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Abstract In Bangladesh, Escherichia coli strains show a wide range of antibiotic resistance, due to uncontrolled
antibiotic use in animals and insufficient surveillance, which poses serious public health risks and potentially fatal
outcomes. This study aimed to identify antimicrobial resistance patterns and the prevalence of antibiotic resistance
genes in Escherichia coli isolated from raw meat sold in retail outlets across the Rajshahi division of Bangladesh.
Methods: 92 raw meat samples (broiler chicken: 20, layer chicken: 20, cattle: 20, goat: 20, buffalo: 12) were
collected from four districts in Rajshahi division of Bangladesh. Phenotypic identification was done by using
different cultural characteristics and biochemical tests and, the Kirby-Bauer disc diffusion method was used to detect
antibiotic susceptibility of Escherichia coli. Molecular conformation and detection of antibiotic resistance genes
were performed by PCR analysis. Results: In phenotypic detection, the prevalence of Escherichia coli in raw meat
was 25%, with varying rates across types: cattle meat (25%), goat meat (10%), buffalo meat (8.33%), broiler chicken
meat (45%), and layer chicken meat (30%). Ceftriaxone, sulphonamide, enrofloxacin, gentamycin, ciprofloxacin,
levofloxacin, neomycin, and colistin sulfate showed sensitivity ranging from 52.17% to 100%. Whereas, penicillin,
tetracycline, and oxytetracycline showed no sensitivity. Conversely, erythromycin, doxycycline, tetracycline,
amoxicillin, ampicillin, and penicillin all exhibited resistance in 47.83% to 100%. In addition, levofloxacin,
neomycin, and colistin sulfate all showed no resistance. The study found the prevalence of antibiotic resistance
genes: streptomycin (aadAl) 4.35%, erythromycin (ereA) 4.35%, gentamicin (aac(3)-1V) 8.70%, tetracycline (tetB)
17.39%, sulfonamide (sull) 21.80%, and tetracycline (tetA) 43.48%. No tetC, blargy, blasyy, or blacyy was detected.
Conclusion: Detection of antibiotic resistant genes highlights contamination complexity, urging continuous research
and monitoring measures to ensure public health safety across the food supply chain.
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1. Introduction

Meats obtained from cattle, buffalo, goat, and chicken,
provide high-quality protein, rich in essential amino acids,
fatty acids, and micronutrients. Although meat contains
few or no microorganisms, contamination occurs during
unhygienic slaughtering, processing, handling,
transportation, and sale points [1]. Contaminated meat,
providing ideal conditions and nutrients for pathogenic
microorganisms, is a major source of food-borne diseases
and a significant food safety concern, leading to various
health problems [2,3,4]. However, foodborne diseases

result from various pathogens, including resistant bacteria,
viruses, parasites, toxins, and along with their metabolites.
The common food-borne bacteria that are found and
transmitted through meat include Salmonella spp.,
Shigella spp., Escherichia coli, Klebsiella pneumoniae,
Vibrio spp., Proteus spp., Staphylococcus aureus,
Streptococcus pneumoniae, Campylobacter spp., Listeria
monocytogenes and Clostridium perfringens [5,6,7].
Escherichia coli is a natural inhabitant of the
gastrointestinal tracts of humans and animals, primarily
transmitted to humans through the consumption of
contaminated raw and uncooked meat, especially affecting
immune-compromised individuals, such as infants,
children, pregnant women, and those with chronic
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ilinesses like diabetes [8,9,10]. Escherichia coli has been
listed by the World Health Organization (WHO) as one of
the leading antibiotic-resistant pathogens across twelve
families, presenting significant risks to the health of both
humans and animals [11]. In Bangladesh, like many
developing countries, uncontrolled antibiotics used in food
animals, outdated food processing technology, and
inadequate surveillance for antimicrobial resistance raise
the threat of resistant E. coli strains [12]. Escherichia coli
strains displayed a wide array of antimicrobial resistance
in Bangladesh, featuring 24 distinct resistance genes [13].
These genes confer resistance to various classes of
antibiotics, including beta-lactams (such as blatgy, blasyy,
blactxm.1, blactx-m-2, and blacrxmg), ampicillin (CITM),
tetracyclines (tetA, tetB, and tetC), fluoroquinolones (gnrB
and gnrS), colistin (mcrl and mcr3), sulfonamides (sull
and sul2), gentamicin (aac-3-1V), aminoglycosides (rmtB),
streptomycin  (aadAl), and erythromycin (ereA)
[13,14,15,16]. High levels of antibiotic resistance
Escherichia coli strains tend to cause more severe and
prolonged illnesses that can lead to fatal outcomes,
weakening the body's immunity and increasing
susceptibility to other diseases [12,17]. The current study
was conducted to investigate the prevalence of
Escherichia coli, its antibiogram profiles, and antibiotic
resistance genes from raw meat purchased from retail
stores in the Rajshahi division of Bangladesh.

2. Materials and Method

2.1. Collection and Transportation of Sample

A total of 92 raw meat samples, including broiler
chicken meat 20, layer chicken meat 20, cattle meat 20,
goat meat 20, and buffalo meat 12, were collected from
randomly selected retail meat shops under the area of four
districts (Rajshahi, Naogaon, Sirajgonj, and Bogura
district) in Rajshahi division of Bangladesh. Samples were
collected with care to prevent cross-contamination, stored
in labeled zip-lock bags and transported in ice-filled
thermos flasks to the Microbiology Lab, Department of
Veterinary and Animal Sciences, University of Rajshahi
for immediate examination and characterization.

2.2. Samples Preparation

A 10 g portion of raw meat samples was transferred
under sterile conditions to a mortar containing 90 ml of
phosphate-buffered saline (PBS) and homogenized using a
sterile pestle. Then, 1 ml of this homogenate was mixed
with 9 ml of Nutrient broth and incubated for 18-24 hours
at 37°C for enrichment as described by Sangeetha et al.,
[18] and Shrestha et al., [19].

2.3. Isolation and ldentification of E. coli

After enrichment, a loopful of the enriched cultures was
streaked onto MacConkey Agar (HiMedia, India) and
incubated for 18-24 hours at 37°C to obtain pink color
colonies. The pink colonies were observed then streaked
onto Eosin Methylene Blue (EMB) agar (HiMedia, India)
and further incubated at 37°C for 18-24 hours. Dark

colonies with a greenish metallic sheen after inoculation
were identified as typical Escherichia coli as described by
Da Silva et al., [20] and Senapati et al., [21]. Pure
colonies were selected and subjected to Gram staining and
a series of biochemical tests, including fermentation of
five basic sugars, Methyl Red, Voges-Proskauer, Triple
sugar iron, urease production, indole production, and
citrate utilization using standard methods as described by
Marchant and Packer, [22] and Buxton and Fraser, [23].
Preservation of isolates was done in 50% buffered
glycerol and stored at -20°C.

2.4. Antibiotic Sensitivity and Resistance
Patterns of Isolated Escherichia coli

The Kirby-Bauer disc diffusion method [24] was
employed to conduct the antibiotic susceptibility and
resistance pattern of isolated Escherichia coli. A total of
23 E. coli isolates were subjected to susceptibility testing
against fifteen commercially available antibiotic discs
(Liofilchem, Italy): ampicillin (AMP, 10 pg), ceftriaxone
(CRO, 30 pg), ciprofloxacin (CIP, 5 pg), erythromycin (E,
15 ng), gentamicin (CN, 10 pg), tetracycline (TE, 30 pg),
amoxicillin (AML, 30 pg), colistin sulfate (CS, 30 IU),
doxycycline (DXT, 30 pg), enrofloxacin (ENR, 5 pg),
levofloxacin (LEV, 5 pg), neomycin (N, 30 pg),
oxytetracycline (OT, 30 pg), penicillin (P, 10IU), and
sulfonamide (S3, 300 ug). In brief, pure Escherichia coli
colonies were incubated at 37°C for 24 hours in nutrient
broth (HiMedia, India). The turbidity of the broth was
adjusted to a 0.5 McFarland standard using sterile nutrient
broth and 200 pl of broth was taken by micropipette and
spread onto Muller Hinton agar (HiMedia, India) plates
using a sterile glass rod spreader. The antibiotic discs were
then dispensed 1lcm apart to avoid overlapping of
inhibition zones. The plates were subsequently placed in
an incubator at 37°C for 18-24 hours, after that, the
diameter of inhibition zones was measured and compared
by the protocols of the Clinical and Laboratory Standards
Institute, CLSI [25].

2.5. Molecular Confirmation of E. coli

Molecular confirmation of Escherichia coli isolates was
done by polymerase chain reaction (PCR) using specific
primers were Forward: GAC CTC GGT TTA GTT CAC
AGA and Reverse: CAC ACG CTG ACG CTG ACC A
amplicon size 585 bp as described by Schippa et al., [26].
Bacterial DNA was extracted using a commercial DNA
extraction kit (QlAamp® DNA Mini Kit, Qiagen,
Germany, Catalog no. 51304) according to the
manufacturer’s instructions. PCR was performed in a
thermal cycler (T100™ Bio-Rad, USA) as described by
Rahman et al., [12] and Momtaz et al., [27]. After
amplification PCR products were analyzed by gel
electrophoresis on a 1.5% agarose gel stained with
ethidium bromide (Sigma-Aldrich, USA) and visualized
using UVP GelSolo (Analytik Jena, US).

2.6. Detection of Antibiotic Resistance Genes
in Isolated Escherichia coli by PCR
Analysis
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PCR amplification was used to determine the presence
of antibiotic resistance genes as previously described by
Titilawo et al., [28] and lwu et al., [29] associated with
various antibiotics, including streptomycin (aadAl),
tetracycline (tet(A), tet(B), tet(C)), gentamicin (aac(3)-1V),
sulfonamides (sull), beta-lactams (blatgy, blashy, blacwy),
and erythromycin (ere(A)). Specific primers used for each
gene from the published article are listed in Table 1. A
100-bp DNA ladder (Promega, USA) was used to estimate
the DNA band sizes of the amplicons. Following
amplification, the PCR products (15ul) were
electrophoresed in a 1.5% agarose gel stained with
ethidium bromide fluorescence (Sigma-Aldrich, USA) in
1X TBE buffer at 80V for 30 minutes and visualized using
UVP GelSolo (Analytik Jena, US).

Table 1. Primers Used for the Detection of Antimicrobial Resistance
Genes in isolated Escherichia coli

in Naogaon, Sirajganj, Bogura, and Rajshahi districts
respectively (Table 2). The Escherichia coli prevalence
was 8.33%, 10%, 25%, 30%, and 45% in buffalo meat,
goat meat, cattle meat, layer chicken meat, and broiler
chicken meat, respectively (Table 3).

Table 3. Prevalence of Escherichia coli in raw meat samples based on
meat types

Types of raw meat No. of samples tested Prevalence of E. coli
Cattle meat 20 5 (25%)
Goat meat 20 2 (10%)
Buffalo meat 12 1 (8.33%)
Broiler chicken meat 20 9 (45%)
Layer chicken meat 20 6 (30%)
Overall prevalence 92 23 (25%)

Target Vo Size | Referenc
Genes Sequence (5'-3") (bp) es
F| GGTTCACTCGAACGACGTCA
tet(A) 577
R| CTGTCCGACAAGTTGCATGA
F| CCTCAGCTTCTCAACGCGTG Randall
tet(B) 634 etal.,
R| GCACCTTGCTGATGACTCTT [31]
F| AAC AAT GCGCTC ATC GT
tet(C) 1138
R| GGA GGC AGA CAA GGT AT
F| ATAAAATTC TTG AAG AC
blaTEM 1076
R| TTACCAATGCTT AATCA
F| TCGCCTGTGTATTATCTCCC
blasmv 768
R| CGCAGATAAATCACCACAATG
F| TGGCCAGAACTGACAGGCAAA
blacwy 462
R| TTTCTCCTGAACGTGGCTGGC Van et
ere(t) F| GCCGGTGCTCATGAACTTGAG | , o al., [30]
R| CGACTCTATTCGATCAGAGGC
wi LF|_TTCGGCATTCTGAATCTCAC | ...
R| ATGATCTAACCCTCGGTCTC
F| TATCCAGCTAAGCGCGAACT
aadAl 447
R| ATTTGCCGACTACCTTGGTC
aac(3)- | F| CTTCAGGATGGCAAGTTGGT |
IV [ R| TCATCTCGTTCTCCGCTCAT
3. Results

3.1. Prevalence of Escherichia coli in Raw
Meat in the Rajshahi Division

3.2. Antibiotic Sensitivity and Resistant
Patterns of Isolated Escherichia coli

The results of antibiotic sensitivity patterns of the
isolated Escherichia coli showed 8.70%, 13.04%, 21.74%,
39.13%, 52.17%, 60.87%, 73.91%, 78.26%, 86.96%,
86.96%, 91.30% and 100% sensitive to ampicillin,
doxycycline, amoxycillin, erythromycin, ceftriaxone,
sulphonamide, enrofloxacin, gentamycin, ciprofloxacin,
levofloxacin, neomycin, and colistin sulfate, respectively.
There was no sensitivity found in the case of penicillin,
tetracycline, and oxytetracycline. Escherichia coli isolates
showed 4.35%, 8.70%, 8.70%, 8.70%, 13.04%, 13.04%,
17.39%, 17.39%, 26.09%, 30.43% and 60.87% intermedia
sensitive  to  sulphonamide, ampicillin, gentamycin,
neomycin, levofloxacin, erythromycin, doxycycline,
enrofloxacin, ceftriaxone, tetracycline, and oxytetracycline,
respectively. There was no intermediate sensitivity found in
the case of penicillin, amoxicillin, ciprofloxacin, and
colistin sulfate. Resistant patterns were found 8.70%,
13.04%, 13.04%, 21.74%, 34.78%, 39.13%, 47.83%, 69.57%,
69.57%, 78.26%, 82.60% and 100%, resistant to enrofloxacin,
gentamycin, ciprofloxacin, ceftriaxone, sulphonamide,
oxytetracycline, erythromycin, doxycycline, tetracycline,
amoxicillin, ampicillin, and penicillin, respectively. There
was no resistance found in the case of levofloxacin,
neomycin, and colistin sulfate. (Table 4, Figure 1).

Table 4. Antibiotic sensitivity and resistant patterns of E. coli
isolates

Name of Sensitivity pattern
Table 2. Prevalence of Escherichia coli in raw meat samples in the antibiotics used Sensitive Intermediate Resistant
Rajshahi division __ (%) sensitive (%) (%)
Types of | Samples | Rajshahi | Naogaon | Sirajganj | Bogura :\ mp|C|!II|Ir_1 2 (8'700?) 2 (8.70%) 19 (82'602/0)
raw meat tested district district district district MOXyCITIN 5 (21.74%) 0 18 (78.26%)
Cattle 20 1 1 5 1 Clpro_floxacm 20 (86.96%) 0 3 (13.04%)
Colistin sulfate 23 (100%) 0 0
Goat 20 1 0 0 1 Ceftriaxone | 12 (52.17%) 6 (26.09%) 5 (21.74%)
Buffalo 12 1 0 0 0 Doxycycline 3 (13.04%) 4 (17.39%) 16 (69.57%)
Broiler 20 2 2 3 2 Enrofloxacin 17 (73.91%) 4 (17.39%) 2 (8.70%)
Layer 20 2 1 1 2 Erythromycin | 9 (39.13%) 3 (13.04%) 11 (47.83%)
Overall 9 7 4 6 6 Gentamycin 18 (78.26%) 2 (8.70%) 3 (13.04%)
prevalence (7.61%) | (4.35%) | (6.52%) | (6.52%) Levofloxacin | 20 (86.96%) 3 (13.04%) 0
Neomycin 21 (91.30%) 2 (8.70%) 0
The overall prevalence of Escherichia coli was 25% in OXfetTa_Cﬁ’_C"”e 8 14 (6%-87%) %3()3(91-330"/4)))
; ; PR enicillin 0
llraw dmf?at samples in the Rajshahi division of I?aangladeih. Sulphonamide | 14 (60.87%) 1 (4.35%) 8 (34.78%)
n different districts of the Rajshahi division 4.35%, Tetracycline 0 7 (30.43%) 16 (69.57%)

6.52%, 6.52%, and 7.61% prevalence of E. coli was found
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Figure 1. Antibiogram profile of Escherichia coli isolates

3.3. Genotypic Detection of E. coli isolates

All 23 bacterial isolates initially identified as
Escherichia coli based on phenotypic characteristics were
subjected to PCR analysis targeting a 585 bp amplicon
using genus-specific primers. Each of the 23 isolates was
100% confirmed as E. coli by PCR analysis (Figure 2).

i
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| —
| —
| —
e
—
L

Figure 2. Agarose gel profile of Escherichia coli (Lane 1 indicated
marker (100 bp) and Lane 2-5 indicated PCR products (585bp)

3.4. Detection of Antibiotic Resistance Genes
in Isolated Escherichia coli

Genotypically identified isolates of Escherichia coli
were further characterized by PCR to detect antibiotic-
resistance genes. PCR analysis of 23 E. coli isolates
revealed the presence of antibiotic resistance genes as
follows: streptomycin (aadAl) and erythromycin (ereA) in
1 (4.35%) isolate each, gentamicin (aac(3)-1V) in 2
(8.70%) isolates, tetracycline (tetB) in 4 (17.39%) isolates,
and sulfonamide (sull) in 5 (21.80%) isolates. The most
prevalent tetracycline resistance gene (tetA) was found in
10 (43.48%) isolates. No antibiotic resistance genes were
detected in the case of tetracycline (tetC), and pB-
lactamases (blargm, blasyy, and blacyy) (Figure 3).

Figure 3. Agarose gel profile of antibiotic resistance genes of E. coli,
Lane 1 indicated marker (100 bp), Lane 2 aac (3)-1V (286), Lane 3
negative control, Lane 4-5 sull (822bp), Lane 6 aadAl (447), Lane 7
ere(A) (419), Lane 8 tet(B) (634), and Lane 9 tet(A) (577bp)

4. Discussion

In the present study, the prevalence of Escherichia coli
in raw meat samples was 25%, corresponding with
Matubber et al., [32] at 29.7% in southern districts of
Bangladesh and Messele et al., [33] at 21.6% in Ethiopia.
However, Chepkemei et al., [7] found a higher rate of
Escherichia coli contamination of 60% in Nairobi, Kenya,
and Bantawa et al., [6] reported a prevalence of 53% in
eastern Nepal contrasting with our findings. Adzitey et al.,
[34] identified Escherichia coli in various meat samples of
84% in Tamale, Ghana, marking the highest prevalence.

Various studies have demonstrated that the prevalence
of Escherichia coli varies depending on both the types of
meat and the geographical region. In the present
investigation, Escherichia coli was detected in cattle meat
(25%), goat meat (10%), buffalo meat (8.33%), broiler
chicken meat (45%), and layer chicken meat (30%). On
the contrary, Chepkemei et al., [7] observed higher rates
of 89.6%, 88.6%, and 76.2% in beef, chicken, and goat
meat, respectively, in Nairobi, Kenya. Rahman et al., [12]
reported rates of 49.02% in chicken meat and 70% in beef
in the Mymensingh district, Bangladesh. Messele et al.,
[33] found Escherichia coli in chicken meat (37%),
chevon (20.6%), and beef (5.5%) in Ethiopia. Bantawa et
al., [35] revealed contamination rates of 66.6%, 40%, and
46.7% in chicken, buffalo, and goat meat, respectively, in
eastern Nepal. Saud et al., [5] found rates of 31.6% and
33% in buffalo and chicken meat, respectively in Nepal.
Adzitey et al., [34] found that E. coli was prevalent in beef
(86.67%), local chicken (80%), and chevon (75.56%)
samples in Ghana. However, our results are higher than
Zarei et al., [36], Hessain et al., [37], and Zhang et al.,
[38]. Zarei et al., [36] recognized a prevalence of 2.8% in
beef and 1.4% in buffalo meat samples in Ahvaz, Iran.
Hessain et al., [37] found 2% in raw beef, 2.5% in chicken,
and 2.5% in mutton meat samples in Riyadh, Saudi Arabia.
Similarly, Zhang et al., [38] stated that beef at 13.32%,
chicken at 3.28%, and mutton at 0% in fresh raw meat
from South China. Escherichia coli contamination in raw
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meat in developing countries like Bangladesh, Nepal,
Ghana, Kenya, and Ethiopia can indeed result from a
combination of various factors. Such as close contact
between meat carcasses with potentially contaminated
sources like infected individuals, animals (dogs, rats, cats,
and birds), and unsanitary environments in slaughterhouses
can introduce the bacteria. Additionally, during the
slaughtering process, transmission from the digestive tract,
blood, and external surfaces of the animal's body can occur.
The use of contaminated water for washing meat carcasses
and unclean equipment such as knives can further
contribute to the spread of Escherichia coli.

The antibiotic sensitivity test results for the isolated E.
coli bacteria indicated varying degrees of susceptibility.
Ceftriaxone, sulphonamide, enrofloxacin, gentamycin,
ciprofloxacin, levofloxacin, neomycin, and colistin sulfate
showed sensitivity ranging from 52.17% to 100%.
Conversely, penicillin, tetracycline, and oxytetracycline
exhibited no sensitivity. Resistance was observed in
47.83% to 100% of cases for erythromycin, doxycycline,
tetracycline, amoxicillin, ampicillin, and penicillin.
Notably, levofloxacin, neomycin, and colistin sulfate
demonstrated no resistance. The antibiotic resistance
profiles of Escherichia coli, as documented by Zhang et
al., [38], Rahman et al., [12], Messele et al., [33], and
Adzitey et al., [34], show consistent trends. Zhang et al.,
[38] reported high resistance to penicillin (100%), and
ampicillin  (57.14%), but sensitivity to gentamicin
(100%), and ciprofloxacin (96.43%) in China. Messele et
al., [33] observed notable resistance to ampicillin (71.4%)
and tetracycline (47.6%). Whereas, Rahman et al., [12]
found Escherichia coli from chicken meat resistant to
oxytetracycline  (92%), sulphonamide-trimethoprim
(84%), amoxycillin (76%), and erythromycin (60%),
while those from beef were resistant to erythromycin
(85.71%) and oxytetracycline (71.43%), yet 100%
sensitive to ciprofloxacin, gentamicin, and neomycin.
Additionally, Adzitey et al., [34] noted significant
resistance to erythromycin (85%), tetracycline (73.33%),
and ampicillin (71.67%).

In the current study, antibiotic resistance genes were
notably prevalent, with 4.35% for streptomycin (aadAl),
4.35% for erythromycin (ereA), 8.70% for gentamicin
(aac(3)-1V), 17.39% for tetracycline (tetB), 21.80% for
sulfonamide (sull), and 43.48% for tetracycline (tetA).
Interestingly, no resistance genes were detected for
tetracycline (tetC) or beta-lactamases (blagy, blasyy,
blacyy). Noticeably, our findings are lower than previous
studies: Messele et al., [33] found a higher prevalence for
tet(A) (65.1%), blacyy (65.1%), and sull (54.0%) in
Escherichia coli from raw meat in Ethiopia, while
Momtaz et al., [27] reported tet(A) and tet(B) at 52.63%,
and sull and ere(A) at 47.36%. Moreover, Momtaz et al.,
[17] found resistance genes in beef meat, including blaSyy
(70.14%), aac(3)-1V (64.17%), tetA (58.20%), and aadAl
(49.25%). Additionally, Mashak, [39] highlighted the high
prevalence of resistance genes for gentamicin (aac(3)-1V)
(94.44%), and tetracycline (tetA) (61.11%).

In summary, our study revealed the presence of
antibiotic resistance genes in Escherichia coli isolated
from various raw meat sources such as bovine, caprine,
and chicken displayed resistance to tetracycline,
sulfonamide, and gentamicin. The high incidence of

resistant E. coli indicates problems in meat inspection and
the possibility of cross-contamination in Bangladeshi
slaughterhouses. Maintaining strict hygiene standards
throughout the meat production process is crucial to
mitigate the risk of contamination. While resistance to
certain antibiotics like ceftriaxone, gentamycin, colistin
sulfate, and quinolone antibiotics remains low, it's
important to note that infections caused by Escherichia
coli in meat can still be treated with these antibiotics.
However, thorough proper cooking of meat is crucial to
prevent E. coli infections in humans.

5. Conclusion

Escherichia coli observed high levels of antibiotic
resistance among meat samples in the Rajshahi division of
Bangladesh underscoring the urgent need for robust
monitoring and mitigation strategies to ensure food safety
and safeguard public health. Our findings highlight the
necessity for continuous research and vigilant monitoring
to adapt strategies in response to evolving microbial
patterns and emerging challenges. Effective measures
must be implemented across the food supply chain to
mitigate the spread of antibiotic resistance and reduce the
incidence of foodborne illnesses.

Conflicts of Interest

The authors have declared that they have no conflicts of
interest.

Authors’ Contributions

MSH designed the study. MSH, MAHJ, NS, and BI
performed sample collection, sample processing, data
collection, laboratory work, and interpretation. KAS, PB,
MAN, and MMH performed the data analysis, statistical
analysis, visualization, and literature searches. SM made
critical comments on the manuscript. KMMH supervised
the present study. All authors contributed to the reviewed
the manuscript and approved the final manuscript.

ACKNOWLEDGMENTS

The authors express gratitude to all the faculty members
as well as the Department of Veterinary and Animal
Sciences, University of Rajshahi, Rajshahi-6205 for
providing lab facilities. The authors are also grateful to
Professor Dr. K. M. Mozaffor Hossain, Department of
Veterinary and Animal Sciences, University of Rajshahi,
for his useful guidance.

References

[1] Moawad, AA, Hotzel, H., Neubauer, H., Ehricht, R., Monecke, S.,
Tomasolin, H., Hafez, H.M., Roesler, U. and El-Adawy, H.,
“Antimicrobial resistance in Enterobacteriaceae from healthy broilers in
Egypt: emergence of colistin-resistant and extended-spectrum -
lactamase-producing Escherichia coli,” Gut Pathogens, 19(10). 39. 2018.



84

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

©

American Journal of Microbiological Research

Akanele, A.E., Chukwu, U.S.M.O. and Ahudie. B.C.M.,
“Microbiological contamination of food: The mechanisms, impacts,
and prevention,” International Journal of Scientific and Technology
Research, 5(3). 65-78. 2016.

Nawaz, Z., Aslam, B., Zahoor, M.A,, Siddique, A.B., Rafique, A., Aslam,
R., Qamar, M.U., Ali, S. and Mubeen, M.U., “Frequency of Extended
Spectrum Beta Lactamase Producing Escherichia coli in Fresh and
Frozen Meat,” Pakistan Veterinary Journal, 41(1). 102-106. 2021.
Abdel-Atty, N.S., Abdulmalek, E.M., Taha, R.M., Hassan, A.H. and
Adawy, A.A., “Predominance and antimicrobial resistance profiles of
Salmonella and E. coli from meat and meat products,” Journal of
Advanced Veterinary Research, 13(4). 647-655. 2023.

Saud, B., Paudel, G., Khichaju, S., Bajracharya, D., Dhungana, G.,
Awasthi, M.S. and Shrestha, V., “Multidrug-resistant bacteria from
raw meat of buffalo and chicken, Nepal,” Veterinary Medicine
International, 2. 7960268. 2019.

Bantawa, K., Sah, S.N., Limbu, D.S., Subba, P. and Ghimire, A.,
“Antibiotic resistance patterns of Staphylococcus aureus, Escherichia
coli, Salmonella, Shigella, and Vibrio isolated from chicken, pork,
buffalo, and goat meat in eastern Nepal,” BMC Res Notes, 12. 766. 2019.
Chepkemei, A., Mwaniki, J., Nyerere, A. and Kiiru, J., “Phenotypic
and genotypic characterization of antibiotic resistance in Escherichia
coli, Klebsiella spp., and Listeria monocytogenes isolates from raw
meat sold in Nairobi,” Advances in Microbiology, 12. 603-620. 2022.
Sethulekshmi, C., Latha, C. and Sunil, B., “Occurrence of
Enterohaemorrhagic E. coli in raw meat samples in Kerala,”
International Journal of Advanced Research in Biological Sciences, 3.
220-2. 2016.

lwu, C.J., Iweriebor, B.C., Obi, L.C. and Okoh, A.l., “Occurrence of
non-0157 Shiga toxin-producing Escherichia coli in two commercial
swine farms in the Eastern Cape Province, South Africa,” Comparative
Immunology, Microbiology and Infectious Diseases, 44. 48-53. 2016.
Gallardo, P., lzquierdo, M., Vidal, R.M., Chamorro-Veloso, N.,
Rossell6-Mora, R., O'Ryan, M. and Farfan, M.J., “Distinctive gut
microbiota is associated with diarrheagenic Escherichia coli infections
in children,” Front Cell Infect Microbiol, 7. 424. 2017.

WHO, “List of Bacteria for Which New Antibiotics Are Urgently
Needed,” 2017. [Online accessed 27 February 2017]. Available:
https://www.who.int/en/news-room/detail/27-02-2017-who-publishes-
list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
Rahman, M.A., Rahman, A K.M.A., Islam, M.A. and Alam, M.M.,
“Antimicrobial resistance of Escherichia coli isolated from milk, beef,
and chicken meat in Bangladesh,” Bangladesh Journal of Veterinary
Medicine, 15(2). 141. 2017.

Islam, M.S., Hossain, M.J., Sobur, M.A., Punom, S.A., Rahman,
AMM.T. and Rahman, M.T., “A Systematic Review on the
Occurrence of Antimicrobial-Resistant Escherichia coli in Poultry and
Poultry Environments in Bangladesh between 2010 and 2021,”
BioMed Research International, 2023. 2425564. 2023.

Sarker, M.S., Mannan, M.S., Ali, M.Y., Bayzid, M., Ahad, A. and
Bupasha, Z.B., “Antibiotic resistance of Escherichia coli isolated from
broilers sold at live bird markets in Chattogram, Bangladesh,” Journal
of Advanced Veterinary and Animal Research, 6(3). 272-277. 2019.
Rahman, M.M., Husna, A., Elshabrawy, H.A., Alam, J., Runa, N.Y.,
Badruzzaman, A.T.M., Banu, N.A., Mamun, M., Paul, B., Das, S.,
Rahman, M.M., Khairalla, A.S. and Ashour, H.M., “Isolation and
molecular characterization of Multidrug-Resistant Escherichia coli
from chicken meat,” Scientific Reports, 10(1). 1-11. 2020.

Das, A., Dhar, P.K., Dutta, A., Jalal, M.S., Ghosh, P., Das, T., Barua,
H. and Biswas, P.K., “Circulation of oxytetracycline and
ciprofloxacin-resistant commensal Escherichia coli strains in broiler
chickens and farm environments, Bangladesh,” Veterinary World,
13(11). 2395-2400. 2020.

Momtaz, H., Dehkordi, F.S., Rahimi, E., Ezadi, H. and Arab, R.,
“Incidence of Shiga toxin-producing Escherichia coli serogroups in
ruminant's meat,” Meat Science, 95(2). 381-388. 2013.

Sangeetha, A., Balakrishnan, S., Kowsalya, P., Manimaran, K.,
Dhanalakshmi, M. and Sivakumar, T., “Microbial safety of meat sold
in Orathanadu region, Thanjavur,” J Entomol Zool Stud, 8(1). 811-814.
2020.

Shrestha, A., Bajracharya, A.M., Subedi, H., Turha, R.S., Kafl, S,
Sharma, S. and Chaudhary, D.K., “Multidrug resistance and extended-
spectrum beta-lactamase producing Gram negative bacteria from
chicken meat in Bharatpur Metropolitan, Nepal,” BMC Res Notes,
10(574). 1-5. 2017.

Da Silva, N., Taniwaki, M.H., Junqueira, V.C.A., Silveira, N.F.A., do
Nascimento, M.S. and Gomes, R.A.R., Microbiological examination

[21]

[22]

[23]
[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

methods of food and water: a laboratory manual. 2" edition, Taylor &
Francis Group, London, 2013.

Senapati, I.A., Mishra, R., Kundu, A.K., Mishra, B.P. and Rath, P.K.,
“Prevalence and characterization of Escherichia coli from poultry meat
in Bhubaneswar,” International Journal of Current Microbiology and
Applied Sciences, 9(9). 2047-2055. 2020.

Merchant, I.A. and Packer, R.A., Veterinary bacteriology and virology,
7t edition, The lowa University Press, lowa, USA, 1967. 286-306.
Buxton, A. and Fraser, G., Escherichia coli. In. Animal Microbiology.
Blackwell Scientific Publications, Oxford, London. 1977.

Bauer, AW. and Kirby, W.M., “Antibiotic susceptibility testing by
standards single disc method,” American Journal of Clinical Pathology,
45, 493-496. 1966.

Clinical and Laboratory Standards Institute (CLSI), Performance
Standards for Antimicrobial Susceptibility Testing; Approved Standard,
31% edition; Document M100; Clinical and Laboratory Standards
Institute: Wayne, PA, USA, 2021.

Schippa, S., lebba, V., Barbato, M., Nardo, G.D., Totino, V., Checchi,
M.P., Longhi, C., Maiella, G., Cucchiara, S. and Conte, M.P., “A
distinctive ‘Microbial signature’ in celiac pediatric patients,” BMC
Microbiol, 10. 175. 2010.

Momtaz, H., Rahimi, E. and Moshkelani, S., “Molecular detection of
antimicrobial resistance genes in E. coli isolated from slaughtered
commercial chickens in Iran,” Vet. Med, 57(4). 193-197. 2012.
Titilawo, Y., Obi, L. and Okoh, A., “Antimicrobial resistance
determinants of Escherichia coli isolates recovered from some rivers in
Osun State, South-Western Nigeria: Implications for public health,”
Science of The Total Environment, 523. 82-94. 2015.

lwu, CJ., Jaja, I.F., lweriebor, B.C., Obi, L.C. and Okoh, A.l,
“Antibiotic resistance profiles of Escherichia coli 026, 0145, and
0157:H7 isolated from swine in the Eastern Cape Province, South
Africa,” Asian Pacific Journal of Tropical Disease, 7(9). 553-9. 2017.
Van, T.T.H., Chin, J., Chapman, T., Tran, L.T. and Coloe, P.J., “Safety
of raw meat and shellfish in Vietnam: an analysis of Escherichia coli
isolations for antibiotic resistance and virulence genes,” International
journal of food microbiology, 124(3). 217-223. 2008.

Randall, L.P., Cooles, S.W., Osborn, M.K., Piddock, L.J.V. and
Woodward, M.J., “Antibiotic resistance genes, integrons, and multiple
antibiotic resistance in thirty-five serotypes of Salmonella enterica
isolated from humans and animals in the UK,” Journal of
Antimicrobial Chemotherapy, 53(2). 208-216. 2004.

Matubber, B., Rume, F.l., Kayesh, M.E.H., Rahman, M.M., Amin,
M.R., Asgar, M.A. and Anower, A.K.M., “Antibiotic resistance and
residue in chicken, cattle, buffalo, and goat meats in different southern
districts of Bangladesh,” Asian-Australasian Journal of Food Safety
and Security, 5. 19-26. 2021.

Messele, Y.E., Abdi, R.D., Yalew, S.T., Tegegne, D.T., Emeru, B.A.
and Werid, G.M., “Molecular determination of antimicrobial resistance
in Escherichia coli isolated from raw meat in Addis Ababa and
Bishoftu, Ethiopia,” Annals of clinical microbiology and
antimicrobials, 16(1). 55. 2017.

Adzitey, F., Assoah-Peprah, P., Teye, G.A., Somboro, A.M., Kumalo,
H.M. and Amoako, D.G., “Prevalence and antimicrobial resistance of
Escherichia coli isolated from various meat types in the Tamale
Metropolis of Ghana,” International Journal of Food Science, 2020.
8877196. 2020.

Bantawa, K., Rai, K., Limbu, D.S. and Khanal, H., “Food-borne
bacterial pathogens in marketed raw meat of Dharan, eastern Nepal,”
BMC Res Notes, 11. 618. 2018.

Zarei, M., Basiri, N., Jamnejad, A. and Eskandari, M.H., “Prevalence
of Escherichia coli O157:H7, Listeria monocytogenes, and Salmonella
spp. in beef, buffalo, and lamb using multiplex PCR,” Jundishapur
Journal of Microbiology, 6(8). €7244. 2013.

Hessain, A.M., Al-Arfaj, A.A., Zakri, A.M., El-Jakee, J.K., AlZogibi,
0.G., Hemeg, H.A. and lbrahim, .M., “Molecular characterization of
Escherichia coli O157:H7 recovered from meat and meat products
relevant to human health in Riyadh, Saudi Arabia,” Saudi journal of
biological sciences, 22. 725-729. 2015.

Zhang, S., Zhu, X., Wu, Q., Zhang, J., Xu, X. and Li, H., “Prevalence
and characterization of Escherichia coli 0157 and O157:H7 in retail
fresh raw meat in South China,” Annals of Microbiology, 65(4). 1993-
1999. 2015.

Mashak, Z., “Prevalence and antibiotic resistance of Escherichia coli
0157:H7 isolated from raw meat samples of ruminants and poultry,”
Journal of Food and Nutrition Research, 6(2). 96-102. 2018.

© The Author(s) 2024. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).


https://www.who.int/en/news-room/detail/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/en/news-room/detail/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed

