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Abstract
This study aimed to determine the susceptibility profile of Brazilian Brucella abortus isolates
from cattle to eight antimicrobial agents that are recommended for the treatment of human

brucellosis and to correlate the susceptibility patterns with origin, biotype and MLVA16-

genotype of the strains. Screening of 147 B. abortus strains showed 100% sensitivity to

doxycycline and ofloxacin, one (0.68%) strain resistant to ciprofloxacin, two strains (1.36%)

resistant to streptomycin, two strains (1.36%) resistant to trimethoprim-sulfamethoxazole

and five strains (3.40%) resistant to gentamicin. For rifampicin, three strains (2.04%) were

resistant and 54 strains (36.73%) showed reduced sensitivity. Two strains were considered

multidrug resistant. In conclusion, the majority of B. abortus strains isolated from cattle in

Brazil were sensitive to the antimicrobials commonly used for the treatment of human bru-

cellosis; however, a considerable proportion of strains showed reduced susceptibility to

rifampicin and two strains were considered multidrug resistant. Moreover, there was no cor-

relation among the drug susceptibility pattern, origin, biotype and MLVA16-genotypes of

these strains.

Introduction
Brucellosis is a worldwide-distributed zoonosis caused by bacteria of the genus Brucella. In cat-
tle, it is mainly caused by Brucella abortus and it is responsible for a significant impact on the
economy and public health, especially in developing countries [1]. Bovine brucellosis transmis-
sion to human occurs mainly by contact with infected animals or through the consumption of
contaminated foods [1,2].
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Veterinarians, breeders, slaughterhouse workers, and people in close contact with cattle are
the group with higher risk of infection. They are direct exposed to material resulting from abor-
tions and secretions from infected animals and carcasses, which are the most common infec-
tion routes in at-risk groups [1,3]. Furthermore, they can also be accidentally contaminated
by the live B. abortus vaccine strains [4]. Human brucellosis presents nonspecific symptoms;
therefore, it is important for physicians to be informed that the patient is in a risk groups and
may have been exposed to the agent [2]. Moreover, the treatment requires a combined regimen
of antibiotics and should be started as soon as possible after infection for maximal effectiveness
[2]. Additionally, because Brucella spp. are intracellular pathogens, the treatment must be of
long duration and with agents that efficiently penetrate macrophages [5].

The drugs commonly recommended for the treatment of human brucellosis, usually used in
dual or triple regimens, are doxycycline, streptomycin, gentamycin, rifampicin, tetracycline
and co-trimoxazole (trimethoprim plus sulfamethoxazole) [1,6,7]. The most widely used and
recommended regimens are those combining doxycycline and an aminoglycoside or rifampi-
cin, however monotherapy and other combinations have also demonstrated some efficacy
[6,7]. Thus, the determination of the antibiotic susceptibility profile of B. abortus is clinically
important, because it may aid treatment decisions regarding using a single antimicrobial or
combinations of antimicrobials according to the origin, genotype and phenotype characteris-
tics of the infecting strain.

In Brazil, data on human brucellosis indicate that the disease occurs in various regions of
the country, particularly in certain occupational groups, which work in direct contact with ani-
mals [3,8]. However, the literature regarding the antimicrobial susceptibility of B. abortus iso-
lates from Brazil is scarce. Therefore, the aims of this study were to determine the susceptibility
profile of B. abortus strains isolated from naturally infected cattle in Brazil between 1977 and
2009, to identify the most commonly used antimicrobial agents for the treatment of human
brucellosis, and to assess the relationship among the susceptibility profiles of the strains with
their origin, biotype and genotype.

Material and Methods

Bacterial strains
One hundred and forty-seven B. abortus strains isolated from naturally infected cattle in Brazil
between 1977 and 2009 [9] were tested. The strains were previously isolated [9] from speci-
mens collected from animal that were slaughter under humane conditions and under official
inspection service of the Ministry of Agriculture, Livestock and Food Supply. All bacteriologi-
cal analyses were performed following the Brazilian program on the control and eradication of
brucellosis and tuberculosis. Three B. abortus reference strains, B. abortus ATCC 23448T =
544, S19 vaccine, and 2308 strains were also included in the present study. The field strains
were isolated from the States of Minas Gerais (46), Pará (31), Rio Grande do Sul (32), Santa
Catarina (8), São Paulo (15), and Tocantins (15) [9] (Fig 1).

Strain identification
Field isolates were submitted to classical identification tests: nitrate reduction, catalase, oxidase,
citrate, urease, CO2 requirement, H2S production, inhibition of growth by basic fuchsin and
thionin, and agglutination with monospecific antisera [10]. Based on their phenotypic charac-
teristics, strains were classified into biovar. All strains were confirmed as belonging to the
genus Brucella by genus-specific PCR [11], and as B. abortus by AMOS-PCR [12] and Bruce-
ladder multiplex PCR [13].
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Antimicrobial susceptibility testing
Minimum Inhibitory Concentration (MIC) using agar dilution was determined according to
the Clinical and Laboratory Standards Institute (CLSI) M45-A2 manual [14] for amikacin

Fig 1. Resistance pattern, MLVA8 genotype and the spatial localization of the B. abortus strains that showed resistance or intermediate profile to
at least one of the tested antibiotics. The states sampled are highlighted in gray. The number inside the state represents the number of sampled B. abortus
strains from that state. The shape of the symbols used represents the MLVA8-genotype observed for the strains with resistant or intermediate profile. The
color of the symbols represents the resistance pattern of the nine B. abortus that were resistant or intermediate to at least one of the tested antimicrobials,
according to the Table 2. CIP: ciprofloxacin; DOX: doxycycline; EST: streptomycin; GEN, gentamicin; OFX, ofloxacin; RIF, rifampicin; SXT, trimethoprim-
sulfamethoxazole. (R): resistant; (I): intermediate.

doi:10.1371/journal.pone.0132532.g001
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(Eurofarma, São Paulo, Brazil), ciprofloxacin (DEG, Hong Kong, China), doxycycline (Sigma-
Aldrich, St. Louis, USA), streptomycin (Sigma-Aldrich, St. Louis, USA), gentamicin (Galena,
Campinas, Brazil), ofloxacin (Sigma-Aldrich, St. Louis, USA), rifampicin (Lupin, Mumbai,
India) and trimethoprim (Genix Pharma, Karachi, Pakistan) plus sulfamethoxazole (Fluka,
Saint Louis, USA) (19 parts of sulfamethoxazole to 1 part trimethoprim) in 12 two-fold dilu-
tions from 0.06 μg / mL to 128 μg / mL. Briefly, Mueller-Hinton agar (Difco, Detroit, USA)
plates plus the antimicrobial concentrations tested were inoculated with bacterial suspensions
adjusted to a turbidity equivalent of 0.5 McFarland standard and incubated for 48 h at 37°C
and 5% CO2 [14].

Determination of the MICs was performed in duplicate and all antibiotics were tested with
the reference strains: Escherichia coli ATCC 25922, Enterococcus faecalis ATCC 29212, Pseudo-
monas aeruginosa ATCC 27853, Staphylococcus aureus ATCC 29213 and Streptococcus pneu-
moniae ATCC 49619 to ensure that the results were within acceptable limits of quality control
for susceptibility testing [15]. Furthermore, in all assays, E. coli ATCC 25922, S. aureus ATCC
29213 and B. abortus 544 = ATCC 23448T were used as growth quality controls. As growth
controls, two Mueller-Hinton agar plates, without antibiotics, were employed at the beginning
of the antibiotic plating sequence and at the end of this sequence.

MIC50 and MIC90 levels were defined as the lowest concentration of the antibiotic at which
50% and 90% of the strains were inhibited, respectively. The resistance breakpoints were set in
accordance with the CLSI M100-S17 document [15] for Brucella spp. or slow-growing bacteria
(Haemophilus spp.). Based on these criteria the strains were classified as resistant or sensitive
to antimicrobials. However, as amikacin did not have a defined breakpoint, it was determined
by its MIC50, MIC90 and MIC range. For rifampicin the strains were also classified as interme-
diate susceptible.

MLVA16 Genotyping
All of the studied B. abortus strains were genotyped by MLVA16 [9]. Briefly, DNA from each
strain was submitted to the multiple loci VNTR analyses (MLVA-typing) according to Le
Flèche et al. [16], using sixteen primers for different VNTR loci in Brucella spp. (MLVA16)
[16]. Band size estimates were converted into number of repeat units for each locus [16], using
the BioNumerics 5.1 software (Applied Maths, Sint-Martens-Latem, Belgium). Clustering anal-
ysis also was performed with the BioNumerics 5.1 software based on UPGMA [16]. One hun-
dred thirty-seven field strains used in the present study were previously genotyped [9].
Genotypes obtained were compared to those deposited in the MLVAbank 2012 for Bacterial
Genotyping (http://minisatellites.u-psud.fr/MLVAnet/).

Results
All isolates were identified as B. abortus by biochemical tests and PCR. The MIC50, MIC90, and
MIC range values found for 147 B. abortus studied strains, as well as the defined breakpoints
and the number of resistant strains to each antimicrobial agent are shown in Table 1. All dupli-
cates showed equal MIC results. Ofloxacin and doxycycline were the antibiotics that showed
better activities against the Brazilian B. abortus cattle isolates; 100% of the strains tested were
sensitive to these antimicrobials (Table 1). Only one of the B. abortus strain (0.68%) showed
resistance to ciprofloxacin, whereas three (2.04%) and five (3.40%) strains were resistant to
rifampicin and gentamicin, respectively (Table 1). The three tested reference strains (544, S19
and 2308) were susceptible to the seven antimicrobials, which have established breakpoints.
The MIC results for all the antimicrobial agents against B. abortus reference strains are shown
in the S1 Table.
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The susceptibility profiles for the strains tested against the seven antimicrobials are shown
in the Table 2. This classification was created for grouping strains with similar susceptibilities
to antimicrobials and then for facilitating the identification of the number of strains with resis-
tant, intermediate and sensitive profiles. According to Magiorakos et al. [17], strains that were
considered non-susceptible to at least one agent in three different antimicrobial classes were
classified as multidrug resistant. Two B. abortus strains (1.36%) showed multidrug resistance,
with the profile F resistant to one aminoglycosides (streptomycin), one sulfonamide

Table 1. Minimal Inhibitory Concentration (MIC50, MIC90 and range) values ofBrucella abortus strains isolated from cattle in Brazil, 1977–2009, to
eight antimicrobials used in the treatment of human brucellosis.

Antimicrobial agent MIC rangea MIC50
b MIC90

c Resistance

Value no.d Value no. CPe no.f %g

Amikacin 2.0–�256 (8) 4.0 97 8.0 144 – – –

Ciprofloxacin 0.5–2.0 (3) 0.5 146 0.5 146 >1.0 1 0.68

Doxycycline �0.06–2,0 (6) 0.5 133 0.5 133 >1.0 0 0

Streptomycin 0.125–�256 (12) 2.0 141 2.0 141 >16 2 1.36

Gentamicin 0.25–�256 (11) 1.0 141 1.0 141 >4.0 5 3.40

Ofloxacin 0.5–1.0 (2) 0.5 142 0.5 142 >2.0 0 0

Rifampin 0.125–8.0 (7) 1.0 90 2.0 144 �4.0h 3 2.04

Trimethoprim-sulfamethoxazole 0.1/1.9–12.8/243.2 (8) 0.8/15.2 134 0.8/15.2 134 >2/38 2 1.36

aVariation of MIC values (number of dilution variations) for every antimicrobial
bMinimum Inhibitory Concentration required to inhibit the growth of 50% of the strains
cMinimum Inhibitory Concentration required to inhibit the growth of 90% of the strains
dNumber of sensitive strains in the MIC established
eBreakpoint of resistance for Brucella spp. strains (μg/mL)
fNumber of resistant strains
gPercentage of resistant strains
hThe breakpoints for rifampin are: resistance � 4.0 μg/mL, intermediate 2.0 μg/mL and sensitivity � 1.0 μg/mL.

doi:10.1371/journal.pone.0132532.t001

Table 2. Susceptibility profile of Brucella abortus strains isolated from cattle in Brazil, 1977–2009.

Antibioticsa Profileb no.c

CIP DOX EST GEN OFX RIF SXT

Sd S S S S S S A 87

S S S S S Ie S B 51

S S S S S Rf S C 03

S S S R S S S D 03

S S S R S I S E 01

S S R S S I R F 01

R S R R S I R G 01

a CIP: ciprofloxacin, DOX: doxycyclin, EST: streptomycin, GEN, gentamicin, OFX, ofloxacin, RIF: rifampicin, SXT, trimethoprim-sulfamethoxazole
bSusceptibility profiles to seven antimicrobials tested
cNumber of strains with identical susceptibility profile
dSusceptible
eIntermediate
fResistant.

doi:10.1371/journal.pone.0132532.t002
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(trimethoprim-sulfamethoxazole) and intermediate resistance to rifampicin, and profile G
resistant to one quinolone (ciprofloxacin), two aminoglycosides (streptomycin and gentami-
cin), one sulfonamide (trimethoprim-sulfamethoxazole) and intermediate resistance to rifam-
picin (Table 2).

Antibiotic susceptibility pattern, MLVA8 genotype and the spatial localization of the B.
abortus strains that showed resistance or intermediate profile to at least one of the tested antibi-
otics are shown in the Fig 1. Analysis of the susceptibility profile and origin of the strains tested
showed that four strains fromMinas Gerais State (MG) [8.69% (4 / 46)] presented some pat-
tern of resistance and that twelve [26.08% (12 / 46)] showed intermediate resistance to rifampi-
cin. Among the four resistant strains (30, 61, 235 and 393.11), two were multi-resistant (30 and
393.11). Of the 31 strains from Pará (PA), three (strains A6, 164 and 198) [9.67% (3 / 31)] were
resistant to just one antibiotic (gentamycin or rifampin) and four [12.90% (4 / 31)] presented
an intermediate resistance profile to rifampicin. Of the 32 isolates from Rio Grande do Sul
State (RS), two [6.25% (2 / 32)] were resistant to at least one antimicrobial and nineteen
[59.37% (19 / 32)] showed an intermediate resistance to rifampicin. Among the isolates from
the States of Santa Catarina (SC), São Paulo (SP) and Tocantins (TO) no resistant strains were
found, but five [62.50% (5 / 8)] strains isolated from Santa Catarina, twelve [80.00% (12 / 15)]
from São Paulo and two [13.33% (2 / 15)] from Tocantins showed intermediate resistance to
rifampicin.

Distribution of the resistant, intermediate and susceptible profiles for the 147 B. abortus
strains according to the year of isolation for all antimicrobial agents tested are shown in the
Table 3. Information of origin, antimicrobial susceptibility pattern, biotype and MLVA16
genotype for all isolates are summarized in S2 Table. No association between those variables
and the susceptibility profile of the tested B. abortus strains was observed.

Discussion
To our knowledge, this is the first report describing the identification of multidrug resistant
strains of B. abortus. Furthermore, a considerable proportion of the strains (36.73%) showed
reduced susceptibility to rifampin, a drug present in the majority of combinations chosen for
the treatment of human brucellosis [1,6,7]. On the other hand, our results also showed that
most of the B. abortus strains tested were sensitive to the eight antibiotics evaluated.

In Brazil, despite the absence of broader studies showing the most common species of Bru-
cella involved in human infections, it is suggests that human cases of brucellosis are due to B.
abortus, as B.melitensis was never isolated in the country and B. abortus is the most prevalent
Brucella spp. in animals, especially cattle [18]. In the present study, screening of the 147 B.
abortus strains isolated from naturally infected cattle in Brazil exhibited MIC90 similar to those
already described for Brucella spp. isolated from Egypt, Mexico, Spain and Turkey [5,19–21]
against ciprofloxacin, doxycycline and ofloxacin. However, MIC values for the aminoglycosides
(amikacin, gentamicin and streptomycin), trimethoprim-sulfamethoxazole and rifampin
exhibited a wide range, showing strains with MIC values much higher than the average for
those antibiotics described in the literature. In addition, MIC values for these drugs were differ-
ent from those previously described for Brucella spp. from Cyprus, Egypt, Greece, Mexico,
Syria and Turkey [20–23], which may suggest the beginning of an adaptation or resistance of
these isolates to these antimicrobials.

Interestingly, most of the resistant strains found in this study were resistant to antimicrobi-
als that presented wider MIC ranges, with the exception of doxycycline. A wide range of varia-
tion in MIC values may favor the observation of resistant strains, since it demonstrates the
heterogeneity of the study population. On the other hand, gentamicin, streptomycin and
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trimethoprim-sulfamethoxazole showed a large range in MIC values and also exhibited equal
MIC50 and MIC90 values, as was also true for ciprofloxacin, doxycycline and ofloxacin. Simi-
larly, rifampicin and amikacin exhibited a range of only one dilution between the MIC50 and
MIC90. Taken together these results suggest the existence of a homogeneous population in
terms of susceptibility profile to these antibiotics, since for growth inhibition of 50 or 90% of
strains the same concentration of these antibiotics is required.

The high MIC90 values (up to 8 μg / mL) observed for amikacin indicates a tendency toward
resistance among the Brazilian B. abortus isolates to this drug, which is also supported by the
high MIC50 and wide range of MIC values, although the assessment of B. abortus susceptibility
to amikacin cannot be performed because there is no established breakpoint for Brucella spp.
or other fastidious bacteria to this drug Likewise, some B. abortus strains [7.48% (11 / 147)]
showed a tendency for resistance to trimethoprim-sulfamethoxazole, because their MIC values
were close to the breakpoint established for this antimicrobial. Lower MIC values for trimetho-
prim-sulfamethoxazole against Brucella spp. were observed in Egypt, Italy, Peru and Turkey
[21,23–25], which contrasted with our results, but Brucella spp. fromMexico and Saudi Arabia
showed higher rates of trimethoprim-sulfamethoxazole resistance [20,26]. These differences
may be a reflection of the differences in the strains regarding to origin, host of isolation, time
frame of the experiment, and / or due to differences among Brucella spp. species tested, since
all those studies tested B.melitensis from humans.

Another important finding from this study was the apparently trend towards resistance to
rifampicin observed in 36.73% (54 / 147) of the B. abortus strains from Brazil. This high fre-
quency of reduced susceptibility to rifampicin among B. abortus isolates from Brazil can sug-
gest the emergence of resistant strains to this drug, although the mechanism involved in this
intermediate susceptibility needs further investigation. Association among the intermediate
profile of rifampicin susceptibility and the year of isolation of the strains, confirming the tem-
poral emergence of rifampicin resistance, is difficult to be made, as the number of isolates
increased during the studied period (Table 3). Therefore, it is tempting to speculate that the
intermediate profile to rifampicin observed in the present studied is not new and could explain
some failures and relapse in the treatment that may have occurred. However, although the data
do not support the idea of a temporal emergence, it is important to take into account that the
three strains resistant to rifampicin were among the more recent isolates (2006 and 2008).
Recently, in Egypt, it was also observed that there is a high rate of B.melitensis isolates [45.0%
(158 / 355)] with reduced susceptibility to rifampicin [21]. One of the major concerns sur-
rounding the emergence of resistant Brucella spp. is that rifampicin is one of the antibiotics of
choice for the treatment of brucellosis in humans [1,6,7]. Furthermore, the Ministério da Agri-
cultura, Pecuária, e Abastecimento (Ministry of Agriculture, Livestock and Food Supply)
approved the use of RB51 for vaccination of adult cattle in the country since 2003. Thus,
although rifampicin is widely used as an antibiotic for the treatment of human brucellosis, its
use in Brazil should be recommended with caution in light of the high rate of suggested resis-
tant B. abortus strains and the intrinsic resistance of RB51 to this antibiotic [1]. In addition,
future susceptibility testing in B. abortus isolates is critical to monitor the emergence of rifam-
picin-resistant phenotypes and to guide the use of this antimicrobial in the treatment of
human brucellosis in Brazil.

The preferred treatment in uncomplicated human brucellosis is doxycycline-aminoglyco-
side or a doxycycline-rifampicin combination [1,6,7]. However, an alternative treatment for
human brucellosis uses a combination of doxycycline and ofloxacin, with or without the addi-
tion of another base [6]. The addition of a third base in this combination may be a safer alter-
native, given that it has been reported that the use of a quinolone with doxycycline or
rifampicin is less effective than the combination of doxycycline with rifampicin or
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streptomycin [7]. In the present study, ofloxacin, ciprofloxacin and doxycycline were the most
active drug against B. abortus (MIC50/90 values of 0.5 / 0.5 μg / mL); therefore, the treatment
options suggested by Ariza et al. [6] or Skalsky et al. [7] seem to be the most suitable for the
treatment of human brucellosis in Brazil. Moreover, 100% of the strains tested were susceptible
to doxycycline and ofloxacin. Similar results have been reported for quinolones and tetracy-
cline for Brucella spp. isolates from China, Egypt and Peru [21,25,27].

Additionally, the susceptibility profile observed in this study for isolates of B. abortus from
cattle in Brazil has major clinical relevance for human brucellosis, since nine isolates (6.12%)
showed resistance to one or more of the most important antibiotics recommended for the
treatment of the disease in humans. Two of these strains were classified as multiresistant by
showing resistance to two or more classes of antimicrobials (aminoglycosides, quinolones, sul-
fonamides and rifampicin), which could be the result of different mechanisms, such as efflux
pump, which is a common mechanism of resistance to several antibiotics [28]. Antimicrobial
transporters conferring resistance to several classes of antimicrobials such as tetracycline,
macrolides, fluoroquinolones and aminoglycosides have been described in the literature [28],
as have the existence of proteins capable of mediating drug resistance in Brucella spp. by an
energy-dependent efflux mechanism [29]. Together these reports bolster the hypothesis that
the development of multidrug resistance in strains of B. abortus is facilitated by an efflux pump
mechanism.

In addition, although the present study did not investigate the mechanism of resistance
associated with intermediate susceptibility and resistance to rifampicin profiles, it is possible
that these phenotypes are associated with a mutation in the rpoB gene. Since Marianelli et al.
[30] described a rifampicin resistance mechanism in Brucella spp. strains associated with muta-
tions in the rpoB gene, which codifies the β subunit of DNA-dependent RNA polymerase, con-
tain the site of action of rifampicin.

Our results also showed nine strains that were resistant to three of the four antimicrobials
used as first-line treatment of human brucellosis (doxycycline, rifampin, streptomycin and
gentamicin) [1,6,7]. These results have a special clinical interest, since therapy for the treatment
of human brucellosis is a long process, requires a combination of drugs and presents high levels
of relapses. Moreover, the treatment is usually based on experience gained over the years,
instead of using an optimal therapy designed to each specific epidemiological situation. The
present results, identifying resistance to aminoglycosides as well as multidrug resistance among
B. abortus strains, can be explained in part by the pervasive use of these antimicrobials in many
types of infections in cattle. The Brazilian veterinary antibiotic market generated sales of
around USD 348 million in 2012 [31]and gentamicin (five resistant strains) is widely used in
the treatment of mastitis and its association with clindamycin used as the gold standard in the
treatment of postpartum endometritis [32]. Likewise, streptomycin (two resistant strains) is
employed for the treatment of infections such as leptospirosis, diarrhea, mastitis and pneumo-
nia [32], and is also widely used in livestock production. The easy access to these drugs and
especially their numerous indications favor the indiscriminate use of these antimicrobials in
cattle, which might have led to the development of resistance in the studied B. abortus strains.

In the present study, no association was found between biotypes or genotypes and the resis-
tance profiles of B. abortus isolates from cattle in Brazil. Four different biovars were observed
among the resistant strains, which represented a large degree of variation (S2 Table), since
until now only five biovars (1, 2, 3, 4 and 6) were reported in Brazil [9,18]. In addition, the bio-
vars of the resistant strains are the ones most frequently observed in the states where they were
isolated [9] (biovar 1 from Minas Gerais and biovar 3 from Pará). Similar results were also
observed for the panel 1 of MLVA16-genotyping (Fig 1 and S2 Table). Multidrug resistant B.
abortus strains (profiles F and G) demonstrated identical genotypes in panel 1 and 2A, however
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those are the most frequent genotypes observed by those panels among isolates of B. abortus
from Brazil [9]. The lack of association between genotypes and susceptibility profile of the
strains became even clearer when analyses depicted in panels 2A and 2B were performed (S2
Table). Those panels showed a range of genotypes due to their higher variability [9,16].
Another factor that may have contributed to the absence of clustering of resistant strains by
biotype or genotype was the low number of resistant strains (6.12%) among the B. abortus
strains isolated from Brazil.

In conclusion, our findings show that the vast majority of B. abortus strains isolated from
cattle in Brazil (138 / 147) were sensitive to antimicrobials commonly used for the treatment of
human brucellosis. However, a considerable proportion (36.73%) showed reduced susceptibil-
ity to rifampin and two strains were considered multidrug resistant. No association among bio-
types or genotypes and the resistance profiles of B. abortus isolates from Brazil was observed.

Supporting Information
S1 Table. Minimal Inhibitory Concentration (MIC) values of Brucella abortus reference
strains
(DOCX)

S2 Table. Susceptibility pattern, genotype, biovar and epidemiological information of 147
Brucella abortus isolated from cattle in Brazil
(DOCX)

Author Contributions
Conceived and designed the experiments: APL MBH. Performed the experiments: RBP APRS
JPSM EMSDMSMS TMA SM. Analyzed the data: RBP JPSM EMSD. Contributed reagents/
materials/analysis tools: APL MBH. Wrote the paper: RBP EMSD APL.

References
1. Corbel MJ, Elberg SS, Cosivi O (2006) Brucellosis in humans and animals. Geneva: World Health

Organization. 189 p.

2. Pappas G, Akritidis N, Bosilkovski M, Tsianos E (2005) Brucellosis. N Engl J Med 352: 2325–2336.
PMID: 15930423

3. Ramos TR, Pinheiro JW Junior, Moura Sobrinho PA, Santana VL, Guerra NR, Melo LE et al. (2008)
Epidemiological aspects of an infection by Brucella abortus in risk occupational groups in the microre-
gion of Araguaina, Tocantins. Braz J Infect Dis 12: 133–138. PMID: 18641850

4. Berkelman RL (2003) Human illness associated with use of veterinary vaccines. Clin Infect Dis 37:
407–414. PMID: 12884166

5. Garcia-Rodriguez JA, Garcia Sanchez JE, Trujillano I (1991) Lack of effective bactericidal activity of
new quinolones against Brucella spp. Antimicrob Agents Chemother 35: 756–759. PMID: 2069383

6. Ariza J, Bosilkovski M, Cascio A, Colmenero JD, Corbel MJ, Falagas ME, et al. (2007) Perspectives for
the treatment of brucellosis in the 21st century: the Ioannina recommendations. PLoS Med 4: e317.
PMID: 18162038

7. Skalsky K, Yahav D, Bishara J, Pitlik S, Leibovici L, Paul M (2008) Treatment of human brucellosis: sys-
tematic review and meta-analysis of randomised controlled trials. BMJ 336: 701–704. doi: 10.1136/
bmj.39497.500903.25 PMID: 18321957

8. Souza AP, Moreira Filho DC, Fávero M (1977) Investigação da bracelose em bovinos e em consumi-
dores humanos do leite. Revista de Saúde Pública 11: 238–247. PMID: 905750

9. Minharro S, Silva Mol JP, Dorneles EM, Pauletti RB, Neubauer H, Melzer F, et al. (2013) Biotyping and
genotyping (MLVA16) of Brucella abortus isolated from cattle in Brazil, 1977 to 2008. PLoS One 8:
e81152. doi: 10.1371/journal.pone.0081152 PMID: 24324670

10. Alton GG, Jones LM, Angus RD, Verger JM (1988) Techniques for the Brucellosis Laboratory. Paris:
Institut National de La Recherche Agronomique.

Resistant B. abortus from Brazil

PLOS ONE | DOI:10.1371/journal.pone.0132532 July 16, 2015 10 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132532.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132532.s002
http://www.ncbi.nlm.nih.gov/pubmed/15930423
http://www.ncbi.nlm.nih.gov/pubmed/18641850
http://www.ncbi.nlm.nih.gov/pubmed/12884166
http://www.ncbi.nlm.nih.gov/pubmed/2069383
http://www.ncbi.nlm.nih.gov/pubmed/18162038
http://dx.doi.org/10.1136/bmj.39497.500903.25
http://dx.doi.org/10.1136/bmj.39497.500903.25
http://www.ncbi.nlm.nih.gov/pubmed/18321957
http://www.ncbi.nlm.nih.gov/pubmed/905750
http://dx.doi.org/10.1371/journal.pone.0081152
http://www.ncbi.nlm.nih.gov/pubmed/24324670


11. Baily GG, Krahn JB, Drasar BS, Stoker NG (1992) Detection of Brucella melitensis andBrucella abortus
by DNA amplification. J Trop Med Hyg 95: 271–275. PMID: 1495123

12. Bricker BJ, Halling SM (1994) Differentiation of Brucella abortus bv. 1, 2, and 4, Brucella melitensis,
Brucella ovis, and Brucella suis bv. 1 by PCR. J Clin Microbiol 32: 2660–2666. PMID: 7852552

13. Lopez-Goni I, Garcia-Yoldi D, Marin CM, de Miguel MJ, Munoz PM, Blasco JM, et al. (2008) Evaluation
of a multiplex PCR assay (Bruce-ladder) for molecular typing of all Brucella species, including the vac-
cine strains. J Clin Microbiol 46: 3484–3487. doi: 10.1128/JCM.00837-08 PMID: 18716225

14. CLSI (2010) Methods for Antimicrobial Dilution and Disk Susceptibility Testing of Infrequently Isolated
or Fastidious Bacteria; Approved Guideline-Second Edition, M45A2. Wayne, PA: Clinical and Labora-
tory Standards Institute.

15. CLSI (2007) Performance standards for antimicrobial susceptibility testing; 16th informational supple-
ment. M100-S17. Wayne, PA: Clinical and Laboratory Standards Institute.

16. Le Fleche P, Jacques I, Grayon M, Al Dahouk S, Bouchon P, Denoeud F, et al. (2006) Evaluation and
selection of tandem repeat loci for a BrucellaMLVA typing assay. BMCMicrobiol 6: 9. PMID:
16469109

17. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, et al. (2012) Multidrug-
resistant, extensively drug-resistant and pandrug-resistant bacteria: an international expert proposal for
interim standard definitions for acquired resistance. Clin Microbiol Infect 18: 268–281. doi: 10.1111/j.
1469-0691.2011.03570.x PMID: 21793988

18. Poester FP, Goncalves VS, Lage AP (2002) Brucellosis in Brazil. Vet Microbiol 90: 55–62. PMID:
12414134

19. Kocagoz S, Akova M, Altun B, Gur D, Hascelik G (2002) In vitro activities of new quinolones against
Brucella melitensis isolated in a tertiary-care hospital in Turkey. Clin Microbiol Infect 8: 240–242.
PMID: 12047416

20. Lopez-Merino A, Contreras-Rodriguez A, Migranas-Ortiz R, Orrantia-Gradin R, Hernandez-Oliva GM,
Gutiérrez-Rubio AT, et al. (2004) Susceptibility of Mexican Brucella isolates to moxifloxacin, ciprofloxa-
cin and other antimicrobials used in the treatment of human brucellosis. Scand J Infect Dis 36: 636–
638. PMID: 15370648

21. Abdel-Maksoud M, House B, Wasfy M, Abdel-Rahman B, Pimentel G, Roushdy G, et al. (2012) In vitro
antibiotic susceptibility testing of Brucella isolates from Egypt between 1999 and 2007 and evidence of
probable rifampin resistance. Ann Clin Microbiol Antimicrob 11: 24. doi: 10.1186/1476-0711-11-24
PMID: 22929054

22. Turkmani A, Ioannidis A, Christidou A, Psaroulaki A, Loukaides F, Tselentis Y (2006) In vitro suscepti-
bilities of Brucella melitensis isolates to eleven antibiotics. Ann Clin Microbiol Antimicrob 5: 24. PMID:
17014707

23. Bayram Y, Korkoca H, Aypak C, Parlak M, Cikman A, Kilic S, et al. (2011) Antimicrobial susceptibilities
of Brucella isolates from various clinical specimens. Int J Med Sci 8: 198–202. PMID: 21448305

24. Marianelli C, Graziani C, Santangelo C, Xibilia MT, Imbriani A, Amato R, et al. (2007) Molecular epide-
miological and antibiotic susceptibility characterization of Brucella isolates from humans in Sicily, Italy.
J Clin Microbiol 45: 2923–2928. PMID: 17634297

25. Maves RC, Castillo R, Guillen A, Espinosa B, Meza R, Espinoza N, et al. (2011) Antimicrobial suscepti-
bility of Brucella melitensis isolates in Peru. Antimicrob Agents Chemother 55: 1279–1281. doi: 10.
1128/AAC.00979-10 PMID: 21199926

26. Memish Z, Mah MW, Al Mahmoud S, Al Shaalan M, Khan MY (2000) Brucella bacteraemia: clinical and
laboratory observations in 160 patients. J Infect 40: 59–63. PMID: 10762113

27. Jiang H, Mao LL, Zhao HY, Li LY, Piao DR, YaoWQ, et al. (2010) MLVA typing and antibiotic suscepti-
bility of Brucella human isolates from Liaoning, China. Trans R Soc Trop Med Hyg 104: 796–800. doi:
10.1016/j.trstmh.2010.08.002 PMID: 20832094

28. Van Bambeke F, Glupczynski Y, Plesiat P, Pechere JC, Tulkens PM (2003) Antibiotic efflux pumps in
prokaryotic cells: occurrence, impact on resistance and strategies for the future of antimicrobial therapy.
J Antimicrob Chemother 51: 1055–1065. PMID: 12697642

29. Braibant M, Guilloteau L, Zygmunt MS (2002) Functional characterization of Brucella melitensis NorMI,
an efflux pump belonging to the multidrug and toxic compound extrusion family. Antimicrob Agents
Chemother 46: 3050–3053. PMID: 12183269

30. Marianelli C, Ciuchini F, Tarantino M, Pasquali P, Adone R (2004) Genetic bases of the rifampin resis-
tance phenotype in Brucella spp. J Clin Microbiol 42: 5439–5443. PMID: 15583262

31. Sindan Sindicato Nacional das Indústrias de Produtos para Saúde Animal Brazil: Sindan.

32. Radostits OM, Done SH (2007) Veterinary Medicine: A Textbook of the Diseases of Cattle, Sheep,
Pigs, Goats, and Horses: Elsevier Saunders.

Resistant B. abortus from Brazil

PLOS ONE | DOI:10.1371/journal.pone.0132532 July 16, 2015 11 / 11

http://www.ncbi.nlm.nih.gov/pubmed/1495123
http://www.ncbi.nlm.nih.gov/pubmed/7852552
http://dx.doi.org/10.1128/JCM.00837-08
http://www.ncbi.nlm.nih.gov/pubmed/18716225
http://www.ncbi.nlm.nih.gov/pubmed/16469109
http://dx.doi.org/10.1111/j.1469-0691.2011.03570.x
http://dx.doi.org/10.1111/j.1469-0691.2011.03570.x
http://www.ncbi.nlm.nih.gov/pubmed/21793988
http://www.ncbi.nlm.nih.gov/pubmed/12414134
http://www.ncbi.nlm.nih.gov/pubmed/12047416
http://www.ncbi.nlm.nih.gov/pubmed/15370648
http://dx.doi.org/10.1186/1476-0711-11-24
http://www.ncbi.nlm.nih.gov/pubmed/22929054
http://www.ncbi.nlm.nih.gov/pubmed/17014707
http://www.ncbi.nlm.nih.gov/pubmed/21448305
http://www.ncbi.nlm.nih.gov/pubmed/17634297
http://dx.doi.org/10.1128/AAC.00979-10
http://dx.doi.org/10.1128/AAC.00979-10
http://www.ncbi.nlm.nih.gov/pubmed/21199926
http://www.ncbi.nlm.nih.gov/pubmed/10762113
http://dx.doi.org/10.1016/j.trstmh.2010.08.002
http://www.ncbi.nlm.nih.gov/pubmed/20832094
http://www.ncbi.nlm.nih.gov/pubmed/12697642
http://www.ncbi.nlm.nih.gov/pubmed/12183269
http://www.ncbi.nlm.nih.gov/pubmed/15583262

