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ABSTRACT

The objective of this study was to accomplish a literature review on antimicrobial-
resistant Enterococcus spp. and biofilm formers strains in coalho cheese originating
from the Brazilian Northeast. The impact of the presence of enterococcal bacteria
forming biofilm on coalho cheese and its impacts on public health for consumers of this
type of food were observed. However, more microbiological studies on coalho cheese
should be conducted due to its importance for the economy and public health.

Keywords: Enterococcus spp, Microorganisms, Cheeses, Drug Resistance, Public
Health.

INTRODUCTION

The coalho cheese is a typical Brazilian food, present in the Northeast region for over
150 years and widely consumed in this region, it is made from raw or pasteurized milk.
States like Pernambuco, Ceara, Rio Grande do Norte and Paraiba are the main

producers of this type of cheese. Its importance in the economy is considerable and
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significant for milk suppliers, especially those who don’t have access to milk processing
units (SILVA et al., 2012).

Enterococci, Gram-positive bacteria isolated from soil, surface water and seawater,
also in association with plants, are present in fermented food products. They are Lactic
Acid Bacteria (LAB) widely used as starter cultures in the dairy industry for the
production of cheese, yogurt and cultured milk (GIRAFFA, 2003; GIRAFFA e
ROSSETTI, 2004). Generally, they don’t cause adverse effects in healthy individuals,
however, they can also present themselves as opportunistic pathogens related to
nosocomial infections, particularly in immunocompromised patients (LOSSOUARN et
al., 2019).

Nosocomial infections, caused by intra-hospital microbiota and sometimes conditioned
by the healthcare personnel's microbiota and the patient's own, are a problem of great
clinical and epidemiological importance. Due to causing high rates of morbidity and
mortality, as well as extended hospitalization days and economic resource waste, they
are considered an emerging situation worldwide (MONTOYA et al., 2015).

In addition, the intrinsic resistance of Enterococcus spp. to various antimicrobials and
the acquisition of resistance to others, such as vancomycin, often used in the treatment
of patients with severe infections caused by Gram-positive bacteria, has led to the

emergence of E. faecalis as a relevant nosocomial pathogen (ANDRADE, 2018). The

Enterococcus spp. genus is described as the cause of at least 10% of hospital
infections, according to Hollenbeck and Rice (2012), and the main species associated
with these infections, E. faecalis (85-90%) and E. faecium, have intrinsic resistance to
various antimicrobials such as [-lactams (penicilin and cephalosporins),
aminoglycosides (streptomycin), lincosamides (clindamycin in E. faecalis),
streptogramins (the quinupristin- dalfopristin combination in E. faecalis) and
sulfamethoxazole-trimethoprim. The uncontrolled use of antimicrobial drugs has
triggered an increase in strains resistant to treatments, and this scenario becomes
more concerning when microorganisms present themselves in the form of biofilm.

Complex structures of microbial clusters protected by a layer of exopolysaccharides
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(EPS), biofilms prevent drug penetration and hinder the treatment of infections
(COSTERTON et al. 1999; URQUHART et al. 2019).

Despite the aforementioned, there is still a lack of records in literature regarding
antimicrobial-resistant Enterococcus spp. and biofilm-forming strains isolated from
animal- derived foods. Therefore, researching these microorganisms with such

characteristics in animal-derived foods becomes relevant.

METHODOLOGY

The present study describes a qualitative, narrative literature review in which 90
articles were finally selected for inclusion and full reading. The database was the
selection of articles available on Google Scholar, Scielo, and PubMed, where 34, 14
and 42 articles respectively were selected for possible final insertion in the review. The
selection of articles occurred during 2020 and took into consideration papers published
in Spanish, English, and Portuguese. Papers that presented the theme proposed by
the present research were selected. During the search of the bibliographic material the
keywords were used: enterococcus, enterococcus durans, enterococcus faecalis,
enterococcus faecium, queijo, queijo de coalho, queijo tipo coalho, resisténcia,
resisténcia antimicrobiana, infeccdo hospitalar, infeccdo nosocomial, biofilme,

formacéao de biofilme.

The revision was produced based on the reading, analysis, interpretation, and
synthesis of information acquired from selected works that were considered to contain
relevant information for the topic addressed in the project. Exclusion criteria for the
bibliographic material were: published works in which the results did not apply to the
objectives of this review and articles whose study topic was unrelated to the topic. The
inclusion criteria took into account papers that covered the specificity of the topic in
guestion and articles and dissertations published in Spanish, English and Portuguese.

There were no restrictions regarding the year of publication of the studies.
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LITERATURE REVIEW

THE IMPORTANCE OF MILK AND CHEESE IN BRAZIL

According to data from the Brazilian Institute of Geography and Statistics (IBGE,2018),
milk production in Brazil has a great impact on the global scenario, being the fifth
country with the highest production in the world, losing position only to the European

Union, United State, India, and China.

Dairy products under sanitary inspection in Brazil captured 24.45 billion liters of milk in
2018, an increase of 0.5% compared to 2017 (IBGE, 2019), being a very important
factor, as milk is a product rich in nutritional and energetic constituents, it is considered
a complete food and its consumption is recommended for people of all ages. Produced
worldwide, milk is widely used in infant feeding and is a first-line food in combating

infant mortality in developing countries (LUNA, 2012).

Cheese is a product that can be matured or fresh, obtained by partially or totally
isolating the whey from milk, reconstituted milk, or dairy serum, which are coagulated
with the help of enzymes, rennet, bacteria, isolated or combined organic acids
(BRASIL, 1996).

Due to its sensory and nutritional properties, cheese is a traditional dairy product with
great acceptance in the market, presented for consumption in various varieties that
differ in type, flavor, color, shape and aroma, seeking to please the multiple palates of
its consumers (NOGUEIRA, 2006).

Cheeses are high biological value foods, rich in proteins, calcium, phosphorus, zinc,
iodine, selenium, vitamins and trace elements. There are over 1,000 types of cheese
worldwide made from different types of milk and differentiated production processes
(LACTEA BRASIL, 2006).

With technological development, many varieties have emerged at the national level,
some of which are regionally expressed such as coalho cheese (BORGES et al.,

2003). According to Andrade (2006), the name derives from the coagulation process,
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first observed due to the action of coagulating enzymes found in the stomachs of
herbivorous animals. One of the typical products from the Northeast region, coalho
cheese, has significant cultural and socioeconomic value, it is part of daily food
consumption and commonly consumed as an appetizer or as a side dish with other
foods. Its production is passed down from generation to generation, mostly through
artisanal methods, using traditional practical knowledge transmitted within the family
environment (SOUZA et al., 2014). When made by hand, its production has some type
of adaptation according to the manufacturer's skills, physical and economic structure.
As a result, the cheeses produced have organoleptic characteristics that give them a
regional and cultural identity specific to each region (MENEZES, 2013).

The coalho cheese, both artisanal and industrialized, may not have microbiological
safety and standardization due to being a product that is often manipulated and
elaborated under unsatisfactory hygienic-sanitary conditions (ANDRADE, 2006), being
a considered as a food highly predisposed to contamination (SANTANA et al., 2008).

In order to regulate its production, some regulations are available, such as: the
Technical Regulation of Identity and Quality of Dairy Products, which establishes the
identity standards and minimum quality requirements that coalho cheese must meet in
order to be intended for human consumption (FREITAS FILHO et al., 2009). Federal
Law n° 13.860 of 07/18/2019 sanctioned by the President of the Republic of Brazil
deals with the production and commercialization of handmade cheese, and related
dairy production, while ADAGRO Ordinance n° 007 of 01/04/2018 approves the
Technical Regulation for Identity and Quality of handmade coalho cheese in
Pernambuco (Imprensa Nacional, 2019; DOE Pernambuco, 2018).

The industrialized cheese (type A) follows the MAPA regulations such as Normative
Instruction n® 5 of 02/14/2017, which establishes requirements for evaluating
equivalence to the Unified System of Agricultural Health Attention related to physical
structure, dependence and equipment of small-scale agro-industrial establishments
producing animal products. Finally, MAPA Ordinance 368/97 deals with the technical
regulation on hygienic- sanitary conditions and Good Manufacturing Practices for food

processing/industrializing establishments.
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ENTEROCOCCUS SPP.

Enterococcus spp. bacteria are Gram-positive, oval-shaped cocci that form short
chains, belonging to the Enterococcaceae family and have 58 described species
(PARTE, 2014). They grow facultatively in both oxygen-rich and oxygen-reduced
environments. They are extremely resilient microorganisms to different environmental
conditions, supporting varying temperatures from 10°C to 45°C, in hypotonic
environments up to 6.5% sodium chloride, as well as in hypertonic environments with
pH ranging from acidic (pH between 4 and 9,6), and they can withstand up to 60°C for
up to 30 minutes (KONEMAN et al., 2014).

The term Enterococcus was first reported by Thiercelin in 1899, when he described
commensal bacteria with the ability to become pathogenic. Due to their morphology
and some biochemical similarities, enterococci were initially considered to belong to
the genus Streptococcus (SOLACHE, 2019). They are facultative anaerobic cocci,
forming chains of various lengths. They are commensal inhabitants of the
gastrointestinal tract of humans and other mammals with the ability to survive in
environments such as hospitals (ARIAS e MURRAY, 2012).

The Enterococcus spp. and its species come from various origins, such as the
environment, animal and human sources. These microorganisms are of great
importance as they are part of the normal microbiota of animals and humans, having
a similar distribution in both (FISCHER e PHILLIPS, 2009), they constitute a complex
group of bacteria that play a dual role in food, as while some strains are used as starter
cultures in cheeses and canned foods, giving flavor, odor and texture to these
products, other strains are related to food spoilage as potential reservoirs of
enterococci that harbor virulence and resistance determinants (TERRA et al., 2018).

From fecal contamination, animal skin, water, milking equipment and expansion tanks,
Enterococcus spp. can contaminate milk and its derivatives. Enterococcus bacteria are
often found in milk and dairy products, especially in cheeses, due to characteristics
such as resistance to pasteurization because they are thermoresistant and
refrigeration because they are psychrotrophic (PORTO et al., 2016).
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Enterococcus spp. are part of the microbiota involved in various fermentative
processes in foods, such as those involving milk, meat and vegetables. They are
natural components of food and play an important role in cheese ripening and flavor
enhancement. These microorganisms have a wide adaptability to withstand adverse
conditions such as temperature, pH, hyperosmolarity and prolonged desiccation (ALI
et al., 2014).

Its presence in food has been a concern for public health agencies, mainly due to its
ambiguous characteristics (MORAES et al., 2012). On the positive side, there is the
development of sensory properties through biochemical reactions during maturation:
proteolysis, lipolysis, use of citrate and production of volatile aromatic compounds
(HUGAS et al., 2003; JAMET et al., 2012), on the other hand, they have become
important human pathogens among hospitalized patients as well as elderly individuals
with underlying serious illnesses (LECLERQ, 2009; ROSENTHAL et al., 2015;
SIEVERT et al., 2013; ARCHAMBAUD et al., 2019). In recent years, it has been
associated with bacteremia, sepsis, and bacterial endocarditis (HEIDARI et al., 2017),
these infections can originate from the normal microbiota or can also be transferred
from patient to patient or acquired through the consumption of contaminated water or
food (MURRAY et al., 2004).

Enterococcus spp. were initially classified as group D Streptococcus due to their
species having the cell wall antigen of group D associated with their cytoplasmic
membrane (TEIXEIRA e MERQUIOR, 2013). Among the more than 50 species of the
genus Enterococcus spp., E. faecalis and faecium are most frequently isolated from

humans,

animals, and food samples. From 80 to 90% of Enterococcus spp. isolated from clinical
samples in humans are of the species E. faecalis, 5 to 15% are E. faecium, but other
species may also occasionally be identified in these isolates such as E. hirae, E.
durans, E. gallinarum or E. casseliflavus (SILVA et al.,, 2012), among these,
Enterococcus durans is commonly found in dairy products and the intestinal tract of

domestic animals, associated with encephalomalacia and diarrhea in animals.
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However, unlike E. faecalis or E. faecium, E. durans is not a common pathogen in
humans (BYUNG et al., 2019).

ANTIMICROBIAL RESISTANCE AND ENTEROCOCCUS SPP.

The emergence of antimicrobial resistance in enterococci and its spread in food
suggest a public health risk, and a possible correlation between strains present in
hospitals with those isolated from food should be considered (RIBOLDI et al., 2009).
The appearance of bacterial multiresistance in the hospital environment has been
increasing in recent decades, increasing morbidity and mortality, length of hospital
stay, consequently healthcare costs, challenging public health and increasingly raising
antibiotic prescriptions (LIRIO et al., 2019). Among the main hospital bacterial
pathogens that are resistant to available antibiotics is the genus Enterococcus, whose

infections represent real therapeutic difficulties (BLANCO et al., 2016).

Antimicrobial Resistance (AMR) is growing worldwide and threatens the prevention
and cure of infections. In 2016, antimicrobial resistance was responsible for 70.000
deaths and it is estimated that by 2050 it will cause up to 10 million annual deaths. This
estimate is based on the current reality of excessive use of antibiotics, incomplete
treatments, neglect in infection control, poor sanitation in developing countries and
globalization that allows for easy distribution of microorganisms around the world.
These factors contribute to AMR, which combined with the few antibiotics in
development, result in infections without treatment (BELLO e DINGLE, 2018).

It is known that Enterococcus spp. tend to undergo natural selection with each
application of antimicrobial, leading to the formation of an animal reservoir of more
resistant Enterococcus spp., which can infect humans both through direct contact with
animals and through the ingestion of animal-derived food (KASZANYITZKY et al.,
2007; OLIVEIRA et al., 2010; VIGNAROLI et al., 2011).

Genetic resistance to harmful substances is a natural protective process in some
bacterial species that, in some cases, was predetermined millions of years ago
(BARLOW e HALL, 2002; LEBRETON et al., 2017). However, the excessive and
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indiscriminate use of antibiotics in both human infection treatment and livestock
farming has resulted in an exponential increase in resistance rates. Currently, bacterial
resistance is considered one of the biggest problems related to public health
associated with morbidity and mortality (OLIVEIRA, 2019).

It is suggested that the use of antimicrobials in animal feed as growth promoters has
created large reservoirs of transferable antibiotic resistance genes in various
ecosystems and, consequently, a possible route for transmission of resistant
Enterococcus spp. via the food chain (SHEPARD e GILMORE, 2002).

The Enterococcus spp. genus has clinical relevance based not only on its growing
prevalence in recent decades, but also on the high rate of antibiotic-resistant strains
(MEDEIROS, 2011). Riboldi et al. (2009), when analyzing “natural” foods and dairy
products obtained in Porto Alegre/RS, Brazil, observed a high frequency of resistance
to antimicrobials used in agriculture, also found an incidence of resistance to
nitrofurantoin, an antimicrobial used in the treatment of genitourinary infections, in

isolates from cheese and cabbage.

Despite revolutionizing medical practices and being among the greatest advances of
the last century, antimicrobial agents have a limited period of clinical usefulness due

to the emergence of resistance (LUO et al., 2019).

The increase in antimicrobial resistance is a growing problem, not only in the hospital
environment but also for non-hospitalized patients (POVOA et al., 2019), as it greatly
affects the prevention and satisfactory treatment of a significant number of infections

caused by bacteria, parasites, viruses and fungi (CAMACHO et al., 2018).

The improper use of antimicrobials can worsen an infection and lead to the
development of bacterial resistance in its treatment (OLIVEIRA e OLIVEIRA, 2014).
Having a deeper reflection on the subject, it is known that there is natural resistance,
which is important, but the human attitude of using antimicrobials rationally can result
in a reversal of this aspect of resistance, gaining mainly public health (CAMACHO et
al., 2018).
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One of the biggest public health problems, which is antimicrobial resistance, has high
clinical relevance because it hinders the control of infectious diseases when
therapeutic efficacy decreases, leading to an increase in morbidity and mortality rates.
Not to mention that it brings high costs in healthcare and can also promote the
transmission of infections to other individuals (MONTEMAYOR et al., 2014). In hospital
services, especially in developing countries, there is a serious health problem which is

the emergence of bacterial resistance to antibiotics (PEREIRA et al., 2013).

In the health field, since 1944 when the first cases of bacterial resistance were
identified, it has been possible to observe the rapid evolution of this episode. After 38
years since the creation of vancomycin for clinical use in Europe in 1988, resistant
enterococci to this antimicrobial were detected. In the United States, in 2002,
Staphylococcus aureus had the same resistance profile as enterococci, with the
aggravating factor being the use of vancomycin as the antibiotic of choice for treating
Staphylococcus aureus in most infections caused by this microorganism (DERDE et
al., 2012). In Brazil, the panorama of bacterial resistance is concerning, and the
increasing emergence of new strains of multidrug-resistant bacteria in hospitals is

causing concern among healthcare professionals (COSTA, 2013).

The resistance mechanisms of many microorganisms to antibiotics are variable, with
diverse physiopathological aspects such as those of enzymes like B-lactamases that
destroy penicillins and some cephalosporins, others modifying enzymes inactivate
chloramphenicol and aminoglycosides such as streptomycin and gentamicin. Another
mechanism of resistance is directed towards the antibiotic transport form such as
resistance to tetracyclines, chloramphenicol, and fluoroquinolones. A third type of
mechanism alters the drug intracellularly, for example, the ribosome, metabolic
enzymes, or proteins involved in Deoxyribonucleic Acid (DNA) replication or cell wall
synthesis, causing the antibiotic to not inhibit a vital function in the microbial cell. More
than one type of mechanism can provide resistance to the same antibiotic (NIKAIDO,
1996; LEVY e MARSHALL, 2004).

The growth of Vancomycin-Resistant Enterococcus spp. (VRE) in hospital

environments is a major concern, as VRE has the ability to transmit its resistance to
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other microorganisms, including Methicillin-Resistant Staphylococcus aureus.
(MRSA), which is why it is closely monitored and investigated in hospital units (FARON
et al., 2016).

According to Terra et al. (2018), antimicrobial resistance in Enterococcus spp. mainly
occurs through alterations in the antimicrobial target site and can occur through
different mechanisms: alteration of the cell wall, alteration of the cell membrane,
alteration of protein synthesis, inhibition of DNA synthesis, competitive inhibition of folic
acid synthesis and inhibition of Ribonucleic Acid (RNA) synthesis.

According to the Center for Disease Control and Prevention CDC (2019), for many
years, the only therapeutic option to treat infections caused by methicillin-resistant
Staphylococcus aureus was vancomycin. The vancomycin resistance gene mediated
by plasmid, vanA, is regularly found in vancomycin-resistant isolates associated with
medical care for enterococci. Therefore, there is a great opportunity for the transfer of
vancomycin resistance genesto S. aureus in patients or locations where the organisms

coexist. In the last

15 years, new drugs such as daptomycin, linezolid, and oritavancin have arrived for
the treatment of Gram-positive infection resistance. Although resistance to these has
been confirmed in some cases, they have considerably high activity against methicillin-
resistant Staphylococcus aureus and have the potential to treat vancomycin-resistant

S. aureus.

Standardized systems for monitoring the use of antibiotics are an essential
requirement as part of an antibiotic resistance control strategy. The use of antibiotics
can be quantified in a hospital environment to understand the costs, sensitivity, and
routine antibiotic susceptibility in each healthcare service (TERAN et al., 2018). Three
important aspects for success in combating antimicrobial resistance, according to the
literature, would be optimizing the administration of existing antimicrobial agents,
preventing transmission of drug-resistant organisms through infection control, and

reducing environmental contamination (DAVEY et al., 2017).
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NOSOCOMIAL INFECTION AND ENTEROCOCCUS SPP.

According to Brazilian Ministry of Health (MS) Ordinance No. 2616/1998 (BRAZIL,
1998), nosocomial infection is one acquired after patient admission and that manifests
during hospitalization or after discharge when it can be related to hospitalization or
procedures. According to Monteiro (1993), this infection can be defined as any
infection related to hospitalization in healthcare facilities, where the patient did not have
the pathology during incubation upon admission to the hospital, unless there was a

prior hospitalization related to it.

Hospital Infections (HIs) are a public health problem due to the morbidity and mortality
they can cause, as well as the social and economic costs associated with them. They
can be defined as diseases that affect patients during hospitalization or after discharge.
The Center for Disease Control and Prevention (CDC) emphasizes that the infection
should not be present during the incubation period while hospitalized or related to
previous hospitalizations (COSTA et al., 2019).

The presence of genetic determinants that encode mechanisms of resistance to
antimicrobials used in medical clinics is the basis for the ability to colonize and persist
in hospital environments (TERRA et al., 2017). Even though they are part of the
gastrointestinal tract, Enterococcus spp. are considered opportunistic agents that

frequently cause hospital infections.

Among the species that cause the most pathogenesis are Enterococcus faecalis with
a rate of 90% and Enterococcus faecium with 10% (KRAHN e FACHINETTO, 2019).
Enterococci are considered opportunistic pathogens that often cause infections in
patients hospitalized for a long period of time and/or treated with various antibiotics
(REIS et al., 2001), and these infections can be in the gastrointestinal tract, urinary
tract, skin lesions, heart, and blood (KAO e KLINE, 2019).

Enterococcus spp. species have the ability to adapt widely, facilitating their
colonization in hospital environments, which can lead to patient contamination
(LEBRETON et al., 2014). As an opportunistic microorganism, it is concerning that in
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recent years studies have shown a gradual increase in the detection of virulence
factors in Enterococcus spp. strains isolated from clinical sources, which has also led
to the observation of these virulence genes in strains isolated from food samples
(WHO, 2017).

According to Teixeira (2019), the formation of biofilm on hospital devices, as a
conseqguence of microorganisms ability to adhere to surfaces, has led to an increasing
development of nosocomial infections that represent a public health problem. Also,
according to Fleming et al. (2016) and Omar et al. (2017), antimicrobial resistance may
possibly increase in biofilms as a result of the spread of resistance genes among cells

through horizontal gene transfer facilitated by the proximity of biofilm cells.

BIOFILM - FORMATION

Biofilm is a structure composed of an aggregate of microorganisms surrounded by an
extracellular matrix of polymeric exopolysaccharides that adhere to a solid surface
(SHIRTLIFF et al., 2002; COSTERTON et al., 1999). The term biofilm emerged to
describe the sessile microbial life form, defined by the adhesion of microorganisms to
solid surfaces, with consequent production of extracellular polymeric substances,
forming a gelatinous network that immobilizes and protects cells. The formation of
biofilms causes phenotypic alterations in planktonic cells, which can be described as
survival strategies of microorganisms in environments with adverse conditions
(COSTERTON et al. 1999).

Microorganisms in natural environments that exist in the form of biofilms can be
detected in the vast majority of substrates that have sufficient moisture to support their
growth, with a detection rate between 95% and 99%. Regarding the composition of the
biofilm, it is observed that water is the most significant fraction, reaching up to 97% of
the biofilm matrix (OLIVEIRA et al., 2010). They are intensely studied not only for their
effects on health and the environment but also because they have enormous potential
as tools for biotechnological processes (HANSEN et al., 2019).
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The ability to form biofilm is an important virulence characteristic of bacteria (DONELLI
e GUAGLIANONE, 2004). Thus, the detection of biofilm-producing strains is of great
importance for establishing control policies, since failures in the cleaning process allow
residues adhered to equipment and surfaces to become a potential source of
contamination in the food industry and hospital environments (CASSENEGO et al.,
2013).

The formation of bacterial biofilm can be divided into four stages. First, there is the
initial attachment of bacterial cells, followed by aggregation and formation of multiple
layers of cells, then maturation of the biofilm, and finally detachment of cells from the
biofilm to initiate a new cycle of biofilm formation elsewhere (Figure 01). The initial
interactions that occur between bacteria and the surface are nonspecific and driven by
different forces: hydrophobic, electrostatic, and Lifshitz-Van Der Waals forces, among
others (GUTIERREZ et al., 2012; SANCHEZ et al., 2014).

With the onset of cellular maturation, cells begin to divide and form small cell
aggregates characterized by the occurrence of Quorum Sensing (QS) (FONSECA,
2011), which is a communication mechanism between bacteria through the production
and diffusion of small chemical or signaling molecules. QS allows coordination of
bacterial behavior in relation to the environment by regulating expression of specialized
genes in response to population density (LAZAR, 2011; PINTO e FONSECA, 2018).

53
RC: 145546
Available in: https://www.nucleodoconhecimento.com.br/biology/resistant-to-antimicrobials



https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/biology/resistant-to-antimicrobials
https://www.nucleodoconhecimento.com.br

MULTIDISCIPLINARY SCIENTIFIC JOURNAL  REVISTA CIENTIFICA MULTIDISCIPLINAR NUCLEO DO

w .: NUCLEO DO CONHECIMENTO ISSN: 2448-0959
" CONHECIMENTO https://www.nucleodoconhecimento.com.br

Figure 01. The four stages of bacterial biofilm formation on surfaces
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Source: KARAGULER et al, 2017.

According to Costa et al. (2018), the dairy processing food industry has a major
problem with biofilm formation, which is usually associated with serious hygiene
problems that can cause product deterioration and recontamination. On the other
hand, according to Bosman et al. (2014), one of the main concerns of modern medicine
is biofilm-associated infection within the hospital environment, as it has increased its
incidence due to the increase in use of implantable medical devices, which have
directly contributed to high rates of morbidity and mortality in hospitalized individuals.

FORMATION OF BIOFILM BY ENTEROCOCCUS SPP.

Enterococcus spp. associated with foodborne outbreaks have virulence factors, such
as the ability to form biofilms. Microbial aggregation by this bacterial species is
apparently influenced by various aspects, such as temperature, exposure to nutrients
and sanitizers, and surface characteristics (COSTA et al., 2018).
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Enterococci isolated from food that demonstrate the ability to form biofilms are
alarming, as this capacity contributes to the survival, persistence, and spread of
resistant enterococci and/or resistance genes in various environmental conditions
(MEDEIROS et al., 2014).

According to Estrela et al. (2009), the phases of structural organization of biofilm, the
composition and activities of colonizing microorganisms in various environments may
differ, although the establishment of a micro-community on a surface seems to
essentially follow the same series of developmental stages.

According to Medeiros (2011), studies have shown that different factors can influence
the formation of biofilm in Enterococcus spp., in addition to conditions that generally
affect biofilm formation among a variety of microorganisms, such as pH, CO2
concentration, temperature, among others. There is still no consensus on the influence
of glucose concentration on biofilm formation by Enterococcus spp., but some

researchers believe that glucose increases biofilm production by Enterococcus spp.

Among the species of this genus, Enterococcus faecalis is an opportunistic pathogen
that causes most enterococcal infections with the ability to adhere to biotic and abiotic
surfaces, promoting the formation of a biofilm that allows it to grow and survive in

aggressive environments (CANDIDO et al., 2010).

Among the different factors involved in the pathogenesis of these organisms, biofilm
formation and antibiotic resistance are the most important. The ability to form biofilm
has been attributed to the presence of some virulence genes (SAFFARI et al., 2017),
so other mechanisms for infection control are also observed, such as preventing biofilm
formation by Enterococcus spp. or inhibiting the action of other virulence factors, which
could provide an alternative method of therapy, especially considering that
antimicrobial treatment is a challenge for this genus (COMERLATO et al., 2013). The
robust biofilm formation and inherent resistance to multiple drugs in enterococci have

made it a challenging nosocomial pathogen (SURYALETHA et al., 2019).
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CONCLUSIONS

Enterococcus are versatile microorganisms that can be found as contaminants in
coalho cheese and cause food poisoning. It has emerged as one of the most prevalent
Gram-positive bacteria in nosocomial infections mainly due to multidrug resistance to
antimicrobials. The studies suggest serious public health concerns, as these
microorganisms may have the ability to transfer antimicrobial resistance genes to other
microorganisms present in the human and animal gut microbiota, making it impossible
to use the drugs for the standard clinical treatment mentioned in the article. Further
studies and analyses of Enterococcus in food and their ability to resist antimicrobial
agents are needed to elucidate the mechanisms of resistance transfer among these

microorganisms.
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