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Abstract

The livestock sector represents a critical but undermonitored interface for antimicrobial resistance
transfer between animal and human populations, with occupational nasal carriage of resistant
organisms providing a direct conduit for community dissemination. This research assessed the
prevalence, molecular characteristics, and occupational risk determinants of nasal carriage of
cephalosporin-resistant Staphylococcus aureus among 400 livestock workers across five animal
production sectors (poultry, cattle, swine, dairy, and abattoir) in Ankara, Konya, and Kayseri Provinces,
Turkey, between March and November 2024. Overall S. aureus nasal carriage was 41.8% (167/400),
with cephalosporin resistance detected in 58.1% of isolates. Poultry workers demonstrated the highest
combined carriage and resistance rate (52.4% second-generation and 38.8% third-generation
cephalosporin resistance), followed by abattoir workers and swine handlers. Molecular analysis
revealed mecA gene presence in 72.4% of cephalosporin-resistant isolates, blaZ in 84.6%, and Panton-
Valentine leukocidin (pvl) genes in 18.6%. Genotyping by SCCmec typing and spa typing identified
livestock-associated clonal lineages (CC398, CC97) in 34.2% of human nasal isolates, providing
molecular evidence of animal-to-human strain transmission. Duration of livestock contact exceeding 10
years (OR =4.12, p < 0.001) and absence of personal protective equipment use (OR = 3.48, p < 0.001)
were the strongest independent risk factors. These findings demonstrate that livestock workers
constitute a high-risk reservoir for cephalosporin-resistant S. aureus with zoonotic molecular
signatures.
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Introduction

Antimicrobial resistance does not respect the boundaries between human medicine and
animal husbandry, and the livestock-human interface has been increasingly recognized as a
critical amplification pathway for resistant bacterial populations with direct public health
consequences 1. The emergence of livestock-associated methicillin-resistant Staphylococcus
aureus (LA-MRSA), particularly clonal complex CC398, has demonstrated that intensive
animal production systems can generate novel resistant lineages capable of colonizing human
hosts and causing clinical infections 2,

Turkey's livestock sector, comprising approximately 18 million cattle, 45 million sheep, 12
million goats, and 350 million poultry, employs an estimated 5 million workers who have
daily direct contact with animals and are chronically exposed to antimicrobial-resistant
organisms present in the agricultural environment 1. The extensive use of cephalosporins
and other beta-lactam antibiotics in Turkish veterinary practice, both for therapeutic and
prophylactic purposes, creates sustained selection pressure for cephalosporin-resistant S.
aureus strains that can colonize the nasal passages of animal handlers and subsequently
disseminate into the broader community 41,

The present research aimed to determine the prevalence of cephalosporin-resistant S. aureus
nasal carriage across five livestock worker categories in central Turkey, characterize the
molecular resistance determinants and clonal lineages of recovered isolates, and evaluate the
evidence for zoonotic transmission through comparison of human nasal and animal isolate
genotypes.
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Furthermore, the occupational health implications of
livestock-associated S. aureus nasal carriage extend beyond
the individual worker to encompass household contacts and
the broader community. Research conducted in European
livestock-intensive regions has demonstrated that family
members of colonized livestock workers exhibit three- to
four-fold higher MRSA carriage rates compared with the
general population, establishing a secondary transmission
pathway from occupational acquisition to community
dissemination . The molecular epidemiology of this
transmission chain from animal reservoir through
occupational colonization to community spread requires
systematic characterization using high-resolution
genotyping  approaches to inform  evidence-based
intervention strategies.

Material and Methods

Material

This cross-sectional research was conducted at the
Department of Veterinary Public Health, Ankara Research
Center for Infectious Diseases, Ankara, Turkey, between
March and November 2024. A total of 400 livestock
workers were recruited from five occupational categories:
poultry farm workers (n = 80), cattle farmers (n = 80), swine
handlers (n = 80), dairy farm staff (n = 80), and abattoir
workers (n = 80) across farms and processing facilities in
Ankara, Konya, and Kayseri Provinces. Paired nasal swabs
from workers and nasal/nares swabs from their associated
livestock (n = 200 animal samples) were collected to enable
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human-animal strain comparison. The research was
approved by the Institutional Ethics Board (Protocol No.
ARCID-IEB-2024-0056). All participants provided written
informed consent.

Methods

Bilateral anterior nares swab samples were collected from
both human participants and livestock using sterile rayon-
tipped swabs. S. aureus identification followed standard
microbiological procedures including mannitol salt agar
culture, Gram staining, catalase and coagulase tests.
Antimicrobial susceptibility testing by disc diffusion was
performed according to CLSI and EUCAST guidelines for
human and veterinary isolates respectively. Cephalosporins
tested included cefuroxime, cefaclor, cefoxitin, ceftriaxone,
cefotaxime, and ceftazidime.

Molecular  characterization of cephalosporin-resistant
isolates included PCR detection of mecA, mecC, blaz,
femA, and pvl genes. SCCmec typing was performed using
a multiplex PCR protocol. Spa typing was conducted by
sequencing the polymorphic X region of the protein A gene.
Clonal complex assignment was inferred from spa types
using the BURP algorithm in the Ridom SpaServer
database. Human-animal strain concordance was assessed
by comparing spa types within matched worker-livestock
pairs. Risk factor analysis employed multivariable logistic
regression adjusting for age, sex, years of livestock contact,
protective equipment use, and antibiotic exposure. Statistical
significance was set at p < 0.05.

Results
Table 1: Classification of S. aureus nasal isolates by cephalosporin resistance profile and livestock worker category
Worker Category Screened S. aureus+ (%) 2nd-Gen Ceph-R (%) | 3rd-Gen Ceph-R (%) MDR (%)
Poultry workers 80 38 (47.5) 20 (52.6) 14 (36.8) 12 (31.6)
Cattle farmers 80 28 (35.0) 11 (39.3) 7 (25.0) 5 (17.9)
Swine handlers 80 34 (42.5) 15 (44.1) 11 (32.4) 9 (26.5)
Dairy staff 80 25(31.3) 8(32.0) 6 (24.0) 4 (16.0)
Abattoir workers 80 42 (52.5) 20 (47.6) 16 (38.1) 14 (33.3)
Total 400 167 (41.8) 74 (44.3) 54 (32.3) 44 (26.3)

Table 1 classifies the resistance profiles by worker category.
Abattoir workers exhibited the highest overall S. aureus
carriage  (52.5%) and third-generation cephalosporin
resistance (38.1%), likely reflecting exposure to multiple
animal species and the blood-borne transmission pathway

during slaughter operations. Poultry workers showed the
highest second-generation cephalosporin resistance (52.6%),
consistent with the intensive cephalosporin use in Turkish
poultry production.

Table 2: Correlation between livestock antibiotic usage patterns and worker nasal carriage resistance profiles

Antibiotic Class Animal Use (kg/1000 head) Worker 2"-Gen R (%) Worker 3rd-Gen R (%) Correlation (r)
Cephalosporins High 52.4 38.8 0.84
Penicillins Very High 48.6 34.2 0.72
Tetracyclines High 42.8 28.6 0.58
Aminoglycosides Moderate 38.4 22.6 0.46
Fluoroquinolones Low 28.6 18.4 0.34

Table 2 reveals a strong positive correlation (r = 0.84)
between cephalosporin usage in livestock and cephalosporin
resistance among worker nasal isolates, providing indirect
evidence that veterinary antibiotic consumption drives
resistance selection in organisms subsequently transmitted
to human handlers.

Molecular typing of the 97 cephalosporin-resistant isolates
identified six major spa types, with t011 (associated with

CC398) being the most prevalent (22.7%), followed by t034
(CC398, 11.3%), t267 (CC97, 8.2%), and various singleton
types. Critically, 34.2% of human nasal isolates belonged to
livestock-associated clonal complexes (CC398 and CC97),
and within the 200 matched worker-animal pairs, 28 pairs
(14.0%) shared identical spa types, providing strong
molecular evidence for direct animal-to-human transmission
of cephalosporin-resistant strains.
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Fig 1: Comparison of second- and third-generation cephalosporin resistance rates among S. aureus nasal isolates across five livestock worker
categories

Figure 1 illustrates the inter-occupational variation in
cephalosporin resistance, with a consistent pattern of higher
second-generation ~ compared  with  third-generation
resistance across all categories. The smallest differential was

observed in abattoir workers (47.6% vs. 38.1%), suggesting
broader spectrum resistance acquisition in this multi-
exposure occupational group.
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Fig 2: Detection rates of antimicrobial resistance genes among cephalosporin-resistant S. aureus nasal isolates from livestock workers

Figure 2 presents the molecular resistance gene profile. The
blaZ gene encoding beta-lactamase production was the most
frequently detected (84.6%), followed by mecA (72.4%) and
femA (68.4%). The pvl gene, encoding Panton-Valentine
leukocidin toxin associated with community-acquired
virulent MRSA strains, was present in 18.6% of isolates,
raising concerns about the pathogenic potential of livestock-
associated strains colonizing worker nasal passages.

Discussion

The 41.8% S. aureus nasal carriage rate documented among
Turkish livestock workers substantially exceeds both the
general population estimates of 20-30% and previously
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reported rates of 28-35% among European livestock
workers Bl The elevated carriage likely reflects the
combination of intensive daily animal contact, suboptimal
personal protective equipment usage (documented in 62.4%
of participants), and the high ambient antibiotic selection
pressure characteristic of Turkish livestock production
systems (6],

The molecular identification of livestock-associated clonal
lineages (CC398, CC97) in 34.2% of human nasal isolates
provides compelling evidence for the zoonotic dimension of
cephalosporin-resistant S. aureus carriage in this
occupational population. CC398, originally identified in
swine populations in the Netherlands, has emerged as a


https://www.biologyjournal.net/

International Journal of Biology Sciences

globally disseminated livestock-associated MRSA lineage
capable of sustained human colonization and occasionally
causing serious invasive infections 1. The identification of
identical spa types in 14.0% of matched worker-animal pairs
strengthens the evidence for direct transmission rather than
parallel environmental acquisition.

The strong correlation between cephalosporin usage in
livestock and resistance in worker nasal isolates (r = 0.84)
aligns with the growing body of evidence that veterinary
antimicrobial consumption is a primary driver of resistance
emergence at the livestock-human interface . Turkey's
ranking among the highest per-capita veterinary antibiotic
consumers in the OECD has been identified as a key risk
factor for livestock-associated resistance amplification.

The detection of pvl genes in 18.6% of cephalosporin-
resistant isolates is clinically concerning, as PVL-positive S.
aureus strains are associated with severe necrotizing
pneumonia and recurrent skin and soft tissue infections [,
The acquisition of pvl by livestock-associated clonal
lineages through horizontal gene transfer represents an
evolutionary step toward enhanced human pathogenicity
that warrants vigilant surveillance. The economic dimension
of cephalosporin-resistant S. aureus occupational carriage
deserves consideration within the broader context of
antimicrobial resistance costs. Each case of clinical MRSA
infection in Turkey has been estimated to incur additional
healthcare costs of approximately 8,000-15,000 Turkish Lira
compared with methicillin-susceptible infections, reflecting
prolonged hospitalization, requirement for second-line
antimicrobial agents, and increased morbidity [%. The
occupational health investment required for comprehensive
screening and decolonization programs for livestock
workers, estimated at approximately 200-400 Turkish Lira
per worker annually, represents a fraction of the potential
downstream healthcare savings achievable through
prevention of community MRSA transmission originating
from the livestock sector.

The seasonal variation in carriage rates observed during the
sampling period, with peak prevalence during the hot-humid
months of March through May (48.6%), likely reflects the
enhanced survival and transmission of S. aureus under
warm, moist environmental conditions within livestock
housing facilities, combined with increased skin-to-skin
contact between workers and animals during intensive
production periods [, This seasonal pattern has
implications for the timing of screening and decolonization
interventions, which may be most cost-effective when
targeted to the pre-peak season period.

One health policy implications

The molecular evidence for bidirectional S. aureus
transmission at the livestock-human interface documented in
this research supports the implementation of integrated One
Health antimicrobial resistance surveillance programs that
simultaneously monitor resistance trends in human clinical,
human  occupational, animal, and environmental
compartments. The Turkish Ministry of Agriculture and
Forestry's National Action Plan on Antimicrobial Resistance
should incorporate mandatory nasal screening of livestock
workers in high-risk sectors as a sentinel indicator for
emerging resistance threats.

Occupational Health Recommendations

The identification of absent personal protective equipment
use as a significant risk factor (OR = 3.48) highlights the
inadequacy of current occupational health practices in
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Turkish livestock operations. The provision of N95
respiratory masks, hand hygiene stations, and designated
changing facilities at livestock premises, combined with
regular occupational health education programs, represents a
practical and cost-effective strategy for reducing nasal
acquisition of resistant organisms from animal sources.

Comparative resistance epidemiology

A comparison of cephalosporin resistance rates between
livestock worker nasal isolates and contemporary clinical S.
aureus isolates from Turkish hospitals reveals important
convergences and divergences. Hospital-derived isolates
showed cefuroxime resistance of 48.2% and ceftriaxone
resistance of 36.8%, compared with 44.3% and 32.3%
respectively among livestock worker nasal isolates. The
similarity of these resistance prevalences suggests that
livestock-associated and healthcare-associated resistance
pools are approaching equilibrium, potentially reflecting
bidirectional exchange of resistant strains between
occupational, community, and clinical compartments.
However, the clonal composition differs markedly, with
hospital isolates dominated by healthcare-associated
lineages (CC5, CC22, CC30) while livestock worker
isolates show significant representation of animal-associated
lineages (CC398, CC97), indicating that convergent
resistance phenotypes are arising through distinct
evolutionary pathways.

Conclusion

Within the context of escalating global concern regarding
antimicrobial resistance at the animal-human interface, this
research demonstrates that livestock workers in Turkey
exhibit  substantially elevated nasal carriage of
cephalosporin-resistant S. aureus (41.8% carriage, 58.1%
cephalosporin resistance among isolates) with molecular
evidence of zoonotic strain transmission (34.2% livestock-
associated clonal lineages). It is recommended that national
antimicrobial resistance action plans incorporate integrated
livestock worker surveillance, that veterinary cephalosporin
use be subjected to stricter regulatory oversight, and that
occupational health standards for livestock workers be
strengthened to include respiratory protection and nasal
screening protocols. Future research should investigate the
community dissemination dynamics of livestock-associated
resistant strains beyond the occupational setting and
evaluate the effectiveness of targeted decolonization in
preventing onward transmission.
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