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Abstract. Although brucellosis outbreaks in Thailand are rare, they cause abor-
tions and infertility in animals, resulting in significant economic loss. Because 
Brucella spp display > 90% DNA homology, multilocus sequence typing (MLST) 
was employed to categorize local Brucella isolates into sequence types (STs) and to 
determine their genetic relatedness. Brucella samples were isolated from vaginal 
secretion of cows and goats, and from blood cultures of infected individuals. Bru-
cella species were determined by multiplex PCR of eight loci, in addition to MLST 
based on partial DNA sequences of nine house-keeping genes.  MLST analysis 
of 36 isolates revealed 78 distinct novel allele types and 34 novel STs, while two 
isolates possessed the known ST8.  Sequence alignments identified polymorphic 
sites in each allele, ranging from 2-6%, while overall genetic diversity was 3.6%. 
MLST analysis of the 36 Brucella isolates classified them into three species, namely, 
B. melitensis, B. abortus and B. suis, in agreement with multiplex PCR results.   Ge-
netic relatedness among ST members of B. melitensis and B. abortus determined 
by eBURST program revealed ST2 as founder of B. abortus isolates and ST8 the 
founder of B. melitensis isolates.  ST 36, 41 and 50 of Thai Brucella isolates were 
identified as single locus variants of clonal cluster (CC) 8, while the majority of 
STs were diverse.  The genetic diversity and relatedness identified using MLST 
revealed hitherto unexpected diversity among Thai Brucella isolates. Genetic 
classification of isolates could reveal the route of brucellosis transmission among 
humans and farm animals and also reveal their relationship with other isolates 
in the region and other parts of the world.

Keywords: Brucella sp, multilocus sequence typing, multiplex PCR typing, phy-
logenetic tree, e-BURST, Thai isolates 

INTRODUCTION

Brucellosis is one of the most impor-
tant zoonotic diseases that resulting in 
serious economic losses on animal farm 
and public health. It causes abortion in 
animals and causing acute febrile ill-
ness, undulant fever in humans, which 
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may progress to a more chronic form 
lead to severe debilitation (Nicola et al, 
2008).  In domestic animals, the disease 
occurs as a chronic infection that results 
in placentitis and abortion in pregnant 
females or orchitis and epididymitis in 
males (Corbel, 1997; Xavier et al, 2010). 
Human brucellosis is considered as a 
life-threatening debilitating disease char-
acterized by weakness, fever, malaise, 
arthritis, osteomyelitis, endocarditis or 
meningoencephalitis (Christopher et al, 
2010).  The  infection is  widely distributed 
to the high endemic regions, such as the 
Mediterranean, the Middle  East, China, 
Mongolia, Latin  America  and  parts  of 
Asia (Noutsios et al, 2012).

Brucella are gram-negative, faculta-
tive intracellular pathogens. The tradi-
tional classification of Brucella species 
is largely based on its preferable hosts, 
antigenic differences, phenotypic charac-
teristics and  minor basis of  biochemical 
characteristics methods (Moreno et al, 
2002; Banai and Corbel 2010). There are 
six classical Brucella species: B. abortus 
(bovine), B. melitensis (ovine and caprine), 
B. suis (porcine), B. ovis (ovine), B. canis 
(canine) and B. neotomae (desert wood rat). 
Three out of six species, ie, B. melitensis, B. 
abortus and B. suis represent a significant 
public health concern. In addition, there 
were B. ceti isolated from marine mam-
mals, with cetaceans (dolphin, porpoise, 
and whale species) and B. pinnipedialis, 
with the various seal species as the pre-
ferred hosts. The recently identified novel 
B. inopinata isolated from a wound as-
sociated with infection of the implanted 
breast (Groussaud et al, 2007; De et al, 2008; 
Cloeckaert et al, 2011).

Multilocus sequence typing (MLST) 
has a number of advantages, viz high 
discriminatory power at species level 

over other types of molecular techniques, 
such as 16S rRNA phylogenetic markers, 
resolution of which sometimes is insuffi-
cient at the species level for some micro-
bial populations (Glaeser and Kämpfer 
2015). MLST technique involves PCR 
amplification followed by DNA sequenc-
ing of selected housekeeping genes. This 
approach has been applied broadly to 
microbial typing and epidemiological 
studies at both local and global levels of 
population structure and phylogenetic 
relationships (Enright and Spratt 1999, 
Urwin and Maiden, 2003).  The first appli-
cation of MLST for phylogenetic analysis 
of genus Brucella was published in 2007, 
and examined partial DNA sequences of 
the nine housekeeping genes from 160 
isolates (Whatmore et al, 2007). Overall 
genetic diversity confirmed uniformity 
of this genus, which possesses only 1.5% 
polymorphic sites, representing 27 dis-
tinct sequence types (STs). Clustering data 
confirmed close vicinity of B. canis with B. 
suis biovar 3 and 4, and marked difference 
with B. suis biovar 5. The marine strains 
are tightly clustered. An extended MLST 
method was developed by amplifying 
and sequencing longer sequences, which 
allowed differentiation and genotyping of 
Brucella isolates (Chen et al, 2011). More 
recently, MLST was used to investigate 
etiology of human brucellosis incidence in 
three provinces of China (Chen et al, 2013).

Human brucellosis in Thailand has 
been considered as a rare disease, with the 
first case reported in 1970 (Visudhiphan 
and Na-Nakorn, 1970). No additional cases 
were found until in 2003, 38 cases of human 
brucellosis were reported, affirming that 
brucellosis is a re-emerging disease and is 
becoming a serious public health threat for 
Thailand (Manosuthi et al, 2004). Brucel-
losis in Thailand is an occupational infec-



Southeast Asian J Trop Med Public Health

1272 Vol  47  No. 6  November  2016

tion associated with closed contact with 
infected animals. The majority of reported 
cases, from Kanchanaburi Province (Chua-
wong and Prasitpol, 2008), Nakhon Sawan 
Province (Tonghong, 2007) and Prachuap 
Khiri Khan Province (Tikunrum, 2008), 
were associated with B. melitensis from 
goat. Patients were either rural farmers in 
close contact with infected goat herd or 
those consuming unpasteurized goat dairy 
products. The majority of animal brucel-
losis cases were reported from Nakhon Si 
Thammarat and Kanchanaburi Provinces 
in the same period (Wongphruksasoong  
et al, 2012).	

Brucella spp were characterized by 
DNA homology of > 90% identity among 
each species, based on DNA hybridization 
experiments, and thus the traditional view 
of Brucella taxonomy is that of a monospe-
cies (Verger et al, 1985; O’Callaghan and 
Whatmore, 2011). However, in the past 
20 years molecular typing has been de-
veloped to differentiate members of this 
genus and to understand their epidemio- 
logy (Whatmore, 2009).  

Although brucellosis outbreaks in 
both humans and animals in Thailand 
during 2007-2008 were reported, there 
is no report on the genetic diversity of 
Brucella spp. This study was conducted 
to understand the genetic relatedness of 
isolates from humans and from animals 
where the outbreaks occurred.  The ge-
netic relationships among local Brucella 
isolates derived from human and animal 
origin were compared with isolates from 
other countries, based on available MLST 
strategy (Whatmore et al, 2007).Identifica-
tion of Brucella isolates based on sequence 
types could be used to trace  transmission 
routes and determine prevalence among 
humans and animals, which will benefit 
public health control and prevention.

MATERIALS AND METHODS

Sample collection
Twenty-one Brucella isolates from 

humans during 2005-2009 were obtained 
from the Medical Bacteriology Group, De-
partment of Medical Science, National in-
stitute of Health, Thailand; and 27 Brucella 
strains were isolated from cattle and goat 
in farms located in six provinces of central 
Thailand, namely, Kanchanaburi, Nakhon 
Pathom, Nakhon Sawan, Prachuap Khiri 
Khan, Ratchaburi, and Saraburi.  Four 
Brucella stock cultures from Microbiology 
and Immunology Department, Faculty of 
Tropical Medicine, Mahidol University, 
Bangkok were included.

Collection of specimens from farm 
animals was performed using a protocol 
approved by the Ethical Animal Care and 
Use Committee, Faculty of Tropical Medi-
cine, Mahidol University. Human isolates 
were obtained from the culture collection 
of the Medical Bacteriology Group, De-
partment of Medical Science, National 
Institute of Health (NIH), Bangkok under 
a material transfer agreement. All of these 
strains were derived from human blood 
cultures from various Thai provinces, 
which had been sent to NIH for bacterial 
identification. Subjects were anonymized 
but source provinces were retained.   
Brucella culturing 

Brucella were isolated from vaginal 
swab and milk by culturing on Brucella 
agar [(trypticase soy agar with antibiotic 
supplement (BAS; Oxoid, Hampshire, 
UK) and 5% horse serum (Gibco, Gaither- 
berg, MD)] for 3 days at 37°C. Vaginal 
swab and milk samples also were cul-
tured in Biphasic agar (Brucella agar slant 
overlayed with tryptic soy broth) for 3-4 
days, and a number of bacterial films on 
agar slant were re-streaked on Brucella 
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agar.  All cultures were incubated for 3-4 
days under 5% CO2 atmosphere at 37°C. 
Single colony  was preliminary screened 
as Brucella spp by determining for gram-
negative cocco-bacilli with positive oxi-
dase test.  These putative Brucella strains 
were propagated on Brucella agar plate 
to obtain bacterial cells for subsequent 
DNA analysis. Each strain was kept in 
15% glycerol stock at -70°C. 
Multiplex PCR 

Genomic DNA was extracted from 
bacterial cell pellet using a commercial 
genomic DNA extraction kit (Omega 
bio_tek, Gaitherberg, GA) stored at 4°C 
until used.  Eight  primer pairs PCR, de-
scribed by López-Goñi et al (2008) were 
used (Table 1).  The multiplex PCR was 
performed in a 50-µl mixture containing 
25 µl of JumpStart REDtaq ReadyMix 

(Sigma, St Louis, MO), 1 µl of 8 pairs of 
primer (10 pmol/µl) (16 µl mixture), 3 µl of 
DNA template and distilled water to make 
a total volume of 50 µl. Thermocycling 
was performed in a Mastercycler Nexus 
instrument (Effpendorf, Upsala, Sweden) 
as follows: 95°C for 5 minutes;  followed 
by 34 cycles of 94°C for 1 minute, 55°C 
for 1 minute and 72°C for 1 minute; then 
a final step at 72°C for 7 minutes. Am-
plicons were analyzed by 1.5% agarose 
gel-electrophoresis and ethidium bromide 
staining.
MLST assay

MLST was based on nine genomic 
loci of Brucella spp using primers listed in 
Table 2 (Whatmore et al, 2007). PCR was 
prepared in 25-µl mixture containing 12.5 
µl of JumpStart REDtaq ReadyMix (Sigma, 
St Louis, MO), 1 µl of a pair of primers 

Table 1
Primers used in multiplex PCR determination of Brucella sp.

No.	 Primera	 Putative function of target gene	 DNA sequences (5'-3')	 Length 
				    (bp)

1	 BMEI0998F	 Glycosyltransferase  (wboA)	 ATCCTATTGCCCCGATAAGG	 1,682
	 BMEI0097R		  GCTTCGCATTTTCACTGTAGC	
2	 BMEI0535F	 Immunodominant antigen (bp26)	 GCGCATTCTTCGGTTATGAA	 450
	 BMEI0536R		  CGCAGGCGAAAACAGCTATAA	
3	 BMEII0834F	 Outer membrane protein (omp31)	 TTTACACAGGCAATCCAGCA	 1,071
	 BMEII0843R		  GCGTCCAGTTGTTGTTGATG	
4	 BMEI1436F	 Polysaccharide deacetylase	 ACGCAGACGACCTTCGGTAT  	 794
	 BMEI1435R		  TTTATCCATCGCCCTGTCAC	
5	 BMEII0428F	 D-Erytrulose1-phosphate    	 GCCGCTATTATGTGGACTGG  	 587
		  dehydrogenase (eryC)	
	 BMEII0428R		  AATGACTTCACGGTCGTTCG
6	 BR0953F	 ABC transporter binding protein 	 GGAACACTACGCCACCTTGT	 272
	 BR0953R		  GATGGAGCAAACGCTGAAG	
7	 BMEI0752F	 Ribosomal protein S12 (rpsL)	 CAGGCAAAGCCTCAGAAGC	 218
	 BMEI0752R		  GATGTGGTAACGCACACCAA	
8	 BMEII0987F	 Transcription regulator 	 CGCAGACAGTGACCATCAAA	 152
	 BMEII0987R		  GTATTCAGCCCCCGTTACCT

aBased on B. melitensis (BME) and B. suis (BR) genome sequences.				  
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(10 pmol/µl), 3 µl of DNA template and 
distilled water to make a total volume of 
25 µl. Thermocycling was performed as 
described above. Amplicons were ana-
lyzed as described above, and subjected 
to purification using Geneaid gel/PCR 
DNA fragment Kit (Geneaid Biotech, 
New Taipei City, Taiwan). Each puri-
fied PCR product was then inserted into 
plasmid vector pSC-A using Stratagene 
PCR Cloning Kit (Agilent Technologies; 
Stratagene Products Division, La Jolla, 
CA). Plasmid inserts were sequenced (1st 
Base, Singapore) using M13 forward and 
reverse primers of the cloning plasmid. 
Sequences were deposited with Gen-
Bank and accession numbers are listed in  
Table 4.

The raw sequence data of each allele 

of the Brucella isolates were edited with 
Demo-Sequencer software version 4.5 
(http://www.genecodes.com/sequencher-
feature). Comparison analysis of the isolate 
sequence with those available in MLST 
database (Whatmore et al, 2007),  was per-
formed using Mega 5 (Tamura et al, 2011).  
Distinct allele of each locus was assigned 
based on multiple alignments among other 
former allele member available in the da-
tabase. Arbitrary numerical designation 
for unique allelic types from all nine loci 
was constructed and sequence type (ST) 
was then assigned.  Allelic profiles and 
sequence data were also imported into 
the ST analysis and recombination test 
(START) package (Jolley et al, 2001) was 
employed to determine % GC content, and 
the degree of selection based on dN/dS  

Table 2
Primers used in multilocus sequence typing of Brucella sp.

Gene/	 Putative function		  Primer sequence 	 Length 
locus			   (5’-3’)	 (bp)

gap	 Glyceraldehyde 3-phosphate	 Forward	 YGCCAAGCGCGTCATCGT	 589
	 dehydrogenase	 Reverse	 GCGGYTGGAGAAGCCCCA  	
aroA	 3-Phosphoshikimate1-	 Forward	 GACCATCGACGTGCCGGG	 565
	 carboxyvinyltransferase	 Reverse	 YCATCAKGCCCATGAATTC	
glk   	 Glucokinase	 Forward	 TATGGAAMAGATCGGCGG	 475
		  Reverse	 GGGCCTTGTCCTCGAAGG	
dnaK	 Chaperone protein	 Forward	 CGTCTGGTCGAATATCTGG	 470
		  Reverse	 GCGTTTCAATGCCGAGCGA	
gyrB	 DNA gyrase B subunit	 Forward	 ATGATTTCATCCGATCAGGT	 469
		  Reverse	 CTGTGCCGTTGCATTGTC	
trpE	 Anthranilate synthase	 Forward	 GCGCGCMTGGTATGGCG	 486
		  Reverse	 CKCSCCGCCATAGGCTTC	
cobQ	 Cobyric acid synthase	 Forward	 GCGGGTTTCAAATGCTTGGA 	 422
		  Reverse	 GGCGTCAATCATGCCAGC 
omp25	 25 kDa outer- membrane	 Forward	 ATGCGCACTCTTAAGTCTC	 490
	 protein	 Reverse	 GCCSAGGATGTTGTCCGT  	
int-hyp 	 Upstream and extreme 5’ 	 Forward	 CAACTACTCTGTTGACCCGA 	 430
	 of hypothetical protein 	 Reverse	 GCAGCATCATAGCGACGGA
	 (BruAb1_1395)

Y=C/T; K= G/T; M=A/C; S=G/C.				  
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Table 3
Amplicon profiles of eight genes used in multiplex PCR identification of Brucella spp. 

Specific			          	Specitic gene/locus	
gene/locus

	 wboA	 omp31	 Poly-	 eryC	 Bp26	 ABC 	 rpsL	 Transcrip-Species/strain
			   saccharide			   transporter		  tional

			   deacetylase			   binding		  regulator
			   gene			   protein		  (CRP family)
						      gene		  gene

B. abortusa	 +	 -	 +	 +	 +	 -	 -	 +
								      
B. melitensisb	 +	 +	 +	 +	 +	 -	 -	 +
								      
B. suisc	 +	 +	 +	 +	 +	 +	 -	 +
								      
B. abortus S19	 +	 -	 +	 -	 +	 -	 -	 +
vaccine straind

aSamples ID derived from human source: DMST9; animal source: Pra kogmilk, Kan Yim-V, Kan 
Yim-M.								      
bSamples ID derived from human source: DMST17, DMST4, DMST2, DMST10, DMST1, DMST3, 
DMST14, DMST11, DMST13, DMST15, DMST16, DMST19, DMST6; animal source: NakswS16, 
NakptE37swab, NakswS25, RatR-55, Sar29S, NakswS24, Sar29M, Nakpt F25milk, Nakpt L5swab, 
Nakpt E74swab, Sar43S, Rat R-13, Sar34S.
cSamples ID derived from human source:DMST8, DMST18, DMST21.
dLaboratory strains: B1, B2, B3. Gene identities and amplicon sizes are listed in Table 1. 			 
					   

(average frequencies of synonymous sub-
stitutions per potential synonymous site 
(dS) and nonsynonymous substitutions 
per potential nonsynonymous site (dN) 
was calculated by the method of Nei and 
Gojobori (1986). A phylogenetic tree was 
constructed using concatenated nucleotide 
sequences of all nine loci with MEGA 5 
software, and percent bootstrap confidence 
level of internal branch was calculated 
from 500 resamplings of the original data.

RESULTS

Identification of Brucella sp by multiplex 
PCR

There were 52 Brucella isolates, 21 
derived from humans, 24 from caprine, 3 

from bovine and 4 from bacterial stock kept 
in the laboratory. Multiplex PCR based on 
eight pairs of primers of López-Goñi et al  
(2008) targeting 8 housekeeping genes 
revealed that 37 isolates were B. melitensis 
(15 from humans and 22 from caprine), 
7 isolates of B. abortus (2 from humans, 2 
from caprine and 3 from bovine) and the re-
maining 3 isolates of B. suis (from humans) 
(Table 3). The four laboratory strains had  
multiplex PCR profiles similar to B. abortus 
S-19 vaccine strain (Table 3).  Complete 
sequences for all nine housekeeping genes 
were successful in only 36 isolates.
MLST of Brucella spp 

Using MLST scheme of Whatmore  
et al (2007), nine loci of 36 Thai Brucella iso-
lates were sequenced and their sequence 
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Fig 1–Population snapshot of Brucella ST profiles using comparative eBRUST. A)  B. melitensis clonal 
complex (CC) 8 having ST8 as founder. B) B. abortus CC2 having ST2 as founder. Black and 
green letter indicates strains from dataset of Whatmore et al (2007) and this study, respectively.

Fig 2–Phylogenetic tree of Brucella spp. The phylogenetic tree was inferred using the Maximum 
Likelihood method based on Tamura 3-parameter model. Analysis involved 61 nucleotide se-
quences with a total of 4,396 positions in the final dataset. Number represents percent similarity.
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Table 5
Genetic diversity and dN/dS ratio of nine employed in multilocus typing of Thai 

Brucella isolates

Locus	 Number of	 Number of 	 dN	 dS	 dN/dS	 Mean percent 
	 alleles 	 polymorphic site (%)				    GC content

gap	 13	 16 (2.7)	 0.0028	 0.0142	 0.1972	 58
aroA	 18	 21 (3.7)	 0.0039	 0.006	 0.6623	 62
glk	 16	 17 (3.6)	 0.0071	 0.0064	 1.1066	 63
dnaK	 15	 15 (3.2)	 0.0038	 0.0048	 0.7791	 61
gyrB	 15	 16 (3.4)	 0.005	 0.0084	 0.5959	 59
trpE	 15	 14 (2.9)	 0.0043	 0.0066	 0.6557	 58
cobQ	 20	 26 (6.1)	 0.0085	 0.0135	 0.6313	 59
omp25	 21	 24 (4.9)	 0.0049	 0.0192	 0.2572	 59
int-hyp	 9	 10 (2.3)	 0.0077	 0.0089	 0.8582	 56

dN, mean non-synonymous substitution per site; dS, mean synonymous substitution per site.			 
			 

types were assigned (Table 4). Twenty-
seven STs are known STs, but 34 isolates 
had a total of 34 novel STs (assigned 
ST28 - ST61). The number of allele types 
identified in gap, aroA, glk, dnak, gyrB, trpE, 
cobQ, omp25, and int-hyp was 13, 18, 16, 15, 
15, 15, 20, 21 and 9, respectively. Overall, 
there were 159/4,396 (3.6%) polymorphic 
nucleotide sites among the nine loci. The 
dN/dS ratio for all 7 housekeeping genes 
was <1, indicating that the genes are un-
der stabilizing selection except for glk (dN/
dS = 1.1066) (Table 5).  GC content of the 
various loci ranged from 56% (int-hyp) to 
63% (glk) (Table 5) in comparison to over-
all genomic GC content of approximately 
57.0% (Whatmore et al, 2007).

Population genetics of B. melitensis and B. 
abortus  

An eBURST diagram was drawn to 
determine the evolutionary relationship 
among isolates of B. melitensis, B. abortus 
and reference strains. Population snapshot 
of B. melitensis (n = 32) in comparison with 
reference B. melitensis strains indicated that 
clonal complex 8 (CC8) has ST8 as founder 

(Fig 1A), and 5 single-locus variants (SLVs), 
namely ST9, 11, 41, 36 and 50 (Table 6). One 
SLV of the founder (ST11) has diversified 
to produce a double-locus variant (DLV), 
ST12, which has become subgroup found-
ers of ST7 and 10.  The size of the circles 
shows that the ST8 founder is also the most 
prevalent ST in this group (Fig 1A).  The 
new STs found in our study were present 
as singletons (n = 21). In B. abortus popula-
tion, a clonal complex 2 (CC2) was found 
(Fig 1B). 

B. abortus CC2 has four SLVs: ST1, 3, 
4 from reference strains and ST31 from 
this study (Table 6).  ST5 is a DLV and the 
remaining 7 (ST6, 32, 33, 34, 55, 60 and 61) 
are singletons. Population analysis of the 
other Brucella spp could not be performed 
due to the low numbers of isolates. 
Assessment of genetic recombination and 
mutation events

Recombination or mutation event 
within B. melitensis and B. abortus popu-
lations were estimated to understand 
diversification of the bacteria by selecting 
clusters of isolates that have identical al-
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lelic profiles and identifying single locus 
variants that differ from founder profile 
(Feil et al, 2000). Sequences of non-identi-
cal alleles in all single locus MLST variants 
with their clonal founders were compared, 
and multiple nucleotide changes (>1) are 
assumed to be caused by recombination 
while single nucleotide differences, not 
found elsewhere in the database, are as-
sumed to be due to de novo mutation.  For 
B. melitensis CC8, omp25 locus demon-
strated two positions of nucleotide change 
in SLV-ST9 when compared with founder 
ST8 (Table 7), suggesting a recombination 
event. SLV-ST11 had only a single muta-
tion at this locus.  For trpE, dnaK and aroA 
loci, each contained a single mutation 
at SLV- ST36, SLV- ST41 and SLV-ST50, 
respectively (Table 7). In B. abortus CC2, 
glk, gap and gyrB showed single nucleotide 
changes in SLV-ST1, SLV-ST3 and SLVs-
ST4, respectively (Table 7). 
Phylogenetic tree of strains with various 
STs 

The 4,396 bp concatenated sequences 
of the nine loci (gap-aroA-dnaK-gyrB-
trpE-cobQ-omp25-int-hyp) were used to 
construct a phylogenetic tree, based on 
a maximum likelihood algorithm, to 
examine the relationship among the STs. 
The phylogenetic tree of all Brucella iso-
lates demonstrated that they belonged 
to three major groups, namely that of B. 
melitensis, B. abortus and B. suis/B. canis/B. 
neotomae/Brucella of unknown species (Fig 
2).  Among the 36 human and animal iso-
lates in this study, species of which were 
predicted by multiplex PCR and each rel-
evant species located in clusters generated 
from reference strains of known Brucella 
spp, the phylogenetic tree revealed that 
(i) Thai strains belonging to B. melitensis 
were individually divergent, (ii) labora-
tory strains, B1, B2 and B3 clustered with 
B. abortus, and (iii) isolate ST28_DMST8 

was closely related to B. canis branch.

DISCUSSION

In Thailand, MLST method has not 
previously been used for genotyping Bru-
cella isolates. Fewer than 10% of cases of 
human brucellosis was reported, mostly 
because of misleading clinical picture 
(Visudhiphan and Na-Nakorn, 1970; Lao-
siritaworn et al, 2007). MLST analysis will 
be helpful to gain more understanding 
genetic relationships and epidemiology 
among Brucella isolates in Thailand. To 
this end, genetic relatedness of nine tar-
get genes were determined based on the 
available MLST strategy for conclusive 
speciation among 36 Brucella isolates from 
humans and animals, of which 24 isolates 
were identified as B. melitensis, 7 as B. 
abortus and 3 as B. suis. 

The high prevalence of B. melitensis 
detected in this study was in agreement 
with that in the  brucellosis outbreak 
in Thailand during 2007-2008 (Danpra-
chankul et al, 2009). In this current study of 
2012-2014, animal brucellosis was found 
in five provinces, namely, Kanchana-
buri, Nakhon Pathom, Nakhon Sawan, 
Ratchaburi and Saraburi. Two provinces, 
Kanchanaburi and Nakhon Sawan, are 
non-southern provinces that had the 
most recent (2007-2008) outbreak of hu-
man and/or caprine brucellosis (Danpra-
chankul et al, 2009).  Twenty-four new STs 
were identified among the isolates of B. 
melitensis from our study, while 1 known 
STs (ST8) was identified, the same as those 
in sheep from China, which revealed the 
majority of B. melitensis as ST 8, followed 
by ST7 (Ma et al, 2016). B. abortus was re-
vealed as ST5, while B. suis as ST14. MLST 
analysis of B. abortus in India revealed 
21 field-isolated strains as ST1, one field 
isolate as ST7 and another as ST8 (San-
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karasubramanian et al, 2016). As report 
by Whatmore et al (2007), the majority of 
B. suis isolates belong to ST14, 15 and 16 
and a few strains to ST18 and 19, while 
3 B. suis strains in Thailand, DMST8, 18 
and 21, were included in new ST types of 
28, 29 and 57, respectively.  Thus, in our 
study, taken together, more new Brucella 
STs were revealed, indicating the diversity 
of isolates in Thailand. Brucella strains 
in each area received different environ-
mental stimulators that could possibly 
influence their genetic profiles, so isolates 
from Thailand that has no exchange to 
any other isolates, became different from 
foreign isolates.

An eBURST diagram was constructed 
to reveal the population structure of B. 
melitensis and B. abortus. For the former, 
the population consisted of three clonal 
complexes with ST8, ST12 and ST17 as 
founders. B. melitensis strains of ST8 were 
found previously in both Asia (India and 
Mongolia) and Europe Kosovo, Greece, 
Cyprus, and the United Kingdom (What-
more et al, 2007), and also been identified 
in Thailand. It is possible that these Bru-
cella strains may somehow be transmitted 
among these countries, especially among 
those within close geographical proximity 
to Thailand such as Mongolia, where there 
is a high incidence of brucellosis (Zhang  
et al, 2010). ST members that behave as 
SLV in each clonal complex have been 
analyzed for recombination, substitutions 
and point mutation. For SLV members of 
CC2, each has a single nucleotide sub-
stitution in one locus, thus making each 
SLV diverse from their founder. As for 
SLV members of CC8, three have single 
mutations and one member has a recombi-
nation. The existence a clonal population 
structure was supported by sequence 
alignment of SLV members, in compari-

son to their founder, which showed that 
the majority has diverged. Furthermore, 
other unrelated STs, both of reference STs 
and new STs, were individually distrib-
uted along the eBURST diagram. These 
observations indicate that the population 
structure of Brucella isolates in Thailand 
are diverse.

In the case of glk, its dN/dS ratio was 
1.1066, indicating that this gene was sub-
jected to positive selection.  It is possible 
that glk (encoding glucokinase) might 
be involved with pathogenic potential 
for stimulation of infection. Glucokinase 
could play a key role in bacteria sur-
vival, which might help to account for its 
positive selection. The six remaining loci 
encoding housekeeping genes (gap, aroA, 
dnaK, gyrB, trpE, and cobQ) were under 
neutral selection. 

In conclusion, in this study we have 
expanded existing knowledge of Brucella 
population in Thailand. The allelic pro-
file and ST information have enlarged 
the central database for MLST of Brucella 
spp. The data should be of particular use 
for molecular typing, evolutionary biol-
ogy and global epidemiology of Brucella 
in our country and the Southeast Asian 
region. This would allow improvement 
in the current management strategies to 
control brucellosis. 
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