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a b s t r a c t

Staphylococcus aureus and coagulase-negative staphylococci (CNS) are important causes of intra-
mammary infection in dairy cattle, and their ability to produce biofilm is considered an important
virulence property in the pathogenesis of mastitis. However, the published date on mechanisms and
factors involved in infection persistence in the mammary gland remains unclear. The aim of this study
was to investigate whether the main Staphylococcus species involved in bovine intramammary infections
possess specific characteristics that promote colonization of the udder. We evaluated the biofilm-forming
ability and distribution of adhesion- and biofilm-associated genes of Staphylococcus spp. isolated from
bovine mastitis infected animals in Argentinean dairy farms. For this purpose, the phenotypic biofilm
formation ability of 209 Staphylococcus spp. from bovine mastitis was investigated. All isolates produced
biofilm in vitro, being 35,0% and 45,0% of the 127 S. aureus or 51,0% and 29,0% of the 82 CNS strong and
moderate biofilm producers respectively. All S. aureus samples were PCR-positive for icaA, icaD, clfA, clfB
and fnbpA genes, 76.3% were positive for fnbpB gene and 11.0% were positive for bap gene. In CNS isolates,
the positive rates for icaA and icaD were 73.2%, while for clfA, clfB, fnbpA fnbpB and bap genes the
percentage were lower. The results demonstrate that in Staphylococcus spp. biofilm formation, the
polysaccharide and the adhesion- and biofilm-associated genes are of overall importance on bovine
mastitis in Argentina. Therefore, future works should focus on these pathogenic specific factors for the
development of more effective therapies of control, being essential to consider the ability of isolates to
produce biofilm.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Bovine mastitis is an inflammation of the mammary glands in
dairy cattle, usually caused by bacteria. It leads to significant eco-
nomic losses due to reduced milk production, increased use of
drugs and animal morbidity and mortality [1]. In the last years,
Staphylococcus aureus has been described as a major pathogen

responsible for bovine mastitis [2], whereas coagulase-negative
staphylococci (CNS) have been increasingly isolated from clinical
and subclinical mastitis [3e5]. In dairy cows of C�ordoba
(Argentina), themost frequently isolated pathogens are CNS (52.1%)
followed by S. aureus (21.3%) [6].

The ability of Staphylococcus spp. to form biofilm is one of the
virulence factors that facilitate the adhesion and colonization on
the mammary gland epithelium, a fact that leads to recurrent or
persistent infections [7,8]. Biofilm is defined as a structured com-
munity of bacterial cells enclosed in a self-produced matrix
attached to biotic or abiotic surfaces and the ability to form biofilm
is considered a universal trait of microorganisms [9]. Biofilm offers
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protection against hostile environments, such as the immune
response and bactericidal concentrations of antibiotics or disin-
fectants [10]. In the process of staphylococcal biofilm formation, the
accumulation and development of a mature stage depend mainly
on the polysaccharide intercellular adhesions (PIA) that promote
bacterial accumulation, especially polysaccharide poly-N-succinyl-
b-1-6 glucosamine (PNAG). PNAG biosynthesis is regulated by en-
zymes encoded by the icaADBC operon [11]. PIA/PNAG are probably
the most important components of the extracellular matrix in
staphylococci, although there is evidence of in vitro and in vivo
staphylococcal biofilm formation without PIA/PNAG [12]. Bacterial
surface proteins contribute significantly to adhesion, and several
key proteins have been identified as important in staphylococcal
biofilm formation [13]. These include proteins involved in bacterial
adhesion, such as clumping factor (ClfA and ClfB) [14] and
fibronectin-binding proteins (FnbpA and FnbpB) [15], and partic-
ularly the biofilm-associated protein (Bap) [16]. The Bap protein
was described as a specific pathogenic factor of cattle because it has
only been identified in isolates from bovine intramammary in-
fections [17,18].

Several studies evaluated biofilm formation and the presence of
various putative virulence genes, suspected of playing a role in the
pathogenicity of staphylococci as factors associated with intra-
mammary infections [4]. Recently it has been reported the pro-
duction of biofilm by staphylococci strains causing mastitis,
isolated from different regions of the world [7,19e22]. In Argentina,
although there are some genotypic studies on CNS [23], the ability
of S. aureus causing mastitis to produce biofilm has not been
investigated thoroughly. Pathogen-specific risk factors and associ-
ated control measures need to be identified due to the pathogen-
related variation in epidemiology and their effect on future per-
formance [24]. However, the question of whether these factors play
an important role in biofilm formation remains unanswered.
Therefore, the aim of the present study was to test the biofilm-
forming ability of 209 Staphylococcus strains isolated from ani-
mals with bovine mastitis in Argentinean dairy farms and to
analyze the distribution of biofilm-associated genes. Studies on the
ability of Staphylococcus to form biofilm and on the underlying
mechanisms may provide new ideas for the prevention and treat-
ment of bovine mastitis.

2. Materials and methods

2.1. Collection of bacterial isolates

A total of 209 Staphylococcus strains were isolated from com-
posite samples containing milk from all quarters of each cows with
mastitis. Isolates were obtained from 32 commercial dairy farms
located in Buenos Aires and C�ordoba provinces (a major dairy
producing area from Argentina) and samples of no more than 10%
of the dairy cows were collected. Staphylococci were identified
presumptively based on colony morphology, Gram's stain, catalase
test and hemolysis on blood agar. S. aureus isolates were differen-
tiated from CNS isolates based on coagulase production on rabbit
plasma and S. aureus isolates were screened for growth on Chro-
magar™ Staph aureus (CHROMagar, Paris, France), respectively. As
positive or negative controls, S. aureus ATCC 25923 (biofilm-form-
ing) and Staphylococcus epidermidis ATCC12228 (biofilm-negative)
were used [25]. The S. aureus strain V329, a bovine subclinical
mastitis isolate with strong biofilm production phenotype, kindly
provided by Dr. Lasa (Instituto de Agrobiotecnología, Pamplona,
Spain), was used as a positive control. Bacteria were stored
at �70 �C and freshly cultured in tryptic soy broth (TSB) (Britania,
Buenos Aires, Argentina) before experiments.

2.2. Isolation of bacterial DNA

Genomic DNA was extracted using the Wizard DNA Purification
kit (Promega, Madison, WI, USA) according to the manufacturer's
instructions, and 4 mg/ml lysostaphin solution (Sigma, St Louis,
MO, USA) was added to the cell suspension, for enzymatic lysis of
cell wall by hydrolysis of peptidoglycan, at 37 �C for 1 h. DNA was
suspended in 100 ml of RNase-free water (Biodynamics, Buenos
Aires, Argentina) and frozen at �20 �C.

2.3. S. aureus confirmation by PCR

All coagulase positive isolates were confirmed as S. aureus by
using the PCR analysis to amplify the 16S-23S rRNA intergenic
spacer region as previously described by Forsman et al. [26]. The
primers used in the PCR assays, as well as the expected amplified
product size, are listed in Table 1.

2.4. Identification of CNS species by MALDI-TOF MS

CNS species identification was performed by matrix-assisted
laser desorption ionization-time of flight mass spectrometry
(MALDI-TOF MS) by Instituto de Biotecnología y Biología Molecular
(CONICET, La Plata, Argentina). MALDI-TOF MS is proposed as a
powerful tool for precise identification and discrimination of
Staphylococcus species based on the proteomic specific profiles [27].
Briefly, of the 82 randomly selected strains, one or two colonies of a
fresh overnight culture grown on TSA were suspended in ethanol
(70%). A solution of 70% formic acid and acetonitrile 1:1 was added
to the pellet. Samples were processed in an Ultraflex MALDI-TOF
mass spectrometer (Bruker Daltonics, Bremen, Germany) with
flex control software (Bruker Daltonics) operated in linear mode
and equipped with a 337-nm nitrogen laser. To prepare the MALDI
target plate, 1 ml of each bacterial extract was spotted onto a 384-
spot target plate (polished stainless steel, Bruker Daltonics) and
dried at room temperature. The dried sample spot was overlaid
with 1 ml of a matrix solution, consisting of a-cyano-4-hydroxy-
cinnamic acid diluted in a solution of 50% acetonitrile and 2.5%
trifluoroacetic acid. The Bruker bacterial test standard (BTS) (Bruker
Daltonics) was used for mass calibration and for instrument
parameter optimization. Mass spectral data were collected within
the m/z range of 2.000e20.000 and the data were acquired using
the FlexControl software 3.3 (Bruker Daltonics). Biotyper 3.0 soft-
ware (Bruker Daltonics) was used to process the raw spectra ac-
quired by the Ultraflex. Data were analyzed using the built-in main
spectra projection feature of the Biotyper software, which is a
proprietary algorithm for spectral patternmatching that produces a
logarithmic score from 0 to 3. The peak lists were compared with
each entry in the Biotyper database, which contained 3.995 refer-
ences, using the standard parameters of the pattern-matching al-
gorithm. An identification score �2.00 was considered high-
confidence identification to the species level, whereas scores of
1.70e1.99 were considered intermediate confidence genus-level
identification only. Scores of <1.70 were considered unacceptable
identification, according to the manufacturer's recommendations.
Isolates with an identification score <1.70 were considered other
CNS species [27].

2.5. Biofilm production

To determine the potential of an isolate to form biofilmwe used
the microtiter plate-based assay and the biofilm formation on
abiotic surfaces was quantified as described elsewhere [28], with
some modifications. Briefly, overnight cultures of each isolate were
diluted (1:40) in fresh TSB. Aliquots (200 ml) of each prepared
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