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Abstract
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Therefore, the objective of this review is to present the main problems caused by the formation of Staphylococci biofilm isolates from cows
with mastitis and the difficulty of treatment of these animals. Biofilms comprise microcolonies of microorganisms adhered to the surface and
surrounded by a polymer matrix of their own synthesis, consisting of polysaccharides, proteins and nucleic acids, called exopolysaccharides (EPS).
The importance of the icaABCD operon for biofilm formation has been established as an enhanced virulence of the Staphylococcus. However, in
some strains of Staphylococcus aureus and S. epidermidis, the expression of biofilm occurs independently of the expression of this operon, since
the production of a wide variety of adhesion proteins allows the establishment of biofilm. Originally considered an important hygiene risk in the
food industry, biofilms also cause significant economic losses due to technical failures and corrosion of surfaces and equipment and contribute
to the increased risk of infection in the medical field, mainly due to contamination and dissemination through medical devices, such as catheters,
which could harm human health. Besides antimicrobial resistance, biofilm formation confers resistance to the action of physical and chemical
agents, as well as disinfectants, and products used in the hygiene process, pre and post dipping at the time of milking.

Introduction

Biofilms comprise microcolonies of microorganisms adhered
to the surface and surrounded by a polymer matrix of their own
synthesis, consisting of polysaccharides, proteins and nucleic ac-
ids, called exopolysaccharides (EPS). Biofilms may be homoge-
neous, consisting of only one species (rare), or heterogeneous,
composed of several bacterial species or even fungi, yeasts, algae
and other unicellular organisms [1]. In heterogeneous biofilms,
the metabolic by products of a microorganism may favor the
growth of another species, as well as, the adhesion of a species can
provide binding and binding sites for other bacterial species [2].
The protein matrix of biofilms formed by Staphylococcus aureus
and S. epidermidis is composed of polysaccharide intercellular ad-
hesin (PIA) or polymeric N-acetyl-glucosamine (PNAG) [1,3]. The
icaABCD operon genes encode the PIA synthesis and deacetyl-
ation [4,5]. The importance of the icaABCD operon for biofilm
formation has been established as an enhanced virulence of the
Staphylococcus. However, in some strains of Staphylococcus aureus
and S. epidermidis, the expression of biofilm occurs independently

of the expression of this operon, since the production of a wide
variety of adhesion proteins allows the establishment of biofilm
[6,7]. Therefore, the objective of this review is to present the main
problems caused by the formation of Staphylococci biofilm iso-
lates from cows with mastitis and the difficulty of treatment of
these animals.

Staphylococci Biofilm Problem

The formation of biofilms according to Notermans, Dormans
& Mead [8] occurs in three phases: adsorption or adhesion, con-
solidation and colonization. In the first phase of adhesion, physi-
cal forces allow the adhesion of bacterial cells to almost all types
of surfaces, but this adhesion is reversible. In the next stage of
consolidation, the bacteria begin to produce the matrix of extra-
cellular substances, the EPS, causing an irreversible adhesion. In
the third and last stage of colonization, the EPS layer allows the
establishment and multiplication of bacterial cells on the surface,
giving rise to the biofilm itself. As soon as its structure is consoli-
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dated, some cells are released from the biofilm being released in
the medium, allowing the bacterial spread [9,10].

The mechanisms involved in the expression of binding pro-
teins and the expression of EPS, as well as their participation in
the formation of Staphylococcus biofilms, are not fully elucidated.
Therefore, several studies have been carried out to better under-
stand these mechanisms [11]. Maintaining the activities of a bio-
film is deeply related to quorum-sensing mechanisms. Through
the production and release of signaling and self-inducing mol-
ecules, which concentration increases as a function of bacterial
population density. Bacteria can perceive a certain threshold of
stimulation of these auto-inducing molecules, inciting alterations
in gene expression and, consequently, in behavior. Thus, bacteria
from a biofilm can synchronize their activities by functioning as
multicellular organisms [12].

Originally considered an important hygiene risk in the food
industry, biofilms also cause significant economic losses due to
technical failures and corrosion of surfaces and equipment and
contribute to the increased risk of infection in the medical field,
mainly due to contamination and dissemination through medical
devices, such as catheters, which could harm human health [3,13].
Recent research also points to its relationship with various infec-
tions in animals, including clinical and subclinical cases of bovine
mastitis, spread through fomites, contaminated equipment and by
the handlers. The process of infection of the mammary gland by
microorganisms of contagious origin, such as species of Staphy-
lococcus, occurs upwardly through the canal of the ceiling and, in
view, the potential of them to adhere and to form biofilms remain-
ing in the alveoli, as sources of infection and constant contamina-
tion, shows the importance of the correct antisepsis of ceilings,
equipment and hands of milkers [14]. Under conditions of anoxia,
transcription of the operon ica is increased, and consequently of
the production of PIA [4,15]. The ability to form biofilms protects
microorganisms against attacks of the immune system, dehydra-
tion, increase resistance to antimicrobials, propitiating the cre-
ation of a microniche itself with increased availability of nutrients
and their absorption through the extracellular polysaccharides
[3,6].

Simojoki [16] believe that biofilm formation by mastitis-caus-
ing Staphylococcus is ameans of escaping the immune system of the
animals and causing more persistent intramammary infections. In
addition, Staphylococcus spp. in biofilms demonstrate high resis-
tance to antimicrobial agents due mainly to the low diffusion of
these drugs in the exopolysaccharide matrix, thus compromising
the efficacy and success of treatment of animals with mastitis [14].
Some studies have shown that the concentrations of antimicrobi-
als to eliminate bacteria in biofilms can be up to 1000 times great-
er than those required to eliminate them in their planktonic state
[17,18]. Resistance mechanisms of biofilms are generally multifac-
torial and include factors such as low penetration of antimicrobi-
als through the biofilm matrix; slow or absence of growth of the
cells that compose the biofilm; presence of heterogeneity of the

bacterial population of the biofilm with the presence of different
resistance phenotypes; and the presence of “persisters” cells [19],
which are found in the structural basis of biofilms where there is
little availability of oxygen with a low metabolic rate, guaranteeing
their resistance to antimicrobial treatment, since they are general-
ly bacterial growth phase [20].

Besides antimicrobial resistance, biofilm formation confers
resistance to the action of physical and chemical agents, as well
as disinfectants, and products used in the hygiene process, pre
and post dipping at the time of milking [21]. Strategies to avoid
biofilm formation include regular disinfection, even during the
initial stage of biofilm formation; disinfection of biofilms already
formed using aggressive disinfectants; and inhibition of the fixa-
tion of microorganisms through the selection of materials that do
not promote the establishment of these bacteria [13]. Thus, the
use of appropriate products and equipment associated with the
correct performance of the pre and post dipping and hygiene of
the milking equipment helps to inhibit or reduce the chance of de-
velopment of biofilm producing bacteria in bovine mastitis.

Conclusion

Staphylococcus is one of the major microorganisms that cause
mastitis. The formation of biofilm by this bacterium makes it even
more difficult to treat the animals by reducing the action of anti-
microbials in the mammary tissue. Thus, some strategies to treat
bovine mastitis are aimed at inhibiting or reducing the chance of
developing biofilm-producing bacteria in bovine mastitis.
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