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Abstract

This research presents a comprehensive examination of antibiotic resistance gene profiles
in bacterial isolates collected from water effluent in butcher shops located in Mosul City.
The study investigated the prevalence and distribution of antibiotic resistance among
diverse bacterial species within this specific environmental context using PCR
techniques. The findings revealed distinct patterns of resistance genes, indicating the
potential emergence of antibiotic resistance in specific bacterial groups.

The identification of multiple antibiotic resistance genes, including erma, blaCTX,
blakPC, gnrA, minA, gyrA, and dfrA, in Staphylococcus aureus and Staphylococcus
epidermidis underscored the importance of multidrug resistance, posing significant
challenges in infection management. Conversely, the absence of resistance genes in
certain strains of Escherichia coli and Enterobacter cloacae provides hope for
maintaining antibiotic efficacy against these bacterial species.

Urgent measures such as continuous surveillance and robust antibiotic stewardship
programs are required to address the escalating threat of antibiotic resistance.
Collaboration among healthcare professionals, researchers, policymakers, and the public
is essential for the successful implementation of effective strategies to preserve the
effectiveness of existing antibiotics.

Moreover, the study shed light on the potential transmission of antibiotic-resistant
bacteria through the food chain, emphasizing the need to address environmental sources
of resistance and their impact on food safety and public health.

In conclusion, this study contributes valuable insights into antibiotic resistance in both
clinical and environmental settings. Responsible antibiotic use, optimized infection
control measures, and targeted treatment strategies based on resistance patterns are
indispensable in combatting the global challenge of antibiotic resistance and
safeguarding public health. Continued research in this area will play a pivotal role in
developing evidence-based interventions and policies to curtail the spread of resistance
and ensure the protection of future generations.
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Introduction

Antibiotic resistance presents a formidable global health challenge, demanding immediate
attention from the scientific and medical communities [1, 2]. The widespread
documentation of antibiotic-resistant bacteria and antibiotic resistance genes (ARGS) in
diverse environments, including clinical settings, agricultural landscapes, and natural
ecosystems, underscores the urgency to comprehend this issue [3, 4]. Among these
environments, water systems have emerged as critical breeding grounds for resistant
bacteria and ARGs, necessitating a comprehensive understanding of the molecular basis
and dissemination patterns of antibiotic resistance in water environments to devise
effective strategies to combat its detrimental effects on human health [5].

Recently, there has been growing interest in food production establishments, particularly
butcher shops, as potential contributors to the spread of antibiotic-resistant bacteria [6].
These shops, where livestock and poultry are processed and handled, generate
considerable amounts of wastewater that may contain elevated levels of antibiotics and
resistant bacteria [7]. Inadequate treatment of this wastewater can result in the release of
antibiotic-resistant bacteria and ARGs into nearby water bodies, posing significant risks
to public health [8].

This research paper focuses on the molecular characterization of antibiotic resistance
genes in profile bacteria isolated from water effluent in butcher shops located within
Mosul City. Mosul City, a prominent urban center in Irag, provides a unique setting for
studying antibiotic resistance dissemination, considering local factors such as antibiotic
usage practices, waste management systems, and environmental conditions.

To achieve our research objectives, we will extensively survey selected butcher shops in
Mosul City, concentrating on the isolation and identification of bacterial strains from
water effluent samples. Notable pathogens, including Enterococcus faecalis, Klebsiella
pneumoniae, Staphylococcus aureus, and Escherichia coli, known for their significant
resistance to antibiotics, will receive special attention.

The identified bacterial strains will then undergo thorough molecular analysis to identify
and characterize specific antibiotic resistance genes. This study's comprehensive data will
offer valuable insights into the prevalence and diversity of ARGs in butcher shop water
effluents, shedding light on potential sources and dissemination routes of antibiotic
resistance [9].

By unraveling the genetic determinants of antibiotic resistance in the studied bacterial
pathogens, this research aims to contribute to existing knowledge on antibiotic resistance
dissemination in urban environments. The findings will serve as a foundational basis for
informed policy-making and the promotion of responsible practices in the food industry,
ultimately safeguarding public health against the escalating threat of antibiotic resistance.

Materials and Methods
Sample Collection and Bacterial Isolation:

Water effluent samples were collected from 14 different butcher shops across Mosul City,
Irag. The samples were aseptically collected using sterile containers and transported to
the laboratory under controlled conditions [10]. Upon arrival, serial dilutions of the
samples were prepared, and aliquots were plated onto selective chromogenic agar plates
suitable for the isolation of various bacterial types, including Enterococcus faecalis,
Klebsiella pneumoniae, Staphylococcus aureus, and Escherichia coli [11]. The plates
were then incubated at their respective optimal temperatures for a period of 24 to 48
hours to facilitate bacterial growth [12].
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Bacterial Identification:

Distinct colonies displaying specific morphological characteristics on the chromogenic
agar plates were subjected to both Gram staining and biochemical tests to identify the
different bacterial species [13]. Unique biochemical reactions and growth patterns were
utilized to differentiate and confirm the presence of Enterococcus faecalis, Klebsiella
pneumoniae, Staphylococcus aureus, and Escherichia coli among the isolated bacteria
[14].

PCR Amplification of Antibiotic Resistance Genes:

Genomic DNA was extracted from the identified bacterial isolates using a commercial
DNA extraction kit [15]. Subsequently, polymerase chain reaction (PCR) was conducted
with specific primers targeting antibiotic resistance genes known to confer resistance
against different classes of antibiotics (tablel). The targeted genes included blaCTX-M
(associated with cephalosporin resistance), gnrA (associated with quinolone resistance),
erm(A) (associated with macrolide resistance), gyrA (associated with fluoroquinolone
resistance), blakKPC (associated with carbapenem resistance), minA (associated with
aminoglycoside resistance), and dfrA (associated with trimethoprim resistance) [16-22].
PCR reactions were performed using a thermal cycler and appropriate cycling conditions.

Antibiotic Susceptibility Testing:

The antibiotic susceptibility profiles of the bacterial isolates were determined using the
disk diffusion method on Mueller-Hinton agar. Standard antibiotic disks representing
different classes of antibiotics, including cephalosporins, quinolones, macrolides,
fluoroquinolones, carbapenems, aminoglycosides, and trimethoprim, were used. After
incubation, the zones of inhibition surrounding the antibiotic disks were measured [23].

Data Analysis:

PCR products were analyzed using gel electrophoresis to confirm the presence of specific
antibiotic resistance genes in the bacterial isolates. The relationship between the presence
of each gene and the corresponding antibiotic resistance patterns was then analyzed.
Statistical analyses were conducted to identify significant associations between the
presence of specific genes and the observed antibiotic resistance phenotypes [24, 25].

Table 1. Primer genes designed in PCR analysis to detect antibiotic resistance genes in
bacteria from butcher shop water effluent in Mosul City.

Primers Oligosequencing 3-5 prime ™ Molecular
weight

F/blaCTX-M | ATG TGC ACC AGT AAR GT 48 270 - 323 khp

R/ blaCTX-M | TGG GTR AAR TAR GTS ACC AGA

F/ gnrA ATTTCTCACGCCAGGATTTG 48 516 bp

R/ gnrA GATCGGCAAAGGTTAGGTCA

F/ erm(A) AAGCGGTAAACCCCTCTGA 48 732 bp

R/ erm(A) TTCGCAAATCCCTTCTCAAC

F/ gyrA AATGAACAAGGTATGACACC 45 2,733 bp

R/ gyrA GCGATACCTGATGCACCATT

F/ blaKPC ATGTCACTGTATCGCCGTCT 48 293 bp

R/ blakPC TTACTGCCCGTTGACGCCC

F/ nimA ATG TTC AGA GAA ATG CGG CGT AAG CG 54 500 bp

R/minA GCTTCCTTG CCT GTCATGTGC TC

F/dfrA GGAATTACGGAGACGGTTA 45 474-507 bp

R/dfrA TTCCTATACCCTGGGCGT
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Results

Provides crucial insights into the prevalence of antibiotic resistance genes among various
bacterial species. The PCR analysis reveals distinct patterns in the distribution of these
genes, shedding light on the potential emergence of antibiotic resistance in specific
bacterial groups found in the water effluent of butcher shops.

Out of the bacterial species tested, a total of fourteen samples were identified as
exhibiting antibiotic resistance. Enterococcus faecalis displayed resistance to
erythromycin (erma+), while Escherichia coli showed resistance to extended-spectrum
beta-lactamase (blaCTX+) and Klebsiella pneumoniae carbapenemase (blakKPC+).
Staphylococcus aureus exhibited a noteworthy resistance profile, including resistance to
blaCTX+, minA+, and gyrA+, indicating a formidable challenge in managing infections
caused by this bacterium.

Additionally, Staphylococcus epidermidis presented the presence of multiple resistance
genes, namely blaCTX+, gnrA+, and gyrA+, suggesting the potential for multidrug
resistance in this species (table 2). On the other hand, Klebsiella pneumoniae and
Citrobacter freundii displayed limited resistance genes, implying a relatively lower risk of
resistance development in these bacteria (figure 1).

However, it is noteworthy that some strains of Escherichia coli and Enterobacter cloacae
demonstrated partial or complete absence of resistance genes, which provides a glimmer
of hope from a public health perspective.

The identification of antibiotic resistance in these bacterial samples underscores the
urgent need for continuous surveillance and robust antibiotic stewardship programs to
combat the growing threat of antibiotic resistance. Understanding the distribution and
prevalence of resistance genes among bacterial populations is crucial for devising
targeted treatment strategies and safeguarding the effectiveness of existing antibiotics.

This research offers valuable insights into the complexity of antibiotic resistance in the
context of water effluent from butcher shops in Mosul City. The findings contribute
significantly to the existing knowledge base, paving the way for the development of
effective strategies to address antibiotic resistance and preserve the efficacy of antibiotics
for future generations. It is evident that a comprehensive and systematic approach is
required to tackle this global public health challenge and safeguard the wellbeing of both
human and environmental health.
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Table 2. presents PCR results of antibiotic resistance genes in bacteria isolated from water
effluent in Mosul City butcher shops. "+" indicates the presence, and "-" indicates the
absence of specific resistance genes.

No. Name bacteria erma blaCTX | blaKPC qnrA minA gyrA dfrA
1 Enterococcus faecalis + - + - - + -
2 Escherichia coli - + + - - + -
3 Staphylococcus aureus - + - - + -
4 Escherichia coli + - - - + + -
5 Klebsiella pneumoniae - + - - - -
6 Staphylococcus aureus - - - - + + -
7 Staphylococcus epidermdis| - + + + - + +
8 Staphylococcus aureus - + + + - - -
9 Staphylococcus epidermdis| - - - - - - -
10 Staphylococcus aureus

11 Escherichia coli - - - - - + -
12 Escherichia coli - + - - - - -
13 Citrobacter freundii - - - - - - -
14 Staphylococcus aureus - - + - - + -
15 Staphylococcus aureus - + - - - + -
16 Staphylococcus aureus - - - + - + -
17 Citrobacter freundii - + + - - + -
18 Klebsiella pneumoniae - - + - - - -
19 Staphylococcus aureus - + + - - + -
20 Klebsiella pneumoniae - - - - - -
21 Enterobacter cloacae - + - - - -
22 Staphylococcus aureus - + + - - + +
23 Staphylococcus aureus - + - - - + -
24 Klebsiella pneumoniae - + - - - + -
25 Escherichia coli - - - - - - -
26 Escherichia coli + + + + - + -
27 Staphylococcus aureus - - + - - + -




Ayman Albanna et al. 604

erm blaCTX blaKPC qnrA

1 group
erm blaCTX blakPC qnrA
2" group
qnrA erm blaCTX blakPC qnrA

| 1 |

3rd group
gyrA dfrA gyrA dfrA
o _
gyrA dfrA
5th group
|
6t group
Discussion

The PCR results obtained from this study on antibiotic resistance gene profiles in
bacterial isolates from water effluent in butcher shops of Mosul City align with previous
research findings and contribute valuable insights to the existing body of knowledge [26].
The distinct patterns observed in the distribution of resistance genes indicate the potential
emergence of antibiotic resistance in specific bacterial groups, which is consistent with
findings from other studies conducted in similar environmental settings [27].

Similar to previous works, this study detected multiple antibiotic resistance genes in
Staphylococcus aureus and Staphylococcus epidermidis, suggesting the potential for
multidrug resistance in these bacterial species [28, 29]. This finding corroborates research
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conducted in clinical settings, indicating that these bacteria pose a significant challenge in
managing infections due to their resistance to multiple antibiotics [30].

Conversely, the absence of resistance genes in certain strains of Escherichia coli and
Enterobacter cloacae is in line with findings from other environmental surveillance
studies, which have reported variations in antibiotic resistance profiles within bacterial
populations [31]. This indicates that not all strains of these species carry resistance genes,
offering hope for maintaining the effectiveness of antibiotics against these bacteria [32].

Comparatively, this study's results underscore the importance of continuous surveillance
and robust antibiotic stewardship programs, consistent with the recommendations from
other works aimed at tackling the global issue of antibiotic resistance [33]. It is evident
that antibiotic stewardship is crucial in both healthcare and agricultural sectors to
minimize selective pressure, reduce the spread of resistance, and preserve the efficacy of
existing antibiotics [34].

In contrast to some previous studies, this research focused on bacterial isolates from
water effluent in butcher shops, providing specific insights into antibiotic resistance in
this unique environmental niche. The findings emphasize the potential transmission of
antibiotic-resistant bacteria through the food chain and the significance of addressing
environmental sources of resistance [35].

Overall, the findings from this study complement and reinforce the findings of other
works in the field of antibiotic resistance [36]. The study's results contribute valuable
information to the broader understanding of antibiotic resistance patterns in both clinical
and environmental settings, reinforcing the need for collaborative efforts to combat this
global health challenge [37]. Future research could further explore the factors
contributing to antibiotic resistance in water effluent to develop targeted interventions for
mitigating resistance spread in the environment.

Conclusion

In conclusion, this study offers valuable insights into the occurrence and distribution of
antibiotic resistance among different bacterial species isolated from water effluent in
butcher shops of Mosul City. The PCR results revealed distinct resistance gene patterns,
indicating the potential emergence of antibiotic resistance in specific bacterial groups.

The presence of multiple antibiotic resistance genes in Staphylococcus aureus and
Staphylococcus epidermidis highlights the significance of multidrug resistance, posing
challenges in infection management. Conversely, the absence of resistance genes in
certain strains of Escherichia coli and Enterobacter cloacae suggests the possibility of
maintaining antibiotic efficacy for these bacteria.

The study underscores the urgent need for continuous surveillance and robust antibiotic
stewardship programs to combat the growing threat of antibiotic resistance. Collaborative
efforts among healthcare professionals, researchers, policymakers, and the public are
crucial to implementing effective strategies for preserving antibiotic effectiveness.

Moreover, the study emphasizes the importance of addressing environmental sources of
resistance, particularly in the context of potential transmission through the food chain,
affecting food safety and public health.

To address the challenge of antibiotic resistance, responsible antibiotic use, optimized
infection control measures, and targeted treatment strategies based on resistance patterns
are essential. Implementing a comprehensive approach that encompasses both clinical and
environmental aspects is vital to effectively combat antibiotic resistance and protect
future generations. Further research in this field will play a key role in developing
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evidence-based interventions and policies to mitigate resistance spread and safeguard
global public health.
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