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Pathogenic Escherichia coli is one of the world’s most important zoonotic foodborne
pathogens and poses a serious threat to public health. We examined the prevalence, virulence
genes, and antibiotic resistance profile of Shiga toxin (Stx)-producing E. coli (STEC) isolated from
broiler chickens in the Kafr El-Sheikh governorate, Egypt. A total of 410 samples (230 cloacal
swabs, 180 internal organs) were collected to isolate E. coli. A total of 29 (7.07%) E. coli isolates
were recovered and identified, and 18 of them harbored Stx genes (stx). Out of 18 isolates, five
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(17.24%) carried the stx1 gene, five (17.24%) carried the stx2 gene, four (13.79%) carried both
stx1 and stx2 genes, and four (13.79%) carried stx1, stx2, and eaeA genes. Overall, complete anti-
biotic resistance was observed against amoxicillin, ampicillin, cefpodoxime, and cefoperazone;
high resistance was observed against ampicillin/sulbactam, nalidixic acid, cefuroxime,

STEC aztreonam, ciprofloxacin, ceftriaxone, chloramphenicol, sulfamethoxazole/trimethoprim, and

Virulence

ceftazidime; moderate resistance against gentamicin; low resistance against cefoxitin; lower
resistance was detected against norfloxacin, cefotetan, and amikacin; and the lowest resistance
against imipenem. All E. coli isolates demonstrated multidrug resistance against at least four
antibiotic classes. Out of 29 E. coli isolates, STEC accounted for 18 isolates, of which the 078,
026:H11, 0128:H2, 01:H7, 0119:H6, and 091:H21 serogroups were predominant. All E. coli
isolates were multidrug resistant and therefore pose a potential public health concern as these
virulent, resistant strains may spread to humans. Thus, high levels of hygiene and biosecurity

are required by chicken handlers to decrease the danger of infection spreading to humans.

© 2023 Urmia University. All rights reserved.

Introduction

Infection by Escherichia coli is a serious problem that
can cause a high economic loss for poultry and bird-related
industry enterprises worldwide.! Several different E. coli
infections have been documented including yolk sac
infection, omphalitis, cellulitis, swollen head syndrome,
coligranuloma, and colibacillosis.? Infected poultry is one
of the most important sources of disease transmission, and
infectious diseases caused by pathogens are the main
cause of death of chickens and humans.3 One source of
foodborne diseases in humans is the consumption of
infected broilers.* The four major foodborne diarrheagenic
E. coli pathotypes are enteropathogenic E. coli (EPEC),
enteroinvasive E. coli (EIEC), enterotoxigenic E. coli
(ETEC), and Shiga toxin (Stx)-producing E. coli/entero-
hemorrhagic E. coli/verocytotoxin-producing E. coli (STEC
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/EHEC/VTEC), which are categorized depending on their
virulence determinants, host cell attachment patterns, and
consequences, as well as toxin synthesis and invasiveness
of the bacteria;> E. coli that causes acute infectious
diarrhea in children in developing countries has been
recognized as diarrheagenic E. coli (DEC).6

The STEC isolates are recognized for their capacity to
generate Stxs.” These toxins are key virulence elements
that cause bloody diarrheal disease and can develop into
life-threatening systemic complications such as an acute
renal failure syndrome, referred to as a hemolytic uremic
syndrome (HUS), and central nervous system
abnormalities.? The STEC are an EHEC subgroup that are
most commonly associated with foodborne disease
outbreaks and cause hemorrhagic colitis.” The Stx family
includes two major immunologically non-cross-reactive
groups of toxins, Stx1 and Stx2, whose genes (stx1 and stx2,
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respectively) are encoded on a lysogenic lambdoid
bacteriophage. A single EHEC strain can express one or
both toxins, although stx2 is more effective in inducing
cytotoxicity and more dangerous in the development of
HUS than stx1.1° The pathogenesis of STEC is not primarily
caused by the Stx genes; a number of other virulence
factors encoded by genes located on mobile genetic
elements also play a substantial role.!* A critical virulence
factor is the outer membrane protein called intimin,
encoded by eaeA, which is believed to determine the
formation of attaching and effacing lesions.12

The E. coli 0157:H7 strains have been identified as the
source of outbreaks and sporadic symptomatic and
asymptomatic illnesses globally.® However, other non-
0157 serotypes have also been related to serious human
diseases.1? Currently, there is a global emergence of non-
0157 STEC, which are more prevalent causes of acute
diarrhea than the more well-known 0157 strains and can
create massive outbreaks.” The Centers for Disease Control
and Prevention predicted that 265,000 STEC diseases
occur annually in the United States, with non-0157 STEC
strains accounting for 64.00% of these infections
indicating that non-0157 STEC strains are a serious public
health risk.1* Furthermore, non-0157 STEC are known to
be responsible for 81.00% of all STEC gastroenteritis and
32.00% of STEC-related HUS cases in Germany between
2008 and 2012.> Non-0157 STEC may account for
20.00% to 70.00% of all STEC global infections.1¢

Continued use of antibiotics in farms is believed to be a
low-cost prevention strategy but it increases the factors
contributing to the emergence of antibiotic resistance in
poultry and consequently human food chain.* Additionally,
increasing pathogenicity, virulence,'” and continuing
virulence evolution may all be contributing factors to the
threat posed by antibiotic-resistant bacteria.!® Thus, in
addition to preventing antibiotic resistance, we must also
prevent virulence from spreading.l® However, the rate of
discovery of new antibiotics is slower than the rate of
increased antibiotic resistance raising concerns that there
would eventually be no effective antibiotics available to
treat resistant bacterial infections.20 E. coli isolates were
classified according to their antimicrobial resistance
profiles into pan drug-resistant (PDR) when they showed
resistance to all antibiotics in all antibiotic classes
examined, extensively drug-resistant (XDR) when they are
resistant to all antibiotic classes tested except one or two
antibiotic classes, and multidrug-resistant (MDR) if they
exhibited resistance to at least one antibiotic agent in three
or more antibiotic classes.2! Multidrug resistance (MDR)
occurs when an isolate gains resistance to three or more
antibiotic groups.2! The development of MDR in E. coli
strains has provoked global alarm. MDR bacteria have
been discovered in individual chickens and are believed to
have originated from farms that continue to overuse
antibiotics.2?2 To date, scant research has been conducted

on STEC in broiler chickens; therefore, the primary
objectives of this study were to determine the prevalence
of non-0157 E. coli in broiler chickens in the Kafr El-Sheikh
governorate, Egypt, and their antimicrobial resistance
profile, and to assess the virulence genes of the isolates
using conventional PCR assays.

Materials and Methods

Sample collection. A total of 410 samples were
collected between March and July 2021 from diseased
broiler chickens (1 to 42-days-old) from different localities
in the Kafr El-Sheikh governorate, northern Egypt.
Collected samples included 230 cloacal swabs and 180
internal organ samples (liver, spleen, kidney, gall bladder,
yolk sac, and fresh heart blood). The samples were labeled
and transferred immediately in an icebox to the
bacteriology laboratory at the Faculty of Veterinary
Medicine, Kafrelsheikh University.

Isolation and identification procedures. A loopful
from MacConkey broth (HiMedia, Mumbai, India) of each
sample was streaked onto a Sorbitol MacConkey agar
(HiMedia) and Cefixime Tellurite Sorbitol MacConkey agar
(HiMedia) and was then incubated at 37.00 °C for 18 - 24
hr. Bacterial colonies exhibiting E. coli characteristics were
stained and confirmed as E. coli by using a panel of bio-
chemical tests developed by MacFaddin,?3 which included
gas production, sugar fermentation, motility, urease
production, lysine decarboxylation, IMViC tests (indole,
methyl red, Voges-Proskauer, and citrate utilization tests),
hydrogen sulfide production, gelatin hydrolysis, nitrate
reduction, and detection of ornithine decarboxylase. The
confirmed E. coli isolates were stored in nutrient broth
with 30.00% sterile glycerol at - 80.00 °C.

Serological identification of E. coli. Confirmed
E. coli isolates were serologically identified according to
Kok et al?* by using the rapid diagnostic E. coli antisera
sets (Denka Seiken Co., Ltd., Tokyo, Japan) for diagnosis of
the pathogenic types using polyvalent and monovalent
diagnostic E. coli antisera.

Molecular detection of virulence genes of E. coli. All
confirmed E. coliisolates were subcultured on Luria-Bertani
broth medium (Merck, Darmstadt, Germany). After 18 - 20
hr of incubation at 37.00 °C, genomic DNA was extracted
by boiling as described previously.25 All strains were
examined via multiplex PCR for the stx1, stx2, and eaeA
genes according to Paton and Paton.26 Table 1 summarizes
the primer sequences, target genes, amplicon sizes, and
their relevant references. The E. coli reference strains were
0157:H7 Sakai (positive for stx1, stx2, and eaeA) and K12
DH5a (a nonpathogenic negative control strain with no
virulence genes). Amplification was performed on athermal
cycler (Master Cycler; Eppendorf, Hamburg, Germany).
Exactly 20.00 ng of chromosomal DNA was used for
amplification in 25.00 pL of buffer solution containing
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Table 1. Primer sets for PCR amplification of the virulence genes in E. coli isolates.26

Genes Primer, oligonucleotide sequence (5’ - 3') Product size (bp)
) ] F: 5'’ATAAATCGCCATTCGTTGACTAC'3
Shiga toxin1 (stx1) R: 5’AGAACGCCCACTGAGATCATC'3 180
. ) F:5' GGCACTGTCTGAAACTGCTCC'3
Shiga toxin 2 (stx2) R: 5'TCGCCAGTTATCTGACATTCTG'3 255
Intimin (eaed) F: 5' GACCCGGCACAAGCATAAGC '3 284

R: 5’ CCACCTGCAGCAACAAGAGG '3

3.00 uM oligonucleotides, 200 uM of each deoxynucleoside
triphosphate, 3.50 mM MgCl;, and 2.50 U DNA Taq
polymerase (Life Technologies, Rockville, USA). Samples
were cycled 35 times with 60 sec denaturation at 95.00 °C;
120 sec annealing at 65.00 °C during the first 10 cycles,
decreasing to 60.00 °C by cycle 15; and 90 sec elongationS
at 72.00 °C, increasing to 150 sec from cycles 25 to 35. The
PCR-amplified products were electrophoresed in 2.00%
(w/v) agarose gels and stained with 0.50 mg of ethidium
bromide per milliliter for 15 min. The gel was then
visualized and photographed under a UV transilluminator.

Antimicrobial susceptibility test. The isolates were
tested in vitro for their susceptibility to 19 antimicrobial
agents (Oxoid, Hampshire, UK) using a Kirby-Bauer disc
diffusion assay according to the standards and interpretive
criteria described by Clinical Laboratory Standard Institute
guidelines.?” The following groups of anti-microbial agents
were tested: penicillin group, including ampicillin (AMP),
10.00 pg, and amoxicillin (AMX), 25.00 pg; cephalosporin
group, including cefuroxime (CXM), 30.00 pg; cefotetan
(CTT), 30.00 pg; cefoxitin (FOX), 30.00 pg; cefpodoxime
(CPD), 10.00 pg; cefoperazone (CPZ), 72.00 ug; ceftriaxone
(CRO), 30.00 pg; and ceftazidime (CAZ), 30.00 pg; carba-
penem group, including imipenem (IMP), 10.00 pg; mono-
bactam group, including aztreonam (ATM), 30.00 ug; B-
lactamase inhibitor group, including ampicillin/sulbactam
(SAM), 10.00/10.00 pg; aminoglycoside group, including
gentamicin (GEN), 10.00 pg, and amikacin (AMK), 30.00 pg
phenicols group, including chloramphenicol (CHL), 30.00 pg;
fluoroquinolone group, including ciprofloxacin (CIP), 5.00
pg, and norfloxacin (NOR), 10.00 ug; quinolone group,
including nalidixic acid (NAL), 30.00 pg; and folate path-
way antagonist group, including sulfamethoxazole/tri-
methoprim (SXT), 23.75/1.25 pg. Results were recorded as
sensitive or strain ATCC 25922 was used as a quality control.

Table 2. Distribution of serotyped E. coli in various samples.

Results

Prevalence of E. coli among examined samples. A
total of 29 (7.07%) E. coli isolates were recovered and
identified out of 410 samples analyzed from diseased
broiler chickens. E. coli isolates were observed in 8.70%
(20/230) of cloacal swabs and 5.00% (9/180) of internal
organs (liver, spleen, kidney, and yolk sac, two isolates
each) and one isolate from heart blood. However, no
isolates were recovered from the gall bladder. Table 2
shows the distribution of E. coli isolates and their
serotypes among various sample sources.

Serotyping of E. coli isolates. Isolate serotyping
identified that the STEC belonged to 12 different
serogroups (Table 2) and revealed the predominance of
serotypes, which included 078 (seven isolates), 026:H11
and 0128:H2 (four isolates each), O1:H7 (three isolates),
091:H21 and 0119:H6 (two isolates each), and one isolate
each for 0146:H21, 0121:H7, and 044:H18. These results
revealed that the EPEC strains were the most predominant
pathotype (16 isolates; 55.17%), followed by EHEC (six
isolates; 20.69%), ETEC (four isolates; 13.79%), and EIEC
E. coli (three isolates; 10.35%). The prevalence of the
pathogenic strains was 8/9 (88.90%) from internal organs
and 10/20 (50.00%) from cloacal swabs.

Molecular detection of virulence genes of sero-
typed isolates. Multiplex PCR was used to examine all E. coli
isolates for STEC virulence genes. The molecular screening
detected Stx genes in 18 isolates (62.10%). Five (17.24%)
of these isolates carried stx1, 5(17.24%) carried stx2,
4(13.79%) were positive for both stx1 and stx2 genes, and
4 (13.79%) carried stx1, stx2, and eaeA genes. Notably,
11(37.93%) isolates did not carry any of examined genes.
Table 3 and Figure 1 show the virulence gene distribution
profile for the STEC strains isolated from broiler chickens.

Sample type Number of E. coli isolates (%) Serotypes E. coli (number of isolates)

Liver 2/34 (5.88) 026:H11 (1),091:H21 (1)

Spleen 2/34 (5.88) 026:H11 (1),078 (1)

Kidney 2/34 (5.88) 0119:H6 (1), 0146:H21 (1)

Heart blood 1/34 (2.94) 0128:H2 (1)

Gall bladder 0/34 (0.00) -

Yolk sac 2/10(20.00) 091:H21 (1), 0128:H2 (1)

Cloacal swab 20/230(8.70) 026:H11 (2),0119:H6 (1), 0128:H2 (2),0121:H7 (1), 044:H18 (1), 01:H7 (3), 078 (6)
02:H6 (1),0124 (1),0159 (2)

Total 29/410 (7.07) 12 serogroups
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Table 3. Distribution of virulence genes profile of STEC strains isolated from broiler chickens.

Virulence genes Number of E. coli isolates (%) O Serotypes E. coli (number of isolates)
Shiga toxin1 (stx1) 5/29 (17.24) 044:H18 (1), 0128:H2 (4)

Shiga toxin 2 (stx2) 5/29 (17.24) 0121:H7 (1), 01:H7 (3), 0146:H21 (1)
stx1 and stx2 4/29 (13.79) 0119:H6 (2), 091:H21 (2)

stx1, stx2, and intimin (eaeA) 4/29 (13.79) 026: H11 (4)

16

17 18 19 20 21

384 bp
255 bp
180 bp

Fig. 1. Agarose gel electrophoresis of multiplex PCR of stx1, stx2, and, eaeA (180, 255, and 384 bp, respectively) virulence genes for
characterization of enteropathogenic E. coli. Lane M: 100 bp ladder DNA marker. Lane C+: control positive for stx1, stx2, and eaeA. Lane C-:
negative control for stx1, stx2, and, eaeA. Lanes 1, 8, 11, 16 and, 22: positive isolates for stxI. Lanes 5,9, 10, 21 and, 25: positive isolates for
stx2. Lanes 14, 20, 23, and, 29: positive isolates for stx1, and, stx2. Lanes 4, 12, 18 and, 28: positive isolates for stx1, stx2, and, eaeA.
Conversely, lanes 2, 3,6, 7, 13,15, 17,19, 24, 26 and, 27: negative isolates for stx1, stx2, and, eaeA.

Antimicrobial resistance profile of E. coli isolates.
Overall, complete antibiotic resistance was observed
against AMX, AMP, CPD, and CPZ; high resistance was
observed against SAM, NAL, CXM, ATM, CIP, CRO CHL, SXT,
and CAZ; moderate resistance against GEN; low resistance
against FOX; lower resistance was detected against NOR,
CTT, and AMK; and the lowest resistance against IMP (Fig.
2). The resistance of the isolates to different antibiotics
was recorded. Each isolate was resistant to AMP, AMX,
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CPD, and CPZ. All isolates tested exhibited MDR properties.
There was a range of resistance to the 10 different classes
of antibiotics: one isolate (3.45%) was resistant to four
classes (MDR), three (10.35%) were resistant to six classes
(MDR), three (10.35%) were resistant to seven classes
(MDR), eight (27.60%) were resistant to eight classes
(XDR), 13 (44.83%) were resistant to nine classes (XDP),
and one isolate (3.45%) was resistant to all 10 antibiotic
classes (PDR).
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Fig. 2. Overall antibiotic resistance pattern of E. coli isolates in broiler chickens. AMX: amoxicillin; AMP: ampicillin; CXM: cefuroxime; CTT:
cefotetan; FOX: cefoxitin; CPD: cefpodoxime; CPZ: cefoperazone; CRO: ceftriaxone; CAZ: ceftazidime; IMP: imipenem; ATM: aztreonam;
SAM: ampicillin/sulbactam; GEN: gentamicin; AMK: amikacin; CHL: chloramphenicol; CIP: ciprofloxacin; NOR: norfloxacin; NAL: nalidixic

acid; SXT: sulfamethoxazole/trimethoprim.
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Discussion

From a zoonotic point of view, STEC is the only
pathogenic E. coli of considerable concern because Stx-
producing strains can cause serious illness in humans
when transferred down the food chain from their animal
reservoirs.?8 In this study, based on morphological,
biochemical, and serological characteristics, the overall
prevalence of E. coli was 7.07%. This recovery rate was
lower than 78.86% achieved by Jakaria et al?® The
recovery rate of E. coli isolates varies depending on the
source of the tested samples. Our results revealed a higher
incidence of E. coli isolates from cloacal swabs (8.70%)
than from internal organs (5.00%). The incidence of
recovered E. coli from broiler cloacal swabs (8.70%) was
lower than those found in earlier studies.223¢ The
percentage of E. coli isolates (5.00%) from broiler internal
organs was lower than previous results.2? One fresh heart
blood out of 34 samples was E. coli positive (2.94%) which
was lower than those recorded by Younis et al. (23.28%).31
A lower percentage of isolates (5.88%) was recorded for
liver, spleen, and kidney samples in comparison with
results reported by Kaoud et al. (11.00%),3° Younis et al.
(27.39%),3! and El-Mongy et al. (10.00%),32 respectively.
Furthermore, only 20.00% of yolk sac samples were
positive for E.coli compared with 75.20% reported by
Yousef et al.33 Thus, the incidence of E. coli in our study
differs from that of other researchers which may be
attributed to variations in the sampling source, type of
samples, environment conditions, and hygienic and the
sanitary conditions in different chicken farms.

In this study, 12 different serogroups of E. coli were
isolated: 078 (24.14%), 026:H11 (13.79%), 0128:H2
(13.79%), 01:H7 (10.35%), 091:H21 (6.89%), 0119:H6
(6.89%), and 0159 (6.89%) and 0146:H21, 044:H18,
0121:H7, 02:H6, and 0124 (all at 3.35%). In contrast to
our results, Kaoud et al3% reported a range of E. coli sero-
types that had been previously isolated from broilers,
including 078 (31.81%), O02:H6 (18.18%), O1:H7
(15.90%), 091:H21 (11.36%), 0128:H2 (9.09%), 026:H11
(4.54%), 0146:H21 (2.27%), 0124 (2.27%), and 044:H18
(2.27%). In Younis et al3! the most common E. coli sero-
types were 078 (17.80%), 01:H7 (9.50%), 02:H6 (9.50%),
091:H21 (5.40%), 026:H11 (4.00%), 044:H18 (4.00%),
0124 (2.70%), 0128:H2 (2.70%), 0121:H7 (1.30%),
0146:H21 (1.30%), 0119:H6 (1.30%), and 0159 (1.30%).

Shiga toxins, as virulence factors, play a key role in the
pathogenicity and severity of STEC.3* The presence of
both stx2 and eaeA is linked to an increased risk of severe
clinical symptoms. In this study, 8/9 (88.90%) of isolates
from internal organs and 10/20 (50.00%) of isolates
from cloacal swabs carried at least one virulence gene,
whereas in Dutta et al.35 14 strains (33.33%) harbored at
least one virulence gene. Only 17.24% of our STEC
isolates carried just stx1. These findings agreed with those

of Mamun et al3¢ but differed from those of ElI-Mongy
et al3? and Himi et al.3” who discovered two strains that
carried stxI only and no samples that only carried stx1,
respectively. We found that 17.24% of our E. coli isolates
carried stx2. These results are lower than those of Himi
et al.37 and Mamun et al3¢ who respectively reported 6/60
(10.00%) and 26/49 (53.06%) stx2-positive isolates from
cloacal swabs. These percentages were higher than those
found by Dutta et al3> who identified two isolates that
carried stx2. Only 13.79% (four isolates) of our E. coli
isolates carried stx1 and stx2 compared with El-Mongy
et al.32 who reported three isolates that carried both genes,
although Mamun et al3¢ identified that 12.24% of their
isolates carried both genes. In this study, the stx1, stx2, and
eaeA genes were found in 13.79% of the E. coli tested. By
contrast, Wani et al38 found that only 2.49% of E. coli
isolates from chickens carried the eaeA gene, whereas
Jamshidi et al.3? reported that only 1.28% (one isolate out
of 78) carried eaeA and that no isolates carried either stx1
or stx2. The high percentage of the eaeA-carrying E. coli
isolates in this study implies there was a significant
amount of contamination.

The misuse of antibiotics in agricultural practices leads
to the emergence of foodborne bacterial resistance in both
humans and animals.#® Furthermore, treatment of STEC
infections with antibiotics is contentious because of the
possibility of promoting the release of Stx, which might
lead to HUS in humans.#! However, antimicrobials given
early in infection may help prevent the development of
STEC illness to HUS.#Z Data from this study indicate that
the resistances against AMX, AMP, ATM, CIP, SXT, CAZ,
GEN, FOX, NOR, AMK, CXM, CRO, and IMP to E. coli isolates
were 100%, 100%, 93.10%, 93.10%, 82.76%, 75.86%,
65.52%, 31.03%, 17.24%, 10.35%, 6.90%, 6.90%, and
3.45%, respectively. Aabed et al. found that resistance
rates of E. coli to the above antibiotics were 70.80%,
70.80%, 16.70%, 41.70%, 50.00%, 16.70%, 8.30%,
12.50%, 66.70%, 0.00%, 29.20%, 20.30%, and 0.00%,
respectively,*3 and Moawad et al. reported resistances to
SXT, GEN, CAZ, CIP, AMK, and IMP as 64.30%, 19.60%,
41.10%, 21.40%, 10.70%, and 1.80%, respectively.** The
resistances here to CPZ and NAL were 100% and 96.60%,
respectively, although these results do not agree with
those from Sohail et al* who reported 72.00% and
91.00% resistances, respectively. Furthermore, we
detected resistances of 96.60% and 13.80% against SAM
and CTT, respectively, in contrast to Hui et al.*¢ where the
resistances to these antibiotics were 32.00% and 3.23%,
respectively. Additionally, Sohail et al* found 84.00%
resistance against SAM. In the present investigation, E. coli
isolate resistance to CPD was 100%, which is in contrast to
Kwoiji et al4” who found 67.70% resistance. Furthermore,
our E. coli isolates were highly resistant to CHL (86.20%),
in contrast to Amer et al??2 and Effendi et al* who found
23.00% and 65.00% resistances, respectively. The MDR in
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pathogens has been identified as a major public health
concern worldwide.*8 In this study, MDR in E. coli isolates
(100%) was more widespread than those previously
reported (91.80% and 69.30%) by Aworh et al* and
Mgaya et al59 respectively. The antibiogram results in this
study differ from those of other research, showing that the
distribution of antibiotic resistance changes with various
isolates, time, and development of MDR among different E.
coli isolates.

In this study, we isolated 29 E. coli samples from
broiler chickens which contained 20 isolates from cloacal
swabs, nine from internal organs (liver, spleen, kidney, and
yolk sac, two isolates each), and one isolate from heart
blood. The 078, 026:H11, 0128:H2, 01:H7, 0119:H6, and
091:H21 serogroups were the predominant serogroups.
Using multiplex PCR, 18 E. coli isolates were classified as
STEC (non-0157). Furthermore, the higher prevalence of
STEC isolates in broiler chickens may serve as a reservoir
for transmission of STEC to environment and humans. All
isolated E. coli had substantial MDR to most of the
antimicrobial agents commonly used in Egypt which was
recorded as each isolate was resistant to AMP, AMX, CPD,
and CPZ. The isolated E. coli has a range of resistance to the
10 different classes of antibiotics from complete resistance
to all 10 antibiotic classes (one isolate, PDR) to the lowest
range that resists four classes (one isolate, MDR), in-
between three were resistant to six classes (MDR), three
were resistant to seven classes (MDR), eight were resistant
to eight classes (XDR), 13 were resistant to nine classes
(XDR). Therefore, the uncontrolled use of antibiotics for
the treatment of STEC infections in broiler chickens poses
a public health concern.

Acknowledgments

We would like to sincerely thank Prof. Ashraf M.
Ahmed and Prof. Ibrahim E. Eldesoukey, Department of
Microbiology, Faculty of Veterinary Medicine, Kafrelsheikh
University for their help and support in this research.

Conflict of interest

The authors declare no financial or conflict of interest
regarding this study that could inappropriately influence
the work.

References

1. Wibisono F], Sumiarto B, Kusumastuti TA. Economic
losses estimation of pathogenic Escherichia coli
infection in Indonesian poultry farming. Bul Peternak
2018; 42(4): 341-346.

2. Gross WG. Diseases due to Escherichia coli in poultry.
In: Gyles CL (Ed). Escherichia coli in domestic animals
and humans. Wallingford, UK: CAB International 1994;
237-259.

3. Suardana IW, Utama IH, Putriningsih PAS, et al.
Sensitivity test against various antibiotics of
Escherichia coli 0157:H7 originated from chicken fecals
[[ndonesian]. Bul Vet Udayana 2014; 6(1): 19-27.

4. Effendi MH, Tyasningsih W, Yurianti YA, et al
Presence of multidrug resistance (MDR) and
extended-spectrum  beta-lactamase (ESBL) of
Escherichia coli isolated from cloacal swab of broilers
in several wet markets in Surabaya, Indonesia.
Biodiversitas 2021; 22(1): 304-310.

5. Clements A, Young ]JC, Constantinou N, et al. Infection
strategies of enteric pathogenic Escherichia coli. Gut
Microbes 2012; 3(2): 71-87.

6. Gomes TA, Elias WP, Scaletsky IC, et al. Diarrheagenic
Escherichia coli. Braz ] Microbiol 2016; 47 Suppl
1(Suppl 1): 3-30.

7. Farrokh C, Jordan K, Auvray F, et al. Review of Shiga-
toxin-producing Escherichia coli (STEC) and their
significance in dairy production. Int ] Food Microbiol
2013; 162(2): 190-212.

8. Lee MS, Tesh VL. Roles of Shiga toxins in
immunopathology. Toxins (Basel) 2019; 11(4): 212.
doi: 10.3390/toxins11040212.

9. Valilis E, Ramsey 4, Sidiq S, et al. Non-0157 Shiga toxin-
producing Escherichia coli-A poorly appreciated enteric
pathogen: systematic review. Int ] Infect Dis 2018;
(76): 82-87.

10.Lei T, Tian W, He L, et al. Antimicrobial resistance in
Escherichia coli isolates from food animals, animal food
products and companion animals in China. Vet
Microbiol 2010; 146(1-2): 85-89.

11.Monecke S, Mariani-Kurkdjian P, Bingen E, et al.
Presence of enterohemorrhagic Escherichia coli
ST678/0104:H4 in France prior to 2011. Appl Environ
Microbiol 2011; 77(24): 8784-8786.

12.Matussek A, Jernberg C, Einemo IM, et al. Genetic
makeup of Shiga toxin-producing Escherichia coliin
relation to clinical symptoms and duration of shedding:
a microarray analysis of isolates from Swedish
children. Eur | Clin Microbiol Infect Dis 2017; 36(8):
1433-1441.

13.Gyles CL. Shiga toxin-producing Escherichia coli: an
overview. ] Anim Sci 2007; 85(13 Suppl): E45-E62.

14.Scallan E, Hoekstra RM, Angulo F], et al. Foodborne
illness acquired in the United States--major pathogens.
Emerg Infect Dis 2011; 17(1): 7-15.

15.Kuehne A, Bouwknegt M, Havelaar A, et al. Estimating
true incidence of 0157 and non-0157 Shiga toxin-
producing Escherichia coli illness in Germany based on
notification data of haemolytic uraemic syndrome.
Epidemiol Infect 2016; 144(15): 3305-3315.

16.Brooks JT, Sowers EG, Wells ]G, et al. Non-0157 Shiga
toxin-producing Escherichia coli infections in the
United States, 1983-2002. | Infect Dis 2005; 192(8):
1422-1429.



IF. Hasona et al. Veterinary Research Forum. 2023; 14 (3) 131 - 138 137

17.Roux D, Danilchanka O, Guillard T, et al. Fitness cost of
antibiotic susceptibility during bacterial infection. Sci
Transl Med 2015; 7(297): 297rall4. doi:
10.1126/scitranslmed.aab1621.

18. Guillard T, Pons S, Roux D, et al. Antibiotic resistance
and virulence: understanding the link and its
consequences for prophylaxis and therapy. Bioessays
2016; 38(7): 682-693.

19.Schroeder M, Brooks BD, Brooks AE. The complex
relationship between virulence and antibiotic
resistance. Genes (Basel) 2017; 8(1): 39. doi:
10.3390/genes8010039

20.Handayani RS, Siahaan S, Herman M]. Antimicrobial
resistance and its control policy implementation in
hospital in Indonesia. JPPPK 2017; 1(2): 131-140.

21.Magiorakos AP, Srinivasan A, Carey RB, et al
Multidrug-resistant, extensively drug-resistant and
pandrug-resistant bacteria: an international expert
proposal for interim standard definitions for acquired
resistance. Clin Microbiol Infect 2012; 18(3): 268-281.

22. Amer MM, Mekky HM, Amer AM, et al. Antimicrobial
resistance genes in pathogenic Escherichia coli isolated
from diseased broiler chickens in Egypt and their
relationship with the phenotypic resistance
characteristics. Vet World 2018; 11(8): 1082-1088.

23.MacFaddin JF. Biochemical tests for identification of
medical bacteria. 3 ed. Philadelphia, USA: Baltimore,
Lippincott Williams & Wilkins 2000; 173-183.

24.Kok T, Worswich D, Gowans E. Some serological
techniques for microbial and viral infections. In: Collee
], Fraser A, Marmion B, et al. (Eds). Mackie and
McCartney practical medical microbiology. 14t ed.
Edinburgh, UK: Elsevier 1996; 179-204.

25.Zahraei Salehi MT, Rabani Khourasgani MR, Safarchi A,
et al. Detection of stx1, stx2, eae, espB and hly genes in
avian pathogenic Escherichia coli by multiplex poly-
merase chain reaction. ] Vet Res 2007; 62(2): 37-42.

26.Paton ]JC, Paton AW. Pathogenesis and diagnosis of
Shiga toxin-producing Escherichia coli infections. Clin
Microbiol Rev 1998; 11(3): 450-479.

27.Melvin PW, James SL. Performance standards for
antimicrobial susceptibility testing: 30th Information
Supplement. Wayne, USA: Clinical and Laboratory
Standards Institute (CLSI); M100-ED30. Available at:
http://em100.edaptivedocs.net/GetDoc.aspx?doc=CLS
1%20M100%20ED30:2020&format=SPDF.  Accessed
Jan 22, 2020.

28. Wasteson Y. Zoonotic Escherichia coli. Acta Vet Scand
Suppl 2001; 95: 79-84.

29.Jakaria ATM, Islam A, Khatun M. Prevalence,
characteristics and antibiogram profiles of Escherichia
coli isolated from apparently healthy chickens in
Mymensingh, Bangladesh. Microbes Health 2012; 1(1):
27-29.

30. Kaoud HA, Iraqi Kassem M, Khalil MM, et al. Prevalence

of E. coli serovars in broiler farms: biosecurity and the
disinfectants sensitivity in Egypt. WJARR 2020; 7(3):
263-273.

31.Younis G, Awad A, Mohamed N. Phenotypic and geno-
typic characterization of antimicrobial susceptibility of
avian pathogenic Escherichia coli isolated from broiler
chickens. Vet World 2017; 10(10): 1167-1172.

32.El-Mongy MA, Abd-El-Moneam GM, Moawad AA, et al.
Serotyping and virulence genes detection in
Escherichia coli isolated from broiler chickens. ] Biol Sci
2018; 18(1): 46-50.

33.Yousef SA, Ammar AM, Ahmed DA. Serological and
molecular typing of avian pathogenic E. Coli originating
from outbreaks of colibacillosis in chicken flocks. Int ]
SciRes 2015; 4(2): 2082-2088.

34.0jo OE, Ajuwape AT, Otesile EB, et al. Potentially
zoonotic Shiga toxin-producing Escherichia coli
serogroups in the faeces and meat of food-producing
animals in Ibadan, Nigeria. Int ] Food Microbiol
2010; 142(1-2): 214-221.

35.Dutta TK, Roychoudhury P, Bandyopadhyay S, et al.
Detection & characterization of Shiga toxin producing
Escherichia coli (STEC) & enteropathogenic Escherichia
coli (EPEC) in poultry birds with diarrhoea. Indian ]
Med Res 2011; 133(5): 541-545.

36.Mamun M, Parvej MS, Ahamed S, et al. Prevalence and
characterization of Shigatoxigenic Escherichia coli in
broiler birds in Mymensingh. Bangladesh ] Vet Med
2016; 14(1): 5-8.

37.Himi HA, Parvej S, Rahman MB, et al. PCR based
detection of Shiga toxin producing E. coli in commercial
poultry and related environments. TURJAF 2015; 3(6):
361-364.

38.Wani SA, Samanta I, Bhat MA, et al. Investigation of
Shiga toxin-producing Escherichia coli in avian species
in India. Lett Appl Microbiol 2004; 39(5): 389-394.

39. Jamshidi A, Razmyar ], Fallah N. Detection of eaeA, hlyA,
stx] and stx2 genes in pathogenic Escherichia coli
isolated from broilers affected with
colibacillosis. Iran ] Vet Med 2016; 10(2): 97-103.

40.Widodo A, Effendi MH, Khairullah AR. Extended-
spectrum beta-lactamase (ESBL)-producing
Escherichia coli from livestock. Sys Rev Pharm 2020;
11(7): 382-392.

41. Bielaszewska M, Idelevich EA, Zhang W, et al. Effects of
antibiotics on Shiga toxin 2 production and
bacteriophage induction by epidemic Escherichia coli
0104:H4 strain. Antimicrob Agents Chemother 2012;
56(6): 3277-3282.

42.Corogeanu D, Willmes R, Wolke M, et al. Therapeutic
concentrations of antibiotics inhibit Shiga toxin release
from enterohemorrhagic E. coli 0104:H4 from the
2011 German outbreak. BMC Microbiol 2012; 12(1):
160. doi: 10.1186,/1471-2180-12-160.

43.Aabed K, Moubayed N, Alzahrani S. Antimicrobial



138 IF. Hasona et al. Veterinary Research Forum. 2023; 14 (3) 131 - 138

resistance patterns among different Escherichia coli
isolates in the Kingdom of Saudi Arabia. Saudi ] Biol Sci
2021; 28(7): 3776-3782.

44, Moawad AA, Hotzel H, Neubauer H, et al. Antimicrobial
resistance in Enterobacteriaceae from healthy broilers
in Egypt: emergence of colistin-resistant and extended-
spectrum (-lactamase-producing Escherichia coli. Gut
Pathog 2018; 10(1): 39. doi: 10.1186/5s13099-018-
0266-5.

45. Sohail M, Khurshid M, Saleem HG, et al. Characteristics
and antibiotic resistance of urinary tract pathogens
isolated from Punjab, Pakistan. Jundishapur ] Microbiol
2015; 8(7): €19272. doi: 10.5812/jjm.19272v2.

46.Hui P, Zhu P, Liao W, et al. Bacterial flora distribution
and antimicrobial resistance of pyogenic liver abscess:
a multicenter retrospective study (A report of 897
cases). Chin ] Dig Surg 2019; 12: 924-933.

47.Kwoiji ID, Musa JA, Daniel N, et al. Extended-spectrum
beta-lactamase-producing Escherichia coli in chickens

from small-scale (backyard) poultry farms in
Maiduguri, Nigeria. Int ] One Health 2019; 5: 26-30.

48.No time to wait: Securing the future from drug-
resistant infections - Report to the Secretary-General of
the United Nations. Interagency Coordination Group on
Antimicrobial Resistance (IACG). Available at: https://
reliefweb.int/report/world /no-time-wait-securing-fut-
ure-drug-resistant-infections-report-secretary-general
-united. Accessed April 29, 2019.

49. Aworh MK, Kwaga JKP, Hendriksen RS, et al. Genetic
relatedness of multidrug resistant Escherichia coli
isolated from humans, chickens and poultry
environments. Antimicrob Resist Infect Control 2021;
10(1): 58. doi: 10.1186/s13756-021-00930-x.

50. Mgaya FX, Matee MI, Muhairwa AP, et al. Occurrence of
multidrug resistant Escherichia coli in raw meat and
cloaca swabs in poultry processed in slaughter slabs in
Dar es Salaam, Tanzania. Antibiotics (Basel) 2021;
10(4): 343. doi: 10.3390/antibiotics10040343.



