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Brucellosis is a serious problem in Sicily. Brucella melitensis was identified as the species most frequently
isolated in humans in Italy. No data, however, are available about the molecular epidemiological character-
ization of Brucella isolates from humans. We have conducted this study to molecularly characterize clinical
isolates of Brucella spp. and to evaluate their antimicrobial susceptibilities. Twenty Brucella isolates were
studied. Differential growth characteristics and DNA polymorphisms such as the restriction patterns of the
PCR-amplified omp2a and omp2b genes, rpoB nucleotide sequencing, and multiple-locus variable-number
tandem repeat analysis of 16 loci (MLVA-16) were used to characterize the strains. In vitro antibiotic
susceptibility was determined by the E-test method on two different agar media, and the results were compared.
All isolates were identified as B. melitensis biovar 3. rpoB nucleotide sequence analysis allowed the identification
of two different genotypes of B. melitensis biovar 3. On the other hand, the MLVA-16 typing assay recognized
17 distinct genotypes. All isolates were sensitive to all tested antibiotics (rifampin, doxycycline, ciprofloxacin,
ceftriaxone, and trimethoprim-sulfamethoxazole), and the Mueller-Hinton agar plate is recommended for
antibiotic susceptibility testing by the E-test method. Our findings identify B. melitensis biovar 3 as the
etiological agent isolated in Sicily and encourage the use of both molecular methods, and in particular of the
MLVA-16 assay, in epidemiological trace-back analysis. This study represents the first epidemiological data
from molecular typing of Brucella strains circulating in Italy and, in particular, in eastern Sicily.

Brucellosis is an important health problem affecting animals
and humans in many countries in the world and especially in
the Mediterranean areas. Brucella infections may cause tre-
mendous economic losses through reproductive failure in an-
imals. The disease is transmitted by humans through the con-
sumption of contaminated foods or by direct/indirect contact
with infected animals. Brucella melitensis is the most important
zoonotic agent, followed by Brucella abortus and Brucella suis.
While most industrialized countries have been remarkably suc-
cessful in eradicating or controlling bovine brucellosis, some of
these countries as well as all developing countries still suffer
from small-ruminant brucellosis (24). In developing countries,
in fact, brucellosis is almost always present where small rumi-
nants are kept. Most human cases are caused by B. melitensis
and particularly by biovars 1 and 3 (1, 4, 6, 27, 29).

Brucellosis is endemic in the south of Italy, and in particular
in Sicily. Annual reported human cases in Italy have steadily
declined in the past 5 years (from 923 cases in 2001 to 316 cases

in 2005), according to data obtained from the Italian Ministry
of Health (http://www.ministerosalute.it/promozione/malattie
/bollettino.jsp). However, the annual incidence of the disease
has not dropped uniformly across the country: Sicily alone
reported 92.4% of the 316 cases in 2005, notwithstanding ev-
ident underreporting in that area. In Sicily, brucellosis remains
a serious problem. The persistence of the disease in the region,
despite full awareness of the causes of infection and all possi-
ble measures to control it, can be traced back to the presence
of infected animals. Sicily is 80% hilly terrain, and livestock are
one of the most important resources for the regional economy.
Ovine-caprine breeding is the main zootechnical activity with
high density per km2. Most livestock are owned by smallhold-
ers and farmers in Sicily. Every breeder produces a local and
typical product, preventing standardization of the product, and
hygienic conditions are often poor. While there are a few
intensive or semi-intensive breeding farms, family breeding
farms are the most common (8). Practices common in Sicily
include free breeding and semifree breeding; promiscuity be-
tween sheep and goats and among sheep, goats, and cattle;
seasonal moves; and the exchange of ovine-caprine male and
female breeders. These breeding practices increase the possi-
bility of contamination, transmission, and spread of infections.
In Italy, eradication plans for bovine brucellosis and sheep and
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goat brucellosis are implemented according to law. Health and
prophylactic measures established by national legislation have
led to a substantial decline of brucellosis in Italy and to the
eradication of disease from the northern Italian regions. In the
south of Italy and especially Sicily, on the other hand, eradi-
cation programs have been hampered by the lack of complete
control over movement and identification of animals, by the
delayed elimination of infected animals, and by the traditional
breeding practices described above.

Previous studies have reported B. melitensis as the most
frequently isolated species in human cases of brucellosis in
Italy between 1970 and 1990, accounting for 99% of total cases
(7). A significant correlation between human and animal in-
fections, in particular of sheep and goats, indicating brucellosis
as a food-borne zoonosis rather than an occupational disease,
has been reported in Italy (11, 15). No data are available about
the characterization at biovar level of Brucella isolates from
humans in Italy.

The aim of this paper is (i) to molecularly characterize
clinical isolates of Brucella spp. from Sicily, since strategies for
disease control and eradication derive primarily from the ep-
idemiological characteristics of the disease, and (ii) to evaluate
the antimicrobial susceptibilities in vitro of the Brucella iso-
lates.

MATERIALS AND METHODS

Human cases. Twenty Brucella strains were isolated from patients with spo-
radic cases of acute brucellosis hospitalized in Catania, Sicily, from April 2005 to
May 2006. None of the patients belonged to the occupational-risk category. The
diagnosis of brucellosis was made based on compatible clinical signs, agglutina-
tion titers of �1:160, and isolation of Brucella spp. from blood. All isolates were
obtained from blood culture and stored in skim milk at �20°C. A regimen of
combined rifampin (RIF) and doxycycline (DOX) for 6 weeks was used for
therapy as recommended by the World Health Organization (30).

Blood samples were cultured in vials of the BACTEC 9120 system (Becton
Dickinson, Rutherford, NJ) at 37°C for at least 7 days. Subcultures were made on
Columbia blood agar plates supplemented with 5% sheep blood (bioMerieux,
Marcy l’Etoile, France). Brucella isolates were then submitted for classical iden-
tification procedures: CO2 requirement, H2S production, dye sensitivity, and
agglutination with specific antisera (Oxoid Ltd., Hampshire, England) (3).

Reference Brucella strains. Four reference Brucella strains were used in this
study: B. melitensis biovar 1 strain 16 M, biovar 2 strain 63/9, and biovar 3 strain
Ether (Veterinary Laboratories Agency, Surrey, United Kingdom) and the vac-
cine strain B. abortus RB51 (CZ Veterinaria, S.A., Porrino, Spain). Cultures
were grown at 37°C on brucella agar plates supplemented with 5% horse serum.

Bacterial DNA extraction. Brucella DNA was extracted using the proteinase K
and sodium dodecyl sulfate method. DNA was purified twice with phenol-chlo-
roform using Phase Lock Gel Heavy tubes (Eppendorf AG, Hamburg, Ger-
many). DNA was precipitated and washed, and the pellet was resuspended in 50
�l of nuclease-free water. Two hundred nanograms of DNA template was used
for PCR amplifications.

omp2a and omp2b polymorphism. Two PCR amplifications were performed to
amplify genes omp2a and omp2b using, respectively, the primer pairs 2aA/2aB
and 2bA/2bB (9). Amplification reaction mixtures were prepared in 50-�l vol-
umes using GoTaq DNA polymerase (Promega Corporation, Madison, WI)
following the manufacturer’s protocol. Amplifications were initiated by denatur-
ing the sample for 3 min at 95°C, followed by 30 cycles at 95°C for 30 s, 58°C for
30 s, and 72°C for 3 min. After the last cycle, samples were incubated for an
additional 5 min at 72°C before storage at 4°C. Five microliters of PCR-amplified
omp2a and omp2b genes was digested by the restriction enzymes PstI and HinfI,
respectively (Promega Corporation, Madison, WI), at 37°C for 3 h in a 20-�l
reaction volume and using the manufacturer’s recommended buffer. The mix-
tures were then electrophoresed on a 1.5% agarose gel with ethidium bromide.
The reference Brucella strains 16 M, 63/9, and Ether were also analyzed.

rpoB sequencing. The rpoB gene was amplified using the primers �1rB and
�4134rB previously described (22). PCR amplifications were carried out in 50-�l
volumes using GoTaq DNA polymerase (Promega Corporation, Madison, WI)

following the enclosed protocol. Amplifications were initiated by denaturing the
sample for 3 min at 94°C, followed by 30 cycles at 94°C for 30 s, 60°C for 30 s,
and 72°C for 4 min. After the last cycle samples were incubated for an additional
7 min at 72°C before they were stored at 4°C. PCR amplifications were analyzed
by electrophoresis through a 1% agarose gel with ethidium bromide. All PCR
products were purified by Montage PCR centrifugal filter devices (Millipore,
Billerica, MA) and directly sequenced with the ABI PRISM 310 Genetic
Analyzer equipment using the BigDye Terminator v1.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA). PCR primers and sequencing primers
previously described (23) were used to sequence the whole rpoB gene. The
electropherograms were assembled based on the published rpoB sequence of B.
melitensis 16 M by the ABI Prism SeqScape Software version 2.0 (Applied
Biosystems, Foster City, CA). All consensus sequences generated were then
compared to the published B. melitensis 16 M rpoB gene (accession number
AE009516) to detect nucleotide diversity.

MLVA-16 (multiple-locus variable-number tandem repeat analysis of 16 loci)
typing. PCR assays were performed in a total volume of 25 �l using GoTaq
Green Master Mix (Promega Corporation, Madison, WI). Sixteen sets of primers
previously proposed and divided into two groups (2, 18) were used: panel 1 (loci
Bruce06, Bruce08, Bruce11, Bruce12, Bruce42, Bruce43, Bruce45, and Bruce55)
and panel 2 (loci Bruce04, Bruce07, Bruce09, Bruce16, Bruce18, Bruce19,
Bruce21, and Bruce30). Amplifications were initiated by denaturing the sample
for 3 min at 94°C, followed by 30 cycles at 94°C for 30 s, 60°C for 30 s, and 72°C
for 50 s. After the last cycle samples were incubated for an additional 7 min at
72°C before they were stored at 4°C. Five microliters of the amplification prod-
ucts was loaded on 2% and 3% standard agarose gels with ethidium bromide for
analyzing tandem repeats with a unit length longer (panel 1) and shorter (panel
2) than 10 bp, respectively. Gels were stained with ethidium bromide (0.5 �g/ml),
visualized under UV light, and photographed. The reference strain B. melitensis
16 M, for which the expected size is known for each variable-number tandem
repeat locus, was used. To estimate exactly the band sizes, PCR products were
purified and directly sequenced as described above. The electropherograms were
assembled, and consensus sequences were generated using the Navigator Se-
quence Software (Applied Biosystems, Foster City, CA).

Testing antimicrobial susceptibility. In vitro activities of RIF, DOX, cipro-
floxacin (CIP), ceftriaxone (CRO), and trimethoprim-sulfamethoxazole (SXT)
were determined by the E-test method (Biolife Italiana s.r.l., Milan, Italy) in
accordance with the procedures recommended by the Clinical and Laboratory
Standards Institute (CLSI; formerly NCCLS) for slow-growing bacteria (25).
Antimicrobial susceptibility testing was performed by inoculating the isolates in
broth cultures adjusted to an 0.5 McFarland turbidity both on Mueller-Hinton
agar plates supplemented with 5% sheep blood (Oxoid Ltd., Hampshire, En-
gland) and on brucella agar plates supplemented with 5% horse serum. E-test
strips of RIF, DOX, CIP, CEF, and SXT were stored at �20°C until use. The
E-test strips were applied to the inoculated culture plates separately as recom-
mended by the manufacturer, and the plates were incubated at 37°C for 48 h in
a 5% CO2 atmosphere. Determination of the MICs by the E-test was performed
in duplicate, according to the manufacturer’s recommendations, and the MICs
were interpreted at the point of intersection between the inhibition zone and the
E-test strips. The results were evaluated according to the E-test manufacturer’s
instructions. The vaccine strain B. abortus RB51 was used as a RIF control.

RESULTS

During the study period, from April 2005 to May 2006, 20
Brucella strains isolated from blood cultures of patients with
acute brucellosis were studied. Seventeen (70.83%) of the
strains were recovered from May through August 2005 with a
peak in June. All isolates were identified on the basis of colony
morphology, staining, growth characteristics, and slide agglu-
tination with monospecific anti-Brucella serum. Three isolates
showed rough forms and, therefore, could not be typed. All
smooth isolates reacted in agglutination tests with both anti-A
and anti-M sera, suggesting B. melitensis biovar 3 identifica-
tion. To better characterize human isolates at biovar level, we
turned to a molecular approach. First, we studied the intraspe-
cies polymorphism of omp2a and omp2b genes as suggested by
other studies (9). By analysis of the PCR products of the
omp2a and omp2b genes digested with the restriction enzymes
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PstI and HinfI (PCR-restriction fragment length polymor-
phism [RFLP]), all human isolates presented the same restric-
tion patterns and were identified as either biovar 1 or biovar 3,
the two biovars being indistinguishable based on PCR-RFLP
results. We then analyzed the nucleotide sequence of the rpoB
gene to differentiate biovars. Comparing those sequences to
the published B. melitensis 16 M rpoB gene (accession number
AE009516), all isolates carried nucleotide alterations of ATC
to ATA at codon position 1249 (M1249I), previously identified
as a molecular marker of B. melitensis biovar 3 strain Ether and
classified as B. melitensis genotype 3 (22). Three out of 20
isolates carried an additional CTT-to-TTT mutation at codon
position 670, which led to substitution of amino acid L670F,
never before observed in the rpoB gene of Brucella strains (22).
This mutation was not found to be associated with the RIF
resistance phenotype, as demonstrated by the in vitro antimi-
crobial susceptibility test. In fact, this mutation does not map in
the two identified “hot” regions in which mutations have been
associated with the development of the RIF resistance pheno-
type in Brucella spp., located at the 5� end and close to the
center of the rpoB gene (23). We identified, therefore, two
different B. melitensis rpoB genotypes 3.

DNA from all 20 human isolates and from B. melitensis
strain 16 M was also amplified at 16 loci (MLVA-16 typing
assay) (2, 18) to generate multiple band profiles. The reference
strain B. melitensis 16 M was used because the expected size for
each variable-number tandem repeat locus is known and pub-
lished (18). Polymorphism among isolates was observed at
seven loci: Bruce08 and Bruce12 of panel 1 and Bruce04,
Bruce07, Bruce09, Bruce16, and Bruce18 of panel 2. Some
amplification patterns are shown in Fig. 1. The MLVA-16

typing assay allowed the 20 Brucella isolates to be grouped into
17 distinct genotypes, as shown in Table 1. The three isolates
carrying both L670F and M1249I mutations showed the same
multiple band profiles and grouped in genotype 2. Genotype 3
was comprised of two isolates, and genotypes 4 to 18 were
comprised of only one isolate each.

Susceptibility to the antimicrobials commonly used against
Brucella spp. was tested by the E-test on two different agar
media, Mueller-Hinton agar plates with 5% sheep blood and
brucella agar plates with 5% horse serum; both are commonly
used for the culture of Brucella spp. in our laboratory. After
48 h the plates were examined and compared. No significant
differences were found between the two culture media used.
The Mueller-Hinton agar plate is, however, preferred because
it allows clearer detection of zones of inhibition, making it
easier to read the intersection of the inhibitory zone edges.
MICs obtained are shown in Table 2. The range of MICs of our
isolates was compared to that of the reference strain B.
melitensis Ether. No significant differences were observed. We
also used the reference strain B. abortus RB51 as a RIF anti-
biotic control because the vaccine strain RB51 is the only
known RIF-resistant Brucella reference strain. All isolates
were susceptible to all antibiotics; RIF had the highest MICs
(between 0.75 and 2 �g/ml).

DISCUSSION

Brucellosis in Sicily, where the prevalence of infection in
sheep and goats is the highest in Italy, is an important disease
with a considerable number of human cases reported every
year. In this study we have characterized 20 Brucella strains
isolated from patients hospitalized with symptoms of acute
brucellosis in the city of Catania in a 1-year period. The con-
sumption of ricotta (an Italian cheese made with sheep’s milk)
or desserts containing ricotta was identified as the most likely
route of infection.

The investigation of phenotypic characteristics, through con-
ventional biotyping tests, allowed the identification of all
smooth Brucella isolates as B. melitensis biovar 3. The rough-
ness and the atypical susceptibility to dyes of some our isolates
prevented characterization at biovar level. Complications in
conventional biotyping characterization of B. melitensis strains
have already been reported (4, 10, 20). In order to better
understand the epidemiological scenario, we turned to molec-
ular approaches.

PCR-RFLP of omp2a and omp2b was not able to accurately
identify our isolates, which were identified as B. melitensis
biovar 1 or 3. In contrast, rpoB sequencing, recently proposed
as a molecular typing method for the identification and differ-
entiation of Brucella strains at species and biovar levels (22),
allowed us to presumptively identify all isolates as B. melitensis
biovar 3. All isolates, in fact, carried the molecular marker
M1249I. This method was also able to characterize two distinct
rpoB genotypes: the first carrying the M1249I mutation only
(17 isolates) and the second carrying both L670F and M1249I
mutations (three isolates). The MLVA-16 assay, consisting of
16 selected markers that are a combination of moderately
variable (eight minisatellite markers, panel 1) and highly dis-
criminant (eight microsatellite markers, panel 2) loci (2, 18),
was used to investigate the polymorphism of tandem repeat

FIG. 1. Amplification patterns of loci Bruce09 (top) and Bruce16
(bottom) of MLVA panel 2. Lanes 1, 8, and 15, 100-bp DNA ladder;
lanes 2 and 9, reference strain 16 M; lanes 3 to 7, strains DG1, AM12,
MM14, CM10, and BC6, respectively; lanes 10 to 14, strains MA5,
PD11, CV5, BL9, and CS13, respectively.
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loci of Brucella isolates. Although the 20 isolates have identical
geographic origins, differences occurred at seven markers and
allowed us to identify 17 distinct genotypes (Table 1). The
MLVA-16 typing method was previously used to analyze hu-
man and animal isolates (2, 18), and a large number of differ-
ent genotypes have been identified. The strains were collected
from different countries, and no data were available about the
hypothetical distribution of Brucella genotypes within a re-
stricted area. This information could represent an important
insight in order to characterize the significance of such poly-
morphism in the pathogenesis of Brucella. Our results clearly
show that Brucella, despite the high genetic homogeneity
within the genus, is highly polymorphic at minisatellite and
microsatellite levels. In fact, 17 different genotypes have been
identified in analyzing 20 human isolates belonging to the same
biovar and coming from a restricted area of endemicity.

In all such instances where isolates share the same genotype
(genotypes 2 and 3), the epidemiological data are compatible
with a common source of infection. Interestingly, the three iso-
lates carrying the additional mutation L670F showed the same
MLVA-16 genotype.

According to our findings, since 100% of human isolates
were identified as B. melitensis biovar 3, we hypothesized that
(i) B. abortus strains could not be present in the environment,
(ii) B. melitensis strains are more pathogenic than B. abortus
strains, or (iii) there could be some particular ecological risk
factors in our epidemiological settings which influence the
disease in humans and favor infection by B. melitensis biovar 3
strains. We therefore used the recent survey of animal brucel-
losis carried out in Sicily (12). Most Brucella strains were iden-
tified by conventional biotyping tests as B. melitensis biovar 3
(98% of isolates from sheep and goats and 25% of isolates
from cattle). B. abortus biovars 1, 3, and 4 were identified in
75% of isolates from cattle. B. abortus is present among ani-
mals in Sicily, so we can reject the first hypothesis. B. melitensis
is known to be the most pathogenic species, producing the
most intense symptoms, the greatest tissue damage, and the
highest incidence of localization in body organs, systems, or
tissues (21). On the other hand, a recent study analyzing lab-
oratory findings for patients with brucellosis reported that
there was no evidence suggesting that B. melitensis is more
virulent than B. abortus or that infections due to B. abortus are
less severe than the infections with B. melitensis, despite the
higher prevalence of B. melitensis in humans (13). Regarding
the second hypothesis, we have no evidence that B. melitensis is
more pathogenic than B. abortus. Since the existing literature is
conflicting, additional studies are needed for greater under-
standing of this question. Based on animal data summarized
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TABLE 2. MICs of Brucella species under study

Drug

MIC (�g/ml) for B. melitensis

All isolates
(range) Strain Ether

RIF 0.75–2 1
DOX 0.064–0.125 0.064
CIP 0.094–0.5 0.25
CRO 0.064–0.38 0.38
SXT 0.012–0.064 0.032
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above, our findings, the socioeconomic and cultural environ-
ment of small rural Sicilian areas with risky breeding practices,
the lack of both standard procedures and good hygiene con-
ditions during cheese production steps, and the pouring of raw
milk onto finished cheese to improve its taste, we strongly
support the third hypothesis. Overall, we infer that, in this
ecosystem, small ruminants and their products are the major
source of infection and play a key role in the spread of bru-
cellosis both in cattle and in humans. Cattle, in fact, are not the
usual reservoir of this species, and yet there are a consistent
number of B. melitensis biovar 3 isolates in cattle and a high
prevalence of bovine brucellosis in the same areas where
ovine-caprine brucellosis is widespread. The link between hu-
man and small-ruminant infections is indeed confirmed by the
seasonal trend noted in the distribution of our human cases
(from May through August with a peak in June), which is easily
correlated with the peak of animal cases of brucellosis and also
with the peak of consumption of at-risk products.

Our data suggest the use of one or both molecular ap-
proaches, rpoB sequencing and MLVA-16 assay, according to
the aims of the investigation, because different information is
obtained from each approach. rpoB sequencing allowed us to
presumptively characterize all isolates as B. melitensis biovar 3,
a result that would have otherwise been complicated by the
roughness and the atypical dye susceptibility of some Brucella
strains. The characterization at biovar level cannot be obtained
by the MLVA-16 assay because, as reported by others (2, 18),
the B. melitensis group is highly heterogeneous. Therefore,
neither panel 1 nor panel 2 is able to cluster the isolates as
expected from the biovars within the species B. melitensis. On
the other hand, the MLVA-16 assay appears more suitable to
assist with investigation of outbreaks: strains clustering to-
gether in the same MLVA genotype indicate a common source
of infection. Therefore, typing clinical, environmental, and an-
imal isolates through the MLVA-16 assay allows testing of
hypotheses on outbreak confirmation, extent of transmission,
source, and reservoir.

In this study we also determined the antibiotic susceptibili-
ties of our isolates by the E-test method. The E-test was used
because it has been reported to be less labor-intensive, less
time-consuming, and more practical than the broth microdilu-
tion method for testing antibiotic susceptibility of Brucella spp.
(14). Susceptibility testing of brucellae is not routinely used in
clinical practice, few studies of in vitro antimicrobial suscepti-
bilities of Brucella organisms are available (5, 26, 28), and no
standard protocol has been determined yet. We studied sus-
ceptibilities of our Brucella isolates on two different culture
media: the Mueller-Hinton agar plates widely used for antibi-
otic susceptibility testing and the brucella agar plates com-
monly used in the laboratory as Brucella growth medium. RIF,
DOX, CIP, CRO, and SXT proved to be very effective antibi-
otic drugs in vitro, although CRO is not effective in treating
brucellosis patients. The highest MICs were found for RIF:
two of our isolates showed a MIC of 2 �g/ml. According to
evaluation based on CLSI standards for slow-growing bacteria,
these two isolates should be considered intermediately suscep-
tible. On the other hand, in this study we have characterized
the whole rpoB gene, recognized to be the RIF antibiotic target
in prokaryotes (16, 17, 19), of all our isolates, and these two
isolates carried only the B. melitensis biovar 3 molecular

marker (M1249I). We can, therefore, assert that all isolates
investigated were found to be sensitive to RIF and, in general,
to all tested antimicrobial agents. Although no significant dif-
ferences were observed between two tested culture media, the
Mueller-Hinton agar plate is recommended because clearer
inhibition zones are visible and the calibrated carrier strip
indicating the MIC can be more easily read. Since increasing
resistance to RIF and SXT has been reported in many parts of
the world, we suggest periodic assessment of susceptibility of
strains to those antibiotics used most frequently in treatment,
for an early detection of any drug resistance, especially in areas
of endemicity.

In conclusion, our findings confirm B. melitensis, and in
particular biovar 3, as the etiological agent most frequently
isolated in humans in Italy and suggest, therefore, that sheep
and goat populations are the principal cause of human brucel-
losis. Moreover, our results provide proof of the high discrim-
inatory power of MLVA-16 typing even if Brucella isolates
belong to the same biovar. This method led us to ascertain that
in a restricted area in which brucellosis is still endemic, differ-
ent genotypes of B. melitensis biovar 3 are present. It paves the
way for further studies aiming to evaluate if it is possible to
correlate different genotypes with different pathogenic pat-
terns.
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