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ABSTRACT

Background and Aim: Antimicrobial resistance (AMR) is a growing global One Health concern, yet surveillance data from
extensive pastoral livestock systems remain limited, particularly in Central Asia. Mongolia's pasture-based livestock
production system provides a unique opportunity to evaluate AMR under relatively low antimicrobial selection pressure. This
study aimed to characterize and compare the antimicrobial susceptibility profiles of commensal Escherichia coli isolated from
healthy pasture-raised sheep, goats, and cattle in Mongolia and to establish baseline evidence for national and international
AMR surveillance.

Materials and Methods: A cross-sectional surveillance study was conducted between August and November 2025. Caecal
content samples were collected from 151 clinically healthy livestock comprising 50 sheep, 50 goats, and 51 cattle originating
from 13 provinces and processed at six registered slaughter facilities. A total of 150 E. coli isolates were identified using the
VITEK 2 COMPACT automated identification system and evaluated for susceptibility to 11 antimicrobial agents representing
eight antimicrobial classes by the Kirby—Bauer disk diffusion method according to the Clinical and Laboratory Standards
Institute 2024 guidelines. Differences in AMR among livestock species were assessed using Fisher's exact test, with p < 0.05
considered statistically significant.

Results: Overall antimicrobial susceptibility was high across all livestock species. All E. coli isolates were fully susceptible to
ceftazidime and chloramphenicol, while susceptibility to cefotaxime exceeded 96% in all species. Resistance to tetracycline,
ampicillin, nalidixic acid, and trimethoprim—sulfamethoxazole remained low, with no significant differences among livestock
species (p > 0.05). Intermediate susceptibility to streptomycin was significantly more frequent in sheep (34%) than in goats
(14%) and cattle (4%) (p < 0.05). Multidrug resistance was detected in only 2% of isolates and occurred predominantly among
sheep-derived isolates resistant to three or more antimicrobial classes. The predominance of susceptible isolates indicates
limited antimicrobial selection pressure in Mongolia's extensive pastoral production system, although the presence of
intermediate susceptibility and multidrug-resistant isolates suggests emerging resistance that warrants continued
monitoring.

Conclusion: Commensal E. coli isolated from pasture-raised livestock in Mongolia exhibited predominantly favorable
antimicrobial susceptibility profiles, supporting the hypothesis that extensive grazing systems are associated with relatively
low antimicrobial selection pressure. Nevertheless, the detection of intermediate susceptibility and multidrug-resistant
isolates highlights the need for sustained phenotypic surveillance, strengthened antimicrobial stewardship, and future
molecular investigations within an integrated One Health framework. These findings provide robust baseline evidence to
support Mongolia's National Action Plan on AMR and strengthen regional and global AMR surveillance initiatives.
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INTRODUCTION

Large pastoral regions continue to be underrepresented in global antimicrobial resistance (AMR)
surveillance, limiting the reliability of current estimates of the global burden and distribution of AMR. This
limitation is particularly relevant for countries such as Mongolia, where livestock production is predominantly
based on extensive pasture-raised systems. Unlike intensive production systems, livestock in Mongolia are raised
under extensive grazing conditions with relatively limited antimicrobial inputs, which may influence the selection
and dissemination of antimicrobial-resistant bacteria. Under these production systems, households typically
maintain multiple livestock species throughout the year, and animal husbandry remains a central component of
rural livelihoods. In Mongolia, antimicrobial agents may be accessed with limited veterinary oversight, particularly
in remote livestock production settings. Owing to the country's large livestock population and extensive pastoral
production system, monitoring and regulating antimicrobial use remain challenging. Antimicrobials are
administered primarily for therapeutic and prophylactic purposes, and concerns regarding inappropriate or
unregulated use have increasingly been recognized in both the veterinary and public health sectors [1]. Despite
these concerns, systematic data describing AMR in food-producing animals remain scarce in Mongolia, particularly
among clinically healthy animals entering the food chain.

In many low- and middle-income countries, antimicrobials are used in livestock not only for therapeutic and
prophylactic purposes but also, in some production systems, as growth promoters [1-4]. Patterns of antimicrobial
use are heterogeneous and are influenced by access, regulatory oversight, and management practices. Exposure
to antimicrobials, whether direct or indirect, can alter the composition of the gastrointestinal microbiota and
create selective conditions that favor the persistence and dissemination of resistant bacteria. Consequently,
strengthening surveillance systems and promoting prudent antimicrobial stewardship have become major
priorities for both veterinary and public health sectors [2]. However, compared with intensive livestock production
systems, AMR dynamics in extensive pastoral environments remain poorly characterized, leaving a substantial
knowledge gap regarding resistance ecology under low-input production conditions. Published AMR surveillance
data from livestock production systems in Mongolia and other underrepresented pastoral regions remain limited,
particularly for extensive systems involving clinically healthy food-producing animals [3, 5]. Consequently, the
epidemiology of AMR in low-input pastoral environments remains insufficiently characterized. To date,
comparative AMR data across multiple livestock species managed under extensive pastoral systems remain
extremely limited, particularly in Central Asia [3, 5].

Among the bacterial indicators recommended for AMR surveillance, commensal Escherichia coli is widely
recognized because of its ubiquitous presence in the intestinal microbiota of animals and its responsiveness to
antimicrobial selection pressure [6-10]. Continuous exposure to antimicrobials through feed, water, or
environmental pathways enables commensal E. coli to serve as a reservoir of transferable resistance determinants
that may be exchanged among bacterial populations within the animal gut and, potentially, across the animal—
human interface [10]. Consequently, E. coli has been incorporated into several international AMR surveillance
frameworks as a sentinel organism [6-10]. In Mongolia, infections associated with members of the family
Enterobacteriaceae are relatively common [11]; however, structured data on antimicrobial susceptibility patterns
remain limited. Initial pilot surveillance of E. coli isolated from healthy cattle at slaughterhouses was conducted
in 2023 and subsequently expanded in 2024 to include additional populations, generating preliminary baseline
data [5]. These early findings suggested that isolates remained largely susceptible to commonly used
antimicrobials, although continued monitoring is required to determine whether this favorable susceptibility
pattern is sustained over time.

Pilot surveillance approaches are widely recommended as an initial step for establishing national baseline
AMR data in settings where systematic surveillance programs have not yet been implemented [1, 3, 12]. Although
such studies may involve relatively limited sample sizes, they provide essential baseline evidence for identifying
emerging resistance trends and guiding the development of structured national surveillance systems.
Furthermore, phenotypic antimicrobial susceptibility testing (AST) remains the primary entry point for national
AMR monitoring programs before the integration of genomic or molecular resistance characterization [1, 3, 12].
Importantly, documenting antimicrobial susceptibility is equally as valuable as detecting resistance because it
provides critical insight into antimicrobial selection pressure and facilitates the early identification of emerging
resistance patterns.

Despite increasing global emphasis on One Health-based AMR surveillance, important knowledge gaps
remain. Most published surveillance studies have focused on intensive livestock production systems, whereas
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evidence from extensive pastoral production systems remains comparatively limited. Although surveillance
studies have been conducted in African pastoral settings [13] and Australian pasture-based livestock production
systems [14], comparable information from Central Asian pastoral ecosystems remains scarce. Existing studies in
Mongolia have primarily focused on individual livestock species, particularly cattle [5], and therefore do not
provide comparative information across the major food-producing livestock species managed under similar
extensive pastoral conditions. Furthermore, the unique characteristics of Mongolian pastoral livestock
production, including seasonal livestock movements over large geographic distances, extensive grazing practices,
and frequent interactions among livestock, wildlife, humans, and the shared environment, may influence
antimicrobial selection pressure and resistance dissemination differently from intensive production systems [2, 5,
9]. Consequently, comprehensive comparative baseline surveillance across multiple livestock species is required
to better understand AMR epidemiology in extensive pastoral ecosystems and to strengthen national and
international surveillance frameworks [3, 5, 13, 14].

Therefore, this study aimed to characterize and compare the antimicrobial susceptibility profiles of
commensal E. coli isolated from clinically healthy sheep, goats, and cattle raised under extensive pastoral
conditions in Mongolia and to generate baseline AMR surveillance data for underrepresented livestock production
systems. By providing comparative baseline AMR data across the three principal livestock species managed under
similar extensive pastoral conditions, this study addresses an important knowledge gap in AMR surveillance within
underrepresented livestock production systems. The findings are expected to support the development of
evidence-based national AMR surveillance frameworks, strengthen Mongolia's contribution to regional and global
One Health surveillance initiatives, and provide a valuable foundation for future longitudinal phenotypic and
molecular surveillance studies in extensive pastoral livestock production systems.

MATERIALS AND METHODS
Ethical approval

The study protocol was reviewed and approved by the Ethical Review Board for the Use of Animals in
Experiments under approval number MEBUS/24/01/09. All procedures were conducted in accordance with the
applicable institutional guidelines for the ethical use of animals in research and the principles of responsible
animal welfare.

The study involved only postmortem collection of caecal contents from clinically healthy sheep, goats, and
cattle that had been slaughtered as part of routine commercial meat production at registered slaughterhouses
and slaughter points. No animals were purchased, transported, restrained, treated, or slaughtered specifically for
the purpose of this investigation. Sample collection was performed only after confirmation of death and did not
involve any additional ante-mortem intervention, handling, pain, distress, or alteration of standard slaughter
procedures.

Permission to collect samples was obtained from the authorized personnel at each participating slaughter
facility. Only animals judged suitable for routine food production were included, whereas animals showing visible
clinical abnormalities or unsuitable sampling conditions were excluded. Each sample was assigned a unique
identification code, and information related to animal species, geographic origin, slaughter location, and
veterinary certification was recorded solely for research and surveillance purposes.

All caecal samples and bacterial isolates were handled using appropriate biosafety, aseptic, and laboratory
waste-disposal procedures. The study did not involve privately owned live animals, experimental infection,
antimicrobial administration, genetic manipulation of animals, or the collection of identifiable human data. The
investigation was designed to support AMR surveillance while adhering to the principles of Replacement,
Reduction, and Refinement by using biological materials generated through routine slaughter rather than
involving animals specifically for research.

Study period and location

This cross-sectional pilot surveillance study was conducted between August and November 2025 at six
registered slaughterhouses and slaughter points located in and around Ulaanbaatar, Mongolia. Only clinically
healthy pasture-raised livestock intended for routine food consumption were included in the study, whereas
animals showing visible clinical abnormalities or unsuitable sampling conditions were excluded.

A total of 151 caecal content samples were collected from 50 sheep, 50 goats, and 51 cattle. Approximately
25-30 g of caecal content was aseptically collected from each animal according to the FAO guidelines [6]. The
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animals originated from 13 soums across 13 provinces in the central, western, and eastern regions of Mongolia
before entering the meat supply chain in Ulaanbaatar, thereby providing broad geographic representation of the
country's extensive pastoral livestock production system (Figure 1).
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Figure 1: Geographic distribution of livestock sampled for AMR surveillance in Mongolia. Red dots indicate the geographic
origins of the sampled animals from different regions of the country. The sampled livestock originated from extensive pastoral
production systems and were transported approximately 240-1,040 km before reaching slaughter facilities in and around
Ulaanbaatar, providing broad geographic representation of Mongolia's livestock production landscape.

Immediately after collection, samples were maintained under refrigerated conditions (4°C) and transported
to the laboratory within 4-6 h to preserve sample integrity before bacteriological analysis [6].

Study design

The present investigation was designed as a cross-sectional pilot surveillance study to generate baseline AMR
data from an extensive pastoral livestock production system where systematic surveillance remains limited.
Because the primary objective was to establish baseline phenotypic surveillance data rather than estimate
population-level prevalence, a formal sample size calculation was not performed before sampling.

Table 1: Overall sample information for antimicrobial resistance surveillance.

No. Name of slaughterhouse Animal species Number of provinces Number of soums Number of samples Number of isolates

1 Makh Impex JSC Sheep 4 4 50 50
Cattle 1 1 15 15
2 Spark Makh Impex LLC Goat 3 3 26 26
3 Tushig (Emeelt) Goat 1 1 13 13
4 Mik Emeelt Goat 2 2 11 11
5 Trust Trade Co. Ltd. Cattle 1 1 26 26
6 Agro Negtgel Co. Ltd. Cattle 1 1 10 9
Total 13 13 151 150

Isolation and identification of E. coli

Caecal content samples were aseptically diluted (1:10) in Buffered Peptone Water (MilliporeSigma,
Burlington, MA, USA) and incubated at 37°C for 18-22 h for pre-enrichment. The enriched suspensions were
streaked onto MacConkey agar (HiMedia Laboratories Pvt. Ltd., Mumbai, India) and Endo agar (HiMedia
Laboratories Pvt. Ltd., Mumbai, India) and incubated at 37°C for 18-24 h [6]. Three presumptive colonies were
selected and purified, and one representative isolate from each sample was subsequently identified and included
in AST.

Pure isolates were submitted to the accredited National Reference Laboratory for Food Safety for species
confirmation using the VITEK® 2 COMPACT automated identification system (bioMérieux SA, Marcy-I'Etoile,
France) with Gram-negative identification cards according to the manufacturer's instructions. Confirmed cultures
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were stored at —-80°C in growth medium supplemented with glycerol until further analysis.
AST

The antimicrobial susceptibility of commensal E. coli isolates was evaluated against a panel of 11
antimicrobial agents representing eight antimicrobial classes commonly used in veterinary and public health
surveillance and included in international AMR monitoring frameworks. AST was performed using the Kirby—Bauer
disk diffusion method according to standardized procedures [15-17]. Selection of antimicrobial agents, disk
potencies, and interpretation of inhibition zone diameters were performed according to the Clinical and
Laboratory Standards Institute (CLSI) M100 (2024) guidelines [16].

The antimicrobial panel comprised penicillins: ampicillin (AMP, 10 pg); cephems (cephalosporins):
cefotaxime (CTX, 30 pg) and ceftazidime (CAZ, 30 ug); tetracyclines: tetracycline (TE, 30 pg); aminoglycosides:
gentamicin (CN, 10 ug) and streptomycin (S, 10 pg); carbapenems: meropenem (MEM, 10 pg); quinolones and
fluoroquinolones: ciprofloxacin (CIP, 5 pg) and nalidixic acid (NA, 30 pg); folate pathway antagonists:
trimethoprim—sulfamethoxazole (SXT, 25 ug); and phenicols: chloramphenicol (C, 30 pg).

The bacterial suspension was adjusted to the turbidity of a 0.5 McFarland standard (approximately 1.5 x 10®
colony-forming units/mL) and inoculated onto Mueller—Hinton agar (HiMedia Laboratories Pvt. Ltd., Mumbai,
India). Antibiotic disks (Oxoid Ltd., Basingstoke, Hampshire, UK) were placed on the agar surface using a disk
dispenser (Oxoid) and gently pressed to ensure complete contact with the agar surface. Plates were incubated at
35+ 2°Cfor 16—18 h. Following incubation, inhibition zone diameters were measured in millimeters using calipers
and interpreted according to the CLSI criteria [16].

Multidrug resistance (MDR) was defined as resistance to three or more antimicrobial classes. E. coli ATCC
25922 was used as the quality-control strain for AST. All inhibition zone diameters obtained for the quality-control
strain were within the acceptable CLSI quality-control ranges.

Data entry, storage, and statistical analysis

All metadata associated with each collected sample were systematically recorded in a Microsoft Excel 365
database (Microsoft Corporation, Redmond, Washington, USA). Recorded information included the animal's
geographic origin, official veterinary certificate number, animal species, estimated or documented age, sampling
location, AMR profile, and VITEK® 2 COMPACT identification results. These variables formed a comprehensive
electronic database to support traceability, statistical analysis, and surveillance reporting. AST results were
analyzed to compare the prevalence of AMR among sheep, goats, and cattle.

Data management and descriptive analyses were performed using Microsoft Excel 365. Differences in
resistance prevalence among livestock species were evaluated using Fisher's exact test because of the low
frequency of resistant isolates. Statistical analyses were conducted separately for each antimicrobial agent, and p
< 0.05 was considered statistically significant. For TE, AMP, SXT, and NA, resistance was defined as isolates
categorized as resistant, whereas susceptible and intermediate isolates were grouped as non-resistant. For S,
intermediate susceptibility was analyzed separately to investigate host-specific patterns. The proportions of
isolates exhibiting intermediate susceptibility to S among cattle, sheep, and goats were compared using Fisher's
exact test. All statistical analyses were performed using standard contingency table methods.

RESULTS
Bacterial isolation and identification

This study presents comparative AMR profiles of commensal E. coli isolated from healthy sheep, goats, and
cattle raised under Mongolia's extensive pastoral livestock production system. A total of 151 livestock originating
from 13 provinces across the central, western, and eastern regions of Mongolia were sampled during routine
slaughter for food consumption in 2025. The livestock had been transported approximately 240-1,040 km to
Ulaanbaatar before slaughter. Commensal E. coli was recovered from 150 caecal samples (99.3%) and confirmed
using the VITEK® 2 COMPACT automated identification system. One cattle sample did not yield an E. coli isolate
and was therefore excluded from subsequent AST.

Antimicrobial susceptibility profile

High susceptibility was observed across most antimicrobial agents in E. coli isolates from all three livestock
species. The antimicrobial susceptibility profiles of E. coli isolates from sheep, goats, and cattle are summarized
in Table 2.
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AST of E. coli isolates recovered from sheep (n = 50) demonstrated generally low resistance levels across the
antimicrobial agents tested. Susceptibility rates were 90% (45/50) for CN, 92% (46/50) for AMP, and 94% (47/50)
for TE. Susceptibility to CTX, NA, SXT, and CIP was detected in 96% (48/50) of isolates, whereas MEM showed
susceptibility in 98% (49/50). All isolates were susceptible to CAZ and C (100%, 50/50). Intermediate susceptibility
to S was observed in 34% (17/50) of the isolates.

AST of E. coli isolates recovered from goats (n = 50) showed high susceptibility to most of the antimicrobial
agents tested. Complete susceptibility (100%) was observed for CTX, CAZ, TE, CN, MEM, SXT, and C. Susceptibility
to AMP, CIP, and NA was detected in 98% (49/50) of isolates. Intermediate susceptibility was observed only for S
in 14% (7/50) of isolates, whereas the remaining isolates were susceptible.

The susceptibility patterns of E. coli isolates recovered from cattle (n = 50) showed generally high
susceptibility to most of the antimicrobial agents tested. Susceptibility to AMP, CTX, and S was observed in 96%
(48/50) of isolates, whereas TE, MEM, and NA demonstrated susceptibility in 98% (49/50) of isolates. Complete
susceptibility (100%) was observed for CAZ, CN, SXT, and C. Intermediate susceptibility was observed for AMP
(2%, 1/50), CTX (4%, 2/50), S (4%, 2/50), MEM (2%, 1/50), and CIP (14%, 7/50). Resistance was detected at low
levels for AMP, TE, and NA (2%, 1/50 each).

Table 2: Antimicrobial susceptibility profiles of Escherichia coli isolates from sheep, goats, and cattle in Mongolia based on
the Clinical and Laboratory Standards Institute (CLSI) clinical breakpoints (2024).

Antibiotic class Antibiotics CLSI clinical Sheep (%) Goat (%) Cattle (%)
breakpoints (n=50) (n=50) (n=50)
(2024)

S | R S | R S I R S | R
Penicillins AMP, 10 pg 217 14-16 <13 92 4 4 98 2 - 96 2 2
Cephems (cephalosporins) CTX, 30 pug 226 23-25 <22 96 2 2 100 - - 9% 4 -
CAZ,30 ug 221 18-20 <17 100 - - 100 - - 100 - -
Tetracyclines TE, 30 ug 215 12-14 <11 94 - 6 100 - - 98 - 2
Aminoglycosides S, 10 ug >15 12-14 <11 66 34 - 8 14 - 9% 4 -
CN, 10 pg 218 15-17 <14 90 10 - 100 - - 100 - -
Carbapenems MEM, 10 ug 223 20-22 <19 98 - 100 - - 098 2 -
Quinolones and fluoroquinolones CIP, 5 ug 226 22-25 <21 96 2 98 2 - 8 14 -
NA, 30 ug 219 14-18 <13 96 - 4 98 - 2 98 - 2
Folate pathway antagonists SXT, 1.25/23.75 ug =16 11-15 <10 96 - 4 100 - - 100 - -
Phenicols C,30 ug 218 13-17 <12 100 - - 100 - - 100 - -

S =Susceptible, | = Intermediate, R = Resistant, AMP = Ampicillin, CTX = Cefotaxime, CAZ = Ceftazidime, TE = Tetracycline, S = Streptomycin, CN = Gentamicin,
MEM = Meropenem, CIP = Ciprofloxacin, NA = Nalidixic acid, SXT = Trimethoprim-sulfamethoxazole, C = Chloramphenicol, CLSI = Clinical and Laboratory
Standards Institute, pg = Microgram. — = No isolates detected in the corresponding category.

Comparison of antimicrobial susceptibility among livestock species and antimicrobial agents

Overall, high susceptibility to most antimicrobial agents was observed across the three livestock species.
Complete susceptibility (100%) to CAZ and C was detected in isolates from all species. Similarly, high susceptibility
to CTX was observed, with 96% (48/50) susceptibility in both sheep and cattle isolates and complete susceptibility
in goat isolates. Resistance to TE was observed only in sheep (6%, 3/50) and cattle (2%, 1/50), whereas goat
isolates remained fully susceptible. Resistance to AMP was detected in sheep (4%, 2/50) and cattle (2%, 1/50),
whereas goat isolates showed no resistance. Resistance to NA was detected at low levels in all species, with 4%
(2/50) in sheep and 2% (1/50) in both goats and cattle.

Differences in intermediate susceptibility were mainly observed for aminoglycosides and fluoroquinolones.
Intermediate susceptibility to S was most frequent in sheep isolates (34%, 17/50), followed by goats (14%, 7/50)
and cattle (4%, 2/50). Intermediate susceptibility to CIP was observed in sheep (2%, 1/50) and was higher in cattle
isolates (14%, 7/50), whereas goat isolates showed no resistance. Intermediate susceptibility to CN was observed
only among sheep isolates (10%, 5/50), whereas isolates from goats and cattle remained fully susceptible. The
heat map provides a visual overview of non-susceptibility patterns (I + R, %) across livestock species and
antimicrobial agents. Overall, non-susceptibility was concentrated in a limited number of antimicrobial agents,
particularly S, whereas susceptibility remained high across most antimicrobial classes and livestock species (Figure 2).

MDR
MDR patterns among E. coli isolates are presented in Table 3. A total of six isolates (4.0%; 6/150; 95%
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confidence interval: 1.5-8.5%) showed resistance to one or more antimicrobial agents, including three multidrug-
resistant isolates. Among these, two isolates from sheep showed resistance to four antimicrobial agents each,
including combinations of B-lactams, tetracycline, fluoroquinolones, and folate pathway antagonists. One
additional sheep isolate exhibited resistance to two antimicrobial agents, whereas another sheep isolate was
resistant only to NA.

AMP |— 8 2 4 10
cX |- 4 0 4
cAZ |- o 0 0 -2
TE |- 6 0 2
- 20
N |= 10 0 0 L 15
MEM |— 2 0 2
ap |= 4 2 14 - 10
NA |— 4 2 2
SXT |— 4 0 0 - s
C - (1] 0 0
T T T —-0
Sheep Goat Cattle

Figure 2: Heat map of non-susceptible E. coli isolates (%) across antimicrobial agents and livestock species. Non-susceptibility
was defined as the sum of intermediate and resistant isolates. Color intensity corresponds to the percentage of non-
susceptible isolates (I + R), with darker shading indicating higher proportions of non-susceptibility.

Among the isolates recovered from the other livestock species, one goat isolate demonstrated resistance to
NA, and one cattle isolate exhibited resistance to three antimicrobial agents, as shown in Table 3. Detailed AST
results for all isolates are provided in the supplementary file.

Table 3: Resistance patterns among Escherichia coli isolates resistant to one or more antimicrobial agents.

Isolate ID Species Resistance profile Number of antimicrobial classes
25sh05 Sheep SXT 1
25sh08 Sheep TE, SXT 2
25sh10 Sheep AMP, CTX, TE, SXT 4
25sh31 Sheep AMP, TE, CIP, NA 3
25g006 Goat NA 1
25c033 Cattle AMP, TE, NA 3

AMP = Ampicillin, CTX = Cefotaxime, TE = Tetracycline, CIP = Ciprofloxacin, NA = Nalidixic acid, SXT = Trimethoprim-sulfamethoxazole.

Statistical analysis

Resistance to TE, AMP, SXT, and NA was low across all livestock species, and no statistically significant
differences in resistance prevalence were observed among sheep, goats, and cattle (Fisher's exact test, p > 0.05
for all comparisons). In contrast, intermediate susceptibility to S was most frequently observed in sheep, followed
by goats and cattle, and the difference among livestock species was statistically significant (Fisher's exact test, p
<0.05).

DISCUSSION
AMR surveillance context and study overview

The findings of this study provide comparative baseline AMR data from healthy livestock in Mongolia’s
extensive pastoral system, addressing an important geographical and epidemiological gap in global AMR
surveillance. The absence of integrated AMR surveillance systems in livestock sectors, as highlighted in Pacific
Island settings [3], represents a major barrier to understanding resistance dynamics in underrepresented pastoral
systems. In such contexts, where systematic monitoring is limited, baseline studies are essential for generating
foundational evidence on resistance patterns.

This study evaluated the prevalence and distribution of AMR in commensal E. coli isolated from the caecal
contents of healthy pasture-raised livestock in Mongolia. Commensal bacteria are continuously exposed to
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antimicrobials through feed and water and can therefore act as reservoirs of transferable resistance determinants
that may spread to other commensal and pathogenic bacteria within animal and human populations [7, 12, 18].
In this context, commensal E. coli serves as a useful indicator organism for monitoring AMR in livestock systems.

Antimicrobial susceptibility patterns in extensive systems

The results indicate that AMR levels remain generally low among E. coli isolates from pasture-raised sheep,
goats, and cattle in Mongolia. High susceptibility was observed across most antimicrobial agents, which may
reflect the extensive livestock production system characterized by lower antimicrobial use compared to intensive
farming systems. These findings are consistent with previous surveillance data from cattle in Mongolia [5], where
the majority of isolates were also susceptible to commonly used antibiotics. Similar observations have been
reported from other extensive livestock production systems. For example, studies from Ethiopia [13] and pasture-
based cattle systems in Australia [14] have shown that commensal E. coli isolates from healthy livestock generally
exhibit lower levels of AMR than those from intensive production systems, although resistance to commonly used
antimicrobials may still occur.

Together, these findings support the hypothesis that extensive grazing systems are associated with lower
antimicrobial selection pressure. However, the current results should be interpreted with caution, as they derive
from pilot surveillance and may not fully represent national-level trends.

Emerging resistance signals and antimicrobial use

Despite the overall low resistance levels, intermediate susceptibility was frequently observed for
aminoglycosides, particularly S and CN in sheep and goats, and CIP in cattle. Intermediate susceptibility is often
considered a potential precursor to the development of full resistance under sustained selective pressure [4, 19—
21]. Sheep isolates exhibited a significantly higher proportion of intermediate susceptibility to S than goat and
cattle isolates. Although the underlying reasons remain unclear, this may reflect differences in environmental
exposure, grazing behavior, management practices, or antimicrobial selection pressures among livestock species.

Low levels of resistance were detected for commonly used antimicrobials such as TE, AMP, and NA. This
pattern may be associated with their long-term use in the livestock sector [8]. In addition, the availability of these
antimicrobials without prescription and the absence of a fully established regulatory framework until recently
may have contributed to the observed patterns. These observations suggest that antimicrobial stewardship in
veterinary practice requires further strengthening.

MDR and One Health implications

MDR was identified among the E. coliisolates; most MDR isolates exhibited resistance to TE, one of the most
widely used antimicrobials in livestock production [22]. This observation is consistent with global antimicrobial
usage data, as tetracyclines remain among the most widely used antibiotic classes in food-producing animals
worldwide [4, 22]. The presence of MDR isolates in clinically healthy animals suggests that livestock populations
may act as silent reservoirs of AMR, facilitating the persistence and dissemination of resistance determinants.
Such reservoirs pose a potential risk for transmission of resistance genes within animal populations and to humans
through direct contact, food chains, or environmental pathways. This aligns with the One Health concept, whereby
antimicrobial-resistant E. coli can circulate between humans, animals, and environmental reservoirs [9].

Environmental and species-specific patterns of AMR

Taken together, these findings indicate species-specific differences in antimicrobial susceptibility, with sheep
isolates showing higher levels of intermediate susceptibility to aminoglycosides compared to goats and cattle.
These differences may reflect variations in environmental exposure, management practices, or low-level
antimicrobial use. In the Mongolian pastoral context, shared water sources represent an important interface for
AMR transmission. Livestock, wildlife, and humans frequently use the same natural watering points, creating
opportunities for the exchange of antimicrobial-resistant bacteria and highlighting the role of environmental
pathways in AMR dynamics [10]. Similar patterns have been reported in other extensive livestock systems, where
AMR levels are generally lower than in intensive systems, although environmental transmission pathways remain
relevant [2, 5].

A notable proportion of resistant isolates originated from the western region of Mongolia, suggesting
potential geographical clustering. This observation warrants further investigation into regional antimicrobial use
practices, environmental factors, and the circulation of resistant bacterial strains.

Future directions in AMR

All isolates in the present study were obtained from clinically healthy animals prior to slaughter, providing
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important baseline data for AMR monitoring in Mongolia’s livestock and food production systems. Although
current resistance levels appear low, the presence of intermediate susceptibility and MDR highlights the potential
for future emergence of resistance. Therefore, strengthening surveillance systems, improving antimicrobial
stewardship, and integrating molecular approaches will be essential to better understand the dynamics,
transmission, and evolution of AMR in Mongolian livestock systems.

A One Health approach integrating human, animal, and environmental health perspectives will be critical.
The findings provide baseline evidence to support the implementation of Mongolia’s National Action Plan on AMR
and may help inform future surveillance and intervention strategies within extensive pastoral livestock production
systems. The use of standardized laboratory and susceptibility testing methods in this setting demonstrates the
feasibility of applying internationally recognized AMR surveillance approaches in underrepresented pastoral
environments.

Limitations

Several limitations should be considered when interpreting the findings. As a pilot cross-sectional
surveillance investigation, the sample size and study design may not fully represent the national AMR situation in
Mongolian livestock. Samples were collected from slaughterhouses and slaughter points, which may introduce
selection bias and limit generalizability. Antimicrobial susceptibility was assessed using the Kirby—Bauer disk
diffusion method, and minimum inhibitory concentrations (MICs) were not determined. Furthermore, the
antimicrobial panel was restricted to 11 antibiotics and did not include specific phenotypic characterization of
extended-spectrum B-lactamase (ESBL)-, AmpC-, or carbapenemase-producing isolates. Molecular characteri-
zation of resistance determinants was also beyond the scope of this study.

Sampling was conducted between August and November 2025; therefore, potential seasonal variation in
AMR patterns could not be assessed. Despite these limitations, the study provides important baseline data from
an underrepresented extensive pastoral production system and contributes to the development of future
livestock AMR surveillance efforts in Mongolia. Future studies with larger sample sizes, broader geographic
representation, and molecular approaches would further strengthen understanding of AMR dynamics in pastoral
livestock systems.

CONCLUSION

This study provides important baseline data on AMR patterns among commensal E. coli isolated from healthy
pasture-raised sheep, goats, and cattle in Mongolia’s extensive pastoral system. Key findings include generally
low resistance levels across most tested antimicrobials, with high susceptibility observed in the majority of
isolates. However, intermediate susceptibility was notably frequent for aminoglycosides (particularly S and CN in
sheep and goats) and CIP in cattle, while MDR isolates were primarily resistant to TE. Species-specific differences
were evident, with sheep showing higher intermediate susceptibility to certain aminoglycosides, and a potential
geographical clustering of resistant isolates was noted in the western region.

These results highlight the relatively low antimicrobial selection pressure in Mongolia’s traditional extensive
grazing systems compared to intensive production. The findings can inform targeted antimicrobial stewardship
programs in veterinary practice, support the prudent use of critically important antimicrobials, and contribute to
Mongolia’s National Action Plan on AMR. By demonstrating the feasibility of standardized surveillance methods
in pastoral settings, this work offers a model for similar underrepresented regions.

Strengths of the study include the use of standardized laboratory and susceptibility testing protocols (Kirby—
Bauer disk diffusion), sampling from clinically healthy animals across multiple livestock species in a pastoral
context, and provision of the first comparative baseline data from this unique production system. The One Health
framing and focus on commensal E. coli as an indicator organism enhance the broader relevance of the findings.

As a pilot cross-sectional study, the sample size and design may not fully represent national trends. Samples
were collected from slaughterhouses and points, potentially introducing selection bias. The study relied on disk
diffusion without MIC determination, used a limited panel of 11 antimicrobials, and did not include molecular
characterization of resistance genes or specific phenotypic detection of ESBL-, AmpC-, or carbapenemase-
producing isolates. Sampling occurred between August and November 2025, precluding assessment of seasonal
variation.

Future studies should incorporate larger, nationally representative sample sizes, broader geographic
coverage, longitudinal monitoring, and molecular techniques to characterize resistance determinants and
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transmission pathways. Expanding surveillance to include additional livestock species, wildlife, and environmental
samples within a full One Health framework would provide deeper insights into AMR dynamics in pastoral
systems. Integration of genomic approaches could further elucidate the evolution and spread of resistance.

In conclusion, while resistance levels remain low in Mongolian extensive pastoral livestock, the presence of
intermediate susceptibility and MDR isolates underscores the need for continuous monitoring and strengthened
stewardship. This baseline study contributes valuable evidence to global AMR surveillance efforts in under-
represented pastoral environments and emphasizes the importance of proactive measures to preserve the
effectiveness of antimicrobials in both animal and human health.
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