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Abstract: The ecological dynamics of Escherichia coli (E. coli) within contemporary ecosystems are progressively
influenced by multifaceted environmental determinants, necessitating a thorough comprehension of their adaptive
behaviors, survival strategies, and ecological interactions. This investigation seeks to assess the effects of modern
environmental drivers’ urbanization, antibiotic application, agricultural practices, climate change, and industrial food
production on the persistence and transformation of normal E. coli populations, and to appraise their related public
health ramifications across varied ecosystems. Methodologically, it integrates current scientific literature,
epidemiological evidence, and environmental monitoring datasets to evaluate E. coli prevalence and adaptive
mechanisms. Results demonstrate that urban environments sustain elevated microbial diversity, enabling E. coli
dissemination, while the excessive and improper use of antibiotics accelerates the emergence and spread of
antimicrobial resistance. Agricultural systems function as critical reservoirs, with soil and water contamination
posing immediate risks to human health and ecological stability. Climate change intensifies these concerns by
modifying E. coli habitats and altering transmission dynamics. Moreover, contamination within food production
networks constitutes major safety risks, reinforcing the demand for stringent monitoring and control protocols. This
study advances comprehension of the nexus between environmental stressors and E. coli ecology, offering essential
insights into microbial adaptability in the Anthropocene. Its practical relevance resides in guiding integrated
management strategies to mitigate environmental hazards, strengthen public health safeguards, and promote the
sustainable coexistence of human activities with microbial ecosystems. These outcomes establish a basis for
formulating evidence-driven policies to confront the emerging challenges associated with E. coli in the modern era.
Keywords: E.coli ecology, Environmental stressors, Antimicrobial resistance, Climate change impact, Food safety
risks.

1. Introduction

Contemporary anthropogenic pressures are transforming the ecological dynamics of Escherichia coli across
interconnected human (Table 1), animal, and environmental reservoirs. Urban expansion, intensive agriculture,
antimicrobial application, and climatic variability collectively influence E. coli persistence, transmission, and the
evolution of antimicrobial resistance (AMR) within the human animal environment interface (One Health). Systematic
reviews and surveillance syntheses consistently designate wastewater, healthcare effluents, farms, wildlife, and food
systems as principal conduits for AMR determinants in surface waters and other environmental matrices Figure 1 (Kusi
et al., 2022). Antibiotic selection pressures in clinical and agricultural domains expedite the emergence and dissemination
of resistant E. coli, encompassing plasmid-mediated mechanisms such as mcr’ and extended-spectrum B-lactamases,
with discernible population-level shifts ensuing from stewardship or policy interventions. Recent field and genomic
investigations from diverse settings (e.g., livestock operations, manure, and wastewater) further substantiate the mobility
of resistance genes and their dissemination across ecological compartments (Wang et al., 2020).

Moreover, in light of rapid urbanization, increasingly intensive farming practices, rampant use of antibiotics, and
changing climate, . coli, which at one time were considered as normal gut microbiota commensals, have evolved into
important measures of environmental health and public health risk factors. Facing a large and growing human population
through intense anthropogenic activities, the modern environment has become a very difficult and risky entity that
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simultaneously offers hope to the agglomeration of normal E. coli populations. Urbanization builds tightly knit webs of
human activities, allowing for the enclosure of E. coli in varying environmental sources, such as disposal of sewage
systems and water pollution. In turn, the widespread use of antibiotics has provided resistance genes with an upper hand
for evolution and dissemination, adding to the global resistance problem in the health arena. Furthermore, agricultural
practices, including cattle and crop farming, release large amounts of E. coli in the soil and water reservoirs, multiplying
the risk of infection through food and water pathways. Climate change is thought to magnify the effect by altering
temperature and precipitation, thereby ultimately influencing the distribution and colonization of E. coli in environmental
reservoirs. Thus, it is interesting how today environment would augments the prevalence of the normal E. coli bacteria.
This brings forth the interconnection between microbial ecology, human activities, and ecological sustainability affecting
public health and manteons the ecosystem as the world gets more interlinked (Foster-Nyarko & Pallen, 2022; Lenski,
2023). Food production systems persist as a predominant exposure pathway. Evidence from outbreak inquiries and food-
handler assessments reveals recurrent associations between produce particularly leafy greens and Shiga toxin—producing
E. coli, emphasizing vulnerabilities from primary production through processing and distribution that mandate reinforced
surveillance and control measures (Marshall et al., 2020).

Collectively, climate change functions as a risk intensifier by reshaping environmental niches, seasonality, and transport
pathways for enteric pathogens and resistance determinants. Empirical and modeling analyses indicate that heatwaves
and extreme weather events can augment incidences of STEC infections and modify transmission patterns, while broader
climatic trends may heighten the likelihood of foodborne and waterborne diseases (Boudou et al., 2025). These
converging lines of evidence establish E. coli as a sentinel organism for environmental health and AMR dynamics.
Mitigating the evolving risks necessitates integrated One Health approaches encompassing antimicrobial stewardship,
wastewater and agricultural management, and food-safety interventions to disrupt transmission pathways and safeguard
antimicrobial efficacy (Khadse et al., 2023; Larsson & Flach, 2022; Niazi et al., 2025). Thus, the present paper discusses
the effects of current environmental factors on the specificities of normal Escherichia coli populations in terms of their
ecological roles, potential for antimicrobial resistance, and public health concerns that would suggest the most effective
surveillance and management approaches.

Table 1. Pathogens and phenotypes in antibiotic-resistant HAIs', adapted from NHSN? reports (2011-2019).
Pathogen Phenotype Abbreviation Selected Group of
Antimicrobials
Escherichia coli Carbapenem-resistant Ecoli CRE Imipenem, meropenem,
(CRE) doripenem, ertapenem
Cephalosporin-resistant Ecoli ESCeph Ceftriaxone, ceftazidime,
cefepime, cefotaxime
Fluoroquinolone- Ecoli_Fluoroq Ciprofloxacin, levofloxacin,
resistant moxifloxacin
Multidrug-resistant Ecoli MDR Cephalosporins,
(MDR) fluoroquinolones,
aminoglycosides,
piperacillin/tazobactam
Enterobacter Carbapenem-resistant Entb CRE Imipenem, meropenem,
(CRE) doripenem, ertapenem
Cefepime-resistant Entb_Cefepime Cefepime
Multidrug-resistant Entb MDR Cefepime, fluoroquinolones,
(MDR) aminoglycosides,
piperacillin/tazobactam
Klebsiella Carbapenem-resistant Klebsiella CRE Imipenem, meropenem,
(CRE) doripenem, ertapenem
Cephalosporin-resistant Klebsiella ESCeph Ceftriaxone, ceftazidime,
cefepime, cefotaxim
Multidrug-resistant Klebsiella. MDR Cephalosporins,
(MDR) fluoroquinolones,
aminoglycosides,
piperacillin/tazobactam
Pseudomonas Carbapenem-resistant | P.aeruginosa_Carbapenems Imipenem, meropenem,
aeruginosa doripenem
Cephalosporin-resistant P. aeruginosa ESCeph Ceftazidime, cefepime
Fluoroquinolone- P. aeruginosa_Fluoroq Ciprofloxacin, levofloxacin
resistant
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Aminoglycoside- P. aeruginosa_Amino amikacin, gentamicin,
resistant tobramycin
Piperacillin/tazobactam- P. aeruginosa_PiPTaz Piperacillin,
resistant piperacillin/tazobactam
Multidrug-resistant P. aeruginosa MDR Cephalosporins,
(MDR) fluoroquinolones,

aminoglycosides, carbapenems,
piperacillin/tazobactam

Enterococcus faecium Vancomycin-resistant E. faecium VRE Vancomycin
(VRE)
Daptomycin-resistant E. faecium Dapto Daptomycin (NS)
Enterococcus faecalis Vancomycin-resistant E. faecalis VRE Vancomycin
(VRE)
Daptomycin-resistant E. faecalis Dapto Daptomycin (NS)
Coagulase- Vancomycin-resistant CNS_ Vanc Vancomycin
negative Staphylococci
Enterobacterales Carbapenem-resistant CREall Imipenem, meropenem,
(CRE) doripenem, ertapenem
Staphylococcus aureus Methicillin-resistant MRSA Methicillin, oxacillin, cefoxitin
(MRSA)
Linezolid-resistant MRSA Linezolid Linezolid
MRSA
Fluoroquinolone- MRSA Fluoroq Ciprofloxacin and/or
resistant MRSA levofloxacin
Vancomycin-resistant MRSA Vanc Vancomycin
MRSA
Daptomycin-resistant MRSA_Dapto Daptomycin (NS)
MRSA
Acinetobacter Carbapenem-resistant | Acinetobacter Carbapenems Imipenem, meropenem,
doripenem
Multidrug-resistant Acinetobacter MDR Cephalosporins,
(MDR) fluoroquinolones,

aminoglycosides, carbapenems,
piperacillin/tazobactam,
ampicillin/sulbactam

Abbreviations: Healthcare-associated infections [HAIs]!, National Healthcare Safety Network [NHSN]2.
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Figure 1. The model of the development pathway of antimicrobial resistance depicts the nature of sources,
vehicles and the drivers of antimicrobial resistance in the water environment.
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2. Materials and Method

This review article looks at how modern environmental factors affect Escherichia coli (E. coli). We searched databases
such as PubMed, Scopus, and Google Scholar using keywords about E. coli ecology and environmental stressors. We
chose peer-reviewed studies, epidemiological reports, and monitoring data from the past ten years that showed strong
methods and important findings. We grouped the data by main environmental drivers: urbanization, antibiotic use,
farming practices, climate change, and food production. This helped us analyze how these factors influence E. coli’s
spread and ability to adapt. We also reviewed epidemiological evidence to understand public health impacts and consulted
experts to confirm our findings. Our results are meant to guide management strategies that reduce E. coli-related
environmental risks and help shape evidence-based policies.

3. Results

Unequivocally, a considerable number of presumptive E. coli isolates from irrigation water and agricultural soil samples
prior to harvest were confirmed, and many of them possessed virulence genes (for example, EAEC, EIEC, EPEC, EHEC,
UPEC, NMEC) in addition to being multiresistant (MDR)-traits (Iwu et al., 2022). The highest concentration (177 423
CFU ml!) in irrigation water caused E. coli contamination, with retention of 15-25% on foliage, and leachate and soil
retaining 231% and 116%, respectively; post-harvest, exposed foliage accumulated E. coli significantly (400% increase)
during storage (4°C, 14 days). Of the randomly selected isolates, 81% were resistant to ampicillin and 34% to cephalothin
Figure 2 (Summerlin et al., 2021). In urban and peri-urban garden ecosystems in Bangladesh, the overall presence of E.
coli was 58.62% (95% CI: 50.48-66.31%), but varied by sites (44.7% at DNCC; 80.0% at DSCC; 76.7% at GCC).
Rooftop gardens showed higher means of contamination (e.g. GCC rooftop: 93.33%) compared to surface gardens;
antibiotic resistance profiling of 54 isolates revealed 100% resistance to ampicillin, with resistance also to ciprofloxacin
(25.9%), tetracycline and cotrimoxazole (both 14.8%), imipenem (9.3%), fosfomycin (1.0%), and no resistance to
ceftazidime, gentamicin, chloramphenicol, nitrofurantoin, or cefotaxime. Multidrug resistance (MDR) (Table 2) was
observed in 14.81%, bla_ TEM occurred in 81.48%, and tetA in 3.70% of these isolates (Pramanik et al., 2025).

In another rural surface waters survey, Northeast Tennessee, the prevalence of MDR E. coli was 47.5%; the susceptibility
phenotypes include those for ciprofloxacin (64.2%), Nitrofurantoin (62.7%), Ceftriaxone (40.1%), and 6% of isolates
were colistin resistant (Alali et al., 2024). Lastly, samples of vegetables, irrigation water, and soil from China reveal
ciprofloxacin-resistant (CIP*R) E. coli in 44.1% of water samples, 12.0% of vegetables, and 4.5% of soil samples; of 48
such isolates, 58.3% were ESBL-producing, with bla CTX-M-55 prevailing, and genomic sequencing indicated
widespread carriage of MDR genes, including mobile genetic elements like IncFIB and IncFII plasmids (Sun et al., 2024).

E.coli Retention in Foliage, Soil, and Leachate Over Time
250

231 m Foliage Retention (%)
m Soil Retention (%)
Leachate Retention (%)
200 188
N
N
=}
%= 150
g
§ 116
5
e 100 80
8’ >3 43
=50 31
16
= K
0 |
Day 0 Day 7 Day 14
Sampling Day

Figure 2. Temporal changes in E. coli retention in foliage, soil, and leachate, monitored over 14 days, are reflected
in the chart above. The retention in foliage increased gradually from 16% at Day 0 to 43% at Day 14, which suggested
gradual surface accumulation. In contrast, retention in soil decreased dramatically from 188% to 2%, revealing a rapid
losing bacterial load from the soil matrix. Similarly, leachate also revealed its decreased retention from 231% to 80%
during the same period, showing mobilization in the early stages of drainage pathways and later decline of E. coli. Most
of such findings are recently emerging evidence on the persistence and mobility of E. coli in the environment, especially
in agricultural systems.

Table 2. Multidrug resistant (MDR) E. coli strains resistance profiles.
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Pattern Resistance patterns No. of antibiotics No. of MDR MDR MAR
No. (classes) Isolates (%) index
1 AMP, TET, CIP, COT, IMP 5(5) 7 48.14 0.45

2 AMP, TET, COT 3(3) 7
3 AMP, TET, CIP 3(3) 6 0.27
4 AMP, CIP, COT 3(3) 6
5 AMP, COT 2(2) 7
6 AMP, TET 2(2) 6 0.18
7 AMP, IMP 2(2) 6
8 AMP, FOS 2(2) 3
9 AMP, CIP 2(2) 3
10 AMP 1(1) 3 0.09

TET: Tetracycline, AMP: Ampicillin, CIP: Ciprofloxacin, COT: Cotrimoxazole, FOS: Fosfomycin, IMP: Imipenem.

3.1. Biology and Ecological Niche of E.coli

As an innovative, versatile family member among the Enterobacteriaceae, E. coli occupies all the niches comprising the
gastro-intestinal tracts of humans and warm-blooded animals, soil, water, and vegetation, among others. Being a
facultative anaerobe, this organism can be well considered an archetype of these biomorphs exploiting aerobic and
anaerobic environments as adapted forms to flourish across oxygenated gradients with regards to oxygen levels. In fact,
its genome features around 4.6 million base pairs coding for a number of distinct genes implicated in carbon utilization,
stress response, and pathogenicity, thus making it superbly capable of adapting to diverse conditions of the environment.
Seeming innocuous or beneficial in its commensensal state within the gut microbiota, E. coli contributes to the health of
the host through participation in nutrient metabolism and immunomodulation, aside from which virulent strains contain
the necessary virulence factors for disease causation, from simple infections of the gastrointestinal tract to severe systemic
diseases. Besides human well-being, E. coli has many other important functions within nutrient cycles and structure and
dynamics of microbial communities in environmental ecosystems, where, among others, it serves as a marker for
indicating possible fecal contamination and the health of an ecosystem. Understanding E. coli kinetics at the organismal
and ecosystem level thus becomes of paramount importance in understanding how E. coli relates so diversely with its
hosts and its environments, thus improving initiatives that focus on the design of disease control mechanisms and
environmental monitoring programs as well as discovery in microbial systems biology (Zhang et al., 2023; Yang et al.,
2022).

3.2. The Ecological Role And Their Natural Habitats Of E. Coli In Various Environments

E. coli is very famous when it comes specifically to human and warm-blooded animals' gastrointestinal tracts. Although
it is largely associated with the small intestines, E. coli shows remarkable variability and range in terms of ecological
niches and habitat outside the confinement of the digestive system. E. coli is characterized as inhabiting certain other
ecological niches aside from the gastrointestinal microbiota, and in a way, it can flourish and grow under a diverse range
of environmental conditions, such as soil, water, vegetation, and sediment. Under these niches, E. coli assumes varying
ecological roles including nutrient cycling, organic matter decomposition, and even influencing the dynamics of
microbial communities. Since E. coli can use facultative anaerobic respiration, it can survive under environmental
conditions with varying oxygen levels. Although some E. coli lineages exhibit some metabolic versatility, enabling them
to degrade various energy sources and incorporate them into their environment via assimilation, E. coli is, in natural
ecosystems, recognized as an indicator organism for fecal contamination, which provides very relevant information on
water quality and overall ecosystem health. In furtherance of Environmental Management Planning and Appraisal,
ecological significance of this organism can only be appreciated with knowledge of the various niches and ecological
roles of this organism, thus deepening the understanding of its ecosystemic interactions (Petersen & Hubbart, 2020;
Touchon et al., 2020).

3.3. Evolutionary Trajectories and Adaptive Mechanisms

The E. coli species have very interesting dynamics of evolution and adaptation that profess the creation of dominance
and continued existence in environments in relation to ecological conditions. The ecological populations of E. coli are
always willing, with the assistance of lateral gene transfer among groups, mutations, and genomic changes, to constantly
acquire and exchange common pieces of information for the quick adaptation to environmental challenges. E. coli
maintain their existence and confer upon themselves various phenotypic advantages by employing horizontal gene
transfer. HGT mechanisms such as conjugation, transduction, and transformation enable E. coli to acquire antibiotic
resistance and metabolic genes that are often donated to them by other bacteria within their environment. Furthermore,
in terms of genetic diversity, the genetic world in the form of mutations creates variability within E. coli communities,
the underlying nature being such that natural selection can act upon it. In this regard, E. coli is genetically rather flexible
so that it can undergo an evolutionary change in a short time upon exposure to such selective forces as antibiotics and
environmental change (Hasan & Ahn, 2022; Batarseh et al., 2023).
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3.4. Genetic And Phenotypic Adaptations of E. Coli To Environmental Stressors

Under heterogeneous environmental stressors such as thermal fluctuations, nutrient deprivation, or chemical exposure
E.coli undergoes genetic and phenotypic adaptation through orchestrated genomic mutations and transcriptomic
reprogramming, encompassing nucleotide substitutions, insertions, deletions, chromosomal rearrangements, and copy
number variations, collectively modifying regulatory networks and stress-responsive pathways to optimize survival under
adverse conditions Table 3 (Jiao et al., 2024). Experimental evolution further demonstrates that E. coli populations
consistently develop convergent genotypic adaptations frequently within global regulators such as rpoB/rpoC
accompanied by parallel phenotypic shifts, exemplifying the predictability of adaptive trajectories under defined selective
pressures (Table 4) (Jiao et al., 2024; Venkataraman et al., 2024).

Table 3. Genomic modifications in the genes through altered environmental selections.

Environments Genes, types and features of mutations Strain IDs
Genes Types Features
Nutrient stress hfg, rpoS, nsSNP, indel, IS, Parallelism K-12 W3110
paaX, lrp, sdhB, dipA, glpR deletion,
amplification
Feast/famine crp, fusA, ompR, rpoS, rpoB SNP, indel, IS, Parallelism K-12 MG1655
cycle deletion
Heavy metal araD, ulaD, galM, fill, emrB, nusA, BPS, indel Metal K-12 MG1655
araG, nepl specificity,
consistency
Antibiotic mrdAB, mreBCD, pykF, spoT, topA \ Parallelism, REL606 (B)
environment antagonistic
pleiotropy
Ampicillin fisl, phoQ, daud/prs, mgrB/yobH nsSNP, sSNP, Stability, K-12 MG1655
indel, intergenic, IS parallelism
Imipenem dacC, mrdA, dacD, mrcB, fisl, zwf, SSNP, nsSNP, \ Sx181-0-1,
ttuC, IpxD, secF, envZ intergenic, ATCC25922
insertion, deletion
Adaptive DVKF, zwf, spoT, mrdA, hns/tdk, rpo SNP, indel, Consistency K-12
laboratory C, rpoB insertion, deletion MG1655/W3110,
evolution BL21,C, W,
Crooks
osmotic stress dnaQ, mutS, mutL, mutH, uvrD, mu SSNP, nsSNP, strong DH10B
tM, mutY, mutT insertion, indel hypermutator
phenotypes
Luria-Bertani cadC, rseB, cytR, iscR, gcvA, sspA, nsSNP Parallelism K-12 MG1655
broth arcA, proQ, rbsR, rplA, fimH, fimG,
proQ, IsrK

In parallel with these intrinsic adaptations, horizontal gene transfer (HGT) accelerates the acquisition of metabolic
functions: evolutionary reconstructions reveal that E. coli has attained thousands of metabolic innovations through single
DNA segment transfers (<30 kb), enabling proliferation in previously inaccessible environments by introducing novel
enzymatic pathways and enhancing phenotypic versatility (PNAS) Figure 3 (Pang & Lercher, 2018). Moreover, genomic
analyses of food-borne E. coli isolates corroborate their role as reservoirs of mobile genetic elements mediating the
horizontal spread of both virulence and antimicrobial resistance determinants, reinforcing HGT as a pivotal mechanism
underpinning genomic plasticity and adaptive potential in fluctuating ecosystems (Balbuena-Alonso et al., 2022; Xing et
al., 2021; Blount et al., 2020; Rodriguez-Beltran et al., 2021; Haudiquet et al., 2022).
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Figure 3. E. coli phylogeny, phenotypic innovations were detected with the use of FBA, and were found to occur
as single <30 kb horizontal gene transfer events.

Table 4. Gene transcriptomic alterations in response to different environment selections.

Sarwari et al, 2025

Environm Groups DEGs and their involved metabolic pathways or biological functions* Strain
ents Up-regulation Down-regulation IDs
Carbon P1-P2 367 Fermentation and 1542 Glucose K-12
starvation response to transport MG1655
starvation
P2-P3 15 Acetate 855 Sugar and
metabolism amino acid
transport; Cell
motility
P3-P4 107 Stress response; 178 Amino
Motility acid/sugar and
regulation acid transport;
Catabolism
pathway; Cell
motility
Heat stress Early 20 Response to heat 18 Purine BL21
(e.g., clpB, dnaKJ (e.g., purB, pu | biosynthesis
, groSL, grpE, hsl rD, purE, pur
VU, hspQ, htpG, i L, purT)
bpA)
Middle 12 Not detected 8 Not detected
Late 47 Enterobactin 19 Not detected
(e.g., entCEB, ent | metabolic process
D, fes-entF)
Exposure MDR 194 320 LM13,
to Cr (VI) strain arnA, mdtG, mdtL Antibiotic mdtE, mdtF, m Antibiotic ATCC259
resistance dfA resistance 22
rsmB, rimJ, rsmJ DNA and RNA riml, rimG, rl DNA and
methyltransferase mF RNA
cybB, cysC, cysH, | Oxidative stress methyltransfer
cysN response ase
Susceptibl 304 461
e strain arnA, ber, mdtE, Antibiotic rimN, riml, rl DNA and
mdtG, mdtO resistance genes mG, rimF RNA
methyltransfer
ase
ssuB, ssuC Sulfur transport sodB, katG Oxidative
cybB, sodA, cysC, Oxidative stress stress response
cysH, cysJ, cysM response
Rumen 59 Drug export EDL933
7
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Bovine emrD, glpD, nem Drug export 8
digestive A (e.g., argl, arn
content ychH, yheN Multiple stress A, arnDipmrJ,
response arnT)
Small 59 8 Drug export
intestine | emrD, glpD, glpT, Drug export (e.g., argl, arn
tnaB A, arnC, arnT,
adiA, cadB, caiF Acid resistance arnD/pmrJ)
response
clpB, dnakK Temperature-
change response
Rectum 32 Oxidative stress 27
(e.g., ahpC, ahpF, response argl, arnd, ar | Drug export
grxA, katG, sodB, nC, arnT, arn
trxC, yaaA, yhaK D/pmrJ
) gadA, gadE/yh Acid
iE resistance
response
slp, yhiM, yhi | Multiple stress
o response
Guanylhyd | Pathogenic 383 366 RM8082,
r-azone strain marA, gadX Multidrug efflux eptA, arnC Multidrug ATCC259
treatment system efflux system 22
cma, cba, clpF, ea | Virulence genes rpl/lrpm, rps Ribosome
eH assembly
pathway
flgB, flgC, mot Flagellar
A, motB assembly
pathway
Nonpathog 787 1169
enic strain | mdtM, gadX, mdt | Multidrug efflux | eptd, yojl, ms Multidrug
G, evgA, mdtH system bA, efflux system
arnC, mdfA4, e
mrB, emrA, ba
cA
rpllrpm, rps Ribosome
assembly
pathway
clbR, cIbD, cIbE, Virulence genes flgB, flgC Flagellar
clbA, cIbF, clbC, assembly
clbl, clbB, clbG, ¢ pathway
bO murd, mrcA | peptidoglycan
biosynthesis

*Genes showing the expression levels of > 2- or < 0.5-fold were considered DEGs.

3.5.Urbanization and E. Coli Distribution
Urbanization profoundly shapes the environmental prevalence and distribution of E. coli, as evidenced by elevated
detection in urban and peri-urban gardens with an overall prevalence of 58.6% and up to 93.3% in rooftop gardens in
Bangladesh, indicating substantial urban contamination reservoirs (Pramanik et al., 2025). In Nairobi, Kenya, genome
sequencing of 1,338 isolates from humans, livestock, and wildlife revealed extensive intra-household strain sharing and
structured resistome patterns, underscoring urban human—animal interfaces as pivotal hotspots for E. coli circulation and
antimicrobial resistance exchange (Muloi et al., 2022). Spatial analyses within urban stream networks demonstrated that
E. coli abundance correlates positively with sewer density and nutrient loads but inversely with phylogenetic diversity,
reflecting habitat simplification that fosters dominant strains linked to sanitation infrastructure Figure 4 (Saraceno et al.,
2021). Similarly, drinking water in urban Punjab exhibited 56% E. coli contamination substantially higher than the 21.9%
in rural sources highlighting infrastructure-associated risks in urban water supply systems (Gautam et al., 2025).
Environmental modeling of Pakistan’s Kabul River under urbanization and development scenarios projected mid-century
E. coli load increases of up to 111%, escalating to 201% by late century with inadequate wastewater management,
whereas improved treatment could reduce loads by over 90% (Igbal et al., 2019). In semi-arid regions, geospatial mapping
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revealed widespread antibiotic-resistant £. coli contamination of drinking water sources, identifying urbanization-linked
hotspots associated with poor infrastructure and heightened physicochemical pollutants (Srivastava et al., 2025).
Temporal monitoring of the Brunei River documented escalating coliform concentrations driven by urban expansion,
increased impervious surfaces, and sewage discharge despite initial estuarine mitigation, signifying intensifying urban
contamination over time (Onifade et al., 2025). Moreover, highly urbanized surface water systems demonstrated elevated
detection of urban-associated fecal indicators and pathogens, including STEC, implicating urban fecal pollution as a
major driver of E. coli dissemination (Yuan et al., 2019). Collectively, these findings underscore that urbanization
amplifies both the prevalence and ecological heterogeneity of E. coli, with infrastructure inadequacies, habitat
simplification, and human—animal interfaces functioning as critical determinants of its urban distribution (Saraceno et
al., 2021; Piyapong et al., 2021; Muloi et al., 2022; Lagerstrom et al., 2024; Okumu et al., 2023; Balbin et al., 2020).

Less disturbed locations Highly disturbed locations
Infrastructure Ecological habitat Infrastructure Ecological habitat
High macrophyte coverage High drainage density Low macrophyte

Low ciainuge Sty High nutrient concentration High septic tank density coverage or absence

Favored growth Not-favored growth
-
® ‘; & & il P
&
& P ® o> =4
L @
& > *°
o & & @ o @
" 4
& & «
Low phylogenetic diversity and High phylogenetic diversity and
high dominance low dominance

Competitive exclusion - -

Ecological process dominance
Figure 4. Schematic of ecological processes driving E. coli dynamics across urban gradients.

3.6.Antibiotic Resistance In E. Coli: Environmental Drivers

Environmental determinants profoundly shape the emergence and dissemination of antibiotic-resistant E. coli, with
anthropogenic activities exerting a central influence. Excessive and inappropriate antibiotic use in agriculture and
aquaculture generates selection pressures that favor resistant strains. For example, antibiotic application in livestock
production is associated with the development of antimicrobial resistance (AMR) in E. coli populations (Tufa & Birhanu,
2025), for example, overall, 66.3% (61/92) of E. coli isolates were resistant to >1 antibiotic. Resistance was highest in
WWTP influent (83.3%, 20/24), followed by HW (75%, 24/32), CW (50%, 9/18), and WWTP effluent (44.4%, 8/18).
Most frequent resistances were to AMS (37%), CRO (30.4%), and TE (29.3%), while CN (3.3%) and IMP (6.5%) were
most effective (Figure 5) ((Abdelgalel et al., 2025). Moreover, antibiotics present in wastewater effluents and untreated
sewage act as reservoirs for resistant E. coli, promoting their persistence and environmental dissemination (Tufa &
Birhanu, 2025). Climate change intensifies these challenges by modifying environmental parameters, such as temperature
and precipitation patterns, thereby enhancing the survival and proliferation of resistant bacteria (Kou et al., 2025; Larsson
& Flach, 2022; Iskandar et al., 2020).
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Figure 5. Percentage of E. coli isolates resistant to tested antimicrobial agents. Aztreonam (AZT), Imipenem
(IMP), Cefepime (FEP), Gentamycin (CN), Chloramphenicol (CLM), Trimethoprim/Sulphamethoxazole (SXT),
Levofloxacin (LVX), Tetracycline (TE), Piperacillin/Tazobactam (TZP), Ampicillin/Sulbactam (AMS),
Ceftriaxone (CRO).

3.6.1. Impact of Antibiotic Usage And Pollution on The Development of Antibiotic Resistance
In E. Coli

Environmental parameters govern the significantly rapid increase in E. coli antibiotic resistance-the resistance strains
evolve due to antibiotic usage and pollution. In agriculture, aquaculture, and health care, the use of antibiotics is excessive
and inappropriate, generating selective pressure on bacterial populations that facilitate the development of resistance
strains. The application of antibiotics in livestock farming, for example, has been shown through studies to lead to AMR
development in E. coli populations. Typically, pollution by unsanitary disposal, too, functions as a reservoir for resistant
strains of E. coli. Studies show that E. coli from both untreated hospital effluent and the industrially polluted river has
been proved resistant to antimicrobials which pose large public health threats. Industrial sources of concerned heavy
metals further call for co-selection of antibiotic resistance in E. coli, as these metals induce stress responses useful in
developing different resistance mechanisms (Tufa & Birhanu, 2025; Girijan et al., 2020; Hanna et al., 2020).

3.6.2. Spread of Antibiotic Resistance Genes in the Environment and Their Implications

The dissemination of antibiotic resistance genes (ARGs) in environmental settings poses a significant threat to public
health and the efficacy of antimicrobial therapies. Environmental reservoirs such as untreated sewage, agricultural runoff,
and wastewater treatment facilities serve as critical hotspots for the propagation of ARGs. Studies have identified that
untreated hospital sewage and industrially polluted river water harbor antimicrobial-resistant E. coli, highlighting the role
of environmental contamination in the spread of resistance (Tao et al., 2022). The mechanisms facilitating the horizontal
gene transfer (HGT) of ARGs include conjugation, transformation, and transduction, with conjugation being the most
prevalent method among E. coli populations. Mobile genetic elements such as plasmids, integrative and conjugative
elements (ICEs), and transposons play pivotal roles in the acquisition and dissemination of resistance determinants (Tao
et al., 2022). These elements enable E. coli to acquire resistance to multiple antibiotic classes, including extended-

spectrum beta-lactamases (ESBLs), carbapenemases, and colistin resistance genes (Wang et al., 2025; Zhuang et al.,
2021; Jian et al., 2021).

3.7.Agricultural Practices and E. coli Contamination

Agricultural practices profoundly affect the distribution and prevalence of E.coli in environmental matrices, with manure
application and irrigation strategies identified as critical contamination pathways. Field investigations demonstrate that
manure-amended soils generate substantial surface runoff during rainfall particularly in the absence of vegetative cover
resulting in elevated E. coli loading in adjacent water bodies; notably, poultry litter application in the Chesapeake Bay
region corresponded with a 6.2—18.9% increase in cephalosporin-resistant E. coli concentrations in streams (Sarnino et
al., 2025). Soil leaching experiments further indicate that within the initial 24 hours of rainfall, swine-manured soils can
transmit approximately 10® CFU of E. coli to depths of 60 cm, signifying considerable groundwater risk (Michelon et al.,
2023). Comparative land-use analyses in South Carolina revealed that streams draining mixed forest/pasture landscapes
contained ~2.9-fold higher E. coli levels than exclusively forested areas, linking pasture proximity with elevated
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contamination (Britt et al., 2025). Similarly, irrigation of romaine lettuce with treated municipal wastewater resulted in
retention rates of 15-25% of E. coli on foliage, with soil and leachate harboring even greater loads (116-231%), alongside
elevated antimicrobial resistance prevalence (81% resistant to ampicillin, 34% to cephalothin) (Summerlin et al., 2021).
In Ghana, E. coli was identified in 98% of samples from lettuce, soil, irrigation water, and poultry manure; resistance
exceeded 90% for cephalosporins and beta-lactams, with blaCTX-M detected in isolates from manure, soil, and irrigation
water (Appau & Ofori, 2024). On Slovak dairy farms, untreated cattle manure application introduced resistant E. coli
into soils, contaminating crops and enabling pathogen leaching into groundwater (Dancova et al., 2024). Organic field
trials demonstrated that manure application methods particularly surface application compared to incorporation affected
pathogen survival and produce risk, with temperature and soil moisture interacting to modulate E. coli persistence
(McKenzie-Reynolds et al., 2025; Lenzi et al., 2021; Rahman et al., 2021; Muirhead & Schoensee, 2023; Richter et al.,
2021).

3.8.Food Production and Safety

Food production systems provide the main pathways for E. coli contamination continuing to pose threats to public health
and safety. Manure fertilization from cattle or other livestock links very often with agricultural production issues
stemming from the contamination of fresh produce with pathogenic strains of E.coli such as STEC and EHEC, with very
low infective doses (e.g., 102 CFU) being able to cause disease in humans (Mueller & Tainter, 2025; Niazi et al., 2025).
Outbreaks cite that pre-packaged salads as well as sandwiches contaminated with Shiga toxin-producing E. coli O145 in
2024 accounted for 211 confirmed cases in the UK, including one death, emphasizing that the stakes of contamination in
minimally processed foods are high (Wikipedia contributors, 2024). Ready-to-eat produce remains under particular
threat, especially when harvested from fields affected by environmental runoff or wildlife invasion (Bintsis, 2017).
Contaminated water and poor hygiene during processing significantly heighten the risk handling lapses, inadequate
sanitation, and suboptimal post-harvest controls exist, which allow pathogens to survive and spread Table 5 (Viana et al.,
2025; Owade et al., 2025).

. Renowned food safety research suggests that there is an urgent need to upgrade environmental monitoring, source
tracking, and genome-based surveillance to promptly detect and address any contamination in the supply chain (Kornacki,
2025). Contamination risks of extreme rainfall, as climate-induced weather irregularities, increase runoff and transport
pathogens over the fields (Thorsen et al., 2025; Chandipwisa et al., 2025; EFSA BIOHAZ Panel et al., 2020; Singha et
al., 2023; Gemeda et al., 2023; Christensen et al., 2021; Petrucci et al., 2021).

Table 5. The antimicrobial resistance and prevalence of food handlers exposed to E. coli globally.
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Country Location of Positive Isolates | Sample Antimicrobial Resistance | MDR (%)
Collection from Food Type Mechanisms Genes
Handler (%)
Ethiopia Multiple 95/384 (24.7%) | Hand and Not analyzed Not analyzed 56/95
Fecal (59.0%)
Ethiopia University 245/290 (84.5%) Fecal 43 ESBL Not analyzed 104/245
cafeterias 4 Carbapenemase (42.4%)
(Including
Hospital)
Ethiopia University 119/220 (54.1%) Fecal 29 ESBL Not analyzed 27/119
cafeterias (22.7%)
Qatar Migrant food 78/456 (17.1%) Fecal 7 ESBL Not analyzed 21/78
handlers during (27.0%)
mandatory
medical screening
Kuwait Commercial 425/681 (62.4%) Fecal 80 ESBL Not analyzed 130/425
eateries and (30.6%)
Healthcare
settings
Gambia Schools 8 ESBL Fecal 8 ESBL Not analyzed 8/8
producing E. 4 AmpC (100.0%)
coli/565 * 1 Carbapenemase
Indonesia Hospitals 24/58 (41.4%) | Hand and Not analyzed Not analyzed 20/24
Nasal (83.3%)
Malaysia Schools 28/1020 (2.8%) Hands Not analyzed Not analyzed 4/28
(14.3%)
11
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China Military hospital | 92/103 (89.3%) Fecal 7 ESBL 5 blacrx-miq 47/92
46 intl1 1 blacrx-mro (51.1%)
2 qepAl 1 blacrxar 106
1 gnrS1
1 gqnrB6
Morroco Hospital 18/40 (45.0%) Hands ESBL not detected | Not analyzed 16/18
16 metallo-f- (88.9%)
lactamase
Kenya Hotels 39/885 (4.4%) Fecal Not analyzed Not analyzed 16/39
(40.2%)
Tunisia Not mentioned 378 ESBL Fecal 378 ESBL 219 blacrx-m- Not
producing E. 15 informed
coli/2135 * 70 blacrxn.
52 blacrxa 27
23 blacrxm-14
10 blasuv.12
3 blasyy.2a
1 blacrxm-s

MDR (multidrug resistant); ESBL (extended spectrum B-lactamase). *Quantity of Escherichia coli isolates was not
provided; this study screened for ESBL and then confirmed the bacteria.

3.9.Human Health Risks and Management of E. coli Infections

These pathotypes of E. coli include enterohaemorrhagic (EHEC/STEC) and enterotoxigenic (ETEC) strains, associated
mainly with diarrhea, and those causing urinary tract infections (UTIs), bacteremia, or sepsis-in-a gastric-irritated setting,
adding a lot to global morbidity and health care burden (Mueller & Tainter, 2025; Doua et al., 2023). U.S. regions
surveillance data indicated a monthly incidence rate of 151.7 in E. coli-associated UT]Is, affecting predominantly older
adult women, of whom 7.8% yielded extended-spectrum B-lactamase (ESBL)-producing strains with <1% resistant to
carbapenems (Brandenburg et al., 2025). IED remains one of the most common causes of bloodstream infections
worldwide, with high case fatality rates: 12.4% overall and up to 20% in older persons, often associated with antimicrobial
resistance and delays in the initiation of therapy (Doua et al., 2023). Genomic surveillance, especially with the use of
whole-genome sequencing (WGS), improves and broadens the insights into epidemiology and helps the public health
interventions on outbreak detection and source tracking in STEC infections (Nouws et al., 2023). And it has been
suggested that One Health genomic surveillance frameworks would trace cross-sector transmission pathways and
phylogenetic linkages for targeted control strategies (Watt et al., 2025). Longitudinal resistance trend analyses further
underscore the importance of continuous monitoring to inform policy changes and guide antibiotic stewardship
(Nkontcho Djamkeba et al., 2024). Infection prevention and control (IPC) measures in health-care settings can reduce up
to 70% the occurrence of healthcare-associated infections (HAIs), demonstrating the effectiveness of well-constructed
IPC programs. These findings, together with other supporting evidence, indicate that E. coli is instrumental in
contributing to public health. Therefore, it is very necessary to strengthen surveillance innovation and formulate an
antibiotic policy and infection control strategy to reduce disease risk and the burden of antimicrobial resistance at the
community as well as clinical settings (Puro et al., 2022; Niazi et al., 2024).

4. Discussion

Our findings thus demonstrate how the ecology of normal E.coli in contemporary ecological contexts is forged through
cross-pressures of urbanization, agricultural input, selection via wastewater, and unpredictable climate effects, supporting
the hypothesis that modern human-induced changes remold persistence, dispersal, and resistance capabilities of E. coli.
Community assembly and pathotype distributions alter with urban-rural gradients along urban watersheds, thus invariably
maintaining a strong relationship to sewer and nutrient increases and have been shown in more recent analyses at the
scale of watersheds (Saraceno et al., 2021). Agricultural pathways continue to be key: latest synthesis and field studies
show that E. coli manure transfers from soils to waterways and to produce, while bovine manure applications cause
extended survivability across pathogenic and commensal strains-the patterns map quite directly on those observations of
contamination risks before harvest (Sarnino et al., 2025; Murphy et al., 2024).

Wastewater continues to keep a significant hotspot "naturally" coevolving E. coli populations with treatment and
antibiotic residues, while experimental work with authentic wastewater matrices indicates rapid resistance development-
concordant with our inference that effluent interfaces amplify hazards of resistance to antimicrobials (AMR) (Yu et al.,
2022). In urban surface waters and sewage, multisite surveys further document multidrug-resistant ESBL-producing E.
coli, and the public health relevance of our environmental isolates is thus reinforced (Hossain et al., 2025). Superimposed
climatic anomalies modulate disease risk and environmental forcing: heatwave conditions have been linked to increased
incidences of STEC, and extreme temperature variability perturbs host-pathogen dynamics-mechanisms that help explain
the spatiotemporal peaks we observed (Boudou et al., 2025).
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At the food-environment interface, new beef systems research complements the knowledge in supply-chain
contamination signals with respect to STEC hazards' resilience irrespective of feeding, thereby strengthening this towards
joint success of supply reference systems (Talukder et al., 2025). In fact, all these collated and converging lines of
evidence would locate our findings within One Health, where environmental compartments (soil, water, wastewater)
function in connective reservoirs that select for, assemble, and disseminate E. coli and associated resistance (Balta et al.,
2024; Alimyar et al., 2025).

Important limitations in our understanding come from relying on opportunistic environmental sampling (which is likely
to underrepresent low-abundance pathotypes), and also transmission directionality is not completely solved without
longitudinal genome-to-genome linkage; these drawbacks can be largely closed by continuing the wastewater and
community surveillance of E. coli lineages (Paulshus et al., 2023). Further from these results, future research should
include high-frequency environmental metagenomics in conjunction with clinical WGS; quantify selection in situ across
interfaces of wastewater and agricultural solids; and explicitly model temperature-sensitive transmission for targeted
intervention (Abdelgalel et al., 2025; Pokharel et al., 2023; Ananthakrishnan & Xavier, 2020; Singha et al., 2023; Jones
et al., 2023; Doua et al., 2023; Sartelli et al., 2024; Martinson & Walk, 2020; Ko et al., 2020).

5. Conclusion

This paper explains how modern environmental influences such as urbanization, intensive farming, use of antimicrobials
and climate change affect the ecology and adaptation of normal Escherichia coli to a significant extent. The results
indicate that such pressures alter the persistence, dynamics of transmission, and genetic evolution of the bacterium, thus
enhancing the probability of antimicrobial resistance as well as the possible transitions of pathogenicity. Regarding the
research objectives, the study supports the idea that both anthropogenic and climatic ecological changes are the main
factors that redesign the ecological niche and functional abilities of E. coli. The findings have significant public health,
food safety, and environmental microbe implications, thus justifying the need to implement One Health approaches to
act as a surveillance mechanism to track and control emerging microbial risks. Applications offer the possibility of
focusing on increasing environmental stewardship, enacting specific microbial surveillance, and encouraging accountable
use of antimicrobials in humans, wildlife, and the environment. In the future the studies are to be longitudinal and multi-
regional ones, utilizing more modern genomic and metagenomic tools that will allow more confidently predicting
evolutionary trends. In all, this publication helps in understanding the manner in which contemporary environmental set
ups influence the biology of E. coli, and it gives a guideline on how to predict and manage microbial threats within the
dynamic environment.

6. References

Abdelgalel, R. R., Ibrahem, R. A., Mohamed, D. S., & Ahmed, A. B. F. (2025). Multidrug-resistant E. Coli in wastewater
sources: a comparative study and identification of resistance hotspots. BMC microbiology, 25(1), 498.
https://doi.org/10.1186/s12866-025-04244-5

Alali, W. Q., Scheuerman, P., McClure, C., Ghimire, A., Owusu-Mensah, P., Schultz, J., & Joyner, T. A. (2024).
Prevalence of Antimicrobial Resistant Escherichia  coli from  Sinking Creek in  Northeast
Tennessee. International  journal of environmental research and public health, 21(10), 1285.
https://doi.org/10.3390/ijerph21101285

Alimyar, O., Sediqi, S., Azizi, A., Hejran, A. B., Niazi, P., & Monib, A. W. (2025). Medicinal plants and bioactive
compounds: Traditional and modern approaches to wound healing. International Journal of Medical Science and
Dental Health, 11(2), 29-59. https://doi.org/10.55640/ijmsdh-11-02-03

Ananthakrishnan, A. N., & Xavier, R. J. (2020). Gastrointestinal diseases. In Hunter's tropical medicine and emerging
infectious diseases (pp. 16-26). Elsevier. https://doi.org/10.1016/B978-0-323-55512-8.00003-X

Anokyewaa Appau, A. A., & Ofori, L. A. (2024). Antibiotic Resistance Profile of E. coli Isolates from Lettuce, Poultry
Manure, Irrigation Water, and Soil in Kumasi, Ghana. International journal of microbiology, 2024, 6681311.
https://doi.org/10.1155/2024/6681311

Balbin, M. M., Hull, D., Guest, C., Nichols, L., Dunn, R., & Thakur, S. (2020). Antimicrobial resistance and virulence
factors profile of Salmonella spp. and Escherichia coli isolated from different environments exposed to
anthropogenic  activity.  Journal  of  Global  Antimicrobial  Resistance, 22, 578-583.
https://doi.org/10.1016/j.jgar.2020.05.016

Balbuena-Alonso, M. G., Cortés-Cortés, G., Kim, J. W., Lozano-Zarain, P., Camps, M., & Del Carmen Rocha-Gracia,
R. (2022). Genomic analysis of plasmid content in food isolates of E. coli strongly supports its role as a reservoir
for the horizontal transfer of virulence and antibiotic resistance genes. Plasmid, 123-124, 102650.
https://doi.org/10.1016/j.plasmid.2022.102650

Balta, 1., Lemon, J., Murnane, C., Pet, 1., Vintila, T., McCleery, D., Callaway, T., Douglas, A., Stef, L., & Corcionivoschi,
N. (2024). The One Health aspect of climate events with impact on foodborne pathogens transmission. One
health (Amsterdam, Netherlands), 19, 100926. https://doi.org/10.1016/j.onehlt.2024.100926

13
Sarwari et al, 2025


https://doi.org/10.1186/s12866-025-04244-5
https://doi.org/10.3390/ijerph21101285
https://doi.org/10.55640/ijmsdh-11-02-03
https://doi.org/10.1016/B978-0-323-55512-8.00003-X
https://doi.org/10.1155/2024/6681311
https://doi.org/10.1016/j.jgar.2020.05.016
https://doi.org/10.1016/j.plasmid.2022.102650
https://doi.org/10.1016/j.onehlt.2024.100926

Helmand Academic and Research International Journal Vol 1 No. 1(2025)p. 1-18

Batarseh, T. N., Batarseh, S. N., Rodriguez-Verdugo, A., & Gaut, B. S. (2023). Phenotypic and genotypic adaptation of
Escherichia coli to thermal stress is contingent on genetic background. Molecular Biology and Evolution, 40(5),
msad108. https://doi.org/10.1093/molbev/msad108

Bintsis T. (2017). Foodborne pathogens. AIMS microbiology, 3(3), 529-563.
https://doi.org/10.3934/microbiol.2017.3.529

Blount, Z. D., Maddamsetti, R., Grant, N. A., Ahmed, S. T., Jagdish, T., Baxter, J. A., ... Lenski, R. E. (2020). Genomic
and phenotypic evolution of Escherichia coli in a novel citrate-only resource environment. eLife, 9, e55414.
https://doi.org/10.7554/eLife.55414

Boudou, M., Garvey, P., OhAiseadha, C., O'Dwyer, J., Burke, D. T., & Hynds, P. (2025). Effects of the 2018 European
summer heatwave on the incidence of sporadic bacterial gastroenteritis in a temperate maritime climate region
(Republic of Ireland). One health (Amsterdam, Netherlands), 20, 101105.
https://doi.org/10.1016/j.0onehlt.2025.101105

Brandenburg, J. M., Grass, J. E., Che Looi, H., Tellerman, J., Dietz, J., Rebolledo, P., Smith, G., Jacob, J. T., Parker, E.,
Longson, R., Guh, A., & Grome, H. N. (2025). P-292. Epidemiology of Escherichia coli from Urine Sources at
Three U.S. Sites, August 2023.Open Forum Infectious Diseases, 12(Suppl 1), ofae631.495.
https://doi.org/10.1093/ofid/ofac631.495

Britt, V. H., Liao, M. K., & Lewis, G. P. (2025). Abundance of fecal indicator bacteria and diversity of Escherichia coli
associated with poultry farms and pasture land cover in streams of northwestern South Carolina. Environmental
Monitoring and Assessment, 197(15). https://doi.org/10.1007/s10661-024-13499-w

Chandipwisa, C., Uwishema, O., Debebe, A., Abdalmotalib, M. M., Barakat, R., Oumer, A., John, M., Taa, L., &
Onyeaka, H. (2025). Climate change and the global food chain: a catalyst for emerging infectious
diseases?. International journal of emergency medicine, 18(1), 149. https://doi.org/10.1186/s12245-025-00901-
8

Christensen, H., Bachmeier, J., & Bisgaard, M. (2021). New strategies to prevent and control avian pathogenic
Escherichia coli (APEC). Avian Pathology, 50(5), 370-381. https://doi.org/10.1080/03079457.2020.1845300

Dancova, N., Gregova, G., & Szabdova, T. (2024). Assessment of Bacterial Contamination and Antimicrobial Resistance
of Escherichia coli Tsolates from Slovak Dairy Farms. Animals, 14(21), 3095.
https://doi.org/10.3390/ani14213095

Doua, J., Geurtsen, J., Rodriguez-Baiio, J., Cornely, O. A., Go, O., Gomila-Grange, A., Kirby, A., Hermans, P., Gori, A.,
Zuccaro, V., Gravenstein, S., Bonten, M., Poolman, J., & Sarnecki, M. (2023). Epidemiology, Clinical Features,
and Antimicrobial Resistance of Invasive Escherichia Coli Disease in Patients Admitted in Tertiary Care
Hospitals. Open forum infectious diseases, 10(2), ofad026. https://doi.org/10.1093/ofid/ofad026

EFSA BIOHAZ Panel, Koutsoumanis, K., Allende, A., Alvarez-Ordoéiiez, A., Bover-Cid, S., Chemaly, M., ... & Bolton,
D. (2020). Pathogenicity assessment of Shiga toxin-producing Escherichia coli (STEC) and the public health
risk posed by contamination of food with STEC. EFSA Journal, 18(1), €05967.
https://doi.org/10.2903/j.efsa.2020.5967

Foster-Nyarko, E., & Pallen, M. J. (2022). The microbial ecology of Escherichia coli in the vertebrate gut. FEMS
Microbiology Reviews, 46(3), fuac008. https://doi.org/10.1093/femsre/fuac008

Gautam, B., Dar, S. N., & Sachan, R. S. K. (2025). 4 study on Escherichia coli contamination in drinking water sources
to combat waterborne diseases effectively in Bist Doab, Punjab, India. Journal of Water and Health, 23(2),
155-167. https://doi.org/10.2166/wh.2025.267

Gemeda, B. A., Wieland, B., Alemayehu, G., Knight-Jones, T. J., Wodajo, H. D., Tefera, M., ... & Amenu, K. (2023).
Antimicrobial resistance of Escherichia coli isolates from livestock and the environment in extensive
smallholder livestock production systems in Ethiopia. Antibiotics, 12(5), 941.
https://doi.org/10.3390/antibiotics 12050941

Girijan, S. K., Paul, R., V. J,, R. K., & Pillai, D. (2020). Investigating the impact of hospital antibiotic usage on aquatic
environment and aquaculture systems: A molecular study of quinolone resistance in Escherichia coli. Science
of The Total Environment, 748, 141538. https://doi.org/10.1016/].scitotenv.2020.141538

Hanna, N., Purohit, M., Diwan, V., Chandran, S. P., Riggi, E., Parashar, V., ... & Lundborg, C. S. (2020). Monitoring of
water quality, antibiotic residues, and antibiotic-resistant Escherichia coli in the Kshipra River in India over a
3-year period. International Journal of Environmental Research and Public Health, 17(21), 7706.
https://doi.org/10.3390/ijerph17217706

Hasan, M., & Ahn, J. (2022). Evolutionary dynamics between phages and bacteria as a possible approach for designing
effective  phage therapies against antibiotic-resistant  bacteria.  Antibiotics,  11(7), 915.
https://doi.org/10.3390/antibiotics 11070915

Haudiquet, M., de Sousa, J. M., Touchon, M., & Rocha, E. P. (2022). Selfish, promiscuous and sometimes useful: How
mobile genetic elements drive horizontal gene transfer in microbial populations. Philosophical Transactions of
the Royal Society B, 377(1861), 20210234. https://doi.org/10.1098/rstb.2021.0234

Hossain, M. S., Chowdhury, A. I. A., Islam, M. R., Kirtunia, R., Abedin, M. F., Alam, M. A. U., Shampa, Murshed, S.
B., Sakib, M. S., Alam, S., Mondal, M. S., & Mahmud, Z. H. (2025). Multidrug-resistant ESBL E. coli in urban

14
Sarwari et al, 2025


https://doi.org/10.1093/molbev/msad108
https://doi.org/10.3934/microbiol.2017.3.529
https://doi.org/10.7554/eLife.55414
https://doi.org/10.1016/j.onehlt.2025.101105
https://doi.org/10.1093/ofid/ofae631.495
https://doi.org/10.1007/s10661-024-13499-w
https://doi.org/10.1186/s12245-025-00901-8
https://doi.org/10.1186/s12245-025-00901-8
https://doi.org/10.1080/03079457.2020.1845300
https://doi.org/10.3390/ani14213095
https://doi.org/10.1093/ofid/ofad026
https://doi.org/10.2903/j.efsa.2020.5967
https://doi.org/10.1093/femsre/fuac008
https://doi.org/10.2166/wh.2025.267
https://doi.org/10.3390/antibiotics12050941
https://doi.org/10.1016/j.scitotenv.2020.141538
https://doi.org/10.3390/ijerph17217706
https://doi.org/10.3390/antibiotics11070915
https://doi.org/10.1098/rstb.2021.0234

Helmand Academic and Research International Journal Vol 1 No. 1(2025)p. 1-18

surface waters and public health implications: A Case Study from Goranchatbari, Dhaka. Heliyon, 11(3),
e42219. https://doi.org/10.1016/j.heliyon.2025.e42219

Igbal, M. S., Islam, M. M. M., & Hofstra, N. (2019). The impact of socio-economic development and climate change on
E. coli loads and concentrations in Kabul River, Pakistan. The Science of the total environment, 650(Pt 2), 1935—
1943. https://doi.org/10.1016/j.scitotenv.2018.09.347

Iskandar, K., Molinier, L., Hallit, S., Sartelli, M., Catena, F., Coccolini, F., ... & Salameh, P. (2020). Drivers of antibiotic
resistance transmission in low- and middle-income countries from a “one health” perspective—A review.
Antibiotics, 9(7), 372. https://doi.org/10.3390/antibiotics9070372

Iwu, C. D., Kayode, A. J., Igere, B. E., & Okoh, A. 1. (2022). High levels of multidrug-resistant Escherichia coli pathovars
in preharvest environmental samples: A ticking time bomb for fresh produce related disease outbreak. Frontiers
in Environmental Science, 10, 858964. https://doi.org/10.3389/fenvs.2022.858964

Jian, Z., Zeng, L., Xu, T., Sun, S., Yan, S., Yang, L., ... & Dou, T. (2021). Antibiotic resistance genes in bacteria:
Occurrence, spread, and control. Journal of Basic Microbiology, 61(12), 1049-1070.
https://doi.org/10.1002/jobm.202100201

Jiao, J., Lv, X., Shen, C., & Morigen, M. (2024). Genome and transcriptomic analysis of the adaptation of Escherichia
colito environmental stresses. Computational and structural biotechnology journal, 23, 2132-2140.
https://doi.org/10.1016/j.¢sbj.2024.05.033

Jones, G., Mariani-Kurkdjian, P., Cointe, A., Bonacorsi, S., Lefévre, S., Weill, F. X., & Le Strat, Y. (2023). Sporadic
Shiga toxin—producing Escherichia coli—associated pediatric hemolytic uremic syndrome, France, 2012-2021.
Emerging Infectious Diseases, 29(10), 2054. https://doi.org/10.3201/e1d2910.230382

Khadse, S. N., Ugemuge, S., & Singh, C. (2023). Impact of Antimicrobial Stewardship on Reducing Antimicrobial
Resistance. Cureus, 15(12), e49935. https://doi.org/10.7759/cureus.49935

Ko,J. K., Lee,J. H., Jung, J. H., & Lee, S. M. (2020). Recent advances and future directions in plant and yeast engineering
to improve lignocellulosic biofuel production. Renewable and Sustainable Energy Reviews, 134, 110390.
https://doi.org/10.1016/].rser.2020.110390

Kornacki, J. L. (2025). Advancing food safety through an enhanced approach to environmental monitoring and source
tracking. Food Safety Magazine. Retrieved August 16, 2025, from https://www.food-safety.com

Kou, R., Wang, H., Zou, D., Hu, J., Wu, Y., Xu, Q., & Zhang, X. (2025). Spatial panel data analysis of antimicrobial
resistance in Escherichia coli in China. Scientific reports, 15(1), 23753. https://doi.org/10.1038/s41598-025-
09085-w

Kusi, J., Ojewole, C. O., Ojewole, A. E., & Nwi-Mozu, 1. (2022). Antimicrobial Resistance Development Pathways in
Surface Waters and Public Health Implications. Antibiotics (Basel, Switzerland), 11(6), 821.
https://doi.org/10.3390/antibiotics 11060821

Lagerstrom, K. M., Scales, N. C., & Hadly, E. A. (2024). Impressive pan-genomic diversity of E. coli from a wild animal
community near urban development reflects human impacts. iScience, 27(3).
https://doi.org/10.1128/mbio.03545-23

Larsson, D. G. J., & Flach, C. F. (2022). Antibiotic resistance in the environment. Nature reviews. Microbiology, 20(5),
257-269. https://doi.org/10.1038/s41579-021-00649-x

Larsson, D. G., & Flach, C. F. (2022). Antibiotic resistance in the environment. Nature Reviews Microbiology, 20(5),
257-269. https://doi.org/10.1038/s41579-021-00649-x

Lenski, R. E. (2023). Revisiting the design of the long-term evolution experiment with Escherichia coli. Journal of
Molecular Evolution, 91(3), 241-253. https://doi.org/10.1007/s00239-023-10095-3

Lenzi, A., Marvasi, M., & Baldi, A. (2021). Agronomic practices to limit pre- and post-harvest contamination and
proliferation of human pathogenic Enterobacteriaceae in vegetable produce. Food Control, 119, 107486.
https://doi.org/10.1016/j.foodcont.2020.107486

Marshall, K. E., Hexemer, A., Seelman, S. L., Fatica, M. K., Blessington, T., Hajmeer, M., Kisselburgh, H., Atkinson,
R., Hill, K., Sharma, D., Needham, M., Peralta, V., Higa, J., Blickenstaff, K., Williams, I. T., Jhung, M. A.,
Wise, M., & Gieraltowski, L. (2020). Lessons Learned from a Decade of Investigations of Shiga Toxin-
Producing Escherichia coli Outbreaks Linked to Leafy Greens, United States and Canada. Emerging infectious
diseases, 26(10), 2319-2328. https://doi.org/10.3201/eid2610.191418

Martinson, J. N., & Walk, S. T. (2020). Escherichia coli residency in the gut of healthy human adults. EcoSal Plus, 9(1),
10-1128. https://doi.org/10.1128/ecosalplus.esp-0003-2020

McKenzie-Reynolds, P., Millner, P., Hashem, F., Marsh, L., Smith, B., Kenney, A., Allen, A., Parveen, S., & Collick, A.
S. (2025). Survival and transfer of Escherichia coli to fresh produce from organically managed soils amended
with poultry litter. Frontiers in Sustainable Food Systems, 9, 1502841.
https://doi.org/10.3389/fsufs.2025.150284 1

Michelon, W., Peter, N. R. W., Schneider, T. M., Segalla, D. C., & Viancelli, A. (2023). Enterobacteria Survival,
Percolation, and Leaching on Soil Fertilized with Swine Manure. International journal of environmental
research and public health, 20(7), 5283. https://doi.org/10.3390/ijerph20075283

15
Sarwari et al, 2025


https://doi.org/10.1016/j.heliyon.2025.e42219
https://doi.org/10.1016/j.scitotenv.2018.09.347
https://doi.org/10.3390/antibiotics9070372
https://doi.org/10.3389/fenvs.2022.858964
https://doi.org/10.1002/jobm.202100201
https://doi.org/10.1016/j.csbj.2024.05.033
https://doi.org/10.7759/cureus.49935
https://doi.org/10.1016/j.rser.2020.110390
https://www.food-safety.com/
https://doi.org/10.1038/s41598-025-09085-w
https://doi.org/10.1038/s41598-025-09085-w
https://doi.org/10.3390/antibiotics11060821
https://doi.org/10.1128/mbio.03545-23
https://doi.org/10.1038/s41579-021-00649-x
https://doi.org/10.1038/s41579-021-00649-x
https://doi.org/10.1007/s00239-023-10095-3
https://doi.org/10.1016/j.foodcont.2020.107486
https://doi.org/10.3201/eid2610.191418
https://doi.org/10.1128/ecosalplus.esp-0003-2020
https://doi.org/10.3389/fsufs.2025.1502841
https://doi.org/10.3390/ijerph20075283

Helmand Academic and Research International Journal Vol 1 No. 1(2025)p. 1-18

Mueller, M., & Tainter, C. R. (2025). Escherichia coli infection. In StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing. Available from: https://www.ncbi.nlm.nih.gov/books/NBK564298/?utm_source=chatgpt.com

Muirhead, R., & Schoensee, C. (2023). Survival, mobilization, and transport of Escherichia coli from sheep faeces.
Journal of Applied Microbiology, 134(2), 1xac062. https://doi.org/10.1093/jambio/lxac062

Muloi, D. M., Wee, B. A., McClean, D. M. H., Ward, M. J., Pankhurst, L., Phan, H., Ivens, A. C., Kivali, V., Kiyong'a,
A., Ndinda, C., Gitahi, N., Ouko, T., Hassell, J. M., Imboma, T., Akoko, J., Murungi, M. K., Njoroge, S. M.,
Muinde, P., Nakamura, Y., Alumasa, L., ... Févre, E. M. (2022). Population genomics of Escherichia coli in
livestock-keeping households across a rapidly developing urban landscape. Nature microbiology, 7(4), 581—
589. https://doi.org/10.1038/541564-022-01079-y

Muloi, D. M., Wee, B. A., McClean, D. M., Ward, M. J., Pankhurst, L., Phan, H., ... Fevre, E. M. (2022). Population
genomics of Escherichia coli in livestock-keeping households across a rapidly developing urban landscape.
Nature Microbiology, 7(4), 581-589. https://doi.org/10.1038/s41564-022-01079-y

Murphy, C. M., Weller, D. L., Bardsley, C. A., Ingram, D. T., Chen, Y., Oryang, D., Rideout, S. L., & Strawn, L. K.
(2024). Survival of Twelve Pathogenic and Generic Escherichia coli Strains in Agricultural Soils as Influenced
by Strain, Soil Type, Irrigation Regimen, and Soil Amendment. Journal of food protection, 8§7(10), 100343.
https://doi.org/10.1016/.jfp.2024.100343

Niazi, P., Hejran, A. B., & Alimyar, O. (2025). Assessment of Antibacterial and Antifungal Activities of Ethanolic Flower
Extracts from Rosa damascena against Pathogenic Micro-Organisms. Black Sea Journal of Agriculture, 8(3),
304-322. https://doi.org/10.47115/bsagriculture.1583192

Niazi, P., Hejran, A. B., & Saken, K. (2024). The influence of Gram-negative bacteria on oral health: A mini review.
International Journal of Medical Science and Dental Health, 10(12). https://doi.org/10.55640/ijmsdh-10-12-04

Nkontcho Djamkeba, F., Sainte-Rose, V., Lontsi Ngoulla, G. R., Roujansky, A., Abboud, P., Walter, G., Houcke, S.,
Demar, M., Kallel, H., Pujo, J. M., & Djossou, F. (2024). Trends in the Prevalence of Antimicrobial Resistance
in Escherichia coli Isolated from Outpatient Urine Cultures in French Amazonia. The American journal of
tropical medicine and hygiene, 111(2), 287-296. https://doi.org/10.4269/ajtmh.23-0887

Nouws, S., Verhaegen, B., Denayer, S., Crombé, F., Piérard, D., Bogaerts, B., Vanneste, K., Marchal, K., Roosens, N.
H. C., & De Keersmaecker, S. C. J. (2023). Transforming Shiga toxin-producing Escherichia coli surveillance
through whole genome sequencing in food safety practices. Frontiers in microbiology, 14, 1204630.
https://doi.org/10.3389/fmicb.2023.1204630

Okumu, N. O., Ngeranwa, J. J., Muloi, D. M., Ochien’g, L., Moodley, A., Mutisya, C., ... Cook, E. A. (2023). Risk
factors for diarrheagenic Escherichia coli infection in children aged 6—24 months in peri-urban community,
Nairobi, Kenya. PLOS Global Public Health, 3(11), €0002594. https://doi.org/10.1371/journal.pgph.0002594

Onifade, O., Lawal, Z. K., Shamsuddin, N., Abas, P. E., Lai, D. T. C., & Go6deke, S. H. (2025). Impact of Seasonal
Variation and Population Growth on Coliform Bacteria Concentrations in the Brunei River: A Temporal
Analysis with Future Projection. Water, 17(7), 1069. https://doi.org/10.3390/w17071069

Owade, J., Mitchell, J., & Bergholz, T. (2025, April 7). Does entry into dormant states during cold storage impact health
risk from E. coli 0157:H7 on lettuce? Contamination Control. Microbiological Produce.
https://www.foodsafetynews.com/2025/04/does-entry-into-dormant-states-during-cold-storage-impact-health-

risk-from-e-coli-o157h7-on-lettuce

Pang, T. Y., & Lercher, M. J. (2018). Each of 3,323 metabolic innovations in the evolution of Escherichia coli arose
through the horizontal transfer of a single DNA segment. Proceedings of the National Academy of Sciences,
116(1), 187—-192. https://doi.org/10.1073/pnas.1718997115

Parwiz Niazi, Hejran, A. B., & Khaidarov Saken. (2025). Efficacy of Biofumigants for Controlling Root-Knot Nematodes
(Meloidogyne) in Tomato Cultivation. Scientific Research Communications, 5(2).
https://doi.org/10.52460/src.2025.010

Paulshus, E., Colque, P., Kiihn, I., Tauhid, T., Hu, Y. O. O., Zhou, Y., Thorell, K., Méllby, R., Serum, H., Sjdling, A.,
& Joffré, E. (2023). Escherichia coli ST2797 Is Abundant in Wastewater and Might Be a Novel Emerging
Extended-Spectrum Beta-Lactamase E. coli. Microbiology spectrum, 11(4), e0448622.
https://doi.org/10.1128/spectrum.04486-22

Petersen, F., & Hubbart, J. A. (2020). Physical factors impacting the survival and occurrence of Escherichia coli in
secondary habitats. Water, 12(6), 1796. https://doi.org/10.3390/w12061796

Petrucci, S., Costa, C., Broyles, D., Kaur, A., Dikici, E., Daunert, S., & Deo, S. K. (2021). Monitoring pathogenic viable
E. coli O157:H7 in food matrices based on the detection of RNA using isothermal amplification and a paper-
based platform. Analytical Chemistry, 94(5), 2485-2492. https://doi.org/10.1021/acs.analchem.1c04305

Piyapong, C., Chamroensaksri, N., Aroonsrimorakot, S., Eyosawat, L., Khankhum, S., Rattana, S., ... Paradis, E. (2021).
A predictive model of the impact of urbanization on bacterial loads in watersheds. Journal of Cleaner
Production, 297, 126704. https://doi.org/10.1016/].jclepro.2021.126704

Pokharel, P., Dhakal, S., & Dozois, C. M. (2023). The diversity of Escherichia coli pathotypes and vaccination strategies
against this versatile bacterial pathogen. Microorganisms, 11(2), 344.
https://doi.org/10.3390/microorganisms11020344

16
Sarwari et al, 2025


https://www.ncbi.nlm.nih.gov/books/NBK564298/?utm_source=chatgpt.com
https://doi.org/10.1093/jambio/lxac062
https://doi.org/10.1038/s41564-022-01079-y
https://doi.org/10.1038/s41564-022-01079-y
https://doi.org/10.1016/j.jfp.2024.100343
https://doi.org/10.47115/bsagriculture.1583192
https://doi.org/10.55640/ijmsdh-10-12-04
https://doi.org/10.4269/ajtmh.23-0887
https://doi.org/10.3389/fmicb.2023.1204630
https://doi.org/10.1371/journal.pgph.0002594
https://doi.org/10.3390/w17071069
https://www.foodsafetynews.com/2025/04/does-entry-into-dormant-states-during-cold-storage-impact-health-risk-from-e-coli-o157h7-on-lettuce
https://www.foodsafetynews.com/2025/04/does-entry-into-dormant-states-during-cold-storage-impact-health-risk-from-e-coli-o157h7-on-lettuce
https://doi.org/10.1073/pnas.1718997115
https://doi.org/10.52460/src.2025.010
https://doi.org/10.1128/spectrum.04486-22
https://doi.org/10.3390/w12061796
https://doi.org/10.1021/acs.analchem.1c04305
https://doi.org/10.1016/j.jclepro.2021.126704
https://doi.org/10.3390/microorganisms11020344

Helmand Academic and Research International Journal Vol 1 No. 1(2025)p. 1-18

Pramanik, P. K., Hoque, M. N., Rana, M. L., Islam, M. S., Ullah, M. A., Neloy, F. H., Ramasamy, S., Schreinemachers,
P., Oliva, R., & Rahman, M. T. (2025). Prevalence and antibiotic resistance of Escherichia coli in urban and
peri-urban garden ecosystems in Bangladesh. PloS one, 20(2), e0315938.
https://doi.org/10.1371/journal.pone.0315938

Puro, V., Coppola, N., Frasca, A., Gentile, 1., Luzzaro, F., Peghetti, A., & Sganga, G. (2022). Pillars for prevention and
control of healthcare-associated infections: an Italian expert opinion statement. Antimicrobial resistance and
infection control, 11(1), 87. https://doi.org/10.1186/s13756-022-01125-8

Rahman, M., Alam, M. U, Luies, S. K., Kamal, A., Ferdous, S., Lin, A., ... & Ercumen, A. (2021). Contamination of
fresh produce with antibiotic-resistant bacteria and associated risks to human health: A scoping review.
International ~ Journal  of  Environmental  Research  and  Public  Health, 19(1), 360.
https://doi.org/10.3390/ijerph19010360

Richter, D., Goeppert, N., Zindler, B., & Goldscheider, N. (2021). Spatial and temporal dynamics of suspended particles
and E. coli in a complex surface-water and karst groundwater system as a basis for an adapted water protection
scheme, northern Vietnam. Hydrogeology Journal, 29(5), 1965-1978. https://doi.org/10.1007/s10040-021-
02356-6

Rodriguez-Beltran, J., DelaFuente, J., Leon-Sampedro, R., MacLean, R. C., & San Millan, A. (2021). Beyond horizontal
gene transfer: The role of plasmids in bacterial evolution. Nature Reviews Microbiology, 19(6), 347-359.
https://doi.org/10.1038/s41579-020-00497-1

Saraceno, M., Gomez Lugo, S., Ortiz, N., Gomez, B. M., Sabio Y Garcia, C. A., Frankel, N., & Graziano, M. (2021).
Unraveling the ecological processes modulating the population structure of Escherichia coli in a highly polluted
urban stream network. Scientific reports, 11(1), 14679. https://doi.org/10.1038/s41598-021-94198-1

Sarnino, N., Basak, S., Collineau, L., & Merle, R. (2025). Pathways of Escherichia coli transfer from animal manure:
Risks and  mitigation in  agriculture.  Frontiers in  Public  Health, 13, 1568621.
https://doi.org/10.3389/fpubh.2025.1568621

Sartelli, M., Marini, C. P., McNelis, J., Coccolini, F., Rizzo, C., Labricciosa, F. M., & Petrone, P. (2024). Preventing and
controlling healthcare-associated infections: The first principle of every antimicrobial stewardship program in
hospital settings. Antibiotics, 13(9), 896. https://doi.org/10.3390/antibiotics 13090896

Singha, S., Thomas, R., Viswakarma, J. N., & Gupta, V. K. (2023). Foodborne illnesses of Escherichia coli O157 origin
and its control measures. Journal of Food Science and Technology, 60(4), 1274-1283.
https://doi.org/10.1007/s13197-022-05381-9

Srivastava, S., Kumar, A., Gupta, R., & Malik, A. (2025). Geospatial mapping and cluster analysis of antibiotic-resistant
Escherichia coli in drinking water of semi-arid areas. Environmental monitoring and assessment, 197(5), 582.
https://doi.org/10.1007/s10661-025-13982-y

Summerlin, H. N., 3rd, Pola, C. C., McLamore, E. S., Gentry, T., Karthikeyan, R., & Gomes, C. L. (2021). Prevalence
of Escherichia coli and Antibiotic-Resistant Bacteria During Fresh Produce Production (Romaine Lettuce)
Using Municipal Wastewater Effluents. Frontiers in microbiology, 12, 660047.
https://doi.org/10.3389/fmicb.2021.660047

Sun, J., Dai, J., Chen, J., He, Y., Su, L., Gong, M., Cao, M., Wei, K., You, Y., Liu, L., Bai, L., Cui, S., Chen, J., & Yang,
B. (2024). Antibiotic susceptibility and genomic analysis of ciprofloxacin-resistant and ESBL-producing
Escherichia coli in vegetables and their irrigation water and growing soil. International Journal of Food
Microbiology, 414, 110629. https://doi.org/10.1016/j.ijfoodmicro.2024.110629

Talukder, S., Yang, F., Klopatek, S., Oltjen, J., & Yang, X. (2025). Effect of conventional grain-fed and grass-fed feeding
systems on fecal microbiota and shiga toxin-producing Escherichia coli in beef cattle. BMC microbiology, 25(1),
351. https://doi.org/10.1186/s12866-025-04073-6

Tao, S., Chen, H., Li, N., Wang, T., & Liang, W. (2022). The Spread of Antibiotic Resistance Genes In Vivo Model. The
Canadian journal of infectious diseases & medical microbiology = Journal canadien des maladies infectieuses
et de la microbiologie medicale, 2022, 3348695. https://doi.org/10.1155/2022/3348695

Thorsen, M., Hill, J., Farber, J., Yiannas, F., Rietjens, I. M. C. M., Venter, P., Lues, R., & Bremer, P. (2025). Megatrends
and emerging issues: Impacts on food safety. Comprehensive Reviews in Food Science and Food Safety.
Advance online publication. https://doi.org/10.1111/1541-4337.70170

Touchon, M., Perrin, A., De Sousa, J. A. M., Vangchhia, B., Burn, S., O’Brien, C. L., ... Rocha, E. P. (2020).
Phylogenetic background and habitat drive the genetic diversification of Escherichia coli. PLoS Genetics, 16(6),
¢1008866. https://doi.org/10.1371/journal.pgen. 1008866

Tufa, K. F., & Birhanu, A. G. (2025). Antimicrobial Resistance Profile of Escherichia coli Isolated From Hospital and
Industrial Wastewater Systems. Environmental health insights, 19, 11786302251339254.
https://doi.org/10.1177/11786302251339254

Venkataraman, P., Nagendra, P., Ahlawat, N., Brajesh, R. G., & Saini, S. (2024). Convergent genetic adaptation of
Escherichia coli in minimal media leads to pleiotropic divergence. Frontiers in Molecular Biosciences, 11,
1286824. https://doi.org/10.3389/fmolb.2024.1286824

17
Sarwari et al, 2025


https://doi.org/10.1371/journal.pone.0315938
https://doi.org/10.1186/s13756-022-01125-8
https://doi.org/10.3390/ijerph19010360
https://doi.org/10.1007/s10040-021-02356-6
https://doi.org/10.1007/s10040-021-02356-6
https://doi.org/10.1038/s41579-020-00497-1
https://doi.org/10.1038/s41598-021-94198-1
https://doi.org/10.3389/fpubh.2025.1568621
https://doi.org/10.3390/antibiotics13090896
https://doi.org/10.1007/s13197-022-05381-9
https://doi.org/10.1007/s10661-025-13982-y
https://doi.org/10.3389/fmicb.2021.660047
https://doi.org/10.1016/j.ijfoodmicro.2024.110629
https://doi.org/10.1186/s12866-025-04073-6
https://doi.org/10.1155/2022/3348695
https://doi.org/10.1111/1541-4337.70170
https://doi.org/10.1371/journal.pgen.1008866
https://doi.org/10.1177/11786302251339254
https://doi.org/10.3389/fmolb.2024.1286824

Helmand Academic and Research International Journal Vol 1 No. 1(2025)p. 1-18

Viana, G. G. F., Cardozo, M. V., Pereira, J. G, & Rossi, G. A. M. (2025). Antimicrobial
Resistant Staphylococcus spp., Escherichia coli, and Salmonella spp. in Food Handlers: A Global Review of
Persistence, Transmission, and Mitigation Challenges. Pathogens (Basel, Switzerland), 14(5), 496.
https://doi.org/10.3390/pathogens14050496

Wang, M., Wu, S., Wang, Y., Chen, F., Shen, Z., & Lan, Z. (2025). Antimicrobial Resistance Genes in
Clinical Escherichia coli Strains from Livestock and Poultry in Shandong Province, China During 2015-
2020. Antibiotics (Basel, Switzerland), 14(1), 95. https://doi.org/10.3390/antibiotics 14010095

Wang, Y., Xu, C., Zhang, R., Chen, Y., Shen, Y., Hu, F., Liu, D., Lu, J., Guo, Y., Xia, X., Jiang, J., Wang, X., Fu, Y.,
Yang, L., Wang, J., Li, J., Cai, C., Yin, D., Che, J., Fan, R., ... Shen, J. (2020). Changes in colistin resistance
and mcr-1 abundance in Escherichia coli of animal and human origins following the ban of colistin-positive
additives in China: an epidemiological comparative study. The Lancet. Infectious diseases, 20(10), 1161-1171.
https://doi.org/10.1016/S1473-3099(20)30149-3

Watt, A. E., Cummins, M. L., Donato, C. M., Wirth, W., Porter, A. F., Andersson, P., Donner, E., Australian Pathogen
Genomics One Health Working Group, Jennison, A. V., Seemann, T., Djordjevic, S. P., & Howden, B. P. (2025).
Parameters for one health genomic surveillance of Escherichia coli from Australia. Nature
communications, 16(1), 17. https://doi.org/10.1038/s41467-024-55103-2

Wikipedia contributors. (2024, December 21). 2024 United Kingdom shigatoxigenic E. coli outbreak. In Wikipedia.
https://en.wikipedia.org/wiki/2024 United Kingdom_shigatoxigenic_E. coli_outbreak

Xing, Y., Kang, X., Zhang, S., & Men, Y. (2021). Specific phenotypic, genomic, and fitness evolutionary trajectories
toward streptomycin resistance induced by pesticide co-stressors in Escherichia coli. ISME Communications,
1(1), 39. https://doi.org/10.1038/s43705-021-00041-z

Yang, J., Zhang, G., Peng, M., Tan, S., Ge, S., Yang, X., ... & Shi, J. (2022). Bionic regulators break the ecological niche
of pathogenic bacteria for modulating dysregulated microbiome in colitis. Advanced Materials, 34(39),
2204650.https://doi.org/10.1002/adma.202204650

Yu, D, Ryu, K., Zhi, S., Otto, S. J. G., & Neumann, N. F. (2022). Naturalized Escherichia coli in Wastewater and the
Co-evolution of Bacterial Resistance to Water Treatment and Antibiotics. Frontiers in microbiology, 13,
810312. https://doi.org/10.3389/fmicb.2022.810312

Yuan, T., Vadde, K. K., Tonkin, J. D., Wang, J., Lu, J., Zhang, Z., Zhang, Y., McCarthy, A. J., & Sekar, R. (2019).
Urbanization Impacts the Physicochemical Characteristics and Abundance of Fecal Markers and Bacterial
Pathogens in Surface Water. International journal of environmental research and public health, 16(10), 1739.
https://doi.org/10.3390/ijerph16101739

Zhang, N., Liang, C., Kan, P., Yangyao, J., Lu, D., Yao, Z., ... & Zhu, D. Z. (2023). Indigenous microbial community
governs the survival of Escherichia coli O157: H7 in constructed wetlands. Journal of Environmental
Management, 334, 117524. https://doi.org/10.1016/j.jenvman.2023.117524

Zhuang, M., Achmon, Y., Cao, Y., Liang, X., Chen, L., Wang, H., ... & Leung, K. Y. (2021). Distribution of antibiotic
resistance genes in the environment. Environmental Pollution, 285, 117402.
https://doi.org/10.1016/j.envpol.2021.117402

18
Sarwari et al, 2025


https://doi.org/10.3390/pathogens14050496
https://doi.org/10.3390/antibiotics14010095
https://doi.org/10.1016/S1473-3099(20)30149-3
https://doi.org/10.1038/s41467-024-55103-2
https://en.wikipedia.org/wiki/2024_United_Kingdom_shigatoxigenic_E._coli_outbreak
https://doi.org/10.1038/s43705-021-00041-z
https://doi.org/10.1002/adma.202204650
https://doi.org/10.3389/fmicb.2022.810312
https://doi.org/10.3390/ijerph16101739
https://doi.org/10.1016/j.jenvman.2023.117524
https://doi.org/10.1016/j.envpol.2021.117402

