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SYNOPSIS

After a general consideration of the loss of fluids and salts in
evacuations from the gastro-intestinal tract, the author discusses in
detail both the physical and the chemical changes in the blood of
cholera patients.

The author then deals exhaustively with the problems of circu-
latory and renal failure.

Loss of Fluids and Salts in the Evacuations

In view of the fact that evacuations from the gastro-intestinal tract,
brought about by a local action of the endotoxin of V. cholerae, form, as a
rule, the earliest and one of the most spectacular signs of clinically manifest
cholera infection, it is not surprising that investigations on the character
of the stools and vomits voided in this disease were commenced as soon as
the appearance of outbreaks in Europe offered adequate opportunities for
study. The often truly amazing copiousness of these evacuations, already
commented upon by observers in the East (see page 101 of the summary
by Rogers, 1921) was confirmed by, for instance, Loder (1831) and Marcus
(1832), who witnessed the 1830 epidemic in Moscow. Moreover, the physi-
cal and chemical properties of the cholera stools and vomits were investi-
gated by several of the early workers, such as Hermann (1832) during the
epidemic just mentioned and Wittstock (1831) in Berlin. Both noted an
invariably alkaline reaction of the characteristic cholera stools. The specific
gravity of these varied according to the latter observer from 1.0073 to 1.0082
and their salt content appeared to be considerable, one specimen of 2000
grains yielding 26 grains of salt from a total of 44 grains of solids.

The cholera vomits examined by Hermann and Wittstock varied some-
what in character. Those voided at the onset of the disease showed a some-
what higher specific gravity (up to 1.014) and an acid reaction, while those

* This is the eighth 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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obtained later and resembling in aspect the rice-watery stools had a specific
gravity of only 1.003-1.006 and were alkaline. The sodium chloride content
of the vomits was found to be markedly below that of the faeces.

Results of further examinations of cholera stools were recorded towards
the end of the second cholera pandemic by Parkes (1847), Becquerel (1849)
and by Schmidt (1850). As quoted by Rogers (1921), the first mentioned
worker found that the rice-watery stools of cholera patients contained
0.5 %-I % of salts, but only very little protein-an observation also made by
Becquerel and by Schmidt. Becquerel confirmed the observation of Witt-
stock that the cholera stools contained only a small proportion of solids
(1 %-2 %), the NaCl content of which varied from 3 to 7 per mille. The
presence could be demonstrated, not only of sodium chloride, but also of
ammonium carbonate and sodium phosphate as well as of small amounts
of potassium chloride and of traces of creatine and uric acid. Like Schmidt
he was inclined to consider the rice-watery stools of cholera patients as a
true transudate, analogous in character to the fluids found in instances of
hydrocephalus or hydrocele.

Examining cholera vomits, Schmidt noted a lesser NaCl content in these
than in the stools, but found them to contain somewhat larger amounts of
ammonium carbonate and urea.

Turning attention to modern observations, reference has to be made
first to those of Rogers (1909a, 1911, 1921), who stated that in his experience
the average chloride content in rice-watery cholera stools was 0.53 % while
there was only a very small amount of chlorides in the vomits of the patients.
A careful study of the chemical constituents of the stools of 31 cholera

patients with the aid of modern methods was made by Ghosh & Chakra-
borty (1940). Summarizing the results which they had recorded in tabular
form, the two workers stated that:

" The stools in all cases were highly alkaline. The average alkalinity has been found
to be nearly equivalent to 50.7 c.c. of N/10 HCI per 100 c.c. of stool. The average per-
centage of sodium chloride was found to be 443.2 mg. Protein, non-protein nitrogen,
ammonia, phosphorus, sulphur and carbonate contents per 100 c.c. of stool were found
to be 0.95 g., 36.9 mg., 9.1 mg., 57.5 mg., 14.1 mg. and 0.081 g., respectively. The per-
centage of total solid material has been found to be 2.05 g. The tests for occult blood were
positive in all the samples of stools examined."

Commenting upon these findings, Ghosh & Chakraborty (a) stressed
the alkaline reaction of the stools, which in their opinion favoured the
formation of cholera toxin, and (b) drew attention to the elimination of
considerable amounts of alkaline bases as well as of chlorides in the dejecta.
These losses were bound to disturb the osmotic balance and to lead to
acidosis.

In an interesting article on hyperchloraemia in cholera, Baneree (1941a)
made the following statements regarding the problems at present under
review:
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(1) The total volume of stools passed during successive 24-hour periods by 20 cholera
patients varied from a minimum of 500 ml to a maximum of 5000 ml per day, while
the sodium chloride content varied from a minimum of 110 mg per 100 ml to a maximal
figure of 865 mg or 0.865%. Since the quantity of the stool sample with this maximal
saline content was 4000 ml, the loss in chlorides during 24 hours amounted in this instance
to 34.6 g.

(2) The amount of vomitus, determined in the case of four patients only, averaged
3325 ml per 24 hours, while the sodium chloride content per 100 ml was at an average
293 mg. Hence " the total excretion of NaCl through vomiting during 24 hours had been
more than 9.7 grammes in an average case of cholera".

As stated in the 1941 report of the Indian Research Fund Association,
investigations by Panja had shown that the sodium chloride content of
cholera vomits varied from 66 mg to 821 mg per 100 ml, while their pH,
though varying from 2.4 to 8.4, was usually between 6.0 and 7.0. According
to a statement in the 1946 report of the Indian Research Fund Association,
the chloride content of 100 typical cholera stools (average pH 7.8) was at an
average 0.431 g.

In the course of a study on the fluid balance in cholera made during the
1947 Egyptian outbreak Safwat & Adham (1948a) found that

" There was a tremendous water loss in the vomit and stools. Figures showed that as
much as 10 litres were lost by many cases in the course of 24 hours, while some figures
indicated that as much as 15 litres were lost by other cases. Though the loss in the vomit
was great, yet in the majority of cases the loss in the stools was much greater."

The two workers apparently did not determine the salt content of the
evacuations, but they came to the general conclusion that cholera presented
a combination of water and salt depletion.

El-Ramli (1948) stated in a valuable clinical study on 689 cholera patients
isolated in a fever hospital that the amounts of fluid lost by the sufferers in
their stools and vomits varied considerably but that instances were met
with where they lost one litre of fluid in a single faecal discharge and 4 litres
or more in 24 hours. The amount of vomit could reach 800 ml upon a
single occasion and it was noted that one patient, who had been given
10 litres of fluid by mouth, vomited as much as 7 litres in one day. The
degree of dehydration ultimately developing was not invariably proportional
to the fluid loss: some sufferers showed marked signs of dehydration even
though they had lost comparatively little fluid, while others, who had
voided much larger amounts of fluid, became but mildly dehydrated.
The chloride content of the stools was found to vary from 221 mg to
750 mg per 100 ml, that of the vomits from 48 mg to 351 mg.

As summarized in the Tropical Diseases Bulletin, Saha & Das (1952)
arrived through an examination of a series of cholera stools at the following
average figures:

" Specific gravity-1,010; sediment-9.8 per cent.; reaction-pH 7.86; total protein-
0.26 gm. per cent.; sodium-286.2 mgm. per 100 ml.; potassium-74.6 mgm. per 100 ml.;
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chlorine ion-268 mgm. per cent.; inorganic phosphate as PO 3.6 mgm. per cent.;
bicarbonate-68.2 ml. of CO2 per cent."

While unable to detect Evans blue in the stools examined 1-2 hours after
intravenous injection, Saha & Das found thiocyanate in every specimen
tested in this respect, though in a somewhat lesser concentration than
corresponded to the amount injected into the blood stream. The conclusion
they reached was that the fluid part of cholera stools resembled physically
and chemically that of the plasma minus its protein and was of the nature of
a transudate, the intestinal mucosa acting as a semipermeable membrane.
The two workers thus supported the postulations made more than a century
before by Becquerel (1849) and Schmidt (1850).

In order to arrive at an evaluation of the findings recorded above, it is
necessary to pay attention to the observations made within recent years on
water and salt depletion in general. Experimental findings by Kerpel-
Fronius (1935) and tests on normal men by Nadal and co-workers (1941)
as well as recent clinical observations have clearly shown that, besides a
mixed type of depletion, either pure water or pure salt depletion may occur
under varying conditions. Marriott (1947), exhaustively dealing with this
and related problems, stated that:

(a) Pure water depletion occurs when the intake of water is stopped or
greatly diminished without a significant loss of salt. This condition may
develop in shipwrecked individuals, in instances of dysphagia, or in coma.

Lack or deficiency of water intake without a corresponding loss of salt
renders the extracellular fluid hypertonic. As a result water is sucked from the
cells so that dehydration takes place mainly at the expense of the cellular fluid.

(b) Pure salt depletion, due to abnormal losses of sodium and chlorine
in the presence of an adequate water intake, may develop in various patho-
logical conditions, such as severe vomiting or diarrhoea, presence of a
biliary or intestinal fistula, in Addison's disease, and in heat exhaustion due
to severe sweating combined with an abundant intake of salt-free fluids.

As a result of salt depletion the extracellular fluid becomes hypotonic
and greatly diminished in amount because the kidneys excrete water in an
attempt to maintain isotonicity. There is also a relative shift of fluid from
the tissues into the plasma. However, a condition of oligaemic circular
failure or shock is apt to follow and the decreased blood volume combined
with an increased viscosity of the blood leads to death.

As a secondary effect disturbances of the acid-base balance, due to an
asymmetrical loss of sodium or of chlorine may develop. Thus alkalosis
may result in instances of severe vomiting, acidosis in the case of violent
diarrhoea.

(c) In mixed water and salt depletion the patients show the circulatory
and other features due to salt depletion, but they are also thirsty and show
early oliguria, as is characteristic of water depletion.
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While there can be no doubt that cholera falls into the category of
diseases with a mixed water and salt depletion, it is equally true that, as
aptly summarized by Shattuck (1951),

" In cholera loss of water and of salts occurs in amounts which vary from time to
time in the individual case and which differ in degree in relation to the severity of the
symptoms ".

One must admit, however, that the evidence regarding a manifest in-
fluence exerted by a differently proportioned loss of water and electrolytes
respectively on the clinical picture of cholera is contradictory as well as
scanty.

It has to be noted in this connexion that Ghanem & Mikhail (1949),
studying the clinical pathology of cholera, came to the conclusion that in
this disease a loss of water as well as of salts was responsible for the signs of
dehydration, but that the former was more important, since no special
clinical manifestations could be ascribed to salt depletion alone.

Massias (1938), on the contrary, asserted that chloropenia played a more
important role in cholera than water depletion, many of the grave features
of the disease being due to hypochloraemia. Similarly, Rogers (1952)
referred to particularly severe cholera cases, in which a loss of salts from
the blood preponderated over that of fluid and in which, therefore, the
chloride content of the blood could fall below 0.85 %, haemolysis taking
place in the circulation in extreme cases.

More significant perhaps than these statements are observations recorded
by Banerjee (1939a), who maintained that in cholera two special types could
be distinguished from the usual " straightforward " form-namely (a) a
" renal failure type ", in the causation of which hypochloraemia presum-
ably played a more important role than simple dehydration; and (b) a
"v asomotor failure type ", in which, one might venture to suggest, water
loss was of preponderant importance.

It would certainly be most desirable to obtain further evidence regarding
the occurrence of these special types of cholera and their clinical pathology.

Blood Changes

Introductory remarks

In explanation of the fact that investigations on the blood changes
observable in cholera attracted early attention, Liebermeister (1896) aptly
stated that:

" The first European cholera epidemics occurred at the time of the predominance of
haemopathology, when it was believed that a chemical investigation of the blood would
furnish particularly important clues for the nature of the diseases. Moreover, at that time
still, most abundant use was made of blood-letting and, since this method was also
often applied in cholera, sufficient material was available for exact investigations. In fact
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one found in the blood of cnolera sufferers at the acme of the attack and in the asphyctic
stage alterations surpassing in importance those met with in any other acute disease.
While it was not possible to obtain the hoped-for insight into the nature of the disease,
these older investigations remain valuable, because they furnish important clues for an
appreciation of the morbid symptoms." [Trans.]

That the early studies by workers like Hermann (1832) in Moscow,
O'Shaughnessy (1831-32a, 1831-32b, 1832) and others in Great Britain,
Le Canu (1832) in France, Wittstock (1832) and Rose (1833) in Berlin
were valuable indeed, is well illustrated by a preliminary communication
made in the form of a letter to the editor of the Lancet by O'Shaughnessy
(1831-32a), wherein he stated that:

" (1) The blood drawn in the worst cases of the cholera is unchanged in its anatomical
or globular structure.

" (2) It has lost a large proportion ofits water, 1000 parts of cholera serum having but
the average ot 860 parts of water.

" (3) It has lost also a great proportion of its Neutral saline ingredients.
" (4) Of the free alkali contained in healthy serum, not a particle is present in some

cholera cases, and barely a trace in others.
" (5) Urea exists in the cases where suppression of urine has been a marked symptom.
" (6) All the salts deficient in the blood, especially the carbonate ofsoda, are present in

large quantities in the peculiar white dejected matters."

The significance of these interesting findings, most of which were con-
firmed by further observations, will be discussed in the following analysis
of the physical and chemical alterations met with in the blood of cholera
patients and occasionally also in that of victims to the disease.

Physical changes in the blood of cholera patients

Early observations

To support his claim that in cholera " the essential and constant altera-
tion of the blood consists in a decrease of the water content or, what signifies
the same, in an increase of the solids ", Liebermeister (1896) recorded the
following early observations on the specific gravity and the fluid contents
of the blood of the patients:

Author Specific gravity of blood serum (normally about 1.028)
Hermann (1832) 1.036 in a patient examined 4 hours before death
Wittstock (1832) 1.0385 - 1.0447
Thomson (1832) 1.0443 - 1.057
O'Shaughnessy (1832) Usually about 1.040
Andrews (1832) 1.038 - 1.045
Schmidt (1850) 1.0286 - 1.0470 *
* Schmidt found the specific gravity of the whole defibrinated blood to vary in cholera

patients from 1.0596 to 1.0711 as against 1.055 in normal men. In one instance the speci-
fic gravity of not defibrinated blood was 1.0728.
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" According to the analyses of Schmidt ", Liebermeister continued, " the water
content of the whole blood in a healthy man was 78.87 %, in the male cholera patients
examined by him 76.09-74.53-74.73 %, further in a healthy woman 82.46 %, in cholera-
affected women 78.61-76.09-78.06%. Wittstock obtained 26.5% dry solids from the
blood of a cholera patient, so that there was 73.5% of water. Andrews found in four
severe cases at the acme of the attack a water content of the whole blood amounting
respectively to 78.43-73.11-74.93-76.07%. Thomson noted in his cases a still more
marked decrease of the water content: whereas he determined that of normal blood at
78.39 %, he found in two cholera patients 66.121 and 67.94%. respectively." [Trans.]

Further observations on the specific gravity of the blood and plasma

As Rogers summarized in 1921, he found that

" In the acute stages of the disease [cholera] the specific gravity [of the blood] nearly
always varies between 1060 and 1068, rarely reaching as high as 1072 in natives of India,
in whom the normal figure in health is about 1054. I have seen it as high as 1076, but
only in extremely severe cases. The most common point is about 1063 to 1065, which
means a loss of about half the fluid from the blood and is nearly always accompanied
by general symptoms indicating the necessity for transfusion."

Observations made by subsequent observers may be tabulated as follows:
Author

Loh & Tai (1936)

Banerjee (1938)

Ghosh & Chakraborty (1940)

Safwat & Adham (1948a)

El-Ramli (1948)

Findings

Found, measuring the specific gravity according to the
method recommended by Rogers (1911, 1921), in 13
cholera patients before saline treatment had been given,
values ranging from 1.056 to 1.069 (average 1.064). After
saline infusion the specific gravity of the blood became
lower than normal (average 1.053). In the opinion of
Loh & Tai this drop was partly due to the replacement of
the body fluids of high specific gravity by saline of lower
specific gravity.
The blood specific gravity of 16 patients examined 3 or
more days after onset of the disease varied from 1.046
to 1.068, but was 11 times 1.056 or less.
Stated that his numerous cholera patients who required
saline infusions had blood specific gravities varying from
1.063 to 1.070.
The blood specific gravity of 31 cholera patients examined
at the time of their admission was found to range from
1.062 to 1.066.
Determined the specific gravity of the blood in 11 cholera
patients by the copper sulfate method (Phillips et al.,
1943). The values ascertained before treatment ranged
from 1.068 to 1.075 as against normal standards of
1.052-1.055 in Egyptians and 1.056 1.058 in Europeans.
Found, also using the copper sulfate method, blood
specific gravities in cholera patients ranging from 1.050
to 1.078. It is noteworthy that a normal specific gravity
of the blood was found in 2.2% of 124 patients with
severe dehydration, 2.2% of 83 patients with moderate
clinical signs of dehydration, and 1.40% of 42 patients
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El-Ramli (1948)
continued

Awny (1948)

Ghanem & Mikhail (1949)

Saha & Das (1951)

Chakraborty (1954)

showing but mild signs of dehydration. On the other
hand 2.8% of 76 cholera sufferers without clinical signs
of dehydration had increased specific gravities of the
blood (1.060-1.068), whereas according to El-Ramli
the standard values in Egyptians ranged from 1.054 to
1.058.
While the blood specific gravity of his cholera patients
varied from 1.056 to 1.078, in 18 out of 25 cases the plasma
specific gravity was above 1.030.
Examination of the specific gravities of the blood and the
plasma according to the copper sulfate method in the
case of 23 cholera patients revealed that:
(1) " Most of the cases with moderate or marked dehy-
dration showed definite rise in the specific gravity of blood
(13 out of 23). Because the figures on admission were
higher than normal in only six of these cases due to
associated anaemia, a single determination before treat-
ment is considered unreliable as a sign or measure of the
degree of blood concentration."
(2) " All the cases with clinical dehydration showed
higher specific gravity of plasma on admission than
normal (15 out of 23); only six of these showed high
specific gravity of the blood. This illustrates the value
of this determination as an index and measure of the
degree of blood concentration."
Found the specific gravities of the blood and the plasma
increased in practically all 49 cholera patients examined
immediately after admission and before treatment was
commenced.
Determinations of the blood specific gravity in 31 dehy-
drated cholera patients showed values below 1.065 in 2
instances; between 1.065 and 1.069 in 15 instances; and
between 1.070 and 1.072 in 14 instances.

The clinical significance of the findings recorded above and the methods
used for determining the blood specific gravity will receive attention later
in this study.

Further observations on water depletion

As will be gathered from the summary of Liebermeister (1896)
quoted above, a decrease in the fluid contents of the blood in cholera had
already been noted by several of the earliest observers, some of whom, e.g.,
O'Shaughnessy (1831-32b), spoke in this connexion of an increase of
the " crassamentum ", i.e., the solid portion of the blood of cholera
patients, settling out on standing.

Investigations in point have been continued by numerous subsequent
workers, who were able to utilize improved methods of examination for
thir purpose, particularly determinations made with the aid of the haema-
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tocrit. Though devised by Hedin as early as 1890, this method of comparing
the volume of the blood corpuscles, " packed " by means of centrifugation,
with that of the plasma, seems to have been used first in cholera work by
Rogers, who stated in an article published in 1909 (a) that:

" In order to estimate the actual degree of concentration of the blood in cholera, I
have rapidly defibrinated the blood and centrifuged it in a haemocrite, the percentage of
corpuscules and serum being thus ascertained. As the blood corpuscles are not lost
(except to a very small extent, in the rare haemorrhagic cases) ... the amount of serum
which has been drained from the blood can be estimated by a simple calculation."

Rogers claimed that the serum loss in the most severely affected cholera
patients, comprising those who succumbed in spite of treatment, " amounted
to no less than 64 per cent of the total ", while those who could be saved by
transfusion, had shown a serum loss of 52 %. In mild cholera attacks
followed by recovery, even though no saline had been given, the serum loss
averaged only 35 %. Hence, Rogers maintained,

" If we take the blood as one-thirteenth of the body weight and the volume of serum
of these Bengali patients as 55 per cent, then in the fatal cases no less than 42 of the total 66
ounces of serum were on the average lost from the circulating blood alone, in addition to
the great drain from all the tissues of the body. Further, in the second class of recoveries
after transfusion, the loss averaged 34 ounces. Such great losses of fluid, accompanied
by a corresponding degree of concentration of the blood, must necessarily embarrass
the circulation, evidence of which is so clearly seen in the cold and blue extremities. In
the severer cases the blood is so thick that it will not run into the capillary tube of a
haemocrite without the aid of suction, so that its passage through the minute vessels of
the pulmonary and systemic circulations must be very difficult."

Aron (1910), determining the water content of the blood in 8 cholera
patients and also in the case of 6 cholera victims by drying the specimens
at 990 to 1000C to a constant weight, found that the percentage of solids
varied in the patients' blood from 21.5 % to 28.5 %, and in the dead bodies
from 26.3 % to 28.8 %. Commenting upon these observations, he stated
that, while in four instances the blood of patients showed a normal or but
slightly diminished water content, in the four others the degree of water
depletion corresponded to that met with in the blood of the dead bodies.
It was noteworthy that in the case of the second group of patients the spe-
cimens had been obtained early in the disease. Thus Aron's results were in
agreement with the experiences of Schmidt (1850), who also found an
increase in the blood solids in the early, but not in the later, stages of the
disease.

Once more using the haematocrit method, Loh & Tai (1936) established
that the average percentage of the blood corpuscle volume in 13 cholera
patients examined before treatment was 63.1, becoming lowered after
treatment to 48.2. The haematocrit figures ascertained in the case of 16
patients late in the disease varied considerably, but were with a single excep-
tion surprisingly low.
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Reporting on the cell volume and the moisture content of the blood found
in 17 cholera patients during the acute stage of the disease, Pasricha &
Malik (1940) said in summary that (a) the cell volume varied from 36.3%
to 69.3 % with an average of 50.5 % as against normal values ranging from
36% to 51 %; (b) the moisture content of the blood, determined according
to a method described by Malik & Pasricha (1940), averaged 77.4 g per
100 ml of blood, as compared to normal values of 75-82 g per 100 ml of
blood.

Taylor (1941), referring to a cholera enquiry under the auspices of the
Indian Research Fund Association, recorded that according to calculations
made in the course of this work

" the total fluid loss including loss from blood plasma, intestinal fluid and intra-cellular
fluid might be as high as 3.3 litres. Such loss might be equivalent to the total volume of
the blood of the individual. It was estimated in the examination of cases that a blood
concentration amounting to 140 per cent of the normal level was often present and that
such concentration was a very dangerous level. Even at the equivalent of 125 per cent
a dangerous condition was considered to exist."

Awny (1948), one of the several workers who made observations on
the problems at present under review during the 1947 Egyptian cholera
outbreak, stated that in his experience the volume of the packed red cells
varied from 48 % to 80 %. Commenting upon these results as well as upon
those obtained with the aid of other methods of blood examination, which
will receive attention elsewhere in this study, he remarked that

" With very few exceptions the whole blood specific gravity, the volume of packed
red cells, the haemoglobin percentage, and the red cell count gave a fairly reasonable
indication of the degree of haemoconcentration in any given case. In our experience,
the indication derived from these data was also in close correlation with the clinical
condition of patients. But they were of no prognostic significance whatsoever.

"The few exceptions referred to were cases who had high haematocrit readings
together with low plasma specific gravity and plasma protein concentration, giving an
erroneous finding for whole blood specific gravity. As the main object of treatment at
this stage is the restoration of a normal balance between the plasma and cellular elements,
the best thing to depend upon is a haemotocrit estimation. If this is not available, I think
the next best would be a haemoglobin estimation or a red cell count. These are less
elaborate than the specific gravity method, which necessitates much effort in the pre-
paration of bottles which can be used for a few estimations only."

In strict contrast to this statement, Ghanem & Mikhail (1949) came to
the conclusion that " the haematocrit reading has no value in gauging the
degree of dehydration" in cholera patients. In support of this unusual
contention the two workers pointed out that

" Only 11 cases showed higher haematocrit readings before than after treatment, five
of these were in grade + + + [of clinical dehydration], . .. six showed only mild degrees
of dehydration (+). Moreover, some cases with severe dehydration showed no rise in
haematocrit reading."
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For the purpose of studying the body fluid changes in cholera, Chaudhuri
and co-workers (195lc) determined not only the haemoglobin content
of the blood, the haematocrit values, and the protein and chloride content
of the plasma in 27 recently admitted cholera patients, but also the blood
volume and the available thiocyanate space.

The blood volume was determined according to a method described in
detail by Chaudhuri and co-workers (1951a). In principle it consisted of
(a) taking a 5-ml blood sample from an arm vein; (b) then injecting through
the needle, which had been left in situ, an adult dose of 5 ml of a 0.7%
Evans blue solution into the vein; and (c) taking after 10 minutes a second
blood sample (3 ml) from an arm vein on the opposite side. Both these
samples were centrifuged in haematocrit tubes and, after readings had been
taken, the plasma was separated. Next a known quantity of the dye solution
was added to a measured quantity of undyed plasma from the first blood
sample,
" so that this would serve as a standard against which the concentration of the dyed
sample was compared. From the dilution of the dye injected, plasma volume was deter-
mined, the estimation being done in a photo-electric colorimeter ... Blood volume was
calculated from the plasma volume and relative haematocrit."

As described by the same authors. (1951 b), the available thiocyanate
space was determined according to the technique of Crandall & Anderson
(1934). To apply this, 10 ml of a 5 % solution of sodium thiocyanate were
injected into an arm vein after a 3-ml blood sample (hereafter designated as
" sample A") had been withdrawn. After one hour a second blood sample
(" sample B ") was taken from the opposite arm. The further procedure
was as follows:

"From both the samples serum is separated. In 0.9 c.c. of sample A is added 0.1 c.c.
of 1: 100 dilution of stock thiocyanate solution. . . In another tube 1.0 c.c. of the sample
B is taken. To both these samples 1.0 c.c. of 20 per cent trichloro-acetic acid is slowly
added and the protein is precipitated. Both these tubes are centrifuged for 20 minutes
and the supematant clear fluid is pipetted off. To 1.0 c.c. of each clear aliquot, 8 c.c.
of distilled water are added and finally one c.c. of Reissner's reagent is added (Reissner's
reagent-80 c.c. 10 per cent HNO, 40 c.c. N-FeCI,, 40 c.c. distilled water). The buff
colour developed is immediately matched in a photo-electric colorimeter ...

" The control sample A represents a dilution of the 10 c.c. thiocyanate injected into
10,000 times and this dilution is compared with the unknown sample B. Then, CNS

space = S x 10,000, where CNS spaoe = available thiocyanate space in c.c., S =
optical density of the standard and R = optical density of the unknown."

As they stated in their third communication (1951c),
" The interstitial fluid volume was calculated from the available thiocyanate space

by deducting the plasma volume and 70 per cent of the r.b.c. mass as calculated from the
haematocrit."

The results obtained in 27 recently admitted patients with the methods
described above were summarized by Chaudhuri and co-authors (1951c) in
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tabular form, showing, for the two groups of these cases, the mean values
and standard deviations in ml per kg of body-weight and per m2 of body
surface. These figures are reproduced below, and the average values deter-
mined by these authors (1951a, 1951b) in groups of healthy Indians have
been added for the sake of comparison.

Cholera patients
Tests for Measure 17 (recovered) 10 (died) Healthy Indians

Plasma volume ml/kg 40.0±5.6 33.5 ±8.2 47.7
ml/M2 1263.0±231.6 1074.0±207 1591.0

Blood volume ml/kg 89.1 ±16.6 83.6 ±17.9 83.1
ml/m2 2745.0 ±498 2795.0 ±614 2770.0

Thiocyanate space ml/kg 233.4±24.5 165.8 ±29.3 236.3 ±30.8
ml/m2 7008.6±825 5704.0±1,017 7401.0±817.3

Interstitial fluid ml/kg 153.0 ±29.9 98.1 ± 18.6 160.0+26.3
Red blood cell mass ml/kg 45.5 ±12.4 46.0±15.1

ml/M2 1403.0±377 1559.0±477
Total circulating

chloride mg/kg 229.8 ±53.7 215.8 ±61.6

Repetition of these tests in 8 of the patients who recovered, showed

"that plasma volume, interstitial fluid and circulating plasma chloride all increased with
treatment, being actually higher than normal values in many of them, while the blood
volume, r.b.c. mass, cell volume, haemoglobin and total plasma protein were reduced.
Thus all the body-fluid and cellular changes were corrected with recovery and it seems
some of them were over-corrected, probably due to excessive saline infusion."

Commenting upon their findings in the recently admitted patients,
Chaudhuri and his colleagues made the following important statements:

(a) Plasma volume. The survival group of patients showed a 20.6%
reduction of the mean normal value of the plasma volume per square metre
as against a 32% reduction in those who did not survive. Though the latter
degree of reduction was not necessarily the critical one, it was most dan-
gerous. However, as in haemorrhage, the rapidity of the plasma loss was
perhaps of greater importance than the actual amount of total reduction.

(b) Blood volume. In contrast to the plasma volume, the blood volume
66 was not reduced in any group, as the packed-cell volume in all cases was
much more increased than could be accounted for by the corresponding
reduction in the plasma volume ". In the opinion of the authors it was
difficult to say whether this increase of the erythrocyte mass was apparent
or real. They noted in this connexion that several workers had reported an
unequal distribution of the erythrocytes, so that the blood drawn from
larger vessels gave haematocrit values about 25 % higher than the average
body haematocrit figures. However, Root and co-workers (1945), when
determining the blood volume by other methods, had found little difference
between the central arterial and the body haematocrit values. While it
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remained to be seen whether these findings were applicable in the case of
cholera, it was possible that the increase of the red blood cell mass, found
without exception in seriously affected patients, represented
" an attempt on the part of nature to compensate for the reduction of plasma volume,
by pouring more cells into circulation from the large blood reservoir, probably spleen".

(c) Interstiiialfluid. While changes in the interstitial fluid were rather
insignificant in the patients who afterwards recovered, there was a 39°,
reduction of the mean normal value of the interstitial fluid in the sufferers
who eventually succumbed. This difference between the two groups of
patients was most significant, because it was certain that a marked reduction
of the interstitial fluid, particularly if it remained long uncorrected, was apt
to produce irreversible changes in the environment of the body cells. The
authors insisted in this connexion that the immediate effect of hypertonic
saline infusions was a withdrawal of fluid from the extracellular space into
the circulation. They admitted that such treatment was apt to lead to a
rapid improvement of the circulation, but maintained that

" in cases where extra-cellular fluid is grossly depleted, further reduction with hypertonic
saline may be detrimental to the tissues themselves due to further change in their environ-
ment ".

Further reference to the interesting observations and postulations
summarized above will be made later in this study.

Investigations similar to those just described were made also by Saha
& Das (1951). As summarized in the Tropical Diseases Bulletin (1952),
these authors

" estimate that for Indians of average weight and height the normal plasma volume
will be 2.5 litres and the total extracellular fluid space will be 10 litres. On that basis
and after making corrections for haemoconcentration and increase of the protein con-
centration of the plasma, the calculated average plasma volume of the series of cases
examined is 1.6 litres.

" Estimation on four cases by the dye method gave an average plasma volume of
1.7 litres, representing a loss of 0.8 litres (32 per cent.) of the plasma'fluid. By the thio-
cyanate method the average total extracellular fluid in the same cases was estimated
at 7.7 litres. The total fluid loss is thus 2.3 litres of which 0.8 litre is from the plasma and
1.5 litres from the interstitial spaces."

It is important to note that the determinations made by Saha & Das as
well as those of Chaudhuri and co-authors do not support the statements
of some of the earlier observers who, working with less reliable methods,
were led to believe in truly amazing losses of fluids from the blood and the
tissues. Chaudhuri and his colleagues (1951c), while fully admitting the
clinical significance of the plasma volume reduction in cholera, considered
the most detrimental effect to be " the increased viscosity of blood with
increased r.b.c. mass which prevents maintenance of proper circulation in
the body ".

135



R. POLLITZER

Observations on the erythrocytes

As far as can be ascertained, Garrod (1849) was the first worker who
pointed out that in cholera the " blood-globules were found to be increased
in amount ". The unavailability of his original publication renders it
impossible to establish what method of examination he used for this
purpose.

According to Hayat (1948), this observation was confirmed by Hayem,
who in 1875 had already described methods ofcounting the blood corpuscles
and in 1885 published together with Winter an article on the condition of
the blood and the bile in cholera.

The wide spread of cholera in Europe in 1892 facilitated further inves-
tigations on this point. Sticker (1912) mentioned in this respect that an
increase of the red blood corpuscles to 6 million or even more had been
noted in that year by workers in Hamburg. Biernacki (1895) referred to
similar statements in the Russian literature, particularly to observations
made by Okladnych (1892) in the course of studies on the blood changes
in cholera. Biernacki himself found in the algid stage of cholera a numerical
increase in the red blood corpuscles, which usually ranged from 6.5 to 7.5
million, but was occasionally higher, up to over 8 million in one instance.
The few patients in the reaction stage to whom Biernacki referred usually
showed about normal, occasionally even subnormal, values. Commenting
upon his findings in the algid stage, Biernacki maintained that though the
numerical increase in the erythrocytes might be taken to indicate a state
of blood concentration, it could not be considered an exact yardstick for
measuring that concentration.

Describing the blood findings in 23 cholera sufferers as well as in six
patients with choleraic disease, Rogers (1902) stated that

" In two of the [cholera] cases the number of red corpuscles rose to over 8,000,000 per
cubic millimetre and both patients died, but one patient out of 3 cases in which they
reached between 7,000,000 and 8,000,000 recovered, as did one patient (Case 1) in Table II
[showing the findings in the sufferers from choleraic disease]. On the other hand, four
patients out of five cases in which they numbered 5,000,000 and under also died, while
out of 11 [?] cases in which they were between 5,000,000 and 7,000,000 seven patients
recovered and only five died."

Rogers concluded, therefore, that there was no constant relationship
between the degree of concentration of the blood as indicated by the number
of erythrocytes and the death-rate.

Again referring to the subject under review, Rogers recorded in 1921
that in the acute stage of cholera the number of erythrocytes was usually
6-8 million per ml, but occasionally exceeded the latter figure. Owing to
the replacement of fluid there was usually a decline in the counts after the
fourth day of illness, but not rarely the number of red blood corpuscles was
found to be high in patients dying several days after admission with uraemic
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symptoms. Though, as stated above, there was no constant relation between
the number of erythrocytes and the death-rate, a very high count, since it
indicated an excessive loss of fluid from the blood, was a bad sign.

Though Rosenthal (1914), dealing with the blood changes in cholera,
gave details regarding the erythrocytes in one instance only, these are of
value in that they show that the number of red blood corpuscles, which
showed an increase to 7 800 000 per ml on the first day of illness, dropped
incessantly, amounting to a little over 6 million on the 4th day, to 5 852 000
on the 6th, to 5 million on the 12th, and finally to 3 764 000 on the 18th
day after onset. It may be conveniently added that there was also a continu-
ous drop of the haemoglobin content of the blood from 115% on the first
day to 73 % on the 18th day of illness.

Marcovici (1916), reporting on findings in 50 cholera patients, stated
that in the algid stage of severe cholera attacks the number of erythrocytes
was usually increased to 7-8 million. Though ascribing this phenomenon
mainly to dehydration of the blood, he drew attention to the fact that a
moderate increase in the red blood corpuscles could also be met in slight
cholera attacks. Hence the possibility of an action of the cholera toxin on
the haemapoietic system deserved attention.

Wakamatsu, Suzuki & Ando (1922) confirmed that there was a marked
increase in the number of erythrocytes in the early stage of cholera, the
counts occasionally exceeding 8 million per millilitre. The appearance of
normoblasts sometimes observed indicated an unfavourable outcome.

Findings similar to those of the above-quoted workers were recorded
by Loh & Tai (1936), who stated that the average increase in the number
of erythrocytes in the early stages of cholera was about 20%-25%, but
that the values became practically normal after large amounts of saline
had been infused.

Awny (1948), while confirming that the number of erythrocytes in the
blood of recently admitted cholera patients was invariably increased, found
that the highest value met did not exceed 7.5 million per ml. As discussed
above (see page 132), he maintained that, next to haematocrit estimations,
red cell counts or haemoglobin determinations represented expedient as
well as dependable methods to gauge the degree of haemoconcentration
in the patients and could thus serve as guides to adequate restoration of
the fluid balance through saline administration.

Recently De, Bose & Mondal (1955) determined the number of erythro-
cytes present on admission (a) in 18 patients, in whom the diagnosis of
cholera was afterwards bacteriologically confirmed, and (b) in a second
group of 18 patients showing clinical features of the disease, but whose
stools proved negative for V. cholerae. In the cholera group the average
value of the red cell count was 5.83 million per ml (limits 4.1 million and
7.5 million), whereas in the vibrio-negative group the average value was
5.56 million per ml (limits 3.5 million and 6.5 million).
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Haemoglobin determinations

Though an apparatus for the clinical estimation of haemoglobin was
devised by Gowers in 1879 and a few years later Sahli (1886) introduced a
universally known and still used method for the same purpose, it would
seem that advantage was not taken of these procedures in cholera work
earlier than during the 1892 outbreaks. It is certain that in that year Oklad-
nych-as quoted by Biernacki (1895)-found that 24 cholera patients
showed not only increases in the specific gravity of the blood and in the
numbers of the red and white blood corpuscles but also an increase in the
colour index (" Farbekraft ") of the blood.

Rogers (1902), examining 23 cholera patients with the aid of Gowers'
method, found that, with few exceptions, the haemoglobin values were
above-and usually well above-the low normal standard of 70 met with
in the class of Indians among whom cholera was rampant. The increased
haemoglobin values varied from a minimum of 73 to a maximum of 130,
according to Gowers' standard.

From a table in Rogers' work on bowel diseases in the tropics (1921),
it may be gathered that the average haemoglobin percentages determined
at various stages of cholera compared thus with the average number of
erythrocytes:

Stage of the disease Haemoglobin percentage Number of erythrocytes

1st day 110 6753000
2nd day 104 6 106 000
3rd day 102 6 486 000
Later 94 5 745 000

Note: Normal values were 70% for haemoglobin and 5 million for the erythrocyte
count.

Using Sahli's method, Marcovici (1916), as well as Loh & Tai (1936),
found markedly increased haemoglobin values in the early stage of cholera.
The first mentioned worker noted that these could reach 150% in severe
and 120% in slight attacks of the disease. In their 13 cholera patients, Loh
& Tai found, with one exception, haemoglobin percentages varying from
102 to 148 (average 122) on admission. After treatment these values dropped
to an average of 90 %. The haemoglobin content in the blood of these pa-
tients thus exhibited changes parellel to those established by erythrocyte
counts.

In order to determine the haemoglobin content of the blood of 17 cholera
patients, Pasricha & Malik (1940) used a modification of the method of
Newcomer (1919) and found values varying from 13.0 g to 26.2 g per 100 ml
of blood with an average of 18.5 g, as against normal values of 13 g to 16 g.
As the two workers added, the increases in the haemoglobin content ob-
served by them were in direct correlation with increased haematocrit values.
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Awny (1948) stated, without furnishing details, that the haemoglobin
content of the blood of recently admitted cholera patients varied from
85% to 135%.

Chaudhuri and co-workers (1951c) found that, on admission, haemo-
globin contents of the blood of 25 cholera patients varied from 14.3 g to
21.5 g per 100 ml, with values above 16.0 g in 17 instances. It is important
to note in this connexion that the same authors (195 la), examining the blood
of 50 healthy Indians, found, with few exceptions, haemoglobin values well
below this figure. In 8 of the cholera patients who could be examined
before and after treatment, the mean haemoglobin content dropped from
18.7±6.8 g per 100 ml of blood to 11.9±1.4 g per 100 ml.

De, Bose & Mondal (1955) determined, with a modification of Sahli's
method, the haemoglobin content in the blood of (a) 18 recently admitted
patients suffering from true bacteriologically confirmed cholera, (b) 18
patients who showed clinical features of the disease but whose faeces
were negative for V. cholerae, and (c) an equally sized group of normal
controls, and obtained the following results:

Haemoglobin percentages
Average Limits

(a) Cholera group 111.66 95 and 130
(b) Patients with clinical cholera 109.72 70 and 130
(c) Normal controls 95.82 80 and 100

Erythrocyte sedimentation rate

The erythrocyte sedimentation rate in cholera was studied by De Monte
& Gupta (1941) in view of the observations of Wolf (1924), who had found
that the speed of sedimentation of the red blood corpuscles was accelerated
in infants suffering from diarrhoea with toxic manifestations, but not in
those affected by uncomplicated diarrhoea. Tests made with the aid of the
apparatus of Westergren (1921) showed an increase of the sedimentation
rate in 53 out of 79 cholera patients, i.e., in 67 %. It was noted that the higher
the specific gravity of their blood was at the time of the sedimentation tests,
the greater was the number of instances in which no increase of the eryth-
rocyte sedimentation rate was observable. Hence, as pointed out by Napier
(1951),
" it would appear that there are two opposing influences, because it is mainly in the
serious cases, in which the specific gravity of the blood is high, that the erythrocyte sedi-
mentation rate is within normal limits. With clinical improvement it tends to rise."

Awny (1948), using Wintrobe's technique (see Wintrobe & Landsberg,
1935) found that

(a) in all 13 cholera patients examined before rehydration the erythro-
cyte sedimentation rate ranged from 0.45 mm/minute to 1.7 mm/minute
(average 0.7 mm/minute) as against normal values of 0.1-0.3 mm/minute
and

10
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(b) in the 11 patients tested after complete redydration the sedimenta-
tion rate varied from 0.6 to 1.5 mm/minute (average 1.0 mm/minute).

Noting that thus the figures obtained after treatment were higher than
those before rehydration, Awny considered it " possible that the higher
viscosity of the blood before rehydration interfered with the sedimentation
rate". He ascribed the discrepancy between his findings and the observa-
tions of the Indian workers quoted above to the fact that-as was essential-
he had corrected his results with the aid of those obtained through haemato-
crit readings.

Erythrocyte fragility

In the paper just quoted Awny (1948) also stated that in 14 cholera
patients
" fragility of the red cells was estimated by the Sanford technique [1] (diminishing dilu-
tions of sodium chloride solution). Taking the dilution of 0.45 % as the critical concentra-
tion at which normal red cells reveal initial haemolysis, we found that 13 out of our 14
patients showed increased fragility of their red cells during the acute stage of the disease.
In six patients serum was obtained for two purposes: First, to determine the red cell
fragility using the Wiseman technique [1] (increasing dilutions of the serum with distilled
water), second, to determine the serum icterus index. This was performed during the
acute stage and after complete recovery. During the acute stage the results showed a
definitely increased fragility of the red cells which later became normal during convales-
cence."

For the convenience of record it is added that in these six cholera patients
the icterus index (determined presumably through comparisons with
standard solutions of potassium bichromate) was high (between 12 and
23 units) during the acute stage of illness, but dropped to less than 8 units
during convalescence.

Coagulability of the blood

Discussing the blood changes in cholera, Sticker (1912) drew attention
to observations of Orton (1820) and other pioneer workers, according
to which the blood in cholera showed little tendency to coagulate. Even
earlier than that the English medical men working during the 1817 out-
break in India had noted that great care had to be exerted when resorting
to venesection in the early stages of cholera, because it was difficult to stop
the flow of blood initiated in this manner. Hand in hand with clinical
improvement, the coagulability of the blood increased and the separation
of the fluid from the solid part of the blood, which was formerly absent,
took place in a typical manner.

1 The method described in the handbooks on laboratory methods under the name of Sanford's test
was originally introduced by Giffen & Sanford (1919). For Wiseman's technique, see Wiseman & Bierbaum
(1932).
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Again referring to this subject in modern times, Rogers (1909b) stated
the following:

" A few observations on the clotting power of the blood have been made by Sir Almroth
Wright's method (1893). The results were very variable, the time being normal in some,
slightly reduced in most, and very markedly in a few. It is noteworthy that in several
of the worst cases, with a specially low percentage of chlorides, blood taken in glass
tubes remained quite uncoagulated after several hours, and in one such case there were
haemorrhagic stools, found post mortem to be dependent on extensive petechial haemor-
rhages in the caecum. After transfusion with hypertonic solutions the blood in such
cases clotted firmly and gave a clear serum. In view, however, of the frequency of reduc-
tion of the clotting power of the blood in cholera, I now add 3 grains of calcium chloride
to each pint of salt solution, and have seen no haemorrhagic stools in the few cases since
treated."

Noting that a lessened coagulability of the blood had also been observed
during the 1908-09 cholera outbreak in St. Petersburg, Marcovici (1916)
expressed the belief that this phenomenon was connected with atypical
behaviour of the blood platelets which, instead of being agglomerated
in groups, as is normal, were seen to lie singly in stained smears of the
blood from patients in the algid stage of the disease.

Lahiri (1935) claimed in a preliminary communication that the coagu-
lation time of the finger blood was shortened in most of the 116 cholera
patients tested by him in this respect. A shift towards normal values
(3-5 minutes) took place with clinical improvement. In Lahiri's opinion,
such examinations furnished more reliable clues regarding the general
condition of the sufferers than specific gravity determinations.

Blood viscosity

Though some workers, such as Biernacki (1895) and, as mentioned
before (see page 135), Chaudhuri and colleagues (195lc), laid emphasis
upon the role played by an increased blood viscosity in the causation of
the general cholera syndrome, actual measurements of this phenomenon
seem to have been made only by Wakamatsu and co-authors (1922). Using
a method not specified in the review of their article by Takano, Ohtsubo
& Inouye (1926), they found that

"The viscosity of blood is markedly increased; the highest observed was 22.8. In
most cases the viscosity becomes normal in a week."

It would be certainly desirable to obtain further information regarding
the viscosity as well as the coagulability of the blood in cholera.

Observations on the blood platelets

As far as can be ascertained, observations on the blood platelets in
cholera were made first by Chistovich (Tschistowitsch, 1909), during the
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1908-09 outbreak in St. Petersburg, who considered a diminution of the
number of the platelets as characteristic of this disease. Marcovici (1916)
maintained that Chistovich must have made his observations on cholera
patients in the later stages of illness, because in his experience the number
of the blood platelets increased considerably (up to 1 million per ml) in
the algid stage, whereas in convalescents a disintegration and a marked
numerical decrease in the platelets became noticeable. However, Waka-
matsu and co-authors (1922) recorded once more that in cholera the blood
platelets " at first tend to decrease but they increase again after recovery
of the patient ".

This discrepancy of opinion is rather distressing.

Observations on the leucocytes

Try as the present writer might, the information he was able to procure
regarding early observations on the leucocytes in cholera is incomplete.
Griesinger (1857) stated in his treatise on infectious diseases, without
giving a reference, that, as in many other diseases, so also in cholera attacks,
the number of the " colourless " blood corpuscles was increased, but that
" no certain explanation could be given for this phenomenon ". Possibly
Griesinger referred in this connexion to findings of Virchow who, according
to some later compilers, established the presence of a leucocytosis in cho-
lera, presumably afterwards recording this fact in his collected papers on
public health subjects (1879). As Macleod (1910) added, identical observa-
tions were later published by Lewis & Cunningham, evidently in one of the
Reports of the Sanitary Commissioner with the Government of India (date
not specified). According to Hayat (1948), the presence of leucocytosis
in cholera was also referred to quite early by Hayem (see Hayem & Winter,
1885).

Towards the end of the 19th century further observations on this point
were recorded by Okladnych (1892) and by Biernacki (1895). According
to the latter author, Okladnych observed a high degree of leucocytosis
in all the 24 cholera patients examined by him.

Biernacki seems to have been the first worker to establish that leucocy-
tosis was marked not only in the algid stage of cholera (during which
presumably the early observers made their examinations), but also in the
later stages of the disease. Moreover, he found instances of " exquisite "
leucocytosis in slightly affected cholera patients as well but he also referred
to one slightly affected sufferer who showed a leucopenia instead.

From a table summarizing Biernacki's findings in 8 severely affected
patients examined either during the algid stage or later in the disease, the
following data can be culled:

142



CHOLERA STUDIES. 8

Algid stage Reaction stage (Normal values)

Number of leucocytes 26 562-57 031 17 968-35 781 (7 500)
Number of erythrocytes 6 000 000-7 662 000 3 193 750-5 987 500 (5000000)
Proportion of leucocytes

to erythrocytes 1: 111 to 1: 288 1: 136 to 1: 333 (1: 666)

Note: In a 9th patient, who could be examined twice, the number of leucocytes per
ml was 27 500 (i.e., 1: 234 erythrocytes) during the algid stage, and 14 062 (i.e., 1: 352
erythrocytes) during the stage of reaction.

Differential counts convinced Biernacki of the preponderant presence
of neutrophil polynuclear leucocytes in the blood of cholera patients
(82.5 %-95.4% in the 4 patients for whom he gave details). Eosinophil cells
were never seen.

Dealing with the prognostic significance of the results of leucocyte
counts, Biernacki stressed that all patients who showed an extremely high
leucocytosis (40 000 or more per ml) in the algid stage rapidly succumbed.
However, a high leucocytosis was not invariably present in the sufferers
who succumbed to the disease. Biernacki added that

" an increase in the number of the leucocytes in the reaction stage was also correlated
with a serious character of the illness; but it was not regular enough to serve per se as a
diagnostic and prognostic sign ". [Trans.]

Still, the number of leucocytes decreased more rapidly in the patients
who soon began to void urine than in those with signs of uraemia or cholera
typhoid.

Recording the findings he made in 23 cholera patients as well as in 6
individuals suffering from non-choleraic diarrhoea, Rogers (1902) stated
the following:

" It has long been known that leucocytosis is a well-marked condition in Asiatic
cholera, while it is said to be most marked in the severest and most fatal cases. These
statements are borne out by my observations, leucytosis having been present in every case
which was examined in the earlier stages-that is, within the first two days of the disease.
In nine cases it was present in comparatively slight degree, less than 20,000 leucocytes
per cubic millimetre, and five of these patients recovered. On the other hand, out of
14 cases in which this number was exceeded 11 patients died and only three recovered,
these three, however, including two out of the three cases in which over 40,000 leuco-
cytes were found per cubic millimeter. A high degree of leucocytosis is, then, a bad
prognostic sign and a slight degree a good one, yet a very high degree is not incompatible
with recovery. The constancy of the occurrence of leucocytosis in cholera is of importance
in distinguishing it from some forms of acute diarrhoea in which it is absent... It is not,
however, of absolute value, as leucocytosis occurs in ptomaine poisoning and sometimes
in cases of acute dysentery beginning with severe diarrhoea ... and it is just these which
for a time present the greatest difficulty in diagnosis."

Making differential counts, Rogers found that:
(1) The percentage of polynuclear leucocytes was increased to about

80% as against a normal value of 68 %.

143



R. POLLITZER

(2) The number of lymphocytes, which was normally 25 %, was markedly
decreased, being under 10% in 13 out of 17 cases examined on the first or
second day of the disease.

(3) On the other hand, the number of the large mononuclear cells was
usually increased above the normal percentage (6 %) as well as absolutely.

(4) As can be gathered from the table given in Rogers' article, the
percentage of eosinophils was with some exceptions well below the normal
of 1 %.

Rogers maintained that the constantly present decrease in the lym-
phocytes and increase in the large mononuclear cells which were always found
were of disgnostic value, since corresponding changes were absent in three
patients with non-choleraic diarrhoea, even though two of them showed the
presence of leucocytosis.

He also postulated that these findings were of prognostic value since:
(a) Out of 16 cholera patients in whom less than 10% of lymphocytes

had been found, not less than 12 succumbed, whereas out of 7 sufferers with
more than 10% lymphocytes, four recovered; and

(b) Out of 6 patients in whom under 10% of large mononuclear cells
were found, four recovered, while out of 15 showing more than 10% of these
cells, 12 died.

Further important observations regarding the behaviour of the leuco-
cytes in cholera may be summarized as follows:

Rosenthal (1914) stated that:
(a) In all 30 cholera patients examined by him there was a marked,

often even an extremely high, leucocytosis (several times over 40 000, once
76 400 per ml), which was thus quite out of proportion to the blood con-
centration manifested by an increase in the erythrocytes and the haemoglobin
values, and which, though decreasing from day to day, persisted to a lesser
degree " fairly long" (" recht lange ").

(b) Throughout the illness the large mononuclear cells were far more
numerous than, or at least as numerous as, the lymphocytes.

(c) The eosinophils were rare or often even altogether absent early in
the disease, but-to judge from apparently few observations-reappeared
towards the end of the first week of illness and reached 10°% in the case
of a patient with a specific skin rash examined on the 10th day after onset.

While denying that leucocyte counts of 40 000-50 000 or more per ml
rendered the prognosis invariably infaust, Rosenthal admitted that
" there was a correlation between the number of leucocytes and toxic symptoms and
patients with over 40,000 leucocytes invariably showed a serious clinical picture".
[Trans.]

However, two patients with 21 600 and 18 400 leucocytes respectively
per ml rapidly recovered.
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Summarizing the results of previous observations on the blood in cholera,
Benzler (1916) took it for granted that, besides an apparent increase in the
number of the white as well as of the red blood corpuscles as a consequence
of the concentration of the peripheral blood, there was also a real numerical
increase in the leucocytes, due presumably to an action of the cholera toxin.
While it was well established that the neutrophil polynuclear cells prepon-
derated in this increase in the leucocyte counts, in Benzler's opinion less
satisfactory information was available in regard to the role of the large
mononuclear cells and the lymphocytes. For this particular reason as well
as on general grounds, he therefore made a careful study of more than
11 000 blood cells in 30 stained blood smears, prepared at various stages
of the disease from 20 cholera patients, and recorded the results according
to the well known system of Schilling (1911). As shown by this study,
the behaviour of the leucocytes in the successive stages of cholera was as
follows:

(1) Prodromal stage: While, apart from a possible increase in the large mononuclear
cells, there were, generally speaking, no abnormal findings, the presence of prodromal
diarrhoea led to lymphopenia and mononucleosis.

(2) At the onset of the disease the number of the lymphocytes showed a marked drop;
moreover, a mononucleosis associated to some extent with the presence of irritation
forms, and a slight hyperleucocytosis appeared.

(3) Algid stage: There was a most marked lymphopenia, which sometimes almost
assumed an aplastic character. The presence of a marked mononucleosis was due to the
massive appearance (" Ausschuttung") of atypical forms.

(4) In the stage ofreaction there was a gradual increase in the number of the lympho-
cytes and a numerical decrease in the large monocytes. The prognosis remained doubtful
if, in spite of a numerical decrease in the lymphocytes, the number of the large mono-
nuclear cells remained comparatively high.

(5) Convalescence: Besides a marked lymphocytosis a reappearance of irritation forms
and a numerical increase in the eosinophils could be noted. There was also a slight
neutropenia and a disappearance of the atypical large mononuclear cells.

Since, as stated, for instance, by Naegeli (1923), a lymphocytosis often
appears after the administration of bacterial vaccines, it is tempting to
associate the numerical increase in the lymphocytes which becomes manifest
in cholera patients late in the disease with the development of immunity
to the infection.

Examining the blood of 50 cholera patients in the usual manner, Mar-
covici (1916) made the following noteworthy findings:

(1) During the algid stage of the disease the number of leucocytes
varied from 8000 to almost 40 000, a high degree of leucocytosis rendering
the prognosis unfavourable. The usually marked leucocytosis was of a
neutrophil type, the lymphocytes and large mononuculear cells being scanty
(up to a maximum of 3% and 8 % respectively), and the eosinophils absent
or rare;
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(2) With the onset of convalescence in the second week of illness, owing
perhaps to an action of the cholera toxin on the lymphatic system, the
number of white blood corpuscles was still high (10 000-15 000 per ml).
However, there was a marked decrease in the neutrophil leucocytes with a
corresponding preponderance of the mononuclear cells, especially the
lymphocytes and macrolymphocytes (irritation forms). The number of
eosinophils increased up to 6 %. A disintegration of polynuclear leucocytes
as well as of the blood platelets seemed to be characteristic of this stage.

Takano and co-authors (1926), summarizing the findings made in regard
to the behaviour of the leucocytes in cholera by Wakamatsu and others
(1922), stated that:

"The number of leucocytes is highest at the uraemic period, and most of the cases
who had over 20,000 died. The highest count was 38,000. In the final stages of the disease,
the leucocyte count is low. The ratio of red to white cells is always less than normal
because of the increase of the leucocytes. The increase of the polymorpho-leucocytes
at first is slight, but with the onset of the intoxication symptoms they gradually increase,
and finally myelocytes may begin to appear and justify a bad prognosis. The lymphocytes
are decreased from the beginning, and if the diminution is progressive the prognosis is
poor. The large mononuclear cells are slightly decreased during the acute stage, but the
decrease is within physiological limits. They increase with the recovery in number of
other leucocytes. Eosinophile cells usually disappear during the acute stage, but in a few
cases which died with uraemia there were eosinophile cells just before death."

Reporting in detail on the blood examination of 13 cholera patients,
Loh & Tai (1936) recorded the constant presence of a leucocytosis, the
number of white blood corpuscles before saline infusions were given averag-
ing 22 280 cells per ml, and decreasing after treatment to an average of
17 700 cells per ml. The two workers ascribed the persistence of a high
white cell count to a leucocytic reaction to the infection.

Differential counts made by Loh & Tai yielded no significant results,
the average percentages of the various types of white blood cells before
and after saline treatment remaining practically unchanged. Quite possibly
the second determinations had been made soon after rehydration.

Awny (1948), reporting on haematological studies during the 1947
Egyptian cholera epidemic, stated that:

" In most of the cases, the white blood corpuscles showed a definite increase which
could not be explained solely on the basis of haemoconcentration. Figures between
20,000 and 30,000 per cubic mm. were quite common. In one case the count was 43,000
per cubic mm. If we compare this increase with the rise in red cell counts we come to the
conclusion that there was a definite leucocytosis in addition to the increase due to haemo-
concentration.

" This leucocytic reaction was found to involve mainly the neutrophile polymorpho-
nuclears. There was a definite lymphopenia and a disappearance of the eosinophils.
There was also some left shift in the polymorphs. No abnormal cells were observed in the
circulation.
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" After subsidence of the acute stage of vomiting and diarrhoea, and correction of the
dehydration, the total leucocytic count was still high in most of the cases, ranging from
9000 to 19,000 with an average of 11-14,000 per cubic mm. Differential counts showed a
persistence of the lymphopenia, a slight increase in monocytes, a definite elevation of the
neutrophilic polymorphs, and a reappearance of the eosinophils and basophils.

" During convalescence, the total counts were still high, ranging from 7,000 to 14,000
per cubic mm. This stage was characterised by an elevation of the percentage of eosino-
phils in the differential counts. This elevation might have been due to parasitic infestation
of the patients or to antibody formation of which allergy is a manifestation. This point
ought to be further investigated." a

The results of total leucocyte counts obtained by De and co-workers
(1955) in their three groups of 18 individuals each (see page 139), were as
follows:

A v'erage ratio ofleucocytes
Number of leucocytes per ml (in thousands per ml)

average limits to erythrocytes
(in millions per ml)

(a) Cholera group 12638 4500 and 25000 2.17
(b) Patients with clinical

cholera 10 193 3 500 and 16 000 1.83
(c) Nornal controls 6806 4400 and 9 500 1.40

While pointing out that haemoconcentration was partly responsible for
the increase in the number of leucocytes noted in the two groups of patients,
De and his colleagues justly maintained that
"6 a rise in the white cell/red cell ratio in both groups of patients, indicating a dispropor-
tionate increase of the whites, suggests the occurrence of a real leucocytosis".

Differential leucocyte counts gave the following results:
Percentage

neutrophil
polymorphonuclears eosinophils lymphocytes

(a) Cholera group 82.5 0.83 16.30
(b) Patients with clinical cholera 82.2 1.17 17.55
(c) Normal controls 58.0 5.39 35.78

Thus there was in the cholera group, and somewhat less markedly in
the group of patients with clinical signs of the disease, a neutrophilia asso-
ciated with an eosinophilia and a lymphopenia. In regard to the last,
however, it is noteworthy that these authors found no reduction in the number
of lymphocytes in two of their cholera patients who, to judge from the
unusually large amounts of saline needed for their rehydration, suffered
from particularly severe attacks. But, they added, a fatal issue was noted
in a third sufferer showing a lymphopenia associated with an unusually
large number of eosinophils.

Though by no means invariably in agreement in regard to details, espe-
cially as far as the results of differential counts are concerned, practically
all recent workers making haematological studies in cholera patients were
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agreed as to the presence of a leucocytosis in this disease which (a) was
disproportionally higher than the numerical increase in the red blood cells,
and (b), in contrast to the latter, continued to be manifest to a considerable
degree in the latter stages of the disease, even after the number of erythro-
cytes had become normal.

While, therefore, unanimous in stating that it was impossible to ascribe
this leucocytosis merely to a haemoconcentration, the various workers
reached no general agreement regarding the nature of the additional factor
at work. A few, e.g., Loh & Tai (see above) spoke somewhat vaguely in
this respect of a " leucocytic reaction to the infection ". The generally
accepted opinion ascribes the presence of a disproportionally high and
persistent leucocytosis in cholera to an action of the V. cholerae endotoxin
on the haemopoietic system. However, De and co-authors, commenting
upon their observations on the leucocytes and also on the sugar content
in the blood of their two groups of patients (see below) suggested that

" Identical blood changes in both groups of cases point to the non-specific stimulation
of the pituitary-adrenal axis by the associated dehydration, shock and anoxia rather than
by the products of V. cholerae

It would seem, nevertheless, that it would be rash to discount the role
of the cholera endotoxin in the production of the leucocytosis which becomes
manifest in this disease. For, even though De and co-authors failed to
obtain positive bacteriological results in their second group of cases, it is
quite likely that these patients, who showed signs typical of severe cholera
attacks, actually suffered from this disease. Moreover, it stands to reason
that other organisms, which are capable of producing such a syndrome,
possess, like V. cholerae, pathogenetically active endotoxins.

An additional problem of considerable interest is whether the physical
changes of the blood in cholera dealt with earlier in the present study are
exclusively the result of a concentration of the peripheral blood. As noted
before (see page 137), Marcovici (1916), finding that a moderate numerical
increase in the erythrocytes was also met in patients with slight attacks of
cholera which did not result in marked dehydration, postulated that an
action of the V. cholerae endotoxin was to some extent responsible for this
hyperglobulia.

Support for this contention, which certainly deserves serious considera-
tion, may be found in experimental observations made long ago by Grawitz
(1893). This worker established that (a) intravenous injection of rabbits
with old unsterilized or sterilized cholera broth cultures led to a concen-
tration of the blood of the animals manifested by an increase in the specific
gravity, whereas (b) no such effect could be produced with young V. cholerae
growths. Ascribing, therefore, his results not to an action of the cholera
vibrios themselves but to that of of their metabolic products, Grawitz made
the following interesting comment:
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" It is most suggestive to think of the haemoconcentration which takes place in human
cholera and which is generally considered to be merely a consequence of the watery excre-
tions in the intestine. However, it seems well worth considering that besides this factor
an influence is exerted as well in the human body by the proven lymphagogue ["lymph-
treibende "] action of the metabolic products of the cholera bacteria, and that this action
perhaps even plays a very important role, if one takes into account the massive multipli-
cation of these bacilli in the intestine of the patient, in comparison to which the small
quantities of my artificial growths are well-nigh infinitesimal and if one further considers
how favourable conditions exist for a resorption of the metabolic products at the time of
their formation in the intestine." [Trans.]

It might be well to repeat these experiments, preferably using other
species of laboratory animals, particularly rats, in addition to rabbits.

For the convenience of record, reference is made at the present juncture
to a recent study of the sternal marrow picture in cholera made by Ata
(1954). Examining 18 cholera patients (7 of them twice at an interval of
one week), this worker found that the total cell count in the sternal bone-
marrow varied from 9000 to 336 000 per ml; however, in only 6 instances
were the counts outside the normal range (20 000-100 000 cells per ml).
The number of myeloblasts and myelocytes was found to be invariably
below normal, while the number of lymphocytes showed an increase in
14 of the patients, and that of the plasma cells in two instances. It is note-
worthy that the increase in the lymphocytes in the bone-marrow was as a rule
not accompanied by a corresponding rise in their number in the peripheral
blood. In all but one of the patients examined the number of normoblasts
in the bone-marrow was lower than normal. The myelogram as well as
the counts in the peripheral blood were found to have become normal in
convalescence.

Chemical changes in the blood of cholera patients

Early investigations

Though, as quoted earlier in this study (see page 128), O'Shaughnessy
(1831-32a), investigating the chemical properties of the blood in cholera,
reached conclusions which have been endorsed by modern observations,
some of the other early workers in this field were not in accord with his
findings, so that this problem soon became the subject of much debate.
While it would serve no useful purpose to deal with this controversy in a
detailed manner, attention is due to the observations of Schmidt (1850),
which indeed may be said to have ushered in the modern phase of the prob-
lem at present under review.

As tabulated by Biernacki (1895) and again by Aron (1910), the chemical
findings made by Schmidt in the blood of five cholera patients, examined
at varying lengths of time after onset, were as follows:
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Percentages of
Clinical data phosphorus potassium sodium

hours after chlorides pentoxide oxide oxide phosphate of
Case onset outcome (Cl) (P205) (K20) (Na2O) calcium magnesium

1 3 Died 0.228 0.0314 0.194 0.158 0.032 0.096
2 9 Died 0.222 0.0746 0.203 0.149 0.046 0.047
3 12 Died 0.259 0.0887 0.225 0.140 0.074
4 18 Cured 0.221 0.0612 0.166 0.172
5 36 Died 0.195 0.0809 0.184 0.111 0.086
Normal values: 0.262 0.0766 0.173 0.190 0.039

Note: Examining the chloride contents of the serum in four of these patients, Schmidt
found percentages of 0.354 (case 1), 0.296 (case 3), 0.305 (case 4) and 0.314 (case 5).

As far as these figures go-the adequacy of Schmidt's normal standards
has been doubted-they indicate (a) a marked decrease of the sodium
percentages in all, and of the chloride percentages in most of the specimens,
and (b) increases in the potassium as well as in the phosphorus or phosphate
contents of the blood of cholera patients.

Owing to their fundamental importance, the investigations of Rogers
1909a, 1909b) and of Aron (1910), though following those of Schmidt
after a long interval of time, also deserve attention at the present juncture.

As pointed out by Rogers (1909a), it was to be expected a priori that
the abundant loss of fluids from the blood of cholera patients

" would be associated with an increase of salts in the circulating blood, and this condition
might act as a conservative process by producing osmotic currents carrying fluid into the
blood rather than from it".

The observation often made that intravenous infusion of large amounts
of normal saline, though leading to a temporary improvement in the general
condition of the patients, was apt to be followed by renewed evacuations
from the bowel, seemed to support the above assumption, because as a
result of this treatment the supposedly high salt concentration of the blood
would become lowered.

However, making a series of observations with the aid of silver nitrate
titrations, Rogers found that the chloride content of the blood of his patients
was below the normal standard, which, as he assumed on account of the
investigations of McCay et al. (1907), was higher in Indians than in Euro-
peans, reaching almost 1 %. He recorded in this connexion average values
of 0.790% in 7 patients who afterwards succumbed to the disease, and of
0.9% in 12 patients who could be saved through subsequent treatment
with hypertonic saline. An average chloride content of 0.92% was found in
5 sufferers from mild cholera attacks, who did not require saline infusions.

Hence, as Rogers still maintained in 1952,
" The salts are also lost from the blood [of cholera patients] in large amounts; this

loss may even be greater than that of the fluid so that the percentage of chlorides actually
falls below the normal of 0.85 per cent., and in extreme cases haemolysis may take place
in the circulation ".
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It is important to note that on this occasion, as well as previously in
his 1921 book, Rogers considered a chloride content of the blood of 0.85 %
as the normal standard. There can be no doubt that the figure of nearly
1% for Indians had been arrived at by McCay et al. (1907) with an inade-
quate technique.

Aron (1910) determined the chloride content of the blood of 9 cholera
patients and of 5 cholera victims by incinerating the specimens after admix-
ture of sodium carbonate at a low temperature and subsequently resorting
to precipitation with silver nitrate, the amount of silver chloride present
then being determined gravimetrically or by titration.

As can be gathered from Aron's tables, examination of these blood
samples as well of serum samples of 4 cholera patients showed in nearly
all instances a decreased chloride content-a result which was in accord
with the experiences of Schmidt (1850) and Rogers (1909a). Turning atten-
tion to the question whether, as postulated by the latter worker, owing to a
disproportionally large salt loss, the blood of cholera patients became
hypotonic, Aron made the following interesting statement:

" We have seen that the blood of cholera patients loses water. An isotonic blood, with
a lower content of water, should have a lower content of salts (chlorides). The decrease
in salts (chlorides) in itself does not prove that the blood has become hypotonic. The
quantity of salts is often reduced in relation to the amount of total solids, but this cal-
culation is apt to convey a wrong idea with regard to the tonicity of the fluid. The quantity
of salts should be compared in relation to the quantity of water and then it should be
determined whether the loss in salts is proportional to the loss in water, or greater or less.
If we do this, we will see that in the samples obtained during the first three days of the
disease we can scarcely speak of a greater loss in the salts than would correspond to that
of water. Of course, in the later stage of the disease, in Schmidt's analyses as well as in
my own, the water content of the blood is almost normal, while that of salts, estimated as
chlorides, is below that point. At this time... we really would have a hypotonic blood".

Making a few additional analyses of the blood samples obtained from
cholera victims, Aron found a marked decrease in the sodium content as
well as slight increases of potassium and phosphorus-findings in agree-
ment with the more numerous observations of Schmidt. As Aron added,
the increase in potassium
" is readily explained if we consider that cholera blood contains a higher percentage of
red blood cells than normal ".

The rise in the percentage of erythrocytes as well as an increased protein
content seemed to account for the higher phosphorus content of the blood
in cholera.

Further observations on the electrolyte content of the blood in cholera

(1) Chlorides. Shorten (1918), estimating the " chlorine " content in
the serum of 11 patients in various stages of cholera as sodium chloride
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according to a method described in detail in the first part of his article,
stated that

" The chlorine content would appear to be slightly increased early in the disease
before treatment is begun; but taking into account the great loss of fluids from the blood,
the loss of chlorine to the body must be considerable... From the figures it will be seen
that there is a general tendency to a fall in the chlorine content as the case progresses;
but it is remarkable how closely the figures in cases treated by the hypertonic method
approximate the normal."

Again dealing with the problem under review, Liu, Wang & Fan (1933b)
recorded that in 13 cholera patients who could be examined during the acute
stage of the disease, usually before treatment had been commenced, the
chloride concentration of the blood was reduced to an average of 92.2
milli-equivalents per litre. Re-examinations of the 12 surviving sufferers
during convalescence showed that the chloride content of their blood had
risen to an average of 99.2 milli-equivalents per litre.

Making further observations on 13 still untreated cholera patients,
Loh & Tai (1936) found that the sodium chloride content of the blood of
these sufferers, determined by Whitehorn's method (1921), was but
slightly decreased (average value 503 mg NaCl per 100 ml of blood). Saline
infusions brought the salt content of their blood to an average value slightly
above normal (575 mg NaCl per 100 ml of blood).

Pasricha & Malik (1940), using a micro-method described in detail by
Malik & Pasricha (1940), made similar observations on 10 still untreated
patients in the collapse stage of cholera and maintained that, though a
diminution of the NaCI concentration was noticeable in the blood and in the
plasma of the sufferers, this reduction was not marked: the average sodium
chloride content in the blood was 435 mg per 100 ml as against normal
limits of 450-530 mg, whereas the corresponding figure for the plasma of
the patients was 586 mg as against normal values of 560-620 mg per 100 ml.

In marked contrast to these findings, Banerjee (1941), determining the
sodium chloride content in the blood as well as in the stools of 20 cholera
patients, mostly from day to day, emphasized that, even though these
sufferers had been amply treated with saline infusions (average NaCl
intake 25 g per day for the first 2-3 days after admission), the blood chlorides
never rose above 495 mg per 100 ml, and in a large number of the patients
varied from only 350 mg to 450 mg. Still lower values were found in the
blood samples taken before treatment had been initiated.

Concluding, therefore, that " in cholera, hypochloraemia is invariably
present in all cases ", Banerjee added the following important statement:

" As a 'threshold substance', NaCl with a threshold value of 560 mg. to 570 mg.
per 100 c. c. of blood is re-absorbed through the [kidney] tubules back to the circulation
in order to maintain its equilibrium in the blood. In cholera, as the plasma chloride
concentration is lowered to the limit of the threshold value, a decrease in urinary chloride
occurs... The diminution in the plasma chloride concentration produces a great altera-
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tion in the distribution of the electrolytes and in the acid-base balance. This constitutes
one of the most significant metabolic features in conditions producing hypochloraemia,
and particularly in cholera."

Studying the chemical changes of the blood in 105 cholera patients,
Chatterjee & Sarkar (1941), for determination of the chlorides, resorted to
the method of Van Slyke (1923). Though, as will be further discussed
below, it appeared that the loss of sodium from the blood of these sufferers
was more considerable, the two workers nevertheless invariably noted a
diminished chloride content of their specimens. Moreover, they stressed
with great reason that, when assessing the significance of such alterations or
of any other chemical alterations of the blood in cholera, it was essential to
consider the results in relation to the degree of blood concentration. Thus,
the apparently slight lowering of the chloride content of the blood in severely
cholera-affected and consequently much dehydrated patients referred to by
Rogers (1911, 1921) actually indicated a marked loss of chlorides parallel
with that of fluid from the blood.

Further observations on this problem made during the 1947 cholera
outbreak in Egypt showed the following:

Hafez (1947), estimating the blood chlorides in 24 patients, found
values below the normal standard in eight instances only.

Noting that the normal chloride content of the blood in Egyptians
varied from 479 to 500 mg%, El-Ramli (1948) stated that

" In the 25 cases examined during the acute stage, the blood chlorides were found to
vary from 432-561 mg. % but mostly around 470 or slightly over except in one fatal case
which started at 421 and ended with 374".

Safwat & Adham (1948a) maintained that
" Hypochloraemia was not found to be a marked feature in the 32 cases examined.

We had only 4 cases with figures definitely below normal levels. Moreover on fluid
treatment with normal saline, chlorides quickly rose and remained at the new level ".

However, details furnished regarding these investigations in a second
paper by Safwat & Adham (1948b) do not quite bear out their general
statement just quoted. As noted in the second article, the lowest chloride
figures in the blood of the 32 patients ranged from 450 to 470 mg %, but
as a rule values varying from 470 to 500 mg% were obtained. Since the two
workers maintained in contrast to El-Ramli that the " normal figure in
Egyptians is estimated to run between 479 and 600 mg% ", it would appear
that, usually at least, a hypochloraemia was initially present in their patients
which, in relation to their dehydrated conditions, cannot be considered
" very slight ".

It is noteworthy, however, that the presence of hypochloraemia in
cholera was again denied by Ghanem & Mikhail (1949), who stated in
this respect that
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" Estimations of blood chloride [with the aid of direct titration] were carried out
before and after treatment in 16 cases. It was increased above the normal in all cases, the
figures ranged from 520 to 710 mg. per cent. (the normal is 450 to 520). In seven cases,
it showed higher figures on admission than after treatment, and in eight cases the blood
chlorides were lower on admission than after treatment."

The two workers admitted, however, that

"this estimation of the plasma chlorides is fallacious as an indicator of the total loss of
chloride in mixed depletions because of the tendency to hypertonicity in the diminished
extracellular fluid".

Similarly, as quoted in the Tropical Diseases Bulletin (1952), Saha & Das
(1951), though as a rule finding the blood chloride ions in 49 patients
examined before treatment to be within normal limits, stated that

" Although there is no appreciable alteration in the plasma chloride concentration
the loss of 2.3 litres of body water will be accompanied by the loss of 8.83 gm. of chloride
ions (14.5 gin. of NaCl)."

Further observations on this point were made by Chaudhuri and co-
authors (195lc) who, in the course of an investigation on the body-fluid
changes in cholera, determined the plasma chloride content of the blood of
the 27 patients studied by them with the aid of the method of Wilson & Ball
(1928). They found that the percentage values of plasma chloride were all
within normal limits or even slightly increased. If, however, the total
quantity of circulating chloride was estimated from the plasma-volume
figures and the values were expressed per kilogram of body-weight, a marked
decrease of the chlorides became manifest in all instances, particularly in
the 10 patients who could not be saved through saline infusions and other
means of treatment.

As can be gathered from the tables of Chaudhuri and collaborators,
the comparative mean values of total circulating chloride in mg per kg of
body-weight were 229.8 ±53.7 in the 17 patients who recovered, and 215.8 ±
61.6 in the 10 sufferers who afterwards succumbed. In the case of 8 patients
who could be examined before and after saline treatment the corresponding
figures were 229±32.4 and 362±71.

Commenting upon these findings, Chaudhuri and co-authors added
that,

" as the proportion of chloride concentration is the same in the interstitial fluid as in the
plasma, the total loss of chloride from the body is probably much more if we take into
account the gross depletion of interstitial fluid that occurs in these cases ".

Chakravarti & Chaudhuri (1954), determining with the aid of the usual
standard technique the chloride content in the plasma of 17 cholera patients,
found-with the exception of one instance of slight hypochloraemia in a
sufferer who had developed signs of uraemia on the 15th day of illness-no
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significant changes in the plasma chloride values. They noted in this con-
nexion that similar findings had been made by most previous observers and
considered the divergent results obtained by Banerjee (1941a) (see page 152)

" to be due to estimation of whole blood which is much richer in cells in cholera due to
dehydration and naturally would give a low figure for chloride as compared to plasma
estimations ".

As aptly summarized in the Tropical Diseases Bulletin (1955), the two
authors concluded from their above findings and observations on other
electrolytes in the plasma of their patients, which will be discussed below,
that in cholera the fluid lost from the body was isotonic with the extracellular
fluid and that, though the remaining part of the latter was greatly diminished
in volume, nevertheless its isotonicity was well maintained.

(2) Sodium. As recorded above (see page 150), Schmidt (1850), examin-
ing the blood of 5 cholera patients at varying times after onset of the disease,
found the sodium oxide values lowered to 0.111 %-0. 172% as against a
normal standard of 0.1900%. An identical observation was made in one
instance by Aron (1910) on a blood specimen from a cholera victim (Na2O
contents 0.129 % as against normal values ranging from 0.160% to 0.19 %).

Chatterjee & Sarkar (1941) similarly stated that in their 105 patients
" The sodium of the blood serum [determined according to the method of Rourke

(1928)] showed greatly reduced figures, especially when the blood concentration is taken
into account. After the administration of saline transfusions, as would be expected, there
was a normal or even a high sodium content."

As noted earlier (see page 153), the two workers found that in some of
their specimens at least the loss of the sodium base exceeded that of the
chlorides.

In fair agreement with the observations recorded above, Saha & Das
(1951) found that in 87% of their 49 blood specimens the serum sodium
values were below the normal minimum.

Chakravarti & Chaudhuri (1954), with the aid of flame-photometry
(see Hald, 1947), found plasma sodium concentrations within the normal
range in six cholera patients, examined before the commencement of treat-
ment. On the 3rd to 5th day after treatment had been started, the sodium
content in the plasma of the 5 survivors showed a slight reduction, but
even then the values were still within normal limits.

In a second group of 8 patients, whose blood was examined once only
after some complication, such as uraemia or pulmonary oedema, had deve-
loped, and who died within the following 24 hours, the plasma sodium con-
centration was usually low. However, very high plasma sodium values were
found in the case of two of these sufferers, to whom rather large quantities
of saline had been administered within a short period (12 hours) in an
attempt to combat repeated circulatory collapse. The two patients suc-
cumbed to pulmonary oedema.

1
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(3) Potassium. The early observations made by Schmidt (1850) and
Aron (1910) regarding an increased potassium content of the blood in cholera
(see page 151) have been confirmed by most subsequent workers paying
attention to this problem. Thus Chatterjee & Sarkar (1941) stated that,
particularly in the case of severely affected patients, the potassium values,
(determined according to the method of Kramer & Tisdall, 1921a) were
high, showing in their 105 specimens an average of 25.15 mg per 100 ml of
serum. While in some instances the potassium content of the blood became
lowered after saline administration " as an after-effect of dilution ", no
such drop was noted in the case of other patients who had been treated
with large amounts of saline and showed a corresponding lowering of the
specific gravity of their blood.

Saha & Das (1951) recorded that the serum potassium level was above
normal in 60% of their 49 specimens.

Estimating the plasma potassium content with the aid of flame-photo-
metry, Chakravarti & Chaudhuri (1954) found that (a) in 4 out of 5 cholera
patients who eventually recovered the potassium levels were high on ad-
mission, becoming normal or low in the course of infusion treatment;
and (b) in 6 out of the 8 sufferers who afterwards succumbed to uraemia or
pulmonary oedema, the plasma potassium values were abnormally high. The
two patients in whom these values were within the normal range had been
treated within a short period with exceptionally large quantities of saline.

Chakravarti & Chaudhuri postulated that the increased potassium
content found in the plasma of most of their specimens might have been
due to a migration of potassium from the cells provoked by an excess
acidity of the plasma and extracellular fluid, which the potassium was
capable of counteracting. However, as justly stated by the reviewer of their
paper in the Tropical Diseases Bulletin (1955), a more likely assumption
was that this outpouring of potassium from the cells was the result of
alterations in the permeability of the cell membranes, as they were apt to
occur in the presence of extracellular dehydration.

In view of the identical results recorded by the series of observers
quoted above, it is rather surprising to find that Ghanem & Mikhail (1949)
reached diametrically opposite conclusions in regard to this problem.
They stated in this connexion that:

" The blood potassium was estimated [with the aid of Kramer & Tisdall's method]
in 22 cases on admission. Considering that the normal blood potassium ranges from
16 to 22 mg., and contrary to Chatterjee and Sarkar's statement that the blood potassium
increases in cholera, it was found that 18 cases showed hypopotassaemia ranging from
7.1 to 15.5 mg. per cent., three cases showed figures within normal (16 to 17.1) and one
case showed a higher figure than normal (22.9); this last patient died."

Ghanem & Mikhail added that
"hypopotassaemia has no relation to the degree of the severity of the clinical condition.
Of the six patients who died, the blood potassium was reduced in three, normal in two,
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and in one, increased. It can also be seen that saline and glucose infusions were not
sufficient to raise the blood potassium to normal."

In the opinion of Ghanem & Mikhail, a potassium loss in the excreta,
not compensated for by any intake, possibly accounted for the hypopotassae-
mia they had found in most of their cholera patients.

(4) Calcium. Loh & Tai (1936), determining the serum calcium content
in the blood of 13 cholera patients with the aid of a method devised by
Kramer & Tisdall (1921b), found before treatment an average value of
14.3 mg per 100 ml of blood, which after saline infusion dropped to 10.1 mg
per 100 ml. The calcium content of the blood thus appeared to show changes
parallel to those of the blood specific gravity.

In contrast to these observations, Chatterjee & Sarkar (1941), also
using Kramer & Tisdall's method, found in their 105 cholera patients
before treatment a definite lowering of the serum calcium values, which
appeared to be very pronounced if the specific gravity of the blood was
taken into account. With clinical improvement, as the specific gravity of
the blood became normal, the serum calcium values markedly increased,
apparently as a rule exceeding the normal figures for Indians (9.5 mg per
100 ml of serum). As the two workers added, it was
" difficult to localize the source from which the increased calcium is mobilized, especially
in view of the fact that no calcium is given to the patients either with the saline trans-
fusions or per mouth except perhaps as negligible impurities ".

It may be conveniently added that Chatterjee & Sarkar failed to find any
constant changes in the magnesium content of their serum specimens;
most of the readings fell within the normal range (3.3 mg per 100 ml ofserum
for Indians), while in a minority the figures were either higher or lower
than the normal average.

(5) Inorganic phosphates. Shorten (1918), determining the inorganic
phosphate content in the serum of 11 patients in various stages of cholera
according to a method described in his article, came to the conclusion that

"The occurrence of phosphatic retention in these cases is definitely established...
There is some degree of phosphatic retention in every case from the earliest stages, and in
untreated cases there is a rise to a maximum and a gradual fall to normal as the patient
improves."

As will be discussed below, Shorten was led to believe that this retention
of phosphates played a most important role in the pathogenesis of post-
choleraic uraemia.

Liu, Wang & Fan (1933b), examining 13 cholera patients, found that
in the acute stage of the disease there was
" besides the decrease in pH and bicarbonate content ... a distinct reduction in serum
total base and chloride concentration and an elevation of phosphate, and, to a lesser
extent, protein."

157



R. POLLITZER

It was noted that these changes tended to disappear hand in hand with
the disappearance of the acute symptoms, but that the rate of return to
normal of the individual chemical constituents of the blood was apt to vary
considerably.

Determining the phosphate content of the blood in 13 cholera patients
with the aid of a method devised by Benedict & Theis (1924), Loh & Tai
(1936) found that, in contrast to the calcium content, an " increase in phos-
phate has persisted even after transfusion, causing an increased demand for
base and aggravating acidosis."

Pasricha & Malik (1940), studying the blood of 17 cholera patients,
confirmed that in the acute stage of the disease there was an increase in the
inorganic phosphate contents. As can be gathered from the tabulation of
their results, the content of the plasma in inorganic phosphate averaged 7.2
mg per 100 ml as against normal values ranging from 2 mg to 5 mg. The
method the two workers used for these determinations was that of Young-
berg & Youngberg (1930-see Malik & Pasricha, 1940).

Observations on the blood changes in 49 cholera patients by Saha & Das
(1951) showed an increased content of the plasma in phosphorus in 750%
of the specimens examined in this respect.

Observations on the reaction of the blood and acidosis

It is of considerable historical interest to see that observations on the
reaction of the blood in cholera were started as soon as the spread of the
disease in Europe facilitated laboratory investigations.

Thus, as referred to earlier in this study (see page 128), O'Shaughnessy
(1831-32a) noted an absence or a most marked reduction of the free alkali
in the serum of cholera patients.

As quoted by Sticker (1912), Buchheister & Noodt (1832) found that
the cruor and, to a lesser extent, also the blood serum of severely attacked
cholera patients showed an acid reaction and noted such a reaction also
in the cerebrospinal fluid of cholera victims. According to Sticker, Hermann
(1832), who made similar findings, noted the interesting fact that the acid
reaction was still absent in the blood of cholera patients let before the onset
of diarrhoea and also observed that the blood of convalescents was no
longer acid.

While the validity of the above findings was contested by some of the
other early observers, for instance, by Wittstock (1832), Garrod (1849)
again spoke of a diminished alkalinity of the blood in cholera.

An acidity of the blood in the agonal stage of cholera was recorded in
1884 by Straus et al., by Maragliano, and by Cantani (see also Cantani,
1892). To judge from a remark of Biernacki (1895), a diminished alkalinity
of the blood in cholera was noted by Hayem, who presumably referred to
this observation in the paper published by him and Winter in 1885.
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Hoppe-Seyler (1892) mentioned the possibility that the so-called cholera
typhoid, which clinically resembled the coma diabeticum, was, like the
latter, connected with acid intoxication of the organism. Agreement with
this opinion was expressed in a note appended to Hoppe-Seyler's article by
Quincke, who stated that he had actually found a lowered alkalinity
in the blood of two cholera patients. In one of these a marked increase
of the alkali content of the blood was noted after recovery.

In the opinion of Biernacki (1895) the lowered blood alkalinity in cholera
was mainly due to a decreased sodium content of the blood, as established
by Schmidt (1850). However, an increase in the phosphoric acid content
of the blood might also have played a role.

Turning attention to later investigations on the problem at present under
review, reference has to be made first to a publication by Sellards (1910) who,
though not making blood examinations, indirectly proved the presence of
acidosis in cholera by showing that in this disease a marked tolerance for
alkalies existed, very large amounts of sodium bicarbonate being required
to render the reaction of the urine alkaline. As noted by Sellards & Shaklee
(1911), an observation on this point had already been made by Quincke
(1892), who found that the urine of a cholera patient had remained acid,
though in the course of 3 days 30 g of sodium citrate had been administered
orally and per rectum. - 0

Again dealing with the problem of acid intoxication in cholera, Sellards
& Shaklee (1911) and Sellards (1914) stated that they had determined
the carbon dioxide content in the blood of two cholera patients showing
symptoms of uraemia with the aid of the gravimetric method of Kraus
(1889) and had found values of 16% and 26% respectively as compared
with normal values of 400% to 50%. The evidence in regard to the titrable
alkalinity of the blood was not conclusive, but the results obtained suggested
a definite lowering of this (Sellards, 1914). In the opinion of the two workers
the acidosis developing in cholera was due not solely to a loss of alkali from
the bowel but also to a suppressed excretion of acids by the kidneys.

Rogers & Shorten (1915), determining the alkalinity of the blood in
15 unselected cholera patients according to a method described in their
paper found that
"apart altogether from the occurrence of uraemic symptoms, there is a constant reduction
of the alkalinity of the blood in cholera which is of a very marked character in all but
the very mildest cases, and the degree of which increases steadily with the severity of the
disease. A reduced alkalinity of the blood is, therefore, a most essential and important
feature of the blood changes in cholera, and one which requires to be combated in the
treatment of the disease."

Additional observations indicated an extreme reduction of the blood
alkalinity in the case of 5 cholera patients who had developed uraemia.

Once more referring to the subject now under review in his 1921 text-
book, Bowel Diseases in the Tropics, Rogers summarized the results of
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observations on 104 cholera patients by stating that

" in only 23.1 per cent. was the alkalinity over N/45, 21 of these recovering. In another
23.1 per cent. a moderate degree of reduced alkalinity represented by N145 but under
N/60 was present, and an equal number showed the next degree of reduction from N/60
to under N/80. The percentage of deaths in each of these three classes was 12.5. On the
other hand, 21.1 per cent. of the cases showed the greatly reduced alkalinity of N/80 to
under N/100, with a death-rate of 27.3 per cent., and the remaining 9.6 per cent. of cases
gave the extremely low readings of N/100 and less, and their mortality reached the high
figure of 60 per cent., one-third of them having died in the collapse stage, and no less
than two-thirds, or 67 per cent., of uraemia against 6.7 per cent. of uraemic deaths in
the whole series, or ten times as great as the average of the series.

" It is clear from the above data that a greater or less reduction of the alkalinity of the
blood occurs in three-fourths of cholera cases, while it reaches an extreme degree in the
uraemic ones".

Tsurumi & Toyoda (1922), testing the alkali content of the blood of
49 cholera patients with the aid of a method described in their paper, con-
firmed that there was a relation between the alkali decrease and the severity
of the disease. The alkali level of the blood was practically normal in the
case of 19 patients showing the features of a mild attack and there was no
marked decrease in the 11 individuals suffering from cholera in a moderately
severe form, only one of whom succumbed. However, there was a marked
decrease of the alkali content of the blood in the 19 severely affected patients,
no less than 13 of whom fell victims to the infection.

The modern phase of the investigation of the problem under review
may be said to have been initiated by valuable studies on acidosis in
cholera made by Liu, Wang & Fan (1933a, 1933b). Using a method devised
by Shock & Hastings (1929), they determined the cell volume, pH, and total
carbon dioxide' content of blood samples collected from 28 patients both
before treatment and repeatedly afterwards, making a total of 222 observa-
tions. The serum bicarbonate content of the blood in millimols per litre
and the CO2 tensions in millimetres of mercury were calculated from these
values. The constant presence of acidosis during the acute stage of the
disease was shown by the following findings:

The serum pH on admission averaged 7.28, the bicarbonate content 14.1, and the
CO2 tension 30.7; but the lowest pH observed was 7.07, the lowest bicarbonate content
8.2, and the lowest carbon dioxide tension 16.6, as compared to normal averages of
respectively 7.40, 26.6, and 44.9.

Following intravenous treatment with saline or alkaline solutions, or
both, the pH became normal quite rapidly and then the bicarbonate content
also returned to normal. Irrespective ofwhether or not they had received alkali
solutions, a tendency towards alkalosis soon afterwards became manifest
in the 14 recovering patients who could be kept under observation for a

1 According to Marcovici (1916) a diminished CO2 content in the blood of cholera patients had already
been demonstrated by Hayem & Winter (1885).1
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comparatively long period. However, in the four patients who succumbed,
the restoration of the serum pH and bicarbonate content to normal through
intravenous treatment was but temporary.

Studying 48 blood samples, collected from 13 of their patients at con-
secutive stages of the disease, in a detailed manner (see pages 152 and 157),
Liu, Wang & Fan (1933b) found that:

" When the values obtained on admission are compared with those on discharge, it
may be observed that during the acute stage sufficient base is lost from the body to lower
the serum base concentration to the extent of 14.1 milli-equivalents per litre. Added to
this alkali deficit from loss of base is the increased demand for base from the increase
of 2.2 milli-equivalents in phosphate, 2.3 milli-equivalents in protein and 4.5 milli-
equivalents in lactate, totalling 9.0 milli-equivalents. The combined alkali deficit from
loss of base and from increased demand for it amounts to 23.1 milli-equivalents. This
alkali deficit is shared by bicarbonate and chloride. Chloride being a fixed acid, is
decreased only 7.0 milli-equivalents, leaving the greater part of the burden to bicarbonate,
which is decreased 15.9 milli-equivalents giving as a result marked acidosis."

The following of the subsequent publications referring to the problem
of acidosis in cholera deserve attention at the present juncture.

Loh & Tai (1936), using the method of Van Slyke & Cullen (1917),
found a considerable decrease of the carbon dioxide combining power of
the blood in 13 cholera patients examined before treatment had been
commenced. In contrast to most other initially abnormal properties of the
blood in such patients the CO2 combining power (as well as the non-protein
nitrogen content of the blood) remained decreased after saline adminis-
tration, thus, as Loh & Tai put it, suggesting a tendency towards the develop-
ment of acidosis and uraemia even in the early stage of the disease.

The CO2 combining power in the blood of 16 cholera patients examined
when clinical signs of acidosis and uraemia had become manifest was also
found to be decreased, particularly in the samples collected some time after
alkaline solutions had been administered.

Advocating a modified method of cholera treatment with sodium lactate,
Banerjee & Datta (1936) maintained that the development of acidosis in
this disease was the result not only of an excessive loss of base in the stools
and dehydration of the tissues but also of the production of excess acid by
the cholera toxin. However, in view of the fact that acidosis is met in a
wide variety of morbid conditions, including those in which the action of
a bacterial toxin is out of the question, it is doubtful whether the V. cholerae
endotoxin does play a direct role in the production of this symptom-complex.

As already mentioned (see page 124), Ghosh & Chakraborty (1940)
pointed out that the considerable elimination of alkaline base and chlorides
in the cholera stools was bound to lead to acidosis and disturbance of the
osmotic balance.

Banerjee (1941a), referring to the problem of acidosis in his study on
hypochloraemia in cholera (see page 152), stated that
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" Chlorides play a great part in stabilizing the acid-base balance of the body fluids
by helping the interchange of buffer effects between the richly buffered cells and the
poorly buffered plasma. In cholera, the acid-base balance is greatly altered (Banerjee,
1936) and so is the quantity of chlorides. This shows that deficiency of the chloride
anions in the plasma interferes with the exchange of the bicarbonate anions from cells
to plasma.

" A vicious circle thus occur- in cases of cholera as a result of the intimate relations
which exist between the loss of chloride and the maintenance of the acid-base balance.
If the base and chloride loss remains unrestricted, it leads to but one result and that in
the form of depletion of the salt supplies of the body which is invariably followed by
loss of water, dehydration, retention of nitrogenous waste products and renal failure."

Recently the development of an acidosis in severely attacked cholera
patients has been confirmed by Chatterjee (1946), Safwat & Adham (1948b),
and Saha & Das (1951).

The first-mentioned worker, determining the reserve alkalinity of the
whole blood in 55 patients in the collapse stage of cholera with the aid of
the method of Levy and colleagues (1915), found this invariably diminished.
The decreased alkalinity of the blood was found to persist after the specific
gravity and also the phenol content of the blood (estimated according to
the method of Theis & Benedict, 1924) had been brought down to normal
through infusion treatment.

Continued estimations of the CO2 content of the plasma in 5 cholera
patients as well as occasional determinations made in 12 other sufferers
convinced Safwat & Adham (1948b) that there was a marked degree of aci-
dosis at the onset of the disease, the values becoming gradually normal
(50 volumes per 100 ml) when the condition of the patients improved under
treatment. Not rarely the CO2 content of the plasma was initially as low
as 22-30 volumes per 100 ml.

Similarly to Chatterjee (1946), Saha & Das (1951) found that there
was a depletion of the alkali reserve in the blood of 49 cholera patients
examined immediately after admission, i.e., before treatment had been
started. The two workers estimated that the average fluid loss of 2.3 litres
from the body led to a loss of 28.75 milli-equvalents of bicarbonate ion.
Simultaneously with this loss there was a drop in the CO2 combining power
of the blood from 65 to 35 volumes per 100 ml.

Further reference to the problem of acidosis will be made in subsequent
sections of this study.

Protein content of the blood

To judge from the available information, Garrod (1849) was the first
worker who found that in the blood of cholera patients " albumen " was
" always in large excess and to this was due, in a great measure, the increased
weight of the serum".

Garrod's contention that the protein content of the blood was increased
in the acute stage of cholera has been almost unanimously supported by
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modern observers. The first among these were apparently Liu and colleagues
(1 933b), who found in the acute stage of the disease in 13 patients an average
of 15.8 milli-equivalents of protein per litre of blood as against a mean
value of 13.5 milli-equivalents in the 12 patients reaching the stage of con-
valescence.

Using methods described by Malik & Pasricha (1940) for an examination
of the blood of 17 cholera patients, Pasricha & Malik (1940) established
the presence of an appreciable increase in the total plasma proteins, due
to an increase in the fibrin and globulin fractions. Recording their findings
in mg per 100 ml of plasma, they gave the following relevant figures:

Averages Limits Normal limits

Protein nitrogen 1538 1078-2139 928 1376
Fibrin nitrogen 94 51- 153 32- 64
Globulin nitrogen 812 495-1348 192- 464
Albumin nitrogen 652 243-1147 544-1072

In contrast to the findings recorded above, Ghanem & Mikhail (1949)
stated that only 16 out of 23 cholera patients, in whom the plasma protein
values were estimated according to the method of Phillips et al. (1943),
showed a hyperproteinaemia ranging from 7.53 g to 17.4 g. In the other
7 patients the plasma protein values were reduced to values ranging from
3.43 g to 5.65 g, even though in 5 of them a marked or at least a moderate
degree of dehydration was present. It is noteworthy that in these 7 patients
the plasma specific gravity, ranging from 1.017-1.027, was invariably not
above the normal limits of 1.025-1.028, while it was higher than normal
(often markedly so) in the sufferers in whom a hyperproteinaemia was
present.

Also using the method of Phillips et al. (1943) for the examination of
the blood of 27 collapsed cholera patients, Chaudhuri and co-workers
(195lc) found an increase of the total plasma proteins " indicative of the
degree of haemoconcentration". Determinations of the total plasma
proteins in 8 of these patients before and after treatment gave the following
mean values:

Before treatment 10.9 ± 1.9 g%
After treatment 6.9 ±0.2 g%

Thus, as the authors summarized,

" From the high values of plasma protein level obtained in these cases, there seems no
appreciable loss of plasma proteins from the body ".

Further reference will be made to these findings when the merits of
plasma administration for the treatment of cholera are assessed.
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The presence of an increased protein concentration in the plasma of
patients in the acute stage of cholera was confirmed by Saha & Das (1951),
Lahiri (1951), and Chakravarti & Chaudhuri (1954).

Lahiri (1951), reporting on observations made in the case of 90 collapsed
cholera patients, stated that an increase of the total plasma protein was
present in many of these sufferers and

"was mainly due to increase of the globulin and fibrinogen fractions, thus altering and
often reversing the normal albumin-globulin ratio of the plasma'.

Like Liu and co-authors (see page 161), Chakravarti & Chaudhuri
(1954) pointed out that the increased amount of protein in the blood of
cholera patients

" acts as a weak acid and thereby increases the total acidity of the blood reducing the
bicarbonate concentration ".

As noted before (see page 156), Chakravarti & Chaudhuri postulated
that " potassium from the cell may be called upon to neutralise this rise in
the acidity of the plasma ".

Blood sugar determinations

Referring to blood sugar determinations in their 13 cholera patients
according to the well known method of Folin & Wu (1920), Loh & Tai
(1936) stated that:

" Another interesting finding was the rapid fall in the content of sugar, occurring
during the administration of saline, before which the blood was hyperglycemic, more so
than what the concentration of the blood could be accounted for and after which it became
distinctly hypoglycemic, more so than that due to the dilution with saline. It may be
possible that the rise of body temperature which always occurred during transfusion
might be responsible for this fall from the increased consumption of available sugar in
the blood."

The average blood sugar values in Loh & Tai's series, expressed in mg
per 100 ml, were 156 before, and 68 after, saline treatment. Corresponding
cholesterol values, determined in a few instances according to the method
of Bloor and co-authors (1922) were 148 mg and 125 mg respectively per
100 ml of blood.

Using a method described in the paper of Malik & Pasricha (1940),
Pasricha & Malik (1940) found in the blood of 17 patients examined in the
acute stage of cholera glucose values ranging from 90 mg to 243 mg per
100 ml of blood (average 162 mg) as against normal values from 60 mg to
120 mg per 100 ml of blood. There was thus an appreciable increase in
the glucose concentration.

In contrast to these observations, Chatterjee & Sarkar (1941), again
using Folin & Wu's method, found in 75 % of their 105 cholera patients a
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marked fall in the blood sugar level. Commenting upon this result,
Chatterjee & Sarkar noted the following:

" That there is a fall in the blood sugar in shock-like conditions is a well known
fact . . . Besides, the great muscular cramps and intestinal movements may have a part
in the production of this hypoglycaemia."

Among the 25% of patients in whom no hypoglycaemia was present,
4 showed figures above the normal average. In the opinion of Chatterjee
& Sarkar, these comparatively high values could have been due to the blood
concentration and possibly also to a non-utilization of sugar for unknown
reasons.

Reference to a low blood sugar content in cholera was also made in
the 1943 report of the Indian Research Fund Association.

Again dealing with the problem under review, Ghanem & Mikhail
(1949) stated that the blood sugar content, estimated in 21 recently admitted
cholera patients by Folin & Wu's method, was lowered in two instances,
within normal limits in four, and definitely increased in 14 instances, when
values ranging from 143 mg% to 280 mg% were found. In the case of one
patient with an extremely high blood concentration, who died within 24
hours, a blood sugar content of 565 mg per 100 ml of blood was determined.
After correction of the dehydration, the increased sugar values returned to
normal or low normal (80-134 mg%) in all but one instance, in which a
sugar content of 65 mg% was noted.

Commenting upon these findings, Ghanem & Mikhail stated that
" The degree of hyperglycaemia corresponds more or less to the degree of haemo-

concentration as measured clinically and by the specific gravity of plasma; also it is
known that hyperglycaemia occurs in cases of circulatory failure; 12 of these cases with
hyperglycaemia showed marked lowering of the blood pressure, and the blood sugar
was shown to rise with the deterioration of the clinical condition, including the circulation,
in 3 cases under treatment."

The two workers added that in the 6 instances in which the blood sugar
content did not rise in relation to the blood concentration, the store of
glycogen in the liver and muscles might have been depleted. In these
instances also the blood sugar content rose to normal figures after treatment
with not particularly large amounts of saline and glucose solutions.

In relation to Ghanem & Mikhail's reference to the glycogen content
of the organs in cholera it is important to note that Segale (1912) was
unable to demonstrate the presence of this substance in the blood of 6
cholera victims examined soon after death and found only minimal traces
in the liver of 2 of these dead bodies. As quoted in the Tropical Diseases
Bulletin (1912), Segale pointed out
" that many of the conditions known to favour the disappearance of glycogen, such as
reduced food-absorption, increased muscular work (tramps), acidity of the tissues and
body-fluids, insufficiency of oxygen, fever, renal lesions, are present at the same time in
an acute case of cholera".
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Further blood sugar determinations, made by De and co-authors (1955)
in their two groups of patients mentioned above gave the following recu1ts:

" The blood sugar ranged from 110 to 130 mg. per 100 ml. in 4 cases, from 95 to
105 mg. in 4 cases, and from 55 to 85 mg. in 10 cases of the vibrio-positive group. The
mean value was 88.17 mg. per 100 ml. In the vibrio-negative cases of diarrhoea the blood
sugar was 120 to 130 mg. per 100 ml. in 3 cases, 95 mg. in I case, and 60 to 90 mg. in
14 cases, with a mean value of 78.83 mg. per 100 ml. The normal fasting level of blood
has been assumed to be 100 mg. per 100 ml."

Commenting upon these findings, the authors stated that-:
" While some of the cases had normal blood sugar, most of them exhibited definite

hypoglycaemia. The blood-sugar level was not related to the duration of the disease
during admission ... The relatively higher blood-sugar level in a minority of our cases
may be due to an increase of cortical hormone or to reflex adrenaline discharge in shock.
However, the observation of a low blood sugar in most of the cases is in keeping with
the established fact that hypoglycaemia characterizes advanced shock (Sayers, 1950).
In cholera this finding may perhaps be the result of deficiency of cortical hormone-an
excess of which is known to decrease the glucose tolerance."

Observations on urea

A markedly increased urea content of the blood in cholera has been
recorded not only by the modern observers enumerated below, but also by
several of the early workers, for instance by O'Shaughnessy (1831-32a),
Garrod (1849), and Herapath (1849).

Shorten (1918), who, as far as could be established, was the first among
the modern workers to make exhaustive observations on the urea content
of the blood in cholera, used for this purpose the urease method of Van
Slyke & Cullen (1916). He found that in all his 11 patients
" there was a definite increase in the urea concentration on admission. There was, as a
rule, a further increase to a maximum which was reached after a variable time-usually
3 to 6 days. In cases which recover, there is a gradual decline to the normal figure ".

Shorten emphasized that a high urea concentration was not incom-
patible with recovery and that, therefore,
" it is not the high urea concentration which is the cause of the symptoms observed in
post-choleraic uraemia".

In order to determine the urea content of the blood in their series of
17 cholera patients, Pasricha & Malik (1940) used a modification of the
colorimetric method of Beattie (1928), described in the paper of Malik &
Pasricha (1940). The urea content of the blood of these patients during
the acute stage of the disease was found to vary from 28 mg to 125 mg per
100 ml of blood with an average of 62 mg. Since the normal values varied
from 15 mg to 40 mg per 10ml of blood, there was thus as a rule an appre-
ciable increase of the urea content of the blood in the limited series of
chotera patients examined.
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Using a method devised by Mukherjee (1929) for the determination of
urea in the blood of their 105 cholera patients, Chatterjee & Sarkar (1941)
invariably found increased values. The two workers insisted that this
increase as well as that of the non-protein nitrogen (see below) was not
due to the concentration of the blood, because

" even in those cases in which the specific gravity is restored there still remains the high
nitrogenous retention, the figures being considerably high although reduced".

Wilkinson (1943), in a study on cholera in Hong Kong, stated that
during the anuric phase of the disease the blood urea content rises rapidly
and may reach very high figures. Thus one patient, who had been anuric
for over 50 hours, had at the end of this period a blood urea content of
350 mg per 100 ml of blood. It is interesting that he nevertheless recovered.

Further estimations of the blood urea content were made by Safwat &
Adham (1948b) in 63 cholera patients with the following results (showing
the maximal rise of blood urea figures):

Number of cases Maximal values (mg%)

25 40-100
18 100-200
12 200-300
8 300-390

In the case of 52 of these patients, the blood of whom could be examined
repeatedly, the blood urea values became normal in 25 % during the first
week, in 54% during the 2nd week, in 15 % during the 3rd week, and in
6°% later.

Reporting also on the results of blood urea clearance tests (made pre-
sumably according to the method of Moller and co-authors (1928), described
in the textbooks on laboratory technique), Safwat & Adham stated that

" Generally, figures obtained run close to those of blood urea, i.e., a minimal value
generally accompanied a maximum blood urea value and then urea clearance began to
rise to normal value as blood urea decreased. The minimum values obtained were as
follows: 5%, 18.6%, 22%, 33%, 35%, 39.5% [normal above 70%].

" The time from the onset of the disease to the time when a normal urea clearance
value was obtained ranged from 2-20 days. It ran parallel to the time taken by urea to
become normal."

It may be conveniently added that the two workers also made estima-
tions of the blood uric acid and creatinine with the following results:

" Blood uric acid: (normal from 0.3-3.5 mgm%). All cases had high values at the
beginning. Generally, the rise ran parallel to that of urea. The highest value obtained
was 11.76 mgm%, the next highest value, however, was 8 mgm%.

In all cases when normal values of blood urea were obtained, the uric acid values
were at the upper limit of normal range or slightly above normal ...

" Blood creatinine (normal 1-2 mgm %) was estimated in 6 cases only. The maximum
value obtained was 7.5 mgm %. The next highest value, however, was 4.2 mgm %.
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" Generally, creatinine values closely follow the urea values. It has been noticed in
the 6 cases examined that creatinine became normal before urea and uric acid, the time
being directly proportional to the amounts retained in the blood."

El-Ramli (1948), evidently referring to the group of 52 cholera patients
repeatedly examined according to Safwat & Adham (see above), asserted
that there was (a) no correlation between the haemoconcentration and the
blood urea content; and (b) as shown by 25 observations, also almost
invariably no correlation between the chloride and urea contents of the
blood in the sense that as the urea values decreased, the chlorides increased.
However, there was mostly a direct correlation between the blood urea
contents and the excretion of the chlorides in the urine, the latter increasing
as the blood urea figures decreased.

El-Ramli stressed that the blood urea content remained generally high
for 1-15 days after cessation of the diarrhoea and maintained, therefore,
with much reason, that one
" should not be misled by the hydration of the patient and the absence of diarrhoea
and vomiting. One must always think of this high urea concentration and look for it ".

Referring to blood urea determinations they had made with the aid of
nesslerization (a method going back to Nessler, 1856), Ghanem & Mikhail
(1949) stated that

" In 17 cases, the blood urea was estimated before and after treatment; it was high
in 11, the figures ranging from 41 to 179 mg. per cent., taking into account the fasting
state of the patient. In all the cases the blood urea returned to normal after treatment
except in three, where it rose, in only one of these was anuria present."

The two workers maintained in this connexion that an azotaemia, as
manifested by a high urea content of the blood, had no relation to the
clinical severity of the cholera attacks in question, to the blood concentra-
tion, or to a state of hypochloraemia. It was mainly related to dehydration
and circulatory failure, but a renal factor of a toxic nature probably also
accounted for the production of azotaemia-a postulation which will
receive further attention later in this study.

Observations on non-protein nitrogen

Recording the results of determinations of the non-protein nitrogen
content of the blood in 11 cholera patients according to the method of
Kjeldahl (1883), Shorten (1918) stated that

"Variations in the percentage of non-protein nitrogen appear on the whole to run
parallel to those of urea concentration: - A moderate increase on admission, a rise to a
maximum in three or four days, and a gradual drop to normal in cases which recover.
Here again the concentration in the blood bears no relation to the severity of the
symptoms, and an increase to a figure many times the normal amount does not preclude
convalescence. We may therefore exclude the nitrogenous metabolites from the list of
possible causes of the symptoms of this form of uraemia [i.e., post-choleraic uraemia]."

168



CHOLERA STUDIES. 8

In diametrical contrast to this contention of Shorten's, Dhar and col-
leagues (1930) postulated that, owing to an increase in the non-protein
nitrogen content in the blood of cholera patients, each instance of this
disease was one of potential uraemia.

Using the methods of Folin & Wu (1919) for determining the non-
protein nitrogen and creatinine contents in 13 cholera patients, and that
of Folin (1930) for uric acid determinations, Loh & Tai (1936) found that

" The content of non-protein nitrogen, creatinine and uric acid was considerably
increased, the increase being more than that due to the concentration of the blood. Even
after injection of an adequate amount of saline, their values, though lowered to a certain
extent, remained much higher than normal. Two factors may be responsible for this
rise: the first, the more important one, is due to anuria in the collapse stage and the
second is probably due to the increased protein destruction from dehydration of tissue
cells."

Pasricha & Malik (1940), utilizing a method described by Malik &
Pasricha (1940), found an appreciable increase of the non-protein nitrogen
content in the plasma of 17 cholera patients. The average values found
were 60 mg per 100 ml of plasma (limits 28-145 mg) as against normal
values of 18-30 mg.

The observations regarding the subject under review by Banerjee go
back to the year 1931 when this worker, in a handbook on cholera, drew
attention to the marked retention of nitrogenous waste products in the
blood of nearly all cholera patients. Though often becoming extreme, the
level of these products in the blood became lowered as soon as the urine
flow was re-established.

As further quoted by Banerjee (1941), Banerjee & Datta (1935) pointed
out that a high non-protein nitrogen content or urea retention in the blood
of cholera patients did not necessarily indicate a bad prognosis and insisted
upon the close relationship existing between haemoconcentration, hypo-
chloraemia, and nitrogen retention. Which of the two first-mentioned
factors was of greater importance for the production of nitrogen retention
(azotaemia) was a moot question. Banerjee (1939b) inclined to the view
that hypochloraemia played a more important role in this respect, because
he had noted that introduction of a fairly big quantity of fluid in the form
of glucose produced little change in the azotaemia, whereas a small quantity
of hypertonic NaCl solution improved both the hypochloraemia and azo-
taemia.

In his 1941 article Banerjee stated that a syndrome called " coma hydro-
chloraemicum " had been described by Porges (1932), in which a diminution
of the chloride content of the blood was associated with a rise of the nitrogen
content. This observation was confirmed by other workers quoted by
Banerjee, French authors speaking in this connexion of an azotemie par
manque de sel (nitrogen retention due to hypochloraemia). Banerjee felt
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convinced that a hypochloraemia invariably developed in seriously affected
cholera patients and, as quoted earlier in this study (see page 162),
maintained that this salt depletion was apt to lead to a retention of nitro-
genous waste products and renal failure.

Chatterjee (1941), in an article dealing with the histopathology of the
kidney in cholera already referred to in the sixth of these studies, stated
that a retention of nitrogenous products in the blood of patients suffering
from the disease was commonly met with, occurring in his experience in
790% of the cases, while an increase of the blood urea was met with in
720%. The retention of the nitrogen substances could not be explained
by the mere concentration of the blood, because it persisted in patients in
whom the specific gravity of the blood had been brought down to normal
values through saline infusions. Chatterjee pointed out that ample obser-
vations on a similar retention of nitrogenous substances had been made
in shock and allied conditions and that, as defined by Fischberg (1939),
this azotaemia, developing even though there was little or no structural
alteration of the kidneys, was of a pre-renal nature. As Chatterjee main-
tained with much reason, the azotaemia in cholera fell into the same category.
While the retention of nitrogenous waste products was associated with
hypochloraemia and decreased renal blood flow, in his opinion an action
of histamine-like substances, as they were produced by V. cholerae in
synthetic media, possibly also played a role in the production of azotaemia.

Supplementing these observations, Chatterjee & Sarkar (1941) stated
briefly that, as shown by an examination of the blood of 105 cholera patients
with the aid of a micro-Kjeldahl method, there was a retention of non-
protein nitrogen as well as of urea, which remained at a somewhat lowered,
but still " considerably high " level after the specific gravity of the blood
had been decreased through saline administration.

Also using a micro-Kjeldahl method, Chatterjee (1946) found in the
blood of a series of 55 cholera patients non-protein nitrogen values aver-
aging before treatment 57.8 mg per 100 ml of blood. He added that the
administration of saline and glucose solutions led to a lowering of these
values, giving, however, only few details in this respect.

Determining the content of the blood in non-protein nitrogen in the
case of 61 uraemic cholera patients, Tao, Woo & Loh (1948) found, in
a majority of them, values ranging from 70 mg% to 120 mg%. It is note-
worthy that there were 6 deaths among the 14 sufferers with blood non-
protein nitrogen values ranging from 121 mg% to 270 mg%, whereas three
fatalities only occurred among the 47 patients with corresponding values
below 120 mg%. There was no death in the group of 26 patients showing
a non-protein nitrogen level ranging from 51 mg% to 90 mg% in their
blood. Thus, as far as these insufficiently numerous observations went,
they indicated a relationship between the non-protein nitrogen level in
the blood of uraemic cholera patients and the outcome of the disease.
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Commenting upon their observations on the increased content of the
blood of cholera patients in urea, uric acid and creatinine (see page 167),
Safwat & Adham (1948b) expressed agreement with the view " that the
azotaemia noted in many cholera cases is of pre-renal origin ". They
pointed out that an analogous postulation had been made in the case of
cholera nostras by Froin & Marie (1912).

Lahiri (1951), recording observations on 90 cholera patients, stated that

" Increase of urea and total non-protein nitrogen of blood was noted in all the severe
cases examined and this was evident before there was prolonged anuria."

It is noteworthy that the sodium chloride content in the blood of these
patients was invariably found to be decreased.

Further reference to the findings recorded above will be made later in
this study in connexion with the problem of post-choleraic uraemia.

Observations on hyperbilirubinaemia and haemoglobinaemia

As will be further discussed later in this study, De and co-authors
(1952) described the case of a cholera patient in whom the presence of a
hyperbilirubinaemia and haemoglobinaemia was associated with a haemo-
globinuria, and suggested that the appearance of these signs was the result
of an absorption of the V. cholerae endohaemolysin into the circulation,
which brought about a destruction of the red blood cells (" intravascular
haemolysis "). In order to establish the frequency with which such a haemo-
lysis took place, De and colleagues (1954b) studied (a) 30 cholera patients,
in whom the diagnosis could be bacteriologically confirmed; and (b)
7 patients with clinical signs of the disease, whose stools gave negative results
for V. cholerae. It was found that all 30 patients with true cholera showed
evidence of hyperbilirubinaemia, whereas this was absent in the 7 patients
exhibiting only clinical signs of the disease, even though they manifested
a degree of haemoconcentration paralleling that met with in the bacterio-
logically confirmed cases. Soon after admission, three of the 30 cholera
patients showed a haemoglobinaemia with plasma-haemoglobin levels of
180 mg, 180 mg, and 138 mg respectively per 100 ml, while a fourth, ex-
amined on the day after admission, had a haemoglobin content of 96 mg
per 100 ml of plasma. In all these four instances the haemoglobinaemia
was found to have disappeared on the day after it was discovered. As De
and co-authors added,

" None of the cases of cholera showed any evidence of abnormal susceptibility of the
red cells to mechanical trauma, the average fragility [of the erythrocytes] showed no
significant difference among the different groups; and there was no significant rise in
the concentration of sodium chloride at which initial haemolysis took place."

Out of the 4 patients with haemoglobinaemia two also manifested signs
of haemoglobinuria, while in a third the first sample of urine (most likely

12
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to give a positive result) could not be tested and the fourth died in the stage
of shock without having passed urine. Only one of the 3 other patients
with haemoglobinaemia had an uneventful recovery, whereas two, like the
patient of De and co-authors (1952), eventually succumbed to post-
choleraic uraemia.

Further reference to these interesting findings will be made in a later
section of this study.

Circulatory Failure

General considerations

In contrast to the views held by early observers, it is now generally
agreed that the profound circulatory failure which, as will be described in
the following study, forms one of the most characteristic as well as distressing
features of severe cholera attacks, is not of a central origin but of a peripheral
nature. Aptly expressing the now accepted view, Henderson & Seneca
(1951) stated that the circulatory failure of cholera

" is of the extracardiac or shock type and is due to extreme depletion of the circulating
blood volume. It is quite unlike congestive failure, for the heart is intact, at least until
its function and structure are damaged by anoxia."

It is important to note that the two authors were careful to refer to the
circulating and not to the total blood volume. For, though it is certain
that the loss of body fluids characteristic of typical severe cholera attacks
leads to a reduction of the former, it would be erroneous to lose sight of
the fact that besides this a change in the distribution of the blood plays a
most important role in the production of the circulatory changes manifest
in severely affected cholera patients.

As already alluded to in the sixth of these studies,' early attention to
the importance of the latter factor was drawn by Simmonds (1892). Like
the above-quoted authors, he laid stress upon the fact that, in contrast to
other infectious diseases, the myocardium showed no signs of degeneration
in victims succumbing in the acute stage of cholera and not very marked
alterations in a number of those who succumbed later in the disease, and
also maintained that the only striking observation he was able to make in
regard to the blood, was its unequal distribution, which led to a congestion
of the viscera and an emptiness of the vessels of the integuments.

Similarly, Macleod (1910) summarized that in cholera

" The distribution of blood in the body is abnormal, the veins and their tributaries
are distended with thick dark blood, and the arteries and capillaries empty. The solid
organs exhibit well-marked venous engorgement."

1 See Bull. Wld Hlth Org. 1955, 13, 1145.
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Similar statements were also made more recently by Chatterjee (1939),
who has already been quoted in the sixth study,' by Banerjee (1941b),
and by Ghanem & Mikhail (1949). As Banerjee maintained, the circulatory
failure resulting in cholera from dehydration, while emptying the arteries,
led to an engorgement of the veins, particularly of the splanchnic area,
and to stagnancy in the capillary system. Ghanem & Mikhail (1949)
pointed out with great reason that the capillaries, especially those of the
intestinal mucosa, were capable of retaining several times the normal
blood volume. Thus in cholera " the effective rather than the total circu-
latory volume is reduced".

Systemic blood pressure

Ample observations initiated in 1908 convinced Rogers (1921) that in
cholera the blood pressure

"is below 70 mm. at the wrist in the majority of the patients on admission to the hospital,
and commonly below 50 mm. In extreme collapse it is too low to be measured at all at
the wrist, such severe cases forming over 40 per cent. of the admissions to Calcutta
hospitals. These observations were mainly made on native patients, whose normal
blood-pressure is only from 100 to 120 mm. In European patients equally marked loss
of pressure was also met with as a rule."

Commenting on the results of parallel determinations of the blood
specific gravity and the blood pressure in 836 cholera patients, Rogers
added
" that a great decrease in the blood-pressure is of more serious import than a very high
specific gravity of the blood ... Thus, in patients admitted with a blood pressure of
over 70 mm.... 91 per cent. recovered, and only 9 per cent. were lost, whereas in patients
admitted with a blood pressure below 70 mm., 73.4 per cent. recovered and 26.6 per cent.
died, and in those with little or no pulse at the wrist, indicated by a blood pressure actually
below 50 mm., the mortality was 30 per cent. or over three times that of the first class."-

Making daily observations on the blood pressure, Rogers also noted

"that if it remained below 100 mm. in adult males or 90 in females for two or three days
after the collapse stage was over, uraemic symptoms almost invariably developed and
proved fatal unless the blood pressure could be raised to over 105 mm."

Occasional instances were met with in which uraemia proved fatal in
spite of a blood pressure above 105 mm Hg, but in these patients chronic
kidney affections or other pre-existent pathological conditions of the
urinary tract (e.g., urethral stricture with back-pressure effects) were
invariably found.

The conclusion Rogers drew from these observations will be referred
to in a following section of the present study.

1 See Bull. Wld Hith Org. 1955, 13, 1144.
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Observations made during the 1947 Egyptian outbreak on 689 cholera
patients convinced El-Ramli (1948) that no constant parallelism existed
between the blood pressure and the blood specific gravity in their relation
to the state of dehydration of the sufferers. It was true that in 71.50% of
the patients in whom a high specific gravity of the blood indicated a dehy-
drated condition the blood pressure could not be measured at all with an
ordinary sphygmomanometer or was very low (70 mm Hg or less systolic
pressure, and no measurable diastolic pressure). However, in 28.5% of
the patients, even though the blood specific gravity was high, the diastolic
pressure was easily measurable and the systolic pressure varied from
80 mm Hg to 130 mm Hg. Thus in this group of patients " the blood
pressure could not be taken as a measure of dehydration". On the other
hand, in some instances in which dehydration, as measured by the blood
specific gravity, appeared to be slight or even absent the blood pressure
was very low or even not measurable at all.

El-Ramli further found that

" The blood pressure is generally corrected either with hydration or even before
complete hydration takes place. In cases that need repeated hydration the blood pressure
fluctuates with the specific gravity of the blood, but in a few of these cases it remains
corrected in spite of repeated dehydration. In rare cases in spite of hydration, the blood
pressure of patients continues to be low for some time."

Further observations on this point, made by Zaki & Ragab (1948), will
receive attention in the following section of this study.

Dealing with the problem of circulatory failure in cholera and its treat-
ment, Lahiri (1951; see also Lahiri & Basu, 1954) made the following
interesting statement:

" Circulatory collapse and haemoconcentration due to great loss of body fluid are
the immediate results of profuse vomiting and purging in cholera ... There is initial fall
of blood pressure as a result of loss of circulatory fluid in every patient presenting typical
signs and symptoms of the disease. In severe cases this fall is profound with imperceptible
radial pulse and inaudible sound in the cubital space when recording blood pressure
with a sphygmomanometer. In many patients immediate replenishment of the depleted
fluids and salts produces a quick recovery. But in others the circulatory collapse caused
by dehydration passes into a condition resembling secondary shock. This is commoner
in old persons, children and persons otherwise debilitated, also in untreated cases and
in cases where great loss of fluid has occurred... Recovery may of course occur in
many patients even when this shock syndrome has supervened but in some cases the
collapse persists in spite of all efforts."

In 56 of the patients suffering from such a secondary shock, and who
could not be revived through saline transfusion, the systolic blood pressure
was found to range from 60 to 80 mm Hg, or even less, with an average of
60-70 mm Hg in the majority. It is noteworthy that, in agreement with the
observations of Rogers, recorded above, in all these patients the specific
gravity of the blood was found to have been lowered through the treatment.
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Venous pressure and circulation time

Observations on the venous pressure and circulation time in cholera
have been made recently by Zaki & Ragab (1948) and by Chakraborty
(1954).

As summarized in the Tropical Diseases Bulletin (1949), the two Egyptian
workers

" found that venous pressure was lowered in all cases and that the degree of lowering
was proportionate to the severity of the case. Additional factors contributing to the
fail in venous pressure were the increased viscosity of the blood, compensating vaso-
constriction and loss of muscle tone".

Though the arterial pressure was also found to be lowered, it showed
a less close relation to the degree of clinical severity of the cholera attacks.
However, it was found that the higher the diastolic pressure was, the more
favourable was the prognosis.

The circulation time was found to be but slightly prolonged and its
determination was of no prognostic value.

According to an exhaustive review in the Tropical Diseases Bulletin
(1955), Chakraborty studied a series of 60 initially dehydrated cholera
patients, 6 of whom eventually succumbed to the disease in spite of saline
treatment. On admission, the systolic blood pressure in these patients was
never above 94 mm Hg and it could not be measured at all in 35 instances;
the same was true of the diastolic blood pressure in 46 instances. As noted
before (see page 130), determinations of the blood specific gravity in 31 of the
patients showed values below 1.065 in 2 instances, such from 1.065 to 1.069
in 15, and such from 1.070 to 1.072 in 14 cases.

Estimations of the venous pressure were made in 48 of the patients by
introducing into a cubital vein an intravenous injection needle connected
by a thin rubber tube to a spinal manometer. Values definitely above the
normal range of 2-10 cm of water, i.e., above 10 cm, were found in 9 in-
stances only, while the average value before saline treatment was 7.5 cm.
Infusion treatment led to an increase of the venous pressure averaging 4 cm.
After clinical cure values ranging from 7 cm to 10 cm were found in 6
instances, and values above 10 cm in 12 of the convalescents. A slight
further rise could practically always be noted afterwards.

The circulation time was determined by intravenous injection of 20%
dehydrocholine and recording the time after which a bitter taste was first
felt in the mouth. The average length of the circulation time in the 60
patients was 22.1 seconds as against a mean normal value of 13.5 seconds
(limits 9-18 seconds). Values above 18 seconds (maximum over 40 seconds
in 2 instances) were found in 46 of the sufferers. After saline treatment
the circulation time remained unchanged in one instance and was increased
in two others. In the 57 other patients a drop of an average of 6.3 seconds
in the circulation time was noted after treatment. At the time of discharge
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the circulation time was about normal in 19 instances, while in two it was
respectively 24 and 26 seconds.

With four exceptions the venous pressure was within normal limits or
but slightly increased when the circulation time was normal.

Renal Failure

Disturbances in urine secretion

That disturbances in urine secretion, manifesting a dysfunction of the
kidneys, are frequent in cholera and play a most ominous role in the clinical
pathology of this disease, is generally recognized. In fact, as De and co-
authors (1954a) recently put it,

" Even the lay villager of India gives a sigh of relief when the patient passes urine
after the day or two of the anuria of the algid stage."

As will be gathered from this statement, a complete cessation of the
urine secretion is frequently met with in severely affected cholera patients.
The most comprehensive statistical study made in this respect, by Rumpf
& Fraenkel (1894), showed that among about 3000 cholera patients in
regard to whom pertinent information could be obtained only 698 showed
oliguria instead of anuria. That this group of patients with merely dimin-
ished urine secretion included many slightly attacked sufferers is proved
by the fact that only 33 of them or 4.7 % succumbed, whereas there were
590 deaths (57.2%) among 1031 of the patients exhibiting signs of anuria.

Depending upon the severity of the cholera attacks, i.e., upon the
rapidity with which the stage of evacuation commences to pass over, or
has actually passed over, into the collapse stage, the time of onset of anuria
varies. As Lebert (1874) stated,

" It has been maintained that in a violent attack the secretion of urine ceases as early
as the period of discharges. But it is difficult to prove this statement, and the more
attentive patients assure us at times that in the beginning the urine escaped with the
discharges from the bowels, so that the quantity could not be noted. Still, it is undeniable
that suppression of urine occurs early in some cases."

Generally speaking, however, Rogers (1921) was right when stating that
" Suppression of urine ensues as soon as the evacuations have induced a marked

fall in the blood pressure; it is therefore present for a time, at any rate, in all but the
mildest cases of cholera; being an important symptom, as it is less frequent and sustained
in other forms of diarrhoea."

In relation to the severity of the attacks and the efficacy of the infusion
treatment given, the length of time during which the anuria persists may vary
considerably. Referring in this respect to the experiences of earlier workers
as well as to his own observations, Griesinger (1857) stated that in severely
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affected cholera patients the urine secretion was psually not restored before
the 2nd, the 3rd, or even the beginning of the 4th day from the onset of the
attack. Similar findings were also recorded by Lebert (1874).

While admitting that generally speaking the restoration of the urine
secretion took place hand in hand with the general improvement in the
condition of the cholera patients, Rumpf & Fraenkel (1894) claimed that
the anuria often persisted for days, for instance, for 12 and 15 days respec-
tively in two patients who eventually recovered, and in a third even for
17 days. Generally speaking, the two workers stated that:

"An anuria of 3-7 days is not uncommon either in recovering cases or in those with
a fatal issue. It is true that the prognosis is more favourable in the instances in which
anuria disappears early. Nevertheless lack of the urine secretion by no means invariably
indicated an unfavourable issue. On the contrary, the proportion of those who died
though amply voiding urine to the patients succumbing with signs of anuria or oliguria
was 4 : 6." [Trans.]

Rumpf & Fraenkel stressed in this connexion that a lack of urine secre-
tion could not be the cause of the comatose condition developing in cholera
patients.

As Sticker (1912) summarized, the anuria, while lasting only 1-2 days
in less seriously affected cholera patients, persisted in the severely attacked
for 2-4 days.

Modern observers have usually recorded less long a duration of the
anuric period in their cholera patients. Thus Loh & Tai (1936) briefly
mentioned that the anuria invariably developing during the collapse stage,
" may last 30-60 hours ". El-Ramli (1948) even maintained that in his
numerous cholera patients ""the excretion of urine became normal on the day
following hydration ". However, Lahiri (1951), studying 90 cholera patients
in the collapse stage, noted that in those who recovered, urine secretion
started after an anuric period lasting from 17 to 58 hours. Napier (1946),
while stating that a persistence of anuria for 4-5 days was usually followed
by death of the patients, referred to the instance of one sufferer, who
succumbed after he had been anuric for 9 days. Napier added that recovery
had been seen to take place in patients who had not voided urine for a period
of 4 days.

As will be further discussed when dealing with the results of urine
examination in the following section of this study, the urine first voided after
the period of anuria is scanty as well as highly abnormal in character.
However, this stage of oliguria is of short duration, the quantity of the urine
voided per day becoming first normal and then even unusually large, so
that, as some writers put it, a " critical diuresis " takes place during the
period of reaction or incipient recovery from cholera.

Even early observers, like Griesinger (1857) and Lebert (1874), felt
convinced that, plausible though it might seem at first glance, the anuria
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becoming manifest in cholera patients was not the direct result of dehydra-
tion. Lebert, though believing that severe cholera attacks led to a degene-
rative parenchymatous nephritis, admitted that the evolution of this renal
affection did not fully account for the anuria commencing as early as the
end of the stage of evacuation. He maintained that different factors, like
" dryness, diminished arterial pressure, distention of the veins, anatomical
changes in the cortical substance ", conduced to the production of the
anuria. However, like Griesinger before him, he attributed it mainly to the
great diminution of the blood pressure in the arterial system.

Liebermeister (1896), dealing with this problem, made the following
interesting statement:

" A considerable reduction of the urine secretion could be explained satisfactorily
by an abundant dehydration; it also occurs following the loss of water by other routes,
e.g., after excessive perspiration. However, whether a complete cessation of the urine
secretion, an absolute anuria, is produced through the water loss alone is perhaps doubt-
ful, even though in severe [cholera] attacks the loss of water is more conspicuous and
takes place more suddenly than in any other conditions. If, however, one considers at
the same time the severe circulatory failure, one finds a sufficient explanation of the
anuria. To ascribe, on the contrary, the anuria to an action of the [cholera] toxin on
the kidneys is untenable." [Trans.]

Though sharing the belief of early workers like Lebert that cholera led
to a nephritic affection of the kidneys, Sticker (1912) declared that during
the period of anuria this process was not advanced enough to account for the
cessation of urine secretion. He also admitted that even in the most severe
forms of glomerulonephritis the urine secretion never ceased so completely
and so suddenly as was the case in cholera. Sticker assumed, therefore, that
the anuria characteristic of the latter disease was due to the dehydration of
the patients and to an" anaemia in the kidney circulation ".

While maintaining " that the failure of the kidneys to secrete in the acute
stages [of cholera] is directly due to deficient blood-pressure," Rogers
(1921) also
" considered it as evident that, when the specific gravity of this fluid [i.e. the blood] is
much above normal, it will both circulate less freely through the kidneys and also allow
of greatly diminished escape of secretion owing to from one-half to two-thirds of the
fluid of the serum having been lost. Until the blood has been once more diluted to its
normal consistency, free secretion of urine is not to be expected."

Several subsequent observers, like Banerjee (1941b), Wilkinson (1943),
Napier (1946, 1951), Lahiri (1951), and Henderson & Seneca (1951),
maintained with great reason that the circulatory failure characteristic of the
collapse of cholera exerted a most important influence upon the urine
secretion by lowering the blood pressure below the minimum necessary for
glomerular filtration. This postulation is in accord with the now generally
held view, authoritatively expressed by Best & Taylor (1955), that

" Anuria occurs when the filtration rate [of the urine in the kidney] is greatly reduced
and reabsorption of the small volume of tubular fluid is complete."
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At the same time, however, some of the above-quoted observers as well
as other modern workers maintained that the influence exerted by the drop
in the blood pressure on the glomerular filtration, important as it was, was
not the only factor responsible for the production of anuria in the collapse
stage of cholera.

Ghosh & Chakraborty (1940) stated in this connexion that the distur-
bances of the osmotic balance of the blood, produced by the loss of alkaline
bases and chlorides in the evacuations, partly accounted for the suppression
of urine observed in the collapse stage of cholera. Similarly to this view,
Wilkinson (1943) drew attention to experimental findings which had shown
"that the kidney in salt-deficient animals does not secrete urine freely".

While agreeing with Rogers (1921) that a deficient blood pressure
played an important role in the production of the anuria met with in a
majority of the cholera patients, Chatterjee (1941) postulated that

" Haemoconcentration has also its probable part. The glomerular capillaries are
unable to produce a normal volume of filtrate from the abnormal concentrated blood
(Moon, 1938). Consequently after restoration of blood volume and lowering of the
specific gravity of the blood there is again the free secretion of urine, in the uncom-
plicated cases of cholera."

As maintained by Wilkinson (1943) and by Chaudhuri and co-authors
(1951c), it was an increased viscosity rather than an increased concentration
of the blood, leading-as Wilkinson put it-to a diminution of the minute
volume of the kidney, which played a role in the production of the anuria.

Tomb (1941, 1942) came to the conclusion that a deficient oxygen
supply to the kidney accounted for the anuria met with in cholera as well
as in other shock conditions.

In the opinion of Ghanem & Mikhail (1949), the anuria, met with in
only 9 of their 23 cholera patients, was partly related to the degree of clinical
dehydration. They maintained, however, that

" circulatory factors, especially the venous pressure, also play an important role. Analysis
of data also suggests a renal element in the production of anuria as well as azotaemia. . .'

In regard to the last of these postulations it is noteworthy that according
to Napier (1946, 1951), besides haemoconcentration and circulatory failure
through loss of blood volume,

" possibly some degree of toxic vasomotor paresis with resultant haemostasis lead to
failure of the renal circulation, and therefore of renal secretion".

De and colleagues (1954a) asserted, on the other hand, that, in addition
to the reduction of renal blood flow, a cortical vasospasm took part in the
production of the anuria. This contention deserves greater attention than
the postulation of Napier-the more so because, as discussed in the sixth
of these studies,' it is unlikely that the endotoxin of V. cholerae exerts a

1 See Bull. Wid Hlth Org. 1955, 13, 1162.
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direct action on the kidneys. It is important to consider in this connexion
that Best & Taylor thought the ischaemia of the renal cortex, which they
suspected of playing a causative role in the production of anuria in shock
and allied conditions, to be due to a diversion of the blood through the
juxtameduliary glomeruli. De & Sengupta (1951) found evidence of such
a shunting of the blood from the cortex to the medulla in the kidneys of a
cholera victim, who had clinically shown signs of profound collapse and
anuria.

Results of urine analysis

In view of the limited opportunities for observation and the difficulty
of collecting urine samples from patients manifesting the violent and often
even uncontrollable purging characteristic of serious cholera attacks, it is
not surprising to find that statements regarding the nature of the urine
secreted by the sufferers before the onset of anuria are not numerous. To
judge from the available evidence (see, for instance, Griesinger, 1857;
Liebermeister, 1896; Sticker, 1912; Napier, 1946), prior to its suppression
the urine voided by cholera patients is scanty, of high specific gravity, rich
in salts and urates, and as a rule contains albumin. As added by Sticker,
casts and epithelia are found in the sediment.

As described by Griesinger (1857), the first urine voided after the period
of anuria

" is usually turbid, of a dirty-brownish or deeply yellow colour, of low specific gravity
(1.007-1.010 according to Lebert, 1856), contains almost always, but not without exception,
varying, often very considerable amounts of albumin,' is mostly very poor in urea and
sodium chloride, which latter (owing no doubt to the great salt loss from the intestine
during the attack) is often altogether absent. The urine forms a sediment consisting of
epithelia of the urinary bladder, fibrinous [? hyaline] and epithelial casts, leucocytes
and not rarely erythrocytes derived from the bladder mucosa, as well as crystals of uric
and oxalic acid (Guterbock, 1853)." [Trans.]

Continuing his classical description, Griesinger stated that

" The second urine, following most often a few hours after the first, is already abundant
and very often already free from albumin. If recovery is undisturbed, hand in hand with
hydration of the blood, as well as with the restoration of the circulation and the meta-
bolism, the urine secretion rapidly increases, so that on the 3rd to 6th day it usually reaches
a maximum far surpassing the normally voided amount; afterwards the quantity decreases
and gradually becomes normal. In the abnormally large amounts of urine, quantities
of urea far surpassing the normal are voided. On the contrary, according to Buhl [1855],
the sodium chloride content of the urine only becomes maximal when the urea content
decreases; according to Giuterbock [1853] for the first 8 days after the restoration of the
urine secretion the amounts of sodium chloride present cannot be determined by weigh-
ing." [Trans.]

According to Griesinger and to Sticker (1912), the presence of albumin in the urine of cholera patients
was first demonstrated by Hermann (1832) during the 1830 Moscow outbreak.
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Interesting additions to the information supplied by Griesinger were
soon made by (a) Begbie (1862) who, as quoted by Sticker (1912), " found
in the first urine after addition of mineral acids a marked purpuric colour
as a 'pathognomonic sign' of past cholera" ; and (b) Wyss (1868), who
definitely proved the presence of large amounts of indican in the urine
voided by cholera patients during the reaction stage.

Further important observations on the urine of cholera patients were
made during the 1892 outbreaks by Hoppe-Seyler (1892), Quincke (1892),
Bette (1892), and Terray, Vas & Gara (1893).

Hoppe-Seyler (1892), examining the urine of three cholera patients,
found a marked indoxyl content, especially in the samples voided imme-
diately after the anuric stage. Then the indoxyl secretion soon decreased
and disappeared altogether during the stage of " critical diuresis ".
As shown by parallel examinations of urine samples obtained from patients
with gastro-enteritis, neither the presence of large amounts of indoxyl nor
the increased content of the cholera urines in ethyl sulfuric acid, which
was also established, was characteristic of cholera alone.

Besides proving positive for aceto-acetic acid, the urine samples collected
from the cholera patients also gave marked reactions for ammonia. As
Hoppe-Seyler pointed out, the latter result was in accord with the marked
secretion of acid in the urines, which was connected with the lowered
alkalescence present in cholera patients. Reference to a similar observation
of Quincke (1892) has already been made in an earlier section of this study
(see page 159).

As excellently described by Bethe (1892), the first urine voided by cholera
patients after the anuric period
" was of the usual straw-yellow colour but invariably very turbid, and on standing formed
a thick sediment. The latter consisted microscopically mostly of casts, present in an
amount and in a completeness never so far seen by me in any other disease; there are
extraordinarily long, mostly hyaline, casts, but also partly fragments of the straight and
convoluted tubules, to which a fatty detritus is affixed. In between are fat-infiltrated
renal epithelia and in specially large numbers bladder epithelia, further mucus cells, and
leucocytes. Erythrocytes I have found but rarely and then only in small numbers. The
amount of casts is of prognostic importance-the larger their number, the better is the
prognosis... The first urine is strongly acid and very rich in albumin. Its amount is
small (100-150 ml), but is increases soon, usually reaching on the 3rd or 5th day the
normal quantity of 1500-2000 ml. Hand in hand with this increase in quantity goes a
decrease of the albumin content, so that usually the urine becomes quantitatively and
qualitatively normal at one and the same time." [Trans.]

As further stated by Bethe, in all cholera convalescents, regardless of
whether they had been seriously or slightly affected, the quantity of the
urine became further increased to reach amounts far above the normal.
In ten of his convalescents the daily output of urine increased to 2200-4200
ml. The specific gravity of these urines was maximally 1.012, and in 6 in-
stances 1.007 or less (twice as low as 1.001).
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A careful study of the urine of 17 cholera patients (14 of whom had
been seriously affected) led Terray, Vas & Gara (1893) to the following
conclusions:

" 1. The so-called first urines are characterized by a small amount, a greenish-brown
colour, median specific gravity, and strongly acid reaction. They contain plenty of
albumin and yield a copious sediment, consisting mainly of casts and renal epithelia,
but also of leucocytes, more rarely of erythrocytes. The amount of the solid contents,
especially of NaCl, Ca, and Mg is markedly decreased. The secretion of urea and
phosphoric acid shows only a slight decrease or none at all. Both kinds of sulfuric
acid are comparatively increased... The amounts of indoxyl- and phenyl-sulfuric acid,
of ammonia, and of acetone are also large; aceto-acetic acid is also demonstrable.

" 2. A diuresis commences in the stage of reaction or even as early as in the stadium
typhosum. At the same time the elimination of the products derived from the destruction
of the organ tissues commences. Urea, phosphoric acid, as well as ammonia are eliminated
in large amounts. The amounts of total sulfuric acid and B-sulfuric acid are maximal in
this stage. .. The secretion of NaCl, Ca, and Mg increases incessantly, mostly reaching
or even exceeding the normal values. Indole, phenol, albumin, and acetone are always
present in large amounts. Aceto-acetic acid is still demonstrable.

" 3. The diuresis reaches its maximum in the period of convalescence. The urea
secretion is still increased; likewise phosphoric acid and ammonia are often eliminated
in larger amounts. The amount of the total sulfuric acid still shows constantly high
values, while the proportion of the two sulfuric acids slowly becomes normal. NaCl,
Ca, and Mg have reached or even exceeded the normal values. Albumin as well as the
formed elements have disappeared. Indole and phenol are present in considerably
decreased amounts or are not found any more; the same is true of acetone and aceto-
acetic acid. In one instance there was a glycosuria lasting for 3 days." [Trans.]

As can be gathered from the text of the article by Terray and co-authors,
the maximal daily amounts of urine voided 6-14 days after onset by the
patients who had been seriously affected usually varied from 2000 ml to
5000 ml. Once the daily output reached the extraordinarily high figure of
7000 ml. A maximum of 6000 ml per day was observed in the case of
one of the slightly affected patients.

Rumpf & Fraenkel (1894) stated that, though as a rule the quantity
of urin2 first voided after a cholera attack was small (sometimes only
20-30 ml), occasionally it amounted to 400-500 ml; in an exceptional
instance a cholera patient even voided after an anuric period of 2 days
3500 ml of urine with a specific gravity of 1.020. Generally speaking, in the
experience of these two workers, the specific gravity of the first voided urines
was not invariably low, reaching sometimes values of 1.015-1.020, and de-
creasing during the following days. Albumin was almost invariably present;
in one patient who eventually recovered the albuminuria persisted for
11 days.

Making nitrogen determinations with the aid of Kjeldahl's method,
Rumpf & Fraenkel found that the N content of the urine was apt to be
high in comatose cholera patients who eventually succumbed, as well as
in sufferers who recovered after having been in a serious condition. In the
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opinion of the two workers, therefore, there was no reason to assume that
excretion lacking in nitrogen was the cause of the coma or of related serious
signs manifest in cholera patients.

Comparing the results of urine examination in 23 cholera patients who
showed signs of moderately severe collapse with oliguria but eventually
recovered with those obtained in the case of 6 sufferers who succumbed to
uraemia, Nichols & Andrews (1909) recorded the following average findings:

23 recovering patients 6 patients developing uraemia
Day of Quantity of Total Quantity of Total
illness urine (ml) Albumin * Urea ** solids t urine (ml) Albumin * Urea ** solids t
1st 18 1.5 0.8 3 17 1.0 0.05 0.5
2nd 188 1.6 2.0 5 10 3.0 0.06 0.4
3rd 725 1.0 12.0 17 50 1.7 0.22 1.1
4th 1023 0.9 17.0 23 60 1.6 0.20 1.3
5th 1337 0.7 20.0 27 153 2.0 0.40 4.0
6th 1764 0.5 24.0 30 125 2.0 1.00 4.0
7th 1810 0.5 30.0 34 160 2.0 2.00 4.0
* Macroscopically estimated with the aid of nitric acid tests

** Estimated with the aid of the ureometer of Doremus
t Estimated with aid of specific gravity determinations

It will be noted that in the recovering patients the quantity of the urine,
the urea output, and the specific gravity increased, while the albumin
content showed a decrease. In the patients who afterwards succumbed
to uraemia, an oliguria continued to be present and was associated with
a high albumin content, whereas the urea output and the specific gravity
showed only a slight increase.

Sellards (1910), performing urine examinations in the course of a study
on acidosis in cholera (see page 159), recorded the following observations:

(1) Tests for aceto-acetic acid made in the case of 20 cholera patients attacked with
different severity and in different stages of the disease gave dubious results, which have
to be considered negative in view of the fact that none of the specimens gave a definite
reaction for acetone. It has to noted, however, that these findings are not in accord
with the positive findings recorded by some of the above-quoted workers as well as
with those of Loh & Tai (1936) mentioned below.

(2) As Sellards stated:
" In the examination of 28 cases we have found, almost uniformly, an increase in

the ammonia coefficient. There were but 6 cases which at any time gave a coefficient
of less than 5 per cent, and 3 of these were receiving alkali or acetate in relatively large
amounts. In some instances the increase was comparable only to the values obtained
in the acid intoxication occurring in diabetes."

(3) As already mentioned earlier in this study (see page 159), Sellards further found
that:

" Cholera patients showed a definite tolerance to alkalies, a considerable excess of
sodium bicarbonate being required to render the urine alkaline as compared with normal
individuals. Within certain limits, the administration of alkalies not only failed to render
the urine alkaline, but its acidity was even increased, as measured by titration."
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(4) Also making urea determinations by the hypobromite method in the urine of a
number of cholera patients, Sellards found that in the early stages of the disease " a
suppression of urea somewhat comparable to the suppression of urine" took place.
In the case of patients who were treated with sodium chloride infusions, an increase of
the urea output in the urine took place gradually, whereas in those treated with alkaline
solutions a sudden increase of the urea output was often noted, which was not due to a
diminution of the urine flow, but was rather accompanied by an increase of the urine
volume. Sellards expressed the belief that the initial suppression of urea was not due to
a failure of the kidney to excrete urea but was the result of metabolic disturbances created
by the acidosis.

As may be conveniently added, further examinations of urine samples
collected from 50 patients with bacteriologically confirmed cholera and
27 healthy individuals by Chatterjee & Malik (1938) showed, in accordance
with previous findings, that the reaction of the urine, determined with the
aid of Hellige's comparator, was markedly acid in the acute stage of cholera
(pH 4.4-5.4), but became gradually normal as the acute symptoms subsided.
On the 7th day after onset of the disease the average pH of the urine samples
collected from the cholera patients was 5.9 as compared to a pH of 6.0 in
the controls.

Attention has to be drawn next to observations by Tsurumi & Toyoda
(1922) who stated:

" Quantitative tests for chlorids in the urine, were made by Moore's method [1] in
ten cases and showed that the quantity of chlorid decreased markedly as the patient's
condition reached a very serious stage and increased as he improved, gradually reaching
the physiologic state. The quantity of chlorid contained in the urine of a healthy person
is about 1 gm. In our patients, the average was only 0.2 gm. on the second day of the
disease, 0.4 gm. on the fifth day, and 0.5 gm. on the ninth day."

According to Takano and co-authors (1926), further observations by
Japanese workers showed that the urine passed in small amounts (50-
100 ml) by a part of the cholera patients during the acute stage of the
disease

" is strongly acid and contains a large amount of albumin. Red blood corpuscles and
cylinders may be seen. There is no sugar in the urine at any stage. In many cases, the
indican and creatinin reactions are strongly positive."

Interesting results were obtained by Loh & Tai (1936) through examina-
tion of urine samples collected during the later stage of the disease from 16
cholera patients, who generally showed a fairly marked degree of acidosis
and uraemia and five of whom eventually succumbed:

(a) The urine was invariably scanty in amount.
(b) The specific gravity, measurable in only 8 of the patients, varied from 1.002 to

1.009, but was almost always below 1.005.
(c) Albumin was invariably present and often plentiful.

No reference to this method could be found in the available handbooks on laboratory technique or
technical dictionaries.
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(d) " Acetone bodies " were likewise invariably met with, but tests for them gave
mostly weakly positive results.

(e) Granular casts were always found, hyaline casts less regularly.
(f) Leucocytes were almost invariably seen in the sediment and were quite often

plentiful.
(g) Erythrocytes were found in the sediment in 8 -of the patients and were twice

plentiful. It is noteworthy that the two patients with numerous red blood corpuscles
in their urine succumbed to the disease-presumably to uraemia. Four out of the
6 patients with less plentiful erythrocytes in their sediment recovered.

(h) Phenolsulfonephthalein excretion, determined according to the method of
Geraghty & Rowntree (1911), was found to be low in all 7 patients tested in this respect.

Further observations on the urine of cholera patients were made during
the 1947 Egyptian outbreak by Safwat & Adham (1948b), El-Ramli (1948),
and Ghanem & Mikhail (1949). The first mentioned two workers, recording
findings made in 8 patients, stated that

"1 - At the beginning, all the 8 cases had albuminuria which disappeared with
the general improvement of the excretory power of the kidney and drop of blood urea.

" 2 - At the beginning all the cases had oliguria which rapidly changed to polyuria
that persisted for some time, though the blood urea values were still high.

" 3 - Low values of urine specific gravity were obtained, even from small volumes
of urine. The specific gravity began to rise only when the blood urea became normal
(from 20-40 mgm %).

" 4 - At the beginning hyaline and granular casts were found in 4 of the 8 cases.
" - In all 8 cases examined, the chlorides in the urine increased with the general

improvement of the case and the drop of blood nitrogenous constituents."

According to El-Ramli (1948) if was found that after hydration 80%
of the patients who had shown a high blood urea concentration passed
normal amounts of urine (about one litre in 24 hours) or even had polyuria.
In the remaining 20% oliguria evidently continued to be present. In 60%
of the patients showing a high urea content in their blood, varying amounts
of albumin were found in the urine, mostly with casts and occasionally
with erythrocytes. Usually the albumin appeared in the urine of these
patients early in the disease, but sometimes it appeared only at the end of
the first, or at the beginning of the second week. In 40% of the patients,
the urine was normal in amount and free from albumin, casts, or erythro-
cytes, even though the blood urea content was high; while the specific
gravity, chloride content, and urea content were below normal. In most
instances the chloride excretion in the urine increased in direct correlation
with a decrease of the urea content in the blood.

Determining the chloride content of the urine in 7 recently admitted
cholera patients, Ghanem & Mikhail (1949) found values varying from
1.5 g to 10.5 g per litre, but of 3.5 g or less in 5 instances. Higher figures
were found after infusion treatment. Commenting upon their initial find-
ings, the two workers stated:
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" Taking into consideration the small amount of urine passed [usually not more than
100 ml], these figures indicate marked salt depletion. In comparing the urine chlorides
with the blood chlorides, no correlation could be found suggesting that tissue electrolyte
depletion does not reflect itself in the level of blood chlorides. This also shows that
blood chloride estimation is fallacious as an indicator of the total loss of these ions in
mixed depletion, the urine chlorides are more useful for this purpose, and can be taken
as measure of the degree of salt depletion and as a guide to salt therapy."

However, regardless of whether or not one accepts these postulations,
ample experiences have shown that it is mostly impossible to obtain urine
specimens for examination in the early stage of severe cholera attacks.
Therefore other criteria have as a rule to be used for the purpose of adminis-
tering the infusion treatment in an adequate manner.

As has been noted already earlier in this study (see page 171), De and
co-authors (1952) observed haemoglobinuria in a cholera patient who had
been admitted in a state of collapse 6 hours after onset of the disease. The
urine which he first passed 6 hours after hospitalization, showed

"port-wine colour; acid reaction, albumin +++; red blood cell + ± ++; hyaline
casts +. The supernatant fraction of the freshly voided centrifuged sample showed
absorption bands of methaemoglobin... and was positive to chemical test for blood."

The urine passed on the following day in a quantity of 528 ml had a
deep yellowish colour and a specific gravity of 1.016; red cells +++,
granular casts +; tests for blood in the supernatant portion of the centri-
fugate gave a negative result. The urobilinogen content of the urine was
high.

Albumin, erythrocytes, and casts persisted in the urine of the patient,
who succumbed with signs of uraemia on the morning of the 7th day of
illness.

Examining (a) urine samples collected almost daily from 25 patients
suffering from bacteriologically confirmed cholera; and (b) control speci-
mens from 10 patients with non-choleraic diarrhoea (or acute dysentery)
with clinical signs of dehydration, De and co-authors (1954a) found that

" after an attack of cholera excretion of albumin and casts is a constant feature and
continues for 3 to 17 days. Haematuria lasted for 0 to 17 days-only 3 out of 25 cases
did not pass any red blood cells, while in 2 cases they were detected only on the first
day. The degree and duration of these urinary abnormalities did not depend upon the
duration of anuria (14 to 48 hours) in the stage of shock."

It is of great interest to note that two out of the three cholera patients
of this series, who, in addition to the above-mentioned findings in the
urine, also showed evidence of haemoglobinuria, subsequently succumbed
to post-choleraic uraemia. While in their case the excretion of blood,
albumin, and casts in the urine was continuous and progressive, the urine
of the third patient with haemoglobinuria became quickly normal, and
recovery ensued.
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Only two instances of anuria, lasting for 12 and 36 hours respectively,
were met with in the controls. Albuminuria, continuing for 1-5 days, seems
to have been present in all of them, but some erythrocytes and casts were
found only in specimens collected from the two previously anuric patients.

Post-choleraic uraemia

It is not surprising to find that the numerous workers who have dealt
with the subject of post-choleraic uraemia have reached no agreement as
to the etiology of this symptom complex. For, as can be gathered from a
comparison of the different modern textbooks on pathological physiology
and medicine, generally speaking, this question has not been settled. Under
these circumstances it is necessary to approach the problem of post-choleraic
uraemia in a humble spirit of enquiry rather than with an attitude of cer-
tainty.

While the early observers were practically unanimous in stating that
the post-choleraic uraemia was the result of a retention of urea and other
nitrogenous substances normally excreted in the urine, they voluminously
debated the relation of this symptom complex to what they called " cholera
typhoid". Griesinger (1857), dealing with the latter subject, denied that
the patients showing the features of this condition invariably suffered from
uraemia. For, he said,

" there are typhoid conditions in which nothing permits of this assumption and the
blood can undergo many other alterations as a consequence of a [cholera] attack (retention
of other products of secretion, absorption of components of the exudate, sequelae of
the salt loss, etc.)... But it is undeniable that an insufficient urine secretion is one of
the most important morbid features of this period, and that in a considerable number of
cases the presence of an uraemia is sufficiently confirmed on account of the clinical
manifestations and the post mortem findings." [Trans.]

However, Griesinger insisted, only those cases fell into the category of
uraemia,
" in which either the urine secretion did not become restored or soon ceased again, or
in which at least but very little urine with a very low specific gravity and a high albumin
content was voided ". [Trans.]

Lebert (1874), besides mentioning that according to Frerichs (1851)
the so-called cholera typhoid was an uraemic condition, also pointed out
that
" the later the secretion of urine is established after the third day, the graver are the
symptoms that may develop from the retention of urea and its transformation into car-
bonate of ammonia; some of these patients die of exhaustion and others with the typhoid
manifestations of uraemia."

Another point emphasized by Lebert was that, as far as his experiences
went, the nephritis of cholera almost never became chronic-an observation
confirmed by all subsequent workers.

13
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Lebert's claim as to the frequency of uraemia in those patients who had
been anuric for a long period was supported by observations of Rogers
(1909b). For, as the latter worker stated, an uraemia was particularly
often met with (a) in cholera patients admitted more than 48 hours after
onset of the disease, the early treatment of whom had been consequently
neglected; and (b) in sufferers who had been attacked with particular
severity, so that-in spite of early commenced treatment-it was extremely
difficult to restore the urine secretion. Thus, as Rogers added in 1921,

" In both cases there has been prolonged suppression of urine and stasis of the renal
circulation, making the restoration of the functions of the kidneys a difficult matter.",

It was in accord with these observations that, as Rogers (1909b) stated,
signs of uraemia appeared more commonly in those cholera patients whose
systolic blood pressure could not be raised above 100 mm Hg. Further,
examining the kidneys of patients who had died in the uraemic stage of
cholera, he was

" struck by the amount of effused blood in and around the convoluted and straight
tubules and the tense state of the capsule enclosing the extremely congested organ; all
suggesting an actual mechanical difficulty in the re-establishment of an efficient circula-
tion through the organ."

" In order to test if this was the case or not, " Rogers continued, " I tried perfusion
of normal saline solution through the renal artery from different heights, so as to measure
the actual pressure required to obtain a fairly full outflow from the renal veins."

He established in this manner that, while a pressure equal to 20-30 mm
Hg sufficed to perfuse the kidneys of subjects who had died of other causes,
a pressure of 90-100 mm Hg was necessary to obtain the same result with
the kidneys of victims to post-choleraic uraemia. In one of the latter experi-
ments, subsequent splitting of the renal capsule reduced the pressure
required for perfusion to 20 mm Hg. Since, moreover, a pressure of 30 mm
Hg sufficed to perfuse the kidney of a cholera victim who had died of a
complication after the urinary flow had become re-established, Rogers
felt convinced that only in post-choleraic uraemia did an obstruction of
the renal circulation exist to a marked degree. It seemed to be a corollary
to this contention that it was sometimes possible to save uraemic cholera
patients with a blood pressure not exceeding 100 mm Hg through the
administration of adrenaline and digitalis.
A further noteworthy contribution to the matter was made by Sellards

(1910; see also Sellards, 1914), who, though believing that cholera uraemia
was the result of the appearance of a nephritis, pointed out that in this
process

1 It is interesting to note that views similar to those of Rogers have been expressed quite recently by
Chakravarti & Mondal (1956). Their conclusion was " that in cholera two types of renal reactions might be
encountered. Firstly (in the majority of cases) there might be initial renal failure due to a quickly reversible
functional disturbance following extreme fall of blood pressure and possibly due to compensatory renal
ischaemia ... in the second group, during the initial shock stage, the ischaemic process may be acting too
long to precipitate variable organic damage of the kidney ".
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" the symptoms of acid intoxication become so intimately related to those of uraemia
that differentiation is hardly possible. Indeed it has been suggested by Senator [1902]
that uraemia from any cause whatsoever is only an acid intoxication."

Again referring to the relation between uraemia and acidosis, Shorten
(1918) asserted that

" Post-choleraic uraemia is really a misnomer. The condition really is a retention
acidosis, as shown by the diminished alkalinity, phosphatic retention, and peculiar type
of dyspnoea. The concomitant retention of urea and other nitrogenous metabolites
does not appear to be of any importance, except insofar as it denotes abeyance of the
function of the kidneys."

Though, as will be discussed below, this postulation deserves serious
consideration, the authors dealing with the problem of post-choleraic
uraemia after Shorten's publication often continued to lay stress upon the
pathogenetic role of the retention of nitrogenous products rather than
upon that of acidosis. Reference has been made already in this respect to
the views propounded by Dhar and co-authors (1930, quoted on page 169
above). A further interesting statement in point by Loh & Tai (1936)
was that

" The retention of non-protein nitrogenous substances in the blood, the low sulpho-
nephthalein excretion, the low specific gravity of urine which is always scanty, and the
presence of albumin, casts, and cellular elements indicate serious damage of the kidneys
and profound disturbances of the renal function."

Pointing out that the blood pressure, while markedly lowered in the
collapse stage of cholera, was usually not significantly low after rehydration,
the two workers maintained in contrast to Rogers that attempts to raise the
blood pressure at this stage with the aid of analeptics were of no value in
either preventing or curing uraemia. Since both this condition and acidosis
were the more likely to become serious the longer the anuria had lasted,
a rapid restoration of the urinary flow was one of the main tasks of rational
cholera treatment.

Tomb, as well as Chatterjee, writing in 1941, stressed the importance of a
pre-renal azotaemia in the causation of post-choleraic uraemia. The former
author quoted in this respect a statement by Langdon-Brown & Evans
(1937), according to which, in Tomb's words,

" More recently the name ' non-renal uraemia ' has been given to the high grade of
urea-retention which may develop as a result of non-renal factors. Amongst the most
important of these factors are vomiting and diarrhoea both of which cause urea-retention
through loss of body fluids and the accompanying loss of chlorides."

Chatterjee (1941), while admitting the paramount importance of the
pre-renal azotaemia, considered it possible that the histological changes
(thickening of the basement membrane of the glomeruli) detected by him
in the kidneys of uraemic cholera victims, because they impeded filtration,
might to some extent be co-responsible for the high level of nitrogenous
products in the blood.
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Commenting upon the case of a patient who showed clinical signs of
post-choleraic uraemia associated with a high level of non-protein nitro-
genous products in the blood, but with a urine specific gravity of only
1.010, Chatterjee maintained that possibly this low specific gravity of the
urine could be explained

" by the functional disturbances of the tubules and their inability to concentrate urine
and absorb water owing to the great thickening of the basement membrane as well as
the engorgement of the capillaries ".

As further stated by Chatterjee, there was no reason to assume that
pre-existing kidney diseases frequently accounted for the appearance of post-
choleraic uraemia; such chronic kidney alterations were met with only
in two of the 13 uraemic cholera victims examined by him. Moreover,
78 % of these victims were less than 35 years old. Similar observations were
afterwards recorded by Wilkinson (1943), who found a uraemic condition,
ascribed by him to acidosis, particularly frequent among " stocky, broad-
shouldered young men ". It is noteworthy, however, that in contrast to
these experiences Henderson & Seneca (1951) maintained the incidence of
post-choleraic uraemia to be higher than usual in patients with damaged
or overburdened kidneys, e.g., in pregnant women. Rogers (1952), besides
stating that in his experience fatal post-choleraic uraemia was most fre-
quently met with " in feeble Indian subjects of fifty years of age and
upwards ", also asserted that

" A very slight degree of chronic interstitial nephritis, requiring an abnormally high
blood pressure to produce sufficient renal secretion in a healthy subject, is another not
rare cause of fatal post-choleraic uraemia. Such fibrosis of the organ is met with much
more frequently in fatal cases of cholera than in the general run of autopsies."

Safwat & Adham (1948b), though entitling their valuable article
Uraemia in Cholera, dealt not so much with this condition as with azo-
taemia. Since, examining the kidneys of a few uraemic cholera victims, they
found marked histological changes, they did not wish to exclude the possi-
bility that the latter might have played a causative role in the production
of azotaemia. Nevertheless, they admitted that " the azotaemia noticed
in many cholera cases is of pre-renal origin ".

Recording observations on 689 cholera patients, El-Ramli (1948)
maintained that only a minority of the sufferers with a high urea concentra-
tion in the blood developed " the well known classical signs and symptoms
of uraemia ", and that " their prognosis was worse than that of the others ".
Some others did not show signs except a slight weakness, while the majority
of the patients with a high blood-urea level

" were found to be easily fatigued with slow cerebration. The tongue may be dry or
moist, the appetite is bad, slight diarrhoea and a slight hiccough may be present but
-vomiting is rare. The urine in most of the cases is normal in amount and, in a good
proportion, free from albumin."
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Such patients rapidly improved as the urea content in their blood
decreased, and apparently they became well before the blood-urea level
became normal.

Discussing the problem of post-choleraic uraemia in an interesting
article, to which repeated reference has already been made in this study,
Chakravarti & Chaudhuri (1954) laid stress upon the fact that the plasma
potassium level as well as the urea concentration of the blood were high
in a group of 8 patients who succumbed to uraemia, or pulmonary oedema,
or both, thus supporting the assumption that the much raised potassium
concentration in the plasma was a contributory cause of death. In two
further patients, who could be cured even though they had developed
uraemia, the initially very high potassium and urea levels came down to
normal with recovery, the plasma potassium levels even temporarily reaching
subnormal values in one of these two convalescents.

On account of the findings recorded earlier in this study (see page 186),
De and his colleagues (1954a, 1954b) came to the conclusion that the
initial haemoglobinaemia and haemoglobinuria observed in some of their
cholera patients might have played an important role in the subsequent
development of uraemia.

For an evaluation of this postulation, reference has to be made to a
statement by Rogers (1921), according to which post-choleraic uraemia was
particularly frequent in what he called the haemorrhagic form of the
disease. Rogers evidently used this term to designate instances in which
haemorrhagic stools were found during life and extensive haemorrhages
were seen on the intestinal mucosa, especially that of the caecum, at autopsy.
However, Rogers also drew attention to extensive haemorrhages in the
kidneys apparently met with only in the cholera victims who had succumbed
to uraemia.

It has also been noted (see page 185) that Loh & Tai described two in-
stances in which apparently fatal post-choleraic uraemia was associated with
the presence of numerous erythrocytes in the urine.

Still, while these earlier findings lend indirect support to the postulation
of De and co-authors, the observations made by the latter workers are not
numerous enough to permit of a decision as to whether post-choleraic
uraemia stood to the haemoglobinaemia and haemoglobinuria in a causal
or merely in a post hoc relationship.

Turning from the rather discrepant views of the cholera workers quoted
above to the modern literature on uraemia in general, one finds a similar
diversity of opinion. Some of the recent writers have adopted the thesis
propounded more than fifty years ago by Senator (1902) that acidosis played
a preponderant role in the production of the uraemic symptom complex.
Thus Best & Taylor (1955) stated that the symptoms of uraemia
"are now believed to be due rather to a general disturbance in water and electrolyte
metabolism resulting in serious abnormalities in the chemical composition of the body
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fluids. Acidosis and an imbalance of certain electrolytes, especially of sodium, chlorine,
calcium, phosphorus and bicarbonate, leading to a disorder in osmotic relationships
and in the distribution of intracellular and extracellular water, are looked upon as the
causative factors."

Most of the modern writers, however, still ascribe uraemia to a retention
of waste products or to the presence of an azotaemia. While it is now often
held that the nitrogenous products normally excreted in the urine do not
play a role in this respect, it does not seem that any other harmful substances
have been definitely incriminated.

Some observers maintain with much reason that the symptom complex
of uraemia is due to an interaction of various causative factors rather than
to any single cause. Mason & Harrison (1954) aptly insisted in this respect
that

" In the production of the manifestations of uraemia, two factors are particularly
concerned. One of these is excess of certain substances, of which the nitrogen-containing
compounds of the urine, the phenolic bodies, phosphates, potassium, water and the acidic
ions are perhaps the most important. The other is deficiency of certain substances. Such
deficiencies arise secondarily, as the result of either retention of chemical antagonists,
or of loss by the kidneys or by other routes. Thus retention of non-volatile acids, defective
ammonia formation and failure to conserve sodium all tend to cause deficiency of alkali
reserve indicated by a decline in serum bicarbonate or total CO2..."

As far as the present writer can judge, this general hypothesis adequately
accounts for the pathogenesis of post-choleraic uraemia. When dealing
with the latter, great attention ought to be paid as well to the additional
dictum of Mason & Harrison that:

" Since it is easier to remedy a deficit than to overcome an excess, search for deficiencies
of essential components of the body fluids is of special practical importance in patients
suffering from uraemia."

RI2SUMIl

L'auteur examine dans cette etude la pathologie clinique du cholera, en particulier la
perte de liquides et de sels, les alterations du sang (elements figures et composition chi-
mique), les troubles circulatoires peripheriques graves qui sont parmi les symptomes
caracteristiques des formes serieuses du cholera, et les troubles renaux, notamment
l'uremie.
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