Vol. 21(4), pp.180-187, April 2022

DOI: 10.5897/AJB2022.17453

Article Number: 41284B 168994

ISSN: 1684-5315

Copyright©2022

Author(s) retain the copyright of this arficle
http://www.academicjournals.org/AJB

Full Length Research Paper

ACADEMIC
JOURNALS
expand your knowledge

African Journal of Biotechnology

Molecular characterization of Escherichia co-resistance

genes from chicken meat

Nagwa Thabet Elsharawy>?, Hind A. A. Al-Zahrani! and Amr A. El-Waseif®

'Department of Biology, College of Science, University of Jeddah, Jeddah, Saudi Arabia.
2Department of Food Hygiene, Faculty of Veterinary Medicine, New Valley University 72713, Egypt.
3Botany and Microbiology Department, Faculty of Science (Boys), Al-Azhar University 11651, Cairo, Egypt.

Received 5 January, 2022; Accepted 14 March, 2022

Escherichia coli multi-resistance to a variety of antimicrobials is a result of gene mutation on plasmids,
integrons and transposons. The aims of this work were to: (1) detect genotype and phenotype antibiotic
resistance genes in E. coli, and (2) determine whole-genome sequencing to discover E. coli gene multi-
drug resistance in chicken meat. Samples were gathered, processed, and analysed bacteriologically;
thereafter an antimicrobial sensitivity test was performed and E. coli isolates were identified
serologically. Results of E. coli were 40% from 100 chicken samples. The most potent antibiotics
against E. coli were Cephalosporins, Quinolones and Oxytetracycline. The serological investigation was
as follows: 30% (O157:H7) of STEC, 30% (0142) of ETEC, 10% (026:H11) of EHEC and 10% EPEC.
Subunit B of Shiga-like toxin (SLT) gene showed a symmetrical band, while, Heat-labile toxin (LT) gene
was estimated in both plasmid preps in addition to DNA genomic strains. STEC is hazardous to the
chicken meat consumers. The study recommended necessary improvement in the hygienic procedures
during all processing steps, and minimized the non-important usage of antibiotics to prevent antibiotics
resistant.
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INTRODUCTION

Even though Escherichia coli is a nonpathogenic gram-
negative intestinal microorganism, it is considered a
commensal for both humans and animals.
Enteropathogenic, Enteroinvasive, Enterotoxigenic and
Enterohaemorrhagic are the four classifications of E. coli.
However, infectious Shiga toxin-producing E. coli (STEC)
can cause gastrointestinal disorders such as hemorrhagic
colitis (HC), diarrhea and (HUS) haemolytic-uraemic
syndrome by drinking contaminated water or eating
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infected food (Adeyanju and Ishola, 2014).

STEC is the more commonly investigated and serious
pathogenic microorganisms that infect humans through
poultry meat and are found after drinking contaminated
water, dirty food, etc. Whereas beef, chicken and mutton
are commonly contaminated by the fecal gut contents of
the chicken itself during processing such as slaughter, or
by consumers’ handlers during processing and storage
(EL-Kholy et al., 2020).
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E. coli infections are commonly treated by antibiotics.
This results in presence of antibiotic resistant E. coli
strain, making the microbe multidrug resistant to many
antibacterial agents. Microorganisms have antibacterial
resistance mainly due to gene mutation, and resistance
genes exist in transposons, plasmids and integrons.

An integron is a two component gene capture and
dissemination system, initially discovered in relation to
antibiotic resistance, and which is found in plasmids,
chromosomes and transposons. Integron Class | consists
of: Two conversational segments (CS) (CDC, 2019) that
are adjacent to the variable region (VR) and are common
to the new generation of Enterobacteriaceae. Anti-
bacterial resistance is due to frequent use of antibiotics
resulting in a mutated generation of microbial strains,
which increases resistant against various antibiotics. It is
considered one of the most important public health crises
in the world. Scientists are searching for a novel
generation of drugs, which are more effective than the
currently used resistant-type antibiotics that are used to
treat diseased human, poultry and animals (Cunrath et
al., 2019).

The purpose of the research is to 1) estimate genotype
and phenotype of resistance antibiotic in E. coli and 2)
identify the microbial resistance gene structure in whole-
genome sequencing against poly resistant E. coli in
commercially available poultry meat.

MATERIALS AND METHODS
Sampling, preparation, bacterial testing

Approximately 100 chicken samples tested were randomly picked
from various markets, stored in polyethylene bags, and then
immediately transferred to a refrigerator bacteriological laboratory
for analysis. Two grams of homogenized chicken meat sample was
cultured in MacConkey broth and then incubated for 18 h at 37°C.
Next, it was streaked into a MacConkey agar medium (Oxoid) plate
at approximately 24 h/37°C. The pink colonies were drawn on eosin
methylene blue (EMB) (Oxoid) media for approximately 24 h/37°C.
The morphology of E. coli appeared as large colonies with a blue-
black-green metallic luster. E. coli colonies were identified by
morphological, microscopic, and biochemical test kits (BioMerieux
API, France) (CDC, 2020). Serotyping was used for further
identification; and according to WHO, an antiserum set (Denka
Seiken Co., Japan) is used (Ewing, 1986).

Antibacterial susceptibility test

Mueller-Hinton agar disc diffusion technology was used consisting
of 12 antibiotic discs (30 pg/disc) with the following antibiotics:
Gentamicin,  Streptomycin,  Ampicillin,  Penicillin,  Cefepim,
Cefotaxim, Ciprofloxacin, Flumequine, Trimethophrim,
Sulfametoxazole, Tetracycline and Doxycycline (Alderman and
Smith, 2001).

Serological identification of E. coli by slide agglutination test

The test involved polyvalent and monovalent E. coli standard anti-
serum (Li et al., 2013) that defines the enteric pathogenic type as
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follows: Emulsified preparation of microbial colonies was applied as
two drops on a glass slide. Looped antiserum was added,
aggregated, and another colony was cultivated on nutrient gradient
agar and then incubated at 37°C for 24 h to test monovalent serum.
A suspension of microorganisms in physiological saline was
prepared and a slide agglutination test was performed to identify
the antigen.

Nucleic acid extraction

DNA was extracted with the GeneJet Genomic DNA Purification Kit
(ThermoFisher Scientific, USA). In summary, the microbial colonies
were centrifuged for 10 min; 5000 pg of the cells pellet was
resuspended in 180 pl solution for digestion (included in the kit), 20
ul K Proteinase was then added, mixed well, and incubated in a
water bath at 56°C for about 30 min while shaking continuously until
dissolution was complete. Further, vortex 20 pl RNase solution was
added to the mixture and incubated for 10 min at 37°C. Also, 200 pl
of the mixture was added to the solution, plus vortex 400 pl of 50%
ethanol. The lysed cells were transferred, purified and then
centrifuged for 1 min/6000 pg. Washing column was prepared by
500 pL buffer (1&Il) and then re-centrifuged at maximum speed
about 2 min until ethanol was completely removed. The purified
DNA was stored at 20°C. Preparation of the plasmid is
accomplished with the DNA plasmid GeneJet mini prep kit
(Thermofisher Scientific, USA). The grown culture is placed in a 1.5
ml micro-centrifuge tube and then re-centrifuged at 12,000 xg for 2
min. The pellet is re-suspended in 250 pl of the ice-cold
resuspension buffer included in the kit; thereafter, the tube is
inverted approximately 56 times and mixed. Further, the tube was
incubated for 5 min at 37°C. The supernatant was transferred and
centrifuged at 10,000 xg/30 s, followed by rinsing of the pellet with
500 pl buffer (included in the kit) and further centrifugation at
10,000 xg for 30 s. The DNA plasmid was eluted using 50 pl of
preheated double distilled H,O, incubated for 3 min at 37°C, then
centrifuged again at maximum rate (14000 xg) for 30 s. For
amplification of gene, a PCR reaction was used as follows: 1 pl
purified gene material (genomic DNA / plasmid prep), 2.5 pl MgCl.,
5 pl buffer, 1 pl primer (as listed in Table 1), 0.25 yl enzyme mixture
of Taqg polymerase and 0.5 pl dNTP are combined with free
nuclease water and made up to a total volume of 25 pl. Also carried
out was lysis of PCR product with 0.5 pg/ml agarose gel and
ethidium bromide (1%), as well as size determination of lysate using
100 bp ladder of DNA. Afterwards, the gel was run at 80 V for 50
min and documentation was done by the gel system (Biometra,
Géttingen, Germany).

The DNA fragments extraction from agarose gels was as follows:
DNA fragments were eluted from agarose gels by DNA Kit
(Thermofisher Scientific, USA). Fragmentation is prepared by UV
light and stored in a 1.5 ml tube. It was then centrifuged at 13000
xg for 2 min. Further, the column was washed using 700 pl buffer
and then re-centrifuged at 1 min at 37°C. 50 pl buffer was added,
eluted with a spin column filter, held at 37°C for 1 min, and then
centrifuged at 13000 xg for 2 min.

RESULTS
E. coli prevalence

Figure 1 shows that about 100 chicken meat samples
were tested on E. coli, with 40% found to be positive
samples, while the remainder did not show the presence
of E. coli.
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Table 1. Gene amplification primers list.

Target Gene Primer ID Primer sequence
Shiga-like toxin (SLT) SLT F: 5-AAGAAGATGTTTATGGCGGTTT-3'
g SLT R: 3'-GTCATTATTAAACTGCACTTCAGCA-5'
Heat-labile toxin (LT) LT F: 5-ATTGACATCATGTTGCATATAGGTTAG-3'
LT R: 3-ACATTTTACTTTATTCATAATTCATCCCG-5'

Ciprofloxacin resistance aene aac (6')-F: 5-TTTATTATTTTTAAGCGTGCATAATAAGCC-3'

P d aac (6)-R: 3-TTAAGACCCTTAATTGTTGGGATTT-5'
Gentamicin resistance gene aac C2-F: 5-CATACGCGGAAGGCAATAAC-3'

g aac C2-R: 3-ACCTGAAGGCTCGCAAGA-5'

m Positive m Negative

Samples

Figure 1. E. coli isolate detected incidence.

Antibacterial pattern of E. coli resistance:

Investigation of the antimicrobial susceptibility was
performed using 12 antibiotics from 6 different antibiotics
families, with the test applied against twenty E. coli which
were isolated from chicken samples. The obtained results
were shown in Table 2. The antibiotics selected for E. coli
were: the most effective antibacterial agents associated
with sulfonamides; (20/20) 100% trimethoprim, 80%
(16/20) sulfamethoxazole, followed by cephalosporins-
about 70% (14/20) cefepime, 65% (13/20) cefotaxime;
tetracycline included- 50% (10/20) tetracycline, and 40%
(8/20) doxycycline. In the tested antibacterial class, the
human family showed weak activity against E. coli as
follows: Quinolones- (4/20) 20% ciprofloxacin, (4/20) 20%
flumekin; aminoglycosides; - 3/20 (15%) gentamicin,

Negative

Positive

(2/20) 10% streptomycin, and B-lactams based on the
weakest member- Penicillin (10%) 2/20, and ampicillin
(0%).

Serological results of E. coli isolates

About 20 E. coli were classified serologically in Figure 2.
As a result, the 10/20 (50%) isolate was STEC (O157:
H7), the 6/20 (30%) isolate was ETEC (0142), and the
2/20 (10%) isolate was (026: H11) of EHEC, 2/20 (10%)
EPEC (O55: H7). The screening for SLT is described in
Figure 3. Subunit B of SLT gene showed the uniform
genomic DNA band with about 300 bp. of molecular
weight. The results show that strain 1 had minimal
amplification compared to strain 2. Fragments of
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Table 2. Antibacterial E. coli susceptibility from chicken meat isolates.

L . . . . Sensitive Intermediate Resistant
Antimicrobial family  Antibacterial agents
No. % No. % No. %
Sulfonamides Trimethoprim 20 100 0 00 0 00
Sulfamethoxazole 16 80 2 10 2 10
Cephalosporins Cefepime 14 70 4 20 2 10
phalosp Cefotaxime 13 65 4 20 3 15
Tetracveline Tetracycline 10 50 0 00 10 50
4 Doxycycline 8 40 2 10 10 50
Quinolones Ciprofloxacin 4 20 4 20 12 60
Flumequine 4 20 6 30 10 50
Aminoglvcosides Gentamicin 3 15 5 25 12 60
gy Streptomycin 2 10 5 25 13 65
B-lactame Penicillin 2 10 6 30 12 60
Ampicillin 0 00 7 35 13 65

20 (10%) M|
—

EPEC H7 EHEC (026:H11

Figure 2. Prevalence of detected E. coli serotypes. EPEC: Enteropathogenic E. coli;

zu{

ETEC (0142

EHEC:

Enterohemorrhagic E. coli; ETEC Enterotoxigenic E. coli; STEC: Shiga Toxin E. coli.

approximately 200 bp were estimated in (1) and (2)
strains. Figure 4A was confirmed as heat-labile toxin (LT)
gene while (B) represented plasmid. The molecular
weight of the target gene was about ~ 200 bp of strains
(1) and (2). Gentamicin screening resistance was
revealed in Figure 5 where the gentamicin gene
resistance (aac C2) segment was found in the strain as a
segment with a molecular weight of approximately 856
bp; however, a molecular weight of approximately 300 bp
was detected. The screening for ciprofloxacin resistance
is shown in Figure 6. Low Ciprofloxacin resistance genes
were investigated in plasmid and genomic of tested
strains. The 1 kb band was detected obviously in strain 1,
but not in strain 2. In the case of the plasmid preparation,
the gene target amplification was not detected.

DISCUSSION

Bacteriological investigation of 100 chicken meat
samples agreed with Partridge et al. (2018) who reported
35.5% from examined Mexican chicken; Wu et al. (2018),
which isolated 35.0% E. coli from chicken; Ngullie et al.
(2011) who reported 31% in Indian chicken examination
and Sato et al. (2010) who recorded about 20% for US
chicken meat. Also, Shaltout et al. (2020) reported
13.33% E. coli from Egyptian chicken; lesser percentages
of E. coli (11.1%) were reported by Tomova et al. (2018)
in Nigerian chickens; Liu et al. (2016) recorded 10.60%
from Croatian chicken meat; while Jakabi et. al. (2002)
recorded 9% E. coli from Chinese chicken. Further, Deng
et al. (2016) and Schulz et al. (2015) isolated about
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Figure 3. Screening of the Shiga-like toxin (SLT) (B) subunit.
Strain 1 has low amplified genes density. Lane (L) showed a DNA
ladder standard between 100-3000 bp.

1000

300

(A)

5008

(B)

Figure 4. (A) Declared heat-labile toxin (LT) gene, (B) represented plasmid. The molecular
weight of the target gene is about ~ 200 bp of strains (1) and (2).

5.92% of Saudi Arabian chicken meat. Lowest percentage
was recorded by Collins (2000) who reported about
1.56% from Moroccan chicken. This indicates suboptimal
hygiene practices at the various stages such as
slaughter, handling practices, transporting, and during
meat processing; leading to the presence of this microbe
in processed chicken meat-and bone meal (Schulz et al.,
2015). E. coli is also found in animals and human gastro-
intestinal tract. Detection of this pathogen in well
prepared chicken foods indicates fecal contamination,
which on the other hand, indicates the possible presence
of other harmful organisms such as bacterial (Salmonella,

Shigella, Campylobacter) (Collins, 2000).

Antibacterial drugs are used in prevention and/or
treatment, in addition to their use as chickens’ growth
promoters. The benefits were achieved when the
antibacterial agent were properly selected. Antibacterial
susceptibility testing against different E. coli (n = 20)
collected from chicken meat samples showed the patent
antibiotics associated with sulfonamides were 100%
trimethoprim (20/20), sulfamethoxazole 80% (16/20),
(14/20) 70% (cephalosporins and cefepime), (13/20) 65%
cefotaxime; while in the case of tetracycline usage the
results showed the following: (10/20) 50% tetracycline,
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Figure 5. Screening of Gentamicin-resistance gene: declared ~
856 bp molecular weight of the Gentamicin-resistance (aac C2)
gene fragment. A minor band was declared at 300 bp in strains 1
and 2.

3000

1500
1000

500
300
200
100

(A) (B)

Figure 6. 1 kb size declared the Ciprofloxacin-resistance screening gene where (A) represented the genomic
of strain (1) and (B) documented the plasmid amplification.

and (2/20) 10% streptomycin. The weakest member
based on B-lactam family was as follows: (2/20) 10%
penicillin and (0%) ampicillin. The obtained results
agreed with CDC (2019). Nearly same results was

observed by Younis et al. (2017) who reported 100% of
resistance against penicillin, 95.8% against cefepime and
94.5% amoxicillin against E. coli. Ammar et al. (2015)
described E. coli antibiotics resistance as caused by the
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presence of plasmid genes. Adeyanju and Ishola (2014)
and Bie et al. (2018) stated about 90% E. coli resistant to
ampicillin,  tetracycline,  cephalexin, trimethoprim,
sulfametozazole, streptomycin, and gentamicin.

Ramadan et al. (2016) showed multidrug resistance to
aminoglycosides, tetracyclines, sulfonamides and -
lactams against E. coli. Eid and Erfan (2013) and
Mohamed et al. (2014) almost informed the E. coli
resistance against B-lactams while Li et al. (2020) found
that E. coli was highly resistant against sulfadiazine,
gentamicin, amoxicillin, sulfadiazine, ampicillin,
tetracycline, ceftriaxone and chloramphenicol. Zhang et
al. (2012) documented that about 60% E. coli which were
isolated had resistance against fluoroquinolones whereas
Tang et al. (2011) found that about 35.0, 36.8, and 34.1%
of ciprofloxacin, norfloxacin, and enrofloxacin were
resistant.

Serological test of 20 E. coli isolates recorded about;
STEC (0157: H7)10/20 (50%), ETEC (0142) 6/20 (30%),
EHEC (026: H11) 2/20 (10%) and EPEC (O55: H7) 2/20
(10%). SLT was as follows: B subunit (SLT) gene showed
uniform segment in DNA genome at 300 bp molecular
weight.

The results showed in strain (1) had the less
amplification detection compared to heat labile toxin (LT)
screening. Fragments of approximately 200 bp were
recorded in both (1) and (2) strains. The resistant
gentamicin gene was (aac C2) fragment documented
with a molecular weight 856 bp while the small band has
300 bp molecular weight. The resistant Ciprofloxacin
genes were screened on both plasmid and genomic
preparations of the tested strains. Another band was
detected at about 1 kb in strain (1), but not in strain (2). In
the case of the plasmid preparation, target gene was not
found in the isolated strain. According to Momtaz and
Jamshidi (2013), O serotypes, especially 02, O1, O8,
018, 015, 035, 088, 0115, O78 and 0109 were the
most detected serotypes. Ying et al. (2020) isolated
enteropathogenic and eaeA of E. coli gene which were
nearly identical to eae genes of O157: H7; O55: H7 and
EHEC. Kakoullis et al. (2019) detected SLT gene was
giving false negative results. On the other hand,
HECO157 was detected by the 60MDa plasmid.
Lagergvist et al. (2020) detected (SLT I, Il and eaeA)
genes indicating the occurrence to the EHEC (0O157)
strain. Yang et al. (2020) documented the Stx gene
detected in EHEC strains. The virulence genes include
the extra-intestinal infectious genes: (afaD8, Cdt2, cdt3,
traT, eisen, bmaE, iutA, iucD). Villegas et al. (2013)
detected etpD gene in ETEC strain. Further, the intestinal
hemorrhage was caused by EDL933 and RIMD 0509952
while fmH gene was considered as a non-virulent gene in
different E. coli strains (Momtaz and Jamshidi, 2013).

Conclusion

The study demonstrated the presence of E. coli

pathogenic genes from chicken meat samples, including
various somatic capsules and antigenic genes. Managing
STEC is too essential as it poses hazards to chicken
consumers. E. coli presence, mainly, in our daily meals is
a public health concern and food biosafety issue. It is
advisable to ensure proper hygiene measures when
slaughtering, handling and/or processing chicken
carcasses. It is therefore recommended that unnecessary
use of antibacterial drugs in living chickens and humans
be avoided to forestall the emergence of new antibacterial
resistance.
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