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Characterization of Staphylococcus spp. strains in milk from buffaloes with mastitis in
Brazil: the need to identify to species level to avoid misidentification
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ABSTRACT

Mastitis is an inflammation of the mammary gland that affects dairy cattle worldwide causing economic
losses. Coagulase-negative staphylococci (CNS) are the predominant cause of this type of infection. We
have recently showed that coagulase-positive staphylococci could be misidentified. So, the aim of this
study was to characterize the Staphylococcus spp. strains initially classified as coagulase-negative
Staphylococci, isolated from buffalo with subclinical mastitis. Milk of buffaloes with mastitis in herds
was collected and 9 strains were identified as CNS by phenotypic tests. Molecular methodologies latter
identified the strains as coagulase-negative Staphylococcus chromogenes (5), coagulase-positive
Staphylococcus hyicus (2) and coagulase-positive Staphylococcus aureus (2). Our results strongly support
the need to identify the isolates to a species level in order to avoid misidentification and to be aware of
the classification using the coagulase test alone.
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RESUMO

A mastite é uma inflamacao da glandula mamaria que afeta o gado leiteiro em todo o mundo, causando
perdas econbmicas. Staphylococcus coagulase-negativa (SCN) sédo a causa predominante desse tipo de
infeccdo. Mostrou-se recentemente que Staphylococcus coagulase-positiva podem ser identificados
erroneamente. Assim, o objetivo deste estudo foi caracterizar cepas de Staphylococcus spp. inicialmente
classificados como Staphylococcus coagulase-negativa, isolados de bufalas com mastite subclinica. O
leite de bufalas com mastite foi coletado, e nove cepas foram identificadas como SCN por testes
fenotipicos. Metodologias moleculares identificaram as cepas como Staphylococcus chromogenes
coagulase-negativa (5) Staphylococcus hyicus coagulase-positiva (2) e Staphylococcus aureus
coagulase-positiva (2). Os resultados reforcam a necessidade de identificar as cepas em termos de
espécie, a fim de se evitarem erros de identificacdo e estar atento a classificacdo utilizando o teste de
coagulase sozinho.

Palavras-chave: bifalo, mastite, Staphylococcus, leite, teste de coagulase

INTRODUCTION well as the costs associated to treatment,

veterinary services, culling and dairy cow

Mastitis is an inflammation of the mammary replacement (Fabres-Klein et al., 2014). The
gland that has a high impact on dairy cattle disease is classified as moderate or severe, and
worldwide and causes considerable economic might be caused by different bacterial species,
losses due to loss of milk quality and quantity, as but mainly Staphyococcus strains (Pyoréld and

Taponen, 2009).
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Coagulase-negative staphylococci (CNS) have
been considered pathogens of lesser importance,
while  Staphylococcus aureus has been
considered a more important pathogen due its
ability to form biofilm (Lee et al., 2014).
However, more recent studies have shown that
CNS are emerging pathogens associated with the
occurrence of mastitis and persistence of
intramammary infection in dairy cattle (Fry et
al., 2014).

There has been an increasing interest in buffalo
milk, both in research and as investment in
various countries, mainly due to its beneficial
nutritional content and for the production of
cream, butter, yogurt, as well as many types of
cheese (Michelizzi et al., 2010). Thus, there is a
growing interest to produce high quality buffalo
milk and to control diseases that might affect its
production, such as mastitis.

Our research group received a total of 42 S.
chromogenes isolates, from a 51 collection of
Staphylococcus spp strains obtained from milk
samples of buffalo with subclinical mastitis and
kept in the culture collection at the Embrapa
Dairy Cattle Research Center (Juiz de Fora,
Minas Gerais, Brazil). These 42 were sent to our
laboratory with ambiguous identification since
they were initially classified as coagulase-
positive staphylococci by the coagulase test
(Coagu-Plasma, Laborclin, Pinhais, PR, Brazil)
but later identified as S. chromogenes, a
coagulase-negative staphylococci using the 16S
rRNA gene (similarity > 99%). Coagulase-
positive characteristic was not reported before
for the species S. chromogenes and we were able
to describe this novel phenotype of clotting the
plasma in this collection of S. chromogenes
strains (Santos et al., 2016).

The goal of this study was to characterize the
remaining 9 isolates previously characterized as
coagulase-negative Staphylococcus spp. strains
in the collection of isolates from milk of
buffaloes with mastitis. We applied molecular
investigation to  confirm the  primary
identification based on coagulase tests, evaluated
the antimicrobial resistance profile and
investigated both the biofilm formation and the
presence of the bap and icaA genes which are
involved in the synthesis of this structure.
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MATERIALS AND METHODS

Milk samples were collected from five dairy
buffalo herds between March and November
2003. The herds were visited six times and milk
samples were collected for microbiological
examination and somatic cell counts. The herds
were composed of water buffaloes of the breeds
Murrah, Mediterranean, Jafarabadi and their
respective crosses, with different ages and
different lactation stages. Animals were raised
and kept on pasture and with free access to water
ponds to immerse themselves. The buffaloes
were hand-milked and the calves were kept close
to their mothers during milking in order to
stimulate milk ejection. The herds, with 18 to 35
animals (average 27), were kept at four
municipalities in the Region of Alto Sao
Francisco, in the State of Minas Gerais. Milk
sample collection was performed after washing
the teats and disinfecting the tips with 70%
alcohol. The first few streams of milk were
discarded and samples were collected into
sterilized flasks and frozen. A total of 1,304 milk
samples were collected and 1,116 were negative
upon microbiological examination by culturing
0.01ml of each milk sample on 5% ovine blood
agar plates. The plates were incubated for 24-48
hours at 37°C and colony morphology was
observed. Gram staining and identification tests
were performed according to National Mastitis
Council (Microbiological..., 2004). Gram- and
catalase-positive cocci resistant to 0.04U of
bacitracin were identified as Staphylococcus sp.
Coagulase-negative ~ and  coagulase-positive
staphylococci were identified by the tube
coagulase test. CNS were considered as mastitis
causing pathogens when present in pure culture
of six or more colonies on the ovine blood agar
plates. Coagulase-negative and coagulase-
positive staphylococci were identified through
the tube coagulase test. As cited above, a total of
51 staphylococci isolates were obtained; only the
9 coagulase-negative strains isolates were
selected for this study since the 42 classified as
coagulase-positive were characterized in a
previous study (Santos et al., 2016). Figure 1
shows a list with the identification number
attributed to each isolate and the respective herd
from which it was collected.

The profile of antimicrobial resistance was
evaluated in Muller-Hinton medium by the disk
diffusion method against the following
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antimicrobial discs (Cecon, SP, Brazil):
ampicillin (10pg), cefoxitin (30pg), clindamycin
(2pg), erythromycin (15pg), gentamicin (10png),
oxacillin (1pg), penicillin G (10 IU), rifampin
(5pg), sulfazotrim (25pg) and tetracycline
(30pg). Interpretation of the results followed the
Clinical and Laboratory Standards Institute
protocols (Performance..., 2013a,b). The ATCC
strain, S. aureus 25923 was used as control for
the disk diffusion test.

The ability of the isolates to produce biofilm was
analyzed as described by Ahn, et al (2005) using
S. epidermidis ATCC 35984 as positive and S.
epidermidis ATCC 12228 as negative controls.
The experiments were performed in triplicate and
classified according to Stepanovic et al., 2007.

The primers used were: mecA MRS1 (5
TAGAAATGACTGAACGTCCG 3’) and MRS2
(5> TTGCGATCAATGTTACCGTAG 3°)
(Santos et al., 1999); icaA Forward (5’
CGATGGGCTCAAGGTGG 3") and icaA
Reverse (5 TTCTTTTCGTAGCGACTGTC 3°)
for the gene icaA, and bap2 Forward
(5 GAGCCAGATAAACAACAAGAAG 3
and bap2 Reverse s’
CATGCTCAGCAATAATTGGATC 3’) (Potter
et al., 2009). The expected sizes of mecA, icaA
and bap amplifications were approximately 154,
290 and 600bp, respectively.

To identify the Staphylococcus isolates, three
different approaches were performed
as follows. Universal primers of
(5’GAGTTTGATCCTGGCTCAG 3’) and 1492r (5°
GGYTACCTTGTTAACGACTT 3°) (20 pmol)
corresponding to the Escherichia coli rrs gene
(Weisburg et al.,1991), were used to amplify the
16S rRNA gene and to sequence both strands.
Sequences were identified in the GenBank
database by the Blast search tool, available at
www.ncbi.nlm.nihgov/BLAST. Polymerase
Chain Reaction - Restriction Fragment Length
Polymorphism (PCR-RFLP) was performed
using a protocol proposed by our group to
identify Staphylococcus spp- using
the endonuclease Alul to analyze the
restriction fragment length polymorphism of
an amplified fragment of the groEL gene using
the degenerate  primers H279A CX
GAIIGCIGGIGA(TC)GGIACIACIAC 3°) and
H280A (CX
(TCYTG)(TCYTG)ITCICC(AG)AAICCIGGIG
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C(TO)TT 3’) were applied. The identification of
the species-specific restriction fragment profiles
was based on the results published by Barros et
al. (2007) and Santos et al. (2008).
Sodium Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE) was applied to
analyze extracts of whole-cell proteins
corresponding to 10’CFU from overnight
cultures of the strains were evaluated by SDS-
PAGE as previously described (Laport et al.,
2001).

The analysis of genetic diversity by
electrophoresis on Pulsed-Field Gel
Electrophoresis  (PFGE) was  performed
according to the protocol described by Nunes et
al. (2005). The strains genomic fragment patterns
were analyzed by comparison, using the
BioNumerics program, version 6.0 and classified
according to the criteria of Van Belkun et al.
(2007).

RESULTS AND DISCUSSION

Sequencing of the rrs identified the nine isolates
as S. aureus, Staphylococcus hyicus and
Staphylococcus chromogenes. Sequence
homology found for the strains ranged between
98 and 100%. These nine isolates had been
previously classified as coagulase-negative
Staphylococcus spp. by the coagulase test.
However, rrs sequencing identified five isolates
as S. chromogenes, a coagulase-negative species,
and two isolates as S. hyicus which belongs to
the coagulase variable group. However, to our
surprise, these last two isolates were identified as
S. aureus, the major coagulase-positive group.
Identification of coagulase-positive isolates
among a group previously identified as
belonging to CNS indicates that the coagulase
test could lead to misidentification. Coagulase-
negative S. aureus variants have already been
described and it has been alerted that incorrect
diagnosis could result from bovine mastitis milk
isolates (Akineden et al., 2011). These results
show the importance of identifying the CNS
strains to the species level in order to avoid
misidentification. Since the rrs gene has been
questioned as a suitable discriminatory target
gene to identify Staphylococcus species
(Ghebremedhin et al., 2008), we decided to apply
a PCR-RFLP protocol used by our group to
identify Staphylococcus spp. The S. aureus and
S. hyicus strains presented a restriction profile
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compatible with these species. However, when
the five strains previously identified as S.
chromogenes by rrs gene sequencing were
analyzed, only two isolates (5411 and 5580)
were confirmed, whereas three isolates (5369,
5410 and 5424) presented a previously unknown
RFLP-PCR restriction profile. Due to the
inability to identify these three S. chromogenes
strains by RFLP-PCR, we decided to apply a
third molecular technique that analyzes total
cellular proteins. In the SDS-PAGE, these three
S. chromogenes strains (5369, 5410, and 5424)
presented a pattern of bands similar to S.
chromogenes 610 (Santos et al., 2008), thus,
confirming the identification previously obtained
by rrs sequencing.

In bovine mastitis, antimicrobials are
administered for treatment of clinical cases and,
as a preventive measure, in the dry cow therapy.
Although this use has not been related to the
emergence of resistance among mastitis
pathogens, the use of antimicrobials in dairy
cows has been shown to contribute to increased
antimicrobial resistance (Saini et al., 2012).
Among the nine strains studied, seven were
susceptible to all antimicrobials tested. Only the
two S. aureus strains were resistant to penicillin
and ampicillin. Additionally, they were also
resistant to erythromycin at intermediate levels.
No mecA gene was detected in any of the
isolates. The five S. chromogenes and the two S.
hyicus isolates were susceptible to all
antimicrobials tested. Conversely, varying levels
of antimicrobial resistance, from high to low,
were described in cases of buffalo mastitis in
northeastern Brazil (Medeiros et al., 2011).
Although, antimicrobial drugs were rarely used
in the targeted buffalo herd, the authors
suggested that the resistance found was related to
the fact that these buffaloes were raised close to
cattle, where the use of antimicrobial drugs was
significantly higher (Medeiros et al., 2011). In
our work, only buffaloes were raised at the five
farms analyzed and these animals were not
treated with antimicrobials. This could be a
reason for the low antimicrobial resistance
observed in these strains. Additionally, only the
S. aureus isolates were resistant to penicillin,
ampicillin, and intermediate levels of
erythromycin. This finding is not surprising as
these antimicrobials are commonly used to treat
mastitis (Pyordld et al., 2014) and thus may
contribute for the selection of these resistant
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strains. Even though, in this work, the mecA gene
was not detected in any of the strains, using the
protocol of Santos et al., (1999); methicillin-
resistant staphylococci have already been
reported as bovine mastitis agents (Seixas et al.,
2014) and attention should be paid to monitor the
presence of this antimicrobial resistance gene.

The production of biofilm can reduce the
inflammatory response in infected animals,
reducing production of somatic cells and thus
keeping the mastitis at a milder level (Cucarella
et al., 2004). Keeping this in mind, the ability of
the isolates to produce biofilm was investigated
and four strains were classified as moderate-, two
as weak- and three as non-producers of biofilm,
according to Stepanovic et al., 2007. No strong
producer strain was detected in this analysis
(Figure 1). Both S. aureus strains, isolated from
the milk of buffaloes presenting subclinical
mastitis, were classified as moderate biofilm
producers. This is in agreement with the
possibility that these pathogenic strains were the
real agents of the sub-clinical mastitis detected.
The icaA gene was only detected in the S. aureus
strain that was a moderate biofilm producer. The
bap gene was found in all five S. chromogenes
strains, including the weak and non-biofilm
producers, and in one S. aureus strain (isolate
5422). Neither icaA nor bap genes were detected
in the S. hyicus strains (Figure 1). According to
Vasudevan et al., (2003), the ica gene has a high
prevalence among S. aureus isolated from
mastitis cases, including the strains that are
unable to form biofilm in vitro. The two S.
aureus strains characterized in this work were
classified as moderate-producers and showed
amplification for icaA. In contrast, the S. hyicus
5580 and S. chromogenes 5369 strains were
classified as moderate biofilm producers but
showed no amplification of icaA. It is possible
that these strains have an icaA-independent
mechanism of biofilm production. This
mechanism has been previously reported by
Toledo-Arana et al., (2005) who showed that S.
aureus strains were able to produce biofilm in
the absence of the poly-N-acetylglucosamine
(PNAG) exopolysaccharide when the icaADBC
operon was removed. Most strains of S.
chromogenes were classified as non-producers or
weak producers of biofilm, and the detection of
the bap gene indicates that the presence of this
gene alone does not determine biofilm
production. Phase-variation could be involved in
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the expression of bap in S. aureus (Tormo et al.,
2007). It has been demonstrated that biofilm
producer strains (bap+) could present biofilm-
negative colonies with no transcription of the
bap gene (Tormo et al., 2007; Vasudevan et al.,
2003). Therefore, we cannot discard the
hypothesis that the bap gene was not transcribed
in at least some of the non-biofilm producer and
bap positive isolates analyzed in this work.

Analysis of the genetic diversity among strains
by PFGE provides a better understanding of the
distribution of the strains, which may help to
trace the origin of the strains causing mastitis
and, thus, may shed light on how these strains
are being transmitted between animals. The
fragment patterns of genomic DNA strains
obtained by PFGE were analyzed by comparison
using the BioNumerics program, version 6.0 and
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classified according to the criteria of Van
Belkum et al., (2007). Figures 1A to 1C show the
dendrogram found for S. aureus, S. chromogenes
and S. hyicus, respectively. Among the two S.
aureus isolates, more than 80% of similarity was
observed, thus identifying them as belonging to
the same clonal group. However, a polyclonal
distribution was observed among the S.
chromogenes and S. hyicus isolates. A unique
pulsotype for the S. aureus strains suggests that a
transmission could have occurred among animals
from different herds. Conversely, a lesser genetic
relationship was detected among the isolates of
S. chromogenes and S. hyicus, indicating that
probably no transmission occurred among
animals, not even among those belonging to the
same herd.

Isolate Heard PFGE  biof ica bap
5392 v H1 mod +
5422 I H2 mod + +
Isolate Heard PFGE  biof ica bap
5410 I A weak - +
5424 I B neg - +
5411 I C weak - +
3540 I D neg - +
5369 I E weak - +
Isolate Heard PFGE biof ica bap
hi 5409 v F neg
! 5580 il G mod

Figure 1. Dendrogram of pulsed-field gel electrophoresis (PFGE) profiles of Alul restriction enzyme-
digested genomic DNA of A) Staphylococcus aureus, B) Staphylococcus chromogenes and C)
Staphylococcus hyicus isolates and their classification according the PFGE profile (A-H), herd (I, I ,III,
IV, or V), capacity of biofilm formation (biof): weak, moderate (mod) or negative (neg), and presence (+)

or absence (-) of icaA and bap genes.

In conclusion, most veterinary laboratories are
only able to differentiate isolates into coagulase-
positive or coagulase-negative Staphylococcus
spp. depending on results of tube coagulase test.
In this work, and in a recently publish by our
group (Santos et al., 2016), we gave evidence of
the higher accuracy of molecular tests over
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phenotypic assays. We support the need to
identify the isolates at species level in order to
avoid misidentification and to be cautious of the
classification using the coagulase test alone. We
observed that the coagulase test could lead to
misidentification and that sequencing of the 16S
rRNA codifying gene (rrs) proved to be a
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reliable approach to identify isolates from
buffalo milk. We suggest that the use of
molecular and phenotypical analyses to reveal
the identity and transmissibility of bacterial
species causing mastitis in buffalo could help to
develop preventive measures or offer treatment
options for infected animals. Our results strongly
support the need to identify the isolates at species
level in order to avoid misidentification and to be
cautious of the classification using the coagulase
test alone.
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