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Numerous studies on the excretion of Vibrio cholerae by convalescents
give a general indication that, in the great majority of cases, its duration is
comparatively short-probably, as a rule, not more than a week. There
are, however, many recorded instances of much more prolonged excretion,
and periods of a month or more have been noted. For example, in 1894
Pfeiffer, after infecting himself accidentally, suffered from a sharp attack
and continued to excrete the vibrio for 33 days (Wilson & Miles 15). Craster 3

states that one out of 31 carriers detected at the Quarantine Station, New
York, continued to excrete the vibrio for 54 days. Yui 18 records up to 6
weeks and Tull 13 Up to 32 days, while Khan 6 says that 95% of cases are
free in 14 days and the remainder in up to 42 days. Lal 7 records the
persistence of the carrier state for 29 days on the average. In 1937 8 he
records excretion in one case for from 19 to 60 days. Venkatraman &
Ramakrishnan 14 record a case as excreting for 28 days, and Shousha '0
records up to 42 days.

The older findings may not always be reliable, as most of the work was
done before the diagnosis of cholera was on a sound serological basis, but
later observations, with accurate serological procedures and highly differen-
tial methods of culture, have still shown excretion to be prolonged in a
number of cases. This finding naturally raises the question of suitable
quarantine practice in dealing with cholera. The Office International
d'Hygiene Publique accordingly arranged for a fresh investigation for the
purpose of obtaining further information on this point.

It was decided that this task should be carried out during the cholera
epidemic season in Calcutta in 1950. Unfortunately this epidemic was the
worst, in the opinion of the Medical Superintendent of the Campbell
Hospital there, that Calcutta had had for 25 years. Between 2 March and
30 June, over 7,500 cases of suspected cholera were admitted to hospital,
nearly all of them to the Campbell Hospital. From the results of culture,
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made for this inquiry, it may be assumed that at least 75% of these admissions
were cholera cases, the remainder being cases of other gastro-intestinal
disturbances.

Such a large number of cases put a heavy strain on the hospital accom-
modation, led to a demand for a quick turnover of beds, and caused a
certain amount of overcrowding in the wards, so that it became difficult
to maintain even the limited degree, originally thought practicable, of
isolation of the cases under observation, or to retain the patients for as
long as was desirable.

It had been the intention of the subcommittee of the Cholera Advisory
Committee of the Indian Council of Medical Research that the patients
should be observed for at least one week longer than the longest period of
excretion recently recorded in India, i.e., for approximately 35 days. It was
soon evident that this would be impracticable in Calcutta, at least during
an epidemic. Without very strict " police " measures, and considerable
preliminary organization, it would be very difficult to observe significant
numbers of cholera convalescents for 35 consecutive days in India, except
in the event of an outbreak of cholera occurring in a gaol. If, as had been
proposed, the cases were spread over a number of hospitals, and the speci-
mens brought to a central laboratory, a degree of supervision almost
impossible to exercise would be required. It was thought, however, that
it would be a pity to abandon the inquiry, since some findings of importance
might be obtained, and the results submitted are probably as good as could
be secured in the circumstances.

Methods

The Medical Superintendent of the Campbell Hospital, and the officer
in charge of the cholera wards there, set aside 20 beds for the purposes of
this inquiry. Since the administration of sulfaguanidine was a routine
treatment for all cases, it was arranged that the occupants of 10 of these
beds should not receive this drug. The beds were arranged in two groups
of 10, on opposite sides of the ward.

Fluid stools and " rice-water " stools were collected by passing a wide
rubber-catheter into the rectum and running the stools into a sterile test-tube.
Solid, or semi-solid, stools were passed into an earthenware platter, provided
with a cover, from which the specimen was collected on a cotton-wool swab,
and placed in a wide-mouthed screw-capped bottle containing 10 ml of a
solution of potassium chloride, boric acid, sodium hydroxide, and seasalt
mixture (Venkatraman & Ramakrishnan 14). The platter was discarded
after being once used. Rectal swabs were taken by passing the swab-
encased in a wide rubber-tube, the anterior end of which had been cut off
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at a slant-beyond the anal sphincter, where it was extruded, swept round
the rectum, withdrawn, and placed in the boric buffer solution.

All specimens on arrival at the laboratory were plated directly on a
modified Wilson & Reilly's medium (Wilson & Reilly,16 Pandit 9).

The solid stools were then thoroughly mixed in the boric buffer, the
rectal swabs squeezed out against the sides of the bottle, and 12.44 ml of
a modified Wilson & Blair's liquid medium (Pandit 9) added. To this
medium p-aminobenzoic acid was added in the proportion of 5 mg to each
100 ml. After 20-24 hours' incubation at 370C, a few loopfuls were plated
on the Wilson & Reilly medium. Fluid and " rice-water" stools were not
cultured on this medium. To begin with, specimens were also plated on
bile-salt agar, but the results were so inferior to those obtained on Wilson &
Reilly's medium that the procedure was given up.

The stools of all the patients were examined daily for as long as possible
or until at least five consecutive daily negative results were obtained. This
number was later extended to seven, and still later, when possible, to ten.
In a few cases, when it was impossible to persuade the patient to stay in
hospital, he was allowed to go home and bring a sample of his stools daily to
the laboratory. For this purpose he was provided with a screw-capped
bottle of boric buffer and a swab, and was instructed in the method of
taking the sample, which he had also seen done frequently in the hospital.
These patients co-operated very well.

On Wilson & Reilly's medium, colonies of V. cholerae are very charac-
teristic, being brown in colour, transparent, smooth, slightly convex, circular
with entire edges, and 1-2 mm in diameter. After standing for 24 hours,
they become darker, almost black, and larger, up to 4 mm in diameter.
The colony does not discolour the medium, and leaves no stain when
picked off. The essential feature of the colony is its transparency. The
number of characteristic colonies on the direct plates was roughly recorded
as + (less than 10), ++ (between 10 and 25), +++ (between 25 and 50),
and ++++ (more than 50).

As a rule, ten characteristic colonies were picked off and tested by slide
agglutination against Ogawa and Inaba 0 sera. These sera were either
obtained from the Standard Laboratory of Serological Reagents,- Colindale,
London, or prepared in the Bacteriological Department of the School of
Tropical Medicine, Calcutta, from an Ogawa strain (Kasauli Kl) and an
Inaba strain (Kasauli K2). The Colindale sera had titres of Inaba 1 in 40,
and Ogawa 1 in 400. The locally prepared sera had titres of Ogawa 1
in 6,400, and Inaba 1 in 1,600. A number of colonies were tested bio-
chemically by inoculation into sucrose, mannose, and arabinose peptone-
water, and for " cholera red " reactions; their haemolytic properties were
tested against sheep red-cells after 24 hours' growth in Douglas broth.
Tube agglutination tests were also carried out.
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Results

Altogether 253 patients, involving 3,687 cultures, were examined. Of
these patients, 63 (25 %) were negative and were discarded from the investi-
gation as not suffering from cholera; six of these died. One hundred and
ninety proved to be positive, of whom 61 died-a mortality of 32%-and
16 absconded, or were discharged prematurely, leaving 113 patients for
the inquiry. Of the 190 positive cases, 122 were primarily Ogawa infections,
65 were Inaba infections, and 3 were mixed infections. The result of using
the enrichment technique in Wilson & Blair's medium as well as direct
plating is shown below:

Combination of techniques Results *

Direct plating, positive 236
Enrichment, positive
Direct plating, positive 128
Enrichment, negative
Direct plating, negative 70
Enrichment, positive
* Positive only

Had the specimens not been cultured in Wilson & Blair's fluid medium,
it would appear that 70 out of 434 positive cultures, or 16.1 %, would have
been missed altogether.

The number of patients who excreted continuously, or with only one
negative culture between two positives, and were thereafter negative,
was 92.

Period of continuous Period of continuous
Number of cases vibrio excretion Number of cases vibrio excretion

(days) (days)
6 2 3 8
16 3 3 9
15 4 1 10
14 5 1 12
17 6 1 13
14 7 1 21

The longest periods of excretion found, excluding cases of obvious
reinfection, referred to later, were:

Period of vibrio excretion Number of Case No.
(days) cases

25 1 557
23 1 334
21 1 537
20 1 426

Case 334 was observed for 37 days. His longest period free of positive
cultures was one of three days between the 19th and the 23rd day; after that

346



EXCRETION OF VIBRIO CHOLERAE IN CONVALESCENTS

he was negative for 14 consecutive days. Case 426 was observed for 25 days.
His longest free period was one of three days between the 16th and 20th
day; he was then negative for 5 days and discharged. Case 537 was under
observation for 32 days, with only one free day, the 16th, and after the
21 st day he had 11 successive daily negative cultures. Case 557 was observed
for 35 days with a period of S negative days between the 16th and 22nd day,
and one negative day between the 23rd and 25th day. He was then negative
for 10 consecutive days and discharged.

The longest periods of unbroken daily excretion were

Period of continuous daily
vibrio excretion

(days)
15 1
13 1
8 4
7 16
6 17
5 13

The longest periods between two successive positive cultures, excluding
cases of proved reinfection, were

Interval between positive
cultures Number of cases
(days)
12 1
11 2
9 1
8 1
7 2
6 3
3 5

Five cases of obvious reinfection in the wards occurred. Case 394,
originally an Ogawa infection, after 10 successive daily negative cultures
suddenly excreted the Inaba type of vibrio. This was detected only after
enrichment, and by the time it was recognized he had been discharged as
negative for 10 days. Case 407, originally an Ogawa infection, after 7 nega-
tive cultures excreted the Inaba type for 1 day only, followed by 8 successive
negatives after which he absconded. Case 421, originally Ogawa, excreted
the Inaba type after 4 negative days but then absconded. Case 541, originally
Inaba, after 7 successive daily negative cultures excreted the Ogawa type
for 2 days, which were followed by 10 consecutive negative days. Case 548,
originally Ogawa, after 7 negative cultures became infected with the Inaba
type. In this case the reinfection was so severe as to require fresh saline
infusion, and put.the patient in some peril of his life.

In other cases reinfection may possibly have occurred, but this could
not be proved if the reinfection was due to the same type of V. cholerae as
the original infection.
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Table I indicates in which week the first negative and last positive stool
results were obtained throughout our series of cases.

TABLE I. OCCURRENCE OF FIRST NEGATIVE AND LAST
POSITIVE CULTURES (ALL CASES)

Percentage of cases at week

Culture
1 2 3 4

First negative 78.7 20.1 0.9 -

Last positive 71.6 17.7 8.8 1.7

Discussion

Since the purpose of the inquiry was to determine, if possible, for how
long the convalescent continues to excrete the vibrio, a technique highly
selective for V. cholerae was necessary. That adopted is the one recom-
mended by Ahuja, Krishnan, Pandit & Venkatraman.I It is disconcerting
to find from a subsequent analysis 12 that it permits of 21 % false negatives.
It is doubtful if enrichment in Wilson & Blair's fluid medium is as useful
as would at first sight appear. Ahuja et al. state that direct plating is superior
to enrichment in acute cases, but when the stools of convalescents, or
contact carriers, are being examined, enrichment is desirable. It is probable
that the extra number of positive cultures obtained by enrichment- 16.1 %
in this series-is due to the fact that an enrichment technique necessarily
involves duplicate plating. In other words, of the 434 positive cultures,
364 were obtained by using a single plate and 434 by inoculating two plates,
enrichment having little to do with the result.

Reinfection, or cross-infection, is a not uncommon occurrence in the
wards of a hospital for infectious diseases; it can be prevented only by cubicle
nursing or very strict barrier nursing, and of this there was no possibility
in Calcutta, at least where epidemic cholera was concerned. In this series
of 113 cases, cross-infection is proved to have occurred in 4.4% by the
isolation of a serological type of V. cholerae different from that of the
original infection. Unless it is supposed that the Ogawa strain changed to
the Inaba type in four cases-a change that has been observed in the labo-
ratory (Shrivastava & White "1)-and that the Inaba type changed to the
Ogawa type in one case, it must be assumed that cross-infection occurred
in nearly 5 % of cases. Opportunities for this were frequent, and flies caught
in the wards proved to be infected with both types of vibrio. Seeing that
cross-infection with a different type of vibrio was observed in five instances,
it is not unlikely that subclinical reinfection with the same type of organism
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may have occurred and may even have been more frequent. This question
cannot be answered at present, but it is possible that 'phage typing might
give some information. Many patients were aware of the possibility of
being reinfected and used it as an argument for being discharged. Lal 7
considers the possibility of reinfection in discussing the bacteriological
relapse-rate of carriers, of whom 44 relapsed once, 9 three times, 5 four
times, and 2 five times. The average interval between relapses was 16 days
and the maximum 42 days. As his cases were observed while living in an
endemic area where they presumably acquired their original infections, the
possibility that they really became reinfected cannot be overlooked. Case 540
in this series was allowed to go home and bring a sample of his stools to
the laboratory daily. After 9 consecutive daily negative cultures he suddenly
produced 1 positive followed by 10 consecutive negative cultures. Since
he was living in the environment where he had contracted his original
infection, it is possible that this was a reinfection. He had apparently
ceased to excrete the vibrio on the 6th day of illness.

The existence of true cholera-carriers, in the sense that true typhoid-
carriers exist, is denied on the whole by most Indian workers on the grounds
that many thousands of examinations have failed to reveal them in the
general population and that, if they did exist in any numbers, the usual
quarantine measures would have failed to be effective, which is certainly
not the case. There are many records, however, of the vibrio being isolated
from the gall-bladder after death (Greig,5 Crowell & Johnston,4 Chatterjee2).
The possibility of the vibrio persisting in the gall-bladder is one which has
been considered, and there has been some evidence on this point. There is
need for further work on this subject, but it is difficult to obtain material
for postmortem examinations within reasonable periods after death; an
attempt at it had to be abandoned. Of 18 cases where it was possible to
obtain bile from postmortems at the Police Mortuary and from the Patho-
logical Department at the Calcutta Medical College, the bile was sterile
in 15, and streptococci and coliform organisms were isolated from 3, but
no vibrios were found.

It is apparent from the results recorded that the vibrio is, as a rule'
rapidly eliminated, 89.3 % of cases being negative in 14 days and 98.1 %
in 21 days, but about 2% continue into the 4th week and an occasional
case may continue longer.

The results recorded here may be compared with those recorded by
Ying,17 who found 98 % negative by the end of the second week and 99.5 %
negative by the end of the third week. In many cases excretion is irregular
and appears to depend on the individual, who seems to behave as though
he were a carrier for the period observed. In 7 out of 113 cases, periods of
7-12 days' freedom from excretion were found.
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SUMMARY

One hundred and thirteen cases of
cholera were continuously observed until
five or more successive daily negative
cultures were obtained from the stools.

Of these 113 cases, 71.6% were negative
after the first week, 89.3% were negative
after two weeks, and 98.1 % were negative
after three weeks.
The longest periods of intermittent

excretion were 20, 21, 23, and 25 days
in individual cases.

Five cases of definite cross-infection
were met with and are not included in
the longest periods of intermittent excre-
tion given above.

The longest period between two posi-
tive cultures of the same type was 12 days;
the longest period of continuous daily
excretion was 15 days.

It is considered that reinfection and
cross-infection cannot be ruled out as a
cause of prolonged and irregular excretion
in hospitals, quarantine camps, and
endemic areas.

RItSUME'

Des observations portant sur 113 sujets
atteints de cholera ont ete poursuivies
jusqu'a ce que la culture des selles ait
donne des resultats negatifs durant au
moins 5 jours consecutifs.

Apres une semaine, 71,6% des cas etaient
negatifs, apres deux semaines 89,3 %, apres
trois semaines 98,1 %.

Les periodes les plus longues d'excretion
intermittente furent de 20, 21, 23 et 25
jours dans des cas isoles.

Cinq cas de surinfection indubitable ont
et6 observes; les periodes d'excretion cor-
respondant a ces cas ne figurent pas dans
I'enumeration precedente.
La periode la plus longue separant deux

cultures positives de meme type a et6 de
12 jours, la periode la plus longue d'excre-
tion quotidienne continue, de 15 jours.

Selon l'auteur, le r6le de la reinfection
et de la surinfection doit etre pris en consi-
deration lorsque l'on cherche les causes
d'excretions prolongees et irregulieres,
observees dans les h6pitaux, les camps de
quarantaine et les regions d'endemicite.
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