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 Abstract. Listeria monocytogenes is the causative agent of listeriosis in humans and animals, posing a significant 
threat to the safety of animal-derived products. The high survival capacity of this bacterium in dairy and meat 
products, along with potential antimicrobial resistance, necessitated monitoring the prevalence and susceptibility 
of Listeria isolates in the Republic of Kazakhstan. The aim of this study was to determine the prevalence, species 
composition, and antimicrobial susceptibility profile of Listeria in animal-derived products collected in 2025. A 
total of 521 samples of meat and dairy products were examined, collected during cold and warm seasons in Almaty 
and Almaty region. Listeria isolation was performed using Half Fraser and full-strength Fraser broths, followed 
by plating on CHROMagar™ Listeria and PALCAM selective media. Species identification was carried out using 
the CAMP test and biochemical assays. Antimicrobial susceptibility was determined by the disc diffusion method 
on Mueller-Hinton agar according to EUCAST guidelines. From 521 samples, 116 Listeria isolates were recovered 
(22.3%), of which 40 isolates (34.5% of all Listeria and 7.7% of total samples) were identified as L. monocytogenes. 
The highest number of L. monocytogenes isolates was detected in dairy products – 24 isolates (60.0%), whilst 
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foodborne infections in European Union countries, de-
spite a relatively low incidence compared to other food-
borne bacterial diseases. Similar trends are observed in 
the USA and East Asian countries, where there has been 
an increase in the detection of the pathogen in prod-
ucts of animal origin and the emergence of strains with 
multiple drug resistance (Lee et al., 2022; CDC, 2024).

In the Republic of Kazakhstan, the issue of L. mono-
cytogenes contamination in livestock products and the 
assessment of antibiotic resistance in this pathogen re-
mains understudied, despite the rapid development of 
the livestock sector and the increase in food production 
volumes. The scarcity of systematic data on the preva-
lence and biological properties of circulating strains 
necessitates comprehensive studies aimed at assessing 
the microbiological safety of food products. The aim of 
this study was to determine the prevalence of L. monocy-
togenes in livestock products produced and sold within 
the Republic of Kazakhstan. The objectives of the study 
included the species identification of the isolated strains 
and the assessment of their antibiotic susceptibility 
to determine the epidemiological significance of the 
pathogen and to justify measures to ensure food safety. 

 Literature Review
Recent studies highlight the widespread prevalence of 
Listeria monocytogenes in food of animal origin and the 
significant diversity of antibiotic resistance profiles, in-
cluding the emergence of multidrug-resistant strains in 
various regions of the world (Silva et al., 2024; Niko-
laou et al., 2025). According to the CDC (2024), approx-
imately 1,600 cases of listeriosis are reported annually 
in the US, with a case fatality rate of 20-30%. Research-
ers S.  Shaaban et al.  (2025) analysed Listeria monocy-
togenes isolates obtained from dairy products, farm 
animals and clinical samples in North Africa. The pres-
ence of multidrug-resistant strains, resistant to several 
classes of antimicrobial agents simultaneously, includ-
ing β-lactams, tetracyclines and macrolides, was estab-
lished. Genotyping revealed a combination of antibiotic 
resistance genes with virulence factors, indicating an 
increased epidemiological risk posed by circulating 
strains in the food chain. 

The study by A.  Kayode & A.  Okoh  (2023) analy-
ses the antibiotic resistance profiles of Listeria mono-
cytogenes strains isolated from ready-to-eat foods in 

 Introduction
Listeriosis remains one of the most dangerous food-
borne infections, characterised by a high case-fatality 
rate among vulnerable population groups, despite its 
relatively low incidence. In reports by various interna-
tional organisations, Listeria monocytogenes consist-
ently ranks among the leading causes of death from 
zoonotic infections, including in European Union coun-
tries. At the same time, one of the pressing global chal-
lenges facing public health and veterinary medicine is 
the growing resistance of pathogenic microorganisms 
to antimicrobial agents, which is directly linked to the 
widespread and often uncontrolled use of antibiotics in 
medicine, animal husbandry and the food industry. In 
this context, L. monocytogenes is of particular epidemi-
ological significance – the causative agent of listerio-
sis, a dangerous zoonotic disease characterised by high 
mortality among at-risk groups, including pregnant 
women, newborns, the elderly and individuals with im-
munodeficiency conditions (Alharbi et al., 2025)

An important aspect of the study of listeriosis is the 
biological characterisation of the pathogen. L. mono-
cytogenes belongs to Group III pathogens, capable of 
causing infectious diseases in humans and animals, 
as confirmed by international and regional regulatory 
documents in the field of public health and food safe-
ty, in particular the WHO  (2018). Despite its low con-
tagiousness, this pathogen poses a significant threat 
to public health due to the severe clinical course of 
the disease in vulnerable population groups. Given 
L. monocytogenes’ ability to persist for long periods in 
food products of animal origin and to contaminate raw 
materials and finished products, the systematic testing 
of food products for the presence of this pathogen is 
a prerequisite for ensuring their microbiological safety 
and compliance with technical regulatory requirements

L. monocytogenes is widespread in the environment 
and is capable of surviving for long periods in meat, milk, 
dairy products and processed dairy products. As noted 
by Y. Liu et al. (2025), the unique biological properties of 
this microorganism, including its ability to grow at low 
temperatures, form biofilms and withstand processing 
stresses, contribute to its persistence in the food chain 
and increase the risk of contamination of finished prod-
ucts. According to data from EFSA & ECDC (2024), Lis-
teria monocytogenes remains one of the leading caus-
es of hospitalisations and fatalities among bacterial  

16 isolates (40.0%) were found in meat products. The CAMP test confirmed the pathogenicity of the isolated 
strains. Antimicrobial susceptibility testing demonstrated high sensitivity to ampicillin, ampicillin/sulbactam, 
chloramphenicol, and tetracyclines; however, isolates exhibiting multidrug resistance to benzylpenicillin and 
linezolid were detected. The findings emphasise the necessity of regular monitoring of L. monocytogenes in 
livestock products and surveillance of antimicrobial susceptibility to prevent the dissemination of resistant strains

 Keywords: foodborne pathogens; antimicrobial resistance; animal-derived products; microbiological 
contamination; public health risk; phenotypic resistance; food safety monitoring
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South Africa. The authors identified a high level of re-
sistance to a range of antimicrobial agents, indicating 
a significant risk to food safety and the complexity of 
empirical treatment for listeriosis. The findings high-
light the need for regular monitoring of pathogen re-
sistance in the food chain and the implementation of 
safety control measures for ready-to-eat products. A 
number of studies have shown that antibiotic-resist-
ant strains of Listeria spp. isolated from dairy products 
possess a high ability to form biofilms, which hinders 
their elimination by conventional sanitation methods. 
In particular, E.  Abdullah  et al.  (2025) demonstrated 
the efficacy of lytic bacteriophages in suppressing the 
growth of resistant Listeria spp. isolates and destroying 
formed biofilms. Despite the traditional clinical efficacy 
of β-lactam antibiotics against Listeria monocytogenes, 
strains resistant to tetracyclines, macrolides and lin-
cosamides have been increasingly reported in recent 
years, indicating the emergence of diverse antibiotic 
resistance profiles (Conter et al. , 2009; Li et al. , 2024; 
Wiśniewski et al. , 2025).

In the post-Soviet states, the problem of Listeria 
monocytogenes contamination in livestock products re-
mains a pressing issue, as confirmed by the results of 
bacteriological studies conducted in the Russian Fed-
eration and Central Asian countries. Russian research-
ers L. Logatskaya et al. (2025) reported contamination 
of meat, fish and dairy products with L. monocytogenes 
in the Nizhny Novgorod region of the Russian Feder-
ation between 2023 and 2024. According to the study 
results, the highest levels of L. monocytogenes contam-
ination were found in minced beef (10.7%), in semi-fin-
ished poultry products in a dough casing (9.3%), and 
in mechanically deboned poultry meat. Bacteriological 
analysis of food products conducted in the Russian 
Federation from 2016 to 2020 to determine Listeria 
contamination in food products by researchers Ya. Al-
eksandrova et al. (2023) showed that out of 1,954,742 
samples tested, Listeria was detected in 11,177, 
with the proportion of positive results ranging from 
0.4% (2017) to 0.96% (2018). The increase in the detec-
tion rate of the pathogen is attributed to the rise in the 
production and processing of animal-derived products, 
as well as to the insufficient effectiveness of sanitary 
and hygiene controls.

Zh. Kirkimbayeva et al. (2022), who have been con-
ducting epizootiological monitoring of this infection for 
a number of years, report on the prevalence of listeri-
osis among cattle and small ruminants in Kazakhstan. 
Thus, according to the results of the authors’ serological 
study for listeriosis of 270 head of cattle and 270 head 
of small ruminants from farms in the Almaty region us-
ing the enzyme-linked immunosorbent assay (ELISA), 
seropositive animals were identified. Bacteriological 
studies enabled the isolation of L. monocytogenes from 
the genital tracts of 16% of cows and 11.7% of sheep. 
The seropositive cases identified among the animals 

studied and the positive bacteriological samples indi-
cate the presence of natural foci of L. monocytogenes on 
farms in the Almaty region. The results obtained indi-
cate the circulation of the pathogen among animals in 
the region, which may have epizootiological and poten-
tially significant public health implications.

Some researchers emphasise that phenotypic 
methods alone are insufficient for accurately predicting 
the phenotypic properties and assessing the epidemi-
ological significance of circulating strains of L. mono-
cytogenes. In particular, it has been shown that the use 
of molecular genetic approaches, including whole-ge-
nome sequencing (NGS/WGS) and genetic mapping of 
antibiotic resistance determinants, enables the identi-
fication of resistance genes, predict phenotypic resist-
ance and more accurately assess the epidemiological 
risks associated with the circulation of the pathogen in 
the food chain (Wiśniewski et al., 2025). Despite individ-
ual publications on the detection of L. monocytogenes 
in food products and production environments, issues 
relating to a comprehensive assessment of the prev-
alence and antibiotic susceptibility of the pathogen 
within the Republic of Kazakhstan remain insufficiently 
studied. For instance, A. Byahut et al.  (2026) analysed 
the prevalence of L. monocytogenes and the resistance 
profiles of isolates in various food products; however, 
the study was regional in scope and did not cover the 
countries of Central Asia. A. Tsitsos et al. (2025) focused 
on the molecular characterisation and antibiotic resist-
ance of L.  monocytogenes strains in meat-processing 
plants, without addressing products from the retail sec-
tor. Thus, the literature confirms the relevance of moni-
toring Listeria monocytogenes in livestock products, the 
use of molecular methods for identification and the as-
sessment of antibiotic susceptibility, which is particu-
larly important for developing countries with growing 
livestock production, including Kazakhstan.

 
 Materials and Methods

A study on the isolation and characterisation of the 
phenotypic properties of L. monocytogenes was con-
ducted at the “Bacteriology” and “Molecular Biology 
and Food Safety” laboratories of the Kazakh Scientific 
Research Veterinary Institute LLP. The study was con-
ducted in 2025 during two seasonal periods: the cold 
season (January-March) and the warm season (July-Sep-
tember). During the cold season, meat products and 
eggs (n = 305) were sampled, whereas during the warm 
season, dairy products (n = 216) were sampled. It should 
therefore be borne in mind that the differences identi-
fied reflect the combined influence of seasonal factors 
and the sample structure.

Study subjects and sampling. The study subjects 
comprised products of animal origin, including beef, 
lamb, horse meat, pork, poultry (chicken, duck, goose), 
chicken and quail eggs, as well as dairy products (raw 
milk, cream, sour cream and cottage cheese). Samples 
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were collected within the city of Almaty and the Almaty 
region of the Republic of Kazakhstan from various types 
of retail outlets, including wholesale and retail markets, 
supermarkets and specialist shops selling meat and 
dairy products. The following retail outlets were includ-
ed in the study: “Zeleny Bazaar”, “Altyn Orda”, “Zhetigen”, 
“Turksib”, “Kamenka”, “Arystan”, “Zhuldys”, “Tuzdybastau”, 
“Optovka”, “Tabak Sovkhoz”, “Ili District”, “Tastak”, “Sary 
Arka” and “Orbita”. The study included retail outlets and 
product samples meeting the following criteria: posses-
sion of an official licence or authorisation to sell meat 
and/or dairy products; the sale of products of animal 
origin produced within the relevant region; products 
with a specified shelf life: no more than 7 days from the 
date of production for dairy products and no more than 
14 days for meat products; compliance with standard 
storage conditions and temperature regimes in accord-
ance with current sanitary and hygiene requirements; 
the possibility of safe and correct sampling without 
compromising the integrity of the packaging or the 
storage conditions of the products. The study excluded 
retail outlets and product samples where one or more 
of the following factors were present: illegal retail out-
lets or premises that failed to provide authorisation 
documents for the products being sold; products with 
an expired use-by date or showing signs of a breach 
of storage temperature conditions; products that had 
been reprocessed, mixed with other ingredients or sub-
jected to additional heat treatment, which could have 
distorted the results of the microbiological analysis; 
retail outlets that did not allow for safe and represent-
ative sampling (restricted access, refusal by staff).

Samples were collected using a random stratified 
sampling method, covering various categories of retail 
outlets. A total of 521 samples were collected for bac-
teriological testing, of which 305 were obtained during 
the cold season (beef – 67, lamb – 55, horse meat – 50, 
pork – 33, poultry – 46, eggs – 54) and 216 samples 
during the warmer months (raw milk – 69, sour cream – 
50, cream – 47, quark – 50). Microbiological analysis 
identified 116 isolates of the genus Listeria, including 
40 isolates of Listeria monocytogenes. Samples were 
collected and transported in sterile containers at a con-
trolled temperature (4-6°C) in accordance with health 
and hygiene standards. Each sample was assigned a 
unique code containing information on the product 
type, sampling location and date. The weight of meat 
samples was 500 g, the volume of dairy products was 
200 mL, and the number of eggs was three per sam-
ple. The samples were transported to the laboratory in 
temperature-controlled containers and stored at 4°C 
until analysis began. The maximum interval between 
sampling and the start of analysis did not exceed 24 
hours. All procedures were carried out in accordance 
with GOST 26668-85 (1986).

Isolation and identification of Listeria spp. For pri-
mary enrichment, 25 g (or 25 mL) of the test material 

was placed in 225  mL of Half Fraser broth (HiMedia, 
India), mixed thoroughly and incubated at 30 ± 1°C for 
24 hours. Subsequently, 1 mL of the primary enrichment 
was transferred to 10 mL of full-strength Fraser broth 
for secondary enrichment and incubated at 37 ± 1°C for 
24-48 hours. Bacterial growth was assessed by the tur-
bidity of the medium and a change in its colour due to 
esculin fermentation (blackening of the medium). The 
enriched cultures were inoculated onto CHROMagar™ 
Listeria (France) and PALCAM (Federal State Budgetary 
Institution “National Medical Research Centre for Ther-
apy and Preventive Medicine” of the Ministry of Health 
of the Russian Federation) media, followed by incuba-
tion at 37 ± 1°C for 48 hours. Suspicious colonies with a 
characteristic green-blue colour on CHROMagar™ Lis-
teria and a grey-green colour on PALCAM medium were 
subjected to microscopic examination (Gram staining), 
testing for catalase activity and assessment of motility.

The following tests were carried out to confirm 
the species identity of Listeria spp.: Catalase activity – 
addition of 3% H2O2 to the colony; the appearance of 
bubbles indicates a positive result; carbohydrate fer-
mentation – glucose, lactose, mannitol, maltose in me-
dia with a pH indicator, incubated at 37°C for 24-48 
hours; motility – assessed in soft agar at 25°C, charac-
terised by “blurring” of the colony with the formation 
of umbrella-shaped growth; haemolytic activity – on 
5% blood agar, detection of β-haemolysis in the form 
of a narrow zone of complete clearing around the col-
onies; CAMP test – on 5% blood agar, a line of the con-
trol strain Staphylococcus aureus ATCC 6538 (National 
Bioresource Centre “All-Russian Collection of Industri-
al Microorganisms”) and a perpendicularly inoculated 
strain of Listeria spp.; after incubation at 37°C for 24-48 
hours, a triangular area of enhanced haemolysis was 
observed at the intersection of the growth lines of the 
control and test strains. To differentiate Listeria ivanovii, 
the Rhodococcus equi ATCC 6939 strain was additionally 
used as a control microorganism. The results were re-
corded after incubation at 37°C for 24-48 hours.

Determination of antibiotic susceptibility in Lis-
teria spp. isolates. Antibiotic susceptibility was deter-
mined for all isolated Listeria spp. isolates (n = 116), 
including Listeria monocytogenes isolates (n  =  40). 
Antimicrobial susceptibility testing was performed 
using the disc diffusion method (Kirby-Bauer) on Mu-
eller-Hinton agar manufactured by HiMedia (India) in 
accordance with EUCAST recommendations  (2023). 
Standard Thermo Scientific™ Oxoid™ Antimicrobi-
al Susceptibility Test Disks (Thermo Fisher Scientific, 
UK/USA) were used in the study. The antimicrobial 
agents tested were antibiotics used in veterinary and 
clinical practice: ampicillin (10  µg), benzylpenicillin 
(1 µg), ampicillin-sulbactam (20 µg), chloramphenicol 
(30 µg), linezolid (10 µg), vancomycin (30 µg), tetracy-
cline (30 µg) and doxycycline (30 µg). Incubation was 
carried out at 37°C for 24 hours.
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To prepare the inoculum, a one-day culture of the 
isolated microorganisms was diluted in 3-5 mL of ster-
ile isotonic sodium chloride solution until a turbidity 
equivalent to 0.5 on the McFarland scale was achieved 
(DEN-1 McFarland Densitometer, BIOSAN, Latvia), with 
direct inoculation of the plates using a sterile cotton 
swab. The inoculum was applied evenly to the agar 
surface in three directions, rotating the plate by 60° to 
ensure a continuous bacterial growth lawn. After the 
surface had dried (no more than 15 minutes), antibiotic 
discs were applied to the medium using sterile forceps 
or a dispenser. The plates were incubated under aerobic 
conditions at 37 ± 0.5°C for 18-24 hours. At the end of 
incubation, the diameters of the zones of growth inhi-
bition were measured using a vernier calliper to an ac-
curacy of 1 mm, and the results (susceptible, resistant) 
were interpreted in accordance with the EUCAST (2023) 
clinical breakpoint tables.

Statistical analysis of the data was performed using 
Microsoft Excel 2019 (Microsoft Corporation, USA). To 

assess the prevalence of Listeria spp., the frequencies 
and percentages of positive samples were calculated. 
The frequencies of isolate detection were compared us-
ing the χ2 (chi-square) test. Differences were considered 
statistically significant at a p-value < 0.05.

 Results and Discussion
Prevalence of Listeria spp. in food of animal origin
Samples were collected during the cold and warm sea-
sons to assess possible differences in the frequency 
of Listeria spp. contamination. Of the total number of 
samples collected (n = 521), 305 were taken during the 
cold season (winter, early spring), from which 33 Listeria 
spp. isolates were identified (10.8%). Most of these sam-
ples consisted of meat (beef, lamb, horse meat, pork and 
chicken), as well as eggs, stored at low temperatures. 
The low detection rate of Listeria spp. during this period 
can be explained by the slower growth of bacteria at low 
temperatures, as well as stricter sanitary conditions for 
storage and transport. The data are presented in Table 1.

Source: compiled by the authors

Table 1. The prevalence of Listeria spp. in meat products and eggs during the colder months

Table 2. The prevalence of Listeria spp. in dairy products during the warmer months

Product type Number of samples (n) Positive for Listeria spp. %
Beef 67 7 10.4

Horse meat 50 6 12
Lamb 55 9 16.4
Pork 33 3 9.1

Chicken 46 2 4.3
Eggs 54 6 11.1
Total 305 33 10.9

The data in Table 1 show that the highest frequen-
cy of Listeria isolation was observed in lamb (16.4%), 
and the lowest in chicken (4.3%). The data indicate that 
Listeria is present in all the product types examined, 
suggesting a potential risk to consumer health. The 
highest risk of Listeria detection is observed in lamb 
and beef, indicating the need for enhanced control 
during the production and sale of these products. It is 
worth noting that the studies were conducted during 
the cold season, when ambient temperatures were low. 
Listeria spp. are capable of surviving and multiplying at 
low temperatures, including in refrigerated conditions, 
which increases the risk of product contamination and 
prolongs the period during which they pose a poten-
tial hazard to consumers. When comparing the results 
obtained with European data, significant differences 
in contamination levels should be noted. According to 
EFSA & ECDC (2022), only 2.1% of meat product samples 
tested at the retail level in European Union countries  

tested positive for L. monocytogenes, which is signifi-
cantly lower than the figures obtained in this study. 
Possible reasons for the higher contamination levels 
in beef and lamb may include slaughter, processing 
and storage conditions, as well as longer transit times, 
which create favourable conditions for bacterial growth. 

During the warmer months (summer and early au-
tumn), 216 samples of dairy products – including sour 
cream, cream, quark and raw milk – collected in the city 
of Almaty and the Almaty region were analysed. A total 
of 83 Listeria spp. isolates were identified from the 216 
samples (38.4%). Increased contamination during the 
warmer months may be linked to higher ambient tem-
peratures, which accelerate bacterial growth, as well as 
to possible breaches in the storage and transport con-
ditions of products of animal origin. This is particularly 
relevant for dairy products, which are prone to rapid 
spoilage at elevated temperatures. The data are pre-
sented in Table 2.

Product type Number of samples (n) Positive for Listeria spp. %
Sour cream 50 18 36.0

Cream 47 24 51.1
Cottage cheese 50 20 40.0



Kobdikova et al.

Bulletin of the Kyrgyz National Agrarian University, 2026, Vol. 24, No. 2 3535

The data in Table 2 show that the highest risk of Lis-
teria spp. contamination in dairy products is observed 
in cream and quark, the average risk in sour cream, and 
the lowest risk in milk. The overall proportion of pos-
itive samples was 38.4%, which is significantly higher 
than in international studies. In the study by X.  Li et 
al. (2024), a meta-analysis of global data showed that 
the detection rate of Listeria monocytogenes in dairy 
products was 1-5%. Similar figures are reported by 
M.  Bashiry  et al.  (2022) for Middle Eastern countries 
and by P.  Şanlıbaba & B. Tezel  (2018) for Turkey. The 
increase in Listeria spp. isolates during the summer 
months in the present study is explained by favour-
able temperature conditions for bacterial growth and 
possible breaches in product storage and transport, 
which is consistent with the observations of S. Arslan 
& F. Özdemir (2008) and E. Dalzini et al. (2016). Howev-
er, the majority of the isolates belonged to saprophyt-
ic, non-pathogenic Listeria species, such as L. innocua, 
which is consistent with the findings of the Turkish 
researchers P. Şanlıbaba & B. Tezel (2018). The results 
highlight the need for stricter control of temperature 
and sanitary conditions during the production, storage 
and sale of dairy products in the summer months to 

minimise the risk of contamination with pathogenic 
Listeria species.

Characteristics of the isolated Listeria strains
The phenotypic and biochemical characterisation of 
the isolates identified made it possible to distinguish 
between pathogenic and non-pathogenic species with-
in the genus. To systematise and clearly present the 
biochemical characteristics of the isolated Listeria spp. 
isolates, Table  3 was compiled, reflecting their abili-
ty to ferment major carbohydrates (glucose, maltose, 
mannitol, lactose), as well as indicators of catalase ac-
tivity and the CAMP test. Table  3 presents the results 
of a comparative analysis of the fermentation of major 
carbohydrates and the biochemical properties of vari-
ous Listeria species. For each species, the results of glu-
cose, mannitol, maltose and lactose fermentation, cat-
alase activity, CAMP test results, as well as comments 
on pathogenicity and haemolysis are shown. The results 
of the studies made it possible to identify differences 
between pathogenic and non-pathogenic Listeria spe-
cies, to assess the phenotypic diversity of the isolates, to 
compare the results with data from the literature, and 
to determine the potential pathogenicity of the isolates.

Source: compiled by the authors

Note: “+” – positive reaction; “-” – negative reaction
Source: compiled by the authors

Table 3. Fermentation of major carbohydrates and the biochemical properties of Listeria species

Product type Number of samples (n) Positive for Listeria spp. %
Milk 69 21 30.4
Total 216 83 38.4

Types of Listeria Glucose Mannite Maltose Lactose Catalase CAMP test Comment

Listeria monocytogenes + + + + + + Pathogenic to humans,  
exhibits beta-haemolysis

Listeria ivanovii + + + + + + Pathogenic to animals;  
beta-haemolysis is more pronounced

Listeria innocua + - + - + - Non-pathogenic;  
no mannitol fermentation or haemolysis

Listeria welchimeri + + + - + - Non-pathogenic;  
slight or no haemolysis

Listeria seeligeri + + + - + - Non-pathogenic;  
may cause mild haemolysis

Listeriagrayi + + - - + - Non-pathogenic,  
rarely ferments maltose, no haemolysis

Table  3 shows that Listeria monocytogenes and 
Listeria ivanovii test positive for all carbohydrates and 
catalase, and also yield a positive CAMP test, which is 
consistent with their pathogenicity (L. monocytogenes 
is pathogenic to humans, L. ivanovii  – pathogenic to 
animals, with more pronounced beta-haemolytic ac-
tivity). The remaining species (L. innocua, L. welchimeri, 
L. seeligeri, L. grayi) are non-pathogenic, exhibiting dif-
ferences in the fermentation of mannitol and malt-
ose, as well as weak or absent haemolytic activity. For  

example, L. innocua does not ferment mannitol and does 
not exhibit haemolysis, whilst L. grayi rarely ferments 
maltose and no haemolysis is observed. Thus, the ta-
ble allows for the visual distinction of pathogenic and 
non-pathogenic Listeria species based on biochemical 
reactions, which is important for the identification and 
risk assessment of microbial contamination in food of 
animal origin. It has been noted that pathogenic spe-
cies (L. monocytogenes and L. ivanovii) ferment glucose, 
maltose and mannitol, do not ferment lactose, exhibit 

Table 2. Continued
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β-haemolysis and a positive reaction to the CAMP 
test. Non-pathogenic species (L. innocua, L. welshimeri, 
L.  seeligeri, L. grayi) exhibit differences in the fermen-
tation of mannitol and maltose and do not exhibit 
β-haemolysis (with the exception of a weak reaction in 
L. seeligeri), which allows them to be distinguished from 
pathogenic species. Catalase activity is present in all 
species, which is a common genus-specific characteristic. 

Table 4 presents the results of the identification of 
the isolated Listeria spp. isolates using the CAMP test, 
which is one of the key methods for distinguishing be-
tween pathogenic and non-pathogenic species of the 
genus Listeria, as well as the type of CAMP reaction, the 
control microorganisms used, the nature of haemolysis, 
the presumed Listeria species and the number of corre-
sponding isolates (n). 

CAMP 
reaction

Control 
microorganism The nature of haemolysis Expected appearance 

Listeria spp.
Number of isolates

(n = 116)
Positive Staphylococcus aureus An arrow-shaped area of increased haemolysis Listeria monocytogenes 40
Positive Rhodococcus equi Zone of pronounced synergistic haemolysis Listeria ivanovii 7
Negative Staphylococcus aureus Absence of increased haemolysis Listeria innocua 38
Negative Staphylococcus aureus Absence of increased haemolysis Listeria welshimeri 10
Negative Staphylococcus aureus Absence of increased haemolysis Listeria seeligeri 12
Negative Staphylococcus aureus Absence of increased haemolysis Listeria grayi 9

Note: n – the number of isolates
Source: compiled by the authors

Table 4. Results of the CAMP test for Listeria spp. isolates obtained from livestock products

The data in Table 4 show that a positive CAMP re-
action was observed in pathogenic species of Listeria. 
Thus, Listeria monocytogenes produced a characteris-
tic arrow-shaped zone of enhanced haemolysis when 
co-cultured with Staphylococcus aureus in the CAMP 
test, which is described as a typical manifestation of 
this reaction for this species (Fernández-Garayzábal et 
al., 1996). When Rhodococcus equi was used as a control 
microorganism, a distinct zone of synergistic haemol-
ysis was observed in Listeria ivanovii, which also cor-
responds to the species differentiation schemes de-
scribed in classical guides to the identification of 
Listeria. A negative CAMP reaction was characteristic 
of non-pathogenic Listeria species. In Listeria innoc-
ua (n = 38), Listeria welshimeri (n = 10), Listeria seeligeri 
(n = 12) and Listeria grayi (n = 9), no enhanced haemol-
ysis was observed during co-cultivation with Staphylo-
coccus aureus. The absence of synergistic haemolysis 
confirms their non-pathogenic status and allows these 
species to be reliably distinguished from clinically sig-
nificant members of the genus. Thus, the data obtained 
demonstrate the high diagnostic value of the CAMP test 
for the species identification of Listeria spp. and confirm 
its effectiveness in distinguishing between pathogenic 
and non-pathogenic isolates isolated from products of 
animal origin.

 
Antibiotic susceptibility of Listeria spp. isolates
An analysis of the results of susceptibility testing of 
40 Listeria monocytogenes isolates to the antibiotics for 
which the highest frequency of resistance was iden-
tified showed that, among the antimicrobials tested, 
resistance in L. monocytogenes isolates was most fre-
quently observed against certain β-lactam antibiotics, 
tetracyclines and linezolid, indicating the formation 
of resistant populations of the pathogen in animal  

products. The results obtained are consistent with data 
from a number of researchers. For instance, in a study 
by S. Jadhav et al. (2012), L. monocytogenes isolates iso-
lated from milk and dairy products demonstrated in-
creased resistance to tetracycline and erythromycin, 
which the authors attribute to the widespread use of 
these antibiotics in animal husbandry. Similar results 
were obtained by H. Castro et al. (2020), who noted an 
increase in the proportion of resistant L. monocytogenes 
strains in food products, particularly to drugs used in 
both veterinary and clinical practice.

Studies by European researchers also report that 
L. monocytogenes retains high susceptibility to ampicillin 
and penicillin, which remain the drugs of choice for the 
treatment of listeriosis in humans (Ryser & Marth, 2007; 
EFSA & ECDC,  2022). However, the presence of resist-
ant isolates identified in the present study confirms a 
trend towards a gradual decline in the efficacy of tradi-
tional treatment regimens, a finding also noted in the 
works of M. Gray et al. (2006) and K. Linke et al. (2014). 
It should be noted that the antibiotic resistance ob-
served in L. monocytogenes may be associated with the 
presence of resistance genes encoding efflux pumps 
and promoting biofilm formation, which significantly 
increases the pathogen’s survival in food products and 
on production surfaces. Such resistance mechanisms 
are described in detail in the study by X. Li et al. (2024). 

Figure  1 shows Petri dishes containing agar, on 
the surface of which antibiotic discs are placed to de-
termine the sensitivity of bacteria to various antibiot-
ics using the disc diffusion method (the Kirby-Bauer 
method). Each disc shows a zone of bacterial growth 
inhibition around it, appearing as a clear circle. The 
size of these zones allows the sensitivity of the mi-
croorganisms to a specific antibiotic to be determined: 
the larger the zone, the higher the sensitivity. The 
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photograph shows that some discs are surrounded 
by wider zones, whilst others have smaller zones or 
show almost no inhibitory effect, indicating partial or  

complete resistance. Figure 1 illustrates the phenotyp-
ic heterogeneity of L. monocytogenes isolates in terms 
of their antibiotic resistance profile. 

Figure 1. Determination of the susceptibility of L. monocytogenes isolates  
to antibiotics using the disc diffusion method (Kirby-Bauer method)

Note: a – strain ML66, resistant to ampicillin, benzylpenicillin and linezolid; b – strain SL115, resistant to benzylpenicillin
Source: photo by the authors

Source: compiled by the authors

Table 5. Results of antibiotic susceptibility testing of L. monocytogenes isolates,  
characterised by the highest frequency of resistance

a b

Figure  1 shows that isolate ML66, isolated from 
milk, exhibited resistance to ampicillin, benzylpenicil-
lin and linezolid, indicating the development of multi-
drug resistance. At the same time, isolate SL115, isolat-
ed from cream, was resistant only to benzylpenicillin, 
whilst remaining susceptible to the other antimicrobial 
agents tested. Analysis showed that among all the re-
sistant isolates identified, different resistance profiles 

to individual antibiotics were observed, indicating the 
presence of different mechanisms of antibiotic resist-
ance. Table 5 presents the results of susceptibility test-
ing of Listeria monocytogenes isolates (n = 40) to antibi-
otics for which the highest frequency of resistance was 
identified. Susceptibility testing to antimicrobial agents 
was performed using the disc diffusion method on Mu-
eller-Hinton agar.

Name of the antibiotic Number of selected crops Sensitive, % Resistant, %
Listeria

1 Ampicillin 10 mcg – penicillins (beta-lactams)

40

85 15
2 Benzylpenicillin 1 mcg – penicillins (beta-lactams) 75 25
3 Ampicillin-sulbactam 10 mcg – penicillins (beta-lactams) 92.5 7.5
4 Linezolid 10 μg – oxazolidinones 82.5 17.5
5 Chloramphenicol 30 μg – aminoglycosides 92.5 7.5
6 Doxycycline 30 μg – polyketides 90 10
7 Tetracycline 30 µg – polyketides 92.5 7.5
8 Vancomycin 30 mcg – glycopeptides 90 10

The data in Table  5 show that, among β-lactam 
antibiotics, the highest level of resistance was ob-
served for benzylpenicillin  – 25% of isolates were 
classified as resistant, whereas resistance to ampi-
cillin stood at 15%. At the same time, the ampicillin/
sulbactam combination demonstrated higher activity: 
92.5% of isolates remained susceptible and only 7.5% 
showed resistance. This indicates the effectiveness 
of β-lactamase inhibitors in enhancing the activity 
of antibiotics against L. monocytogenes. Linezolid was 
characterised by a comparatively high level of suscep-
tibility (82.5%); however, the detection of 17.5% re-
sistant isolates warrants attention, given the clinical 
significance of this drug in the treatment of invasive 
forms of listeriosis. High susceptibility was also noted 
for chloramphenicol and tetracycline antibiotics (dox-
ycycline and tetracycline), where the susceptibility 

rate ranged from 90% to 92.5%, which is consistent 
with data from international studies. Vancomycin 
demonstrated good antimicrobial activity – 90% of 
isolates were susceptible; however, the presence of 
10% resistant strains indicates the development of 
resistance even to reserve drugs. The highest propor-
tion of resistant isolates was found with benzylpen-
icillin, confirming the reduced efficacy of traditional 
penicillins against L. monocytogenes. The lowest re-
sistance rates were observed for ampicillin/sulbac-
tam, chloramphenicol and tetracycline antibiotics. 
Overall, the data obtained indicate that the majority 
of L. monocytogenes isolates remain highly suscep-
tible to the main antimicrobial agents. At the same 
time, the resistance detected, particularly to penicil-
lins, highlights the need for continuous monitoring of 
antibiotic resistance in this pathogen.
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 Аннотация. Listeria monocytogenes адамда жана жаныбарларда листериоз оорусун пайда кылуучу 
козгогуч болуп саналат жана жаныбар тектүү азык-түлүктөрдүн коопсуздугуна олуттуу коркунуч жаратат. 
Бактериялардын сүт жана эт продукцияларында жогорку жашап калуу жөндөмдүүлүгү, ошондой эле мүмкүн 
болгон антибиотиктерге туруктуулугу Казакстан Республикасында Listeria изоляттарынын таралышын 
жана сезгичтигин көзөмөлдөөнү талап кылат. Изилдөөнүн максаты – 2025-жылы алынган жаныбар тектүү 
азыктарда Listeria бактериясынын таралышын, түрдүк курамын жана антибиотиктерге сезгичтик профилин 
аныктоо болду. Изилдөөдө Алматы шаары жана Алматы облусунун аймагында жылдын суук жана жылуу 
мезгилдеринде алынган эт жана сүт продукциясынын 521 үлгүсү каралды. Listeria бөлүп алуу Half Fraser жана 
толук концентрациядагы Fraser сорполорун колдонуу менен жүргүзүлүп, андан соң CHROMagar™ Listeria 
жана PALCAM селективдүү чөйрөлөрүнө себилди. Түрдүк идентификация CAMP-тести жана биохимиялык 
реакциялар аркылуу жүргүзүлдү. Антибиотиктерге сезгичтик EUCAST сунуштарына ылайык Мюллер-
Хинтон агарында диско-диффузия ыкмасы менен аныкталды. 521 үлгүдөн Listeria тукумуна таандык 116 
изолят (22,3 %) бөлүнүп алынып, алардын ичинен 40 изолят (жалпы листериялардын 34,5 % жана жалпы 
үлгүлөрдүн 7,7  %) L. monocytogenes катары идентификацияланды. L. monocytogenes изоляттарынын көбү 
сүт продукцияларында – 24 изолят (60,0 %), ал эми эт продукцияларында 16 изолят (40,0 %) аныкталды. 
CAMP-тест бөлүнүп алынган штаммдардын патогендик касиеттерин тастыктады. Антибиотиктерге сезгичтик 
анализи ампициллинге, ампициллин/сульбактамга, хлорамфениколго жана тетрациклиндерге жогорку 
сезгичтик бар экенин көрсөттү, бирок бензилпенициллинге жана линезолидге көптөгөн туруктуулукка ээ 
изоляттар да аныкталды. Алынган жыйынтыктар жаныбар тектүү азыктарда L. monocytogenes бактериясын 
туруктуу мониторинг жүргүзүү жана антибиотиктерге сезгичтикти көзөмөлдөө зарылдыгын көрсөтөт

 Негизги сөздөр: азык-түлүк патогендери; антимикробдук туруктуулук; жаныбар тектүү азыктар; 
микробиологиялык булгануу; калктын ден соолугу үчүн коркунуч; фенотиптик туруктуулук; азык-түлүк 
коопсуздугун мониторингдөө
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 Аннотация. Listeria monocytogenes является возбудителем листериоза у человека и животных, представляя 
значительную угрозу безопасности продуктов животного происхождения. Высокая выживаемость 
бактерий в молочной и мясной продукции, а также возможная антибиотикорезистентность обусловили 
необходимость мониторинга распространенности и чувствительности изолятов Listeria в Республике 
Казахстан. Целью исследования было определение распространенности, видовой структуры и профиля 
антибиотикочувствительности Listeria в продуктах животного происхождения, отобранных в 2025 году. 
Исследовали 521 пробу мясной и молочной продукции, отобранную в холодный и теплый периоды года 
на территории г. Алматы и Алматинской области. Выделение Listeria проводили с использованием бульонов 
Half Fraser и Fraser полной концентрации с последующим посевом на селективные среды CHROMagar™ 
Listeria и PALCAM. Видовую идентификацию осуществляли с помощью CAMP-теста и биохимических реакций. 
Чувствительность к антибиотикам определяли методом диско-диффузии на агаре Мюллера-Хинтона согласно 
рекомендациям EUCAST. Из 521 пробы выделили 116 изолятов рода Listeria (22,3 %), из которых 40 изолятов 
(34,5 % от всех листерий и 7,7 % от общего числа проб) идентифицировали как L. monocytogenes. Наибольшее 
количество изолятов L. monocytogenes обнаружили в молочных продуктах – 24 изолята (60,0 %), в мясной 
продукции выявили 16 изолятов (40,0 %). CAMP-тест подтвердил патогенность выделенных штаммов. Анализ 
антибиотикочувствительности показал высокую чувствительность к ампициллину, ампициллин/сульбактаму, 
хлорамфениколу и тетрациклинам, однако были выявлены изоляты с множественной резистентностью к 
бензилпенициллину и линезолиду. Результаты подчеркивают необходимость регулярного мониторинга  
L. monocytogenes в продуктах животноводства и контроля антибиотикочувствительности для предотвращения 
распространения резистентных штаммов

 Ключевые слова: пищевые патогены; антимикробная устойчивость; продукты животного происхождения; 
микробиологическая контаминация; риск для здоровья населения; фенотипическая резистентность; 
мониторинг безопасности пищевых продуктов
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