any other recog-
nized treatment'.

More recently Burrows (1948), while admitting that " phage seems to
have some small therapeutic efficiency as measured by reduction in case
fatality rates ", maintained that the results of this therapy had not been
strikingly successful.

Shattuck (1951) went even further by stating that, since clear evidence
for the efficacy of phage therapy in cholera was lacking, its use was not to
be recommended.

On the other hand, Raynal (1934) and more recently Napier (1946),
maintaining that bacteriophage treatment had given encouraging results,
were in favour of its further use, but both stressed the necessity that, as
Napier put it, a " good " bacteriophage, effective against the local strains
of V. cholerae, be used in the various epidemics. However, even if one were
prepared to share the views held by these workers regarding the usefulness
of bacteriophage therapy in cholera, one must realize that the extrinsic
difficulties of applying it efficiently on a large scale are well-high insurmount-
able. Under these circumstances it is not surprising to find that, with the
possible exception of Assam (see Pandit, 1951), this method of cholera
therapy, which attracted so much attention for a time, is hardly used any
more.

Sulfonamides

As far as could be established, Pasricha and co-workers (1939) were
the first to attempt treatment of cholera patients with sulfonamides, using
for this purpose a proprietary brand of sulfapyridine in a dosage of 2 tablets
(presumably of 0.5 g each) three times daily for a maximum of four days.
Results of this and other methods of treatment, invariably administered in
combination with saline infusions, have been shown in tabular form earlier
in this study (see page 376).

Before recording the results obtained by numerous subsequent workers
with various other sulfonamides in the treatment of cholera patients, it is
necessary to deal briefly with important laboratory studies made in order
to elucidate the efficacy of this therapy.

Rao & Ganapathi (1941) recorded that intragastric administration of
3-mg doses of sulfanilamide, sulfapyridine or sulfathiazole to mice, which
had been infected immediately before with virulent cholera vibrios, and
repetition of this therapy after 10 hours, did not avert the death of the
animals. It was found, however, that sulfathiazole possessed a marked
bacteriostatic effect in vitro and that this action was reversed by the addition
of para-aminobenzoic acid, even though the latter compound exerted no
perceptive growth-stimulating effect on V. cholerae.
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Further studies by Griffitts (1942) showed that, in addition to sulfathia-
zole, sulfadiazine and sulfanilamide also inhibited the growth of cholera
vibrios in vitro. The first two drugs, given subcutaneously or intragastrically,
were also found effective for the treatment of white mice previously infected
intraperitoneally with lethal doses of V. cholerae in mucin. Identical results
were obtained with intragastric administration of sulfaguanidine or succinyl
sulfathiazole.

Sadusk & Oswald (1943), investigating the bacteriostatic action of various
sulfonamides on V. cholerae, found that sulfathiazole exerted the greatest
effect in this direction, being followed in order of decreasing efficiency by
sulfadiazine, sulfaguanidine 1 and sulfanilamide. Pointing out that sulfa-
thiazole might be unsuitable for cholera treatment on account of its ready
absorption from the digestive tract, Sadusk & Oswald recommended the
relatively little absorbable sulfaguanidine for this purpose. Succinyl
sulfathiazole seemed also deserving of attention, but its rate of hydrolysis
was still uncertain.

Performing a few in vitro tests, Gupta and co-workers (1945) felt entitled
to confirm that sulfaguanidine exerted a bactericidal as well as a bacterio-
static action on V. cholerae.

In an article published in 1948, Bhatnagar and colleagues claimed that
(a) a new sulfa-compound, being a condensation product of sulfathiazole
and offormaldehyde, exerted in vivo a marked bacteriostatic and bactericidal
effect on V. cholerae ; and (b) administered parenterally to mice, the com-
pound offered " 100% protection against septicaemia resulting from
intraperitoneal cholera infection ". Experiments made with oral adminis-
tration of the drug did not give satisfactory results.

In an article dealing with the therapeutic use of phthalylsulfacetimide
during the 1947 Egyptian cholera outbreak (see below), Seneca & Henderson
(1949a) stated that, in addition to exerting a bactericidal action on
V. cholerae, this drug

" has the remarkable property of being absorbed by diffusion into the several layers of
the intestinal wall, yet being ' unabsorbable ' in the sense that blood concentrations of
the drug cannot be detected in man following therapeutic dosage".

As stated in an exhaustive summary in the Tropical Diseases Bulletin
(1950), Collier and his assistants (1949) recommended that, in order to
arrive at an estimation of the efficacy of sulfonamides and other drugs for
the chemotherapy of cholera, attention had to be paid to the following
criteria: (a) vibriostatic activity in vitro; (b) solubility; (c) toxicity; (d) reten-
tion in the mobile contents of the alimentary canal; (e) activity in the alimen-
tary canal, and (f) stability in the alimentary canal.

1 A bactericidal effect of high concentrations of sulfaguanidine on cholera vibrios had been demonstrated
previously by Marshall and co-workers (1940).
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Using methods based on these criteria for an investigation of the pro-
perties of sulfaguanidine and the compound introduced by Bhatnagar and
co-workers (see above), Collier and his assistants came to the conclusion
that the latter drug appeared to be more promising for the treatment of
cholera than sulfaguanidine, but that " its inability to deal with very large
numbers of organisms suggests that its value may be limited ".

It is not proposed to refer in detail to further studies on the chemo-
therapy of cholera published by Collier and his co-workers in the 1950 and
1951 volumes of the Annals of Tropical Medicine and Parasitology, because
so far the compounds tested by them in the laboratory have not been used
for the practical purposes of cholera treatment.

In the course of his studies on cholera immunity, Burrows (1953)
experimented' with sulfathiazole, sodium sulfadiazine, sulfadiazine and
sulfaguanidine, giving each of these drugs intragastrically to a separate
group of six guinea-pigs in an initial dose of 250 mg and a second dose of
125 mg on the day prior to infection, and administering two doses of the
latter size on the following day before resorting to oral infection (made
according to the method described in the sixth of these studies 1). Daily
examinations of the faeces of the animals showed that the two more effective
sulfonamides used,
" sulfadiazine and sulfaguanidine, appeared to reduce both the total numbers of bacteria
and the percent of cholera vibrios, i.e., the cholera vibrio was differentially affected,
and to shorten the duration of the infection. The effect of these drugs on the infection,
then, was at least superficially closely similar to that of passive immunization, so much
so that data on vibrio excretion are practically interchangeable ".

Sulfathiazole proved to be less effective, and sodium sulfadiazine had
practically no effect.

Taking advantage of their effective method of producing, through
intestinal injection of massive doses of V. cholerae in young rabbits, a
disease which clinically and anatomically closely resembled human cholera,
Dutta & Habbu (1955) tested the therapeutic efficacy of some drugs including
sulfaguanidine and formosulfathiazole, the compound introduced by
Bhatnagar and co-workers (see above). Results obtained with these two
sulfonamides are shown in the following tabulation:

Time of administration Sulfaguanidine Formo sulphathiazole(hours) mean survival mean survival
time (hours) mortality * time (hours) mortality *

1 hour before infection 0/5 - 0/7
8 hours after infection 32.0 5/9 30.3 8/8
16 hours after infection 33.3 4/4

Note. The mortality of the control rabbits, infected like the treated animals with
10 000 V. cholerae per 100 g of body-weight, was invariably 100%.

* Ratio of animals which died to animals infected

'See Bull. Wld Hlth Org., 1955, 13, 1080
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Thus, while formosulfathiazole was effective only if administered before
infection, sulfaguanidine showed some curative value eight hours, but not
16 hours, after the animals had become infected.

Further noteworthy results obtained when treating cholera patients
with various sulfonamides were as follows:

Sulfaguanidine

Reporting on the original use of sulfaguanidine, Chopra and colleagues
(1941) stated that:

(a) The mortality in a series of 218 patients showing the clinical features
of cholera and given sulfaguanidine in an initial dose of 1 g, followed by
six-hourly doses of 0.5 g for three days, in combination with intravenous
saline infusions, was 3.2%, whereas 6.4% of the controls, treated with
saline infusions only, succumbed.

(b) The sulfaguanidine-treated patients passed fewer stools per day
ihan the controls and required lesser amounts of saline.

In contrast to these favourable experiences, Carruthers (1942) maintained
that sulfaguanidine was of no value for the treatment of cholera. He noted
in this connexion that there were seven deaths among 50 patients given this
drug as well as hypertonic saline and sodium carbonate per os, whereas
15 out of the 88 controls, treated with infusions and alkali only, succumbed.
The difference in the fatality rates (14% as against 17%) was statistically
insignificant. However, favourable reports on the therapeutic efficacy of
sulfaguanidine were rendered by the following subsequent workers.

Working in Kweilin, China, Huang (1944) observed only one death
among 22 cholera patients treated exclusively with sulfaguanidine and the
necessary cardiac stimulants. Similarly, Misra (1944) had only one fatality
among 16 patients given 5 g of the drug on admission, 2 g every six hours
until there were no more than five stools per day and then I g every eight
hours until recovery-apparently in combination with the necessary infusion
treatment. The mortality in 70 controls was 31.4%.

Lahiri (1945) observed a mortality of 14.9 % among 114 patients treated
with sulfaguanidine as against fatality rates of 28.5 % in 25 sufferers given
sulfathiazole and of 29.5 % in a calomel-treated control series of 176 patients.

Further favourable results of sulfaguanidine treatment of patients
hospitalized in Calcutta were recorded by Gupta and co-workers (1945) thus:

Clinically diagnosed cholera Bacteriologically confirmed cholera
Kind of treatment treated died mortality treated died mortality

(%) (%)
Sulfaguanidine and
saline infusions 263 3 1.1 158 3 1.9

Saline infusions only 262 13 4.96 157 11 7.0
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Gupta and his colleagues added that
(a) The sulfaguanidine-treated patients passed fewer stools per day than

the controls and required lesser amounts of saline.
(b) 83.7% of the sulfaguanidine-treated patients admitted in an anuric

state passed urine within 24 hours, while the same was the case in only
31.9% of a corresponding control group.

(c) None of the sulfaguanidine-treated patients developed uraemia, and
seven patients showing pre-uraemic symptoms recovered when given this
therapy, which had hitherto not been used.

An equally favourable report was rendered by Napier (1946), who
stated that he had lost none of 60 sulfaguanidine-treated patients, whereas
the mortality in a control series treated with saline infusions only amounted
to 6%.

Referring to the treatment of cholera patients under field conditions,
Seal (1946, 1947) recorded only two deaths in a series of 134 sulfaguanidine-
treated sufferers, while there were 67 deaths among 156 controls. The
sulfaguanidine dosage used was 3 g initially, followed by 3 g every three
hours until there were no more than two stools per day, when 1 g of the
drug was given at six-hourly intervals for one more day. As maintained
by Seal (1946), only few of the patients, whose sulfaguanidine treatment
had been started early, required saline infusions.

Similarly Pasricha and co-workers (1947b) reported a fatality rate of
18.3% in a series of 60 patients treated in their village homes with sulfa-
guanidine alone, whereas 40.7 % of 59 controls succumbed. The correspond-
ing figures in a group of 1118 patients treated in a Calcutta hospital with
sulfaguanidine in combination with the usual infusion treatment and in a
control group of 1170 sufferers receiving the latter only were 3.7 % and 7.5 %.

Comparing the efficacy of treatment with sulfaguanidine and also with
sulfadiazine with that of calomel treatment, Lahiri (1948) found that much
better results were obtained if administration of these drugs was commenced
before the patients had become collapsed than after the radial pulse of the
sufferers had become imperceptible. The corresponding figures were as
follows:

With radial pulse on admission Without radial pulse on admission
Method of treatment treated died mortality treated died mortality

(Y.)(%)
Sulfaguanidine 62 4 6.4 49 10 20.4
Sulfadiazine 71 6 8.4 68 17 24.7
Calomel (controls) 27 3 11.1 16 5 31.2

In contrast to these favourable results, Chu and co-workers (1946)
recorded one death in a series of 25 cholera patients treated with sulfa-
guanidine as well as with saline infusions and one death in 29 controls
receiving only the latter.
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El-Ramli (1948) also found no difference in the mortality rate of 179
cholera patients treated with sulfonamides (mostly with sulfaguanidine in
a minimal dosage of 12 g daily for 5 days) and of a control group of 182
sufferers, the fatality rates amounting respectively to 6.7 % and 6.6 %.

The altogether unfavourable opinion held by El-Ramli regarding the
value of sulfonamide treatment in cholera was fully endorsed in a further
publication by Lahiri (1951), who recorded in this connexion that

"The effects of sulphaguanidine, formosulphathiazole and formosulphacetimide
therapy and also of control with no chemotherapeutic drugs were studied in this series
in 72, 64, 61 and 71 patients respectively, the respective case mortality rates being 30.55 %,
34.37%, 34.43% and 18.31 %. In severe cases admitted with imperceptible radial pulse,
death rates were 45.16%, 48.75%, 43.33% and 32.26% respectively, respective numbers
of cases being 31, 41, 30 and 31. In the study of age groups the lowest mortality rates
were also obtained in the control group. This was true for vibrio-positive and vibrio-
negative patients."

Lahiri emphasized that the sulfonamides used by him evidently did
not exert any appreciable vibriocidal effect in vivo, the causative organisms
disappearing from the stools of the sulfonamide-treated patients and the
controls at practically the same rate. Further establishing through estima-
tion of their concentration in the blood that all the sulfonamides tested by
him were absorbable, Lahiri maintained that

"A sulphonamide may be an additional burden on the already dysfunctioning excretory
system, especially if associated with irritant compounds like formaldehyde, as may be
seen in increased mortality figures for uraemia in persons receiving the latter drug."

Referring to 1908 cholera patients who received sulfaguanidine in
addition to the necessary intravenous saline treatment, Chakravarty (1954)
stated that the high death rate (29.6%) observed in this group proved that
sulfaguanidine was not a suitable therapeutic agent for such sufferers.

Other sulfonamides

Results obtained in the treatment of cholera with sulfonamides other
than sulfaguanidine are summarized in the following tabulation.

Drug Findings

Sulfapyridine Considered not advantageous by Misra (1944).
Sulfathiazole Found unsatisfactory by Lahiri (1945) (see page 381

above).
Sulfadiazine According to the 1945 report of the Indian Research

Fund Association there were 2 deaths among 144
patients treated with sulfadiazine as against 9 deaths
in an equally large control group. Favourable, but
statistically insignificant results were recorded by
some subsequent observers, e.g., by Chu & Huang
(1946), Chu et al. (1946) and Tao, Woo & Loh (1948).
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Drug

Succinylsulfathiazole

Formosulfathiazole

Phthalylsulfathiazole

Phthalylsulfacetimide

Formosulfacetimide

Findings

Lahiri (1948) found sulfadiazine almost as useful
for cholera treatment as sulfaguanidine. However,
Pasricha and co-workers (1947a), observing two
groups totalling over 800 patients, reached the
conclusion that sulfadiazine, administered in l-g
doses every 4 hours during the acute stage of the
disease and 3 times a day for 48 additional hours
" had no beneficial effect on cholera ".
As quoted by Pasricha et al. (1947d), according to a
report of the Indian Research Fund Association
(1944), succinylsulphathiazole had not given results
superior to those in a control group treated only
with saline infusions. Giving this drug in a dosage
of 3 g 4-hourly during the acute stage of cholera and
twice daily for two more days to 195 patients also
treated with saline infusions, Pasricha and co-workers
noted a mortality of 5.6%, while that in a control
group treated with saline infusions only was but
insignificantly higher (6.2 %).
Bhatnagar et al. (1948) stated that, using formo-
sulfathiazole as the sole remedy for treatment of
cholera patients in their rural homes, they had been
able to save all but 3 of a series of 85 sufferers and
that none of the 28 of these patients whose treatment
had been started before the onset of anuria had
succumbed. Similarly, Abdulla & Rohini (1950)
recorded only 3 deaths among 43 patients apparently
treated in a village with the drug under review, even
though fluids could be given by the oral route only.
However, as noted above (page 383), Lahiri found
formosulfathiazole unsatisfactory for the treatment
of cholera.
Pasricha et al. (1947c), using this drug for the treat-
ment of 331 cholera patients, recorded a mortality
of 7.3 %, which was thus not significantly lower than
that of 10.1 % in 335 controls treated with saline
infusions only. Narayana and co-authors (1954)
noted a mortality of 5% in 40 patients treated with
the drug as against a fatality rate of 12.5% in 57
controls.
Observing only one death among 40 patients treated
during the 1947 Egyptian outbreak with phthalyl-
sulfacetimide, Seneca & Henderson (1949a) were
favourably impressed by this drug. However, in a
subsequent publication (1949b) they stated that its
therapeutic value was lost if it was given later than
the third day of illness, i.e., at a time when the vibrios
had usually disappeared from the intestinal tract.
As mentioned above (page 383), Lahiri (1951) reported
unfavourably on the use of formosulfacetimide for
the treatment of cholera.
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Drug Findings

Acetylphthalylbenzene- According to Konar and co-workers (1953), results
sulfonamide of treatment of 46 cholera patients with this drug

were not significantly different from those in a control
group of 42 patients even as far as the amount of
saline needed for rehydration was concerned.

As will be gathered from the observations recorded above, the history
of cholera treatment with sulfonamides is rather similar to that of bacterio-
phage therapy, the initial belief in the marked efficacy of the former as
well as of the latter therapeutic method not having been strengthened but
rather disproved by the findings of subsequent workers. As is to be expected
under these circumstances, again as in the case of the bacteriophage therapy,
the initially optimistic attitude of the writers commenting on the value of
the sulfonamide treatment of cholera has changed into one of scepticism or
even of frank disbelief. Thus it is noteworthy that Lahiri, formerly an
advocate of this therapeutic method, concluded his 1951 article by stating:

" Chemotherapeutic drugs, to be of any real value in cholera, must have a quicker
action than any of the sulphonamides tested in this series, and also should not be toxic."

An editorial appearing in the issue of the British Medical Journal in
which Lahiri's article was published, endorsed the opinions of this observer
by stating that:

" By the time the patient shows any definite symptoms of cholera it is probably too
late for the drug to have any real beneficial action; there has been a mass multiplication
of vibrios, and their destruction without coincident antitoxin production will temporarily
increase the endotoxin in the intestinal tract."

In contrast to these statements, Henderson & Seneca (1951) expressed
the belief that the sulfonamides were of some value for the treatment of
cholera. While certain that only " unabsorbable " compounds should be
used, they were, " in view of irregularities of its behavior ", not in favour
of sulfaguanidine, but recommended, first, phthalylsulfacetimide, and,
secondly, succinylsulfathiazole. Unfortunately, however, in view of what
has been stated above (page 384), one cannot share the belief in the efficacy
of the latter drug, while not enough is known about the former to establish
its value for the treatment of cholera. Generally speaking, the present
writer is disinclined to believe that the use of any sulfonamide is of real
advantage in the case of cholera patients whose condition has become
serious enough to necessitate the administration of saline infusions.

Whether sulfonamides are useful for cholera treatment before this
stage of the disease has been reached is still uncertain.

Antibiotics

Initial use of antibiotics for the treatment of cholera seems to have
been made by Amberson (1945), from whose report it can be gathered

10
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that (a) in addition to " supportive " saline treatment, he gave penicillin,
usually in a total dosage of 200 000 units for adults, to 57 patients; and
(b) to another group of 58 patients he gave sulfadiazine in addition to
treatment with saline infusions and penicillin. No separate statistics were
given for these groups. Amberson's total results with " chemotherapy "
(including that with penicillin) as compared to those obtained by the
additional use of plasma will be recorded in a later part of this study.

An attempt to use streptomycin in addition to saline infusions for the
treatment of cholera was made by Reimann and co-workers (1946), but
observations on the 10 patients thus medicated showed that

" Other than prompt reduction of the numbers of vibrios in the stools and slight
shortening of the attacks, there is no evidence that streptomycin given orally or paren-
terally influences the course of the disease. Strains of V. comma vary greatly in their
resistance to streptomycin in vitro."

Further noteworthy results obtained when using various antibiotics
(1) for laboratory studies with V. cholerae and (2) for the treatment of
cholera patients may be summarized thus:

Laboratory investigations

Gauld and co-workers (1949) established that chloramphenicol (a) pro-
duced complete inhibition of the growth of V. cholerae if used in a concentra-
tion of 0.005 mg per ml of culture medium, and a 50% growth inhibition
in half that dosage; and (b) was effective for the treatment of intraperitone-
ally cholera-infected mice provided that treatment was started not later
than two hours after infection. Control experiments showed that sulfa-
diazine was endowed with a lower chemotherapeutic activity.

Since preliminary experiments (Felsenfeld et al. 1950a, 1950b) had shown
that the susceptibility of cholera vibrios to antibiotics increased during
storage of the strains, Felsenfeld and co-workers (1951) used 53 strains
recently isolated in various areas for in vitro tests with 10 antibiotics,
including penicillin, streptomycin, chloramphenicol, Aureomycin, neomycin,
Terramycin and bacitracin. It was found that, while the cholera strains
from Bombay and from Egypt were all sensitive to the antibiotics, several
strains from Bengal, Assam and Indochina were refractory to most of these
drugs in doses smaller than 100 units or ,ug per ml of culture fluid. However,
no organisms were encountered which were resistant to neomycin or
Terramycin.

Continuing their studies, Felsenfeld & Soman (1952) found that oxy-
tetracycline (Terramycin) and neomycin proved effective in vitro against
all but one out of 100 cholera strains in doses of less than 100 ,tg or units
per ml of medium, while streptomycin, chloramphenicol, bacitracin and
chlortetracycline (Aureomycin), used in the same doses, did not inhibit
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the growth of more than 20% of the strains. Penicillin and sulfadiazine
failed to affect 35 % and 39 % respectively of the strains.

To test these therapeutic substances further, mice were intraperitoneally
infected with mucin-suspended cholera vibrios and then given the various
drugs in different dosages by the oral route on the first, second or third day
after infection. It was found that (a) antibiotics poorly absorbed from the
intestine, such as streptomycin, neomycin and bacitracin, were ineffective;
(b) chloramphenicol and chlortetracycline gave better results; and (c) oxy-
tetracycline in doses of less than 100 mg per kg of body-weight per day
was effective in 98 % of the tests.

Monkeys (Macaca rhesus) which had been intragastrically infected with
V. cholerae were orally treated with various doses of the drugs under test,
medication being commenced when the first symptoms appeared and being
continued for three days. It was established that those animals which had
been treated with adequate doses of oxytetracycline (25 mg per kg of body-
weight per day) or neomycin (50 000 units per kg per day) could be invariably
saved. These two antibiotics were also found efficacious if administered
parenterally to orally cholera-infected monkeys in doses corresponding to
those of 600 mg of oxytetracycline or 300 000 units of neomycin per day
for an adult man.

Studying the action of oxytetracycline and chloramphenicol on mice
intraperitoneally infected with mucin suspensions of V. cholerae, Olejnik
& Davidovitch (1951) found that if oxytetracycline in a dosage of 5-10 mg/kg
was administered intraperitoneally half an hour after infection, all mice
inoculated with Inaba strains of V. cholerae recovered; in the case of an
Ogawa strain a dosage of 15 mg/kg was required to obtain the same result.

Larger doses of the antibiotic were necessary to obtain 100% survival
of mice infected five hours before treatment- 15 mg/kg in the case of one
Inaba strain, 30 mg/kg for the other two Inaba and the Ogawa strains.

If oxytetracycline was administered to the animals later than five hours
after infection, even heroic doses were ineffective.

As to chloramphenicol, Olejnik & Davidovitch found that this drug,
given half an hour after infection, was curative in doses of 25 mg/kg in
the case of one Inaba strain, of 50 mg/kg in the case of the two other Inaba
strains, and of 100 mg/kg in the case of the Ogawa strain used.

Five hours after infection 250 mg/kg of the drug still proved effective in
the case of two of the Inaba strains, but this dose was but partially effective
(30% survivals) in the case of the third Inaba and the Ogawa strains.

Further in vitro tests with oxytetracycline were made by Das and co-
workers (1951) and by De and colleagues (1952). The former observers
found that the antibiotic completely inhibited the growth of V. cholerae
at a concentration of 2-5 jug per ml of medium. As summarized in the
Tropical Diseases Bulletin (1953), De and co-workers recorded that oxy-
tetracycline (Terramycin)
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"' was bacteriostatic at pH 7.4 in a concentration of 1 ,tgm./ml. while chloramphenicol
required 1 or lO,ugm./ml.: at higher pH, up to 10 or 100 ,ugm./ml. of terramycin was re-
quired to produce bacteriostasis, but only 0.1-10 [tgm./ml. ofchloramphenicol was required
for this purpose. For bactericidal action, larger concentrations were required, but
while the action of terramycin was less marked in alkaline medium, that of chloram-
phenicol remained the same or improved with a rise of pH."

It will be noted that, as far as these tests went, chloramphenicol gave
more satisfactory results than oxytetracycline.

Working with chlortetracycline, Seal and co-workers (1951) found this
antibiotic vibriostatic in a 15,tg/ml dosage and vibriocidal in a dosage of
50ug per ml of medium.

According to a review in the Tropical Diseases Bulletin (1954), Nagao
(1953), testing various antibiotics and homosulfanilamide in the laboratory,
found chloramphenicol and roseomycin (isolated from Streptomyces
roseus) more effective in in vitro tests as well as in experiments with intra-
peritoneally cholera-infected mice than the sulfonamide and streptomycin.

Studying the sensitivity of V. cholerae to antibiotics with the aid of in
vitro tests and experiments with orally infected guinea-pigs, Gohar (1953)
found that:

(a) Dihydrostreptomycin, chloramphenicol, chlortetracycline and oxy-
tetracycline exerted a more potent bacteriostatic action than sulfonamides
like Sulfasuxidine (succinylsulfathiazole), sulfaguanidine and sulfadiazine.

(b) Among the above-mentioned antibiotics, dihydrostreptomycin
alone exerted an appreciable bactericidal action on V. cholerae.

(c) The cholera vibrios readily acquired a resistance to dihydrostrepto-
mycin, less readily to chloramphenicol, and least to the other two anti-
biotics.

(d) As far as the in vivo tests were concerned, chloramphenicol and
dihydrostreptomycin, used alone or in combination with sulfonamides,
gave comparatively the best results.

The conclusion reached by Gohar was that

" Because of its bactericidal action and lack of absorption from the intestines, di-
hydrostreptomycin, either alone or in combination with sulphaguanidine or sulphasuxi-
dine, is recommended for trial in the treatment of cholera."

Experimenting with chloramphenicol, chlortetracycline hydrochloride
(Aureomycin) and oxytetracycline hydrochloride (Terramycin), Dutta &
Habbu (1954) established that these antibiotics were active in vitro against
large as well as small inocula of V. cholerae. If administered in 100 mg/kg
doses orally 8 hours after intra-intestinal cholera infection of young rabbits,
the three antibiotics prevented the appearance of symptoms. The same
result was still obtained when treatment was commenced 16 hours after
infection, but the antibiotics failed to have any effect when given 24 hours
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after infection, i.e., after diarrhoea had started. Results were not improved
when treatment with chlortetracycline commenced at that time was combined
with saline administration.

Treatment with antibiotics

Attempts to treat cholera patients with chloramphenicol were first made
by Chaudhuri and co-workers (1950), who administered the drug orally in
a total dosage of 6 g on the first day after admission and in total dosages of
3 g each on the second and third days to 10 patients. The necessary infusion
treatment was given at the same time to these sufferers who, admitted on
the average nine hours after onset of the disease, were still in the evacuation
stage or in the collapse stage. There was no obvious difference in the
clinical appearances shown by these patients and by an analogous control
group; two of the treated and one of the controls died. It was found,
however, that the number of cholera colonies developing from the stools
of the antibiotic-treated patients was markedly reduced after 24 hours and
that there .was no growth of V. cholerae from the stools collected after
48 hours, whereas the organisms persisted in the faeces of the controls for
periods up to seven days.

In the course of a further investigation, Chaudhuri and colleagues (1952)
compared the efficacy of oral and intravenous treatment with chloram-
phenicol with that of saline treatment alone, observing in each case a group
of 20 patients who had been ill with cholera for 1-20 hours.

The total dosage of the antibiotic given orally to adults was at first 9 g,
but was afterwards reduced to half, 0.5 g being given on admission, then
0.25 g every hour for six hours and finally 0.5 g every six hours until the
total of 4 g had been administered. For intravenous use dilutions of the
drug were made in 10-12 ounces of saline solutions. An initial dose of the
antibiotic amounting to 0.5 g was followed by 0.25-g doses at six-hourly
intervals until a total of 1 g-1.25 g had been reached.

There was no death among those intravenously treated with chloram-
phenicol as against four deaths in the orally treated and three fatalities in
the controls. While admitting that these differences were not statistically
significant, Chaudhuri and co-workers stressed that (a) diarrhoea termi-
nated earlier in those treated with the antibiotic, and (b), except in one
instance, the vibrios disappeared much earlier from the stools of the treated
than from those of the controls.

Chakravarti et al. (1954) used chloramphenicol for the intravenous
treatment of 50 cholera patients, most of whom had been ill for 6-20 hours.
The earlier of these sufferers received an initial dose of 0.5 g followed at
six-hourly intervals by 0.25-g doses, but to a later group of 38 patients
apparently three injections of 0.5 g were given at four-hourly intervals.
Again there were no clinical differences between the antibiotic-treated
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sufferers and an analogous control group; five of the former and seven of
the latter died. It was noted, however, that (a) the stools of the patients
receiving chloramphenicol became more rapidly formed than those of the
controls; and (b) V. cholerae disappeared from the stools of most of the
former by the third day, while half of the controls continued to excrete the
organisms for periods ranging from four to seven days.

In the course of an investigation, to which reference has been made
above (see page 384), Narayana and colleagues (1954) administered chloram-
phenicol in a total adult dosage of 9 g, dispensed in 0.5-g doses at four-
hourly intervals, to 57 cholera patients who had been ill for 2-14 hours on
admission. An analogous control group received two keratin-coated pills
containing 2 grains of potassium permanganate each every four hours up
to a total of 36 pills. Both the antibiotic-treated patients and the controls
also got the necessary amounts of hypertonic glucose-saline solution.
There were seven deaths among the controls as against four deaths of
patients treated with chloramphenicol. V. cholerae was found to be present
in the stools of the latter for an average of 2.8 days as against 3.8 days in the
controls.

Treatment of cholera patients with oxytetracycline was commenced in
1951 by Konar & Sengupta as well as by Das and colleagues. The first-
mentioned two workers administered the drug orally in 500-mg doses
every six hours for three days (average total dose, 24 capsules of 250 mg
each) to 50 cholera patients. They were also given the necessary infusion
treatment, while 50 controls received only the latter. There were four
deaths in the antibiotic-treated group as against three in the controls.
However, the stools of the former group were found to be free from cholera
vibrios after an average of 48 hours after admission, while in the case of the
controls the same result was obtained after more than three days. In the
opinion of Konar & Sengupta the success of oxytetracycline treatment
depended upon administration of the drug quite early in the disease.

Das & co-workers (1951) orally administered oxytetracycline to 36
cholera patients in a dosage of 1 g on admission, then gave half this dose
after two hours, and finally 0.5 g at six-hourly intervals until the third day
of treatment (total dosage, 6-7.5 g); this medication was combined with the
usual infusion treatment. There were six deaths among those receiving the
antibiotic as against eight in the 35 controls who were treated in the usual
manner. The causes of death in the two groups were:

Antibiotic- Controls
treated

Peripheral circulatory failure 2 5
Hyperpyrexia 1 2
Uraemia 3 1

Totals 6
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The stools of the patients treated with oxytetracycline became free from
cholera vibrios markedly sooner than those of the controls.

In a further paper Das et al. (1953) reported upon the results of oral
treatment with this antibiotic in 190 cholera patients as compared with
those in 82 controls receiving only the saline infusions also given to those
medicated with oxytetracycline. The fatality rates in the two groups were:

Time of commencement of treatment Antibiotic- Controls
treated

Within 6 hours of onset 4.3% 8.5%
6-12 hours of onset 20.3% 30.0%

Totals 11.6% 18.3%

Considering these differences to be statistically insignificant, Das and
colleagues expressed the opinion that oral treatment with oxytetracycline
was of no additional advantage in the management of cholera patients.

Das, Ghosal & Gupta (1953) likewise observed no significant differences
in the case mortality when comparing the therapeutic results in 20 cholera
patients treated intravenously with oxytetracycline with those in 16 controls.

Giving oral doses of this antibiotic to seven cholera patients also re-
ceiving infusions, De & co-workers (1954) noted that its administration
seemed to prevent the rise of the serum-bilirubin level to the peak value
observed in controls on the second day of illness. Commenting upon these
findings as well as upon the therapeutic results of the above-quoted workers,
De and colleagues stated that

" The clinical reports cited above hold out very little promise of success for oxy-
tetracycline therapy in cholera, although the vibrios in the stool disappear rather earlier.
Nevertheless, the present study of a small number of cases suggests this antibiotic has
some definite beneficial effect on at least one, perhaps ominous, pathological process
going on inside the body in cholera. Perhaps higher doses given more frequently, especially
at the onset of illness, would have more obvious clinical results."

A preliminary attempt to treat cholera patients with chlortetracycline
was made by Seal, Ghosal & Ghosh (1951), who for this purpose at first
resorted to intravenous administration of three 100-mg doses of the anti-
biotic at six-hourly intervals, but afterwards used only half these doses.
Results of this treatment, which was combined with saline infusions, were
not satisfactory, since there were four fatalities among the 12 patients
concerned, whereas only three of the controls succumbed. However, Seal
and his colleagues pleaded that by chance the antibiotic-treated patients
had been more seriously affected than the controls and maintained that
both the duration of illness and that of vibrio excretion appeared to have
been reduced by one-third in those receiving chlortetracycline. One
cannot help noting, however, that while uraemia became manifest in only
four of the controls, it developed six or seven times in those treated with the
antibiotic. It also deserves attention that the initial administration of the
original dose (100 mg) led to a febrile reaction.
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Results of a further trial in treating cholera patients with chlortetra-
cycline by Seal and co-workers (1954) were as follows:

Method of treatment Treated Deaths Mortality
(%)

Chlortetracycline 50 7 14.0
Sulfaguanidine 35 5 14.3
Infusions only 35 5 14.3

Note. The necessary infusions were also given to the patients of the first two groups.
Chlortetracycline was administered orally in doses ranging-according to the severity
of the attacks-from 6.65 g to 4.875 g.

Seal and his colleagues stated that administration of this antibiotic
shortened the acute stage of the disease, the duration of anuria and the
period of vibrio excretion. It is noteworthy, however, that uraemia deve-
loped five times in the patients treated with chlortetracycline. The incidence
of uraemia was also high among the sufferers receiving sulfaguanidine
(four instances), while this complication was noted but once in the control
group. Jaundice was observed in two chlortetracycline-treated sufferers
and in one given sulfaguanidine.

Narayana and co-workers (1954) orally administered chlortetracycline
to 40 cholera patients also given the necessary infusion treatment. Adults
received two capsules of 0.25 g each at six-hourly intervals, while those
below 20 years got alternately two capsules and one capsule at the same
time intervals, the total dosages apparently amounting respectively to 24
and to 18 capsules. Only one of the patients of this series died. Narayana and
colleagues added that chlortetracycline

" produced an appreciable clinical improvement within a period of 12 to 24 hours of
starting the treatment in most cases. A sense of an all-round well-being, with the pulse
regaining more or less in volume and tension, a marked decrease of dehydration, the state
of collapse disappearing almost completely and above all, the ' Rice-water' stools
giving place to formed motions".

They also noted that the stools of the patients treated with this anti-
biotic became negative for V. cholerae at an average of 1.9 days as against
2.8 days in those treated with chloramphenicol. In their opinion chlor-
tetracycline
" holds out the promise of a drug worthwhile trying in the treatment of cholera in con-
junction with the time-honoured intra-venous saline ".

However, even if one could agree with this contention,' one must stress
that the aim of a specific cholera therapy is not to augment the value of the
infusion treatment but to render the latter superfluous by suppressing the
morbid process before dehydration and collapse have developed. Thus far
no convincing evidence has been obtained that any of the methods of
treatment discussed above falls into this category of a therapia sterilisans

1 Further results obtained with chlortetracycline in the case of 21 cholera patients by Laigret (1955)
were frankly disappointing, no fewer than 12 of the sufferers succumbing.
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magna. Moreover, while one must hope that such an effective method of
suppressive treatment will eventually be evolved, one must realize that in
actual practice its usefulness would be limited, since, owing to the rapid
progress of the disease, many of the cholera patients are already in a state
of dehydration and collapse when first seen. Thus, whatever the future may
hold, it is difficult to visualize a time when the infusion treatment will not
occupy a prominent place in the therapy of cholera.

Since thus far no satisfactory specific method of cholera treatment has
been evolved, the question how to deal with patients seen in the earliest
stage of the disease remains unsettled. In a interesting discussion of this
problem, Strong (1944) declared:

"Long experience with the use of castor oil, neutral salts and other purgatives, in-
cluding calomel, has demonstrated that treatment with these drugs frequently, if not
usually, exercises an unfavourable influence over the course of the disease. In the human
intestine the cholera organism multiplies most rapidly in a fluid medium; moreover the
action of these purgatives tends to increase the catarrhal condition and to impair the
resisting power of the mucous membrane of the intestine. Therefore, the purgative
treatment during this stage cannot be recommended, and the indications are to limit
peristalsis and to put the intestine at rest."

Accordingly, Strong recommended strict rest in bed for the patients
seen in the earliest stage of cholera. Unnecessary bathing, changing of bed-
linen and the like had to be avoided so as to move the patients as little as
possible. No food except rice water or barley water was to be allowed.
In his opinion administration of l4u-grain doses of morphine with 1/150 grain
of atropine hypodermically or of 15 minims ofchlorodyne orally were useful
during the first day of illness, but these drugs had to be avoided after
24 hours from the onset.

While it is a debatable point whether opiates or opium derivatives
ought to be given to cholera patients even quite early in the disease, Strong's
advice to avoid drastic medication or other exhausting therapeutic proce-
dures at this stage deserves full consideration. Whatever method of treatment
is chosen, a careful watch over the patients must be instituted so that
dehydration and collapse may be counteracted by suitable means as soon
as they begin to be manifest. As said above, cholera patients often unfor-
tunately reach the hospitals in a condition necessitating rehydration by
parenteral routes. Thus the question how to deal therapeutically with the
earliest stage of the disease is quite often rather of academic interest than
of great practical importance.

Infusion Treatment

Introductory remarks
Though Hermann (1831) tried during the 1830 Moscow outbreak to

cure cholera patients by the injection of water into their veins, by common
consent Latta is accorded the credit of having initiated the method of
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infusion treatment, of which ample and most beneficial use is still being
made. As Latta stated in his original publication, a report reproduced in
the Lancet (1831-32), he was motivated to consider this therapeutic method
on account of O'Shaughnessy's observations (1831-32) on the ominous
loss of fluids and salts from the blood of cholera patients. His attempts to
correct this deficiency through rehydration by the oral or rectal route having
failed, he "at length resolved to throw the fluid immediately into the
circulation" (i.e., into the basilic vein). Latta dissolved for this purpose
" from two to three drachms of muriate of soda and two scruples of the subcarbonate of
soda in six pints of water, and injected it at a temperature of 112°F."

Unfortunately, the first patient treated according to this new method,
though showing signs of an almost miraculous improvement of her collapsed
condition after infusion of six pints, or about 3.5 litres, succumbed because
Latta was not recalled when a relapse took place. However, another sufferer,
to whom under these circumstances a second infusion was administered,
became cured. In two further papers (1832-33a, 1832-33b) Latta referred
to five patients treated according to his method, of whom three recovered.
As narrated by Greig (1946) in an interesting account of Latta's achieve-
ments, ampler use was made of the method of this worker during the 1832
cholera epidemic at Edinburgh by Mackintosh (1836), who employed the
following solution:

Sodium chloride 1/2 ounce (later 1 ounce)
Sodium bicarbonate 30 grains (later 60 grains)
Water 10 pounds (pints)

Note. Addition of egg-albumin was tried but found to be of no beneficial effect.

Though only 25 of the 156 patients treated with this fluid recovered,
Mackintosh felt convinced of the value of intravenous infusions, stating that

" Should I ever have charge of cholera patients again, I shall, profiting by the experience
I now possess, use the saline solution at an earlier period of the stage of collapse, nay at
its commencement, in order to lessen the thickness of the blood before organic mischief
is done."

However, other workers were more or less sceptical, Griesinger (1857),
for instance, maintaining that the experiences with the intravenous infusion
therapy of cholera
" have been so unfavourable thus far, that it cannot at all be recommended, even though
it is true that, as indicated by the often marked and sudden improvement of the patients
immediately after the injection .., the method is not wrong, and one must admit that
so far the overwhelming majority of the injections has been administered to patients in a
hopeless condition ". [Trans.]

In view of the fact that intravenous administration of fluids was not rarely
supposed to be harmful, it is not surprising to find that attempts have been
made to rehydrate cholera patients by other routes, even with the aid of
baths, inhalation of water vapours or by introduction of saline solutions
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into the urinary bladder (Piorry, 1849, quoted by Mettenheimer, 1892).
While, naturally, such weird procedures were but passingly used, the
introduction of the method of subcutaneous saline administration to cholera
patients, which Cantani (1892) claimed to have first proposed in 1865,
attracted much attention. However, while in the 19th century particularly
this procedure has been often used in place of intravenous infusions, more
recently the latter method once more became the standard for the treatment
of cholera.

It was the great merit of Rogers (see Rogers & Mackelvie, 1908, and
Rogers, 1909a) to have drawn universal attention to the use of hypertonic
saline solutions in place of the normal or often even more or less hypotonic
fluids used by the earlier cholera workers. It is, however, historically
interesting to note that as early as 1893 Gaertner & Beck, as a result of
experimental observations on dogs, recommended " over-salting " the
blood of cholera patients through the intravenous administration of con-
centrated saline solutions. Acting on this advice, Rosner (1895) used a
10% NaCl solution in quantities of 300 ml for the treatment of seven
cholera sufferers but, in spite of an invariable temporary improvement, lost
four of them. Evidently Rogers was unaware of this early and rather
discouraging result.

Though some of the earliest observers, like Lewis (1832-33), had already
drawn attention to the advisability of giving alkalis to cholera sufferers by
the oral route and other early workers had resorted to infusions with
weakly alkaline salt solutions, it is to the great credit of Sellards (1910)
that he pioneered the rational use of adequately alkaline fluids in the treat-
ment of the disease. Soon afterwards, several workers-first Kausch (1911,
1916), and then Whyte (1913, 1915), Gaertner (1915) and Strauss (1915)-
advocated the use of glucose solutions for the treatment of cholera.

As will be gathered from the following disquisition, the method of
administering alkaline solutions to cholera patients which was again
recommended by Rogers (1915, 1916) has been almost universally adopted.
The question whether preference ought to be given to hypertonic or normal
saline solutions, on the contrary, is still much debated.

Preparation of infusion fluids

Regardless of the kind and the concentration of the fluids employed for
the infusion treatment of cholera, it is of the utmost importance to use
suitable water for their manufacture. It was known for a long time that,
however efficacious such fluids were, their administration often led to un-
toward reactions, consisting of chill, fever and sometimes even collapse. As
aptly stated by Pasricha, Malik & Paul (1941), these reactions were
" explained on various obsolete, complex and unsubstantiated theories involving the
doctrine of specific ion effect, haemolysis, hydrogen-ion concentration, etc., or more
often simply regarded as inevitable after-effects of intravenous therapy ".
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In contradiction to these and other unsatisfactory postulations, work
initiated by Hort & Penfold (1911) and continued by other observers, the
next being Seibert (1923), but long ignored by the cholera workers, has
furnished evidence of the presence of fever-producing or, as they are usually
called, pyrogenic substances in the infusion fluids causing untoward
reactions. It was established that these pyrogens were filterable thermo-
stable products of the growth of certain bacterial species which, being
ubiquitous, could easily infest any water not kept under absolutely sterile
conditions. Even at room temperature, formation of the pyrogens was apt
to take place within one or at most a few days, and, since these substances
were not destroyed by ordinary autoclaving and were capable of passing
over with the steam unless redistillation of pyrogen-containing waters was
carried out under special precautions, the pyrogens failed to be destroyed
in the course of the procedures ordinarily used for the preparation of
infusion fluids. A further difficulty is that no fully reliable rapid method
for the detection of the pyrogens is available, animal experiments forming
the only means of ascertaining their presence or absence (see Bose & Ahuja,
1944).

While in the opinion of many observers the pyrogens alone are responsible
for the untoward reactions produced by infusion fluids, some workers,
e.g., more recently Paul & Chatterjee (1944), maintained that such reactions
could also take place when the fluids injected were so alkaline or acid as to
render the blood incapable of exerting a neutralizing or buffering action.

Before dealing with the methods actually used for the production of
pyrogen-free fluids for the purposes of cholera treatment, attention has to
be drawn to the statement of Lees & Levvy (1940) that in emergencies such
fluids could be obtained by (a) adding powdered charcoal to the waters
to be treated at the ratio of 1 g per litre; (b) shaking for 15 minutes; and
(c) separating off the charcoal by filtration through paper.

Thomas & Ting (1938), apparently the first to use pyrogen-free solutions
for the infusion treatment of cholera patients, resorted to the distillation
of surface (canal) water in a special apparatus and sterilized the saline
solutions made from the distillates within three hours after manufacture.
The flasks in which the infusion fluids were kept were closed with plugs
consisting of a gauze core covered with a layer of silk tissue. Apparently
the infusion fluids thus prepared remained suitable for curative purposes
for two weeks.

An easily applicable method of obtaining pyrogen-free water, recom-
mended for cholera work by Panja and colleagues (1942), was thus de-
scribed in the 1943 report of the Indian Research Fund Association:

2000 ml of tap water or of distilled water known to contain pyrogen were acidulated
with 0.4 ml of strong commercial sulfuric acid and then treated with 4 ml of a 0.4% solution
of potassium permanganate. The fluid was then boiled for two hours and if during this
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process the colour disappeared, further additions of potassium permanganate were made
to maintain at least a trace of colour.

The fluid thus prepared could be kept for a fairly long period, because pyrogen-pro-
ducing organisms were incapable of developing on account of the acid reaction. However,
if accidental contamination with organic matters led to a decolouration of the fluid, it
was safer to add more potassium permanganate and to boil again.

If needed for the manufacture of infusion solutions, the fluid was filtered through
paper and, after 5-10 drops of hydrogen peroxide had been added, was shaken. When
after 1-2 minutes the permanganate colour had disappeared, the fluid was slightly heated
so as to remove the excess of H202. After cooling the pH was adjusted to 7.1.

A more refined method for producing pyrogen-free water was outlined
by Napier (1946) thus:

" In a clean glass still, re-distil some freshly distilled water to which a little sulphuric
acid and one or two crystals of potassium permanganate have been added to give a faint
pink colour. If, during the process of distillation, the pink colour disappears from the
water in the still, a little more sulphuric acid and potassium permanganate must be added.

" The distillate is collected in a closed flask which has been previously prepared by
rinsing first with a solution of potassium bichromate and sulphuric acid, then washed out,
first with distilled water and then with pyrogen-free water, and finally sterilized by auto-
claving.

" The pyrogen-free water is sterilized in an autoclave and may be used for about
3 to 4 days."

Sen Gupta (1945) recorded that, running short of distilled water during
a serious cholera outbreak, he had made successful use of a hypertonic
saline and glucose solutioni prepared with filtered and sterilized well-water,
only four out of 95 patients succumbing. Since the fluids used were not
pyrogen-free, shivering was observed after the infusions. However, in Sen
Gupta's opinion, this reaction had some beneficial effect as purging and
vomiting were found to stop earlier in the patients receiving well-water
than in those treated with fluids prepared with distilled water.

Commenting in an appendix upon these statements, the editor of the
Indiani Medical Gazette expressed the opinion that

"For intravenous use, fresh pyrogen-free distilled water is of course highly desirable.
In a cholera epidemic in rural areas, and often even in urban areas, fresh distilled pyrogen-
free water is often unobtainable. Old distilled water, unless it has been stored in completely
sealed and sterile containers, is often highly pyrogenic. Fresh undistilled water is often
much better than doubtful old distilled water.

" In the cholera wards in Calcutta hospitals, Calcutta tap water has usually been
used, and while it gives rise to some febrile reaction, these are usually not very serious,
and the results are usually good.

" In rural areas, the editor has used fresh well water, filtered and boiled, with good
results. He always teaches: In cholera give saline in the best water you have, but in case
of necessity use well water, tap water or tank water rather than leave a patient collapsed
from cholera without a transfusion."

In agreement with this statement ample experiences of previous workers
have shown that it is by no means a sine qua non to use distilled water in
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order to prepare infusion fluids for cholera treatment. However, care must
be taken to choose waters which are neither acid (as, in China at least, well-
waters not rarely are) nor show too high an alkalinity, as surface waters not
seldom do. In spite of the assertions of Sen Gupta quoted above, even
under emergency conditions every possible effort must be made to use
infusion fluids which produce no chills or other untoward reactions. Should
such reactions appear, even if the infusion fluids are quickly used after
preparation, then advantage ought to be taken of the method of pyrogen
removal devised by Lees & Levvy, which, though apparently not used thus
far in cholera work, deserves serious attention on account of its simplicity
and rapidity of action.

In contrast to the practice formerly followed, some modern workers
have with great reason recommended the use of various fluids for cholera
therapy in order to adapt the infusion treatment to the varying conditions
met with in the course of the disease. Important formulas for these are
tabulated below:

(a) Recommended by Rogers (1921, 1952)
1. Hypertonic saline solution 2. Alkaline saline solution
Sodium chloride 120 grains (8 g) Sodium bicarbonate 100 grains (10.7 g)
Calcium chloride 4 grains (0.25 g) Sodium chloride 90 grains (6.0g)
Water 1 pint (568 ml) Water 1 pint (568 ml)

(b) Recommended by Napier (1946)

1. Hypertonic saline solution
Sodium chloride 140 grains-16 g
Pyrogen free

distilled water 1 pint 11

2. Alkaline saline solution
Sodium chloride 80 grains- 9 g
Sodium bicarbonate 180 grains-20.5 g
Pyrogen-free

distilled water 1 pint- 1I

3. Alkaline hypotonic saline solution
Sodium chloride 60 grains-6.8 g
Sodium bicarbonate 180 grains-20.5 g
Pyrogen-free

distilled water 1 pint-I 1
4. Bicarbonate solution
Sodium bicarbonate 440 grains-50 g
Pyrogen-free

distilled water 1 pint- 1I

(c) Recommended by Shattuck (1951)

1. Isotonic saline solution 3. Alkaline saline solution
Sodium chloride (90 grains)-9 g * Sodium bicarbonate 18 g
Water (1 pint) 11 Sodium chloride 6 g

Freshly distilled water 1100 ml
* 8.5 g are usually recommended. Before addition of sodium bicarbonate,

reduce volume by boiling to 1000 ml.
2. Hypertonic saline solution 4. Dextrose (glucose) saline solution
Sodium chloride 14 g Dissolve 50 g of the sugar in 1 litre
Freshly distilled of isotonic or hypertonic saline. It is

water 1100 ml desirable but not essential to add 2 mg
Reduce volume by boiling to 1000 ml. of thiamine chloride.
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A special technique has to be used for the preparation of the alkaline
solutions enumerated above, because under the action of heat sodium
bicarbonate becomes decomposed into sodium carbonate. Hence, as
recommended by Rogers (1921), it is necessary to wrap the needed doses
of sodium bicarbonate in paper and to sterilize the packets thus obtained
by dry heat. Then, after adequate saline solutions have been made and
sterilized, the required amounts of sodium bicarbonate are added. As
pointed out by Rogers, this addition renders the fluids slightly hazy, but
they remain quite safe for intravenous infusion; however, these alkaline
solutions should never be used for subcutaneous injections. As pointed
out by Chaudhuri (1950), the sodium bicarbonate doses might be enclosed
in glass ampoules instead of in paper packages. However, the latter have
been found to serve their purpose fully.

An alternate procedure recommended in the 1945 US Army regulations
for cholera treatment quoted by Shattuck (1951) was to add, immediately
after 0.6% saline solutions had been made up and sterilized by boiling, to
each litre of these solutions 18 g of sodium bicarbonate taken directly from
an original container and weighed in a sterile vessel. The fluids thus pre-
pared had to be used as soon as they had been cooled to body temperature.

In order to avoid the minor difficulties attendant upon the preparation
of bicarbonate-containing infusion fluids, Banerjee & Datta (1936) advised
replacing this chemical by sodium lactate, because the solutions made
with the latter could be sterilized by boiling and could be injected subcutane-
ously as well as intravenously. However, Chaudhuri (1950), though again
recommending the use of M/6 solutions of sodium lactate for cholera treat-
ment, admitted that these were efficacious only in the case of mild or
moderately severe cholera attacks, while severely affected patients had to
be treated with alkaline solutions prepared in the usual manner with
sodium bicarbonate. Most workers make exclusive use of the latter.

Routes and technique of infusion

Before dealing with the routes and the technique of the infusion treatment
it is necessary to assess the value of two simpler methods of restoring the
fluid balance of cholera patients, namely, oral and rectal administration
of fluids. Dealing with the former of these two procedures, Rogers (1921)
justly stated that, when treating patients affected with cholera gravis,
" it is useless to give large quantities at once, as they will only induce vomiting, but
by allowing an ounce or two at a time, with short intervals, it is surprising how much
may be retained and absorbed, greatly to the benefit of the patient. As long as the rectal
temperature is not subnormal, ice may be given to suck and may allay the irritability
of the stomach. Theoretically it would appear to be sound to add a little sodium chloride
to the water, but practically the apparent advantage may be more than counteracted
by limiting the amount drunk on account of the salt taste. If for any reason transfusion
cannot be carried out, however, I consider such an addition to be worthy of trial in
severe cases in which the acuteness of the thirst will ensure its ready acceptance."
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The administration of fluids per os may be suitably combined with that
of alkalis but, as pointed out by Rogers & Shorten (1915), this often routinely
practised medication cannot be relied upon to combat acidosis.

Ample use has been made in the past of rectal fluid administration to
cholera patients, the more so as the fluids were often used as vehicles for
drugs, especially astringents. In particular, the method of tannin entero-
clysis devised by Cantani (1884) was much utilized but, though it was still
considered to be usually effective by Liebermeister (1896), it was afterwards
given no more attention.

Rogers (1921) considered rectal fluid administration to be indicated in
comparatively mild cholera attacks, when the blood pressure had not
fallen below 70 mm, because it had been found that

"the large bowel retains its powers of absorption as long as there is a fair pulse, and
the patient may often be tided over the danger of collapse by frequently repeated copious
saline enemata".

He recommended that ½/2-i pint be given per rectum every two hours
during the evacuation stage, but that after the urine secretion had become
satisfactory in the stage of reaction, the same amounts should be given at
four-hourly intervals. The solutions had to be injected slowly and as high
up as possible with the aid of a long soft tube, and the patients had to be
urged to retain the enemata as long as they could. In the case of patients
with a blood pressure not much over 70 mm, particularly in the case of
children or elderly people, the rectal injections were preferably to be
administered by a continuous method, the rate of flow being regulated at
from ½2 to 1 ounce per minute. Isotonic saline (90 grains of NaCl per
pint) had to be used, to which, as long as the urine was acid, 100 grains of
sodium bicarbonate were added per pint. Addition of 4 grains of calcium
chloride per pint was advantageous. The rectally treated patients had to
be closely watched so that, if necessary, prompt additional use could be
made of intravenous saline administration.

Rectal fluid administrations were again recommended for the treatment
of cholera by Rogers (1952), as well as by Strong (1944) and Napier (1946).
Strong stressed in this connexion that intravenous infusions ought to be
resorted to only when they were strictly indicated and that, even when they
became necessary, combined use ought to be made of intrarectal fluid
administrations.

While admitting that, as long as the radial pulse can be felt, fluids
injected into the peritoneal cavity of cholera patients are rapidly absorbed
with a resultant improvement in the clinical condition, Rogers (1921)
was not in favour of this route of fluid administration. He stated that he
had used this method only occasionally in children, in whom it was difficult
to find suitable veins for infusion, but that he had given it up afterwards,
because it was found that the mortality of cholera patients receiving fluids
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by this route was considerably higher than that among the intravenously
infused sufferers. Subsequent observers (see, for instance, Ghanem &
Mikhail, 1949) also advised against cholera treatment with intraperitoneal
infusions, so that this method may be said to be of historical interest rather
than of present importance. However, Napier (1946) still referred to the
possibility of using it in the case of children or adults in whom no suitable
veins could be found to make infusions. He advised raising the foot of the
patient's bed after intraperitoneal infusions had been made, because the
absorptive powers of the pelvic peritoneum were poor. Napier added,
however, that, if intravenous infusions were not possible, the subcutaneous
or intramuscular route might be used in place of the intraperitoneal, or
the fluids might be administered into the marrow of the sternal bone or
the tibia. To carry out the last two methods under the often rather unpro-
pitious conditions prevailing during cholera outbreaks would be rather
difficult.

As has been stated in the introduction to the present disquisition,
during the latter part of the 19th century many workers resorted to sub-
cutaneous infusions instead of continuing to use the original method of
intravenous saline administration for the treatment of cholera. However,
though the efficacy as well as the supposedly greater safety of the former
therapeutic method were often asserted, some of the contemporaneous
observers, for instance, Rumpf (1892) and Rumpel (1894) expressed opposite
opinions. Convincing evidence of the superior value of intravenous
saline administration was furnished by Nichols & Andrews (1909), who
recorded the following results in 450 cholera patients treated by different
methods during the 1908 Manila outbreak:

Method of treatment Patients Deaths Mortality
(%)

Stimulation 145 47 32.4 *
Subcutaneous infusion 175 117 66.8
Subcutaneous and intravenous

infusions 36 19 52.7
Intravenous infusion 94 41 43.6

* The mortality in the first group, treated with stimulants like
strychnine and digitalin, was lowest because it included the mildly
affected patients. Isotonic saline solutions were used for the treat-
ment of the other three groups.

Rogers (1921), while maintaining that the supposed simplicity of the
method of subcutaneous infusion was apparent rather than real, considered
it much less efficacious than the intravenous method of saline administra-
tion. Moreover, the following grave objections had to be made to the infu-
sion treatment by the subcutaneous route:

(a) The difficulty of administering the large amounts of fluid (an average
of 4 pints) required for the treatment of collapsed cholera patients;

11
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(b) The considerable pain caused by subcutaneous infusions, which
aggravated the state of shock;

(c) The slow absorption of the subcutaneously given fluids and the total
absence of absorption in markedly collapsed patients;

(d) The formation of abscesses at the site of injection in a certain number
of the patients, due on the one hand to the low vitality of the tissues in
cholera, and on the other hand to the difficulty of maintaining asepsis.

Nevertheless Rogers, though advising that the least possible use be
made of subcutaneous infusions, maintained that

" if for any reason intravenous injections are impracticable, frequently repeated sub-
cutaneous salines should be used in all cases in which rectal injections fail to prevent
the onset of collapse

Rogers added that

" In young children, as well as in old persons with a tendency to rapid recurrence
of collapse after an intravenous saline, slow continuous subcutaneous hypertonic saline
(without any sodium bicarbonate on account of its irritating properties) may often be
administered with advantage by means of a quart thermos flask to keep the fluid at
a little above normal blood heat, such as 104°F [40°C], to allow for a cooling during
passage through the tubing ".

The contention of Rogers that under ordinary conditions the intravenous
administration of infusion fluids is the method of choice for the treatment
of severely affected cholera patients has been generally accepted.

Though on the whole the well-known technique generally used for
intravenous infusions is also adopted to treat cholera patients, a few points
deserve special consideration. Workers not used to treating these dehydrated
and collapsed sufferers, whose veins are often so little filled as not to be
clearly visible, may find it most difficult to introduce the needle of an
ordinary infusion apparatus directly through the skin into the blood-
vessel chosen. This is particularly true of children, in the case of whom
it often becomes necessary to select, in place of the veins usually chosen at
the bend of the elbow, some other vein such as the vena saphena on the
thigh, the vein in front of the malleolus internus on the ankle, or a vein
on the dorsum of the hand.

Even in adult patients some workers found the difficulties of introducing
the infusion needles directly through the skin so considerable that they
preferred the " open method " of introducing an intravenous cannula
after the vein had been laid bare by an incision in the skin. Recommending
this procedure, Rogers (1921) described its technique as follows:

" No anaesthetic is needed for this small operation . . . The front of the elbow or
other site chosen having been sterilized as well as circumstances permit, a piece of bandage
is tied tightly with a slipknot around the limb above the position so as to distend the veins
as far as possible. An incision 1 inch or more is made over the course of the vein . . .

402



CHOLERA STUDIES. 9

which must be carefully exposed and dissected out from the surrounding structures
before being opened ... A double strand of silk is now passed under the vein, and the
lower, or distal, part tied with one strand, while the other is looped loosely round the
upper portion ready to be tightened the moment the cannula is inserted . .. The vessel
is then opened in the following manner . . . The superficial wall is seized with a fine
forceps, and an oblique cut sloping upwards and backwards beneath the forceps is made
with a pair of scissors through half the circumference of the vessel, thus forming a small
flap which is held open by the forceps. The cannula is then passed beneath this flap
with the other hand ... After being passed in for about an inch, the remaining ligature
is tightened around it . .. The vessel holding the solution having been previously filled
and all air carefully excluded from the tubing by squeezing the rubber tube from below
upward, and by allowing a full stream to run through before inserting the cannula,
it only remains to remove the bandage round the limb to allow the fluid to pass into
the vein."

A useful modification of this method devised by Chatterjee and Paul,
in which a curved surgical needle was used as director for the incision of
the vein and the introduction of the cannula, has been described and
illustrated in a 1944 editorial of the Indian Medical Gazette.

The insistence of Rogers and some other authors on the use of the open
method is rather surprising because in the experience of many other workers,
e.g., a large majority of those in China, the difficulties of introducing the
infusion needles directly through the skin into the veins were by no means
unsurmountable. This much simpler operation may be greatly facilitated
by the use of adapters to connect infusion needles of a suitably small
calibre with the rubber tubing of the infusion apparatus. Such adapters,
as well as the cannulas used for the open method, should preferably be
provided with stopcocks.

The question at what temperature the infusion fluids should be used for
the treatment of cholera has been differently answered by the various
workers. Describing the technique of this therapeutic method, Nichols &
Andrews (1909) stated that they first heated the flasks containing the
infusion fluids to a temperature of 43°C (109.4°F), so that, as Rogers (1921)
commented, allowing for temperature loss in the tube of the infusion
apparatus, the saline solution entering the vein would have a temperature of
from 4°F to 6°F (2°-3°C) above the normal body-heat. In the opinion of
Rogers, however, it was essential carefully to adjust the temperature of the
infusion fluids to the rectal temperature of the cholera patients. If, as was
the case in about 600% of the patients, the rectal temperature was between
97°F and 100°F (36°C and 37.8°C), infusion fluids having the normal
body temperature ought to be used, while with a rectal temperature below
97°F (36°C) it was indicated to commence infusion with saline solutions
warmed to 102°-104°F (390-40°C). However, in Rogers's opinion the
most important point was to use comparatively cool infusion fluids when
the rectal temperature of the patients was high. Thus, he stated,
"if the rectal temperature is over 100°F [37.8°C], the solution should be run at several
degrees below normal, while if the temperature in the rectum exceeds 102°F [38.9°C],
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I omit to warm the solution at all, but give it at the temperature of the room, which
averages over 80°F [27°C] in Calcutta."

Banerjee (1938), ascribing the feverish reactions observed in cholera
patients after saline infusion mainly to an inappropriately chosen tempera-
ture of the fluids used, recommended that
" the temperature of the saline solution should be as many degrees above 36.7°C, as
the rectal temperature is lower than 36.70 and vice-versa ",

so that, for instance, in the case of a patient with a rectal temperature of
38°C an infusion fluid having a temperature of 35.4°C ought to be used.

It would appear that modern writers were not quite so punctilious when
making recommendations regarding the temperature of the infusion fluids
for cholera treatment. Thus Napier (1946) considered it " a very unneces-
sary complication of administration " to warm, in the hot climates in which
cholera epidemics usually took place, the infusion fluids to body temperature.
However, this was advisable when the weather was cool. On the other hand
great caution had to be exerted when administering intravenous infusions
to cholera patients with a rectal temperature of 101°F (38.3°C) or more,
so as to avoid hyperpyrexia. Certainly the infusion fluids used under these
circumstances should be at no more than room temperature.

Henderson & Seneca (1951), while recommending that the temperature
of the infusion fluid when actually entering the vein should never be less than
99°F (37.2°C) and ought to be two or three degrees Fahrenheit higher in any
except febrile patients, maintained, similarly to Napier's statement, that

" The possibility of adjusting each patient's infusion to his body temperature at
the time, however attractive in theory, is remote under the usual conditions of epidemic
cholera."

The problem of determining the amounts of the infusion fluids neces-
sary to restore the biochemical equilibrium of the cholera patients has
engaged the attention of many observers.

Nichols & Andrews (1909) relied in this respect upon clinical criteria,
stating that, though on the average they injected about 1500 ml of saline
solution at a time, not more than 500 ml were used if this amount sufficed
to give rise to a good and strong pulse. On the other hand, amounts varying
from 2 to 3 litres were sometimes necessary to produce this result. The
two workers admitted that

" It is not always easy to determine when the injection should be discontinued.
In collapse, the fluid part of the blood is withdrawn and its organic contents concentrated.
Now, if we could recognize when we had injected just sufficient fluid to restore the
normal ratio between the solid and fluid parts of the blood this might be the signal for
stopping the injection; going beyond this point might increase the fluidity beyond normal
and set the current the other way."

Rogers (1921) considered observations on the pulse and the blood
pressure of cholera patients to be an important means for determining the
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need for infusions, not only when the sufferers were first seen, but also when,
after initial treatment, relapses were apt to occur. At the same time, how-
ever, he stressed the paramount importance of determinations of the specific
gravity of the blood for an assessment of the amounts of fluids which had
to be administered. He stated in this connexion that if in adult male cholera
patients the specific gravity of the blood was 1.063, 3 pints of saline had to
be given, while with a specific gravity of 1.064, 4 pints were required and,
if the specific gravity of the blood had risen to 1.065, usually 5 pints of
saline were needed.' Rogers added that, if necessary, he had even given
6-pint infusions to advantage. He recommended that in the case of markedly
collapsed cholera patients it was as a rule advisable to give the infusions

" at the rate of 1 pint in five minutes, or 4 ounces per minute, but a careful watch must be
kept for any sign of distress, especially in old people. If severe headache or oppression
in the chest with quickened breathing is produced, the rate should at once be much
slowed. If a stopcock cannula is not available, this may be done by lowering the height
of the vessel containing the fluid to only just above the body of the patient, or by par-
tially clamping the rubber tubing."

If, Rogers continued, administration of 3-4 pints of saline at the rate
of 4 ounces per minute was insufficient to restore the pulse and dilute the
blood to normal, a further pint or two of saline might be given at the rate
of 12 to 1 ounce per minute. Further,

" If the copious evacuations continue and collapse rapidly recurs after the pulse
has once more been restored by a second rapid injection, the flow may be continued
at a very slow rate for several hours, if it appears to be doing good."

Rogers pointed out, however, that, if hypertonic saline was used, con-
tinued infusions were rarely required and, moreover, were not successful
in the case of severely affected patients.

The simple method used by Rogers for the estimation of the blood
specific gravity was as follows:

A series of solutions of glycerine and water were prepared, the specific
gravity of which, determined with the aid of a urinometer, represented
every other degree from 1.040 to 1.070. From these stock solutions, kept
in stoppered bottles, amounts of a few drams each were filled into duly
labelled, small, stoppered bottles. Estimations were carried out at the
bedside

" by placing a small drop of blood, by means of a capillary tube, in the middle of one
of the bottles of glycerine solution of about the specific gravity which is expected to be
found. If it immediately rises, it is lighter than the fluid, and another drop is placed
in a bottle of lower specific gravity, or vice-versa, until the one in which it just floats
for a second or two before sinking is found, or it has been noted to rise slowly in one
and sink in the next one, in which case the correct figure will be between those on the
two latter bottles."

1 According to Rogers, amounts of saline solutions not exceeding 31/2 and 2 pints respectively sufficed
for the treatment of (Indian) females and of 10-15-year-old children.
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The opinions held by subsequent observers regarding the methods to be
used to assess the need for, and the amounts of, infusion fluids to be given
to cholera patients were rather divergent. Some workers laid the main or
even the sole stress upon a clinical appreciation of the fluid loss. Thus
Sellards (1944) stated:

" The inspection of the patient, the character of the pulse, and the amount of fluid
lost by the bowel serve as adequate guides for the frequency of the injections. Various
tests have been devised for this purpose, such as the determination of the specific gravity
of the blood. In the opinion of the writer, fluid should be supplied freely before the specific
gravity of the blood is increased beyond normal limits."

Other observers pointed out that in place of specific gravity determina-
tions advantage could be taken of other methods of blood examination in
order to assess the haemoconcentration developing in cholera. However,
Awny (1948) who, as quoted in the eighth of these studies,' recently ad-
vocated this view, stated that a close parallel usually existed between the
values thus established and the clinical condition of the patients. Ghanem &
Mikhail (1949) found the same to be true when correlating the results of
determinations of the plasma specific gravity with observations on the
clinically manifest degree of dehydration. The two workers furnished the
following tabulation:

Degree of Plasma specific Aofnusintfuis
dehydration gravmaspecityc needed per 24 hours

(litres)
Slight (+) 1.025-1.030 6-8
Moderate (++) 1.031-1.040 8-10
Marked (+ + +) 1.041-1.050 12-40

In contrast to the workers just quoted, other observers, such as El-
Ramli (1948) and Chaudhuri (1950), maintained that determinations of the
specific gravity of the whole blood were of value. The former author stated
that it was his rule " to give 400 cc. of normal saline for every degree above
1060, that is, if the specific gravity of the whole blood was 1064, 1600 cc.
of saline were given ". However, some cholera patients were met with who
showed signs of dehydration, even though their blood specific gravity
was 1.060 or less. As a rule intravenous administration of 1.5-3 litres of
saline sufficed to rehydrate these sufferers. The total amount of saline
given by El-Ramli to cholera patients in general apparently rarely exceeded
5-6 litres.

As pointed out by this author, the following method was useful if no
facilities for the determination of the blood specific gravity were available:

" Empty the urinary bladder, on first seeing the patient, by catheter and leave the
catheter in or put it in every half hour. Then stop the i.v. saline or diminish its speed
(according to the general condition of the patient) when the kidney starts to excrete
urine."

1 See Bull. Wld Hlth Org., 1957, 16, 132
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It was necessary carefully to watch such patients so that intravenous
infusion could be repeated if signs of dehydration reappeared. However,
sufficient oral fluid administration usually obviated the need for further
infusions.

Determination of the blood pressure was also a useful guide for the
proper conduct of the infusion treatment. A blood pressure which was not
measurable or very low indicated the need for rapid rehydration (intra-
venous infusion at an initial rate of 2-3 litres per hour), but with improve-
ment of the blood pressure the rate of infusion was slowed down, and
saline administration was stopped if the blood pressure seemed to have
reached a permanently satisfactory level. However, a close watch for
relapses was essential.

The patients in whom a high specific blood gravity was found even
though their blood pressure showed no or only a slight deviation from the
normal, needed only small amounts of saline.

Henderson & Seneca (1951) recommended that, if no repeated determina-
tions of the blood specific gravity or of the haematocrit values could be
made, an empirical adult dose of 2000 ml be administered for initial treat-
ment, the same amount to be given again every 4-6 hours as needed. In
the opinion of these workers the use of saline solutions for the treatment of
cholera could be as liberal as desired. Caution was necessary only when
treating patients with a pre-existing cardiac affection or in the case of
sufferers "who pass from dehydration to congestion as a result of
treatment ".

The US Army recommendation for cholera treatment quoted by
Shattuck (1951), though admitting that the patients usually required
relatively huge amounts of saline and that such treatment might have to be
continued over a " surprisingly long" period, advised caution, because too
much fluid was dangerous, particularly if given after the blood had re-
gained its normal specific gravity. A still more peremptory warning was
issued by Napier (1951), who stated that
"the recent tendency has been to overdo the saline infusions. No more than the immediate
requirements should be given; it is probably better to judge by the patient's general
condition, pulse and blood pressure than by any rule of thumb vis-a'-vis blood specific
gravity."

However, if the blood specific gravity was taken as guide, the amounts
of saline to be administered were, in Napier's opinion (see also Napier, 1946),
as follows:

Specific gravity Dosage of infusion
(pints)

1.058-1.060 1 1/2
1.060-1.062 2-2 /2
1.062-1.064 up to 3 pints

Note. The first pint could be given at the rate of 4 ounces per minute; after this the
speed of infusion was to be reduced to a pint in about 20 minutes or less, if the patient
showed signs of distress.
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The disquieting fact that injudicious administration of infusions to
cholera patients may lead to the appearance of pulmonary oedema has been
recently re-affirmed by Chakravarti & Chaudhuri (1954), who stated in this
connexion that

" Genesis of pulmonary oedema in cholera is usually the outcome of a large quantity
of saline given in a short time in an effort to restore the blood pressure of the recurrent
collapsing cases. These cases would in all probability have terminated in irreversible
shock as occurs in haemorrhagic shock (due to extreme depletion of the circulatory
blood volume). Any amount of saline or other plasma expander fails to prevent this
catastrophe. Every restraint should be exercised in treating these cases with infusion
because even if they survived the collapse, the excessive saline would probably kill them
from pulmonary oedema and renal failure."

Chakravarti & Chaudhuri added:

" The clinical guide for further infusion in these cases would be repeated estimations
of specific gravity of blood and plasma. But estimation of plasma sodium, potassium
and chloride, carbon dioxide combining power, urea, etc., should also be done whenever
possible to assess the exact state of electrolytic balance in the body, before loading the
system with more salt and water."

The two workers also pointed out that in cholera patients whose initial
rehydration had been much delayed too prolonged a hypoxia could adversely
affect the myocardium. Under these circumstances a lung oedema of the
left ventricular failure type could develop, even if no excess of saline had
been administered. No doubt such patients can also succumb to sudden
heart failure if saline infusions are given to them too rapidly.

Evaluation of the various infusion fluids

The comparative value of the various infusion fluids used for the treat-
ment of cholera may be outlined as follows:

Alkaline solutions

In the course of his pioneer study on the alkali tolerance in cholera,
Sellards (1910) found that treatment of two comparable series of patients
with sodium chloride infusions and with alkaline solutions (sodium bicar-
bonate or sodium acetate) respectively gave the following results:

Method of infusion Treated Recovered Died Deaths from
uraemia

Sodium chloride 56 16 40 8
Sodium bicarbonate or acetate 55 27 28 1

It thus appeared that early treatment with alkaline solutions not only
lowered the mortality from cholera, but " practically eliminated death from
uraemia ".
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These favourable experiences have been confirmed by many subsequent
workers, first by Rosenthal (1914), and later by Rogers, who in 1921 com-
mented thus upon the results he had obtained during the previous six years
with this therapeutic method:

" At first I gave a pint of this solution to every case coming in late with suppression
of urine, and to all cases requiring a second further injection after the first. The resulting
reduction of the uraemic deaths by 70 per cent. during three years' trial in 584 cases
was so satisfactory that I now use I pint of the alkaline solution in every case requiring
an intravenous injection, and continue with the hypertonic solution to make up the full
amount required. Thus, if 4 pints are indicated, 1 pint of the alkaline solution is first
given and 3 pints of the hypertonic one continued through the same flask and cannula,
as there is no objection to the two solutions being mixed. This is repeated with each
injection as long as collapse or a high specific gravity of the blood indicates further
hypertonic saline injections, and the urine, if present, is still acid."

The value of this combined method of treatment for the abatement of
acidosis and the prevention of uraemia is so obvious that, as will be discussed
below, therapeutic schemes identical with, or similar to, that of Rogers
continue to be followed by almost all modern cholera workers.

Sodium chloride solutions

While the necessity of using saline solutions for the treatment of cholera
is universally acknowledged, opinions on at what strength these ought to be
administered vary widely.

Rogers (1921), in order to demonstrate the superior value of cholera
treatment with hypertonic saline (later on combined with the administra-
tion of potassium permanganate and of alkalis), quoted the following
Calcutta statistics:

Period Method of treatment Number of Percentage of
patients deaths recoveries deaths

1895-1905 Saline intrarectally and sub-
cutaneously 1243 783 37.0 63.0

1906 Normal saline intravenously 112 57 49.1 50.9
1907 Saline intrarectally and sub-

cutaneously 158 94 40.5 59.5
1908-09 Hypertonic saline intra-

venously 294 96 67.4 32.6
1910-14 Hypertonic saline and potas-

sium permanganate 858 222 74.1 25.9
1915-19 Hypertonic saline, potassium

pernanganate and alkalis 1429 298 79.2 20.8

Further evidence supporting the value of hypertonic saline infusions
for the treatment of cholera has been brought forward by many other
workers. Particularly instructive are the records of some observers who
were able to compare the efficacy ofinfusion treatment with either hypertonic
or normal saline solutions during one and the same cholera epidemic.
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Chun (1934), who had opportunities of making such comparisons at Harbin
both in 1919 and in 1926, recorded in this respect the following mortality
figures:

Method Mortality percentages
Hospital of infusion 1919 outbreak 1926 outbreak

Government Isolation Hospital Hypertonic saline 14.11 17.2
Municipal and railway hospitals Normal saline 54.5 34.5

Similarly Robertson & Pollitzer (1939) recorded a mortality of only
7.33% among 150 cholera patients treated by them at Changteh (Hunan
Province, China) with hypertonic saline infusions, followed if necessary
by the administration of alkaline solutions, while out of 20 sufferers treated
during the same epidemic in a missionary hospital with normal saline 11
(55 %) succumbed. When the latter hospital went over to the initial admin-
istration of hypertonic saline, followed by infusions of glucose solutions
made with normal saline, the mortality dropped to 14.3 % (9 deaths among
63 patients). These observations, made in Manchuria and in the interior of
China, stand in curious contrast to those in Shanghai where, it was claimed,
treatment of cholera patients with normal saline gave fully satisfactory
results.

The superior value of cholera treatment with hypertonic saline was also
demonstrated during the 1947 Egyptian epidemic, Kamal and co-workers
(1948) reporting a mortality of 24.1 % in 245 patients infused with Rogers's
solution as against a death-rate of 33.7% in 579 sufferers given isotonic
saline. It is curious to note that in both these series combination of the
infusion therapy with sulfonamide treatment gave somewhat worse results
than administration of saline solutions alone.

Inasmuch as in the opinion of some authors the administration of
hypertonic saline solutions, instead of benefiting the cholera patients, is
apt to prove harmful to them, it is important to note that some workers
have made successful use of more concentrated sodium chloride solutions
for the treatment of cholera. Thus Prasek (1914) reported that during an
outbreak generally causing a mortality of about 50 %, there was a mortality
of only 18 %-22Y among 40 patients to whom he had administered 0.5-1
doses of a 5 % sterile saline solution, warmed to 37'C, subcutaneously
into the abdominal region. Additional proof of the efficacy of the method
was the fact that a few sufferers, who by mistake were given a 1% instead
of the 5% saline solution, did not improve. Early injection of 5% saline
solution prevented the appearance of collapse in the case of three patients
who had contracted the infection in the hospital.

De Raymond (1932) reported that he had been able to save 20 out of
22 patients suffering from choleriform diarrhoea (which usually caused a
mortality of 60%-80%) through intravenous administrations of 10-20 ml
of a 30% sodium chloride solution combined with intravenous Gonacrine
injections once per day. He therefore recommended this method for the
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treatment of cholera. Massias (1933) actually found that intravenous
injections of a 20% sodium chloride solution-if necessary, repeated after
12 hours and again on the following day-were of value for cholera treat-
ment, lowering the mortality to 22%. Massias was not in favour of using
30% saline solutions, because these produced tachypnoea and arterial
hypertension and thought that possibly 10% saline solutions might prove as
efficacious as the 20% solution he had used.

Treating four cholera patients according to Massias's method, Narayana
Rao (1935) obtained excellent results. He noted, in particular, that the
sufferers began to pass urine a few minutes after they had received the
concentrated saline injections.

In a summary of further observations on this point by Banerjee (1942)
in the 1941 report of the Indian Research Fund Association, it was stated
that administration of 50-ml doses of a 20% sodium chloride solution to six
collapsed cholera patients rapidly and effectively lowered the blood specific
gravity and proved as useful as 3 pints of the usual hypertonic saline solu-
tions. Evidently the beneficial action of the concentrated saline solution
was due to the drawing of interstitial fluid into the circulation. However,
the injection of such concentrated solutions was apt to produce intense
headache which, appearing during the administration, persisted for some
time.

As far as the present writer is entitled to judge, the evidence brought
forward above clearly proves that, in spite of assertions to the contrary
made in recent years, administration of hypertonic saline solutions remains
an eminently useful method of cholera therapy. He is reassured to note
that this opinion has been endorsed by as experienced an observer as Napier,
who, writing in 1951, made the following excellent statement:

" During the last few years there has been a tendency to depart from Rogers' hyper-
tonic saline and alkali routine. Physiological considerations and the recent extensive
studies in water and salt balance have led to this. It has been pointed out that hypertonic
saline solution will only lead to a further call on tissue fluid which is obviously undesirable.
One can only refute these arguments on the ground of practical experience and anyone
who has seen collapsed, pulseless and shrivelled patients recover their pulse, literally
swell in front of one, and fall into a comfortable sleep in a few minutes while hypertonic
saline solution is being given will forget the theoretical considerations."

At the same time, however, it would be erroneous to make a fetish of the
hypertonic saline solutions instead of judiciously combining their use with
that of sodium chloride solutions of lesser strength. The modern concept
of using a well balanced therapeutic scheme when attending cholera patients
will receive due consideration in the concluding section of the present dis-
quisition.

Glucose infusions
While in the treatment of cholera fairly ample, though not universal,

use has been made of glucose infusions, rather different views have been
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held in regard to the rationale of this therapeutic method. Whyte (1913,
1915), who was apparently the first to have added glucose to the saline
solutions prepared for the treatment of severely affected cholera patients,
did so in order to convey nutritive substances to them. Parenteral glucose
administration was recommended for the same purpose by subsequent
workers, Napier (1946), for instance, recommending that if this sugar
cannot be given orally or intrarectally, up to a pint of a 5 % glucose solution
ought to be injected intravenously.

Strauss (1915), on the other hand, advocated the use, for the infusion
treatment of cholera, of isotonic (4.5 %) glucose solution in place of sodium
chloride solutions, because in his opinion the administration of the latter
was contra-indicated in the presence of kidney lesions. Gaertner (1915)
expressed the hope that glucose infusions would lead to a dilatation of the
renal vessels and an increased diuresis, thus lessening the danger of kidney
complications. According to Takano and co-workers, Murayama (1916)
actually found that subcutaneous or intravenous administration of 30%
glucose solution to not too severely affected cholera patients was followed
by an increased urine output. Recently Chakravarti & Chaudhuri (1954)
recommended glucose treatment as one of the means of coping with a
dangerously high potassium level in the plasma of severely affected cholera
patients.

Whatever the action of parenteral treatment with glucose may be, it
appears that this forms a useful, though not indispensable, adjunct to
cholera therapy. However, in taking advantage of this method, over-
dosage must be avoided. The 1945 US Army regulations for cholera treat-
ment quoted by Shattuck (1951) stated in this respect that

" Dextrose to make 5 per cent solution should be added to physiologic or hypertonic
saline, but no more than 50 gm. of glucose should be given in 1 hour or 400 gin. in
24 hours. It is desirable, but not essential, to add thiamin chloride 1 mgm. for every
25 gm. of glucose."

Plasma administration

An attempt to improve the results of cholera treatment by administering
plasma to the sufferers in addition to saline infusions and " chemotherapy "
(consisting of medication with sulfaguanidine, sulfadiazine or penicillin,
or of a combination of sulfadiazine and penicillin) was made by Amberson
(1945) with the following results:

Method of treatment Treated Recovered Died Mortality
(%)

Plasma and chemotherapy 35 35 0 0.0
Chemotherapy only 277 274 3 1.1
Controls * 60 37 23 38.3

* With " no treatment, insufficient treatment, or supportive treatment only ".
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It is noteworthy that, in contrast to the other two groups, all the patients
receiving plasma were in a serious condition with frank shock or collapse.

In a personal conversation with Shattuck, which the latter quoted,
Amberson postulated that

"1. Plasma should be administered to all suspected cases of cholera, whether mild
or severe, at the earliest possible moment without waiting for confirmation of the diagnosis.

" 2. Administration of at least 500 ml. of plasma is promptly followed by relief of
symptoms of collapse, vomiting and diarrhea; normal saline solution should then be
administered intravenously to combat acute dehydration.

" 3. Thereafter, fluids can be taken by mouth and sulfadiazine can be given by the
oral route."

Napier (1946) mentioned that treatment of a few cholera patients with
2 pints of hypertonic saline, followed by 1 pint of plasma, had apparently
led to complete success. Nevertheless, he maintained that " there are not
the same indications for giving plasma in cholera as in shock ".

Ghanem & Mikhail (1949) recommended the administration of plasma
to cholera patients if their blood pressure was very low and if the specific
gravity of their blood plasma was normal or below normal.
A definite stand against the advisability of using plasma for the treatment

of cholera was taken by Kamal and colleagues (1948) as well as by Chaud-
huri and co-workers (1951; see also Chaudhuri, 1950). The latter observers
stressed in this connexion that (a) no appreciable loss of plasma protein
took place in cholera, and (b) it seemed unwise further to increase the
viscosity of the blood of the sufferers through introduction of a viscous fluid.

In general agreement with these views, Mackie and co-authors (1954)
maintained that in the treatment of cholera

" plasma and whole blood are seldom necessary and may be very harmful. They should
be given only when specific indications exist."

There is no doubt in the mind of the present writer that this is the
statement that deserves attention rather than the postulations of Amberson.

Schemes of treatment

Though within recent years several schemes for the infusion treatment
of cholera have been proposed, the present writer feels convinced that a
discussion of their relative merits at the presentjuncture would prove confus-
ing rather than instructive. It seems advisable, therefore, to focus attention
upon the procedure outlined by Napier (1946), which was based upon a
scheme worked out by B. C. Chatterjee and other physicians of the Campbell
Hospital in Calcutta, an institution justly renowned in the history of cholera
treatment.

As will be gathered from the tabulation on page 398, this scheme pre-
supposes the use of four different infusion fluids, namely, hypertonic saline,
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normal alkaline saline, alkaline hypotonic saline, and 5 % sodium bicar-
bonate solution. Whenever possible, determinations of the blood specific
gravity and the blood pressure should be made to ascertain the need for,
and the amounts of, the first two solutions for initial treatment (see page 407
above). As stated by Napier (1951), hypotonic alkaline or sodium bicar-
bonate solutions ought to be administered in half-pint amounts.

The principle of the scheme recommended by Napier was that, since

"dehydration and loss of chlorides are the first pathological processes to be counteracted,
hypertonic and alkaline saline should be given in the proportions 2 to 1 within the first
24 hours of onset. Later, acidosis develops, and during the next 24 hours, that is, from
24 to 48 hours from the onset, the proportions should be reversed, and I part of hyper-
tonic saline with 2 parts of alkaline saline given. After 48 hours, acidosis will probably
be the most prominent feature, and hypotonic alkaline saline should be given. If however
the specific gravity of the blood is not increased, but nevertheless the patient is suffering
from acidosis, then the bicarbonate solution only is required, and about half a pint of
this should be given."

Adjuvant Treatment

While most of the therapeutic methods recommended for adjuvant
treatment in cholera deservedly attracted no more than ephemeral attention,
the following of them require discussion:

Atropine

Though it is often stated that the use of atropine for the treatment of
cholera was suggested by Lauder Brunton (1892-93), actually the history
of this therapeutic method is much older: as early as 1832 Viardin reported
on attempts to cure the disease with belladonna, and Hodgen (1866), an
American worker, advocated the cure of cholera with the aid of atropine
and saline infusions.

Drawing attention to this therapeutic method, Rogers (1915) recom-
mended the subcutaneous administration of atropine to cholera patients
in doses of 1/100 grain for adults morning and evening during the acute
stage of the disease. The mortality in 75 patients given the drug as well as
hypertonic saline infusions was 10.7%, whereas 18 (24%) of the 75 saline-
treated controls succumbed. In a further report on 100 atropine-treated
cholera patients and a control group of equal size, Rogers (1916) recorded
a mortality of 11 0% among the former and 23 % among the latter. According
to the causes of deaths the two groups could be classified as follows:

Cause of deaths Total deaths
collapse uraemia pneumonia other

Atropine-treated 3 4 1 3 11
Controls 9 5 6 3 23
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The use of atropine for adjuvant treatment in cholera has been con-
tinued by many workers. Napier (1946), recently again recommending it
in an initial dose of 1/75 grain, to be repeated after about 12 hours should
collapse persist, stated the following in favour of this medication:

" Atropine reduces all secretions, except renal secretion; it therefore helps to conserve
fluid and at the same time to reduce the tendency to oedema of the lung when saline
is given. It also reduces irregular peristalsis and is a cardiac stimulant."

Adrenalin

Some use has been made of adrenalin in the treatment of cholera,
Naame (1937) claiming that he had recommended this therapeutic method
in 1911 on account of the similarity between the choleraic syndrome and
suprarenal insufficiency. He advocated the use of subcutaneous injections
of the drug in 4-6-mg doses every 24 hours for some days, combined, as
indicated, with infusion treatment.

Rogers (1921) stated that adrenalin

" may be given both in the rectal salines and hypodermically, in 10 to 20-minim doses
of the I in 1,000 solution every four to six hours. Intravenously, in very high dilutions,
such as 1 in 100,000, it may also be of value in flushing the kidneys, but caution is necessary
in this use of the drug on account of the danger of the sudden high pressure thus induced
on the already enfeebled heart, especially in elderly patients. The effect of adrenalin
is also of short duration, while it will constrict the renal as well as the other vessels.
For this reason pituitary extract is of greater service . . ."

Recently Lahiri & Basu (1954) tried to use noradrenalin for the treat-
ment of collapsed cholera patients, but to judge from a review of their
work in the Tropical Diseases Bulletin (1954), their results were by no
means satisfactory, even though in a part of the patients thus treated pulse
and blood pressure improved immediately.

Suprarenal cortical extract

This was used by Lahiri (1945) intravenously in 2-ml doses in 100 ml
of 25 % glucose solution, followed by saline infusion. This combined treat-
ment was found to be effective. Chaudhuri (1950) also maintained that
suprarenal cortical extract was useful during the collapse stage of cholera
or if cardiovascular weakness persisted after rehydration.

Pituitary extracts

The use of extracts prepared from the posterior lobe of the pituitary
gland for the treatment of cholera seems to have been recommended first
by Mueller (1916), who advocated their intramuscular administration in
the case of collapsed patients and subcutaneous injections in the case of
convalescents as a means of raising the blood pressure. As noted above,
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Rogers (1921) preferred the use of these extracts to that of adrenalin on
account of their longer-lasting action; as he added in 1952, the extracts ought
to be used for the treatment of cholera in adult doses of 1 ml administered
two or three times daily.

Pituitary extracts were also recommended for cholera treatment by
several other workers-e.g., by Napier (1946, 1951), who stated, however,
that in their place disoxycorticosterone acetate (a synthetic suprarenal
cortical extract) might be used in 20-ml doses to restore the pulse during
the collapse stage.

As may be conveniently added, Laigret (1955) found corticotrophin,
the hormone secreted by the anterior lobe of the pituitary gland, in combina-
tion with saline infusions suitable for the treatment of cholera. Of 11 severely
affected patients receiving this combined therapy four succumbed, one of
them one month later after having shown initial improvement, the other
three within a few hours. A total dosage of 75-100 mg of the hormone,
administered gradually in the course of 24 hours, was apt to influence the
clinical picture in a spectacular manner.

Cardiac stimulants

Though every effort has to be made to combat the circulatory failure
as well as the fluid and electrolyte losses through a judiciously conducted
infusion therapy, the additional use of cardiac stimulants is not infrequently
necessary. Among the various drugs successively chosen for this purpose,
caffeine sodium benzoate has been particularly recommended both by past
workers (see, for instance, Pragek, 1914) and recently again in the US Army
regulations for cholera treatment (Shattuck, 1951)-presumably on account
of its diuretic action. Similarly, Rogers (1952) was in favour of strophanthin,
because this drug, while raising the general blood pressure, was reputed to
dilate the renal vessels.

Treatment of uraemia

It is the ideal aim of cholera therapy to cut short oliguria or anuria
and thus to prevent the development of uraemia through early and adequate
administration of combined saline and alkaline infusion-the more so
because in the experience of most workers the possibilities of coping with
a developed uraemic condition are limited. The methods used for the latter
purpose in the past, such as hot baths, hot colonic washings, application
of hot fomentations or dry cupping of the kidney regions, are naturally
not fully effective. Kidney decapsulation and incision or withdrawal of
blood from the kidneys with the aid of a syringe have been tried by Rogers
(1921) in a few desperately affected uraemic cholera patients, but these
heroic measures failed to save the sufferers.
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While advising the administration of sodium bicarbonate to uraemic
cholera patients by mouth, intrarectally or, if necessary, in half-pint doses
of a 5 % solution intravenously, Chaudhuri (1950) stressed with great
reason that

"In acute renal insufficiency it is important not to force too much fluid, as the
resultant oedema may embarrass rather than encourage the renal function. It should be
just enough to cover the losses . . . It is also important that fluids by vein should be
minimum. When the kidneys are out of action, oral intake ensures better adjustment
of water-salt balance. It also keeps the patient from heart strain to which he is liable
at this stage if fluids are given by vein. No sodium chloride should be given in complete
anuria except to replace what is lost with stool and vomit when a weak hypotonic solution
should be enough."

It is remarkable that according to Henderson and co-workers (1948),
the combination of an administration of 25-50 mg of testosterone propionate
with the usual cholera therapy was an effective means of controlling post-
choleraic uraemia. While no less than 70% of the uraemic cholera patients
treated in the same hospital in the usual manner succumbed, there were
five deaths only among 27 such sufferers to whom testosterone had been
given as well, one of them dying soon after the treatment had been com-
menced. Up to the present, however, it does not seem that the above
method has been tried by other workers.

Control of excessive vomiting

Various methods have been recommended for dealing with the excessive
vomiting often observed during attacks of cholera gravis. Thus Lieo
(1926) claimed to have had success with the oral administration of 20%
sodium chloride solutions in 1-ounce doses every quarter-hour to a total
of five or six doses. Some modern workers have advocated the use of
cocaine, Henderson & Seneca (1951), for instance, stating that

" some control of the vomiting can be secured with small doses of cocaine, such as
8 mg (1/8 grain) and it may be advantageous to administer this dropwise under the
tongue, in smaller amounts."

Chatterjee (1953) stated that he had obtained excellent results with the
administration of a proprietary drug containing promethazine and 8-chloro-
theophylline in chemical combination. In a series of 100 cholera patients,
administration of 1-3 tablets of this drug sufficed in 89 instances to stop the
vomiting.

Treatment of muscular cramps

Though the muscular cramps becoming manifest in cholera gravis are
usually relieved through adequate infusion treatment, this may require some
time, so that special methods of treatment may have to be applied ad interim

12
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to lessen the often excruciating pains caused by the muscle contractions.
In the opinion of some authors it is permissible to use small doses of
morphine for this purpose, but most workers maintain with full justifi-
cation that this or similar drugs should not be used in the treatment of
cholera under any circumstances. It has been recommended instead that
occasional whiffs of chloroform be given to the sufferers which, while
alleviating the pains in the contracted muscles, cannot cause harm if over-
dosage is avoided.

General Management and Diet of Cholera Patients

Though adequate treatment often results in rapid recovery, cholera
gravis must be considered an insidiously dangerous disease because
(a) relapses may occur, (b) uraemia may develop, and (c) deaths due to
acute heart failure may occur not only during the acute stage of the disease
but even during convalescence. It is necessary, therefore, to keep the
sufferers in bed for several days, and, as long as they are in a collapsed
condition, to use hot-water bottles and other suitable means to keep them
warm. The condition of their circulation, their surface and rectal tempera-
tures as well as their urinary output must be carefully watched so as to
anticipate relapses, hyperpyrexia and uraemia which, once they have
developed, are difficult to treat. Though permitted gradually to leave
their beds, cholera convalescents should not be allowed to resume their
normal life before at least two weeks from the onset of the disease have
elapsed. Unfortunately, however, it is most difficult, if at all possible, to
ensure compliance with these rules during widespread outbreaks, and this
is indubitably an important reason why the mortality from cholera is much
higher than it would be under optimal conditions.

In agreement with the statements of other writers, Chaudhuri (1950) has
furnished the following diet scheme for cholera patients and convalescents,
which, mutatis mutandis, will also serve as a useful guide outside India:

Stage of the disease Diet articles

Active (24-48 hours) Plain water or half normal saline in sips. Alternate drinks:
green cocoanut water, soda water or glucose-saline flavoured
with lemon juice.

Intermediate Barley, arrowroot or rice water with salt and sugar. Whey or
buttermilk may be added.

Convalescents Buttermilk and overboiled rice, to which salt and sugar are
added. Proceed cautiously to soft rice, mashed green banana,
mashed potatoes, fish, etc.

R1tSUME'

Dans cette etude consacree a la symptomatologie, au diagnostic et au traitement du
cholera, l'auteur envisage d'abord la dur6e de la periode d'incubation, puis decrit les
symptomes des formes l6gere, grave et aberrante de l'infection, les complications et les
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rechutes. 11 expose les caracteres permettant d'etablir un diagnostic differentiel entre le
cholera et d'autres infections a vibrions, des infections bacteriennes gastro-intestinales, le
paludisme, certaines parasitoses et intoxications, etc. Apres avoir soulign6 l'amelioration
du pronostic et la baisse de la letalite par cholera au cours du demier siecle, l'auteur
aborde la question du traitement. Apres les premiers essais de therapie specifique, iH
discute les diverses mesures prises pour retablir l'equilibre biochimique perturbe, men-
tionne les methodes therapeutiques d'appoint et indique les soins generaux a donner aux
choleriques.

REFERENCES

Abdulla, M. & Rohini, D. K. (1950) Chemotherapy of cholera with a new sulphone
compound. Indian med. Gaz. 85, 202

Adler, 0. (1916) Die Behandlung der Cholera im Felde. Wien. klin. Wschr. 29, 123
Albanus, G. et al. (1909) Ober die Behandlung der Cholera mit dem antitoxischen Serum

von R. Kraus. Wien. klin. Wschr. 22, 1397
Amako, T. (1909) tYber die Schwankungen der opsonischen, agglutinierenden und

bakteriolytischen Kraft des Serums im Verlaufe der Cholera und die Entstehung
des Choleratyphoids. Zbl. Bakt. 1. Abt. Orig. 48, 602

Amberson, J. M. (1945) Report on cholera studies in Calcutta. Value of chemotherapy
in the treatment of cholera and use of blood plasma in cholera collapse. Epidemiology
unit No. 50. Nav. med. Bull. (Wash.), 45, 1049

Annesley, J. (1829) Treatise on the epidemic cholera of India. 2nd ed., London
Arneth, J. (1916) Zur Behandlung der Cholera. Dtsch. med. Wschr. 42, 935
Aronson, H. (1916) Bakteriologische Erfahrungen uber Kriegsseuchen. Cholera asiatica.

Med. Klin. 11, 1318
Arzt, L. (1914) Ober Cholera und Choleravakzination. Wien. klin. Wschr. 27, 1502
Asheshov, I. N., Khan, S. & Lahiri, M. N. (1931) The treatment of cholera with bacte-

riophage. Indian med. Gaz. 66, 179
Awny, A. (1948) Some haematological aspects of cholera infection. J. roy. Egypt. med.

Ass. 31, 351
Babes, V. (1914) Studien iiber Cholerabekampfung. Z. Hyg. InfektKr. 77, 501
Baerthlein, K. & Griinbaum, E. (1916) Ober Seuchenbekampfung, inbesondere Cholera-

bekampfung. Munch. med. Wschr. 63, 436
Baligh, A. (1948) Complications encountered among cholera cases treated in the Ismailia

isolation camp. J. roy. Egypt. med. Ass. 31, 468 (Summarized in Trop. Dis. Bull.
45, 997)

Banerjee, D. N. (1938) Reaktion nach Salzlosungsinfusionen in Cholera. Arch. Schiffs-
u. Tropenhyg. 42, 543

Banerjee, D. N. (1942) Concentrated saline in the treatment of cholera. (A preliminary
report.) J. Indian med. Ass. 12, 39

Banerjee, D. N. & Datta, S. K. (1936) Sodium lactate in the prevention and treatment
of cholera acidosis. J. Indian med. Ass. 5, 168 (Summarized in Trop. Dis. Bull. 33, 378)

Berdnikoff, A. I. (1909) Sur le traitement du chol6ra asiatique par le serum. Arch. Sci.
biol. (St Petersb.), 14, No. 5 (Quoted by Hetsch, 1912)

Berthenson, L. (1909) Zur Frage von Choleraheilserum. St Petersb. med. Wschr. 34, 449
Bharati, S. R. (1926) Observations on the treatment of cholera with essential oils, mistura

pro-diarrhoea and permanganate of potash. Indian med. Gaz. 61, 596
Bhatnagar, S. S. et al. (1948) Chemotherapy of cholera with a new sulphonamide

compound (" 6257 "). Laboratory investigations and field trials. Brit. med. J. 1, 719
Bien, C. W. & Tung, C. L. (1933) Electrocardiographic changes in cholera. Chin. med. J.

47, 662
Biemacki, E. (1895) Blutbefunde bei der asiatischen Cholera. Dtsch. med. Wschr. 21, 795



420 R. POLLITZER

Bose, B. C. & Ahuja, H. L. (1944) Detection of pyrogens in fluids by biological methods.
Indian J. med. Res. 32, 9

Bouchut, E. (1849) De l'influence du cholera sur la grossesse. Gaz. mid. Paris, 4, 794
Boulnois (1936) L'efficacite du bacteriophage dans le traitement et la prophylaxie du

cholera a Chandemagar. Rev. Med. Hyg. trop. 28, 179 (Summarized in Trop. Dis.
Bull. 1937, 34, 429)

Braadfladt, S. (1920) Asiatic cholera: a study of one hundred cases. China med. J. 34,
243

Brassier, B. (1831) Considerations sur le cholera-morbus des Indes et sur les moyens
d'attenuer sa propagation et sa gravite, Strasbourg

Brau & Denier (1906) Recherches sur la toxine et I'antitoxine choleriques. Ann. Inst.
Pasteur, 20, 578

Brit. med. J., 1951, 1, 516 (Cholera)
Brunton, T. L. (1892-93) On the use of atropine in cholera. Med.-chir. Trans. 76, 357
Bujwid, 0. & Arzt, L. (1916) OIber Cholera asiatica. Wien. klin. Wschr. 27, 1583
Burrows, W. (1953) Studies on immunity to Asiatic cholera. VI. Observations on the

relation of antibody to effective immunity to experimental enteric cholera, with a
note on sulfonamide therapy. J. infect. Dis. 92, 152

Bushell, T. (1831) Cajeput oil in cholera. Lond. med. Gaz. 8, 673
Cannon, A. (1927) The essential oil treatment of cholera. Brit. med. J. 1, 98
Cantani, A. (1884) La cura de cholera mediante l'ipodermoclisi e l'enteroclisi, Napoli
Cantani, A. (1892) Cholerabehandlung. Berl. klin. Wschr. 29, 913
Carriere, H. & Tomarkin, E. (1910) Experimentelle Studien zur Frage der Therapie der

Cholera asiatica. Z. ImmunForsch. 4, 30
Carruthers, L. B. (1942) Sulphanilylguanidine in the treatment of cholera. Trans. roy.

Soc. trop. Med. Hyg. 36, 89
Cecil, R. L. & Loeb, R. F. (1955) A textbook of medicine. 9th ed., Philadelphia
Chakravarti, H. S. & Chaudhuri, R. N. (1954) Plasma sodium, potassium and chloride

changes in cholera and their significance in prognosis and treatment. J. Indian med.
Ass. 23, 488 (Summarized in Trop. Dis. Bull. 1955, 52, 363)

Chakravarti, H. S. et al. (1954) Further observations on intravenous chloramphenicol in
cholera. J. Indian med. Ass. 23, 331

Chakravarty, N. (1954) Some factors influencing the mortality in cholera. Calcutta
med. J. 51, 41

Chatterjee, H. N. (1953) Control of vomiting in cholera and oral replacement of fluid.
Lancet, 2, 1063

Chatterjee, S. N. (1924) Notes on a few cases of cholera treated by various methods.
Indian med. Gaz. 59, 554

Chaudhuri, R. N. (1950) Notes on some remedies. XXXIV. Dehydration and its treat-
ment. Part V. Treatment of cholera. Indian med. Gaz. 85, 257

Chaudhuri, R. N., Chakravarti, H. & Dutta, B. N. (1951) Studies on body fluid changes
in cholera. Indian J. med. Res. 39, 559

Chaudhuri, R. N. et al. (1950) Chloromycetin in cholera. Indian med. Gaz. 85, 398
Chaudhuri, R. N. et al. (1952) Treatment of cholera with oral and intravenous chloro-

mycetin. Indian med. Gaz. 87, 455
Chevers, N. (1883) Cholera asiatica maligna. Med. Times Gaz. 2, 208 (Quoted by Macleod,

1910, and by Rogers, 1921)
Chopra, R. N. et al. (1941) Sulphanilylguanidine in cholera. Indian med. Gaz. 76, 712
Chu, L. W. & Huang, C. H. (1946) Effect of sulfadiazine on cholera. Amer. J. trop. Med.

26, 821
Chu, L. W. et al. (1946) Sulfonamide drugs in the treatment of cholera. Amer. J. trop.

Med. 26, 825
Chun, J. W. H. (1934) Clinical aspects. In: Wu Lien-teh, Chun, J. W. H., Pollitzer, R. &

Wu, C. Y., Cholera-a manual for the medical profession in China, Shanghai, p. 103



CHOLERA STUDIES. 9 421

Collier, H. 0. J., Hall, I. F. & Waterhouse, P. D. (1949) Studies in the chemotherapy of
cholera. I. The laboratory evaluation of remedies for cholera. Ann. trop. Med.
Parasit. 43, 155 (Summarized in Trop. Dis. Bull. 1950, 47, 236)

Corbyn, F. (1832) A treatise on epidemic cholera as it has prevailed in India, Calcutta
(Quoted by Rogers, 1921)

Craster, C. V. (1913) Ship-borne cholera. The sea as factor in the transmission of cholera.
J. Amer. med. Ass. 61, 2210

Das, A., Ghosal, S. & Gupta, S. K. (1953) Intravenous terramycin in cholera. J. Indian
med. Ass. 22, 272 (Summarized in Trop. Dis. Bull. 50, 811)

Das, A. et al. (1951) Terramycin in cholera. Indian med. Gaz. 86, 437
Das, A. et al. (1953) Terramycin in cholera. J. Indian med. Ass. 22, 268 (Summarized in

Trop. Dis. Bull. 50, 810)
Das Gupta, N. C., Banerjee, P. K. & Sen Gupta, S. B. (1944) Fulminating type of Giar-

diasis simulating Asiatic cholera and bacillary dysentery. J. Indian med. Ass. 13, 317
(Summarized in Trop. Dis. Bull, 1945, 42, 129)

De, S. N., Bhattacharyya, K. & Raychaudhury, P. K. (1952) In-vitro studies of the actions
of terramycin and chloromycetin against Vibrio cholerae. (Preliminary report.)
Calcutta med. J. 49, 360 (Summarized in Trop. Dis. Bull. 1953, 50, 214)

De, S. N., Sengupta, K. P. & Chanda, N. N. (1954) Intravascular haemolysis in cholera.
The effect of oxytetracycline. Lancet, 1, 807

Dhar, D. R. (1930) Action of kaolin on Vibrio cholerae and some toxins. Calcutta med. J.
25, 214 (Summarized in Trop. Dis. Bull. 1931, 28, 882)

Dhar, D. R. & Sen, K. C. (1928) On the theoretical basis of the kaolin treatment of
cholera and other bacillary infections of the intestines. Calcutta med. J. 23, 67
(Summarized in Trop. Dis. Bull. 1929, 26, 87)

Dittel, L. (1850) Bericht uber die wahrend der Cholera-Epidemie im Jahre 1849 im k.k.
allgemeinen Civil-Krankenhaus zu Wien behandelten Cholerakranken. Z. Ges.
Arzt. Wien, 6, 225

Doerr, R. & Weinfurter, F. (1914) Ein Fall von kombinierter Infektion mit Typhus-
bazillen und Choleravibrionen. Wien klin. Wschr. 27, 1614

Dong-Noc-Dieu & Millous (1923) V_rythemes en cours du cholera. Ann. Med. Pharm.
colon. 21, 204

Drasche, A. (1860) Die epidemische Cholera, Wien
Dunlop, E. E. (1946) Clinical lessons from prisoner of war hospitals in the Far East.

Med. J. Aust. 1, 761
Dutta, N. K. & Habbu, M. K. (1955) Experimental cholera in infant rabbits: a method

for chemotherapeutic investigation. Brit. J. Pharmacol. 10, 153
El-Ramli, A. H. (1948) Clinical study of 689 cases of cholera isolated in the Abbassia

Fever Hospital. J. roy. Egypt. med. Ass. 31, 322
Farr, W. (1852) Report on the mortality of cholera in England in 1848-49, London
Felsenfeld, 0. & Soman, D. W. (1952) Treatment of cholera with antibiotics. Ann. N. Y.

Acad. Sci. 55, 1059
Felsenfeld, 0. et al. (1950a) Laboratory tests with newer antibiotics on microorganisms

commonly prevalent in the tropics. Amer. J. trop. Med. 30, 499
Felsenfeld, 0. et al. (1950b) The action of neomycin on bacteria, viruses and protozoa.

J. Lab. clin. Med. 35, 428
Felsenfeld, 0. et al. (1951) In vitro sensitivity of recently isolated cholera vibrios to ten

antibiotics. Proc. Soc. exp. Biol. (N. Y.), 77, 287
Frendl, E. R. von (1914) Ober die Anwendung des Kaliumpermanganats bei Cholera.

Wien. med. Wschr. 64, 2427
Frerichs, F. T. (1851) Die Bright'sche Nierenkrankheit und deren Behandlung, Braun-

schweig
Freymuth (1894) Drei Cholerafalle, behandelt mit menschlichem Heilserum. Dtsch.

med. Wschr. 20, 829



422 R. POLLITZER

Froriep, R. (1832) Symptome der asiatischen Cholera im November und Dezember 1831 zu
Berlin abgebildet und beschrieben, Weimar (Quoted by Sticker, 1912)

Fukuhara, K. (1903) [Experiments with cholera immune serum]. Saigingaku-Zasshi,
No. 86 (Quoted by Takano, Ohtsubo & Inouye, 1926)

Gaertner, G. (1915) Bemerkungen zur Pathologie und Therapie der Cholera asiatica.
Wien. med. Wschr. 65, 182

Gaertner, G. & Beck, A. (1893) fber den Einfluss der intravenosen Kochsalzeinspritzung
auf die Resorption von Flussigkeiten. Wien. klin. Wschr. 6, 563

Galliard, L. (1892a) Cholera et grossesse. Gaz. hebd. Med. Chir. 2nd series, 29, 470
Galliard, L. (1892b) Cholera et lactation. Gaz. hebd. Med. Chir. 2nd series, 29, 544
Galliard, L. (1892c) L'ictere et les alterations des voies biliaires dans le cholera. Sem.

med. (Paris), 12, 406
Gauld, R. L. et al. (1949) Chloramphenicol (chloromycetin) in experimental cholera

infections. J. Bact. 57, 349
Gery pere (1867) Statistique annotee des deces choleriques du quartier de la Folie-

Mericourt (lie arrondissement) pendant des annees 1865 et 1866. Un. med. (Paris),
3rd series, 4, 532

Ghanem, M. H. & Mikhail, M. N. (1949) Clinical and biochemical studies in cholera and
the rationale of treatment. Trans. roy. Soc. trop. Med. Hyg. 43, 81

Ghosh, H. (1935) Treatment of cholera with a new anti-cholera serum. Preliminary
note. Brit. med. J. 1, 56

Ghosh, H. (1936) Further investigation of a new anti-cholera serum. Brit. med. J. 1, 936
Ghosh, H. (1938) B. pyocyaneus infection simulating cholera and acute dysentery.

J. Indian med. Ass. 7, 655
Ghosh-Dastidar, S. K. (1925) Treatment of cholera and its complications. J. trop. Med.

Hyg. 28, 261 (Summarized in Trop. Dis. Bull. 1926, 23, 187)
Girode, M. J. (1892) Examen de soixante-dix-huit cas choleriques. C.R. Soc. Biol.

(Paris), 9th series, 4, 295
Girode, M. J. (1893) Cholera et fi&vre typhoide. C.R. Soc. Biol. (Paris), 9th series, 5, 570
Godel, R. (1948) Quelques traces electrocardiographiques recueillis au cours du chol6ra.

C.R. Soc. Biol. (Paris), 142, 32
Goere, J. (1913) Le cholera a Ferryville (Tunisie) en 1911. Etude clinique et bacterio-

logique. Arch. Med. Pharm. nav. 100, 207
Gohar, M. A. (1953) Sensitivity of the cholera vibrio to antibiotics. J. trop. Med. Hyg.

56, 289
Goodeve, E. (1866) Epidemic cholera. In: Reynolds, J. R. ed., A system of medicine,

London, vol. 1, p. 126
Greig, E. D. W. (1946) The treatment of cholera by intravenous saline injections; with

particular reference to the contribution of Dr. Thomas Aitchinson Latta of Leith
(1832). Edinb. med. J. 53, 256

Griesinger, W. (1857) Cholera. In: Virchow, R., ed., Handbuch der speciellen Pathologie
und Therapie, Erlangen, vol. 2, part 2, p. 242

Griffitts, J. J. (1942) Laboratory studies on the effect of sulfonamide drugs on V. cholerae.
Publ. Hlth Rep. (Wash.), 57, 814

Groak, F. (1915) Behandlung der Cholera mit Tierkohle. (Vorlaufige Mitteilung).
Wien. klin. Wschr. 28, 391

Gruber, M. (1887) Bakteriologische Untersuchungen von choleraverdachtigen Fallen
unter erschwerenden Umstanden. Wien. med. Wschr. 37, 185, 221

Gupta, S. K. et al. (1945) Sulphanilyl-guanidine in cholera. Indian med. Gaz. 80, 288
Guttmann, P. (1892) Die diesjahrigen Choleraerkrankungen in Berlin. Dtsch. med.

Wschr. 18, 927
Haller, P. K. (1911) [Cholerauntersuchungen ausgefuhrt in der Infektions-Abteilung des

Saratower Semstwohospitals im Jahre 1910.] Vrach.-sanit. Khron. Saratov (Quoted
by Hetsch, 1928)



CHOLERA STUDIES. 9 423

Hamernik, J. (1850) Die Cholera epidemica. Mit besonderer Beriucksichtigung der
allgemeinen pathologischen und allgemeinen therapeutischen Beziehungen bearbeitet.
Cholera-Rapport an das hohe Ministerium des Inneren und des offentlichen Unter-
richtes, Prag

Hassan, A. (1948) Differential diagnosis of cholera. J. roy. Egypt. med. Ass. 31, 471
(Summarized in Trop. Dis. Bull. 45, 998)

Heidenhain (1854) Cholera asiatica. Dtsch. Klin. (Quoted by Griesinger, 1857, and by
Sticker, 1912)

Henderson, E. & Seneca, H. (1951) Cholera (Asiatic cholera). In: Gradwohl, R. B. H.,
Benitez Soto, L. & Felsenfeld, O., ed. Clinical tropical medicine, St. Louis, Mo.

Henderson, E. et al. (1948) Androgens and renal function. Effect of testosterone pro-
pionate in uraemia due to cholera. J. clin. Endocr. 8, 851

d'Herelle, F., Malone, R. H. & Lahiri, M. N. (1927) The treatment and prophylaxis
of infectious diseases of the intestinal tract and of cholera in particular. In: Transac-
tions of the Seventh Congress of the Far Eastern Association of Tropical Medicine,
British India, 1927, Calcutta, vol. 2, pp. 284, 288

d'Herelle, F., Malone, R. H. & Lahiri, M. N. (1930) Studies on Asiatic cholera. Indian
med. Res. Mem. No. 14

Hermann, R. (1831) Ober die Veraenderungen, die die Sekretionen des menschlichen
Organismus durch die Cholera erleiden. Poggendorff's Ann. 22, 161

Hesse, E. (1909) Beobachtungen uiber die Cholera asiatica in den Jahren 1908 bis 1909
nach den Daten des stadtischen Obuchow-Hospitals fur Manner in St. Petersburg.
Ber. klin. Wschr. 46, 1611

Hetsch, H. (1912) Choleraimmunitat. In: Kolle, W. & Wassermann, A. von, Handbuch
der pathogenen Mikroorganismen, 2nd ed., Jena, vol. 4, p. 110

Hetsch, H. (1928) Choleraimmunitat und Choleraschutzimpfung. In: Kolle, W., Kraus, R.
& Uhlenhuth, P., Handbuch der pathogenen Mikroorganismen, 3rd ed., Jena, vol. 4,
part 1, p. 125

Hirsch, A. (1855) Ruckblick auf die Erfahrungen und Leistungen auf dem Gebiete der
Cholera. Schmidts Jb. 88, 253

Hisano, K. (1938) [On a certain cholera-like Vibrio suspected as the cause of diarrhoea.]
J. publ. Hlth Ass. Japan, 14, 1 (Summarized in Trop. Dis. Bull. 35, 743)

Hodgen, J. T. (1866) Treatment of cholera by atropine and saline infusions. St. Louis
med. surg. J. 3, 497

Hort, E. C. & Penfold, W. J. (1911) The dangers of saline injections. Brit. med. J. 2, 1589
Huang, J. (1944) Treatment of Asiatic cholera with sulfaguanidine. Clinical study of

twenty-two cases. J. Amer. med. Ass. 125, 23
Huang, K. W. & Mao, Y. C. (1947) Pa-Pin (transient paralysis) complicating Asiatic

cholera. Amer. J. med. Sci. 214, 153
Hundogger, R. (1909) Bericht uber die Behandlung Cholerakranker mit dem Serum

von Prof. Kraus im Juni und Juli 1909. Wien. klin. Wschr. 22, 1823
Ichikawa, S. (1916) [On cholera eruption.] Osaka-Igakukai-Zasshi, 15, No. 12 (Quoted

by Takano, Ohtsubo & Inouye, 1926)
Indian med. Gaz., 1944, 79, 477 (Intravenous transfusions in cholera and other conditions.
A note on technique.)

Indian Research Fund Association, Scientific Advisory Board (1943) Cholera treatment
enquiry under the Director, School of Tropical Medicine, Calcutta. In: Report ... for
the year 1943, New Delhi, p. 1

Indian Research Fund Association, Scientific Advisory Board (1944) Cholera treatment
enquiry under the Director, School of Tropical Medicine, Calcutta. In: Report .. . for
the year 1944, New Delhi, p. 1

Indian Research Fund Association, Scientific Advisory Board (1945) Cholera treatment
enquiry under the Director, School of Tropical Medicine, Calcutta. In: Report . . . for
the year 1945, New Delhi, p. 1



424 R. POLLITZER

Jacobitz (1915) Cholerauntersuchungen. Zbl. Bakt. 1. Abt. Orig. 76, 97
Jahnichen & Marcus, F. C. M. (1830) Animadversiones pathologo-anatomicae de cholera,

Moscow
Jastrowitz, H. (1916) Cholera und Paratyphus B. Dtsch. med. Wschr. 42, 973
Jegunoff, A. (1909) Ober den Einfluss der intravenosen Injektionen des antitoxischen

Anticholeraserum auf den Verlauf der Choleraerkrankung. Wien. klin. Wschr. 22, 844
Jochmann, G. (1914) Lehrbuch der Infektionskrankheiten fiir Aerzte und Studierende,

Berlin
Kamal, A. M. (1951) Cholera-some epidemiological problems, Cairo
Kamal, A. M., Messih, G. A. & Kolta, Z. (1948) Experiences in the recent cholera

epidemic in Egypt. J. Egypt. publ. Hlth Ass. p. 185
Kamimura, G. & Tsuda, K. (1921) [Incubation period of cholera.] Osaka-Igakukai-

Zasshi, 20, No. 10 (Quoted by Takano, Ohtsubo & Inouye, 1926)
Kausch, W. (1911) Ober intravenose und subkutane Ernahrung mit Traubenzucker.

Dtsch. med. Wschr. 37, 8
Kausch, W. (1916) Traubenzuckerinfusionen bei Cholera. Munch. med. Wschr. 63, 544
Kaya, R. (1903) [On the cholera epidemic of 1902 in Kyoto.] Tokyo. med. Wschr.

No. 1292 (Quoted by Takano, Ohtsubo & Inouye, 1926)
Klautsch, A. (1892) Qber den Verlauf der Cholera in der Schwangerschaft und den

Einfluss derselben auf die Schwangerschaft und die Geburt. Munch. med. Wschr.
39, 851

Kolle, W. (1904) Cholera asiatica. In: Kolle, W. & Wassermann, A. von, Handbuch
der pathogenen Mikroorganismen, Jena, vol. 3, p. 1

Kolle, W. (1909) Zur Frage der Serotherapie der Cholera asiatica. Dtsch. med. Wschr.
35, 2046

Konar, N. R. & Sen Gupta, A. N. (1951) Terramycin in cholera. Indian med. Gaz. 86,469
Konar, N. R., Sen Gupta, A. N. & Baksh, E. (1953) Acetyl-phthalyl-sulphonamide in

the treatment of cholera. Calcutta med. J. 50, 212
Kopp, F. X. (1837) Generalbericht uber die Choleraepidemie in Miinchen im Jahre 1836-37,

Munchen (Quoted by Sticker, 1912)
Kovalevski, F. J. (1894) Cholera in pregnancy. Russk. Med. (St Petersb.), 19, 713, 747
Kraus, R. (1909) CJber den derzeitigen Stand der atiologischen Diagnose und der anti-

toxischen Therapie der Cholera asiatica. Wien. klin. Wschr. 22, 43
Kraus, R. (1929) Ober Toxine und Antitoxine der Vibrionen. In: Kolle, W., Kraus, R.
& Uhlenhuth, P. Handbuch der pathogenen Mikroorganismen, 3rd ed., Jena, vol. 2,
p. 609

Kuhne, V. (1918) Que faire en cas d'epidemie de cholera? (Une medication causale du
syndrome diarrheique). Rev. mid. Suisse rom. 38, 555 (Reviewed in Trop. Dis. Bull.
1919,.13, 123)

Kwaschnina, A. (1933) Ober die Biologie der Vibrionen der Sommerdiarrhoen. Zbl.
Bakt. 1. Abt. Orig. 128, 405

Lahiri, S. C. (1945) Sulfaguanidine, sulfathiazole and extract of suprarenal cortex in
the treatment of cholera. J. Indian med. Ass. 14, 113

Lahiri, S. C. (1948) Sulphadiazine and sulphaguanidine in cholera. Indian med. Gaz.
83, 24

Lahiri, S. C. (1951) Chemotherapy in cholera. Brit. med. J. 1, 500
Lahiri, S. C. & Basu, S. N. (1954) L-Noradrenaline in the treatment of circulatory col-

lapse in cholera. J. Indian med. Ass. 23, 285 (Quoted in Trop. Dis. Bull. 51, 1158)
Laigret, J. (1955) L'A.C.T.H. dans le traitement du cholera. Med. trop. 14, 754
Latta, T. A. (1831-32) In: Malignant cholera. Documents communicated by the Central

Board of Health, London, relative to the treatment of cholera by the copious injection
of aqueous and saline fluids into the veins. Lancet, 2, 274

Latta, T. A. (1832-33a) Saline venous injection in cases of malignant cholera. Lancet,
1, 173



CHOLERA STUDIES. 9 425

Latta, T. A. (1832-33b) Saline venous injections in cases of malignant cholera performed
while in the vapour bath. Lancet, 1, 208

Lebert, H. (1874) Cholera indica, asiatica. (Translated by Whittacker, J. T.) In: Ziemssen,
H. von, ed., Cyclopaedia of the practice of medicine, New York, p. 350

Lees, J. C. & Levvy, G. A. (1940) Emergency preparation of pyrogen-free water. Brit.
med. J. 1, 430

Lefrou, G. et al. (1945) La cholerine du Soudan. Bull. Soc. Path. exot. 38, 356
Lewis, D. (1832-33) Alkaline remedies in malignant cholera. Lancet, 1, 22
Liebermeister, C. (1896) Cholera asiatica und cholera nostras. In: Nothnagel, H., ed.,

Specielle Pathologie und Therapie, Wien, vol. 4, part 1, p. 1
Lieo, K. W. J. (1926) Treatment of cholera. A study of the routine treatment of 1,281 cases

from the Chinese Infectious Diseases Hospital, Shanghai. Nat. med. J. China, 12, 473
Lieou, Y. (1938) Sur un vibrion chol6rique isole par inoculation au cobaye du contenu

gastrique. Bull. Soc. Path. exot. 31, 212
Ling, C. C. (1932) Cholera bacteraemia in a case of typhoid fever. Chin. med. J. 46, 1092
Livierato, S. (1915) Forma clinica e terapia specifica de colera. Rif. med. 31, 673
Lowell, P. M. (1917) Essential factors in the treatment of cholera patients. Philipp. J.

Sci. Sec. B, 12, 191
Lustig, A. (1887) Bakteriologische Studien iuber Cholera asiatica. Z. Hyg. 3, 146
Mackie, T. J. (1929) Paracholera and the "paracholera vibrios". In: Great Britain,

Medical Research Council, A system of bacteriology in relation to medicine, London,
vol. 4, p. 424

Mackie, T. T., Hunter, G. W. & Worth, C. B. (1954) Cholera. In: A manual of tropical
medicine, 2nd ed., Philadelphia, p. 149

Mackintosh, J. (1836) Principles of pathology and practice of physic, London (Quoted
by Greig, 1946)

McLaughlin, A. J. (1909) Some observations upon cholera in children. Philipp. J. Sci.
Sec. B, 4, 363

Macleod, K. (1910) Cholera-History, morbid anatomy and clinical features. In: Albutt,
C. & Rolleston, H. D., A system of medicine, London, vol. 2, part 2, pp. 435,458,463

Macnamara, C. (1876) A history of asiatic cholera, London
Macpherson, J. (1866) Cholera in its home, with a sketch of the pathology and treatment

of the disease, London
Maddock, C. (1915) Report and statistics of the cholera epidemic in the Ahmednagar

district for the years 1912 and 1913. Indian med. Gaz. 50, 255
Mancini, S. (1913) Ober einen mit Cholera komplizierten Fall von Paratyphus B. Wien.

med. Wschr. 63, 751
Manson-Bahr, P. H. (1942) Manson's tropical diseases, 11th ed., London
Manson-Bahr, P. H. (1954) Cholera. In: Manson's tropical diseases: a manual of the

diseases of warm climates, 14th ed., London, p. 454
Marcus, F. C. M. (1832) Rapport sur le cholera-morbus de Moscou, Moscow (Quoted

by Sticker, 1912)
Marshall, E. K., jr. et al. (1940) Sulfaguanidine: a chemotherapeutic agent for intestinal

infections. Bull. Johns Hopk. Hosp. 67, 163
Massias, C. (1933) Traitement du cholera par les injections intraveineuses de solution

chloruree hypertonique et de gonacrine. Bull. Soc. Path. exot. 26, 900
Masuyama, M. (1903) [Therapeutic experiments with cholera immune serum.] Tokyo.

med. Wschr. No. 1296 (Quoted by Takano, Ohtsubo & Inouye, 1926)
Mathis, C. (1946) Cholera. In: L'auvre des pastoriens en Afrique noire, Paris, p. 350
Meggendorfer (1918) Ober eine abgeschlossene Choleraepidemie mit zahlreichen Misch-

infektionen. Zbl. Bakt. 1. Abt. Orig. 80, 273
Menon, I. G. K. (1947) Intestinal fuso-spirochaetosis simulating cholera. Brit. med. J. 1, 948
Mettenheimer, C. (1892) Uber Einspritzungen in die Urinblase in der Cholera und uber

verwandte Behandlungsmethoden. Dtsch. med. Wschr. 18, 905



426 R. POLLITZER

Metz, M. (1930) Traitement du cholera. Rev. mid. Fr. Colon. 7, 352 (Summarized in
Trop. Dis. Bull. 1931, 28, 881)

Misra, K. N. (1944) Treatment of cholera and diarrhoea. Observations on 210 cases.
J. Indian med. Ass. 13, 279, 282 (Summarized in Trop. Dis. Bull. 1945, 42, 120)

Mitra, S. L. (1939) In: Bihar Province, Annual public health report, year 1938, and annual
vaccination report, year 1938-39, p. 31 (Summarized in Trop. Dis. Bull. 1941, 38, 215)

Montefusco, A. (1888) L'itterizio nel colera. G. int. Sci. med. 10, 260 (Quoted by Sticker,
1912)

Moor, C. E. de (1949) Paracholera (El Tor): Enteritis choleriformis El Tor. Bull. Wld
Hlth Org. 2, 5

Mooser, A., Yang, Y. N. & Landauer, E. (1939) The cholera epidemic in Northwest
China in the summer of 1938. Proceedings of the Sixth Pacific Science Congress of the
Pacific Science Association, Berkeley, Calif., vol. 5, p. 441

Morison, J., Pal Choudhury, B. K. & Rahman, M. H. (1930) Cholera in Khasi village
and its treatment with bacteriophage. Indian med. Gaz. 65, 121

Morison, J., Rice, E. M. & Haythornthwaite, R. A. (1934) Bacteriophage, essential
oils and vaccination and their effects on cholera mortality. Indian J. med. Res. 22, 317

Morison, J., Rice, E. M. & Pal Choudhury, B. K. (1934) Bacteriophage in the treatment
and prevention of cholera. A statistical examination. Indian J. med. Res. 21, 789

Morison, J. & Vardon, A. C. (1929) A cholera and dysenteric bacteriophage. Indian
J. med. Res. 17, 48

Mueller, 0. (1916) Injektionen mit Hypophysisextract und Gelatin gegen Cholera.
Wien. med. Wschr. 66, 300

Murayama, T. (1916) [Glucose therapy in cholera.] Ther. i. d. Prax. 3, No. 25 (Quoted
by Takano, Ohtsubo & Inouye, 1926)

Murayama, T. (1917) [Cholera of 1916 epidemic in Tokyo.] Eiseigaku-Densenbyogaku-
Zasshi, 12, No. 6 (Quoted by Takano, Ohtsubo & Inouye, 1926)

Naame, M. (1937) Le traitement du cholera par l'adrenaline. Rev. Mid. Hyg. trop. 29, 254
Nagao, I. (1953) Comparative study of roseomycin, streptomycin, chloramphenicol and

homosulfanilamide on the effect of experimental cholera infections. Tohoku J. exp.
Med. 58, 191 (Summarized in Trop. Dis. Bull. 1954, 51, 383)

Napier, L. E. (1946) Cholera. In: The principles and practice of tropical medicine, New
York, p. 370

Napier, L. E. (1951) Cholera. In: Banks, H. S., ed., Modern practice in infectious fevers,
New York, vol. 1, p. 461

Narayana Rao, Y. S. (1935) A plea for the use of concentrated saline in cholera. Indian
med. Gaz. 70, 296

Narayana Rao, Y. S., Balasubramaniam, C. S. & Ramachandra Rao, A. (1954) A
comparative study of phthalylsulfathiazole, chloromycetin and aureomycin in the
treatment of cholera. Indian med. Gaz. 89, 207

Nichols, H. J. & Andrews, V. L. (1909) The treatment of Asiatic cholera during the
recent epidemic. Philipp. J. Sci. Sec. B, 4, 81

Niemeyer, F. (1832) Die asiatische Cholera in der Stadt Magdeburg 1831-32, Magdeburg
Olejnik, E. & Davidovitch, S. (1951) Action of terramycin and chloromycetin on cholera

vibrio in mice. Nature (Lond.), 168, 654
O'Shaughnessy, W. B. (1831-32) Experiments on the blood in cholera. Lancet, 1, 490
Pandit, C. G. & Rice, E. M. (1936) An epidemic of cholera in Mondair village (Habiganj

Subdivision, Assam) Indian J. med. Res. 24, 65
Pandit, C. G. et al. (1936) A statistical and bacteriological analysis of a cholera epidemic

in Manipur State, Assam. Indian J. med. Res. 24, 37
Pandit, S. R. (1951) A note on cholera in Assam and the cholera bacteriophage experi-

ment carried out in Assam. Indian J. med. Res. 39, 197
Panja, G. et al. (1942) Treatment of cholera with pyrogen-free saline. Indian med. Gaz.

77, 282



CHOLERA STUDIES. 9 427

Parkes, E. A. (1847) Researches into the pathology and treatment of the Asiatic or algide
cholera, London (Quoted by Rogers, 1921)

Pasricha, C. L., De Monte, A. J. H. & O'Flynn, E. G. (1936) Bacteriophage in the
treatment of cholera. Indian med. Gaz. 71, 61

Pasricha, C. L., Malik, K. S. & Paul, B. M. (1941) The sterility and potency of injectable
substances. (ii) Salines for intravenous use. Indian med. Gaz. 76, 216

Pasricha, C. L. et al. (1939) Treatment of cholera. A note on the results of treatment
by different methods. Indian med. Gaz. 74, 400

Pasricha, C. L. et al. (1947a) Sulphadiazine in the treatment of cholera. Indian med.
Gaz. 82, 518

Pasricha, C. L. et al. (1947b) Sulphaguanidine in the treatment of cholera. Indian med.
Gaz. 82, 518

Pasricha, C. L. et al. (1947c) Phthalylsulfathiazole in the treatment of cholera. Indian
med. Gaz. 82, 656

Pasricha, C. L. et al. (1947d) Sulphasuxidine in the treatment of cholera. Indian med.
Gaz. 82, 657

Paul, B. M. & Chatterjee, B. C. (1944) Pyrogenic reactions following intravenous saline
infusions. Indian med. Gaz. 79, 305

Pettenkofer, M. von (1857) In: Martin, A., ed., Hauptbericht iuber die Choleraepidemie
des Jahres 1854 im Kdnigreiche Bayern, Miinchen (Quoted by Griesinger, 1857, and
Liebermeister, 1896)

Piras, L. (1913) Bakteriologische Beobachtungen, die wahrend der Choleraepidemie zu
Genua im Jahre 1911 gemacht worden sind. Hyg. Rund. (Berl.), 23, 641

Pollitzer, R. et al. (1941) The 1939 cholera epidemic in Yunnan Province with special
reference to Kunming city. Chin. med. J. 59, 457

Polunin (1849) Abhandlung iiber die Cholera auf Beobachtungen zu Moskau 1847-48
gemacht, gegriindet, Leipzig (Translated from the Russian)

Prasek, E. (1914) Subkutane Infusionen funfprozentiger Kochsalzl6sung als Therapie
der Cholera asiatica. Munch. med. Wschr. 61, 2390

Raja, K. C. K. E. (1934) The use of bacteriophage against cholera in North Arcot district,
Madras Presidency, in 1933. Indian J. med. Res. 22, 397

Rao, R. S. & Ganapathi, K. (1941) Sulfathiazole in some experimental and virus infec-
tions. Indian med. Gaz. 76, 78

Raymond, A. de (1932) Note therapeutique sur le traitement des diarrh&es choleriformes
et eventuellement du cholera. Bull. Soc. Path. exot. 25, 196

Raynal, J. (1934) Etude des bacteriophages appliques a la prevention du cholera dans
les Indes anglaises. Rev. Hyg. Mid. prev. 56, 669

Read, W. D. B. (1937) A note on the bacteriological findings in clinical cholera in Calcutta
in relation to epidemiology. Indian J. med. Res. 24, 979

Reimann, H. A. et al. (1946) Asiatic cholera. Clinical study and experimental therapy
with streptomycin. Amer. J. trop. med. 26, 631

Ricou & Tran-Van-Tam (1931) Premier essai de traitement du cholera en Indochine par
l'immuno-transfusion sanguine. Bull. Soc. med.-chir. Indoch. 9, 795 (Summarized in
Trop. Dis. Bull. 1932, 29, 683)

Robertson, R. C. & Pollitzer, R. (1939) Cholera in central China during 1938. Its
epidemiology and control. Trans. roy. Soc. trop. Med. Hyg. 33, 213

Rogers, L. (1902) Note on the diagnostic and prognostic value of the leucocyte variations
in Asiatic cholera. Lancet, 2, 659

Rogers, L. (1909a) The treatment of cholera by injections of hypertonic saline solutions
with a simple and rapid method of intraabdominal administration. Philipp. J. Sci.
Sec. B, 4, 99

Rogers, L. (1909b) The variations in the pressure and composition of the blood in
cholera and their bearing on the success of hypertonic saline transfusion in its treat-
ment. Proc. roy. Soc. B, 81, 291



428 R. POLLITZER

Rogers, L. (1910) A simple curative treatment of cholera. Brit. med. J. 2, 835
Rogers, L. (1915) The results of hypertonic and permanganate treatment of cholera;

with remarks on the value of alkalis in the prevention of uraemia and the role of
atropin. Lancet, 2, 219

Rogers, L. (1916) The further reduction of the mortality of cholera to 11 per cent by
the addition of atropin hypodermically to the hypertonic and permanganate treatment
with an addendum summarizing the system of treatment. Indian med. Gaz. 51, 7

Rogers, L. (1916) Further work on the reduction of the alkalinity of the blood in cholera;
and sodium bicarbonate injections in the prevention of uraemia. Ann. trop. Med.
Parasit. 10, 139

Rogers, L. (1921) Bowel diseases in the tropics-Cholera, dysenteries, liver abscess and
sprue, London

Rogers, L. (1952) Cholera. In: Rogers, L. & Megaw, J. W. D. Tropical Medicine, 6th ed.,
London, p. 273

Rogers, L. & Mackelvie, M. (1908) Note on the value of large quantities of hypertonic
salt solutions in transfusion for cholera. Indian med. Gaz. 43, 165

Rogers, L. & Shorten, A. J. (1915) The alkalinity of the blood in kala-azar and cholera
and the technique of its estimation. Indian J. med. Res. 2, 867

Rosenthal, F. (1914) Medizinische Eindrucke von einer Expedition nach Bulgarien,
speziell ein Beitrag zur Diagnose und Therapie der Cholera asiatica. Berl. klin.
Wschr. 51, 342

Rosner, M. (1895) Das Obersalzen des Blutes bei Cholerakranken. Wien. med. Wschr.
14, 376, 431

Ross, W. C., Bagchi, K. N. & Roy, B. C. (1928) The bacteriophage in cholera. Indian
J. med. Res. 15, 965

Rumpel, T. (1893) Bacteriologische und klinische Befunde bei der Cholera-Nachepidemie
in Hamburg, Dtsch. med. Wschr. 19, 160

Rumpel, T. (1894) Die Hamburger Choleraerkrankungen im Sommer 1893. Berl.
klin. Wschr. 31, 729, 756, 780

Rumpf, T. (1892) Die Behandlung der Cholera im Neuen Allgemeinen Krankenhause
zu Hamburg. Dtsch. med. Wschr. 18, 877

Rumpf, T. & Fraenkel, E. (1894) Klinische und pathologisch-anatomische Beitrage zur
Choleraniere. Dtsch. Arch. klin. Med. 52, 21

Russ, K. (1915) Die Cholera am sudlichen Kriegsschauplatz. 6st. Sanitdtsw. 27, 605
Sadusk, J. F. & Oswald, E. (1943) Comparative in vitro effect of the various sulfonamides

on V. cholerae. Amer. J. trop. Med. 23, 275
Salimbeni, A. T. (1908) Nouvelles recherches sur la toxine et I'antoxine choleriques.

Ann. Inst. Pasteur, 22, 172
Salimbeni, A. T. (1910) Le cholera a Saint-Petersbourg. Quelques essais de serotherapie

anticholerique. Ann. Inst. Pasteur, 24, 34
Sasaki, K. (1937) Betrachtungen uber Pseudocholera infantum in der Gegend von Taichiu.

J. med. Ass. Formosa, 36, 2263 (Summarized in Trop. Dis. Bull. 1938, 35, 304)
Savas, C. (1914) Die Serumbehandlung der Cholera in Griechenland. Ther. Mh. 28, 653
Schuitz, A. (1894) Ober den Einfluss der Cholera auf Menstruation, Schwangerschaft,

Geburt und Wochenbett. Zbl. Gynlk. 18, 1138
Schurupow, J. S. (1909) Zur Frage der Gewinnung eines Heilserums gegen die Cholera.

Zbl. Bakt. 1. Abt. Orig. 49, 623
Scicluna, G. C. (1912) Report on the Public Health Department (Malta) 1911-12. Malta

Govt. Gaz. No. 5522, Suppl. (Summarized in Zbl. Bakt. 1. Abt. Ref. 1913, 57,
296)

Seal, S. C. (1946) A note on cholera outbreaks (1944-45) in the Singur health centre
area, Bengal, with special reference to control measures. Indian med. Gaz. 81, 321

Seal, S. C. (1947) Sulphaguanidine in the treatment of cholera under rural conditions.
(A report on 290 cases). J. Indian med. Ass. 17, 85



CHOLERA STUDIES. 9 429

Seal, S. C., Ghosal, S. C. & Ghosh, M. M. (1951) A preliminary trial of aureomycin (i.v.)
in the treatment of cholera. Indian med. Gaz. 86, 287

Seal, S. C., Ghosh, M. M. & Ghosal, S. C. (1954) Further trial of aureomycin in the
treatment of cholera. Brit. med. J. 1, 740

Sealy, G. 0. F. (1922) The treatment of early cases of cholera with volatile oils. Brit.
med. J. 1, 918

Seibert, F. B. (1923) Fever-producing substance found in some distilled waters. Amer.
J. Physiol. 67, 90

Sellards, A. W. (1910) Tolerance for alkalies in Asiatic cholera. Philipp. J. Sci. Sec. B. 5, 363
Sellards, A. W. (1944) Asiatic cholera (Cholera indica). In: Cecil, R. L., ed., A textbook

of medicine, 6th ed. Philadelphia, p. 225
Seneca, H. & Henderson, E. (1949a) Phthalylsulfacetimide (thalamyd) in cholera. Amer.

J. trop. Med. 29, 425
Seneca, H. & Henderson, E. (1949b) Laboratory diagnosis of cholera. Amer. J. trop.

Med. 29, 921
Sen Gupta, S. K. (1945) Ordinary water in place of distilled water in saline transfusion

in cholera. Indian med. Gaz. 80, 618
Shattuck, G. C. (1951) Cholera. In: Diseases of the tropics, New York, p. 314
Shousha, A. T. (1948) Cholera epidemic in Egypt (1947). A preliminary report. Bull.

Wld Hlth Org. 1, 353
Simmonds, M. (1892) Choleraleichenbefunde. Dtsch. med. Wschr. 18, 1173
Simond, P. L. & Pasteur Vallery-Radot (1914) Notes sur le cholera a Constantinople

et en Thrace de 1910 'a 1913. Bull. Soc. Path. exot. 7, 313
Soucek, A. (1916) Ober das Exanthem bei der Cholera asiatica. Wien. med. Wschr.

66, 428
Souchard, L. (1930) Essais therapeutiques du cholera par le bacteriophage de d'Herelle.

Ann. Inst. Pasteur, 44, 125
Sticker, G. (1912) Abhandlungen aus der Seuchengeschichte und Seuchenlehre. Il. Band:

Die Cholera, Giessen
Stoerk, 0. (1916) Ober Cholera. Beitr. path. Anat. 62, 121
Strauss, H. (1915) Zuckerinfusionen bei Cholera. Ther. d. Gegenw. 56, 370
Strong, R. P. (1907) The investigations carried on by the biological laboratory in relation

to the suppression of the recent cholera outbreak in Manila. Philipp. J. Sci. Sec. B,
2, 413

Strong, R. P. (1944) Cholera. In: Stitt's diagnosis, prevention and treatment of tropical
diseases, 7th ed., Philadelphia, vol. 1, p. 590

Stiihlern, V. R. (1909) Die Cholera indica in St. Petersburg. Med. Klin. 5, 1452, 1494
Stumpf, J. (1906) Uber ein zuverldssiges Heilverfahren bei der asiatischen Cholera, sowie

bei schweren infektidsen Brechdurchfdllen. Wurzburg
Stumpf, J. (1914) t)ber Cholerabehandlung und Choleraprophylaxis auf Grund meiner

Erfahrungen in Nisch und Belgrad. Munch. med. Wschr. 61, 759
Takano, R., Ohtsubo, I. & Inouye, Z. (1926) Studies of cholera in Japan, Geneva (League

of Nations publication C. H. 515)
Tao, S. C., Woo, M. 0. & Loh, W. P. (1948) Clinical observations on 687 cases of cholera.

Chin. med. J. 66, 377
Taylor, J., Greval, S. D. S. & U Thant (1930) Bacteriophage in bacillary dysentery and

cholera. Indian J. med. Res. 18, 117
Taylor, J., Pandit, S. R. & Read, W. D. B. (1937) A study of the vibrio group and its

relation to cholera. Indian J. med. Res. 24, 931
Thayer, W. S. (1910) Malaria. In: Allbutt, C. & Rolleston, H. D., ed., A system of

medicine, London, vol. 2, part 2, p. 241
Thomas, H. & Ting, L. C. (1938) Innocuous intravenous infusion with an appeal for

the establishment of central solution laboratories for cholera relief. Chin. med. J.
54, 358



430 R. POLLITZER

Tierney, M. J. (1831) Cajeput oil in cholera. Lond. med. Gaz. 8, 671, 683
Tipjakoff (1892) Einige Bemerkungen uber Cholera bei Frauen. Zbl. Gynak. 16, 781
Tomb, J. W. (1923) A note on an investigation into the value of essential oils in the

prevention and treatment of cholera. Indian med. Gaz. 58, 257
Tomb, J. W. (1924) A further note on the efficacy of the essential oils in the prevention

and treatment of cholera. Indian med. Gaz. 59, 233
Tomb, J. W. (1926) The prevention and treatment of cholera by essential oils. J. trop.

Med. Hyg. 29, 210
Tomb, J. W. (1929) A note on the value of medicinal treatment in cholera. Indian med.

Gaz. 64, 246
Tomb, J. W. (1930) The differential diagnosis of cholera and food poisoning. Indian

med. Gaz. 65, 494 (Summarized in Trop. Dis. Bull. 1931, 28, 433)
Ukil, A. C. & Guha Thakurta, S. R. (1930) Serum de convalescents de chol6ra. Varia-

bilite de sa richesse en anticorps specifique. Son emploi en th6rapeutique. C. R.
Soc. Bio. (Paris), 103, 310

Valk, W. (1915) Enkele aanteekeningen over de cholera-patienten behandeld in het
Stadsverband te Batavia 1914. Geneesk. T. Ned.-Ind. 55, 561

Viardin (1832) Observations sur l'emploi de la belladone dans le traitement du cholera-
morbus. Gaz. mid. Paris, 3, 310

Walker, R. R. (1921) The action and uses of kaolin in the treatment of Asiatic cholera.
Lancet, 2, 273

Walko, K. (1915) Ober kombinierte Infektionen mit epidemischen Krankheiten. Wien.
klin. Wschr. 28, 197, 236

Wall, A. J. (1893) Asiatic cholera: its history, pathology and modern treatment, London
Wardener, H. E. de (1946) Cholera epidemic among prisoners-of-war in Siam. Lancet,

1, 637
Weisser & Frank, G. (1886) Mikroskopische Untersuchungen des Darminhaltes von an

Cholera verstorbenen Indiern. Z. Hyg. 1, 379
Whyte, G. D. (1913) The treatment of an epidemic of cholera by Rogers' method: based

on a study of 215 cases which required intravenous infusions of saline. Chin. med. J.
27, 107

Whyte, G. D. (1915) The treatment of cholera by hypertonic saline solutions during an
epidemic at Swatow, South China. Brit. med. J. 2, 425

Wienkowski (1873) t)ber des Verhalten der in den Darmentleerungen der Cholerakranken
enthaltenen Pilze gegen Kalium hypermanganicum und Chinin. Wien. med. Wschr.
23, 1027

Wilkinson, P. B. (1943) Cholera in Hong-Kong. Lancet, 2, 169
Yui, C. V. (1925) A few practical hints for the clinical diagnosis and treatment of cholera.

Nat. med. J. China, 11, 426


