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Abstract. Brucellosis-induced abortion can result in significant economic loss 
to farm animals. Brucellosis can be transmitted to humans during slaughter of 
infected animals or via consumption of contaminated food products. Strain iden-
tification of Brucella isolates can reveal the route of transmission. Brucella strains 
were isolated from vaginal swabs of farm animal, cow milk and from human 
blood cultures. Multiplex PCR was used to identify Brucella species, and owing 
to high DNA homology among Brucella isolates, multiple-locus variable-number 
tandem repeat analysis (MLVA) based on the number of tandem repeats at 16 dif-
ferent genomic loci was used for strain identification. Multiplex PCR categorized 
the isolates into B. abortus (n = 7), B. melitensis (n = 37), B. suis (n = 3), and 5 of 
unknown Brucella spp. MLVA-16 clustering analysis differentiated the strains into 
various genotypes, with Brucella isolates from the same geographic region being 
closely related, and revealed that the Thai isolates were phylogenetically distinct 
from those in other countries, including within the Southeast Asian region. Thus, 
MLVA-16 typing has utility in epidemiological studies.
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(Pappas et al, 2006). Brucella spp infect sev-
eral important livestock species, such as  
cattle, goat, pig, sheep, and water buffalo 
(Di Giannatale et al, 2008). Main sign of 
infection in all animal species is abortion 
or premature expulsion of the fetus. In 
humans, the disease can induce undulant 
fever, malaise, and myalgia, and some-
times is associated with serious compli-
cations, such as encephalitis, meningitis, 
peripheral neuritis, spondylitis, suppura-
tive arthritis, and vegetative endocarditis 
(Borriello et al, 2013). The disease can also 

INTRODUCTION

Brucellosis is the most widespread 
zoonosis in the world and is of major 
public health and economic importance 
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occur in a chronic form affecting various 
organs and tissues (Franco et al, 2007). The 
pathogen can be transmitted to humans 
through consumption of contaminated or 
untreated milk or dairy products, or by 
direct contact with infected animals (Bor-
riello et al, 2013). As no effective human 
vaccine is currently available, prevention 
and control of brucellosis rely on its early 
diagnosis, adequate antibiotic treatment, 
proper animal husbandry and hygienic 
products.

Because of genetic homogeneity 
within the genus Brucella, subtyping iso-
lates remains a challenge. In 1965, genus 
Brucella contained three classic species, 
namely, B. abortus (associated host: cattle), 
B. melitensis (sheep and goat), and B. 
suis (swine) (Olsen and Palmer, 2014). 
However, since the early 1960s, at least 7 
new species have been identified in the 
genus Brucella: B. ovis, isolated from a 
ram in 1952 (Simmons and Hall, 1953), 
B. canis from placental and fetal tissues 
of aborted beagle pups (Carmichael and 
Kenney, 1968), B. neotomae from desert 
wood rat (Stoenner and Lackman, 1957), 
B. ceti predominantly from porpoise and 
dolphin (Foster et al, 2007), B. pinnipedia-
lis predominantly from seal (Foster et al, 
2007), B. microti from vole and wild red fox 
(Scholz et al, 2009), and B. inopinata from 
an infected human breast implant (Scholz 
et al, 2010). Further isolates have been 
recovered from wild Australian rodents 
(Tiller et al, 2010) and from a human pa-
tient with chronic destructive pneumonia 
(Tiller et al, 2010), which was suggested 
to be a novel lineage of B. inopinata. Most 
recently by Hofer et al (2012), two atypical 
Brucella strains were isolated from two 
foxes in eastern Austria and placed in the 
genus Brucella, but molecular analysis of 
recA and omp2a/b indicated that they are 
novel species, distinct from other Brucella  

species, including B. microti (Al Dahouk 
et al, 2012). Other potential new strains, 
with characteristics typical of Brucella, have 
recently been recovered from two stillborn 
baboons (Papio sp) (Schlabritz-Loutsevitch 
et al, 2009) and from an African bullfrog 
(Pyxicephalus edulis) (Eisenberg et al, 2012).

Development of strain-typing meth-
ods is essential for investigating sources of 
epidemic events. Multiple-locus variable-
number tandem repeat analysis (MLVA), 
based on the variability in copy numbers 
of tandem repeat units in several loci, has 
discriminatory potential for genotyping 
and epidemiological trace-back assess-
ment (Al Dahouk et al, 2007). This assay is 
capable of discriminating Brucella isolates 
originating from a restricted geographic 
region, confirming its potential utility as 
an epidemiological tool (Garcia-Yoldi et al,  
2007; Kattar et al, 2008; Marianelli et al, 
2008). 

MLVA-16 assay, based on 16 loci con-
taining tandem repeats, including eight 
moderately variable minisatellites and 
eight highly polymorphic microsatellites 
(Le Fleche et al, 2006; Al Dahouk et al, 
2007), were used in this study to character-
ize the diversity of Brucella strains isolated 
from vaginal swabs of farm animals and 
from culture collections obtained from 
Thai infected patients.

MATERIALS AND METHODS

Sample collection
Vaginal swabs and milk specimens 

were collected from cattle and goats on 
farms in central Thailand: Kanchanaburi, 
Nakhon Pathom, Nakhon Sawan, Prach-
uap Khiri Khan, Ratchaburi, and Saraburi.  
Vaginal swabs were placed in Cary Blair 
transport medium (Oxoid, Hampshire, 
UK) and maintained at 4°C during trans-
portation. 
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Human isolates were obtained from 
culture collection of the Medical Bacte-
riology Group, Department of Medical 
Science, National Institute of Health 
(NIH), Bangkok, Thailand. All strains 
were derived from human blood cultures 
obtained from various Thai provinces, 
which had been sent to NIH, Thailand for 
bacterial identification. 

Ethical approval to collect vaginal 
secretions from goats and cows was 
obtained from the Faculty of Tropical 
Medicine Animal Care and Use Commit-
tee, Mahidol University (FTM-ACUC; 
008/2007). A material transfer agreement 
permitted analysis of Brucella strains 
isolated from patients, which had been 
sent for identification to the Department 
of Medical Sciences, NIH, Ministry of 
Public Health, Bangkok, Thailand. All the 
samples were anonymized, except for the 
province of each hospital from which the 
isolate was collected, which was retained.
Brucella culturing

A portion of each vaginal swab was 
streaked onto Brucella agar [trypticase soy 
agar with antibiotic supplement (Oxoid, 
Hamshire, UK) and 5% horse serum (Gib-
co, Gaitherberg, MD)]. The other vaginal 
swab portion and the milk samples were 
enriched in biphasic agar (Brucella agar 
slant overlaid with tryptic soy broth) for 
5-7 days and bacterial film from the agar 
slant was restreaked on Brucella agar. All 
cultures were incubated for 5 days under 
5% CO2 at 37°C. Single colonies were 
preliminarily identified as Brucella spp by 
gram-negative coccobacilli appearance, 
which were positive in an oxidase test 
(Yagupsky, 1999). The putative Brucella 
strains were propagated on Brucella agar 
plates and a proportion were kept as glyc-
erol stocks at -70°C, and the remaining 
were placed in normal saline, sedimented 

and stored at -70°C until used. 
Multiplex PCR assay

Genomic DNA was extracted from 
bacterial cell pellet using a commercial 
DNA extraction kit (Omega Bio-Tek, Nor-
cross, GA), according to the manufactur-
er’s instructions, and stored at 4°C until 
analyzed. Stock Brucella strains (denoted 
B1-B4) in our culture collection were in-
vestigated for species. Eight primer pairs 
(Table 1) (López-Goñi et al, 2008) were in 
a PCR mixture of 25 µl containing 12.5 µl  
of JumpStart™ REDTaq® ReadyMix™ 
(Sigma, St Louis, MO), 8 µl of primer mix 
(10 pmol/µl), and 2 µl of DNA template. 
Thermocycling was conducted in a Mas-
tercycler Nexus instrument (Effpendorf, 
Hamberg, Germany) 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 heating at 72°C 
for 7 minutes. Amplicons were separated 
by 1.5% agarose gel-electrophoresis and 
visualized by ethidium bromide staining. 
Brucella spp were assigned based on the 
PCR profiles (Table 2) according to López-
Goñi et al (2008).
MLVA-16 genotyping assay

MLVA-16 genotyping was performed 
as described by Le Fleche et al (2006) 
and modified by Al Dahouk (2007). In 
brief, PCR amplification was performed 
as described above but with 16 primer 
pairs (Table 3) divided into three panels, 
namely, panel 1 for species identifica-
tion and containing primers that bind 
eight minisatellite loci (Bruce06, Bruce08, 
Bruce11, Bruce12, Bruce42, Bruce43, 
Bruce45, and Bruce55), panel 2A contain-
ing primers that bind three microsatellite 
loci (Bruce18, Bruce19, and Bruce21), and 
those of panel 2B bind five microsatellite 
loci, Bruce04, Bruce07, Bruce09, Bruce16, 
and Bruce30), and panel 2B containing 
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Table 1
Primers used in multiplex PCR determination of Brucella sp.

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

1 BMEI0998F Glycosyltransferase (wboA) ATCCTATTGCCCCGATAAGG 1,682
 BMEI0097R  GCTTCGCATTTTCACTGTAGC 
2 BMEI0535F Immunodominant antigen GCGCATTCTTCGGTTATGAA 450
  (bp26)
 BMEI0536R  CGCAGGCGAAAACAGCTATAA 
3 BMEII0834F Outer membrane protein TTTACACAGGCAATCCAGCA 1,071
  (omp31)
 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  GGAACACTACGCCACCTTGT 272
  protein
 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.   
 

Table 2
Brucella species-specific genes used in the study.

Specific wboA omp31 Poly eryC Bp26 ABC rpsL Transcrip-
gene/locus   saccharide   transporter  tional
    deacetylase   binding  regulator
    gene   protein   (CRP
       gene  family) gene

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

B. ovise  - + + + + - - +

aHuman source: DMST7, DMST9; animal source: Kog milk, Yim-M, Yim-V, A18 swab. bHuman 
source: DMST1, DMST2, DMST3, DMST4,DMST5, DMST6, DMST10, DMST11,DMST12, DMST13, 
DMST14, DMST15, DMST16, DMST17, DMST19; animal source: 29M, 29S, 34S, 43S, S24, S19, S16, 
S25, R-14, R-55, R-13, R-48, A19 swab, P1 swab, L5-milk, L5-swab, L6-milk, F18 swab, F25 milk, E37 
swab, E74 swab, P9 swab. cHuman source: DMST8, DMST18, DMST21. dB1, B2, B3, B4. eHuman 
source: DMST20; animal source: R18.
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primers that bind the most variable loci 
[thereby given a lower weight in a clus-
tering analysis (Al Dahouk et al, 2007)]. 
Amplicons were separated by 3% agarose 
gel- electrophoresis as described above. 
Gel images were recorded in a Syngene 
gel documentation instrument (Frederick, 
MD) using GeneRulertm 100-bp Plus DNA 
ladder (Thermo Scientific) as standard 
molecular size markers. Sizes of ampli-
cons from alleles at each locus were also 
confirmed using an Agilent 2100 high-
resolution capillary electrophoresis Bio-
analyzer (Santa Clara, CA) according to 
the manufacturer’s instructions. The sizes 
of amplicons generated from each locus 
were converted into tandem repeat units 
according to procedures and database of 
Le Fleche et al (2006) and Al Dahouk et al 
(2007). The species of each Brucella isolate 
obtained from multiplex PCR was used 
to predict the tandem repeat units based 
on the size of amplicons (alleles) derived 
from each locus, because the prediction 
from repeat units is more reliable when 
the Brucella species is known.  
Genetic diversity index determination

In order to obtain genetic diversity 
index for all Brucella isolates in this study, 

copy numbers of tandem repeats at each 
of the 16 loci were analyzed using V-DICE 
(VNTR DIversity and Confidence Extrac-
tor) program (http://www.hpa-bioinfor-
matics.org.uk/cgi-bin/DICI/DICI.pl). A 
polymorphism index was determined, 
based on Simpson’s diversity output data, 
which measures the variation among the 
numbers of repeats at each locus, ranging 
from 0.0 (no diversity) to 1.0 (complete 
diversity). The precision of the diversity 
index (DI) is expressed with the 95% con-
fidence interval (CI).
Data analysis

Tandem repeat units for the 16 loci of 
Brucella isolates predicted from their allele 
sizes were considered as datasets. BioNu-
merics version 6.6 (Applied Math, Austin, 
TX) was used to analyze the datasets and 
to generate a dendrogram. General infor-
mation for each isolate was recorded, viz, 
sample name, type of infected host, prov-
ince of the source farm. Archived tandem 
repeat profiles for Brucella strains from 
other countries (Her et al, 2009; Maquart  
et al, 2009; Lista et al, 2011) were added 
to our Thai dataset. These character data 
were subjected to a clustering analysis, 
based on unweighted pair group method 

Table 4
Brucella spp and hosts found in Thailand.

   Host

Brucella sp Human Caprine Bovine Laboratory stock Total 

B. melitensis 15 22a - - 37
B. abortus 2 2b 3c - 7
B. suis 3 - - - 3
Unidentified Brucella sp 1 - - 4 5
Total 21 24 3 4 52

aFour isolates from Saraburi, 4 from Nakhon Sawan, 4 from Ratchaburi, and 10 from Nakhon Pathom. 
bStrain R18 from Ratchaburi has profile similar to S19 vaccine strain and A18 swab, isolated from 
Nakhon Pathom, had typical B. abortus profile. cOne Kog milk strain was from Prachuap Khiri Khan 
and strains Yim-M and Yim-V were from Kanchanaburi.     
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 using arithmetic averages (UPGMA) 
with a categorical similarity coefficient. 
Maximum parsimony was used to draw 
a clustering tree, with 200 bootstrap 
simulations, and the data were treated as 
categorical.

RESULTS

Species of Brucella isolates determined by 
multiplex PCR

From 2009 to 2011, 300 vaginal swabs 
and 10 milk samples were collected from 
farms in central Thailand. Bacterial colo-
nies grown on Brucella-selective agar and 
screened for gram-negative coccobacilli 
with positive oxidase test were propa-
gated on Brucella-selective agar. Extracted 
bacterial DNA was subjected to multiplex 
PCR for Brucella species identification 
(Table 2). Twenty-two isolates from goats 
and 15 from humans were identified as B. 
melitensis (Table 4). Among the seven iso-
lates identified as B. abortus, two were from 
caprines, two from humans (DMST 7 from 
Chaiyaphum and DMST 9 from Chantha-
buri), and three from cows (Kog milk, Yim-
V, and Yim-M). Three B. suis isolates were 
from humans (DMST 18 from Chanthaburi, 
DMST 8 from Phetchabun and DMST 21 
from Nakhon Phanom). The multiplex PCR 
bands for DMST 20 (from Phetchabun) are 
similar to those of B. melitensis, but lacks 
the 1682 bp, and so was likely to be B. ovis 
(Table 4). The four reference Brucella strains 
(B1–B4) and R-18 strain have multiplex 
PCR profiles (bands at 152, 450, 794, and 
1682 bp similar to that of B. abortus S-19 
strain (Garcia-Yoldi, 2006).
Assignment of tandem repeat units for each 
allele size

Brucella strain signature was identi-
fied using an MLVA-16 typing scheme. 
The sizes of amplicons derived from 16 
loci in all the isolates were determined by 
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Table 6
Simpson’s diversity index (DI) for all loci of Brucella spp determined in the study.

                  DI

Locus Whole population B. melitensis B. abortus B. suis
 (n = 52) (n = 37) (n = 11) (n = 3)

Panel 1  
Bruce06 0.498 0.153 0.298 0.444
Bruce08 0.665 0.622 0.165 0
Bruce11 0.669 0.546 0.314 0.444
Bruce12 0.783 0.758 0.512 0.444
Bruce42 0.423 0.149 0.165 0
Bruce43 0.465 0.234 0.165 0.444
Bruce45 0.570 0.505 0.298 0.444
Bruce55 0.514 0.438 0.165 0.444
Panel 2A
Bruce18 0.751 0.735 0.612 0
Bruce19 0.811 0.730 0.512 0.444
Bruce21 0.418 0.149 0.165 0.444
Panel 2B    
Bruce04 0.865 0.863 0.165 0.444
Bruce07 0.743 0.673 0.430 0.444
Bruce09 0.814 0.793 0.446 0.444
Bruce16 0.826 0.856 0.165 0.444
Bruce30 0.760 0.722 0.165 0.444

One isolate, DMST20, predicted to be B. ovis was not included for determination of diversity in-
dex.   

agarose gel- electrophoresis and capillary 
electrophoresis. The range of amplicon 
size for each allele was used to determine 
the number of tandem repeat units, based 
on data of Al Dahou et al (2007) and Le 
Fleche et al (2006). In this study, the vari-
able allele types were predominantly 
found in Bruce 11, and the numbers of 
repeat units were higher for the loci of 
panel 2 than for those of panel 1 (Table 
5). MLVA profiles of all the Thai Brucella 
isolates and some selected Brucella species 
and strains from other countries also are 
shown in Table 5. 
Genetic diversity 

Simpson’s diversity index (DI) re-
vealed that the variable allele types were 

predominantly found in Bruce 04 (DI = 
0.865) (Table 6). The numbers of repeat 
units were higher for loci of panel 2 (DI = 
0.418-0.865) than for those of panel 1 (DI 
= 0.423-0.783). 
Clustering analysis based on MLVA-16 
genotyping

The character dataset for the tandem 
repeat units at 16 loci in Brucella genome 
was subjected to a clustering analysis. 
A dendrogram was constructed using  
UPGMA protocol for 52 Thai isolates 
(Fig 1). Isolates from several countries 
(in Europe, Central and South America, 
and Southeast Asia), selected from the 
Brucella genotyping public database were 
included for comparison. The closely-
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Fig 1–Dendogram of clustered MLVA-16 genotypes. The dendogram is constructed from MLVA-16 
profiles of 21 Thai Brucella spp isolates from humans, 24 from caprine, 3 from bovine, 4 stock 
cultures of unknown origin, and more than 56 reference strains. The four columns next to the 
dendeogram indicated name of strain, host, source of sample and species assignment. 
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Fig 2–Dendogram of clustered MLVA-16 genotypes to verify Thai Brucella isolates, DMST8, 18, and 
21 as B. suis, and DMST20 as B. ovis.

related genetic profile of Thai strains, 
belong to B. melitensis were included in 
cluster A.  B. melitensis isolated from cap-
rine were clustered together and were in 
the distinct cluster from human isolates 
(DMST series). B. melitensis strains from 
other countries were in cluster B, together 
with strains of B. abortus, although the 
clade of B. abortus was separated from  
B. melitensis. The Thai isolates were distinct 
from the foreign isolates and located in a 
distinct A cluster.  A number of additional 
strains of B. melitensis were included in the 
cluster, while the Thai strains of B. abortus 
were also included in this cluster C. Other 
Brucella spp, ie, B. microti, B. pinnipedialis, B. 
suis, and B. ovis, were included in cluster D.

Multiplex PCR classified DMST 8, 18, 
and 21 as B. suis, and DMST 20 as prob-

ably B. ovis. In order to confirm this clas-
sification, a cluster analysis of MLVA-16 
dataset of these isolates was performed in 
comparison to many strains of B. suis and 
B. ovis strains from the public database, 
and the strains that were closely related 
to our Thai strains were selected and in-
cluded in the dataset (Fig 2). The Thai B. 
suis isolates, DMST8, 18, 21 were clustered 
in a single clade next to B. suis isolates 
from swine in other countries. DMST 20 
clustered with B. ovis strains isolated from 
sheep in Brazil and France.

DISCUSSION

Basic microbiological protocol used 
for primary screening of Brucella isolates 
is based on bacterial morphology of 
gram-negative coccobacilli, but for species  
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identification, multiplex PCR profiles at 
eight loci are required (Lopez-Goni et al 
(2008)). However, size of an allele and 
number of its repeat units are specific to 
a particular species (Le Fleche et al (2006). 
For instance, a large database of MLVA 
profiles for various strains of B. melitensis 
has allowed more reliable identification of 
B. melitensis (Al Dahouk et al (2007).

Thai B. melitensis strains (cluster A) 
were phylogenetically different from those 
of other countries (cluster B). Among the 
Thai B. melitensis strains, as expected, 
those from the same geographic region 
were located close to one another in the 
same cluster. Strains derived from caprine 
were located together and separated from 
strains derived from humans, suggesting 
that strains from human and non-human 
hosts were generically different. There 
was no instance of zoonotic Brucella trans-
mission from animals to humans. Brucella 
infections in humans ought to be due to 
person-to-person transmission.

When B. melitensis DMST 6 and Sar34S 
strains were subjected to a multilocus 
sequence typing (MLST) analysis, the 
strains matched B. melitensis ST8 strain 
(Chawjiraphan et al, 2016). In MLVA-based 
analysis, these two strains clustered with 
B. melitensis, and according to host spe-
cies and regional source. MLVA correctly 
assigned both DMST6 and Sar34S to B. 
melitensis, consistent with MLST strategy, 
indicating the reliability of this MLVA 
technique. 

Multiplex PCR identified DMST 8, 18, 
and 21 as B. suis, and DMST 20 as B. ovis, 
so their MLVA-16 profiles were subjected 
to a clustering analysis with other B. suis 
and B. ovis strains available in the MLVA 
database. MLVA-based cluster analysis 
correctly placed multiplex PCR-identified 
B. suis strains among those isolated from 
swine. 

Multiplex PCR identified DMST 20 
(from human) as B. ovis and MLVA analy-
sis placed the strain in the cluster contain-
ing strains that were often isolated from 
sheep, and it is therefore possible that 
the human source acquired the infection 
from sheep.

Tandem repeat units for each locus 
from the MLVA-16 panel were used to cal-
culate Simpson’s DI of B. melitensis samples 
only (n = 37). MLVA-16 profile for the loci 
of panel 1 had lower DI values than those 
of panel 2A or panel 2B, suggesting the loci 
of panel 1 are more conserved than those 
in panel 2. These results supported the 
selection of loci marker by Le Fleche et al 
(2006), who informed that markers of panel 
1 were minisatellite loci with repeat units 
length above 9 bp, while markers of panel 2 
were microsatellites of highly polymorphic 
octamers with 2-5 bp repeat unit.

The four stock Brucella strains and 
R-18 strain isolated from goats in Ratcha-
buri had multiplex PCR profiles similar to 
that of B. abortus strain S-19 vaccine strain, 
MLVA profile of which was clustered 
among the reference B. abortus strains 
from foreign countries, different from 
the C cluster of the Thai strains (data not 
shown). A possible explanation is that the 
vaccine strain had reverted to a viable 
form and was transmitted among other 
animals.

Yim-M and Yim-V strains isolated 
from cattle and A-18 swab specimen was 
from a goat but had multiplex PCR profile 
of B. abortus, and their MLVA profiles also 
were closely related. Goat in the same 
farm might have acquire B. abortus infec-
tion either from cow or the environment. 
Yim-M was isolated from milk and Yim-V 
from a vaginal swab from the same cow. 
The other two B. abortus isolates, Kog milk 
from a cow and human strain DMST 9, 
were clustered next to one another in the 
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dendrogram, and both were localized to 
the correct B. abortus cluster.

In conclusion, this study demon-
strates that MLVA-16 strategy was able to 
classify Brucella isolates at the strain level, 
and also to cluster the species correctly, 
except that the Thai isolates of B. abortus 
and B. melitensis shared the same cluster. 
Although a limited number of Brucella iso-
lates was included, this study reveals that 
the Thai Brucella strains are distinct from 
strains from other continents, and even 
other Asian countries. Moreover, Brucella 
strains associated with each host species 
were phylogenetically distinct. MLVA-16 
typing, combined with multiplex PCR, 
should prove useful in Brucella diagnosis, 
epidemiology and control.
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