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Abstract
Introduction: Enteropathogenic Escherichia coli (EPEC) causes infectious diarrhea among children in developing countries. However, in
Nigeria, due to limited laboratory resources, the genetic diversity of its virulence factors, which include intimin subtypes, remains undefined.
Methodology: EPEC isolates from diarrheic children 60 months of age and younger in Abuja, Nigeria, were analyzed. Polymerase chain
reaction (PCR) for EPEC virulence gene, Hep-2 cell adherence, and serotyping were performed. EPEC strains were further subtyped by PCR
for the identification of intimin subtype genes α (alpha), β (beta), γ1 (gamma-1), and έ (epsilon). Antibiotic resistance and extended-spectrum
beta-lactamase (ESBL) production was determined by Clinical and Laboratory Standards Institute guidelines.
Results: Overall, 18 (4.5%) out of 400 children with acute diarrhea had EPEC infection. Typical EPEC (tEPEC) strains were detected in 14
(3.5%), whereas 4 (1.1%) were atypical EPEC (aEPEC). A total of 15 (83.3%) of the EPEC isolated belonged to β intimin subtype gene, while
the remaining 3 EPEC isolates possessed the intimin έ subtype. No α and γ intimin subtypes were detected. Traditional EPEC serotypes
O114:H14 were detected only in tEPEC strains. Marked resistance to β-lactam agents were observed but no ESBL-producing tEPEC or aEPEC
was detected.
Conclusions: This is the first report of intimin subtype genes in Abuja, Nigeria. EPEC isolates of diverse serotypes resistant to β-lactam
antimicrobial agents were observed. These data will be useful in facilitating the characterization of intimin variants of EPEC and some Shiga
toxin-producing E. coli (STEC) in humans and other animal species.
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Introduction
Enteropathogenic Escherichia coli (EPEC)
implicated in gastrointestinal infections represents a
major causative agent of infant diarrhea [1]. It has been
recognized to exhibit a great pathogen-attributable risk
of death in infants 11 months of age and younger [2].
Studies have shown that its morbidity and mortality
rates, especially in developing countries, are quite
significant [3].
The hallmark of EPEC infection is the formation of
the attaching and effacing (A/E) lesions on the gut
mucosa, characterized by microvilli destruction [4,5].
This lesion is the direct consequence of an adhesin
known as intimin that allows the E. coli to adhere to the
intestinal epithelium of its host cells [6]. Its adherence
to the intestinal mucosa causes a rearrangement of the

actin in the host cell, resulting in significant
deformation [7]. However, the exact mechanisms of
diarrhea in EPEC infection are not completely
understood [8,2].
EPEC have the locus for enterocyte effacement
(LEE), a chromosomal pathogenicity island that houses
the translocated intimin receptor (tir) gene, the outer
membrane protein intimin for attaching and effacing
(eae) gene, but do not carry genes for the phage-borne
Shiga toxins (stx) of enterohemorrhagic E. coli (EHEC)
[6,9,10]. The intimin is localized in the central region
of LEE where it binds with its Tir receptor. This
protein-receptor interaction is what is responsible for
the tight association of the EPEC pathogen with the host
cell [11,12].
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The intimin gene eae has been severally cloned
from different EPEC and EHEC strains isolated from
humans and animals [12]. The diversity of the eae gene
sequence has been the subject of several investigations.
It has also been hypothesized that the heterologous
sequences of the eae genes of EPEC and EHEC explain
the different host cell tropism (small bowel/large
bowel) that exist between the two pathogroups [10].
The differentiation of intimin alleles remains an
important tool for strain typing in routine diagnostics as
well as in epidemiological studies [11].
EPEC are classified into typical and atypical strains
based on the presence of a plasmid called the E. coli
adherence factor (EAF) [2,13,14]. E. coli strains that are
eae+bfpA+stx− are classified as typical EPEC (tEPEC)
[15,16]. Most of these strains belong to the classic O:H
serotypes [15], and produce the localized adherence
(LA) phenotype associated with the production of
bundle-forming pili (BFP) [15,17]. Conversely, E. coli
strains that are eae+bfpA−stx− are classified as atypical
EPEC (aEPEC) [15]. These strains display either
localized-like (LAL), diffuse (DA), or aggregative
adherence (AA) patterns [18]. The LAL pattern in
aEPEC is associated with the E. coli common pilus and
other known adhesins [17,19]. Previous studies have
significantly associated aEPEC with both endemic
diarrhea in children and diarrhea outbreaks [20,21].
Similarly, epidemiological reports on the prevalence of
EPEC subgroups in both developed and developing
countries indicate that aEPEC are more prevalent than
tEPEC [22,23]. However, the actual geographic
distributions of the two EPEC subgroups remain
controversial, since data can be highly influenced by
laboratory resources [24].
Traditionally, the standard diagnostic test for EPEC
until the 1980s was mainly based on O- or O:Hserotyping using pooled sera [9,25]. It is now confirmed
that serotyping alone can lead to overestimated
identification of EPEC [24]. Although relatively
unreliable, serotyping paved the way for the phenotypic
means associated with pathogenesis for delineating
EPEC and the PCR-based molecular method that have
led to better identification of EPEC genotypic features
and the discovery of its major virulence factors [9,24].
Unfortunately, molecular methodologies are not readily
available in Nigeria, as is the case in most developing
countries of the world. We believe that vaccine
development for pediatric EPEC should be of high
priority not only because it is an important cause of
potentially fatal infant diarrhea in developing countries,
but also because of the high mortality and morbidity
rates associated with it [2].
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EPEC was reported to be the most prevalent DEC
pathotype followed by enterotoxigenic E. coli (ETEC),
enteroaggregative E. coli (EAEC), enterohemorrhagic
E. coli (EHEC), and enteroinvasive E. coli (EIEC) in
our previous study that determined the diarrheagenic E.
coli pathotypes isolated from children with diarrhea in
Abuja, Nigeria [26]. This underscores the need to
further characterize by phenotypic and molecular
methods the EPEC strains isolated from the study. In
this study, we aimed to evaluate the serotypes,
antibiotic resistance, and the intimin subtypes genes
associated with typical and atypical EPEC strains
isolated from children with acute diarrhea in Federal
Capital Territory Abuja, Nigeria.
Methodology
E. coli strains
A total of18 EPEC strains isolated from fecal
cultures of childhood diarrheal disease attributable to
diarrheagenic E. coli (DEC) in Abuja, Nigeria, were
characterized in this study [26].
Extraction of genomic DNA
The procedure described by Zhang et al. [11] was
employed in the extraction of genomic DNA using
NucleoSpin Tissue columns (Macherey-Nagel, Düren,
Germany) according to the manufacturer’s instructions.
One milliliter (1 mL) of overnight growth of the E. coli
strains in tryptone broth (Oxoid, Basingstoke, England)
was centrifuged for 5 minutes at 8,000 g.
The supernatant was removed and the pellet resuspended in 180 µL buffer T1 by pipetting up and
down. Thereafter, 25 µL of proteinase K was added; the
entire mixture was then vortexed vigorously and
incubated at 56°C with occasional vortex until complete
lysis was obtained.
The lysed suspension was vortexed, and 200 µL of
buffer B3 was added and incubated at 70°C with
vigorous vortexing for 10 minutes. To adjust the DNA
binding conditions, 210 µL of ethanol (96%–100%)
was added to the suspension and vortexed vigorously.
To bind the DNA, the suspension was applied to the
NucleoSpin Tissue column and was inserted into a
collection tube (microcentrifuge tube). The tube was
centrifuged for 1 minute at 11,000 g. The flow-through
was discarded and the column placed back into the
collection tube. The centrifugation was repeated until
the sample was completely drawn through the matrix
and the flow-through discarded at each instance.
The silica membrane of the matrix was washed first
by the addition of 500 µL of buffer BW, followed by
centrifugation at 11,000 g for 1 minute. The flow528
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through was thereafter discarded. The membrane was
washed a second time by the addition of 600 µL of
buffer B5 to the column, followed by centrifugation at
11,000 g for 1 minute. Again, the flow-through was
discarded thereafter.
To dry the silica membrane and remove the residual
ethanol, the column was again centrifuged at 11,000 g
for 1 minute. To elute the highly pure DNA, the
NucleoSpin Tissue column was inserted into a 1.5 mL
microcentrifuge tube, and 100 µL of pre-heated buffer
BE (70°C) was added. This was incubated at room
temperature for 1 minute and subsequently centrifuged
at 11,000 g for 1 minute. The highly pure DNA was
stored at -20°C until use. The quality and purity of the
extracted DNA were checked by agarose gel
electrophoresis, which was done using agarose 0.8% in
0.5X TBE (pH 8.0) buffer according to the protocol of
Sambrook et al. for submarine gel electrophoresis [27].
Ethidium bromide (1 %) was added at 5 μL/100 mL.
The wells were charged with 5 μL of DNA preparations
mixed with 1X BPB dye. Electrophoresis was carried
out at voltage 5V/cm for 60 minutes at room
temperature. DNA was visualized under a UV
transilluminator.
Detection of pathogenic E. coli
Detection of EPEC virulence genes and other DEC
was performed by polymerase chain reaction (PCR)
protocols using specific primers for DNA
amplifications of nine virulence genes of distinct DEC
categories as previously described [26]. The primers
used have been previously described by various studies
[8,1,28-33] and assayed for the following genes: eaeA
gene (a structural gene for intimin in VTEC and EPEC),
bfpA (a structural gene for the bundle-forming pilus of
EPEC), VT (vtx1 and vtx2 of VTEC), eltB and/or estA
(enterotoxins LT and ST of ETEC), astA (heat-stable

enterotoxin I gene), ipaH (invasion plasmid antigen
[gene of EIEC]), and the anti-aggregation protein
transporter gene (aat; previously reported as CVD 432)
of EAEC. Strains that tested positive for eae gene but
negative for genes vtx1 and vtx2 were selected for HEp2 cell-adherence assay and intimin gene subtyping [34].
Reference strains used in this PCR included EHEC
EDL933 (O157:H7), EPEC 2348/69 (O127:H6), ETEC
H10407, ETEC Jep5683, EIEC 11741, and EAEC 172. The non-pathogenic E. coli strain HB 101 was used
as a negative control.
Intimin (eae) gene subtyping
The different types of eae genes were identified
using SK1 as forward primer in all PCR approaches in
combination with SK2, LP2, LP3, LP4, and LP5
according to the protocol described by Schmidt et al.
[35,36]. Amplifications were performed in a total
volume of 20 µL containing 2.0 Mm MgCl2 and
deoxynucleoside triphosphates (dNTPs) at 200 mM, 50
pmol of each primer, 5 µL of 10-fold concentrated
polymerase synthesis buffer, and 2.5 U of Taq DNA
polymerase (Fermentas, Burlington, Canada).
The PCR tubes containing the mixture were tapped
gently and quickly spun at 10,000 rpm for 15 seconds.
The PCR tubes with all the components were
transferred to a thermal cycler. The PCR samples were
incubated, the DNA denatured to anneal the primers,
and the annealed primers extended at the various
temperatures and durations stipulated in Table 1. The
amplification
products
were
analyzed
by
electrophoresis on 1% agarose gel. EPEC O127:H6
strain E2348/69, EHEC O157:H7 strain EDL933,
EHEC O26:H11 strain H19, and EHEC O103:H2 strain
PMK5 were used as reference strains for α, γ, β, and έ
eae intimin types, respectively [12, 33,37,38].

Table 1. PCR primers and conditions for amplification of intimin subtypes.
Primer

Primer sequence

c

CCCGAATTCGGCACAAGCATAAGC

SK2

CCCGGATCCGTCTCGCCAGTATTCG

LP2

CCCGAATTCTTATTTTACACAAGTGGC

LP3

CCCGAATTCTTATTCTACACAAACCGC

SK1

Target
gene
Conserved region
of eae (863 bp)
eae-α
(2,807 bp)
eae- γ
(2,792 bp)

Reference
strain(s)
EDL933,

PCR conditions
94°C, 30 s; 52°C, 60 s; 72°C, 60 s

Reference
a,b

[35]

E2348/69
E2348/69

94°C, 30 s; 55°C, 60 s; 72°C, 120 sa,b

[36]

EDL933

94°C, 30 s; 48°C, 60 s; 72°C, 90 sa,d

[36]

94°C, 30 s; 55°C, 60 s; 72°C, 90 sb
eae-β
RDEC-1
94°C, 30 s; 55°C, 60 s; 72°C, 120 sa,b
[12]
(2,287 bp)
eae-έ
LP5
AGCTCACTCGTAGATGACGGCAAGCG
PMK5
94°C, 30 s; 55°C, 60 s; 72°C, 120 sa,b
[12]
(2,608 bp)
a
Before the first cycle the sample was denatured for 2 min at 94°C; b After the last cycle, the sample was extended for 5 min at 72°C; c Primer SK1 was used
as forward primer in all PCR approaches in combination with SK2, LP2, LP3, LP4, LP5; d 3 cycles; e 28 cycles.
LP4

CCCGTGATACCAGTACCAATTACGGTC
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Serotyping
Serotyping of isolates was performed in the
National Microbiology Laboratory (NML), Public
Health Agency (PHC) of Canada. The determination of
O and H antigens was carried out according to the
method described elsewhere, employing all available O
(O1–O185) and H (H1–H56) antisera [39].
Antimicrobial susceptibility
The characterized 18 EPEC strains were tested for
susceptibility to the following antibiotics: nalidixic acid
(NAL; 30 µg), ciprofloxacin (CIP; 5 µg), cephalexin
(CEPH; 30 µg), cefuroxime (CEFU; 30 µg),
amoxicillin (AMX; 25 µg), ceftriaxone (CFX; 30 µg),
and amoxicillin-clavulanic acid (AMX-CLAV; 30 µg)
(Oxoid, Basingstoke, UK), using the standard KirbyBauer disk diffusion susceptibility testing method. E.
coli ATCC 25922 was used as a control. Multidrug
resistance (MDR) for this study was defined as
resistance to ≥ 2 classes of antimicrobials agents; using
Clinical and Laboratory Standards Institute (CLSI)
guidelines, each organism was classified either resistant
or susceptible [40,41].
Phenotypic screening of extended-spectrum βlactamase (ESBL) production
EPEC isolates were tested for extended-spectrum
beta lactamase (ESBL) production by the double disk
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diffusion (DDD) method using both CTX (30 μg) combined with CLAV (10 μg), and CAZ (30 μg) combined
with CLAV (10 μg) (Oxoid, Basingstoke, UK). The
zones of inhibition of each isolate were tested on
Mueller-Hinton agar plates (Oxoid, Basingstoke, UK).
ESBL production was confirmed by a ≥ 5 mm increase
in diameter of the inhibition zone of the cephalosporinplus-clavulanate disk when compared to the
cephalosporin disk alone. Klebsiella pneumonia ATCC
700603 was used as an ESBL producing control and E.
coli ATCC 25922 as a negative control [42].
HEp-2 cell adherence assay
EPEC were tested to detect adherence to HEp-2 cell
according to the methods previously described [34,43].
Reference EPEC strain 2348/69 (serotype O127:H6), E.
coli strains E17-2 (serotype O3:H2), and C1845
(serotype O75:NM) showing LA, AA, and DA,
respectively, were included as positive control in
adherence assays, and E. coli K12 was used as a
negative control. EPEC isolates that adhered to the
HEp-2 monolayers were recorded as adhering in a
localized, diffuse, or aggregative pattern.
Ethics approval
The study was approved by the institutional ethics
committee boards of the University of Abuja Teaching

Table 2. Distribution of intimin gene types and phenotypic characteristics of enteropathogenic E. coli strains isolated from children with
diarrhea in Federal Capital Territory, Abuja, Nigeria.
Isolate
Serotype
Adherence
Patient demographic features
eae
Intimin type
bfpA
No.
(O:H)
pattern
Patient
Patient
Diarrhea
age
α
ß
έ
γ
sex
type
(months)
002
O114:H14
07
M
Mucoid
+
+
+
LA
004
O33:H6
11
M
Watery
+
+
+
LA
025
O128ab:H18
24
M
Watery
+
+
+
LA
065
O69:H32
60
F
Watery
+
+
LAL
068
O114:H14
16
F
Watery
+
+
+
LA
081
O132:HNM
14
M
Watery
+
+
+
LA
212
ONT:H10
12
M
Watery
+
+
+
LA
215
ONT:H10
10
F
Watery
+
+
+
LA
219
ONT:H6
11
M
Watery
+
+
+
LA
236
O132:HNM
14
M
Watery
+
+
+
LA
246
ONT:H10
10
F
Watery
+
+
+
LA
275
O69:H32
01
M
Watery
+
+
LAL
293
ONT:HNT
60
F
Watery
+
+
+
LA
306
O69:H32
60
F
Watery
+
+
LAL
317
ONT:HNT
06
M
Watery
+
+
+
LA
347
ONT:HNT
24
F
Mucoid
+
+
+
LA
348
ONT:HNT
24
F
Mucoid
+
+
+
LA
377
O69:H32
01
F
Watery
+
+
LAL
LA: localized adherence; LAL: localized-like adherence; α: alpha, β: beta; έ: epsilon; γ: gamma.
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Hospital Gwagwalada Abuja and National Hospital
Abuja Nigeria.
Results
In this study, 18 EPEC isolates were characterized.
A total of 15 (83.3%) of the EPEC strains were isolated
from patients presenting with watery diarrhea. Only 3
of the patients had mucoid diarrhea. The mean age (in
months) of patients was 20.3 ± 18.9 SD; 10 (55.6%) of
the patients were males and 8 (44.4%) were females.
PCR results revealed that 14 isolates carried eae and
bfpA genes (typical EPEC strains), and 4 possessed only
the eae gene (atypical EPEC strains). A total of 11
(61.1%) typical EPEC were positive for intimin type β
and displayed LA on Hep2 cell. The atypical EPEC
strains (22.2%) possessed an eae-β subtype and
displayed LAL on Hep2 cell. No EPEC isolate
displayed diffuse adherence (DA). The results of the
intimin gene types and phenotypic characteristics of the
EPEC are presented in Table 2. EPEC strains belonged
to 6 O serogroups, 7 H flagellar antigen types, and 8
O: H serotypes. The 11 EPEC strains were of 2 O
serogroups (O69 and ONT) and expressed 4 H flagellar
antigens (H6, H10, H32, and HNT); 55.5% belonged to
only 3 serotypes: O69:H32 (3 strains), ONT:H10 (3
strains), and ONT:HNT (4 strains). The remaining
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strains were O114:H14 (2 strains), O132:HNM (4
strains), O33:H6 (1 strain), and O128ab:H18 (1 strain).
Following the screening of the EPEC isolates,
intimin gene type β (15 strains, consisting of 4 each of
O69:H32 and ONT:HNT strains, 3 ONT:H10 strains, 2
traditional EPEC serotypes O114:H14, and 1 each of
ONT:H6 and O33:H6) were detected from 2 patients.
Just 2 O132:HNM and 1 O128ab:H18 strains were
positive for the intimin type έ. The intimin α and γ were
not detected among the EPEC isolates screened.
Table 3 illustrates antimicrobial resistance profiles
of (typical and atypical EPEC) isolates studied: AMX
and AUG: 6 (33.3%); CEPH and CEFU, 1 (5.6%);
AMX, CEPH, and CEFU: 2 (11.1%); AMX, AUG, and
CEPH: 3 (16.7%); AMX, AUG, CEPH, and CEFU: 3
(16.7%); NAL, AMX, AUG, CEPH, and CEFU: 3
(16.7%). Typical EPEC displayed high resistance
profile to 5 antimicrobials (NAL, AMX, AUG, CEPH,
and CEFU) tested. E. coli serotypes O114:H14;
ONT:H10 and ONT:HNT (all typical EPEC) were
resistant to NAL (quinolone). All the serotypes (typical
EPEC and atypical EPEC) studied were resistant to
amoxicillin. However, typical EPEC and atypical EPEC
isolates were 100% sensitive to CFX and CIP
(fluoroquinolones).
The growth inhibitory zone diameters of both the
typical EPEC and atypical EPEC strains tested for

Table 3. Antimicrobial phenotypes of enteropathogenic E. coli isolated from children younger than 5 years of age in Federal Capital Territory,
Abuja, Nigeria.
β-lactamase phenotypic profile
Isolate
bfpA CTX
CTX
(30 μg)
Serogroup
Antimicrobial resistance profile
CAZ
CAZ (30 μg)
No.
gene
(30
/CLAV (10
(30 μg)
/CLA (10 μg)
μg)
μg)
002
O114
+
S
S
S
S
AMX,
AUG
004
O33
+
S
S
S
S
CEPH, CEFU
025
O128ab
+
S
S
S
S
AMX, CEPH, CEFU
065
O69
S
S
S
S
AMX,
AUG
068
O114
+
S
S
S
S
NAL,
AMX,
AUG, CEPH,
CEFU
081
O132
+
S
S
S
S
AMX,
AUG
212
ONT
+
S
S
S
S
AMX,
AUG, CEPH, CEFU
215
ONT
+
S
S
S
S
AMX,
AUG
219
ONT
+
S
S
S
S
AMX,
AUG
236
O132
+
S
S
S
S
AMX,
AUG, CEPH, CEFU
246
ONT
+
S
S
S
S
NAL,
AMX,
AUG, CEPH,
CEFU
275
O69
S
S
S
S
AMX,
AUG,
CEPH
293
ONT
+
S
S
S
S
NAL,
AMX,
AUG, CEPH,
CEFU
306
O69
S
S
S
S
AMX,
AUG,
CEPH
317
ONT
+
S
S
S
S
AMX,
AUG
347
ONT
+
S
S
S
S
AMX,
AUG, CEPH, CEFU
348
ONT
+
S
S
S
S
AMX,
AUG,
CEPH
377
O69
S
S
S
S
AMX, CEPH, CEFU
ONT: O untypeable; S: susceptible; NAL: nalidixic acid; AMX: amoxicillin; AUG: augmentin; CEPH: cephalexin; CEFU: cefuroxime; CTX (30 μg):
cefotaxime (30 μg); CTX (30 μg)/CLAV (10 μg): cefotaxime (30 μg) combined with clavulanic acid (10 μg); CAZ (30 μg): ceftazidime (30 μg); CAZ (30
μg)/CLAV (10 μg): ceftazidime (30 μg) combined with clavulanic acid (10 μg)
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ESBL production exceeded the zone inhibition
diameter indicator criteria for ESBL production. In this
study, both the typical EPEC and atypical EPEC strains
did not display the resistance patterns of ESBL
producers. There was no substantial dissimilarity
between the EPEC virulence category susceptibility
patterns
to phenotypic
ESBL confirmatory
antimicrobials.
Discussion
EPEC are a major cause of infantile diarrhea in
developing countries, including Nigeria. We previously
reported the predominant isolation of EPEC pathotype
and the detection of atypical EPEC from diarrheal
infected children in Abuja, Nigeria [26]. To elucidate
the
pathogenic,
immunologic,
clonal,
and
epidemiologic importance of these EPEC strains, we
subtyped their intimin genes and evaluated their
phenotypic characteristics.
In earlier studies, the identification of EPEC was
mainly based on serotyping. It is now clear that this
approach can lead to the overestimation of EPEC
among infected patients. Recent studies have shown,
however, that they are better and more accurately
identified based on their genotypic features [24].
Generally, EPEC are categorized into two subtypes:
typical and atypical. EPEC isolates, which are positive
for both eaeA and bfpA genes, are considered typical
EPEC; those that are positive for only eaeA gene and
lack especially the bfpA gene and other DEC genes, are
designated as atypical EPEC [16,44].
In this study, we analyzed EPEC isolates and based
on eaeA+bfpA+stx− or eaeA+bfpA−stx− genes profile and
classified them into typical and atypical EPEC,
respectively. We observed that 14 typical EPEC strains
showed the LA adherence phenotype. This adhesion as
observed in this study has been reported to be a marker
for EPEC pathogenicity mediated by the presence of the
EAF plasmid [45]. This plasmid codes for the fimbria
denoted BFP and is responsible for the LA pattern
characteristic of typical EPEC [2]. The atypical EPEC
strains analyzed in this study were positive only for eae
gene, and lacked the EAF plasmid and the STEC gene
and presented the LAL pattern. These findings are in
agreement with those in a previous report which
showed that LAL pattern is a characteristic of the strains
of most serotypes and is mediated mainly by intimin
[46].
We also examined EPEC isolates for intimin
subtypes α, γ, β, and ε and observed that typical EPEC
strains only had two different intimin types (β and ε).
Among the types, intimin β was the most common
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subtype identified in both typical and atypical EPEC
strains and was distributed over six serotypes. Contrary
to our findings, earlier studies had reported detection of
intimin θ and γ allele from children with diarrhea in
Uruguay and Denmark, respectively [8,47].
Remarkably, the predominance of intimin β in this
study is in consonance with several reports that describe
intimin β as the most ubiquitous found among human
and animal A/E pathogens [48].
The intimin ε expressed by three typical EPEC
strains in this study was first found in human and bovine
STEC [9]. It has recently emerged and been genotyped
as the most predominant intimin type among atypical
EPEC strains from children with and without diarrhea
[47]. Conversely, our report of intimin ε expression by
typical EPEC strains reflects the dynamics in the
expression of intimin alleles and variants among E. coli
pathotypes.
The O-non-typeable serotypes that expressed
intimin β were observed significantly in this study
among the typical EPEC strains, while atypical EPEC
strains that had intimin β exclusively belonged to
O69:H2. This finding is in agreement with several
recent reports from Brazil and Iran of the occurrence of
non-typeable EPEC serogroups (tEPEC and aEPEC)
[49]. Most of the EPEC isolates did not belong to the
classical EPEC O-serogroups, similar to what has been
recently described in children from Iran and India
[50,51]. The detection of EPEC by serological
screening for certain E. coli O-serogroups is still the
method of choice in most of the clinical diagnostic
laboratories worldwide [52]. However, had serotyping
alone been used to distinguish the diarrheagenic E. coli
categories, EPEC isolates other than those of the classic
serotype would have been missed.
The patterns of antimicrobial resistance phenotypes
were strikingly different among the individual EPEC
isolates. The observed levels of resistance by EPEC
(typical and atypical) for amoxicillin agrees with the
findings in a report from a recent study in India of high
rates of more than 90% resistance to amoxicillin by
EPEC [53]. In the present study, the finding of high
rates of resistance to amoxicillin-clavulanic acid
(augmentin) is in consonance with a recent report from
Burkina Faso, in which more than 70% of E. coli
isolates were resistant to amoxicillin/clavulanic acid
[54]. The increased resistance by diarrheagenic E. coli
to this class of antibiotic within our sub-region can
contribute to development and residual circulation of
MDR-encoding genes, especially those mediated by
chromosomally encoded enzymes such as blaCTX-M,
blaTEM, and blaSHV determinants.
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There is similarity in the antimicrobial resistance
phenotyping of nalidixic acid (quinolone) with the
recent report of EPEC strain resistance to nalidixic acid
[41]. This can be a probable indication of the emergence
of low-level EPEC resistance to nalidixic acid in our
country. Typical EPEC exhibited more resistance to the
antimicrobials tested compared to the atypical EPEC.
This is similar to reports from earlier studies [49,52].
Classification of MDR, based on published criteria,
stipulates that a strain of EPEC is considered to be
multidrug resistant if it is non-susceptible to at least
three families of antibiotics [55]. Curiously, the MDR
phenotypes described in the present study included
classes of antimicrobials commonly used in the two
most fatal pediatric infections (diarrheal and
respiratory). These findings highlight the need for
continuous surveillance of the antimicrobial resistance
patterns in enteric bacterial pathogens.
EPEC strains encoding for ESBLs isolated from
children have widely been reported in various parts of
the world [56-59]. Nevertheless, no ESBL-producing
EPEC strain was detected in this study. This result is in
agreement with an earlier study in Brazil, where none
of the EPEC were characterized as ESBL producers
[49].
Though the intimin-subtyping scheme applied in
this study may not have been comprehensive and
substantial, we believe that intimin subtypes and
variants may exist undetected in the country. Therefore,
we hope that these data will be useful in facilitating the
characterization of eae among E. coli isolates recovered
from humans and other animal species.
Conclusions
Our results demonstrate the diversity in the
serotypes of EPEC strains. This is the first report of
intimin subtype genes in Abuja, Nigeria. It reinforces
the need for a comprehensive intimin subtyping to
elucidate the immunological and epidemiological
significance of EPEC infection, particularly atypical
EPEC, in childhood acute gastroenteritis in Abuja,
Nigeria.
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