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Abstract

VIAN PATHOGENIC Escherichia coli (APEC) causes severe diseases in broiler chicken farms.

This bacterial pathogen is associated with high mortalities in chickens and is considered the
leading cause of human zoonotic disease. The present study aimed to investigate the prevalence and
antimicrobial resistance profile of APEC in broiler chicken farms in Gharbia and Menofeya Provinces
in Egypt. The study also evaluates the virulence associated factors and the genetic mechanisms of 3-
lactam antibiotics that are commonly used in the poultry industry in Egypt. In this study, 100 samples
were collected randomly from 25 broiler chicken farms. Clinical symptoms and mortality rates were
reported in the two districts of the central region of the Egyptian Delta. In total, 100 samples were
collected from 25 broiler farms, and the overall prevalence of APEC infection reported in the study
region was 30%. Isolated strains were serotyped as EHEC (8 O111: H4, 8 O128: H2 and 5 O127: H6)
and ETEC (4 O44: H18 and 5 O125: H21). . The results revealed that APEC infection was
significantly high in chickens older than four weeks old compared to younger than four weeks old.
All tested isolates were sensitive to colistin and amikacin while all tested isolates were resistant to
amoxicillin/clavulanic acid, ampicillin and sulfamethoxazole-trimethoprim. All tested isolates were
resistant to spectinomycin except six strains of serotypes EHEC O111: H4 and O128: H2. On the
contrary, all tested isolates were sensitive to cefotaxime except for six strains of EHEC O111: H4 and
0128: H2. Furthermore, gentamycin was sensitive to all tested isolates except for EHEC O111: H4,
0128: H2, and ETEC 0O44: H12. The phenotypically resistant E. coli against ampicillin, amoxicillin
and cephalosporins harboured blargy, blasyy, and blacyy, as well as the following virulence genes,
iss, eaeA, stx] and stx2 were amplified in 12 (85.71%), 8 (57.14%), 2 (14.29%) and 1 (7.14%) isolate,
respectively. Our findings suggest that farmers and veterinarians in the study area should use a
standard treatment protocol for APEC to reduce the prevalence and antimicrobial resistance of this
endemic disease. The efforts aimed at controlling and preventing such diseases will consequently lead
to the minimal use of antibiotics on poultry farms.

Keywords: Avian Pathogenic E. coli, Prevalence, Antimicrobial resistance, Virulence genes, blacyy:

Introduction

The industry of poultry is regarded as the agricultural
sub-sector with the greatest rate of growth
worldwide, especially in developing countries. With
the continuous increase in populations and the
demand for meat and eggs, the supply of both needs

to be increased [1]. In broiler chicken, Escherichia
coli (E. coli) is a disease-causing pathogen [2]. It is
responsible for high mortality and morbidity in
poultry farms, causing high economic losses to the
poultry industry around the world [3]. For the E. coli
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outbreak in poultry farms, economic costs have been
estimated to be €3.7 million in some German cities
[4] and $405 million in the USA [5]. In birds,
Escherichia coli often lives in the lower
gastrointestinal tract. It is also present in the trachea
and pharynx [6]. The majority of E. coli strains are
benign and non-pathogenic, however certain strains
are aggressive and capable of infecting birds with
illnesses [3]. These were known as avian pathogenic
E. coli (APEC), and their reservoir was the gut. [7].
The disease is caused by avian pathogenic E. coli
(APEC), a subtype of extraintestinal pathogenic E.
coli with zoonotic potential [8].

The strains of avian pathogenic E. coli threaten
global food security and bird welfare by causing
severe respiratory and systemic diseases [7]. Through
increased exposure of birds to pathogens and stress,
the intensification of poultry production and rapid
development of free-range production systems will
raise the prevalence of E. coli infection or
colibacillosis [9]. Yolk sac infection, swelling head
syndrome, respiratory tract infection, polyserositis,
salpingitis, coli granuloma, enteritis, pericarditis, and
perihepatitis are all symptoms of the complicated
disease known as colibacillosis [10]. Colibacillosis
has become an economically significant disease
phenomenon in broiler chickens due to higher
condemnation, downgrading at processing, and
increased costs associated with trimming and
reprocessing  of  infected  carcasses  [10].
Colibacillosis can be identified by "plaques,”" which
are often referred to as a diffuse, spreading,
edematous, and suppurative inflammation of the deep
subcutaneous tissues that occasionally extends into
the muscle [11]. Lesions are not seen until the birds
are processed since clinically, the affected birds seem
normal. Numerous bacteria can cause colibacillosis,
however, APEC is the most often isolated organism
[12], still, compared to non-cellulitis-derived strains,
E. coli isolated from cellulitis lesions was more
likely to cause cellulitis lesions in experimentally
infected birds. [10].

APEC strains use a variety of strategies to
colonies different environments. Infections resulting
from APEC  pose a significant threat to
broiler chicken farms. APEC infections cause
significant mortality, ineffectual medication, low
weight gains in broiler birds, decreased laying,
fertilizations, and hatchability, and a rise in the
number of carcasses or parts removed due to
pathological alterations [13].

Antimicrobials are crucial to both human and
animal health care. To treat E. coli infections in the
community and hospitals, a variety of antibiotic
medicines are utilized. The majority of antibiotics
are utilized in human medicine, as well as in
animals [14].
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Several chicken farms in many low and middle-
income countries (LMICs) lack waste or litter
treatment systems, so they are frequently used as
biofertilizers or as feed additives, particularly in fish
ponds [15, 16]. This may increase the occurrence of
human beings being exposed to antimicrobial-
resistant bacteria in the feces. As a result, continuing
to monitor and screen resistant bacteria at the
human—animal-environmental interface is one of the
greatest ways of creating decisions and reducing the
impact of antimicrobial resistance on public health
[17]. According to the World Health Organization’s
Global Antimicrobial Resistance Surveillance
System (GLASS), E. coli, a common bacterium, is
one of the best indicators for integrated antimicrobial
resistance screening. It is the most likely vector for
resistance gene transmission from animal to human
and a reservoir of multidrug-resistant E. coli from
farm to environment [18, 19]. However, limiting the
number of resistant strains discharged into the
environment will ease the burden of resistant bacteria
in all One Health settings, reducing the impact of
antimicrobial-resistance on public health [20]. The
widespread presence of E. coli as a foodborne
pathogen in raw beef and poultry meat in Egypt's
Nile Delta. In Egypt, public health officials are
concerned about the growth of antibiotic resistance in
E. coli isolates [21].

Some bacterial genes that code for virulence factors
have previously been found in a previous study
found. The Iss gene wWAPEC strains, as first
discovered in a human septicemic £. coli strain [22,
23] and was related to a 20-fold increase in enhanced
resistance and a 100-fold increase in virulence
against 1-day-old chicks [22-24]. APEC's iss protein
has been isolated, expressed, and extracted. [25],
monoclonal antibodies have been induced against it
[26], and it has been revealed that it protects
against bird immunity [27]. Shiga toxins 1 and 2,
which are produced by the Stx/ and Stx2 genes,
respectively, or combinations of these toxins, are to
be responsible for the majority of clinical signs of
APEC [28]. E. coli intimin, an eaed gene product
associated with the adhesion traits of APEC, is one
of the other primary key virulence factors [29].Shiga
toxin-producing E. coli (STEC) are infectious
organisms that can infect people and cause a variety
of illnesses, from asymptomatic carriage to mild
diarrhoea to haemolytic uraemic syndrome and
haemorrhagic colitis (HUS) [30]. E. coli strains
resulting in the more severe pathology of
haemorrhagic diarrhoea and HUS are further
designated enterohaemorrhagic E. coli (EHEC).
Infection with STEC is through ingestion of
contaminated food and water or through contact with
infected animals. The pathogen migrates through the
gut to the terminal ileum where adherence factors
like intimin, the intimin receptor and EspA and EspB
proteins aid colonisation through the formation of
attaching and effacing lesions [31]. Enterotoxigenic
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E. coli (ETEC) is a kind of E. coli that is known to
cause diarrhoea in humans and is a significant cause
of diarrhoea in children in underdeveloped nations.
ETEC is linked to animal diarrhoea as well. By
colonising the intestinal mucosa through non-
intimate diffuse adhesion with fimbriae and
producing enterotoxins (heat stable and/or heat labile
toxins) that inhibit gut absorption and enhance
intestinal secretion, ETEC results in watery
diarrhoea. ETEC also causes diarrhoea in animals,
and infections of pigs and cattle with ETEC are
linked to the F4 (K88) and F5 (K99) antigens,
respectively. Examples of ETEC serotypes include
O6:H16 and OS8:H9 [32]. The purpose of this
research is to ascertain the frequency of avian
pathogenic Escherichia coli (APEC) strains in broiler
chicken farms in the Egyptian provinces of Gharbia
and Menofeya. The study also assesses the genes
linked with virulence, the susceptibility of isolated
strains to eight regularly used antibiotics in Egypt's
veterinary industry, and if genes contribute to the
separated strains' antibiotic resistance traits.

Material and Methods

Sampling strategy and E. coli Isolation

In this study, one hundred samples were collected
from diseased birds selected randomly from 25
broiler chicken farms (Avian 48, Abdelsalam Hegazy
company) (four chickens from each farm) located in
Gharbia and Menofiya provinces in Egypt from May
to August 2021. The most common clinical
symptoms of E. coli infection were coughing,
decreased body weight, depression, high mortality
rate, high respiratory sound, inappetence, loud
respiratory sound, low feed intake, respiratory
manifestations, and ruffled feathers, which were
gathered at the time of sampling, and mortalities
were screened for each farm, as shown in Table 2.
The diseased birds were sacrificed humanly. At post-
mortem, sections from the heart, liver, lung, air sac,
trachea, spleen, and gallbladder were collected under
aseptic conditions and directed to E. coli isolation.
All samples were preserved on ice till being
transported in not over four hours to the
microbiology laboratory at the Faculty of Veterinary
Medicine, Kafrelsheikh University. One gramme of
each sample was enriched in 10ml of tryptic soy
broth (TSB) (Oxoid, UK) and incubated overnight at
37°C. Incubated samples were streaked on
MacConkey agar media (Oxoid, UK) and were
incubated overnight at 37°C. The colonies suspected
to be E. coli were sub-cultured on selective media
eosin methylene blue agar (EMB) (Oxoid, UK) [33].

Biochemical identification of E. coli

For confirming The bacterial colonies that were
grow on EMB agar to be E. coli, biochemical
identification was used according to the method
described by [34]. Catalase, Triple Sugar Agar TSI,
Indole synthesis, Methyl Red, Urease, Voges

Proskauer, Simmon's citrate, and H,S were only a
few of the biochemical assays used to find E. coli.

Serological identification of E. coli

E. coli isolates were identified by serology using
the technique described by [35] Using quick
diagnosis E. coli antisera kits for identifying E. coli
serotypes are available from (DENKA SEIKEN Co.
in Japan). A part of the colony from the suspicious
culture was emulsified with the saline solution to
create a smooth, dense suspension after two separate
drops of saline were placed on a glass slide. One
loopful of saline was put to one suspension control
and stirred. One loopful of undiluted antiserum was
added to the other suspension, and it was titled back
and forth for one minute. On a dark background with
indirect lighting, agglutination was seen. A second
part of the colony was put onto a nutrient agar slant
and cultured at 37 °C for 24 hours to grow as a
culture for testing with mono-valent sera when a
colony produced a strongly positive agglutination
with one of the pools of polyvalent serum. To
identify the O-antigen, slide agglutination tests were
carried out using the diagnostic sera on a heavy
suspension of bacteria from each slope culture.

DNA extraction and purification

Following the overnight inoculation of a single
colony from each plate into TSB (Oxoid), the DNA
extraction and purification for isolated E. coli was
conducted using the QIAamp DNA mini kit
(QIAGEN Co., USA) in accordance with the
manufacturer's instructions.

Molecular identification of the E. coli virulence
associated genes.

In order to test the virulence genes that are
important for the pathogenicity of E. coli, we
randomly selected 14 strains as representative
samples from the isolated E. coli strains and tested
them for wvirulence factors associated with
pathogenicity attributed genes Stx1, Stx2, eaeA and
iss by polymerase chain reaction (PCR) following the
procedure described by [36] using primers as shown
in Table 2. In a brief, the primers were employed in a
25 1 uniplex PCR mix that included 12.5 1 of
Emerald Amp Max PCR Master Mix (Takara, Japan),
1 I of each primer (20 pmol), 5.5 1 of water, and 5 1 of
DNA template. Thermal cycler 2720 from Applied
Biosystems was used to conduct the process. The
initial denaturation phase of the cycling condition
began at 94 °C for 5 min, was followed by 35 cycles,
and was finished with an extension at 72 °C for 10
min. Field samples that had previously been
determined to be positive or negative by PCR for the
associated genes in the Reference laboratory for
veterinary quality control on chicken production,
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Animal Health Research Institute, served as positive
and/or negative controls (Dokki- Cairo, Egypt).

The antimicrobial Susceptibility Test

The test for antimicrobial susceptibility was
conducted on 14 E. coli which tested for virulence
genes using the Kirby—Bauer disc diffusion method,
as recommended by the CLSI [37]. E. coli
ACTC25922 and E. coli NCTC10418 were used as
quality control strains during AST. The Egyptian
poultry industry's clinically utilized antibiotics were
used in the antimicrobial susceptibility test for E. coli
isolates. Among these are Streptomycin (SC 10ug),
Gentamicin (GN 30pg), Amikacin (AK 30ug),
Amoxicillin/Clavulanic ~ Acid (AMC  20ug),
Ampicillin (AMP 20pg), Cefotaxime (CFM 30ug),
Colistin - (CL  10pg) and  Sulfamethoxazole-
Trimethoprim (SXT 1.25/23.75pg). A direct saline
suspension was used to prepare the Dbacterial
inoculum. of a Tryptic soy broth culture from an
isolated colony on the EMB agar plates. The
suspension was adjusted by measuring the turbidity
using a McFarland Densitometer (Biomérieux
Biotechnology, UK) until it contained around 1-2 x
108 CFU/ml for use with sterile saline, matching the
0.5 McFarland standard. Using a sterile swab, the
saline suspension was applied to the Mueller-Hinton
Agar  plate's  surface. Antibiotic-containing
antimicrobial discs were strewn around the Mueller-
Hinton agar surface (Oxoid, UK). Overnight, the
agar plates were incubated at 37 °C. Sliding callipers
were used to measure the diameters of the inhibited
zones, including the diameter of the discs, and
standard break points were used for interpretation in
accordance with the Clinical Laboratory Standards
Institute (Table 1) [38].

Molecular detection of antimicrobial resistance
associated genes.

The E. coli isolates that were screened for AST
were investigated for the presence of three genes
known to be responsible for the antibiotic resistance
to cephalosporins and B-lactamase. These genes are
CIT (blacmyy), blasyy and balrgy. The Polymerase
Chain Reaction (PCR) reaction and conditions were
performed using primers as shown in Table 2,
according to the method described by [36]

Statistical analysis

Using the Microsoft Excel, Student's t testing was
conducted to determine the percentage of fatalities
attributable to E. coli infection, according to the
method described by [39].

Results
Clinical signs, incidence and mortalities

The most common clinical symptoms of E. coli
infection were coughing, decreased body weight,
depression, high mortality rate, high respiratory
sound, inappetence, loud respiratory sound, low feed
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intake, respiratory manifestations, and ruffled
feathers, which were gathered at the time of
sampling, and mortalities were screened for each
farm, as shown in Table 3.

Isolation and identification of E. coli

Following the isolation of E. coli from chicken
samples, it was discovered that 30 (30%) E. coli
were isolated from 100 samples, which
corresponded to 8 (32%) of the 25 studied broiler
chicken farms (Table 2).

A total of 700 clinical samples from various
organs were gathered from 25 broiler chicken farms
(heart, liver, lung, air sac, trachea, spleen, and
gallbladder). The symptoms of E. coli infection are
vague and vary depending on the age, organs
involved, and other diseases, with symptoms ranging
from one day to 23-days-old, including death,
omphalitis, inappetence, ruffled feathers, and
decreased body weight. The clinical symptoms of
over-24-days-old chickens included ruffled feathers,
less feed intake, respiratory manifestations,
coughing, loud respiratory sounds, and a high
mortality rate. From individual chickens, 30 putative
E. coli strains were isolated, which showed that the
rate of E. coli isolation was 4.2% out of the 700
samples. With E. coli infection, the mortality rate in
the birds older than 28-days old compared to birds
older than or equivalent to 28 days, was substantially
higher (P <0.01) (2.60 %), as shown in Table 4.

Bacterial identification and serotyping

The suspected pure yellow green or metallic
sheen color colonies on EMB agar were confirmed to
be E. coli biochemically as all isolated strains were
positive for catalase, triple sugar agar (TSI), indole
production, and methyl red while was negative for
urease, Voges Proskauer, Simmon’s citrate, and H,S
production.(Table 5).

The incidence rate of the serotyped strains in
different selected organs was as follows: The
serotype Ol11: H4 incidence rate was 11.11%,
16.67, 40%, 16.67%, 50%, 25%, and 28.57% in the
heart, liver, lung, spleen, air sac, gall bladder, and
trachea, respectively. While the serotype O44: H18
incidence rate was 33.33%, 25%, negative, 33.33%,
25%, negative, and 28.57% in the heart, liver, lung,
spleen, air sac, gall bladder, and trachea,
respectively. Moreover, the serotype 0O128: H2
incidence rate was 22.22%, 25%, 20%, 33.33%,
negative, 75%, and 14.29% in the heart, liver, lung,
spleen, air sac, gall bladder, and trachea,
respectively. Furthermore, the serotype 0O125:
H21lincidence rate was 22.22%, 25%, 20%, 16.67%,
25%, negative, and 28.57% in the heart, liver, lung,
spleen, air sac, gall bladder, and trachea,
respectively. Finally, the serotype OI127: H6
incidence rate was 11.11%, 8.33%, and 20% in the
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heart, liver, and lung, and negative for other
investigated organs.

Detection of virulence associated genes.

In Fourteen E. coli isolates, iss, eaeA, stx1 and
stx2 were amplified in 12 (85.71%), 8 (57.14%), 2
(14.29%) and 1 (7.14%) isolate, respectively as
shown in Fig.1.

Phenotypic antimicrobial resistance profiles

All tested isolates were sensitive to colistin and
amikacin. On the contrary, all tested isolates were
resistant to Amoxicillin/Clavulanic Acid, Ampicillin
and Sulfamethoxazole-Trimethoprim. All tested
isolates were resistant to spectinomycin except for
six strains of EHEC O111: H4 and O128: H2. On the
contrary, all tested isolates were sensitive to
cefotaxime except for six strains of EHEC O111: H4
and O128: H2. Furthermore, gentamycin was
sensitive to all tested isolates except for EHEC
O111: H4, O128: H2, and ETEC 0O44: H12, as
shown in Table 6.

Prevalence of antimicrobial resistance genotypes

The phenotypically resistant E. coli isolates
against ampicillin, amoxicillin, and cephalosporins
were found to coincide with the presence of
blaCMY?2, blaTEM, and blaSHYV, as shown in Figure
2 and Table 7. While the Percentage of distribution
of the virulence attributed genes detected in E. coli
isolated strains from broiler chicken’s farms in Egypt
was 2 positive sample for stx/(14.29%), 1 positive
sample for stx2(7.14%), 12 positive sample for iss
(85.71%), and 8 positive sample for eaed (57.14%)

Discussion

This study found 32% of the broiler chicken
farms were infected with E. coli. There were
significantly higher levels of mortalities for farms
infected at an age of over four weeks (P < 0.01) as
compared to those younger than this age. Another
study by Rahman M. A. et al, 2004 reported a
similar result [40]. Furthermore, we report coughing,
sneezing, and nasal mucous discharge as the most
common clinical signs among the surveyed positive
farms. Our results agree with the study documents by
[41].

In this study, we present the patterns of
susceptibility of E. coli among the eight antibiotics
used. The highest antimicrobial resistance of E. coli
to the antibiotics used in the survey was 100% to
Amoxicillin/Clavulanic ~ Acid, Ampicillin, and
Sulfamethoxazole-Trimethoprim. All tested E. coli
were sensitive to colistin and amikacin, reflecting the
broiler chicken disease treatment habits by the
farmers and veterinarians in the study region. Similar
trends are reported by [42].

In the current study, PCR amplification of the
genes encoding for B-lactamase resistance, blacyyz,

was found in 7 (50%) of the isolates. blargy, and
blasyy genes were detected in 13 (92.85%) and 9
(64.28%) isolates, respectively. All strains isolated
use at least one of these mechanisms of B-lactamases.
However, one strain was negative for all of them. We
suggest that it may use another resistance mechanism
[43].

Multiple bacterial determinants have been
implicated in the pathogenesis of EHEC infection
[44]. Shiga toxin (stx) and intimin (eaeA) are major
virulence factors that have been implicated in many
of the intestinal and systemic pathological
consequences [28]. Importantly, it was recently
shown that st additionally promotes EHEC
attachment to cells of human origin. This activity
was attributed to stx-induced redistribution of
nucleoli to the EHEC attachment sites (Robinson et
al., 2006), where they serve as an intimin receptor
(Sinclair and O'Brien, 2002).

In this study, 14.3%, 7.1%, 85.7%, and 57.1% of
isolated E. coli were harboured virulence genes Stx 1,
Stx 2, iss, and eaeA, respectively. Similar results
were shown by [13].

The results of the current study indicated that
86% of E. coli isolates contain the iss gene. This
indicates its of avian origin which in agreement with
those by [26].

Conclusions

The frequency of mortalities of broiler chickens
was higher at older ages as compared to younger
ages of less than 4 weeks. The antimicrobial resistant
E. coli patterns showed that most of the isolates were
resistant to most of the new antibiotics. The fast and
wide spread of antimicrobial resistance in different
types of E. coli to most of the new antibiotics
necessitates the asylum to use an old generation of
antibiotics like colistin.
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TABLE 1. Break point values of each antimicrobial agent according to CLSI 2016

Antimicrobial agent(s) tested Disc concentration E. coli isolates
Resistant Intermediate Sensitive
mm mm mm
Ampicillin (AM) 10 pg >13 14:16 <17
Amikacin (AK) 30 ug >14 15:16 <17
Amoxicillin/Clavulanic Acid (AMC) 20 pg >13 14:17 <18
Cefotaxime (CFM) 30 pg >22 23:25 <26
Colistin (CT) 10 pg >10 11:13 <14
Gentamycin (CN) 30 pg >12 13:14 <15
Streptomycin (SC) 10 ug >11 12:14 <15
Sulfamethoxazole-Trimethoprim (SXT) 1.25/23.75 pg >10 11:15 <16

TABLE 2. Oligonucleotide primer sequences and their corresponding genes are used for the detection of
antimicrobial resistant genes in E. coli isolates.

Gene Sequence Amplified Annealing cycles Reference
product temp (°C)

Stx1 ACACTGGATGATCTCAGTGG 614 bp 58°C 35 [45]
CTGAATCCCCCTCCATTATG

Stx2 CCATGACAACGGACAGCAGTT 779 bp 58°C 35
CCTGTCAACTGAGCAGCACTTTG

iss ATGTTATTTTCTGCCGCTCTG 266 bp 54°C 35 [46]
CTATTGTGAGCAATATACCC

eaed ATG CTT AGT GCT GGT TTA GG 248 bp s51°C 35 [47]
GCCTTCATCATTTCG CTT TC

CIT (blacyyy) TGGCCAGAACTGACAGGCAAA 462 bp 55°C 35 [48]
TTTCTCCTGAACGTGGCTGGC

blaTEM ATCAGCAATAAACCAGC 516 bp 54°C 35 [49]
CCCCGAAGAACGTTTTC

blaSHV AGGATTGACTGCCTTTTTG 392 bp 54°C 35
ATTTGCTGATTTCGCTCG

TABLE 3. General characteristics and clinical signs of farms under surveillance.

Farm  No.of Ageby No. of Mortality E. coli
. collected . . - .
no. birds day rate isolation (+/-)  Clinical signs
samples

1 6000 23 4 170 (2.8%) i The chicken showed no signs and grew
normally

2 5000 23 4 100 (2%) N Low feed intake, depression, and high
respiratory sound

3 10000 30 4 150 (1.5%) ) The chicken showed no signs and grew
normally

4 3000 1 4 70 (2.3%) ) The chicken showed no signs and grew
normally

5 4000 31 4 120 (3%) i The chicken showed no signs and grew
normally

6 5000 27 4 140 (2.8%) N Respiratory manifestations, coughing,

7o low feed intake and high mortality.

7 5000 15 4 100 (2%) ) The chicken showed no signs and grew
normally

8 3000 38 4 700 (8.75%) n Rufﬂlng feather§, less. feed intake and
respiratory manifestations

500 Coughing, loud respiratory sound and
? 3000 40 4 (16.67%) * high mortality rate

Egypt. J. Vet. Sci.
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The chicken showed no signs and grew

10 5000 3 4 90 (1.8%) -
normally

11 12000 40 4 400 (7.5%) ) The chicken showed no signs and grew
normally

12 10000 11 4 430 (3%) n Inappe.tence, ruffled feather and high
mortality

13 15000 39 4 1500 (10%) n Loud respiratory sound and high
mortality

14 3000 37 4 325 (10.3%) + Low body weight and high mortality

15 5000 4 4 70 (1.4%) ) The chicken showed no signs and grew
normally

16 50000 17 4 1640 (3.3%) i The chicken showed no signs and grew
normally

17 7000 37 4 190 (2.7%) i The chicken showed no signs and grew
normally

13 15000 34 4 250 (1.7%) i The chicken showed no signs and grew
normally

19 4000 3 4 100 (2.5%) ) The chicken showed no signs and grew
normally

20 7500 19 4 110 (1.5) i The chicken showed no signs and grew
normally

21 9000 36 4 290 (3.2%) i The chicken showed no signs and grew
normally

2 4000 16 4 80 (2%) i The chicken showed no signs and grew
normally

23 5000 9 4 95 (1.9%) ) The chicken showed no signs and grew
normally

24 20000 42 4 400 (2.7%) i The chicken showed no signs and grew
normally

25 5000 39 4 400 (8%) " Decregsed body weight and high
mortality

TABLE 4. Incidence of E. coli infection in broiler chicken and identifying characteristics.

Samples No. of E. coli on MacConkey Morphology
examined and EMB Agars Colony Characteristics
birds Positive % McConkey Agar EMB Agar
Apparently 68 0 0 Red or bright Yellow green or Single rods, single,
healthy pink colonies metallic sheen pair or short chain
Diseased 15 13 86.7 color colonies color
Freshly dead 17 17 100
Total 100 30 30.0

TABLE 5. Association between age and mortality rates in the twenty-five broiler chicken farms in Egypt.

Age Number of Average of Mortality rate
farms (%)

Birds older than four weeks 5 9.43

Birds smaller than or equal to four weeks 3 2.60

Serological identification of 30 isolated E. coli confirmed that five different serotypes were found under two categories of E.
coli: the Enterohemorrhagic (EHEC) and Enterotoxigenic (ETEC) Escherichia coli, shown in Table 6.

TABLE 6. Serotyping of some E. coli isolates (n=30) obtained from broiler chicken under two categories of E. coli: the
Enterohemorrhagic (EHEC) and Enterotoxigenic (ETEC) Escherichia coli.

E. coli serotype Characterization No. Percentage (%)

Oy: Hy EHEC 8 267
0128: H, EHEC 8 267
044: Hyg ETEC 4 133
0125: Hy, ETEC 5 167
0127: H, EHEC 5 167
Total 30 100.0

Egypt. J. Vet. Sci.
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TABLE 7. Results of Antibiotic sensitivity test for E. coli isolated strains. and PCR that was performed to detect the

resistance and virulance genes.

Antimicrobial susceptibility testing

Antibiotic resistance genes

Virulence genes

Z & £

) 2 £

= = =

— w o > > > o o o 0 » = I g Y Y 3 b

° 5 g g 2 2z - 2 ° 4 § & § & & & °

3 g o s I =
® ) S <
=

ID1  Ou:Hy EHEC S R R R S S S R + + + - - - +
ID2  Oun:Hy EHEC S R R R S R S R — B + - - - +
ID3 Oq5:H, EHEC S R R R S R S R — + + + — + _
ID4 Ou:His ETEC S R R S S R R R - + + - - + +
IDS Ou:His ETEC S R R S S S R R - _ + - - - +
ID 6 0125!H21 ETEC S R R S S S R R + + + — — — +
ID7 Ons:H, EHEC S R R R S R S R + + + - + + +
ID8 Oun:Hy EHEC S R R R S S S R - _ + - - + +
ID9 O125:Hyy ETEC S R R S S S R R — _ + — — + —
ID OlzxZHz EHEC S R R R S S S R + + + — — — +
10
ID O,:Hi, EHEC S R R S S S R R + + n ~ - + 4
11
ID Oy4:His ETEC S R R S S S R R + + + + _ + +
12
1D 0125!H21 ETEC S R R S S S R R _ _ _ _ _ _ +
13
ID O125:H, EHEC S R R S S S R R + + + _ 3 + +

14

Abbravation of Antibiotic discs: streptomycin (SC 10pg), gentamicin (GN 30pg),

sulfamethoxazole-trimethoprim (SXT 1.25/23.75ug).

Egypt. J. Vet. Sci.

amikacin (AK 30pg),
amoxicillin/clavulanic acid (AMC 20pg), ampicillin (AMP 20pg), cefotaxime (CFM 30pg), colistin (CL 10pg), and
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Fig. 1. PCR amplification of virulence genes from different E. coli serotypes isolated from broiler chicken flocks.
Samples were run on 2% agarose gels as described in materials and methods. Lane L, a 100bp DNA ladder.

(A) iss of various APEC serotypes (B) eaeA. While in (C) lanes 3 for stxI and 8 for stx2 and p for positive

control.

Fig. 2. Electrophoresis of p-lactamases associated with p-lactams resistance in APEC isolated from Egyptian broiler
chicken farms. In (A) PCR amplification of blacyy, gives an expected band segment at 462 bp, (B) the expected
band segment of blatgy at 516bp, while in, (C) the amplification of blagyy gives an expected band at 392 bp. Lane L,
is a 100bp DNA ladder. Agarose electrophoresis was run on 2% agarose as described in materials and methods.

Egypt. J. Vet. Sci.



10

MARWA NASSAR et al.

References

1.

10.

12.

Mottet, A. and Tempio, G. Global poultry
production: current state and future outlook and
challenges. World's Poultry Science Journal, 73(2),
245-256 (2017).

Subedi, M., Luitel, H., Devkota, B., Bhattarai, R.K.,
Phuyal, S., Panthi, P., Shrestha, A. and Chaudhary,
D.K. Aantibiotic resistance pattern and virulence
genes content in avian pathogenic Escherichia coli
(APEC) from broiler chickens in Chitwan, Nepal.
BMC Veterinary Research, 14(1), 1-6(2018).

Stromberg, Z.R., Johnson, J.R., Fairbrother, J.M.,
Kilbourne, J., Van Goor, A., Curtiss, R. and Mellata
M., Evaluation of Escherichia coli isolates from
healthy chickens to determine their potential risk to
poultry and human health. PloS one, 12(7),
¢0180599(2017).

Landman, W. and Van Eck, J., The incidence and
economic impact of the Escherichia coli peritonitis
syndrome in Dutch poultry farming. Avian
Pathology, 44(5), 370-378(2015).

Hoffmann, S., Batz, M.B., Morris, Jr. J.G., Annual
cost of illness and quality-adjusted life year losses in
the United States due to 14 foodborne pathogens.
Journal of Food Protection, 75(7),1292-1302(2012).

Sohail, M.U., Hume, M.E., Byrd, J.A., Nisbet, D.J.,
Shabbir, M.Z., Ijaz, A. and Rehman, H:., Molecular
analysis of the caecal and tracheal microbiome of
heat-stressed broilers supplemented with prebiotic
and probiotic. Avian Pathology, 44(2),67-74(2015).

Guabiraba, R. and Schouler, C., Avian colibacillosis:
still many black holes. FEMS Mcrobiology Letters,
362(15),nv118(2015).

Kim, Y.B., Yoon, M.Y., Ha, J.S., Seo, K.W., Noh,
EB., Son, SH. and Lee, Y.J.,, Molecular
characterization of avian pathogenic Escherichia coli
from broiler chickens with colibacillosis. Poultry
Science, 99(2),1088-1095(2020)..,: Prevalence of
colibacillosis in chickens in greater Mymensingh
district of Bangladesh. Veterinary World, 10(1), 29
(2017).

Nolan, L.K., Barnes, H.J., Vaillancourt, J-P., Abdul-
Aziz, T. and Logue, C.M.,Colibacillosis. Diseases of
Poultry, 751-805(2013).

. Smiatek, M., Kowalczyk, J. and Koncicki, A.,The

Influence of Vaccination of Broiler Chickens and
Turkeys with Live E. coli Attenuated Vaccine on E.
coli Population Properties and TRT Vaccination
Efficacy. Animals, 11(7), 2068(2021).

El-Samahy, H.S. and Mourad, D.M., Etiology of
Respiratory Diseases of Poultry Farms in the North
Coast of Egypt. Journal of World's Poultry Research,
11(1), 83(2021).

. Wilczynski, J., Stepien-Pysniak, D., Wystalska, D.

and Wernicki, A., Molecular and Serological
Characteristics of Avian Pathogenic Escherichia coli
Isolated from Various Clinical Cases of Poultry
Colibacillosis in Poland. Animals : an open access
Journal from MDPI, 12(9), 1090 (2022).

Egypt. J. Vet. Sci.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Marshall, B.M. and Levy, S.B., Food animals and
antimicrobials: impacts on human health. Clinical
Microbiology Reviews, 24(4), 718-733 (2011).

Awogbemi, J., Adeyeye, M. and Akinkunmi, E., A
survey of antimicrobial agents usage in poultry farms
and antibiotic resistance in Escherichia coli and
staphylococci isolates from the poultry in Ile-Ife,
Nigeria. J. Infect. Dis. Epidemiol., 4(1), 1-9(2018).

Kyakuwaire, M. and Olupot, G., Amoding A, Nkedi-
Kizza P, Ateenyi Basamba T: How safe is chicken
litter for land application as an organic fertilizer?: a
review. International Health, 16(19), 3521(2019).

Mathew, P., Jaguga, C., Mpundu, M., Chandy, S.J.,
Building knowledge and evidence base on
antimicrobial resistance in Africa, through ‘One
Health’based surveillance. Clinical Epidemiology
and Global Health, 8(1),313-317(2020).

Bhushan, C., Khurana, A., Sinha, R. and Nagaraju,
M., Antibiotic resistance in poultry environment:
Spread of resistance from poultry farm to agricultural

field. Centre for Science and Environment, New
Delhi 2017.

Furtula, V., Farrell, E., Diarrassouba, F., Rempel, H.,
Pritchard, J., Diarra, M.,Veterinary pharmaceuticals
and antibiotic resistance of Escherichia coli isolates
in poultry litter from commercial farms and
controlled feeding trials. Poultry Science, 89(1),180-
188 (2010).

Guetiya Wadoum, R., Zambou, N., Anyangwe, F.,
Njimou, J., Coman, M., Verdenelli, M., Cecchini, C.,
Silvi, S., Orpianesi, C. and Cresci, A., Abusive use of
antibiotics in poultry farming in Cameroon and the
public health implications. British Poultry Science,
57(4), 483-493(2016).

Moawad, A.A., Hotzel, H., Awad, O., Tomaso, H.,
Neubauer, H., Hafez, H.M. and El-Adawy, H.,
Occurrence of Salmonella enterica and Escherichia
coli in raw chicken and beef meat in northern Egypt
and dissemination of their antibiotic resistance
markers. Gut Pathogens, 9, 57(2017).

Binns, M., Mayden, J. and Levine, R., Further
characterization of complement resistance conferred
on Escherichia coli by the plasmid genes traT of
R100 and iss of ColV, I-K94. Infection and
Immunity, 35(2),654-659(1982).

Binns, M., Davies, D. and Hardy, K., Cloned
fragments of the plasmid ColV, I-K94 specifying
virulence and  serum  resistance. Nature,
279(5716),778-781(1979).

Chuba, P.J., Leon, M.A., Banerjee, A. and
Palchaudhuri, S., Cloning and DNA sequence of
plasmid determinant iss, coding for increased serum
survival and surface exclusion, which has homology
with lambda DNA. Molecular and General Genetics
MGG, 216(2), 287-292(1989).

Lutful Kabir, S. Avian colibacillosis and
salmonellosis: a closer look at epidemiology,
pathogenesis, diagnosis, control and public health
concerns. International Journal of Environmental
Research and Public Health, 7(1), 89-114(2010).



ISOLATION, CHARACTERIZATION AND GENETIC ANALYSIS OF ANTIBIOTIC RESISTANCE GENES ... 11

26

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

. Johnson, T.J., Wannemuehler, Y.M. and Nolan, L.K.,
Evolution of the iss gene in Escherichia coli. Applied
and Environmental Microbiology, 74(8) , 2360-2369.
(2008).

Ghunaim, H., Abu-Madi, M.A. and Kariyawasam, S.,
Advances in vaccination against avian pathogenic
Escherichia coli respiratory disease: potentials and
limitations. Veterinary Microbiology, 172(1-2),13-22
(2014).

Gyles, C., Shiga toxin-producing Escherichia coli: an
overview. Journal of Animal Science, 85 (suppl_13),
E45-E62 (2007).

Nguyen, Y. and Sperandio, V., Enterohemorrhagic
E. coli (EHEC) pathogenesis. Frontiers in Cellular
and Infection Microbiology, 2,90(2012).

Joseph, A. and Coin., Shiga Toxin-Associated
Hemolytic Uremic Syndrome: A Narrative Review.
Toxins, 12(2), 67 (2020).

Vanaja, S.K., Jandhyala, D.M., Mallick, E.M.,
Leong, J.M. and Balasubramanian, S., Chapter 5 -
Enterohemorrhagic and other Shigatoxin-producing
Escherichia coli. In: Escherichia coli (Second
Edition). Edited by Donnenberg MS. Boston:
Academic Press; 2013: 121-182.

Qadri, F., Svennerholm, A.M., Faruque, A.S. and
Sack, R.B., Enterotoxigenic Escherichia coli in
developing countries: epidemiology, microbiology,
clinical features, treatment, and prevention. Clinical
Microbiology Reviews, 18(3), 465-483(2005).

Ibrahim, R.A., Cryer, T.L., Lafi, S.Q., Basha, E-A.,
Good, L. and Tarazi, Y.H., Identification of
Escherichia coli from broiler chickens in Jordan,
their antimicrobial resistance, gene characterization
and the associated risk factors. BMC Veterinary
Research, 15(1), 159(2019).

Rosa, B., Victor, T., Ricardo, V-R., Alfredo, M. and
Octavio, A.,Anti-biofilm activity of ibuprofen and
diclofenac  against some biofilm  producing
Escherichia coli and Klebsiella pneumoniae
uropathogens. Afirican Journal of Microbiology
Research, 10(40), 1675-1684(2016).

Kok, T., Worswich, D. and Gowans, E., Some
serological techniques for microbial and viral
infections. Practical Medical Microbiology (Collee,
J; Fraser, A; Marmion, B and Simmons, A, eds), 14th
ed, Edinburgh, Churchill Livingstone, UK 1996:179-
204.

Malahlela, M.N., Cenci-Goga, B.T., Marufu, M.C.,
Fonkui, T.Y., Grispoldi, L., Etter, E., Kalake, A. and
Karama, M., Occurrence, Serotypes and Virulence
Characteristics of Shiga-Toxin-Producing
Escherichia coli Isolates from Goats on Communal
Rangeland in South Africa. Toxins, 14(5), 353(2022).

CLSI: Clinical and Laboratory Standards Institute
2016. Performance Standards for Antimicrobial
Susceptibility Testing.26th ed: CLSI supplement
M100S: Wayne, PA. 2016.

Nation, R.L., Garonzik, S.M., Li, J., Thamlikitkul,
V., Giamarellos-Bourboulis, E.J., Paterson, D.L.,

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Turnidge, J.D., Forrest, A. and Silveira, F.P.,
Updated US and European dose recommendations
for intravenous colistin: how do they perform?
Clinical Infectious Diseases, 62(5), 552-558(2016).

Guard-Petter, J., Parker, C., Asokan, K. and Carlson,
R., Clinical and veterinary isolates of Salmonella
enterica  serovar  Enteritidis  defective  in
lipopolysaccharide O-chain polymerization. Applied
and Environmental Microbiology, 65(5), 2195-2201
(1999).

Rahman, M., Samad, M., Rahman, M. and Kabir, S.,
Bacterio-pathological studies on salmonellosis,
colibacillosis and pasteurellosis in natural and
experimental infections in chickens. Bangladesh
Journal of Veterinary Medicine, 2(1), 1-8(2004).

Ahmed, A.M., Shimamoto, T., Shimamoto, T.,
Molecular characterization of multidrug-resistant
avian pathogenic Escherichia coli isolated from
septicemic broilers. International Journal of Medical
Microbiology, 303(8), 75-483(2013).

Yassin, AK., Gong, J., Kelly, P., Lu, G,
Guardabassi, L., Wei, L., Han, X., Qiu, H., Price, S.
and Cheng, D., Antimicrobial resistance in clinical
Escherichia coli isolates from poultry and livestock,
China. PloS one, 12(9), €0185326(2017).

Shaikh, S., Fatima, J., Shakil, S., Rizvi, S.M. and
Kamal, M.A., Antibiotic resistance and extended
spectrum beta-lactamases: Types, epidemiology and
treatment. Saudi Journal of Biological Sciences,

22(1), 90-101(2015).
Nguyen, Y. and Sperandio, V., Enterohemorrhagic E.

coli (EHEC) pathogenesis. Front. Cell Infect.
Microbiol., 2,90(2012).
Kudva, 1.T., Hatfield, P.G. and Hovde, C.J.,

Escherichia coli O157: H7 in microbial flora of
sheep. Journal of Clinical Microbiology, 34(2), 431-
433 (1996).

Yaguchi, K., Ogitani, T., Osawa, R., Kawano, M.,
Kokumai, N., Kaneshige, T., Noro, T., Masubuchi,
K. and Shimizu, Y., Virulence factors of avian
pathogenic Escherichia coli strains isolated from
chickens with colisepticemia in Japan. Avian
Diseases, 51(3), 656-662(2007).

Bisi-Johnson, M.A., Obi, C.L., Vasaikar, S.D., Baba,
K.A. and Hattori, T., Molecular basis of virulence in
clinical isolates of Escherichia coli and Salmonella
species from a tertiary hospital in the Eastern Cape,
South Africa. Gut pathogens, 3(1), 1-8(2011).

Pérez-Pérez, F.J., Hanson, N.D., Detection of
plasmid-mediated AmpC beta-lactamase genes in
clinical isolates by using multiplex PCR. Journal of
Clinical Microbiology, 40(6), 2153-2162(2002).

Nguyen, M.C.P., Woerther, P-L., Bouvet, M.,
Andremont, A., Leclercq, R. and Canu, A,
Escherichia coli as reservoir for macrolide resistance
genes. Emerging Infectious Diseases, 15(10), 1648
(2009).

Egypt. J. Vet. Sci.



12 MARWA NASSAR et al.

Jel e g 4y gl labiaall daglia (o A gipmall cliall i Jilady disagiy J 30
e b ol f e com AlgJrall st gl A AN U S5 B 6 5) e

oo lan) 3 gana g 24l o J g g8y adla ! Jlai B g 0
e - gl i€ Alailaa - gudl) S daala - (o k) Calal) A0S - il Y1l sl (al el anid !

M_M_u\_ﬁﬂ\:\m&)&d@aﬁ_@ﬁﬁ\w\fﬁufuﬁz

uadlall
o aall Jalall 138 Jasiyy Cpenill Zlad £ 5l e g 5 phad Wl el (APEC) &l sl 40 58y L i
Al Gaags ) e AS i) (il a0 ash I Canaal) a5 el 3 il o) YV ana Ll (5 )
& Ol zlas £ 530 & APEC J @il Saall cilabiadl &y gl o slially Ll b Gagaill ) 2dlal)
A son Shabaal 480 ) ol SlI¥) 55 5) pually Adai jall Jal gadl A jall 2 LS e (B 28 iall g g jal) iladlas
25 (e il sdic die 100 gen o5 s yall 03a 8 jems b oal sl delia 6 ails S deadid) JUSY Ly
Uil (g (ansll dabaial) (o (piihaia & gl Y ama 5 Ay g pual) Gl e W) e YD &5 L Gpenst lan Ao e
e #uall APEC  s3e LS Jane S5 cpansi zlad Ao )3 25 (e Aie 100 gon & og sonall (B joce
EHEC (8 O111: H4, 8 0128: H2 AND 5 & (e &5 jaall ¥l oy o5 730 4l )l ddkaia b
A o ilS APEC (5520 o gl @d3<5 0127: H6) ETEC (4 O44: H18 AND 5 0125: H21)
Y el aes @il bl Gl e sy D5l aulid Gl e 0 e u s A ) 8 Lasale S
saes [ CplnnS sl Aaglie 3omaall OV el men ol Ly CpalSaalls il S dulia 3 08l
O siSall A glie 6 el Y all qan S o g giaa 55 - s e shaalibadl y Cplusna¥) s il @IS
aex il @l e el e 0128: H2. s EHEC O111: H4 ddead) L) (e @YD diu oLl
e 35%e 0128: H2. s EHEC O111: H4 (r0 ¥ Qi oLl annSU sipall dubia 5 saall &Y al)

o Al o il s b€ 5aY1 5 Galual) am Goalls daslial) 4l sl A8 58Y) g 5ia3 HI2.
& A sSTX2 sSTX1 SEAEA ISS ¢l s yuall cilien N 48U\ BLA cypyr BLAgyy BLA g
Ll i sl e ¥ oall (e (77.14) 15 (714.29) 25 (757.14) 85 (7.85.71) 12 b ledle 5ial
&l APEC J (ol z3le JsS 550 | geaiiion o cang Al dalaia (8 (el sLhaY1 5 e ) 3all 0 S
o2 Jie e 5l () aagd Al o geall Gl by G siall (ia sall 13gd il 5 jSaall cilabias G glia g L)

A gal) Glabiadll aladiod e 2all ) 255 o) oy

(@l «@ilys Sl Cliliae daglia il gehall A peall Al @l A LAY LS AN clalg)

. BLACMY?2

Egypt. J. Vet. Sci.



