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The incidence of enterotoxigenic Escherichia coli diarrhea among Egyptian children was 1.5 episodes per
child per year and accounted for 66% of all first episodes of diarrhea after birth. The incidence increased from
1.7 episodes per child per year in the first 6 months of life to 2.3 in the second 6 months and declined thereafter.
Enterotoxigenic Escherichia coli (ETEC) has been recognized as the most common cause of infectious diarrhea in
infants and young children in developing countries (14). Manifestations of ETEC infection run the spectrum from asymptomatic infection to severe dehydrating diarrheal illness. The
virulence of ETEC is attributed to its ability to colonize the
intestinal epithelium via fimbrial adhesive factors and express
secretogenic enterotoxins of a heat-labile (LT) and/or a heatstable (ST) variety (10).
The epidemiology of ETEC diarrhea was studied in a cohort
of Egyptian children in two villages located in the Nile Delta.
Children under the age of 24 months at the start of the study
and all subsequent new-birth infants were monitored until the
age of 36 months or the end of the study was reached. Surveillance for diarrhea was conducted by twice-weekly home visits
in which fecal specimens were collected when loose stools were
reported (9). For infants, a detailed dietary history (with reference to breastfeeding and the introduction of supplementary
liquids and solids) was obtained at each visit. Standard methods were used to detect Salmonella, Shigella, Campylobacter,
Vibrionaceae, rotavirus, and astrovirus (8, 9, 12). Rectal swabs
were plated on McConkey’s medium, and GM1-ganglioside
enzyme-linked immunosorbent assays (11, 13) were used to
evaluate five lactose-positive colonies for both LT and ST
expression.
Diarrheal episodes were defined as beginning on the first
day of loose stools after at least three consecutive nondiarrheal
days and were considered to have ended when followed by 3
days without diarrhea (9). An episode was classified as an
ETEC episode when ETEC was detected at any time during
the episode. Children were considered breastfed if they had
received any breast milk. To analyze the “time to first episode”

of all-cause diarrhea or ETEC diarrhea, Kaplan Meier (KM)
curves were constructed for new-birth infants to obtain the
distribution of the times to first episode (5). Since exclusively
breastfed children usually have loose stools that may be misclassified as diarrhea and no pathogens were isolated in 73% of
the diarrheal episodes in the first 3 months of life, the analysis
of the time to first episode was restricted to episodes associated
with pathogens (ETEC, Campylobacter, Shigella, Salmonella,
rotavirus, or astrovirus). Poisson regression models using generalized estimating equations were fitted to adjust for confounding variables (6).
In a cohort of 397 children with 211 new-birth infants, 3,477
episodes of diarrhea were detected over 3 years, resulting in an
incidence of 5.5 episodes of diarrhea per child per year. Attack
rates were highest during infancy (8.1 episodes per child per
year). With an incidence of 1.5 episodes per child per year,
ETEC was the most common cause of diarrhea; the next most
common causes of diarrhea were Campylobacter (0.6 episodes
per child per year) and Shigella, rotavirus, and astrovirus (approximately 0.2 episodes per child per year for each). The
incidence of ETEC diarrhea increased from 1.7 episodes per
child per year in the first 6 months of life to 2.3 episodes per
child per year in the second 6 months and declined thereafter
(Table 1).
Among 211 new-birth infants, the median time to the first
episode of pathogen-associated diarrhea was 6 months (95%
confidence interval [CI], 5 to 7 months) and about 90% of the
cohort experienced a first episode of pathogen-associated diarrhea by 14 months of age (Fig. 1). ETEC diarrhea accounted
for 66% of all first episodes. The median time to a first episode
of ETEC diarrhea was 8 months (95% CI, 7 to 9 months), and
the KM curve for the time to first ETEC episode closely paralleled the KM curve for the time to first diarrheal episode
associated with any pathogen (Fig. 1). In the first 3 years of life,
approximately 84% of the cohort had at least one episode of
ST-ETEC diarrhea, with a median time to first episode of 11
months (95% CI, 9 to 13 months) (Fig. 1). In contrast, only
50% of the children had an episode of LT-ETEC diarrhea by
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TABLE 1. Annual age-specific incidence rates (episodes per child per year) of all-cause diarrhea, ETEC diarrhea, and
diarrhea due to other enteropathogens in Abu Homos, Egypt, from 1995 to 1998
Agea

Incidence rate in episodes/child/yr of diarrhea (no. of cases) caused by:
All causes

All ETEC types

LT-ETECb

ST-ETECb

LTST-ETECb

Campylobacter

Shigella

Rotavirus

Astrovirus

0–5
6–11
12–17
18–23
24–35

7.33 (681)
8.81 (913)
6.40 (731)
4.61 (542)
2.92 (610)

1.67 (155)
2.26 (234)
1.99 (227)
1.35 (159)
0.76 (158)

0.53 (49)
0.62 (64)
0.51 (58)
0.26 (31)
0.17 (35)

0.91 (85)
1.24 (129)
1.11 (127)
0.87 (102)
0.48 (101)

0.18 (17)
0.31 (32)
0.28 (32)
0.20 (24)
0.11 (22)

0.87 (81)
1.48 (153)
0.58 (66)
0.29 (34)
0.15 (32)

0.08 (7)
0.24 (25)
0.42 (48)
0.24 (28)
0.12 (26)

0.19 (18)
0.38 (39)
0.26 (30)
0.13 (15)
0.08 (16)

0.38 (35)
0.40 (41)
0.18 (21)
0.14 (16)
0.05 (10)

All ages

5.46 (3,477)

1.47 (933)

0.37 (237)

0.85 (544)

0.20 (127)

0.57 (366)

0.21 (134)

0.19 (118)

0.19 (123)

a

Child age in months at the time of follow-up.
b
Results do not include findings for ETECs in which different colonies from the same fecal specimen express different toxins.

Breastfeeding has been associated with a reduced risk of
diarrhea, with evidence that secretory immunoglobulin A antibodies in breast milk could protect against ETEC diarrhea in
children (3, 4). Unlike the findings from a study in Mexico (7),
this study did not find any evidence that breastfeeding protects
against LT-ETEC diarrhea. Findings of no protection against
ETEC diarrhea were also reported in Bangladesh and at a
different field site in the Nile Delta (1, 2). This lack of protection may be a possible explanation for the majority of first
episodes of diarrhea associated with ETEC in this population.
ETEC continues to be a significant cause of diarrhea in the
Nile Delta, and better interventions are clearly needed to reduce the high level of disease burden in early life. Although
major improvements in hygiene and sanitation have been successful elsewhere, advances in this realm do not appear to be
imminently attainable within this setting. Therefore, as endorsed by the World Health Organization, immunization
against ETEC should be considered a public health priority in
such settings (16). Since the risk of ETEC is greatest during

FIG. 1. Time to first infection resulting in diarrhea due to any pathogen isolated (ALL CAUSE), any ETEC, ST-ETEC, or LT-ETEC in a
cohort of 211 new-birth infants in Abu Homos, Egypt, from 1995 to 1998.
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3 years of age (Fig. 1). The incidence of ETEC diarrhea was
consistently higher during the warmer season between April
and September. While ST-ETEC diarrhea was more frequent
in the warmer months (relative rate [RR] ⫽ 2.67 [95% CI, 2.22
to 3.21; P ⬍ 0.001]), LT-ETEC was present at similar levels
throughout the year (Fig. 2). The incidence for males was
higher than that for females (RR ⫽ 1.33 [95% CI, 1.12 to 1.58;
P ⬍ 0.01]), and breastfeeding was not associated with the risk
of ETEC diarrhea (RR ⫽ 0.93 [95% CI, 0.75 to 1.14]).
An incidence of 1.5 episodes per child per year of ETEC
diarrhea in the first 3 years of life ranks among the highest
rates reported (1, 15). ETEC was the principal identified cause
of diarrhea among the study children, with an incidence eight
times that of rotavirus, astrovirus, or Shigella. Additionally,
among the pathogens evaluated, ETEC was also the most
common organism isolated from the first episode of diarrhea
experienced by a study child. Therefore, preventing ETEC
diarrhea at an early age can have a significant impact on the
burden of illness due to diarrhea during infancy.
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infancy, any candidate vaccine must confer immunity at a very
young age and should ideally be integrated into the routine
immunization schedule.
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FIG. 2. Monthly incidence (episodes per child per year) of ETEC diarrhea in Abu Homos, Egypt, from 1995 to 1998 (with a smoothing fit to
illustrate monthly variability).

