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Cholera Carrier Studies in Calcutta, 1968 *
JOINT ICMR-GWB-WHO CHOLERA STUDY GROUP, 1 CALCUTTA, INDIA

Cholera carrier studies in Calcutta during 1966-67 established the prevalence ofcarriers
even in the absence of any overt disease. The carriers excreted V. cholerae intermittently
and usually only for short periods. Some, however, excreted intermittently over a long
period and thus continued to be potential sources ofinfection. Intensive field and laboratory
studies were carried out during 1968 to determine the incidence of cholera infection in
households, in which a case of cholera occurred. An investigation of 492 persons in 23
households, exposed to cholera infection, showed that 96 (20 %) persons in 19 households
excreted vibrios. Within the first 10 days of the investigation, 86 carriers were detected
and another 10 were detected during the next 14 days. Repeated isolations were obtained
from 43 (45 %) of the 96 carriers at intervals of1-79 days.

One case of overt cholera was linked with a carrier.
Of the 96 carriers, 36 (21 % of 171 persons) were members offamilies in which index

cases had occurred, and 60 (19 % of321 persons) belonged to other members of the house-
hold. Of 103 families examined 54 (52 %) were found to be infected.

Of 23 index cases 8 (35 %) were found to be V. cholerae positive some time after
discharge from hospital where they had received rehydration and antibiotic treatment.

Taylor (1941) observed " that with a very short
persistence of V. cholerae in the intestinal tract of
the convalescent or contact carrier it was unlikely
that the carrier was responsible for transmitting
infection at any prolonged interval after primary
infection." Pollitzer (1952) stated that the part
played by convalescent and contact carriers in
spreading cholera was not well documented. The
WHO Expert Committee on Cholera (1966), how-
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ever, concluded that " the carrier often serves as
the source of infection and can be of great impor-
tance in the persistence of the disease and in its
transmission, within a given population or even
between neighbouring countries." Cholera carrier
studies in Calcutta in 1966-67 (Sinha et al., 1967,
1968) have shown evidence of the potential role of
carriers in transmission and maintenance of the
infection of cholera. During 1968, intensive studies
were carried out of families and households in
which cases of cholera occurred, with a view to
determining (1) the persistence of infection, (2) the
role of the carrier in maintaining infection in
the families and households, (3) the role of the
carrier in the transmission of the infections resulting
in overt disease and (4) the incidence of infection
in the families and households. The results obtained
in a study of 20 households in various parts of
Calcutta and 3 others close by are presented in this
communication.

In the areas of Calcutta where cholera occurs
endemically, the households usually consist of
several rooms, with families of more than 4 persons
in each room. In front of their rooms these families
each have a veranda where they prepare meals:
these verandas overlook a small courtyard in the
centre of the building. The families all use the same
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place for washing and bathing and they have a
common lavatory. They also share a common
source of water, a well or a piped outlet, for drinking
or preparing food: for washing and bathing they
often use water from ponds or tanks.

METHODS

Suspected cases of cholera admitted to the
Infectious Diseases Hospital, Calcutta, were imme-
diately examined for excretion of Vibrio cholerae.
Within 48 hours of the occurrence of the case, the
house of the patient was visited and demographic

TABLE 1
DISTRIBUTION OF CARRIERS IN

data were recorded on family cards. Daily stool
samples or rectal swabs were taken from the mem-
bers of the index family and other families in the
household for a minimum period of 10 days. One
index family was sampled for 120 days. The per-
centage of persons sampled, during the period of
10 days, ranged from 73.8% to 89.4% of the whole
households, from 82.2% to 97.0% of index families
and from 70.2% to 86.1 % of other families excluding
index families but living in the same households.
Whenever a positive isolation was confirmed in a

family during the last 3 days of the investigation,

THE 23 HOUSEHOLDS

Household No. of No. of persons No. of carriers
Household [ families in Total no. Total no. Total no.

no. household Index-case of persons Index-case of carriers of families
families Others families Others with carriers

1 1 ~~ ~~~~7-7 2 -21

2 2 5 4 9 ----

3 3 15 7 22 ----

4 3 9 7 16 1 1 2 2

5 11 7 38 45 1 3 4 4

6 8 5 24 29 3 - 3 1

7 9 11 46 57 - 5 5 3

8 2 5 5 10 2 - 2 1

9 2 14 11 25 1 6 7 2

10 6 5 16 21 4 3 7 3

11 6 4 23 27 1 8 9 5

12 4 5 8 13 1 3 4 4

13 3 4 10 14 2 2 4 2

14 3 10 8 18 1 2 3 3

15 5 6 8 14 3 1 4 2

16 6 6 14 20 2 3 5 3

17 5 7 16 23 1 4 5 4

18 7 4 23 27 1 7 8 4

19 4 12 12 24 7 4 11 4

20 5 7 18 25 2 6 8 4

21 2 11 5 16 - ---

22 2 6 8 14 1 2 3 2

23 4 6 10 16 - ---

Total 103 171 321 492 36 60 96 54

(21%) (19%) (20%) (52%)
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all members of the infected family were sampled
for a minimum period of 5 additional days. There-
after samples were taken only from the infected
persons for 5 more days except on one occasion
when 5 persons (one index case family) were sampled
for 120 days. The index cases were also sampled
daily after their discharge from the hospital during
the period of surveillance in the household.

Rectal swabs were collected from children of
5 years of age or less and stool swabs were taken
from all individuals over 5 years of age. In the
latter group, however, rectal swabs had to be taken
from individuals whose stool samples were not
available. The swabs were immediately implanted
in 10 ml of sterile alkaline peptone water (pH 8.6)
in McCartney bottles. These were received in the
laboratory within 2 h-3 h of collection and they
were incubated for 5 h-6 h at 37°C including the time
taken for the samples to reach the laboratory. All
the samples collected after 4 p.m. were kept over-
night in a refrigerator at 4°C and were processed
next morning. After the first enrichment, one loop-
ful (3-mm) was streaked on both bile-salt-agar and
TCBS-agar plates and these were incubated over-
night. For the second enrichment, 0.1 ml-0.2 ml
of the primary enrichment fluid was inoculated into
5 ml of fresh alkaline peptone water and incubated
for 5 h-6 h and plated as before on bile-salt-agar
and TCBS-agar plates. All the plates were scru-
tinized on the following morning and suspicious
colonies were picked up and tested by the slide
agglutination test with anti-cholera 0 subgroup I
serum for preliminary identification. If positive, the
colonies were subcultured on agar slants for com-
plete characterization by standard methods.

Sera were collected from cases (single 5, paired 11),
from carriers (single 19, paired 44) and from negative
contacts (single 40, paired 96) from whose stool
samples V. cholerae was not found despite daily
sampling for a minimum period of 10 days. Second
samples of blood were collected at intervals of
13-26 days, except for one case and one carrier
whose samples were collected 7 and 37 days, res-
pectively, after their initial bleeding. Serological
results will be published in a separate communication.

CHARACTERISTICS OF THE HOUSEHOLDS STUDIED

The data in Table 1 show that the figures for
the number of persons in a family, the number of
families and the number of persons in a household
and the averages were 4.77, 4.47 and 21.39, res-
pectively. Of the 23 households, 90% were typical

one-room tenements in which the accommodation
of more than 4 persons, in an average room of
9.3 m2 constituted excessive overcrowding both
from health and social points of view.
For cooking, 69 families used their small verandas,

25 used the living room, and 9 had separate kitchens.
For washing and bathing, 65 families had open
enclosures in the yard and all but 4 of these families
used these facilities: 38 families had no facilities
for washing and bathing but used water from wells
or ponds.
For drinking-water, 3 families used tube wells and

35 had piped water in the yard, the remainder
fetched water from outside. Water for drinking
was usually stored in earthenware or metallic pots,
which were liable to be contaminated during use
(Sinha et al., 1968). For domestic purposes, 39
families obtained water from shallow-dug wells and
ponds, and this was sometimes supplemented by
water from tube wells or piped water.
Only 3 families had separate latrines and the

remainder shared the communal latrine in the
household. Service latrines were evacuated irregu-
larly and incompletely because of excessive use.
Hand-flushing latrines were usually not clean owing
to excessive use and to the lack of water within the
latrine. About 25% of the families discharged their
waste on the surface of the land.

Personal hygiene of the individuals was found to
be very poor, because of their low standard of
living, their lack of health consciousness and the
insanitary surroundings.

RESULTS

Duration of the carrier state and persistence of
infection in households
The results given in Tables 1-3 show that V. cho-

lerae could be isolated from members of 19 of the 23

TABLE 2
DISTRIBUTION OF CARRIERS a ACCORDING

TO THE DURATION OF THE PERIOD OF POSITIVE
EXCRETION OF V. CHOLERAE

Duration Number
of positive excretion (days) of intermittent excretors

2-5 22
6-10 8
11-15 4
16-25 7
>26 2

Total 43

a Those carriers who excreted vibrios more than once.
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TABLE 3

OCCURRENCE OF CARRIERS IN THE HOUSEHOLDS OF 23 CONFIRMED CASES OF CHOLERA

Subsequent positiveCarriers isolations
detected from the carriers a

1 1 April 8 April 9,11, 17, 21, 23, 25 April
9 April -

2 4 April None

16 May

26 April; 5, 6 May

23, 26 April

20,21 April
19, 20, 21, 23 April

18 May

16, 17 May
17,18 May
18 May

25, 26, 28, 29 May; 1, 2, 5,
6, 8, 9,10,11, 21, 22, (27),
(28), (29) June; 2, 13,
(17), (31) July; 7 August

8,11 June

1 June
20 June; 2 July
13 June

31 May

23, 26 May; 10 June

1 June
6 June

No.
of index
case and
of house-

hold

Index case
bacterio- Carriers
logically detected
confirmed

13 23 May

14 25 May

15 26 May

16 1 June

17 4 June

18

19

20

21

22

23

7 June

11 June

15 June

23 June

26 June

28 June

25 May
27 May
29 May
2 June

29 May
1 June
2 June

30 May
4 June
6 June
8 June

5 June
5 June
10 June
10 June
13 June

6 June

6 June
7 June
8 June
15 June

8 June
11 June
11 June
13 June
14 June
17 June
17 June
21 June

13 June
13 June
14 June
14 June
14 June
14 June
15 June
15 June
17 June
17 June
26 June

16 June
16 June
17 June
21 June
22 June
24 June
24 June
28 June

30 June
30 June
6 July

Subsequent positive
isolations

from the carriers a

27 May; 9 June
29, 30 May
31 May

31 May; 1, 2, 4, 6 June
5 June
8,16 June

6, 7, 8 June
21 June
12 June
12,13 June

7, 8, 9 June

13, 16 June

30 June
15, 16 June

14, 16, 17 June
16 June
16, 17 June

21 June
3 July

23 June

18,19, 20 June

18 June
23 June

6 July

a The dates in parentheses indicate the days on which rough vibrios were found.

No.
of index
case and
of house-

hold

Index case
bacterio-
logically
confirmed

3

4

4 April

13 April

5 17 April

6

7

8

16 April

28 April

8 May

None

21 April
23 April

20 April
20 April
21 April
24 April

19 April
17 April
19 April

3 May
4 May
4 May
7 May
12 May

13 May
13 May

15 May
16 May
17 May
17 May
18 May
18 May
23 May

21 May

29 May
21 May
30 May
1 June
3 June
29 May

21 May
21 May
22 May
22 May
27 May
28 May
28 May
30 May
8 June

22 May
24 May
29 May
2 June

9 12 May

10 19 May

11 19 May

12 21 May

_
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households in which cases of cholera occurred.
Sampling of 492 individuals indicated the presence
of 96 carriers, 53 of whom excreted V. cholerae
only once, 20 excreted vibrios twice, 13 three times,
6 four times and 1 each 5, 6, 7 and 23 times.
The dates on which the index cases were bac-

teriologically confirmed and on which the carriers
were found to excrete vibrios are shown in Table 3.
The results of daily stool examination of convales-

cent cases showed that of the 23 index cases, 8
(34.78%) were positive some time after their dis-
charge from hospital (Table 4), after having received
tetracycline as a routine treatment by hospital
physicians. Intervals between the first and sub-
sequent V. cholerae isolations were mostly from
5 to 26 days but extended to 57 days in one case.

The possible role of carriers in transmitting infection
from one household to another resulting in an
overt disease or in the carrier state
A male child, aged 11/2 years (index case No. 9)

went to stay with his grandfather in the southern
part of Calcutta where the incidence of cholera is
low. The child was admitted to the Infectious
Diseases Hospital 7 days after his arrival and
cholera was bacteriologically confirmed. The child's

TABLE 4
RECOVERY OF VIBRIOS FROM 8 OF THE
23 CONVALESCENT CHOLERA CASES

Date of Date of beInterval
No. of admission and subsequent between first

index case of first positive positive and subsequent
isolation isolations positive

isolation (days)

No. 2 4 April 27 April 23

No. 6 16 April 21 April 5

No. 9 12 May 30 May 18

No.10 19 May 8 June 20

No. 11 19 May 6 June 18

No. 12 21 May 16 June 26

No. 15 26 May 11 June 16

No. 19 11 June 30 June 23

3 August 57

home was in the northern part of Calcutta where
the incidence of cholera is high. Members of the
child's and the grandfather's household were sam-
pled daily for 10 days immediately after the child
became ill. Of 11 persons in the grandfather's
household 6 were found to be V. cholerae excretors
within 6 days of the child's hospitalization. One
child of the family, who excreted V. cholerae for
two days, later became a mild bacteriologically
confirmed case and on the day of attack vibrios
were found in his stool. After the sixth day of
investigation, persons from the grandfather's house
visited the child's house, where the first carrier was
detected on the ninth day. It is possible that a
carrier or carriers already present in the grand-
father's house (where there was a high carrier rate)
might have infected the index case, as the child had
been living there for 7 days before the onset. This
may be an example of an acute case of cholera
being caused by a carrier and, of course, of a carrier
giving rise to other carriers.

In another example a bacteriologically confirmed
cholera case occurred in one family, the members
of which used to visit frequently a family in another
household. Of the 4 members of the latter family
3 were carriers, one of them a possible long-term
carrier with high serological titres (agglutination
1: 640 and vibriocidal 1: 20480). This carrier may
have been linked with the occurrence of the cholera
case. A case of cholera occurred in the second
family 10 days after the appearance of the case in
the first family.
Another family showed a very high rate of

infection. Carriers continued to be detected in this
family intermittently for a period of 99 days. Three
times during the study some members of this family
who were carriers visited relatives in a rural area of
West Bengal, and stayed 5-7 days each time. Three
days after the third visit a case of cholera appeared.
The patient was hospitalized 2 days after the onset
of the disease (therapy against cholera having been
administered to him at home by the local doctor)
and only then was the association with the carriers in
our study determined. Hospital reports indicate
that this was a typical case of cholera although
Vibrio cholerae was not isolated. Two of the carriers
were known to have excreted V. cholerae the day
before their visit. No other cases of cholera were
reported in this rural area in that year.

In household No. 10, the mother of the index case
gave birth to twin babies. On the third day after
her discharge from the maternity hospital the
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NUMBER OF VIBRIO-POSITIVE SAMPLES COLLECTED IN THE 10 DAYS FOLLOWING THE DETECTION OF A CASE a

vx

w

V1

aO
C;
m

wH 00597

a The figures at the head of each column indicate the total numbers of samples collected and the percentage coverage of
the inhabitants of the affected households.

mother was found positive for V. cholerae; on the
next day one of the new-born babies was also
detected as a carrier and excreted V. cholerae
3 times during a period of 32 days. The second
baby excreted V. cholerae on the 24 days after its
discharge from the maternity hospital. The babies
were fed artificially with cow's milk and glucose
water and they were fed by the parents. Both the
parents were carriers, the father being a long-term
carrier (see Table 3-the first carrier detected on
21 May). External sources of infection may be
excluded in this case as the babies were not touched
(according to local custom) by anybody except the
parents. This indicates the possibility of transmis-
sion of infection from carriers to others.

Incidence of carriers and the isolation of V. cholerae
after the occurrence of a case

A total of 492 persons was examined bacterio-
logically for the presence of vibrios in their stools;
96 carriers (20%) were detected (Table 1). Of these,
36 (21 %) were in the families of index cases and 60
(19%) in other families living in the households.
The carrier rate (21 %) among index-case families

was thus almost the same as that among other
members of the households (19 %). Out of 103
families, 54 (52 %) families were found to be infected.
Thus, 49 (48 %) remained V. cholerae negative
throughout, under the present method of sampling.
During the investigations within 10 days of the

occurrence of cases, 86 carriers were detected, and
during the next 14 days another 10 carriers were
detected. The accompanying figure shows the
extent of excretion of V. cholerae in the households
after the occurrence of cases and the percentage of
stool samples collected during the first 10 days of
the investigation. The percentage of samples
collected ranged from 73.8% to 89.4%. Although
the number of isolations was highest on the third
day, many isolations were also made more than 6
days after the occurrence of the index cases.

Age and sex distribution of carriers

The age distribution of the carriers (Table 5)
indicates that infection was present in all age-
groups but that the carrier rate was highest in
children between 5 and 9 years of age. Over-all
figures show that the carrier rate in the 0-14 years
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TABLE 5
AGE AND SEX DISTRIBUTION OF CARRIERS

Male Female Total
Age-roup No. of No. of No. of No. of No. of No. of
(years) persons carriers persons carriers persons carriers %

sampled detected a sampled detected a sampled detected a

<1 10 1 8 1 18 2 11.1

1-4 35 7 26 9 61 16 26.2

5-9 32 7 36 12 68 19 27.9

10-14 28 6 32 5 60 11 18.3

15-24 29 6 53 9 82 15 18.3

25-34 53 7 32 1 85 8 9.4

>35 65 11 53 14 118 25 21.2

All ages 252 45 (17.9) 240 51 (21.3) 492 96 19.5

<15 105 21 (20.0) 102 27 (26.5) 207 48 (23.2)

>15 147 24 (16.3) 138 24 (17.4) 285 48 (16.8)

a Figures in parentheses indicate percentage of persons swabbed.

age-group was higher than that in older persons.
The infection rate was higher amongst female
children than amongst male children.

Serotypes of the V. cholerae isolated
A mixed serotype infection was found in 19 house-

holds where asymptomatic V. cholerae excretors
were detected. An example is the household of the
index case No. 10. The 5 members of her family
were subjected to daily sampling for 120 days.
All 5 were found V. cholerae positive at different
times. One of these carriers (45 years old) (Table 3)
was found to excrete smooth V. cholerae, serotype
Ogawa, 19 times and rough vibrios 4 times. V. cho-
lerae, serotype Inaba, was isolated from the index
case, whereas V. chokrae, serotype Ogawa, was
isolated from the rest of the family members. All
the Ogawa strains were Heiberg Group 1, non-
haemolytic, CCA positive, polymixin-B (50 units)
resistant and phage group IV (Mukerjee) resistant.

DISCUSSION

The results reported above indicate the temporary
nature of the carrier state, the intermittent excretion

of V. cholerae by carriers and the necessity of daily
examination of the stool samples of an individual
for at least 10 days after the occurrence of a cholera
case in order to avoid missing a carrier. These
results confirm the earlier findings in cholera
studies in Calcutta (Sinha et al., 1967, 1968) and
also those of Yen (1964) and Dizon et al. (1967).
Yen found that all the carriers (in the absence of
treatment) became V. cholerae negative within 14
days of their detection. Dizon et al. detected vibrios
during a period of 5-19 days in the 19 household
carriers examined. Chuttani et al. (1967) stated that
carriers could not be detected in the household
contacts of cases of cholera 7 days after the onset
of the symptoms. In the present studies, however,
carriers were detected long after the onset of a case
of cholera, one person excreting smooth V. cholerae
19 times and rough vibrios 4 times intermittently
over a period of 79 days. Chuttani et al. observed
that the frequency of isolation of carriers depended
on the day of investigation after occurrence of case.
From the present investigation it appears that there
is no significant correlation between the occurrence
of a case and the subsequent isolation of carriers
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in the household. There was no fall in the isolation
of carriers even beyond 7 days after the occurrence
of a case. In the present study it was also observed
that infection could occur in a household in the
absence of cases. Two households, after the finding
of positive latrine samples, were sampled for 10 days
and 6 carriers were detected from the households
in the absence of cases. This confirms the earlier
findings that in a cholera endemic area, like the
slums in Calcutta, carriers continue to occur even
in the absence of overt disease.
Dizon (1965) reported 4 convalescent carriers

who continued to excrete vibrios intermittently for
prolonged periods, one for more than 15 months
and the other three for more than 4 months. Yen
(1964) found that cholera organisms disappeared
from the stools of all (convalescents) patients by the
14th day, counting from the day of onset of the
disease. In the present study 8 post-cholera cases
out of 23, who had been treated with tetracycline in
the hospital, were found to excrete V. cholerae
after discharge from hospital at different time
intervals up to 57 days after the onset of symptoms
(Table 4). (After discharge, stool samples were
collected from patients once every day.) This
indicates that a cholera case may cease to excrete
vibrios after recovery, but may excrete them again
at a later date. Re-infection cannot be excluded,
however, in an endemic area where cholera infection
abounds.

The observations made in the present study
indicate that transmission of cholera infection by a
carrier from one locality to another is possible. It
was also possible to link, although indirectly,
2 cases of overt cholera to carriers. Thus carriers
may be important links in the spread of infection,
although it is difficult to ascertain this without a
suitable marker in the infecting strain.

Infants and children are much more exposed to
infection because they live constantly in a crowded
environment lacking adequate sanitation facilities,
education and care for their health. In the present
study the carrier rate was found to be higher in the
under 15 years age-group.
Out of 492 household contacts, 96 (20%) carriers

were detected. The carrier rate among close con-
tacts of index-case families was 21 % and 19% in
other families in the same households. Yen (1964)
found 9.5% of the household contacts to be in-
fected. Dizon (1965) reported an over-all contact
carrier rate of 12.3% among 594 household con-
tacts after the third swabbing. From the com-
parative figures it appears that the infection rate is
higher in Calcutta. The majority of families in the
infected households had more than one carrier
and only one secondary case occurred. The obser-
vations reported in this paper indicate that carriers
play a role in the transmission and maintenance of
infection in addition to the part played by various
environmental factors.
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R1ESUME

tTUDES SUR LES PORTEURS DE GERMES DU CHOLtR A CALCUTTA (1968)

On a men6 une enquete parmi les habitants, groupes
en un nombre variable de familles, de 23 maisons ayant
h6berg6 un malade atteint de chol6ra aver6. Des echan-
tillons de selles ont ete pr6leves et examines pendant au
moins 10 jours pour d6celer l'excretion de Vibrio cholerae

et d6terminer: a) la duree de l'etat de porteur de germes;
b) le r6le des porteurs dans le maintien et la transmission
de l'infection au sein des familles, des habitants d'une
meme maison et de la collectivit6 et dans l'apparition
6ventuelle de cas cliniquement av6res; et c) l'incidence
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de l'infection parmi les familles et les habitants d'une
meme maison.
Sur un total de 492 personnes (171 membres de

familles comptant un cas indicateur et 321 membres
d'autres familles) ayant 6te exposees a l'infection chole-
rique, 96 (19,51°/) excr6taient des vibrions; 86 porteurs
ont ete depist6s dans les 10 premiers jours de 1'enqu6te
et les 10 autres dans les deux semaines suivantes; 36
(21,05%) appartenaient a des familles comptant un cas
indicateur et 60 (18,69%) a d'autres families. Chez 43 de
ces porteurs, les examens de selles ont ete positifs a plus
d'une reprise: 2 fois (20), 3 fois (13), 4 fois (6), 5 fois (1),
6 fois (1) et 7 fois (1). Dans un cas enfin, les examens
pratiques pendant 120 jours ont montre la presence de
V. cholerae serotype Ogawa a 23 reprises. Il se pourrait
que ce demier sujet soit un porteur de germes ((au long

cours *. Huit des 23 cas indicateurs ont ete reconnus
porteurs de V. cholerae apres leur sortie de l'hopital, mais
a une reprise seulement. Les intervalles entre le premier
isolement et les isolements ult6rieurs ont varie de 5 a
57 jours. La dur6e de 1'etat de porteur a ete en general
breve et l'excr6tion des vibrions intermittente. L'incidence
des porteurs a ete plus elev6e chez les sujets ages de moins
de 15 ans et on a isole des V. cholerae appartenant a
plusieurs serotypes chez des personnes occupant la
meme habitation.

Il est possible que les porteurs de germes jouent un r6le
primordial, favorise par les mauvaises conditions d'hy-
giene individuelle et familiale, dans la transmission et la
persistance de l'infection dans la collectivite. Certaines
observations donnent a penser qu'ils peuvent etre a
l'origine de manifestations aigues de la maladie.
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