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Cholera carrier studies in the Philippines in 1964-66 showed a prevalence rate of21.7%
among household contacts of cholera patients, and 8.4 % in occupants of houses next door
to one where a cholera patient lived, as opposed to 0.34 % in the general population. The
duration of the carrier state among 19 household carriers isolated for examination varied
from 5 to 19 days. The vibrio concentration in the stool of contact carriers was 102-155 per
gram, as compared with 106_l99 per ml ofrice-water stool in cholera cases.

The agglutinin titre increased with time for carriers, as it does for patients. It declined
to a very low level 8-12 weeks after recovery, with the exception ofone proved long-term
carrier.

The strains isolated from carriers were identical in all respects, including virulence in
infant rabbits, with strains isolatedfrom patients-except that 3 carrier strains were rough.

Pollitzer (1959) summarized the observations on
cholera carriers of various workers and of the WHO
Expert Committee on Cholera of 1951 and concluded
that incubatory carriers in the late stage, those
actually ill, and possibly also those in early convales-
cence, are instrumental in spreading infection. Recent

experiences, however, indicate a more significant
epidemiological role for asymptomatic carriers in the
spread of this disease (Tamayo et al., 1965; Mosley
et al., 1965). This study was planned to accumulate
more information on cholera carriers for a proper
evaluation of their role in transmitting infection.

PROCEDURE

Investigations on cholera carriers were carried
out in the Philippines in Davao City between 27 May
and 8 August 1964; in Hagonoy, Bulacan, between
7 September 1964 and 30 November 1965; and in the
Manila area between 27 October 1964 and 31
January 1966.

EPIDEMIOLOGICAL INVESTIGATIONS

Detection and referral of index cases
All persons suspected of having cholera were

referred to the San Lazaro Hospital, Manila, for
confinement, treatment and observation for at
least 5 days. Immediately upon admission, rectal
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swabs and/or stool specimens were obtained and
sent to the laboratory. All bacteriologically con-
firmed cases were considered index cases and records
were maintained on the clinical, epidemiological
and laboratory aspects of these cases.

Household investigations
Here the specific objective was to determine the

prevalence of infection in the households of patients,
how such infection varied with time and among
individual members of the household, and the
manner of transmission within the household.As
soon as an index case was confirmed, household
epidemiological investigations were performed. Rec-
tal swabs or, when possible, stool specimens were
taken from all household contacts for bacteriological
examination. This procedure was repeated after
24 hours. The bacteriologically positive individuals
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without gastrointestinal disturbances were considered
healthy or contact carriers and referred for confine-
ment as subjects for laboratory and clinical investiga-
tions. Whenever possible, investigations were carried
out on control households-i.e., households without
a cholera patient, located second to the right of a
household with a cholera patient, and similar to the
latter in terms of number of occupants and environ-
ment.

Community investigations
These were conducted to determine the prevalence

of infection in a community in which a case of
cholera had occurred; the progress of infection
within the community in terms of person, time and
place; and the mode of transmission of infection
through carriers and the environment. Small,
isolated communities were selected in which cholera
cases has recently occurred. Basic epidemiological
information was collected, including history of the
disease, immunization status and demographic
and social characteristics of the population, as well as
environmental status. The prevalence of infection
was investigated by bacteriological surveys of the
entire population. A serological survey on a ran-
dom sample of the population was also carried out.
Continuous, intensive surveillance was conducted
for the detection of new cases and carriers.

Patients with diarrhoeal symptoms were clini-
cally and bacteriologically investigated. Longitu-
dinal studies were made of such persons, the carriers
being left indisturbed in the community so as
to make it possible to observe the spread of infec-
tion from or through these carriers and such
environmental factors as might be incriminated.

To determine transmission, attempts were made to
relate the occurrence in time of subsequent cases to
the index case or to the carriers.

Follow-up
Approximately 500 persons with bacteriologically

confirmed cholera admitted to the San Lazaro
Hospital between January and July 1964 were
selected for the field follow-up study. They were
subjected to epidemiological investigations, and
serological and bacteriological examinations-the
latter on 10 to 20 swabs per person, taken at a rate
of 2 a week. As an internal control, members of the
patient's household, comparable to the patient him-
self, were selected. A comparable member of an ad-
jacent household was selected as an external control.

LABORATORY INVESTIGATIONS

Bacteriological examinations

These were carried out for diagnostic purposes
and for determining the duration of infection.
Daily rectal-swab examinations were performed on
both patients and carriers until 3 consecutive swabs
were negative. Quantitative determination of the
vibrios in stool specimens of both patients and
carriers was done on a limited number for compari-
son. The first and last isolates in some cases were
tested for sensitivity to various antibiotics.

Serological examinations
The agglutinin titre in the blood was determined

for a limited number of patients and carriers, first
on admission or detection and secondly, after
4-7 days.

RESULTS AND COMMENT

PREVALENCE OF INFECTION

Household contacts

In the City of Davao, between 27 May and 8 Aug-
ust 1964, 67 (11.3 %) out of 594 household contacts
of 93 hospitalized patients with bacteriologically
confirmed cholera were found to be bacteriologically
positive for the vibrio: 1 positive rectal swab was

obtained from each contact in the period between
the day of onset of the index case and 14 days after
onset, with a median time lag of 4 days between
onset and detection of a carrier. A second swabbing

of 281 contacts, from 1 day to 14 days after onset,
recovered 13 additional positives with a median
time-lag of 5 days. A third swabbing of 33 contacts,
from 2 days to 14 days after onset, with a median
of 8 days, revealed I more carrier. Of the total of
81 positives (after 3 swabbings), 9 became ill within
2 days of the onset of illness in the index cases.
Excluding these 9 co-primary or secondary cases,
the over-all infection rate among contacts was 12.3 %.

In the Manila area, between 27 October 1964
and 31 January 1966, 832 out of 1535 suspected cases
in the San Lazaro Hospital were confirmed bacterio-
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TABLE 1

RESULTS OF BACTERIOLOGICAL EXAMINATION OF HOUSEHOLD CONTACTS
IN RELATION TO TIME OF COLLECTION OF SPECIMEN, MANILA AREA,

OCTOBER 1964 TO JANUARY 1966

Time First swab a Second swab b
of collection
(days from

onset of Index No. No. Rate No. No. Rate
case) swabbed positive (%) swabbed positive (%)

0 8 4 50.0

1 75 4 5.3

2 206 23 11.2 5 0

3 187 25 13.4 54 2 3.7

4 168 16 9.5 54 3 5.6

5 98 13 13.3 45 2 4.4

6 65 12 18.5 49 1 2.0

7 77 9 11.7 43 0

8 25 1 4.0 27 1 3.7

9 22 16

10 11 29

11 6 0

12 2 11

13 12 2 16.7 2

14 7 0

15 6 3

16 0 0

17 3 23

Total 978 109 11.1 361 9 2.5

a Obtained from day of onset of index case to 17 days after, median-4 days after onset.
b Obtained from 2 days to 17 days after onset of index case, median-6 days.

logically. Of these, 185 were followed up through
household investigations. A total of 978 household
contacts of these index cases were bacteriologically
examined. One hundred and nine (11.1 %) were
found positive on examination of a single rectal
swab obtained within a period ranging from the
day of onset of the index case to as long as 17 days
later, with a median of 4 days. The positive contacts
were discovered among those swabbed within
2-8 days, and almost all were found among those
swabbed within 7 days. A second swab was obtained
from 361 of these household contacts, from 2 days
to 17 days after the onset of the index case, with a
median of 6 days; and 9 more positive contacts were

discovered. Table 1 presents these results by time of
collection of the swabs.

Dizon, in a study in Negros Occidental in 1962,
found a carrier infection rate of 15.8 % on one exam-
ination and of 21 % after repeated swabbings.1
The age distribution of these household contact

carriers (Table 2) indicates that the infection is
evenly distributed between children (under 15 years)
and adults (15 years and over), and again more or
less uniformly distributed among the various age-
groups for children, with the exception of infants,

1 Dizon, J. J. (1962) Paracholera El Tor in the Philippines
1961-1962. Epidemiological aspects-unpublished report
from the Disease Intelligence Centre, Manila.
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TABLE 2

INFECTION RATES AMONG HOUSEHOLD CONTACTS BY AGE-GROUP,
DAVAO CITY, MAY TO AUGUST 1964, AND MANILA AREA,

OCTOBER 1964 TO JANUARY 1966

Davao City

No. No.
swabbed positive

32

il111

121

77

341

232

21

594

2

16

18

11

47

31-

3

8 1
81

Manila area

Rate (%) swabNo. No.Rae~ swabbed positive

6.3

14.4

14.9

14.3

13.8

13.4

14.3
1

13.6

8

218

196

135

557

421

978

0

42

21

13

76

42

Rate (%)

19.3

10.7

9.6

13.6

10.0

118 12.1

who showed a significantly lower rate. This may be
due to the relatively small number of infant contacts
examined. Children aged 1-4 years showed a rela-
tively higher infection rate (in the Manila area).

Control households
The infection rates for household contacts of

22 patients and 22 corresponding control households
are shown in Table 3. As expected, infection rates
in contact households were much higher than in

control households-namely, 21.7% and 8.4%
respectively. The contact and control households
were similar in respect to numbers of occupants and
environment. The distribution of infection rates by
age-groups in the contact households was parallel to,
but higher than, that of all household contacts
during the entire study period (Table 2). This is
probably due to increased efficiency in the isolation
and identification of the vibrio after the second
month of the study period, because of the acquisi-

3LE 3

INFECTION RATES AMONG HOUSEHOLD CONTACTS OF 22 CASES AND CONTROLS
BY AGE-GROUPS, DAVAO CITY, JULY TO AUGUST 1964

Age-group
(years)

0-1 6

1-4 30

5-9 36

10-14 21

->15 47

Not specified 3

Household contacts

No.s No. Rate N
Iswabbed ositive Rt %

7

10

5

16.7

23.3

27.8

23.8

143 31

Controls

No. No.
swabbed positive

2

2

Age-groups
(years)

0-1

1-4

5-9

10-14

Total

>15

Not specified

All ages

Rate (%)

25.0

6.9

8.3

14.3

8.3

0

-t

740

All ages
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tion of a stereoscopic microscope. On the other
hand, infection rates by age-groups in the control
households showed a different pattern in that the
highest infection rate was found among the infants.
However, only 4 were swabbed in this age-group,
making a valid inference impossible. Of the 22 con-
tact households, 13 had positive contacts, while
only 5 of the control households had positive occu-
pants. All of these 5 control households were next to
households with positive contacts, which is consistent
with a person-to-person hypothesis of spread.

Community studies

Talomo Beach, Davao City. The total population
of this community, as determined by actual census,
is 696, living in 102 houses. When a bacteriologically
confirmed case of cholera occurred in this area,
mass swabbing of 84% of the population was per-
formed. Two persons, a 3-year-old girl and a
10-month-old boy, both household contacts of the
index case, were found positive. The second swab-
bing did not reveal any additional positives, but the
boy remained positive. Repeated swabs of the house-
hold in which the boy lived gave negative results.
The very low infection rate (0.34 %) in the community
is consistent with previous observations.

Barrio San Agustin, Hagonoy, Bulacan. This is a
community of 1450 individuals as enumerated on
2 September 1964, distributed in 257 households.
Demographic characteristics, such as age and sex,
were similar to that of the over-all Philippine
population. While the water supply may be con-
sidered satisfactory, waste disposal is generally not.
As of September 1964, about 5% of the population
had received cholera vaccine during the preceding
6 months. A total of 10 cholera cases with I death
had occurred in this area between 1961 and 1964.
Continuous and intensive surveillance was instituted
in the area, from 7 September 1964 up to 30 No-
vember 1965, but failed to disclose any case of
cholera El Tor. A total of 304 diarrhoeal cases were
bacteriologically examined during this period and
all were negative for the cholera vibrio. Three
bacteriological surveys performed on the general
population also invariably produced the same
negative results, although 15 strains of NAG vibrios
were isolated on the first survey. The search for
infection even extended to possible animal reservoirs.
A total of 975 animal droppings in the area were
examined, and all were negative for agglutinable
vibrios.

DURATION OF THE CONTACT CARRIER STATE

In 19 household-infected contact carriers con-
fined in the Isolation Center of the Bureau of Qua-
rantine and bacteriologically examined daily until
3 successive negative results were obtained, the
duration of infection was found to vary from 5 days
to 19 days, with a mean of 7.8 days: the duration
was 5 days in 1 case, 6 days in 1, 7 days in 2, 8 days
in 5, 10 days in 3, 11 days in 2, 14 days in 1, and
19 days in another. Eight of these contacts, depending
on their age, were given 15 g430 g of magnesium
sulfate when 3 successive examinations were negative.
No recrudescence of the carrier state could be de-
tected in any of them.
On the other hand, of 33 cases used as controls in

the clinical trials of antibiotics at the San Lazaro
Hospital, more than one-half continued to excrete
the vibrio until the sixth, seventh or eighth day of
illness.

In the above-mentioned study in Negros Occi-
dental in 1962, Dizon reported 4 convalescent car-
ciers who continued to excrete the vibrio inter-
mittently for prolonged periods; 1 of them is still
excreting vibrios and is reported separately (Azurin
et al., 1967).1 The 3 others excreted vibrios for 3-4
months and then became negative.
To investigate further the duration of infection,

its continuity or recrudescence, follow-up investiga-
tions on previously recorded patients and carriers
were undertaken. Out of about 500 previously
recorded patients admitted to the San Lazaro
Hospital between January and July 1964, only 17
could be given bacteriological examinations and
only 9 of these gave a complete series of 20 swabs.
Bacteriological examinations of the 252 swabs
collected from these former patients and of 216
swabs from controls were all negative for El Tor
vibrios.

QUANTITATION OF VIBRIOS IN CARRIERS AND PATIENTS

As shown in Table 4, 15 specimens of formed stool
from contact carriers were examined quantitatively
for vibrios. The number of vibrios was found to vary
from 102 to 105 per gram of faeces. Three of the
contacts were found to pass only one or two soft
stools a day with about 108 vibrios per gram of
faeces. Such persons may be considered as mild
cases of cholera.

1 See the article on p. 745 of this issue.
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TABLE 4
QUANTITATION OF VIBRIOS IN THE STOOLS
OF CHOLERA PATIENTS AND CARRIERS

No. of No. of cholera Cholera patients
vibrios/mI crir
of stool a cares No.

101 - 1 b

10' 2 2 b

103 3 1 b

104 4 -

10' 6 1 b

106 - 7 14.7

107 - 15 29.4

108 3 c 22 43.1

10' 2

a Expressed in terms of nearest multiple of 10.
b The cause of the very small numbers of vibrios in these

cases could not be ascertained.
c Mild cholera case with 1-2 soft stools.

In a series of 51 patients, the number of vibrios
was found to vary from 106 to 109 per ml of stool on
the first day of illness, with an average of about
107-108. This number remained of the same order of
magnitude up to the fourth or fifth day of illness in
the patients not treated with antibiotics, though
the stool volume was much reduced by then. In
patients treated with antibiotics, the number was
significantly reduced within a few hours.

AGGLUTININ TTrlE IN CARRIERS AND PATIENTS

A single sample of serum was collected from 23
household contact carriers between the fourth and the
eleventh days after the onset of the index case and
was examined for agglutinin using live-cell antigen
(Barua et al., 1963). All but 2 contacts showed a
high agglutinin titre, varying from 320 to 1280; and
1 of the contacts who failed to show a high agglutinin
titre gave blood rather early-on the fourth day
after the onset of the disease in the index case. The
over-all cholera agglutinin titre in the Philippines in
the low socio-economic group appears to vary from
0 to 80, or rarely to 160; this was ascertained from
the examination of sera collected on the first or
second day of illness from 70 patients with bacterio-
logically confirmed cholera, and from 15 other
persons. The agglutinin titre in cholera does not

begin to rise until after the fourth day of illness
(Barua & Sack, 1964).

In 70 bacteriologically positive and 15 bacterio-
logically negative cases, paired sera collected on the'
first day and between the fourth and the seventh
days of illness showed a fourfold or greater rise of
agglutinin in 67 positive cases, but no rise in the
negative cases. Thirty-seven patients were treated
with various antibiotics before the collection of the
second blood sample, but all had a rise in antibody
similar to the untreated patients. Blood was collected
on the fourth day of illness in 2 of the 3 bacterio-
logicaliy positive but serologically negative cases.

TABLE 5
AGGLUTININ TITRES OF CHOLERA PATIENTS DURING

AND AFTER CONVALESCENCE

Agglutinin titre Interval
Case Duin betweenconvalescence At follow-up determinations

M. E. 320 40 14 weeks

V. M. 640 40 9 weeks

C. T. 1 280 80 8 weeks

L. K. 320 20 9 weeks

D. P. 640 20 12 weeks

R. F. 2 560 160 9 weeks

640 26 months

- 640 30 months
D. M. a

640 39 months

_ 280 42 months

a A long-term carrier, whose rectal swabs were intermittent-
ly positive for El Tor vibrios during the follow-up period. The
rectal swabs from the other persons, taken from 2 to 6 times
during follow-up, were all negative for vibrios.

li Not known.

Six cholera patients, whose agglutinin titre was
known during their convalescence, were followed up
serologically 8-14 weeks after recovery to determine
the pattern of decline of the agglutinating antibodies.
The results are shown in Table 5 along with the
titre for the known long-term carrier (Dolores M.;
Azurin et al., 1967).1
Twenty-two more former cholera patients were

examined serologically 12 months to 16 months
after their illness; their agglutinin titre was less!than
20 in 4 cases, 20 in 3, 40 in 4, 80 in 8 and 160 in 3.

1 See the article on page 745 of this issue.
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Unfortunately, the sera of these individuals were not
examined during their illness. From these observa-
tions, it may be tentatively concluded that the anti-
body persists in high titre only in chronic carriers
and not in those who are free from the organism.
Serological follow-up of former unvaccinated pa-
tients may, therefore, be a convenient method of
detection of chronic carriers, with confirmation
provided by examination of stool or rectal swab.

CHARACTERIZATION OF THE STRAINS FROM
CARRIERS

Two strains from each of 35 contacts (70 strains)
from the Manila area were studied in detail. All the
strains were serologically Ogawa in type, except
for 2 Inaba strains from 1 contact carrier. When
tested with rough cholera serum, only 3 strains

from 2 contact carriers were found to be rough.
The colonies of the rough vibrios on meat-extract
agar and TCBS plates were indistinguishable from
the typical smooth colonies.

All these strains, including the rough ones, fer-
mented sucrose and mannose but not arabinose,
caused haemagglutination of chicken red cells and
were resistant to 50 units of polymyxin-B (Difco)
and cholera group-IV phage at routine sera dilu-
tions. Only 3 strains were V-P negative. Two strains
from 2 contact carriers, when injected into the
small intestines of 4 suckling rabbits 8 days old,
produced diarrhoea, death and typical autopsy
findings of cholera in all. Thse results indicate that
the strains isolated from the contact carriers do not
differ from the strains from patients in any of the
above characteristics tested.

RtSUME

Entre 1964 et 1966, on a enqu&e a Davao, ville du
Negros occidental, a Manille et dans deux autres agglo-
merations des Philippines sur la distribution des porteurs
de vibrions parmi les contacts familiaux des malades
atteints de cholera, parmi les personnes vivant a deux
maisons de distance de l'habitation d'un malade, et dans
l'ensemble de la population. Au cours de l'etude faite a
Davao, on a trouve des vibrions choleriques chez 67
(11,3 %) des 594 contacts familiaux de 93 malades hospi-
talises pour cholera bacteriologiquement confirme. Lors
d'une 6tude semblable faite a Manille, la proportion des
poiteurs etait de 11,1 %. A Davao, la proportion de por-
teurs parmi les 143 contacts familiaux de 22 choleriques
confirmes etait de 21,7% alors qu'elle n'etait que de
8,4% parmi les 107 personnes vivant a deux maisons de
distance. Dans la collectivite voisine de Talomo Beach,
oui il s'etait produit un cas de cholera bacteriologique-
ment confirme, on a decouvert deux porteurs (0,34%)
sur un total de 696 habitants.
La duree de 1'etat de porteur, chez 19 contacts familiaux

soles a des fins d'examen, a varie de 5 a 19 jours; on a

effectue des prelevements rectaux quotidiens jusqu'a ce
que trois prelevements consecutifs donnent des resultats
negatifs. La concentration en vibrions des selles chez les
porteurs etait de 102 a 105 vibrions par gramme, alors
qu'elle etait de 106 a 109 vibrions par ml de selles eau
de riz chez les malades atteints de cholera.
Le titre d'agglutinine serique chez les porteurs-contacts

familiaux, determine sur un echantillon de serum pr6leve
entre le 4e et le lIe jour apres l'apparition du cas initial,
variait de 320 a 1280, alors que, dans 1'ensemble de la
population, iR variait entre 0 et 80, atteignant rarement
160. Six malades atteints de cholera ont presente des
titres egalement eleves pendant leur convalescence, mais,
deux ou trois mois plus tard, les titres 6taient revenus
au niveau normal. On a constate chez un porteur chro-
nique de vibrions un titre d'agglutinine variant de 640
a 1280 au cours d'examens echelonnes sur 42 mois.

Les souches isolees chez les porteurs etaient identiques
en tout point, ycompris la virulence vis-a-vis des lapereaux,
aux souches isolees chez les malades, a l'exception de
trois d'entre elles qui 6taient du type R.
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