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Whole-genome sequencing-based analysis =

of Brucella species isolated from ruminants
in various regions of Turkiye

Songil Otkiin'™ and Sevil Erdenlig Gurbilek?

Abstract

Background Brucellosis, a zoonotic disease in Turkiye, which has significant direct and indirect impacts
on the healthcare system and livestock. This study, which aimed to investigate the differences among Brucella spp.
isolates originating from different regions of Turkiye, for implications for public health and veterinary medicine.

Method Twenty-one isolates from ruminants and two isolates from humans obtained from various regions of Turkiye
were utilized in the study. The isolates were identified and biotyped using traditional microbiological procedures,

and whole-genome sequencing (WGS) was performed. This was followed by single nucleotide polymorphism (SNP)-
-based phylogenetic analysis and WGS-based analysis of virulence and resistance genes. Additionally, phenotypic
antimicrobial resistance and phage susceptibilities were determined. The obtained data were then compared for con-
cordance, ensuring the validity and reliability of the results.

Results Our study, employing culture methods, polymerase chain reaction (PCR), and WGS analyses, identified 11
Brucella melitensis (bv 3 (n=9), one each bv 1 and bv 2) and 12 B. abortus (bv 3 (n=11), bv 9 (n=1)) isolates All B.
abortus isolates were of bovine origin, while the B. melitensis isolates were from sheep (n=7), goat (n=1),ram (n=1),
and humans (n=2). In the whole-genome SNP-based phylogenetic tree, all B. melitensis strains were found to be

of the Ilb subtype of genotype Il associated with the Eastern Mediterranean lineage. Ten different genotypes were
identified in the SNP analysis of the isolates, with a maximum SNP difference of 278 and a minimum SNP differ-
ence of 4 among these genotypes. According to the WGS-SNP-based phylogenetic tree of B. abortus isolates, they
were grouped in clade C1. In the SNP analysis, where ten different genotypes were identified, the SNP difference
among these genotypes was a maximum of 316 and a minimum of 6.

In the in silico MLST analysis performed with WGS data, B. melitensis isolates were identified as ST8 and ST102 geno-
types, while B. abortus isolates were identified as ST2 and ST3 genotypes. The dominant genotypes were ST8 for B.
melitensis and ST2 for B. abortus, respectively. Virulence gene analysis conducted based on WGS data of the 23 B. abor-
tus and B. melitensis isolates revealed 43 virulence gene-associated regions in all strains, irrespective of species, host,
or isolation year. Although classical resistance-related genes were not detected by WGS-based antimicrobial resist-
ance gene analysis, phenotypic resistance analysis revealed resistance to azithromycin, rifampin, and trimethoprim/
sulfamethoxazole in B. abortus and B. melitensis isolates.

Conclusion Both B. melitensis and B. abortus were circulating species in animals and human. The dominant geno-
types were ST8 for B. melitensis and ST2 for B. abortus, respectively. All B. melitensis strains were found to be of the Ilb
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subtype of genotype Il associated with the Eastern Mediterranean lineage, while B. abortus isolates, they were
grouped in clade C1. Further, a comprehensive study with a sufficient number of isolates covering all regions of Tir-
kiye would provide more accurate information about the current epidemiological situation in the country.
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Introduction

Brucellosis has been known for many years to affect
both animal and human health. According to the World
Health Organization [1-4], brucellosis is one of the most
neglected common zoonoses with estimated more than
2 million cases of brucellosis being reported annually
worldwide [5]. Although brucellosis is a notifiable disease
in many countries, its incidence is much greater than
reported, partly due to the nonspecific nature of clinical
symptoms. As infected humans do not pose a significant
risk to their surroundings and human-to-human trans-
mission rarely occurs, monitoring of natural animal res-
ervoirs is crucial for reducing the incidence of brucellosis
[1, 4-7]. In Tirkiye, the disease is commonly observed in
both humans and animals. A prerequisite for controlling
the disease is to implement a One Health approach, con-
ducting multidisciplinary studies to control the disease in
both farm and wildlife populations [2, 8—10].

B. melitensis, B. abortus, and B. suis are the main causa-
tive agents of brucellosis [11]. These can lead to serious
infections in both animals and humans and often result
in significant economic losses [11, 12]. B. abortus is the
main species associated with bovine brucellosis and con-
sists of seven different biotypes (bv), including 1, 2, 3, 4,
5, 6, and 9. The main agent that causes sheep-goat bru-
cellosis is B. melitensis, which has three biotypes: bv 1,
2, and 3. B. suis is known for its ability to infect swine;
B. suis is divided into five biotypes: bv 1, 2, 3, 4, and 5
[11, 13, 14]. Brucellosis is endemic (and hyperendemic
in some regions) in Tiirkiye [8, 9]. The disease caused by
Brucella species and biotypes is a significant financial
burden on animal and public health in developing coun-
tries such as Tirkiye [1, 6] and can only be overcome
with effective diagnosis and epidemiological assessment
of dominant Brucella species.

Classic bacteriological, serological, and molecular tests
assist in disease diagnosis but are insufficient for analyz-
ing the relationships and evolution among circulating
genotypes [15, 16]. Studies based on multiple-locus vari-
able number tandem repeat analysis (MLVA), multilo-
cus sequence typing (MLST), and increasingly dominant
techniques, such as whole-genome sequencing (WGS),
have revealed the genetic relationships, geographic ori-
gins, and the genotypes that exist within species [15,
17, 18]. Such studies enable the geographical clustering
of isolates, the tracking of sources of infection, and help

determine global distribution. Unlike MLVA and MLST,
WGS relates to the entire genome rather than to specific
regions. Thus, the characterization of all existing vari-
ations in the genome allows for more sensitive evalua-
tions [15, 18]. WGS is increasingly being used in various
fields, standing out as a versatile technique for determin-
ing pathogen evolution and phylogenetic relationships,
as well as identifying resistance and virulence genes [19].
With the development of next-generation sequencing
methods, the routine use of WGS has become possible
[19, 20]. With advancements in bioinformatics, the use
of WGS has increased and has played a significant role
in uncovering the dynamics of many infections today
[21-24].

This study aimed to perform a whole-genome sequenc-
ing analysis of Brucella species originating from various
regions of Tiirkiye. Within this scope, WGS-single nucle-
otide polymorphism (SNP)--based phylogenetic analysis,
WGS-based virulence gene, and resistance gene analysis
were performed. Besides, identification and biotyping
methods, phenotypic antimicrobial resistance, and phage
susceptibility analyses were conducted on the isolates.

Materials and methods

Origin of Brucella isolates

A total of 23 Brucella isolates obtained from -cattle
(n=12), sheep (n=7), humans (n=2), one ram (n=1),
and one goat (n=1) were used in the study. These strains
were isolated from blood, aborted fetuses, milk, vaginal,
and preputial swab samples taken from small and large
ruminants, as well as from humans for diagnostic pur-
poses, from various regions of Tiirkiye (Table 1).

Brucella isolates and identification

Before biotyping procedures began, all of the isolates
were tested for catalase, oxidase, and urease activity. The
phage sensitivity of the isolates was evaluated using Izat-
nagar, Thilisi (RTD and 10* RTD), Berkeley, Weybridge,
and R/C phages. Brucella isolates were biotype based
on CO, requirement, H,S production, sensitivity to
dyes basic fuchsin (Sigma) (20 pg/mL), thionine (Sigma)
(20 pg/mL), Safranin O (Sigma) (100 pg/mL), and aggluti-
nation with A and M monospecific sera (2010-1; PVKE).
To differentiate from vaccine strains, all of the iso-
lates were grown in a medium containing streptomycin
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Table 1 Origin information of the isolates

isolate No Region (City) Host Sample Year
22RB24664 (1) Igdir Cattle  Milk 2022
22RB24665 (2) Igdir Cattle Milk 2022
22RB24666 (3) Sanliurfa/Harran Ram Preputial swab 2021
22RB24667 (4) Igdir Cattle  Vaginal swab 2022
22RB24668 (5) Bingol Human Blood 2021
22RB24669 (6) Bingol Human Blood 2021
22RB24670 (7) istanbul Sheep  Fetus 2017
22RB24671 (8) istanbul Sheep  Fetus 2017
22RB24672 (9) Sanliurfa/Akcakale  Cattle Milk 2022
22RB24673 (10)  Sanliurfa/Haliliye  Sheep  Fetus 2022
22RB24674 (11)  Istanbul Cattle  Fetus 2017
22RB24675 (12)  Diyarbakir Sheep  Fetus 2021
22RB24676b (13) Diyarbakir Cattle  Fetus 2021
22RB24677 (14)  Diyarbakir Cattle Fetus 2021
22RB24678 (15)  Istanbul Cattle  Vaginal swab 2017
22RB24679 (16)  Sanlurfa/Hilvan Cattle Milk 2022
22RB24681 (18) Igdir Cattle Milk 2022
22RB24682 (19)  Bursa Cattle  Milk 2022
22RB24683 (20) Bursa Cattle Milk 2022
22RB24684b (21) Elazig Sheep  Vaginalswab 2022
22RB24685 (22)  Siirt Goat Vaginal swab 2021
22RB24686 (23)  Elazig Sheep  Vaginal swab 2022
22RB24687b (24) Elazig Sheep  Vaginal swab 2022

(Sigma) (2.5 pg/ mL), penicillin (Merck) (5 IU/mL), and
i-erythritol (Sigma) (1 mg/mL), as previously described
[11, 25]. Genomic DNA was extracted using a commer-
cial kit (Invitrogen), while isolates were confirmed using
multiplex PCR (Bruce-Ladder) [26, 27]. Phenotypic anti-
microbial resistance analysis was conducted using the
disk diffusion method reported for Haemophilus influ-
enzae [28, 29]. Antibiotic disks used (Bioanalyse) in the
antibiogram included doxycycline 30 pug (DO), azithro-
mycin 15 pg (AZM), gentamicin 10 mcg (CN), rifampin
5 mcg (RA), and trimethoprim/sulfamethoxazole 25 mcg
(TS).

Whole-genome sequencing of Brucella isolates

Whole-genome sequencing was conducted according to
the methods previously applied by Brangsch et al. [30].
Sequencing libraries were prepared using the Nextera XT
library preparation kit (Illumina, San Diego, CA, USA)
protocol. Paired-end sequencing with 2x300 bp read
lengths was performed on a MiSeq system using v3 chem-
istry (Illumina Inc., San Diego, CA, USA). FastQC v0.11.7
(https://www.bioinformatics.babraham.ac.uk/projects/
fastqc/) was used to assess the quality metrics of the Illu-
mina sequence data, while Kraken2 v2.0.7_beta was uti-
lized for contamination control and species identification
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validation. Genome assembly was conducted using Shovill
(v. 1.0.4) (//github.com/tseemann/shovill) for read trim-
ming with trimmomatic and merging paired-end read.
Assembly was then performed using SPAdes, following a
similar approach to Shovill. A quality assessment of the
de novo assembled contigs was conducted using QUAST
v.5.0.2 and Prokka v.1.14.5.

SNP calling of the genome was conducted using Snippy
v 4.6.0 (https://github.com/tseemann/snippy), with B.
abortus 2308 and B. melitensis 16 M being used as ref-
erence genomes. A core genome alignment was gener-
ated from identified SNPs using Snippy, and the number
of different SNPs was calculated using snp-distsv0.7.0
(https://github.com/tseemann/snp-dists). Genome SNP
alignments served as the basis for a maximum likeli-
hood analysis conducted using RAxML (randomized
axial maximum likelihood) (v 8.2.12). The resulting tree
was visualized using FigTree v1.4.3 (http://tree.bio.ed.ac.
uk/software/figtree/). For SNP analysis, raw read data for
32 B. melitensis and 21 B. abortus strains available in the
NCBI Sequence Read Archive were browsed (data was
checked against methods used for local isolates). Based
on the assemblies, in silico multilocus sequence typ-
ing (MLST-9) was conducted via mlst v 2.19.0 (https://
github.com/tseemann/mlst).

Antimicrobial resistance genes were detected using the
Comprehensive Antibiotic Resistance Database (CARD)
[31]. In silico investigation of the mecA, tetA, tetG, folA,
ermA, ermB, ermC, mefA, and msrA genes was carried
out using the assembled genomes of the isolates. Viru-
lence-associated genes were analyzed using the Virulence
Factor Database (VFDB, http://www.mgc.ac.cn/VFs/)
based on the assembled genomes of the Brucella species
included in this thesis project [32].

Results

According to findings from conventional identifica-
tion, isolates from large ruminants were identified as B.
abortus, whereas those isolated from small ruminants
and humans were identified as B. melitensis. Based
on biotyping of 12 B. abortus isolates, 11 were typed
as B. abortus bv 3, while one isolate originating from
Diyarbakir (22RB24676b) was typed as B. abortus bv 9
(Table 2). Evaluation of B. melitensis isolates, based on
biotyping, revealed that out of 11 isolates, 9 were typed
as B. melitensis bv 3, with one isolate being typed as B.
melitensis bv 1, and one as B. melitensis bv 2. While four
B. melitensis bv 3 isolates from antibiotic-containing
and dye media were found to be penicillin-sensitive,
one isolate from sheep in Diyarbakir (22RB24675) was
typed safranin-sensitive B. melitensis bv 1. Interest-
ingly, the ram isolate, which originated from Sanlurfa
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(22RB24666), was found to be resistant to streptomycin
but sensitive to penicillin and safranin (Table 3).

PCR confirmed the identification of 12 isolates origi-
nating from cattle as B. abortus. The other 11 isolates
from small ruminants and humans were confirmed as
being B. melitensis (Fig. 1).

Regarding phage susceptibility with Berkeley, Izatnagar,
R/C, Thilisi, and Weybridge phages, all 11 B. melitensis
isolates were lysed by Izatnagar ®, while no lysis was
observed with R/C and Thbilisi phages. Seven B. meliten-
sis isolates were lysed with Berkeley @, while two iso-
lates formed phage plaques with Weybridge ®, and these
isolates also formed phage plaques with Berkeley ®. All
12 B. abortus isolates formed full lysis with the tested
phages, except for R/C @, which only lyses rough strains.

According to an antibiogram test, which was per-
formed using the disk diffusion method with five anti-
microbial agents (DO, CN, AZM, RA, TS), no resistance
to doxycycline and gentamicin was detected in the B.
melitensis (n=11) and B. abortus (n=12) isolates (100%
sensitivity observed). High resistance to azithromycin
was observed, with 100% of B. melitensis isolates and
91.66% of B. abortus isolates being resistant to this anti-
biotic. A total of 45.45% of the B. melitensis isolates and
58.3% of the B. abortus isolates were resistant to rifampin.
The resistance rates of the B. melitensis and B. abortus
isolates to trimethoprim/sulfamethoxazole were 18.18%
(n=2) and 25% (n=3), respectively (Table 4). Three B.
abortus isolates resistant to trimethoprim/sulfamethox-
azole were also found to be resistant to rifampin, while
two B. melitensis isolates resistant to trimethoprim/sul-
famethoxazole were found to be sensitive to rifampin.

Genome sequencing analysis

Twenty-three Brucella spp. isolates were sequenced.
According to the FastQC analysis, there were no prob-
lems with the sequence qualities. The read counts for the
isolates ranged between a minimum of 2,651,264 and a
maximum of 11,758,676. The GC content of all isolates
was determined as being 57% (Table 5).

The genomic diversity of the isolates was evaluated
using in silico MLST analysis of genome sequencing
data. All of the 11 B. melitensis isolates belonged to the
Eastern Mediterranean lineage. Eight isolates were clas-
sified as having the sequence type (ST) 8 genotype, and 3
(22RB24670, 22RB24671, 22RB2467) as having the ST102
genotype. Among the B. abortus isolates, 10 (83.33%)
were genotyped as ST2. There were also two B. abor-
tus isolates from Igdir Province, which originated from
bovine milk samples (22RB24664 and 22RB24665). These
were identified as having the ST3 genotype (Table 5).

Page 6 of 18

The WGS data of 11 B. melitensis isolates originating
from various regions of Tiirkiye were compared with the
genome data of 32 B. melitensis strains available in pub-
lic databases. A WGS-SNP-based phylogenetic tree was
constructed with these strains assigned to Genotypes I,
IL, II1, IV, and V. It was determined that all local isolates
were associated with the Eastern Mediterranean lineage
within Genotype II (Fig. 2). The local isolates (n=11)
clustered within the IIb subgenotype of the Eastern
Mediterranean lineage, showing high genetic similarity.
In the SNP analysis of the eleven isolates, ten different
genotypes were identified, with a maximum SNP differ-
ence of 278 and a minimum SNP difference of 4 among
these genotypes. The local isolates were observed to
divide into three groups: Diyarbakir (22RB24675) and
Istanbul (22RB24670, 22RB24671) isolates formed one
group, while the Elazig isolates (22RB2484b, 22RB2486,
22RB2487b), isolated from the same nomadic sheep
flock, formed another group with a maximum differ-
ence of 4 SNPs among them. The Siirt (22RB2485),
Bingol (22RB24668, 22RB24669), Sanlurfa/Harran
(22RB24666), and Sanliurfa/Haliliye (22RB24673) iso-
lates constituted the third group. No significant differ-
ences were observed between the human (22RB24668,
22RB24669) and animal isolates (Table 6). For B.
abortus strains, represented by the A, B, and C (C1,
C2) clades, the genomic data of 21 B. abortus strains
obtained from public data sources and 12 B. abortus
isolates from various geographical regions of Tiirkiye
were used to construct a WGS-SNP-based phylogenetic
tree. All Turkish isolates were clustered within the C1
clade, similar to strains originating from Iran, China,
and Iraq (Fig. 3). In the SNP analysis, where ten dif-
ferent genotypes were identified, the SNP difference
among these genotypes ranged from a maximum of 316
to a minimum of 6. Among the local B. abortus isolates
in clade C1, which were divided into two main groups,
the isolates from Igdir (n=4), along with the Sanliurfa/
Hilvan (22RB24679) and Istanbul (22RB24674) isolates,
clustered in the region where the Iranian-origin strains
were also located, while the remaining local isolates
(n=6) clustered in the region where the Chinese-origin
strain was located (Table 7).

In silico antimicrobial resistance gene analysis was
conducted using the Comprehensive Antibiotic Resist-
ance Database (CARD), but no gene associated with
antibiotic resistance was detected in the genomes of
any of the local Brucella isolates included in the study.

Virulence gene analysis was performed using VFDB
based on the whole-genome sequence data of 11 B.
melitensis and 12 B. abortus isolates included in the
study. The analysis identified 43 virulence-associated
gene regions (acpXL, fabZ, gmd, htrB, kdsA, kdsB, lpsA,
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Fig. 1 Gel electrophoresis image of samples following PCR. M: Ladder, Pm: Positive control B. melitensis, Pa: Positive control B. abortus, N: Negative
control, 1,4,9,11,13-16,18-20: B. abortus field isolates, 3,5-8,10,12,21-24: B. melitensis field isolates

Table 4 Antimicrobial resistance rates of Brucella isolates

B. abortus B. melitensis
Antibiotics S | R S | R S | R

%/n %/n %/n %/n %/n %/n
Azithromycin (15 ug) >12 - - 9.33/1 0 91.66/11 0 0 100/11
Doxycycline (30 pg) 10> - - 100/12 0 0 100/11 0 0
Gentamicin (10 mcg) >16 - - 100/12 0 0 100/11 0 0
Rifampin (5 mcg) >20 17-19 41.66/5 0 58.33/7 54.54/6 0 45.45/5
Trimethoprim Sulfameth- ~ >16 11-15 < 50/6 25/3 25/3 81.81/9 0 18.18/2

oxazole (25 mcg)

IpsB/IpcC, IpxA, lpxB, lpxC, lpxD, IpxE, manAoAg,
manCoAg, wbdA, wbkA, wbkB, wbkC, wboA, wbplL,
wbpZ, wzt, wmz, per, pgm, pmm, virB10, virB11, virB12,
virB1, virB2, virB3, virB4, virBS, virB6, virB7, virBS,
virB9, btpA, btpB, RicA, and Cgs).

Discussion

Brucellosis continues to be a significant zoonotic disease
that affects many parts of the world [1, 33, 34]. Particu-
larly in developing countries, the lack of multidisciplinary
collaboration among stakeholders such as farmers, ani-
mal and human health authorities, and political leaders
is a major factor hindering disease control and preven-
tion strategies [35]. The causative agents of the disease,
Brucella spp., are defined based on host preference, as
well as phenotypic and genotypic characteristics [11,
36]. Advances in diagnostic methods have expanded the
genus Brucella by adding new members and allowing for
more detailed species analysis [16]. Techniques such as

MLVA, MLSA, and increasingly dominant WGS-based
analyses all reveal the genetic relationships, geographic
origins, and genotypes that exist within species [16, 36,
37]. These techniques enable geographical clustering
of Brucella spp. isolates, tracking of sources of infec-
tion, and the determination of global distribution [16,
36-38]. With WGS, all variations present in the genome
can be finely characterized, making studies using these
approaches ideal for a better understanding of pathogens
today [36—38].

In the present study, WGS-SNP analysis and virulence
and resistance gene analyses were conducted using the
complete genome sequences of 21 Brucella isolates from
different geographical regions of Tiirkiye, as well as two
human isolates. The isolates were also examined using
classical culture identification and biotyping, multiplex
PCR, phenotypic antimicrobial resistance, and phage
sensitivity analyses. SNP markers, which are evolutionar-
ily stable structures, act as effective indicators of broad
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Table 5 Genomic sequencing and quality data of Brucella isolates
No Total reads Theoretical Assembly size Contigs  Genome L50 N50 GC(%)  MLST Type
coverage fraction (%)
22RB24664 8.258.186 372 3.262.665 27 98,217 2 620.005 57,24 3
22RB24665 9.763.154 440 3.263.059 34 98,201 3 391.189 57,24 3
22RB24667 9.875.300 445 3.244.153 25 97,702 3 391.739 57,25 2
22RB24672 9.881.948 445 3.261.394 27 98,173 3 391.691 5724 2
22RB24674 11.316.846 510 3.286.198 30 97,701 3 391.747 57,14 2
22RB24676b 6.250.240 281 3.261.507 27 98,189 3 391.737 57,24 2
22RB24677 11.465.642 516 3.262.339 30 98,172 3 392.022 57,24 2
22RB24678 10.339.524 466 3.262.022 34 98,188 3 391.091 57,24 2
22RB24679 9.810.592 442 3.244.315 25 97,692 3 391.778 57,25 2
22RB24681 7.503.942 338 3.244.067 25 97,702 3 391.739 57,25 2
22RB24682 8.760.566 394 3.263.052 38 98,168 3 391.341 57,24 2
22RB24683 10.916.700 492 3.262.699 33 98,164 3 391.333 57,24 2
22RB24666 10.432.846 470 3.292.055 33 99,285 4 299.290 57,25 8
22RB24668 8.887.416 400 3.292.247 34 99,285 4 359.027 57,25 8
22RB24669 11.527.542 519 3.291.656 34 99,266 4 299.291 57,25 8
22RB24670 10.963.852 494 3.291.352 34 99,263 4 299.284 57,24 102
22RB24671 10.894.602 491 3.291.457 34 99,263 4 299.287 57,24 102
22RB24673 9.640.296 434 3.291.593 35 99,281 4 299.283 57,24 8
22RB24675 9.245.860 416 3.291.143 32 99,265 4 299.268 57,24 102
22RB24684b 5.863.356 264 3.292.527 37 99,268 4 299.259 57,25 8
22RB24685 2.651.264 119 3.292.544 35 99,278 4 299.291 57,25 8
22RB24686 11.758.676 530 3.292.198 34 99,281 4 299.259 57,25 8
22RB24687b 3.716.026 167 3.292.194 34 99,278 4 299.259 57,25 8

evolutionary patterns. Therefore, SNP analysis based on
whole genomes is an ideal technique for distinguishing
between Brucella species with highly conserved genomes
[37, 39]. B. melitensis comprises of five main lineages
(L, 1L, 1IL, IV, V), with genotype II being associated with
the Eastern Mediterranean lineage and containing nine
different subgenotypes [40, 41]. In the present study, a
WGS-SNP-based phylogenetic tree, constructed using 11
local B. melitensis isolates, revealed that all of the isolates
are clustered in subgenotype IIb of the Eastern Medi-
terranean lineage. Although there are no current and
comprehensive molecular epidemiological study of B.
melitensis animal isolates representing all regions of Tiir-
kiye, the findings of this study are confirmed by those of
Akar and Erganis [42], who reported that 50 B. meliten-
sis strains isolated from different farms located in seven
geographical regions of Tiirkiye were associated with the
Eastern Mediterranean lineage. Similarly, Dadar et al.
[23] conducted a study analyzing 37 B. melitensis isolates
in Iran and found that five isolates (13.5%) belonged to
the American (V) lineage, with 32 isolates (86.5%) being
from the Eastern Mediterranean (II) lineage. In this study,
WGS data was used to perform in silico MLST analysis,
revealing that isolates clustered in genotype Ile/f shared

similarities with strains from Tiirkiye, Syria, Afghanistan,
and Kuwait. All 11 B. melitensis isolates analyzed in the
present study were found to be of subgenotype IIb, with
MLST profiles identified as ST8 (#=9) and ST102 (n=2).
These genotypes, ST8 and ST102, have also been identi-
fied in other studies conducted in Tiirkiye [42, 43].

B. abortus strains are classified into three main clades:
A, B, and C (C1, C2). While clades A and B have a limited
distribution (Africa), clade C is further divided into two
subclades, C1 and C2, with a wide geographic distribu-
tion (six continents) [44]. There is limited information in
national studies regarding the diversity, distribution, and
molecular epidemiology of B. abortus strains [9, 45, 46],
and no report was located that considers the WGS-based
genetic diversity of animal B. abortus isolates in Tiirkiye.
In the present study, a WGS-SNP-based analysis of 12
local B. abortus isolates revealed that they all belonged
to subclade C1. In epidemiological studies conducted
with B. abortus strains, it has been reported that clade
C exhibited global distribution through ancient trade
routes [44]. Liu et al. [47] conducted a comprehensive
study investigating the genetic relatedness of Brucella
strains in countries along the Silk Road trade route and
identified a common genotype shared by strains from
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