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Abstract

Background. Escherichia coli remains the principal bacterial pathogen in childhood diarrhea and constitutes an
important public health problem, especially in developing countries. Diarrheagenic E. coli strains often display
resistance to B-lactams due to the production of extended-spectrum B-lactamases (ESBLs).

Objectives. A total of thirty ESBL-producing E. coli strains colonizing the gastrointestinal tracts of children with
acute diarrhea were studied in order to determine their antimicrobial susceptibility, adherence patterns to the
HEp-2 cell line and phylogenetic background.

Material and Methods. ESBL production was detected by the double disk synergy test (DDST). The minimal
inhibitory concentrations (MICs) of antibacterial drugs were determined by an agar dilution technique on Mueller-
Hinton agar. The presence of blargy, blasyy and blacrx v determinants in the strains studied was ascertained by
polymerase chain reaction (PCR).

Results. The strains displayed the resistance pattern typical of ESBL producers. The majority of them (23 out of 30)
were found to produce CTX-M-type ESBLs conferring a high level of resistance to oxyimino-p-lactams, especially
to cefotaxime and ceftriaxone. In many cases, the strains exhibited resistance to non-p-lactam antimicrobials, such
as gentamicin, amikacin, co-trimoxazole and tetracycline. On the other hand, these strains were uniformly suscep-
tible to carbapenems, to oxyimino-p-lactams combined with clavulanic acid and to tigecycline. The E. coli strains
were distributed among the four main phylogenetic groups: A, B1, B2 and D. The in vitro adhesion assay revealed
that all but two of the strains adhered to the HEp-2 epithelial cell line. Aggregative and diffuse adherence patterns
were found to be the most prevalent.

Conclusions. CTX-M-type enzymes were the most prevalent ESBLs among the strains studied. As many as 40%
of the diarrheagenic E. coli isolates were found to belong to phylogenetic group D, which usually comprises E. coli
strains associated with extraintestinal infections. The effectiveness of tigecycline against ESBL-producing E. coli
strains was similar to that of imipenem and meropenem (Adv Clin Exp Med 2012, 21, 2, 187-192).
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Streszczenie

Wprowadzenie. Escherichia coli pozostaje nadal glownym bakteryjnym patogenem biegunek u dzieci, stanowigc
istotny problem zdrowotny, zwlaszcza w krajach rozwijajacych sie. Szczepy E. coli wywolujace biegunki czesto
wykazujg oporno$¢ na wiekszos¢ p-laktaméw, wynikajaca z wytwarzania P-laktamaz o rozszerzonym spektrum
substratowym (ESBL).

* This study was supported by grant number N N401 040237 (Polish Committee for Scientific Research decision
number 0402/B/P01/2009/37) from Poland’s Ministry of Science and Higher Education.
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Cel pracy. Przedmiotem badan byto 30 szczepow E. coli wytwarzajacych ESBL, kolonizujacych przewdd pokarmo-
wy dzieci z ostra biegunkg. Celem badan bylo oznaczenie wrazliwosci na leki przeciwbakteryjne, typu adhezji do
linii komérkowej HEp-2 oraz pochodzenia filogenetycznego.

Material i metody. Wytwarzanie ESBL wykrywano testem synergizmu dwoch krazkéw (DDST). Minimalne steze-
nia hamujace (MIC) lekow przeciwbakteryjnych oznaczono metodg seryjnych rozcieczen w podiozu agarowym
Mueller-Hintona. Wystepowanie gendw blargy, blasyy i blacrx m w badanych szczepach oznaczono metoda PCR.
Wryniki. Badane szczepy odznaczaly si¢ typowymi dla producentéw ESBL wzorcami opornosci. Wiekszo$¢ z nich
(20 sposrod 30) wytwarzata enzymy ESBL typu CTX-M, warunkujace wysoki poziom opornosci na oksyimino-f-
-laktamy, a zwlaszcza cefotaksym i ceftriakson. W wielu przypadkach badane szczepy wykazywaly opornoé¢ na inne
niz B-laktamy leki przeciwbakteryjne, takie jak: gentamycyna, amikacyna, kotrimoksazol i tetracyklina. Ponadto
wszystkie szczepy cechowaly sie wrazliwo$écig na karbapenemy, oksyimino-p-laktamy skojarzone z kwasem klawula-
nowym oraz tigecykline. Badane szczepy E. coli nalezaly do 4 grup filogenetycznych: A, B1, B2 i D. Przeprowadzone
in vitro badania nad adhezja wykazaly, ze wszystkie szczepy E. coli, z wyjatkiem dwoch, adherowaly do nablonkowe;j
linii komoérkowej Hep-2. Dominujacymi wzorami adhezji byly adhezja typu agregacyjnego i rozproszonego.
Whnioski. Wéréd badanych szczepéw enzymy CTX-M stanowily najczestszy typ ESBL. Az 40% biegunkowych izo-
latéw E. coli nalezato do filogenetycznej grupy D zawierajacej zazwyczaj szczepy E. coli zwigzane z zakazeniami
pozajelitowymi. Skutecznos¢ tigecykliny wobec szczepéw E. coli wytwarzajacych ESBL byla zblizona do aktywnosci

imipenemu i meropenemu (Adv Clin Exp Med 2012, 21, 2, 187-192).

Stowa kluczowe: E. coli, ESBL, oporno$¢ na leki przeciwbakteryjne, adhezja, grupy filogenetyczne.

Escherichia coli remains the leading bacterial
cause of diarrhea in children, particularly in de-
veloping countries [1-4]. In contrast to their com-
mensal counterparts, diarrheagenic E. coli (DEC)
strains possess an arsenal of distinct virulence fac-
tors, such as adhesins, enterotoxins and hemagglu-
tinins, which specifically contribute to their ability
to cause diarrheal disease. Bacterial adherence to
intestinal mucosa due to fimbrial and non-fimbrial
adhesins is considered the first step in the develop-
ment of infection caused by many DEC pathotypes
[5-7]. Moreover, multidrug-resistant DEC strains
pose a serious clinical challenge in many hospital
settings. The predominant mechanism of resistance
to B-lactam antibiotics in E. coli is the production
of plasmid-borne extended-spectrum p-lactamases
(ESBLs). Since the first report at the beginning of
the 1980s [8], ESBL-producing organisms have
become widespread throughout the world. ESBLs
are known to confer resistance to most p-lactams,
with the exception of cephamycin and carbapen-
ems, but remain susceptible to -lactam inhibitors
[9]. Additionally, ESBLs exhibit a high degree of
diversity and are classified into several families, of
which CTX-M enzymes (so-called cefotaximases)
are now the most prevalent ESBLs in many parts
of the world [10, 11]. ESBL-producing E. coli of-
ten display resistance to non-f-lactam antibiotics
and chemotherapeutics. This results from the fact
that genes coding for ESBLs and those conferring
resistance to other antimicrobial drugs often re-
side within the same conjugative plasmids. As the
authors noted in a previous publication, the con-
jugational transfer of plasmid-mediated ESBLs oc-
curs efficiently in the intestinal tract, where enteric
rods, in particular E. coli, often act as a reservoir
of self transmissible resistance markers that can be

exchanged between species of the Enterobacteri-
aceae family [12].

The aim of the present study was to determine
the antimicrobial susceptibilities of ESBL-produc-
ing E. coli strains colonizing the gastrointestinal
tracts of children with acute diarrhea. In addition,
the adherence patterns to the Hep-2 cell line and
the phylogenetic background of the strains were
investigated.

Material and Methods

Bacterial Strains

Thirty ESBL-producing Escherichia coli strains
isolated from children (age range 1-5 years, mean
age 2.2 years) with acute diarrhea, hospitalized in
the Wroclaw Medical University Pediatric Hospi-
tal (Wroctaw, Poland) were included in the study.
The isolates were collected from stool samples
during a two-year period (2008-2009) and were
nonrepetetive. Species identification of the strains
was done by the ATB automated identification
system (bioMérieux, France) using the ID 32 E test
according to the manufacturer’s instructions.

Susceptibility Testing
and Detection of ESBLs

The minimal inhibitory concentration (MIC)
values of the antimicrobial agents selected for the
study was determined by an agar dilution tech-
nique on Mueller-Hinton agar (Oxoid) according
to the Clinical and Laboratory Standards Institute
recommendations [13]. The MICs of oxyimino-p-
lactams (aztreonam, cefotaxime, ceftazidime and
ceftriaxone) were determined alone and in clavu-
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lanic acid, at a fixed concentration of 2 mg/l. The
inoculum was 10* colony-forming units (CFU)
per spot deposited on the Mueller-Hinton agar. E.
coli strains ATCC 25922 and ATCC 35218 were
used as the quality reference strains. The stan-
dard antimicrobial powders tested were obtained
from the following suppliers: aztreonam (Bristol-
Myers Squibb), ceftazidime (Glaxo Wellcome),
ceftriaxone (Hoffmann-La Roche Inc.), amika-
cin, cefotaxime, gentamicin, tetracycline (Sigma
Chemical Co.), imipenem (Merck Sharp & Do-
hme Research), meropenem (Zeneca), clavulanic
acid (GlaxoSmithKline Pharma), co-trimoxazole
(trimethoprim/sulfamethoxazole, Polfa Tarchom-
in), tigecycline (Wyeth). ESBL production was de-
termined by the double disk synergy test (DDST)
according to Jarlier et al. [14]. The test was per-
formed by placing disks of ceftazidime, cefotaxi-
me and aztreonam (30 pg each) at a distance of
20 mm (from center to center) from a disk con-
taining amoxicillin with clavulanic acid (20 and 10
ug, respectively). The strains that showed synergy
between oxyimino-f-lactams and clavulanic acid
were considered to produce ESBL enzymes. Kleb-
siella pneumoniae ATCC 700603 was used as the
positive control, and E. coli ATCC 25922 as the
negative control.

Plasmid DNA Preparation

Plasmid DNA was extracted from the strains
studied by the alkaline method, using the Qiagen
Plasmid Mini Kit (Qiagen) according to the manu-
facturer’s instructions.

PCR Amplification of blagy,
blagyy and blacrx , Determinants

Plasmid preparations from the isolates test-
ed were used as templates for blargy, blagyy, and
blacix m gene amplification. The oligonucleotide
primers used for the polymerase chain reaction
(PCR) assays were as follows: TEM-A and TEM-B,
specific for blargy were 5-ATAAAATTCTTGA-
AGACGAAA-3 and 5-GACAGTTACCAAT-
GCTTAATCA-3’, respectively [15]. SHV-A and
SHV-B,specificforblagy,were5-ACTGAATGAG-
GCGCTTCC-3" and 5~-ATCCCGCAGATAAAT-
CACC-3’, respectively [16]. P1C and P2D, specific
for blacryx, were 5-TCGTCTCTTCCAG-3’ and
5-CAGCGCTTTTGCCGTCTAAG-3’, respec-
tively [17]. PCR conditions for blaz gene ampli-
fication were: 3 min at 95°C, 30 cycles of 1 min
at 95°C, 1 min at 42°C, 1 min at 72°C, and finally
3 min at 72°C. PCR conditions for blagyy, and
blacrx v gene amplification were: 3 min at 95°C,
30 cycles of 30 s at 95°C, 30 s at 55°C, 30 s at 72°C,

and finally 3 min at 72°C. PCR reactions were car-
ried out in a T3 thermocycler (Biometra GmbH,
Gottingen, Germany).

Adherence Assay

Adherence to the HEp-2 cell line was mea-
sured as described by Cravioto et al. [18]. Cells
were grown to a nearly confluent monolayer in
a chamber slide at 37°C in a 5% CO, atmosphere
in minimal essential medium supplemented with
fetal bovine serum (10% v/v) and antibiotic-anti-
mycotic solution (penicillin 0.1 U/ml, streptomy-
cin 0.1 U/ml, amphotericin B 0.25 mg/1). For the
adherence assay the culture medium was replaced
with minimum essential medium supplemented
with fetal bovine serum (1% v/v) and methyl a-D-
mannopyranoside (0.5% v/v) without antibiotics.
Cultures of the strains tested (25 pl), grown over-
night in Luria broth, were added to the cells and
then incubated for 6 hours at 37°C in a 5% CO,
atmosphere.

After 3 hours of incubation the cells were
washed, fresh medium was added and the cells
were incubated for a further 3 hours. The slides
were then washed three times with phosphate
buffered saline, fixed with methanol (70% v/v),
and stained with Giemsa (10% v/v). The assay was
repeated twice or three times for each strain.

Phylogenetic Group Distribution

The E. coli isolates were assigned to one of
the four main phylogenetic groups: A, B1, B2 and
D, according to the combination of three genetic
determinants: chuA, yjaA, and the DNA fragment
TSPE4.C2 as described by Clermont et al. [19].
The amplification conditions were as follows: Each
step consisted of 95°C for 30 s, 55°C for 30 s and
72°C for 30 s, and there was a final extension step
of 7 min at 72°C. Thirty cycles were performed for
the amplification.

Results and Discussion

Susceptibility
of ESBL-Producing E. coli
to Antimicrobial Agents

The E. coli isolates studied displayed resis-
tance patterns typical of ESBL producers. As the
authors previously reported [12, 20, 21] the ma-
jority of the isolates studied (24 out of 30) were
resistant to cefotaxime (MIC range: 512 to 1024
mg/l), ceftriaxone (25 out of 30, MIC range: 512
to 1024 mg/l) and aztreonam (21 out of 30, MIC
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range: 32 to 1024 mg/l). On the other hand, resis-
tance to ceftazidime (MIC range: 32 to 256 mg/l)
was observed in 13 out of 30 isolates. Moreover,
all the strains were susceptible to imipenem, me-
ropenem (MIC: < 1 mg/l) and oxyimino-B-lactams
(ceftazidime, cefotaxime, ceftriaxone, and aztreo-
nam) in combination with clavulanic acid (MIC
range: < 1 to 4 mg/l). It is worth noting that the
majority of the isolates were also resistant to non-
B-lactam antimicrobial agents. All but three of the
strains showed resistance to co-trimoxazole (MIC:
> 1024 mg/1). In addition, resistance to tetracycline
(MIC range: 128 to 512 mg/l), amikacin (MIC
range: 1024 to > 1024 mg/l) and gentamicin (MIC
range: 32 to > 1024 mg/l) was observed in 17, 15
and 22 strains, respectively. In contrast, the strains
were uniformly susceptible to tigecycline (MIC:
< 1 mg/l). These results confirm the high activity
of tigecycline against ESBL-producing isolates and
are in accordance with those previously reported
by other authors [22, 23] As previously reported
[12, 24], this new semisynthetic antimicrobial,
belonging to the glycylcyclines, demonstrates ex-
cellent activity against a wide variety of Gram-
positive and Gram-negative bacteria, including
ESBL-producing organisms. For this reason, tige-
cycline could be considered an encouraging anti-
microbial for the treatment of infections involving
these microorganisms. However, this antibiotic is
not recommended in adolescents under 18 years
of age due to lack data on its safety, and should not
be used in children under 8 years of age because of
tooth discoloration.

Detection of the bla.rx. Gene

As the authors noted in earlier articles [12, 20],
the ESBL-producing E. coli strains studied dem-
onstrated significantly higher MIC values of ce-
fotaxime and ceftriaxone (MIC range: 512 t01024
mg/l) than those of ceftazidime (MIC range: 32 to
256 mg/l). These findings indicate that this resis-
tance may result from CTX-M-type ESBL activity.
To investigate this possibility, PCR was performed
with P1C and P2D primers specific for CTX-M en-
zymes. As expected, the blacry i determinant was
detected in 23 of 30 ESBL-positive isolates. The re-
maining strains were found to possess blagy, and
blag,y determinants (4 isolates and 3 isolates, re-
spectively). As the authors previously pointed out
[12], CTX-M-type PB-lactamases emerged in the
late 1980s, shortly after the introduction of cefo-
taxime in clinical practice. Global expansion of the
enzymes, however, was observed in the mid 1990s.
CTX-M B-lactamases have been derived from the
chromosomally encoded enzymes of Kluyvera spp.
[25]. In general, these enzymes preferentially hy-

drolyze cefotaxime and ceftriaxone but their activ-
ity against ceftazidime and aztreonam is usually
lower. Nowadays, CTX-M-type B-lactamases are
the most prevalent ESBLs in Enterobacteriaceae in
many geographical areas [10, 11, 26]. As previously
noted [12, 20, 21], the studied strains’ resistance to
gentamicin, amikacin, tetracycline and co-trimox-
azole may be determined by genes localized within
the same multi-drug resistance plasmids that can
be horizontally transferred from one species to
another. Therefore, such multiresistant ESBL-pro-
ducing organisms constitute a serious therapeutic
problem and might be selected by various non-p-
lactam drugs. Further conjugational experiments
should be performed to confirm plasmid-borne
resistance to non-f-lactam antimicrobials.

Phylogenetic Group Distribution

As mentioned above, E. coli strains can be as-
signed to one of the four main phylogenetic groups
(A, B1, B2 or D) based on the combination of three
genetic markers: chuA, yjaA and the DNA frag-
ment TSPE4.C2 [19]. The strains derived from the
B2 and D phylogroups have been shown to express
more virulence factors than those from the phylo-
groups A and Bl [27]. In addition, pathogenic E.
coli isolates assigned to B2 and D groups are usually
associated with extraintestinal infections, whereas
the majority of commensal strains belong to A and
B1 phylogenetic groups [19, 28]. Previous studies
have shown that diarrheagenic E. coli isolates may
be distributed among all four of these phylogenetic
groups, but the strains from group A are the most
commonly found [3, 4]. In the present study, how-
ever, the largest number of E. coli strains (12 out
of 30) were assigned to phylogroup D, followed by
groups B1 (8 isolates), B2 (7 isolates) and A (3 iso-
lates) (Table 1). Furthermore, the majority of the
CTX-M-producing strains studied (16 out of 23)
were found to belong to groups D and B2 (9 and
7 strains, respectively). These results appear to be in
agreement with those reported by Pitout et al. [29].

Adherence Patterns

Bacterial adhesion to intestinal mucosa is
considered the first step in the development of in-
fections caused by many E. coli strains leading to
diarrhea. Diarrheagenic E. coli strains are known
to display three distinct patterns of adherence to
epithelial cell lines, namely: localized adherence
(LA), diffuse adherence (DA) and aggregative ad-
herence (AA) [30]. In contrast to adhering isolates,
so-called cell-detaching (CD) E. coli strains have
been found to be capable of detaching epithelial
cells from glass surfaces in adherence assays [31].
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Table 1. ESBL-positive Escherichia coli strains’ (n = 30) phylogenetic background and adherence patterns to the HEp-2 cell line

Tabela 1. Pochodzenie filogenetyczne i typy adhezji do linii komdrkowej HEp-2 ESBL-dodatnich szczepdéw Escherichia coli
(n =30)

Type of ESBLs Number of isolates belonging to phylogenetic groups | Number of isolates displaying adherence patterns
(Typ ESBL) (Liczba izolatéw nalezacych do grup filogenetycznych) | (Liczba izolatéw wykazujacych typy adhezji)

A B1 B2 D AA’ DA CDh UD NA
CTX-M (n=23) | 1 6 7 9 5 8 2 6 2
TEM (n = 4) 2 - - 2 3 - - -
SHV (n = 3) - 2 - 1 2 1 - 1 -
Total n = 30 3 8 7 12 10 9 2 7 2
(Ogdtem n = 30)

* Adherence patterns: AA - aggregative, DA - diffuse, UD - undefined, CD - cell-detaching, NA - non-adherent.

* Typy adhezji: AA - agregacyjny, DA - rozsiany, UD - nieokreslony, CD - odrywajacy komérki, NA - niezdolny do adhezji.

The in vitro adhesion assay revealed that all but
two of E. coli strains adhered to the HEp-2 epithe-
lial cell line (Table 1). Aggregative adherence was
the most prevalent adherence pattern, observed in
10 out of 30 isolates, followed by diffuse adherence
(9 strains). The cell-detaching adherence (CD)
pattern was observed in two strains only. On the
other hand, out of the 30 isolates studied, 7 exhib-
ited undefined adherence (UD), in which adher-

ing bacterial cells do not form any characteristic
pattern.

In conclusion, as most E. coli isolates exam-
ined demonstrated the ability to adhere to epithe-
lial cells, there is a probability that these strains
can also colonize the intestinal epithelium. For
that reason, colonized children may become a po-
tential source of multidrug ESBL-producing E. coli
strains in the hospital environment.
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