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a  b  s  t  r  a  c  t

The  aims  of  the  present  study  were  to genotype  Brucella  abortus  strains  isolated  from  cattle  in Brazil
between  2009  and  2013,  and  to  analyze  their  distribution  to  support  the  Programa  Nacional  de  Controle
e  Erradicaç ão  de  Brucelose  e Tuberculose  (PNCEBT)  (National  Brucellosis  and  Tuberculosis  Control  and
Eradication  Program).  One hundred  forty B. abortus  strains  isolated  from  cattle  in  Brazil  between  2009
and  2013  were  genotyped  using  a set  of  18  variable  number  of tandem  repeats  (VNTR)  (MLVA16  + HOOF-
Print  3 and 4).  The  multiple  locus  VNTR  analysis  (MLVA)  composed  by  eight  markers  (MLVA8)  revealed
eight  different  genotypes  among  B.  abortus  strains,  including  five  previously  described  and  three  new
ones.  Analysis  of  the  MLVA16  loci  revealed  fifty-eight  distinct  genotypes,  from  which  three  were  identi-
cal,  thirty-eight  were  considered  very  close,  and  seventeen  were  considered  distant  compared  to  those
previously  described  and  deposited  in  MLVAbank.  Analysis  of  the HOOF-Prints  3 and  4  revealed  the  larger
number  of different  alleles  among  all VNTR  assessed,  exhibiting  maximum  resolution  when associated
with  MLVA16  markers.  This  study  also  provides  insights  on  the  genotypes  of  B.  abortus  circulating  in
Brazil,  which  certainly  contribute  for the  better  understanding  of  the  epidemiology  and  control  of bovine
brucellosis  in  the  country.  Moreover,  our data  showed  a high  genetic  diversity  among  the  B.  abortus
strains  isolated  between  2009  and  2013,  and  a close  relationship  among  these  strains  and  Brazilian  B.
abortus  deposited  by MLVAbank.

©  2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Brucellosis is a zoonotic disease of worldwide importance
caused by bacteria of Brucella genus, which infect a wide range of
wild and domestic animals, and also humans (Corbel et al., 2006).
In cattle, the infection is mainly caused by Brucella abortus and the
economic losses associated with bovine brucellosis are primarily
related to reproductive problems, as abortion, stillbirth, birth of
weak calves, retained placenta, temporary or permanent infertil-
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ity, perinatal mortality and chronic or diffuse interstitial mastitis
(Corbel et al., 2006; OIE, 2009).

Albeit eradicated in some countries, brucellosis remains one
of the most economically important zoonosis, endemic in some
regions of the world such as Latin America, Middle East, Africa and
Asia (McDermott and Arimi, 2002; Lucero et al., 2008; Luo et al.,
2012; Musallam et al., 2016). In Brazil, bovine brucellosis caused
by B. abortus is endemic, with prevalences of positive herds rang-
ing between 0.32% and 41.50% among the States (Chate et al., 2009;
Sikusawa et al., 2009). Therefore, since 2001, Brazil has started the
Programa Nacional de Controle e Erradicaç ão da Brucelose e Tuber-
culose (PNCEBT) (National Brucellosis and Tuberculosis Control and
Eradication Program), which aims to reduce the prevalence and
incidence of brucellosis in the country (Brasil, 2001).

In brucellosis control and eradication programs, detection and
identification of Brucella species is generally based on pheno-
typic, biochemical and serologic tests (Alton et al., 1988). These
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techniques were for several years the only tools available for inves-
tigation of epidemiologic relationship among isolates, however, the
very limited discriminatory power of those methods preclude its
use in tracking outbreaks and in the control of the disease spread
(Whatmore et al., 2006; Al Dahouk et al., 2007; Minharro et al.,
2013). Furthermore, in later stages of control programs, in which
eradication is the goal, it is crucial a strict monitoring program using
highly discriminatory methods for the characterization of strains
present in outbreaks, in order to determine the source of infec-
tion and its transmission routes (Bricker et al., 2003; FAO, 2003;
Almendra et al., 2009).

Genotyping and identification of Brucella species based on
molecular approaches have proved to be powerful tools to confirm
the disease and to assess the genetic relationship among field iso-
lates (Al Dahouk et al., 2007; Minharro et al., 2013; Dorneles et al.,
2014; Mick et al., 2014; Allen et al., 2015). The great advantage of
these methodologies are the reduced risk of laboratory-acquired
infections, the short time consuming and accessibility (Scholz and
Vergnaud, 2013). Among the molecular typing methodologies, the
multiple locus variable number tandem repeats (VNTR) analysis
(MLVA) has proved to be a valuable tool in molecular epidemiology
studies of brucellosis, in source tracking and in the characteriza-
tion of new Brucella species (Marianelli et al., 2008; Her et al.,
2009; Minharro et al., 2013; Dorneles et al., 2014; Mick et al., 2014;
Whatmore et al., 2014; Allen et al., 2015; Xiao et al., 2015). Thus,
the aims of the present study were (i) to genotype B. abortus strains
isolated from cattle in Brazil between 2009 and 2013, and (ii) to
analyze their distribution to support the Brazilian program on the
control and eradication of brucellosis.

2. Material and methods

2.1. Bacterial strains

One hundred forty B. abortus strains isolated from cattle in Brazil
between 2009 and 2013 were used. They were from the collection
of Laboratório Nacional Agropecuário, Ministerio da Agricultura,
Pecuária e Abastecimento (Ministry of Agriculture, Livestock and
Food Supply − MAPA), currently the only laboratory in Brazil that
routinely performs isolation of Brucella spp. These isolates were
from Pará (88), Mato Grosso (21), Tocantins (11), Rio Grande do
Sul (7), Minas Gerais (5), Rondônia (4), Espirito Santo (3) and Mato
Grosso do Sul (1).

All strains were grown in tryptose agar plates and incubated at
37 ◦C, in a 5% CO2, for 48 h (Alton et al., 1988). Then, they were
inactivated at 80 ◦C for two hours and submitted to DNA extraction
(Pitcher et al., 1989). The determination of DNA purity and con-
centration was performed by spectrophotometry (Sambrook and
Russell, 2001). All isolates were tested by bcsp31-PCR (Baily et al.,
1992) to confirm Brucella genus and by modified AMOS-PCR to con-
firm B. abortus species (Bricker and Halling, 1994; Orzil et al., 2016).
Reference strains, used as control in different procedures, were: B.
abortus 544 (ATCC 23448T), B. abortus RB51 and B. melitensis 16M
(ATCC 23456T).

2.2. MLVA genotyping

DNA from each B. abortus strain was submitted to MLVA typ-
ing assay composed of primers sets for eighteen VNTRs, including
sixteen loci (MLVA16) of mini and microsatellites described by Al
Dahouk et al. (2007) and two loci of microsatellites (HOOF-Prints
3 and 4) described by Bricker et al. (2003). The MLVA16 loci were
divided into three panels: panel 1 or MLVA8 composed of eight min-
isatellites (Bruce06, Bruce08, Bruce11, Bruce12, Bruce42, Bruce43,
Bruce45 and Bruce55); panel 2A composed of three microsatel-

lites (Bruce18, Bruce19 and Bruce21); and panel 2B with five
microsatellites (Bruce04, Bruce07, Bruce09, Bruce16 and Bruce30).
The PCR conditions for MLVA16 were as previously described (Le
Fleche et al., 2006). Amplification of HOOF-Prints 3 and 4 was  per-
formed as previously described with minor modifications (Bricker
et al., 2003). Briefly, each reaction mixture consisted of 1× buffer
[50.0 mM Tris, 10.0 mM KCl, 50.0 mM (NH4)2SO4, pH 8.3] (Phoneu-
tria, Brazil); 0.2 mM of each (dNTP) (Life Technologies, USA); 2.5 �M
of MgCl2; 1.0 �M of each primer (Life Technologies, USA); 1 units
of Taq DNA polymerase (Phoneutria, Brazil) and 50.0 ng of DNA in a
final volume of 12 �L of water. Thermocycling conditions (Veriti®

Thermal Cycler, Thermo Scientific, USA) were as follow: initial
denaturation step at 95 ◦C for 5 min  followed by 30 cycles of denat-
uration at 95 ◦C for 30 s, primer annealing at 52 ◦C for 1 min, and
elongation at 72 ◦C for 2 min. The final extension step was per-
formed at 72 ◦C for 5 min.

The amplified products were submitted to electrophoresis in 2%
or 3% agarose gel, for the mini and microsatellites, respectively, in
Tris-borate-EDTA 1× (TBE) buffer, stained with 0.5 mg/mL ethid-
ium bromide, visualized under UV light, and photographed (L-Pix
EX, Loccus Biotecnologia, Brazil). DNA size markers 100 bp (100 bp
DNA Ladder, New England Biolabs, USA) and 25 bp (25 bp DNA Step
Ladder, Promega, USA) were used to estimate the tandem repeat
unit length.

2.3. Genotype analysis

Band size estimates were converted into number of repeat
units for each locus (Le Fleche et al., 2006), using the soft-
ware BioNumerics 7.5 (Applied Maths, Belgium), and were
compared with the internal standard strains (B. abortus RB51
and B. melitensis 16M). Clustering analysis was also per-
formed with the software BioNumerics 7.5 based on UPGMA
(Le Fleche et al., 2006). The diversity index HGDI was  calcu-
lated (Hunter and Gaston, 1988) (http://insilico.ehu.es/mini tools/
discriminatory power/index.php). Genotypes obtained were com-
pared to those deposited in the MLVAbank for Bacterial Genotyping
2015 (http://mlva.u-psud.fr/mlvav4/genotyping/). The minimum
spanning tree (MST) presented is the one with the highest overall
reliability score and was  calculated using UPGMA associated with
the priority rule and the bootstrap resampling (BioNumerics 7.5).

3. Results

All the 140 isolates were confirmed to be Brucella spp. by bcsp31-
PCR and to be B. abortus by modified AMOS-PCR. The analysis of
the eight loci comprising the MLVA8 (panel 1) revealed eight dif-
ferent genotypes among B. abortus strains, including five previously
described and deposited in the MLVAbank 2015 (28, 32, 33, 40 and
112), and three new ones (112A, 28A and 28B) (Table 1). The novel
MLVA8 genotypes, 112A, 28A and 28B, were named according to
their proximity to the genotypes already described and deposited
in MLVAbank (Table 1). Among the MLVA8 genotypes observed,
genotype 28 was  the most frequent [75% (105/140)] found in strains
from almost all States assessed (7/8), followed by genotype 40
[18.6% (26/140)] observed in strains from three States (3/8) (Fig. 1).
The others MLVA8 genotypes represented together approximately
6.4% of the tested strains: 32 (2/140), 33 (1/140), 112 (1/140), 112A
(2/140), 28B (2/140) and 28C (1/140). MLVA8 genotypes and the
spatial localization of the B. abortus strains are shown in Fig. 2. The
generated Minimum Spanning Tree (MST), using the MLVA8 data,
separated the B. abortus strains in two main groups, one cluster
around genotype 28 and another around genotype 40 (Fig. 1A and
B).
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