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Abstract

Background: The emergence and spread of carbapenem-resistant gram-negative
bacteria pose a serious threat to human health. Currently, little is known about the
molecular mechanisms underlying carbapenem -resistance and their prevalence
among APEC in Egypt. The aim of this study was to detect APEC in clinically
diseased broiler chickens collected from broilers farms located at Dakahalia
governorates, asses their virulence —associated genes, detect the antimicrobial
susceptibility of recovered isolates and to detect genes encoding carbapenemase

resistant.

Methods: A total of 100 organ tissue samples subjected to conventional culture
technique for isolation of E. coli. The confirmed E. coli were subjected to disc dif-
fusion method for detection their susceptibility to antimicrobials. Polymerase chain
reaction (PCR) was used for detection of APEC virulence genes (hlyA, iutA,
ompT, iss, iroN) and six carbapenem- resistant genes namely, blaIMP, blaVIM,
blaKPC, blaOXA-48 blaGES and blaNDM,.

Results: Forty isolates were confirmed to be E. coli among them, three or more
APEC virulence- genes were detected from all isolates. The hlyA gene was detect-
ed in 90% (36/40), iroN in 95% (38/40), ompT in 97.5% (39/40), iutA in 92.5%
(35/40) and iss was detected in 95% (38/40) of APEC isolates The tested isolates
exhibited a remarkable resistance to ampicillin (97.5%), cefuroxime (92.5%),
clindamycin (90%), chloramphenicol (62.5%), doxycycline (45%), amikacin
(25%) and ciprofloxacin (12.5%). While, the retrieved isolates displayed 100 %
sensitivity against imipenem, meropenem, ertapenem, ceftazidime and colistin.
Concerning carbapenemase-encoding genes, blaIMP, blaVIM, blaKPC, blaOXA-
48, blaGES couldn’t be detected among the E. coli isolates, while, blaNDM was

confirmed in three isolates .

Conclusion: The detection of NDM as one of the carbapenem resistant genes re-
veals that the resistant strains are not only capable of infecting humans, but that
carbapenams- resistant E. coli (CREC) has also started to pose a threat to poultry
farm and other livestock animals. This may give rise to worries that these food-

carrying creatures could infect humans or colonize them.
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Introduction

Although E. coli is thought to be a normal component of the microflora in the chicken intestine, some
strains can spread to other internal organs and result in lethal disease known as colibacillosis [1]. Coliba-
cillosis causes a huge economic losses in poultry farm. It caused by one of the most prevalent extraintes-
tinal pathogenic (ExPEC), which cause infections outside of the gastrointestinal tract [2] known as Avi-
an Pathogenic E. coli (APEC) [3, 4].

Multidrug resistance is a worrying problem that is being seen more frequently worldwide in both human
and veterinary medicine [5]. Although practically all therapeutically relevant antibiotics are generally
ineffective against E. coli, this bacteria has a strong capacity to collect antibiotic resistance genes, pri-

marily through horizontal gene transfer [6].

Carbapenems are considered the last-line antibiotics for treatment of microbial infection in human and it
is commonly used to combat multiple resistant bacteria such as ESBL and MRSA which cannot be treat-
ed by other therapeutic options. However, there is concern that these carbapenemases will penetrate the
food chain due to the recent discovery of this resistance in agricultural animals and poultry farms. There-
fore, to maintain their effectiveness, the development and spread of resistance mechanisms against car-
bapenems have to be prevented. One benefit of this class of antibiotics is that carbapenems are compara-
tively resistant to hydrolysis by most -lactamases. They are however inactivated by carbapenemases,
which also confer resistance to B-lactams [7]. The genes coding for carbapenemases are frequently locat-

ed in mobile genetic elements, facilitating their dissemination horizontally among different bacteria [8].

The appearance of carbapenemase-producing strains among gram-negative bacteria, particularly Entero-
bacteriaceae, has increased significantly over the past ten years, raising serious concerns and highlight-
ing the need for prompt screening. Therefore, the aim of the present study was to detect presence of
APEC in clinically diseased broiler chicken, detect the virulence- associated genes, investigate the anti-
microbial susceptibility of recovered isolates and to identify the most common carbapenemase-encoding

genes associated with the isolates under the study.
Material and methods
Samples collection

One- hundred unhealthy broiler chickens grown on commercial farms were included in this study. The
selected birds were collected from commercial farm located in Dakahlia province, Egypt showed depres-
sion, high mortality rate, low body weight and loss of appetite. On postmortem examination, the birds
showed pericarditis, fibrinopurulent, acrosaculitis and perihepatitis. The samples were transported under
cold conditions to the laboratory in the Department of Bacteriology, Mycology and Immunology Depart-
ment, Faculty of Veterinary Medicine, Mansoura University. All samples were processed within 3 hour

after collection.
Isolation of Escherichia coli

Chicken organ samples were directly enriched in MaCconkey broth and incubated at 37°C for 18 hours.
Then, a loopful from the overnight enriched broth culture was streaked onto Eosin Methylene Blue and
MacConkey agar (Oxoid). The streaked plates were incubated at 37°C for 24 hours under aerobic condi-
tion. Suspected colonies (pink colored colonies on MacConkey agar and green colonies with metallic
shin on EMB) were picked and purified on tryptic soya agar plates (TSA) and stored for further identifi-
cation. Preliminary identification of E. coli was performed based on Gram staining and the other stand-

ard biochemical examination [9].
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Antimicrobial susceptibility testing

Tests were carried out by the disk diffusion method on Mueller—Hinton agar and the results were inter-
preted according to the clinical breakpoints recommended by the Clinical and Laboratory Standards In-
stitute [10]. The following antibiotic discs (Oxoid, UK) were used: ampicillin (AMP; 10 pg), amikacin
(AK; 30pg), cefuroxime (CXM; 30 pg), Colistin sulfate (CT, 10 pg), ceftazidime (CZN, 30 ug),
imipenem (IPM, 10 pg), meropenem (MEM, 10 pg), ertapenem (ETP; 10 pg), ciprofloxacin (CIP; 5ug),
clindamycin (DA; 2pg), chloramphenicol (C; 30pg (and doxycycline (DO; 30ug). Isolates classified as
“intermediate” were grouped with “resistant” isolates. If one strain displayed resistance to > 3 antimicro-
bial classes it defined as MDR.

Genomic DNA extraction

Genomic DNA were extracted by boiling of 3-5 colonies of suspected isolates for 10 min in 100 pl of
DNA/RNA free water followed by centrifuged at 13,000 rpm for 10 minutes. The supernatant from
boiled lysate was used as DNA template. The concentration of the obtained DNA were tested using a
Nanodrop (Nanodrop 1000, Thermo Scientific, UK) [11].

Molecular characterization of E. coli

The conventional PCR was used to confirm the suspected E. coli isolates using 16S rRNA. The con-
firmed E. coli isolates were then subjected for PCR for detection of 5 virulence-associated genes includ-
ing, hlyA, iutA, ompT, iss, iroN. The primers sets used for amplification were obtained from invetrogen/
USA Table 1. PCR reaction and cycling condition were performed as previously described [12]. In brief,
12.5 pL master mix (BioLab Inc., New England), 1 pL of forward and reverse primer of 10 pmol, 5.5 pL
nuclease free water and about 5 . DNA template was added to form a final volume of 25uL. The fol-
lowing thermal conditions was used: initial denaturation at 94 °C for 5 min, 35 cycles of 30 s at 94 °C,
1 min at 60 °C, and 1 min at 62 °C; the final extension was 72 °C for Smin. The PCR products were visu-

alized by electrophoresis on 1.5% agarose gel in tris acetate buffer (TAE) and photographed.
Detection of carbapenem -resistance genes

Polymerase chain reaction (PCR) was performed to investigate the presence of carbapenemase-encoding
genes, including blaKPC, blaNDM, blaVIM, blaIMP, blaGES and blaOXA-48 using PCR. The oligonu-
cleotide primers (Invitrogen) are illustrated in Table 1 as previously reported [13-16].The reaction was
performed as mentioned above using the following thermal condition described in Table 2. PCR prod-
ucts were visualized in agarose gel electophorisis and using 1.5% agarose stained by ethidium bromide

and photographed by the gel imaging system.

Please add space between E and coli

GES is written not in italic but only bla in italic
Please correct in al manuscript.

No results about virulence genes were reported here?
Abbreviation for what?

Results

Prevalence of E. coli in the tested samples

Organ samples were collected from clinically diseased chicken and were initially subjected to traditional

methods of E. coli isolation. Among them, 40 E. coli isolates were recovered based on microscopical and
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Table 1. Oligonucleotide primers used in this study

Genes Primer Sequence (5-3") E?)r;l)phcons References
bla Forward: GCGTGGTTAAGGATGAACAC 438 [15]
OXA-48 Reverse: CATCAAGTTCAACCCAACCG
Foward:GGAATAGAGTGGCTTAAYTCT
blaywp C Reverse: GGTTTAAYAAAACAAC- 232 [15]
CACC
bla Forward: AGTCGGCTAGACCGGAAAG 399 [17]
GES Reverse: TTTGTCCGTGCTCAGGAT
bla Forward: GATGGTGTTTGGTCGCATA [15]
vIM Reverse: CGAATGCGCAGCACCAG 390
bla Forward: CGTCTAGTTCTGCTGTCTTG [15]
KPC Reverse: CTTGTCATCCTTGTTAGGCG 798
bla Forward :GGTTTGGCGATCTGGTTTTC [15]
NDM-1 Reverse :CGGAATGGCTCATCACGATC | 621
Foward :GACCTCGGTTTAGTTCACAGA | 585
165 rRNA Reverse : CACACGCTGACGCTGACCA [18]
A F:GGCTGGACATCATGGGAACTGG 300 [19]
R: CGTCGGGAACGGGTAGAATCG
s F:CAGCAACCCGAACCACTTGATG 323 [19]
R: AGCATTGCCAGAGCGGCAGAA
F:-TCATCCCGGAAGCCTCCCTCACTAC
ompT TATR:TAGCGTTTGCTGCACTGGCTTC | 496 [19]
TGATAC
F:GGCCACAGTCGTTTAGGGTGCTTAC
hlyA CR: GGCGGTTTAGGCATTCCGA- 450 [19]
TACTCAG
F:AATCCGGCAAAGAGACGAACCGCC
iroN TR:GTTCGGGCAACCCCTGCTTTGACT | 553 [19]
TT
Table 2. Cyclic conditions used in PCR reactions.
Primary Secondary | Annealing | Extension | No. ofcy- Final ex-
denatura- denatura- cles tension
Gene tion tion
16S rRNA 94°C 94°C 60°C 68°C 35 72°C
3 min. 30 sec. 1 min. 2 min.. 10 min.
blanpm.-1 94°C 94°C 55°C 72°C 35 72°C
5 min. 30 sec. 30 sec. 30 sec. 7 min.
blaggs 95 °C 95 °C 59 °C 72 °C 30 72 °C
15min 1 min Imin 5 min
blaoxa-as 95 °C 95 °C 60.5 °C 72 °C 30 72 °C
15 min Imin Imin 5 min
blapy 95 °C 95 °C 63 °C 72 °C 30 72 °C
15 min 1 min 1 min 5 min
blayv 95°C 95°C 55°C 72 °C 30 72 °C
15 min 1 min 1 min 5 min
blaxpc 95°C 95°C 55°C 72 °C 30 72 °C
15 min 1 min 1 min 5 min
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Table 3. Antimicrobial susceptibility testing results

o . Disc Chicken organ samples (n=40)
Antibiotics Family CPD

code Resistant Sensitive

Ampicillin B-lactams AM 10 39(97.5%) 1(2.5%)
Doxycyclin Tetracyclins DO 30 18 (45%) 22(55%)
Colistin Macrolides AZM | 15 0(0.00%) 40(100%)
Chloramphenicol Phenicols C 30 25 (62.5%) 15 (37.5%)
Clindamycin Lincosamide DA 2 36 (90%) 4 (10%)
Cefuroxime Cephalosporins CXM | 30 37(92.50 %) 3 (7.50 %%)
Ciprofloxacin Flouroquinolone CIP 5 5(12.50%) 35 (87.50%)
imipenem Carbapenems 1IMP 5 0(0.00%) 40(100%)
Amikacin Aminoglycosides AK 5 10(25%) 30(75%)
Ertapenem Carbapenems ERT 5 0(0.00%) 40(100%)
Meropenem Carbapenems MEM | 5 0(0.00%) 40(100%)

biochemical identification. The suspected isolates were then confirmed by PCR assay targeting 16S
rRNA (Figure 1).

Detection of carbabenemase encoding genes

PCR was used to identify carbapenemase genes or metallo-f-lactamase genes. Out of six gene which was
subjected to PCR, NDM-1 gene was identified in 3 strains, while, blaIMP, blaVIM, blaKPC, blaOXA-
48 and blaGES couldn’t be detected.

Distribution of virulence associated gene

Virulence -associated genes were screened by PCR assay using specific primers. The selected virulence-
associated genes were detected in high prevalence rates. The hlyA gene was detected in 90% (36/40),
iroN in 95% (38/40), ompT in 97.5% (39/40), iutA in 92.5% (35/40) and iss was detected in 95% (38/40)

Figure 1. Agarose gel electrophoresis showing amplification of hly gene (450bp) Lane 1-6, 9, 10

positive samples. Lane 7, 8, 11-14: negative samples.
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iFigure 2. Agarose gel electrophoresis showing amplification of hly gene§
3(450bp) Lane 1-6, 9, 10 positive samples. Lane 7, 8, 11-14: negative sam-
iples. ;

Figure 3. Agarose gel electrophoresis showing amplification of iroN gene

(553bp) Lane 1-6, 8: positive samples. Lane 7, 10-14: negative samples

Figure 4. Agarose gel electrophoresis showing amplification of iut Agene

(302bp) Lane 1-6: positive samples. Lane 7 negative samples.
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Figure 5. Agarose gel electrophoresis showing amplification of issgene

(323bp) Lane 1-6: positive samples. Lane 7,8: negative samples.

of APEC isolates (Figure 2-5).
Discussion

Colibacillosis is a common infectious disease caused by APEC, since that it results in significant finan-
cial losses for the poultry sector, this disease is a critical issue [17]. This study aimed to detect APEC in
broiler chicken symptomatic of colibacillosis as well as virulence-associated genes and carbapenem re-
sistance genes among the retrieved APEC and profiling antimicrobial susceptibility in bacteria which are
considered an important work to recognize the pathogenesis and possible hazards of anti-microbial re-
sistance of APEC. In this study, 100 diseased broiler chickens ‘were collected from poultry farms and
subjected for bacteriological examination, 40 (40%) E. coli isolates were recovered. Similarly, Hussein et
al. [18] could isolate E. coli with a similar infection rate (43.1%) out of 800 chickens, while, Abd El Ta-
wab et al. [19] reported a prevalence rate of 44% from imported chicken and 75% from local broiler
chickens. A higher detection rate (48%) was also recorded [20]. On the other hand, a lower rate was de-

tected previously [21] with frequency of 34.95%.

Presence of virulence factors in bacterial cell increase their capacity to cause disease. The present find-
ings consequently extend and corroborate that numerous putative virulence genes engage in the patho-
genesis of colibacillosis. Since these genes were also discovered in colibacillosis isolates from various
countries. It has been proposed that APEC retain these genes contributing to the development of coliba-
cillosis. In this study, the virulence- associated genes selected were detected in high prevalence (90%,
95%, 97.5%, 92.5% and 95%) for hlyA, iroN, ompT, iut and iss respectively. The presence of these
genes are associated with avian colibacillosis and indicates presence of APEC [22]. The ompT may be
involved in the pathogenesis of avian colibacillosis. It may also play a role in eukaryotic cell adhesion
[23]. In this study, ompT gene was detected in high percentage (97.5%) which is agreed with many pre-
vious reports detected this gene in high percentage among diseased chickens[24-27]recorded a lower
detection rate of this gene. Throughout the infection, the ompT promotes the formation of bacterial popu-
lations. Thus, this higher frequency indicated its important role APEC infection is indicated by its in-
creased prevalence. Regarding iss gene, it is typically found on plasmids, produces a protein that con-

tributes to serum resistance and complement resistance [28]. Many previous reports could detected this
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gene in higher frequencies which are point to the possibility that this gene may play a key role in the de-
velopment of avian colibacillosis. In this study, iss gene was identified in 95% of the retrieved E. coli
isolates. Similarly, in Jordon, iss was identified in 93.3% of broiler chicken infected with collibacllosis
[29]. In the United States, iss gene was identified from 85.4% of APEC strains isolated from avian suf-
fering from colibacillosis [30]. As well as iss gene, was identified in a high prevalence rate (86.9%)
from E .coli isolated from chickens with colibacillosis in Iran [31] . In this investigation, the frequency
rate for the iutA gene was 92.5%. This outcome was consistent with a number of earlier international
investigations as well [32, 33]. However, Unno et al. [34] observed a significantly lower frequency
(49%). The iroN is also detected in a high percentage in E. coli isolates which support previous reports

that it may be important in the etiology of avian colibacillosis [35].

Infection with Carbapenem-Resistant Enterobacteriaceae (CRE) is emerging as an important challenge in
health-care settings and a growing concern worldwide [36, 37]. The incidence of carbapenem resistance
in bacteria from animals hasn't received much attention, despite the fact that carbapenemases have been
identified as a novel and perhaps developing concern in food-producing animals [38]. The majority of
epidemiological research to date has concentrated on human studies, with little work being done on ani-
mals used as food. In this study, a PCR was used for screening the retrieved E. coli isolates for the pres-
ence of carbabenem resistant genes. Among them, the NDM was identified in three isolates (7.5%; 3/40).
Recently, a significant high frequency of NDM-1 has been also reported in China and India [39, 40].
Additionally, a high prevalence rate of blaNDM (80%) was previously reported [41]. The NDM was first
discovered in Sweden in a patient who contracted an infection while travelling in India [42]. Since then,
the rapid spread of isolates that produce NDM via —MDR plasmids occurs raising the possibility that
the widespread illnesses brought on by these strains will soon become incurable [43]. Due to the wide-
spread usage of antibiotics and the resulting high selection pressure, novel NDM-1 variants are emerging
in India. Antibiotics for Gram-negative bacteria are scarce, and none of them are effective against NDM -
1 producers [44]. Other carbapenemase genes including blaIMP, blaVIM, blaKPC and blaOXA-48 were
not detected in this study. Although carbapenems are rarely used to in in food, it's possible that the
CREC evolved concurrently with resistance to other antimicrobials [45]. The development of carbabe-
nam resistance has been suggested that coselection of carbapenemase genes under the selection pressure
imposed by the use of aminopenicillins and aminopenicillin—lactamase inhibitor combinations in farm

animals [46]

All obtained E. coli isolates were subjected to antimicrobial susceptibility test. In this study the highest
resistant was recorded against ampicillin (97.5%), cefuroxime (92.5%), clindamycin (90%) and chloram-
phenicol (62.5%). While, 100% sensitivity was recorded against imipenem, meropenem and colistin and
87.5%, to ciprofloxacin, 75% to amikacin and 55% to doxycycline. Dissimilar to this study, Ku-
marasamy et al. [40] was reported complete resistance to rmeropenem and imipenem. While, Ho et al.
[47] reported a resistance rates of 98.9 % (91/92), 91.3 % (84/92) and 95.7 % (88/92) to ertapenem,
imipenem and meropenem. Similarly, in another study [7] E. coli isolates were resistant to ampicillin,
cefotaxime, ceftazidime, cefepime, cefoxitin, ciprofloxacin, gentamicin, nalidixic acid, sulphamethoxa-
zole, trimethoprim, meropenem, ertapenem, imipenen and, but a higher sensitivity was recorded against
azithromycin, colistin and tetracycline [48]. Carbapenem-resistant E. coli isolates were identified with
carbapenems (including imipenem, meropenem, and ertapenem), MICs ranging from 2 pg/mL to = 16
pg/mL [49]. E. coli isolates were found to be resistant to imipenem and meropenem but lower resistance

found in Hong Kong [50-52] in which carbapenem non-susceptible among clinical E. coli isolates re-
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mains rare and limited to sporadic occurrence.

Conclusion

Detection of carbapenem resistance genes, virulence-associated genes among APEC and profiling anti-

microbial susceptibility in bacteria have been considered as an important work to recognize the patho-

genesis and possible hazards of anti-microbial resistance of APEC. Colibacillosis can be prevented and

controlled using antibiotics to treat the bacterial infections and to eliminate some predisposing causes.

Therefore, restriction in antimicrobials use in poultry farms among veterinarians is highly recommended

to control the spread of antimicrobial-resistant bacteria among poultry farm.
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