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Studies of Cholera El Tor in the Philippines*
4. Transmission of Infection Among Neighbourhood and Community

Contacts of Cholera Patients

W. H. MOSLEY,1 M. G. ALVERO,2 P. R. JOSEPH,1 J. F. TAMAYO,3 C. Z. GOMEZ,4
T. MONTAGUE,5 J. J. DIZON 6 & D. A. HENDERSON 7

As part ofa broad study on the epidemiology of cholera El Tor in the Philippines, the
authors conducted bacteriological surveys among the community contacts ofsuspect cholera
patients hospitalized in the Negros Occidental Provincial Hospital from August through
October 1962. Fourteen (2 %) of 698 community contacts of persons with confirmed
cholera patients were found on initial culture to be infected.

Intensive studies in two communities suggested that infection was spread primarily by
close personal contact; in a third community, contamined well-water presumably served
as a vehiclefor the transmission ofinfection. Diagnosed and undiagnosed cases, undiagnosed
cholera deaths and asymptomatic infections all played a role in cholera transmission.

The studies tend to confirm that the second or recurrent epidemic in Negros Occidental
was primarily caused by person-to-person spread. Although the seemingly isolated or
sporadic cases were sometimes associated with a more general distribution of the cholera
vibrio, the cholera infections invariably were highly localized among close contacts even
within densely populated areas with poor sanitation.

An analysis by Dizon et al. (1965) 8 of the second
epidemic wave of cholera El Tor in Negros Occi-
dental Province, Philippines, during 1962 revealed a
slow rise and fall in the epidemic curve characteristic
of a person-to-person spread of disease. It was
observed, however, that single cases only were
reported from most communities; more than half
the hospitalized patients lived in communities with
three or fewer cases.

This pattern of seemingly isolated cases had
previously been noted in the households of cholera
patients by Dizon et al. (1965) and Tamayo et al.
(1965).8 One case per household was characteristic

of 84 of 90 households where there were confirmed
cases. Bacteriological studies of household contacts
revealed, however, that the rate of minimal or
inapparent infection was approximately 10 times
greater than the rate of clinically significant
illness.

Thus, it was of interest to assess the extent and
possible mechanisms of transmission of clinical
disease and inapparent infection in the communities
in which the patients resided. This was done by
bacteriological surveys in a variety of communities
as well as by detailed case-finding and serial bacterio-
logical studies in three selected communities.

* These research activities were conducted as part of
Philippines Counterpart Project No. 62135 (Philippines
National Economic Council/United States Agency Inter-
national Development). The studies were a collaborative
effort of the Disease Intelligence Center, Philippine Depart-
ment of Health; the Communicable Disease Center, Public
Health Service, US Department of Health, Education, and
Welfare; and the SEATO Cholera Research Programme.
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METHODS

The admissions to the cholera wards of the Negros
Occidental Provincial Hospital from 15 August
through 3 October 1962 served as a source of index
cases, as described in the previous report by Tamayo
et al. (1965).1 As the patients were hospitalized, their
communities or neighbourhoods were visited when
accessible, and rectal swab cultures were obtained
from the contacts. The definition of a community
is broad in this study: in an isolated rural situation it
included neighbouring households, while in a con-
gested urban neighbourhood it included a large
number of immediately surrounding households.
No efforts were made to randomize the contacts
cultured. In fact, when it became apparent that the
infection rate in the communities was very low,
there was some selection in that efforts were made
to obtain cultures from neighbouring households
that admitted to some contact with the index
case or that had experienced recent gastroenteritis
illnesses.

Cultures were obtained one to five days after the
index patient was hospitalized. Single survey
cultures were obtained from 830 persons in 21 com-
munities. Since some of the surveys were done prior
to bacteriological confirmation of the index case,
five of the 21 community groups proved to have
been contacts of hospitalized gastroenteritis patients
from whom the cholera vibrio was not isolated;
they will be discussed separately.

Three of the communities with confirmed cases
were selected for more detailed epidemiological
study. These communities were mapped; a census
was taken; and a detailed environmental survey
was made by a sanitary engineer. The members of
the communities were interviewed in detail to reveal
mild or unrecognized cholera infections, as well as
to establish the personal relationships between the
index patients and others in the community. Four
cultures were obtained at three- to six-day intervals
from as many members of the community as possible.
In addition, serial samples of the water supplies
were examined for cholera El Tor; routine chemical
and bacteriological analyses were made.

Bacteriological methods

Health department personnel collected all speci-
mens for culture by means of a sterile rectal swab
which was immediately placed in alkaline peptone

2See the article on page 645 of this issue.

water. Within six hours cultures, identified only by
code number, were submitted to the laboratory.
Confirmation was based on the isolation of vibrios
which agglutinated in type-specific sera. Detailed
bacteriological methods are described in a previous
report by Tamayo et al. (1965).1 Water sources
were examined for cholera vibrios by collecting the
samples in 10% peptone water diluted to 1% by the
sample. After incubation at 37°C overnight, the
specimens were handled in the same manner as
the rectal swabs. Additionally, chemical and
coliform determinations were carried out by the
standard method (American Public Health Associa-
tion, 1960) at the National Waterworks and Sewer-
age Authority Laboratory in Iloilo City and at the
Provincial Laboratory in Bacolod City.

RESULTS

In the 16 communities with confirmed, hospital-
ized cholera patients, 13 had only one recognized
case; two had two cases (in one community both
were from the same household); and one community
had three cases in two households. The number of
contacts from whom rectal swabs were cultured per
community ranged from five, where, in an isolated
rural setting, there was but a single neighbouring
household, to 315 persons in a congested suburban
neighbourhood where three cases in two households
occurred during a seven-day period. Among the 306
persons examined in 13 communities with single
cases, only one infected individual was found outside
the households of the index patients. Among the 77
community contacts in the two communities with
two cases each, nine infected individuals were found.
Both of these communities were selected for more
detailed study and are discussed below. Four
infected persons were found among the 315 com-
munity contacts in the congested neighbourhood
with three recent cases. Thus, among the 698 com-
munity contacts of confirmed cholera patients,
14 (2%) were found to be infected on single culture.
By contrast, no infections were found among
132 community contacts of five patients from whom
the cholera vibrio could not be recovered.
The three communities selected for more detailed

study are representative of various patterns of living
on the island. Two of these communities are
geographically isolated-Sitio Catabla, a coastal
fishing village, and Sitio Lucdo, a rural agricultural
community. The third community, Punta Capri,
consists of a group of households located in a con-
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FIG. I
SITIO CATABLA, TALISAY, NEGROS OCCIDENTAL

gested urban setting. Details of the three community
studies are discussed individually.

Sitio Catabla
Sitio Catabla, a typical fishing village consists of

17 houses of nipa palm with a population of 102
persons; it is located on the seacoast at the mouth
of the Catabla River (Fig. 1). In most families, the
men fish in the morning, while the women sell the
catch in the Talisay town market in the afternoon.
The diet, generally eaten with the hands, consists
mainly of rice and seafood, often eaten raw. There
is one deep covered well with a pump for water.
There are no toilets; the seashore or sugar-cane

fields are used for waste disposal.

The index patient, a 56-year-old fisherman residing
in House 8 (Fig. 1), developed cholera on 14 August.
He was hospitalized from 15 August through
20 August, during which time the diagnosis of
cholera was repeatedly confirmed bacteriologically.
There had been no significant preceding diarrhoeal
illnesses in the community; the source of his infection
was undetermined. Cultures from his six household
contacts, on 20 August, revealed his 5-month-old
granddaughter to be an asymptomatic carrier. She
was hospitalized on 23 August for antibiotic therapy
studies and was thus not included in the community
survey initiated on 25 August. The patient, who had
returned to the community on 20 August, did not
fish with the other men, but stayed around his
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TABLE I
RESULTS OF SERIAL BACTERIOLOGICAL CULTURES

FOR CHOLERA EL TOR IN SITIO CATABLA, AUGUST-SEPTEMBER 1962

1 Total No. positive/No. cultured Total persons
House No. house5~hold poiversons I

25 Aug. 30 Aug. 6 Sept. 12 Sept. cultured

1 1 - 011 - - 0/1

2 8 0/7 017 0/5 0/5 0/7

3 13 0/10 1112 019 018 1/12

4 2 0/2 012 012 - 0/2

5 9 018 0/8 0/7 0/6 018

6 4 0/4 0/3 0/3 0/1 0/4

7 7 0/7 0/7 0/4 0/3 0/7

8 a 9 1/7 1/6 1/6 0/4 2/8 b

9 5 0/5 0/5 0/4 0/4 015

10 4 0/4 0/4 0/4 0/3 0(4

11 3 0/3 0/3 0/3 0/1 0/3

12 6 0/6 0/6 0/5 0/4 0/6

13 3 0/3 0/3 0/3 0/2 0/3

14 5 0/4 0/4 0/4 0/3 0/4

15 6 0/6 0/5 0/4 0/4 0/6

16 10 0/9 0/10 0/7 0/4 0/10

17 7 017 0/7 0/7 0/7 0/7

Total 102 1/92 a 2/93 a 1/77 a 0/59 3/97

a Index household or index patient included.
b Includes 5-month-old child found positive on culture of 20 August (see text).

house or went to the seashore to catch small fish
or oysters.
The first cultures taken in the community on

25 August revealed that only the index patient was
infected (Table 1). The second cultures, obtained on
30 August, again demonstrated the index patient to
be infected; but in addition, a 4-year-old child in
House 3 (Fig. 1 and Table 1), whose first culture had
been negative, was found infected. On re-culture, on
6 September, only the index patient was infected.
All cultures were negative on 12 September. The
well water was negative for cholera vibrios on
repeated examinations, and was satisfactory for
drinking by routine bacteriological and chemical
analysis.

Investigation revealed that the infected 4-year-old
child had had a mild diarrhoea on the day preceding

the positive culture. Furthermore, this child with
his mother was an almost daily visitor in the home
of the index patient, at times eating and drinking
there. The child had no contact outside of the com-
munity. There were no other diarrhoeal illnesses of
significance in the community during the period of
study.

In this community, no clinically significant cases
of cholera were found other than the index patient.
Further, excluding the household of the index
patient, only one of 89 of the community contacts
from whom swabs were cultured one or more times
was found to be infected with the cholera vibrio.
This child with mild diarrhoea was, in all probability,
infected by the convalescent patient, who continued
to excrete the organism during the period of study.
It is of interest that the index patient was sub-

654
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FIG. 2
SITIO LUCDO, MANAPLA, NEGROS OCCIDENTAL
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sequently shown by one of us (M.G.A.) to be a
chronic carrier, intermittently excreting cholera
El Tor vibrio for over two years.

Sitio Lucdo

Two persons were hospitalized with cholera on
24 and 27 August from the small community of Sitio
Lucdo, Manapla. On interview, they denied any
direct association with one another.

Sitio Lucdo, located about 500 m by trail from the
town of Manapla, is a rural community of 129
persons living in 19 houses of nipa palm. As
indicated in Fig. 2, the houses are widely distributed
along a hillside trail. There are no toilets; scattered
areas around the houses are used for disposal of
wastes. Water for drinking and washing is provided
from five shallow wells at the foot of the hill. The
wells are supplied primarily by surface flow. The
village people work in the surrounding sugar-cane
or rice-fields or tend small gardens.

The two hospitalized index patients lived in
Houses 8 and 17 (Fig. 2). Investigation in the com-
munity revealed that there had been five clinically
suspect cases of cholera in the preceding 10 days;
two of the patients died. These cases formed a chain
of infection in the community which indirectly
linked the two hospitalized patients (Fig. 3).

The earliest case, Patient 1 (Household 19), was in a
96-year-old man who experienced the onset of diarrhea
and vomiting on 18 August and died within 12 hours
without medical attention. The father of Patient 2
(Household 8) attended the small funeral at the home
of Patient 1 on 19 August. Although he remained
asymptomatic, his son, Patient 2, experienced the onset
of cholera on 21 August. On 24 August, because of
persistence of symptoms, Patient 2 was hospitalized.
He was carried along the trail to the road by a neighbour,
Patient 3 (Household 6), who developed diarrhoea the
following day, but did not seek medical attention. The
association of Patient 4 (Household 15) with Patient 1
was indirect. A boy, living in the house of Patient 4,
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FIG. 3

ROUTE OF CHOLERA TRANSMISSION, SITIO LUCDO, AUGUST 1962
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carried the body of Patient I shortly after death occurred
on 19 August. The boy remained asymptomatic but
his aunt, Patient 4, developed diarrhoea and vomiting
on 24 August and died within 8 hours without medical
attention. Her next-door neighbour, Patient 5, (House-
hold 16) attended her while ill, and developed diarrhoea
and vomiting several hours later. He saw a physician
and was treated symptomatically, but was not diagnosed
as suffering from cholera. His friend, Patient 6, who lives
in his house, developed mild diarrhoea on the following
day. His mother, Patient 7 (Household 17), living in a

neighbouring house, assisted in his care. She became ill
on 27 August and was hospitalized.

The results of the initial cultures from selected
families in the community on 28 August are illus-
trated in Fig. 3. The unrecognized symptomatic
patients 3, 5 and 6 were confirmed bacteriologically.
In addition, asymptomatically infected family mem-

bers were found in the households of Patient 1, who
died, and of Patients 2 and 3. The two asympto-
matic individuals postulated as the indirect links
between Patient 1 and Patients 2 and 4 were bacterio-
logically negative at the time cultures were obtained.

The results of serial cultures from the community
are presented in Table 2. After the initial survey,

serial cultures revealed only one additional infected
individual-a member of the household of Case 2
(House 8). No additional households were found
infected, and the infection rapidly died out in the
community.

Repeated examinations of the wells revealed gross

contamination with coliforms, but no cholera vibrios.
Thus in this community of 129 persons with two

hospitalized cholera cases which were seemingly
unrelated, epidemiological investigation revealed
five additional suspect cases, including two deaths,
all related by interhousehold personal contact. The
culture surveys revealed six additional persons with
asymptomatic infections. All with asymptomatic
infections resided in households with symptomatic
patients.

Sitio Punta Capri

This congested urban neighbourhood was selected
for study because of the persistence of infection in
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TABLE 2

RESULTS OF SERIAL BACTERIOLOGICAL CULTURES
FOR CHOLERA EL TOR IN SITIO LUCDO, AUGUST-SEPTEMBER 1962

Source of
water

(Well No.)

2

2

2

3

3
33
4

4

4
4

4

4

4

5

Total t
household
members

28-29 Aug.

7

3

5

3

10

8

4

14

11

3

4

7

9

6

6

7

8

13

129

Jo. positive/No. culture

1-2 Sept. I 8 Sept.

0/6

0/2 0/3

_ 0/5
- 0/1
0/1 0/7

2/7 0/8

0/1 0/2

3/14 2/12

0/5 0/10

- 0/1

0/1 0/3

- 0/3
- 0/7

0/1 0/9

0/4 0/6

2/6 1/6

1/7 0/3

0/7 0/8

2/6 0/13

10/62 3/1133

0/6

0/2

0/5

0/4

0/8

0/3

0/11

0/11

0/1

0/1

0/4

0/4

0/6

0/4

0/1

0/3

0/9

0/83

a Households with symptomatic patients.
b Households of hospitalized index patients.

one large family, which produced two patients and
three carriers over a nine-day period. Sitio Punta
Capri is a low-economic residential neighbourhood
consisting of a group of closely situated houses of
nipa palm (Fig. 4). The adults in the community
work in various areas of Bacolod City. Piped city
water is available, but since it has to be carried about
100 m, it is used only for drinking; water for washing
is supplied by two shallow dug wells in the area

(Fig. 4). There are several poorly constructed
privies in this neighbourhood.
The first patient, a 3-year-old child in House 1

(Fig. 4) developed symptoms of cholera on I Sep-

tember. Cultures from family contacts on 3 Sep-
tember revealed two infected but asymptomatic
members (Table 3). Subsequently, on 9 September,
a second child in the family, previously bacterio-
logically negative, was hospitalized with cholera.
On 10 September, swabs from persons in the index
household and the surrounding neighbourhood
were cultured. Another child in House 1 was found
infected; in addition, there were three infected per-
sons in House 5. Serial cultures from others in
the neighbourhood (Table 3) revealed no new
infections; all individuals had negative cultures by
20 September.

House

1

2

3

4

5

6 a

7

8b0

9

10

11

12

13

14

15aa

16a|

17 b

18
1819a

d

14-15 Sept.

0/6

0/1

0/2

0/1

0/1

0/6

0/2

0/9

0/11

0/1

0/2

0/4

0/6

0/7

014

0/6

0/4

0/2

0/7

0/81

Total
persons
positive /

total
persons
cultured

0/5

0/3

0/5

0/1

0/7

2/8

0/3

4/14

0/11

0/1

0/3

0/4

0/7

0/9

0/6

2/6

1/7

0/8

2/13

11/123Total I



W. H. MOSLEY AND OTHERS

FIG. 4
SITIO PUNTA CAPRI, BACOLOD CITY, NEGROS OCCIDENTAL
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Interviews revealed that one of the infected persons
in House 5 had had mild diarrhoea and vomiting
several days before the neighbourhood culture survey
of 10 September, while the other two infected mem-
bers of House 5 remained asymptomatic. No close
personal association between the infected households
could be established. There was intermingling of
the children in the neighbourhood; however, this
type of contact occurred among the children in all
the surrounding households, including those which
did not become infected. An association between the
infected households did exist in that only the
members of House 1 and House 5 used Well No. 1

for washing (Fig. 4). The one symptomatic member
of House 5 was a 35-year-old washerwoman who
was at the well daily. Examination of the water in
Well No. 1 revealed it to be positive for agglutinable
cholera vibrios as well as for coliform organisms on

four occasions during the period of study. Well
No. 2, which was used by three uninfected house-
holds, was repeatedly negative for cholera vibrios,
although positive for coliform organisms.

The source of infection in Well No. 1 was unde-
termined although contamination from the adjacent
privies, surface contamination, or the washing of
contaminated clothing might have introduced the
organisms. It is possible that this well served as the
principal vehicle in transmitting the infection in this
community. It is of interest that, in spite of the poor
sanitation and the intermingling of children in this
neighbourhood, transmission of infection to 33
members in the other six surrounding houses could
not be demonstrated.

DISCUSSION

Bacteriological investigation of community con-

tacts of hospitalized cholera patients revealed that
infection was not widespread in the majority of the
communities studied. In 12 of the 13 communities
with a single hospitalized cholera patient, none of
the community contacts surveyed had positive
cultures. The over-all infection rate among com-

munity contacts in 16 communities was only 2%.
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TABLE 3
RESULTS OF SERIAL BACTERIOLOGICAL CULTURES FOR CHOLERA EL TOR IN SITIO PUNTA CAPRI,

SEPTEMBER 1962

Total No. positive/No. cultured Total personsHouse Water source household positive/total
No. 25trSept ouehldpersonsmembers 3-5 Sept. 10 Sept. 15-16 Sept. 20 Sept 25 Sept. cultured

1 a Well 1 and Cib | 16 3/13 | 3/13 - 0/12 0/9 - 0/13 | 5/13

5 Well 1 and City 7 - 3/7 1/6 0/6 0/6 3/7

2 Well 2 and City 8 - 0/8 0/8 0/8 0/8 0/8

3 Well 2 and City 6 - 0/5 0/5 0/3 0/4 0/5

4 Well 2 and City 8 0/5 0/6 0/6 0/5 0/6

6 City only 5 - 0/5 0/5 0/5 0/5 0/5

7 City only 4 - 0/2 0/4 0/2 0/2 0/4

8 City only 5 - 0/4 0/5 0/4 0/5 0/5

Total 59 3/13 6/49 1/51 0/43 0/48 8/53

a Household of hospitalized index patient.

This low level of infection existed in these com-
munities in spite of general environmental and
sanitary factors such as overcrowding, lack of
satisfactory water supplies, lack of toilets, and poor
personal hygiene. The low infection rate among
community contacts of cholera cases, in contrast to
the relatively high infection rate among household
contacts reported earlier by Tamayo et al. (1965),'
suggests that close personal contact is generally
necessary for the transmission of cholera. The Lucdo
community study illustrates the role and nature of
close association between persons in the dissemina-
tion of cholera.
A spectrum of illnesses presumptively of cholera

etiology and ranging from mild diarrhoeas to a

I See the article on page 645 of this issue.

fulminating fatal case was encountered in the com-
munities studied in detail. Lack of a diagnosis in
the acute cases coupled with failure of the mildly
symptomatic persons to seek treatment resulted in a
number of unrecognized cases, which presumably
played significant roles in the contact spread of
cholera. Transmission by asymptomatic persons as
well as by an asymptomatic convalescent carrier
was also suggested in the Lucdo and Catabla studies
as an additional explanation for sporadic cases
occurring in the community.
The study in one community, Punta Capri,

suggested that contaminated water was important
in transmitting infection from one household to
another. Cultures of the wells in other communities
surveyed failed to reveal contamination with the
El Tor cholera vibrio.

RIESUMt

Dans ce quatrieme article sur le chol6ra El Tor des
Philippines, les auteurs recherchent l'extension et les
mecanismes de transmission de la maladie clinique et de
l'infection inapparente dans des communaut6s ofi residait
un cas hospitalise et bacteriologiquement controle au
cours de la seconde epidemie. Dans 16 communautes
possedant au moins un malade avere, les selles de 698
contacts furent mises en culture. On enqueta egalement

dans cinq communautes dont-un des membres avait ete
hospitalise sans que des vibrions soient isoles: ici 132
contacts eurent des cultures negatives alors que 14 (2%)
des 698 contacts de cas prouv6s furent trouves infect6s
lors de la premiere culture.

Trois communautes furent selectionn6es en vue d'une
etude approfondie: etude d6taill&e du milieu faite par
un ingenieur sanitaire, interrogatoire pour decouvrir les
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cas benins ou meconnus et pour preciser les relations
interpersonnelles dans la communaute, cultures de series
d'echantillons d'eaux, cultures des selles du plus grand
nombre possible de personnes. Dans deux de ces commu-
nautes, l'infection s'est transmise par des contacts de
personne a personne oui les cas diagnostiques, les cas
meconnus, les morts par cholera avant diagnostic et les
infections asymptomatiques jouaient un r6le. Dans la
troisieme communaute, un puits utilise pour le lavage de
vetements contenait des vibrions choleriques sans qu'il
fut possible de preciser s'il etait contamine par des eaux

de surface entrainant des excreta ou par des vetements
souilles.

Cette enquete semble confirmer que la transmission
du cholera pendant la seconde poussee epidemique de
1962 s'est effectuee essentiellement a l'occasion de
contacts de personne a personne. Bien que les cas appa-
remment isoles ou sporadiques temoignent parfois d'une
extension plus large de l'infection, il est certain que la
contagion est restee limitee aux contacts immediats,
meme dans les zones a population tres dense et a niveau
sanitaire tres bas.
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