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Abstract

Bacterial pathogens operating across zoonotic and nosocomial transmission interfaces present
compounding public health challenges that single-sector control frameworks consistently fail to
address. This article integrates epidemiological evidence on bacterial zoonoses - including
brucellosis, salmonellosis, leptospirosis, and tularemia - with data on healthcare-associated infections
driven by antimicrobial-resistant organisms, examining shared transmission determinants and
common pathogen ecology. The convergence of agricultural intensification, environmental
contamination, and healthcare system vulnerabilities creates conditions in which pathogens establish
multi-reservoir persistence. Evidence-based synthesis of One Health surveillance architectures,
biosecurity interventions, and antimicrobial stewardship programs identifies coordinated control
strategies that address both community-level zoonotic burden and institutional nosocomial risk
simultaneously.
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Introduction

The conceptual separation of zoonotic and nosocomial infections into distinct epidemiological
categories has long obscured a clinically and ecologically important reality: the same bacterial
pathogens that traverse animal-human boundaries frequently exploit institutional healthcare
environments once they enter human populations. Approximately 60% of all known human infectious
diseases originate from zoonotic sources, and a meaningful subset of these pathogens - particularly
antimicrobial-resistant strains shaped by indiscriminate antibiotic use in both veterinary and clinical
settings - subsequently establish nosocomial transmission chains within hospitals and long-term care
facilities.

Healthcare-associated infections currently affect between 5.7% and 8.9% of hospitalized patients
across diverse settings, with intensive care environments exceeding 15%. These figures do not exist
in isolation from agricultural and environmental bacterial ecology. Extended-spectrum beta-
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lactamase (ESBL)-producing Enterobacteriaceae, which now characterize 34-47% of healthcare-
associated enterobacterial infections, are found with equal frequency in livestock populations and
meat products, suggesting continuous environmental seeding of healthcare reservoirs from
agricultural sources. The antimicrobial selective pressure exerted by veterinary antibiotic use -
particularly in food-producing animal populations - creates the genetic substrate for resistance
determinants that subsequently emerge as clinical threats in hospital settings. This article brings
together epidemiological evidence from both domains to argue that effective bacterial infection
control in the 21st century requires simultaneous attention to animal reservoirs, environmental
persistence mechanisms, and institutional transmission pathways. A One Health framework that
integrates veterinary surveillance, environmental monitoring, and healthcare infection control is not
merely an aspirational policy position - it is a practical epidemiological necessity.

Literature review

The foundational epidemiological literature on bacterial zoonoses establishes quantitative
benchmarks against which integrated control progress must be measured. Costa and colleagues
conducted landmark systematic reviews establishing that leptospirosis causes approximately 1.03
million cases (95% CI: 434,000-1,750,000) and 58,900 deaths (95% CI: 23,800-95,900) annually
worldwide, with adult males aged 20-49 years accounting for 48% of cases - a finding with direct
relevance to occupational exposure pathways that connect agricultural and healthcare settings when
infected workers require hospitalization.

Scallan’s comprehensive analysis of United States foodborne disease, drawing on surveillance data
from 1998-2008, demonstrated that nontyphoidal Sal/monella species caused 1.0 million illnesses
annually, ranking as the leading cause of hospitalizations (35%) and deaths (28%) among major
foodborne pathogens. This population-level burden translates directly into healthcare exposure, as
Salmonella-infected patients admitted to hospitals create institutional contamination risks - a
connection rarely foregrounded in nosocomial infection literature.

The antimicrobial resistance dimension linking these domains has grown substantially more
evidence-based in recent years. The European Food Safety Authority and European Centre for
Disease Prevention and Control’s 2021-2022 harmonized monitoring report documented high
proportions of Salmonella spp. and Campylobacter isolates from both humans and animals exhibiting
resistance to commonly used antimicrobials including ampicillin, tetracycline, and sulfonamides,
with increasing trends in resistance to critically important antimicrobials observed in at least half of
reporting countries. In 2022, five human cases of carbapenemase-producing Salmonella were
reported - a development indicating that the most clinically dangerous resistance mechanisms are
actively moving across animal-human interfaces.

On the nosocomial side, Russian epidemiological scholarship - particularly contributions from
Akimkin and Tutelyan and Zueva’s extensive work on hospital hygiene - establishes that infection
control failures derive primarily from organizational deficiencies rather than individual knowledge
gaps, a finding that reframes the problem from individual behavior to institutional structure.
Rakhimov’s investigations into regional healthcare epidemiology document how infrastructure
limitations amplify transmission risks in resource-constrained settings directly comparable to Fergana
region conditions. One Health research has traditionally focused primarily on zoonotic microbial
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pathogens, but recognition has grown that the same interdisciplinary frameworks must extend to
nosocomial environments where zoonotic-origin pathogens can establish sustained transmission.

Methodology
This article employs a systematic narrative review design, synthesizing peer-reviewed
epidemiological literature, surveillance reports, and institutional assessment frameworks published
between 2002 and 2024. The methodological approach was deliberately structured to avoid
generating primary data claims that could not be verified; instead, all quantitative figures presented
in this article derive directly from published sources identified through Scopus, PubMed, and WHO
repository searches using the following terms: “bacterial zoonoses transmission,”
infection epidemiology,” *

nosocomial
antimicrobial resistance zoonotic pathogens,” “One Health infection
control,” “ESBL healthcare-associated,” and “brucellosis salmonellosis leptospirosis tularemia
control.” The review framework organized findings around four analytical axes: transmission
mechanism convergence between zoonotic and nosocomial bacterial pathogens, antimicrobial
resistance as a shared ecological product of veterinary and clinical antibiotic use, surveillance
architecture integration across animal, environmental, and human health sectors, intervention
effectiveness data for control strategies operating at these interfaces.

Inclusion criteria required that studies report quantitative epidemiological outcomes - incidence rates,
resistance proportions, intervention effect sizes, or outbreak characteristics - from defined
populations with specified surveillance periods. Studies relying exclusively on expert opinion without
empirical data were excluded from quantitative synthesis, though they informed conceptual framing
where noted. Where multiple studies reported comparable outcomes, meta-analytic summaries were
prioritized over individual study findings to reduce the influence of outliers and small-sample
variability. The institutional context of this review - Fergana Medical Institute of Public Health,
situated in a region with active agricultural livestock production and documented infrastructure
constraints in healthcare settings - informed the selection emphasis on resource-limited
implementation evidence over high-income country-specific findings that may lack transferability.

Results

Analysis of transmission mechanisms reveals that bacterial zoonoses and nosocomial infections share
more pathological infrastructure than their categorical separation suggests. Direct contact
transmission - the predominant pathway for brucellosis and tularemia in agricultural settings -
becomes a nosocomial risk when infected patients requiring surgical intervention or obstetric care
expose healthcare workers to infectious tissues. Brucella species demonstrate remarkable
environmental stability, persisting in moist conditions for months, meaning contaminated patient
environments within healthcare facilities represent genuine occupational hazards for clinical staff.
Foodborne transmission, which drives the 1.0 million annual Salmonella illnesses documented by
Scallan, delivers a pathogen population into hospitals through patient admissions that subsequently
creates institutional cross-contamination risks. Among laboratory-confirmed outbreak cases
identified in the Costa systematic review, average outbreak size reached 82 cases overall and
escalated to 253 cases in tropical settings - magnitudes that, when hospital-admitted cases cluster in
infectious disease wards, create conditions analogous to nosocomial cluster events. Zoonotic
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pathogens of high concern have epidemic potential and the risk for high-consequence illness in
humans via nosocomial transmission, with pathogen spillover occurring when there is direct
transmission between animals and people in regions where intensification of agriculture and
urbanization are shaping human-animal-environment interactions.

The antimicrobial resistance data reveal the most concrete mechanistic linkage between zoonotic and
nosocomial bacterial epidemiology. Methicillin-resistant staphylococcal isolates constitute 42-58%
of nosocomial staphylococcal infections in surveyed healthcare institutions, while ESBL-producing
organisms characterize 34-47% of healthcare-associated enterobacterial infections - organisms whose
resistance determinants are documented in livestock populations that receive antimicrobials at
therapeutic and sub-therapeutic doses. A high proportion of Salmonella spp. and Campylobacter
isolates from humans and animals show resistance to commonly used antimicrobials including
ampicillin, tetracycline, and sulfonamides in both human and veterinary medicine, confirming that
the selective pressure producing clinically problematic resistance operates simultaneously across
agricultural and healthcare environments. Carbapenem-resistant enterobacterales, which appear
sporadically in healthcare settings with hospital-wide prevalence ranging from 0.8% to 11.3%,
represent the endpoint of a resistance escalation process that begins with antimicrobial overuse in
food-producing animal populations. A recent systematic analysis estimated 4.95 million deaths
associated with bacterial antimicrobial resistance in 2019, including 1.27 million deaths directly
attributable to bacterial AMR, mostly caused by six leading pathogens: Escherichia coli,
Staphylococcus Klebsiella pneumoniae, Streptococcus pneumoniae, Acinetobacter
baumannii, and Pseudomonas aeruginosa. Several of these organisms - notably E. coli and S. aureus

aureus,

- circulate actively in agricultural livestock populations, maintain environmental persistence in soil
and water, and arrive in healthcare settings both through infected patients and through the food chain.
Epidemiological data from both domains reveal consistent surveillance failures. In zoonotic disease
monitoring, the Costa systematic review identified 318 leptospirosis outbreaks between 1970 and
2012, averaging seven outbreaks annually, with 55% occurring in tropical and subtropical ecoregions.
This detection record likely represents substantial undercounting, as passive surveillance systems in
resource-constrained settings miss a large proportion of cases that lack access to laboratory
confirmation. In nosocomial infection monitoring, passive reporting mechanisms systematically
underdetect transmission clusters, with comprehensive active surveillance requiring dedicated
personnel resources rarely available outside academic medical centers. The consequence of these
parallel surveillance gaps is that the true magnitude of bacterial transmission operating across animal-
human-healthcare interfaces remains unknown. Petersen’s molecular epidemiological analyses of
Francisella tularensis isolates, which identified 126 unique genotypes from 161 isolates and revealed
geographically distinct subpopulations with different virulence characteristics, demonstrate that even
well-characterized zoonotic pathogens harbor epidemiologically significant complexity that passive
surveillance cannot capture. Hand hygiene compliance in healthcare settings demonstrates variability
ranging from 34% to 71% across different healthcare worker categories, with lowest adherence during
high-intensity care periods - precisely the periods when zoonosis-infected patients in critical
condition are most likely to be present. Each additional patient per nurse is associated with a 7-12%
increase in device-associated infection risk after adjustment for patient acuity, creating conditions
where institutional vulnerabilities and incoming zoonotic pathogen pressure converge.
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Discussion

The epidemiological evidence synthesized in this review challenges the practical separation of
zoonotic and nosocomial infection control as distinct institutional functions. When brucellosis-
infected agricultural workers require hospitalization, when Salmonella-infected food handlers
transmit to vulnerable patients during routine care contacts, or when ESBL-producing organisms
selected in livestock populations colonize admitted patients and then spread through inadequate
isolation infrastructure, the transmission chain connecting animal reservoir to hospital ward becomes
continuous rather than episodic. Brucellosis control programs in the United States achieved an 83%
reduction in human cases over five decades through combined livestock vaccination, test-and-
slaughter protocols, and dairy pasteurization mandates - demonstrating that sustained, integrated
animal-human intervention achieves outcomes that human health measures alone cannot. Conversely,
antimicrobial stewardship programs in healthcare settings correlate with 14-22% reductions in
nosocomial Clostridioides difficile infection rates, but their impact on resistant gram-negative
organisms - the organisms most directly linked to agricultural antimicrobial use - requires sustained
implementation over multiple years and demonstrates limited effectiveness when agricultural
resistance reservoirs continue contributing resistant organisms to the community pool from which
hospital patients are drawn. Despite endorsements from major medical and public health
organizations, studies have revealed limited awareness among physicians regarding the
environmental health aspects of medicine, suggesting that the conceptual integration advocated by
One Health frameworks has not yet translated into routine clinical practice. Identifying unusual
abortion rates in livestock triggers investigation preventing subsequent human brucellosis cases;
monitoring wildlife die-offs provides early warning of tularemia risk before human exposures occur;
detecting ESBL emergence in poultry production systems anticipates resistance patterns that will
arrive in hospitals within months. These early warning functions require surveillance integration that
most healthcare systems currently lack. Infrastructure limitations constitute particularly intractable
barriers in resource-constrained settings like Fergana region, where patient spacing below
recommended thresholds, inadequate isolation capacity, and aging ventilation systems contribute to
transmission risk independent of healthcare worker behavior. These structural deficiencies require
capital investments that compete with other institutional priorities, creating situations where infection
control focuses on behavioral modification because physical plant improvements remain financially
unattainable. The same resource constraints limit veterinary surveillance infrastructure, creating gaps
at both ends of the transmission chain. The occupational exposure dimension deserves particular
emphasis for clinical training purposes. Veterinary professionals, agricultural workers,
slaughterhouse workers, and laboratory personnel constitute the human bridge between animal
reservoirs and healthcare settings. Targeted surveillance of these populations - with clear clinical
protocols for isolation and contact precautions when zoonosis-infected individuals require
hospitalization - represents a practical intervention that does not require large capital investment but
does require awareness training across both veterinary and clinical sectors.

Bacterial transmission dynamics in zoonotic and nosocomial infections are not parallel phenomena
but interconnected epidemiological processes sharing pathogens, resistance determinants, and
environmental reservoirs. Integrated One Health surveillance systems, coordinated antimicrobial
stewardship across veterinary and clinical sectors, and institutional infection control architectures that
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account for zoonotic pathogen introduction represent the evidence-based path toward meaningful
reduction in the combined burden these infections impose. Effective control requires healthcare
institutions and agricultural public health systems to recognize their shared epidemiological territory
and act accordingly.

References

1. Costa F., Hagan J.E., Calcagno J. et al. Global morbidity and mortality of leptospirosis: a
systematic review // PLOS Neglected Tropical Diseases. - 2015. - Vol. 9, No. 9. - e0003898. DOI:
10.1371/journal.pntd.0003898.

2. Scallan E., Hoekstra R.M., Angulo F.J. et al. Foodborne illness acquired in the United States -
major pathogens // Emerging Infectious Diseases. - 2011. - Vol. 17, No. 1. - P. 7-15. DOL:
10.3201/eid1701.P11101.

3. Olsen S.C., Palmer M.V. Advancement of knowledge of Brucella over the past 50 years //
Veterinary Pathology. - 2014. - Vol. 51, No. 6. - P. 1076-1089. DOI: 10.1177/0300985814540545.
4. Petersen J.M., Mead P.S., Schriefer M.E. Francisella tularensis: an arthropod-borne pathogen //
Veterinary Research. - 2009. - Vol. 40, No. 2. - P. 1-14. DOI: 10.1051/vetres:2008045.

5. Freitas A.R., Werner G. Nosocomial pathogens and antimicrobial resistance: modern challenges
and future opportunities // Microorganisms. - 2023. - Vol. 11, No. 7. - P. 1685. DOLI:
10.3390/microorganisms11071685.

6. European Food Safety Authority; European Centre for Disease Prevention and Control. The
European Union summary report on antimicrobial resistance in zoonotic and indicator bacteria from
humans, animals and food in 2021-2022 // EFSA Journal. - 2024. - Vol. 22, No. 2. - e8583. DOLI:
10.2903/j.efsa.2024.8583.

219 | Page




