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Abstract
Background—Diarrheagenic E. coli are being recognized as important pediatric enteropathogens
worldwide. However, it is unclear whether there are differences in age-related susceptibility to
specific agents, especially among infants.

Methods—We conducted a passive surveillance diarrhea cohort study of 1034 children from 2 to
12 months of age in Lima, Perú. Control stool samples were collected from randomly selected
children without diarrhea. All samples were analyzed for common enteric pathogens and for the
diarrheagenic E. coli by a multiplex real-time PCR.

Results—The most commonly isolated pathogens from 1065 diarrheal episodes were the
diarrheagenic E. coli (31%), including enteroaggregative (15.1%) and enteropathogenic E. coli
(EPEC) (7.6%). Diarrheagenic E. coli, Campylobacter and rotavirus were more frequently isolated
from infants ≥ 6m. Diffusely adherent E. coli and enterotoxigenic E. coli (ETEC) were more
frequently isolated in diarrheal samples than in controls in older infants (p<0.05). Children ≥ 6m
infected with ETEC had a 4.56-fold increased risk for diarrhea (95% CI, 1.20 to 17.28). Persistent
diarrhea was more frequent in infants < 6m (13.5% vs. 3.6%, p<0.001). Among diarrheagenic E.
coli positive samples, co-infections with other pathogens were more common in diarrhea than in
controls (40.1% vs. 15.6%, p<0.001).

Conclusions—Diarrheagenic E. coli were more frequently isolated in older infants. In this setting
with high frequency of pathogen exposure and high frequency of breastfeeding, we hypothesize that
the major age-related differences result from decreased exposure to milk protective factors and with
increased exposure to contaminated food and water.
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Introduction
Diarrhea is the third most common cause of death in children less than 5 years of age in the
world, accounting for 1.87 million deaths/yr [1]. The diarrheagenic E. coli as a group are
responsible for 30-40% of acute diarrhea in children [2] and are being recognized as important
pathogens even in the developed world [3,4]. In a recent review made for the World Health
Organization, Enteropathogenic (EPEC) and Enterotoxigenic E. coli (ETEC) were listed as the
highest priority for vaccine development after rotavirus because of their high morbidity and
mortality rates [5].

E. coli associated with diarrhea have been classified into 6 groups based on clinical,
epidemiological and molecular criteria: (1) EPEC; (2) ETEC; (3) Shigatoxin producing E.
coli (STEC), also called enterohemorrhagic E. coli (EHEC) or Verotoxin producing E. coli
(VTEC); (4) enteroinvasive E. coli (EIEC); (5) enteroaggregative E. coli (EAEC or EAggEC);
and (6) diffusely adherent E. coli (DAEC) [6]. Each group has specific virulence factors that
are used for identification and classification, as well as specific serotypes. However, with the
exception of STEC (especially E. coli 0157:H7), the diarrheagenic E. coli are not routinely
sought in most clinical laboratories.

The major disease burden [7] and the highest mortality rates occur in the first year of life [8].
However, given the limited number of studies conducted in this population [9-12] it is still
unclear whether there are differences in age-related susceptibility to infection with
diarrheagenic E. coli during the first year of life. The aims of this study were: 1) to determine
if isolation of diarrheagenic E. coli and other common pathogens is associated with diarrhea
in Peruvian infants <12mo, 2) to determine whether there are important age-related differences,
and 3) to describe the pathogen-specific clinical courses.

Patients and Methods
Study Design

This prospective diarrhea cohort study was conducted in low socio-economic communities of
periurban Lima (Districts of Chorrillos, Villa El Salvador, Villa Maria de Triunfo and San Juan
de Miraflores).

Patients
After a house-by-house census by trained field workers, children were identified and enrolled
in the study clinic in Chorrillos at 2 months of age after written informed consent was obtained
from their parents. Enrollment was at 2mo instead of birth because that is the age that children
were being enrolled for a coincident vaccine clinical trial (new formulation of a pediatric
vaccine).

Definitions
Diarrhea was defined as ≥ 3 liquid or semi-liquid stools passed in a 24 hour period or ≥ 1 loose
stool with blood [13]. A diarrheal episode was considered to have started the day the diarrhea
definition was met and ended the last day of diarrhea followed by 2 or more consecutive days
during which the child did not meet the diarrhea definition [13]. Persistent diarrhea was defined
as diarrhea that lasted >14 days.
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Diarrhea surveillance
This was a passive surveillance study. Parents were asked to bring the child to the study clinic
every time the child developed a diarrhea that needed medical attention. At the clinic, a study
physician obtained a detailed history and performed a complete physical exam to evaluate the
diarrheal episode characteristics. A modified Vesikari score [14] was used to determine the
severity of episodes. The score included duration of diarrhea (0-3 points), maximum number
of stool/day (1-3), number of days with vomiting (0-3), maximum number of emesis episodes/
day (0-3), presence of fever (0-1), dehydration (0-3), and treatment (0-2). A mild score was
0-8 points, moderate 9-14 points, and severe 15-18 points. We attempted to obtain a stool
sample from all diarrheal episodes at the study clinic and episodes that required hospitalization
or an outpatient visit outside our study clinic. Treatment including oral rehydration solution
(ORS) and antibiotics was provided if needed, as well as advice regarding dietary management.
For all detected diarrheal episodes a study form was filled at the clinic and the parents received
a form to fill to record daily symptoms. A field worker visited the child at home at least once
a week until the episode ended.

Control stool samples
A stool sample was obtained from enrolled infants when they were healthy (as defined by
absence of diarrhea one week before and after the control stool sample was collected) to
evaluate colonization. 516 children were randomly selected for stool sampling at 2, 3, 4, 5, 6,
7, 8, 9, 10, 11 and 12 months. A field worker visited these children at home to collect these
samples.

Laboratory studies
Stool samples were inoculated into Cary-Blair medium and clean vials, and transported in a
cooling container to the laboratory in 4 hours. Samples were analyzed for the presence of enteric
viruses, bacteria and parasites using conventional and molecular techniques. ELISA was used
for rotavirus; direct exam for eggs of parasites; routine stool cultures were used to detect
Salmonella, Shigella, Campylobacter and Vibrio sp. A multiplex real time PCR was utilized
for the detection of diarrheagenic E. coli; 5 lactose fermenting colonies suggestive of E. coli
from each McConkey plate were analyzed for the presence of the genes diagnostic of
diarrheagenic E. coli : aggR (EAEC), st1, st2, lt (ETEC), eae (EPEC), eae, stx1, stx2 (STEC),
ipaH (EIEC), and daaD (DAEC) [15]. All isolated EPEC strains were evaluated for the
presence of bfpA in a separate PCR reaction [16]. Strains that were eae+/bfp+ were considered
“typical” EPEC whereas eae+/bfp- strains were considered “atypical” EPEC.

Data analysis
We tested age-differences (children <6mo and ≥ 6mo) on the incidence of diarrhea calculating
the individual incidence of diarrhea for each child at each age category and using the Student
paired t test. To take into account within-individual clustering of stool samples and diarrheal
episodes we used random-effects models. To test age-differences on the mean duration of
diarrhea we used random-effects linear regression. To test age-differences in the proportion of
persistent diarrhea, the proportion of episodes in which at least one pathogen was isolated, and
the odds of diarrhea given the isolation of each individual pathogen we used random-effects
logistic regressions. All the statistical analysis was performed using STATA version 10.1 (Stata
Corp). A significance level of p < 0.05 was used.

Ethical Considerations
The study was approved by the Ethical Review Board of the Instituto de Investigación
Nutricional, Universidad Peruana Cayetano Heredia, and the Naval Medical Research Center
Detachment.
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Results
1034 Peruvian children were followed between September-2006 and December-2007. 42
children were lost to follow up so only their observed days were analyzed. The remaining
children were administratively censored when the study clinic was closed. There were 400,984
child/days of observation with 1,065 diarrheal episodes detected. 43% of episodes were in
children < 6 months of age. The incidence of diarrhea that required medical attention was 0.98
episodes/child/year. The mean duration of diarrheal episodes was 5.9 ± 5.1 days. There were
494 children (47.8%) with no diarrhea episodes, 279 (27%) with one episode, 129 (12.5%)
with 2 episodes, 65 (6.3%) with 3 episodes, 37 (3.6%) with 4 episodes and 30 (2.9%) with >5
episodes requiring medical attention (one child had 10 episodes). The comparison of the
diarrhea surveillance data between children <6 months of age and older infants is presented
on Table1. The incidence and duration of diarrhea were significantly higher in younger infants.
There were 84 persistent diarrhea episodes (7.9%), with a higher proportion of persistent
episodes in younger children. However, the isolation of common enteric pathogens was
significantly higher in older infants. The socio-demographic characteristics of these children
are described on Table 2. Of interest, 80.7% of children were exclusively breastfed at 6 months
and 54.3% had some breastfeeding at 12 months of age.

936 stool samples were collected during diarrhea (87.9% of all episodes) and 424 control
samples were collected from children without diarrhea (82.2% of 516 planned controls). The
most common pathogens in diarrheal samples (table 3) were the diarrheagenic E. coli (31.0%),
Campylobacter (18.6%) and rotavirus (17.2%). Among the diarrheagenic E. coli, EAEC
(15.1%) and EPEC (7.6%) were the most common. All the pathogens were more frequently
isolated from older infants (> 6 months of age) than younger infants (p<0.001). Atypical EPEC
were much more common than typical EPEC; bfp- strains represented 87.3% (62/71) of all eae
+ strains in diarrhea samples and 88.1% (37/42) of all eae+ control samples. Among ETEC
strains, ETEC-LT was most common (13/30, 43.3%), followed by ETEC-ST (11/30, 36.7%)
and ETEC-LT-ST (6/30, 20%). All STEC strains were eae+ and stx1+; there were no sxt2+
strains. No EIEC, Vibrio cholerae or intestinal parasites were detected. The incidence rate for
all diarrheagenic E. coli was 0.25 episodes/child/year; the incidence rate by age group for each
pathogen is listed in table 4.

The comparison of isolation rates (diarrhea vs. control) showed that all pathogens were isolated
at similar rates with the exception of three groups: ETEC, DAEC, and Campylobacter. ETEC
and DAEC were more frequently isolated from diarrheal samples than controls in older infants
(Table 3). In contrast, Campylobacter was significantly associated with diarrhea in younger
infants, although frequency of infection increased with age. Children older than 6 months of
age infected with ETEC had a 4.56-fold increased risk for diarrhea (95% CI, 1.20 to 17.28,
p=0.026). In the same age group, children infected with DAEC had a 3.81-fold increase risk
for diarrhea (95%CI, 1.20 to 12.12, p=0.023).

Co-infections were common, accounting for 13.3% of diarrheal and 5% of control samples
(p<0.001). The most common co-infections in diarrhea samples were rotavirus/EAEC (24
cases), rotavirus/campylobacter (15 cases) and campylobacter/EAEC (14 cases). Among
control samples the most common co-infections were campylobacter/EAEC (11 cases) and
campylobacter/EPEC (6 cases). Among diarrheagenic E. coli positive samples, co-infections
with other pathogens were significantly more common in diarrhea than in control samples
(40.1% vs. 15.6%, p<0.001) (Figure 1).

For episodes due to a single pathogen (excluding co-infections) DAEC tended to cause longer
illness (Table 5). One fifth of DAEC episodes had blood in the stools, and half had fever. The
episodes with the maximum number of loose stools per day were with EPEC, ETEC,
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campylobacter and rotavirus. Half of the children with ETEC received ORS, a rate similar to
rotavirus cases; however, only the later required IV fluids. Episodes due to rotavirus had the
highest severity scores, followed by episodes due to mixed infections and EPEC. More than
half of the rotavirus episodes had moderate or severe scores (Table 5). A third of diarrhea
episodes received an antibiotic empirically.

Discussion
In this study the incidence of diarrhea that required medical attention was approximately 1
episode/child/year, with diarrheagenic E. coli accounting for a fourth of these episodes. This
incidence is lower than current worldwide estimates (≈4 episodes/child/year) [8]; however,
this was a passive surveillance study, in which only diarrhea episodes that required outpatient
or inpatient care were studied. Thus, pathogens causing more severe illnesses are undoubtedly
over represented in the diarrheal cases as suggested by the duration of illness data. The most
commonly isolated pathogens in diarrheal and control samples were the diarrheagenic E.
coli. These bacteria were more frequently isolated from older infants, reflecting increased
exposure to pathogens after six months of age as potentially contaminated foods are introduced
into the diet [10]. In this population solid foods were started on average at 6 months of age and
infant formula at 8 months; however, half of the children continued some breastfeeding at 12
months of age. Therefore, in a setting with a high frequency of exposure to pathogens and high
frequency of breastfeeding, the major age-related flora differences may result from complex
interactions.

The interpretation of pathogen frequency in diarrhea versus control samples is complicated by
these interactions. Colonization rather than illness results from the interaction of several
factors: Pathogens are sometimes heterogeneous, sharing specific virulence genes used for
categorizing them in a group, but having accessory genes that affect virulence. Host
susceptibility to infection is determined by the child's age, presence of protective maternal
factors such as trans-placental antibodies and breastfeeding (sIgA, oligosaccharides,
lactoferrin, lysozyme) [17], nutritional and immunological status, prior exposure and acquired
immunity, and genetic susceptibility. Environmental factors such as poor hygiene and high
fecal contamination, result in early and frequent exposure with development of acquired
immunity. We hypothesize that the high frequency of pathogens in samples from asymptomatic
young children reflects these factors.

Several epidemiological studies have compared the isolation rate of diarrheagenic E. coli
among diarrhea and control samples, with different results [7,9-12,18,19]. The factors
mentioned above, should be taken into consideration in interpretation and comparison of
studies. For example, a recent case-control study in children (<5 years of age) in Vietnam found
diarrheagenic E. coli to be significantly more associated with diarrheal samples than controls
[20]. Several methodological issues could explain the difference between these results and the
current study. However the most important difference is likely to be the inclusion of older
children in the Vietnamese study. Asymptomatic colonization of breastfed infants may be the
major difference between these studies.

In developing countries several epidemiological studies have been conducted in children to
determine the age-related difference of diarrheagenic E. coli [7,9-12,18,19]. The most
commonly isolated E. coli in children less than one year of age are EPEC, EAEC and ETEC
although in some studies DAEC are common in this age group [9,12,18]. The relative
frequencies of pathogens vary among studies. Few epidemiological studies have compared the
isolation rate of diarrheagenic E. coli in children less than 6 months of age and older infants
[9-12]. In general, there is a tendency for higher isolation of pathogens, especially ETEC, in
older infants. Previous studies in Peruvian children looked for some classes of diarrheagenic
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E. coli [21-23]. This, plus the size of this study and its focus on more severe illness make it
particularly relevant.

In this study EAEC were the most prevalent pathogens in both diarrhea and control samples.
This contrasts with several studies showing a difference in prevalence of EAEC compared to
controls [24-27]. However, EAEC are heterogeneous [28]. The genes used in our multiplex
PCR, are for an initial screening of diarrheagenic E. coli strains. Other virulence markers may
be worth studying to further define more virulent strains.

The second most commonly isolated E. coli was EPEC. Atypical EPEC were more frequent
than typical EPEC in diarrhea cases, which is in concordance with current data suggesting that
atypical EPEC are more prevalent than typical EPEC in both developed and developing
countries [29-32]. However, the frequency of typical and atypical EPEC and their association
with acute diarrhea, persistent diarrhea, or asymptomatic carriage is not fully defined. Several
recent pediatric studies have found atypical EPEC to be significantly associated with diarrhea
[24,25,33,34]. The full virulence profiles of most atypical EPEC strains are unknown [35].

The role of DAEC in diarrheal disease has been controversial since some studies reported
similar frequency of isolation from diarrhea and control samples. However, other case-control
studies have found a correlation between DAEC infection and diarrhea especially in children
>12 months of age [12,36]. Although DAEC accounted for only 5% of our cases, it was
significantly associated with diarrhea in infants 6-12 months of age. This age-association
differs from two previous studies in Brazilian children, in which DAEC was associated with
diarrhea in children 13-24 months of age [12,36]. In those studies the isolation rate of DAEC
in younger children was high.

The prevalence of ETEC was low; however children older than 6 months of age infected with
ETEC had a 4.5-fold increased risk for diarrhea. Most epidemiological studies with data on
isolation rates by age have reported ETEC prevalence rates around 10-20% in children <12
months of age [7,9,23,26,37]. However, several studies [12,19,26] reported rates similar to the
current study. Fifty percent of ETEC episodes had dehydration and required ORS, similar to
the rates with rotavirus infection. ORS use is consistent with the dehydrating nature of ETEC
infection, the high morbidity rates in the community setting, and elevated mortality rates in the
inpatient setting [5]. LT was present in almost two thirds of ETEC infections, either alone or
in combination with ST; this is important from a vaccine perspective [38].

STEC were isolated infrequently from children with diarrhea. However, this study shows that
these pathogens are present in the peri-urban communities of Lima, and therefore children
could potentially develop more severe disease and complications associated with STEC
infection. All STEC strains isolated in this study were stx1 and eae positive. Strains that only
have genes for stx1 are known to be less virulent than those that are stx2 positive [39]. The
lack of EIEC and low isolation of Shigella could be explained by the age of the patients, as
well as the high frequency of empiric antibiotic use in this population prior to stool sample
collection.

Mixed infections are an evolving problem in diarrhea epidemiology. With better diagnostics
tools there are more mixed infections being found. This makes it complicated to determine
which pathogen is responsible for the disease, or if there is an additive effect of each pathogen
present in a co-infection. Some studies had found a significantly greater number of children
with diarrhea than control children with co-infections, suggesting associations of these
potential enteropathogens in the etiology of diarrhea [11,19]. In this study, mixed infections
were common, especially in diarrheal samples that included a diarrheagenic E. coli. These
episodes tended to have more dehydration in comparison with episodes due to a single
diarrheagenic E. coli.
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There are methodological limitations in this study. The lack of intestinal parasites could be
explained by suboptimal stool sample volume as well as the diagnostic methods used. It is
possible that some patients may have been ill with non rotaviral viral enterocolitis. Since this
was a passive surveillance study, we do not have information on milder illness not requiring
medical attention. Thus, this study does not provide an estimate of total diarrhea incidence in
this population. Even with these limitations, the data demonstrate that a variety of diarrheagenic
E. coli strains are common in Peru and that they are associated with sporadic diarrhea in children
requiring medical attention.
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Figure 1.
Mixed infections in which a diarrheagenic E. coli were isolated in diarrhea and control samples.
Black bars, percentage of co-infections among diarrhea samples for each diarrheagenic E.
coli group: all E. coli (n=272), EAEC (n=141), EPEC (n=71), ETEC (n=30), DAEC (n=43).
White bars, percentage of co-infections among control samples: all E. coli (n=135), EAEC
(n=76), EPEC (n=42), ETEC (n=5), DAEC (n=9). * p< 0.01 and ** p< 0.001, for the
comparison of co-infections among diarrhea and control samples for each pathogen. STEC
data not shown because of small numbers.
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Table 1

Diarrhea surveillance data in 1034 Peruvian infants.

Children < 6 months Children ≥ 6 months

Observed child/days 137,654 263,330
Observed child/days with diarrhea 3,264 2,994
Number of diarrheal episodes 458 607
Passive surveillance diarrhea incidence, episodes/
child/year

1.24 0.85 a

Diarrhea average prevalence, % 2.37 1.14
Duration of diarrhea episodes, mean ± SD 7.1 ± 6.1 4.9 ± 3.8
median (range) 6 (1 – 43) 4 (1 – 31) b
Persistent diarrhea, n (%) 62 (13.5) 22 (3.6) b
Diarrheal episode with a pathogen isolated, n (%) 138 (34.0) 337 (63.6) b

a
p= 0.0018,

b
p< 0.0001
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Table 2

Socio-demographic characteristics of children in the study.

n=1034

Gender, % male 50.9
Birth weight in Kg, mean ± SD 3.4 ± 0.4
Breastfeeding of any duration, % 98.7
Exclusive breastfeeding at 6 months, % 80.7
Partial breastfeeding at 12 months, % 54.3
Age of start of infant formula, mean ± SD 8.6 ± 3.9
Age of start of solid food, mean ± SD 5.9 ± 0.6
Maternal age, mean ± SD 25.9 ± 6.4
Maternal gestations, mean ± SD 2.2 ± 1.3
Maternal education, % (n)
 Only Grammar school 98 (9.5)
 High school 739 (71.5)
 Technical school or University 187 (18.1)
Paternal age, mean ± SD 29.1 ± 7.3
Paternal education, % (n)
 Only Grammar school 55 (5.3)
 High school 771 (74.6)
 Technical school or University 189 (18.3)
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Table 4

Incidence rate by age group for each isolated pathogen in diarrhea episodes.

Pathogen b Children < 6 m a Children ≥ 6 m a All children a

EAEC 0.13 0.13 0.13
EPEC 0.03 0.08 0.07
DAEC 0.05 0.04 0.04
ETEC 0.02 0.03 0.03
All diarrheagenic E. coli 0.23 0.26 0.25
Campylobacter 0.13 0.18 0.16
Rotavirus 0.07 0.19 0.15

a
Incidence rate (episodes/child/year);

b
Rates for STEC, Salmonella and Shigella, not included due to very low number of samples.
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