Editorial

https://doi.org/10.3947/ic.2017.49.3.236
Infect Chemother 2017;49(3):236-237
ISSN 2093-2340 (Print) - ISSN 2092-6448 (Online)

L)

Check for
updates

Infection &
Chemotherapy

1C

Biofilm Formation and Antimicrobial Resistance in

Enterococcus

Yangsoon Lee

Department of Laboratory Medicine, Hanyang University College of Medicine, Seoul, Korea

Enterococcus faecalis and Enterococcus faecium have be-
come particularly important etiological pathogens of nosoco-
mial infections, as they can survive in hospital environments
and colonize in patients. They cause problems such as urinary
tract infections, hepatobiliary sepsis, endocarditis, surgical
wound infections, bacteremia, and sepsis [1]. For Enterococcus
spp., intrinsic resistance exists against several antimicrobial
agents such as aminoglycosides and p-lactams. In fact, amino-
glycosides, cephalosporins, clindamycin, and trimethoprim/
sulfamethoxazole are not clinically effective in controlling En-
terococcus. Because of the poor activity of several antimicrobi-
al agents against enterococci due to this intrinsic resistance, a
combination therapy using cell wall-active agents (B-lactams)
and aminoglycosides is sometimes recommended. Vancomy-
cin-resistant enterococci and their impacts in nosocomial set-
tings are of considerable concern. This concern includes the
emergence of acquired vancomycin resistance among clinical
enterococcal isolates.

Bacterial biofilms are surface-attached communities of
slow-growing or non-replicating bacteria tolerant to conven-
tional antibiotic therapies. Biofilms also contribute to bacteri-
al virulence in several ways. For example, adherence, an early
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step in biofilm formation, allows bacteria to bind to catheters
(e.g,, urinary and intravascular catheters), biliary stents, and
silicone gastrostomy devices. Additionally, biofilms contribute
to bacterial resistance to antibiotics and phagocytosis, making
their eradication extremely difficult [2]. Therefore, biofilm for-
mation may be of particular importance in the development
of endocarditis, endodontic or urinary infections, or implant-
and other medical device-associated infections [3, 4].

The ability to form biofilms is among the prominent viru-
lence properties of Enterococcus. This ability allows coloniza-
tion of inert and biological surfaces while protecting against
antimicrobial substances and mediating adhesion to host cells.
Enterococci are known for their ability to form biofilms. These
biofilms are populations of cells irreversibly attached to vari-
ous biotic and abiotic surfaces and encased in a hydrated ma-
trix of exopolymeric substances, proteins, polysaccharides,
and nucleic acids [2]. The biofilm structure provides an opti-
mal microenvironment for growth and facilitates transmission
of mobile genetic elements between bacteria [5]. Enterococci
frequently form biofilms on stents and other artificial devices,
necessitating the long-term administration of antibiotics when
removal of the device is not possible. However, the underlying
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mechanisms of biofilm formation and virulence in enterococci
in the urinary tract are controversial. Biofilm-forming E. faeca-
lis has been associated with oral diseases such as caries, end-
odontic infections, periodontitis, and peri-implantitis [6].
Therefore, biofilm eradication using antibiotic therapy is im-
portant for patients with enterococcal infection. One study has
reinforced the contribution of biofilm formation to the antimi-
crobial resistance in enterococci [7]. Quinupristin/dalfopristin,
tetracycline, and rifampin may be more effective against bio-
film producers than non-producers [7]. Bacteria-forming bio-
films have an antimicrobial-resistant phenotype and are diffi-
cult to eradicate. Therefore, combination therapies are
recommended for the treatment of bacterial biofilm-associat-
ed infections [8]. Interestingly, vancomycin applied at
sub-minimal inhibitory concentrations inhibited biofilm for-
mation in strong-biofilm-forming isolates [2].

There are some reports regarding the relationship between
biofilm-forming phenotypes and genotypes; detecting the
genes associated with biofilm formation would aid in predict-
ing which clinical isolates are likely to be problematic [1, 7, 9].
A recent study of genes involved in biofilm formation and their
role in enterococcal infections has attracted considerable in-
terest [7]. Researchers have evaluated the association between
biofilm-related genes and biofilm formation in Enterococcus
strains. Biofilm formation-associated genes included aggrega-
tion substance (agg), E. faecalis endocarditis-associated anti-
gen A (efaA), E. faecalis adhesion of collagen (ace), gelatinase
(gelE), and extracellular surface protein (esp) [2, 10]. Agg was
significantly enriched in isolates with moderate and strong
biofilm formation characteristic in Hashem’s study [2]. Esp is a
cell wall-associated protein that has been implicated as a sig-
nificant factor contributing to the colonization and persistence
of bacteria in the urinary tract and to biofilm formation [10].
GelE, a zinc metallo-protease, may be involved in the process
of biofilm formation [5]. However, individual biofilm-related
genes, such as esp, asal, ebpR, gelE, and cyl, do not appear to
be sufficient for biofilm formation in enterococci [7, 9].

In summary, biofilm formation is associated with antimicro-
bial resistance in Enterococcus isolates. In addition, bacteria
that can form biofilms have an antimicrobial-resistant pheno-
type and are difficult to eradicate. Biofilm formation is com-
plex and depends on various factors in Enterococcus strains.
Further studies should explore the mechanisms underlying
biofilm formation and inhibition to better treat patients with
biofilm-forming bacterial infections.

Conflicts of Interest

No conflicts of interest.

ORCID

Yangsoon Lee

https./orcid.org/0000-0003-3821-3741

References

10.

. Guzman Prieto AM, van Schaik W, Rogers MR, Coque TM,

Baquero E Corander J, Willems RJ. Global emergence and
dissemination of enterococci as nosocomial pathogens:
attack of the clones? Front Microbiol 2016;7:788.

Hashem YA, Amin HM, Essam TM, Yassin AS, Aziz RK. Bio-
film formation in enterococci: genotype-phenotype correla-
tions and inhibition by vancomycin. Sci Rep 2017;7:5733.

. Lucia MT, Maria C, Richard RF, Patricia LS. Enterococcus.

In: Carroll KC, Jorgensen JH, Pfaller MA, eds. Manual of
Clinical Microbiology, 11th ed. Washington: ASM Press;
2015;403-21.

. Bhardwaj SB, Mehta M, Sood S, Sharma J. Biofilm forma-

tion by drug resistant enterococci isolates obtained from
chronic periodontitis patients. ] Clin Diagn Res 2017;11:DC01-
DCo3.

. Sienko A, Wieczorek P, Majewski P, Ojdana D, Wieczorek A,

Olszanska D, Tryniszewska E. Comparison of antibiotic
resistance and virulence between biofilm-producing and
non-producing clinical isolates of Enterococcus faecium.
Acta Biochim Pol 2015;62:859-66.

Komiyama EY, Lepesqueur LS, Yassuda CG, Samaranayake
LP, Parahitiyawa NB, Balducci I, Koga-Ito CY. Enterococcus
species in the oral cavity: prevalence, virulence factors and
antimicrobial susceptibility. PLoS One 2016;11:¢0163001.

. Fallah E Yousefi M, Pourmand MR, Hashemi A, Nazari

Alam A, Afshar D. Phenotypic and genotypic study of bio-
film formation in Enterococci isolated from urinary tract
infections. Microb Pathog 2017;108:85-90.

. Donlan RM. Biofilms and device-associated infections.

Emerg Infect Dis 2001;7:277-81.

Saffari E Dalfardi MS, Mansouri S, Ahmadrajabi R. Survey
for correlation between biofilm formation and virulence
determinants in a collection of pathogenic and fecal Entero-
coccus faecalis isolates. Infect Chemother 2017;49:176-83.
Mohamed JA, Huang DB. Biofilm formation by enterococ-
ci. ] Med Microbiol 2007;56:1581-8.



