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Cholera Carrier Studies in Calcutta in 1966-67 *
RENUKA SINHA,1 B. C. DEB,2 S. P. DE,2 A. H. ABOU-GAREEB3 & D. L. SHRIVASTAVA4

Cholera carrier studies have been inprogress in Calcutta since April 1966, in areas ofhigh
endemicity with a population of about 13 000. Carriers are traced through periodic exami-
nations ofsamplesfrom latrines, users ofvibrio-positive latrines, contacts of cases of cholera
and apparently healthy persons.

The latrine survey showed that 46.2 % of the latrines were infected, and brought 54
carriers to light; the over-all carrier rate in the study area was estimated as 1.3 %. The
carrier rate among household and family contacts of hospital cases of cholera was 1.6 %.
None of the contacts of 9 persons with choleraic diarrhoea was positive. Vibrios were also
isolatedfrom water andflies near positive latrines.

The results indicate that carriers can occur even in the absence of overt disease, that
infection persists in many households, and that carriers may transmit the infection.

INTRODUCTION

The role of carriers in the spread of cholera
seems to have been considered long before the dis-
covery of the causative organism of this disease.
Griesinger in 1857 (quoted by Pollitzer, 1959) con-
sidered it possible that apparently healthy persons
coming from an epidemic area and having suffered,
to a slight degree at least from specific diarrhoea
could "bring the poison with them ". He also
hinted at the possibility of persons recovering from
an-attack of cholera becoming convalescent carriers.
The existence of both these types of carriers was
shown by Dunbar (also quoted by Pollitzer, 1959)
during the 1892 epidemic at Hamburg.

Pollitzer (1952), reviewing the work done on car-
riers in cholera up to 1952, stated that records
suggesting that convalescent and contact carriers
played a part in spreading cholera were few and
far between and almost invariably not well docu-
mented. He felt that epidemiological observations
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as well as laboratory studies rendered it unlikely
that convalescent and contact carriers were the
source of infection. The main source of infection
would appear to be the acute carriers, i.e. individuals
late in the incubation stage, those actually ill and
possibly those in early convalescence. Kamal (1951)
noted from the 1947 Egyptian outbreak that cholera
convalescents, usually discharged 12-14 days after
the onset of the disease, played no role as carriers.
The spread of infection due to Vibrio cholerae bio-

type El Tor in countries of the western Pacific and
south-eastern Asia since 1961 has stimulated inten-
sive studies on carriers in the Philippines (Dizon,
1965), East Pakistan (Benenson et al., 1965) and
Hongkong (MacKenzie, 1965). The WHO Expert
Committee on Cholera (1966) discussed the role of
carriers and 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 trans-
mission, within a given population or even between
neighbouring countries." In this connexion it would
be valuable to investigate the following:

(a) the existence and relative frequency of cholera
carriers in a community living in an endemic area
in the interepidemic period, on the eve of an
epidemic, during and after an epidemic;

(b) the duration of the carrier state in various
types of carriers; and

(c) the reservoir of infection and the form in
which V. cholerae survives during the interepidemic
periods.
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FIG. 1

CALCUTTA CITY WARDS, WITH THE STUDY AREAS a

Study area

0 Infectious Diseases Hospital

El Cholera Research Centre

a The study area marked I on the map is bustee No. 16, near Murari Pukur Road; study area
II is bustee No. 27, III is bustee No. 75, IV is bustee No. 112 and V is bustee No. 165, all near
Beliaghata Main Road.
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To elucidate some of the above points a detailed
and systematic study of carriers in the community
at large, spread over a long period to cover the
seasonal variations in the incidence of the disease,
along with serological studies, has been in progress
in a highly endemic area in Calcutta since April 1966.
The results obtained so far (up to February 1967)
are described and discussed in the present communi-
cation. The results of serological studies now in
progress will be reported in a separate communi-
cation.

STUDY AREA

The carrier studies were conducted in 5 highly
endemic bustees (groups of shanties), with a popula-
tion of 12 807 (as of April 1966) in Beliaghata and
Murari Pukur (Wards No. 15, 35 and 36) in the
north-eastern part of Calcutta (Fig. 1). The study
area was selected on the basis of the over-all inci-
dence of bacteriologically confirmed cholera (about
0.39%), found during the controlled field trial of
the effectiveness of cholera vaccines in 1965 (Das
Gupta et al., 1967). These bustees are near the
Infectious Diseases Hospital and about 5 miles
(8 km) from the Cholera Research Centre, where
the project was organized.

Table 1 gives demographic data for the study
area as determined during the population survey in
April 1966. The population had shown an increase
of 2034 (18.6%) over that in 1965 when a similar
survey was done during the controlled field trial of
cholera vaccines. This increase is due partly to the

influx of 179 additional families or 1128 persons,

and partly to the natural increase in the population
by 906 (less than 1 %). The number of houses in the
5 bustees had also increased, from 334 to 361.

Filtered water is supplied to the area by the city
mains supplemented by tube wells. No unfiltered
water is supplied to the area, but there are open

wells and water tanks whose water is used by the
inhabitants for domestic purposes as shown in
Table 2.
For drinking purposes 32.0% get their water

within 10 yards (about 9 m) of their homes, 44.6%
between 10 and 50 yards (9 m and 46 m) and
19.4% at 50 yards (about 46 m) and over; 4.0%
get water from several sources in 2 of the above
distance-groups. Domestic and bathing water is
available to this community at relatively short
distances. However, since much of this water is
from unsafe sources the question of distance is not
of great importance in the study.
Drainage is through open drains which become

water-logged during the rainy season. Nightsoil
disposal is through 395 service latrines (in 361 houses,
inhabited by 2286 families) whose users are traceable
(" closed latrines "), 9 service latrines whose users
are not always traceable (" open latrines "), 26 septic-
tank latrines and 3 pit latrines, making a total of
433 latrines.

DEFINMTION

For purposes of these studies a cholera carrier
may be defined as apparently healthy person excret-
ing V. cholerae or V. cholerae biotype El Tor in his

TABLE 1
SOME DEMOGRAPHIC CHARACTERISTICS OF THE POPULATION STUDIED IN 1966

Average
Bustee a No. of No. of Average No. Average No. Average No. monthly
No. Population houses families of families of persons of persons per capitaper house per house per family income

up(R

16 8855 229 1 582 6.9 38.7 5.6 26.7

27. 504 19 87 4.6 26.7 5.8 29.4

75 1 080 31 222 7.2 34.8 4.9 26.8

112 701 29 113 3.9 24.2 6.2 26.1

165 1 667 53 282 5.3 31.5 5.9 22.8

Total (1966) 12 807 361 2 286 6.3 35.5 5.6 26.3

1965 data 10773 334 2107 6.3 32.2 5.1

a Based on a special census carried out by the authors in April 1966.

91



R. SINHA AND OTHERS

TABLE 2
DISTRIBUTION OF WATER SOURCES,

BY MODE OF USE

Percentage of houses
using water for

Type of water source
Drinking Domesticl Bathing

purposes1

Tube well 45.9 12.5 11.6

Mains (filtered) 31.3 25.5 26.5

Both tube well and mains 17.2 3.6 0

Open well 11.6 10.8

Water tank 20.5 14.4

Multiple and various sources 5.6 26.3 36.7

Total 100.0 100.0 100.0

stools. This definition will include (1) a convalescent
carrier, who has recovered from an attack of cholera
or choleraic diarrhoea, (2) a contact carrier, who
has been in contact with a person suffering from
cholera or choleraic diarrhoea, and (3) a preclinical
or incubatory carrier who is an infected individual
late in the incubation stage who subsequently comes
down with the disease.

METHODS

Nightsoil sampling

Van de Linde & Forbes (1965) introduced night-
soil sampling to trace sources of infection with
cholera in Hong Kong. This was done at 4 sampling
stages: vehicle, hopper, pail and user of the parti-
cular pail, thus taking at least 6 days to trace the
infection from a vehicle to a carrier. This procedure
has been adapted to the local circumstances in the
present studies, making it possible to detect the
carrier or case infecting a latrine in 2 stages within
3-4 days. Samples of stools initially from all the
433 latrines and later from the 395 closed latrines
only were taken twice a week from each latrine.
These latrine samples represented pooled stools of
latrine users within the respective houses. As soon

as a sample was found positive, an effort was made
to screen all the users of that particular latrine for
the excretion of vibrios. To test the specificity and
sensitivity of this method, users of negative latrines
in the neighbourhood of positive ones were simi-
larly examined from October to December 1966.

Stool samples
Suspected cases. Stool samples from persons from

the study area admitted to the Infectious Diseases
Hospital, Calcutta, on suspicion of cholera infec-
tion, from persons with diarrhoea in the field and
from their contacts, were examined for the presence
of vibrios.

House-to-house surveys. Stool samples from healthy
persons in the study area were examined in a house-
to-house investigation to study the prevalence of car-
riers during the different seasons and the occurrence
of associated or subsequent cholera cases and car-
riers. The detected carriers were sampled every day
for the first 7 days and then every week, to determine
the duration of their carrier state.

Relapses and convalescents. Persons who had suf-
fered in previous years from confirmed attacks of
cholera, and convalescents from recent attacks of
cholera, from the study area were initially purged
with magnesium sulfate and their stools, particu-
larly the last fraction, tested for the presence of
vibrios. This procedure was given up after 26 indi-
viduals had been purged under field conditions, with
negative results. Since December 1966, carriers have
been purged in the Infectious Diseases Hospital and
their duodenal fluid examined before and after
intravenous injection of cholecystokinin.

Epidemiological follow-up of infection
Samples of water from tanks and other sources

and flies within and in the vicinity of infected house-
holds were examined for the presence of vibrios.
Detailed information was also collected regarding
water sources for drinking, domestic use and bath-
ing, any previous attack of cholera or diarrhoea,
anti-cholera inoculation, movements of contacts,
possible source of infection, etc.

Technique of stool examination

Samples of stool (about 3 g) are collected in
sterilized I-UK-fl-oz (ca 28 ml) wide-mouth Mc-
Cartney bottles containing 10 ml of fluid medium-
Venkataraman-Ramakrishnan medium for latrines
and alkaline peptone water for hospital patients
and individuals in the field. Rectal swab samples
were collected from children when stool samples were
not available. The samples were brought to the
laboratory within 2-3 hours and reinoculated into
alkaline peptone water (pH 8.0-8.2). After 16-18
hours of incubation they were streaked on bile-salt-
agar plates (pH 8.0-8.2) and incubated overnight.
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TABLE 3
ISOLATION OF VIBRIOS FROM VARIOUS SOURCES BETWEEN 27 APRIL 1966 AND 28 FEBRUARY 1967

Positive isolations Serotype a
No. of No. of - ___-NAG

Type of source sources samples No. of Sources vibrios
sampled samples No. Ogawa Inaba Hikojima

Latrine 433 31 690 299 200 46.2 200 0 0 6
(99)

Healthy non-contact (com-
munity survey) 7 060 b 11183 115 93 1.3 89 1 3 4

(21) (1)
Hospital case 25 25 4 4 16.0 4 0 0 0

Contact of hospital case 81 113 5 5 6.2 5 0 0 0

Diarrhoea case in field 308 351 9 9 2.9 9 0 0 0

Contact of field diarrhoea
contact 263 267 0 0 - - - - -

Purged person 26 27 0 0 - - - - -

WaterC, d| 46 e 222 8 17 17.4 8 0 0 7
(9)

Fly (batches) d 55 90 4 4 7.3 4 0 0 3

a The number of positive sources is given. The figures in parentheses represent the total number of "repeat samples
b Including users of positive latrines.
c The total number of water tanks in the area studied is 17.
d Collected from houses with positive latrines, and their immediate vicinity.
e The following water sources were tested: 17 tanks, 3 tube wells, 16 open wells and 10 taps (mains supply).

Next morning the characteristic V. cholerae colo-
nies were identified serologically and subcultured
for further studies (De, 1965).

RESULTS

Vibrio excretors from various sources
Table 3 shows the number of samples collected,

sampled persons and sampling stations along with
the number of vibrios isolated and their serotypes.
With the exception oftwo Inaba strains, all the strains
isolated were serotype Ogawa. The latter were
non-haemolytic, chicken-cell-agglutination positive,
cholera-phage-IV-resistant and polymyxin-B-resist-
ant (10 ,ug)-i.e., what is now frequently called V. chol-
erae biotype El Tor. The two Inaba strains were
classical-type V. cholerae; they were isolated from
a carrier 10 days after he had stopped excreting
Ogawa strains of the type described above, which,
incidentally, gives an indication of the possibility
of a change in serotype and biotype in the human
gut. It will be seen that during the 10-month period
of observation (27 April 1966 to 28 February 1967)
200 of the 433 latrines were found positive for

V. cholerae 1 on one or more occasions. Of the
299 positive isolations 99 were repeats, from latrines
already found to be positive. The frequency of
positive latrines was thus 46.2%. However, the
299 positive samples represented only 0.94% of
the 31 690 samples investigated. Six strains of non-
agglutinable (NAG) vibrios were isolated-in gen-
eral, from latrines which also yielded V. cholerae on
different occasions. The total number of carriers
detected through the latrine survey was 54. The
utility of latrine positivity in the detection of vibrio
excretors depends on the assumption that the latrine
stool samples represent the user population. To test
this, users of both the positive and the nearest nega-
tive latrines were simultaneously screened for the
presence of vibrio excretors during the months of
October-December 1966. The results given in
Table 4 show that during this period 33 vibrio
excretors were detected with the help of latrine
positivity as compared with none when the latrine was
negative. This establishes the usefulness of positive
latrines for tracing carriers among their users.

1 The term V. cholerae as used below generally refers to
the El Tor biotype-ED.
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TABLE 4
WEEKLY SAMPLES FROM USERS OF POSITIVE

AND NEGATIVE LATRINES, AND VIBRIO
EXCRETORS DETECTED, FROM 1 OCTOBER TO

31 DECEMBER 1966

Users of positive Users of negative
latrines latrines

Week
ending No. Vibrio No Vibrio

* sampied excretors sampied excretors
smld detected smld detected

8Oct.1966 82 0 87 0

15 Oct. 40 5 35 0

22 Oct. no positive latrines

29 Oct. no positive latrines

5 Nov. 58 0 45 0

12 Nov. 11 1 16 0

19 Nov. 91 2 85 0

26 Nov. 84 9 86 0

3 Dec. 82 6 97 0

10 Dec. 18 3 15 0

17 Dec. 89 2 80 0

24 Dec. 132 4 74 0

31 Dec. 8 1 12 0

Total 695 33 632 0

With the assistance of the latrine sampling and
the house-to-house survey of apparently healthy per-

sons, 93 (1.3 %) carriers were detected among

7060 sampled persons (Table 3). Repeated sampling
of 4123 persons in the above population gave an

additional 22 carriers (0.53 %). NAG vibrios were

also isolated from 4 persons in the above population
during a community survey.

Of the 25 patients admitted to the hospital as

suspected cases of cholera, 4 were bacteriologically
confirmed. Among 81 household and family con-

tacts of these 4 hospital patients, 5 contact carriers

were detected after the taking of 113 samples.
During the regular house-to-house search for diar-
rhoea cases in the field, 351 samples were collected
from 308 persons with diarrhoea and only 9 cases

(3.0%) were bacteriologically confirmed as choleraic
diarrhoea. The detection of 7 of these 9 cases had
followed the isolation of V. cholerae from the respec-

tive latrine. None of their 263 contacts (267 samples)
was found to be excreting V. cholerae.

Twenty-six adults who had had bacteriologically
confirmed cholera attacks in 1965 and 1966 were

purged once with 30 g-40 g of magnesium sulfate
and one was purged twice, with no positive isolations.
These negative findings may be due to delay in
purging, lack of co-operation and other difficulties
in the field.

TABLE 5
POPULATION AND CARRIERS DETECTED IN THE STUDY AREA, BY AGE,

FROM 26 APRIL 1966 TO 28 FEBRUARY 1967

Population a No. of No. of carriers detected Carrier
Age-groups persons detection

(years) No.%No.examined Latrine Community CaseNo. ______ examined_ survey survey follow-up Total rate(%

Under1 313 2.4 312 1 1 0 2 0.6

1-4 1 333 10.4 1 350b 6 5 1 12 0.9

5-9 1 779 13.9 1 574 6 9 1 16 1.0

10-14 1 758 13.7 1126 8 3 1 12 1.1

15-24 2 268 17.7 929 9 8 1 18 1.9

25-34 2 064 16.1 870 7 4 1 12 1.4

35-54 2 182 17.0 921 12 5 0 17 1.8

55+ 1 110 8.7 322 5 4 0 9 2.8

All ages 12 807 100.0 7 404 54 39 5 98 1.3

a Based on the census carried out by the authors in April 1966.
b The total number examined included influx from outside and also infants whose first birthday occurred during the study

period.
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FIG. 2
MONTHLY ADMISSIONS OF PERSONS WITH BACTERIOLOGICALLY CONFIRMED CHOLERA TO THE

INFECTIOUS DISEASES HOSPITAL, CALCUTTA, AND THE POSITIVE LATRINE RATE (PER 1000 SAMPLES)
AND CARRIER RATE (PER 1000 PERSONS SAMPLED) IN THE STUDY AREAS IN 1966 a

400

1966
F17

1967

Cholera admissions

Positive latrine rate

-a- Carrier rate

a If cholera admissions were given per 1000, the corresponding curve would fall far below the other two; this has
not been done, because the population from which the cholera admissions is taken is difficult to estimate. However, the main
point to be noted in the graph is that cholera carriers are found In appreciable numbers even when cholera admissions are
very low.

Of 222 samples of water collected from 17 tanks, fly samples were found during the period June-
and other water sources, in the vicinity of houses October 1966, after which the water samples col-
with positive latrines, 17 were found to be positive- lected were found negative for V. cholerae and fly
8 first-time isolations and 9 repeats. Seven strains samples were not available. There was, however,
ofNAG vibrios were isolated from the water samples. 1 NAG vibrio isolated from a water sample in
Of 90 batches of fly samples (4-6 each) from 55 sus- December 1966. The detection of V. cholerae excre-
pected houses, 4 were found positive for V. cholerae tors as shown in Table 3 continued throughout the
and 3 for NAG vibrios. All the positive water and whole period of observation in the study area.
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Frequency of carriers

Among the 98 carriers, 46 were male and 52 were
female. Table 5 shows the number of carriers
detected in the various age-groups. The proportion
of carriers among the different age-groups follows
the same pattern as the age-structure of the popula-
tion, while the carrier rate generally appears to
increase with age. The vaccination status of the
carriers appears to reflect that of the general popula-
tion, since 30 out of the 98 carriers (30.6 %) had
received vaccination within the previous 12 months,
while the records showed that 30% of the population
in the study area were vaccinated.

Fig. 2 shows the monthly distribution of the
positive latrines and the carriers detected, together
with that of patients with bacteriologically con-
firmed cholera admitted to the Infectious Diseases
Hospital during 1966. It appears that both positive
latrines and carriers followed a pattern similar to
that for confirmed cholera cases, except that during

the quiet season the detection of positive latrines
and carriers continued.

Continuity of infection
In a large number of households, infection once

discovered was found to persist in some source or
another for a long time. The frequency and the
source of positive isolations in a few such house-
holds are shown in Table 6. It will be seen that in
some of the households the infection has been per-
sisting for 6-8 months. This period may increase
as the investigation progresses further.

Transmission of infection
During these studies a few households were found

in which indications of transmission of infection by
a carrier to his or her associates were considered
probable. Sixteen such households are shown in
Table 7. In every case adequate inquiries were made
to exclude as far as possible any external source of
infection. It may, however, be stated that strict

TABLE 6
POSITIVE ISOLATIONS FROM CERTAIN HOUSEHOLDS FROM 26 APRIL 1966 TO 28 FEBRUARY 1967

Household Date and source of isolation a

Murari Pukur Road

16/1/H/5 7 June 15 June 15 June 17 June 18 June 20 June 22 June 6 July 22 Dec. 6 Jan.
L L C L L C L L L L

16/1/H/40 6 July 13 July 15 July 21 July 25 July 26 July 28 Dec.
L C TW TW TW TW L

16/1/1/H/25 9 June 15 June 16 June 18 June 24 June 22 July 16 Aug. 3 Sept. 9 Dec.
L C L C C FD L L L

16/1/1/H/21 9 June 16 June 29 June 30 June 4 July 27 July 1 Oct. 4 Oct.b 14 Dec. 15 Dec.
HC CC L L TW TW L TW C C

16/5/H/29 24 May 6 June 13 June 16 June
L C C FD

16/5/H/37/9 27 July 7 Oct. 12 Oct.b 12 Oct. 14 Oct. 16 Nov. 23 Nov. 23 Nov. 22 Dec.
L L TW C C 1 C C C L

Beliaghata Main Road

165/44

112/6

75/3

75/33

27/3/1

2 June
L

2 June
L

20 June
L

14 June
L

4 June
L

7 June
L

7 July
L

20 June
HC

14 June
L

16 June
L

13 June
C

13 July
L

21 June
CC

17 June
C

20 June
L

13 June
L

22 Nov.
C

21 June
CC

23 June
C

27 Aug.
L

2 Aug.
L

6 Dec.
L

22 June
CC

4 July
C

3 Sept.
C

2 July
CC

a L = latrine, C = healthy community, CC = healthy contact carrier, FD = field diarrhoea case, HC = hospital case, TW =
tank water.

b Non-agglutinable (NAG) vibrios detected.
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TABLE 7
PROBABLE TRANSMISSION OF INFECTION THROUGH CARRIERS

Date of positive isolation
Household _ _marksNo. Index 2nd 3rd Remarks

carrier carrier carrier

75/33 17 June 66 23 June 66 - The second carrier (18 months) is the daughter of the index carrier.
F a Meals for the family are prepared by Index carrier.

16/5/H/37/9 12 Oct. 66 14 Oct. 66 - The second carrier (7 months) is the grandson of the index carrier, who
F was nursing him. He was again positive on 16 Nov. 66 and 23 Nov. 66.

75/41 28 June 66 5 July 66 _ The second carrier, who had choleraic diarrhoea (8 years), is the son
F of the index carrier, who prepares meals for the family.

75/38 15 Dec. 66 20 Dec. 66 - The index carrier prepares meal for the second carrier.
F

16/1/H/7 7 June 66 13 J4ne 66 13 June 66 The third carrier is the mother of the index carrier (8 years). The second
H b F carrier was again positive on 18 June 66.

16/1/H/17/1 30 Sept. 66 10 Oct. 66 - The second carrier lives in the room adjacent to that of the Index carrier.
H

16/1/H/2 1 Dec. 66 14 Dec. 66 - The second carrier is the mother of a field diarrhoea case (2 years)
H detected on 17 Oct. 66.

16/1/H/44 21 Nov. 66 24 Nov. 66 24Nov.66 The second carrier lives in the room adjacent to that of the index carrier.
H H

16/1/H/42 26 Dec. 66 2 Jan. 67 The second carrier is the son of the Index carrier.
F

16/5/H/29 6 June 66 13 June 66 16 June 66 The second carrier is the son of the index carrier.
F H

16/1/H/43/1 24 Nov. 66 25 Nov. 66 - The Index and the second carrier were again positive on 2 Dec. 66 and
F 1 Dec. 66 respectively.

16/5/H/8 21 Dec. 66 21 Dec. 66 22 Dec. 66
F H

16/1/1/H/34/1 12 July 66 16 July 66 -

H

16/1/H/5 15 June 66 20 June66 -

H

16/1/1/H/1l 17 May 66 24 May66 -
H

16/1/H/3 19 Nov. 66 29 Nov. 66 - The second carrier was again positive on 20 Dec. 66.
H

a F= Carrier detected in the family of the Index carrier.
b H = Carrier detected In the household of the index carrier.

isolation is not possible under field conditions. Two
of the households are worthy of particular mention
here.

In household No. 16/5/H/37/9, a 7-month-old
baby, fed on breast milk and cow's milk, was found
to become a carrier while being nursed by his grand-
mother who had previously been detected as a
carrier. This indicates the possibility of infection
having been contracted from the grandmother. It
may be mentioned that none of the other family
members, including the mother of the baby, was
found to be excreting vibrios. In the second house-
hold, No. 16/5/H/29, a girl, several (6-8) of whose

stool samples had been found negative for V. cho-
lerae, developed choleraic diarrhoea within a week
of the detection of2 healthy carriers in the household.

Duration of carrier state
The duration of the carrier state in carriers

detected during the community survey and the
latrine survey is shown in Table 8. It will be seen
from the figures in the second column of the table
that the total number of carriers with multiple
isolations of V. cholerae was 19, and that the long-
est assumed duration of the carrier state (found in
2 cases) was 41-45 days. It is, however, not clear
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TABLE 8
DURATION OF THE CARRIER STATE

_______________ No. of carriers detected
Duration No. of .. . days after detection
(days) carriers a of positive latrine

-810 days 11-30 days

2-5 2 12 11

6-10 8 19 17

11-15 4 4 10

16-20 0 4 5

21-25 2 1 2

26-30 0 0 2

38-40 1 0 0

41-45 2 1 0

46-50 0 2 0

76-80 0 0 2

88-90 0 0 1

Total 19 43 50

Mean duration
(days) 15.4 -1 5.9 11.2+ 4.7 14.8:+ 7.0

a Carriers detected during the investigation carried out as
soon as possible after the discovery of a positive latrine. The
carriers mentioned in columns 3 and 4 were not discovered
during the investigation just after the discovery of the positive
latrine, but later, in the course of the community survey. The
duration of the carrier state is taken as the interval between
the flrst and last isolations of V. cholerae from the carrier.

for how long after the discovery of a positive latrine
a carrier discovered in the near vicinity may be
considered as associated with that latrine. The fig-
ures in the third and fourth columns of Table 8
are based upon certain assumptions concerning the
duration of this association which will be discussed
below.

DISCUSSION

The results given above indicate that the methods
employed in the present studies, particularly the
periodic examination of samples of stool from ser-
vice latrines and the use of stool samples, as far as
possible, for the isolation of vibrios, have been
shown to be successful. The presence of cholera
carriers in an endemic area in the absence of cases
of cholera or even choleraic diarrhoea has been
established. The frequency of carriers appears to
run parallel with the usual seasonal variation of
cholera in Calcutta. However, even when the num-
ber of bacteriologically confirmed cholera cases

becomes negligible, or when there is no chance
whatsoever of contact with a case, carriers con-
tinue to exist. Further, there appears to be con-
tinuity of infection in many of the households, as
indicated by isolations of vibrios from one source
or another over long periods. The results of the
present studies also indicate the possibility of the
transmission of infection through carriers.
The observations of earlier workers (Panja &

Ghosh, 1947; Krishnan, 1953; Pillay et al., 1954;
Lahiri, 1954; Roy, 1959; Abou-Gareeb, 1960) in
endemic areas where there were no outbreaks of
cholera, or in an interepidemic period, indicated the
presence of V. cholerae in river, canals or tank water.
In the current studies also, the frequent isolation of
V. cholerae from tanks in the vicinity of cholera
carriers indicates that carriers may contaminate the
tanks with V. cholerae, since no cholera cases
occurred during the period of observation. Further,
these tanks, frequently used for washing utensils
and bathing by the residents in the immediate
vicinity, may be possible sources of infection for
these persons.
The above findings indicate that there is a human

reservoir of cholera infection in an endemic area in
interepidemic periods. The transmission of infection
appears to continue in the field largely in a symptom-
less form either by person-to-person contact or via
water, flies, food, etc. This poses a great problem
for the public health authorities.
The longest duration of the carrier state found

during the community survey was 43 days. The
duration of the carrier state linked with latrine
positivity has been calculated to be longer, based
upon certain assumptions. It has often been found
that a household in which no vibrio-positive person
could be detected even on repeated sampling showed
the presence of a vibrio-excretor soon after the
detection of vibrio in the latrine sample. It may
therefore be assumed that the duration of the carrier
state is linked with the day of detection of the posi-
tive latrine. There are no data on the maximum
possible interval between the detection of the posi-
tive latrine and that of the carrier. If this interval
is arbitrarily assumed to be 10 days, 2 of 43 carriers
will show a duration of 46-50 days (Table 8). On the
other hand, it has been observed in this study that
the interval between two excretions of vibrios by a
particular carrier, without any detectable extemal
source of infection, may be as long as 4 to 6 weeks.
If in view of this the maximum interval between
positive latrine detection and carrier detection is
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extended from 10 to 30 days, the total number of
carriers in various groups will be 50, with 2 in the
76-80-day group and 1 in the 86-90-day group.

These assumptions are at present speculative in
nature and whether they are valid or not wiDl
depend upon the findings of further study.
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RtSUME

Une etude syst6matique des porteurs de Vibrio cholerae
est men&e depuis avril 1966 dans un secteur de forte
endemicite de Calcutta, Inde. Les r6sultats obtenus au
cours de cette enquete qui porte sur une population
d'environ 13 000 personnes ont fait l'objet d'une pre-
mi&e evaluation en f6vrier 1967.
On a procede a l'examen bact6riologique bihebdo-

madaire d'6chantillons de matieres f6cales prelev6s dans
les latrines mises i la disposition de groupes de familles.
La decouverte de V. cholerae a ainsi permis de remonter
i la source de l'infection. Durant la periode consideree,
200 latrines sur 433 (46,2 Y.) ont ete trouvees infectees a
une ou plusieurs reprises et 54 porteurs ont et6 depistes.
L'enquete a comporte en outre des visites a domicile
avec examen de selles de personnes apparemment saines.
Le total des porteurs de V. cholerae a atteint 93 (1,3%)
sur 7060 personnes examinees. Cependant, seuls 4 cas
confirm6s de chol6ra sont survenus au sein de la popu-
lation, et 5 porteurs ont ete d6couverts parmi les 81
contacts. Au cours des visites a domicile, 351 examens de

selles ont et6 pratiques chez des sujets souffrant de
diarrh6e. Neuf cas averes de cholera ont et6 diagnos-
tiqu6s, mais aucun des 263 contacts n'excr6tait V.
cholerae.
La courbe mensuelle des isolements positifs dans les

divers pre1evements etait similaire 'a celle des hospitali-
sations pour cholera confirrie, mais le germe continuait
cependant a etre mis en evidence, aussi bien chez des
porteurs que dans les fosses d'aisance, en I'absence de
cas de cholera.
Dans beaucoup d'habitations, l'infection a persist6

pendant de longues periodes, parfois 6 a 8 mois, par
suite de l'existence de porteurs, de la contamination de
1'eau ou de la transmission d'une infection asympto-
matique par contact direct, par les mouches, les aliments,
etc. L'etat de porteur de germes se maintient en moyenne
pendant une quinzaine de jours, la duree maximale
observ6e au cours de 1'enqu6te ayant ete de 43 jours.
Suivant les auteurs, cette dur&e peut etre plus longue
s'il y a simultanement contamination des latrines.
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