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A B S T R A C T

Background and Aim: Antimicrobial resistance (AMR) presents a major global health threat, particularly at the interface of 
human and animal health. Escherichia coli is a key indicator organism for AMR surveillance and is commonly found in both 
humans and pigs. Pigs are recognized as significant reservoirs of antibiotic resistance genes (ARGs), facilitating the potential 
transmission of resistant bacteria to humans. This study aimed to systematically review ARG profiles and associated 
phenotypic resistance in E. coli isolates from human and pig sources using whole-genome sequencing (WGS) data.

Materials and Methods: A systematic search was conducted across PubMed, Scopus, Web of Science, and Wiley Online 
Library for English-language studies published from January 1, 2019, to October 21, 2024. Studies were included if they 
reported WGS-based ARG profiles and corresponding phenotypic resistance data for E. coli isolates from either humans 
or pigs. Data extraction and synthesis followed the Preferred Reporting Items for Systematic reviews and Meta-Analyses 
guidelines. Gene nomenclature was standardized using the National Center for Biotechnology Information and the Compre-
hensive Antibiotic Resistance Databases.

Results: Of 3,550 records screened, 13 studies met inclusion criteria, comprising 7 on human isolates, 5 on pig isolates, and 
1 covering both. Ampicillin resistance was the most prevalent overall (71.4%), with rates of 75% in humans and 100% in pigs. 
A total of 80 ARGs spanning 11 antibiotic classes were identified, with 58 appearing in multiple studies. The most frequently 
reported ARGs were blaTEM, sul1, sul2, dfrA17, tet(A), and tet(B). Notably, the qnrS gene, conferring quinolone resistance, 
was consistently detected in pig isolates. Geographic variation was observed, with a dominance of Chinese studies and 
variable resistance patterns across continents.

Conclusion: This review highlights a high prevalence of multidrug-resistant E. coli in both human and pig sectors, under-
scoring the misuse of antibiotics in medical and agricultural settings. The consistent detection of ARGs, particularly blaTEM 
and qnrS, calls for urgent cross-sectoral action. A One Health approach is essential to strengthen AMR surveillance, promote 
prudent antibiotic use, and implement coordinated interventions across human, veterinary, and environmental domains. 
Future research should integrate metagenomics and environmental monitoring to capture broader resistance dynamics.
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INTRODUCTION

Antimicrobial resistance (AMR) is recognized as 
one of the top ten global health threats, posing serious 
risks to human and animal health, livelihoods, and food 
security. In 2019 alone, an estimated 4.95 million deaths 
were associated with bacterial AMR, with 1.27 million 
deaths directly attributed to resistant infections. These 
figures underscore the widespread impact of AMR and 
its significant challenge to achieving the Sustainable 
Development Goals [1–3]. As a quintessential One 
Health concern, AMR stems from interconnected fac-
tors across human, animal, and environmental systems. 
The indiscriminate and excessive use of antibiotics 
in healthcare, veterinary medicine, and agriculture 
has accelerated the emergence and dissemination of 
resistance genes, driving AMR toward crisis levels [4, 5].

Escherichia coli serves as a sentinel organism 
for AMR monitoring due to its prevalence in the gut 
microbiota of both humans and animals, its remarkable 
ability to acquire a broad range of antibiotic resistance 
genes (ARGs), and its role in facilitating horizontal gene 
transfer [6]. One notable example is the blaTEM gene, 
which confers resistance to beta-lactamase antibiotics 
and is commonly identified in both clinical and livestock-
associated E. coli isolates [7]. Pigs, in particular, are 
key reservoirs of ARGs due to the intensive use of 
antibiotics, high-density farming practices, and the 
elevated potential for horizontal gene exchange within 
their gastrointestinal microbiota. These factors enable 
the potential transmission of resistant bacteria to hum-
ans through direct contact, environmental exposure, or 
foodborne pathways [8–11].

Beyond their agricultural significance, pigs are also 
valued as biomedical models for studying human physi-
ology, developmental processes, and responses to path-
ogens [12]. Comparative genomic analyses of E. coli 
isolates from humans and pigs offer valuable insights 
into shared resistance mechanisms, cross-species gene 
flow, and overarching AMR trends, informing more 
effective control strategies [13, 14]. Whole-genome 
sequencing (WGS), with its high resolution, enables 
precise detection and characterization of resistance 
determinants and their transmission dynamics. When 
combined with clinical and epidemiological data, WGS 
serves as a powerful tool to enhance AMR surveillance 
and inform targeted public health interventions [15].

Despite the growing body of literature on AMR 
in both human and animal health, integrated, high-
resolution analyses comparing resistance gene pro-
files in E. coli across the human–pig interface remain 
limited. While individual studies have documented the 
prevalence of ARGs and phenotypic resistance patterns 
in clinical and agricultural settings, these are often 
reported in isolation, without cross-sectoral comparison 
or standardization of methods. Moreover, the use 
of WGS – a powerful tool for detecting ARGs, mobile 
genetic elements, and transmission dynamics – has 

not been systematically applied to explore the overlap 
in resistomes between human and pig-derived E.  coli. 
Few reviews have attempted to synthesize such 
genomic and phenotypic data concurrently, particularly 
under a One Health framework that accounts for the 
complex interactions between antibiotic use, resistance 
development, and interspecies gene flow. In addition, 
regional disparities in AMR surveillance data – especially 
from low-  and middle-income countries – create 
blind spots in global risk assessments and hinder the 
development of unified mitigation strategies.

This study aims to systematically review and synth-
esize published evidence on AMR gene profiles and 
corresponding phenotypic resistance patterns in E. coli 
isolates from human and pig sources between January 
2019 and October 2024. By focusing on studies utilizing 
WGS and phenotypic antimicrobial susceptibility  
testing (AST), the review seeks to (i) identify and  
compare dominant ARGs and resistance patterns  
across sectors, (ii) evaluate sector-specific and 
geographic trends in resistance gene distribution, 
and (iii) highlight key ARGs indicative of potential 
cross-species transmission. Through this comparative 
One Health analysis, the study endeavors to provide 
actionable insights for AMR surveillance, stewardship, 
and policy development aimed at minimizing resis-
tance spread between humans and animals.

MATERIALS AND METHODS

Ethical approval
This study did not require ethical approval as it 

was based exclusively on the analysis of previously 
published literature and did not involve any human or 
animal subjects.

Study period and location
The study was conducted from July to October 

2024 in Bogor, West Java, Indonesia.

International Prospective Register of Systematic 
Reviews (PROSPERO) registration

The systematic review protocol was prospectively 
registered in PROSPERO under the registration number 
CRD42025646668 (https://www.crd.york.ac.uk/PROSP 
ERO/view/CRD42025646668). The protocol outlines 
the objectives, eligibility criteria, and methodological 
approach, ensuring transparency and reproducibility in 
accordance with the Preferred Reporting Items for Syste-
matic reviews and Meta-Analyses guidelines [16].

Eligibility criteria based on PICOS framework
The inclusion and exclusion criteria were 

developed using the PICOS framework:
•	 Population (P): E. coli isolates obtained from human 

and pig sources
•	 Intervention (I): WGS for the identification of AMR 

genes (ARGs)
•	 Comparison (C): Comparative analysis between 

human-derived and pig-derived E. coli isolates
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•	 Outcomes (O): Prevalence and distribution of gen-
otypic ARGs and corresponding phenotypic resistance 
profiles

•	 Study design (S): Original research articles reporting 
both genotypic and phenotypic resistance data; 
only peer-reviewed studies published in English 
were included.

Studies were excluded if they:
•	 Did not include both WGS and phenotypic AST data
•	 Focused solely on antibiotic use patterns or 

surveillance
•	 Were review articles, commentaries, or conference 

abstracts
•	 Lacked English full-text availability.

Literature search strategy
A comprehensive and systematic literature search 

was conducted across four major scientific databases: 
PubMed, Scopus, Web of Science, and Wiley Online 
Library. The search included articles published between 
January 01, 2019, and October 21, 2024, and was limited 
to studies written in English.

Search terms were grouped into four categories 
related to E. coli, AMR, human and pig sources, and 
genomic methods. Terms within each category were 
combined using the Boolean operator “OR” and across 
categories using “AND.” The search was applied to titles, 
abstracts, and keywords. The software and platforms 
supporting the review process are summarized in Table 1, 
and the full search strategy is provided in Table S1.

Study selection process
The study selection followed a two-stage screening 

protocol:
1.	 Initial screening: After deduplication, 3,071 unique 

articles were screened based on titles and abstr-
acts by four independent reviewers using Rayyan 
software

2.	 Full-text review: Articles passing the initial screen 
were assessed for eligibility against the inclusion 
and exclusion criteria. Discrepancies were resolved 
through discussion and consensus.

Following this process, 13 studies met the criteria 
and were included in the final review.

Data extraction and management
Key information was extracted from each incl-

uded study and compiled into a standardized Excel spre-
adsheet. Extracted variables included (Table S2):
•	 First author and publication year
•	 Country/region of study
•	 Sample source (human, pig, or both)
•	 Number of E. coli isolates
•	 AST method and WGS platform used
•	 Identified ARGs and associated antibiotic resistance 

profiles.
The data extraction was independently cross-

checked by two reviewers to ensure accuracy.

ARG classification and nomenclature standardization
ARGs were categorized into functional classes and 

standardized using the National Center for Biotech-
nology Information (NCBI) and the Comprehensive 
Antibiotic Resistance Database (CARD). Harmonization 
of gene names was performed using accepted syn-
onyms, e.g., strA was reclassified as aph(3”)-Ib and strB 
as aph(6)-Id [17–20].

Only ARGs reported in at least two separate 
studies and validated by NCBI or CARD were included 
in the final analysis. Genes such as aac(3)-Ia, aac(6)-Ib, 
aadA23, cmlA, dfrA25, mcr-3, and qnrD, which were 
either reported in a single study or not validated by 
these databases, were excluded.

Data synthesis and analysis
Descriptive statistics were used to summarize 

the prevalence of phenotypic resistance and the distri-
bution of ARGs across the included studies. Resistance 
proportions were calculated for each antibiotic class 
and ARG, stratified by source (human or pig). Com-
parative assessments were made to identify sector-
specific trends and regional patterns.

All analyses were conducted using Microsoft Excel 
(Version 2505 Build 16.0.18827.20102). Due to the 
heterogeneity of study designs, sampling methods, and 
antimicrobial susceptibility testing protocols, a meta-
analytical approach was not undertaken. No formal 
statistical tests were applied to compare prevalence 
values between groups. Future iterations may benefit 
from using inferential methods or graphical assessments 
(e.g., funnel plots) to examine potential publication bias 
or regional clustering of results.

RESULTS

Study selection and characteristics
A total of 3,550 records were retrieved from four 

databases: Scopus (n = 2,923), Web of Science (n = 490), 

Table 1: Software and platforms supporting the review 
process.

Tool/Software Function Version/Source

Rayyan Aggregated records from 
multiple databases, 
removed duplicates, 
and facilitated article 
screening

Web‑based 
(https://www.
rayyan.ai)

Microsoft® 
Excel® for 
Microsoft 365

Extracted, managed, 
and organized data from 
included studies

Version 2505 Build 
16.0.18827.20102

Mendeley 
Cite

Managed references and 
citations

Version 1.67.0

MapChart Generated geographical 
visualizations

Version 6.7.3 
(https://www.
mapchart.net)

Canva Designed visual materials 
and figures

Web‑based 
(https://www.
canva.com)
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PubMed (n = 129), and Wiley Online Library (n = 8). After 
the removal of 479 duplicates, 3,071 unique articles 
were subjected to title and abstract screening, which 
excluded 2,718 irrelevant studies. Full-text assessment 
of the remaining 353 articles led to the exclusion of 
240 papers that did not meet the inclusion criteria. 
Ultimately, 13 studies were included in the final analysis 
(Figure 1).

These 13 studies comprised 7 focused on human-
derived E. coli isolates [21–27], 5 on pig-derived iso-
lates  [28–32], and 1 study including isolates from 
both sources [33], resulting in 14 data points for ana-
lysis. The selected studies were published between 
January 01, 2019, and October 21, 2024, and were 
geographically distributed across Asia, Europe, and 
North America (Figure 2 and Table S3).

Antibiotic resistance patterns
A total of 39 antibiotics were investigated across 

all included studies (Table S3). Ampicillin showed 
the highest overall resistance rate at 71.4%, with 
75% prevalence in human isolates and 100% in pig 
isolates. Tetracycline resistance was especially high in 
pigs, with one study reporting a 100% resistance rate. 
Resistance to sulfonamides, trimethoprim, and fluoroq-
uinolones was also frequently observed in both sectors 
(Figure 3 and Table S4).

Distribution of AMR genes (ARGs)
Across the 13 studies, a total of 80 distinct 

ARGs conferring resistance to 11 antibiotic classes 
were identified (Table S3). Of these, 58 ARGs were 

reported in at least two studies and were included in 
the comparative analysis (Figure 4 and Table S5). These 
genes included:
•	 Aminoglycosides: 18 ARGs
•	 Beta-lactamase: 9 ARGs
•	 Trimethoprim: 10 ARGs
•	 Tetracyclines: 6 ARGs
•	 Chloramphenicol: 4 ARGs
•	 Sulfonamides: 3 ARGs
•	 Quinolones: 2 ARGs
•	 Fosfomycin: 2 ARGs
•	 Others: 1 ARG each for colistin, macrolides, rifam-

pin, and multidrug resistance.
The most frequently reported genes were blaTEM, 

sul1, sul2, dfrA17, tet(A), and tet(B), reflecting resis-
tance to beta-lactamase, sulfonamides, trimethoprim, 
and tetracyclines.

Geographic distribution of ARGs
Regional patterns in ARG profiles were observed:

•	 Europe (e.g., Spain, Ireland, and Portugal): Frequent 
detection of blaTEM-1A, blaTEM-1B, blaCTX-M-14, 
aac(6’)-Ib-cr5, and aph(6)-Id.

•	 Asia (particularly China and India): Higher diversity of 
beta-lactamase genes such as blaNDM-4, blaNDM-5, 
blaCTX-M-55, blaCTX-M-65, and blaCTX-M-15, along 
with aminoglycoside resistance genes such as aac(3)-
IIa, aadA1, aadA5, aph(6)-Id, and aph(3’)-Ia.

•	 Africa (Uganda, Malawi, South Africa): Dominated by 
blaTEM-1A, blaTEM-1B, blaCTX-M-15, blaCTX-M-27, 
aac(3)-IIa, aph(6)-Id, and aph(3’)-Ib.

Identification of studies via databases and registers

Records (n = 3550) identified from: 
Scopus (n = 2923)
Web of Science (n = 490) 
PubMed (n = 129)
Wiley Online Library (n = 8)

Duplicate records removed
(n = 479)

Records screened (n = 3071)
Records excluded after screening abstract
and title (n = 2718)

Articles excluded after full-text screening
(n = 340)

Full-text articles assessed for
eligibility (n = 353)

Included articles (n = 13)
Human studies (n = 7)
Pig studies (n = 5)
Human and pig study (n = 1)
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Figure 1: The Preferred Reporting Items for Systematic reviews and Meta-Analyses flowchart illustrating the study selection 
process, showing inclusion of 13 studies across human, pig, and combined sources.
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•	 Americas: Commonly reported ARGs included aac(3)-
IIa, aac(3)-IId, aac(6’)-Ib-cr5, aph(6)-Id, blaCTX-M-14, 
blaCTX-M-15, and blaTEM-1B.

Distinct ARGs in human versus pig isolates
Notable differences were observed between human 

and pig-derived E. coli isolates:

•	 Pig-specific ARGs: The qnrS gene, associated with 
quinolone resistance, was consistently detected in 
all pig studies. Other genes – aac(3)-VIa, aadA22, 
aadA24, blaSHV, tet(C), tet(D), tet(X4), and 
dfrA21 – were exclusively found in pig isolates.

•	 Human-specific ARGs: The blaEC gene was detected 
only in human isolates.

Figure 2: Characteristics of included studies: (a) Geographic distribution; (b) year of publication; (c) sample source (human, 
pig, and both); (d) aspartate transaminase methodology (Clinical and Laboratory Standards Institute [CLSI] vs. European 
Committee on Antimicrobial Susceptibility Testing); (e) Whole-genome sequencing platform (e.g., Illumina, Oxford Nanopore 
Technologies). Notably, China accounted for the largest number of studies, and most studies employed CLSI guidelines and 
Illumina sequencing.

d

cb

a

e



doi: 10.14202/IJOH.2025.199-210

204

The co-occurrence of multiple ARGs within individ-
ual isolates was frequently reported, particularly in 
multidrug-resistant (MDR) E. coli strains. This highlights 
the complexity of resistance mechanisms and the impo-
rtance of integrated surveillance across both sectors 
(Table S4).

DISCUSSION

Global implications of AMR
AMR is a critical global health threat with far-

reaching implications for human and animal health, 
healthcare infrastructure, food safety, and enviro-
nmental sustainability [34]. The findings of this review 
affirm these concerns, particularly the high levels of 
resistance observed in E. coli from food-producing 
animals such as pigs. These results are consistent 
with global AMR patterns and underscore the urgent 
need  for coordinated, cross-sectoral mitigation strat-
egies [33]. Although this review focuses specifically on 
human and pig sectors, it reinforces the One Health 
paradigm, emphasizing the interconnectedness of 
human, animal, and environmental health. Notably, 
MDR was highly prevalent in isolates from both 
sources, with ampicillin resistance being particularly 
dominant (Figure 3).

Sector-specific resistance trends
Resistance profiles varied across regions and host 

populations, reflecting differences in antibiotic usage 
patterns, regulatory frameworks, and genetic deter-
minants of resistance [35].

Beta-lactamase resistance
Extensive resistance to ampicillin, a widely 

used beta-lactamase antibiotic, is evident across 
both human and pig isolates. In human medicine, 
ampicillin is commonly prescribed for urinary tract 
infections (UTIs)  [21–24], biliary tract infections, 
and various community-acquired infections [23, 
26]. In the veterinary sector, it is frequently used 

to treat gastrointestinal and respiratory diseases in  
pigs [36, 37]. Overuse in both domains has led to the 
proliferation of ampicillin-resistant E. coli, contributing 
to prolonged illnesses, increased treatment costs, and 
higher mortality rates [38].

The predominant resistance mechanism is 
mediated by the blaTEM gene [39], which encodes 
extended-spectrum beta-lactamase commonly found 
on plasmids and transposons [40]. Its widespread pres-
ence in both human and pig isolates illustrates the 
potential for horizontal gene transfer and highlights pigs 
as key reservoirs for resistant strains that can be trans-
mitted to humans [7, 41].

Tetracycline resistance
Tetracycline resistance was particularly high 

in pig isolates, consistent with its long-standing 
use in livestock for disease prevention and growth 
promotion [28, 42–44]. Its broad-spectrum activity 
and affordability, combined with lax regulations, 
have contributed to the widespread use in animal 
husbandry  [33]. Environmental contamination from 
slaughterhouse waste has further facilitated the disse-
mination of tetracycline-resistant bacteria [44–46]. Tetra-
cycline is also frequently prescribed in human medicine 
for infections such as respiratory tract infections, acne, 
and some sexually transmitted infections [47].

Key resistance genes – tet(A) and tet(B) – were 
identified in both human and pig isolates. tet(A) is  
typically plasmid-encoded, promoting rapid horizontal 
transfer, while tet(B) is often associated with transposons 
and integrative mobile elements, enhancing its 
dissemination potential [45, 48].

Sulfonamide resistance
Resistance to sulfonamides was also widespread. 

sul1 was identified in all included studies and sul2 in 
the majority. In pig production, sulfonamides such as 
sulfamethazine and sulfamethoxazole are commonly 
administered with trimethoprim to treat respiratory 
and gastrointestinal infections [49, 50]. In human 
medicine, co-trimoxazole remains essential, particularly 
for immunocompromised populations [51].

sul1 is frequently linked with class  1 integrons, 
which promote the co-transfer of multiple resistance 
genes [52]. While sul2 is also mobile, its lower frequency 
may reflect variations in genetic context or antimicrobial 
selection pressures [23, 53].

Trimethoprim resistance
Trimethoprim resistance – largely attributed to 

the dfrA17 gene – was common across both sectors, 
but more prevalent in pig isolates. dfrA17 encodes 
dihydrofolate reductase, reducing trimethoprim’s 
therapeutic efficacy [54]. Its integration within class 1 
integrons enhances its mobility and spread [55–57].

Given the presence of E. coli in meat products, 
resistant strains from livestock pose a tangible risk 
to public health through foodborne transmission, 

Figure 3: Prevalence of antibiotic resistance in Escherichia 
coli isolates from humans and pigs. Ampicillin had the 
highest resistance rate in both groups, while tetracycline 
resistance was most pronounced in pig isolates.
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Figure 4: Distribution of the 58 most frequently detected antibiotic resistance genes across studies, highlighting blaTEM, 
sul1, sul2, dfrA17, tet(A), and tet(B) as dominant markers.
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potentially leading to UTIs or bacteremia in 
humans  [58]. Conversely, human-origin resistant strains 
may re-enter animal populations through environmental 
contamination [59].

Aminoglycoside resistance
Among aminoglycoside resistance determinants, 

aph(6)-Id was the most frequently reported. This gene 
encodes a phosphotransferase enzyme that inactivates 
aminoglycosides such as kanamycin and neomycin [60]. 
In pig farming, aminoglycosides such as gentamicin and 
apramycin are used to treat post-weaning diarrhea [60], 
whereas in human medicine, they are reserved for 
severe infections due to potential nephrotoxicity and 
ototoxicity [61].

The recurrent detection of aph(6)-Id in pig-derived 
E. coli, particularly enterotoxigenic strains, highlights its 
veterinary and zoonotic relevance [62].

Quinolone resistance
The qnrS gene, a plasmid-mediated quinolone 

resistance marker [63], was consistently reported in 
pig isolates and less frequently in human samples. qnrS 
often coexists with other resistance genes on mobile 
plasmids, facilitating its spread [64].

Quinolones are widely used in both veterinary and 
clinical settings due to their broad-spectrum efficacy 
and oral bioavailability [9, 65, 66]. However, their 
extensive use in animal production has led to selective 
pressure that enhances resistance development, raising 
concerns about transmission through meat, water, or 
direct contact [8, 67, 68].

Cross-sectoral use of critical antimicrobials
All major antibiotic classes discussed in this review 

are utilized in both human and veterinary medicine. 
Their dual use emphasizes the shared responsibility in 
the emergence and propagation of resistance:
•	 Quinolones are classified as highest priority critically 

important antimicrobials and should be restricted 
to essential uses in animals

•	 Aminoglycosides are critically important antimi-
crobials recommended for treatment purposes only

•	 Ampicillin, tetracyclines, sulfonamides, and trimetho-
prim are highly important antimicrobials and require 
stringent regulation to prevent misuse [37, 69].

Policy implications and recommendations
The concurrent detection of resistance to multiple 

antibiotic classes in E. coli from both human and pig 
sectors highlights the need for comprehensive, cross-
sectoral AMR mitigation. The findings of this review 
strongly support the implementation of One Health 
strategies, which include:
•	 Enforcing strict prescription regulations for 

antimicrobials in the human and veterinary sectors
•	 Promoting non-antibiotic alternatives in livestock 

production
•	 Strengthening surveillance systems to monitor 

emerging resistance trends.

Furthermore, the identification of sector-specific 
resistance patterns and ARGs may inform the design of 
risk-based, integrated AMR surveillance frameworks. 
These frameworks should facilitate data sharing, har-
monize testing protocols, and guide evidence-based 
interventions to preserve antimicrobial efficacy across 
the human-animal-environment continuum [70, 71].

Strengths and limitations
A key strength of this review is the dual synthesis 

of genotypic and phenotypic resistance data from 
E. coli isolates across two interconnected sectors. This 
integrative approach offers a more comprehensive 
understanding of resistance dynamics and aids in policy 
development.

However, several limitations must be acknowledged:
•	 The small number of eligible studies (n = 13) limits 

the generalizability of the findings.
•	 Geographic bias exists, with a disproportionate 

number of studies originating from China and a 
notable absence of data from South America.

•	 The exclusion of non-English language studies and 
gray literature may contribute to publication bias.

•	 Variability in AST methods (e.g., CLSI vs. EUCAST) 
and WGS platforms across studies may affect 
cross-comparability.

•	 Due to study heterogeneity, a meta-analytical app-
roach was not feasible.

•	 Nonetheless, the use of standardized selection 
criteria and meticulous data curation helped ensure 
methodological consistency and reduce potential 
bias.

CONCLUSION

This systematic review highlights the widespread 
presence of AMR in E. coli isolates from both human 
and pig sources, reinforcing the urgent need for 
coordinated action under the One Health framework. 
A  total of 80 ARGs across 11 antibiotic classes were 
identified, with blaTEM, sul1, sul2, dfrA17, tet(A), tet(B), 
and qnrS emerging as the most frequently detected 
and epidemiologically significant. Ampicillin exhibited 
the highest overall resistance rate (71.4%), with 100% 
resistance reported in pig isolates, while tetracycline 
and sulfonamide resistance were also markedly pre-
valent across both sectors. Notably, the qnrS gene 
was consistently reported in pig isolates, indicating 
selective pressure from veterinary quinolone use and 
highlighting potential foodborne and environmental 
transmission routes. Sector-specific ARG patterns and 
regional disparities – especially the predominance of 
studies from China – further underscore the uneven 
global distribution of AMR surveillance data and the 
need for harmonized monitoring systems.

To address the limitations of current surveillance 
and research, the future studies should integrate 
metagenomic approaches to capture ARGs from uncul-
turable and environmental microbiomes, expand 
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geographic representation in underreported regions, 
and develop interoperable AMR databases to enhance 
cross-sectoral data sharing. Investigations into the role 
of mobile genetic elements in horizontal gene transfer 
and evaluations of antimicrobial policy interventions 
using longitudinal surveillance data are also crucial. 
Additionally, exploring environmental reservoirs and 
tracking ARG dissemination through the food chain 
could provide critical insights into indirect transmission 
pathways and inform upstream mitigation strategies.

This review reinforces that AMR in E. coli is 
a shared burden across human and animal health 
domains, driven by overlapping antibiotic use and faci-
litated by environmental connectivity. The consistent 
detection of high-risk ARGs in pigs and their genetic 
overlap with human isolates call for immediate, unified 
interventions. Strengthening antibiotic stewardship, 
regulatory oversight, and genomic surveillance through 
One Health collaboration is essential to preserve the 
efficacy of critical antimicrobials and mitigate the global 
AMR threat. Coordinated, evidence-based policies and 
proactive investment in surveillance infrastructure are 
not only desirable but also imperative for global health 
security.

DATA AVAILABILITY

The supplementary data can be made available 
from the corresponding author upon request.

AUTHORS’ CONTRIBUTIONS

DI: Conceptualization, screening and selection of 
studies, formal analysis, investigation, methodology, 
project administration, writing original draft, artwork, 
and review and editing. HL, SA, and CB: Data 
interpretation and critically revised the manuscript 
for important intellectual content. AAH, FM, and SS: 
Screening and selection of studies and revised the 
manuscript. All authors have read and approved the 
final manuscript.

ACKNOWLEDGMENTS

The authors are thankful to the academic advisors, 
colleagues, and collaborators whose continuous sup-
port and insightful contributions have been invaluable 
throughout the course of this study. Special thanks are 
extended to the Faculty of Medicine, IPB University, 
Bogor, Indonesia, for their academic guidance and 
institutional support. The authors are grateful to the 
School of Veterinary Medicine and Biomedical Sciences, 
IPB University, for providing an intellectually enriching 
and collaborative research environment.

COMPETING INTERESTS

The authors declare that they have no competing 
interests.

PUBLISHER’S NOTE

Veterinary World (Publisher of the International 
Journal of One Health) remains neutral with regard 

to jurisdictional claims in the published map and 
institutional affiliations.

REFERENCES

1.	 Tang, K.W.K., Millar, B.C. and Moore, J.E. (2023) 
Antimicrobial resistance (AMR). Br. J. Biomed. Sci., 
80: 11387.

2.	 World Organisation for Animal Health. (2024) Tackling 
Antimicrobial Resistance Using the One Health 
Approach. Available from: https://www.woah.org/
app/uploads/2024/06/tackling-amr-using-the-one-
health-approach.pdf. Retrieved on 21-04-2025.

3.	 Aslam, B., Asghar, R., Muzammil, S., Shafique, M., 
Siddique, A.B., Khurshid, M., Ijaz, M., Rasool, M.H., 
Chaudhry, T.H., Aamir, A. and Baloch, Z. (2024) AMR 
and sustainable development goals: At a crossroads. 
Global. Health, 20(1): 73.

4.	 Woolhouse, M.E.J. (2024) One Health approaches 
to tackling antimicrobial resistance. Sci. One Health, 
3: 100082.

5.	 Ahmed, S.K., Hussein, S., Qurbani, K., Ibrahim, R.H., 
Fareeq, A., Mahmood, K.A. and Mohamed, M.G. 
(2024) Antimicrobial resistance: Impacts, challenges, 
and future prospects. J. Med. Surg. Public Health, 
2: 100081.

6.	 Anjum, M.F., Schmitt, H., Börjesson, S., 
Berendonk, T.U., Donner, E., Stehling, E.G., Boerlin, P., 
Topp, E., Jardine, C., Li, X. and Li, B. (2021) The potential 
of using E. coli as an indicator for the surveillance of 
antimicrobial resistance (AMR) in the environment. 
Curr. Opin. Microbiol., 64: 152–158.

7.	 Tsobeng, O.D., Mbaveng, A.T., Kengne, M.F., 
Dadjo,  B.S.T., Fonjou, D.G.T. and Kuete, V. (2025) 
Detection of blaTEM, blaOXA, blaCTX-M, and blaSHV 
genes of antibiotic resistance in diarrheagenic E. coli 
causing enteric infection in hypertensive patients at 
Laquintinie Hospital, Littoral Region of Cameroon. J. 
Infect. Public Health, 18(1): 102617.

8.	 O’Neill, L., Manzanilla, E.G., Ekhlas, D. and 
Leonard,  F.C. (2023) Antimicrobial resistance 
in commensal Escherichia coli of the porcine 
gastrointestinal tract. Antibiotics, 12(11): 1616.

9.	 Lekagul, A., Tangcharoensathien, V. and Yeung,  S. 
(2019) Patterns of antibiotic use in global pig 
production: A  systematic review. Vet. Anim. Sci., 
7: 100058.

10.	 Hennig-Pauka, I. and Von Altrock, A. (2023) Managing 
Housing and Stocking Density to Optimize Health, 
Welfare and Production in Pig Herds. Hannover. 
Available from: https://library.oapen.org/bitstream/
handle/20.500.12657/61532/9781801464307_web.
pdf?sequence=1&isallowed=y. Retrieved on 07-05-2025.

11.	 Chen, X., Song, X., Liang, Y., Wang, F., Pan, C. and 
Wei, Z. (2024) Evaluation of the potential horizontal 
gene transfer ability during chicken manure and pig 
manure composting. Environ. Pollut., 360: 124621.

12.	 Lunney, J.K., Van Goor, A., Walker, K.E., Hailstock, T., 
Franklin, J. and Dai, C. (2021) Importance of the pig 
as a human biomedical model. Sci. Transl. Med., 
13(621): eabd5758.



doi: 10.14202/IJOH.2025.199-210

208

13.	 García, A. and Fox, J.G. (2021) A one health 
perspective for defining and deciphering Escherichia 
coli pathogenic potential in multiple hosts. Comp. 
Med., 71(1): 3–45.

14.	 Velazquez-Meza, M.E., Galarde-López, M., Carrillo-
Quiróz, B. and Alpuche-Aranda, C.M. (2022) 
Antimicrobial resistance: One health approach. Vet. 
World, 15(3): 743–749.

15.	 World Health Organization. (2020) GLASS Whole-
genome Sequencing for Surveillance of Antimicrobial 
Resistance Global Antimicrobial Resistance and Use 
Surveillance System (GLASS). World Health Organization, 
Geneva. Available from: https://iris.who.int/
bitstream/handle/10665/334354/9789240011007-
eng.pdf. Retrieved on 12-04-2025.

16.	 Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., 
Hoffmann, T.C., Mulrow, C.D., Shamseer, L., Tetzlaff, 
J.M., Akl, E.A., Brennan, S.E., Chou, R., Glanville, 
J., Grimshaw, J.M., Hróbjartsson, A., Lalu, M.M., 
Li, T., Loder, E.W., Mayo-Wilson, E., McDonald, S., 
McGuinness, L.A., Stewart, L.A., Thomas, J., Tricco, 
A.C., Welch, V.A., Whiting, P. and Moher, D. (2021) The 
PRISMA 2020 statement: An updated guideline for 
reporting systematic reviews. BMJ, 372: n71.

17.	 Alcock, B.P., Huynh, W., Chalil, R., Smith, K.W., 
Raphenya, A.R., Wlodarski, M.A., Edalatmand, A., 
Petkau, A., Syed, S.A., Tsang, K.K., Baker, S.J.C., Dave, 
M., McCarthy, M.C., Mukiri, K.M., Nasir, J.A., Golbon, 
B., Imtiaz, H., Jiang, X., Kaur, K., Kwong, M., Liang, 
Z.C., Niu, K.C., Shan, P., Yang, J.Y.J., Gray, K.L., Hoad, 
G.R., Jia, B., Bhando, T., Carfrae, L.A., Farha, M.A., 
French, S., Gordzevich, R., Rachwalski, K., Tu, M.M., 
Bordeleau, B., Dooley, D., Griffiths, E., Zubyk, H.L., 
Brown, E.D., Maguire, F., Beiko, R.G., Hsiao, W.W.L., 
Brinkman, F.S.L., Van Domselaar, G. and McArthur, 
A.G. (2023) CARD 2023: Expanded curation, support 
for machine learning, and resistome prediction at 
the Comprehensive Antibiotic Resistance Database. 
Nucl. Acids Res., 51(D1): D690–D699.

18.	 National Center for Biotechnology Information. 
(2025) Bacterial Antimicrobial Resistance Reference 
Gene Database strA. https://www.ncbi.nlm.nih.gov/
pathogens/refgene/#strA. Retrieved on 12-04-2025.

19.	 National Center for Biotechnology Information. 
(2025) Bacterial Antimicrobial Resistance Reference 
Gene Database strB. https://www.ncbi.nlm.nih.gov/
pathogens/refgene/#strB. Retrieved on 12-04-2025.

20.	 Zhu, X., Li, P., Qian, C., Liu, H., Lin, H., Zhang, X., Li, Q., 
Lu, J., Lin, X., Xu, T. and Zhang, H (2020) Prevalence 
of aminoglycoside resistance genes and molecular 
characterization of a novel gene, aac(3)-iig, among 
clinical isolates of the Enterobacter cloacae complex 
from a Chinese teaching hospital. Antimicrob. Agents 
Chemother., 64(9): 10–1128.

21.	 Sung, K., Nawaz, M., Park, M., Chon, J., Khan, S.A., 
Alotaibi, K. and Khan, A.A. (2024) Comprehensive 
genomic analysis of uropathogenic E. coli: Virulence 
factors, antimicrobial resistance, and mobile genetic 
elements. Pathogens, 13(9): 794.

22.	 Whelan, S., Bottacini, F., Buttimer, C., Finn, K. and 

Lucey, B. (2024) Whole genome sequencing of 
uropathogenic E. coli from Ireland reveals diverse 
resistance mechanisms and strong correlation with 
phenotypic (EUCAST) susceptibility testing. Infect. 
Genet. Evol., 121: 105600.

23.	 Byarugaba, D.K., Erima, B., Wokorach, G., Alafi, S., 
Kibuuka, H., Mworozi, E., Musinguzi, A.K., Kiyengo, J., 
Najjuka, F. and Wabwire-Mangen, F. (2023) Resistome 
and virulome of high-risk pandemic clones of multidrug-
resistant extraintestinal pathogenic Escherichia coli 
(ExPEC) isolated from tertiary healthcare settings in 
Uganda. PLoS ONE, 18(11): e0294424.

24.	 Mohapatra, S., Ghosh, D., Vivekanandan, P., 
Chunchanur, S., Venugopal, S., Tak, V., Panigrahy, R., 
Chaudhuri, S., Pundir, S., Sharma, T. and Kocher, D. 
(2023) Genome profiling of uropathogenic E. coli 
from strictly defined community-acquired UTI in 
paediatric patients: A multicentric study. Antimicrob. 
Resist. Infect. Control, 12(1): 36.

25.	 Tegha, G., Ciccone, E.J., Krysiak, R., Kaphatika, J., 
Chikaonda, T., Ndhlovu, I., van Duin, D., Hoffman, I., 
Juliano, J.J. and Wang, J. (2021) Genomic 
epidemiology of Escherichia coli isolates from a 
tertiary referral center in Lilongwe, Malawi. Microb. 
Genom., 7(1): mgen000490.

26.	 Rodríguez-Villodres, Á., Bonnin, R.A., 
Ortiz de la Rosa, J.M., Álvarez-Marín, R., Naas, T., 
Aznar, J., Pachón, J., Lepe, J.A. and Smani, Y. (2019) 
Phylogeny, resistome, and virulome of Escherichia 
coli causing biliary tract infections. J. Clin. Med., 
8(12): 2118.

27.	 Chen, F., Lv, T., Xiao, Y., Chen, A., Xiao, Y. and 
Chen,  Y. (2021) Clinical characteristics of patients 
and whole genome sequencing-based surveillance 
of Escherichia coli community-onset bloodstream 
infections at a non-tertiary hospital in CHINA. Front. 
Microbiol., 12: 748471.

28.	 Silva, A., Silva, V., Dapkevicius, M.D.L.E., Azevedo, M., 
Cordeiro, R., Pereira, J.E., Valentão, P., Falco, V., 
Igrejas, G., Caniça, M. and Poeta, P. (2024) Unveiling 
antibiotic resistance, clonal diversity, and biofilm 
formation in E. coli isolated from healthy swine in 
Portugal. Pathogens, 13(4): 305.

29.	 Hu, J., Li, J., Huang, X., Xia, J., Cui, M., Huang, Y., 
Wen, Y., Xie, Y., Zhao, Q., Cao, S. and Zou, L. (2023) 
Genomic traits of multidrug resistant enterotoxigenic 
Escherichia coli isolates from diarrheic pigs. Front. 
Microbiol., 14: 1244026.

30.	 Bernreiter-Hofer, T., Schwarz, L., Müller, E., Cabal-
Rosel, A., Korus, M., Misic, D., Frankenfeld, K., 
Abraham, K., Grünzweil, O., Weiss, A. and Feßler, A.T. 
(2021) The pheno‐ and genotypic characterization 
of porcine Escherichia coli isolates. Microorganisms, 
9(8): 1676.

31.	 Stubberfield, E., AbuOun, M., Sayers, E., 
O’Connor, H.M., Card, R.M. and Anjum, M.F. (2019) 
Use of whole genome sequencing of commensal 
Escherichia coli in pigs for antimicrobial resistance 
surveillance, United Kingdom, 2018. Eurosurveillance, 
24(50): 1900136.



doi: 10.14202/IJOH.2025.199-210

209

32.	 Peng, Z., Hu, Z., Li, Z., Zhang, X., Jia, C., Li, T., 
Dai, M., Tan, C., Xu, Z., Wu, B. and Chen, H. (2022) 
Antimicrobial resistance and population genomics 
of multidrug-resistant Escherichia coli in pig farms in 
mainland China. Nat. Commun., 13(1): 1116.

33.	 Strasheim, W., Lowe, M., Smith, A.M., Etter, E.M.C. and 
Perovic, O. (2024) Whole-genome sequencing of human 
and porcine Escherichia coli isolates on a commercial 
pig farm in South Africa. Antibiotics, 13(6): 543.

34.	 Ardakani, Z., Canali, M., Aragrande, M., Tomassone, L., 
Simoes, M., Balzani, A. and Beber, C.L. (2023) 
Evaluating the contribution of antimicrobial use in 
farmed animals to global antimicrobial resistance in 
humans. One Health, 17: 100647.

35.	 Muteeb, G., Rehman, M.T., Shahwan, M. and Aatif, M. 
(2023) Origin of antibiotics and antibiotic resistance, 
and their impacts on drug development: A narrative 
review. Pharmaceuticals, 16(11): 1–54.

36.	 Peechakara, B.V., Basit, H. and Gupta, M. (2023) 
Ampicillin. In: XPharm: The Comprehensive 
Pharmacology Reference. Elsevier, Netherlands, p1–6.

37.	 World Health Organization. (2024) WHO’s List 
of Medically Important Antimicrobials: A  Risk 
Management Tool for Mitigating Antimicrobial 
Resistance Due to Non-human Use. World Health 
Organization, Geneva. Available from: https://cdn.
who.int/media/docs/default-source/gcp/who-mia-
list-2024-lv.pdf. Retrieved on 03-05-2025.

38.	 Kumar, A., Leite, A.F.V., Maekawa, L.S., Kaur, R., 
Filo, S.J.B., Persaud, P., Shaikh, J.D., Kichloo, A. and 
Shiwalkar, N. (2020) Management of E. coli sepsis. In: 
E. coli Infections-Importance of Early Diagnosis and 
Efficient Treatment. IntechOpen, London.

39.	 Ahadini, S.N., Tyasningsih, W., Effendi, M.H., 
Khairullah, A.R., Kusala, M.K.J., Fauziah, I., 
Latifah,  L., Moses, I.B., Yanestria, S.M., Fauzia, K.A. 
and Kurniasih,  D.A.A. (2025) Molecular detection 
of blaTEM-encoding genes in multidrug-resistant 
Escherichia coli from cloacal swabs of ducks in 
Indonesia farms. Open Vet. J., 15(1): 92.

40.	 Fang, L., Chen, R., Li, C., Sun, J., Liu, R., Shen, Y. and 
Guo, X. (2024) The association between the genetic 
structures of commonly incompatible plasmids 
in Gram-negative bacteria, their distribution and 
the resistance genes. Front. Cell. Infect. Microbiol., 
14: 1472876.

41.	 Effendi, M.H., Hartadi, E.B., Witaningrum, A.M., 
Permatasari, D.A. and Ugbo, E.N. (2022) Molecular 
identification of blaTEM gene of extended-spectrum 
beta-lactamase-producing Escherichia coli from 
healthy pigs in Malang district, East Java, Indonesia. 
J. Adv. Vet. Anim. Res., 9(3): 447.

42.	 Burow, E., Rostalski, A., Harlizius, J., Gangl, A., 
Simoneit, C., Grobbel, M., Kollas, C., Tenhagen, B.A. 
and Käsbohrer, A. (2019) Antibiotic resistance in 
Escherichia coli from pigs from birth to slaughter and 
its association with antibiotic treatment. Prev. Vet. 
Med., 165: 52–62.

43.	 Græsbøll, K., Larsen, I., Clasen, J., Birkegård, A.C., 
Nielsen, J.P., Christiansen, L.E., Olsen, J.E., Angen, Ø. and 

Folkesson, A. (2019) Effect of tetracycline treatment 
regimens on antibiotic resistance gene selection over 
time in nursery pigs. BMC Microbiol., 19(1): 269.

44.	 Yoshizawa, N., Usui, M., Fukuda, A., Asai, T., 
Higuchi,  H., Okamoto, E., Seki, K., Takada, H. and 
Tamura, Y. (2020) Manure compost is a potential 
source of tetracycline-resistant Escherichia coli and 
tetracycline resistance genes in Japanese farms. 
Antibiotics, 9(2): 76.

45.	 Pazra, D.F., Latif, H., Basri, C. and Wibawan, T. 
(2023) Tetracycline resistance in Escherichia coli 
isolated from pig farm, pig slaughterhouse, and 
the environment in Banten Province. J. Kedokteran 
Hewan, 17: 121–126.

46.	 Rega, M., Andriani, L., Poeta, A., Casadio, C., 
Diegoli,  G., Bonardi, S., Conter, M. and Bacci, C. 
(2023) Transmission of β-lactamases in the pork 
food chain:  A  public health concern. One Health, 
17: 100632.

47.	 Muteeb, G., Rehman, M.T., Shahwan, M. and Aatif, M. 
(2023) Origin of antibiotics and antibiotic resistance, 
and their impacts on drug development: A narrative 
review. Pharmaceuticals, 16(11): 1–54.

48.	 Perewari, D.O., Otokunefor, K. and Agbagwa, O.E. 
(2022) Tetracycline-resistant genes in Escherichia coli 
from clinical and nonclinical sources in Rivers State, 
Nigeria. Int. J. Microbiol., 2022(1): 9192424.

49.	 Ovung, A. and Bhattacharyya, J. (2021) Sulfonamide 
drugs: Structure, antibacterial property, toxicity, and 
biophysical interactions. Biophys. Rev., 13(2): 259.

50.	 Panel, E.B. (2021) Maximum levels of cross‐
contamination for 24 antimicrobial active substances 
in non‐target feed. Part  11: Sulfonamides. EFSA J., 
19(10): e06863.

51.	 Lee, W.I., Lam, L., Bacchi, S., Jiang, M., Inglis,  J.M., 
Smith, W. and Hissaria, P. (2024) Antibiotic 
prophylaxis in immunosuppressed patients–Missed 
opportunities from trimethoprim-sulfamethoxazole 
allergy label. World Allergy Organ. J., 17(1): 100856.

52.	 De los Santos, E., Laviña, M. and Poey, M.E. (2021) 
Strict relationship between class  1 integrons and 
resistance to sulfamethoxazole in Escherichia coli. 
Microb. Pathog., 161(Pt A): 105206.

53.	 Latif, H., Pazra, D.F., Basri, C., Wibawan, I.W.T. and 
Rahayu, P. (2024) Whole genome sequencing analysis 
on antibiotic-resistant Escherichia coli isolated from 
pig farms in Banten Province, Indonesia. J. Vet. Sci., 
25(3): e44.

54.	 Mohebi, S., Golestani-Hotkani, Z., Foulad-Pour,  M., 
Nazeri, P., Mohseni, F., Hashemizadeh, Z., 
Moghani-Bashi, Z., Niksefat, N., Rastegar,  S., 
Khajedadian, M. and Lotfian, Z. (2023) 
Characterization of integrons, extended spectrum 
beta lactamases and genetic diversity among 
uropathogenic Escherichia coli isolates from Kerman, 
south east of Iran. Iran. J. Microbiol., 15(5): 616–624.

55.	 Panel, E.B. (2021) Maximum levels of cross-
contamination for 24 antimicrobial active substances 
in non-target feed. Part  13: Diaminopyrimidines: 
Trimethoprim. EFSA J., 19(10): e06865.



doi: 10.14202/IJOH.2025.199-210

210

56.	 Poirel, L., Madec, J.Y., Lupo, A., Schink, A.K., Kieffer, N., 
Nordmann, P. and Schwarz, S. (2018) Antimicrobial 
resistance in Escherichia coli. Microbiol. Spectr., 6(4): 
10–1128.

57.	 Somorin, Y.M., Weir, N.J.M., Pattison, S.H., 
Crockard,  M.A., Hughes, C.M., Tunney, M.M. and 
Gilpin, D.F. (2022) Antimicrobial resistance in urinary 
pathogens and culture-independent detection of 
trimethoprim resistance in urine from patients with 
urinary tract infection. BMC Microbiol., 22(1): 144.

58.	 Samreen, Ahmad, I., Malak, H.A. and Abulreesh, H.H. 
(2021) Environmental antimicrobial resistance and 
its drivers: A potential threat to public health. J. Glob. 
Antimicrob. Resist., 27: 101–111.

59.	 Polianciuc, S.I., Gurzău, A.E., Kiss, B., Georgia Ș A.E., M. 
and Loghin, F. (2020) Antibiotics in the environment: 
Causes and consequences. Med. Pharm. Rep., 
93(3): 231–240.

60.	 Ashenafi, M., Ammosova, T., Nekhai, S. and 
Byrnes, W.M. (2013) Purification and characterization 
of aminoglycoside phosphotransferase Aph(6)-Id, 
a streptomycin inactivating enzyme. Mol. Cell. 
Biochem., 387(1–2): 207–216.

61.	 Zohar, I., Maor, Y., Shirin, N. and Yahav, D. (2024) 
Current management strategies for multidrug-
resistant Gram-negative urinary tract infections, 
a focus on aminoglycosides monotherapy. CMI 
Commun., 1(2): 105039.

62.	 Wellner, S.M., Alobaidallah, M.S.A., Fei, X., Herrero-
Fresno, A. and Olsen, J.E. (2024) Genome-wide 
identification of fitness-genes in aminoglycoside-
resistant Escherichia coli during antibiotic stress. Sci. 
Rep., 14(1): 4163.

63.	 Doma, A.O., Popescu, R., Mitulețu, M., Muntean, D., 
Dégi, J., Boldea, M.V., Radulov, I., Dumitrescu, E., 
Muselin, F., Puvača, N. and Cristina, R.T. (2020) 
Comparative evaluation of qnrA, qnrB, and qnrS 
genes in Enterobacteriaceae ciprofloxacin-resistant 
cases, in swine units and a hospital from Western 
Romania. Antibiotics, 9(10): 698.

64.	 Salah, F.D., Soubeiga, S.T., Ouattara, A.K., Sadji, A.Y., 
Metuor-Dabire, A., Obiri-Yeboah, D., Banla-Kere, A., 
Karou, S. and Simpore, J. (2019) Distribution of 
quinolone resistance gene (qnr) in ESBL-producing 
Escherichia coli and Klebsiella spp. in Lomé, Togo. 
Antimicrob. Resist. Infect. Control, 8(1): 104.

65.	 Rodríguez, J.M., Diez, M.J., Sierra, M., Garcia, J.J., 
Fernandez, N., Diez, R. and Sahagun, A.M. (2021) 
Distribution of flumequine in intestinal contents and 
colon tissue in pigs after its therapeutic use in the 
drinking water. Animals, 11(6): 1514.

66.	 Sparkes, D. and Enoch, D.A. (2023) Quinolones. 
Compr. Pharmacol., 7: 240–254.

67.	 Haque, T.A., Urmi, U.L., Islam, A.B.M.M.K., Ara, B., 
Nahar, S., Mosaddek, A.S.M., Lugova, H., Kumar, S., 
Jahan, D., Rahman, N.A.A. and Haque, M. (2022) 
Detection of qnr genes and gyrA mutation to 
quinolone phenotypic resistance of UTI pathogens in 
Bangladesh and the implications. J. Appl. Pharm. Sci., 
12(4): 185–198.

68.	 Artero, A., López-Cruz, I., Piles, L., Alberola, J., 
Eiros, J.M., Salavert, S. and Madrazo, M. (2023) 
Fluoroquinolones are useful as directed treatment for 
complicated UTI in a setting with a high prevalence 
of quinolone-resistant microorganisms. Antibiotics, 
12(1): 183.

69.	 Gehring, R., Mochel, J.P. and Schmerold, I. 
(2023) Understanding the background and 
clinical significance of the WHO, WOAH, and 
EMA classifications of antimicrobials to mitigate 
antimicrobial resistance. Front. Vet. Sci., 10: 1153048.

70.	 Ikusika, O.O., Haruzivi, C., Mpendulo, T.C., 
Ikusika, O.O., Haruzivi, C. and Mpendulo, T.C. (2022) 
Alternatives to the use of antibiotics in animal 
production. In: Antibiotics and Probiotics in Animal 
Food-Impact and Regulation. Intechopen, London.

71.	 Do, P.C., Assefa, Y.A., Batikawai, S.M. and Reid, S.A. 
(2023) Strengthening antimicrobial resistance 
surveillance systems: A scoping review. BMC Infect. 
Dis., 23(1): 593.

********


