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Brucellosis is one of the most extended bacterial zoonosis in the world and an important cause of 
economic losses and human suffering. Portugal, like other countries, employs through a 
governmental program, specific regulations and measures to eradicate the disease. Regardless of 
the huge efforts to eliminate it, brucellosis has continued to be an endemic disease where B. 
melitensis and B. abortus are the prevailing species. 

  
 
Brucella an expanding genus 
Bacteria from the genus Brucella are gram-
negative, facultative intracellular parasites that 
infect a wide range of mammals, including 
domestic mammals, many wild species and 
humans. The genus belongs to the family 
Brucellaceae, order Rhizobiales, class alpha-
proteobacteria (Bergey and Holt, 1994; Audic 
et al., 2009; Ficht, 2010; Godfroid et al., 2011). 
Based on its 16S rRNA sequence, Brucella is 
included in the α-2 subclass of the 
Proteobacteria along with soil organisms (e.g. 
Ochrobactrum spp.), plant symbionts (e.g. 
Rhizobium spp.), phytopathogens (e.g. 
Agrobacterium spp.) and intracellular animal 
parasites (Bartonella and Rickettsia). The 
Ochrobactrum genus was identified as the 
most closely related (Paulsen et al., 2002; 
Whatmore et al., 2009; Wattam et al., 2009) 
with a 16S rRNA gene sequence more than 
98% identical to that of Brucella spp. (Audic et 
al., 2009). 
 
The genus Brucella was created in 1917 by 

Alice Evans, an American Bacteriologist,  and 
for many years six classical species were 
identified based on differences in phenotypic 
characteristics, pathogenicity and host 
preference: B. abortus the main etiologic 
agent of bovine brucellosis; B. melitensis 
which is the responsible for ovine and caprine 
brucellosis; B. suis responsible for swine 
brucellosis but also infecting hares, rodents 
and reindeer/caribou; B. neotomae isolated 
from wood rats; B. ovis and B. canis 
responsible for ram epididymitis and canine 
brucellosis, respectively (Cloeckaert, 2004; 
OIE, 2009). In three of these species biovars 

are recognized, B. abortus (1–6, 9), B. 
melitensis (1–3) and B. suis (1–5). 
 
The molecular studies on Brucella began in 

the ´80s and with the advent of new molecular 
biology techniques, since 2007, four additional 
species have been designated. B. 
pinnipedialis, isolated from pinnipeds and B. 
ceti from cetaceans (Foster et al., 2007), B. 
microti isolated from voles, fox and soil 
(Scholz et al., 2008) and B. inopinata, 
associated with two atypical human infections 
(De BK et al. 2008; Scholz et al., 2010; Tiller 
et al. 2010a). The natural reservoir of these 
last two isolates remains unclear. 
 
Currently, the genus Brucella consists of ten 
recognized species but new species will likely 
be proposed in the future, such as for isolates 
from baboons (Schlabritz-Loutsevitch et al., 

2009) and from wild rodents in Australia (Tiller 
et al., 2010b). 
 
The disease and its control 
Brucellosis is one of the most extended 
bacterial zoonosis in the world and an 
important cause of economic losses and 
human suffering. In animals causes chronic 
infections with common outcomes of abortion 
and sterility. In humans is known as 
“Mediterranean or undulant fever”. It can 
cause a severe acute febrile state, producing 
focal lesions in bones, joints, and different 
organs, leading to a chronic debilitating 
infection. 
 
The severity of this disease and lack of 
vaccines suitable for use in man, led to the 
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investigation of Brucella as agents for 

bioterrorism. Indeed, the American military 
weaponized B. suis in 1954, but changing 
global politics resulted in abandonment of 
these efforts following the biological and toxic 
weapons convention in 1972. However, 
Brucella spp. remains on the list of Centres for 
Disease Control and Prevention category B 
potential biological warfare agents (Rotz et al., 
2002; Cutler et al., 2005). 
 
Humans are not natural hosts for brucellae, 
and the source of infection is usually found in 
domestic or wild animal reservoirs. 
Occupational exposure and ingestion of 
contaminated food products are the main 
routes for humans’ infection. The main human 
pathogenic species worldwide are B. 
melitensis, B. abortus and B. suis. 
 
Animal brucellosis has been successfully 
eradicated in most developed countries, 
resulting in the virtual disappearance of the 
human disease in North America, Northern 
Europe, and Northwest Asia, where most 
cases are now due to either travel to areas of 
endemicity, accidental laboratory exposure, or 
occasionally, exposure to wild animals. 
However, human brucellosis remains endemic 
and a major public health problem in Latin 
America, Africa, Southeast Asia, Middle East 
and Southern Europe (Kattar et al., 2008). 
 
Portugal, like other countries, employs through 
a governmental program, specific regulations 
and measures to eradicate the disease. 
Regardless of the huge efforts to eliminate it, 
brucellosis has continued to be an endemic 
disease where B. melitensis biovars 1 and 3 
and B. abortus biovars 1 and 3 are the 
prevailing species, (LNIV, National Laboratory 
for Veterinary Research, NRL for Brucellosis, 
unpublished data). The most human cases are 
caused by B. melitensis that still occur 
frequently in the country (8.5 cases per million 
in 2011; Direcção Geral de Saúde, Divisão de 
Epidemiologia, 2012) and the prevalence in 
cattle and small ruminants herds due to B. 
abortus and B. melitensis was, in 2011, 0.08% 
and 0.46% respectively (http://www.dgv.min-
agricultura.pt). 
 
Containment of human brucellosis is 
dependent of surveillance and infection control 
measures of livestock and imposing strict 

farming hygiene measures. The laboratory 
diagnosis is the pivot of control and 
eradication programs. Several assays may be 
needed. Firstly a screening serological test is 
used to detect the number of affected animals 
within a large population and in a second level 
will be necessary to confirm the disease by 
isolating and identifying the agent and 
differentiate the field from vaccinated strains if 
vaccine is used. Species and biovars are 
distinguished by differential tests based on 
phenotypic characterization such as 
serotyping, phage typing, dye sensitivity, CO2 
requirement, H2S production and metabolic 
properties (Alton et al., 1988; OIE, 2009). 
 
This classical microbiological identification of 
Brucella strains provides valuable information 
but does not permit epidemiological trace-
back infections to their sources, an important 
component to eradicate brucellosis or to 
prevent its expansion mainly in areas where 
species and biovars predominate. The 
epidemiology can be facilitated by methods 
which can link the epizootic strain to its point 
of origin via type-specific markers (Bricker 
2004; Almendra et al., 2008). Actually, 
molecular technology holds the potential for 
strains typing. 
 
MLVA typing of B. melitensis isolates from 
Portugal 
The availability of the complete genome 
sequences of different Brucella spp. strains 
enabled the comprehensive examination and 
comparison of gene composition, mutations, 
structural arrangement, and other genomes 
characteristics. As a practical outcome the 
clinical area usually known as “molecular 
epidemiology” arises. There has been an 
ongoing revolution in bacterial typing PCR 
based technologies. Several strategies have 
been explored to differentiate among Brucella 
species and strains. Today, the most widely 
used typing methods for bacterial genomes 
include multilocus sequence typing (MLST) 
and multilocus variable number of tandem-
repeat analysis (MLVA). Data generated by 
these approaches are easily stored and 
compared between laboratories lending 
themselves to the development of 
international databases accessible via the 
Internet. The sequencing of multiple genetic 
loci in bacteria (MLST), which assesses single 
nucleotide polymorphisms (SNPs) and other 
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mutations usually, but not exclusively, in 
housekeeping genes, opened the way to 
detailed characterization of the global 
population structure of Brucella (Whatmore et 
al., 2007). These analyses confirmed the 

status of the classical species as distinct 
genetic entities, began to index intra-species 
diversity and provided a framework for the 
placement of atypical or emerging Brucella 

isolates. However, in light of the conserved 
nature of the Brucella genomes, MLST was of 
little value for local epidemiological studies 
(Whatmore et al., 2007). 

 
The Variable Number Tandem Repeats 
(VNTR) revealed as a class of markers 
valuable for typing since multiple alleles can 
be present at a single locus and size 
differences are easily resolved by 
electrophoreses. The level of discrimination 
offered by VNTR based approaches has been 
exploited in many bacteria but is particularly 
valuable in Brucella which previously lacked 
any epidemiological tool with resolution for 
reliable epidemiological trace-back (Bricker et 
al., 2003; Le Fleche et al., 2006; Whatmore et 
al., 2006). Hundreds of Brucella strains had 
been typed allowing the development of a 
Multiple Locus VNTR Analysis, called 
MLVA16 assay. The sixteen loci have been 
grouped in three panels, named panel 1 (8 
minisatellite loci), panel 2A (3 microsatellite 
loci) and panel 2B (5 microsatellite loci). The 
combination of alleles amplified from each 
isolate defines its genotype. Panel 1 has 
shown to be useful for species identification. 
Panel 2A and panel 2B increased the 
discriminatory power. MLVA16 assay is 
currently considered one of the most 
promising technologies regarding the 
epidemiology of microorganisms with 
relatively large genomes. It had proven to be 
highly efficient in confirming laboratory or 
other professionally acquired infections 
(Marianelli et al., 2008; Valdezate et al., 2010), 

in distinguishing relapse from re-infection (Al 
Dahouk et al., 2005; Kattar et al., 2008; 
Ferreira et al., 2012), in characterizing 
outbreaks (Valdezate et al., 2010; Ferreira et 
al., 2012), in identifying associations of 

different genotypes with different pathogenic 
profiles (Nockler et al., 2009) and in assessing 
the stability of vaccine preparations (Garcia-
Yoldi et al., 2007). Furthermore, Al Dahouk et 
al. (2007) observed that there was a linkage of 

MLVA16 genotypes to the geographic origin of 
B. melitensis isolates considering three main 
clusters, named Americas, West 
Mediterranean and East Mediterranean 
groups. 
 
Ferreira et al. (2012), in a recent work, used 
the MLVA assay to assess the diversity among 
46 human B. melitensis strains (23 isolated in 

France from Portuguese emigrants) and 80 
strains from cattle, sheep and goats from all 
Portuguese regions, collected during the last 
11 years. The MLVA showed a high 
discriminatory power (0.97) for the species. It 
was also observed that B. melitensis forms a 
heterogeneous group that fits moderately with 
the classical biotyping results. The majority of 
human strains (84, 4%) were from biovar 3 that 
cluster separately from those from biovar 1. 
Considering all markers (MLVA16), the human 
isolates represented 21 genotypes. Thirteen 
included only human isolates and eight were 
common to human and animals. A relapse 
was confirmed for a patient since two isolates, 
representing before and after three months 
treatment with rifampicin and doxycycline, 
clustered as a same genotype. In some cases 
an association with isolation year was 
observed. Ten human isolates from an 
outbreak in Beira Litoral in 2005 shared the 
same genotype with other six isolated in same 
year in France, from Portuguese emigrants, 
probably representing the same outbreak. 
 
The results from this study were evaluated in 
comparison with others included in a recent 
website where MLVA data from Brucella 

strains from different geographic origins 
around the world are showed (http://mlva.u-
psud.fr; Brucella2012 MLVA database). 
Considering markers from panel 1 and 2A 
(MLVA11), a minimum spanning tree (MST) 
analysis was performed (Figure 1). Most of the 
Portuguese isolates were included in the East 
Mediterranean group (85%) and some in the 
Americas group (15%). None of the isolates 
belonged to West Mediterranean group. The 
isolates included in the East Mediterranean 
group shared the same panel 1 genotype than 
the isolates predominant in Spain, Turkey and 
France. However, most of those Portuguese 
isolates were assigned in a MLVA11 genotype 
that is not representative in other 
Mediterranean countries. This genetic 
homogeneity of the Portuguese B. melitensi 
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population, not found in others Mediterranean 
countries, suggests a recent evolution from a  

common ancestor in Portugal. 
 

 
 

 
 
Fig. 1. Minimum Spanning Tree analysis of published B. melitensis isolates using the MLVA11 data. 
The analysis was performed using all isolates from this study and typing data from isolates previously 
published (available at http://mlva.u-psud.fr; Brucella2012 MLVA database). Portuguese isolates are 
shown in yellow. The B. melitensis population is included in “Americas” and “East-Mediterranean”. 
Thirty nine human isolates (85%; 39 out of 46) are MLVA11 genotype usually associated with the 
“East-Mediterranean” B. melitensis strains and seven isolates (15%) are included in the “American” 
group. The size of the shapes indicates the number of strains described in each genotype. Each of 
the circles showing yellow and dark blue or red colours included the Portuguese genotype (yellow) 
and the genotypes found in “East-Mediterranean” (dark blue) or “Americas” (red) B. melitensis 
isolates. Published in Ferreira et al., 2012.
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