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Escherichia coli (EC) strains belong to several pathotypes capable of infecting both
humans and animals. Some of them have zoonotic potential and can sporadically cause
epidemic outbreaks. Our aim was to screen for the distribution of these pathotypes in
broilers and their related products. Therefore, E. coli strains were isolated (n = 118) from
poultry intestine (n = 57), carcass (n = 57), and wastewater (n = 4) samples from one
slaughterhouse with own reared poultry source and the National Reference Laboratory
(NRL) poultry E. coli collection (n = 170) from the year 2017 was also studied. All 288
E. coli strains were screened by PCR for pathotype-specific genes stx, eae, st-It, aggR,
ipaH, and for further EPEC-specific virulence genes (bfp, EAF, tir, perA, ler). Altogether
35 atypical enteropathogenic E. coli (aEPEC) strains from the slaughterhouse and 48
aEPEC strains from the NRL collection were found. Regarding the phylogenetic groups of
aEPEC, all four main groups were represented but there was a shift toward the B2 group
(25%) as compared with the non-EPEC isolates (3%). The aEPEC isolates belonged to
serogroups 014, 0108, and 045. Multidrug resistance (MDR) was abundant in aEPEC
strains (80 out of 83 aEPEC) with a diverse resistance pattern (n = 56). Our results of this
study indicate that the high frequency of aEPEC in broilers and on their carcass surface,
with frequent MDR to several antibiotic groups, raises the possibility that these strains
pose a zoonotic risk to humans.

Keywords: Escherichia coli, atypical enteropathogenic Escherichia coli (EPEC), poultry, multidrug
resistance, zoonosis

INTRODUCTION

Escherichia coli is a member of the normal gut microbiota of several animal species including
poultry. Commensal E. coli strains play a role in maintaining the normal gut microbiota. However,
some of them carry virulence genes and can cause mostly extraintestinal infections in birds (avian
pathogenic strains, APEC) or have zoonotic potential. These strains may also be transmitted to
humans through the food chain (1-4). The avian E. coli strains can also harbor antibiotic resistance
genes encoding resistance to antimicrobials of human therapeutic significance (5, 6).
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Potentially zoonotic E. coli strains can be categorized
into two major groups: extraintestinal (ExPEC) and
intestinal/diarrhoeagenic (DEC). The DEC strains differ
from each other in terms of pathogenesis and form six
well-described categories: enteropathogenic E. coli (EPEC),
enterohaemorrhagic E. coli (EHEC), enterotoxigenic E. coli
(ETEC), enteroaggregative E. coli (EAEC), enteroinvasive E. coli
(EIEC), and diffusely adherent E. coli (DAEC) (6).

Although the aforementioned six pathotypes are mainly
human pathogens and cause sporadic infections or outbreaks
[for example the EHEC outbreak in Germany (7) or atypical
EPEC (aEPEC) outbreaks in developing countries (8)], they are
frequently isolated from animals (9-13). Poultry can also act
as a reservoir of four pathotypes (EHEC, ETEC, EPEC, EAEC)
with various distribution patterns and incidence rates on poultry-
related products (11, 14, 15) or in their intestinal microbiota
(11, 16, 17), and increase the risk of their zoonotic potential (18).

In the present study we examined the occurrence of DEC
in poultry intestine and in poultry-related products. The
phylogroups and serogroups of the DEC isolates and their
antibiotic resistance were also studied. The poultry E. coli
collection of the National Reference Laboratory (NRL) from
the same year was also investigated. Our study revealed a high
frequency of multidrug-resistant aEPEC in broilers in Hungary.

MATERIALS AND METHODS

Collection of Samples and Isolation of

Escherichia coli

Altogether 118 samples were collected from healthy poultries and
four samples from slaughterhouse wastewater. These samples
were taken from one slaughterhouse (SH) one occasion in each
year in the years 2016 (n = 22) and 2017 (n = 96) where they
slaughter broiler only from their own poultry farm. The samples
included cotton swab samples from the ceacal content (n = 57)
and from the inner surface of the carcass of slaughtered chickens
(n = 57). Wastewater samples (n = 4) were also collected from
the slaughterhouse effluent during its middle flow (2 ml for each
sample). All samples were stored at +4°C at most for 2 h until
further laboratory procedure. For prolonged storage the samples
were deep frozen at —70°C.

For the isolation of E. coli strains bromothymol blue (BTB)
selective agar plates were used. In each sample one characteristic
lactose-fermenting coliform colonies were further purified on
BTB and subjected to species identification by MALDI-TOF mass
spectrometry (19, 20).

As reference, the representative collection of E. coli strains
(n = 170) isolated from ceacal content of slaughtered healthy
poultry by the NRL (National Food Chain Safety Office,
Hungary) in 2017 was used for comparison. This collection
represented 113 broiler farms from 16 slaughterhouses in 6
counties of Hungary.

Phenotypic Methods

Serotyping was carried out by using O-specific immune sera
as described by Qrskov et al. (21) at the National Center of
Epidemiology, Hungary.

Colicin production was tested as described by Abbot et al. (22),
using an E. coli K-12 strain sensitive to a wide range of colicin.

Antibiotic resistance was examined by the disk diffusion
method on Mueller-Hinton agar against 15 antimicrobials
from 10 groups, namely penicillins [ampicillin (10 pg)]; 8-
lactams [amoxicillin (10 pg)]; cephems [cefotaxime (30 g)l;
aminoglycosides [gentamicin (10 pg), kanamycin (30 pg),
streptomycin (10 pg)]; tetracyclines [tetracycline (30 pg)l;
fluoroquinolones [ciprofloxacin (5 pg), enrofloxacin (5 pg)l;
quinolones [nalidixic acid (30 pg)]; folate pathway inhibitors
[trimethoprim (30 pg), sulphonamide (300 pg), trimethoprim +
sulphonamide (1.25 1g/23.75 pg)]; phenicols [chloramphenicol

TABLE 1 | Used primers for PCR with their references.

Genes Primer names and sequences (5'-3') References

eae B52: AGGCTTCGTCACAGTTG (23)
B53: CCATCGTCACCAGAGGA

stx 1 B54: AGAGCGATGTTACGGTTTG (23)
B55: TTGCCCCCAGAGTGGATG

stx 2 B56: TGGGTTTTTCTTCGGTATC (23)
B57: GACATTCTGGTTGACTCTCTT

sta STa-F: TTTATTTCTGTATTGTCTTT (24)
STa-R: ATTACAACACAGTTCACAG

It1 LT1-F: AGCAGGTTTCCCACCGGATCACCA (24)
LT1-R: GTGCTCAGATTCTGGGTCTC

ipaH IPAH Ill: GTTCCTTGACCGCCTTTCCGATACCGTC  (25)
IPAH IV: GCCGGTCAGCCACCCTCTGAGAGTAC

aggR aggR-3: CATCTCTTTGATAAGTCCTTCTCG (26)
aggRks-1: GTATACACAAAAGAAGGAAGC

bfoA EP1: AATGGTGCTTGCGCTTGCTGC 27)
EP2: GCCGCTTTATCCAACCTGGTA

eaf Eaf1: CAGGGTAAAAGAAAGATGATAA (28)
Eaf2: TATGGGGACCATGTATTATCA

perA K1693: CCCAAGCTTTGGCAATGTTCCTTGTGT (29
perA-24F: AACAAACGCGCATGAAGGTG

tir tirY474-F: CATATTTATGATGAGGTCGCTC (30)
tirS478-F: TCTGTTCAGAATATGGGGAATA
tirR: TAAAAGTTCAGATCTTGATGACAT

ler ler-fw: GACCAGGTCTGCCCTTCTTC designed in

this study?®

ler-rev: GACTGCGAGAGCAGGAAGTT

mcr1 CLR5F: CGGTCAGTCCGTTTGTTC (31)
CLR5R: CTTGGTCGGTCTGTAGGG

ChuA ChuA.1: GACGAACCAACGGTCAGGATACGGT (32)
CAGGAT
ChuA.2: TGCCGCCAGTACCAAAGACA

YjaA YjaA.1: TGAAGTGTCAGGAGACGCTG (32)
YjaA.2: ATGGAGAATGCGTTCCTCAAC

TSpE4C2  TspE4C2.1: GAGTAATGTCGGGGCATTCA (32)

TspE4C2.2: CGCGCCAACAAAGTATTACG

aUsing BLAST (National Center of Biotechnology Information, U.S. National Library
of Medicine).
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(30 pg)l; nitrofurans [nitrofurantoin (300 pg)]. The standard
evaluation protocol (M100-S25) of the Clinical and Laboratory
Standards Institute (33) was followed throughout the procedure.
The isolates were classified by the recorded zone diameter into a
sensitive or a resistant group.

DNA Methods

Genotypic Characterization of Isolates

Each isolated Escherichia coli was inoculated into 2 ml LB (Luria-
Bertani) broth and incubated overnight at 37°C. DNA templates
were performed with boiling method from these cultures. The
pellets of 100 pl bacterial cultures were resuspended in 100 pl
distilled water and boiled for 10 min. These suspensions were
sedimented by centrifugation and the supernatants were used as
template for PCR reaction.

Escherichia coli isolates were screened for the presence of
virulence genes by PCR using published pathotype-specific
primers and for detecting the LEE-encoded regulator ler gene
which were designed in this study (with 60°C annealing
temperature and amplicon size of 172 bp) by primer-BLAST
(National Center of Biotechnology Information, U.S. National
Library of Medicine). Details of used primers were summarized
in Table 1.

Phylogenetic Classification

Phylogenetic groups of E. coli isolates were determined by
multiplex PCR (ChuA, YjaA, TspE4C2) described by Clermont
etal. (32).

Statistical Analysis

The 95% confidence intervals of frequencies were determined
by Epitools (Epitools epidemiological calculators) to calculate
their estimated frequencies (34). The comparison of proportions
were performed with Fischer’s exact test (with 95% confidence
intervals) by R statistical program (35).

RESULTS

Bacterial Strains and Their Genetic

Examination

Altogether 118 E. coli strains were isolated from 114 individual
samples from poultry and 4 from slaughterhouse wastewater
using MALDI-TOF identification. None of these E. coli isolates
produced colicin. To explore the zoonotic potential of E. coli
isolates, they were screened by PCR for the presence of
pathotype-specific genes (eae for EPEC; eae and stx for EHEGC;
aggR for EAEC; st, It for ETEC and ipaH for EIEC). A total
of 35 strains (29.66%, 95% CI: 22.17-38.44%) from the SH (18
out of 57 from intestine, 16 out of 57 from carcass, 1 out of
4 from wastewater) and 48 strains (28.24%, 95% CI: 22.01-
35.42%) from the NRL collection were proven to harbor the eae
gene. No other pathotype-specific marker gene could be detected
in the collection. The EPEC isolates uniformly harbored the
tyrosine phosphorylated tir (30) and ler (LEE encoded regulator)
genes (36). Further characterization of the EPEC poultry strains
revealed that they are atypical EPEC (aEPEC) since the bfp

70%

60%

50%

40%

30%

20%

10%

SH eae+ (n=35)

phylogenetic groups.

NRL eae+ (n=48)

EHA &Bl mB2 mD

FIGURE 1 | Distribution of the phylogenetic groups of isolates. SH, slaughterhouse; NRL, National Reference Laboratory; eae, intimin gene; A, B1, B2; D, main

B2

NRL eae- (n=122)

SH eae- (n=83)

Frontiers in Veterinary Science | www.frontiersin.org

August 2020 | Volume 7 | Article 511


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Adorjan et al.

Frequent Poultry MDR aEPEC

TABLE 2 | Antibiotic resistance patterns of collected aEPEC strains with their
origins, phylogenetic groups (ECOR) and O serogroups.

Origin Serogroup ECOR Resistance pattern n=
2016
Caecum 0108 B2 aNFT,SMX 1
Carcass NT A PNFT,SMX 1
Caecum 0108 B2 PNAL,NFT,SMX 4
Carcass 0108 B2 ONAL,NFT,SMX 2
Caecum 0108 B2 CTX,NFT,SMX 2
Caecum 0108 B2 CTX,NAL,NFT,SMX 1
Caecum NT B2 CTX,GEN,NAL,NFT,SMX 1
Carcass 014 A AMP,CTX,NAL,NFT,SMX 1
2017
Caecum 014 A CTX,GEN,KAN,NAL,SMX,STR 1
Carcass 014 A AMX,CTX,GEN,NAL,SMX,STR 1
Caecum 014 A CAMX,CTX,GEN,KAN,NAL,SMX,STR 2
Carcass 014 A CAMX,CTX,GEN,KAN,NAL,SMX,STR 2
Carcass 014 A AMP,CTX,KAN,NAL,SMX,STR 1
Caecum 014 A dAMP,CTX,GEN,KAN,NAL,SMX,STR 3
Carcass 014 A dAMP,CTX,GEN,KAN,NAL,SMX,STR 4
Sewage 045 D AMP,AMX,CTX,KAN,NAL,SMX,STR, 1
SXT, TET, TMP
Carcass 014 B2 AMP,AMX,CIP,CTX,ENR,GEN,NAL,
SMX,STR,SXT, TMP
Caecum NT A AMP,AMX,CTX,GEN,KAN,SMX,STR 1
Caecum 014 A CAMP,AMX,CTX,GEN,KAN,NAL, 1
NFT,SMX,STR
Carcass 014 A eAMP,AMX,CTX,GEN,KAN,NAL, 2
NFT,SMX,STR
Caecum 014 A TAMPAMX,CTX,GEN,KAN,NAL,SMX,STR 1
Carcass 014 A AMPAMX,CTX,GEN,KAN,NAL,SMX,STR 1

ECOR, phylogenetic group; 3same resistance pattern with different ECOR; ?¢9.¢/have
similar resistance pattern with different origin;, NT, not typable; AMX, amoxicillin; AMP,
ampicillin; CTX, cefotaxime; CIF, ciprofloxacin; ENR, enrofloxacin; GEN, gentamicin;
KAN, kanamycin; CHL, chloramphenicol; NAL, nalidixic acid; NFT, nitrofurantoin;
TET, tetracycline; STR, streptomycin; TMR, trimethoprim; SMX, sulphonamide; SXT,
sulphonamide + trimethoprim.

and perA genes and their coding EAF plasmid were uniformly
absent (37).

Non-EPEC and aEPEC strains differed in the composition of
phylogenetic groups in each collection. Escherichia coli isolates
from SH were belonging to A (28%, 95% CI: 19.23-38.16%), B1
(28%, 95% CI: 19.23-38.16%), B2 (2%, 95% CI: 0.66-8.37%), D
(42%, 95% CI: 32.12-52.91%) phylogenetic groups as non-EPEC
strains (n = 83) and A (63%, 95% CI: 46.34-76.83%), B1 (0%,
95% CI: 0.00-9.89%), B2 (34%, 95% CI: 20.83-50.85%), D (3%,
95% CI: 0.51-14.53%) phylogenetic groups as aEPEC strains (n
= 35). Isolates from the NRL were belonging to A (50%, 95% CI:
41.26-58.74%), B1 (23%, 95% CI: 16.38-31.17%), B2 (3%, 95%
CI: 1.28-8.13%), D (24%, 95% CI: 17.09-32.05%) phylogenetic
groups as non-EPEC strains (n = 122) and A (67%, 95% CI:
52.54-78.32%), B1 (10%, 95% CI: 4.53-22.17%), B2 (17%, 95%
CI: 8.70-29.58%), D (6%, 95% CI: 2.15-16.84%) phylogenetic
groups as aEPEC strains (n = 48) (Figure 1).

We found significance (p < 0.05) comparing phylogenetic
groups of non-EPEC and aEPEC strains by Fischer’s exact
test except comparison of Bl and D phylogenetic groups,
where the proportions are almost the same in the two
groups. Therefore, these statistical results confirm that the
pathogenicity of Escherichia coli has influence on the proportion
of phylogenetic groups.

Serogroups of aEPEC

The O antigen production of aEPEC strains from the SH was
determined. The aEPEC isolates were found to belong to diverse
serogroups, namely O14, 045, and 0108. In samples from the
year 2016, 0108 was the dominant serogroup (10 out of 13),
one O14 strain was identified in carcass, while two strains were
non-typable (NT). Among strains from the year 2017, O14
was dominant (20 out of 22), one strain belonged to the 045
serogroup (wastewater) and one strain was N'T (Table 2).

Antibiotic Resistance

The antimicrobial sensitivity of poultry EPEC isolates was tested
against 15 antibiotics representing 10 groups, as described in the
Materials and methods. The frequency of antimicrobial resistance
and the antibiotic resistance patterns are shown in Figure 2 and
in Tables 2, 3, respectively.

Frequency of antibiotic resistance among aEPEC (n = 35)
originating from the SH changed between 2016 and 2017. In
2016, aEPECs (n = 13) were resistant to antibiotics belonging
to 6 antibiotic groups, and all of them were resistant to
sulphonamide (SMX) and nitrofurantoin (NFT). In 2017, aEPEC
isolates (n = 22) were resistant to 9 antibiotic groups (except
chloramphenicol), and all of them were resistant to cefotaxime
(CTX), streptomycin (STR), and sulphonamide (SMX). Atypical
EPEC strains from the NRL collection were resistant to 10
antibiotic groups where sulphonamide and amoxicillin resistance
had the highest (98 and 94%, respectively), while nalidixic acid
and chloramphenicol resistance had the lowest (1 and 4%,
respectively) frequency (Figure 2).

Besides their wide variety of resistance, the aEPEC strains
exhibited a high frequency of multidrug resistance (MDR) where
they were resistant against at least three antibiotics. The overall
frequency of MDR was 94 and 98% at the SH and in the NRL
collection, respectively. The aEPEC strains showed 18 and 41
different resistance patterns at the SH (n = 35) and in the NRL
collection (n = 48), respectively (Tables 2, 3).

None of the isolated strains had colistin resistance, as
confirmed by the absence of the mcrl gene encoding colistin
resistance (31).

DISCUSSION

In the present study, by investigating a total of 288 Escherichia coli
strains isolated from poultry, 83 aEPEC strains were identified
and characterized in Hungary. Interestingly, the distribution of
pathotypes found in the samples differed from other published
results. In previous studies, the main DEC pathotypes isolated
from poultry and poultry products from retail markets were
aEPEC, EHEC, ETEC, and EAEC (10, 11, 15-17); however,
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FIGURE 2 | Frequency of antibiotic resistance among aEPEC strains. SH, slaughterhouse, NRL, National Reference Laboratory.

their frequency and ranking were found to be very variable (the
frequency of aEPEC was between 2.3 and 56%). In our study
the recorded frequency of aEPEC was around 30% (35 out of
118) in samples from the slaughterhouse and 28% (48 out of
170) in the NRL collection, and these values were in harmony
with the frequency published earlier. Nonetheless, we could
not identify any other pathotypes either from our 118 isolates
or from the NRL collection. We suppose that this difference
from the results of other authors is attributable to the fact
that our samples originated directly from poultry, thus avoiding
the possible cross-contamination from other meat or animal
sources which can easily occur under retail market conditions.
We presume that mixing of the meat bacteriota could occur
during handling and alter the frequency of pathotypes found
in retail market samples and in poultry-related products. The
fact that cattle, sheep and pigs act as the main sources of EHEC
and ETEC strains can further support this assumption (23, 38).
Furthermore, we suppose that the isolation of stx2-positive E. coli
from poultry in some previous studies (16, 39, 40) could be due
to a possible contact with pigeons that frequently carry stx2f-
positive E. coli (16, 41). Therefore, we think that poultry mainly
carry aEPEC.

Investigation of slaughterhouse wastewater for the presence of
any pathogenic E. coli strains, we also successfully identified an
aEPEC strain (O45 serogroup and D phylogenetic group) from
it. This finding reveals the possibility of other contamination
sources in the SH than poultry, because it differs from other
aEPEC phylogenetic and serogroups found in the same SH.
Nonetheless, the contamination of wastewater proves that it

can carry this pathogen from the slaughterhouse into the
environment, thus posing an environmental hazard.

Investigating the genetic background, the capability of
enterocyte effacement we found in all own isolated aEPEC strains
that they possessed ler as LEE (Locus of enterocyte effacement)
regulator gene and tir (translocated intimin receptor) beside
carrying intimin gene. These two genes have major role in the
process of enterocyte effacement by EPEC strains, especially in
the adherence of intimin to the intestinal cell wall. Therefore,
we suppose that these strains have capability to cause the
characteristical enterocyte effacement.

Comparing the phylogenetic groups of aEPEC and non-EPEC
strains, a shift toward the B2 group (24% comparing with 3%)
and less Bl group (6% comparing with 25%) were seen for
the aEPEC strains. B2 phylogenetic group has an importance
because the EXPEC strains mainly belong to this group which
strains mean more risk for possible zoonotic infection. At the
same time, our aEPEC strains were very heterogeneous as all the
four main phylogenetic groups were represented in our samples.
This is in harmony with earlier results (17, 42) and supports
the assumption regarding the heterogeneity of aEPEC strains
(8, 37). The serogroups of the aEPEC strains also proved to be
diverse: three different groups (014, 045, O108) were identified,
none of which belonged to the commonly demonstrated aEPEC
serogroups (42). This finding further supports the notion that
aEPEC strains are variable. However, each of the broiler flocks
sampled yielded almost single and uniform serogroup.

Unfortunately, there was no information about the used
antibiotics of sampled farms in years 2016 and 2017. However,
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TABLE 3 | Antibiotic resistance patterns of aEPEC strains from the NRL collection
with their phylogenetic groups (ECOR).

AMPAMX,GEN,NFT,KAN,SMX A
AMPAMX,GEN,KAN,NAL A
AMPAMX,GEN,CTX,NAL,STR,SMX A
AMPAMX,GEN,CIP,CTX,ENR,NFT,NAL,SMX, TMP, TET D
AMPAMX,CTX,NFT,NAL,STR,SMX, TET A

Resistance pattern ECOR n=
NAL,SMX A 1
GEN,NALNFT.SMX, TET B2 1
AMX,NFT,SMX A 1
AMX,NAL,NFT,SMX A 1
AMX,KAN,NAL,SMX,STR,SXT, TMP B1 1
AMX,GEN,NAL,SMX A 1
AMX,GEN,NAL,NFT,SMX B2 1
9AMX,GEN,KAN,NAL,NFT,SMX, TET A 2
AMX,GEN,CTX,NFT,NAL,SMX, TET A 1
AMX,CTX,SMX D 1
AAMX,CTX,KAN,NAL,SMX A 1
AAMX,CTX,KAN,NAL,SMX B2 1
9 AMX,CTX,KAN,NAL,NFT,SMX A 4
AMX,CTX,GEN,KAN,NFT,SMX,STR,TET A 1
AMX,CTX,GEN,KAN,NAL,NFT,SMX,STR A 1
AMX,CIP,GEN,CTX,NFT,NAL,STR,SMX,SXT B2 1
AMX,CIP,GEN,CTX,ENR,NFT,NAL,STR,SMX A 1
AMX,CIP.ENR,NAL,NFT,SMX A 1
AMX,CIP,ENR,KAN,NAL,SMX, TET B2 1
AMX,CIP,CTX,GEN,NAL,NFT,SMX A 1
AMX,CIP,CTX,ENR,NFT,NAL,STR,SMX B2 1
AMX,CIP,CTX,ENR,KAN,NFT,SMX,STR,SXT, TET,TMP A 1
AMX,CIP,CTX,ENR,GEN,KAN,NAL,NFT,SMX,STR A 1
AMX,CIP,CTX,ENR,GEN,KAN,NAL,NFT,SMX A 1
AMP,CHL,GEN,CIP,CTX,ENR,NFT,NAL,SMX, TET A 1
AMP,AMX,NAL,SMX A 1
AMP,AMX,KAN,NAL,SMX,STR A 1
AMP AMX,KAN,NAL,SMX B2 1
1
1
1
1
1
AMPAMX,CTX,NFT,NAL,STR,SMX B1 1
> AMP,AMX,CTX,KAN,NAL,SMX A 1
5 AMP,AMX,CTX,KAN,NAL,SMX B1 1
CAMP,AMX,CTX,GEN,NAL,NFT,SMX A 1
CAMP AMX,CTX,GEN,NAL,NFT,SMX B1 1
AMPAMX,CTX,GEN,KAN,NFT,SMX,STR,SXT,TMP B1 1
AMP,AMX,CTX,GEN,KAN,NFT,NAL,SMX A 1
AMPAMX,CIR,GEN,CTX,ENR,NFT,NAL,STR,SMX,SXT,TET,TMP D 1
AMP,AMX,CIP,ENR,GEN,NAL,NFT,SMX A 1
AMP,AMX,CIP,CTX,GEN,KAN,NAL,NFT,STR,SMX B2 1
AMP,AMX,CHL,ENR,GEN,KAN,NAL,SMX,STR,TET A 1

ECOR, phylogenetic group; 2P€same resistance pattern with different ECOR;
9have different origin of sample isolation; AMX, amoxicillin; AMP ampicillin; CTX,
cefotaxime; CIF, ciprofloxacin;, ENR, enrofloxacin; GEN, gentamicin; KAN, kanamycin;
CHL, chloramphenicol; NAL, nalidixic acid; NFT, nitrofurantoin; TET, tetracycline;
STR, streptomycin; TMP, trimethoprim; SMX, sulphonamide; SXT, sulphonamide
+ trimethoprim.

the existence and increase of antibiotic resistance poses a
major problem in both public health and veterinary practice.
The antimicrobial resistance results obtained in this study are
in harmony with the previously reported high frequency of
resistance in aEPEC isolates (40, 43-47). Only 2 out of our
35 aEPEC isolates and 1 out of the 48 aEPEC strains in the
NRL collection were not multidrug resistant. The remainder of
the aEPEC isolates were resistant to several antibiotic groups
and showed highly diverse antimicrobial resistance patterns,
even in birds within the same flock. This poses the potential
risk of spread of antimicrobial resistance to humans via their
contact with poultry (48). It may also cause the lack of efficacy
of antibiotic treatments performed in the everyday veterinary
practice, because of gene shifting with the translocation of
resistance genes among bacteria. The correlations found between
aEPEC co-infections and the severity and outcome of diarrhea
in animals (12, 49) further increase the importance of the high
frequency of MDR found by us in aEPEC strains, as they might
serve as a reservoir of resistance genes for other bacteria.

The results of this study indicate that the high frequency
of aEPEC in intensively reared broilers and on their carcass
surface, with frequent MDR to several antibiotic groups, raises
the possibility that these strains pose a zoonotic risk to
humans. Furthermore, it could be the reason the emergence
of new multidrug-resistant bacteria in the last few years
as well.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation, to any
qualified researcher.

AUTHOR CONTRIBUTIONS

AA performed most of the steps of experimental work. LM
and S] took part in the sample collection and their isolation.
TM evaluated the O serogroups of the isolates. LK and IT took
part in the coordination of experimental work and all of them
participated in the writing of this scientific paper. All authors
contributed to the article and approved the submitted version.

FUNDING

This work was supported by the European Union and co-
financed by the European Social Fund (Grant agreement no:
EFOP-3.6.1-16-2016-00024), the Hungarian National Research,
Development and Innovative Office (NKFIH, Grant no: 124335).

ACKNOWLEDGMENTS

AA would like to thank Domonkos Svéb, Béla Nagy, and
Annamaria Szmolka for their technical advice, guidance and
valuable support during his PhD work.

Frontiers in Veterinary Science | www.frontiersin.org

August 2020 | Volume 7 | Article 511


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Adorjan et al.

Frequent Poultry MDR aEPEC

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Ewers C, Antdo EM, Diehl I, Philipp HC, Wieler LH. Intestine and

environment of the chicken as reservoirs for extraintestinal pathogenic
Escherichia coli strains with zoonotic potential. Appl Environ Microbiol. (2009)
75:184-92. doi: 10.1128/AEM.01324-08

. Bélanger L, Garenaux A, Harel J, Boulianne M, Nadeau E, Dozois CM.

Escherichia coli from animal reservoirs as a potential source of human
extraintestinal pathogenic E. coli. FEMS Immunol Med Microbiol. (2011)
62:1-10. doi: 10.1111/§.1574-695X.2011.00797.x

. Manges AR. Escherichia coli and urinary tract infections: the role of poultry-

meat. Clin Microbiol Infect. (2016) 22:122-9. doi: 10.1016/j.cmi.2015.11.010

. Stromberg ZR, Johnson JR, Fairbrother JM, Kilbourne J, Van Goor A, Curtiss

R, et al. Evaluation of Escherichia coli isolates from healthy chickens to
determine their potential risk to poultry and human health. PLoS ONE. (2017)
12:€0180599. doi: 10.1371/journal.pone.0180599

. Collignon P, Aarestrup FM, Irwin R, McEwen S. Human deaths and third-

generation cephalosporin use in poultry, Europe. Emerg Infect Dis. (2013)
19:1339-40. doi: 10.3201/eid1908.120681

. Kaper JB, Nataro JP, Mobley HLT. Pathogenic Escherichia coli. Nat Rev

Microbiol. (2004) 2:123-40. doi: 10.1038/nrmicro818

. Frank C, Werber D, Cramer JP, Askar M, Faber M, an der Heiden M, et al.

Epidemic profile of shiga-toxin-producing Escherichia coli 0104:H4 outbreak
in Germany. N Engl ] Med. (2011) 365:1771-80. doi: 10.1056/NEJMoal106483

. Hernandes RT, Elias WP, Vieira MAM, Gomes TAT. An overview of atypical

enteropathogenic Escherichia coli. FEMS Microbiol Lett. (2009) 297:137-49.
doi: 10.1111/j.1574-6968.2009.01664.x

. China B, Goffaux F Pirson V, Mainil J. Comparison of eae, tir, espA and

espB genes of bovine and human attaching and effacing Escherichia coli by
multiplex polymerase chain reaction. FEMS Microbiol Lett. (1999) 178:177-
82. doi: 10.1111/j.1574-6968.1999.tb13775.x

Krause G, Zimmermann S, Beutin L. Investigation of domestic animals and
pets as a reservoir for intimin- (eae) gene positive Escherichia coli types. Vet
Microbiol. (2005) 106:87-95. doi: 10.1016/j.vetmic.2004.11.012

Lee GY, Jang HI, Hwang IG, Rhee MS. Prevalence and classification
of pathogenic Escherichia coli isolated from fresh beef, poultry,
and pork in Korea. Int ] Food Microbiol. (2009) 134:196-200.
doi: 10.1016/j.ijffoodmicro.2009.06.013

Watson VE, Jacob ME, Flowers JR, Strong SJ, Debroy C, Gookin JL.
Association of atypical enteropathogenic Escherichia coli with diarrhea
and related mortality in kittens. J Clin Microbiol. (2017) 55:2719-35.
doi: 10.1128/JCM.00403-17

Lavicie RA, André VB, Joio RCA, Tania ATG, Marise DA, Caio AMA,
et al. Zoonotic potential of atypical enteropathogenic Escherichia coli (aEPEC)
isolated from puppies with diarrhoea in Brazil. Vet Microbiol. (2018) 227:45-
51. doi: 10.1016/j.vetmic.2018.10.023

Kariuki S, Gilks C, Kimari J, Muyodi J, Getty B, Hart CA. Carriage of
potentially pathogenic Escherichia coli in chickens. Avian Dis. (2002) 46:721-
4. doi: 10.1637/0005-2086(2002)046[0721: COPPEC]2.0.CO;2

Alonso MZ, Padola NL, Parma AE, Lucchesi PMA. Enteropathogenic
Escherichia coli contamination at different stages of the chicken slaughtering
process. Poult Sci. (2011) 90:2638-41. doi: 10.3382/ps.2011-01621

Doregiraee F, Alebouyeh M, Fasaei BN, Charkhkar S, Tajedin E, Zali MR.
Isolation of atypical enteropathogenic and shiga toxin encoding Escherichia
coli strains from poultry in Tehran, Iran. Gastroenterol Hepatol Bed Bench.
(2016) 9:53-7.

Wang L, Nakamura H, Kage-Nakadai E, Hara-Kudo Y, Nishikawa Y.
Prevalence, antimicrobial resistance and multiple-locus variable-number
tandem-repeat analysis profiles of diarrheagenic Escherichia coli isolated
from different retail foods. Int ] Food Microbiol. (2017) 249:44-52.
doi: 10.1016/j.ijffoodmicro.2017.03.003

Mora A, Viso S, Lépez C, Alonso MP, Garcia-Garrote E Dabhi G,
et al. Poultry as reservoir for extraintestinal pathogenic Escherichia coli
045: Kl1: H7-B2-ST95 in humans. Vet Microbiol. (2013) 167:506-12.
doi: 10.1016/j.vetmic.2013.08.007

Biswas S, Rolain JM. Use of MALDI-TOF mass spectrometry for identification
of bacteria that are difficult to culture. ] Microbiol Methods. (2013) 92:14-24.
doi: 10.1016/j.mimet.2012.10.014

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Paauw A, Jonker D, Roeselers G, Heng JME, Mars-Groenendijk RH, Trip
H, et al. Rapid and reliable discrimination between Shigella species and
Escherichia coli using MALDI-TOF mass spectrometry. Int ] Med Microbiol.
(2015) 305:446-52. doi: 10.1016/j.ijmm.2015.04.001

Qrskov F, Qrskov I. Serotyping of Escherichia coli. Methods Microbiol. (1984)
14:43-112. doi: 10.1016/S0580-9517(08)70447-1

Abbott JD, Shannon R. A new method for typing Shigella sonnei using colicin
production as a marker. J Clin Path. (1958) 11:71-77. doi: 10.1136/jcp.11.1.71
China B, Pirson V, Mainil ]J. Typing of bovine attaching and
effacing  Escherichia coli by multiplex in vitro amplification of
virulence-associated genes. Appl Environ Microbiol. (1996) 62:3462-5.
doi: 10.1128/AEM.62.9.3462-3465.1996

Rajkhowa S, Hussain I, Rajkhowa C. Detection of heat-stable and heat-labile
enterotoxin genes of Escherichia coli in diarrhoeic faecal samples of mithun
(Bos frontalis) calves by polymerase chain reaction. ] Appl Microbiol. (2009)
106:455-8. doi: 10.1111/§.1365-2672.2008.04013.x

Echeverria P, Sethabutr O, Venkatesan M, Murphy GS, Eampokalap B,
Hoge CW. Detection of Shigellae and enteroinvasive Escherichia coli by
amplification of the invasion plasmid antigen H DNA sequence in patients
with dysentery. ] Infect Dis. (1993) 167:458-61. doi: 10.1093/infdis/167.
2.458

Kimata K, Shima T, Shimizu M, Tanaka D, Isobe J, Gyobu Y, et al. Rapid
categorization of pathogenic Escherichia coli by multiplex PCR. Microbiol
Immunol. (2005) 49:485-92. doi: 10.1111/j.1348-0421.2005.tb03752.x
Gunzburg ST, Tornieporth NG, Riley LW. Identification of enteropathogenic
Escherichia coli by PCR-based detection of the bundle-forming pilus gene. J
Clin Microbiol. (1995) 33:1375-7. doi: 10.1128/JCM.33.5.1375-1377.1995
Franke ], Franke S, Schmidt H, Schwarzkopf A, Wieler LH, Baljer G, et al.
Nucleotide sequence analysis of enteropathogenic Escherichia coli (EPEC)
adherence factor probe and development of PCR for rapid detection of
EPEC harboring virulence plasmids. J Clin Microbiol. (1994) 32:2460-3.
doi: 10.1128/JCM.32.10.2460-2463.1994

Teixeira NB, Rojas TCG, Da Silveira WD, Matheus-Guimaraes C, Silva NP,
Scaletsky ICA. Genetic analysis of enteropathogenic Escherichia coli (EPEC)
adherence factor (EAF) plasmid reveals a new deletion within the EAF probe
sequence among O119 typical EPEC strains. BMC Microbiol. (2015) 15:200.
doi: 10.1186/s12866-015-0539-9

Frohlicher E, Krause G, Zweifel C, Beutin L, Stephan R. Characterization of
attaching and effacing Escherichia coli (AEEC) isolated from pigs and sheep.
BMC Microbiol. (2008) 8:144. doi: 10.1186/1471-2180-8-144

Liu YY, Wang Y, Walsh TR, Yi LX, Zhang R, Spencer J, et al. Emergence
of plasmid-mediated colistin resistance mechanism MCR-1 in animals and
human beings in China: a microbiological and molecular biological study.
Lancet Infect Dis. (2016) 16:161-8. doi: 10.1016/51473-3099(15)00424-7
Clermont O, Bonacorsi S, Bingen E. Rapid and simple determination of the
Escherichia coli phylogenetic group. Appl Environ Microbiol. (2000) 66:4555-
8. doi: 10.1128/AEM.66.10.4555-4558.2000

Wayne, PA. Performance Standards for Antimicrobial Susceptibility Testing.
25th ed. CLSI supplement M100S. Clinical and Laboratory Standards Institute
(2015).

Epitools Epidemiological Calculators, Ausvet Pty Ltd (2019). Available online
at: http://epitools.ausvet.com.au (accessed December 17, 2019).

R Core Team. R Foundation for Statistical Computing. R: A Language and
Environment For Statistical Computing. Vienna (2020). Available online
at: https://www.R-project.org/.

Mellies JL, Benison G, McNitt W, Mavor D, Boniface C, Larabee FJ.
Ler of pathogenic Escherichia coli forms toroidal protein-DNA complexes.
Microbiology. (2011) 157:1123-33. doi: 10.1099/mic.0.046094-0

Trabulsi LR, Keller R, Gomes TAT. Typical and atypical
enteropathogenic Escherichia coli. Emerg Infect Dis. (2002) 8:508-13.
doi: 10.3201/eid0805.010385

Dubreuil JD, Isaacson RE, Schifferli DM. Animal enterotoxigenic
Escherichia coli. EcoSal Plus. (2016) 7:10.1128/ecosalplus.ESP-0006-2016.
doi: 10.1128/ecosalplus.ESP-0006-2016

Farooq S, Hussain I, Mir MA, Bhat MA, Wani SA. Isolation of atypical
enteropathogenic Escherichia coli and shiga toxin 1 and 2f-producing
Escherichia coli from avian species in India. Lett Appl Microbiol. (2009)
48:692-7. doi: 10.1111/j.1472-765X.2009.02594.x

Frontiers in Veterinary Science | www.frontiersin.org

August 2020 | Volume 7 | Article 511


https://doi.org/10.1128/AEM.01324-08
https://doi.org/10.1111/j.1574-695X.2011.00797.x
https://doi.org/10.1016/j.cmi.2015.11.010
https://doi.org/10.1371/journal.pone.0180599
https://doi.org/10.3201/eid1908.120681
https://doi.org/10.1038/nrmicro818
https://doi.org/10.1056/NEJMoa1106483
https://doi.org/10.1111/j.1574-6968.2009.01664.x
https://doi.org/10.1111/j.1574-6968.1999.tb13775.x
https://doi.org/10.1016/j.vetmic.2004.11.012
https://doi.org/10.1016/j.ijfoodmicro.2009.06.013
https://doi.org/10.1128/JCM.00403-17
https://doi.org/10.1016/j.vetmic.2018.10.023
https://doi.org/10.1637/0005-2086(2002)046[0721:COPPEC]2.0.CO;2
https://doi.org/10.3382/ps.2011-01621
https://doi.org/10.1016/j.ijfoodmicro.2017.03.003
https://doi.org/10.1016/j.vetmic.2013.08.007
https://doi.org/10.1016/j.mimet.2012.10.014
https://doi.org/10.1016/j.ijmm.2015.04.001
https://doi.org/10.1016/S0580-9517(08)70447-1
https://doi.org/10.1136/jcp.11.1.71
https://doi.org/10.1128/AEM.62.9.3462-3465.1996
https://doi.org/10.1111/j.1365-2672.2008.04013.x
https://doi.org/10.1093/infdis/167.2.458
https://doi.org/10.1111/j.1348-0421.2005.tb03752.x
https://doi.org/10.1128/JCM.33.5.1375-1377.1995
https://doi.org/10.1128/JCM.32.10.2460-2463.1994
https://doi.org/10.1186/s12866-015-0539-9
https://doi.org/10.1186/1471-2180-8-144
https://doi.org/10.1016/S1473-3099(15)00424-7
https://doi.org/10.1128/AEM.66.10.4555-4558.2000
http://epitools.ausvet.com.au
https://www.R-project.org/
https://doi.org/10.1099/mic.0.046094-0
https://doi.org/10.3201/eid0805.010385
https://doi.org/10.1128/ecosalplus.ESP-0006-2016
https://doi.org/10.1111/j.1472-765X.2009.02594.x
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Adorjan et al.

Frequent Poultry MDR aEPEC

40.

41.

42.

43.

44.

45.

46.

Bagheri M, Ghanbarpour R, Alizade H. Shiga toxin and beta-lactamases
genes in Escherichia coli phylotypes isolated from carcasses of broiler
chickens slaughtered in Iran. Int ] Food Microbiol. (2014) 177:16-20.
doi: 10.1016/j.ijffoodmicro.2014.02.003

Kobayashi H, Pohjanvirta T, Pelkonen S. Prevalence and characteristics of
intimin-and shiga toxin-producing Escherichia coli from gulls, pigeons and
broilers in Finland. J Vet Med Sci. (2002) 64:1071-3. doi: 10.1292/jvms.64.1071
Tramuta C, Robino P, Nebbia P. Phylogenetic background of attaching and
effacing Escherichia coli isolates from animals. Vet Res Commun. (2008)
32:433-7. doi: 10.1007/s11259-008-9042-1

Croxen MA, Law R], Scholz R, Keeney KM, Wlodarska M, Finlay BB. Recent
advances in understanding enteric pathogenic Escherichia coli. Clin Microbiol
Rev. (2013) 26:822-80. doi: 10.1128/CMR.00022-13

Depoorter P, Persoons D, Uyttendaele M, Butaye P, De Zutter L, Dierick K,
etal. Assessment of human exposure to 3rd generation cephalosporin resistant
E. coli (CREC) through consumption of broiler meat in Belgium. Int ] Food
Microbiol. (2012) 159:30-8. doi: 10.1016/j.iffoodmicro.2012.07.026

Yanmei X, Hui S, Xiangning B, Shanshan F, Ruyue F Yanwen X.
Occurrence  of multidrug-resistant and  ESBL-producing atypical
enteropathogenic Escherichia coli in China. Gut Pathog. (2018) 10:8.
doi: 10.1186/513099-018-0234-0

Yu Z, Xuhui Z, Hongyan H, Yanfang L, Jing Y, Lie M, et al. Characteristics
of diarrheagenic Escherichia coli among children under 5 years of age
with acute diarrhea: a hospital based study. BMC Infect Dis. (2018) 18:63.
doi: 10.1186/512879-017-2936-1

47.

48.

49.

Wang L, Nakamura H, Kage-Nakadai E, Hara-Kudo Y, Nishikawa Y,
Nishikawa Y. Comparison by multilocus variable-number tandem repeat
analysis and antimicrobial resistance among atypical enteropathogenic
Escherichia coli strains isolated from food samples and human and animal
faecal specimens. J Appl Microbiol. (2016) 122:268-78. doi: 10.1111/jam.
13322

Mellata M. Human and avian extraintestinal pathogenic Escherichia coli:
infections, zoonotic risks, and antibiotic resistance trends. Foodborne Pathog
Dis. (2013) 10:916-32. doi: 10.1089/fpd.2013.1533

Pakpinyo S, Ley DH, Barnes HJ, Vaillancourt JP, Guy JS. Prevalence
of enteropathogenic in naturally occurring cases
of poult enteritis-mortality syndrome. Avian Dis. (2002) 46:360-9.
doi: 10.1637/0005-2086(2002)046[0360:POEECI]2.0.CO;2

Escherichia  coli

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Adorjdn, Makrai, Mag, Janosi, Konyves and Téth. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

August 2020 | Volume 7 | Article 511


https://doi.org/10.1016/j.ijfoodmicro.2014.02.003
https://doi.org/10.1292/jvms.64.1071
https://doi.org/10.1007/s11259-008-9042-1
https://doi.org/10.1128/CMR.00022-13
https://doi.org/10.1016/j.ijfoodmicro.2012.07.026
https://doi.org/10.1186/s13099-018-0234-0
https://doi.org/10.1186/s12879-017-2936-1
https://doi.org/10.1111/jam.13322
https://doi.org/10.1089/fpd.2013.1533
https://doi.org/10.1637/0005-2086(2002)046[0360:POEECI]2.0.CO;2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	High Frequency of Multidrug-Resistant (MDR) Atypical Enteropathogenic Escherichia coli (aEPEC) in Broilers in Hungary
	Introduction
	Materials and Methods
	Collection of Samples and Isolation of Escherichia coli
	Phenotypic Methods
	DNA Methods
	Genotypic Characterization of Isolates
	Phylogenetic Classification

	Statistical Analysis

	Results
	Bacterial Strains and Their Genetic Examination
	Serogroups of aEPEC
	Antibiotic Resistance

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


