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Enterotoxigenic Escherichia coli diarrhoea: acquired
immunity and transmission in an endemic area
ROBERT E. BLACK,1 MICHAEL H. MERSON,2 BERNARD ROWE,3 PHILIP R. TAYLOR,4
A. R. M. ABDUL ALIM,5 ROGER J. GROSS,6 & DAVID A. SACK7

Enterotoxigenic Escherichia coli (ETEC) are an important cause of diarrhoea in
developing countries. Studies were made, in an endemic area ofBangladesh, ofhousehold
contacts ofpatients with diarrhoea associated with E. coli producing heat-stable and heat-
labile toxins (STILT) or heat-stable toxin (ST) only. It wasfound that 11% ofcontacts were
infected in the J0-day studyperiod, and that both the rate ofinfection and theproportion of
infected persons with diarrhoea decreased with increasing age, suggesting the development
of immunity. ETEC of the same serotype as that of the indexpatient werefound in 9%o of
water sources used by index households, in a small number offood and drinking water
specimensfrom the index homes, and infaecesfrom 3 healthy calves. The rate ofinfection of
household members was highest in houses where there was contaminatedfood or water,
which suggests that infection may take place in the home when contaminated water is
brought in.

Enterotoxigenic Escherichia coli(ETEC) organisms
are important etiological agents of diarrhoea among
residents of many developing countries (1-5). In a
2-year study conducted at a diarrhoea treatment
centre in rural Bangladesh, ETEC were the most fre-
quently found pathogens in patients of all ages and
were second in importance only to rotavirus among
patients less than 2 years old (1). Infection with ETEC
may result in a severe cholera-like disease, or mild
diarrhoea, or may be asymptomatic; however, the
relative frequencies of these clinical states and the
importance of acquired immunity are unknown
(4,6).
ETEC have been isolated from food and water,

suggesting that these may be possible vehicles of
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infection (4, 6, 7). In the United States of America, a
large outbreak of diarrhoea due to ETEC was related
to consumption of contaminated water, the same
serotype of ETEC being recovered from the affected
persons and the water (8). In developing countries
where ETEC disease is common, attempts to identify
specific vehicles of infection have been unsuccessful
(4, 6).

In an attempt to learn more about the clinical spec-
trum, epidemiological characteristics, and immu-
nology ofETEC infection, we initiated a study in rural
Bangladesh. In particular, the study aimed to find the
proportion of infected persons who become ill and the
variation in this proportion with age. On the basis of
previous studies, the area is known to be endemic for
ETEC infections (1, 4, 5).

METHODS

Study area

The study was conducted in the Matlab field
research area of the International Centre for Diar-
rhoeal Diseases Research, Bangladesh (formerly the
Cholera Research Laboratory). Matlab is 75 km
south-east of Dacca, the capital of Bangladesh, and is
a riverine, rural area that, at the time of the study,
included 228 villages with 269 000 permanent
residents. Since this population has been under
continuous demographic surveillance for more than
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10 years, an accurate determination of each subject's
age was possible (9).

Index patient selection

Between October 1977 and May 1978, all patients
with diarrhoea who visited the central treatment
facility and whose stool cultures were negative for
Salmonella, Shigella, vibrios, and rotavirus were
screened as potential ETEC index patients for a case-
control study. Since the majority of ETEC in Bangla-
desh belong to a few well defined O:K:H serotypes
(10, 11), bacterial agglutination techniques followed
by toxin tests were used to screen many of the E. coli
isolates.
On admission, rectal swabs were taken from all

patients and plated directly on MacConkey agar. For
patients negative for other pathogens, 5 colonies with
the appearance ofE. coli were subjected to slide agglu-
tination with a polyvalent antiserum containing sero-
groups 06, 08, 078, and 0115. The polyvalent serum
was made by pooling monovalent sera produced in
rabbits after vaccination with the respective entero-
toxigenic strains. Positive colonies were further sub-
jected to slide and tube agglutination with monovalent
0-group antisera (12). Patients positive for one of the
four E. coli serogroups by tube agglutination were
selected as index patients.

E. coli isolates that were positive by tube aggluti-
nation were assessed for their ability to produce heat-
labile enterotoxin (LT) by the Chinese hamster ovary
cell assay (13). Production of heat-stable enterotoxin
(ST) was determined by the infant mouse assay (14).
The agglutination techniques proved to be an effi-

cient method for selecting index patients since 85 of
the 88 patients with positive agglutination tests had
ETEC. The 3 patients with non-toxigenic E. coli were
not included in the study, and the families of 2 patients
were unwilling to participate, leaving 83 index patients
in the study.

Epidemiological studies

The index patients were selected within 1-2 days of
their visit to the treatment centre, and the patient's
house was then visited. At the first visit and each day
for the next 9 days, rectal swabs were obtained from
all members of the index household, giving an average
of 8.5 cultures per household member.

For each of the first 3 days, samples were taken
from water sources used by any member of the house-
hold for drinking, bathing, or washing, from drinking
water stored in the house, from left-over food, and by
rectal swab from all animals owned or used by the
household. Similar specimens were also collected
from control households, which were systematically
selected from the nearest adjacent residential

compound and which had been free from diarrhoea in
the preceding week. Specimens from water sources
were obtained from the site at which water was taken
by the family. Although some index and control
families used the same water sources, they rarely used
the same sites to take water.
Swabs from household contacts and animals were

kept in chilled Cary-Blair transport medium and
plated on MacConkey agar within 4 hours of collec-
tion. Water specimens were kept chilled and spread on
MacConkey agar after serial 10-fold dilution. Ten
colonies with the typical morphology of E. coli from
each plate were subjected to slide agglutination with
the monovalent 0 antiserum specific for the index
patient. The testing of 10 colonies from each culture
should have been sufficient to include more than 80Wo
of the serotypes present in the intestine of a healthy
person or in an environmental specimen (15). The
0-groups of the slide agglutination-positive isolates
were confirmed by tube agglutination, and were then
tested for enterotoxin production in the same manner
as the isolates from the index patients.

Blood specimens were collected from members of
index patient households on the first and last house-
hold visits, and E. coli LT antitoxin titres were deter-
mined by the adrenal cell assay (16).

A nalysis

ETEC isolated from index patients, family
members, and environmental specimens were later
confirmed as E. coli and their O:H serotype deter-
mined (12). ETEC from family or environmental
cultures were included in the analysis only if they were
the same O:H and toxin type as the index patient
isolates.

RESULTS

Of the 83 index patients selected, 35% were less than
2 years old, 10%7o were 2-9 years old, and 55% were 10
or more years old. A total of 54 had ETEC that
produced both ST and LT and 29 had ETEC that
produced only ST. The serotypes ofETEC from index
patients are listed in Table 1.
Of the contacts of index patients with a ST/LT

infection, 11% were infected with ETEC of the same
serotype and toxin type (Table 2). The proportion of
persons infected was highest for children less than
2 years old and decreased with increase in age.
Furthermore infected children under 5 years of age
were significantly more often ill than older children
and adults (Fisher's exact test, P = 0.02).

In the 29 families with an ST index infection, 100/o
of contacts were infected (Table 2), and here again,
children less than 5 years old were more likely to be
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Table 1. Serotype and toxin type of ETEC isolated from
index patients

Table 3. Geometric mean titre of E. coli LT antitoxin in
serum samples from household contacts with ST/LT E. coli
and diarrhoea

Toxin type
Serotype

ST/ LT
Geometric mean titre

(units per ml)ST

06: H16
06a

08: H9

078: H10
078: H1l
078: H12
078: H18
078

0115: H21
0115: H40
0115: H51

Total

a Non-motile.

Table 2. Proportion
with ETEC and diarrl

Age of contact
(years) ci

ST/ LT (54 families)
< 2
2-4
5-19
20+

Total

ST (29 families)
< 2
2-4
5-19
20+

Total

20 4

7

1 1
3 1
16 15
_ ~~~~~~~~~~1

3

1 1
1 1

Household contact

Not infected

Infected -no
diarrhoea

Infected -diarrhoea

No. Acute Convalescent

183 15.7 16.1

23 16.0
11 40.2

17.0

77.8a

a Paired t-test, P < 0.05.

6 Serum samples taken from 217 household contacts
during the acute and convalescent phases of illness

54 29 were tested for E. coli LT antitoxin. Fourfold rises in
titre were found in 2 of 11 persons with E. coli diar-
rhoea and in 2 of 21 persons who had diarrhoea, but
who had not been culture positive for ETEC. Table 3
illustrates the acute- and convalescent-phase geo-
metric mean titres for household contacts of ST/LT

of household contacts of index patients patients. No change in mean titre was noted for the
hoea uninfected group or the group who were infected but

Infected not ill. The group with E. coli diarrhoea, however, did
Infected contacts with demonstrate a significant rise in titre in the con-
contacts diarrhoea valescent phase. The relatively high mean titre of the

No. of acute-phase serum in this group probably reflects the
ontacts No. % No. % titres found in young Bangladeshi children, who made

up a large proportion of the group (Fig. 1).
ETEC was found in 13 water sources used by index

24 7 29 5 71 households, but in none used by control households
31 7 23 3 43 (Table 4). For both ST and ST/LT infections, the
138 15 1 1 3 20 sources used by the case households were significantly
112 6 5 1 17

more often contaminated than those used by the
305 35 11 12 34 matched controls. Since several sources were positive

for 2 or 3 days, there were 17 positive cultures from

9 2 22 2 100
20 3 1 5 2 67
56 5 9 1 20 z 60

56 4 7 0 0 °
5(1

z E
141 14 10 5 36 <

Z (1) 40

2 20

y_ 30

Ei 20

infected and were significantly more often ill than
older children and adults (Fisher's exact test,
P = 0.02).
Of the 49 infections with ETEC, 43%o were detected

on day 1 and 88% by day 4; 17 persons had diarrhoea,
and one child had mild dehydration, while the others
did not become dehydrated.

0

0-12-4 5-9 10-14 15-19 20-29 30- 39 40-49 SOt

AGE (years)

Fig. 1. E. co/i LT antitoxic antibody levels in acute-phase sera
of index patients, according to age.

{s
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Table 4. Isolation of ETEC from water sources of case and
control households

Table 6. Rate of infection of household members exposed
to ETEC in food, water, or animals of that household

No. of
cultures

ETEC-positive
sources

Significance
Case Control Case Control

ETEC-positive specimens No. of house-
hold members

Household members
infected with ETEC

No. %

ST/LT 97 94 8 (8%) 0 P = 0.004 None

ST 55 50 51(9%) 0 P = 0.04 Water source or
animal only

Drinking water or cooked
food in house

water sources, of which 12 (71 %) had fewer than 100
E. coli colony-forming units (cfu) per ml, while 5 had
100-1000 cfu per ml. The frequency of ETEC iso-
lation from the 455 water cultures varied according to
the type of water source; the positive rate for ditch
water was 60%; tank water, 5%0; canal water, 4%o;
tubewell water, 207o; and river water, 0%7o. These
percentages were not significantly different. Of the 13
contaminated water sources, 7 were used for drinking
water and other purposes, while the remaining 6
provided water that was not used for drinking but only
for bathing, washing utensils, and cooking.

Other specimens, such as those from stored
drinking water and food, were less often found to
contain ETEC, although again the trend was for more
positive specimens in case homes than in control
homes (Table 5). In 2 case households and 1 control
household, drinking water stored in the house was
positive, and positive food samples were found in 4
case households. All drinking water cultures had
fewer than 100 E. coli cfu per ml, while 3 of the 4 food
specimens had 100-1000 cfu per ml. Cultures from 3
of 459 apparently healthy calves or cows contained
ETEC of the same serotype and toxin variety as those
of the index patient (2 were 06:H 16 ST/LT E. coli and
1 was an 078:H12 ST E. coli).
The possible importance of exposure to positive

environmental specimens is examined in Table 6. The
risk of infection for members of households using a
positive water source or potentially exposed to ETEC-
contaminated cow dung was only slightly higher than

Total

361 30 8.3a

30 3 1 O.Ob

55 16 29.0a. b

446 49 11.0

a X2 = 18.9, P< 0.001; relative risk, 3.5.
b X2 = 3.1, P< 0.08; relative risk, 2.9.

that for persons in homes where all environmental
specimens were negative. In contrast, persons exposed
to contaminated food or drinking water at home had a
risk of infection 3 times that of the other 2 groups.

DISCUSSION

Studies of household contacts of patients with
ETEC diarrhoea have shown that 10-11%o of contacts
were infected with ETEC during a 10-day study
period. The highest infection rates were in the young-
est age groups, suggesting extensive exposure to ETEC
early in life in this endemic area. The decreasing rate
of infection with age could be due to more limited
exposure to ETEC in older children and adults or to
the development of immunity which prevents
intestinal colonization with ETEC. The presence of
contaminated food and water in the home suggests
that all contacts were exposed to similar vehicles of
ETEC. In the youngest age groups, infected house-
hold contacts nearly always had diarrhoea, while the
proportion of infected persons who became ill de-
creased significantly with increasing age, for both ST

Table 5. Isolation of ETEC from stored drinking water, food, and animals

Stored drinking water
(no. positive/no. tested)

Case Control

2/158 1/158

0/86 0/84

Leftover food
(no. positive/ no. tested)

Case Control

2/194 0/148

2/93 0/72

Cows and calves
(no. positive/ no. tested)

Case Control

2/163 0/150

1/74 0/72

Goats and kids
(no. positive/no. tested)

Case Control

0/108 0/79

0/19 0/21

4/507 3/459

Toxin type

Toxin type

ST/LT

ST
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and ST/LT ETEC. This finding suggests that immun-
ity to these organisms does develop.
The mechanism of immunity to ETEC is unknown,

but the development of serum antitoxic antibodies at
the time of clinical illness, and the apparent protection
given by antitoxin in some animal models, has led to
speculation that these antibodies may have a protec-
tive role (17, 18). Our studies found a rise in antitoxic
antibodies in patients who developed illness associated
with ST/LT ETEC; however, the presence of substan-
tial serum antitoxic antibody prior to infection did not
appear to protect from illness. This observation on
naturally acquired illness in an area with endemic
ETEC supports similar findings in US volunteers,
which indicated that serum antitoxic antibodies did
not protect against subsequent challenge with LT-
producing ETEC (19). Although systemic antibody
may not reflect local intestinal immunity, the apparent
development of immunity to ETEC producing only
ST, which is only slightly immunogenic, indicates that
immune mechanisms other than antitoxic antibody
must be operative (20). The decreasing rate of infec-
tion with age observed in this study suggests that anti-
bacterial or anticolonization mechanisms of immunity
may be important.

In these studies, ETEC of the same serotype as that
of the index patient were found frequently in water
sources used by the index family, but not in those used
by neighbouring control families. These sources pro-
vided water for various purposes, such as drinking,
cooking, washing utensils, and bathing. Household
contacts had a substantially higher risk of infection
when there was contaminated water or food in the
house than if they simply used a contaminated water
source. This suggests that important exposures lead-
ing to infection may take place in the home, when
contaminated water is used for drinking or preparing
food. Since ETEC-positive household water was
always associated with positive source water, it is
likely that contamination took place at the source

rather than in the house. This observation is similar to
the finding in a study of El Tor cholera transmission in
the same area, that the presence of Vibrio cholerae in
household water is primarily due to contamination at
the source rather than in-house exposure to an
infected individual (21). However, in contrast to the
observation that food is not a major vehicle for
cholera (21), our studies suggest that it may be
important in ETEC infection.
The level of E. coli found in ETEC-contaminated

specimens (< 1000 cfu per ml) was lower than that used
to induce disease in American volunteers; however, it
is possible that, in the natural setting, a lower level of
ETEC will result in illness. Reduced gastric acid or
buffering of the gastric acid, e.g., by food, could
result in enhanced susceptibility to ETEC infection
(19).
ETEC are also frequent causes of diarrhoeal illness

in young pigs and calves (22, 23). Although the ETEC
associated with disease in various animals and man
belong to different serogroups characteristic of the
host species, an ETEC of a serotype that commonly
causes diarrhoea in man has been isolated from a
healthy pig (6, 10). The use of cow dung as cooking
fuel by most rural Bangladeshi families necessitates
frequent handling of dung by family members,
especially women and older children. The isolation,
from three animals, of ETEC of serotypes associated
with human disease suggests that hands or water or
food contaminated by animal faeces are possible
vehicles of infection. Since 2 of the 3 families with an
ETEC-positive animal also had contaminated food or
water in their home, it is difficult to distinguish the
possible routes of infection. As animals in this area
drink from and often bathe and defecate in water used
by the family members, they may also be occasional
reservoirs of human serotypes of ETEC and may
facilitate transmission of the organisms by faecal
pollution of drinking water.
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R-SUMt

DIARRHEES A ESCHERICHIA COLI ENTEROTOXIGENES: IMMUNITE ACQUISE ET
TRANSMISSION DANS UNE ZONE D'ENDEMIE

Les Escherichia coli producteurs d'enterotoxines (ETEC)
representent une importante cause de diarrh& dans de
nombreux pays en developpement. Afin de mieux connaltre
le spectre des manifestations cliniques, les caract&istiques

epidemiologiques et l'immunologie de l'infection A ETEC,
nous avons etudie les contacts domestiques de cas initiaux
qui avaient presente une diarrh& associ& A la presence de
E. coli produisant des toxines thermostable et thermolabile
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(ST/LT) ou seulement la toxine thermostable (ST). Dans 83
familles etudi&es (of il y avait eu 54 cas ST/LT et 29 ST),
11 % des contacts ont et trouves infectes par des ETEC au
cours de la periode d'etude de 10 jours. Les taux d'infection
et de maladie les plus eleves se rencontraient dans les groupes
d'fge les plus jeunes. La proportion de personnes infect&s
qui contractaient la maladie s'abaissait notablement en
fonction de l'accroissement de I'Age, ce qui donne a penser
que, dans cette zone d'endemie, il s'etablit une immunite
contre les ETEC tant ST/LT que ST. On ignore le meca-
nisme de cette immunite, mais l'existence d'anticorps
seriques antitoxiques avant l'infection ne semble pas
proteger de la maladie.
Des ETEC du meme serotype que ceux du cas initial ont

e trouves dans 97o des sources d'eau utilisees par les
familles de ces malades, mais non dans les sources utilisees
par les familles voisines temoins. Des ETEC ont e

egalement decouverts dans un petit nombre d'echantillons
d'aliments et d'eau de boisson dans les maisons, et les
personnes vivant dans ces menages etaient exposees au plus
haut risque d'infection. II semble donc que les eaux de
surface sont souvent contaminees par des ETEC, probable-
ment en raison d'une pollution fecale, mais que des exposi-
tions importantes entrainant une infection peuvent se pro-
duire a domicile lorsque de l'eau contaminee y est introduite
pour la boisson ou que des aliments sont prepares avec une
telle eau. L'isolement, A partir de trois veaux en bonne sante,
de ETEC d'un serotype qui provoquait la maladie chez
l'homme donne A penser que les animaux peuvent etre
occasionnellement des reservoirs de ETEC de serotypes
humains et que les mains, l'eau ou les aliments contamines
par des excrements d'animaux constituent des vehicules
possibles de l'infection.

REFERENCES

1. BLACK, R. E. ET AL. A two year study of bacterial,
viral, and parasitic agents associated with diarrhea in
rural Bangladesh. Journal of infectious diseases, 142:
660-664 (1980).

2. DONTA, S. T. ET AL. Enterotoxigenic Escherichia coli
and diarrheal disease in Mexican children. Journal of
infectious diseases, 135: 482-485 (1977).

3. GUERRANT, R. E. ET AL. Role of toxigenic and invasive
bacteria in acute diarrhea of childhood. New England
journal of medicine, 293: 567-573 (1975).

4. RYDER, R. W. ET AL. Enterotoxigenic Escherichia coli
and reovirus-like agent in rural Bangladesh. Lancet, 1:
659-663 (1976).

5. NALIN, D. R. ET AL. Enterotoxigenic Escherichia coli
and idiopathic diarrhoea in Bangladesh. Lancet, 2:
1116-1119 (1975).

6. ECHEVERRIA P. ET AL. Search for heat-labile entero-
toxigenic Escherichia coli in humans, livestock, food
and water in a community in the Philippines. Journal of
infectious diseases, 138: 87-90 (1978).

7. SACK, R. B. ET AL. Enterotoxigenic Escherichia coli
isolated from food. Journal of infectious diseases, 135:
313-317 (1977).

8. ROSENBERG, M.L. ET AL. Epidemic diarrhea at Crater
Lake from enterotoxigenic Escherichia coli. A large
waterborne outbreak. Annals of internal medicine, 86:
714-718 (1977).

9. Demographic surveillance system Matlab, Vol. 1.
Methods and procedures. International CentreforDiar-
rhoeal Diseases Research Scientific Report, 9: 1-28
(1978).

10. MERSON, M. H. ET AL. Relationship between entero-
toxin production and serotype in enterotoxigenic
Escherichia coli. Infection and immunity, 23: 325-329
(1979).

11. MERSON, M. H. ET AL. Use of antisera for identifi-
cation of enterotoxigenic Escherichia coli. Lancet, 2:
222-224 (1980).

12. EDWARDS, P. R. & EWING, W. H. Identification of
enterobacteriaceae, 2nd ed., Minneapolis, Burge Pub-
lishing Company, 1962.

13. GUERRANT, R. L. ET AL. Cyclic adenosine monophos-
,phate and alteration of Chinese hamster ovary cell
morphology: a rapid, sensitive in vitro assay for the
enterotoxins of Vibrio cholerae and Escherichia coli.
Infection and immunity, 10: 320-327 (1974).

14. DEAN, A. G. ET AL. Test for Escherichia coli entero-
toxin using infant mice; application in a study of
diarrhea in children in Honolulu. Journal of infectious
diseases, 125: 407-411 (1972).

15. VOSTI, K. L. ET AL. The importance of sample size in
studies based upon the serologic classification of
Escherichia coli. Proceedings of the Societyfor Experi-
mental Biology and Medicine, 111: 201-204 (1962).

16. SACK, R. B. ET AL. Antibodies to heat-labile
Escherichia coli enterotoxin in Apaches in Whiteriver,
Arizona. Infection and immunity, 12: 1475-1477
(1975).

17. SACK, R. B. Immunization with Escherichia coli
enterotoxin protects against homologous enterotoxin
challenge. Infection and immunity, 8: 641-644 (1973).

18. PIERCE, N. F. Protection against challenge with
Escherichia coli heat-labile enterotoxin by immuniz-
ation of rats with cholera toxin/toxoid. Infection and
immunity, 18: 338-341 (1977).

19. LEVINE, M. M. ET AL. Immunity to enterotoxigenic
Escherichia coli. Infection and immunity, 23: 729-736
(1979).

20. EVANS, D. G. ET AL. Differences in the response of rabbit
small intestine to heat-labile and heat-stable entero-
toxins of Escherichia coli. Infection and immunity, 7:
873-880 (1973).

21. SPIRA, W. M. ET AL. Microbiological surveillance of
intra-neighborhood El Tor cholera transmission in rural
Bangladesh. Bulletin of the World Health Organiz-
ation, 58: 73 1-740 (1980).

22. JONES, G. W. ET AL. Role of K88 antigen in the patho-
genesis of neonatal diarrhea caused by Escherichia coli
in piglets. Infection and immunity, 6: 918-927 (1972).

23. SMITH, H. W. ET AL. Observations on the pathogenic
properties of the K88, Hly and Ent plasmids of Escher-
ichia coli with particular reference to porcine diarrhoea.
Journal of medical microbiology, 4: 467-485 (1971).


