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ABSTRACT

Salmonella infections are a significant public health concern worldwide, with poultry and poultry products being the
primary sources of transmission. In Kazakhstan, data on the prevalence of Salmonella in poultry farms and the
antimicrobial resistance of the isolates remain limited. In this study, we isolated and identified Salmonella strains from
samples collected from poultry farms in the northern region of Kazakhstan and assessed their antimicrobial resistance
profiles. The samples were cultured on differential diagnostic media, and the resulting isolates were identified using
biochemical tests and matrix-assisted laser desorption/ionization time-of-flight mass spectrometry. From the 246
samples examined, 9 pure cultures were isolated and identified as Salmonella enterica subsp. enterica. The following
Salmonella serotypes were identified: four isolates of S. enteritidis, one of S. paratyphi C, one of S. moscow, two of S.
infantis, and one of S. mbandaka. These isolates exhibited multidrug resistance to several antibiotics including
rifampicin, azithromycin, erythromycin, vancomycin, cefadroxil, cefuroxime, cefaclor, cephalothin, clarithromycin,
doxycycline, cefazolin, clindamycin, kanamycin, streptomycin, nitrofurantoin, and piperacillin. In addition, all the
isolates demonstrated moderate resistance to penicillin and tetracycline. These results provide insights into the species
composition of circulating strains and their resistance patterns, which can contribute to the development of effective

antimicrobial therapeutic strategies in poultry farming.
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INTRODUCTION

A high prevalence of salmonellosis has been reported
in many countries worldwide (Kongsanan et al. 2021;
Mascitti et al. 2021; Chousalkar and Wilson 2022; Ayuti et
al. 2024; Lu et al. 2025; Okpalaji at al. 2025; Bakishev at
al. 2025), with the infection most frequently detected in
samples from poultry farms or products (Ximenes et al.
2019; Wang et al. 2020; Rubio et al. 2021; Abayneh et al.
2023; Kim et al. 2024), including those in Kazakhstan
(Barmak et al. 2023; Melnikova et al. 2024). Avian
salmonellosis is an infectious disease that primarily affects
the gastrointestinal tract and can lead to septicemia. In its
subacute and chronic forms, the disease may also present
with pneumonia and arthritis. The causative agents of
infection include S. enteritidis, S. typhimurium and S.
pullorum-gallinarum. Regardless of the serovar involved,

salmonellosis imposes a significant socioeconomic burden
on the poultry industry and society, including decreased
egg production in laying hens, reduced weight gain, high
mortality rates in embryos and young birds, and increased
costs associated with diagnostic, therapeutic, and
preventive measures (Lv et al. 2023). The primary source
of infection is diseased birds, which shed large quantities
of the pathogen through their feces and eggs. Transmission
can occur via the gastrointestinal tract (contaminated feed
and water), transovarially (to embryos), or via airborne
particles and the conjunctival mucosa. Adult birds often
remain asymptomatic but can become long-term carriers of
Salmonella, with the pathogen being primarily localized in
the ovaries, leading to prolonged shedding. Newly hatched
chicks are the most susceptible to salmonellosis.
Salmonella can invade the muscles and internal organs of
birds, as well as contaminate eggs — not only on the
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surface of the shell but also internally, primarily
accumulating in the yolk (Bessarabov et al. 2009; Lu et al.
2025). The traditional causative agent of pullorum disease
in chickens is Salmonella pullorum-gallinarum. However,
in many cases, chickens are infected with S. enteritidis and
other serovars that do not cause clinical symptoms or
mortality, which complicates the assessment of the health
status of a farm (Staroselsky 2010). Statistical analyses of
salmonellosis outbreaks have indicated an increased
frequency of Salmonella detection in domestic poultry,
including chickens (Ansari-Lari et al. 2022; Shen et al.
2023). According to World Health Organization experts,
the absence of clinical signs in infected birds and the
challenges associated with detecting asymptomatic carriers
make them persistent sources of environmental and poultry
product contamination (Geneva: World Health
Organization 1991).

In Kazakhstan, studies have confirmed the presence of
salmonellosis in selected poultry farms in several regions
(Nuraliev and Kochish 2017; Mendybayeva 2022).
However, many regions remain unexplored and the
geographical distribution of the isolates has not been
adequately addressed.

Research on the antimicrobial resistance of
Salmonella spp. is currently highly relevant for several
reasons. Salmonella remains a major pathogen
responsible for foodborne poisoning and infectious
diseases in humans. Additionally, the constant emergence
of new Salmonella strains with antimicrobial resistance
presents serious challenges in both veterinary and human
medicine, potentially rendering standard treatment
regimens ineffective (Jajere 2019; Rodrigues et al. 2020;
Alikhan et al. 2022).

This study aimed to examine samples collected from
poultry farms in the northern regions of the Republic of
Kazakhstan, isolate and identify Salmonella spp., and
investigate their microbiological and biochemical
characteristics as well as their level of resistance to
antimicrobial agents.

MATERIALS AND METHODS

Location and study material

The study material consisted of biological and
pathological samples collected from poultry farms in the
Kostanay, Akmola, and Karaganda regions of Kazakhstan.
The samples included feces, feed, equipment swabs, organs
from deceased birds, and contents of the gastrointestinal
tract. Samples were placed in sterile containers containing
transport medium (Ames medium) and transported to the
laboratory under cold-chain conditions.

Microbiological and bacteriological analyses were
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performed in accordance with GOST 31659-2012 (2013).
The following culture media were used for pathogen
isolation: buffered peptone water (LLC "Scientific and
Production Center Biokompas-S,” Russia); Rappaport-
Vassiliadis soya broth (LLC "Scientific and Production
Center Biokompas-S”); bismuth sulfite agar, Ploskirev
medium, Endo medium, and Violet Red Bile Lactose
(VRBL) agar (Federal State Research Center for Applied
Microbiology and Biotechnology, Russia); Hiss medium
with sucrose and mannitol (LLC "Scientific and Production
Center Biokompas-S”); and Mueller-Hinton agar (HiMedia
Laboratories, India). Colony morphologies were recorded
after incubation in a thermostat for 24—-48h.

Biochemical identification included tests for glucose,
lactose, mannitol, and sucrose fermentation, hydrogen
sulfide and indole production and catalase and oxidase
activities. Additionally, an OF-test (Erba Mannheim,
Czech Republic) and Voges—Proskauer reaction were
performed.

Serotyping was carried out using an agglutination
assay with a set of Salmonella-specific antisera
("PETSAL,” Russia) following the Kauffmann—White
classification scheme. Species-level identification was
performed using matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) with the Bruker Real-Time
Classification software (Bruker Daltonics). A score >2.0
was considered a reliable identification. Antibiotic
susceptibility was determined by the disk diffusion
method on Mueller-Hinton agar using 33 antibiotic discs
(NICF, Russia). The results were interpreted based on the
EUCAST criteria (versions 8.0 [2018] and 9.0 [2019]).
Statistical analysis was performed using Microsoft Excel
2010, applying Student's t-test with a significance level of
a <0.05.

RESULTS

The collected clinical samples were delivered to the
Kazakhstan—China Laboratory for Biosafety at S. Seifullin
Kazakh Agrotechnical Research University (Astana) for
further analysis. After incubation in a thermostat for 24 or
48h, colonies grown on various differential diagnostic
media (Ploskirev agar, Endo medium, and bismuth sulfite
agar) were evaluated (Fig. 1). On Ploskirev agar, the
growth of Salmonella spp. was observed as colorless round
colonies with black centers (Fig. 1A). On Endo medium,
Salmonella spp. appeared as round, colorless or slightly
pink colonies (Fig. 1B). On bismuth sulfite agar,
Salmonella spp. formed black colonies with a characteristic
metallic sheen or greenish colonies with a dark green halo
(Fig. 1C).

Fig. 1: Growth pattern of
Salmonella bacteria on
Ploskirev medium (A),
Endo medium (B) and
bismuth sulfite agar (C).
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Fig. 2: Growth of typical Salmonella colonies on LB agar.

Streak plating was performed on LB agar using the
quadrant dilution method (Fig. 2).

In the analyzed samples, typical colonies of
Salmonella spp. and other bacteria, such as Escherichia
coli, Klebsiella oxytoca, and Klebsiella pneumoniae were
detected; however, the later three were not of interest in
this study.

To identify the causative agents of salmonellosis,
Gram staining and microscopy of typical Salmonella
colonies were performed. The results clearly showed
Gram-negative rod-shaped bacteria that measured 3 to 7um
in length and 0.3 to 0.7pm in width.

Biochemical testing of Salmonella isolates on VRBL
agar indicated hydrogen sulfide production but no lactose
fermentation. On Hiss medium with sucrose and mannitol,
the isolates were capable of fermenting mannitol but not
sucrose. The OF-test indicated the ability of Salmonella
isolates to ferment glucose, as evidenced by a color change
from green to yellow. Additional biochemical tests
confirmed catalase production and the absence of oxidase
activity in the isolated Salmonella strains. Thus,
biochemical identification showed that the isolated cultures
were capable of producing hydrogen sulfide and
fermenting glucose and mannitol, lacked indole
production, and had a positive catalase reaction, all of
which are characteristic features of Salmonella spp.

Furthermore, the affiliation of the isolates with the
genus Salmonella was confirmed via MALDI-TOF MS
(Fig. 3).

lon detection and comparison of their mass, structure,
and abundance with the reference database available on the
mass spectrometer confirmed the affiliation of all nine
studied isolates with the genus Salmonella was confirmed.

Having analyzed the biochemical properties of
Salmonella spp. and confirmed their taxonomic identities,
the antimicrobial susceptibilities of the isolates were then
assessed (Fig. 4).

Int J Vet Sci, 2025, 14(6): 1084-1092.

Analyte Analyte Organism Score Organism
Name D (best match) Value (second best match)
A6
a0 6 S s el
44 (A) A6 onella s onella s
D6
F+4) (A) B6 Salmonella sp Salmonella sp
c6
Lo c ;s v : .
(++5) (4) 8 R Salmonalld o
D6 3
S D6 Salmonella sp Salmonella sp
(+++) (A)
N o
e F6 Salmonella sp Salmonella sp
(+++) (A)
56
56 G6 Salmonella sp Salmonella sp
(+4+) (A)
Analyte Analyte | Organism Organism
Name 1D (best match) (second best match)
A8
s Sal 11z Sal 11z
) (B) A8 almonella sp almonella sp
A9
(+‘3;(C) A9 Salmonella sp Salmonella sp
Bi
( )—((,) B8 10 peaks found no peaks found
BO
e B9 Niallia circulans Niallia circulans
(++) (A) Y e
cs
( ‘FC) c8 not reliable identification not reliable identification
Co
(':T(B) c9 Niallia circulans Niallia circulans
(+:»)_:’(A) D8 Salmonella sp Salmonella sp
Do
(+) (B) D9 Nia irculans Niallia circulans
(*E_?(A) E8 Salmonella sp Salmonella sp
= E9 Niallia circulans Niallia circulans
Niallia g allis g
(+) (B) Snigm i
E8 s A 5 . & N
(_W(_) F8 not reliable identification not reliable identification
E9 A
e F9 Niallia circulans Niallia circulans
(++) (A) R e e, !
Ga
) 52 w15 S8 w B
4 A G8 Salmonella sp Salmonella sp
- Go Niallia circutans Niallia circulans
(+) (B) e e—— e’
T N (R R
He R R
SN H9 Niallia circulans Niallia circulans
(++)(A) ——a - e —
Fig. 3: Identification of isolates belonging to the genus

Salmonella using mass spectrometry method.

Fig. 4: Determination of the sensitivity of isolates of Salmonella
bacteria to antimicrobial agents.

The results of the bacteriological analyses are
presented in Table 1. Based on the results of the
antimicrobial resistance study, a heat map of the isolated
Salmonella strains was created (Fig. 5).
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Analysis of the antimicrobial susceptibility profiles of
the isolated Salmonella strains showed evidence of
multidrug resistance (MDR). The isolates demonstrated
susceptibility to antibiotics, such as amikacin, ceftriaxone,
gentamicin, amoxicillin, and ciprofloxacin. However, they
also exhibited resistance to a broad range of antibiotics,
including  rifampicin, azithromycin, erythromycin,
vancomycin, cefadroxil, cefuroxime, cefaclor, cephalothin,
clarithromycin, doxycycline, cefazolin, clindamycin,
kanamycin, streptomycin, nitrofurantoin, and piperacillin.
Moderate resistance to certain antibiotics was observed in
some isolates.

The differences between the isolates of various
serotypes are also noteworthy. Salmonella infantis
exhibited particularly high resistance to antibiotics, which
remained effective against most other serovars. In contrast,
Salmonella mbandaka was found to be susceptible to a
broad range of antibiotics, including amoxicillin/clavulanic
acid and co-trimoxazole. Of particular concern was the S.
paratyphi C isolate, which demonstrated the highest level
of resistance, whereas S. enteritidis isolates showed the
greatest susceptibility to antimicrobial agents.

DISCUSSION

Salmonella is a major cause of foodborne disease
outbreaks worldwide. In the European Union, the number

969-2 966

4717 a8
ML M2

470-M3

of confirmed cases of salmonellosis was 87,923 in 2019
and 57,702 in 2020, the lowest figure recorded since 2007
(Gambino et al. 2022). In Portugal, the incidence of
salmonellosis has remained low in recent years due to
vaccination programs targeting laying hens and breeder
flocks, in combination with strict biosecurity compliance.
Among poultry, particularly broilers and layers,
Salmonella enterica subsp. enterica serovar Enteritidis
remains the leading cause of foodborne infections.
Examination of 102 S. Enteritidis isolates resulted in the
identification of 170 virulence genes. Phylogenetic
analysis demonstrated genetic heterogeneity among the
isolates, varying by sample type, collection date, and
genetic composition. These findings expand the current
dataset and support more accurate characterization of the
circulating strains (Ledo et al. 2024).

Nevertheless, despite ongoing control measures,
salmonellosis continues to occur at a high frequency within
the European Union. In 2020 alone, 694 outbreaks were
recorded. To assess and pinpoint the main factors
associated with the occurrence of Salmonella spp. in the
Spanish food chain (2015-2020), Rodriguez et al. (2023)
compared three categorical variables: product type,
geographical region, and production stage. Meat products
were found to be the most relevant in terms of Salmonella
prevalence, with the slaughterhouse stage representing the
most critical point. The highest levels of contamination
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were observed in pork and poultry meat. Importantly, the
detection of Salmonella at the final stages of the food chain,
particularly at the retail level, poses a direct risk for human
infection.

In Romania, the characteristics of prevalent
pathogenic Salmonella serovars, their antimicrobial
susceptibility, and antimicrobial resistance genes were
investigated in 112 isolates recovered from raw poultry
meat between 2011 and 2021. The most common serotypes
identified were Salmonella enterica serovar Enteritidis and
Typhimurium (56% and 25%, respectively). Most isolates
were resistant to at least three antimicrobial agents. The
findings of this study demonstrated the presence of
multidrug-resistant Salmonella serovars in poultry meat
products (Forgaciu et al. 2022).

According to Drauch et al. (2022), the most prevalent
serovar in broilers within the European Union is
Salmonella infantis. The study evaluated infection
dynamics and immune responses in four chicken lines
following exposure to S. infantis. Particular attention was
given to bacterial shedding, cecal colonization, and both
humoral and cellular immunity. The results demonstrated
line-dependent differences: laying hens exhibited lower
levels of fecal shedding and cecal colonization than
broilers. Thus, fast-growing broilers pose the greatest risk
of transmission of infection to humans.

Another study reported the isolation of Salmonella
from various raptor species kept in aviaries at an Italian
wildlife center. All S. infantis strains identified in both feed
and raptors were multidrug-resistant and classified into
different clusters, suggesting either persistent infection or
the involvement of additional sources. Considering the
substantial risk of zoonotic transmission, regular
monitoring and decontamination of feed for captive birds
are strongly recommended (Corradini et al. 2024).

In  Asian countries, non-typhoidal salmonellosis
remains the leading cause of foodborne zoonoses. A total
of 300 samples of chicken products and human feces were
examined for Salmonella enterica in Wasit Province, Iraqg.
The pathogen was detected in 8.66% of poultry samples
and 4.6% of human samples. Antimicrobial susceptibility
testing was conducted with 19 antibiotics, while serotyping
relied on standard PCR and sequencing of a specific rRNA
gene. The study further identified genetic mutations in S.
enterica, which were associated with altered molecular
traits and the development of multidrug resistance (Al-
Shafee and Abdulwahid 2024).

A study conducted in Singapore investigated the
prevalence, antimicrobial resistance, and sequence types of
Salmonella isolates obtained from poultry products and
wild birds. Salmonella was detected in 0.08 and 0.99% of
food and wild bird samples, respectively. None of the
isolates from wild birds (n=15) exhibited phenotypic
antimicrobial resistance, whereas the isolates from food
products showed a high percentage of phenotypic
resistance to at least one antimicrobial agent. These
findings indicate that the Salmonella isolates obtained from
wild birds may have been exposed to lower levels of
antimicrobial pressure (Aung et al. 2019). However, these
results contradict those of another study conducted in
Bangladesh, wherein multidrug-resistant non-typhoidal
Salmonella was detected in migratory birds (Card et al.
2023).

Int J Vet Sci, 2025, 14(6): 1084-1092.

Antibiotic resistance of Salmonella strains is a major
obstacle in controlling avian salmonellosis, with several
studies reporting MDR in Salmonella isolates. For
example, a study conducted on isolates from poultry farms
in Ethiopia revealed that 32.7% of the strains were resistant
to at least one antimicrobial agent, particularly
streptomycin (75%) and ampicillin (59.4%) (Basazinew et
al. 2025). In Sudan, antimicrobial resistance was examined
in 64 Salmonella isolates, representing 28 different
serovars of Salmonella enterica subsp. enterica. Most of
these isolates (98.4%) were resistant to at least one
antimicrobial agent. The most common MDR patterns
include resistance to ampicillin and cephalexin (Elmadiena
et al. 2013). In the present study, all Salmonella isolates
(n=9) obtained from biological and pathological samples
collected from poultry farms exhibited resistance to
multiple antimicrobial agents. Additionally, all the isolates
demonstrated moderate resistance to penicillin and
tetracycline.

In Vietnam, the uncontrolled use of antibiotics for
disease prevention and as growth promoters in livestock
has led to the development of antibiotic resistance. A
review of three major electronic databases (PubMed, Web
of Science, and ScienceDirect) covering the period from
January 2013 to December 2020 revealed that bacterial
isolates, including Salmonella, Escherichia coli, and
Enterococcus spp. obtained from pigs and poultry,
exhibited multidrug resistance to antimicrobials. The
authors emphasize the need to restrict the use of antibiotics
in food-producing animals (Di et al. 2021).

Our findings are consistent with those of previous
studies by scientists from Kazakhstan, who isolated
Salmonella spp. from retail outlets and livestock
enterprises in the Kostanay and North Kazakhstan regions
and evaluated their resistance to antibacterial drugs.
Phenotypic analysis of the antimicrobial resistance of
Salmonella isolates revealed strong resistance to
tetracycline  (82/137) and  nitrofuran  (81/137)
(Mendybayeva et al. 2022). In a more recent investigation,
Mendybayeva et al. (2023) analyzed 398 poultry product
samples from Northern Kazakhstan and reported the
recovery of 46 Salmonella isolates, the majority of which
were identified as S. enteritidis (80.4%). Antimicrobial
susceptibility testing revealed that 64.3% of the isolates
were resistant to three or more classes of antimicrobial
agents, indicating a significant prevalence of multidrug
resistance in poultry-derived Salmonella in the region.

Taken together, these results suggest that the high level
of multidrug resistance observed in Salmonella enterica
subsp. enterica isolates from Kazakhstan is associated with
the indiscriminate use of antimicrobial agents in the
treatment of farm animals, which has contributed to the
development of resistance in certain Salmonella serovars
(Coyne et al. 2018; Di et al. 2021).

Conclusion

Analysis of samples collected from poultry farms in
the Republic of Kazakhstan confirmed the presence of
Salmonella enterica subsp. enterica, which was identified
as S. enteritidis, S. paratyphi, S. moscow, S. infantis, and S.
mbandaka. These findings raise concern because the
isolates were obtained directly from poultry farm samples
and may be potential sources of contamination in poultry
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products.

Antimicrobial susceptibility testing of the isolated
strains revealed their sensitivity to several antibiotics,
including amikacin, ceftriaxone, gentamicin, amoxicillin,
and ciprofloxacin. However, the isolates exhibited MDR,

including resistance to rifampicin, azithromycin,
erythromycin, vancomycin, cefadroxil, cefuroxime,
cefaclor, cephalothin, clarithromycin, doxycycling,
cefazolin, clindamycin, kanamycin,  streptomycin,

nitrofurantoin, and piperacillin. In addition, all the isolates
showed moderate resistance to penicillin and tetracycline.

Differences in antimicrobial susceptibility at the
serotypic level should be considered when evaluating the
efficacy of antibiotic therapies. Overall, a high degree of
similarity in resistance profiles was observed among
Salmonella isolates from geographically distant farms,
suggesting a widespread distribution of resistant strains.

Therefore, we recommend that veterinary
professionals carefully select effective antimicrobial
agents. Furthermore, we emphasize the need for broad-
scale surveillance studies on poultry farms across all
regions of the country to identify circulating Salmonella
strains and to determine their resistance profiles.
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