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Bacteria of the genus Brucella cause brucellosis. This 
disease significantly reduces livestock productivity, thereby 
affecting the country’s economy. According to the Food and 
Agriculture Organization of the United Nations (FAO), bru-
cellosis is currently recognized as a significant public health 
problem that poses a real threat to the biological security of 
the population in the regions of the Mediterranean, South, 
and Central America, Africa, Asia, the South Caucasus, the 
Arabian Peninsula, India, and the Middle East (FAO 2006). 
According to the latest data, 1.6–2.1  million new human 
brucellosis cases are registered worldwide yearly (Laine 
et al. 2023). The annual incidence rates of brucellosis per 
1,000,000 populations in several countries endemic for bru-
cellosis are, on average, Saudi Arabia − 214.4; Iran − 238.6; 
Turkey − 262.2; Iraq − 278.4; Syria − 1603.4. According to 
the World Health Organization (WHO), in regions unfavor-
able to brucellosis, the incidence rate can vary from 10 to 25 
times higher than that of the officially registered one (WHO 
2020). In Russia, the incidence rates of brucellosis have 
consistently been 0.2–0.7 per 100,000 population in recent 
decades. In Eastern European countries, the number of 
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disease cases in people ranges from 21 to 64 per 1,000,000 
people. In some endemic countries, the prevalence of human 
brucellosis exceeds 10 per 100,000 populations (Yang et al. 
2020). Brucellosis is endemic in Africa, Asia, and Europe; 
for example, B. melitensis is the predominant species in 
Egypt since sheep are the most common ruminant species 
(El-Diasty et al. 2021). In Iraq, B. abortus and B. melitensis 
were the dominant pathogens (Ilyas et al. 2024). B. meli-
tensis is the most common Brucella species in the Mediter-
ranean Basin and Turkey. Among the countries in southern 
Europe, Greece has the highest incidence of human brucel-
losis (Brangsch et al. 2023).

The Central Asia and Eastern Europe countries of the 
Commonwealth of Independent States (CIS) have some 
of the highest human and animal brucellosis rates glob-
ally. Central Asia, including Kazakhstan, Kyrgyzstan, and 
Tajikistan, has the highest incidence of human brucellosis 
worldwide (Liu et al. 2024). In the neighboring country of 
Kyrgyzstan, 89 human isolates were studied and assigned 
to the B. melitensis species of the eastern Mediterranean 
group (Kydyshov et al. 2022a, b). This is consistent with 
our previous study, in which the B. melitensis circulating 
in the Republic of Kazakhstan also belongs to the eastern 
Mediterranean group (Daugaliyeva et al. 2018).

Most frequently, new outbreaks of human brucellosis 
are observed in Central Asia, including the Republic of 
Kazakhstan (Aikimbaev et al. 2021; Kydyshov et al. 2022a, 
b; Karakululy et al. 2023). Taipova et al. (2023) claim that 
Kazakhstan is among the 25 countries with the highest inci-
dence rates of brucellosis (Taipova et al. 2023). According 
to Urazaeva et al. (Urazaeva et al. 2018), a high incidence 
rate of brucellosis in the population is also noted in the 
countries neighboring Kazakhstan - Iraq, Tajikistan, Saudi 
Arabia, Iran, and Kyrgyzstan.

According to Syrym et al. (Syrym et al. 2019), in 
Kazakhstan, there is an increase in the incidence of bovine 
brucellosis in West Kazakhstan, Karaganda, Kostanay, and 
Pavlodar regions. There is an increase in small ruminants 
in the Zhambyl, East Kazakhstan, and Almaty regions. The 
lowest incidence rate is in the Mangistau region. Yespembe-
tov et al. (Yespembetov et al. 2019) indicate that the caus-
ative agent of bovine brucellosis B. abortus was isolated 
from the northern regions of Kazakhstan (more than 90% 
of the total number of samples), and the causative agent of 
sheep and goats’ brucellosis B. melitensis was registered in 
the southeast.

The above data make research on the study of the bru-
cellosis agent’s infection sources and virulence factors rel-
evant and priority areas for medicine and veterinary science 
in Kazakhstan.

Based on biochemical characteristics and host prefer-
ences, 12 genetically close Brucella species have been 

identified. B. melitensis (sheep and goats), B. abortus (cat-
tle), B. suis (pigs, reindeer, and hares), B. ovis (rams), B. 
neotomae (desert rats), B. canis (dog), B. ceti (cetaceans), 
B. pinnipedialis (pinnipeds), B. microti (voles), B. papio-
nis (baboons), B. vulpis (foxes), B. amazoniensis (humans) 
(Daugaliyeva et al. 2024; Liu et al. 2025). Two more Bru-
cella species have also been added to the Brucella classi-
fication. Thus, a Gram-negative bacterium (strain BO1(T) 
was isolated from a breast implant infection of a 71-year-
old female patient with clinical signs of brucellosis. Due to 
the unexpected isolation of the bacterium, it was proposed 
to name it B. inopinata (Scholz et al. 2010). Another new 
pathogenic species, B. nosferati sp. nov., was isolated from 
bat tissues, including salivary glands (Hernández-Mora et al. 
2023). The genus Brucella includes highly conserved bac-
teria with slight genetic variation. However, cross-infection 
of secondary hosts with Brucella has been reported. More-
over, cross-infection of animals has been observed on farms 
where cattle and small ruminants are housed together. Most 
human infections are caused by B. melitensis, B. abortus, B. 
suis, and occasionally B. canis. The most severe human dis-
eases are caused by B. melitensis and B. suis (except biovar 
2). B. melitensis is the most common and virulent species, 
sometimes causing death. The Brucella genome is conser-
vative and consists of 2 circular chromosomes of 1.2 and 2.1 
Mbp, except B. suis biovar 3, which has 1 chromosome of 
3.1 Mbp. In addition, most essential genes are located in Chr 
I (Halling et al. 2005).

All the advances in genome sequencing (WGS) technol-
ogy allow for pan-genome assessment of Brucella genome 
variability, including virulence genes. This allows for rapid 
comparison with virulence factor databases (VFDB, ​h​t​t​p​​:​/​
/​​w​w​w​.​​m​g​​c​.​a​​c​.​c​n​​/​V​F​​s​/​m​​a​i​n​.​h​t​m) and investigation of how 
these genes differ among strains (Rabinowitz et al. 2021). 
Many virulence genes can be present in different strains, so 
WGS should be accompanied by core genome single nucle-
otide polymorphism (cgSNP, WGS–SNP) analysis.

Our work aimed at studying the epidemiological and 
molecular characteristics of Brucella strains circulating in 
Kazakhstan, including polymorphisms in critical virulence 
genes. This knowledge is necessary for epidemiological 
studies in outbreak areas, their management, and imple-
menting brucellosis control strategies.

Materials and methods

Isolates of Bruсella spp. detected in Kazakhstan

In the period 2023–2024, serological monitoring of animals 
(cattle and sheep and goats, camels, horses, pigs, dogs) was 
carried out on the territory of the Republic of Kazakhstan 
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(in the regions unfavorable for brucellosis: northern, south-
ern, western, and central), as a result of which 155 positive 
results were obtained out of 2981 tested samples using the 
Rose Bengal test (RBT) and the complement fixation test 
(CFT). Positively reacting animals were sent for slaughter, 
from which samples of pathological material were taken 
for research (blood, parenchymatous organs, and aborted 
fetuses). Bacteriological studies were carried out in the Bru-
cellosis Laboratory of the Veterinary Institute. During bac-
teriological studies, selectively modified Farrell’s medium 
was used to isolate Brucella cultures, which were pre-
pared by adding to 1 L of agar: polymyxin B sulfate (5000 
units = 5 mg); bacitracin (25,000 units = 25 mg); natamycin 
(50  mg); nalidixic acid (5  mg); nystatin (100,000 units); 
vancomycin (20 mg). The necessary tests were carried out 
according to the recommendations of the World Organiza-
tion for Animal Health (WOAH) (Terrestrial Animal Manua, 
2015; Terrestrial Animal Manual 2022): assessment of the 
morphology of the microorganism after Gram staining, 
observation of the morphology colonies by the White - Wil-
son method, evaluation of growth characteristics, urease and 
oxidase tests, plate agglutination reaction with polyclonal 
ant brucellosis serum. Biovars and species were identified 
using Tbilisi (Tb) phage lysis and agglutination with mono-
specific sera against A, M, or R antigens. The need for atmo-
spheric carbon dioxide enrichment for bacterial growth, H2S 
production (determined by lead acetate paper), and growth 
in the presence of basic fuchsin and thionine were also 
determined. Twenty-one pure cultures of Bruсella spp. were 
isolated in this manner. To deprive the isolates of infectious 
properties, the laboratory staff subjected the cultures to ther-
mal destruction at 80 °C for 10 min. Genomic DNA from 
Bruсella spp. was isolated in the Laboratory of Molecular 
Genetics of Microorganisms, Institute of Microbiology and 
Virology, using the PureLink® Genomic DNA Kits (Invit-
rogen, USA) according to the manufacturer’s protocol for 
gram-negative bacteria. DNA concentration was determined 
using a Qubit fluorimeter (Invitrogen, USA) on a scale for 
dsDNA HS using the Qubit® dsDNA HS Assay Kit (Invitro-
gen, USA). Whole-genome sequencing was then performed 
using the Illumina MiSeq platform. Briefly, genetic librar-
ies for whole genome sequencing were prepared as follows: 
1 ng of DNA was labeled with Nextera XT transposase, 
amplified libraries were purified and quality checked on an 
Agilent Bioanalyzer 2.0 (Agilent Technology, Hamburg, 
Germany) using the High Sensitivity DNA Reagents DNA 
analysis kit (Agilent Technology, Lithuania) (Gautam et al. 
2019). DNA libraries diluted to 4 nM concentrations were 
sequenced using the V3 reagent kit (600 cycles) on the Illu-
mina MiSeq platform.

Bioinformatics analyses

Next-generation sequencing (NGS) runs were downloaded 
from the Illumina BaseSpace cloud server. The CLC Genom-
ics Workbench (GW) v. 24 bioinformatics pipeline was used 
to analyze the whole genome sequencing (WGS) data. The 
pipeline input consisted of Illumina FASTQ paired-end 
sequencing files and metadata. Specifically, CLC Genomics 
Workbench v. 24 software was used to assess the quality of 
the sequenced reads: adapters and artificial bases remain-
ing after the sequencing reaction were trimmed. The quality 
filtering tool cut the 5’ and 3’ ends of each read if there were 
more than two ambiguous bases (i.e., N) in a row, apply-
ing the read > Q28 criterion, or when the base accuracy (i.e., 
based on the sum of phred quality scores) was below 95%. 
The sequence filter removed reads shorter than 15 bases in 
length 15.

The paired-end trimmed reads of Brucella spp. strains 
were then assembled de-novo. Kmer sizes 21, 33, 55, 77, 
99, and 127 were used for assembly, with a minimum contig 
length of 500 bp. Potential contaminants in each assembled 
genome were also assessed. The Create Whole Genome 
Alignment tool in CLC Genomics Workbench v. 24 aligned 
the genomes (Chiaromonte et al. 2002). To avoid false 
matches to repetitive regions in the genome, we combined 
the HOXD substitution score with a Kmer frequency-based 
correction term, similar to Progressive Mauve. The result-
ing Brucella genomes were submitted to the NCBI Genome 
Repository for the BioProject NCBI PRJNA1223166.

The Create Average Nucleotide Identity Comparison tool 
in CLC Genomics Workbench v. 24 was used to obtain a 
quantitative measure of similarity between genomes. A 
whole genome alignment was taken as input, and regions 
aligned between the two genomes were identified for each 
pair of genomes. The following two measures were cal-
culated: average nucleotide identity as the percentage of 
exactly matching nucleotides for the genomes and a dis-
tance matrix showing the number of nucleotide differences 
between the genomes.

Single nucleotide polymorphism (SNP) typing was per-
formed using CLC Genomics Workbench v. 24, which cal-
culated the number of nucleotide differences between the 
genomes included in the analysis (Kaas et al. 2014). How-
ever, SNP-based typing requires a defined reference and is 
more difficult to compare between different assays and for 
more distantly related samples. CLC Genomics Workbench 
performs а core genome SNP analysis, meaning that only 
SNPs found in regions matching all samples included in 
the SNP-based typing analysis are considered. The differ-
ences found are then used to construct a phylogenetic tree 
using the unweighted pair group method with arithmetic 
mean (UPGMA) and the Neighbor-Joining method. For 
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1.5 µl of each primer (10 pM), 50 ng DNA, and water up 
to 25 µl (Mirnejad et al. 2017; Papaparaskevas et al. 2023).

The amplification mode for Virb was 95  °C for 4 min, 
followed by 35 cycles consisting of 95 °C for 1 min, 54 °C 
for 1 min, and 72 °C for 1.3 min. The final elongation was 
performed at 72 °C for 10 min.

The amplification regime for Ure was 95 °C for 4 min, 
followed by 35 cycles of 95 °C for 1 min, 65 °C for 1 min, 
and 72 °C for 1.3 min. The final elongation was at 72 °C for 
10 min.

The amplified product was separated in а 1% agarose gel; 
bands were stained with ethidium bromide and visualized 
on an Infinity VX2 gel documentation system (Vilber Lour-
mat, Belgium). 1xTAE buffer was used as electrode buffer.

Multiplex PCR for the Omp 19, MviN, ManA, PerA, and 
WbkA genes was performed in a volume of 25 µl: 12.5 µl 
DreamTaq Hot Start PCR (2X) Master Mix (Thermo Fisher, 
USA), 0.5  µl of each primer (10 pM), 50 ng DNA, and 
water up to 25 µl. Amplification mode: at 95 °C for 5 min, 
then 35 cycles consisting of 95 °C for 1 min, 58.5 °C for 45 
seс., 72 °C for 1 min. The final elongation was performed 
at 72 °C for 8 min. The amplified product was separated in 
a 1.2% agarose gel.

The reference strains B. abortus 544 and B. melitensis 
16 M were used as positive controls, and Actinomyces spp. 
was used as a negative control.

Results

Epidemiological situation of brucellosis in 
Kazakhstan

The Republic of Kazakhstan is endemic for animal and 
human brucellosis. Animal brucellosis is registered annu-
ally in Kazakhstan. Cattle and small ruminants are most sus-
ceptible to this disease (Table 1). As of August 1, 2024, the 
cattle population amounted to 966.5 thousand heads, sheep 
− 1,327.4 thousand heads, and goats − 196.8 thousand heads.

The epidemiological situation for brucellosis in Kazakh-
stan was studied based on the analysis of official veterinary 
reporting data of the Republican Veterinary Laboratory of 
the Committee for Veterinary Control and Supervision of 
the Ministry of Agriculture of the Republic of Kazakhstan 
and the Scientific and Practical Center for Sanitary and 
Epidemiological Expertise and Monitoring of the National 
Center for Public Health of the Ministry of Health of the 

comparative analysis, reference genomes were selected 
based on their high-quality assembly, completeness of 
annotation, and representation of known genetic diversity 
within the genus Brucella: GCF_000369945.1 Brucella 
abortus Bruc_abor_544_V1, Scaffold; GCF_000007125.1 
Brucella melitensis ASM712v1, Complete Genome; 
GCF_000007505.1 Brucella suis ASM750v1, Complete 
Genome; GCF_000016845.1 Brucella ovis ASM1684v1, 
Complete Genome; GCF_000018525.1 Brucella canis 
ASM1852v1, Complete Genome.

CLC Genomics Workbench v. 24 software was used to 
identify mutations in Brucella isolates. Subsequently, high-
quality reads were aligned using the Read Alignment to 
Reference tool and the standard CLC alignment algorithm. 
To address chemistry-related issues and variations in read 
lengths, default settings were implemented during align-
ment for match and mismatch scores and insertion and dele-
tion costs. To be included in the final alignment reads had 
to match the reference at > 50% of sites; of these sites, 80% 
had to be identical.

The heatmap was generated using the “Generate Heat-
map from Alignment” tool implemented in CLC Genomics 
Workbench v. 24. The analysis creates a heat map from pair-
wise comparisons, such as the average nucleotide identity 
matrix.

Potential virulence-associated genes were identified by 
querying the virulence factor database “VFDB, ​h​t​t​p​:​/​/​w​w​w​.​
m​g​c​.​a​c​.​c​n​/​V​F​s​/​​​​ (accessed July 30, 2024) " (Liu et al. 2019).

Detection of genetic mutations localized in 10 virulence 
factor (VF) genes (Ure, Omp19, mviN, VceC, prpA, betB, 
bpe275, bspB, perA, manA) was performed using different 
bioinformatics tools. Brucella genome consensus sequences 
were exported from CLC Genomics Workbench into FASTA 
files and then examined using BioEdit software v. 7.2.5. 
SNP typing results were combined with annotation infor-
mation from reference sequences and NCBI resources. VF 
sequences were isolated, and genetic variations were tested 
for amino acid changes in the coding sequences.

Identification of significant virulence genes using 
PCR

PCR was performed in a Mastercycler Nexus Gradient ther-
mal cycler (Eppendorf, Germany). The reaction mixture 
(25 µl) for the Virb and Ure gene contained 12.5 µl Dream-
Taq Hot Start PCR (2X) Master Mix (Thermo Fisher, USA), 

Table 1  Brucellosis incidence rates of cattle and small ruminants in the Republic of Kazakhstan for 2019–2023 (in absolute and relative values)
Animal species 2019 2020 2021 2022 2023

Number of cases % Number of cases % Number of cases % Number of cases % Number of cases %
Cattle 36,899 0,4 33,933 0,32 30 297 0,28 21 898 0,18 17 016 0,16
Small ruminants 13,255 0,07 9633 0,04 7 417 0,03 5 197 0,02 4 875 0,01
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Some isolates were incorrectly classified by classical bac-
teriology, being assigned to the wrong species (in one case, 
also to the wrong genus). Based on this, an updated meta-
data table was required to continue further analyses. The 
final panel of samples is presented in Table 3.

As shown in Table 3, mismatches were found in 6 spe-
cies, and a mismatch of the genus was detected.

The CLC Genomics Workbench v. 24 sample report 
shows that all samples were of good quality with a sequence 
depth from 47x to 186x, which was satisfactory for further 
mutation analysis (Supplementary Table 1).

The results of genome alignment showed that the studied 
Brucella isolates do not contain internal rearrangements, 
i.e., do not carry large-scale events such as inversions and 
translocations.

Creation of evolutionary trees and heat maps. 
Identification of SNPs based on comparison with the 
reference genome

SNPs identified by WGS were used to generate a phylo-
genetic tree using the unweighted pair group method with 
arithmetic mean (UPGMA) and the Neighbor-Joining 
method (Figs. 1 and 2).

Figure 1 shows the UPGMA phylogenetic tree, includ-
ing all Brucella isolates and metadata. This tree clearly 
shows the separate clustering of Brucella species, with B. 
ovis being the most divergent. The tree shows the average 
nucleotide distances between samples and sample clusters 
as integers.

The cluster of B. abortus isolates includes the reference 
strain Ba544 and three closely related isolates from cattle 
(n = 2) and camel (n = 1). One human isolate (Bm487) is the 
most distant, branching off from its branch at the root of the 
B. abortus tree.

Interestingly, two B. melitensis isolates from the same 
village (Nurlykent) but from different hosts (sheep and dog) 
were closely related, thus worthy of further epidemiological 
studies.

The genetic distance between the two B. suis field iso-
lates and the reference strain is minimal, as indicated by the 
average nucleotide distance ​​shown in the tree.

The Neighbor-Joining phylogenetic tree included all 
Brucella isolates. The radial visualization of the tree, based 
on the whole genome alignment distance matrix, clearly 
shows the separation of Brucella species. Furthermore, the 

Republic of Kazakhstan. The results of the analysis are pre-
sented in Tables 1 and 2.

As Table  1 shows, the incidence of farm animals is 
gradually decreasing. However, it should be noted that out 
of 17 regions of Kazakhstan, the incidence of cattle and 
small cattle is observed in 16 regions, except the Mangistau 
region, which confirms the spread of the disease through-
out the Republic. The absolute number of people infected 
with brucellosis also gradually decreased from 2019 to 2023 
(Table 2).

It should be noted that despite the decrease in the abso-
lute number of people infected with brucellosis, the relative 
incidence rate per 100 thousand population remained high 
and ranged from 4.61 in 2019 to 2.31 in 2023. Population 
incidence is observed everywhere in all 17 regions of the 
republic, including the Mangistau region, where animal 
brucellosis has not been registered. The above indicators 
are alarming for medical and veterinary specialists, who 
urgently need to study the epidemiological process of this 
infection to develop and organize optimal scientifically 
based anti-brucellosis measures.

Isolation of pure brucellosis cultures

Viewing smears stained by Gram showed that the cells mor-
phology is highly stable. The studied microorganisms were 
gram-negative, red, pink, small, short rods with rounded 
ends, ovoids, and coccobacilli, which were located singly, 
less often in pairs or small groups. They were immobile 
and unstable to acids. They did not form specialized cells 
(spores and capsules).

To determine the presence of dissociated cells in the cul-
ture, the cultures were seeded on the agar surface in Petri 
dishes. After 4 days, the culture material was stained using 
the White - Wilson method with crystal violet at a dilution 
of 1:2000. Smooth colonies were stained light yellow with a 
bluish rim along the edge, which also confirmed the absence 
of dissociation of the studied brucellae and their presence in 
the S-form.

Brucella species identification using whole genome 
sequencing (WGS)

The assembled genomes were evaluated using BLAST. The 
first bioinformatics step yielded some interesting findings. 

Table 2  Brucellosis incidence rates among the population of the Republic of Kazakhstan for 2019–2023
2019 2020 2021 2022 2023
Number of 
cases

Indicators per 
100 thousand

Number of 
cases

Indicators per 
100 thousand

Number of 
cases

Indicators per 
100 thousand

Number of 
cases

Indicators per 
100 thousand

Number of 
cases

Indicators 
per 100 
thousand

842 4,61 504 2,76 448 2,36 164 2,20 171 2,31
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Figure 4 shows that the Brucella species form distinct 
clusters. The similarity threshold was 95% based on the 
highly conserved Brucella genome. B. ovis and B. suis 
appear more diverse than the B. abortus, B. melitensis, and 
B. canis clusters.

The highest number of mutations were found in the B. 
melitensis genome, as shown in Table  4, which was con-
structed from a VCF (Variant Calling Format) file. After 
alignment, the Export Mapping Coverage tool was used to 
export the coverage of each nucleotide (A, T, C, G, or N) 
for each SNP, with the SNP locations listed in the resulting 
VCF files. The VCF files show a list with each mutation, 
compared to а reference, for each Brucella chromosome. 
Since the reference is the same for each Brucella species, 
the numbering is the same, meaning that the SNP results are 
comparable between samples within а species.

However, it should be noted that the data on B. suis, B. 
ovis, and B. canis were insufficient for a thorough compari-
son with B. melitensis and B. abortus. Further studies in this 
direction may be needed.

Identification of virulence genes

Most of the identified genes were in the group of viru-
lence factors associated with the lipopolysaccharide (LPS) 
operon. Another significant pool of virulence factor genes 
was represented by genes encoding the type IV secretion 
system (VirB1-B12). Genes (BtpA, BtpB) encoded proteins 
containing the toll-interleukin-1 receptor (TIR) domain, 
which inhibited dendritic cell maturation and anti-inflam-
matory cytokine production, enhancing immune evasion, 
the ricA gene encoded the Rab2-interacting conserved pro-
tein A, and the cgs gene was associated with the production 
of cyclic β−1,2-glucans. These results are consistent with 
those recently published by Dadar et al. (Dadar et al. 2023) 
on Brucella isolates from Iran.

Supplementary Tables 2 and Table 5 provide an overview 
of the 69 virulence factor (VFs) genes found in the analyzed 
Brucella isolates.

Detection of significant virulence genes by 
PCR

PCR and multiplex PCR methods were used using specific 
primers for VirB, Ure, WbkA, Omp19, MviN, ManA, and 
PerA genes, amplified in sizes of 881, 1282, 931, 550, 344, 
271, and 716 bp, respectively (Mirnejad et al. 2017; Papa-
paraskevas et al. 2023). The distribution of virulence-specific 

Neighbor-Joining method confirms that B. ovis is the most 
divergent species.

Finally, the phylogenetic topology of the studied isolates 
was confirmed by the maximum likelihood (ML) analysis, 
as the resulting cladogram based on the significant SNPs 
again showed the clustering of Brucella isolates according 
to species; in particular, the ML phylogeny highlighted the 
divergence of the human B. abortus isolate Bm487 from the 
central B. abortus cluster (Fig. 3).

Figure 4 shows a heat map based on the average nucleo-
tide identity matrix showing Brucella isolates’ similarity 
and phylogenetic relationships.

Table 3  Brucella species identified by bacteriological and molecular 
genetic studies
ID Animal 

species
Species by 
bacteriology

Species by 
WGS

Ba 544 control Brucella abortus Brucella abortus
Ba4556 camel Brucella abortus Brucella abortus
Ba48 cattle Brucella abortus Brucella abortus
Ba732 cattle Brucella abortus Brucella abortus
Ba44 cattle Brucella abortus Brucella abortus
Ba134 cattle Brucella abortus Brucella abortus
Bm46 pig Brucella abortus Brucella abortus
Ba93 small 

ruminant
Brucella abortus Brucella 

melitensis
Bm 16 control Brucella melitensis Brucella 

melitensis
Bm499 small 

ruminant
Brucella melitensis Brucella 

melitensis
Bm487 human Brucella melitensis Brucella abortus
BmM17 small 

ruminant
Brucella melitensis Brucella abortus

Bm909 small 
ruminant

Brucella melitensis Brucella suis

Bm90Dg dog Brucella melitensis Brucella 
melitensis

Bm68 horse Brucella melitensis Brucella 
melitensis

Bm3101 small 
ruminant

Brucella melitensis Brucella 
melitensis

Bm41 small 
ruminant

Brucella melitensis Brucella 
melitensis

BmB1 cattle Brucella melitensis Brucella abortus
BT2024 small 

ruminant
Brucella melitensis Brucella 

melitensis
Bm4 small 

ruminant
Brucella melitensis Brucella 

melitensis
Bo63-290 control Brucella ovis Bordetella 

bronchiseptica
Bo873 small 

ruminant
Brucella ovis Brucella ovis

Bs1330 control Brucella suis Brucella suis
Bs4 pig Brucella suis Brucella suis
Bc1066 dog Brucella canis Brucella canis
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Mutation analysis of significant virulence factor 
genes (VceC, BPE275, BspB, Omp19, Ure, MviN, PrpA, 
BetB, PerA, ManA)

Analysis of SNP variations in 10 virulence genes showed 
that 3 out of 10 evaluated genes (BPE275, BspB, Omp19) 

genes in the studied animal samples showed that all strains 
(100.0%) carried VirB, Ure, WbkA, Omp19, MviN, ManA, 
and PerA genes, respectively. The virulence genes and their 
associated bands obtained by PCR and multiplex PCR are 
presented in Figs. 5, 6, 7, 8, and 9.

Fig. 2  Phylogenetic tree using the Neighbor-joining method

 

Fig. 1  Phylogenetic tree using UPGMA method
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and sheep and goats from 0.07% in 2019 to 0.01% in 2023. 
As can be seen from the above data, the disease is more 
common in cattle than in sheep and goats. As a result of the 
spread of the disease, there is a constant risk of infection in 
the country’s population. Despite the decrease in the abso-
lute number of people infected with brucellosis, the relative 
incidence rate per 100 thousand population remained high 
and ranged from 4.61 in 2019 to 2.31 in 2023.

Over two years, we isolated 21 cultures from various ani-
mal species (cattle, sheep and goats, horses, camels, pigs, 
dogs, and humans) from different country regions. As a 
result of the conducted studies, nine samples of the species 
B. abortus, eight samples of the species B. melitensis, two 
samples of the species B. suis, and one sample each of the 
species B. canis and B. ovis were identified. The species B. 
abortus, in addition to the primary host of cattle, was identi-
fied in camels, pigs, humans, and sheep and goats. The spe-
cies B. melitensis, in addition to the primary host of sheep 
and goats, was identified in dogs and horses. The species B. 
suis, in addition to the primary host of pigs, was identified 
in sheep and goats. It was also found that the strain of the 

were conserved entirely, without any mutations. The results 
of mutation analysis by Brucella species are presented in 
Table 6.

The perA gene had one mutation (position 1.062.358), 
and the VceC gene had one mutation (position 118.418). 
Mutations in the ManA gene were synonymous. Mutation 
was observed in the BetB gene in 8 B. melitensis strains, 
the PrpA and MviN genes in 9 B. melitensis strains, and Ure 
gene in 6 B. abortus strains. Genetic mutations resulted in 
changes in amino acids in the coding sequences of virulence 
genes.

Discussion

Kazakhstan has been an endemic country for brucellosis of 
farm animals for a long time, ever since the collapse of the 
USSR. This is due to the country’s intensive development of 
animal husbandry and non-compliance with sanitary regu-
lations. However, the incidence of farm animals gradually 
decreased in cattle from 0.4% in 2019 to 0.16% in 2023 

Fig. 3  Circular cladogram using maximum likelihood. Bootstrap analysis (1000 replicates) was performed to test the robustness of branches, and 
the resulting values ​​are shown in the internal nodes
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BvrS system and outer membrane proteins (Yang et al. 
2020).

The expression of several cell wall molecules, such 
as integral membrane-bound protein (MviN), mannose-
6-phosphate isomerase (ManA), mannosyltransferase 
(WbkA), perosamine synthetase (PerA) and outer mem-
brane protein 19 (Omp19), contributes to the control of 
intracellular pathogen transport and the initial survival of 
bacteria in macrophages and other cells of the reticuloendo-
thelial system (Papaparaskevas et al. 2023).

The Ure gene is responsible for the production of the 
nickel-containing enzyme urease. Urease catalyzes the 
breakdown of urea into ammonia, which is oxidized by 
oxygen to produce nitrogen, which is essential for bacte-
ria. Ammonia allows pathogens to survive in the stomach’s 
acidic environment in vivo and in vitro (Papaparaskevas et 
al. 2023).

In addition, Brucella produces cyclic β (1–2)-glucan 
(encoded by the Cbg gene), a low-molecular-weight poly-
saccharide also known as B-polysaccharide, which interacts 
with lipids and promotes pathogen survival by preventing 
phagosome-lysosome fusion (Papaparaskevas et al. 2023).

species B. ovis differed from other species. Also, the strain 
of B. abortus isolated from humans differed from different 
strains of the species B. abortus.

Studying multiple genes and polymorphisms in critical 
genes is necessary to understand Brucella virulence’s vari-
ability better.

Brucella virulence factors are located on the pathogen’s 
cell membrane and allow survival inside macrophages. 
The main virulence factor of Brucella is lipopolysaccha-
ride (LPS), located on the cell surface of the pathogen. The 
smooth phenotype (S-form) is formed by complete LPS, 
consisting of lipid A, oligosaccharide, and O-side chains 
of the polysaccharide. LPS of rough strains (R-form) does 
not contain O-side chains (Pappas et al. 2006). Antigenic 
determinants (O-chains of polysaccharides) are considered 
factors influencing the virulence of Brucella, necessary for 
invasion and survival in host cells. Virulence factor genes 
are responsible for host immune evasion, involvement in 
LPS synthesis, maturation and function, intracellular sur-
vival, regulation and expression of the type IV secretion 
system (T4SS) (Karthik et al. 2021), regulation of the BvrR/

Fig. 4  Heat map isolate Brucella
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Scientists from Egypt identified 43 virulence genes in 
B. melitensis and B. abortus strains, researchers from India 
also identified 43 virulence genes in B. melitensis strains 
(Khan et al. 2021; Karthik et al. 2021).

Scientists from China found 66 virulence genes in 2 
strains (one from a marmot, the other from a human), except 
the bmaA and btaE genes (Xue et al. 2023).

In our study, using WGS, we identified 69 virulence genes 
in the studied Brucella strains. The genome of B. melitensis, 
the most virulent Brucella species, was the most susceptible 
to changes. In comparison with the work of Xue et al., we 
also did not identify the bmaA and btaE genes, except for 
the B. suis 909 strains, which had the bmaA virulence gene. 
In contrast to PCR, WGS showed that the VirB10 gene was 
absent in all B. melitensis, B. suis, and 2 B. abortus strains 
but was present in B. ovis and B. canis strains. B. ovis 873 
strain lacks the Pmm, WboA, and WbpL genes. B. meliten-
sis 90 strain lacks the Lprb/lpcC gene. The control B. suis 
1330 and B. suis 909 strains lack the BtpA gene. B. abortus 
732 strain lacks the VceC gene. The equine B. melitensis 68 

T4SS, encoded by the VirB operon, regulates one of the 
most important virulence factors by secreting host cell effec-
tors and regulators (Papaparaskevas et al. 2023). It plays a 
vital role in bacterial attachment, invasion, movement, sur-
vival, and replication in the host cell.

Many researchers have studied the virulence genes of 
Brucella.

For example, researchers from Iran found six virulence 
genes by PCR analysis in 57 B. melitensis and 21 B. abor-
tus isolates with variable cycle: Ure, WbkA, Omp19, MviN, 
ManA, and PerA (74.4%, 89.7%, 93.6%, 94.9%, 100%, 
and 92.3%, respectively) (Mirnejad et al. 2017). A study 
of 60 B. melitensis isolates from Iran showed that the BtpA 
(also known as TcpB), BtpB, VirB5, VceC, Bpe275, BspB, 
and VirB2 genes were present in 100% of the isolates, and 
PrpA and BetB were present in 86% and 97%, respectively 
(Rabinowitz et al. 2021). In our study, PCR of 21 Bru-
cella isolates also confirmed the presence of the VirB, Ure, 
WbkA, Omp19, MviN, ManA, and PerA genes in 100% of 
all isolates.

Table 4  Genetic mutation compared to Brucella reference strains
Isolate ID Deletion Complex Single Nucleotide Multiple Nucleotide
Insertion Total Polymorphisms

Polymorphism
Genetic variations versus Brucella abortus 544 (GCF_000369945.1)
 Ba134 1267 5 61 73 13 1419
 Ba544 73 0 5 8 3 89
 BmB1 1242 6 63 67 12 1390
 Bm46 1258 6 57 68 11 1400
 BmM17 1257 7 62 69 10 1405
 Ba44 435 0 28 25 8 496
 Ba732 185 1 16 10 2 214
 Ba4556 1235 7 63 70 10 1385
 Ba48 98 1 8 15 4 126
 Bm487 1236 6 64 64 11 1381
Genetic variations versus Brucella melitensis 16 M (GCF_000007125.1)
 BT2024 2467 31 123 167 64 2852
 Bm41 2472 39 123 169 56 2859
 Bm3101 2441 30 117 158 60 2806
 Bm68 2459 38 126 167 56 2846
 Bm499 2444 35 128 158 60 2825
 Bm16M 2465 37 121 167 58 2848
 Ba93 2471 38 127 169 57 2862
 Bm90Dg 1966 31 108 129 56 2290
 Bm4 2475 35 123 165 59 2857
Genetic variations versus Brucella suis (GCF_000007505.1)
 Bs4 61 0 17 13 0 91
 Bs1330 61 0 16 13 0 90
 Bm909 64 0 16 14 0 94
Genetic variations versus Brucella ovis (GCF_000016845.1)
 Bo873 205 0 16 24 6 251
Genetic variations versus Brucella canis (GCF_000018525.1)
 Bc1066 40 0 1 7 0 48
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in all B. suis strains, but these genes are absent from other 
strains.

cgSNP analysis identified 7 mutations out of 10 viru-
lence genes: VceC, BPE275, BspB, Omp19, Ure, MviN, 

strain lacks the BspC gene. B. abortus 732 and 44 strains 
lack the Bmac gene. The BmaA gene is present only in B. 
suis 1330 and B. suis 909 strains; the BtaF gene is present 

Fig. 5  Multiplex B. abortus. Note - M − 1Kb O Gene Ruller Marker, 
K+ - positive control, K- negative control, Omp 19–550  bp, Mvi 
N-344 bp, Man A-271 bp, Per A − 716 bp, Wbk A − 931 bp, 4-B. abor-

tus 732, 5-B. abortus Key − 44, 22-B. abortus B −1, 10-B. abortus 487, 
3-B. abortus 48, 11-B. abortus M17, 6-B. abortus Key − 134, 9 - B. 
abortus 46 2 - B. abortus 4556

 

Virulence factors Virulence genes and their functions
Lipopolysaccha-
ride (LPS) Outer 
membrane protein 
(OMPs)

AcpXL, FabZ, Gmd, HtrB, KdsA, KdsB, LpsA, LpsB, LpcC, LpxA, LpxB, LpxC,
LpxD, LpxE, ManAoAg, Man-
CoAg, Per, Pgm, Pmm, WbdA, WbkA, WbkB, WbkC, WboA, WbpL, WbpZ, 
Wzm, Wzt, MviN, Omp 19.
Penetration, intracellular survival, and immunomodulation. Weak immune response 
to LPS. Incomplete phagocytosis. Resistance to bactericidal properties of blood. 
Decreased natural and adaptive immunity. Allergen. Weak inducer of anti-inflam-
matory cytokines. Inhibition of phagosome-lysosome fusion. Protection from the 
complement system. Inhibition of intestinal protease.

Type IV secretion 
system (T4SS)

VirB1- 12,
effectors VirB- VceA, VceC,
BPE005, BPE123, BPE043, BPE275, SepA, BspA, BspB, BspC, BspE, BspF
Provides targeted intracellular traffic to the replicative niche. Survival and persis-
tence of Brucella inside phagocytes.

Immunoevasion of 
TIR domain-con-
taining protein

BtpA, BtpB
Blocking Brucella recognition by Toll-like receptors (TLR) of phagocytes and inhib-
iting the intensity of immune-inflammatory reactions. Inhibiting lymphocyte cyto-
toxicity. Stealthy penetration into the host organism. Evasion of adaptive immunity.

Rab2 interacting 
conserved protein 
A

RicA
Intracellular survival

Cell adhesion 
molecules

BmaA, BmaC, BtaF

Cyclic β−1,2-
glucan (CβG)

Cgs
Intracellular survival. Formation of Brucella-containing vacuoles (BCV). Persis-
tence of Brucella inside phagocytes.

The enzyme urease Ure.
Protection in an acidic environment. Survival of bacteria when they are localized in 
the stomach.

Sensory-regulatory 
adaptation system 
(BvrS/BvrR)

BvrS/BvrR.
Control of Brucella metabolism in intracellular localization. Adaptation and persis-
tence of Brucella inside phagocytes.

Table 5  Associated virulence fac-
tors in Brucella genomes
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Fig. 8  VirB a– B. abortus; b– B. melitensis; c - B. ovis, B.suis, B.canis. 
Note - M −1Kb O Gene Ruller Marker, K+- positive control, K- nega-
tive control, VirB- 881 bp, 4-B. abortus 732, 5-B. abortus Key − 44, 
22-B. abortus B −1, 10-B. abortus 487, 3-B. abortus 48, 2 - B. abortus 
4556,11-B. abortus M17, 6-B. abortus Key − 134, 9 - B. abortus 46, 

13-B. melitensis 90 Дж, 14-B. melitensis 68, 15-B. melitensis 3101, 
16-B. melitensis Key − 41, 23-B. melitensis 93, 24-B. melitensis ВТ 
2024, 8-B. melitensis 499, 25-B. melitensis 4, 2-B. suis 909, 18-B. ovis 
873, 19-B. suis 1330, 20-B. suis 4, 21-B. canis 1066

 

Fig. 7  Multiplex B. ovis, B.suis, B.canis. Note 
- M −1Kb O Gene Ruller Marker, K+- positive 
control, K- negative control, Omp 19–550 bp, 
Mvi N-344 bp, Man A-271 bp, Per A − 716 bp, 
Wbk A − 931 bp, 12-B. suis 909, 18-B. ovis 873, 
19-B. suis 1330, 20-B. suis 4, 21-B. canis 1066

 

Fig. 6  Multiplex B. melitensis. Note - M − 1Kb O Gene Ruller Marker, 
K+ - positive control, K- negative control, Omp 19–550  bp, Mvi 
N-344 bp, Man A-271 bp, Per A − 716 bp, Wbk A − 931 bp, 13-B. meli-

tensis 90 Дж, 14-B. melitensis 68, 15-B. melitensis 3101, 16-B. meli-
tensis Key − 41, 23-B. melitensis 93, 24-B. melitensis ВТ 2024, 8-B. 
melitensis 499, 25-B. melitensis 4

 

1 3

156  Page 12 of 16



Veterinary Research Communications (2025) 49:156

highly conserved genome. The pan-genome SNP-based 
phylogeny covers all genome regions, including intergenic 
regions, and hence covers more areas of the genome than 
MLST or core genome phylogeny. The reliability and repro-
ducibility of SNP analysis were further demonstrated in the 
study by Janowicz et al. (Janowicz et al. 2018), who indi-
cated that SNP analysis performed better than MLVA-16 
and cgMLST.

Thus, virulence factors may accompany each stage of 
the brucellosis infection process, and an isolate has multi-
ple virulence factors that influence the dissemination of the 
bacterium in the host. Characterization of bacterial enzymes 
and cell wall genes associated with virulence to assess the 
pathogenicity of Brucella is critical for epidemiological 
studies, outbreak management, and control of brucellosis 
through eradication programs.

Conclusions

Our study conducted whole-genome sequencing of 21 
Brucella strains isolated from animals in the Republic of 
Kazakhstan in 2023–2024 to identify bacterial virulence 
factors. Then, using single-nucleotide polymorphism analy-
sis, changes were identified in 7 of 10 significant virulence 
genes. This type of research is being conducted for the first 
time in the country. It is intended for epidemiological stud-
ies in a country endemic to brucellosis, with the aim of elim-
inating and preventing the disease in animals and humans.

PrpA, BetB, PerA, and ManA, which resulted in amino acid 
changes in the coding sequences of these virulence genes.

WGS and pan-genome analysis reveal viruloma varia-
tions that may have clinical implications for improving dis-
ease management and prevention in humans and animals.

For example, 1. The study of virulence genes helps 
identify targets for antibiotics since inhibition of the VirB 
secretion system reduces Brucella’s ability to infect cells 
(Ponomarenko et al. 2020).

2. Genetic analysis of strains helps track the routes of 
infection and identify new highly pathogenic strains. This 
information is necessary for deciding on herd health meth-
ods to eradicate the herd or destroy only positively reacting 
animals.

3. Attenuated or deletion mutants of virulence genes can 
be used as live vaccines since the ΔvirB mutant has reduced 
virulence but retains immunogenicity (Yang et al. 2013; 
Gheibi et al. 2018).

4. Genetic markers of virulence allow the development 
of PCR tests for rapid and accurate diagnosis of brucel-
losis. Examples of target genes: BCSP31, IS711, omp25, 
BMEI1162 (Sharova 2001; Kulakov et al. 2009; Kasyan 
2017). Moreover, PCR test systems differentiate an animal 
with brucellosis from a vaccinated one.

To identify mutations of virulence genes, we chose 
whole-genome sequencing-based single-nucleotide poly-
morphism (WGS-SNP) analysis because SNP-based typ-
ing has a higher resolution than cgMLST analysis of core 
genome sequences and is suitable for very similar samples, 
such as the Brucella genus, which is characterized by a 

Fig. 9  Ure a– B. abortus; b– B. melitensis; c - B. ovis, B.suis, B.canis. 
Note - M −1Kb O Gene Ruller Marker, K+- positive control, K- nega-
tive control, Ure − 2100 bp, 4-B. abortus 732, 5-B. abortus Key − 44, 
22-B. abortus B −1, 10-B. abortus 487, 3-B. abortus 48, 2 - B. abortus 
4556,11-B. abortus M17, 6-B. abortus Key − 134, 9 - B. abortus 46, 

13-B. melitensis 90 Дж, 14-B. melitensis 68, 15-B. melitensis 3101, 
16-B. melitensis Key − 41, 23-B. melitensis 93, 24-B. melitensis ВТ 
2024, 8-B. melitensis 499, 12- B. melitensis 909, 25-B. melitensis 4, 
12-B. suis 909, 18-B. ovis 873, 19-B. suis 1330, 20-B. suis 4, 21-B. 
canis 1066
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Table 6  SNP mutation analysis in virulence genes of Brucella isolates
Gene Strain ID Brucella species Chromosome Place of mutation SNP mutation Amino acid change
PerA Ba134 B. abortus NZ_KB850274.1 1.062.358 G to A Leu to Phe
VceC Bo873 B. ovis NC_009504.1 118.418 G to A Gly to Asp
BetB Bа93 B. melitensis NC_003317.1 1.435.747 C to T Pro to Ser

Bm4 B. melitensis NC_003317.1 1.435.747 C to T Pro to Ser
Bm16M B. melitensis NC_003317.1 1.435.747 C to T Pro to Ser
Bm41 B. melitensis NC_003317.1 1.435.747 C to T Pro to Ser
Bm68 B. melitensis NC_003317.1 1.435.747 C to T Pro to Ser
Bm499 B. melitensis NC_003317.1 1.435.747 C to T Pro to Ser
Bm3101 B. melitensis NC_003317.1 1.435.747 C to T Pro to Ser
BT2024 B. melitensis NC_003317.1 1.435.747 C to T Pro to Ser

PrpA Bа93 B. melitensis NC_003317.1 267.539 C to T Arg to Trp
NC_003317.1 267.758 C to T Ala to Val

Bm4 B. melitensis NC_003317.1 267.539 C to T Arg to Trp
NC_003317.1 267.758 C to T Ala to Val

Bm16M B. melitensis NC_003317.1 267.539 C to T Arg to Trp
NC_003317.1 267.758 C to T Ala to Val

Bm41 B. melitensis NC_003317.1 267.539 C to T Arg to Trp
NC_003317.1 267.758 C to T Ala to Val

Bm68 B. melitensis NC_003317.1 267.539 C to T Arg to Trp
NC_003317.1 267.758 C to T Ala to Val

Bm90Dg B. melitensis NC_003317.1 267.539 C to T Arg to Trp
NC_003317.1 267.758 C to T Ala to Val

Bm499 B. melitensis NC_003317.1 267.539 C to T Arg to Trp
NC_003317.1 267.758 C to T Ala to Val

Bm3101 B. melitensis NC_003317.1 267.539 C to T Arg to Trp
NC_003317.1 267.758 C to T Ala to Val

BT2024 B. melitensis NC_003317.1 267.539 C to T Arg to Trp
NC_003317.1 267.758 C to T Ala to Val

MviN Bа93 B. melitensis NC_003317.1 1.845.783 G to A Ala to Thr
Bm4 B. melitensis NC_003317.1 1.845.783 G to A Ala to Thr
Bm16M B. melitensis NC_003317.1 1.845.783 G to A Ala to Thr
Bm41 B. melitensis NC_003317.1 1.845.783 G to A Ala to Thr
Bm68 B. melitensis NC_003317.1 1.845.783 G to A Ala to Thr
Bm90Dg B. melitensis NC_003317.1 1.845.783 G to A Ala to Thr
Bm499 B. melitensis NC_003317.1 1.845.783 G to A Ala to Thr
Bm3101 B. melitensis NC_003317.1 1.845.783 G to A Ala to Thr
BT2024 B. melitensis NC_003317.1 1.845.783 G to A Ala to Thr

Ure Ba134 B. abortus NZ_KB5852274.1 1.859.135 G to A Met to Ile
NZ_KB5852274.1 1.859.353 C to T Pro to Leu

Ba4556 B. abortus NZ_KB5852274.1 824.278 A to G Lys to Glu
NZ_KB5852274.1 1.859.135 G to A Met to Ile
NZ_KB5852274.1 1.859.353 C to T Pro to Leu

Ba46 B. abortus NZ_KB5852274.1 1.859.135 G to A Met to Ile
NZ_KB5852274.1 1.859.353 C to T Pro to Leu

Ba487 B. abortus NZ_KB5852274.1 1.859.135 G to A Met to Ile
NZ_KB5852274.1 1.859.353 C to T Pro to Leu

BmB1 B. abortus NZ_KB5852274.1 821.761 C to T Leu to Phe
NZ_KB5852274.1 824.278 A to G Lys to Glu
NZ_KB5852274.1 1.859.135 G to A Met to Ile
NZ_KB5852274.1 1.859.353 C to T Pro to Leu

Bm487 B. abortus NZ_KB5852274.1 1.859.135 G to A Met to Ile
NZ_KB5852274.1 1.859.353 C to T Pro to Leu
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