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Clinical and Physiological Observations During
an Epidemic Outbreak of Non-Vibrio Cholera-like

Disease in Calcutta*
C. C. J. CARPENTER,1 D. BARUA,2 C. K. WALLACE,1 R. B. SACK,3 P. P. MITRA,4
A. S. WERNER,3 T. P. DUFFY,3 A. OLEINICK,3 S. R. KHANRA4 & G. W. LEWIS:3

During March through June 1964, an epidemic of acute non-vibrio diarrhoeal disease,
closely simulating cholera, occurred in Calcutta. To clarify the etiology andpathophysiology
and improve the therapy of this illness, bacteriological and metabolic studies were performed
on 145 consecutive hypotensive adult male patients admitted with acute diarrhoeal disease
to the Calcutta Infectious Disease Hospital. Bacteriological and serological studies clearly
demonstrated that the majority ofpatients with acute diarrhoeal disease admitted during
this period of time were not suffering from V. cholerae infection; no known pathogen
could be recovered from 86% of such patients. Biochemical studies indicated that, in
contrast to the findings in cholera, factors other than saline depletion contributed to hypo-
tension in many of the patients with non-vibrio diarrhoeal disease. Although the majority
of the acute diarrhoeal patients responded well to the 2: 1 saline: lactate regimen which is
consistently successful in treating adult cholera patients, six of the non-cholera patients
requiredprolonged administration of vasopressor drugs as an adjunct to fluid and electrolyte
repletion therapy.

During all major reported cholera epidemics, a
significant proportion of patients admitted with
cholera-like illness have failed to excrete vibrios
(Pollitzer, 1959). In general, the proportion of
vibrio-negative cases has decreased as bacteriological
techniques have improved. During the Calcutta
epidemic in 1963, Vibrio cholerae was isolated from
92% of a group of patients with " typical " clinical
manifestations of severe cholera. At that time, the
only consistent difference observed between the
bacteriologically proven cholera cases and those
with severe non-cholera diarrhoea was a lesser
volume and duration of diarrhoea in the latter
cases (Carpenter et al., 1965a).
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During the months of March through June of
1964, an unusual bacteriological pattern was ob-
served in patients admitted with severe diarrhoeal
disease to the Calcutta Infectious Disease Hospital.
During this period, the usual time of the annual
cholera epidemic in Calcutta, Vibrio cholerae could
not be cultured from the majority of patients
admitted in shock following the acute onset of
severe diarrhoea. Many of the vibrio-negative
patients did not respond adequately to the intra-
venous fluid and electrolyte repletion therapy which
has proved consistently successful in the treatment of
adult cholera patients (Watten et al., 1959). This
situation provided a unique opportunity for a com-
parison of the non-cholera diarrhoeal patients
with bacteriologically proven cholera cases in regard
to clinical and biochemical characteristics and
therapeutic requirements.

MATERIALS AND METHODS

During the period 20 March to 10 June, 1964, all
hypotensive (systolic blood pressure below 80 Torr)
adult males admitted to the Calcutta Infectious
Disease Hospital with a history of acute diarrhoea
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were placed on metabolic beds for studies. All
patients were treated by a standard 2:1 saline:
lactate fluid repletion regimen, and water and
electrolyte balance studies were carried out by
techniques described previously (Carpenter et al.,
1964). During the period 20 March to 1 May, all
patients received 1 g of tetracycline, in divided doses,
by either the oral or the intravenous route during the
first 24 hours in the hospital. During the period
2 May to 10 June, each patient was randomly
assigned on admission to one of three treatment
groups, and received either no antibiotics, 2 g of
oral tetracycline over a 24-hour period, or 2 g of oral
tetracycline over a 48-hour period.

Stool specimens on admission were obtained by
sterile rectal catheter and cultured, before and after
6-hour alkaline peptone broth enrichment, on both
bile salt agar and gelatin-taurocholate-tellurite agar
(GTTA) (Monsur, 1961). The initial stool specimen
was also cultured, before and after 24-hour selenite-F
broth enrichment, on both SS and desoxycholate
agar. Each culture plate was examined at 18-24
hours by direct and oblique light (Finklestein et al.,
1963). All cultures were repeated daily until each
patient had been free of pathogens for three succes-
sive days. In all vibrio-positive cultures, the El Tor
biotype was identified by a positive chick-cell
agglutination test and resistance to lysis by Muker-
jee's phage type IV (Mukerjee, 1963). In approxi-
mately one-third of the patients studied, direct
smears of the admission stool specimen were
examined for the presence of V. cholerae by the
fluorescent antibody technique (Sack & Barua,
1964b). In addition, for many of the patients,
vibriocidal and agglutinating antibody titres were
determined on sera obtained on admission and on the
seventh hospital day (Barua & Sack, 1964).

RESULTS

One hundred and forty-five patients met the cri-
teria for admission to the study. Of these, 59
patients had bacteriologically proven Vibrio cholerae
infection (Table 1). In each of these patients, cholera
vibrios were identified on both bile salt and GTTA
media. Diagnostic rises in both vibriocidal and
agglutinating antibody titres were observed in 19
of the 21 vibrio-positive patients on whom serological
studies were done. Direct stool smears were positive
for V. cholerae by the fluorescent antibody technique
in all 20 vibrio-positive patients on whom this
technique was employed. Of the 86 patients from

TABLE I
BACTERIOLOGICAL FINDINGS IN 145 CONSECUTIVE
HYPOTENSIVE ADULT MALE PATIENTS ADMITTED

WITH A HISTORY OF ACUTE DIARRHOEA

Vibrio cholerae not isolated:

No known pathogens identified 76

Possible pathogens recovered 6

Providence organisms 3

Non-agglutinating vibrios 3

Pathogens recovered 4

Shigella dysenteriae I

Shigella flexneri I

Salmonella enteritidis 2

Total 86

Vibrio cholerae isolated:

Classical biotype 17

Inaba serotype 15

Ogawa serotype 2

El tor biotype 42

Ogawa serotype 42

Total 59

whom V. cholerae was not isolated, no known enteric
pathogen could be isolated from the great majority.
Either non-agglutinable (NAG) vibrios or organisms
of the Providence group of Enterobacteriaceae, both
organisms of questionable pathogenicity, were found
in six of these patients. In only four patients were
definite enteric pathogens recovered (Table 1).
Serological studies were performed in 13 of the
vibrio-negative patients, and in only one case was a
diagnostic rise in vibriocidal or agglutinating anti-
body titre observed. Direct stool smear was positive
for V. cholerae in only one of 23 vibrio-negative cases
in which fluorescent antibody studies were per-
formed.
Comparisons of the clinical manifestations and

laboratory findings of the cholera patients and those
with severe non-choleraic diarrhoea are presented
in Table 2. (It should be emphasized that the simple
but rigid criteria for admission to the study, i.e., a
systolic blood pressure below 80 Torr in an adult
male with acute diarrhoea, eliminated the milder
cases of both cholera and non-cholera diarrhoea.
Hence the observed clinical and biochemical differ-
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TABLE 2
BASIC, CLINICAL AND LABORATORY DATA ON HYPOTENSIVE DIARRHOEAL

PATIENTS IN STUDY

86 patients in whom 59 patients in whom
Variables V. cholerae V. cholerae

not isolated isolated

Basic data on patients (means ± SD)

Age (years) 37±16 32±16

Weight (kg) 39± 9 42± 8

Duration of symptoms before admission (hours) 11±12 16±10

Initial clinical manifestations (%)

Moderate to severe abdominal pain 50 6

Moderate to severe muscle cramps 44 94

Grossly bloody stool 14 3

Moderate to marked decrease in skin turgor 72 96

Cyanosis of tongue 51 90

Laboratory findings on admission (means ± SD)

Plasma specific gravity 1.033±0.004 1.041 ±0.004

Arterial blood pH a 7.25±0.09 7.18±0.13

Plasma electrolytes (mEq/litre of plasma H20)

Bicarbonate 13.5±4.6 9.0±5.4

Sodium 149±7 150±7

Potassium 5.3±1.4 5.6±0.8

Initial faecal sodium and potassium concentrations (means ± SD) b

Faecal sodium (mEq/litre) 125±15 124L24

Faecal potassium (mEqllitre) 24±10 27+17

a Admission arterial blood pH values were not obtained for 11 patients with severe non-cholera
diarrhoea and 10 patients with cholera.

b Faecal concentrations were determined for only 30 non-cholera patients and 22 cholera
patients.

ences between the two groups reported here may not
be apparent in patients with less severe diarrhoeal
disease.) There were no significant differences be-
tween the cholera and non-cholera patients in regard
to age, body-weight, or duration of illness prior to
admission. Moderate to severe abdominal pain was
unusual in cholera patients, but occurred in 50% of
those with severe non-choleraic diarrhoea. Muscle
cramps, on the other hand, were almost invariably
present in the hypotensive cholera patients, but were
experienced by less than half the patients with severe
non-cholera diarrhoea. A moderate to marked
decrease in skin turgor, cyanosis of the tongue and

abnormalities of phonation were present in virtually
all cholera patients; each of these findings was less
frequent in patients with non-cholera diarrhoea.
Typical rice-water stools, which occurred in the
great majority of cholera patients, were also present
in one-half of the patients with non-cholera diar-
rhoea. Opaque reddish-brown diarrhoeal stools
were observed in approximately 25% of the non-
cholera patients, but also occurred in occasional
patients with V. cholerae infection. Grossly bloody
stools were nearly five times as frequent in the non-
cholera patients, but occurred in only 14% of all
such patients.
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Admission blood studies revealed two very
significant differences between the two groups. The
non-cholera patients showed a much less marked
elevation of plasma specific gravity and less severe
degree of acidosis than the cholera patients (Table 2).
Only two of the non-cholera patients had on admis-
sion a plasma specific gravity above 1.041, the
average admission value in the cholera patients.
Only two of the cholera patients had admission
values below 1.033, the average admission value in
the non-cholera patients. In eight of the non-cholera
patients, admission plasma specific gravities were
within the normal limits of 1.025 to 1.028 (see the
figure). Although there was a slightly greater

DISTRIBUTION OF ADMISSION PLASMA SPECIFIC
GRAVITIES IN 86 HYPOTENSIVE PATIENTS
WITH ACUTE NON-CHOLERA DIARRHOEA,

COMPARED WITH THOSE IN 59 HYPOTENSIVE
CHOLERA PATIENTS ADMITTED DURING

THE SAME PERIOD OF TIME
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overlap between the groups in regard to admission
arterial pH values, the difference between the two
groups in this parameter was also highly significant
statistically (P < 0.001 by t test). In 10 of the non-

cholera patients, the admissino arterial pH was

within the normal range of 7.35 to 7.45, whereas
in none of the cholera patients was the admission
arterial pH value greater than 7.33.
The sodium and potassium concentrations of

admission stool specimens were virtually identical
in the two groups of patients (bottom of Table 2).
However, the quantity of stool produced, the

TABLE 3
TOTAL STOOL VOLUME, INTRAVENOUS FLUID

REQUIREMENTS AND DURATION OF DIARRHOEA AFTER
ADMISSION IN 86 CONSECUTIVE PATIENTS WITH SEVERE
NON-CHOLERA DIARRHOEA COMPARED WITH CHOLERA
PATIENTS (CONTROLS) ADMITTED DURING THE SAME

PERIOD OF TIME a

86 non-cholera1 11 cholera
_ _ _ _ _ 1 ~~~~~patients patients

~~~~~(controls)

Total stool volume (litres) 1.9±2.4 16.0±9.9

Total intravenous fluid
requirements (litres) 4.5±2.2 17.0±8.5

Duration of diarrhoea after
admission (days) 1.7±2.2 4.5±1.2

a Means ± standard deviations.
t Since tetracycline therapy caused a striking reduction in

stool volume, intravenous fluid requirements and duration of
diarrhoea in the bacteriologically proven cholera cases admitted
during the period of this study (Wallace et al., 1965), only those
control cholera patients who received no antibiotic are included
in this table.

intravenous fluid requirements, and the duration of
diarrhoea after admission were all significantly less
(P < 0.001, by t test) in the patients with non-cholera
diarrhoea (Table 3). Since antibiotic therapy in the
doses outlined above did not significantly affect these
parameters in the non-cholera diarrhoeas (Carpenter
et al., 1965b), Table 3 presents the mean values for
all patients with non-cholera diarrhoeas, including
both antibiotic-treated and control patients.
Although the admission systolic blood pressure

in the non-cholera patients was not significantly
different from that in the cholera patients, the
increase in blood pressure during initial rehydration
occurred more rapidly and consistently in the cholera
patients. In every cholera patient, a strong radial
pulse and a systolic blood pressure greater than
80 Torr were rapidly restored by rehydration with
saline-lactate. The cholera patients uniformly
showed striking clinical improvement as soon as
saline depletion and acidosis had been corrected, and
no further hypotensive episodes occurred in any
of these individuals. Although the majority of the
non-cholera patients showed some increase in blood
pressure during the initial rapid rehydration, neither
the haemodynamic nor the clinical response was so
dramatic as that observed in the cholera group.
Eleven ofthe non-cholera patients remained in shock,
with a systolic blood pressure below 80 Torr, after
adequate saline repletion and restoration of the
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plasma specific gravity to the normal range. One
of these individuals did not receive intravenous
vasopressors and expired, after several hours of
progressively severe hypotension, on the day after
admission. Six other patients in this group were
given vasopressor drugs (intravenous L-norepine-
phrine) for eight hours or longer in order to maintain
a systolic blood pressure of 70-80 Torr; each of the
patients who received vasopressors recovered with
no evidence of renal, cardiac or central nervous
system damage.

DISCUSSION

The present findings provide strong support for
both earlier (Pollitzer, 1959) and recent (Carpenter
et al., 1965a; Lindenbaum et al., 1965) reports that a
syndrome that is clinically indistinguishable from
cholera gravis but is not caused by V. cholerae infec-
tion not infrequently occurs in cholera-endemic
areas. Previous studies have indicated that the
currently employed bacteriological, serological and
fluorescent antibody techniques each give positive
results in well over 90% of hypotensive patients with
acute V. cholerae infection (Sackc & Barua, 1964a,
1964b; Barua & Sack, 1964). The present results
therefore appear to exclude the possibility that
V. cholerae was the causative agent in the great
majority of bacteriologically negative cases in the
current study. Although an occasional case of
cholera may have been missed by the bacteriological
techniques employed, the serological and fluorescent
antibody data indicate that such missed cases could
account for only a small fraction of the bacteriolo-
gically negative cases studied.
None of the presenting features of the hypotensive

patients with non-cholera diarrhoea served reliably
to distinguish them from simultaneously admitted
hypotensive cholera patients. Although the average
hypotensive patient with non-cholera diarrhoea
presented a somewhat different clinical picture from
the average hypotensive cholera patient, the overlap
in signs and symptoms was so great that the two
illnesses could not consistently be differentiated on
clinical grounds alone. By the same token, sufficient
overlap occurred on admission biochemical studies
that the two groups of patients could not always be
separated on these grounds either.

Important differences, however, did appear be-
tween the two groups. Most important, the average
hypotensive non-cholera patient had significantly
less saline depletion than the average hypotensive

cholera patient. Several of the non-cholera patients
showed no elevation of plasma specific gravity at
the time of admission, and over half of the non-
cholera group had objective evidence of only modest
saline depletion. As might be anticipated on the
basis of these observations, the average non-cholera
patient made a more sluggish response to intra-
venous saline, and several of this group required vaso-
pressor therapy for one to three days after admission.
These observations strongly suggest that factors other
than saline depletion (e.g., endotoxin or bacteraemia)
contributed to hypotension in many of the non-
cholera patients. This is in striking contrast to the
findings in patients with V. cholerae infection, in
whom both previous (Watten et al., 1959) and
current observations indicate that saline depletion
is entirely responsible for the hypotension, and in
whom response to saline infusion is uniformly
dramatic.

Similarly, the average hypotensive non-cholera
patient showed a less severe degree of acidosis than
the average hypotensive cholera patient. Since
gastrointestinal bicarbonate loss is generally the
major factor producing the acidosis in severe
diarrhoeal disease, the acidosis is usually propor-
tional to the degree of saline depletion in diarrhoeal
patients. Hence, the less severe degree of acidosis
in the average non-cholera patient is an expected
finding in view of the less marked saline depletion in
this group.
The non-cholera patients in this study formed a

clearly heterogeneous group, ranging from the few
in whom saline depletion appeared to have been
entirely responsible for the hypotension, through a
large intermediate group in which saline depletion
played a more or less important contributory role,
to the few in whom saline depletion played no part
in the hypotension. The patients in the first of these
groups mimicked severe cholera almost exactly;
such patients presented with a history of painless
watery diarrhoea followed by severe muscle cramps,
were found to have admission plasma specific
gravities of 1.040 or higher, and produced typical
rice-water stools for two or three days after admis-
sion. (It is of interest that most of the hypotensive
non-cholera patients studied during the 1963 Cal-
cutta cholera epidemic fell into this category.) The
patients in the intermediate group exhibited much
less evidence of saline depletion, a greater frequency
of moderate to severe abdominal pain, and a lower
incidence of muscle cramps. Patients in this group
did, however, respond, although less dramatically
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than the cholera patients, to fluid and electrolyte
repletion therapy alone, and showed no character-
istics which consistently served to distinguish them
from the cholera group. The patients in the third
group, in whom hypotension occurred in the
absence of serious saline depletion, were generally
distinct from the cholera group. Patients in this
third group exhibited good skin turgor and normal
neck venous filling in addition to normal, or slightly
elevated, plasma specific gravity at the time of admis-
sion. In these patients, saline infusion resulted in
little or no increase in blood pressure. One impor-
tant feature, however, was common to all the patients
with severe non-cholera diarrhoea: in each case the
disease was basically self-limited, and if appropriate
supportive measures (intravenous saline-lactate and/
or vasopressors) were carried out for a relatively
short period (12-72 hours), the patients recovered
with no apparent sequelae.

In regard to treatment, the fluid requirements were
qualitatively the same in the hypotensive non-
cholera patients as in the cholera cases, as the
faecal electrolyte patterns were virtually identical in
the two groups. Although the average hypotensive
non-cholera patient required far less intravenous
fluid than the average hypotensive cholera patient,
determination of the quantity of intravenous fluids
required was considerably more difficult in certain
of the non-cholera patients. Whereas both serial
plasma specific gravity determinations (Watten
et al., 1960) and careful clinical evaluation (Car-
penter et al., 1964) provide adequate bases for
determining fluid requirements in adult cholera
patients, neither of these methods alone was an
adequate guide to therapy in those non-cholera
patients in whom factors other than saline depletion
played an important role in determining clinical
signs and symptoms. The simple administration of
intravenous fluids in quantities adequate to restore
normal plasma specific gravity did not result in
normal blood pressure in all such patients; the
attempt to administer intravenous fluids until a
strong radial pulse was restored would obviously
have resulted in serious overhydration in such
patients. A combination of repeated plasma specific
gravity determinations and careful clinical evaluation
was necessary for optimal management, in order
accurately to estimate intravenous fluid requirements
and to determine the need for vasopressor agents.
The bacteriological findings in the current studies

were similar to those reported by Gordon et al.
(1964) in an epidemic of "acute undifferentiated

diarrhoea" in Guatemala, in that probable and
possible pathogens were isolated from a small
minority of the patients studied. Similar observa-
tions have also been made during an outbreak of
non-vibrio cholera-like illness which occurred in
East Pakistan at the same time as the current studies
were being performed (Lindenbaum et al., 1965).
Despite the heterogeneous clinical picture and lack
of an identifiable pathogen in most cases, both the
previously reported Guatemalan and the more recent
Calcutta and Dacca outbreaks occurred in epidemic
pattern. The present Calcutta outbreak was further
similar to the Guatemalan epidemics in that it
developed slowly, over a period of weeks, reached
no sharp peak, then declined equally slowly over a
period of several weeks. The Calcutta outbreak
apparently differed from the reported Guatemalan
experience, however, in regard to the age incidence.
Whereas the Guatemalan epidemic affected pre-
dominantly pre-school children, the Calcutta out-
break showed no such clear-cut predilection for the
younger age-group. During the period studied,
diarrhoeal admissions to the adult wards consistently
exceeded paediatric diarrhoeal admissions (below
12 years of age) by a ratio of about 3: 1. Since most
cases of severe diarrhoeal disease in the Calcutta
area are admitted to the Infectious Disease Hospital,
it is felt that the 3 :1 ratio is a fairly accurate reflec-
tion of the relative incidence of severe diarrhoeal
disease in the adult and paediatric groups. The form
of acute undifferentiated diarrhoeal disease which
produces shock in adult patients seems to be geo-
graphically restricted to those areas in which cholera
is endemic. Although such cases have been reported
from Thailand and the Philippines (Watten et al.,
1960) as well as from India and Pakistan, shock-
producing acute diarrhoeal disease in adult patients
is a rare occurrence in other parts of the world,
including the Central and South American countries
in which severe acute diarrhoeal disease is common
in the paediatric age-group. Although it appears
likely that some host factor or factors (e.g., protein
malnutrition) may be common to all adult patients
who are affected by this disease, studies have not
yet demonstrated any such predisposing factors.
From the standpoint of nomenclature, it is sug-

gested that the term " acute undifferentiated diar-
hoea" (Gordon et al., 1964) is appropriate for the
non-cholera patients described in the current
study. Although such terms as " the cholera syn-
drome " (Carpenter et al., 1964) and " non-vibrio
cholera" (Lindenbaum et al., 1965) have recently
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been applied to similar groups of patients, such
terms are apt to be misleading, as they tend to
create confusion between cholera, a relatively clear-

cut bacteriological entity, with a much less clearly
defined group of acute diarrhoeal illnesses in which
multiple etiological agents are probably involved.
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RESUMPE

Une affection diarrheique aigue, a caractere epi-
demique, a sevi A Calcutta en mars-juin 1964. Elle a
donne lieu a une enquete d'ordre clinique, bacterio-
logique et biochimique, portant sur 145 patients hospi-
talises, destinee a preciser l'etiologie et la pathogenie des
troubles observes.
Dans 59 cas, l'examen bacteriologique a permis d'isoler

Vibrio cholerae. Chez 86 malades presentant une sympto-
matologie quasi identique, les cultures sont restees
negatives, sauf dans 4 cas ou l'on decela la presence de
Shigella et de Salmonella. Etudiant l'allure de I'affection
dans ces deux categories de malades, les auteurs se sont
specialement interesses aux alterations de la tension
arterielle et aux modifications du milieu sanguin.

Les examens effectues au moment de l'admission ont
montre a cet egard une difference significative entre les
deux groupes: chez les sujets atteints de diarrhee non
cholerique, l'augmentation de la densit6 du plasma
sanguin et I'acidose 6taient beaucoup moins accentuees
que chez les patients atteints de cholera. En revanche,

aucune difference n'etait observee entre les deux groupes
en ce qui concerne les chiffres de la tension arterielle
systolique. Le traitement rehydratant par administration
de liquide physiologique additionne de lactate de sodium
a donne des resultats plus rapides et plus constants
chez les malades atteints de cholera. Chez 6 patients
atteints de diarrhee non specifique, 1'6tat de choc a
persiste malgr6 la therapeutique et la tension art6-
rielle s'est maintenue au-dessous de 80 Torr, necessi-
tant I'administration prolongee de medicaments vaso-
constricteurs.

Les auteurs estiment que, chez les malades qui pre-
sentaient un syndrome diarrh6ique non cholerique,
l'intervention de facteurs autres que la dep]6tion saline
(action d'une endotoxine, bacteriemie) doit etre envisagee
pour expliquer l'etat d'hypotension grave. Ils soulignent
l'int6rdt d'une evaluation des constantes humorales, et
notamment de la densit6 plasmatique, en complement
des observations cliniques, pour la conduite du traitement
de ces affections.
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