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a  b  s  t  r  a  c  t

Streptococcus agalactiae is one of the most common pathogens leading to mastitis in dairy

herds worldwide; consequently, the pathogen causes major economic losses for affected

farmers. In this study, multilocus sequence typing (MLST), genotypic capsular typing by

multiplex polymerase chain reaction (PCR), and virulence gene detection were performed

to  address the molecular epidemiology of 59 bovine (mastitis) S. agalactiae isolates from 36

dairy farms located in the largest milk-producing mesoregions in Brazil (Minas Gerais, São

Paulo,  Paraná, and Pernambuco). We  screened for the virulence genes bac, bca,  bibA, cfb,

hylB,  fbsA, fbsB, PI-1, PI-2a, and PI-2b, which are associated with adhesion, invasion, tissue

damage, and/or immune evasion. Furthermore, five capsular types were identified (Ia, Ib,

II,  III, and IV), and a few isolates were classified as non-typeable (NT). MLST revealed the

following eight sequence types (STs): ST-61, ST-67, ST-103, ST-146, ST-226, ST-314, and ST-570,

which were clustered in five clonal complexes (CC64, CC67, CC103, CC17, and CC314), and

one  singleton, ST-91. Among the virulence genes screened in this study, PI-2b, fbsB, cfb,  and

hylB  appear to be the most important during mastitis development in cattle. Collectively,

these results establish the molecular epidemiology of S. agalactiae isolated from cows in

Brazilian herds. We  believe that the data presented here provide a foundation for future

research aimed at developing and implementing new preventative and treatment options

for  mastitis caused by S. agalactiae.
© 2017 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is
an  open access arti
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Introduction

According to the World Food Organization,1 the global pro-
duction of milk reached 782,000,000 tonnes in 2013. Brazil
is among the top producers of milk, ranking 4th globally
and producing 34.4 million tonnes. Milk production world-
wide is affected by numerous factors, but one of the most
important factors is mastitis: the disease can lead to reduced
milk production by the affected animals and/or to the pro-
duction of low-quality milk, which is invariably discarded,
resulting in large economic losses.2 Furthermore, mastitis is
currently treated with antibiotics, which, when used indis-
criminately, can lead to the emergence of antibiotic-resistant
bacteria that can be further propagated.3 Thus, the type and
the pathogenic nature of various mastitis-related bacterial
species must be investigated in order to develop improved
treatment and preventative options that will not only limit the
health complications for the affected animals but also lessen
the impact on farmers, particularly in countries such as Brazil.

The major bovine mastitis-causing pathogenic bacteria are
Escherichia coli, Klebsiella pneumoniae, Streptococcus agalactiae,
Streptococcus uberis,  and Staphylococcus aureus.2,4,5 S. agalactiae,
also known as Group B Streptococcus (GBS), has been shown
to cause both clinical and subclinical mastitis in cattle, and
has been detected in 60% of Brazilian dairy herds.2,6 More-
over, GBS is recognized to be the causative agent of several
diseases in various other animal species, including humans,
where it is the most common life-threatening disease in new-
born humans, causing pneumonia, septic shock syndrome
and meningitis with high mortality rates.7–9 In these various
species, GBS also appears to be capable of colonizing differ-
ent tissues in the body, a characteristic that has been linked
to several specific bacterial virulence genes that enable the
microorganism to colonize, invade, and spread in the host.
In GBS, these genes include the following: bacterial immuno-
genic adhesin (bibA), fibrinogen-binding protein A (fbsA), and
fibrinogen-binding protein B (fbsB), which are related to adhe-
sion; Pilus Island 1 (PI-1), PI-2a, and PI-2b, which are related
to adhesion and invasion; cfb and hylFB, which are related to
tissue damage; and bac and bca, which are related to immune
evasion.9,10 Furthermore, these virulence genes might also be
associated with adaptation and clinical manifestations in var-
ious host species.

Because GBSs exert a major effect on both animal and
human health, several tools have been developed for epi-
demiological typing of this pathogen.11–13 The capsule of this
bacterium has been shown to be the first bacterial virulence
factor that enables the bacterium to evade the immune sys-
tem and invade the host. Thus, capsular serotyping is a classic
method used in epidemiological studies of GBS. To date, 10
GBS capsular polysaccharide serotypes (CPSs) have been iden-
tified (Ia, Ib, and II–IX), and their distribution in humans is
directly related to ethnic and geographic regions.8 Further-
more,  capsular genotyping is considered to be highly suitable
for epidemiological investigations because the serotypes can

6
be identified in the presence or absence of CPS expression.
Multilocus sequence typing (MLST) is a method based on
the amplification and sequencing of bacterial housekeep-
ing genes, and it has been used to investigate, characterize,
 b i o l o g y 4 8 (2 0 1 7) 551–559

and distinguish specific clones among GBSs isolated from
humans and animals from diverse geographical regions.12,14,15

Although MLST and molecular capsular typing have been
widely employed in the epidemiological characterization of
GBSs, no published study has reported the use of these tools
for identifying GBS isolates in mastitis-affected Brazilian dairy
herds.

Therefore, in this study, the first aim was to genotypically
characterize GBS isolates from bovine mastitis from multi-
ple Brazilian farms located in various regions of the country.
The data obtained were then used to address the molecular
epidemiology of the strains. Lastly, the presence of 10 GBS vir-
ulence genes was analysed in order to identify the genes that
have the greatest impact in this population.

Materials  and  methods

Bacterial  strains

We evaluated 65 bacterial strains from the culture collection
of the Bacteriology Laboratory/DMVP UFLA, previously identi-
fied as S. agalactiae phenotypically by the catalase test, CAMP
test, hippurate hydrolysis test and the PYR test, as described
by MacFaddin.16 These strains were isolated from the milk
of 65 animals from 36 dairy farms located in the largest
Brazilian cow milk producing states (Minas Gerais, São Paulo,
Paraná, and Pernambuco) in the mesoregions of the country,
between 2010 and 2011 (Material supplementary 1). The ref-
erence strains NEM 316 and ATCC BAA-611 (also designated
2603V/R) were used as positive controls and a Streptococcus
dysgalactiae strain (ATCC 27957) was used as the negative con-
trol in the multiplex-polymerase chain reaction (PCR) and PCR
assays.

Specific  PCR,  molecular  capsular  typing  and  sequencing

Genotypic analyses were then performed to confirm this
S. agalactiae classification by using S. agalactiae-specific PCR
as previously described.17 All isolates that were positive in
this PCR analysis were subjected to CPS typing by using a
multiplex-PCR assay, as described by Poyart et al.13 Strains
that were not amplified in the multiplex PCR were subjected
to serotype IX-specific PCR analysis.18 All reactions were per-
formed twice to ensure data reproducibility. The amplification
products were analysed using 1.5% (w/v) agarose gel elec-
trophoresis with 1× Tris–acetate buffer (0.04 M Tris–acetate,
pH 8.4, 1 mM EDTA) and were visualized with a UV transillu-
minator after staining with 0.5× GelRedTM (Biotium, USA). A
100-bp DNA ladder (New England Biolabs, USA) was used as
a molecular marker in each electrophoresis assay. PCR prod-
ucts were purified using a Wizard PCR Prep kit (Promega,
USA). Sequencing reactions were performed using an Applied
Biosystems BigDye Terminator Cycle Sequencing Kit and run
on an ABI 3730xl DNA analyser (Applied Biosystems, USA).
Multilocus  sequence  typing  and  clonal  group  assignment

MLST was performed by sequencing the internal fragments
of seven housekeeping genes (adhP, alcohol dehydrogenase;
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heS, phenylalanyl transfer RNA synthetase; atr,  amino
cid transporter protein; glnA, glutamine synthetase; sdhA,
-serine dehydratase; glcK, glucose kinase; and tkt,  transketo-
ase), according to Jones et al.12 DNA sequences determined
n both strands were assembled using the base-calling
rogramme Phred.19 Sequence types (STs) were defined
y analysing the seven concatenated sequences in the
. agalactiae MLST database. The eBURST V3 programme
http://eburst.mlst.net)20 was then used to identify clonal
omplexes among these bovine S. agalactiae strains. In addi-
ion, a population snapshot of global S. agalactiae was created
n eBURST to show the position of the STs from our study in
elation to all other known STs for this bacterial species.

enetic  relationship  of  S.  agalactiae  isolated  from  different
osts in  Brazil

llele sequences found in this study as well as alleles
dentified previously from different hosts in Brazil21,22 were
sed to construct a dendrogram showing the relationships
mong Brazilian isolates. The sequences were aligned using
LUSTALW,23 and the genetic-distance matrix was obtained
sing Kimura’s two-parameter model.24 Furthermore, an
volutionary tree was created using the neighbour-joining
ethod25 with MEGA4.26 The bootstrap values calculated from

000 replicates are displayed as percentages.

etection  of  virulence  genes

irulence genes were detected by performing PCR screening
or the genes bac, bca, bibA, cfb,  hylB, fbsA, fbsB, PI-1, PI-2a, and
I-2b, as described previously.21,27–29 All the primers used in
his study and their respective references can be accessed in
upplementary material 2.

tatistical  and  data  analysis

enetic diversity was calculated using Simpson’s index of
iversity (SID).30 Fisher’s exact tests were performed using
AS1 statistical software (STAT Version 6.12; SAS Institute Inc.,
SA) in order to determine whether the measured gene fre-
uencies were significantly different. p ≤ 0.05 was considered
tatistically significant.

esults

 total of 59 S. agalactiae were positive in specific PCRs and
sed in our subsequent genotypic tests. From these, 12 were

solated from animals diagnosed with clinical bovine mastitis,
hereas the remaining 47 were from animals diagnosed with

ubclinical mastitis.
Table 1 presents all of the data generated during our

enotypic analysis, including the CPS and MLST data.
mong the 59 Brazilian strains, we  identified five CPS

ypes, III (n = 23/38.98%), II (n = 12/20.33%), Ib (n = 9/15.25%), Ia

n = 5/8.47%), and IV (n = 5/8.47%), and a few untypeable strains
NT) (n = 5/8.47%). The SID calculated for this technique was
.7749, which indicated a high level of discrimination in the
ase of bovine isolates of S. agalactiae.  Notably, in the entire
o l o g y 4 8 (2 0 1 7) 551–559 553

strain set analysed, serotype III was the most frequent, and
it appeared to be independent of geographical location and
mastitis severity (clinical or subclinical). When analysing only
the clinical mastitis strain samples, this distinction was even
more  apparent: CPS type III was found in 50% of the strains,
and this was followed by II (25%), IV (16.66%), and NT (8.33%).

In terms of geographical location, in Minas Gerais, CPS type
III was most prevalent (74.07%), followed by IV (18.51%) and Ia
(7.4%). By contrast, in São Paulo, CPS type II (54.54%) was the
most frequent, followed by III (18.18%) and NT (27.27%). CPS
type II was also the most frequent (60%) in the strains iso-
lated from Pernambuco, and it was followed by Ia (30%) and III
(10%). Interestingly, a high level of homogeneity was observed
in the isolates from Paraná: they were predominantly of type
Ib (81.82%), with the remainder being NT (18.18%). Moreover,
in 5 of the 36 Brazilian dairy herds sampled (farms: 03 MG, 4
MG, 10 MG, 22 PE, and 25 PE), strains of distinct serotypes were
present (supplementary material 1).

Next, by using MLST, we identified eight unique STs in
the 59 strains: ST-61, ST-67, ST-91, ST-103, ST-146, ST-226, ST-
314, and ST-570. ST-67 represented the largest fraction of the
strains (n = 21/35.59%), followed by ST-61 (n = 11/18.33%), ST-
91 (n = 9/15.25%), ST-570 (n = 7/11.86%), and ST-226 (n = 5/8.47%)
(Table 1). In ST-103, ST-146, and ST-314, the frequency dropped
to ≤5.08%. Intriguingly, the eBURST analysis showed that ST-
67 was predicted as the founder of a subgroup originating from
CC61, which originated from CC17, whereas ST-91 was a sin-
gleton. ST-61 was clustered into clonal complex (CC) 64, and
ST-67 and ST-570 were grouped into CC67. ST-146 and ST-103
were clustered into CC17 and CC103, respectively, and ST-226
and ST-314 into CC314. For this MLST analysis, an SID of 0.9088
was calculated, which again demonstrated high-level discrim-
ination among the bovine S. agalactiae isolates analysed in this
study.

Using eBURST, a population snapshot of the entire S. agalac-
tiae was created, and showed the position of the STs identified
in this study in relation to all known STs for this bacterial
species (Fig. 1). The strains classified as ST-226 and ST-570
appear to be related to both their geographic origin and capsu-
lar type, whereas the strains belonging to ST-103, ST-146, and
ST-314 all appear to be related to their capsular type regardless
of their geographic location. Moreover, representative ST-61
and ST-91 strains appear to be mainly associated with CPS III,
with one of each group harbouring a distinct capsular type,
but the geographic origin of these strains is heterogeneous.
Last, strains identified as ST-67 appear to be unrelated to both
geographic origin and capsular type. The SID for this relation-
ship analysis performed using MLST and molecular capsular
typing was 0.9647, which shows a marginally lower extent of
diversity than that observed in the previous analyses, but the
level of discrimination is still very high.

According to the generated dendrogram (Fig. 2), the bovine
S. agalactiae strains in this study were clustered into two  main
branches. Interestingly, the STs described previously were also
clustered in distinct branches. In the screening for virulence
genes, all isolates were positive for fbsB, cfb,  hylB, and at least

one PI gene; PI-2b was the most frequent (96.61%), and PI-1 and
PI-2a were both considerably less frequent (1.69% and 3.38%,
respectively). Furthermore, the frequencies were also low for
fbsA (42.37%), bibA (11.86%), and bca (3.38%), and all strains

http://eburst.mlst.net/
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Table 1 – Characteristics and frequency of 59 Group B Streptococcus (GBS) isolates listed according to capsular type,
sequence type, and clonal complex.

STa Allelic profile No. of isolates
in ST (%)

Capsular type (no. of isolates) Mastitis type (no. of isolates) State of originc

(no. of isolates)
CCb

61 13,1,1,13,1,1,1 11 (18.33%) III(9), Ia(1), NT(1) Clinical (3)/Subclinical (8) MG(7), SP(3), PE(1) 61
67 13,1,1,13,1,1,5 21 (35.59%) Ia(1), II(12), III(3), IV(3), NT(2) Clinical (5)/Subclinical (16) MG(7), PE(6), SP(8) 67
91 25,1,1,13,15,1 9 (15.25%) III(8), IV(1) Clinical (4)/Subclinical (5) MG(8), PE(1) 91
103 16,1,6,2,9,9,2 2 (3.3%) Ia(2) Subclinical (2) MG(1), PE(1) 103
146 2,1,1,1,1,1,1 3 (5%) III(3) Subclinical (3) MG(3) 17
226 16,1,2,2,9,1,2 5 (8.47%) Ib(4), NT(1) Subclinical (5) PR(5) 314
314 16,1,2,2,9,2,2 1 (1.69%) Ia(1) Subclinical (1) PE(1) 314
570 16,1,1,2,1,1,5 7 (11.8%) Ib(5), IV(1), NT(1) Subclinical (7) MG(1), PR(6) 67

a ST: sequence type.

a.
b CC: clonal complex.
c States: MG, Minas Gerais; SP, São Paulo; PE, Pernambuco; PR, Paran

were negative for bac. Based on the combinations of these
genes, seven virulence gene profiles were established accord-
ing to the presence or absence of each gene (Table 2). In this
analysis, isolates showing the two highest frequencies were
sorted into Profile 1 (52.54%; positive for fbsB, cfb,  hylB, and PI-
2b) and Profile 7 (28.81%; positive for fbsA, fbsB, cfb, hylB, and
PI-2b), which did not differ significantly (p = 0.081). However,
these two  profiles were significantly different from the other
profiles in terms of occurrence (p < 0.05): Profile 4 isolates (pos-

itive for bibA, fbsA, fbsB, cfb, hylB, and PI-2b) were observed at
a frequency of 10.16%, whereas the other profiles were iden-
tified for <3.39% of the strains in this study. Notably, all of the

CC314
(ST–226; ST–314)

CC17
(ST–146)

CC103
(ST–103)

Fig. 1 – eBURST diagram of the Streptococcus agalactiae populatio
positioned centrally in the cluster are predicted founders (blue) o
indicate the STs detected in this study, and pink arrows indicate
strains isolated from clinical cases of mastitis belong to Pro-
files 1, 4, or 7. These profiles of virulence genes did not appear
to be associated with geographic origin, ST, or capsular type,
except in the case of isolates positive for bibA and bca, which
appeared to be linked to CPS II and CPS Ia, respectively.

Discussion
Of the 65 original strains, only 59 were genotypically confirmed
to be S. agalactiae.  This result was not completely unexpected
because the specific PCR method used here is less prone to

CC67
(ST–67; ST–570)

CC64
(ST–61)

Singleton 91

n. Each sequence type (ST) is represented as a dot. The dots
r subgroup founders (yellow). Pink and green numbers

 clonal complexes and predicted founders.
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ST–67

ST–570
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ST–26

ST–2

ST–103
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ST–553

ST–260

ST–552

CC 552

CC 314

CC103

CC19
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ST–91

ST–146

66
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47

100

100

100

0.004 0.003 0.002 0.001 0.000

71
90

Fig. 2 – Dendrogram constructed by the neighbour joining
method based on concatenated sequences from multilocus
sequence typing. The dendrogram illustrates the
phylogenetic relationship of the ST of strains isolated from
bovine mastitis samples (ST-61, ST-67, ST-91, ST-103,
ST-146, ST-226, ST-314 and ST-570) that were  used in this
study and of other S. agalactiae strains isolated in Brazil
from fish (ST-103, ST-260, ST-552 and ST-553) and humans
(ST-02, ST-26 and ST-256). The clonal complexes are
indicated in the figure, and the tree is drawn to scale with
the branch lengths representing the evolutionary distances.

The scale is shown at the bottom of the tree.

error than the phenotypic identification previously used.31

Although genotypically these strains were GBS, they exhibited
diversity in their capsular type, ST, and virulence genes.

Notably, the capsular-typing found agrees with a previous
report by Duarte et al.,32 who also identified similar capsular
types, including a high frequency of CPS III, in bovine masti-
tis strains isolated in the southeast region of Brazil. However,
our results were distinct from another study with a higher
frequency of CPS V and NT strains (19.7%) in GBS isolates,
although CPS Ia, II, and III were also detected.33 We believe
that this discrepancy is due to the origin of the strains from dif-
ferent geographic location. Furthermore, this link between the
CPS and the geographic region does not appear to be limited to
Brazil. In bovine GBS isolated in Germany, a higher frequency
of CPS Ia and NT was detected, while in strains originating
from dairy herds in France, NT strains were detected at the
highest frequency, followed by CPS III and IV.34,35 This associ-
ation between capsular serotype and geographic region is also
well defined for GBS strains of human origin. The data show
that whereas CPS Ia, Ib, II, III, and IV strains are detected at
the highest frequencies in the USA, Brazil, Europe, and Aus-
tralia, CPS VI and VIII strains are the predominant strains in
Japan.8,33,36–39 The bacteria can readily spread through popu-
lations, which results in similar capsular types being present
in distinct geographical regions. Notably, the presence within

the same herd of bacteria of distinct CPS strains might be
related to capsular type exchange, a phenomenon common
in Streptococcus bacteria.29,40 Another possible cause for this
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might be linked to the trafficking/trading of animals among
different farms, a common practice in Brazil. In our findings,
the genotypic homogeneity observed in the bacteria in Paraná
might be associated with limited trade in the region, which
would result in diminished transfer of asymptomatic carriers
between farms and a reduction in bacterial selection pres-
sure/diversity.

The lower frequency of strains classified as NT in this study
compared to previous Brazilian studies33,39 could be due to
the more  specific and sensitive molecular-typing technique
used.41 NT S. agalactiae strains have been detected in sam-
ples originating from humans, bovines, and fish,8,21,39 and this
might be related to mutation events in the alignment region
of the primer in the gene, an unspecified capsular type, or the
absence/switching of the capsule.29 The last, also explain the
occurrence of the single ST-570 CPS IV strain in Minas Gerais,
which is distinct from the ST-570 strains isolated in Paraná.

The MLST screen showed a distinct heterogeneity among
the isolates, which were divided into five CCs. In this work,
no new ST was identified; the STs found in this study (ST-
67, ST-61, ST-91, ST-570, and ST-226) were described in other
herds.6,35,42 The diversity of STs in S. agalactiae Brazilian
strains might be related to the wide geographic spread and
national and international trade of animals, as discussed
above for CPS typing. The three most frequent STs, ST-61,
ST-91, and ST-67, have been shown to be genetically related,
and these strains have adapted themselves for colonizing the
bovine mammary  gland, probably by their sharing of a com-
mon  recombinant event in virulence genes that play a crucial
role in host–parasite interactions.42 This hypothesis is sup-
ported by our results, which led to the classification of all
of the clinical mastitis strains as one of these STs (Table 1).
The presence of ST-103 CPS Ia among our Brazilian isolates,
even at a low frequency, was not unexpected because it has
been shown to be prevalent in bovine mastitis in Denmark
and Eastern China.4,6 This strain also appears to be capable
of infecting diverse host species, being described as a disease-
causing bacterium in Brazilian fisheries.21,35 The ST-103 CPS Ia
strain might play a major role in this ability to colonize distinct
hosts and to potentially be anthropozoonotic and zooanthro-
ponotic when animals and handlers are in close contact.
However, additional studies are necessary to confirm this
hypothesis.

Our analysis is the first to identify the ST-146 strains in
association with bovine mastitis, although they were detected
at a low frequency, similar to ST-103 strains and ST-314, which
was found in low frequency in bulk tank milk in Denmark by
Zadoks et al.4 ST-146 is clustered in CC17, which is mainly
composed of strains isolated in humans, suggesting high
potential for zoonotic transfer and spread through popula-
tions, as well as ST-103. ST-314 and ST-146 strains, similar to
ST-103 strains, might have emerged in bovine mastitis due to
the accumulation of short indels that have been selected dur-
ing evolution and might be advantageous for survival in the
bovine udder. However, this phenomenon is currently under
investigation.4,43
The populations obtained in the eBURST snapshot (last
analysed on November 04, 2015) showed a difference in the
CC related to ST-91 and ST-67, which were previously clus-
tered in CC61.21,42 This discrepancy could be explained by
 b i o l o g y 4 8 (2 0 1 7) 551–559

the dynamic nature of S. agalactiae in the MLST database
and by the high degree of genetic diversity observed for this
pathogen.44 Previously, Morozumi et al.45 observed a similar
relationship between CC17 and CC61; however, according to
Sorensen et al.,46 the structure of the S. agalactiae genome
invalidates phylogenetic inferences based on MLST. Neverthe-
less, the results of MLST classification are supported by a study
showing that the evolution of GBS is marked by an accumula-
tion of short indels, and when the whole-genome sequences
of S. agalactiae were evaluated, CC17 and CC61 were clustered
into two distinct subgroups, similar to the CCs obtained in the
MLST.43 Moreover, Richards et al.47 found that although the
pangenome might be affected by lateral gene transfer, sev-
eral Streptococcus species have retained distinct characteristics
since their formation.

In the dendrogram constructed using MEGA software, ST-
61, ST-67, ST-146, ST-570, and ST-91 were within clusters that
appeared to originate from the same root. A discrepancy
between eBURST results and the dendrogram was observed
for strain ST-91, which currently is disconnected from the
group that is formed by the subgroups that all originated from
ST-17. The other three bovine isolates (ST-103, ST-226, and
ST-314) were clustered in the same branch and were located
among the fish and human isolates, which shows the phyloge-
netic proximity among these strains. This suggests that these
strains have the capacity to cause disease in different hosts, as
discussed in the preceding paragraphs, but additional studies
addressing bacterium-host interactions are necessary because
the MLST analysis cannot provide an answer to this question.
The SID calculated in this study showed that capsular typing
and MLST are effective tools for evaluating genetic diversity
in S. agalactiae strains isolated from bovines. Although cap-
sular typing was considered to be an inefficient method in a
previous study,44 we  found that its discriminatory power dif-
fered only slightly from that of MLST and both were lower than
that calculated for the two techniques used in combination.
This could be because the S. agalactiae bovine isolates appear
to be highly adapted to the host, probably because they face
weak selective pressure. Therefore, addressing the diversity
of these bacteria might not require studies that examine the
lateral gene transfer of virulence genes.

Our study showed that fbsB, hylB, cfb,  and PI-2b are crucial
during GBS infection: these genes were detected at high
frequencies. The protein encoded by fbsB binds to fibrinogen
in different species independently of strain origin, and this
binding ability appears be enhanced by Ca2+.48 Thus, because
milk secretions are rich in Ca2+, colonizing the mammary
gland might serve as a favourable factor for the presence of
fbsB in strains originating from bovines. The other screened
gene that encodes a fibrinogen-binding protein, fbsA, was less
abundant in our isolates compared to frequencies previously
reported for this gene in S. agalactiae of 92.2% and 70.7%.35,49

This discrepancy can be explained by the replacement of this
gene by other adhesion factors, such as proteins encoded by
fbsB and other genes that were not screened in this study.
The detection of hylB here was similar to that by other

researchers in both human and bovine strains, but distinct
from fish strains, suggesting that this gene might be related
to mammalian hosts.8,21,27 Furthermore, the frequency of
the bac gene was similar to that previously described in
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ovine strains.27,46,50 Perhaps during the infectious process in
ovines, the S. agalactiae strains use other surface-associated
roteins that were not screened here. In the case of bca, Duarte
t al.32 showed that 64.7% of the S. agalactiae strains isolated
rom bovines in Brazil were positive for this gene. This is in
ontrast to the considerably lower frequency detected in this
tudy; this disparity could be associated with differences in
arm origin or period of bacterial isolation. Notably, the few
trains that were positive for bca also tended to be associated
ith CPS Ia and Ib, as reported previously; thus, the GBS

trains that are bca positive and bac negative appear to be
requently associated with these capsular types.51,52 The find-
ngs for bibA showed that the adhesion protein encoded by
his gene is not essential for S. agalactiae infection of bovines,
nd the low frequency of this gene indicates that other genes
ikely perform a similar function. Interestingly, most of the
solates that were positive for bibA were CPS II strains, which
uggests that this is an allelic variant of the type II or III bibA
reviously described to be related to this capsular type.28

Finally, this is the first study to screen for PI genes in iso-
ates from bovine herds in Brazil; however, our results were
imilar to those described in other bovine populations, with
he high frequency of PI-2b.6,46,53 Our findings suggest the
equirement for at least one PI gene, as well as studies of iso-
ates from humans,29,38 but the frequencies of the PI genes are
eversed: PI-1 and PI-2a were found in a greater percentage of
he strains than PI-2b. Intriguingly, this appears to be associ-
ted with disease in distinct hosts; human infections caused
y GBS strains are typically systemic and invasive, and the
I-1 and PI-2a genes have been related to invasion and biofilm
ormation.54,55 By contrast, PI-2b appears to be related to intra-
ellular survival in macrophages,56 which might result in the
ost harbouring the bacteria without presenting clinical signs.
his would result in subclinical mastitis, the major infection
aused by GBS in bovines.

In conclusion, the S. agalactiae bovine strains studied here
ere genetically diverse and the strains included five differ-

nt capsular types and six distinct populations (five CCs and
ne singleton) according to STs. However, the results suggest
hat infections can evolve into clinical mastitis in cattle only
n the case of CC61, CC67, and ST-91. Furthermore, our results
nabled the establishment of the molecular epidemiology of
. agalactiae isolated from Brazilian bovines, which is essential
or planning and implementing bacterial species-specific pre-
ention and treatment of mastitis. Last, our data highlighting
he presence of the genes fbsB, hylB, cfb,  and PI-2b can facilitate
uture studies designed to develop a global vaccine against this
athogen.
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