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Abstract

Background: Escherichia coli (E. coli) bacteria that produce extended spectrum beta-lactamase (ESBL) is associated
with a high prevalence of human illnesses worldwide. The emergence of resistance to carbapenem and colistin
compounds poses further challenges to the treatment options for these illnesses. This study aimed to evaluate the
phenotypic and genotypic pattern of resistance to carbapenem and colistin in ESBL-producing E. coli. Escherichia coli
isolates collected from the respiratory tract of chickens in El-Sharkia government, Egypt.

Methods: A total of 250 lung samples were collected from 50 poultry farms. These samples were then subjected to
isolation, identification, and serotyping of E. coli. The presence of antimicrobial resistance was identified by disc
diffusion testing. The occurrence of ESBL phenotypes was also assessed using the double disc synergy method. PCR/
sequencing techniques were employed to examine the presence of ESBL (B-lactamase (bla)- ., bla ., and bla
colistin (mcr-1), and carbapenem (bla, , bla,, , and bla, ) resistance genes.

Results: The findings revealed that 140 out of 250 (56%) were identified as E. coli. All E. coli isolates had a high level
of multi-antimicrobial resistance (MAR) with an index value greater than 0.2, and 65.7% of them were confirmed to
produce ESBL. Out of the 92 ESBL phenotypes, 55 (59.7%), 32 (34.7%), 18 (19.6%), and 37 (40.2%) isolates harbor
bla . ., blag .bla.. . andbla. . . genes, respectively. The bla gene was identified in all 40 phenotypes that
exhibited resistance to carbapenem, accounting for 28.5% of all strains of E. coli and 43.4% of ESBL isolates. The
VIM and KPC genes were not detected in any of the samples. Furthermore, there was a significant prevalence of the
mobilized colistin resistance (mcr)-1 gene, with 64 (69.5%) of the ESBL isolates exhibiting this gene.

Conclusion: The prevalence of ESBL-producing E. coli, particularly those resistant to carbapenem and colistin, poses
a significant public health risk in society.
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Introduction producing E. coli which has presented a substantial

Escherichia Coli, a bacterium belonging to the risk to publlc health (Cal‘dOZO et al., 2021, Giufre et al.,

Enterobacteriaceae family, can cause infections in the
intestines and other parts of the body in both people and
animals. The emergence of extended spectrum beta-
lactamase (ESBL)-producing Enterobacteriaceae,
which are resistant to third- and fourth-generation
cephalosporins, has posed a challenge to the
management of these infections since the 2000s (Poirel
etal.,2018). There was evidence that E. coli originating
from animals or animal-derived food possess zoonotic
potential. During the last twenty years, there has been
a significant increase in the prevalence of ESBL-

2021).

The "One Health" strategy has been endorsed by
organizations such as the World Organization for Animal
Health, the Food and Agriculture Organization of the
United Nations, and the World Health Organization in
light of the global proliferation of antibiotic-resistant
bacteria. This strategy entails collaborative endeavors
among environmental, veterinary, and public health
authorities to alleviate the dissemination of antibiotic
resistance (White and Hughes, 2019). The transmission
of resistant E. coli, which has ESBL-producing
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potential, is known to be influenced by direct contact
between infected animals and humans. The sharing
of resistance genes across animals and humans is
attributed to sharing the same environment. The
transmission of ESBL-producing E. coli from poultry
or poultry products to humans has been recorded
(Coppola et al., 2020). Based on the comparisons of
amino acid sequences, ESBL variants can be classified
into nine distinct structural families, which are bla
blag, ,bla_ . .bla, . bla, . bla_ ,bla, ., andbla_,.
The foremost ESBL variants are bla,, blag,, and
bla.. .. The .. variant, specifically, has rapidly
disseminated and is widely documented in E. coli
globally (Bubpamala et al., 2018).

Carbapenems, such as ertapenem, meropenem,
and imipenem, are a class of potent antibiotics that
have a wide range of activity against many types of
bacteria. They belong to the beta-lactam chemical
group and are mostly employed in the treatment of
severe infections in humans. These substances are
well acknowledged for their exceptional efficacy and
are frequently employed as a final option to combat
bacteria that are resistant to many drugs, both Gram-
negative and Gram-positive (Taggar et al., 2020).
Nevertheless, they lack authorization for application
in animal or veterinary domains. Consequently,
the examination for carbapenem resistance is not
commonly carried out in animals. Nevertheless,
several extended-spectrum cephalosporins, such as
cefquinome, ceftiofur, cefoperazone, and cefpodoxime,
are commonly employed in the veterinary field.
Ceftiofur, a third-generation cephalosporin, is
frequently employed for the treatment of bacterial
illnesses in livestock, including pneumonia, metritis,
septicemia, and meningitis. Hence, the utilization of
these antibiotics may apply selection pressure that
facilitates the development of carbapenem-resistant
bacteria. There is a higher occurrence of carbapenem-
resistant Enterobacteriaceae (CRE), especially E.
coli, Klebsiella pneumoniae, and Proteus mirabilis,
carrying bla = genes in broiler farms. Among these
genes, bla  ~and bla  are particularly prevalent
(Liakopoulos et al., 2018). The primary cause of
carbapenem resistance in Enterobacteriaceae is the
synthesis of carbapenemases, which are frequently
encoded by genes found on plasmids. Carbapenemases
are categorized into three classes: Class A (KPC),
Class B (NDM, IMP, VIM), and Class D (OXA-type)
(Ambler, 1980).

In impoverished countries such as Egypt, where there
is often a lack of regulation on antimicrobial usage,
colistin is commonly employed in veterinary practice
(Moawadetal.,2017). Colistin, or polymyxin E, exhibits
structural resemblances to polymyxin B. Although
colistin demonstrates swift bactericidal activity against
Gram-negative bacteria in laboratory conditions, its
effectiveness is significantly diminished when used in
living organisms. To overcome this constraint, the use
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of colistin can be augmented by incorporating other
antibiotics into therapy regimens (Paul et al., 2018).
The rise of colistin resistance is alarming in the field
of human medicine since this medication is regarded
as a final resort for treating serious infections caused
by Enterobacteriaceae that are resistant to many drugs
(Mendelson et al., 2018). Originally, chromosomal
changes were thought to be the primary cause of
colistin resistance. However, research conducted in
multiple countries has revealed that resistance can also
occur through alternative pathways. A recent study by
Osei Sekyere (2019) has recorded the finding of nine
mobilized colistin resistance (mcr) genes, namely mer-
1 to mer-9. These genes are responsible for plasmid-
mediated resistance against colistin.

Global attention has been directed to the "one-health"
idea and the potential danger posed by antibiotic-
resistant germs in farm animals that can be passed
to humans. There is a lack of comprehensive data on
the prevalence of carbapenem and colistin-resistant
Enterobacteriaceae in livestock that come into contact
with the human community in Egypt. To investigate
this matter, we undertook a study to determine the
occurrence of carbapenem and colistin-resistant
strains among ESBL-generating E. coli isolated from
chicken farms in the eastern region of the Egyptian
Delta. Furthermore, the study examined the genetic
determinants of ESBL, carbapenem, and colistin
resistance in E. coli within this region.

Material and Methods

Sample collection

The collection of samples was conducted from 50
poultry farms situated in the eastern portions of the
Egyptian delta, notably in El-Shargia Governorate,
spanning from December 2019 to April 2021. Five
diseased chickens, ranging in age from 1 to 5 weeks
and exhibiting signs of sickness, were obtained from
each farm. The gathered chickens had signs including
depression, reduced desire to eat, and disheveled
plumage. The birds were conveyed to the Reference
Laboratory for Veterinary Quality Control on Poultry
Production, AHRI, Giza, and to the Faculty of
Veterinary Medicine, Zagazig University, Egypt. The
samples underwent post-mortem inspection under
sterile conditions. Specimens were collected from
the lung and trachea of birds exhibiting symptoms
of colisepticemia, air sacculitis, pericarditis, and
perihepatitis. The samples were dispatched for the
purpose of bacterial isolation and identification.
Isolation and identification

Escherichia coli strains were isolated and identified
using the following procedure (Swayne, 1998). The
samples were submerged in buffer peptone water
and subjected to aerobic incubation for a duration
of 24 hours at a temperature of 37°C. The samples
were applied onto eosin methylene blue agar and
MacConkey agar plates, and then placed in an
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incubator at a temperature of 37°C for a duration of
24 hours. The colonies suspected on MacConkey agar
displayed a vibrant pink hue and measured 1-2 mm in
diameter, but they exhibited a metallic color on eosin
methylene blue agar. Presumed pure E. coli colonies
underwent additional conventional biochemical
screening, including tests for oxidase activity, citrate
utilization, indole production, methyl red reaction,
Voges Proskauer test, and triple sugar iron test. In
addition, the process of serotyping the isolated E. coli
strain is performed. The identification of E. coli strains
was conducted using somatic (O) antigen antisera
obtained from DENKA SEIKEN Company, Tokyo,
Japan, following the instructions provided with the kit.
Antimicrobial susceptibility testing (AST)

The Mueller—Hinton agar (MHA) disc diffusion test is
utilized to assess the antimicrobial susceptibility of all
E. coli strains using a method previously outlined by
Osei Sekyere (2019). The test comprised 12 antibiotic
discs obtained from Oxoid (Basingstoke, UK), which
included those utilized for the initial screening of
ESBL, as well as carbapenems and colistin resistance.
The screening process entailed conducting tests on
the isolates using ceftazidime (30 pg), cefotaxime
(30 pg), colistin (10 pg), and ertapenem (10 pug). The
interpretation of inhibition zones was conducted in
accordance with the guidelines set by the Clinical and
Laboratory Standards Institute (CLSI).

The double disc synergy

To verify the presence of ESBL, this test was conducted
using a method previously described by Anago et al.
(2015). The test involved applying amoxicillin-
clavulanic acid (AMC, 30 pg) at a distance of 20 mm
from each antibiotic disc (30 pg) containing third-
generation cephalosporins (cefotaxime and ceftriaxone)
and fourth-generation cephalosporins (ceftazidime
and cefepime) on MHA plates. If the boundary of
the area where the growth of bacteria is inhibited by
cephalosporin extends significantly toward the AMC
disc, it is considered a favorable indication of carrying
ESBL (Fig. 1).

Genotypic characterizations of E. coli isolates
Genotypic analysis was performed on all isolates
that exhibited phenotypic ESBL production and
multi-antimicrobial  resistance (MAR). Cultured
bacteria were subjected to DNA extraction using
a Purification Kit (Roche Diagnostics, Mannheim,
Germany) following the instructions provided by
the manufacturer. In summary, a 200 pL sample of
bacterial culture was combined with 200 pL of lysis
buffer and 10 pL of proteinase K. The mixture was
then subjected to incubation at a temperature of 56°C
for a duration of 10 minutes. Afterward, the lysate
was subjected to treatment with 100% ethanol (200
pL). Following washing and centrifugation, 100 pL of
elution buffer was utilized to extract the nucleic acid.
Every E. coli isolate underwent testing to determine the

presence of resistance genes, including bla  , blag,,

bla.., ., bla . bla . bla . and mcr-1. Employing
designated primers provided by Metabion (Planegg,
Germany), as previously demonstrated in Table 1. The
DNA that was obtained was used in PCR experiments
using the Emerald Amp Max PCR Master Mix from
Takara, Japan. The amplification was conducted on
an Applied Biosystems 2,720 thermal cycler. The
PCR protocol involved a single initial denaturation
phase at 94°C for 5 minutes, followed by 35 cycles
of denaturation at 94°C for 30 seconds, annealing at
a temperature range of 53°C—60°C for 30-40 seconds,
and extension at 72°C for 30—45 seconds. Finally, there
was a final extension cycle at 72°C for 7-10 minutes.
The PCR products were separated using electrophoresis
in 1x TBE buffer at room temperature. A 5 V/cm
gradient was applied on a 1.5% agarose gel acquired
from Applichem GmbH in Darmstadt, Germany. Each
gel hole was filled with 20 pul of the products. The
GelPilot 100 bp plus DNA Ladder, manufactured by
Qiagen GmbH in Hilden, Germany, was employed to
ascertain the sizes of the DNA fragments. The PCR
results were subjected to purification and subsequently
sequenced using the Sanger ABI 3730 XL automated
DNA sequencer. The sequencing was performed by
BaseClear, a commercial business located in Leiden,
The Netherlands. The nucleotide sequences were
aligned using the Codon Code Aligner programme
(Version 5.0.2) and compared to sequences found on
the National Centre for Biotechnology Information
website (www.ncbi.nlm.nih.gov) (Abdallah ef al.,
2017).

Ethical approval

Not required for this type of study.

Fig. 1. Double disc synergy positive result.
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Table 1. Objective genes with oligonucleotide primer sequences and amplicon sizes.

Gene Gy amplified product_ Reference

Bla ATCAGCAATAAACCAGC 516 bp Colom et al. (2003)
CCCCGAAGAACGTTTTC

Blag,, AGGATTGACTGCCTTTTTG 392 bp
ATTTGCTGATTTCGCTCG

Bla_,, ATGTGCAGYACCAGTAARGTKATGGC 593 bp Archambault et al. (2006)
TGGGTRAARTARGTSACCAGAAYCAGCGG

Bla,,, AGTGGTGAGTATCCGACA 280 bp Xia et al. (2012)
ATGAAAGTGCGTGGAGAC

Bla,, | GGCGGAATGGCTCATCACGA 287 bp
CGCAACACAGCCTGACTTTC

Merl CGGT CAGTCCGTTTGTTC 308 bp Newton-Foot et al. (2017)
CTTGGTCGGTCTGTAGGG

mm £4.00% 110 Non E.coli isolates
= 56.00% 140 E.coli isolates

Total=250

Fig. 2. Incidence of E. coli isolated from chicken farms in
El-Sharkia Governorate, Egypt.

17.86% 25 Of6a
7.14% 10 055

3.57% 50166

17.86% 25 0111
35.71% 500125
T14% 100127
10.71% 15 0157

popceon

Total=140

Fig. 3. The incidence of E. coli serotypes isolated from
poultry samples.

Results

Among all the 250 diseased chickens, from 50 broiler
poultry farms, examined for E. coli infections, 140
samples (56%) tested positive for E. coli, while 110
samples (44%) tested negative (Fig. 2). Different

Fig. 4. Zones of inhibition of different antibiotic discs against
E. coli isolate.

serovars of E. coli isolates were identified by the use of
43 monovalent group O somatic antisera (Fig. 3).

The disc diffusion method was employed to evaluate
the antibiotic resistance of 140 E. coli strains. The
study tested the susceptibility of E. coli strains to 12
different antibiotics (Fig. 4). As depicted in Figure 5, E.
coli isolates demonstrated complete resistance (100%)
to cephalexin, chloramphenicol, oxytetracycline, and
streptomycin, with ampicillin showing a little lower
resistance rate (96%). Cefotaxime, ceftazidime, and
sulfamethoxazole-trimethoprim exhibited a resistance
rate 0f 92.9%. In addition, 115 out of the total of 140 E.
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Fig. 5. The percentage of sensitivity and resistance of 140 E.
coli isolates against 12 antimicrobial discs.

coli isolates demonstrated resistance to ciprofloxacin,
colistin sulfate, and apramycin. In addition, 50% of
isolates showed resistance to ertapenem. All E. coli
serotypes were categorized as multidrug resistant,
meaning they were resistant to three or more classes
of antimicrobials (Table 2). In addition, a total of 92
samples were phenotypically identified as potentially
harboring ESBL (Figs. 1 and 6; Table 2).

Out of the 92 ESBL harboring E. coli, 59.7% (55
strains) were discovered to contain the bla. , , gene,
with bla..,,,, accounting for 19.6% and bla. ., .
accounting for 40.2%. In the same manner, the bla_, ,
gene was detected in 60% of the isolates, whereas
34.7% (32 out of 92) harbored the blag,, , gene. With
significant implications for public health, 43.4% and
69.5% of ESBL isolates were found to have the bla |
and mcr-1 genes, respectively. These data are depicted
in Figure 7.

Discussion

This research study examined the prevalence of
multidrug-resistant E. coli isolated from the respiratory
tract of chickens exhibiting chronic respiratory illness
symptoms in poultry farms located in the eastern
regions of the Egyptian delta. The study examined the
resistance profiles of phenotypes and genotypes against
B-lactam antibiotics, carbapenems, and colistin. These
profiles pose a potential risk to public health if they are
transmitted to humans.

Among the 250 samples, 140 were found to be positive
for the presence of E. coli with a prevalence of 56%.
The rate mentioned exceeds the average incidence rate
(ranging from 9.52% to 36.73%) reported by Kabir
(2010), who identified the age group of 4 to 6 weeks
as the most susceptible. In the United States, APEC
(avian pathogenic E. coli) has been consistently found
in at least 30% of chicken flocks (Johnson et al., 2008).
Elevated incidence rates, such as the one observed in
this study, are prevalent in developing nations such

as Egypt. The study conducted by Awad et al. (2016)
indicated a prevalence rate of 51.85%. In addition, the
researchers obtained E. coli strains from the internal
organs of 92 sick broiler chickens and from 32 cloacal
swabs or fecal samples from healthy broiler chickens
in Algeria (Mohamed et al., 2018). A study conducted
in Pakistan found a remarkably high occurrence
rate of APEC isolates (89.2%) (Azam et al., 2019).
The heightened occurrence of colibacillosis may be
attributed to the intensive husbandry of birds in poorly
ventilated housing or the presence of Mycoplasma
gallisepticum infection in the flock, which leads to or
exacerbates colisepticaemia. Moreover, poultry may
become more susceptible to this disease due to viral
infections and ecological pressures (Matuschek et al.,
2018).

In this study, E. coli isolates were categorized into seven
distinct serotypes, with serotype O125 being the most
common, accounting for 35.7% of the isolates (50 out of
140). Subsequently, there was a 17.8% occurrence rate
for both O111 and O86. Additional serotypes that were
found were O157 (n=15), 0127 and O55 (n=10), and
0166 (n=15). These findings are consistent with a prior
study conducted by Rahmatallah et al. (2018), which
identified O125 as the most prevalent strain of E. coli.
This serogroup is responsible for 61.3% of infections
in poultry, as reported by Chabou ef al. (2016).
Colibacillosis, a disease that affects chicken production
globally, results in substantial economic losses.
To treat this infection, many classes of antibiotics,
including sulfonamides, aminoglycosides, B-lactams,
fluoroquinolones, and tetracyclines, are commonly
employed. Regrettably, this has led to the emergence of
multi-resistant strains of £. coli (Grami ef al., 2016). In
our research, antibiotic susceptibility testing conducted
on different E. coli serotypes showed that nearly all
the isolates were multi-resistant, as they exhibited
resistance to at least three antibiotics, indicating a
MAR pattern. The E. coli isolates displayed elevated
resistance to 12 antibiotics. A preceding study in
Egypt examining broiler chickens found a prominent
phenotypic resistance rate of E. coli to streptomycin,
penicillin, trimethoprim/sulfamethoxazole, and
tetracycline (Chabou et al., 2016). Other investigations
have also documented the presence of multi-resistant
E. coli in chicken farms in Tunisia (Kabir, 2010) and
Jordan (Bernasconi et al., 2017).

Our findings indicate that approximately 65.7% of
all E. coli isolates are phenotypically positive for
ESBL. That was in the same line with the findings of
Awad et al. (2020) who stated that 65.09% of E. coli
isolates were shown to be producers of ESBL. Recent
surveys conducted in Egypt have revealed varying
rates of phenotypically positive ESBL harboring F.
coli, including 46.7% (Borowiak et al., 2017) and
75% (Badr et al., 2022a). ESBL-carrying E. coli was
isolated from the intestines of approximately 34% of
broilers in Sweden (Borjesson ef al., 2013) and from
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Table 2. MAR index analysis and phenotypic ESBL production of E. coli serotypes.

Eeolisolates  No. Nt ety MARinde@p) PR
0125 10 12 1 +ve
0125 6 10 0.8 +ve
o111 9 11 0.92 —ve
086a 6 12 1 —ve
o1 9 11 0.92 —ve
o111 2 11 0.92 —ve
0157 15 10 0.85 +ve
0125 7 11 0.92 +ve
086a 4 12 1 —ve
0166 5 11 0.9 +ve
0125 6 12 1 —ve
o111 2 10 0.85 —ve
055 4 12 1 —ve
0127 7 6 0.57 +ve
0125 3 10 0.85 +ve
0127 3 12 1 +ve
o111 6 12 1 —ve
0125 5 8 0.71 —ve
0125 4 12 1 +ve
055 6 11 0.92 +ve
086a 5 10 0.92 —ve
0127 7 12 1 —ve
086a 3 9 0.78 +ve
0125 1 10 0.85 +ve
o111 9 10 0.85 +ve
0125 4 11 0.92 +ve
086a 7 10 0.85 +ve
0125 2 12 1 —ve
0125 2 10 0.85 +ve

No. of antimicrobials to which the isolates were subjected = 12 (b). E. Coli = Escherichia coli, MAR = Multiple antimicrobial resistance,

ESBL = Extended-spectrum beta-lactamase

48.8% of retail chicken meat markets in Malaysia
(Aliyu et al., 2016).

PCR analysis and sequencing verified that out of the 92
ESBL phenotypes examined, 55 (59.7%), 32 (34.7%),
18 (19.6%), and 37 (40.2%) isolates harbor bla ., .,
blag,, , bla. . bla.. ., ESBL genes, respectively.
The CTX-M family of genes provides resistance to
cefotaxime, which is a frequently utilized antibiotic in
veterinary medicine. The presence of this family has
been documented in farm animals and hospitalized
patients in Egypt (Braun et al., 2016), as well as in
numerous food chain animals in different countries
(Hartmann et al., 2012). Additional research conducted

in Egypt has also documented a higher occurrence of
bla. ,, genes in ESBL-carrying E. coli from poultry
offal samples (EI-Shazly et al., 2017). The bla
variants, such as bla

crxa (the most common vari(élTnXt;/j
bla . i bla. .., and bla. . were previously
found in hens (Randall et al., 2011). These pose a
potential risk to human health, as bla ., , genes have
already been detected in human E. coli isolates in
Egypt (Mohamed Al-Agamy et al., 2006).

In addition, our data indicated a high occurrence
of bla, ., and blag , genes in ESBL-producing

E. coli which was 55 (59.7%) and 32 (34.7%),
correspondingly. In a separate investigation conducted
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W 5571% 92 ESBL
3 34.29% 48 Non ESBL

Fig. 6. The phenotypic ESBL producers among 140 E. coli
isolates.

in Egypt, the blag,, and bla ,, genes were identified
in 23.58% (7 out of 30) and 57.55% (18 out of 31)
of the E. coli samples, respectively (Abdallah et al.,
2015). Another investigation has shown a significant
prevalence of 88.2% (27 out of 31) of bla ,, in ESBL-
carrying E. coli (Colom et al., 2003). On the other
hand, the bla_, gene was found at a comparatively
lower rate of 9.1% (4 out of 44) (Ibrahim ef al., 2019),
while the blag,,, gene was revealed in just 1.8% (2 out
of 111) of the isolates (Huijbers ef al., 2015). Recently,
a study was conducted to analyze of E. coli chicken
isolates which are associated with ESBL genes from
different locations in Egypt. The study found that
the EL-Sharqia governorate frequently showed the
presence of bla__ and bla genes. The Dakahlia

TEM CTX-M-9

governorate exhibited the presence of bla,,, blay,,

bla_., ., and bla_, ,, , genes, either in combination or
individually, among the isolates. Conversely, isolates
in Giza governorate frequently possess the bla__ gene
(Badr et al., 2022a).

An increased occurrence of CRE, including K.
pneumoniae, E. coli, and P mirabilis, has been
observed in broiler farms that carried bla, genes. The
most prevalent variants of these genes in chicken farm
environments are bla ~and bla . (Liakopoulos
et al., 2018). This research identified a significant
occurrence of the carbapenem-resistant gene, bla ,
which was found to coexist with ESBL and colistin-
resistant genes in £. coli strains obtained from chickens.
The elevated occurrence of CRE in agriculture is mostly
attributed to the extensive utilization of antibiotics,
inadequate oversight, transportation practices, and
inadequate farm sanitation. Carbapenem-resistant
strains, including Acinetobacter Iwoffii carrying
the bla, gene, were identified in chicken farms,
duck farms, and a pig abattoir in China in 2010.
The presence of P. mirabilis, a bacterium capable of
harboring NDM, was documented in broiler chickens
in 2021 (Xie et al., 2021). A recent study conducted
in China documented the prevalence of carbapenem-
resistant E. coli, P. mirabilis, and K. pneumoniae
in broiler fattening farms (Su et al., 2023). In 2016,
42% of K. pneumoniae isolates from Egyptian poultry

farms were carbapenem-resistant and carried bla

o 80
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] —
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=
=
2 40+
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™ 2n_
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E
=
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Fig. 7. The incidence of antibiotic-resistant genes among 92
phenotypic ESBL-producing E. coli.

bla,., and, bla, , . genes (Hamza et al., 2016). A
study conducted in China discovered NDM variants,
specifically bla, ,bla . andbla  ,, in a total of
279 NDM-producing bacteria. These bacteria belong to
the families Enterobacteriaceae, Alcaligenes faecalis,
and Morganellaceae. The study also discovered the
occurrence of mer-8 or mer-1 alongside bla |
in K. pneumoniae (Zhai et al., 2020). A total of 155
carbapenem-resistant isolates were identified in
Egyptian research on retail chicken flesh. The analysis
detected the presence of bla, . and other genes in K.
pneumoniae ST147, E. coli ST648, and P. mirabilis
(Shi et al., 2021). ST648 E. coli with the bla, = gene
has been found in the United Kingdom, Australia,
and India, together with the ST147 K. pneumoniae
that has acquired the same gene has been identified in
Tunisia, Iraq, and Egypt (Sadek et al., 2020). In 2019,
a study conducted in China reported the existence of
P. mirabilis bacteria carrying the bla NDM-1 gene in
broiler chickens at slaughterhouses. In 2021, a study
conducted in Egypt discovered the presence of P
mirabilis in duck farms and were shown to carry three
resistant genes, namely bla_,, , bla and bla, .
(Algammal et al., 2021).

Regarding colistin, 82.1% of the E. coli isolates showed
resistance as revealed by AST. Prior research in Egypt
has documented different degrees of colistin resistance
in E. coli bacteria in the Northern governorates. One
study found a high prevalence rate of 92.31% in 54
chicken farms (Awad et al., 2020), while another
study revealed a low prevalence rate of 7.9% among
48 chicken farms (Moawad et al., 2018). In our
investigation, we also investigated the presence of
mcrl genes, which are responsible for the emergence
of colistin resistance. Among the 92 ESBL-producing
E. coli isolates, 64 (69.5%) were found to possess the

NDM-1°
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mcr-1 gene. Similarly, Egyptian researchers employed
standard PCR assays to examine the existence of
merl-5 gene variants in 56 phenotypically colistin-
resistant E. coli samples. The results revealed that the
mer-1 gene was the sole gene present in all isolates,
while the other genes (mer-2, mer-3, mer-4, and mer-5)
associated with colistin resistance were not identified
(Badr et al., 2022b). The presence of the mer-1 gene
is regarded as the primary determinant of colistin
resistance, consistent with previous studies (Barbieri
et al., 2017; Moawad et al., 2018). Consistent results
have been reported throughout Northern Africa,
specifically in Morocco, Algeria, and Tunisia, as well
as worldwide (Bernasconi et al., 2017; Chabou et al.,
2016; Grami et al., 2016; Rahmatallah et al., 2018).

Conclusion

This work examined the occurrence of multidrug-
resistant E. coli on Egyptian poultry farms and
highlighted the resistance profiles, particularly for
ESBL, carbapenems, and colistin. The results showed
a higher-than-average incidence rate, which is coherent
with trends observed in developing countries. The
study identified multiple E. coli serotypes, including
those with zoonotic potential, and observed multidrug
resistance against various antibiotics. Furthermore, the
increased prevalence ofbla_., ,,, bla ., blag, ,bla . .
and mcr 1 genes in E. coli isolates poses a significant
threat to public health in the respective community.
This is because carbapenems and colistin represent the
final lines of defense against bacteria that are resistant
to multiple antibiotics. Ultimately, adopting a proactive
"One Health" strategy in Egypt is crucial to prevent the
rapid proliferation of antibiotic-resistant bacteria.
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