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Background: Escherichia coli have become the enterobacteriaceae species most affected by extended-spectrum f-lactamases
(ESBLs) in view of the emergence of CTX-M-type ESBLs. These CTX-M-positive E. coli have been reported in numerous regions
worldwide. Virulence determinants of already reported CTX-M-positive E. coli were investigated. Methodology: To gain insights
into the mechanism underlying this phenomenon, we assessed serogroup, susceptibility pattern and diversity of virulence profiles
within a collection of nine bla.;y \,-positive E. coli strains and their virulent determinant using miniaturized DNA microarray
techniques. The nine ESBL-positive E. coli isolates were from eight male and one female patient(s) selected for study based on
previous work. Virulence potential was inferred by detection of 63 virulence factor (VF) genes. Results: Four (44.4%) of the 9 E.
coli isolates exhibited the same set of core characteristics: serotype O8:Hnt, while all were positive for OXA-1, ciprofloxacin resist-
ance. Five of the isolates exhibited highly similar (91% to 100%) VF profiles. Conclusion: The findings describe a broadly dis-
seminated, bla .y \,-positive and virulent E. coli serogroup with highly homogeneous virulence genotypes, suggesting recent emer-
gence in this zone. Understanding how this clone has emerged and successfully disseminated within the hospital and community,

including across national boundaries, should be a public health priority.
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Introduction

Pathogenic Escherichia coli strains constitute a signifi-
cant public health problem worldwide [1]. In contrast
to their nonpathogenic counterparts, these strains have
acquired specific virulence attributes that allow them to
cause a spectrum of human and animal illnesses [2, 3].
Numerous methods exist for the detection of pathogenic
E. coli, including geno- and phenotypic marker assays for
the detection of virulence genes and their products [4-7].
Escherichia coli represents a versatile and diverse entero-
bacterial species which can be subdivided into (i) non-
pathogenic, commensal, (ii) intestinal pathogenic, and (iii)
extraintestinal pathogenic strains. This classification is
mainly based on the presence or absence of DNA regions
which are frequently associated with certain pathotypes.
In most cases, this genetic information has been horizon-

tally acquired and belongs to the flexible E. coli genome,
such as plasmids, bacteriophages, and genomic islands.
These genomic regions contribute to the rapid evolution of
E. coli variants as they are frequently subject to rearrange-
ments, excision and transfer as well as further acquisition
of additional DNA thus contributing to the creation of new
(pathogenic) variants. Genetic diversity and genome plas-
ticity of E. coli has been underestimated. The accumulat-
ing amount of sequence information generated in the era of
“genomics” helps to increase our understanding of factors
and mechanisms that are involved in diversification of this
bacterial species as well as in those that may direct host
specificity.

Nevertheless, Escherichia coli recently has gained
wider scope of studies based on their virulence and abil-
ity to hydrolyze the oxy-imino cephalosporins. The ear-
lier ESBLs, which were first reported in 1985, consisted
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of plasmid-mediated TEM-1, TEM-2, and SHV-1 deriva-
tives and were primarily a hospital-based problem [8].
However, since 2000, ESBLs increasingly have also ap-
peared in the community [9]. This phenomenon coincided
with the emergence of a new group of plasmid-mediated
ESBLs, namely, the CTX-M enzymes, which seem to be
taking over as the main ESBL type in some locales [10,
11]. Likewise, it has been reported that most blay,, from
E. coli strains involved in outbreaks in different countries
also showed that they additionally carried other antibi-
otic resistance genes, such as blaOXA-1, blaTEM-1, tetA,
aac(6)-1b, and aac(3)-1l and sometimes a class 1 integron
[12-14].

The aim of this work was for pathotyping; to inves-
tigate the virulence pattern of already reported blapy
enzymes of E. coli isolates from a tertiary health care facil-
ity in Nigeria [15]. We also sought to assess these strains’
molecularly inferred virulence potential, a possible con-
tributor (in addition to antimicrobial resistance) to their re-
cent emergence and dissemination as successful pathogens
in this region.

Materials and methods
Bacterial strains

Nine E. coli which harbored bla. -genes were already
reported [15]. They were selected from a total of 116 E. coli
isolates that were recovered from 906 clinical samples
between December 2006 and January 2007 within Lado-
ke Akintola University Teaching Hospital (LAUTECH),
Osogbo, Nigeria and subjected to further testing for the ex-
istence of ESBLs by agar diffusion test using guideline of
CLSI[16]. Of these nine ESBLs producers, eight were from
urinary tract infection and one from a patient with sepsis.
The presence of virulence genes factors using microarray
techniques was further investigated on these E. coli isolates
already reported as carrying bla ., -genes.

Antibiotic susceptibility

Susceptibility to the following non-B-lactam molecules
was determined by disc diffusion: Ciprofloxacin, Gen-
tamicin, Amikacin, Tetracyline, Chloramphenicol, and
Sulfamethoxazole/Trimethoprim. Isolates were defined as
resistant or susceptible according to the standards of the
CLSI 2002 [16].

Screening for ESBLs

According to the CLSI guidelines, isolates inhibition
zone of <22 mm with Ceftazidime (30 pg), <25 mm
with Ceftriaxone (30 pg), and <27 mm with Cefotaxime
(30 pg) were identified as potential producers and short-
listed for confirmation of ESBL production.

Phenotypic confirmation test with combination disk
for ESBLs

This test requires the use of a third-generation cepha-
losporin antibiotic disk alone and in combination with
clavulanic acid. In this study, a disk of Ceftazidime
(30 pg) alone and a disk of Ceftazidine + Clavulanic acid
(30 ng/10 pg) were used. Both the disks were placed at
least 25 mm apart, center to center, on a lawn culture
of the test isolate on Mueller Hinton Agar (MHA) plate
and incubated overnight at 37 °C. Difference in zone
diameters with and without clavulanic acid was mea-
sured. When there is an increase of >5 mm in inhibition
zone diameter around combination disk of Ceftazidine
+ Clavulanic acid versus the inhibition zone diameter
around Ceftazidine disk alone, it confirms the ESBLs
production.

Serotyping

The determination of O and H antigens was carried out
by using the method previously described by Guine et al.
[17], in which all available O (O1-0185) and H (H1-H56)
antisera were tested. All antisera were obtained and ab-
sorbed with the corresponding cross-reacting antigens to
remove the non-specific agglutinins.

PCR amplification and blaOXA-1 gene sequencing

A 10-pl aliquot of an overnight culture of the test isolate
was diluted 1:10 with water and boiled, from a suspension
of colonies from an overnight culture on Nutrient Agar
(Biolab, Germany).

Bacterial DNA was prepared by heating this suspen-
sion at 95 °C for 5 min, PCR amplification was then per-
formed with 10 pl of this dilution as the DNA template.
PCR amplifications were then performed in a Gene Amp
PCR System (Applied Biosystems, California, USA). The
primers were supplied by Operon (Germany) and sequenc-
es of the sets are described in Table 1. The amplification of
blaOXA genes was carried out as described previously by
Bert et al. [18]. PCR products were resolved on 1% aga-
rose gels, stained with ethidium bromide, and photography
with UV illumination.

Microarray

A miniaturized E. coli oligonucleotide virulence ar-
ray that had previously been designed was used for this
work [19]. Eighteen genes were specific to a particular
E. coli pathotype, 13 were common between two more
pathotypes, and seven were unassigned. Genomic DNA
was extracted from cells grown aerobically overnight at
37 °C in LB broth, using a DNA assay tissue kit (catalog
no. 69504; QIAGEN). One microgram of genomic DNA
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Table 1. Virulence factors of the nine E. coli strains

Virulence genes Genes present in CTX-M strains

IMT IMT IMT IMT IMT IMT IMT IMT IMT CS
12574 12588 12595 12600 12603 12667 13264 13267 13268

astA - - - — - - - — _ _
bfpA - - - — - - - _ — _
cdtB-,, - - — - - — — _ — _
cdtB-;, - - — - - - _ — _ _
Celb - - - - - — — _ _ _
cfaC - - — - — X — _ _ _
Cma — - — — X — — _ _ _
Enf - - — - - — — _ — _
eae-, - - - - - _ - _ _ _
eae-,, - - - - - — — _ _ _
eae-5, - - - - - - _ — _ _
eae-,, - - — - - - — — _ _
f17A-,, - - - - - - - — _ _
f17A-, - - - - - _ - _ _ _
f17A~, - - - - - - — _ _ _
f17G - - - - - - _ _ _ _
fan A - - — - - - — _ — _
fasA - - - — - — - — — _
fim41la - - — - - - _ — _ _
gad-, X X X X X X X X X -
chx(hlyA) - - — - - - — _ _ _
hlyE - - — - - - — _ — _
ipaH9.8 - - - — - — - — — _
ireA - - — - - - — — _ _
iron - - _ _
Iss X - — _
K88ab - - — - - — - _ _
IngA - - - - - - - _ -
IthA - - - - - — _ _ _
mchB - - — — - — — _ _
mchC - - - - - - — _ _
mchF - — — - X — _ _ _
mcmA - - - — - — - _ —
perA-, - - - - - - — _ _
perA-,, - - - - — - - _ _
Pet - - — - - — — _ _
prfB/papB - - — - X - — _ _
senB - - — — - — - _ —
sfaS - - - - - — _ _ _
stalA - - — — - - _ _ _
stalB - - — - - - — _ —
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Table 1. (cont.)

Virulence genes

Genes present in CTX-M strains

IMT IMT IMT IMT IMT IMT IMT IMT IMT CS
12574 12588 12595 12600 12603 12667 13264 13267 13268

Stb - - - - - - - — —
stx1A - - - — — - - — _
Stx2A - — - - - — _ _ _ _
virF - - - - - - - _ — _
rrl_0101_0177_10 X X X X X X X X X
rrl_0101_0177_20 X X - - X X X X X
rrl_0260_0330_10 X X - X X - X X X
rrl_0260_0330_20 X X - X X - X X X
rrl_0260_0330_30 X X - X X - X X X
rrl_0520_0580_10 X - - - - - X X X
rrl_0520_0580_20 X - - - - - —X —X —x
rrl_1480 1560 coli 10 X X - X X - X x X
rrl_1480_1560_coli_20 X X - X X - X X X
rrl_1480_1560_coli_30 X X X X X X X X X
rrl 1480 1560 shig 40 X - - *— - - X X X
rrl_1690_1770_coli_10 X X - - - - X X X
rrl_1690_1770_freu 30 X X - - - - X X X

* - - X X X

rrl 1690 1770 _shig 20 x - - -

from each strain was used as a template in a multiplex
linear amplification and labeling reaction with the set of
60 primers. The amplified products were added to Array
Tubes for hybridization, and the data were analyzed as
previously described [19].

Results
Bacterial strains

Nine previously reported E. coli isolates, from patients in
Nigeria, carrying bla.y_,, genes were analyzed.

Antibiogram, screening for ESBLs and phenotypic
confirmation, blaOXA-1 gene sequencing
and serotyping

The antibiotic susceptibility pattern of these strains to
commonly used antibiotics has been reported [15]. The
nine CTX-M ESBL-producing strains showed similar
phenotypic resistance patterns. All were resistant to the
tested cephalosporins (cefotaxime, ceftazidime, cefpo-
doxime, ceftriaxone, and cefalexin) but susceptible to
the combinations of cefotaxime or ceftazidime with cla-

vulanic acid. They were also resistant to other f-lactams
such as ampicillin and aztreonam as well as the non-f-
lactam antibiotics ciprofloxacin, gentamicin, tetracycline,
and tobramycin. None of the isolates showed imipenem
resistance. The only differences in resistance were found
against chloramphenicol (7/9) and sulfamethoxazole/
trimethoprim (8/9). PCR amplification further revealed
blaTEM and blaOXA group III genes in all nine isolates,
while genes coding for SHV enzymes were not present in
these strains.

Two isolates showed special peculiarity in their sus-
ceptibility to commonly used antibiotics, while Isolate
IMT 12588 was susceptible to chloramphenicol and sulfa-
methoxazole/trimethoprime, IMT 12595 also showed sus-
ceptibility to chloramphenicol, both from case of urinary
tracts infection from male patients.

In the present study, all the isolates were OXA-1-de-
rived ESBLs positive and appear to be important for
ceftazidime hydrolysis as earlier reported [15].

Four different serogroup were identified during the
study, respectively. (O8:Hnt, O102:H6, O86Hnt, O25:H4).
Six out of nine strain harboring CTX-M- genes (6/9) hav-
ing serogroup O8:Hnt, while (2/9) of the total strain har-
boring CTX-M- genes IMT 12588 and IMT 12600 both be-
long to serogroup O102:H6 while strain (1/9) IMT 12603
belong to O25:H6.
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Microarray

Table 1 shows panels of the nine previously reported
bla.\,-E. coli clinical isolates which were pathotyped us-
ing the virulence miniaturized microarray. Three of the
nine isolates hybridized to one or more virulence deter-
minants and were readily designated with a recognized
pathotyped. Strains IMT 12574, IMT 13264, IMT 13267,
and IMT 13268 they all harbored the iss gene, which is
very wide spread. IMT 12603 harbored cma, iroN, iss,
mchF, prfB/papB genes, while IMT 12667 harbored cfaC
gene too. Although the rest of the strains not carrying any
virulence, or bacteriocin genes, were seen to hybridize
with the control (rrl and gad), these isolates may harbor
virulence genes not present on our array used. The strain
IMT 12603 expressed more virulence factors often en-
countered in ExPEC strains.

Discussion

Several E. coli virulence arrays for genotyping have been
described previously including ones similar to what we
employed in our study [20-27]. According to our study,
several virulence factors differed in prevalence among
the organisms that produced CTX-M enzymes (Table 1).
Studies have shown that CTX-M producers are more com-
monly positive for afa/dra (Dr-binding adhesions), iha
(putative adhesion-siderophore receptor,) sat (secreted
autotransporter toxin), and kpsMII. In contrast, non-CTX-
M producers significantly more often exhibited ireA (iron-
regulated element) and cvaC (colicin [microcin] V). On
balance, aggregate virulence factor scores were similar
among CTX-M producers. We found that bla.y  strains
in addition to having resistance genes can also carry viru-
lence genes. This study demonstrates clearly that virulence
genes are present in our isolates studied with the miniature
microarray technique used and such genes can coexist on
the same strain as seen in strains 12603 and 12667. Al-
though our sample size is too small for statistical conclu-
sion, we can safely infer that an appreciable proportion of
these isolate carry virulence genes on them. We also com-
pared isolates originating from septicemia and found that
this isolate did not appear to be different from others in
terms of serogroups, resistance profile, and virulence fac-
tor. In the present study, all strains were OXA-I-derived
ESBLs which appears to be important for ceftazidime hy-
drolysis as reported earlier [19]. Their presence seems to
influence the level of resistance to penicillins conferred
to isolates. The most common acquired B-lactamase in
E. coli isolates revealed the distribution of various OXA-
I group enzymes in our hospital. A recent study of hos-
pital-acquired E. coli isolates producing various types of
ESBLs from different parts of France showed that whereas
the preponderance of the SHV-and TEM-producing strains
(approximately 60% and 37%, respectively) were from
group B2, the greater proportion of CTX-M producers
(40%) was from group D [28] In that study, isolates from
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group B2 exhibited numerous virulence factors but were
usually susceptible to fluoroquinolones, while the group
D strain lacked virulence factors but were resistant to
fluoroquinolones [28]. Our results support some of these
findings, as all of CTX-M-enzyme producers were resis-
tant to ciprofloxacin as earlier reported [15]. The fact that
the majority of our CTX-M producers may be clonally
related, although subject to further studies, could in part
explain the similarity in their virulence pattern. The pres-
ence of fluoroquinolence resistance in addition to ESBL
production among these isolates with multiple virulence
factors is a worrisome development that deserves close
monitoring. This might also in part explain the worldwide
appearance and propagation of bla.py \-producing or-
ganisms. Notable limitation of this study includes small
numbers and limited clinical and epidemiological data.
Accordingly, we could not explore relationships among
patients, such as family contracts to assess the possibility
of a common source or transmission between individuals
within the community. To address these deficits, we have
initiated a large prospective study at our center to more
extensively explore the role of several risk factors and to
increase the sample size within the different subgroups
so that novel virulence combinations can be detected and
addressed before strains carrying such spread become a
health problem.

Conclusion

Comparison of the microarray method with the traditional
serotyping method revealed several advantages of the mi-
croarray method. Labeling with specific primers located
in proximity to the target oligonucleotides improved the
signal-to-background ratio compared to that obtained with
random primers (data not shown). Furthermore, it resulted
in a higher specificity and shorter labeling times, together
with the short template preparation protocol, it is possible
to obtain clear array results within a few hours starting
from a single colony. Hence, the chip allows fast and par-
allel detection of serotypes in a single experiment. More-
over, the microarray is able to detect unexpressed potential
H antigens even in the case of a phenotypically non-motile
strain. Therefore, the microarray technique provides a
powerful tool for further characterization and epidemio-
logical tracing of motile and non-motile strains, a feature
that renders it clearly superior to phenotypic serotyping.
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