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ARTICLE INFO ABSTRACT

Rising in virulent, multidrug-resistant (MDR), avian pathogenic Escherichia coli (APEC) is
concerned a great hazard to poultry industry. In order to better understand the occurrence and
antimicrobial resistance patterns of MDR E. coli isolates, as well as their virulence gene
profile and related resistance genes, the current study was examined 200 samples by standard
methods for isolation and identification, the result showed presence of E. coli among

Keywords

Escherichia Coli
Resistant gene
Virulence gene

Broiler commercial broiler farms in rate 55% which apparently health and freshly died from Sharkia
Multidrug resistant governorate in Egypt during March to October 2022. Serological identification of E. coli
Plasmid isolates was O157:H7 (12.7%), 026:H11 (21.8%), 0127:H6 (17.2%), O128:H- (10%),

0111:H4 and O103:H2 (9%) each. Antibiogram pattern test indicated high resistant rate
Received 27/02/2023 against oxytetracycline, ampicillin, doxycycline, streptomycin, colistin, ceftriaxone,
Accepted 10/04/2023 kanamycin, gentamicin, sulfamethoxazole, and norofloxacin which were 74.54%, 70.90%,
Available On-Line 67.27%, 65.45%, 54.54%, 45.45%, 29.09%, 18.18%, 12.72% and 9.09%, respectively of
01/07/2023 tested isolates by using disc diffusion method. Uniplex PCR examination for integrase,

blaSHV, and tetB genes were detected in all examined MDR E. coli isolates 5/5 (100%),
while stx1 gene detected in one isolate only 1/5 (20%) on plasmid. We concluded that the
broilers in the study area frequently have multidrug-resistant E. coli which may pose a public
health risk if it enters the food chain. The presence of bacteria should be strongly advised as
harmful to health, and risk factors should be avoided.

1. INTRODUCTION

Escherichia coli belongs to family Enterobacteriaceae
which is Gram-negative, rod-shaped and facultative
anaerobic. E. coli is widely found in the gastrointestinal
systems of birds (Runa et al., 2018), it serves to prevent the
colonization of pathogenic bacteria in the intestine, aids in
digestion, and can benefit their hosts by creating trace
amounts of vitamins B12 and K2, it is a harmful to both
humans and poultry to some level (Hudault et al., 2001).
Although the majority of E. coli isolates are not harmful,
their presence indicates that feces have contaminated food.
Around 10-15% of serotypes of coliforms, which are
pathogenic and opportunistic, are present in the colon.
Along with poultry, it also affects immune-compromised
hosts and causes a range of lesions (Barnes and Gross,
1997). There are six subgroups of E. coli sero-groups that
can cause illness and food poisonings: enterotoxigenic E.
coli (ETEC), enteropathogenic E. coli (EPEC),
enteroinvasive E. coli (EIEC), enterhemorrhagic E. coli
(EHEC), enteroadherent E. coli (EAEC), and diffusely
adherent E. coli (DAEC). The EHEC bacteria are a subset
of the patient-isolated Shiga toxin-producing E. coli
(STEC) strains (Holko et al., 2006), STEC was recently
detected in broiler chickens (Mamun et al., 2016), the
primary source of infections in humans is STEC-
contaminated food (Hussein et al., 2022). STEC causes two
serious clinical symptoms, hemorrhagic colitis (HC) and
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the possibly fatal hemolytic uremic syndrome (HUS)
(Karch et al., 2005). Avian infectious with the ability to
induce colibacillosis, an invasive systemic disease, E. coli
serotypes are suspected to be responsible for a wide
spectrum of poultry diseases (Younis et al., 2017). The
disease known as avian colibacillosis, which affects poultry
globally and results in significant financial losses, is
brought on by APEC (Barnes et al., 2008). The use of
antibiotics may have facilitated the emergence and spread
of resistant E. coli, which can enter humans through food
or direct contact with infected animals. These resistant
organisms might be extremely important in the spread of
antibiotic resistance among human infections (Schroeder et
al., 2002). The resistance is a fast-expanding global public
health issue. The rate of infections due to antibiotic-
resistant bacteria has increased, and certain diseases are
now resistant to several different classes of antibiotics.
Antimicrobial resistance (AMR) is thought to be
responsible for about 500,000 human deaths annually,
according to estimates from the FAO (Reardon, 2014).
PCR has also been widely employed in a molecular biology
to help scientists clone and sequence genes to find
mutations. It is a new method for microbial agent detection
that just needs a little sample to be analyzed. The PCR
process takes four to eight hours, which is about three times
quicker than cultures (Liu et al., 2019).
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The current study objectives were to isolate E. coli with
determine the antibiogram profile in addition to molecular
detection of Integrase, stx1, blaSHV and tetB genes from
broilers.

2. MATERIAL AND METHODS

Ethical Approval

The study was done according to an approved
protocol by the Ethical Committee, Faculty of
Veterinary Medicine, Benha University (Approval
number BUFVTM 17-03-23).

2.1. Collection of Samples

Two hundred samples of visceral organs [liver (70),
heart (70) and lungs (60)] from apparently health
(100) and freshly dead (100) broiler chicken were
collected from different commercial farms at Sharkia
governorate, Egypt during the period from March to
October 2022, the samples were tested at (RLQP)
Sharkia branch and stored at 4°C to 8°C.

2.2. E. coli isolation and identification (Cruickshank
etal., 1975)

The organs surfaces were serialized with a hot
spatula before being inoculated onto buffered
peptone broth and then incubated aerobically at 37°C.
Subsequently, the cultures were isolated on
MacConkey (HiMedia M081) and EMB (HiMedia
M317) agar plates and identified using conventional
techniques (Quinn et al., 2002). Furthermore, the
pathogenicity of E. coli positive samples was
evaluated onto a Congo red agar medium. Each
isolate was streaked on a sterile separate plate and
kept at 37°C for 24 hrs. The cultures were kept at
room temperature for 48 hours. After 48 hours in
room temperature, Congo red positive pathogenic E.
coli isolates appeared with brick red color while non-
pathogenic ones were colorless (Sharma et al., 2006).

2.3. Serological identification of E. coli

The probable E. coli isolates were chosen at random
and examined serologically wusing the slide
agglutination test (Edward and Ewing, 1972).

2.4. Antimicrobial susceptibility

In accordance with Clinical and Laboratory
Standards Institute (CLSI, 2021) recommendations,
antimicrobial resistance (AMR) was assessed for 10
antimicrobials, for selected strains, using the disc
diffusion method using E. coli-ATCC 25,922 as a
reference strain (Animal health research institute).
There were the following antimicrobial discs used:
oxytetracycline (T) (30 pg), streptomycin (S) (10
Kg), doxycycline (Do) (30 pg), colistin (CT) (10 pg),
ceftriaxone (CTR) (30 pg), sulfamethoxazole (SXT)
(25 pg), ampicillin (AM) (10 pg), norofloxacin
(NOR) (10 pg), kanamycin (K) (30 ug) and
gentamicin (GEN) (10 pg) (HiMedia, Mumbai,
India). An inoculum of each strain was streaked on

Mueller-Hinton agar (Himedia, Mumbai, India), and
the impregnated discs were placed on the agar
surface. The Multiple Antibiotic Resistance (MAR)
Index, a tool for assessing risks to wellbeing and
health, was looked at. When there is resistance to
more than three medicines, this indicator is helpful
for monitoring the spread of bacterial resistance in a
specific population (Christopher et al., 2013). The
MAR index is calculated as the ratio between the
number of antibiotics that an isolate is resistant to the
total number of antibiotics tested. A high estimated
MAR index (greater than 0.2) suggests a potentially
contaminated environment with a high risk of
antibiotic use.

2.5. Molecular detection of virulence and antibiotic
resistance genes

Plasmid DNA extraction from samples were
performed using the QlAprep Spin Miniprep Kits.
(Qiagen, Germany, GmbH). The integrase, stxl,
blaSHV and tetB genes were designed and amplified
as showed in Table (1 & 2). In a 25-pl reaction, the
primers were wused along with 125 pl of
EmeraldAmp Max PCR Master Mix (Takara, Japan),
1 pl of each primer at a concentration of 20 pmol, 5.5
pl of water, and 5 pl of the template. An Applied
Biosystems 2720 thermal cycler was used to carry
out the reactions. The PCR products were separated
by electrophoresis employing gradients of 5V/cm in
1x TBE buffer at room temperature on a 1.5%
agarose gel (Applichem, Germany, GmbH). Twenty
pl of the products were placed in each gel slot prior
to gel analysis. The fragment sizes were calculated
using a generuler 100 bp ladder (Fermentas,
Germany). Gel documentation equipment (Alpha
Innotech, Biometra) was used to take pictures of the
gel, and computer software was used to analyze the
results.

Table 1 Oligonucleotide primer sequences of different genes.

Target gene Primer’s sequence (5°-3’) Reference

stx1 ACACTGGATGATCTCAGTGG Dipineto et al.
CTGAATCCCCCTCCATTATG (2006)
blaSHV AGGATTGACTGCCTTTTTG Colomet al.
ATTTGCTGATTTCGCTCG (2003)
tetB CCTTATCATGCCAGTCTTGC Sabarinath et al.
ACTGCCGTTTTTTCGCC (2011)
Integrase TGCGGGTYAARGATBTKGATTT White et al.
CARCACATGCGTRTARAT (2000)

Table 2 Cycling condition and PCR product sizes of different genes.

Target Initial Amplification Final Amplified
gene Denaturation (35 cycles) extension segment
°C/min °Clsec °C/min (bp)
c
2 2 5
IS 5 k=
a < u
stx1 94/5 94/30  58/40  72/45 72/10 614
blaSHV 94/5 94/30  54/40  72/40 72/10 392

tetB
Integrase

94/5
94/5

©
£
<
S

94/30

72/10
72/10

491
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3. RESULTS

3.1. Bacteriological and serotyping identification

In the present study, out of 200 samples, one hundred
and ten isolates were positive for E. coli (55%), On
MacConky's agar, all E. coli isolates produced pink
colonies, while on EMB agar, all of the colonies had
the recognizable green metallic sheen. The E. coli
isolates were also Gram negative, medium sized
bacilli, positive for indole, negative for citrate,
positive for urease, and produced yellow slant and
butt with gas generation but not H2S on TSI agar
media.

Sixty-eight (61.8%) isolates were confirmed to be
EHEC positive, which revealed five serotypes
O157:H7 (12.7%), 026:H11 (21.8%), 0128:H-
(10%), O111:H4 (9%) and 0103:H2 (9%), while
(30.9%) of isolates were EPEC with high prevalence
of 0127:H6 (17.2%), as shown in Table (3).

Table 3 Prevalence of different serotype in E. coli isolates

Types of Serotypes % (No.) of strains
E. coli strains
0127:H6 17.2% (19)
EPEC O1:H7 7.2% (8) 30.9% (34)
02:H- 6.4% (7)
0103:H2 8.2% (9)
026:H11 21.8 % (24)
EHEC 0157:H7 12.7% (14) 61.8% (68)
0128:H- 10% (11)
O111:H4 9% (10)
Untypable 7.3% (8)
Total 100% (110)

3.2. Resistant Pattern of antimicrobial E. coli broiler
specimens.

The obtained results in Table (4) showed that the
descending manner in resistant of 110 isolated E. coli
to  oxytetracycline,  ampicillin,  doxycycline,
streptomycin,  colistin, ceftriaxone, kanamycin,
gentamicin, sulfamethoxazole and norofloxacin were
74.54%, 70.90%, 67.27%, 65.45%, 54.54%, 45.45%,
29.09%, 18.18%, 12.72% and 9.09%, respectively.
Meanwhile, the sensitivity in descending order were
65.45%, 60%, 56.36% and 54.54% for kanamycin,
gentamicin, sulfamethoxazole and norofloxacin,
respectively.

The obtained results in Table (5) declared that ten
isolates were resistant all tested antibiotics. In
addition to, four, six, twelve and eighteen isolates
were resistant to nine, eight, seven and six of selected
antibiotics.

Table 4 Resistance profile of antimicrobial in E. coli isolates (n =
110).

Antimicrobial Sensitive Intermediate Resistant
Oxytetracycline (T) 8 (7.27%) 20 (18.18%) 82 (74.54%)
Ampicillin (AM) 10 (9.09%) 22 (20%) 78 (70.90%)
Doxycycline (Do) 12 (10.90%) 24 (21.81%) 74 (67.27%)
Streptomycin (S) 14 (12.27%) 24 (21.81%) 72 (65.45%)
Colistin (CT) 32 (29.09%) 18 (16.36%) 60 (54.54%)
Ceftriaxone (CTR) 50 (45.45%) 10 (9.09%) 50 (45.45%)
Kanamycin (K) 60 (54.54%) 18 (16.63%) 32 (29.09%)
Gentamicin (GEN) 62 (56.36%) 28 (25.24%) 20 (18.18%)
sulfamethoxazole — 66 (60%) 30 (27.27%) 14 (12.72%)
trimethoprim (SXT)
Norofloxacin (NOR) 72 (65.45%) 28 (25.45%) 10 (9.09%)

Table 5 Resistant index of multiple antibiotic (MAR) in E. coli
isolates (n = 110) and antimicrobial resistance profile.

Resistance Resistance Profile No. of No. of MAR
Pattern Isolates
Antibiotics
| T, AM, Do, S, CT, CTR, K, 10 10 1
GEN, SXT, NOR
1 T, AM, Do, S, CT, CTR, K, 4 9 09
GEN, SXT
11 T, AM, Do, S, CT, CTR, K, 6 8 0.8
GEN
v T, AM, Do, S, CT, CTR, K 12 7 0.7
\ T, AM, Do, S, CT, CTR 18 6 0.6
\i T, AM, Do, S, CT 10 5 05
Vil T, AM, Do, S 12 4 04
Vil T, AM, Do 2 3 0.3
IX T, AM 4 2 0.2
X T 4 1 0.1
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3.3. PCR investigations of virulence and resistant
attributes of the recovered isolates

The Shiga toxin virulence gene (stx1) carried on
plasmid were assessed in only one isolate (20%) of
five multi drug resistant (MDR) E. coli isolates at 614
bp Figure (1.A). The recorded data in Figure (1.B)
revealed that integrase gene detected in all examined
MDR isolates 5/5 (100%) at 491bp. The presence of
blaSHV and tetB resistance genes on plasmids in all
tested E. coli strains which explained the phenotypic
resistance of E. coli isolates to ampicillin and
oxytetracycline 5/5 (100%) for each, Figure (1.C).

[ o] e W] e P el el s [ ] [

Fig (1) Electrophoresis of PCR amplified products of (A): stx1
virulence gene, (B): Integrase gene, (C) blaSHV and tetB resistant
genes, Lane L: Ladder, lanes E1 to E5: E. coli isolates, P: positive
control and N: negative control.

4- DISCUSSION

Escherichia coli is the main infectious pathogens in
poultry. According to their virulence traits and clinical
symptoms, pathogenic E. coli strains can be divided
into intestinal and extra-intestinal E. coli. The most
severe diseases that affects poultry was colibacillosis
which causes considerable economic losses due to
mortality, weight loss, carcass condemnations, and
expenditures associated with treatment and preventive
measures. Moreover, it has been determined that
Avian Pathogenic E. coli (APEC), the organism that
causes colibacillosis, is a zoonotic pathogen
(Dhaouadi et al., 2020). In this study, out of 200
examined samples obtained from freshly dead and
apparently healthy broilers revealed (55%) E. coli
isolates. The obtained results were comparable the
finding of Abd El Tawab et al. (2016) who recorded
that 52% freshly slaughtered chickens contained E.
coli and Hussein et al. (2022) who found 59.3% of
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broiler chickens with postmortem colibacillosis
harbored E. coli. The higher recovery rates 90% (Abd
El-Aziz et al., 2007) 75.5% (Samanta et al., 2014) and
70% (Khalaf et al., 2020). Lower isolation rate was
obtained by Ammar et al. (2015) 20%, (Younis et al.,
2017) 36.5%, (Amer et al., 2018) 35%, (Abd El
Tawab et al., 2015) 37.1% and (Ramadan et al. 2016)
29%. In this investigation, the lung had the greatest E.
coli isolation rate (67%) followed by the liver (57%)
and the heart (44%). The fact that an infection often
begins in the respiratory tract before spreading to
other internal organs and becoming systemic may help
to explain the high rate of isolation from the lungs
(Barnes et al., 1999). In the current study sixty-eight
(61.8%) isolates were confirmed to be EHEC positive,
which revealed five serotypes O157:H7 (12.7%),
026:H11 (21.8%), 0128:H (10%), O111:H4 (9%) and
0103:H2 (9%), while (30.9%) of isolates were EPEC
with high prevalence of 0127:H6 (17.2%). The
obtained results are in parallel with those obtained by
Kumar et al., (2003) who recorded that that the most
common E. coli serogroups were O78 (23.5%) and Jin
et al., (2008) who found that the most popular
serotype of E. coli in avian diseases was O78 and
026. In addition, Hussein et al., (2022) recorded
0127 in 15.7% of examined APEC from broiler
affected with colibacillosis. These differences
demonstrated that E. coli serotypes are national
specific, which would be essential in the order to
prepare of vaccine, which must be specific to the
dominant serotypes. Medication relies
heavily on antimicrobials to treat a variety of
infections in both people and animals. Antimicrobial
resistance (AMR), which is a major risk to both
human and animal health, is an important global
problem. Antimicrobial misuse and/or abuse in people
and animals places a high selection pressure on
microbial  populations to develop resistance
characteristics. Antimicrobials have thus lost some of
their effectiveness over time, resulting in treatment
failures and problems as well as higher healthcare
expenses for both humans and animals. People,
animals, and the environment are all exposed to
resistant microbes. This spread between nations is
facilitated by globalization and international travel
(Gray et al., 2021). Fifty-five E. coli isolates were
tested for their antibiotic susceptibility against 10
antibiotics using the disc diffusion method to
determine. The results revealed showed that 74.54%,

70.90%, 67.27%, 65.45%, 54.54%, 45.45% and
29.09% were resistant to oxytetracycline and
ampicillin,  doxycycline, streptomycin, colistin,

ceftriaxone and kanamycin, respectively. Meanwhile,
the highest susceptibility recorded for norofloxacin
(65.45%), sulfamethoxazole (60%), gentamicin
(56.36%) and kanamycin (54.54%) and ceftriaxone
(45.45%). The obtained results were comparable to
the finding of Abd El Tawab et al. (2016) who
reported that 45% and 40% of examined E. coli
isolates were resistant to colistin and gentamicin,
respectively. However, different resistant pattern for
E. coli isolated from broiler as sensitivity for
gentamicin and norofloxacin was 100% and 64.7%,
respectively (Miles et al., 2006). In addition, the
sensitivity for norofloxacin was 27% for E. coli
isolated from broilers suffered from colibacillosis
(Hussein et al., 2022). The differences in antibiotic
use in each location and time period, as well as the
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variables in study methods, may be reflected in these
disparities in resistance rates (Temmerman et al.,
2020).

Escherichia coli (STEC) that produce the Shiga toxin
is evidence that these germs constitute a harm to the
general public's health (Nataro and Kaper, 1998).
These are frequently seen in animals raised for food
and have been linked to serious gastrointestinal and
systemic illnesses such and hemolytic uremic
syndrome (HUS), hemorrhagic colitis (HC) which
cause diarrhea, particularly in  children in
underdeveloped nations. Shiga toxins, also known as
Stx1 and Stx2, are one or both of the two main types
of toxins produced by STEC strains (Dutta et al.,
2011). While serogroups are crucial for identifying
potential pathogens, the presence of virulence traits
and the stx1 gene were crucial indicators of the
strains' increased pathogenicity. This isolates'
virulence factor was connected to plasmids, which
could be found using PCR. As a result, they are likely
to be involved in interspecies horizontal gene transfer
as evidenced by the spread of plasmids (Magwedere
et al., 2013). The obtained results by PCR revealed
presence of stx1 in (20%) of examined E. coli. Nearly
similar results obtained from Bangladesh, (10.20%)
were positive for stx1 gene in live healthy broiler
chickens (Mamun et al.,2016). In addition, (45%) of
poultry isolates were positive for stx1 in Egypt (Nasef
et al., 2017). Meanwhile, all examined E. coli
negative for stx1 in Iran (Ghanbarpour et al., 2011)
and Egypt (Abd El Tawab et al., 2015).

The integrons act as reservoirs of antimicrobial
resistance genes within microbial populations and are
recognized to be the principal source of transferrable
resistance genes. (Ochman et al., 2000; Collis et al.,
2002). In current, study the integrase gene detected in
all examined samples (100%). The integrase gene
detected in previous studies worldwide in Italy from
avian source examined (49.8%) (Cavicchio etal.,
2015), in Iran (50%) of E. coli chicken isolates were
positive for integrase gene (Kheiri and Akhtari, 2016).
Comparatively, a high incidence of integron-bearing
E. coli isolates (75%) showed positive results in
Poland (Racewicz et al., 2022). One AMR problem
that has grown globally and affects both humans and
animals is E. coli that produces extended-spectrum
beta lactamases (ESBL). (Chong et al., 2018). Due
primarily to the synthesis of SHV -lactamase, which is
encoded by the blasnv genes, the bacteria are resistant
to cephalosporins. This gene can be expressed
chromosomally or via plasmids (Michael et al., 2015).
Public health issues are brought up by the presence of
ESBL-producing E. coli (ESBL-EC) in food animal
production systems because germs can infect people
through the food chain (Tekiner and Ozpinar, 2016).
In this study blaswv obtained in (100%) of E. coli. The
detection limit was lower in Philippians, where
(20.29%) of PCR tested E. coli from broiler cloacal
swabs contained blasnv (Gundran et al., 2019).
Furthermore, in Algeria, (16.5%) (Chabou et al.,
2018). Genes of tetracycline resistance are typically
encoded in plasmids and transposons and are passed
from one species to another. But in some isolates, the
necessary genes can also be located on plasmid
(Oppegaard et al., 2001). The main mechanisms of
tetracycline resistance that occur from the acquisition
of tet genes are efflux pumps, ribosome protection,
and enzymatic deactivation. Mutations can lead to
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antibiotic resistance as well (Koo and Woo, 2011).
The tetA, tetB, tetC, tetD, and tetG genes code for
efflux pumps, which are related to the tet genes most
frequently found in  gram-negative bacteria
(Schwaiger et al., 2010). In current study, tetB
detected in (100%) of examined E. coli. Lower
incidence of tetB gene were reported in Turkey
(1.9%) (Sandalli et al., 2010). Furthermore, in Korea,
Koo and Woo (2011) declared that (1.6%) of E. coli
isolates contained tetB, also in Iran, tetB found in
(38.3%) of colibacillosis E. coli broilers isolates
(Jahantigh et al., 2020).

5. CONCLUSION

The APEC strains isolated from broiler chickens are
multidrug resistant and contain antibiotic resistant
genes such as integrase, blasnv, and tetB. Due to the
potential transmission of these resistant isolates and
their determinants to humans via direct and indirect
contact with the birds, the existence of multidrug-
resistant APEC constitutes a danger to public health.
In order to decrease the overuse of antibiotics, it is
necessary to put into place all preventive measures,
infection control guidelines, immunizations, high-
standard  biosecurity  practices, and hygiene
procedures.
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