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Potential sources of enterotoxigenic Escherichia coli
in homes of children with diarrhoea in Thailand

P. ECHEVERRIA,' D. N. TAYLOR,' J. SERIWATANA,1 U. LEKSOMBOON,2 W. CHAICUMPA,3
C. TIRAPAT," & B. ROWE5

A year-long study was performed to identify potential sources of enterotoxigenic
Escherichia coli (ETEC) within the homes of children with diarrhoea in Bangkok. ETEC
was identified in 8% (10/130) of the inhabitants of 42 homes of children with ETEC
diarrhoea and 6% (8/137) of their neighbours, but in only 2% (49/3077) of individuals
living in 866 homes not associated with the children with ETEC diarrhoea. While 46%o
(13/28) of the children under two years of age infected with ETEC were identified on
home visits as having had a recent history of diarrhoea, only 13% (5/39) ofpersons over
two years of age presented such a history. ETEC was isolated from 14% of mothers'
hands, 13% of children's hands, and 7% ofjars containing bathing water that was used
for washing the children after defecation. Drinking-water was identified as a probable
source of infection in one out of42 cases. Further studies are needed to determine whether
ETECfrom water stored in the home can spread and cause secondary infections.

Enterotoxigenic Escherichia coli (ETEC) is one of
the most important causes of diarrhoea in children in
the tropical developing world (1-5). Few attempts
have been made to identify the potential sources or to
describe the modes of transmission of this enteric
pathogen. To learn more about potential sources of
ETEC infections, the household environments of
children with diarrhoea were systematically investi-
gated in a year-long study.

MATERIALS AND METHODS

Study population
From September 1982 to August 1983, the first two

children aged under five years, who were examined
each morning at the outpatient clinic of a children's
hospital in Bangkok because of diarrhoea of less than
48 hours' duration, had their stools cultured for
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enteric pathogens. Diarrhoea was defined as the
passage of three or more loose stools in 24 hours. On
the day each child was seen at the hospital, two nurses
visited the child's home in order to take the diar-
rhoeal disease history and two rectal swabs from all
the household contacts who were present. The swabs
were inoculated into Cary-Blair transport media and
cultured within two hours of collection on selective
media. Similar specimens were collected from a
neighbouring household which was systematically
selected as the nearest home to the index case with
children under five years of age.
The hands of the mothers, and all children less than

five years of age in the index and the neighbouring
homes were cultured directly onto MacConkey agar.
Specimens of water were collected in sterile open-
mouthed glass bottles from the clay jars that are used
to store water for drinking or bathing in the home,
and from the source of the drinking-water (usually a
tap) nearby. Two specimens of food from a meal
eaten by the child with diarrhoea in the preceding 24
hours, and two similar foods recently consumed by a
child in the neighbouring home were collected and
examined for enteric bacterial pathogens.

Processing of specimens

The rectal swabs were cultured for Salmonella,
Shigella, Aeromonas, Plesiomonas shigelloides, and
vibrios as previously described (6). Ten E. coli were
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selected from MacConkey agar and stored on nutrient
agar slants. Isolates were inoculated onto six pieces of
nitrocellulose papera layered on MacConkey agar.
After incubation at 37 °C overnight, the DNA was
fixed and examined in duplicate for hybridization
with three radiolabelled DNA probes for genes
coding for E. coli enterotoxins (LT, ST-H, and ST-P)
(7-10). Colonies from specimens that hybridized
with the enterotoxin gene probes were tested for heat-
labile (LT) and heat-stable (ST) enterotoxin produc-
tion in the Y- 1 adrenal and suckling mouse assays
within two months of isolation (11-12). The ETEC
isolates were serotyped and assayed for colonization
antigens by mannose-resistant haemagglutination of
human and bovine erythrocytes and agglutination
using antisera to colonization factor antigens I and II
and E. coli 8775 (13-16).

Environmental samples

100-ml aliquots of water were filtered through a
0.45-,u millipore filterb within 3 hours of collection.
The filters were placed on MacConkey agar and in-
cubated at 37 °C for 24 hours (17). E. coli in water
was also quantitated by passing 100 ml of water
through a 0.45-1s millipore filter, placing the filter on
mFc agar, and incubating at 44 °C overnight in a
water-bath (18). Blue colonies isolated on mFc agar
were specifically identified (19). One gram of each
food was homogenized in 2 ml of brain-heart in-
fusion brothc and processed in the same manner as
the rectal swabs. Up to ten E. coli, isolated from the
food, water, and hand cultures, were tested for
hybridization with the enterotoxin gene probes
(7-10). Isolates that hybridized with the enterotoxin
gene probes were tested for enterotoxin production;
ETEC isolates were serotyped, and tested for coloniz-
ation factors (13-16). Statistical analysis was per-
formed by the chi-square method and Fisher's exact
test.

RESULTS

Among the 475 children with diarrhoea, ETEC was
isolated from 90%, Shigella from 6%o, Aeromonas
from 6%o, P. shigelloides from 4%o, non-OI V. chol-
erae from 2%, 01 V. cholerae from 0.6%, and
V. parahaemolyticus from 0.4%0. Salmonella was
isolated from only one out of 208 children between
September and January when Hajna enrichment
broth was used. Following the replacement of this
media with selenite F broth in February, salmonellae

e Schleicher & Schuell Inc., Keene, NH, USA.
b Millipore Corp., Bedford, MA, USA.
' Difco, Detroit, MI, USA.

were isolated from 12% of 267 children with
diarrhoea. Two or more of these bacterial enteric
pathogens were isolated from 77o of the children.

E. coli from 252 specimens hybridized with one or
more of the three enterotoxin gene probes; 53%
(134/252) of these specimens contained E. coli that
produced enterotoxin(s) when assayed in the Y-1
adrenal and suckling mouse assays (15, 16). The
detection of genes coding enterotoxin by DNA
hybridization was compared with testing of E. coli
for enterotoxin production (Table 1).
ETEC diarrhoea occurred throughout the year, but

was less common during the cooler months from
November to February (Fig. 1). The organism was
isolated from 8% (10/130) of the household contacts
of 42 children with ETEC-associated diarrhoea and
from 67o (2/137) of their neighbours, but from only
2% (49/3077) of individuals living in 866 homes not
associated with children with ETEC diarrhoea (Table
2). Eighteen percent (6/34) of household contacts less
than five years of age, 11 7o (6/53) of the children in
neighbouring homes, and 2% (28/120) of the
children in homes not associated with cases of ETEC
diarrhoea seen at the hospital were infected with
ETEC. While 46% (13/28) of the children infected
with ETEC and under two years of age were identi-
fied on home visits as having had a recent history of
diarrhoea, only 13 7o (5/39) of persons over two years
of age gave such a history (P<0.001).
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Fig. 1. Seasonal isolation rate of enterotoxigenic Esche-
richia cofi and Shigella in children with diarrhoea seen
each month at the outpatient clinic of the Children's
Hospital, Bangkok, between September 1982 and
August 1983.
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Table 1. Testing of E. coli for enterotoxin production compared with detection of genes encoding for enterotoxin

Enterotoxin gene probes
LTST-H

Source of specimens or LTST-P LT only ST-H only ST-P only Total

Children with diarrhoea 16/16a 17/25 9/21 - 42/62
Contact 20/21 31/53 13/29 3/17 67/120
Water 5/7 1/10 3/9 0/4 9/30
Food 2/2 0/3 - - 2/5
Hands 7/7 5/10 2/6 0/2 14/25

Total 50/53 (94)b 54/101 (53) 27/65 141) 3/23 (13) 134/242 (55)

a No. of specimens containing E. co/i that produced enterotoxins/No. of specimens that hybridized with the enterotoxin gene probes.
h Figures in parentheses are percentages.

The isolation rate of bacteria, including E. coli,
from samples of food in the homes of the children
with diarrhoea and their neighbours increased, begin-
ning in February, and was associated with a rise in
ambient temperature. The rate of isolation of E. coli
from the ten most common foods examined is given
in Table 3. Recovery of E. coli from sources of drink-
ing-water was highest in the samples examined in
October after the heaviest rainfall (Fig. 2). Although
ETEC diarrhoea occurred throughout the year,
ETEC infection increased in September and October
and in the warmer months from March till June.

E. coli was isolated as often from specimens of
water and food collected in the homes with diarrhoea
as in the control homes. Isolation rates (> 10 E. colil

100 ml of drinking-water) in samples collected from
their sources were: 0/38 in the homes of children with
ETEC diarrhoea, 1/33 in the neighbours' homes, and
52/704 in homes not associated with the children with
ETEC diarrhoea. E. coli was recovered from 11/84
(130/o) of food specimens in 42 homes of children with
ETEC diarrhoea, from 9/42 (11 %o) of the same types
of foods collected from the neighbours' homes, and
192/1732 (11%o) of food specimens collected in 866
homes of 42 children without ETEC diarrhoea.
ETEC, however, was found more often in environ-
mental specimens collected in the homes of children
with ETEC diarrhoea than in the homes of their
neighbours, or in homes not associated with the
children with ETEC diarrhoea (P<0.001) (Table 4).

Table 2. Number of ETEC infections among the inhabitants of homes of index children, their neighbours' homes, and
homes not associated with ETEC infections

Inhabitants in homes
Contacts in the homes Inhabitants in not associated with

Index children of index children neighbouring homes ETEC infection

Age group No. of No. of No. No. of No. No. of No.
(years) cases contacts infected inhabitants infected inhabitants infected

<2 39 15 3 111l 29 5 [31 763 20 [91
2-4 3 19 3 111 24 1 l11 438 8

5-9 - 9 0 17 0 204 4

10-19 - 18 1 10 0 261 5
20-29 - 44 2 [11 29 0 795 5
>30 - 25 1 34 2 616 7 121

Total 42 130 10 (8%) 137 8 (6%) 3077 49 (2%)
' Within square brackets are given the numbers with diarrhoea in the preceding week.
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Fig. 2. Percentage of drinking-water samples containing
more than 1 0 E. co/il100 ml and of food specimens con-
taining more than 10 E. cofilg collected in the homes of
children in Bangkok between September 1982 and
August 1983.

Table 3. Percentage isolation of E. co/i from the ten
most common foods collected in the homes of children
with diarrhoea and their neighbours' homes

No. with E. coli
Food item' No. examined isolates

Vegetables 914 112 (12)b
Fish 603 55 (9)

Powdered milk 433 55 (13)

Pork 321 24 (7)
Rice 149 25 (17)

Egg 127 17 (13)

Chicken 90 16 (18)

Sweets 52 4 (8)

Noodles 31 8 (25)

Fruits 21 2 (9)

a Most foods contained more than one item, e.g., pork and vegetable, egg
and rice, etc.

b Figures in parentheses are percentages.

ETEC was found in 7% (3/42) of bathing-water
samples, on 14% (6/42) of mothers' hands, and on
13% (5/37) of children's hands in the homes of
children with ETEC diarrhoea. Although ETEC was
found in 2 out of 1317 samples of drinking-water and
in 2 out of 1900 food specimens examined, it was iso-
lated from only one drinking-water source (a jar of
rain water) and was absent in the food specimens
collected in the homes of 42 children with ETEC
diarrhoea.
The characteristics of the ETEC isolated from

more than one source (stools, hands, or water) in
homes are shown in Table 5. ETEC isolated from

Table 4. ETEC detected in environmental specimens from the homes of index children and of their neighbours, and
from homes not associated with ETEC infections

No. of samples positive/No. examined

42 homes of 42 homes of 866 homes not
index children neighbours associated with ETEC

Specimen (A) (B) (C) Significance

Source of drinking-water 1/38 0/33 0/529

Drinking-water in home 0/41 0/42 1/866

Bathing-water in home 3/42 3/42 1/866 (1%) (A) v. (C): P<0.001 a

Food 0/84 0/84 2/1732

Mothers' hands 6/42 0/42 2/866 (1%) (A) v. (C): P<0.001

Children's hands 5/37 0/43 1/966 (1%) (A) v. (C): P<0.001

Total 15/284 (5%) 3/286 (1%) 7/5825 (1%) (A) v. (B): P<0.001
(A) v. (C): P<0.001

a Fisher's exact test.
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Table 5. Characteristics of the enterotoxigenic Escherichia coli isolated from more than one source in homes in
Bangkok

Age, sex and Standard Colonization
Source relationship' Diarrhoea Probe"b assays' Serotypes factor

Stool 8 m., F d Yes LTSTH LTST 0128:H12I
Hand LTSTH LTST 0128:H12I
Hand 29 y., mother No LTSTH LTST 0128:H12I
Bathing-water LTSTH LTST 0128:H12I

Hand 8in., Md Yes LTSTH LTST 0128
Stool 41 y., mother No LT LT 0?-

Stool 9 M., Md Yes STH ST 0126:H12I
Stool 18 m., sister No LT LT 059:H19-

Stool 6 m., Md Yes STH ST 0115:H12 -

STH ST 0115:H18 -

Stool 2 y., sister Yes STH ST 0115:H12 -

Hand STH ST 0115:H12
Hand 17ly., mother No STH ST 0115:H12 -

Stool 7 m., Fd Yes LTSTH LTST 0128:H12I
Hand 20 y., mother No LTSTH LTST 0128:H12I

Stool 2 y., M No LT LT 088:H25-
Stool 30Oy., F, neighbour No STP ST 0159:H--

Stool 14 m., Md Yes STH ST 0126:H12
STH ST 0?:H30-

Stool 22 y., mother No STH ST 0126:H12I

Stool 5 m., F"d Yes LTSTH LTST 0128:H12I
LT LT 0117:H--

Stool 21 y., father Yes LTSTH LTST 0128:H12I
Stool 8 in., M, neighbour No STH ST 0148:H28-
Stool 44 y., F, neighbour No LT LT 0?-

Stool 1 y., Md Yes LT LT 0?:H30-
Hand LT LT 0?:H30-
Hand 23 y., mother No LT LT 0): H30-

Stool 8 in., M" Yes LTSTH LTST 0128
Stool Bin., M, neighbour Yes LT LT 0114:H- -

Stool lOin., F"d Yes LT LT 0102:H1O
Stool 30 y., mother No LT LT NT'

Stool 6 m., md Yes STH ST NTI
Stool 8 in., M, neighbour Yes STH ST NTI
Hand STH ST NTI
Bathing-water in

neighbour's home STH ST NT

Stool 1 in., F" Yes LTSTH LTST NTI
Stool 7 in., F, cousin No LTSTH LTST NTI
Hand LTSTH LTST NTI

Stool 8 in., F"d Yes LT LT NT-
Stool 17 y., mother No LT LT NT

Stool 1 y., F" Yes LT LT NT-
Drinking-water LT LT NT-

Stool 17 m., M" Yes LT LT NT-
Stool 6 in., F, cousin Yes LTSTP LT NT

Stool 11mM.,M, Yes STH ST NTI
Stool 36 y., F, neighbour No LTSTH LTST NT 1I

Stool lOY.,M No STH ST NT-
Stool 30 y., F, neighbour Yes LTSTH LTST NT I

I ~~~~~~~~~~~~~~~~~Table5: continued on next page
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Table 5: continued

Age, sex and Standard Colonization
Source relationship' Diarrhoea Probe assaysc Serotypes factor

Stool 2 m., Fd Yes STH ST NT
Stool 7 m., M, neighbour No LT LT NT

Stool 18 m., Fd Yes LTSTH LTST 06:H16
LT LT 099: H39

Stool 11 m., F, cousin No STH ST 0148:H28
Stool 31 y., sister No LTSTH LTST 0148:H28

LTSTH LTST 06: H1 6
LT LT O?:H-

Stool 18 m., Fd Yes LT LT NT
Hand 27 y., mother No LT LT NT

Stool 1 y., Fd Yes LTSTH LTST NT
Stool 3 y., F, neighbour No LT LT NT

Stool 20 m., Fd Yes LT LT NT
Stool 22 y., M, neighbour No STH ST NT

Stool 5-y.,-MNo LT LT NT--
Stool 29 y., mother No LT LT NT
Stool 56 y., grandmother No LT LT NT

Stool 19 m., Md Yes LTSTP LTST NT
Stool 3 y., brother No LT LT NT
Hand 28 y., mother No LTSTP LTST NT
Bathing-water at

diarrhoeal home LTSTP LTST NT
Bathing-water at

neighbour's home LTSTP LTST NT

Stool 13 m., Fd Yes STH ST NT
Stool 29 m., F, neighbour Yes STH ST NT
Stool 7 m., F, neighbour Yes STH ST NT
Bathing-water at

neighbour's home STH ST NT

Stool 4y., M No STH ST 0148:H28
STH ST 027: H7

Stool 20 m., sister No STH ST 0148: H28

Stool 20 m., Md Yes LTSTH LTST NT
Stool 4 y., brother No STH ST NT
Bathing-water LTSTH LTST NT

In human sources, the data are ages in months (m.) or years (y.I, sex, and relationship with the primary source.
Isolates that hybridized with the DNA probe coding for heat-labile toxin LT 181, the probe coding for heat-stable toxin derived from an ETEC of human

origin STH 110), and the probe coding for heat-stable toxin derived from an ETEC of porcine origin STP (9).
' Standard assays = testing culture supernatants of E. cofifor heat-labile toxin (LT) in the Y-1 adrenal cell assay (12) and for heat-stable toxin (ST) in the

suckling mouse assay ( 11.
dIndex case.
' NT = not tested.

persons or food/water specimens in the same home
were similar in 11 out of 13 homes. In contrast, ETEC
isolated in only 3 out of 11 neighbours' homes were
similar to the ETEC isolated in the index homes
(P< 0.01). It was not possible to determine whether
the ETEC isolated from different sites in the index
homes or the neighbour's home were similar in all
instances since serotyping results were not available
for all the isolates.

DISCUSSION

ETEC was isolated from only 55'0/ of specimens
that hybridized with the enterotoxin gene probes. In
an earlier study of the same population, ETEC was
isolated from 80%7o of specimens that hybridized with
the enterotoxin gene probes. As discussed in the
earlier study (6), there are a number of explanations
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for why more specimens hybridized with the entero-
toxin gene probes than contained ETEC as deter-
mined by testing the E. coli for enterotoxin produc-
tion. These include loss of plasmids coding for
enterotoxins and the possible presence of genes
coding for enterotoxin which are not expressed. Since
non-enterotoxigenic E. coli may also hybridize with
the enterotoxin gene probes (8, 10, 11), only E. coli
that produced enterotoxins were considered as ETEC
in this study.

In Thailand, as in Bangladesh, ETEC were isolated
from family contacts and food/water samples more
often in the homes of persons with ETEC diarrhoea
than in homes not associated with such persons (6,
20, 21). In both Thailand and Bangladesh a higher
proportion of infected household contacts less than
two years of age had diarrhoea than older contacts,
which suggests that immunity to ETEC develops with
age.

Attempts to identify the sources of ETEC within
the home in endemic situations have not been very
successful. In Thailand among over 100 cases where
environmental sources were sought, ETEC was iso-
lated from only two foods (powdered milk and dried
fish) and two drinking-water sources (6, 21-23). In
rural Bangladesh, ETEC of the same serotype as that
of the index patient was found in 90o of water sources
used by the index household and in a small number of
food and drinking-water specimens from the index
home. The risk of infection for members of house-
holds using drinking-water sources containing ETEC
or exposed to potentially ETEC-containing cowdung
(sources outside of the home) was only slightly higher
than that for persons in homes where all cultures
from environmental sources were negative. In con-
trast, persons exposed to contaminated food or
drinking-water in the home were at three times the
risk of infection as those who used water sources con-
taining ETEC outside of the home or those in whose
homes all cultures from environmental sources were
negative (20).

In a study in the Gambia, diarrhoeal illness in
young children peaked during the wet season when
the levels of bacterial contamination of infant food
was greatest (24). In Bangladesh, the proportion of a
child's food samples that contained E. coli was sig-
nificantly related to that child's incidence of ETEC
diarrhoea. Black et al. speculated that the seasonal
variation in the level of contamination of foods was
the most likely explanation for the seasonality of
ETEC diarrhoea (25). Although there was seasonal
variation in E. coli contamination of food in
Bangkok and ETEC diarrhoea did increase in March
after a rise in ambient temperature, ETEC was not

isolated from foods in any of the 42 homes of
children with ETEC diarrhoea in this study, probably
because the foods examined were not the same as had
been ingested by the child 18-24 hours before the
onset of diarrhoea. ETEC was, however, often found
in bathing-water samples, and on the mothers' or
children's hands. These sites were presumably con-
taminated with ETEC by the children who had ETEC
diarrhoea.
Although ETEC was found less often in cultures

from food/water specimens collected from the neigh-
bours' homes, neighbours living adjacent to the
homes of children with ETEC diarrhoea had a higher
incidence of ETEC infections than persons in homes
not associated with ETEC infections. This suggests
that the neighbours were exposed to sources of ETEC
as often as the index cases. The ETEC isolated from
the neighbours were often of different serotypes,
however, than were found in the index homes, which
suggests that although the neighbours were exposed
to similar environments, they acquired these infec-
tions from different sources than the inhabitants in
the index homes.

Faecal-oral transmission of ETEC may be water-
borne (26, 27), foodborne (27, 28) or from person to
person. Both food and water are likely sources of
infections, but these sources have been difficult to
identify in individual cases. In our study the hands
and water used for bathing children after defecation
were frequently contaminated with ETEC. Although
not demonstrated in this study, it is possible that
further transmission of ETEC can occur within the
family via faecally soiled hands, or hands or utensils
which had been washed with water stored in the
home. Snacks (biscuits, dried bananas, sweets, etc.),
which were not available for examination but which
may become contaminated with ETEC from either
the mothers' or children's hands, may also be
involved since there is little evidence of direct
person-person transmission of ETEC (29).
Three different studies have shown that hand-

washing decreases the incidence of diarrhoeal disease
(30-32). The frequent isolation of ETEC on hands
may explain why hand-washing is an effective inter-
vention for the reduction of diarrhoeal disease.
Although washing with soap, seldom practised in this
population in Bangkok (personal observation),
would presumably help control diarrhoeal disease,
water kept in clay jars used for bathing and occasion-
ally for washing of children after defecation is a
potential source of ETEC within the home. Further
studies are required to determine whether the spread
of ETEC from water containing this organism causes
secondary cases of ETEC diarrhoea in the home.
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RESUME

SOURCES POTENTIELLES D'ESCHERICHIA COLI ENTEROTOXINOGENE
AU DOMICILE D'ENFANTS DIARRHEIQUES EN THATLANDE

Escherichia coli enterotoxinogene (ETEC) est l'une des
causes majeures de diarrhee de l'enfant dans les pays tropi-
caux en developpement. Pour essayer de mieux delimiter les
sources d'infection par ETEC, on a effectue une etude d'un
an a Bangkok au cours de laquelle des prelevements ont e
faits au domicile d'enfants atteints de diarrh6e. E. coli
enterotoxinogene a e identifie chez 8% des habitants de 42
foyers oii vivaient des enfants atteints de diarrhee a ETEC et
chez 6% de leurs voisins, contre 2% seulement des habitants
de 866 foyers sans rapport avec des enfants diarrheiques.
Parmi les enfants de moins de 2 ans infectes par ETEC, 46%
ont et identifies lors des visites a domicile comme ayant eu
des antecedents recents de diarrhee; parmi les sujets de plus
de 2 ans porteurs d'ETEC, 13% seulement etaient dans ce
cas. La bacterie a e isolee sur les mains de la mere dans
14% des cas, sur les mains des enfants dans 13% des cas et
dans les recipients contenant l'eau utilisee pour le lavage des
enfants apres une selle, dans 7% des cas. Elle n'a que
rarement e isolee dans les aliments, dans l'eau de boisson

conservee A la maison ou dans d'autres sources d'eau de
boisson. La contamination des aliments et de l'eau par
E. coli etait aussi frequente au domicile d'enfants atteints de
diarrhee A ETEC que dans les foyers indemnes d'infection.
Bien qu'il existe une variation saisonniere de la con-
tamination des aliments et de l'eau de boisson par E. coli A
Bangkok, seul un echantillon d'eau de boisson preleve A
1'exterieur d'une habitation a e identifie comme source
probable d'infection a ETEC; aucun echantillon d'aliments
n'a e identifie comme source d'ETEC, mais il se peut que
les aliments examines n'aient pas e les memes que ceux
consommes 18 A 24 heures avant le debut de la diarrhee.
L'eau conservee A la maison dans des jarres en terre et
servant A laver les enfants apres qu'ils soient alles A la selle
constitue une source potentielle d'ETEC. De nouvelles
etudes sont necessaires afin de determiner si la toilette avec
de l'eau contenant des ETEC risque de provoquer des cas
secondaires de diarrhee A ETEC dans le foyer.
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