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ABSTRACT

Background and Aim: The indiscriminate use of antimicrobials in livestock farming has contributed to the emergence of
antimicrobial-resistant pathogens, posing a significant public health challenge. This study aimed to assess the prevalence
and antimicrobial resistance (AMR) profiles of Salmonella spp. isolated from swine and poultry in small- and medium-scale
farms in Cambodia.

Materials and Methods: A total of 638 fecal samples (273 rectal swabs from swine and 365 cloacal swabs from poultry)
were collected from five provinces in Cambodia from June to September 2021. Salmonella spp. isolation followed 1SO
6579:2002 guidelines, and antimicrobial susceptibility testing was conducted using the disk diffusion method, adhering
to Clinical and Laboratory Standards Institute 2020 standards. Resistance was assessed against nine antimicrobial agents
across five major classes.

Results: Overall, Salmonella was detected in 6.58% (42/638) of samples, with 6.96% (19/273) from swine and 6.30% (23/365)
from poultry. Swine-derived isolates exhibited the highest prevalence in the growing stage (13.93%), whereas poultry isolates
were most common in avian broilers (14.55%). High resistance was observed against B-lactams (penicillin, amoxicillin, and
ampicillin), tetracyclines, and sulfonamides, with resistance rates ranging from 73.81% to 100%. Fluoroquinolone resistance
(ciprofloxacin and norfloxacin) was moderate (29.77%), while aminoglycoside resistance (gentamicin) was low (2.38%).
Multidrug resistance (MDR) patterns were identified in 91.30% (21/23) of poultry isolates and 52.63% (10/19) of swine
isolates, with resistance spanning three to five antimicrobial classes.

Conclusion: The presence of Salmonella in Cambodian swine and poultry farms and its high level of MDR underscore the
urgent need for improved antimicrobial stewardship. The study highlights the risk of MDR Salmonella transmission through
livestock production chains, emphasizing the necessity for stringent regulatory interventions, biosecurity measures, and
surveillance programs to mitigate AMR spread in animal agriculture and public health sectors.
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INTRODUCTION Human salmonellosis is primarily associated with
the consumption of contaminated food products

Salmonella is a major foodborne zoonotic patho- such as pork, poultry meat, eggs, and other meat

gen with significant global public health implications. products [1-4]. In addition, direct contact with infected
It is responsible for approximately 78 million enteric animals, including chickens, swine, and cattle, has been
infections and 59,153 diarrheal deaths annually [1]. identified as a transmission route [5-8].
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The emergence of antimicrobial resistance (AMR)
in Salmonella presents a growing challenge to public
health, food security, and global economic development.
Without effective intervention, AMR could lead to
millions of deaths annually, with estimates predicting
up to 10 million fatalities by 2050 [9,10]. In the livestock
sector, AMR in Salmonella is particularly concerning
due to the widespread use of antimicrobials for disease
treatment, prophylaxis, and growth promotion [11].
The increasing demand for animal products is expected
to drive a twofold increase in antimicrobial use (AMU)
in swine and poultry production [12]. Consequently,
excessive antimicrobial exposure facilitates the sele-
ction and dissemination of resistant Salmonella strains,
threatening both animal and human health [13].

In Cambodia, the livestock industry plays a
critical role in food security and economic stability. In
2022, the country had 606 commercial swine farms
and 730 poultry farms, producing 2,210,996 pigs and
24,240,290 poultry [14]. Given the scale of livestock
production, monitoring Salmonella prevalence and AMR
trends is crucial for safeguarding public health. Several
studies by Tadee et al. [15], Tu et al. [16], Lettini et
al. [17], Huynh and Ly [18], Anuchatkitcharoen et al. [19]
and Prasertsee et al. [20] in Thailand and Vietnam have
reported Salmonella prevalence rates ranging from
14.58% to 87% in swine and poultry farms, with AMR
levels as high as 100% against multiple antimicrobial
classes. In particular, Salmonella isolates from Vietnam
and Thailand have demonstrated frequent resistance to
tetracycline (TET), ciprofloxacin (CIP), ampicillin (AMP),
and sulfamethoxazole, with multidrug resistance (MDR)
patterns spanning multiple antimicrobial classes in both
poultry and swine setting [3,17,18, 21, 22].

Despite growing concerns over AMR in Salmonella,
there are limited data on the prevalence and AMR
profiles of Salmonella in Cambodian commercial swine
and poultry farms. While studies by Trongjit et al. [8]
and Lay et al. [23] have identified MDR Salmonella in
slaughtered swine, poultry, and their products in border
provinces and Phnom Penh, systematic surveillance
at the farm level remains inadequate. In addition,
Escherichia colistrains exhibiting MDR have beenisolated
from live swine and poultry [24, 25]. Furthermore, high
AMR levels have been reported among Campylobacter
spp. isolates from raw poultry sold at retail markets
in Phnom Penh [23]. Moreover, previous studies have
primarily focused on post-slaughter contamination
rather than on-farm prevalence and resistance patterns.
The absence of baseline data hinders the development
of targeted interventions to mitigate the risks of AMR in
livestock production systems.

This study aimed to fill this knowledge gap by
determining the prevalence and AMR profiles of
Salmonella isolates from small- and medium-scale
commercial swine and poultry farms in Cambodia. By
identifying specific AMR patterns and MDR prevalence
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in Salmonella isolates, this study provides evidence-
based insights to inform disease control strategies,
antimicrobial stewardship programs, and policy
development to reduce the burden of foodborne
salmonellosis in Cambodia.

MATERIALS AND METHODS

Ethical approval

This study was reviewed and approved by the
Faculty of Veterinary Medicine, Royal University of
Agriculture.

Study period and location

The study was conducted from June to September
2021 across five provinces in Cambodia - Kampong
Speu, Svay Rieng, Takeo, Kandal, and Prey Veng.

Sample collection

This study was a continuation of a previous
investigation that assessed the knowledge, attitudes,
and practices (KAP) of swine and poultry farms [26].
A total of 638 samples were aseptically collected
as per the sample size determined in the previous
study [26], consisting of 273 rectal swabs from swine
and 365 cloacal swabs from poultry, sourced from
small- and medium-scale commercial farms (Table 1).

Commercial swine and poultry farms were
purposefully selected from each province for sample
collection. Swine farms were sampled based on produ-
ction stages, including weaning, growing, finishing,
and gilts. Due to restrictions imposed by the African
Swine Fever outbreak, only six swine farms were
visited during the sampling period. Among these,
samples were collected from three farms with multiple

Table 1: Number of farms and samples collected by
production type for swine and poultry.

Species Farm Farm Production type No. of

ID scale* samples
Swine A Medium Weaning, growing, and gilts 45

B Medium Growing 73

C Medium Finishing 56

D Medium Finishing 40

E Medium Weaning and growing 30

F Small Weaning and growing 29
Subtotal 6 273
Poultry A Small Broiler (Avian breed) 55

B Small Broiler (Three blood breed) 50

C Small Broiler (Three blood breed) 64

D Small Broiler (Three blood breed) 57

E Medium Broiler (Three blood breed) 35

F Medium Broiler (Three blood breed) 35

G Small Broiler (Local chicken breed) 39

H Small Layer duck 30
Subtotal 8 365
Total 14 638

Swine: Small-scale (Fattening swine 100 - <1000 heads; breeders 50

- <200 heads); medium-scale (Fattening swine 1000 - <5000 heads;
breeders 200 - <500 heads). Poultry: Small-scale (Broiler 5000 -<30000
heads; ducks 5000 - <20000 heads); Medium-scale (Broiler 30000
-<50000 heads; ducks 20000 - <50000 heads)
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production stages, while the remaining three farms
were sampled at a single production stage. Poultry
samples were collected from eight farms representing
various production types, including layer ducks and
broiler chickens (avian, three-blood, and local breeds).
A minimum of 24 samples per farm or production
type were collected from animals exhibiting clinical
signs of diarrhea, following sample size estimations for
prevalence in a large population [27]. If the required
number of diarrheic animals was not met, additional
individuals from the affected group were included.

All samples were collected from each farm during
a single sampling event. Specimens were transported
in ice containers to the laboratory at the Faculty of
Veterinary Medicine, Royal University of Agriculture,
Phnom Penh, Cambodia. Upon arrival, samples were
immediately placed in peptone water on the same day
and cultured the following day for further analysis.

Isolation and identification of Salmonella

Samples were collected, and bacterial culture
was performed following the standard industry
procedure [28]. Briefly, individual swabs were
immersed in 10 mL of buffered peptone water (BPW)
(Merck, Germany) and incubated for 18-22 h at 37°C.
Subsequently, 0.1 mL of the incubated BPW was
transferred into 9 mL of Rappaport-Vassiliadis medium
(Merck, Germany) and incubated for an additional
22-24 h at 37°C. The isolates were then sub-cultured
on xylose lysine deoxycholate (XLD) agar plates (Merck,
Germany) and incubated for 22-24 h at 37°C.

From each sample, 2—-3 suspected colonies on
XLD agar were selected for biochemical confirmation
using a combination of tests, including Triple Sugar Iron,
Catalase test, Motility-Indole-Lysine test, and APl 20E.

AMR testing of Salmonella

Antimicrobial susceptibility testing was conducted
using the disk diffusion method in accordance with
the Clinical and Laboratory Standards Institute (CLSI)
guidelines [29]. Initially, 2—3 Salmonella colonies grown
overnight on Nutrient Agar were suspended in 5 mL of
0.9% sterile saline (NaCl) and adjusted to match the
0.5 McFarland standard turbidity. A sterile cotton swab

was dipped into the suspension and evenly spread over
Mueller-Hinton Agar (Merck, Germany). Antimicrobial
disks were then placed on the agar surface, and the
plates were incubated for 16—-18 h at 37°C.

Following incubation, the diameters of the
inhibition zones surrounding the antimicrobial disks
were measured and interpreted according to CLSI
guidelines [29]. The antimicrobial agents tested
included penicillin (PG) 10 U, amoxicillin (AML) 30 ug,
AMP 10 pg, amoxicillin-clavulanate acid (AMC) 30 ug,
CIP 5 ug, norfloxacin (NOR) 10 ug, TET 30 ug, gentamicin
(GEN) 10 ug, and sulfamethoxazole-trimethoprim (SXT)
25 ug. Salmonella isolates were classified as MDR if they
exhibited resistance to at least one antimicrobial agent
in three or more antimicrobial classes.

Statistical analysis

Prevalence and AMR patterns were analyzed using
descriptive statistics. Chi-square tests were performed
to determine significant differences in Salmonella
prevalence across animal production types and MDR
patterns. A p-value < 0.05 was considered statistically
significant. Data analysis was conducted using the
Statistical Package for the Social Sciences software,
version 16 (IBM Corp., NY, USA).

RESULTS

Salmonella prevalence and resistance

The prevalence of Salmonella spp. varied according
to the production type within each species (Table 2). The
overall detection rate of Salmonella spp. in diarrheic
samples was 6.58% (42/638), with a frequency of 6.96%
(19/273) in swine and 6.30% (23/365) in poultry. Among
the swine production stages, growing swine exhibited
the highest prevalence (13.93%), which was significantly
greater than that observed in weaning (2.56%) and
finishing swine (1.04%) (p < 0.001). No Salmonella
species were detected in gilts. In poultry, the frequencies
of Salmonella spp. did not differ significantly (p > 0.05)
among avian broilers (14.55%), layer ducks (6.67%),
three-blood broilers (4.56%), and local chickens (5.13%).

Overall, of the Salmonella isolates that were
resistant to fluoroquinolones, the level of resistance
was only moderate but was high for those resistant to

Table 2: Prevalence of Salmonella spp. according to production type in swine and poultry.

Species Production type No. of farms No. of samples No. of positive samples, n (%) p-value
Swine Weaning 3* 39 1(2.56) 0.001
Growing 4% 122 17 (13.93)
Finishing 2 96 1(1.04)
Gilts 1* 16 0(0.00)
Subtotal 6 273 19 (6.96)
Poultry Broiler (Avian breed) 1 55 8 (14.55) 0.054
Broiler (Three blood breed) 5 241 11 (4.56)
Broiler (Local chicken breed) 1 39 2(5.13)
Layer duck 1 30 2 (6.67)
Subtotal 8 365 23 (6.30)
Total 14 638 42 (6.58)

*Two farms were weaning and growing and one farm were mixed weaning, growing, and gilts
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B-lactams, tetracyclines, and sulfonamides. In contrast,
aminoglycosides were associated with low resistance
among the isolates (Table 3). Among B-lactams
antibiotics, AMC acid was the only agent with low
resistance. A Salmonella isolate from swine exhibited
high resistance to both B-lactams and tetracyclines.
Fluoroquinolones displayed low or negligible resistance,
whereas sulfonamides exhibited moderate resistance.
In poultry-derived Salmonella isolates, resistance was
notably high against tetracyclines, sulfonamides, and
B-lactams, whereas fluoroquinolones demonstrated
moderate resistance. However, aminoglycosides sho-
wed minimal resistance.

Nine distinct MDR patterns were identified
among the 42 Salmonella-positive isolates (Table 4).
The majority of Salmonella isolates from poultry,
21/23 (91.30%) exhibited resistance to three to five
antimicrobial classes, whereas in swine, 10/19 (52.63%)
isolates displayed MDR to three to four antimicrobial
classes (p < 0.001). Among the poultry isolates, 14/23
(60.87%) were resistant to four antimicrobial classes,
whereas 6/23 (25.08%) exhibited resistance to three
classes. Only 1/23 (4.35%) demonstrated resistance
to the five antimicrobial classes. In swine isolates,
the most frequently observed MDR pattern involved

resistance to three antimicrobial classes, namely,
tetracyclines, sulfonamides, and B-lactams, detected in
8/19 (42.10%) isolates. In addition, 2/19 (10.53%) swine
isolates exhibited resi-stance to four antimicrobial
classes: tetracyclines, sulfonamides, B-lactams, and
fluoroquinolones.

DISCUSSION

The study findings indicated a low prevalence of
Salmonella spp. among swine and poultry with diarrhea
on small- and medium-scale swine and poultry farms
in Cambodia, with an overall prevalence of 6.58%.
Specifically, the prevalence of this disease in swine was
6.96%, which is notably lower than that reported in other
countries. Forinstance, recent studies by Tadee et al. [15],
Anuchatkitcharoen et al. [19] and Prasertsee et al. [20]
in Thailand have documented prevalence rates ranging
from 21.51% to 69%, whereas in Vietnam, reported
prevalence varies between 14.58% and 87% [16—18].
The differences in prevalence could be explained by
differences in farm management strategies, sanitation,
hygiene practices, and the individual environmental
conditions of each farm [30], and maybe a production
type, farm scale, and targeted sample collection (e.g.,
healthy or sick animals). Most of the isolates in this study

Table 3: Antimicrobial resistance profiles of Salmonella spp. in swine and poultry swab samples.

Antimicrobial classes Antimicrobial agents

Number of Salmonella spp. isolates that are resistant

Swine (n =19) Poultry (n = 23) Total (n = 42)
B-lactams P (G) 19 (100) 23 (100) 42 (100)
AML 19 (100) 16 (69.57) 35 (83.33)
AMP 19 (100) 14 (60.87) 33 (78.57)
AMC 0(0.00) 1(4.35) 1(2.38)
Fluoroquinolones CIP 2 (10.53) 15 (65.22) 17 (40.48)
NOR 0(0.00) 8 (34.78) 8(19.05)
Tetracyclines TET 19 (100) 23 (100) 42 (100)
Sulfonamides SXT 10 (52.63) 21(91.30) 31(73.81)
Aminoglycosides GEN 0(0.00) 1(4.35) 1(2.38)

P (G)=Penicillin G, AML=Amoxicillin, AMP=Ampicillin, AMC=Amoxicillin-clavulanate acid, CIP=Ciprofloxacin, NOR=Norfloxacin, TET=Tetracycline,

GEN=Gentamicin, SXT=Sulfamethoxazole-trimethoprim

Table 4: Multidrug resistance patterns of Salmonella spp. in swine and poultry.

Resistance pattern Antimicrobial class Number of isolates (%) p-value
Swine (n = 19) Poultry (n = 23)
Non-MDR -
TET, P (G) 2 0(0.00) 2 (8.70)
TET, P (G), AML, and AMP 2 9 (47.37) 0(0.00)
Total 9(47.37) 2 (8.70)
MDR 0.001
TET, P (G), and SXT 3 0 (0.00) 5(21.73)
TET, P (G), AML, AMP, and SXT 3 8(42.10) 1(4.35)
TET, P (G), AML, SXT, and CIP 4 0(0.00) 2 (8.70)
TET, P (G), AML, AMP, SXT, and CIP 4 2(10.53) 5(21.73)
TET, P (G), AML, AMP, SXT, CIP, and NOR 4 0 (0.00) 6 (26.09)
TET, P (G), AML, AMP, SXT, CIP, NOR, and AMC 4 0 (0.00) 1(4.35)
TET, P (G), AML, AMP, SXT, CIP, NOR, and GEN 5 0 (0.00) 1(4.35)
Total 10 (52.63) 21(91.30)

P (G)=Penicillin G, AML=Amoxicillin, AMP=Ampicillin, AMC=Amoxicillin-clavulanate acid, CIP=Ciprofloxacin, NOR=Norfloxacin, TET=Tetracycline,
GEN=Gentamicin, SXT=Sulfamethoxazole-trimethoprim, MDR=Multidrug resistance
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were collected from diarrhea feces of swine that were
reared on medium-scale farms and may have sufficient
biosecurity measures. This may have contributed to the
lower prevalence observed in this study. In this study,
the prevalence of Salmonella in growing swine was
significantly higher than that in weaning and finishing
swine (p < 0.001). This difference may be attributed to
factors such as diet composition and feeding practices,
farm personnel’s biosecurity measures, and the farm
environment. Stress due to reduced feed availability has
been identified as a contributing factor to the increased
proliferation of microorganisms and swine infections,
alongside bacterial load and individual animal health
status [31]. In addition, poor biosecurity practices
among farm workers, owners, and veterinarians may
facilitate the direct or indirect transmission of bacteria
to pigs and their farm environment. In Cambodia, a study
by Chea et al. [32] reported that several biosecurity
guidelines are not well understood or consistently
implemented by swine farmers and village animal health
workers. Furthermore, the farm environment serves as
a potential reservoir for Salmonella transmission within
and between herds, as well as across farms and regions.
A study conducted in Vietnam found that Sa/monella
was present in the surroundings of 6.40% of swine
farms [18].

The prevalence of Salmonellain poultry was 6.30%.
Some studies have been conducted on broiler farms
in Vietnam (8.24%) [33]; Nepal (10.6%) [34]; Nigeria
(15.9%) [35]; and China (11.2%) [36];. The environment,
pest animals, and personal hygiene of farmers may
contribute to the prevalence of Salmonella in poultry.
According to our observations, most poultry farms
are open-house systems, and there were not enough
biosecurity precautions in place to prevent access by
humans, rodents, wild birds, and insects. The presence of
poultry buyers, neighbors, workers, and veterinarians on
poultry farms increases the risk of disease introduction
if biosecurity is not practiced [37, 38]. These individuals
are considered high-risk groups for bringing diseases
to poultry farms. Due to their regular and frequent
presence on farms, farm workers, owners, and
veterinarians, in particular, may help spread the bacteria
to the poultry and its surroundings. Salmonella can
infect poultry on a farm by residing in areas such as
the barn floor and in the bedding, feed, water, and
wastewater. A recent study Nguyen et al. [33] in Vietnam
reported that 4.33% of poultry environmental samples
were positive for Salmonella, which comprises bedding
(5.88%), feed (5.48%), and drinking water (0.70%).
The presence of pest animals on poultry farms could
result in the transmission of Salmonella to poultry.
The same study in Vietnam found that the prevalence
of Salmonella was highest in rats (15.63%) and geckos
(12.25%), followed by ants (2.83%) and cockroaches
(2.44%) in poultry farms [33].

In the livestock farming especially swine and
poultry production, antimicrobials are extensively
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used for therapy, prophylaxis, metaphylaxis, and
growth promotion [12]. The most commonly
used antimicrobials are B-lactams, tetracyclines,
sulfonamides, aminoglycosides, and fluoroquinolones.
Thus, this extensive and inappropriate use of
antimicrobials has contributed to a genetic bottleneck
that promotes the spread and dissemination of
resistant genotypes among enteric bacteria, including
Salmonella [30]. Salmonella isolated from swine
and poultry in this study exhibited a high degree of
resistance to TET, sulfonamides (SXT), and B-lactams
(PG, AML, and AMP), ranging from 73.81% to 100% of
isolates tested. As shown in Table 2, they exhibited low
resistance to the aminoglycoside group (GEN) (2.38%)
and medium resistance to the fluoroquinolone group
(CIP and NOR) (29.77%). The study conducted in China
also found that large-scale intensive poultry farms had
low resistance to GEN (14.90%) but high resistance to
AMP (68.7%) [36]. Additional recent studies by Nguyen
et al. [33] conducted in Vietnam have shown that
Salmonella in poultry and in the farm environment is
frequently resistant to TET (55.80%), AMP (54.14%),
and SXT (53.04%). Similarly, in swine and their farm
environment, Salmonella are frequently resistant to
trimethoprim/sulfamethoxazole (64.47%) and AMP
(46.05%) [18]. These two studies in Vietnam also
found low resistance to the fluoroquinolones group
(levofloxacin and ofloxacin) (6.08%) and (1.98%) in
poultry and its farm environment and in swine and its
farm environment, respectively. Studies also found low
resistance to the aminoglycoside group (GEN) (7.89%)
in swine and its farm environment and in poultry and
its farm environment (6.63%). Possible reasons for
the high/low resistance could be the emergence of
AMR strains, which have been associated with the
consumption of antimicrobials in veterinary medicine
and low awareness among the key stakeholders on
AMU and resistance. AMU studies in the Southeast
Asian region, mostly from Vietnam, indicated very
high usage levels of most types of antimicrobials,
including B-lactams, aminoglycosides, macrolides,
and quinolones [39]. In Cambodia, B-lactams (AML
and AMP), aminoglycosides (GEN), tetracyclines
(oxytetracycline), macrolides (tylosin), quinolones
(enrofloxacin), and polymyxins (colistin) have been
commonly used in swine [24]. Low awareness of AMU
and resistance led to the emergence of AMR. Some
studies in the region have reported that swine and
poultry farmers/producers had limited knowledge and
practices regarding AMU and AMR in Vietnam [40] and
Thailand [41]. In Cambodia, low awareness has been
reported among swine and poultry farmers/producers
[24, 26, 42] and among veterinary professionals and
drug retailers [43, 44].

In this study, all Salmonella strains exhibited
resistance to 2-5 antimicrobial agents, with eight
distinct resistance patterns identified in poultry and
2—-4 antimicrobials, with three resistance patterns
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observed in swine. Notably, the prevalence of MDR was
significantly higher in Salmonella isolates from poultry
(91.30%), which exhibited resistance to three to five
antimicrobial classes, compared with those from swine
(52.63%), which demonstrated resistance to three to
four antimicrobial classes (p < 0.001). Similar findings
have been reported in Vietnam [18, 33], where MDR
in Salmonella isolates from swine and poultry ranged
from 72.37% to 100% of the isolates tested. However,
these results differ from a study conducted in China,
which reported a lower prevalence (53.70%) of MDR in
broiler isolates [36]. The high resistance and MDR levels
observed in this study may be attributed to prolonged
AMU, frequent administration of specific antimicrobials,
and inappropriate use. Scur et al. [45] have reported
that extended AMU plays a key role in the selection and
persistence of AMR Salmonella strains.

Furthermore, resistance to frequently used
antimicrobials varies according to geographical
locations, production practices, and AMU patterns
[46]. Non-rational AMU is associated with a higher
prevalence of AMR bacteria. A study by Strom et al. [24]
conducted in Cambodia reported an increased
prevalence of AMR on swine farms that administered
antimicrobials prophylactically and in those that
routinely treated entire groups or herds during disease
outbreaks. This may also happen at Cambodian poultry
farms. Another study reported that swine and poultry
producers commonly use antimicrobials as primary
treatment for sick animals without a specific diagnosis.
In addition, antimicrobials were administered to entire
animal groups when only one or a few individuals
exhibited illness and were frequently incorporated into
water or feed [26].

MDR can be caused by the accumulation of natural
and acquired resistance because of the acquisition or
alteration of genes that regulate resistance. Therefore,
bacteria can become susceptible to a few antimicrobials
and resistant to several antimicrobial agents or
groups [47]. Resistance to multiple antimicrobials
makes the treatment of infections caused by pathogenic
bacteria, including Salmonella, difficult not only in
swine and poultry but also in humans. Thus, the use of
antimicrobials on commercial swine and poultry farms
should be controlled and monitored to prevent the
occurrence of pathogenic strains resistant to multiple
antimicrobials, especially Salmonella.

CONCLUSION

This study provides essential insights into the
prevalence and AMR profiles of Salmonella spp. isolated
from small- and medium-scale swine and poultry farms
in Cambodia. It is one of the first to systematically
assess Salmonella prevalence and AMR patterns at the
farm level in Cambodia, offering a novel perspective
on AMR in livestock before slaughter. Unlike previous
studies that primarily focused on post-slaughter

923

contamination, this research provides critical baseline
data on Salmonella distribution in live animal
production settings. The findings offer new insights
into MDR patterns and underscore the urgent need
for AMR surveillance and antimicrobial stewardship
programs in the Cambodian livestock sector. The
overall prevalence of Salmonella was 6.58% (42/638),
with 6.96% in swine and 6.30% in poultry. The isolates
exhibited high resistance to p-lactams (PG, AML, and
AMP), tetracylcines (TET), and sulfonamides (SXT),
with resistance rates ranging from 73.81% to 100%.
Moderate resistance to fluoroquinolones (CIP and NOR)
(29.77%) and low resistance to aminoglycosides (GEN)
(2.38%) were observed. MDR was detected in 91.30%
of poultry isolates and 52.63% of swine isolates, with
resistance spanning three to five antimicrobial classes.
These findings highlight the potential risks associated
with AMR transmission in the food chain and emphasize
the necessity of immediate intervention strategies to
control AMR in animal agriculture.

Despite its strengths, this study has certain
limitations. The research was conducted in only five
provinces, limiting its generalizability to the entire
country. Sample collection was restricted to farms with
animals exhibiting clinical signs of diarrhea, which may
have influenced prevalence estimates. In addition,
molecular characterization of resistance genes was
not performed, preventing a deeper understanding of
the genetic basis of AMR. The absence of longitudinal
sampling further restricts the ability to assess temporal
trends in AMR development.

Future research should expand surveillance to
include a broader range of farm types and regions to
enhance representativeness. Molecular analysis of
resistance genes would provide more detailed insights
into resistance mechanisms. Investigating potential
environmental reservoirs of Salmonella, such as feed,
water, and bedding, could help identify sources of
contamination. Longitudinal studies are necessary
to track AMR evolution over time and evaluate the
effectiveness of intervention strategies. Furthermore,
understanding the role of farm management practices
in the dissemination of AMR Salmonella is crucial for
developing targeted biosecurity guidelines. The study
provides a foundation for future epidemiological
research and policy development aimed at mitigating
AMR risks in animal production and ensuring food
safety in Cambodia.

AUTHORS’ CONTRIBUTIONS

KK: Conceptualization, supervision, and project
management. BC: Conceptualization, methodology,
and drafted, reviewed, and edited the manuscript. NB:
Sample collection and testing. ST and SK: Data review
and validation. RC, VV, and CF: Co-supervision and
reviewed the manuscript. All authors have read and
approved the final manuscript.



doi: 10.14202/vetworld.2025.918-926

ACKNOWLEDGMENTS

The work was funded by Cambodia Higher

Education Improvement Project (Credit No. 6221-KH).
The authors thank the veterinary graduate and

undergraduate students,

who assisted in sample

collection and analysis. We thank Professor Colin R Wilk
of Melbourn Veterinary School, University of Melbourne
for copyediting the manuscript.

COMPETING INTERESTS

The authors declare that they have no competing

interests.

PUBLISHER’S NOTE

Veterinary World remains neutral with regard to

jurisdictional claims in published institutional affiliation.

REFERENCES

1.

Havelaar, A.H., Kirk, M.D., Torgerson, P.R., Gibb, H.J,,
Hald, T., Lake, R.., Praet, N., Bellinger, D.C,
De Silva, N.R., Gargouri, N. and Speybroeck, N. (2015)
World Health Organization global estimates and
regional comparisons of the burden of foodborne
disease in 2010. PLoS Med., 12(12): €1001923.
Gongalves-Tendrio, A., Silva, B.N., Rodrigues, V.,
Cadavez,V.and Gonzales-Barron, U.(2018) Prevalence
of pathogens in poultry meat: A meta-analysis of
European published surveys. Foods, 7(5): 69.
Phongaran, D., Khang-Air, S. and Angkititrakul, S.
(2019) Molecular epidemiology and antimicrobial
resistance of Salmonella isolates from broilers and
pigs in Thailand. Vet. World, 12(8): 1311-1318.
Rortana, C., Nguyen-Viet, H., Tum, S., Unger, F,
Bogqvist, S., Dang-Xuan, S., Koam, S., Grace, D.,
Osbijer, K., Heng, T., Sarim, S., Phirum, O., Sophia, R.
and Lindahl, J.F. (2021) Prevalence of Salmonella spp.
and Staphylococcus aureus in chicken meat and pork
from Cambodian markets. Pathogens, 10(5): 5.
Bangtrakulnonth, A., Pornreongwong, S.,
Pulsrikarn, C., Sawanpanyalert, P., Hendriksen, R.S.,
Wong, D.M.A.L.F. and Aarestrup, F.M. (2004),
Salmonella serovars from humans and other
sources in Thailand, 1993-2002. Emerg. Infect. Dis.,
10(1): 131-136.

Hale, C.R., Scallan, E., Cronquist, A.B., Dunn, J.,
Smith, K., Robinson, T., Lathrop, S., Tobin-D’Angelo, M.
and Clogher, P. (2012) Estimates of enteric illness
attributable to contact with animals and their
environments in the United States. Clin. Infect. Dis.,
54(Suppl 5): S472-479.

Manning, J., Gole, V. and Chousalkar, K. (2015)
Screening for Salmonella in backyard chickens. Prev.
Vet. Med., 120(2): 241-245.

Trongjit, S., Angkititrakul, S., Tuttle, R.E,
Poungseree, J., Padungtod, P. and Chuanchuen, R.
(2017) Prevalence and antimicrobial resistance in
Salmonella enterica isolated from broiler chickens,
pigs and meat products in Thailand-Cambodia border
provinces. Microbiol. Immunol., 61(1): 23-33.

924

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Murray, C.J., lkuta, K.S., Sharara, F., Swetschinski, L.,
Aguilar, G.R., Gray, A., Han, C., Bisignano, C., Rao, P,,
Wool, E., Johnson, S.C., Browne, A.J., Chipeta, M.G.,
Fell, F, Hackett, S., Haines-Woodhouse, G.,
Hamadani, B.H.K., Kumaran, E.A.P., McManigal, B.,...
& Naghavi, M. (2022) Global burden of bacterial
antimicrobial resistance in 2019: A systematic
analysis. Lancet, 399(10325): 629-655.

Ha, D.R., Haste, N.M. and Gluckstein, D.P. (2019)
The role of antibiotic stewardship in promoting
appropriate antibiotic use. Am. J. Lifestyle Med.,
13(4): 376-383.

Thomas, K. M., de Glanville, W. A., Barker, G. C,,
Benschop, J., Buza, J. J., Cleaveland, S., Davis, M. A,
French, N. P, Mmbaga, B. T., Prinsen, G., Swai, E. S.,
Zadoks, R. N., and Crump, J. A. (2020) Prevalence
of Campylobacter and Salmonella in African food
animals and meat: A systematic review and meta-
analysis. Int. J. Food Microbiol., 315: 108382.
Boeckel, T.PV., Brower, C., Gilbert, M., Grenfell, B.T.,
Levin, S.A., Robinson, T.P, Teillant, A. and
Laxminarayan, R.(2015) Global trends in antimicrobial
use in food animals. Proc. Natl. Acad. Sci. U S A,
112(18): 5649-5654.

Thomas, K.M., De Glanville, W.A., Barker, G.C.,
Benschop, J., Buza, J.J., Cleaveland, S., Davis, M.A,,
French, N.P., Mmbaga, B.T., Prinsen, G., Swai, E.S,,
Zadoks, R.N. and Crump, J.A. (2020) Prevalence
of Campylobacter and Salmonella in African food
animals and meat: A systematic review and meta-
analysis. Int. J. Food Microbiol., 315: 108382.
General Directorate of Animal Health and
Production. (2023) Annual Report on Animal Health
and Production in 2022 and Annual Planning for
2023. General Directorate of Animal Health and
Production. Khmer Language.

Tadee, P, Kumpapong, K., Sinthuya, D., Yamsakul, P.,
Chokesajjawatee, N., Nuanualsuwan, S.,
Pornsukarom, S., Molla, B.Z., Gebreyes, W.A. and
Patchanee, P. (2014) Distribution, quantitative load
and characterization of Salmonella associated with
swine farms in upper-Northern Thailand. J. Vet. Sci.,
15(2): 327-334.

Tu, LT.P.,, Hoang, N.V.M., Cuong, N.V., Campbell, J.,
Bryant, J.E., Hoa, N.T.,, Kiet, B.T., Thompson, C.,,
Duy, DT., Phat, V., Hien, V.B.,, Thwaites, G.,
Baker, S. and Carrique-Mas, J.J. (2015) High levels
of contamination and antimicrobial-resistant
non-typhoidal Salmonella serovars on pig and poultry
farms in the Mekong Delta of Vietnam. Epidemiol.
Infect., 143(14): 3074-3086.

Lettini, A.A., Vo Than, T, Marafin, E., Longo, A,
Antonello, K., Zavagnin, P., Barco, L., Mancin, M.,
Cibin, V., Morini, M., Dang Thi Sao, M., Nguyen Thi, T.,
Pham Trung, H., Le, L., Nguyen Duc, T. and Ricci, A.
(2016) Distribution of Salmonella serovars and
antimicrobial susceptibility from poultry and swine
farms in central Vietham. Zoonoses Public Health,
63(7): 569-576.

Huynh, TT.A. and Ly, T.L.K. (2018) The prevalence and



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

doi: 10.14202/vetworld.2025.918-926

antibiotic resistance of Salmonella spp. Isolated from
pigs and farm environments in Vinh Long province.
Can Tho Univ. J. Sci., 54: 26-33.

Anuchatkitcharoen, C., Numee, S., Bender, J,,
Awaiwanont, N. and Intanon, M. (2020) Prevalence
and antimicrobial resistance of Salmonella isolated
from backyard pigs in Chiang Mai, Thailand. Vet.
Integr. Sci., 18(3): 3.

Prasertsee, T., Pascoe, B., and Patchanee, P. (2023).
Colistin resistance and resistance determinants
are mobile among Salmonella Enterica isolates
from diseased and healthy pigs in Thailand.
bioRxiv, 2023.01.31.526471. https://doi.
org/10.1101/2023.01.31.526471

Phongaran, D., Khang-Air, S., and Angkititrakul, S.
(2019). Molecular epidemiology and antimicrobial
resistance of Salmonella isolates from broilers and
pigs in Thailand. Vet. World, 12(8): 1311-1318.
Prasertsee, T., Prachantasena, S., Tantitaveewattana,
P., Chuaythammakit, P., Pascoe, B. and Patchanee, P.
(2024) Assessing antimicrobial resistance profiles of
Salmonella enterica in the pork production system.
J. Med. Microbiol., 73(9): 001894.

Lay, K.S., Vuthy, Y., Song, P., Phol, K. and Sarthou, J.L.
(2011) Prevalence, numbers and antimicrobial
susceptibilities of Salmonella  serovars and
Campylobacter spp. In retail poultry in Phnom Penh,
Cambodia. J. Vet. Med. Sci., 73(3): 325-329.

Strom, G., Boquist, S., Albihn, A., Fernstrom, L.L.,
Andersson Djurfeldt, A., Sokerya, S., Sothyra, T. and
Magnusson, U. (2018) Antimicrobials in small-scale
urban pig farming in a lower middle-income country-
arbitrary use and high resistance levels. Antimicrob.
Resist. Infect. Control, 7: 35.

Atterby, C., Osbjer, K., Tepper, V. Rajala, E.,,
Hernandez, J., Seng, S., Holl, D., Bonnedahl, J.,
Borjesson, S., Magnusson, U. and Jarhult, J. D. (2019)
Carriage of carbapenemase- and extended-spectrum
cephalosporinase-producing Escherichia coli and
Klebsiella pneumoniae in humans and livestock in
rural Cambodia; gender and age differences and
detection of blaOXA-48 in humans. Zoonoses Public
Health. 66(6): 603—617.

Chea, B., Kong, S., Thim, S., Ban, N., Seng, S.,
Fernandez-Colorado, C. and Kang, K. (2022)
Knowledge, attitudes, and practices of antimicrobial
Use and resistance among livestock producers in
Cambodia. Open J. Anim. Sci., 12(3): 454-456.

Food and Agriculture Organization of the
United Nations. (2019) Monitoring and Surveillance
of Antimicrobial Resistance in Bacteria from Healthy
Food Animals Intended for Consumption. Regional
Antimicrobial Resistance Monitoring and Surveillance
Guidelines. Vol. 1. Bangkok.

ISO. (2002) I1SO 6579 Horizontal method for the
detection of Salmonella spp. International Standard
Organization, Geneva.

Clinical and Laboratory Standards Institute. (2020)
Enterobacteriaceae. In: Performance Standards
for Antimicrobial Susceptibility Testing. 30" ed.

925

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Clinical and Laboratory Standards Institute, Wayne,
Pennsylvania.

Cao, Z.Z,, Xu, JW., Gao, M., Li, X.S., Zhai, YJ., Yu, K,,
Wan, M. and Luan, X.H. (2020) Prevalence and
antimicrobial resistance of Salmonella isolates from
goose farms in Northeast China. Iran. J. Vet. Res.,
21(4): 287-293.

Pires, A.F.A., Funk, J.A. and Bolin, C. (2014) Risk factors
associated with persistence of Salmonella shedding
in finishing pigs. Prev. Vet. Med. 116(1-2): 120-128.
Chea, B., Kang, K., Vipham, J., Tokach, L. and
Tokach, M. (2020) Assessment of pig disease
prevention of smallholder farmers and village animal
health workers in rural and peri-urban Cambodia.
Open J. Anim. Sci., 10(3): 572-591.

Nguyen, T.K., Nguyen, LT., Chau, T.T.H., Nguyen, TT,,
Tran, B.N., Taniguchi, T., Hayashidani, H. and
Ly, KT.L. (2021) Prevalence and antibiotic resistance
of Salmonella isolated from poultry and its
environment in the Mekong Delta, Vietnam. Vet.
World, 14(12): 3216-3223.

Sharma, S., Fowler, P.D., Pant, D.K., Singh, S. and
Wilkins, M.J. (2021) Prevalence of non-typhoidal
Salmonella and risk factors on poultry farms in
Chitwan, Nepal. Vet. World, 14(2): 426—-436.

Jibril, A.H., Okeke, I.N., Dalsgaard, A., Kudirkiene, E.,
Akinlabi, O.C., Bello, M.B. and Olsen, J.E. (2020)
Prevalence and risk factors of Salmonella in
commercial poultry farms in Nigeria. PLoS One,
15(9): e0238190.

Zhao, X., Hu, M., Zhang, Q., Zhao, C., Zhang, Y.,
Li, L., Qi, J., Luo, Y., Zhou, D. and Liu, Y. (2020)
Characterization of integrons and antimicrobial
resistance in Salmonella from broilers in Shandong,
China. Poult. Sci., 99(12): 7046—7054.

Food and Agriculture Organization of the
United Nations/World Organisation for Animal
Health/World Bank. (2010) Good Practices for
Biosecurity in the Pig Sector-Issues and Options in
Developing and Transition Countries. FAO Animal
Production and Health Paper No. 169. FAO, Rome.
Ramirez, A. and Zaabel, P. (2012) Pig Biological Risk
Management. Padua: Veterinary Diagnostic and
Production Animal Medicine Publications. p1-61.
Nhung, N.T., Cuong, N.V., Thwaites, G. and Carrique-
Mas, J. (2016) Antimicrobial usage and antimicrobial
resistance in animal production in Southeast Asia:
A review. Antibiotics, 5(4): 37.

Pham-Duc, P., Cook, M.A., Cong-Hong, H., Nguyen-
Thuy, H., Padungtod, P., Nguyen-Thi, H. and Dang-
Xuan, S. (2019) Knowledge, attitudes and practices
of livestock and aquaculture producers regarding
antimicrobial use and resistance in Vietnam. PLoS
One, 14(9): e0223115.

Nuangmek, A., Rojanasthien, S., Patchanee, P,
Yano, T., Yamsakul, P., Chotinun, S. and Tadee, P.
(2018) Knowledge, attitudes and practices toward
antimicrobial usage: A cross-sectional study of
layer and pig farm owners/managers in Chiang
Mai, Lamphun, and Chonburi provinces, Thailand,



42.

43.

44.

doi: 10.14202/vetworld.2025.918-926

May 2014 to February 2016. Korean J. Vet. Res.,
58(1): 17-25.

Om, C. and McLaws, M.L. (2016) Antibiotics: Practice
and opinions of Cambodian commercial farmers,
animal feed retailers and veterinarians. Antimicrob.
Resist. Infect. Control, 5: 42.

Chea, B., Kong, S., Thim, S., Ban, N., Chrun, R.,
Venn, V., Fernandez-Colorado, C. and Kang, K. (2023)
Knowledge, attitudes, and practices of antimicrobial
use and resistance among village animal health
workers and veterinary drug retailers in Cambodia.
Open J. Anim. Sci., 13(1): 98-113.

Heyman, J. (2020) Antimicrobial drugstore supply for
Cambodian livestock farmers [Second cycle, A2E].
SLU, Department of Clinical Sciences. Available from:

45,

46.

47.

https://stud.epsilon.slu.se/15855.  Retrieved
29-08-2024.

Scur, M.C., Pinto, F.G.S., Bona, E.A.M.D., Weber, L.D.,
Alves, L.F.A. and Moura, A.C. (2014) Occurrence and
antimicrobial resistance of Salmonella serotypes
isolates recovered from poultry of Western Paran,
Brazil. Afr. J. Agric. Res., 9(9): 823-830.

Shivaning Karabasanavar, N., Benakabhat
Madhavaprasad, C., Agalagandi Gopalakrishna, S.,
Hiremath, J., Shivanagowda Patil, G. and
Barbuddhe, S. (2020) Prevalence of Salmonella
serotypes S. Enteritidis and S. Typhimurium in poultry
and poultry products. J. Food Saf., 40(6): €12852.
MacGowan, A. and Macnaughton, E. (2017) Antibiotic
resistance. Medicine, 45(10): 622—-628.

on

%k %k %k %k %k %k k k

926



