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ABSTRACT
Introduction. Although antibiotics represent one of humanity’s greatest discoveries, their improper use can cause significant harm and lead to severe consequences.
Objective. Testing of animal product samples followed by Salmonella spp. isolation, typing, identification and assessment of their antimicrobial resistance dynamics.
Materials and methods. The study was carried out at the Department for Microbiological Testing of the Vladimir Testing Laboratory of the Federal Centre for Animal 
Health. The disc diffusion test was used to determine bacteria resistance to antibiotics. The sizes of the microorganism growth inhibition zones were interpreted 
according to the Russian recommendations “Determination of the sensitivity of microorganisms to antimicrobial drugs” (IACMAC, version 2025-01), prepared on 
the basis of the European Committee on Antimicrobial Susceptibility Testing (EUCAST) recommendations and using CLSI M100 standard. PETSAL® monovalent and 
polyvalent O- and H-sera (The Saint Petersburg Scientific Research Institute of Vaccines and Serums of the FMBA of Russia) were used for serological identification. 
Antimicrobial resistance genes (blaCTX-M, blaOXA10, blaDHA, blaDES, blaKPC, blaOXA48-like, blaNDM, blaVIM) were identified by real-time polymerase chain 
reaction using the RESISTOM test systems (“LITECH” Co. Ltd., Russia).
Results. Forty-two Salmonella spp. isolates were recovered from animal product samples in 2022–2024. S. Enteritidis was the most frequently isolated serovar, and 
Salmonella spp. were predominantly isolated from poultry meat products. The detected isolates demonstrated maximum resistance to benzylpenicillin, erythromycin, 
norfloxacin, and tetracycline. Most of the isolates showed multiple resistance to several antimicrobials. Increased resistance to cephalosporins, fluoroquinolones, 
tetracyclines, aminoglycosides, chloramphenicol/levomycetin and sulfamethoxazole/trimethoprim was demonstrated for Salmonella spp. isolates. No antimicrobial 
resistance genes were detected when the isolates were tested with real-time polymerase chain reaction.
Conclusion. The study demonstrated widespread antimicrobial resistance, including multiple resistance, among Salmonella spp. isolates detected in animal 
products in 2022–2024.
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Антибиотикорезистентность бактерий рода Salmonella, 
выявленных в продукции животного происхождения  
в 2022–2024 гг.
О. А. Акулич, Н. Б. Шадрова, Г. С. Денисова
ФГБУ «Федеральный центр охраны здоровья животных» (ФГБУ «ВНИИЗЖ»), ул. Гвардейская, 6, мкр. Юрьевец, г. Владимир, 600901, Россия

РЕЗЮМЕ
Введение. Несмотря на тот факт, что антибиотики – величайшее открытие человечества, они могут нанести огромный ущерб и привести к серьезным 
последствиям при нецелесообразном использовании. 
Цель исследования. Исследование образцов животноводческой продукции с последующим выделением изолятов бактерий рода Salmonella,  
их типированием, определением и оценкой динамики развития антибиотикорезистентности.
Материалы и методы. Работу выполняли на базе отдела микробиологических исследований Владимирской испытательной лаборатории  
ФГБУ «ВНИИЗЖ». Для определения устойчивости бактерий к антибиотикам применяли диско-диффузионный метод. Значения зон задержки роста микро-
организмов интерпретировались согласно российским рекомендациям «Определение чувствительности микроорганизмов к антимикробным препара-
там» (МАКМАХ, версия 2025-01), подготовленным на основе рекомендаций Европейского комитета по определению чувствительности к антимикроб-
ным препаратам (EUCAST) и с использованием стандарта CLSI M100. Серологическую идентификацию проводили с помощью моно- и поливалентных  
О- и Н-сывороток «ПЕТСАЛ»® (ФГУП СПбНИИВС ФМБА России). Гены антибиотикорезистентности (blaCTX-M, blaOXA10, blaDHA, blaGES, blaKPC,  
blaOXA48-like, blaNDM, blaVIM) определяли методом полимеразной цепной реакции в режиме реального времени с применением тест-систем серии  
«РЕЗИСТОМ» (ООО НПФ «Литех», Россия). 
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The FAO has called for halting the use of antimicrobials 
for the infection prevention and as growth promoters in 
livestock and aquaculture sectors as a part of the combat-
ing antimicrobial resistance. Additionally, the FAO/WHO 
Codex Alimentarius Commission on Food Standards ad-
opted strict standards on the maximum permissible limits 
for medicinal product residues.

Moreover, world leaders adopted a political declaration 
at the 79th session of the United Nations General Assembly, 
in which they committed to achieving specific targets to 
combat antimicrobial resistance.

In Russia, antimicrobial resistance is also regulated by 
legislation. In 2017, the National Strategy of the Russian 
Federation for Preventing the Spread of Antimicrobial 
Resistance in the Russian Federation to 2030 outlining 
the official policy aimed at limiting the spread of antimi-
crobial resistance was approved by Russian Federation 
Government Order No. 2045-r. In 2024, the Action Plan 
for the Implementation of the Strategy for the Prevention 
of the Spread of Antimicrobial Resistance in the Russian 
Federation by 2030 addressing the key areas such as reg-
ulatory measures, public awareness, systemic monitoring 
and other aspects related to antimicrobial resistance for 
2025–2030 was approved by Russian Government Order 
No. 2214-r.

Therewith, list of veterinary medicinal products restric
ted for therapeutic use (approved by Order No. 771 of 
the Ministry of Agriculture of the Russian Federation of  
18 November 2021) has been put in effect since 2022, and 
procedure for prescribing veterinary medicinal products 

INTRODUCTION
In 2024, the World Health Organization (WHO) pub-

lished a list of 24 antibiotic-resistant bacterial pathogens. 
Listed gram-negative bacteria, including Salmonella spp., 
are of great concern due to their resistance to the latest 
generation of antimicrobials [1]. 

Antimicrobial resistance is a global challenge requiring 
a coordinated approach and actions at all levels: human 
health, agriculture, environment management, food pro-
duction (WHO classified antimicrobial resistance among 
the top ten global public health threats in 2019) [2, 3, 4]. 

Incorrect and uncontrolled use of antibiotics is the 
main factor leading to the antimicrobial resistance devel-
opment. Agricultural workers are particularly at risk given 
the fact that up to 50–80% of all antibiotics are used in the 
agriculture sector [5, 6].

Considering that human, animal, plant and environ-
mental health, including ecosystems, are closely interre-
lated and interdependent, the WHO, FAO (Food and Agri-
culture Organization of the United Nations), UNEP (United 
Nations Environment Programme) and WOAH (World Or-
ganization for Animal Health) have joined efforts to com-
bat antimicrobial resistance within the framework of the 
One Health concept. The WHO established the Global Anti-
microbial Resistance and Use Surveillance System (GLASS) 
providing standardized methods and in 2001 published 
the WHO Global Strategy for Containment of Antimicrobial 
Resistance. In 2022 the WHO launched the Global Genomic 
Surveillance Strategy for Pathogens with Pandemic and 
Epidemic Potential (2022–2032) [7].

Результаты. При исследовании образцов продукции животного происхождения в 2022–2024 гг. выявлено 42 изолята бактерий рода Salmonella.  
Наиболее часто детектируемый изолят – S. Enteritidis, а превалирующий продукт, в котором обнаруживали бактерии рода Salmonella, – продукция из мяса 
птицы. Выявленные изоляты имели максимальную резистентность к бензилпенициллину, эритромицину, норфлоксацину и тетрациклину. Большинство 
из них проявили множественную устойчивость сразу к нескольким антимикробным препаратам. Отмечен рост резистентности к цефалоспоринам, 
фторхинолонам, тетрациклинам, аминогликозидам, хлорамфениколу/левомицетину и сульфаметоксазолу/триметоприму. При исследовании методом 
полимеразной цепной реакции в режиме реального времени гены антибиотикорезистентности не обнаружены.
Заключение. Показано значительное распространение устойчивости к антимикробным препаратам, в том числе множественной, среди изолятов 
бактерий рода Salmonella, выявленных в продукции животного происхождения в 2022–2024 гг.

Ключевые слова: бактерии рода Salmonella, антибиотикорезистентность, гены антибиотикорезистентности, антибиотики, чувствительность к анти-
микробным препаратам, полимеразная цепная реакция в режиме реального времени
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selenite broth (Merck KGaA, Germany), tryptic soy agar 
(TSA; Scharlab S.L., Spain), xylose lysine deoxycholate 
agar (XLD-agar; State Research Center for Applied Micro-
biology and Biotechnology, Russia), bismuth sulphite agar 
(Merck KGaA, Germany), Mueller – Hinton agar (State Re-
search Center for Applied Microbiology and Biotechnology,  
Russia).

Microbiological tests were performed according to  
GOST 31659-2012 “Food products. Method for the detec-
tion of Salmonella spp.”. The weighted portion of the prod-
uct (25 g) was placed in a sterile bag containing 225 cm3 of 
buffered peptone water, homogenized for 1 min and then 
incubated at 37 °C for 18–20 hours. 

The prepared cultures (1 mL) were re-inoculated into 
selective enrichment media: RVS-broth (10 mL) and sel-
enite broth (10 mL) and incubated at temperature of  
(41.5 ± 1.0) °C and 37 °C, respectively, for 24 hours. Then, 
the material from each tube was re-inoculated by streak-
ing using bacteriological loop according to GOST 26670-91 

“Food products. Methods for cultivation of microorganisms” 
onto two selective agar media: XLD-agar and bismuth sul-
fite agar, and then incubated at 37 °C for (24 ± 3) hours.

To identify selected colonies demonstrating growth 
characteristic of Salmonella spp. and to prepare isolated 
colonies the materials were re-inoculated and then culti-
vated onto dried TSA supplemented with yeast extract at 
a temperature of 37 °C for (24 ± 3) hours.

The grown colonies were typed as Salmonella with 
API 20E biochemical tests (bioMérieux, France) and en-
zyme-linked immunosorbent assay using a Mini Vidas 
analyser (bioMérieux, France).

Serological identification. During the study, Salmonella spp. 
isolates recovered using slide agglutination test with 
PETSAL® dry diagnostic adsorbed mono- and polyvalent 
O- and H-sera (The Saint Petersburg Scientific Research In-
stitute of Vaccines and Serums of the FMBA of Russia) were 
serologically identified. The serological variant of the strain 
was identified using serological formula in accordance with 
Kauffman – White scheme according to MG 4.2.4070-24  

“Laboratory diagnosis of salmonellosis, detection of Sal-
monella in food products and environmental objects: me-
thodical guidelines” (approved by the Chief Medical Officer 
of the Russian Federation on 27 September 2024). 

Determination of antimicrobial resistance. The recovered 
Salmonella spp. isolates were tested for their susceptibili-
ty to antimicrobials with disc diffusion test according to  
MG 4.2.1890-04 “Determination of the susceptibility of mi-
croorganisms to antibacterial drugs: methodical guidelines”. 

Antibiotics (paper disks produced by the Saint Petersburg 
Pasteur Institute, Russia): azithromycin 15 μg; amikacin 30 μg; 
amoxicillin 20 μg; ampicillin/sulbactam 10 μg; benzylpenicil-
lin 10 U/6 μg; gentamicin 10 μg; doxycycline 30 μg; imipen-
em 10 μg; kanamycin 30 μg; levofloxacin 5 μg; meropenem 
10 μg; norfloxacin 10 μg; sulfamethoxazole/trimethoprim 
23.75/1.25 μg; streptomycin 10 μg; tetracycline 30 μg; chlor-
amphenicol/levomycetin 30 μg; cefazolin 30 μg; cefotaxime 
30 μg; cefuroxime 30 μg; ciprofloxacin 5 μg; erythromycin 15 μg. 

Bacterial suspension (optical density – 0.5 according 
to the McFarland standard) prepared from day-old cul-
tures of Salmonella spp. isolates grown on TSA was used 

and the list of prescription veterinary medicinal products 
(approved by Order No. 776 of the Russian Federation Min-
istry of Agriculture of 2 November 2022) have entered into 
force since 2025.

In 2024, the first BRICS International Conference on 
Antimicrobial Resistance was held in Moscow.

For the purpose of medicinal product residue control 
in food products, the following amendments were made 
to the Technical Regulations of the Customs Union by 
Decision No. 70 of the Council of the Eurasian Econom-
ic Commission of 23 June 2023: permissible limits for  
75 medicinal products were established, as well as new 
requirements for providing information on used veterinary 
medicinal products were laid down.

Continuous monitoring for changes in the antimicro-
bial susceptibility of pathogens is one of the measures for 
combating the antimicrobial resistance spread. There is an 
on-line antimicrobial resistance map platform and other 
antimicrobial resistance services: web products designed 
for antimicrobial resistance surveillance for analysis of the 
data on antimicrobial resistance in Russia.

Salmonella spp. are one of the four main causes of di-
arrheal diseases in the world. Annually, diseases caused 
exclusively by Salmonella spp. claim the lives of more than 
200,000 people worldwide [8, 9].

Over the last 10 years, salmonellosis has remained  
a significant concern in the Russian Federation due to the 
existing risks of infection in intensively developing agri-
cultural sector. Thus, according to the Federal Service for 
the Oversight of Consumer Protection and Welfare (Ros- 
potrebnadzor) reports, salmonellosis incidence per 
100,000 population was as follows in the Russian Federa-
tion: 24.68 cases in 2024; 21.45 cases in 2023; 17.10 cases 
in 2022 and 13.61 cases in 20211, 2, 3, 4.

The most frequently detected serovars causing disea
ses in all countries are: S. Enteritidis, S. Typhimurium and  
S. Infantis. The frequency of other serovars detection de-
pends on the region [10, 11]. 

Currently, there is a rise in antibiotic-resistant infections, 
including those caused by Salmonella. At the same time, 
antimicrobial-resistant Salmonella pose a significant threat 
to the human and animal life due to their widespread prev-
alence and ability to contaminate water sources, among 
other transmission routes. Food products are the main 
factor in Salmonella transmission [12, 13, 14].

In the view of the above, the study was aimed at testing 
samples of animal products from three Central Russian re-
gions (Vladimir, Kostroma and Ivanovo Oblasts), followed by 
Salmonella isolation, identification, typing and their assess-
ment for antimicrobial resistance dynamics in 2022–2024.

MATERIALS AND METHODS
Tests were carried out at the Department for Microbio-

logical Testing of the Vladimir Testing Laboratory, Federal 
Centre for Animal Health. Forty-two Salmonella isolates 
recovered from animal products in 2022–2024 were used 
for tests. 

Reagents and nutrient media: buffered peptone water  
(HiMedia Laboratories Pvt Ltd., India), Rappaport – Vassiliadis  
magnesium medium (RVS-broth; Merck KGaA, Germany), 
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1 https://www.rospotrebnadzor.ru/documents/details.php?ELEMENT_ID=21796 (in Russ.) 
2 https://www.rospotrebnadzor.ru/upload/iblock/b50/t4kqksh4b12a2iwjnha29922vu7naki5/GD-SEB.pdf (in Russ.) 
3 https://www.rospotrebnadzor.ru/documents/details.php?ELEMENT_ID=27779 (in Russ.) 
4 https://www.rospotrebnadzor.ru/upload/iblock/b8a/u6lsxjabw032jkdf837nlaezxu3ue09m/GD_SEB.pdf (in Russ.)
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Figure 1 shows that Salmonella spp. were most often 
detected in poultry meat products – 36 isolates (85.7%), 
particularly in chicken meat – 24 isolates (57.1%). There-
with, according to the European Centre for Disease Preven-
tion and Control (ECDC), poultry meat and poultry meat 
preparations are the most commonly infected with Salmo-
nella spp. at the stage of their distribution in the European 
Union. Turkey meat and turkey meat products as well as 
pork were also found to be highly contaminated [10, 18]. 

Serological identification showed that the most Salmo-
nella spp. isolates belonged to O:9 (D1) group – 18 isolates 
(42.9%) and to O:7 (C1) group – 13 isolates (30.9%), 7 isolates 
(16.7%) belonged to O:4 (B) group, 4 isolates (9.5%) belonged 
to O:8 (C2–C3) group. The results are shown in Figure 2.

Serotyping showed that the most often detected 
Salmonella spp. were as follows (Fig. 3): S. Enteritidis – 14 
(33.3%), S. Blegdam – 3 (7.1%), S. Derby – 2 (4.8%). There-
with, S. Enteritidis and S. Derby were more often detected 
in duck products, while S. Blegdam – in chicken meat. Also, 

for antibiotic resistance determination. VITEK BIOMERIEUX 
model DENSICHEK (France) densitometer was used for the 
suspension density determination.

Molten TSA not later than 15 minutes after its prepa-
ration was poured into sterile Petri dishes, (100 mm in 
diameter), 20 mL per Petri dish. The bacterial suspension, 
was inoculated by streaking onto dried Mueller – Hinton 
agar with sterile cotton swab, then the discs were placed 
onto the agar (4 discs per Petri dish). After placing anti-
biotic discs, the Petri dishes were incubated at 37 °C for  
(18 ± 2) hours. The results were assessed according to the 
microbial growth inhibition zones formed around the 
discs, measured at accuracy of 1 mm on a dark matte sur-
face at a distance of about 30 cm from the eyes using a 
ruler at an angle of 45°.

The results were interpreted according to the Russian 
recommendations “Determination of microorganism sus-
ceptibility to antimicrobials” (IACMAC, version 2025-01) 
prepared on the basis of the recommendations of the  
European Committee for Antimicrobial Susceptibility Test-
ing (EUCAST), and using CLSI M100 standard. The EUCAST 
susceptibility assessment and interpretation approaches 
are currently considered theoretically sound [15, 16, 17].

Real-time polymerase chain reaction. Sorb-GMO-B kit (Syntol, 
Russia) was used for the extraction of Salmonella spp. DNAs. 

Salmonella spp. isolates were examined for their mole
cular and genetic properties as well as for antimicrobial 
resistance genes (blaCTX-M, blaOXA10, blaDHA, blaGES, 
blaKPC, blaOXA48-like, blaNDM, blaVIM) using RESISTOM 
test systems (Lytech, Russia) according to the manufac-
turer’s instruction.

RESULTS AND DISCUSSION 
Forty-two Salmonella spp. isolates were detected  

in animal product samples: 15 isolates in 2022, 11 isolates 
in 2023, 16 isolates in 2024.

The morphological and cultural properties of Samonella 
spp. isolates were characteristic of their family and genus. 
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Fig. 1. Frequency of Salmonella spp. isolate detection in animal product 
samples in 2022–2024, by isolation source

Fig. 2. Identification of O-groups of Salmonella spp. isolates  
recovered from samples of animal products in 2022–2024

11

24

1

5

1

0 5 10 15 20 25

Duck meat and duck meat preparations

Chicken meat and chicken meat preparations

Turkey meat and turkey meat preparations

Pork, pork preparations, pork fat, pork rind

Beef and beef preparations

Number of Salmonella spp. isolates, n= 42 

Number of Salmonella spp. isolates, n= 42 

42.9%

16.7%

30.9%

9.5%

O:9 (D1) group

O:4 (B) group

O:7 (C1) group

O:8 (C2–C3) group



314 VETERINARY SCIENCE TODAY. 2025; 14 (3): 310–318 | ВЕТЕРИНАРИЯ СЕГОДНЯ. 2025; 14 (3): 310–318

among 17 non-typeable Salmonella spp. isolates (40.5%), 
11 isolates (26.2%) were classified to the O:7 (C1) group.

During the study, Salmonella spp. isolates were tested 
for their resistance to 21 antimicrobials. The results are 
shown in Figure 4.

Salmonella spp. isolates recovered from animal prod-
ucts in 2022–2024 demonstrated relatively high level of 
common resistance to some antibiotics. 

Examined Salmonella spp. isolates were the most fre-
quently resistant to erythromycin (80.9%), benzylpenicillin 
(78.6%), norfloxacin (69.0%) and tetracycline (40.5%). 

It should be noted that all Salmonella spp. isolates were 
susceptible to meropenem and imipenem. 

In 2025, the “European Union summary report on anti-
microbial resistance in zoonotic and indicator bacteria from 

humans, animals and food in 2022–2023” was published. 
It states that most Salmonella spp. isolates are also resis-
tant to tetracycline and sulfonamides. Moreover, there is 
a trend for increase in resistance to ciprofloxacin and third 
generation cephalosporins in several countries [19].

These and other studies [20] indicate that Salmonella spp. 
susceptibility monitoring is crucial because of their increas-
ing resistance to some critically important antimicrobials.

Also, tests showed that 90% of Salmonella spp. isolates 
were resistant to more than one of the tested antibiotics. 
In addition, 38% of the isolates were resistant to more than 
three classes of antimicrobials.

Figure 5 shows that 13 isolates (31.0%) demonstrated  
resistance to three antimicrobials, 8 isolates (19.0%) – to two 
antimicrobials and 5 isolates (11.9%) – to eight antimicrobials.
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Fig. 3. Serotyping of Salmonella spp. isolates recovered from animal product samples in 2022–2024

Fig. 4. Antimicrobial resistance of Salmonella spp. isolates recovered from animal products in 2022–2024
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The use of cephalosporins, in particular the third gen-
eration cephalosporins, for salmonellosis treatment has 
long been the most promising option owing to their high 
efficacy against Salmonella spp., resistance to bacterial 
beta-lactamases, excellent bioavailability, and favourable 
safety profile, especially in short-term treatment regimens. 
Fluoroquinolones are also effective antimicrobials against 
salmonellosis owing to their good cellular penetration. 
However, Salmonella spp. are increasingly developing  
resistance to this class of antimicrobials worldwide [27, 28].

The study results (Fig. 6A) have shown that resistance 
of Salmonella spp. to cephalosporins has increased since 
2022: resistance to the first generation cephalosporin (ce-
fazolin) has increased by 18.0% (5 isolates (31.3%) out of 
16 recovered isolates were resistant in 2024), resistance to 
the second generation cephalosporin (cefuroxime) has in-
creased by 50.0% (8 isolates (50.0%) out of 16 recovered 
isolates were resistant in 2024) and resistance to the third 
generation cephalosporin (cefotaxime) has increased by 
6.3% (1 isolate (6.3%) out of 16 recovered isolates was 
resistant in 2024, previously no resistant isolates were 
detected).

Figure 6B shows the similar results for norfloxacin 
(second generation fluoroquinolone): the resistance has 
increased by 15.0% (12 isolates (75.0%) out of 16 recov-
ered isolates were resistant in 2024), as well as resistance 
to levofloxacin (third generation fluoroquinolone) has in-
creased by 49.2% (10 isolates (62.5%) out of 16 recovered 
isolates were resistant in 2024).

The resistance of isolates to chloramphenicol/levomyce-
tin (increased by 37.5%) and sulfamethoxazole/trimethoprim  
(increased by 17.5%) has changed in 2022–2024 (Fig. 6C).

High increase in resistance to tetracyclines was detec
ted in 2022–2024 (Fig. 6D): resistance to tetracycline (first 
generation) increased by 29.6% (9 isolates (56.3%) out of 
16 recovered isolates were resistant in 2024), resistance 
to doxycycline (second generation) increased by 30.0%  
(8 isolates (50.0%) out of 16 recovered isolates were resis-
tant in 2024).

At the same time, an increase in aminoglycosides re-
sistance was observed (Fig. 6E). Thus, amikacin (third gen-
eration) and kanamycin (first generation), resistance has 

The isolate resistant to 6 antibiotics and the isolate re-
sistant to 19 out of tested 21 antibiotics were detected 
during the study. Both isolates belonged to O:4 (B) group 
and were detected in chicken meat.

According to the official report “On the state of sanitary 
and epidemiological welfare of the population in the Rus-
sian Federation in 2024”, the majority of resistant Salmonel-
la spp. were detected in poultry meat, eggs and products 
thereof (97.2%) and in meat and meat products (95.1%) 5. 

According to some authors, most of the Salmonella spp. 
isolated from the products are resistant to at least one 
class of antimicrobials. For example, the ECDC informs that 
in the European Union Salmonella-infected people often 
demonstrate resistance to antimicrobials, therewith more 
than 20% of such patients demonstrate resistance to at 
least three classes of antimicrobials. Moreover, according 
to the WHO, resistance to fluoroquinolones and cephalo-
sporins is increasing every year [1, 18, 21, 22].

Currently, reports on multiple resistance of Salmonella 
spp. are appearing more frequently. Tests of Salmonella spp.  
detected in pig products have shown their high resistance 
to tetracycline, streptomycin, and sulfamethoxazole/tri-
methoprim [23, 24].

Tests of Salmonella spp. isolates recovered from pig 
products performed during this study showed similar  
results: 80% of the isolates demonstrated high resistance 
to erythromycin.

The Federal Service for Supervision of Consumer Rights 
Protection and Human Welfare in its official report for 2024 
indicated that Salmonella spp. demonstrated resistance 
to one or more antimicrobials with the highest resistance 
observed to tetracycline, ciprofloxacin and sulfamethox-
azole/trimethoprim.

Thus, excessive antibiotic use fuels multiple antimi-
crobial resistance leading to longer and more expensive 
treatment, as well as fatal outcomes and economic losses, 
thereby posing a great threat [25, 26].

Figure 6 shows dynamics of increase in Salmonella 
spp. isolates resistant to antimicrobials of the same class  
in 2022 to 2024. 
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Fig. 5. Number of Salmonella spp. isolates demonstrating multiple antimicrobial resistance recovered from animal 
product samples in 2022–2024
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Fig. 6. Resistance of Salmonella spp. isolates to the following antibiotics: A – cephalosporins, B – fluoroquinolones, 
C – chloramphenicol/levomycetin and sulfamethoxazole/trimethoprim, D – tetracyclines, E – aminoglycosides

increased by 12.5% (2 isolates (12.5%) out of 16 recovered 
isolates were resistant in 2024). Streptomycin (first genera-
tion) resistance increased by 10.8% (6 isolates (37.5%) out 
of 16 recovered isolates were resistant in 2024).

No antimicrobial resistance genes, blaCTX-M, blaOXA10, 
blaDHA, blaGES, blaKPC, blaOXA48-like, blaNDM, or 
blaVIM, were found in the recovered Salmonella spp. iso-
lates during the study.

CONCLUSION
Forty-two Salmonella spp. isolates were detec

ted during the study; the predominant serovars were  
as follows: S. Enteritidis – 14 (33.3%), S. Blegdam – 3 (7.1%),  
S. Derby – 2 (4.8%).

Significant spread of resistance, including multiple  
resistance, has been shown. Salmonella spp. isolates 
demonstrated maximum resistance to erythromycin 
(80.9%), benzylpenicillin (78.6%), norfloxacin (69.0%) and 
tetracycline (40.5%). All Salmonella spp. isolates were sus-
ceptible to meropenem and imipenem. 

Most isolates of Salmonella spp. demonstrated resis-
tance to three antimicrobials at once (31.0%), and one 

isolate was also found to be resistant to 19 out of 21 anti-
microbials used for the study. 

In addition, an increase in resistance of Salmonella spp. 
isolates to the following antimicrobials was shown: ceph-
alosporins – resistance to the first generation (cefazolin) 
increased by 18.0%, resistance to the second generation 
(cefuroxime) increased by 50.0%, resistance to the third 
generation (cefotaxime) increased by 6.3%; fluoroquino-
lones – resistance to the second generation (norfloxacin) 
increased by 15.0%, resistance to the third generation 
(levofloxacin) increased by 49.2%; tetracyclines – resis-
tance to the first generation (tetracycline) increased by 
29.6%, resistance to the second generation (doxycycline) 
increased by 30.0%. 

Besides, resistance of isolates to chloramphenicol/levo-
mycetin increased by 37.5% and to sulfamethoxazole/tri-
methoprim increased by 17.5% during the study period, 
2022 –2024. 

Resistance to aminoglycosides has also increased: resis-
tance to amikacin (third generation) and kanamycin (first 
generation) has increased by 12.5%; resistance to strepto-
mycin (first generation) has increased by 10.8%.
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No antimicrobial resistance genes (blaCTX-M,  
blaOXA10, blaDHA, blaGES, blaKPC, blaOXA48-like, 
blaNDM, blaVIM) have been detected in the recovered 
Salmonella spp.

Continuous monitoring of animal product quality en-
ables prompt detection of shifts in bacterial populations, 
facilitating the development of effective strategies for re-
ducing the transmission of resistant strains and genes to 
humans. However, monitoring for antimicrobial resistance 
trends in isolated strains supports rational antibiotic use 
in veterinary and clinical medicine. This is essential for ef-
fective salmonellosis surveillance under the One Health 
framework
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