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Abstract: Enterococcus faecalis and Enterococcus faecium are normal intestinal floras of humans and
animals. Recently, these organisms’ causes serious infections especially in immunocompromised patients and
among the leading cause of hospital acquired infections. They are less virulent when compared with other
pathogenic organisms. However, E. faecalis and E. faecium biofilms are the major virulence factor of these
two species. Biofilms are the population of microorganisms on a biotic or biotic medical devices enclosed by
extracellular matrix. They are physiologically different from free flatting bacteria. Biofilms of E. faecalis and
E. faecium associated with medical devices are the major contributor in the spread of these organism’s
infections and antibiotic resistance. In general E. faecalis and E. faecium are strong biofilm producers and
biofilms are an important factor in the pathogenesis of these organisms. As a result, patients infected with
these organisms’ biofilms are very difficult to treat. Hence, the health care workers strongly perform on the
infection prevention to prevent medical device mediated E. faecalis and E. faecium biofilm associated
infections. Therefore, this review discuses E. faecalis and E. faecium bifolims formation and role in disease
pathogenesis.

Keywords: Biofilm, Enterococcus faecalis, Enterococcus faecium

1. INTRODUCTION

Enterococci are normal (small and large) intestinal flora of human and animal. Recently, these
organisms’s causes serious infections especially in immunocompromised patients (1). Enterococcus
faecalis (E. faecalis) and Enterococcus faecium (E. faecium) are the most dominant species and the
leading cause of hospital acquired infections with resistant to multiple antibiotics (2). The most
common sites infected by these organisms are urinary tract, blood stream (especially neonate),
cardiac, surgical wound, intra-abdominal, pelvic, and rarely the meninges (3).

E. faecalis and E. faecium are less virulent when compared with other pathogenic organisms. The
main virulence factors of these organisms are development of multiple antibiotic resistances. These
organisms are naturally low level resistant to some antibiotics and high ability to acquire resistant
genes (4). In additions, E. faecalis and E. faecium have an ability to form biofilm which increases
disease causing ability of these organisms (5).

Biofilms are communities of microorganisms adhering to biological or non biological surfaces
enclosed by extracellular matrix and prevalent in hospital settings (6, 7). There is an intimate contact
within the biofilm microorganisms’ cells which increases sharing of their own characteristics. As a
result microbial cells growing in a biofilm are physiologically different from free flatting bacteria (8).
E. faecalis and E. faecium biofilms become one of worldwide problem because of different reasons.
Like facilitating spread of antibiotic resistance and mediating medical device associated infections (8).
But data about E. faecalis and E. faecium biofilms scare in Africa. So, understanding biofilm
formation by enterococci and its role in pathogenesis important for limiting medical device mediated
enterococcal infections. Therefore, the objective of this review is to discuss biofilm formation of E.
faecalis and E. faecium and its role in pathogenesis.
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2. DISCUSSION
2.1.Magnitude of E. Faecalis and E. Faecium Biofim Production

A study was conducted to show the relationship between biofilm formation, the enterococcal surface
protein (Esp) and gelatinase. Among 128 clinical isolates of enterococci 95.2% E. faecalis and 28.8%
E. faecium were form biofilm (9). A study was conducted between enterococcal biofilm formation in
vitro and medical device related infection potential in vivo showed about 109 enterococci were
isolated from blood and 100% of E. faecalis and 42% E. faecium isolates were formed biofilms (10).
Another study had shown E. faecalis biofilms from endocarditis and non-endocarditis isolates, 39%
and 6% were produced strong biofilm, respectively (11).

A research was conducted to see the influence of origin of isolate in E. faecalis biofilm formation.
Among 79 E. faecalis isolates from endocarditis, 31(37.2%), 41(52%), 7(9%) were strong, medium
and weak biofilm producers, respectively. On the other hand, among 22 E. faecalis isolates from
urine, 0(0%), 17(21.5%), 3(6.3%), and 2(2.5%) were strong, medium, weak and non-biofilm formers,
respectively. Moreover, Among 31 E. faecalis isolates from other clinical specimen except blood and
urine, 2(6.5%), 17(54.8%), 6(19.4%), 6(19.4%) were strong, medium, weak and non-biofilm formers,
respectively (11).

A study was conducted to see biofilm formation by multidrug resistant E. faecalis from clinical
isolates. Among 40 multi-drug resistant E. faecalis strains, 27.5%, 55%, 17.5% were strong, moderate
and weak or non-biofilm producers, respectively (12). Another study was conducted among clinical
and commensal isolates of E. faecalis for presence of Enterococci Surface Protein (esp) gene and
biofilm production. Among 200 clinical isolates 32.5% were positive for biofilm production and from
these 30% were positive for the esp gene. On the other hand among 100 commensal isolates 8% and
14 7% were positive for biofilm formation and the esp gene, respectively (13).

2.2.Clinical Significances

E. faecalis and E. faecium biofilms pose a major challenge and account for most infections especially,
in the case of patients under treatment with indwelling medical devices (8). High prevalence of E.
faecalis and E. faecium urinary catheter associated infections, central venous catheter associated
bacteremia and endocarditis involves the formation of biofilm (14). It has been estimated that over
80% of enterococci nosocomial infections are derived from biofilm related infections (15).

2.3. Steps of Biofilm Formation

The basic structural unit of the biofilm is the microcolony. Proximity of cells within the microcolony
(or between microcolonies) provides an ideal environment for creation of nutrient gradients, exchange
of genes, and quorum sensing (16). The formation of biofilm is start with adherence of the free
floating cell to biotic or non biotic surface. Adherence cells are followed by a reversible attachment
(17). Then the irreversible attachment occurs as a result of concurrent production of the extracellular
polymeric substances (EPS). The maturation of biofilm attained when the irreversible attached cells
developed to form a more organized and complex structure and shape depends on source of the
nutrients. An established biofilm structure comprises microbial cells and EPS (8).

Dispersion is the movement of organisms away from their place of population density (biofilm).
Biofilm cells may be dispersed in different ways: 1) Shedding of daughter cells from actively growing
cells, 2) Detachment as a result of nutrient levels or quorum sensing, 3) Shearing of biofilm
aggregates (continuous removal of small portions of the biofilm) because of flow effects. The rate of
dispersion increases with increase in biofilm thickness and nutrient or oxygen depletion (7, 18).
Figure 2 show pictorially stages of biofilm formation.
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Figure2. Stages of biofilm formations (8).
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2.4.Biofilm in Disease Pathogenesis

Infections associated with biofilm initially confined to a particular location and though time
detachment may occur. However, the detached biofilms may result in bloodstream or urinary tract
infections or in the production of blockage of blood flow (emboli) (19). On the other hand, cells in
biofilms are mostly resistant to antimicrobial agents and the host immune system. Biofilms formed by
E. faecalis are 1000 times more resistant to phagocytosis, antibodies and antimicrobial agents than
non-biofilm producers. Therefore, infections of E. faecalis and E. faecium associated with biofim
aggravated in this case (17, 20).

In the case of endocarditis a complex biofilm composed of either E. faecalis or E. faecium and host
components will be formed on a cardiac valve. These biofilms causes disease by three basic
mechanisms. First, the biofilms physically disrupts valve function and may cause leakage. Second,
detachment of biofilm can be carried to a terminal point in the circulation and formation of emboli
(blockage of the blood vessel. Third, the biofilm provides continuous infection of the bloodstream
even during antibiotic treatment. These can causes recurrent fever, chronic systemic inflammation,
and other infections (11, 17). Figure 1crearly shows how biofilm mediate an infection.
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Figurel. Schematic flow of biofilm mediated infections (8).
2.5. Factors Influencing Biofilm Formation
2.5.1. Biological

Biofilm formation is a complex process regulated by diverse characteristics of the cell. Property of
cell such as cell surface, hydrophobicity, adhesion proteins, surface charge, and extracellular
polymeric substances influence attachment and coaggregation of E. faecalis and E. faecium biofilm
formation (20). Studies had shown that the contribution of esp on biofilm formation of enterococci
contradicted. A study was conducted to see the relationship between Esp and E. faecalis biofilm
formation. However, the result of the study had shown ESP promotes primary attachment and biofilm
formation of E. faecalis on the surfaces (15, 20). Another study had shown that the independency of
ESP for E. faecalis biofilm formation (21). Similar study was conducted to show the relationship
between ESP and E. faecium E1162. Enterococcal surface protein (ESP) had an important role in
biofilm formation for E. faecium E1162 strain (22). In addition, tablel shows different genes involved
in E. faecalis and E. faecium biofilm formation.

Tablel. Genes involved in E. faecalis and E. faecium biofilm formation

Type of gene Name of protein Function Species Reference

fsrA, fsrB, and serine protease(spr)E | quorum sensing & autolysis | E. faecalis and (23, 15, 22)
fsrC and gelatinase(GelE) (release f eDNA) ) E. faecium

esp Enterococcal surface Attachment E. faecalis and (20,22, 24)
protein E. faecium
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epa (orfde5) enterococcal attachment or biofilm E. faecium (11)
polysaccharide antigen accumulation

Ascl0 ASC10 Aggregation E. faecalis (25)

CylA Cyl Cytolysin E. faecalis (26)

Acc(6")/aph(2") Acc(6')/aph(2") In activating antibiotics E. faecalis (26)

2.5.2. Environmental

The physicochemical properties of the surface may exert a strong influence on the rate and extent of
attachment. Temperature, cations, and presence of antimicrobial agents influence the attachment.
Glucose is the major determinate in the formation of E. faecalis and E. faecium biofilm (27). Host
produced conditioning films such as blood, tears, urine, saliva, intravascular fluid, and respiratory
secretions influence the attachment of E. faecalis and E. faecium (19).

A research indicates that the presence of Streptococcus mutans increases E. faecalis biofilm formation
(28). Biofilm productions of both E. faecalis and E. faecium at 37°c obviously increases (5). E.
faecalis and E. faecium can produce biofilm at 4.5pH but more biofilm production is at 8.5 pH. On the
contrary, increment in salt concentration decrease biofilm production (29).

2.6. Detection of Biofilm

Different phenotypic techniques including: test tube method, tissue culture plate method, Congo red
agar and Microtiter dish biofilm formation assay used to detect enterococcal biofilm (12, 30). Tissue
culture plate method is more accurate and sensitive to detect E. faecalis biofilm (16). Microtiter dish
biofilm formation assay is an important to test early stage of biofilm. This assay works by allowing
the formation of biofilm on the wall or bottom of Micro titer dish (30). Except Congo red agar all the
above assays need staining. In order to see the presence of biofilm different days can be used
example: acridine orange and crystal violet. Congo red agar method detect by culturing from another
culture and produces different colure used for identification. The biofilm formers produce black
colonies and the non formers remain pink (30).

2.7.Prevention and Control

Infections caused by E. faecalis and E. faecium biofilms are very difficult to treat. However,
prevention of biofilms formation by these organisms is very important (31). One of the best ways to
eliminate biofilm is preventing the initial attachment of E. faecalis and E. faecium cells by avoiding
contamination of the exposed surface. In addition, prevention at any stages of biofilm development is
also possible and important (32).

Control of biofilm to prevent further contamination is important to prevent further infection. 2.5% and
5.25% sodium hypochlorite were the most effective irrigates to eliminate E. faecalis biofilms (32).
Chlorhexidine is also an effective irrigates to eliminate almost all strains of E. faecalis (33). A
research had been shown that in vitro honey is effective in reducing established biofilm for most all
strains of enterococci (34).

3. CONCLUSION AND RECOMMENDATIONS

The highest degree of biofilm formation commonly found in isolates of endocarditis followed by
urinary tract clinical isolates. Different biological and environmental factors are involved in the
formation of E. faecalis and E. faecium biofilm formation. Different researches have contradicted
information about esp is a determinate factor or not on the biofilm formation of E. faecalis and E.
faecium. More E. faecalis and E. faecium biofilm production have been seen at alkaline pH and at low
salt concentration. In addition, glucose is a major contributor in the production of E. faecalis and E.
faecium biofilms. 2.5% and 5.25% sodium hypochlorite, Chlorhexidine and honey are effective
irrigates to eliminate established enterococci biofilms. In general biofilms of E. faecalis and E.
faecium are an important factor in the pathogenesis. Literatures showed that infections of E. faecalis
and E. faecium are mainly due to medical device mediated associated with biofilm formation.
Decreasing ability to prevent biofilm formations makes: the treatment and control of E. faecalis and
E. faecium infections very difficult. Therefore, the health care workers strongly perform on the
infection prevention to prevent medical device mediated E. faecalis and E. faecium biofilm associated
infections and further researches need to conduct on the area of the exact factors and mechanisms
involved in biofilm production by E. faecalis and E. faecium. Moreover, its role in disease
pathogenesis.
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