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Abstract. Enteroinvasive Escherichia coli (EIEC) causes dysentery; however, it is less widely reported than other
etiological agents in studies of diarrhea worldwide. Between August 2003 and July 2005, stool samples were collected in
case-control studies in 22 rural communities in northwestern Ecuador. Infection was assessed by PCR specific for LT and
STa genes of enterotoxigenic E. coli (ETEC), the bfp gene of enteropathogenic E. coli (EPEC), and the ipaH gene of
both enteroinvasive E. coli and Shigellae. The pathogenic E. coli most frequently identified were EIEC (3.2 cases/100
persons) and Shigellae (1.5 cases/100 persons), followed by ETEC (1.3 cases/100 persons), and EPEC (0.9 case/100
persons). EIEC exhibited similar risk-factor relationships with other pathotypes analyzed but different age-specific
infection rates. EIEC was the predominant diarrheagenic bacteria isolated in our community-based study, a unique
observation compared with other regions of the world.

INTRODUCTION

Enteroinvasive Escherichia coli (EIEC) was first shown in
1971 to cause diarrheal disease in otherwise healthy volun-
teers.1 It is known to cause shigellosis-like symptoms in both
adults and children. Despite its acknowledged status as a hu-
man pathogen, very little research has been conducted to
identify individual risk factors for infection, possible reser-
voirs, or even infection rates. Other pathotypes, such as en-
teropathogenic (EPEC), enterohemorrhagic (EHEC), and
enterotoxic (ETEC) E. coli, as well as Shigellae, have re-
ceived much more scientific attention.

A potential contributor to the lack of attention to the epi-
demiology of EIEC is that it is often observed to be an infre-
quent cause of diarrhea relative to other diarrhea-causing E.
coli. In a Medline search of studies testing for the presence of
EIEC, we identified 42 articles. Of these studies, 35% (15)
found no EIEC (contact authors for specific citations) and
40% (17) found EIEC to be a minor strain,2–18 i.e., represent-
ing less than 4% and fewer than 10 isolated cases and of the
collected stool samples. There were, however, notable excep-
tions. In 1989, 15 EIEC samples were identified in 221 cases
of childhood diarrhea in a Beijing hospital19; in 1985, 17 cases
of EIEC were observed in 410 children with diarrhea in a
Bangkok hospital20; and in 1982–1986, 17 cases of EIEC were
observed in 912 infants with diarrhea in Chile.21 More re-
cently, in the mid-1990s, EIEC was identified in 87 of 1579
stool samples from patients with travel-associated diarrhea.22

In the late 1990s, 16 EIEC-positive isolates were identified
from 279 Senegalese individuals,23 and EIEC was the pre-
dominant enteropathogen during a 2-month period of in-
creased diarrhea episodes in the Jordan Valley.24 These and
four additional studies25–28 represented all studies identified
that reported 10 or more diarrheal cases positive for EIEC (7
of 42, or 22% of studies reviewed). These studies are widely
distributed geographically, including Europe, Central and
South America, the Middle East, western Africa, and south-

eastern Asia. In over half of the studies that isolated EIEC,
EIEC was identified as a possible etiologic agent of diarrhea.

Thus, EIEC is seldom identified; when it is found, it tends
to be in small numbers. EIEC infection rates have never been
reported for Ecuador. We report here EIEC as the predomi-
nant E. coli pathotype identified from both cases and controls
in a community-based case-control study in northern Ecua-
dor. Patterns of EIEC infection are compared with infections
with Shigellae as well as enterotoxigenic (ETEC) and entero-
pathogenic (EPEC) E. coli.

PARTICIPANTS, MATERIALS, AND METHODS

Study population. The study area is located in the northern
Ecuadorian province of Esmeraldas in the canton Eloy Al-
faro, which comprises approximately 150 villages. The study
reported here was carried out in 22 communities, all located
within the drainage system of three rivers: the Cayapas, the
Santiago, and the Onzole. Borbón is situated at the conflu-
ence of the rivers, is the largest of the study communities, and
is the main population center of the region (pop. ∼ 5000). A
random sample of 200 households in Borbón was selected and
enrolled into the study. In the 21 smaller villages, all house-
holds were eligible to be enrolled into the study, and > 98%
consented to participate. Four of these villages are located
along a road. The remaining 17 villages are primarily accessed
by river: two are downstream from Borbón, and 15 are up-
stream from Borbón. Oral consent for participation was ob-
tained at both the village and household levels. IRB commit-
tees at the Universidad San Francisco de Quito and Univer-
sity of California, Berkeley, approved all protocols. Details
on the region can be accessed elsewhere.29–31

Study design. In Borbón, one 15-day case-control study was
conducted in July 2005. Each of the 21 smaller study villages
was visited three times between August 2003 and June 2005.
During each visit, a 15-day case-control study was conducted
in which fecal specimens were collected for every case of
diarrhea in the community. For each case, three asymptom-
atic control specimens were also collected: one from a mem-
ber of the case’s household and two randomly selected from
the community. A case was defined as an individual that had
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three or more loose stools in a 24-hour period. A control was
defined as someone with no symptoms of diarrhea.

Pathogenic E. coli identification. For each stool sample,
five lactose-fermenting colonies were isolated on a MacCon-
key agar plate. The five colonies were pooled, resuspended in
300 �L of sterile distilled water, and boiled for 10 min to
release the DNA. The resulting supernatant was used for
PCR testing. Identification of E. coli pathovars was per-
formed by PCR, with primers designed to amplify the bfp
gene of EPEC, the LT and Sta genes of ETEC, and the ipaH
gene of EIEC.15 Non-lactose-fermenting colonies that were
identified by API 20E (BioMèrieux, Marcy l’Etoile, France)
as Shigellae or E. coli were subsequently analyzed by PCR
with primers designed to amplify the ipaH gene. The primer
sequences and the amplification protocols were published
previously.15 Briefly, a 2.5 �L aliquot of DNA suspension was
amplified with PuRe Taq Ready-To-Go PCR beads (Amer-
sham Biosciences, Piscataway, NJ). The 2.5 �L solution
added to the beads contained 0.08 �M of each appropriate
oligonucleotide primer. The cycling parameters were as fol-
lows: 30 cycles of denaturation at 94°C for 1 min, annealing at
56°C for 2 min, and extension at 72°C for 1 min. The PCR
products were resolved by 1.6% agarose gel electrophoresis
and visualized by UV transillumination after ethidium bro-
mide staining. Positive and negative control strains for PCR
tests were kindly provided by Lee W. Riley, University of
California, Berkeley.

PFGE typing. All of the E. coli isolates identified by PCR
as EIEC or Shigellae were subjected to pulsed field gel elec-
trophoresis typing (PFGE). Briefly, an overnight cell culture
was resuspended in SE buffer (75 mM NaCl, 25 mM EDTA,
pH 8.0) to an OD610 of ∼ 0.7. An aliquot of 200 �L of this
suspension was mixed with an equal volume of a solution
containing 10 �L of proteinase K (20 mg/mL), 1% SDS, and
1% agarose (pulsed field certified agarose, Bio-Rad Labora-
tories, Hercules, CA). This mixture was dispensed into dis-
posable plug molds. After solidification, the agarose plugs
were transferred to tubes containing 1.5 mL of lysis buffer
(50 mM Tris-HCl, pH 8.0; 50 mM EDTA, pH 8.0; 1%
N-laurylsarcosine; and 0.1 mg/mL of proteinase K), and lysis
was carried out overnight at 54°C with constant shaking. Af-
ter lysis, the agarose plugs were washed five times with 10 mL
of warm (50°C) TE buffer (10 mM Tris; 1 mM EDTA, pH
8.0) and stored in TE at 4°C. Slices of the agarose plugs were
digested with 60 U of XbaI (New England Biolabs, Boston,
MA) overnight at 37°C, in accordance with the manufactur-
er’s instructions.

Restriction fragments were separated in a 1% pulsed field
certified agarose (Bio-Rad Laboratories) gel by PFGE using
a CHEF electrophoresis cell (Bio-Rad Laboratories). The
gels were run in 0.5× TBE buffer with 100 �M thiourea.32

Running conditions were 14°C at 6 V/cm, with an initial pulse
time of 2.2 s that was increased to 54.2 s over the course of 23
h. Gels were stained with ethidium bromide and visualized
with UV light.

Images of PFGE electrophoretic patterns were imported
and analyzed with GelCompar II, version 2.0 (Applied Maths,
Kortrijk, Belgium). From the electrophoretic curves, a dis-
tance matrix was calculated using the Pearson correlation
algorithm implemented by the GelCompar program. A den-
drogram was generated from the distance matrix by the
neighbor-joining method. The PFGE fingerprint patterns of

isolates that appeared to cluster together on the dendrograms
were then visually examined to confirm their identity.

Invasion cell assay. The invasive phenotype of bacterial iso-
lates was confirmed by inoculation of a confluent monolayer
of HeLa cells. Isolates were grown in LB media to an OD600

of 0.4–0.6, washed twice with sterile PBS, and then resus-
pended to an OD600 of 0.5; 25 �L of this suspension was
added to PBS-washed HeLa cells and 1 mL of DMEM. This
mixture was centrifuged and then incubated in 5% CO2 at
37°C for 3 h. Cells were washed three times with PBS and
then incubated at 37°C for 1 h with 1.5 mL of DMEM con-
taining 100 �L/mL gentamicin. Cells were lysed by pipetting
after the addition of 1 mL of 0.1% Triton X-100 in PBS and
shaking for 5 min. Serial dilutions were plated to LB media
and grown overnight at 37°C. Colonies were counted, and
bacteria were visualized microscopically with Giemsa stain.

Statistical analysis. All data were analyzed with Stata 8.0
(StataCorp. LP, College Station, TX). Prevalence of infection
was estimated as a weighted sum of cases and controls assum-
ing that all cases were identified during each 15-day visit to a
community and that the controls were randomly sampled.
Because wage income is relatively uncommon in the study
area, socioeconomic status was assessed through ownership of
material goods. Surveys were conducted in each case and
control household to determine the number and type of con-
sumer goods each household possessed, and a standard of
living index (SLI) was calculated by weighting and summing
these results. Sanitation was defined as either improved (pit
latrine or septic tank) or unimproved (river or open ground);
water source was defined as improved (well or piped) or un-
improved (surface). Food consumption habits were reported
for the week prior to stool collection.

RESULTS

Detection and prevalence of pathogenic E. coli. A total of
4220 individuals from 21 villages and 877 from Borbón were
enrolled in this study. Between August 2003 and July 2005,
342 cases of diarrhea were identified, and 970 asymptomatic
controls were selected (three for each diarrhea sample). From
these cases and controls, 915 stool samples (236 cases, 679
controls) were subjected to further analysis.

Lactose-fermenting enterobacterial colonies were evalu-
ated by PCR from all 915 stool samples. Non-lactose ferment-
ing colonies were also isolated from 355 fecal samples and
evaluated by PCR. Forty-three of these isolates were identi-
fied as EIEC (21 cases, 21 controls, 1 unknown). Seven iso-
lates were lactose fermenters (lac+) and further identified by
PCR to contain the ipaH gene. Thirty-six isolates were lactose
non-fermenters (lac−) that were further identified by bio-
chemical tests as E. coli and by PCR to contain the ipaH gene.
A random sample of 10 of these isolates (5 cases, 4 controls,
1 unknown) was further analyzed by a tissue culture invasion
assay, and 80% (5 cases, 2 controls, 1 unknown) were con-
firmed to be invasive.

Ninety-one pathogenic E. coli strains or Shigellae were
identified in 88 samples. Of the three co-infections, one indi-
vidual was co-infected with EIEC and Shigellae, one with
ETEC and EIEC, and the other with EPEC and Shigellae.
The prevalence of each pathotype stratified by location and
case versus control status is shown in Table 1. The pathogenic
bacteria most frequently identified were EIEC (3.2 cases/100
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persons) and Shigellae (1.5 cases/100 persons), followed by
ETEC (1.3 cases/100 persons), and EPEC (0.9 case/100 per-
sons).

Geographic distribution of pathotypes. All pathotypes had
a higher prevalence in Borbón than in the smaller communi-
ties. In Borbón, EIEC was the dominant pathotype for both
cases and controls (21 and 13 cases/100 persons, respectively).
In the communities, EIEC and ETEC were the dominant
pathotypes in the diarrhea cases (6.3 and 7.3 cases/100 per-
sons, respectively). In the community controls, however, the
prevalence of all pathotypes was ∼ 1 case/100 persons.

Only EIEC and ETEC infections were significantly associ-
ated with diarrheal disease in the communities. Although
prevalence of infection was higher in Borbón than in the com-
munities, infection was not significantly associated with dis-
ease in Borbón for any of the pathotypes.

Age distribution of pathotypes. In general, prevalence
dropped off in the > 20 year age group (Table 2). This was less
evident in EIEC (RR � 1.5 comparing 0–5 year olds with
those > 20 years old; 95% CI: 1.1 to 2.0) than in Shigellae
(RR � 3.1; 95% CI: 2.1 to 4.5), EPEC (RR � 2.9; 95% CI:
2.1 to 4.1), and ETEC (RR � 3.7; 95% CI: 2.4 to 5.6). Spe-
cifically, eight EIEC infections (2.5 cases/100 persons) were
identified in the > 20 year old age group, 7 of which were
asymptomatic individuals. In contrast, the prevalence of
ETEC and Shigellae in the > 20 year age group was 0.4 and
0.7 case/100 persons, respectively.

Risk-factor analysis. Aggregating all E. coli and Shigellae
isolates showed no association between infection and water

source, sanitation, or food consumption (Table 3). The SLI
was protective for infection (RR � 0.91; 95% CI: 0.86 to
0.97). Living with an infected case did not pose a significant
risk of asymptomatic infection (OR � 2.2; 95% CI: 0.5 to
8.1), although it did have the highest point estimate. These
results were generally consistent across all E. coli pathotypes
and Shigellae though not always statistically significant, pos-
sibly due to small sample size.

Pulsed field gel electrophoresis (PFGE) typing. PFGE
analysis of the 43 EIEC isolates identified one five-member
cluster, one three-member cluster, and five two-member clus-
ters (Figure 1). Four of the five two-member clusters were
within-village clusters, three of them within Borbón. All other
clusters linked individuals in different villages: one connected
a road community with Borbón; one connected a Santiago
river community with Borbón; and one connected communi-
ties along two river basins (the Santiago and the Onzole), as
well as a community downstream from Borbón. These clus-
ters represent 18 of 43 isolates. The remaining 25 isolates
were not related to each other or to any of the seven clusters,
suggesting that the presence of EIEC is likely due to the
appearance of multiple clones in the communities rather than
to a single source outbreak.

DISCUSSION

The high prevalence levels of EIEC infection in diarrheal
cases observed in this study (20.5 cases/100 persons in Borbón

TABLE 1
Isolation of E. coli pathotypes and Shigellae by geographic region and case (D+) versus control (D−) status

Region
Tested

(N)
EIEC+

(D+, D−)
Prevalence
(D+, D−)

OR
[95% CI]

Shigellae+

(D+, D−)
Prevalence
(D+, D−)

OR
[95% CI}

Borbón 169 25 (9, 16) 13.2 (20.5, 12.8) 1.8 [0.6, 4.6] 7 (0, 7) 5.3 (0, 5.6) NA
Communities 746 17 (12, 5) 1.0 (6.3, 0.9) 7.3 [2.4, 26.8] 5 (2, 3) 0.6 (1.0, 0.5) 1.9 [0.2, 17.0]
Total 915 42 (21, 21) 3.2 (8.9, 3.1) 3.1 [1.6, 6.0] 12 (2, 10) 1.5 (0.9, 1.5) 0.6 [0.06, 2.7]

Region
Tested

(N)
ETEC+

(D+, D−)
Prevalence
(D+, D−)

OR
[95% CI]

EPEC+

(D+, D−)
Prevalence
(D+, D−)

OR
[95% CI]

Borbón 169 7 (4, 3) 2.7 (9.1, 2.4) 4.1 [0.7, 28.7] 2 (1, 1) 0.9 (2.3, 0.8) 2.9 [0.04, 228.1]
Communities 746 19 (14, 5) 1.0 (7.3, 0.9) 8.6 [2.9, 31.0] 8 (3, 5) 0.9 (1.6, 0.9) 1.7 [0.3, 9.0]
Total 915 26 (18, 8) 1.3 (7.6, 1.2) 6.9 [2.8, 18.6] 10 (4, 6) 0.9 (1.7, 0.9) 1.9 [0.4, 8.2]

For communities, estimates are based on the average of three 15-day case control studies across all 21-study villages. Borbón estimates are based on one 15-day case control study. Prevalence
is based on a weighted average of infection in cases and controls.

TABLE 2
Isolation of E. coli pathotypes and Shigellae by age; prevalence is based on a weighted average of infection in cases (D+) and controls (D−)

Age
Tested

(N)
EIEC+

(D+, D−)
Prevalence
(D+, D−)

OR
[95% CI]

Shigellae+

(D+, D−)
Prevalence
(D+, D−)

OR
[95% CI}

< 5 years 228 14 (11, 3) 3.7 (8.0, 3.3) 2.5 [0.6, 14.4] 4 (2, 2) 2.2 (1.5, 2.2) 0.6 [0.05, 9.1]
5–20 years 312 17 (6, 11) 4.0 (21.4, 3.9) 6.8 [1.9, 22.1] 6 (0, 6) 2.1 (0, 2.1) 0 [0, 6.6]
> 20 years 318 8 (1, 7) 2.5 (2.8, 2.5) 1.1 [0.02, 9.2] 2 (0, 2) 0.7 (0, 0.7) 0 [0, 15.3]
Unknown 57 3 (3, 0) 0.7 (8.8, 0) NA [0.5, NA] 0 0 NA
Total 915 42 (21, 21) 3.2 (8.9, 3.1) 3.1 [1.6, 6.0] 12 (2, 10) 1.5 (0.9, 1.5) 0.6 [0.06, 2.7]

Age
Tested

(N)
ETEC+

(D+, D−)
Prevalence
(D+, D−)

OR
[95% CI]

EPEC+

(D+, D−)
Prevalence
(D+, D−)

OR
[95% CI]

< 5 years 228 11 (10, 1) 1.6 (7.3, 1.1) 7.0 [0.95, 305.0] 4 (1, 3) 3.1 (0.7, 3.3) 0.2 [0.004, 2.7]
5–20 years 312 8 (2, 6) 2.1 (7.1, 2.1) 3.6 [0.3, 21.1] 0 0 NA
> 20 years 318 5 (4, 1) 0.4 (11.1, 0.4) 35.1 [3.3, 1735.2] 3 (0.3) 1.1 (0, 1.1) 0 [0, 10.2]
Unknown 57 2 (2, 0) 0.4 (5.9, 0) NA [0.4, NA] 3 (3, 0) 0.7 (8.8, 0) NA [0.5, NA]
Total 915 26 (18, 8) 1.3 (7.6, 1.2) 6.9 [2.8, 18.6] 10 (4, 6) 0.9 (1.7, 0.9) 1.9 [0.4, 8.2]
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and 6.3 cases/100 persons in the communities) are unprec-
edented in both hospital- and community-based studies of E.
coli. EIEC was isolated two to three times more often than
ETEC, EPEC, and Shigellae. This result contradicts the op-

posite finding more commonly seen in the literature on patho-
genic E. coli. For example, estimates of an ETEC incidence of
2.45 cases/child-year versus an EIEC incidence of 0.29 case/
child-year in Ghana have been made.17 Of the studies re-
viewed in the introduction, 75% found few or no EIEC in-
fections. The two most notable exceptions were a 1997 trav-
elers’ diarrhea study in which 6% of the stool samples
analyzed detected EIEC22 and a 1989 study in Beijing in
which 7% of the stool samples from children with diarrhea
were positive for EIEC.19

There is no clear explanation for the elevated prevalence of
EIEC relative to other pathotypes in this region of Ecuador.
One possibility would be that the EIEC isolates were from a
single point-source outbreak. A number of EIEC outbreaks
have been reported,33–37 many of which were food-borne.38–41

Previous studies have shown the potential for using molecular
tools to identify EIEC outbreak clusters.42,43 Our PFGE re-
sults, however, indicate that these EIEC isolates were not
from any single source; i.e., there were clearly multiple
sources of EIEC within our study region. Interestingly, the
larger cluster (A) shown in Figure 1 suggests that transmis-
sion occurred between two river basins (the Santiago and the
Onzole) as well as downstream from Borbón. The most likely
explanation is that the source was Borbón. The lack of evi-
dence for a single source of infection suggests that there may
be specific risk factors that promote the transmission of
EIEC. Unfortunately, very little is known about the epidemi-
ology of EIEC. Our small sample size precluded us from
making any firm conclusions about the risks associated with
the 43 identified infections. After aggregating all E. coli in-
fections (Table 3), higher socioeconomic status (SES) was
found to be protective (OR � 0.91 [95% CI � 0.86, 0.97]).

FIGURE 1. XbaI PFGE patterns for selected clonal groups (A–G). Area refers to whether the isolate comes from (1) a village that is on an
upstream river basin (Cayapas, Onzole, Santiago); (2) a village that is downstream from Borbón; (3) a village along a road; or (4) within Borbón.
Dendrogram was inferred based on a cosine coefficient similarity matrix generated by GelCompar II using the unweighted pair group method with
arithmetic averages (UPGMA).

TABLE 3
Bivariate risk factor analysis aggregating infections of E. coli patho-

types and Shigellae, where (+) is positive for at least one of the
following pathogens: EIEC, Shigellae, ETEC, or EPEC

(+) (−)
RR

[95% CI]

Socioeconomic status
(Standard of Living index)

7.4 8.8 0.91 [0.86, 0.97]

No. in household 6.2 6.8 0.94 [0.86, 1.02]
Age (continuous) 14.5 20.8 0.98 [0.97, 0.995]

(+) (−) OR [95% CI]

Living with a (+) case Yes 5 34 2.19 [0.52, 8.13]
(these observations
are pairs)

No 8 119

Unimproved sanitation 17 149 0.98 [0.51, 1.81]
Improved 47 404

Unimproved water source 47 506 0.81 [0.45, 1.51]
Improved 19 166

Chicken consumption Yes 55 527 1.12 [0.64, 2.05]
No 19 204

Beef/pork consumption Yes 43 416 1.06 [0.63, 1.79]
No 30 307

Fish consumption Yes 59 630 0.64 [0.34, 1.26]
No 15 102

Wild animal consumption Yes 17 236 0.63 [0.33, 1.12]
No 57 495
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No other significant associations with regard to water, sani-
tation, or food risks were found. When disaggregated, the
protective relationship with SES was maintained with EIEC
and Shigellae but was no longer significant with ETEC and
EPEC (Table 4). Additional samples are needed to improve
our understanding of EIEC transmission patterns within the
region.

A number of methodological issues exist that may partially
explain why low levels of EIEC are found in other studies.
Specifically, microbiological analyses used in other studies
often do not distinguish between EIEC and Shigellae (see, for
example, refs. 9, 17, 21, and 44). Differentiating between
EIEC and Shigellae is difficult because of their genetic simi-
larities. The four species of Shigellae are often considered to
be types of E. coli and are most similarly related to EIEC45;
these bacteria are characterized by a large virulence plasmid
(220 kb) and by their ability to invade epithelial cells and
disseminate from cell to cell.45 Depending on the design of
the particular study, this may result in underestimates of
EIEC or of Shigellae.46

Another methodological issue is that EIEC can be either
lactose-positive or lactose-negative,46 an unusual trait among
E. coli. In this study, 36 EIEC isolates were lactose-negative
and only seven were lactose-positive. Many other studies only
screen for lactose-positive E. coli strains (see, for example,
refs. 4, 6, 12, 16, 20, and 47) and thus may underestimate the
prevalence of EIEC infection.

From a clinical perspective, distinguishing between these
two bacteria is unnecessary because treatment of the two in-
fections is the same. From a public health intervention per-
spective, however, the distinction may be more important.
Although these organisms are closely related, EIEC and
Shigellae have important differences relating to transmission.
The minimum infectious inoculum of EIEC is higher than at
least two of the four Shigellae species,48,49 and some studies
suggest that the mode of transmission may differ. Shigellae
has primarily been associated with transmission via personal
contact,50 whereas EIEC has principally been associated with
contaminated food and water33,38 although cases of person-
to-person transmission of EIEC have been noted.34 In our
study, there was some evidence of the similarity and diver-
gence between the epidemiology of EIEC and Shigellae. For
example, both exhibited a similar relationship to SES levels
and to crowding, and both exhibited insignificant relation-
ships with water source, sanitation level, and food consump-
tion. In contrast, with respect to age-stratified infection rates,
EIEC was found more often in older age groups than was
Shigellae, suggesting that adults were exposed to EIEC more
than to Shigellae. The EIEC isolated from adults was more
likely to be from controls, suggesting that EIEC is highly
endemic, i.e., that exposure occurs in younger age groups,
resulting in immune adults. These analyses, however, are lim-
ited because of the small sample size. Given the potential
importance of this invasive pathogen, more work should be
focused on why EIEC is highly prevalent in this study region.
In addition, studies that properly distinguish EIEC from
Shigellae would help determine if this high prevalence is also
common in other areas of the world. Additional studies that
provide samples representative of communities would pro-
vide valuable information on the EIEC epidemiology pat-
terns. Understanding these patterns of EIEC infection and
transmission would provide important information on how

best to design intervention and control strategies targeted at
both EIEC and Shigellae.
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