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ABSTRACT
Introduction. Listeria monocytogenes is a pathogenic microorganism that causes a large number of deaths due to the consumption of contaminated animal products. 
This underpins the relevance of monitoring the spread of the listeriosis agent in raw materials, animal products, and environmental objects, as well as the antibiotic 
resistance of isolates.
Objective. Serotype identification and antibiotic resistance analysis of Listeria monocytogenes isolates recovered from animal products in 2021–2024.
Materials and methods. The work was performed at the Microbiology Unit of the Vladimir Testing Laboratory, the Federal Centre for Animal Health. Listeria genus 
bacteria isolates were identified using time-of-flight mass spectrometry. Antibiotic resistance of isolates belonging to the species Listeria monocytogenes was determined 
by the disk diffusion method. The values of the growth retardation zones were interpreted according to the Russian recommendations “Determination of the sensitivity 
of microorganisms to antimicrobial drugs” (IACMAC, version 2025-01). Listeria serological groups were identified using real-time polymerase chain reaction (qPCR) 
with primers manufactured by Syntol (Russia).
Results. The article presents the results of antibiotic resistance testing of 77 Listeria monocytogenes isolates detected in animal products in 2021–2024, as well 
as their differentiation by serogroups. Listeria monocytogenes was most frequently detected in poultry products. The detected isolates showed maximum resistance 
to cefuroxime, sulfamethoxazole/trimethoprim, norfloxacin, rifampicin, levofloxacin, and kanamycin. Moreover, most isolates exhibited resistance to more than one 
antimicrobial medicinal product. The study established the belonging of the Listeria monocytogenes isolates to the following serogroups: IIa (serotypes 1/2a, 3a) – 
92.2%; IIc (serotypes 1/2c, 3c) – 5.2%; IVb (serotypes 4b, 4d, 4e) – 2.6%.
Conclusion. The spread of resistance, including multidrug resistance, among Listeria monocytogenes isolates detected in animal products in 2021–2024 was 
demonstrated. The study identified the presence of listeria belonging to group IVb (serotypes 4b, 4d, 4e). However, the dominant part of Listeria monocytogenes 
isolates was classified as group IIa (serotypes 1/2a, 3a).
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Идентификация серотипов и анализ антибиотикорезистентности 
изолятов Listeria monocytogenes, выделенных из продукции 
животного происхождения за период с 2021 по 2024 г.
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РЕЗЮМЕ
Введение. Listeria monocytogenes – патогенный микроорганизм, вызывающий большое количество летальных исходов вследствие потребления контамини-
рованной продукции животного происхождения. Этим обусловлена актуальность мониторинга распространения возбудителя листериоза в сырье, продукции 
животного происхождения и объектах окружающей среды, а также антибиотикорезистентности изолятов.
Цель исследования. Идентификация серотипов и анализ антибиотикорезистентности изолятов Listeria monocytogenes, выделенных из продукции животного 
происхождения за период с 2021 по 2024 г.
Материалы и методы. Работа была выполнена на базе отдела микробиологических исследований Владимирской испытательной лаборатории 
ФГБУ «ВНИИЗ Ж». Изоляты бактерий рода Listeria идентифицировали с использованием метода времяпролетной масс-спектрометрии. Определение антибио-
тикорезистентности изолятов, относящихся к виду Listeria monocytogenes, проводили диско-диффузионным методом. Значения зон задержки роста интер
претировали согласно российским рекомендациям «Определение чувствительности микроорганизмов к антимикробным препаратам» (МАКМАХ, версия 
2025-01). Серологические группы листерий были идентифицированы с использованием метода полимеразной цепной реакции в режиме реального времени 
с применением праймеров производства НПК «Синтол» (Россия).

https://doi.org/10.29326/2304-196X-2026-15-1-38-45

© Akulich O. A., Shadrova N. B., Denisova G. S., 2026

ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY ОРИГИНАЛЬНЫЕ СТАТЬИ | ВЕТЕРИНАРНАЯ МИКРОБИОЛОГИЯ 

УДК 619:579.869.1:637:615.331.015.8

https://crossmark.crossref.org/dialog/?doi=10.29326/2304-196X-2026-15-1-38-45&domain=pdf&date_stamp=2026-13-03


39VETERINARY SCIENCE TODAY. 2026; 15 (1): 38–45 | ВЕТЕРИНАРИЯ СЕГОДНЯ. 2026; 15 (1): 38–45

Результаты. В статье представлены результаты исследований антибиотикорезистентности 77 изолятов Listeria monocytogenes, выявленных в продукции 
животного происхождения в 2021–2024 гг., а также их дифференциации по серогруппам. Чаще всего Listeria monocytogenes определяли в продукции из мяса 
птицы. Выявленные изоляты имели максимальную резистентность к цефуроксиму, сульфаметоксазолу/триметоприму, норфлоксацину, рифампицину, лево
флоксацину и канамицину. При этом большинство изолятов проявило устойчивость более чем к одному антимикробному препарату. В рамках исследования 
установлена принадлежность изолятов Listeria monocytogenes к следующим серогруппам: IIa (серотипы 1/2а, 3а) – 92,2%; IIc (серотипы 1/2с, 3с) – 5,2%; 
IVb (серотипы 4b, 4d, 4e) – 2,6%.
Заключение. Показано распространение устойчивости, в том числе множественной, среди изолятов Listeria monocytogenes, выявленных в продукции живот-
ного происхождения в 2021–2024 гг. В результате проведенного исследования было определено присутствие листерий, относящихся к группе IVb (серотипы 
4b, 4d, 4e). Однако доминирующая часть изолятов рода Listeria monocytogenes была классифицирована как группа IIa (серотипы 1/2а, 3а).

Ключевые слова: Listeria monocytogenes, антибиотикорезистентность, серотип, чувствительность к антимикробным препаратам, полимеразная цепная 
реакция в режиме реального времени
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INTRODUCTION
Listeria monocytogenes is a gram-positive motile 

facultative anaerobic rod that does not form spores or cap-
sules and causes listeriosis, a life-threatening disease man-
ifesting, other things, as central nervous system damage 
and meningoencephalitis. Children, including newborns, 
pregnant women (leading to fetal death), and the elderly 
are at high risk. In healthy individuals, L. monocytogenes 
causes mild symptoms, but listeriosis poses a serious threat 
to immunocompromised individuals and those with chron-
ic diseases, as it can lead to sepsis and other complica-
tions [1, 2, 3, 4].

This microorganism is widespread in terrestrial and 
aquatic ecosystems, being transmitted to animals and hu-
mans both directly and indirectly through the consumption 
of contaminated food or water. L. monocytogenes infection 
mainly characterized by foodborne transmission, and 
accor ding to the World Health Organization, listeriosis 
is one of the most serious and severe foodborne diseases, 
with the highest case fatality rates in foodborne infections 
(over 20%) [5, 6, 7].

L. monocytogenes bacteria can adapt to various 
conditions: they can survive at temperatures below 7 °C. 
They are resistant to low pH values and high salt 
concentrations. Furthermore, Listeria can form biofilms, that 
allow them not only to persist in food production environ-
ments, but also to accumulate, even if their initial concen-
tration was low. Animal products with a high risk of L. mono-
cytogenes contamination include meat preparations and 
ready-to-eat meat products, including vacuum-packed 
products, dairy products, including soft cheeses, and cold-
smoked fish products. Chilled ready-to-eat foods pose 
a particular risk [8, 9, 10].

The disease is reported in more than 65 countries on all 
continents. The number of recorded cases per year is 0.1–
10.0 per 1 million people, depending on the country [9, 11].

In the European Union and European Economic Area (EU/
EEA) countries, 2,993 confirmed cases were reported in 2023 

(0.67 cases per 100,000 population), the highest annual rate 
since 2007. Incidence peaks during the summer months, 
with the number of cases increasing annually, showing 
a statistically significant rise and upward trend [12, 13].

Analysis of listeriosis epidemiology demonstrates that 
most sporadic cases and all major epidemic outbreaks are 
associated with pathogen isolates belonging to the first 
two phylogenetic lineages, designated I and II. In total, four 
phylogenetic lineages are distinguished within the species 
L. monocytogenes, differing in genetic and phenotypic 
characteristics.

Traditionally, five serogroups are distinguished: I (sero-
types 1/2a and 3a; with 3a rarely detected in clinical cases); 
II (serotypes 1/2b, 3b and 7); III (serotypes 1/2c, 3c; with 3c 
being an extremely rare form); IV (serotypes 4b, 4d and 4e; 
with 4e playing a minor role in disease development); V (se-
rotypes 4ab, 4a, 4c, which are practically not associated 
with clinical cases). 

Listeria serotypes, classified based on variations in soma
tic (O) and flagellar (H) antigens, show significant differen
ces in their epidemic potential and pathogenicity. These 
differences are due to the heterogeneity of antigenic struc-
ture, allowing serotypes to adapt to different environmen-
tal conditions and interact with the host’s immune sys-
tem [3, 5, 6, 14, 15].

Based on molecular typing, L. monocytogenes is divided 
into the following serogroups: IIa (serotypes 1/2a and 3a), 
IIb (serotypes 1/2b, 3b), IIc (serotypes 1/2c, 3c and 7), and 
IVb (serotypes 4b, 4d and 4e) [12, 16].

Human listeriosis is most commonly caused by sero-
types 1/2a, 1/2b, and 4b, which account for over 90% of 
detected isolates. Serotype 4b is associated with most ma-
jor listeriosis outbreaks, making it one of the most danger-
ous. Meanwhile, the vast majority of isolates belonging to 
serotypes 1/2 are widely distributed in food products and 
ecological niches where Listeria spp. are found. In particular, 
serotype 1/2a is most often detected in food prod-
ucts [6, 17, 18, 19].
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MATERIALS AND METHODS
The testing was conducted in the Microbiological Test-

ing of the Vladimir Testing Laboratory of the Federal Centre 
for Animal Health. A total of 77 L. monocytogenes isolates, 
recovered from animal products during 2021–2024, were 
used in this testing. 

Reagents and nutrient media: Fraser broth for primary 
enrichment (Merck KGaA, Germany), Fraser broth for sec-
ondary enrichment (Merck KGaA, Germany), Ottaviani – Ago-
sti agar (ALOA; Merck KGaA, Germany), Oxford agar (Merck 
KGaA, Germany), tryptone soya agar (TSA; State Research 
Centre for Applied Microbiology and Biotechnology, Russia), 
and Mueller – Hinton agar (MHA; State Research Centre for 
Applied Microbiology and Biotechnology, Russia).

Microbiological testing was performed according to 
GOST 32031-2022 “Food products. Methods for detection 
of Listeria monocytogenes and other species of Liste-
ria (Listeria spp.)”7. 

A 25 g test sample of the product was placed into a ster-
ile bag containing 225 mL of Fraser broth for primary en-
richment, homogenized for 1 min, and incubated at 
(30 ± 1) °C for (25 ± 1) hours. After primary enrichment, 
0.1 mL of the culture was transferred into 10 mL of Fraser 
broth and incubated at (37 ± 1) °C for (24 ± 2) hours. 

Following incubation, samples subcultured using a bac-
teriological loop onto the surface of two solid selective 
media (ALOA and Oxford agar) and cultured at (37 ± 1) °C 
for 48–24 hours, monitoring for the presence of colonies 
characteristic of Listeria spp. 

Colonies exhibiting growth characteristic of Listeria spp. 
were subcultured onto the surface of tryptone soya agar 
with yeast extract to obtain isolated colonies and incuba ted 
at (37 ± 1) °C for (24 ± 3) hours.

Simultaneously, rapid identification of the isolated 
micro organisms was performed using time-of-flight mass 
spectrometry (Autof MS1000, Autobio Diagnostics Co., Ltd, 
China), as well as by determining culture motility, Gram 
stain, and catalase activity.

Determination of antibiotic resistance. Antimicrobial 
susceptibility testing of L. monocytogenes isolates was 

7 https://docs.cntd.ru/document/1200193714?ysclid=mhyosx40
nk732110910 (in Russ.)

In the Russian Federation, the number of listeriosis ca ses 
and the percentage of fatalities are also increasing annu ally 
(an increase in severe and moderate forms of the disease 
is noted), despite the fact that listeriosis is generally repor
ted as sporadic cases [2, 10].

Thus, according to the official reports of the Federal 
Service for the Oversight of Consumer Protection and Wel-
fare, in 2021, the incidence of listeriosis in the Russian Fed-
eration was 45 cases1; in 2022 – 81 cases, including 
14 fatalities2; in 2023 – 100 cases, including 18 fatalities3; in 
2024 – 208 cases, 49 of which were fatal4. The majority 
of cases are reported annually in large cities, Moscow and 
Saint Petersburg, with no pronounced seasonal fluctua-
tions of the disease established [1].

The high mortality rate of listeriosis requires prompt 
treatment, specifically the use of antibiotics. Regarding 
antimicrobial susceptibility, L. monocytogenes, despite its 
widespread distribution in the environment, generally ex-
hibits relatively low resistance rates. However, recent stu
dies have shown the acquisition of antibiotic resistance 
in Listeria strains, including those isolated from food 
products [3, 16, 20, 21, 22].

At the same time, antibiotic resistance is currently con-
sidered one of the main threats to global health, to combat 
which the World Health Organization, the Food and Agri-
culture Organization of the United Nations, the United 
Nations Environment Programme, and the World Organi-
sation for Animal Health have united under the “One 
Health” concept [23, 24, 25].

To combat antimicrobial resistance in the Russian Fed-
eration, the “Strategy for Preventing the Spread of Antimi-
crobial Resistance in the Russian Federation for the Period 
up to 2030”5 was approved in 2017. Furthermore, in 2024, 
an “Action Plan for 2025–2030”6 for the implementation of 
this strategy was approved, determining legal regulation, 
public awareness, systematic monitoring, and more. 

Thus, the relevance of this study stems from the impor-
tance of monitoring the spread of L. monocytogenes 
by testing food products to trace the epidemiological path-
ways of the pathogen, including resistant ones, prevent 
its transmission to humans, and occurrence of listeriosis 
outbreaks. 

The novelty of the work lies in the results of tested sam-
ples of livestock products obtained from three regions of 
Central Russia (Vladimir, Kostroma, and Ivanovo Oblasts), 
with subsequent isolation of L. monocytogenes isolates, 
typing using qPCR, determination of antibiotic resistance, 
and evaluation of trends in antibiotic resistance.

The objective of the work is to identify serotypes and 
analyze the antibiotic resistance of L. monocytogenes iso-
lates recovered from animal products between 2021 
and 2024.

1 https://www.rospotrebnadzor.ru/documents/details.php?ELEMENT_
ID=21796 (in Russ.)
2 https://www.rospotrebnadzor.ru/documents/details.php?ELEMENT_
ID=25076 (in Russ.)
3 https://www.rospotrebnadzor.ru/documents/details.php?ELEMENT_
ID=27779 (in Russ.)
4 https://www.rospotrebnadzor.ru/documents/details.php?ELEMENT_
ID=30171 (in Russ.)
5 http://static.government.ru/media/files/onJ3GY3ObDGqLDvrED7AhpLF
3ywRRFpp.pdf (in Russ.)
6 https://www.garant.ru/products/ipo/prime/doc/409448585/?ysclid=mh
ymceuaxf332408554 (in Russ.)
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Serogroups Genes Sequence (5’–3’)

4b, 4d, 4e

ORF0799F 5’-GCTGGGTTTCTTACGA-3’

ORF0799R 5’-CAACCGTTCATTTAGCTCAT-3’

ORF0799P FAM-TCTGCTGTTCAGTTATTGGAGTGGGA-BHQ1

1/2а, 1/2c, 
3а, 3с

Lmo0737F 5’-GCGGATGTGATTGATTTAC-3’

Lmo0737R 5’-AAACTGCACTAACTCTTGAAT-3’

Lmo0737P ROX -TGCTCCAGGATCAAGACACGGTA-BHQ2

1/2c, 3c

Lmo1118F 5’-CTTAGTATTCCAGGATTTAAGACC-3’

Lmo1118R 5’-CCAAAGAACCAAATTGATCGAATC-3’

Lmo1118P FAM-CCTTTATCTTCTCCTGAGTGTATACGCCTC-RTQ1

Table  
Primers for the molecular identification and differentiation of L. monocytogenes 
isolates by serogroups
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 performe d using the disk diffusion method according to the 
methodological guidelines MUK 4.2.1890-04 “Determina-
tion of the Sensitivity of Microorganisms to Antimicrobials”8. 

The following antibiotics (paper disks manufactured by 
the Saint-Petersburg Pasteur Institute, Russia) were used: 
azithromycin (15 µg), amikacin (30 µg), amoxicillin (20 µg), 
ampicillin/sulbactam (10 µg), benzylpenicillin (10 IU/6 µg), 
vancomycin (30 µg), doxycycline (30 µg), imipenem (10 µg), 
kanamycin (30 µg), levofloxacin (5 µg), meropenem (10 µg), 
norfloxacin (10 µg), rifampicin (5 µg), sulfamethoxazole/
trimethoprim (23.75/1.25 µg), streptomycin (10 µg), tetra-
cycline (30 µg), chloramphenicol (30 µg), cefazolin (30 µg), 
cefuroxime (30 µg), and erythromycin (15 µg). 

The choice of antibacterial agents was driven by the fact 
that penicillins (ampicillin, benzylpenicillin, penicillin, 
amoxicillin) are often used in combination with aminogly-
cosides (gentamicin, streptomycin) in therapy of animals, 
as well as in the treatment of listeriosis in humans. Alterna-
tive antibiotics (second-line treatment agents) may include: 
sulfamethoxazole/trimethoprim, macrolides (erythromy-
cin), fluoroquinolones (levofloxacin), tetracyclines (tetracy-
cline, doxycycline), carbapenems (meropenem, imipenem), 
rifampicin, and vancomycin. Thus, detection of resistance 
to these agents may limit treatment options, particularly 
for patients with allergic reactions to certain antimicrobi-
als [5, 16, 21, 22, 26].

For antibiotic susceptibility testing, a bacterial suspen-
sion with an optical density of 0.5 McFarland standard was 
prepared from a 24-hour culture of L. monocytogenes iso-
lates grown on MHA. 

The density of the suspension was measured using 
a densitometer (VITEK® bioMérieux model Densichek, 
France). Subsequently, it was inoculated onto sterile Petri 
plates (on dried surface of tryptone soya agar) with a ster-
ile cotton swab by streaking with no gaps. After applying 
antibiotic disks (4 disks per Petri plate), the plates were 
incubated at 37 °C for (18 ± 2) hours. The growth retardation 
zones of microorganisms around the discs were measured 
with an accuracy of 1 mm.

Results were interpreted using the Russian guidelines 
“Determination of the Sensitivity of Microorganisms to 
Antimicrobials” (IACMAC, version 2025-01), prepared based 
on the recommendations of the European Committee 
on Antimicrobial Susceptibility Testing (EUCAST) [27, 28]. 

Since EUCAST recommendations do not provide criteria 
for interpretation of L. monocytogenes antibiotic resistance 
for the entire list of antimicrobials used in this work, the 
zone diameter breakpoints for most antibiotics were based 
on data for Staphylococcus spp. For the analysis of Listeria 

8 https://docs.cntd.ru/document/1200038583?ysclid=mhypc
um520443253115 (in Russ.)

susceptibility to vancomycin and streptomycin, values 
for Enterococcus spp. were used [5, 16, 29, 30].

Real-time PCR (qPCR). For DNA extraction, the “RIBO-
prep” reagent kit (Central Research Institute of Epidemio
logy of Rospotrebnadzor, Russia) was used according to 
the manufacturer’s instruction . 

Serological groups of L. monocytogenes were identified 
according to the methodological recommendations for the 
differentiation of bacterial genome regions of serogroups 
(1/2a, 3a), (1/2c, 3c), and (4b, 4d, 4e) in animal products using 
qPCR, developed at the Federal Centre for Animal Health. 
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Fig. 2. Antibiotic resistance of L. monocytogenes isolates detected  
in animal products in 2021–2024

Fig. 1. Distribution frequency of L. monocytogenes isolates 
detected in animal product samples in 2021–2024

Fig. 3. L. monocytogenes isolates with multidrug resistance detected  
in samples of animal products in 2021–2024

Fig. 4. Resistance of L. monocytogenes isolates to fluoroquinolones
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As part of this work, evaluation of the resistance 
of L. monocytogenes isolates to 20 antimicrobial agents was 
conducted. The results are presented in Figure 2.

The research demonstrated a high level of resistance 
in L. monocytogenes isolates to several antibacterials. Thus, 
the maximum frequency of resistance was observed 
to cefuroxim  e (100.0%), sulfamethoxazole/trimetho-
pri m (93.5%), norfloxacin (89.6%), rifampicin (89.6%), levo-
floxacin (83.1%), kanamycin (41.6%). Concurrently, 
all L. monocytogenes isolates were susceptible to ampicillin/
sulbactam, benzylpenicillin, azithromycin, amikacin, van-
comycin, and meropenem.

The data obtained correlate with findings of other aut
hors that show the susceptibility of L. monocytogenes 
isolates to ampicillin, benzylpenicillin, vancomycin and 
resistance to rifampicin, sulfamethoxazole/trimethoprim, 
kanamycin, norfloxacin and erythromycin [4, 5, 22, 31]. Fur-
thermore, the Federal Service for Surveillance on Consu mer 
Rights Protection and Human Wellbeing, in its official re-
port for 2024, provided information on the resistance 
of L. monocytogenes strains isolated from food products 
to sulfamethoxazole/trimethoprim9. 

These and other result s presented by individual authors 
emphasize the impor tance of monitoring the susceptibility   

9 https://www.garant.ru/products/ipo/prime/doc/409448585/?ysclid=mh
ymceuaxf332408554 (in Russ.)

Serogroup IIa (serotypes 1/2a and 3a) was identified by 
amplification of the lmo0737 gene fragment; the lmo0737 
and lmo1118 genes allowed identification of serogroup IIc 
(serotypes 1/2c, 3c); serogroup IVb (serotypes 4b, 4d, and 
4e) was determined by amplification of the ORF0799 gene. 
Primers were manufactured by order of Syntol (Russia). 

The following strains were used as positive controls: 
– serotype 1/2a – DNA of L. monocytogenes No. 15 (Federal 

Research Center for Virology and Microbiology, Russia);
– serotype 1/2c – DNA of L. monocytogenes 5348 No. 20 

(Federal Research Center for Virology and Microbiology);
– serotype 3a – DNA of L. monocytogenes No. 39 (Federal 

Research Center for Virology and Microbiology);
– serotype 3c – DNA of L. monocytogenes No. 46 (Federal 

Research Center for Virology and Microbiology);
– serotype 4b – DNA of L. monocytogenes ATCC 19115 

(State Research Center for Applied Microbiology and 
Biotechnology, Russia);

– serotype 4d – DNA of L. monocytogenes 10888 No. 72 
(Federal Research Center for Virology and Microbiology);

– serotype 4e – DNA of L. monocytogenes 19118 No. 75 
(Federal Research Center for Virology and Microbiology).

The nucleotide sequences of primers and probes for 
differentiating genomic regions of L. monocytogenes sero-
groups (1/2a, 3a), (1/2c, 3c), and (4b, 4d, 4e) are presented 
in the Table [14, 19].

When preparing the reaction mixture, the following volu
mes of components per sample were used: 10× PCR buffer 
B – 2.5 µL; dNTP 2.5 mM – 2.5 µL; MgCl2 25 mM – 2.5 µL; 
a mixture of primers and a probe (10 pmol/µL each) – 0.5 µL 
each; SynTaq DNA polymerase 5 U/µL – 0.2 µL; ddH2O – 11.8 µL 
(a set of reagents for qPCR manufactured by Syntol, Russia). 

The qPCR was performed in a thermal cycler (CFX mod-
ule, C1000 Touch, Bio-Rad Laboratories, Inc., USA) in a vol-
ume of 25 µL containing 20 µL of a mixture and 5 µL of 
L. monocytogenes DNA isolates.

The mixture preparation protocol included heating of 
the reaction mixture at 94 °C for 3 minutes, 40 cycles with 
denaturation at 94 °C for 20 seconds, annealing at 58 °C for 
30 seconds and elongation at 72 °C for 25 seconds, and 
then completion of the reaction at 72 °C for 10 minutes.

Statistical processing of the research results was per-
formed using the Microsoft Excel program.

RESULTS AND DISCUSSION 
During testing of samples of animal products from 2021 

to 2024, a total of 77 isolates of L. monocytogenes were 
detected (12 isolates in 2021, 22 isolates in 2022, 22 isolates 
in 2023, 21 isolates in 2024).

Figure 1 presents a graphical interpretation of the dis-
tribution frequency of L. monocytogenes isolates detected 
in animal products. The pathogen was most frequently 
found in poultry meat, with 48 Listeria isolates, accounting 
for a significant proportion (62%) of the total detected iso-
lates. Fish and fish products, as well as beef and meat prepa-
rations derived from it, also represented a significant source 
of L. monocytogenes contamination (16 isolates – 21% and 
10 isolates – 13%, respectively).

Data from the European Food Safety Authority (EFSA) 
indicate that outbreaks of foodborne infections caused 
by L. monocytogenes in Europe were mainly attributed 
to contamination of food products from these same cate-
gories: broiler meat, beef, pork, and products thereof; fish 
and fishery products; and cheeses [7].
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Fig. 5. Resistance of L. monocytogenes isolates  
to sulfamethoxazole/trimethoprim, rifampicin, and kanamycin

Fig. 6. Determination of L. monocytogenes serotypes in animal product  
samples by qPCR

Sulfamethoxazole/trimethoprim
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of L. monocytogenes due to the increasing resistance to 
a number of antimicrobials, including tetracycline and 
erythromycin [3]. In our work, 3.9% of isolates were found 
to be resistant to tetracycline, and 11.7% to erythromycin.

Additionally, several researchers note the diversity of ge-
netic profiles of L. monocytogenes, which leads to variability 
in antimicrobial susceptibility [16].

In the current tests, it was found that 98.7% of L. mono-
cytogenes isolates were resistant to more than one antibi-
otic. No isolates resistant to all tested antimicrobials 
were detected.

Results from other authors not only confirm the fact of 
resistance of L. monocytogenes isolated from food products 
to at least one antibiotic, but also demonstrate an increase 
in the number of strains with multidrug resistance, posing 
a serious challenge for modern medicine [5, 16, 32]. 

Furthermore, as shown in Figure 3, resistance to five 
antimicrobials was identified in 30 isolates (38.9%), to six 
in 18 isolates (23.4%), and to four in 12 isolates (15.6%). 

Also, as part of the work, 2 L. monocytogenes isolates 
resistant to eight antibiotics (2.6%) and 12 isolates resistant 
to seven antibiotics (15.6%) were identified. 

Nearly half of the isolated L. monocytogenes strains 
(46.8%) were resistant to three classes of antibiotics 
(cephalosporins, sulfonamides, fluoroquinolones) and 
rifampicin. Isolates with multidrug resistance were most 
frequently detected in poultry meat products.

The emergence of strains resistant to fluoroquinolo  nes 
was first reported in the early 1990s; however, multidrug 
resistance in L. monocytogenes was rare until the mid-
2000s [5].

Figure 4 demonstrates the increase in the number 
of L. monocytogenes isolates resistant to certain antimicro-
bials within a single class (fluoroquinolones) during the 
period from 2021 to 2024. Specifically, in 2024, isolate resis
tance to levofloxacin (a third-generation fluoroquinolone) 
increased by 11.9% compared to 2021. Similar results were 
observed for norfloxacin (a second-generation fluoro-
quinolone), with a 20.2% increase in resistance over the 
four-year period. Similar results were observed for norflox-
acin (a second-generation fluoroquinolone), with a 20.2% 
increase in resistance over the four-year period.

Resistance to kanamycin (a first-generation amino
glycoside) increased by 5.9% between 2021 and 2024. 
A high level (ranging from 81.8% to 100.0%) of resistance 
to sulfamethoxazole/trimethoprim and rifampicin was 
note d (Fig. 5). 

In the next stage of our work, the serological groups 
of L. monocytogenes were identified. According to findings 
from other authors, a significant proportion of Listeria iso-
lates detected in products belong to serogroup IIa, partic-
ularly serotype 1/2a, which demonstrates higher adaptabil-
ity and resistance to disinfectants or other environmental 
factors [3, 6, 16, 32, 33]. However, according to data from 
the European Centre for Disease Prevention and Control 
(ECDC European Surveillance System, TESSy) report, 
in 2023, the most prevalent serogroup was IVb (47.8%), 
followed by IIa (41.7%), IIb (9.0%), and IIc (1.6%) [12].

Determining Listeria serotypes using traditional sero-
logical methods is time-consuming, lacks specificity, and 
is not widespread in the Russian Federation due to the 
absence of specific sera. Several authors recommend using 
qPCR for determining L. monocytogenes serogroups [15, 17].

In our work, using qPCR with three pairs of primers for 
the serological identification of 77 L. monocytogenes iso-

lates, it was determined that 71 isolates (92.2%) belonged 
to serotypes 1/2a, 3a and were assigned to serogroup IIa; 
4 isolates (5.2%) belonged to serotypes 1/2c, 3c and 
serogroup IIc; and 2 isolates (2.6%) belonged to serotypes 
4b, 4d, 4e and serogroup IVb (Fig. 6). An isolate of the most 
dangerous serotype, L. monocytogenes 4b, was detected 
in poultry meat, which may pose a potential epidemio
logical hazard.

CONCLUSION
In this work, 77 L. monocytogenes isolates were identi-

fied, and it was found that poultry meat was the main 
source of Listeria contamination, accounting for 62% of the 
total isolates detected.

Data were obtained indicating increasing resistance 
in Listeria isolates, including multidrug resistance.

The L. monocytogenes isolates exhibited the highest 
resistance rates to cefuroxime (100.0%), sulfamethoxazole/
trimethoprim (93.5%), norfloxacin (89.6%), rifampi-
cin (89.6%), levofloxacin (83.1%), and kanamycin (41.6%). 
At the same time, all isolates were susceptible to azithro-
mycin, amikacin, ampicillin/sulbactam, benzylpenicillin, 
vancomycin, and meropenem.

The vast majority of L. monocytogenes isolates (98.7%) 
demonstrated resistance to more than one antibiotic. Thus, 
resistance to five antimicrobials was observed in 30 isolates 
(38.9%), to six in 18 isolates (23.4%), and to four in 12 isolates 
(15.6%). Additionally, 2 isolates (2.6%) were found to be 
resistant to eight antibiotics, and 12 isolates (15.6%) to se
ven antibacterials.

Analysis of the data obtained from 2021 to 2024 revea
led an increase in resistance in L. monocytogenes isolates 
to medicines from the fluoroquinolone group: resistance 
to norfloxacin (second-generation fluoroquinolone) incre
ased by 20.2%, and to levofloxacin (third-generation fluo-
roquinolone) by 11.9%. During the same period, an increase 
in resistance to kanamycin by 5.9% was also observed. 
Resistance to sulfamethoxazole/trimethoprim and rifam-
picin remained at levels between 81.8 and 100.0%.

Using qPCR, it was determined that 92.2% of the studied 
L. monocytogenes isolates belong to serogroup (1/2a, 3a). 
Isolates belonging to serogroup IVb, which includes the 
most epidemiologically dangerous Listeria serotype 4b, 
were detected in poultry meat. 
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