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The prevalence of toxin types and colonization factors (CFs) of enterotoxigenic Escherichia coli (ETEC) was
prospectively studied with fresh samples (n = 4,662) obtained from a 2% routine surveillance of diarrheal stool
samples over 2 years, from September 1996 to August 1998. Stool samples were tested by enzyme-linked
immunoassay techniques and with specific monoclonal antibodies for the toxins and CFs. The prevalence of
ETEC was 14% (n = 662), with over 70% of the strains isolated from children 0 to 5 years of age, of whom 93%
were in the 0- to 3-year-old age range. Of the total ETEC isolates, 49.4% were positive for the heat-stable toxin
(ST), 25.4% were positive for the heat-labile toxin (LT) only, and 25.2% were positive for both LT and ST. The
rate of ETEC isolation peaked in the hot summer months of May to September and decreased in winter. About
56% of the samples were positive for 1 or more of the 12 CFs that were screened for. The coli surface antigens
CS4, CSS5, and/or CS6 of the colonization factor antigen (CFA)/IV complex were most prevalent (incidence,
31%), followed by CFA/I (23.5%) and coli surface antigens CS1, CS2, and CS3 of CFA/II (21%). In addition,
other CFs detected in decreasing order were CS7 (8%), CS14 (PCFO0166) (7%), CS12 (PCFO159) (4%), CS17
(3%), and CS8 (CFA/III) (2.7%). The ST- or LT- and ST-positive ETEC isolates expressed the CFs known to
be the most prevalent (i.e., CFA/I, CFA/IL, and CFA/IV), while the strains positive for LT only did not. Among
children who were infected with ETEC as the single pathogen, a trend of relatively more severe disease in
children infected with ST-positive (P < 0.001) or LT- and ST-positive (P < 0.001) ETEC isolates compared to
the severity of the disease in children infected with LT only-positive ETEC isolates was seen. This study
supports the fact that ETEC is still a major cause of childhood diarrhea in Bangladesh, especially in children

up to 3 years of age, and that measures to prevent such infections are needed in developing countries.

Enterotoxigenic Escherichia coli (ETEC) is an important
cause of diarrheal disease in humans, affecting children but
also adults, in whom these bacteria were first described (19). In
particular, ETEC is a cause of morbidity and mortality in
children up to 5 years of age in developing countries (3). Of the
seven to eight episodes of diarrhea per child every year, one to
three attacks may be caused by ETEC infections. ETEC strains
have two major virulence determinants: the enterotoxins (the
heat-labile toxin [LT] and the heat-stable toxin [ST]) and the
colonization factors (CFs) (9). To cause disease, ETEC must
first adhere to the epithelium of the small intestine by means of
the CFs and then produce secretory diarrhea due to the effects
of the enterotoxin(s). Although at least 20 different CFs are
known in human ETEC infections (9), there is still a high
proportion of strains on which CFs have not been identified,
and additional CFs may thus exist. Moreover, the CFs and the
toxins often encoded by the same plasmids may be lost on
passage as well as on storage (18). Against this background, it
is best to screen for the enterotoxins and CFs as soon as
possible after isolation of E. coli from stool specimens and
after as few passages of the E. coli strains as possible. Reports
on ETEC toxins and CFs that have accumulated in the litera-
ture over the past 15 years or more are based on a variety of
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techniques, with the CFs and toxins generally not detected
simultaneously (25). The prevalence of the CFs has also been
observed to vary from one geographic region to another (9). In
this study we have used a combination of specific enzyme
immunoassay techniques, using a variety of mouse monoclonal
antibodies against LT, ST, and 12 different CFs, to determine
prospectively the toxin types and CFs on fresh isolates of E.
coli. The isolates of E. coli were obtained from a systematic
sampling of diarrheal stool samples collected in Bangladesh
over a 2-year period, and the seasonal occurrence of ETEC
infection was analyzed. In addition, the data obtained have
been analyzed for a possible association between toxin types
and CFs on ETEC isolates and the severity of diarrhea in
patients.

MATERIALS AND METHODS

Stool samples from diarrheal patients. Stool samples were collected from
patients enrolled in the 2% systematic routine surveillance system at the Clinical
Research and Service Centre of the International Centre for Diarrhoeal Disease
Research, Bangladesh. In the surveillance system every 50th patient attending
the hospital is screened for major enteric pathogens. In addition, information
regarding age, sex, and clinical picture (fever, vomiting, dehydration status) as
well as data on the duration of diarrhea, etc., is also collected from the patients.
Such stool samples were tested for ETEC over a 2-year period, from September
1996 to August 1998.

Microbiological studies. All stool samples obtained from patients enrolled in
the 2% surveillance system are routinely screened for enteric pathogens includ-
ing Vibrio cholerae O1 and 0139, Salmonella spp., Shigella spp., Campylobacter
Jejuni, and rotavirus by standard techniques (26). For the detection of ETEC,
fresh stool samples collected every day were plated onto MacConkey agar, and
the plates were incubated at 37°C for 18 h. Six lactose-fermenting individual
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colonies morphologically resembling E. coli were tested immediately after iso-
lation for the presence of toxins and CFs as described below.

Detection of toxin types and CFs. The detection of LT and ST was carried out
by previously described ganglioside GM1 enzyme-linked immunosorbent assays
(ELISAs) (22, 23). For these purposes E. coli colonies were inoculated into
separate wells of GM1-coated microtiter plates containing Luria-Bertani broth
with lincomycin and glucose, and the plates were incubated overnight at 37°C
with agitation (150 rpm). After incubation, the culture medium was transferred
to fresh GMI-coated plates and was tested for ST by an inhibition ELISA
procedure with the ST-cholera toxin B subunit (CTB) conjugate (ST-CTB) as
described earlier (23). The original plate used for culture was analyzed for
GM1-bound LT by using a specific mouse monoclonal antibody to the toxin (22).
After the addition of rabbit anti-mouse immunoglobulin conjugated to horse-
radish peroxidase (Dako, Roskilde, Denmark), the enzyme substrates and hy-
drogen peroxide together with ortho-phenylenediamine were added and the
optical density was measured at 450 nm. ETEC strains 286C, and ST 64111 were
used in the assays as LT- and ST-positive controls, respectively.

The colonies tested for toxin production were also plated onto colonization
factor antigen (CFA) agar plates with and without bile salts (7, 17), and the
plates were incubated overnight at 37°C. Enterotoxin-positive E. coli colonies
from CFA agar plates were tested for the expression of CFA/1, CSI, CS2, CS3,
CS4, and CS6; and such colonies from CFA agar plus bile plates were tested for
the expression of CS5, CS7, CS17, CFA/III (CS8), CS12 (PCFO159) and CS14
(PCFO166) by monoclonal antibody-based dot blot assays (2, 14, 15, 24). Briefly,
strips of nitrocellulose filter paper (pore size, 0.45 pm; Sigma, St. Louis, Mo.)
were soaked in phosphate-buffered saline (10 mM; pH 7.2), 2 pl of bacterial
suspension (corresponding to a 4 to 10 McFarland standard) was applied to the
strips, and the strips were left at room temperature for about 15 min. The paper
was washed several times with gentle agitation. Monoclonal antibodies against
specific CFs, followed by rabbit anti-mouse immunoglobulin conjugated to
horseradish peroxidase (Dako), were used to probe for the CFs expressed by the
bacteria, and the CFs were visualized by using 4-chloro-1-naphthol and hydrogen
peroxide as the substrate (14). In each strip, both CF-positive and CF-negative
control strains were included. Only dots that were clearly stained (dark stain on
a whitish background) were regarded as positive. The following ETEC strains
were used as reference strains in the dot blot assay: E1392-75 (CS1 plus CS3),
258909-3 (CFA/T), E-20738A (CS17), VM 75688 (CS5 plus CS6), 350CIA (CS12
or PCFO159), E34420A (CS8 or CFA/III), 278485 (CS2, CS3), E11881/9 (CS4
plus CS6), E29101A (CS7), and E7474A (CS14 or PCFO166).

Analyses. Chi-square for trends was used for statistical analyses with the Epi
Info statistical package (version 6.0; USD, Stone Mountain, Ga.).

RESULTS

A total of 4,662 diarrheal stool samples were analyzed in the
2-year study period. Of these samples, 56% were from children
up to 5 years of age. About 14% of all stool samples were
positive for ETEC. In the first 12 months of the study, the
prevalence of ETEC was 17% (381 of 2,251 stool samples
tested), while in the second half of the period it was 11% (281
of 2,411 stool samples tested). The overall prevalence of ETEC
was 18% in children 0 to 5 years of age (470 of 2,612); further
analysis of the younger subjects (ages 0 to 3 years) also showed
a similar prevalence (435 of 2,364). ETEC was the only diar-
rheal pathogen isolated from 59% of the subjects. The fre-
quency of mixed infections generally increased with the age of
the patients in the following order: less than 6 months, 23%;
>6 months to less than 1 year, 27%; >1 to 2 years, 42%; >2 to
5 years, 44%; above 5 years, 70%. Thus, in the 0- to 1-year-old
age group, ETEC was the sole diarrheal pathogen in approx-
imately 75% of the children, and in the 0- to 3-year-old age
group, ETEC was the sole diarrheal pathogen in about 70% of
the children. In patients with mixed infections, rotavirus was
most common copathogen with ETEC (15.6%), followed by V.
cholerae serogroups O1 and O139 (13%), Campylobacter jejuni
(8.4%), Shigella spp. (2.2%), and Salmonella spp. (1.5%). The
detection of ETEC together with rotavirus occurred mostly in
younger children (peaking at 6 to 12 months of age), whereas
mixtures of V. cholerae and ETEC were common mostly in
older children and adults.

Of the total number of ETEC isolates, about 71% (470 of
662) were found in children who ranged in age from 0 to 5
years (median age, 10 months). Among these children 93%
(435 of 470) were in the 0- to 3-year-old age group. Among the
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FIG. 1. Distribution of enterotoxins in ETEC strains isolated from stool
samples of diarrheal patients in different age groups. The percentage of the
isolates positive for ST (@), LT (@) and both LT and ST (A) are shown. Ages are
given in months (m) or years (y).

ETEC isolates, 49.4% (n = 327) were only ST producers,
25.2% (n = 167) were LT and ST producers, and 25.4% (n =
168) were only LT producers. In all the age groups, the ST
only-producing isolates were the most prevalent, followed by
LT- and ST-producing ETEC isolates and LT only-producing
ETEC isolates (Fig. 1). In both years of surveillance, the high-
est rate of isolation of ETEC was in the hot summer months
(Fig. 2). In the first 12 months (September 1996 to August
1997), the largest numbers were isolated in May 1997 (n = 58;
18.5% of all isolates), while the smallest numbers of ETEC
isolates and also the lowest frequency of ETEC isolation were
in the month of December 1997 (n = 12; 7.1%). In the second
year of the study (September 1997 to August 1998), the largest
numbers were isolated in August 1998 (n = 46; 18%) and the
smallest numbers were isolated in December 1998 (n = 9;
5.4%). Thus, the total number of ETEC strains isolated
showed a downward trend from October to January and
showed a rise from about February, peaking from March to
September.

The different CFs studied were detected on only 56% of the
total ETEC isolates tested (370 of 662). Of these CFs, the
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FIG. 2. Monthly isolation of ETEC over the 2-year surveillance period. The
total numbers of ETEC isolates (m) as well as the percentage (@) of ETEC
isolates detected per total number of diarrheal stool samples screened are shown.
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TABLE 1. Association of enterotoxins with CF expressed on ETEC
isolates from Bangladeshi diarrheal patients
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TABLE 2. Occurrence and association of toxins and CFs in
ETEC isolates

Total no. of No. (%) of isolates”

Toxin produced ETEC Vaccine
strains* CF positive CF positive
ST 327 200 (61) 181 (55.4)
LT and ST 167 130 (78) 99 (59.3)
LT 168 40 (24) 0

“ Total number of strains in each toxin type isolated.
® ETEC strains positive for any of the 12 CFs or vaccine-specific CFs (CFA/1
and coli surface antigens of CFA/IT or CFA/IV).

CFA/IV coli surface antigens in different combinations of CS4,
CS5, and CS6 were the most common ones and were detected
on 31% of all CF-positive isolates. This was followed by CFA/I
(23.5%) and the CFA/II coli surface antigens (21%; in differ-
ent combinations of CS1, CS2, and CS3). Of the other CFs that
were tested, CS7 was found at a frequency of 7.8% (29 of 370
isolates), followed by CS14 (6.7%) and CS12 (4.2%). All 12
CFs studied were detected on the ETEC isolates, although at
different frequencies. Analysis of the data showed no season-
ality or restriction to age in the prevalence of the CFs on
ETEC. However, some CFs were detected more frequently in
children, e.g., 21 of the 29 CS7-positive ETEC isolates (79%)
had been isolated from the stools of children 0 to 3 years of
age. Similarly, CS17-expressing ETEC isolates were also ob-
served at the highest frequency (8 of 11) in this age group. It
was observed that in comparison to 78% of the LT- and ST-
producing ETEC isolates and 61% of the ST-producing ETEC
isolates, a significantly smaller number of the LT-producing
isolates (24%; P < 0.001) expressed CFs (Table 1). A compar-
ison of the toxin pattern and the expression of those CFs that
are included in an oral inactivated ETEC vaccine currently in
phase III studies (this vaccine contains CFA/I and coli surface
antigens of CFA/II and CFA/IV) was also carried out (27).
These CFs constituted, on average, about 75% of the total CFs
expressed on ETEC (Table 2). It was observed that although
59% (99 of 167) of the LT- and ST-producing ETEC isolates
and 55% (181 of 327) of the ST only-producing ETEC isolates
expressed these CFs, none of the LT only-producing isolates
expressed these CF antigens. These vaccine-specific CFs were
present on 91% of the ST-expressing, CF-positive ETEC iso-
lates and 76% of the ST- and LT-expressing, CF-positive
ETEC isolates.

Moreover, in most cases the expression of the CFs in rela-
tion to the toxin types was found to agree well with that shown
in earlier studies (9). Some differences were, however, ob-
served. Thus, we found that some CS7-expressing isolates pro-
duced only ST (CS7-expressing strains have earlier been shown
[9] to produce both LT and ST), while 64% of the PCFO166-
expressing isolates produced both LT and ST, although
PCFO166-expressing strains have been known to produce only
ST (9).

A comparison of the ages of the patients and the CFs ex-
pressed on the ETEC isolates from those patients showed that
the vaccine-specific CFs constituted an average of about 75%
of the total CFs expressed by ETEC strains isolated from each
of the different age groups. In the younger age group, other
CFs were detected at a somewhat higher frequency (e.g., on
about 20% of the CF-positive ETEC isolates from the group of
patients ages 0 to 3 months but on only 3% of such strains from
the group of patients >5 years of age).

A comparison was also carried out to find associations be-

. Total no. of CF type(s No. (%) of
Toxin produced isolates® progscéd) iso(latgs
ST 200 CFA/T 48 (24)
CS1 + CS3 18 (9.0)
CS2 + CS3 22 (11.0)
CS4 + CS6 19 (9.5)
CS5 + CS6 39 (19.5)
CS6 35(17.5)
CS7 5(2.5)
CS14 9(4.5)
CS12 5(2.5)
LT and ST 130 CFA/T 39 (30.0)
CS1 + CS3 16 (12.3)
CS2 + CS3 14 (10.7)
CS3 9(7.0)
CS4 + CS6 21 (16.0)
CS7 5(3.8)
CS14 16 (12.3)
CS12 10 (7.7)
LT 40 CS7 19 (47.5)
CS17 11 (27.5)
CS8 10 (25.0)

“ ETEC isolates of each toxin type positive for the different CFs.

tween the presence of CFs, the toxin pattern, and the clinical
severity of disease in children (ages 0 to 5 years) with diarrhea
from whom only ETEC and no other pathogen was isolated
(Table 3). No significant difference in the degree of severity of
disease with the presence or absence of CFs on ETEC was
seen. However, a trend of the occurrence of more severe dis-
ease following infection with ST- or LT- and ST-positive ETEC
strains was seen. Thus, significantly fewer patients with infec-
tion due to LT-positive isolates had moderate or severe disease
compared to the number of patients infected with ST-express-
ing (P < 0.001) or LT- and ST-expressing ETEC (P < 0.001)
who had moderate or severe disease. Similarly, when this com-
parison was carried out for children from whose stools ETEC

TABLE 3. Association of severity of disease with CFs on toxin
types produced by ETEC strains isolated as the only diarrheal
pathogen from children up to 5 years of age during the
2 years of surveillance

No. (%) of patients with the following severity

CF types or toxin of disease’:
produced’

Mild Moderate Severe Total
Vaccine CF positive* 66 (55) 47 (39) 7 (6) 120
Other CF positive 25 (66) 12 (31) 1(3) 38
CF negative 78 (56) 55(39) 6(5) 139
ST 90 (53) 66 (39) 12 (8) 168
LT and ST 32(43) 41 (54) 2(3) 75
LT 47 (87) 7 (13) 0 (0) 54

“ A significant difference was not seen (P > 0.05) between the presence or
absence of CFs and severity of disease. ETEC strains positive for ST (P < 0.001)
or LT and ST (P < 0.001) were isolated at significantly higher frequencies from
children with moderate or severe disease than the frequency of isolation of
ETEC strains positive for LT only. Chi-square for trends was used for statistical
analysis (P > 0.05 was not significant).

b Degree of dehydration based on World Health Organization guidelines.

¢ Vaccine-specific CFs indicate CFA/I and coli surface antigens of CFA/II and
CFA/IV.
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and some other copathogen were isolated, a trend of more
severe disease caused by ST-expressing (P = 0.002) or LT- and
ST-expressing (P = 0.0002) ETEC isolates in comparison to
the severity of disease caused by isolates that expressed only
LT was also seen.

A comparison was also carried out to see if there was an
association between the severity of disease and the age of
children with diarrhea caused by ETEC. This analysis showed
that those in the 0- to 3-month-old age group (n = 30) more
often suffered from moderate rather than mild (P < 0.001) or
severe (P = 0.022) dehydration. In the older children (6- to
12-month age range; n = 198), the children suffered from mild
rather than moderate or severe disease (P < 0.001). This trend
was also observed in the older children (2 to 5 years of age; n =
57) (P < 0.001); however, in children 12 to 24 months of age
(n = 101), similar frequencies of mild, moderate, or severe
episodes of disease were observed (P was not significant).

DISCUSSION

This is the first prospective study in which a systematically
obtained collection of fresh diarrheal stool samples obtained
from patients over a 24-month period has been used to deter-
mine the prevalence of both the toxin and the CF types ex-
pressed on ETEC. The stool specimens studied were from
patients who had mild to severe forms of the disease and who
were ill enough to be brought to the hospital for treatment.
ETEC was isolated from patients of different age groups (from
a minimum of less than 1 month to over 60 years of age),
although the highest incidence, in terms of both total number
and relative distribution, was in children up to 3 years of age
(median age, 9 months). We also observed that mixed infec-
tions were very frequent, particularly in patients over 5 years in
age. In approximately 75% of infants and small children up to
1 year of age, ETEC was seen at the highest frequencies and
was the only pathogen that was isolated. This information
supports earlier studies which have shown that in developing
countries, it is the very young children who are at risk of
diarrhea due to ETEC and, hence, who suffer most from its
consequences (5).

As expected from data from earlier studies conducted in
Bangladesh (1, 16), ETEC disease peaked in the hot summer
months, from about May to September, decreasing thereafter
in the winter months. Each year an increase in the number of
ETEC cases was observed in the spring, from about March to
April. The previously reported peak of diarrhea in Dhaka,
Bangladesh, on the basis of the surveillance stool samples has
also been shown to be due to more cases of ETEC infection
than cases of V. cholerae O1 infection, suggesting that the
traditional spring peaks of diarrhea in Bangladesh may also be
contributed by ETEC (8).

The seasonalities of ETEC during the corresponding sea-
sons over the 2-year study period were similar, although dif-
ferent total numbers and relative frequencies of ETEC isola-
tions were seen during the corresponding months in the 2 years
in which the study was carried out. This to some extent reflects
the various numbers of patients with diarrhea caused by ETEC
coming to the treatment center and being enrolled in the 2%
systemic surveillance system each year. The most prevalent of
the toxins was ST, which was produced by approximately 75%
of the total ETEC isolates (about 50% were positive for ST
production and 25% were positive for LT and ST production).
The ST only-positive and the LT- and ST-positive isolates
expressed the prevalent CF antigens, i.e., CFA/I and CS1-CS6
(9), while the LT only-expressing isolates did not. We also
found that the diarrhea caused by the ST- or LT- and ST-
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expressing isolates was significantly more often more severe
disease than the diarrhea caused by the LT-expressing isolates.
This is in agreement with the notion that LT only-producing
strains of ETEC are less important as pathogens (9, 18).

There is a wide variation in the prevalence of ETEC isolates
that express the different CFs (which varies from 33 to 69%),
as described in reports (25) from different countries. It is,
however, difficult to compare the prevalences since different
procedures have been used. The enzyme immunoassay tech-
niques used for detection of the enterotoxins and the CFs are
dependent on the in vitro production of these factors, whereas
molecular probing techniques (1, 8, 20) can detect the presence
of the genes. In two earlier reports from Bangladesh it was
shown that the prevalence of ETEC may vary from 64 to 75%
(12, 18). Even though both of those studies used enzyme im-
munoassay techniques, it is difficult to compare the previous
studies with the one carried out here, since the methods and
the categories of patients that were studied were different. It is
now appreciated that enzyme-linked immunoassay procedures
are the most suitable for the detection of the CFs (25). How-
ever, using all possible precautions so that the isolates did not
lose their virulence, we were not able to detect CFs in more
than 56% of the ETEC isolates that were tested. The reasons
for the relatively low prevalence of CFs on the ETEC strains
isolated in this study may be that (i) the CF antigens were lost
on subculture, even though only two to three passages were
done; (ii) the CF antigens are only produced in vivo; (iii) the
CF antigens are different from the 12 CFs screened for in the
present study; or (iv) a certain proportion of strains do not
produce CFs.

It was possible for us to screen for only 12 of the 20 or so of
the CFs that are known to exist (9), since specific monoclonal
antibodies only to these antigens were available. It may be
interesting to screen for other CFs including, e.g., longus
(CS21), which is a long pilus produced (11) and expressed in
human ETEC isolates, in addition to the other CF antigens
(10).

In this study we have analyzed the ETEC isolates only for
the production of toxins and CFs, although other bacterial
antigens may be important for conferring immunity to the
disease. The O antigens (e.g., O157) of the E. coli strains may
be considered putative protective bacterial antigens in other
diarrheagenic E. coli categories; however, it may be difficult to
consider these antigens as useful components in an ETEC
vaccine, since a large number (about 78 serogroups) have been
detected in ETEC strains isolated worldwide (25).

Successful prevention of ETEC diarrhea depends on the
availability of an effective vaccine, and efforts to design such a
vaccine are under way. Since both antibacterial and antitoxic
immunities are believed to contribute to protection (6, 13, 21),
the inclusion of CFs as components of a vaccine may prove to
be useful since these are known to be critical somatic antigens
that may give a broad range of protection. However, the ef-
fectiveness of a vaccine based on CFs will depend on the region
in which it is to be tested since the expression of CFs on ETEC
vary from one geographic region to another (9, 20). Studies
have shown that CFA/I and the coli surface antigens of CFA/II
and CFA/IV are the most common ones, and a review of the
available data a couple of years ago showed that these were
present on 50 to 80% of all ETEC isolates (9, 26). On the basis
of this information, an oral inactivated ETEC vaccine contain-
ing a combination of five strains of formalin-killed ETEC
strains expressing CFA/I and the different CS components of
CFA/II and CFA/IV together with 1 mg of cholera toxin B
subunit is being evaluated and is at various stages of clinical
trials (21, 27). As a background for future vaccine studies in
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Asia, updated new information on the prevalence of the dif-
ferent CFs is important. More than 15 years ago such studies
were carried out in Bangladesh by use of polyclonal antisera
and immunodiffusion or ELISA techniques to screen for
CFA/I, CFA/II, and CFA/IV antigens (12, 18). At that time,
neither specific monoclonal antibodies to such a wide range of
CFs nor sensitive techniques were available for the detection
of specific CFs. Furthermore, such large numbers of isolates
from diarrheal stool specimens were not studied prospectively.
In the present study, we have shown that the prevalence of the
CFs are found in the following decreasing order: CFA/IV
(CS4 + CS6 > CS5 + CS6 > CS6) > CFA/I > CFA/II (CS2 +
CS3 > CS1 + CS3 > CS3) > CS7 > CS14 > CS12 > CS17 >
CSS.

This shows that the formalin-inactivated ETEC vaccine cur-
rently being evaluated in different countries (21, 27) contains
about 75% of the CF antigens prevalent in Bangladesh and
thus should prove to be useful. However, for greater efficacy in
Bangladesh, it may be useful to add additional components,
i.e., CS7 and CS14, and perhaps also CS12 and CS17. It was
interesting that some CFs (especially CS7 and CS17) were
more prevalent in younger children than in children in the
older age groups. This suggests that as they grow older these
children develop immunity to these antigens and are protected
from further infections.

Since ETEC is a major cause of disease burden in children
in developing countries, leading to considerable growth retar-
dation, malnutrition, and mortality, serious efforts should be
made to design more effective vaccines for the prevention of
these infections, especially in countries of the world where
ETEC is endemic (27). The information obtained from this
study may be useful for this purpose.
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