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ABSTRACT

Background : Although Enteroinvasive E. coli (EIEC) is a clinically important
pathogen, few clinical and community studies have specifically looked for EIEC,
compared to Shigellae or other diarrhea causing E. coli. Due to the lack of scientific
attention in studies of diarrheal disease, the epidemiology of EIEC is poorly
understood, and the degree to which EIEC is being mis-diagnosised as Shigellae is
unknown.

Methods : E. coli and Shigellae were identified in a case-control study in northern
coastal 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. Distinction between EIEC
and Shigellae was achieved with biochemical tests

Results : 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 cases / 100 persons). EIEC exhibited similar risk factor
relationships with other pathotypes analyzed but different age-specific infection rates.
Conclusions : Data from this study suggest that the attributable burden of EIEC
infection may be underestimated. Given the potential importance of this invasive
pathogen, more work should be focused on how EIEC transmission patterns may be
similar and/or different from that of Shigellae to improve our basic understanding of

EIEC epidemiology, including individual risk factors, and possible sources of infection.



RESUMEN

Generalidades : Aunque la E. coli Enteroinvasiva (EIEC) es un patégeno
clinicamente importante, existen pocos estudios clinicos que ha buscado
especificamente a EIEC comparando con Shigellae y otras E. coli patogénicas. Es
por esto que la epidemiologia de EIEC es poco entendida y el grado de confusién con
Shigellae es desconocido.

Métodos : En este estudio de caso-control en la costa norte del Ecuador fueron
analizadas E. coli patogenicas y Shigellae. Mediante PCR especifico para los genes
LT y STa se identificaron a las E. coli enterotoxigenicas (ETEC), el gen bfp para las
E. coli enteropatogenicas (EPEC) y el gen ipaH para identifiar a Shigellae y E. coli
enteroinvasiva (EIEC). La distincion entre EIEC y Shigella se realizo mediante
pruebas bioquimicas.

Resultados :De todas las E. coli patogénicas aisladas, la mas frecuentemente fue
EIEC (3.2 casos/100 personas) y Shigellae (1.5 casos /100 personas), seguidas de
ETEC (1.3casos/100 personas), y EPEC (0.9 casos/100 personas). EIEC mostro un
factor de riesgo similar al de Shigellae pero con diferente taza de infeccidon por edad
Conclusiones : Los resultados de este estudio sugieren que el riesgo de infeccion
atribuido generalmente a EIEC podria ser mayor al estimado. Considerando la
importancia potencial de este patdégeno invasivo, pensamos que se deberia poner
mayor énfasis en la descripcion de sus patrones de transmision y entender las

relaciones epidemioldgicas con E. coli patotype Shigellae.
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BACKGROUND

Enteroinvasive Escherichia coli (EIEC) was first shown to cause diarrheal
disease in otherwise healthy volunteers in 1971 by DuPont et al. [1]. It is known to
cause shigellosis-like symptoms in both adults and children. Despite its
acknowledged status as a human pathogen, very little research has been conducted
to identify individual risk factors for infection, possible reservoirs, or even infection
rates. Other pathotypes, such as enteropathogenic (EPEC), enterohemorrhagic
(EHEC), and enterotoxic (ETEC) E. coli, as well as Shigellae, have received much
more scientific attention.

A potential contributor to the lack of attention to the epidemiology of EIEC is that it is

often observed to be an infrequent 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 and 40% (17) found EIEC to be
a minor strain [2-18]; i.e., representing less than 4% and fewer than 10 isolated cases
and of the collected stool samples. There were, however, notable exceptions. In
1989, Kain et al. [19] identified 15 EIEC samples in 221 childhood diarrhea cases in a
Beijing hospital; in 1985, Taylor et al. [20] observed 17 cases of EIEC in 410 children
with diarrhea in a Bangkok hospital; and in 1982-1986 in Chile, Faundez et al. [21]
observed 17 EIEC cases in 912 infants with diarrhea. More recently, 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 predominant
enteropathogen during a two month period of increased diarrhea episodes in the
Jordan Valley [24]. These and four additional studies [25-28] 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
southeastern 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, and 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 predominant E. coli pathotype identified from both cases and controls in a

community-based case-control study in northern Ecuador. Patterns of EIEC infection
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are compared to infections with Shigellae as well as Enterotoxigenic (ETEC) and

Enteropathogenic (EPEC) E. coli
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PARTICIPANTS, MATERIALS, AND METHODS

Study population

The study area is located in the northern Ecuadorian province of Esmeraldas in the
cantén Eloy Alfaro, 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, Santiago, and Onzole. Borbon is situated at the confluence
of the rivers, is the largest of the study communities, and the main population center of
the region (pop. approximately 5000). A random sample of 200 households in Borbdén
was selected and enrolled into the study. In the 21 smaller villages, all households
were eligible to be enrolled into the study, and over 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 Borbdn, and 15 are upstream
from Borbon. Oral consent for participation was obtained at both the village and
household levels. IRB committees at the Universidad San Francisco de Quito, and
University of California, Berkeley approved all protocols. Details on the region can be

accessed elsewhere [29-31].

Study design

In Borbdn, one 15-day-case-control study was conducted during 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
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which fecal specimens were collected for every case of diarrhea in the community.
For each case, three asymptomatic control specimens were also collected: one from a
member of the case’s household and two randomly selected from the community. A
case was defined as an individual that had 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
MacConkey agar plate. The five colonies were pooled, resuspended in 300 pL 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
performed 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 APl 20E (bioMerieux Corp) 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 previously published by
Tornieporth et al. [15]. Briefly, a 2.5 pL aliquot of DNA suspension was amplified with
PuRe Taq Ready-To-Go™ PCR beads (Amersham Biosciences). The 25 uL solution
added to the beads contained 0.08 uM of each appropriate oligonucleotide primer.
The cycling parameters were as follows: 30 cycles of denaturation at 94T for 1 min,
annealing at 56 for 2 min, and extension at 72C for 1 min. The PCR products were

resolved by 1.6% agarose gel electrophoresis and visualized by UV transillumination
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after ethidium bromide 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 Electrophoresis typing (PFGE). Briefly, an overnight cell culture was
resuspended in SE buffer (75 mM NaCl, 25 mM EDTA, pH 8.0) to an ODsgo Of
approximately 0.7. An aliquot of 200 pL of this suspension was mixed with an equal
volume of a solution containing 10 pL of proteinase K (20 mg/mL), 1% SDS, and 1%
agarose (Pulse Field Certified Agarose, Bio-Rad Laboratories). This mixture was
dispensed into disposable plug molds. After solidification, the agarose plugs were
transferred to tubes containing 1.5 mL of lysis buffer (50mM Tris-HCI pH 8.0, 50mM
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. After 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 Xbal (New England Biolabs) overnight at 37°C, in accordance with the
manufacturer’s instructions.

Restriction fragments were separated in a 1% Pulse Field Certified Agarose (Bio-Rad
Laboratories) gel by PFGE using a CHEF Electrophoresis Cell (Bio-Rad Laboratories).
The gels were run in 0.5X TBE buffer with 100 uM thiourea [32]. Running conditions

were 14T at 6 V/cm, with an initial pulse time of 2.2 s that was increased to 54.2 s
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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 I, version 2.0 (Applied Maths, Kortrijk, Belgium). From the electrophoretic
curves, a distance matrix was calculated using the Pearson correlation algorithm
implemented by the GelCompar program. A dendrogram 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 isolates was confirmed by inoculation of a
confluent monolayer of HelLa cells. Isolates were grown in LB media to an ODggg Of
0.4-0.6, washed twice with sterile PBS, and then resuspended to an ODggo of 0.5. 25
ML of this suspension was added to PBS-washed HelLa cells and 1 mL DMEM. This
mixture was centrifuged, incubated in 5% CO, at 37° C for three hours. Cells were
washed three times with PBS, and then incubated at 37° C for one hour with 1.5 mL of
DMEM containing 100 pL/mL gentamycin. Cells were lysed by pipetting after the
addition of 1 mL 0.1% TritonX-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.
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Statistical Analysis

All data were analyzed with Stata 8.0 (Stata Corp.). Prevalence of infection
was estimated as a weighted sum of cases and controls assuming 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 consumer goods each household possessed, and a standard 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 as improved (well or piped) or unimproved (surface). Food consumption habits

were reported for the week prior to stool collection.
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RESULTS

Detection and prevalence of pathogenic  E. coli

A total of 4220 individuals from 21 villages and 877 from Borbon 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 evaluated by PCR from all 915 stool
samples. Non-lactose fermenting colonies were also isolated from 355 fecal samples
and evaluated by PCR. Forty-three of these isolates were identified as EIEC (21
cases, 21 controls, one unknown). Seven isolates 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 biochemical tests as E. coli and
by PCR to contain the ipaH gene. A random sample of 10 of these isolates (five
cases, four controls, one unknown) was further analyzed by a tissue culture invasion
assay, and 80% (five cases, two controls, one unknown) were confirmed to be

invasive.
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Ninety-one pathogenic E. coli strains or Shigellae were identified in 88 samples. Of
the three co-infections, one individual 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
persons) and Shigellae (1.5 cases / 100 persons), followed by ETEC (1.3 cases / 100

persons), and EPEC (0.9 cases / 100 persons).

Geographic distribution of pathotypes

All pathotypes had a higher prevalence in Borbon than in the smaller communities. In
Borbon, 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 persons
respectively). In the community controls, however, the prevalence of all pathotypes
was approximately one case/100 persons.

Only EIEC and ETEC infections were significantly associated with diarrheal disease in
the communities. Though prevalence of infection was higher in Borbén than in the
communities, infection was not significantly associated with disease in Borbon for any

of the pathotypes.

Age distribution of pathotypes
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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% ClI: 1.1, 2.0) than in Shigellae (RR = 3.1; 95% ClI: 2.1, 4.5), EPEC (RR = 2.9;
95% CI: 2.1, 4.1) and ETEC (RR = 3.7; 95% CI: 2.4, 5.6). Specifically, eight EIEC
infections (2.5 cases/100 persons) were identified in the > 20 year old age group,
seven 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 cases/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 Standard Living
Index (SLI) was protective for infection (RR = 0.91; 95% CI: 0.86, 0.97). Living with an
infected case did not pose a significant risk of asymptomatic infection (OR = 2.2; 95%
Cl: 0.5, 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, possibly due to small sample size (Table 4).

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 clusters (Figure 1). Four of the five two-

member clusters were within-village clusters, three of them within Borbén. All other
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clusters linked individuals in different villages: one connected a road community with
Borbon; one connected a Santiago river community with Borbon, and one connected
communities along two river basins (the Santiago and the Onzole), as well as a
community downstream from Borbon. These clusters 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
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DISCUSSION

The high prevalence levels of EIEC infection in diarrheal cases observed in this study
(20.5 cases / 100 persons in Borbon and 6.3 cases / 100 persons in the communities)
are unprecedented in both hospital- or community-based studies of E. coli. EIEC was
isolated two to three times more often than ETEC, EPEC, and Shigellae. This result
contradicts the opposite finding more commonly seen in the literature on pathogenic
E. coli. For example, Valentiner-Branth et al. [17] estimated an ETEC incidence of
2.45 cases / child-year vs. an EIEC incidence of 0.29 cases/child-year in Ghana. Of
the studies reviewed in the introduction, 75% found few or no EIEC infections. The
two most notable exceptions were a 1997 travelers' diarrhea study in which 6% of the
stool samples analyzed detected EIEC [22] and a 1989 study in Beijing in which 7% of
the stool samples from children with diarrhea were positive for EIEC.

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 results, 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 transmission
occurred between two river basins (the Santiago and the Onzole), as well as
downstream from Borbon. The most likely explanation is that the source was Borbon.

The lack of evidence for a single source of infection suggests that there may be



21

specific risk factors that promote the transmission of EIEC. Unfortunately, very little is
known about the epidemiology 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 infections (Table 3), higher socioeconomic
status (SES) was found to be protective (OR = 0.91 [0.86, 0.97]). There were no other
significant associations with regard to water, sanitation or food risks. 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 [9, 17,
21, 44]). Differentiating between EIEC and Shigellae is difficult due to their genetic
similarities. The four species of Shigellae are often considered to be a type of E. coli,
and are most similarly related to EIEC [45]; these bacteria are characterized by a large
virulence plasmid of 220kb and 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 [64].

Another methodological issue is that EIEC can be either lactose-positive or 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
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lactose-positive E. coli strains (see for example [4, 6, 12, 16, 20, 47]), and thus may
underestimate the prevalence of EIEC infection.

From a clinical perspective, distinguishing between these two bacteria is unnecessary
since treatment of the two infections is the same. From a public health intervention
perspective, 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 water [33, 38], though cases of person-to-person transmission
of EIEC have been noted [34].

In our study, there was some evidence of the similarity and divergence between the
epidemiology of EIEC and Shigellae. For example, both exhibited a similar
relationship to SES levels and to crowding, and both exhibited insignificant
relationships with water source, sanitation level, and food consumption.

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., exposure occurs in younger age
groups, resulting in immune adults. These analyses, however, are limited due to the

small sample size.
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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 provide valuable information on the EIEC
epidemiology patterns.  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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