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Introduction
Brucella species is a highly infectious bacterium which can infect humans and animals causing 

the disease called brucellosis. Humans may be infected from direct contact with contaminated 
livestock or infected wildlife or via ingestion of contaminated milk products, commonly from 
goats. Laboratory-associated exposure to aerosols generated from handling of Brucella isolates [1-4] 
have also been reported, and is one of the leading laboratory-acquired infections worldwide [5,6]. 
Brucellosis cases in humans have been reported in many countries including Iran [7], Saudi Arabia 
[8], West and Central Africa [9], Latin America, Asia, European Union, the Balkan Peninsular [10], 
Nigeria [11], Turkey [12], China [13] and Tanzania [14]. Brucellosis among humans and animals 
are often associated with Brucella melitensis, Brucella abortus and Brucella suis, and Brucella sp. are 
preliminary identified based on their host preference [15-17]. A new rapid, robust and accurate 
molecular method to identify Brucella genus to species level is clinically important for brucellosis 
outbreak investigations, patient management and eventually to improve the eradication program in 
the areas of endemic brucellosis [18].

Culture and isolation of Brucella sp. remains as the gold standard for diagnostic confirmation 
[4]. However, the difficulties of this conventional method as the species is a slow-growing bacterium, 
fastidious and additionally its instability in biochemical assays, causing potential misidentification 
of the pathogen [1,19]. Presumptive identification of Brucella genus is made based on morphologic, 
culture and serologic observations of the isolates [17,20]. Distinction and subdivision of the genus 
into species are based on the type of host preference, oxidative metabolism pattern and phage 
sensitivity tests. For the classification of a biotype of the species, methods used are Carbon Dioxide 
(CO2) requirement, Hydrogen Peroxide (H2O2) production, dye sensitivity and reaction with 
monospecific antisera A and M antigens [21]. However, all these methods are time consuming, 
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Abstract
Brucella sp. causes brucellosis in both humans and animals. Identification of this pathogen remains 
controversial due to the instability of the phenotypic characteristics among Brucella isolates which 
complicates the identification and subdivision of this genus down to the species level and biovar 
determination. In this study, we report the potential of rpoB gene sequence analysis as an alternative 
tool in the identification and differentiation of Brucella sp. in Malaysia. The rpoB gene marker was 
able to distinguish 21 Brucella isolates into 10 distinct RpoB marker patterns namely RpoB 1 to 
RpoB 10. Two isolates clustered into RpoB 1 pattern and 12 isolates clustered into RpoB 2 pattern 
were identified as Brucella suis and Brucella melitensis, respectively, by rpoB gene sequence and 
phylogenetic tree analysis. Three strains with RpoB 3 and one from RpoB 4 pattern were suggested 
to be Brucella melitensis as its rpoB sequences were closely related and almost identical to the three 
published Brucella melitensis (Accession number CP001851.1, CP002459.1 and CP001488.1). The 
remaining four isolates from RpoB 5 until RpoB 8 patterns were identified as Brucella melitensis 
but probably with different biovar. RpoB 9 and RpoB 10 patterns belong to the published Brucella 
abortus (Accession number AM040264 and CP003176.1) and Brucella canis (Accession number 
CP003174 and CP000872.1), respectively. B. melitensis was the most common species in the study 
indicating that human brucellosis cases in Malaysia is probably affected mainly by this species. 
In conclusion, this study shows that the rpoB marker is potentially be implied to identify and 
differentiate local Brucella sp. in Malaysia.
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complex and potentially hazardous to laboratory personnel [6]. 
Moreover, instability in some of the phenotypic characteristics among 
Brucella isolates complicates the identification and subdivision of 
the Brucella to species level and their biovar determinations [20,21]. 
Regarding Brucella serological tests, though they are sufficient for 
differentiating between active and non-active brucellosis infection, 
the test often shows cross-reactivity with other bacteria [22].

PCR-based methods has recently been employed to identify 
Brucella sp. including multiplex PCR, Real-time PCR as well as for 
biotyping [5,6,23]. Multilocus Enzyme Electrophoresis (MLEE) on 99 
Brucella isolates covering almost all important Brucella sp. revealed 
that the genome composition of the members was highly similar, 
indicating limited genetic diversity among the genus [24]. Other 
studies have also shown that Brucella members share ~90% genomic 
similarity, which significantly reduces the genetic variation and 
hyper-variability regions among the species itself and this complicates 
the identification of Brucella isolates to species level [24-26].

The detection of rpoB gene by PCR was reported to be useful in 
differentiating Brucella into species [21]. The rpoB gene is essential 
for sustaining prokaryotic cell function and offers useful phylogenetic 
information especially for bacterial species delineation [27-29]. The 
rpoB gene is also used as an alternative indicator for protein-coding 
genes in prokaryotes and comparison of its codon nucleotides 
within the targeting positions gave important identity to the Brucella 
sp. [30]. It was also reported that the identified Single Nucleotide 
Polymorphisms (SNPs) in the specific gene sequences can be used as 
biomarkers for epidemiological investigation of brucellosis [21,31]. 
The use of targeted codons at specific positions within the rpoB 
gene sequences also help in the identification of Brucella isolates 
by generating highly specific results [32,33]. Therefore, this study 
was conducted to determine the usefulness of the rpoB gene in the 
identification and differentiation of Brucella species isolated from 
human brucellosis cases in Malaysia.

No. Isolates/Accession no. Species Biovar Brucellosis cases

1 aBrc3-09 Brucella melitensis 2 Sporadic cases

2 aBrc4-10 Brucella melitensis 3 Sporadic cases

3 aBrc5-10 Brucella melitensis 3 Sporadic cases

4 aBrc1-11 Brucella melitensis 1 Outbreak

5 aBrc2-11 Brucella melitensis 3 Outbreak

6 aBrc3-11 Brucella melitensis 3 Outbreak

7 aBrc4-11 Brucella melitensis 3 Outbreak

8 aBrc7-11 Brucella melitensis 3 Outbreak

9 aBrc9-11 Brucella melitensis 3 Outbreak

10 aBrc11-11 Brucella melitensis 3 Outbreak

11 aBrc23-11 Brucella melitensis 2 Outbreak

12 aBrc27-11 Brucella melitensis 3 Outbreak

13 aBrc28-11 Brucella melitensis 3 Outbreak

14 aBrc29-11 Brucella melitensis 2 Outbreak

15 aBrc30-11 Brucella melitensis 3 Outbreak

16 aBrc31-11 Brucella melitensis 2 Outbreak

17 aBrc32-11 Brucella melitensis 2 Outbreak

18 aBrc33-11 Brucella melitensis 3 Outbreak

19 aBrc34-11 Brucella melitensis 1 Outbreak

20 aBrc36-11 Brucella melitensis 2 Outbreak

21 aBrc39-11 Brucella melitensis 3 Outbreak

22 bAE009516 Brucella melitensis 16M 1 Outbreak

23 bCP001851.1 Brucella melitensis M5-90 Genome sequence is ~99.6 % similar to Brucella melitensis 16M  

24 bCP002459.1 Brucella melitensis M28 Genome sequence ~99.6 % similar to Brucella melitensis 16M  

25 bCP001488.1 Brucella melitensis ATCC 23457 Genome sequence ~99.6 % similar to Brucella melitensis 16M  

26 bAM040264 Brucella abortus 2308 Genome sequence is identical to Brucella abortus Biovar 1  

27 bCP003176.1 Brucella abortus A13334 Genome sequence is identical to Brucella abortus Biovar 1  

28 bCP000911.1 Brucella suis ATCC 23445 Genome sequence is identical to Brucella suis Biovar 1  

29 bCP002997.1 Brucella suis 1330 1  

30 bCP003174 Brucella canis HSK A52141 No Biovar available  

31 bCP000872.1 Brucella canis ATCC 23365 No Biovar available  

Table 1: Brucella isolates obtained from 21 cases of human brucellosis in Peninsular Malaysia.

a Local isolates; b Reference isolates from the Gene Bank database with the accession numbers
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Materials and Methods
Brucella isolates

Brucella isolates obtained from 21 cases of human brucellosis in 
Peninsular Malaysia between January 2009 and December 2011 were 
randomly selected for this study (Table 1). The isolates were isolated 
from blood specimens and all of them were identified as Brucella 
melitensis (Biovar 1 (2 isolates), Biovar 2 (6 isolates) and Biovar 
3 (13 isolates)) based on colony characterization on Brucella agar 
and conventional biochemical test including catalase, oxidase, urea 
hydrolysis, nitrate reduction, H2S production and growth on thionine 
dye incorporated into trypticase soy agar at different concentrations 
[34-35]. The biovar determination of the isolates was performed 
based on antisera assay [36-38]. Confirmation of the Brucella sp. was 
by 16s rRNA PCR [39].

DNA template and PCR assay
DNA were extracted from the isolates using a QIAamp® DNA 

Mini Kit (Qiagen) and kept at - 80°C before further use. The 
forward and reverse primers used to detect the rpoB gene were 
1rB (5’ ATGGCTCAGACCCATTCTTTC 3’) and 4134rB (5’ 
TTATTCTGCCGCGTCCGGAA 3’) respectively as described in 
other studies [21]. The PCR parameters were an initial denaturation 
step of 94°C for 2 min followed by denaturation at 94°C for 30s, 
annealing at 60°C for 30s and, elongation at 72°C for 3 min for 30 
cycles. The PCR mixture contained 100 ng/µl of DNA template and 
50 pmol of primers. The PCR product (4134 bp) was then further 
purified using a PCR purification kit (Qiagen) before sequencing.

Phylogenetic tree analysis
Phylogenetic analysis was carried out to determine the species 

of the Brucella isolates. A dendrogram was then constructed based 
on the rpoB gene nucleotide sequences of the 21 isolates by using an 
Unweighted Pair Group Method with Arithmetic mean (UPGMA) 
in FPQuest software (BioRad). All the isolates were clustered and 
connected based on their calculated genetic distance values and the 
confidence level of the generated cluster was 0.5 (default value). 
The interpretation of the genetic distance used in the analysis was 
as follows: “0” (0.0000) means the two population/species were 
genetically identical while “1” (1.0000) indicated that the two 
population/species were different [34,35]. Ten sets of the rpoB gene 
sequence from published strains of Brucella melitensis 16M (Accession 
number AE009516), Brucella melitensis M28 (CP002459.1), Brucella 
melitensis M5-90 (CP001851.1), Brucella melitensis ATCC 23457 
(CP001488.1), Brucella canis HSK A52141 (CP003174), Brucella canis 
ATCC 23365 (CP000872.1), Brucella suis ATCC 23445 (CP000911.1), 
Brucella suis 1330 (CP002997.1), Brucella abortus 2308 (AM040264) 
and, Brucella abortus A13334 (CP003176.1) were included in the 
analysis to be compared with the consensus rpoB gene sequences of 
the 21 studied isolates. These 10 published strains were chosen based 
on their well-characterized rpoB gene. Details of the reference strains 
are summarized in Table 2.

rpoB gene sequence and data analysis
The quality of the nucleotide sequences of the rpoB gene for 

the 21 Brucella isolates was analyzed using Vector NTI Advance 
software (version 10.0, Invitrogen). Confirmation of Single 
Nucleotide Polymorphisms (SNPs) within the gene sequences was 
carried out by repeating the sequencing once more. Identification 
and characterization of nucleotide variations of the rpoB gene 
sequences for all the studied Brucella isolates including the published 

Brucella strains were performed at 22 positions target loci of the 
rpoB gene sequence. A detailed study on the rpoB gene sequences 
of Brucella melitensis 16M revealed that at these 22 target loci there 
were significant variations in the nucleotide sequences which can 
potentially be used as biomarkers for Brucella species differentiation. 
To determine whether the rpoB biomarker is reliable and can produce 
real-time results in differentiating Brucella strains to species level and 
possibly biovar, the rpoB gene sequences of the 21 Brucella isolates 
identified as Brucella melitensis by the conventional method were 
compared against rpoB gene sequences of identified and published 
Brucella melitensis, Brucella abortus, Brucella canis and Brucella suis.

Results
The full length of rpoB genes of the 21 human Brucella isolates 

were successfully amplified and sequenced. All of the isolates had the 
same rpoB gene nucleotide sequences with length of 4134 bp and a 
total of 1,378 amino acid sequences were deduced from the nucleotide 
sequences of each sample.

The phylogenetic tree analysis of the 21 studied isolates and 10 
published Brucella strains showed two distinct rpoB gene clusters, 
A1 and A2 (Figure 1). The A1 cluster contained B. abortus (strains 
A 13334 and 2308), Brucella canis (strains HSK A52141 and ATCC 
23365) and Brucella suis (strains 1330 and ATCC 23445) and two 
studied isolates, Brc3-09 and Brc4-10. Both of the isolates were from 
sporadic brucellosis cases in Malaysia. All the Brucella isolates in the 
A1 cluster were genetically related to each other at a genetic distance 
of <0.0024. The remaining studied Brucella isolates together with the 
three published B. melitensis strains (M5-90, M28, and ATCC 2345) 
were grouped into the A2 cluster. All the studied isolates in this cluster 
were from an outbreak except for Brc5-10 which was a sporadic case. 
All the Brucella isolates in the A2 cluster were genetically related 
to each other with genetic distances of between 0.0007 to 0.0046. 
Detailed analyses of the rpoB gene of the 21 Brucella isolates were 
performed on the 22 identified DNA loci in the full length of the rpoB 
gene sequences and all the nucleotides and amino acid variations 

Figure 1: The phylogenetic tree of the 21 investigated Brucella isolates and 
10 published strains (Brucella melitensis 16M, B. abortus 2308, Brucella 
abortus A13334, Brucella suis ATCC 23445, Brucella suis 1330, Brucella 
melitensis M5-90, Brucella melitensis M28, Brucella melitensis ATCC 2345, 
Brucella canis HSK A51241 and Brucella canis ATCC 23365). The rpoB 
sequence profile of Brucella melitensis 16M was used as the main reference 
strain to calculate genetic distances between the strains.
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detected are shown in Table 1. Ten rpoB gene sequence patterns RpoB 
1 to RpoB 10 were identified. Species-specific markers were observed 
for Brucella melitensis, Brucella suis, Brucella abortus and Brucella 
canis, and a new species classification based on DNA polymorphism 
at rpoB locus is proposed.

Two studied Brucella isolates, Brc3-09 and Brc4-10, had rpoB 
gene sequence patterns that were identical to the reference strain of 
Brucella suis (ATCC 23445) at nine DNA loci (Locus: 268 (Threonine, 
T), 270 (Glutamic acid, E), 271 (Valine, V), 341 (Glutamic acid, 
E), 526 (Aspartic acid, D), 579 (Isoleucine, I), 626 (Valine, V), 737 
(Valine, V) and 985 (Valine, V)), and these isolates were clustered 
into RpoB 1. Brucella suis (CP002997) was also clustered in the RpoB 
1 pattern as its rpoB gene sequence showed very small nucleotide 
variations to the gene sequence pattern which involved nucleotide 

substitutions at codon 271 (GTG to GCG) (mutation V271A), and at 
codon 579 (ATC to AAC) (mutation I579N).

Twelve studied Brucella isolates; Brc29-11, Brc27-11, Brc4-11, 
Brc5-10, Brc1-11, Brc2-11, Brc9-11, Brc34-11, Brc28-11, Brc31-11, 
Brc33-11 and Brc2311 and three published Brucella melitensis strains 
were clustered into the RpoB 2 pattern. While two strains; Brc36-
11 and Brc32-11 were observed in RpoB 3 pattern followed by one 
strain; Brc7-11 in RpoB 4 pattern (Table 2). RpoB 2 was observed as a 
predominant pattern for the rpoB gene of the studied Brucella isolates 
as 12 out of 21 (57%) strains were identified with this genotyping 
pattern. Interestingly, the three B. melitensis published rpoB gene also 
shared the RpoB 2 pattern with the studied Brucella isolates whereby 
their amino acid sequences at 10 identified loci were identical (Locus: 
268 (Threonine, T), 270 (Glutamic acid, E), 271 (Valine, V), 341 

Isolates
rpoB 

marker 
Patterns

Codon Residues [bMelitensis 16M (AE009516)]

¶ 89 243 268 270 271 341 344 489 526 549 579 626 629 716 737 898 969 985 1201 1249 1309 1361

# 
¶¶
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D 
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T 
ACC

I ATC
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GTC
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GCG
P 

CCG
V 

GTT
P 

CCG
R 

CGC
A 

GCC
G 

GGC
M 

ATG
L 

CTG
L 

CTG
b Brucella suis ATCC 
23445 (CP000911.1)

Suis 
(RpoB 1)

 * *
ACC 

T
GAA 

E
GTG 

V
GAA 

E
* *

GAT 
D

* ATT I
GTG 

V
* *

GTG 
V

* *
GCG 

V
* * * *

a Brc3-09  * * ACC GAA GTG GAA * * GAT * ATT GTG * * GTG * * GCG * * * *

a Brc4-10  * * ACC GAA GTG GAA * * GAT * ATT GTG * * GTG * * GCG * * * *
b Brucella suis 1330 
(CP002997.1)

 * * ACC GAA
GCG 

A
GAA * * GAT *

AAC 
N

GTG * * GTG * * GCG * * * *
b Brucella melitensis M5-
90 (CP001851.1)

Melitensis 
(RpoB 2)

 * * ACC GAA GTG GAA * * GAT * ATT GTG
GTG 

V
* GTG * * GTG * * * *

b Brucella melitensis M28 
(CP002459.1)

 * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *
b Brucella melitensis 
ATCC23457 
(CP001488.1)

 * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *

a Brc29-11  * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *

a Brc27-11  * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *

a Brc4-11  * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *

a Brc5-10  * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *

a Brc1-11  * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *

a Brc2-11  * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *

a Brc9-11  * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *

a Brc34-11  * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *

a Brc28-11  * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *

a Brc31-11  * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *

a Brc33-11  * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *

a Brc23-11  * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG * * * *

a Brc36-11 Melitensis 
(RpoB 3)

 * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG GCG TGG * TGG

a Brc32-11  * * ACC GAA GTG GAA * * GAT * ATT GTG GTG * GTG * * GTG GCG TGG * TGG

a Brc7-11
Melitensis 
(RpoB 4)

 * * ACC GAA GTG GAA * * GAT * ATT
GAT 

D
GAT 

D
* GTG * * GTG * * * *

a Brc30-11
Melitensis 
(RpoB 5)

 * * ACC GAA GTG GAA * *
CAG 

Q
CGC 

R
GGC 

G
GTG GTG

ATT 
I

GTG
AAA 

K
GAT 

D
GTG * *

GAA 
E

GAT 
D

a Brc3-11
Melitensis 
(RpoB 6)

 * * ACC GAA GTG GAA * * CAG CGC GGC
GCG 

A
AAC 

N
ATT

GAT 
D

AAA GAT
GAT 

D
GTG 

V
GGC 

G
GAA GAT

a Brc39-11
Melitensis 
(RpoB 7)

 * * ACC GAA GTG GAA * * GAT * TAT Y
GGC 

G
GGC 

G
ACC 

T
GGC 

G
GCG 

A
CCG 

P
CGC 

R
TGG 

W
CAT 

H
AGC 

S
GCG 

A
a Brc11-11

Melitensis 
(RpoB 8)

 *
ATT 

I
CGC 

R
CGC 

R
AGC 

S
AAA 

K
*

TGC 
C

ACC 
T

CCG 
P

AGC 
S

AGC 
S

TAA 
STP

CGC 
R

CTG 
L

CGC 
R

GCG 
A

AGC 
S

GCG 
A

TGG 
W

TGG 
W

TGG 
W

b B. abortus 2308 
(AM040264) Abortus 

(RpoB 9)

 * *
ACC 

T
GAA 

E
*

GAA 
E

* *
GAT 

D
* ATT I * * *

GTG 
V

* *
GCG 

A
* * * *

b Brucella abortus A13334 
(CP003176.1)

 * * ACC GAA * GAA * * GAT * ATT * * * GTG * * GCG * * * *
b Brucella canis A52141 
b B.canis A52141 
(CP003174)

Canis 
(RpoB 

10)

 * * GCG ACC GGC GAA * * GAT * ATT ATT * * GTG * * GCG * * * *

b Brucella canis ATCC 
23365 (CP000872.1)

 * * GCG ACC GGC GAA * * GAT * ATT ATT * * GTG * * GCG * * * *

Table 2: Nucleotide and amino acid sequences in the rpoB gene of the investigated and published Brucella strains.
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(Glutamic acid, E), 526 (Aspartic acid, D), 579 (Isoleucine, I), 626 
(Valine, V), 629 (Valine, V), 737 (Valine, V) and 985 (Valine, V)). All 
these studied Brucella isolates were from brucellosis outbreaks except 
for the Brc5-10 isolate.

The remaining four studied Brucella isolates; Brc30-11, Brc3-11, 
Brc39-11 and Brc11-11 were clustered into RpoB 5, RpoB 6, RpoB 7 
and RpoB 8, respectively. All the isolates shared identical nucleotide 
sequences at least at four DNA loci of the respected gene (Locus: 
268 (Threonine, T), 270 (Glutamic acid, E), 271 (Valine, V) and 341 
(Glutamic acid, E)) except for the Brc11-11 isolate as its nucleotides 
were strikingly different compared to the other Brucella strains in 
this study. This suggests that the strain probably originated from a 
different region in Malaysia, or it was an imported strain. RpoB 9 and 
RpoB 10 were observed among the reference strains of B. abortus and 
B. canis, respectively. Nucleotide sequences of the 22 studied DNA 
loci of the rpoB gene were variable. None of the local studied isolates 
were detected as Brucella abortus and Brucella canis.

Detailed analysis of the nucleotides at the specific DNA loci in 
the rpoB gene sequence and its encoded amino acid residues of all the 
reference strains except Brucella melitensis 16M showed that Brucella 
melitensis and Brucella suis are highly similar. The only differences 
between these two species were nucleotide insertions at codon 629 
(GTG) in Brucella melitensis. Brucella abortus was similar to Brucella 
melitensis whereby all its codon residues in the analyzed region were 
identical except for codons 271 (GTG), 626 (GTG) and 629 (GTG). 
While for Brucella canis, its nucleotides were strikingly different from 
the other Brucella species except at a few DNA loci (Table 2).

Discussion
Molecular genotyping can provide valuable insight into the 

identification and differentiation of Brucella sp., one of which is rpoB 
gene codon analysis. Codons at 22 targeted loci of the rpoB gene of 
Brucella melitensis 16M from position 89 to 1361 have been shown 
to be highly discriminative for Brucella species identification [21]. 
The deduced codons were able to generate distinctive rpoB marker 
patterns for Brucella sp. and identified four important species namely 
abortus, melitensis, suis and canis.

In our study, the rpoB gene analysis successfully detected 
Nucleotide Polymorphisms (SNPs) in the rpoB gene sequences of the 
isolates which are important for distinguishing species and possibly 
biovars. The rpoB gene marker at the 22 specific loci successfully 
differentiated Brucella melitensis into different molecular RpoB 
patterns which could be applied for biovar identification of the species. 
However, the rpoB gene patterns from our isolates did match with 
the biovar results obtained from the conventional methods. Similar 
findings were reported by another study on Turkish isolates [36]. 
This could be due to instability in the biochemical outputs displayed 
by members of the Brucella genus resulting in misidentification of 
species and biovar [33].

In a previous study, the strain relationship of 45 Brucella 
melitensis isolates from an outbreak and sporadic brucellosis cases 
in Malaysia was investigated using Multiple-Locus Variable-number 
tandem repeat (MLVA) [40]. In that study, the MLVA marker M05 
was the predominant genotype pattern among the Malaysian Brucella 
melitensis isolates and about 80% of the species shared this pattern. 
Interestingly, in this study, five isolates with the MLVA M05 marker 
had different RpoB markers (RpoB 3, RpoB 4, RpoB 6, RpoB 7 and 
RpoB 8). These isolates showed variability in the rpoB gene sequence 

as nucleotide transversion, SNPs and nucleotide insertions observed 
at loci 489 and onwards of the gene. The genetic variations detected 
by the rpoB gene marker among the Malaysian Brucella melitensis 
revealed that the isolates are hetero species and this marker was 
probably the indicator for a biovar identification for the species 
and it will be more robust if more Brucella suis isolates should be 
tested to this RpoB biomarkers. Though the MLVA method is good 
in investigating strain relationships among Malaysian Brucella 
melitensis, however, the rpoB gene marker which is PCR-sequencing 
based method is observed as more discriminative to detect SNP in 
the rpoB gene sequences of this genus which their species homology 
exceeds 95% [25,39].

Another PCR based method, High-Resolution Melt analysis 
(HRM), is another option for differentiating Brucella sp. where the 
assay targets specific loci within the genomes of the species. The 
HRM method was able to identify six Brucella sp. including Brucella 
melitensis, Brucella canis, Brucella neotomae, Brucella ovis, Brucella 
abortus and Brucella suis from 153 Brucella isolates using seven 
gene markers (Bspp, Bcan, Bmar, Bmel, Bneo, Bsui and Boa) [33]. 
However, the assay was unable discriminate Brucella suis bv4 from 
Brucella canis which limits its use for biovar determination.

On the other hand, two isolates, Brc3-09 biovar 2 and Brc4-10 
biovar 3, initially identified as Brucella melitensis by conventional 
methods were detected as Brucella suis by the rpoB gene marker. 
This genetic biomarker distinguished Brucella suis from Brucella 
melitensis by detecting nucleotide insertions at locus 629 (GTG) 
which gives an additional amino acid residue in the rpoB gene of 
Brucella melitensis. Limited genetic diversity shared by Brucella suis 
and Brucella melitensis makes this mutation an important marker for 
differentiating between these two species. Brucella suis was shown 
to have high similarity in genetic content and genome organization 
to Brucella melitensis [32,34]. MLEE analysis found that Brucella 
suis formed a cluster with Brucella melitensis and Brucella canis, all 
three having identical ribotypes and similar rRNA gene restriction 
fragment length polymorphisms [24]. Moreover, Brucella is a 
monospecific genus-group and most of its species diverged from a 
common ancestor due to the ability of the species to adapt to the host 
preferences and geographical niche of the isolates [35]. Changes in 
the genetic organization of the Brucella genome either by deletion-
insertion, addition of unique nucleotides or mutation may lead to 
multiple progenies of Brucella sp with identical genetic properties. 
Given that the conventional Brucella sp. identification method often 
produces discordant results [33], the rpoB marker would probably 
be a good method to be used as a molecular biomarker for Brucella 
identification as it demonstrated higher discriminatory power in 
genotype analysis [37,40]. Moreover, this PCR-based method has 
advantages over culture especially for slow-growing bacteria as the 
method requires a very small amount of genomic material [41-53].

None of the investigated isolates were identified as Brucella 
abortus or Brucella canis, which suggests that these strains are not 
common causes of human brucellosis in Malaysia. This study also 
revealed that Brucella melitensis is the commonest species of Brucella, 
and the major cause of human brucellosis in Malaysia. Worldwide, 
Brucella melitensis is the most prevalent species causing human 
brucellosis including in Korea, Argentina and Southern China [37-
40].

Conclusion
rpoB gene codon analysis using published Brucella melitensis 
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16M codon residues at the identified loci was able to distinguish 
clinical Brucella isolates obtained from human brucellosis cases in 
Malaysia to the genus level, and for some isolates, to species level. 
Each of the marker patterns represented by the investigated isolates 
and published strains were unique, its nucleotides differing from 
each other at specific codon positions of the rpoB gene sequence. The 
analysis provides a useful molecular marker pattern and can be used 
in identifying Brucella isolates in Malaysia. Further studies should 
be carried out on a larger number of isolates with a wider range of 
biovars to determine the specificity of this rpoB gene marker in biovar 
identification for each species.

Acknowledgment
This study was supported by a grant [JPP IMR11/035 (NMRR-

11-699-10195] from the Ministry of Health, Malaysia. We thank the 
Director-General of Health, Malaysia for granting permission to 
publish this article.

Ethics Statement
The research was approved by the Medical Research and Ethics 

Committee, Ministry of Health Malaysia, reference number NMRR-
11-699-10195.

Author Contributions
A.M.N performed the experiments, analyzed and troubleshot the 

results and wrote the manuscript, S.M.G contributed in manuscript 
writing, J.A.Z and T.B.Y prepared genomic DNA of studied Brucella 
strains, R.H did identification on the studied Brucella strains and N.A 
had contributed in result analysis and manuscript writing.

References
1. Batchelor BI, Brindle RJ, Gilks GG, Selkon JB. Biochemical mis-

identification of Brucella melitensis and subsequent laroratory-acquired 
infections. J Hosp. 1992;22(2):159-62.

2. Noviello S, Gallo R, Kelly M, Limberger RJ, Deangelis K, Cain L, et al. 
Laboratory-acquired Brucellosis. Emerg Infect Dis. 2004;10(10):1848-50.

3. Godfroid J, Nielsen K, Saegerman C. Diagnosis of brucellosis in livestock 
and wildlife. Croat Med J. 2010;51(4):296-305.

4. Hajia M, Fallah F, Angoti G, Karimi A, Rahbar M, Gachkar L, et 
al. Comparison of methods for diagnosing brucellosis. Lab Med. 
2013;44(1):29-33.

5. Gee JE, De BK, Levett PN, Whitney AM, Novak RT, Popovic T. Use of 
16S rRNA gene sequencing for rapid con rmatory identi cation of brucella 
isolates. J Clin Microbiol. 2004;42(8):3649-54.

6. Khosravi AD, Abassi E, Alavi SM. Isolation of Brucella melitensis and 
Brucella abortus from brucellosis patients by conventional culture 
method and polymerase chain reaction technique. Pakistan J Med Sci. 
2006;22(4):396-400.

7. Esmaeili S, Bagheri Amiri F, Mokhayeri H, Hassan Kayedi M, Maurin 
M, Rohani M, et al. Seroepidemiological study of Q fever, brucellosis and 
tularemia in butchers and slaughterhouses workers in Lorestan, western of 
Iran. Comp Immunol Microbiol Infect Dis. 2019;66:101322.

8. Kiel FW, Khan MY. Analysis of 506 consecutive positive serologic tests for 
brucellosis in Saudi Arabia. J Clin Microbiol. 1987;25(8):1384-7.

9. Craighead L, Meyer A, Chengat B, Musallam I, Akakpo J, Kone P, et al. 
Brucellosis in West and Central Africa: A review of the current situation in 
a changing landscape of dairy cattle systems. Acta Trop. 2018;179:96-108.

10. Pappas G, Papadimitriou P, Akritidis N, Christou L, Tsianos EV. The new 
global mapof human brucellosis. Lancet Infect Dis. 2006;6(2):91-9.

11. Njoga EO, Onunkwo JI, Ekere SO, Njoga U, Okoro WN. Seroepidemiology 
of equine brucellosis and role of horse carcass processors in spread 
of brucella infection in Enugu State, Nigeria. Int J Curr Res Rev. 
2018;10(10):39-45.

12. Cetinkaya Z, Aktepe OC, Ciftci IH, Demirel R. Seroprevalence of human 
brucellosis in a rural area of Western Anatolia, Turkey. J Heal Popul Nutr. 
2005;23(2):137-41.

13. Xie S, Zhou Y, Zhang Y, Sun L, Wang K, Lu X, et al. A systematic review 
and meta-analysis of epidemiology and clinical manifestations of human 
brucellosis in China. Biomed Res Int. 2018;2018:5712920.

14. Cash-Goldwasser S, Maze MJ, Rubach MP, Biggs HM, Stoddard RA, 
Sharples KJ, et al. Risk factors for human brucellosis in Northern Tanzania. 
Am J Trop Med Hyg. 2018;98(2):598-606.

15. Anka MS, Hassan L, Adzhar A, Khairani-Bejo S, Mohamad RB, Zainal 
MA. Bovine brucellosis trends in Malaysia between 2000 and 2008. BMC 
Vet Res. 2013;9.

16. Refai M. Incidence and control of brucellosis in the Near East region. Vet 
Microbiol. 2002;90(1-4):81-110.

17. Corbel MJ. Brucellosis: An Overview. Emerg Infect Dis. 1997;3(2):213-21.

18. Franc KA, Krecek RC, Häsler BN, Arenas-Gamboa AM. Brucellosis remains 
a neglected disease in the developing world: A call for interdisciplinary 
action. BMC Public Health. 2018;18(1):125.

19. Cekovska Z, Petrovska M, Jankoska G, Panovski N, Kaftandzieva A. 
Isolation, identification and antimicrobial susceptibility of brucella blood 
culture isolates. Prilozi. 2010;31(1):117-32.

20. Corbel MJ. Identification of dye-sensitive strains of Brucella melitensis. J 
Clin Microbiol. 1991;29(5):1066-8.

21. Marianelli C, Ciuchini F, Tarantino M, Pasquali P, Adone R. Molecular 
characterization of the rpoB gene in Brucella species: New potential 
molecular markers for genotyping. Microbes Infect. 2006;8(3):860-5.

22. Young EJ. Serologic diagnosis of human brucellosis: Analysis of 214 
cases by agglutination tests and review of the literature. Revis Infect Dis. 
1991;13(3):359-72.

23. Yu WL, Nielsen K. Review of detection of brucella sp. By polymerase chain 
reaction. Croat Med J. 2010;51(4):306-13.

24. Gandara B, Merino AL, Rogel MA, Romero EM. Limited genetic diversity 
of brucella spp. J Clin Microbiol. 2001;39(1):235-40.

25. Verger JM, Grimont F, Grimont PAD, Grayon M. Brucella, a monospecific 
genus as shown by deoxyribonucleic acid hybridization. Int J Syst Bacteriol. 
1985;35(3):292-5.

26. De Ley J, Mannheim W, Segers P, Lievens A, Denijn M, Vanhoucke M, 
et al. Ribosomal ribonucleic acid cistron similarities and taxonomic 
neighborhood of Brucella and CDC group Vd. Int J Syst Bacteriol. 
1987;37(1):35-42.

27. Koonin EV. Comparative genomics, minimal gene-sets and the last 
universal common ancestor. Nat Rev Microbiol. 2003;1(2):127-36.

28. Adékambi T, Colson P, Drancourt M. rpoB-based identification of 
nonpigmented and late-pigmenting rapidly growing mycobacteria. J Clin 
Microbiol. 2003;41(12):5699-708.

29. Adékambi T, Shinnick TM, Raoult D, Drancourt M. Complete rpoB 
gene sequencing as a suitable supplement to DNA-DNA hybridization 
for bacterial species and genus delineation. Int J Syst Evol Microbiol. 
2008;58(8):1807-14.

30. Konstantinidis KT, Tiedje JM. Genomic insights that advance the species 
definition for prokaryotes. Proc Natl Acad Sci U S A. 2005;102(7):2567-72.

31. Valdezate S, Navarro A, Medina-Pascual MJ, Carrasco G, Saéz-Nieto 
JA. Molecular screening for rifampicin and fluoroquinolone resistance 
in a clinical population of Brucella melitensis. J Antimicrob Chemother. 

https://www.sciencedirect.com/science/article/abs/pii/019567019290100Z
https://www.sciencedirect.com/science/article/abs/pii/019567019290100Z
https://www.sciencedirect.com/science/article/abs/pii/019567019290100Z
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3323255/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3323255/
https://pubmed.ncbi.nlm.nih.gov/20718082/
https://pubmed.ncbi.nlm.nih.gov/20718082/
https://academic.oup.com/labmed/article/44/1/29/2657740
https://academic.oup.com/labmed/article/44/1/29/2657740
https://academic.oup.com/labmed/article/44/1/29/2657740
https://pubmed.ncbi.nlm.nih.gov/15297511/
https://pubmed.ncbi.nlm.nih.gov/15297511/
https://pubmed.ncbi.nlm.nih.gov/15297511/
https://pjms.com.pk/issues/octdec06/article/article6.html
https://pjms.com.pk/issues/octdec06/article/article6.html
https://pjms.com.pk/issues/octdec06/article/article6.html
https://pjms.com.pk/issues/octdec06/article/article6.html
https://pubmed.ncbi.nlm.nih.gov/31437682/
https://pubmed.ncbi.nlm.nih.gov/31437682/
https://pubmed.ncbi.nlm.nih.gov/31437682/
https://pubmed.ncbi.nlm.nih.gov/31437682/
https://pubmed.ncbi.nlm.nih.gov/3624438/
https://pubmed.ncbi.nlm.nih.gov/3624438/
https://pubmed.ncbi.nlm.nih.gov/29287761/
https://pubmed.ncbi.nlm.nih.gov/29287761/
https://pubmed.ncbi.nlm.nih.gov/29287761/
https://pubmed.ncbi.nlm.nih.gov/16439329/
https://pubmed.ncbi.nlm.nih.gov/16439329/
https://www.ijcrr.com/article_html.php?did=2490
https://www.ijcrr.com/article_html.php?did=2490
https://www.ijcrr.com/article_html.php?did=2490
https://www.ijcrr.com/article_html.php?did=2490
https://pubmed.ncbi.nlm.nih.gov/16117365/
https://pubmed.ncbi.nlm.nih.gov/16117365/
https://pubmed.ncbi.nlm.nih.gov/16117365/
https://pubmed.ncbi.nlm.nih.gov/29850535/
https://pubmed.ncbi.nlm.nih.gov/29850535/
https://pubmed.ncbi.nlm.nih.gov/29850535/
https://pubmed.ncbi.nlm.nih.gov/29231152/
https://pubmed.ncbi.nlm.nih.gov/29231152/
https://pubmed.ncbi.nlm.nih.gov/29231152/
https://bmcvetres.biomedcentral.com/articles/10.1186/1746-6148-9-230
https://bmcvetres.biomedcentral.com/articles/10.1186/1746-6148-9-230
https://bmcvetres.biomedcentral.com/articles/10.1186/1746-6148-9-230
https://pubmed.ncbi.nlm.nih.gov/12414137/
https://pubmed.ncbi.nlm.nih.gov/12414137/
https://pubmed.ncbi.nlm.nih.gov/9204307/
https://pubmed.ncbi.nlm.nih.gov/29325516/
https://pubmed.ncbi.nlm.nih.gov/29325516/
https://pubmed.ncbi.nlm.nih.gov/29325516/
https://pubmed.ncbi.nlm.nih.gov/20703187/
https://pubmed.ncbi.nlm.nih.gov/20703187/
https://pubmed.ncbi.nlm.nih.gov/20703187/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269938/
https://pubmed.ncbi.nlm.nih.gov/16483820/
https://pubmed.ncbi.nlm.nih.gov/16483820/
https://pubmed.ncbi.nlm.nih.gov/16483820/
https://pubmed.ncbi.nlm.nih.gov/1866536/
https://pubmed.ncbi.nlm.nih.gov/1866536/
https://pubmed.ncbi.nlm.nih.gov/1866536/
https://pubmed.ncbi.nlm.nih.gov/20718083/
https://pubmed.ncbi.nlm.nih.gov/20718083/
https://pubmed.ncbi.nlm.nih.gov/11136777/
https://pubmed.ncbi.nlm.nih.gov/11136777/
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-35-3-292
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-35-3-292
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-35-3-292
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-37-1-35
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-37-1-35
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-37-1-35
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-37-1-35
https://pubmed.ncbi.nlm.nih.gov/15035042/
https://pubmed.ncbi.nlm.nih.gov/15035042/
https://pubmed.ncbi.nlm.nih.gov/14662964/
https://pubmed.ncbi.nlm.nih.gov/14662964/
https://pubmed.ncbi.nlm.nih.gov/14662964/
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/ijs.0.65440-0
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/ijs.0.65440-0
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/ijs.0.65440-0
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/ijs.0.65440-0
https://pubmed.ncbi.nlm.nih.gov/15701695/
https://pubmed.ncbi.nlm.nih.gov/15701695/
https://pubmed.ncbi.nlm.nih.gov/19861338/
https://pubmed.ncbi.nlm.nih.gov/19861338/
https://pubmed.ncbi.nlm.nih.gov/19861338/


Azura Mohd Noor, et al., Annals of Short Reports - Epidemiology

Remedy Publications LLC. 2021 | Volume 4 | Article 10617

2010;65(1):51-3.

32. Halling SM, Peterson-Burch BD, Bricker BJ, Zuerner RL, Qing Z, Li LL, et 
al. Completion of the genome sequence of Brucella abortus and comparison 
to the highly similar genomes of Brucella melitensis and Brucella suis. J 
Bacteriol. 2005;187(8):2715-26.

33. Winchell JM, Wolff BJ, Tiller R, Bowen MD, Hoffmaster AR. Rapid 
identification and discrimination of Brucella isolates by use of real-time 
PCR and high-resolution melt analysis. J Clin Microbiol. 2010;48(3):697-
702.

34. Meyer ME. Metabolic characterization of the genus Brucella III. Oxidative 
metabolism of strains that show anomalous characteristics by conventional 
determinative methods. J Bacteriol. 1961;82:401-10.

35. Tekle M, Legesse M, Edao BM, Ameni G, Mamo G. Isolation and 
identification of Brucella melitensis using bacteriological and molecular 
tools from aborted goats in the Afar region of north-eastern Ethiopia. 
BMC Microbiol. 2019;19(1):108.

36. Maymona AM, Mohamed TS, Abdulwahab YA, Musa TM. Phenotypic 
characterization of Brucella melitensis isolated from livestock in Abu 
Dhabi Emirate. African J Microbiol Res. 2014;8(39):3523-8.

37. Bodur H, Balaban N, Aksaray S, Yetener V, Akinci E, Çolpan A, et al. 
Biotypes and antimicrobial susceptibilities of Brucella isolates. Scand J 
Infect Dis. 2003;35(5):337-8.

38. Khan M, Zahoor M. An overview of Brucellosis in cattle and humans, and 
its serological and molecular diagnosis in control strategies. Trop Med 
Infect Dis. 2018;3(2):65. 

39. Rijpens NP, Jannes G, Van Asbroeck M, Rossau R, Herman LM. Direct 
detection of Brucella spp. in raw milk by PCR and reverse hybridization with 
16S-23S rRNA spacer probes. Appl Environ Microbiol. 1996;62(5):1683-8.

40. Takezaki N, Masatoshi. Genetic distances and reconstruction of 
phylogenetic trees from microsatellite DNA. 1996;144(1):389-99.

41. Masatoshi N, Fumio T, Yoshio T. Accuracy of estimated phylogenetic trees 
from molecular data II. Gene frequency data. 1983; 19:153-70.

42. Sayan M, Yumuk Z, Bilenoglu O, Erdenlig S, Willke A. Genotyping of 

Brucella melitensis by rpoB gene analysis and re-evaluation of conventional 
serotyping method. Jpn J Infect Dis. 2009;62(2):160-3.

43. Le Flèche P, Jacques I, Grayon M, Al Dahouk S, Bouchon P, Denoeud F, 
et al. Evaluation and selection of tandem repeat loci for a Brucella MLVA 
typing assay. BMC Microbiol. 2006;6:1-14.

44. Al Dahouk S, Flèche P Le, Nöckler K, Jacques I, Grayon M, Scholz HC, et 
al. Evaluation of Brucella MLVA typing for human brucellosis. J Microbiol 
Methods. 2007;69(1):137-45.

45. Tay BY, Ahmad N, Hashim R, Zahidi JM, Thong KL, Koh XP, et al. 
Multiple-Locus Variable-number tandem-repeat Analysis (MLVA) 
genotyping of human Brucella isolates in Malaysia. BMC Infect Dis. 
2015;15(1).

46. Mercier E, Jumas-Bilak E, Allardet-Servent A, O’Callaghan D, Ramuz M. 
Polymorphism in Brucella strains detected by studying distribution of two 
short repetitive DNA elements. J Clin Microbiol. 1996;34(5):1299-302.

47. Bricker BJ. PCR as a diagnostic tool for brucellosis. Vet Microbiol. 
2002;90(1):435-46.

48. Mollet C, Drancourt M, Raoult D. rpoB sequence analysis as a novel basis 
for bacterial identification. Mol Microbiol. 1997;26(5):1005-11.

49. Renesto P, Gouvernet J, Drancourt M, Roux V, Raoult D. Use of rpoB 
gene analysis for detection and identification of Bartonella species. J Clin 
Microbiol. 2001;39(2):430-7.

50. Corbel MMJ. Brucellosis in humans and animals Brucellosis in humans 
and animals. WHO Libr Cat Publ Data. 2006;1-88.

51. Wallach JC, Samartino LE, Efron A, Baldi PC. Human infection by 
Brucella melitensis: An outbreak attributed to contact with infected goats. 
FEMS Immunol Med Microbiol. 1997;19(4):315-21.

52. Kim HN, Hur M, Moon HW, Shim HS, Kim H, Ji M, et al. First case of 
human brucellosis caused by Brucella melitensis in Korea. Ann Lab Med. 
2016;36(4):390-2.

53. Guo J, Lai W, Wu Y, Mu X. Case report eating goat’s placenta and brucellosis 
caused by Brucella melitensis. Int J Clin Exp Med. 2018;11(3):2709-16.

https://pubmed.ncbi.nlm.nih.gov/19861338/
https://pubmed.ncbi.nlm.nih.gov/15805518/
https://pubmed.ncbi.nlm.nih.gov/15805518/
https://pubmed.ncbi.nlm.nih.gov/15805518/
https://pubmed.ncbi.nlm.nih.gov/15805518/
https://pubmed.ncbi.nlm.nih.gov/20053863/
https://pubmed.ncbi.nlm.nih.gov/20053863/
https://pubmed.ncbi.nlm.nih.gov/20053863/
https://pubmed.ncbi.nlm.nih.gov/20053863/
https://jb.asm.org/content/jb/82/3/401.full.pdf
https://jb.asm.org/content/jb/82/3/401.full.pdf
https://jb.asm.org/content/jb/82/3/401.full.pdf
https://pubmed.ncbi.nlm.nih.gov/31126230/
https://pubmed.ncbi.nlm.nih.gov/31126230/
https://pubmed.ncbi.nlm.nih.gov/31126230/
https://pubmed.ncbi.nlm.nih.gov/31126230/
https://academicjournals.org/journal/AJMR/article-abstract/43B53B748036
https://academicjournals.org/journal/AJMR/article-abstract/43B53B748036
https://academicjournals.org/journal/AJMR/article-abstract/43B53B748036
https://pubmed.ncbi.nlm.nih.gov/12875523/
https://pubmed.ncbi.nlm.nih.gov/12875523/
https://pubmed.ncbi.nlm.nih.gov/12875523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6073575/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6073575/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6073575/
https://pubmed.ncbi.nlm.nih.gov/8633866/
https://pubmed.ncbi.nlm.nih.gov/8633866/
https://pubmed.ncbi.nlm.nih.gov/8633866/
https://www.genetics.org/content/144/1/389.short
https://www.genetics.org/content/144/1/389.short
https://link.springer.com/article/10.1007/BF02300753
https://link.springer.com/article/10.1007/BF02300753
https://pubmed.ncbi.nlm.nih.gov/19305062/
https://pubmed.ncbi.nlm.nih.gov/19305062/
https://pubmed.ncbi.nlm.nih.gov/19305062/
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/1471-2180-6-9
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/1471-2180-6-9
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/1471-2180-6-9
https://pubmed.ncbi.nlm.nih.gov/17261338/
https://pubmed.ncbi.nlm.nih.gov/17261338/
https://pubmed.ncbi.nlm.nih.gov/17261338/
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-015-0958-0
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-015-0958-0
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-015-0958-0
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-015-0958-0
https://pubmed.ncbi.nlm.nih.gov/8727925/
https://pubmed.ncbi.nlm.nih.gov/8727925/
https://pubmed.ncbi.nlm.nih.gov/8727925/
https://pubmed.ncbi.nlm.nih.gov/12414163/
https://pubmed.ncbi.nlm.nih.gov/12414163/
https://pubmed.ncbi.nlm.nih.gov/9426137/
https://pubmed.ncbi.nlm.nih.gov/9426137/
https://pubmed.ncbi.nlm.nih.gov/11158086/
https://pubmed.ncbi.nlm.nih.gov/11158086/
https://pubmed.ncbi.nlm.nih.gov/11158086/
https://www.who.int/csr/resources/publications/Brucellosis.pdf
https://www.who.int/csr/resources/publications/Brucellosis.pdf
https://pubmed.ncbi.nlm.nih.gov/9537757/
https://pubmed.ncbi.nlm.nih.gov/9537757/
https://pubmed.ncbi.nlm.nih.gov/9537757/
https://pubmed.ncbi.nlm.nih.gov/27139618/
https://pubmed.ncbi.nlm.nih.gov/27139618/
https://pubmed.ncbi.nlm.nih.gov/27139618/
http://www.ijcem.com/files/ijcem0064835.pdf
http://www.ijcem.com/files/ijcem0064835.pdf

	Title
	Abstract
	Introduction
	Materials and Methods
	Brucella isolates
	DNA template and PCR assay
	Phylogenetic tree analysis
	rpoB gene sequence and data analysis

	Results
	Discussion
	Conclusion
	Acknowledgment
	Ethics Statement
	Author Contributions
	References
	Figure 1
	Table 1
	Table 2

