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Aims: To investigate biofilm production and esp carriage in enterococci.
Methods: Biofilm production in vancomycin resistant enterococci (VRE) and vancomycin susceptible
enterococci (VSE) was tested on a microtitre plate method, using both brain heart infusion (BHI) broth and
human serum as media. Isolates were screened for the esp gene, which has been reported to be essential
for biofilm formation in enterococci, by means of the polymerase chain reaction.
Results: None of seven VRE and nine of 28 VSE tested formed a biofilm. One initially negative VRE
Enterococcus faecium isolate produced a strong biofilm after 21 weeks of dry starvation on a cotton swab.
By Fisher’s exact test, there was no significant difference in biofilm formation between VRE and VSE,
E faecalis and E faecium, or isolates from different sites. Biofilm formation was independent of possession
of the esp gene. One isolate produced a strong biofilm in human serum but only a weak biofilm in BHI,
whereas another produced a moderate biofilm in human serum but a weak biofilm in BHI.
Conclusions: The acquisition of vancomycin resistance may result in a lower ability to form biofilms, but a
larger study using clinical isolates is needed to test this hypothesis. That one initially negative VRE isolate
produced a strong biofilm after prolonged dry starvation suggests that biofilm formation may be an adaptive
response. The esp gene does not appear to be necessary or sufficient for production of biofilms in enterococci.

A
biofilm is an assemblage of microbial cells that is
irreversibly associated with a surface and enclosed in a
matrix of primarily polysaccharide material.1 Biofilms

are important both in nature, where they can enhance
survival under unfavourable circumstances, and in medicine.
Biofilms formed in medical devices, both inside and outside
the body, can promote and sustain infections. Because of the
restricted penetration of antimicrobials, decreased growth
rate, and expression of possible resistance genes, they are not
easily eradicated by bactericidal antibiotics.2–4 Biofilm form-
ing Enterococcus faecalis have also been shown to survive better
in macrophages than negative isolates.5

Shankar et al reported the identification of a new cell wall
associated protein of E faecalis, Esp, which was enriched in
infection derived isolates.6

‘‘Biofilms are important both in nature, where they can
enhance survival under unfavourable circumstances, and
in medicine’’

Toledo-Arana et al reported that (1) the capacity to form
biofilms is common among clinical E faecalis isolates; (2)
biofilm formation capacity is restricted to strains harbouring
the esp gene; and (3) Esp promotes primary attachment of
and biofilm formation by E faecalis on abiotic surfaces.7

However, Dworniczek et al and Mohamed et al found that
the esp gene was not required for biofilm formation.8 9

Another recent study demonstrated the formation in vitro
of biofilms by E faecalis in the absence of, not only the esp
gene, but also the entire pathogenicity island harbouring the
esp coding sequence.10

Our study set out to determine the ability of vancomycin
susceptible enterococci (VSE) and vancomycin resistant
enterococci (VSE) from various sources to form biofilms,
and any correlation between biofilm formation and the
presence of the esp gene.

METHODS
Phosphate buffered saline washed cells from a brain heart
infusion (BHI) broth culture of enterococcus isolates were

used in a microtitre plate assay for biofilm production, using
the method described by Djordjevic et al.11 VRE cultures were
also tested for biofilm formation after assay for the maximum
time of survival on dry cotton swabs at room temperature.
All strains of enterococci included in the study were

screened for the esp gene by the polymerase chain reaction
(PCR), using primers described previously.12 The reaction
mixtures consisted of the following: 25 ml PCR master mix
(Qiagen, Hilden, Germany), 5 ml primer (2mM), 15 ml sterile
water, and 5 ml DNA. PCR was carried out with the following
thermal cycling profile: initial activation step at 95 C̊ for 15
minutes; 30 cycles of denaturation at 90 C̊ for 30 seconds,
annealing at 58 C̊ for one minute, and extension at 72 C̊ for
one minute; final extension at 72 C̊ for 10 minutes.

RESULTS
Table 1 shows the results.
None of the VRE isolates tested initially formed a biofilm,

compared with nine of the VSE isolates tested. However, this
difference was not significant by Fisher’s exact test
(p = 0.153). One of the VRE isolates produced a strong
biofilm after 21 weeks of dry starvation.
Three of 11 vancomycin susceptible E faecium isolates and

six of 17 vancomycin susceptible E faecalis isolates showed
biofilm formation. Again, the difference was not significant
by Fisher’s exact test (p = 1).
The proportions of biofilm forming VSE isolates taken from

different sites varied: two of four for blood, three of six for
wound swabs, one of three for sterile body cavity, and three
of 13 for urine. These differences were not significant.
The three biofilm forming urinary isolates were the only

ones to produce a strong biofilm in both test media. One
E faecalis isolate from blood produced a strong biofilm in
serum but only a weak biofilm in BHI, whereas an E faecalis
wound isolate produced a moderate biofilm in serum but a
weak biofilm in BHI.

Abbreviations: BHI, brain heart infusion; PCR, polymerase chain
reaction; VRE, vancomycin resistant enterococci; VSE, vancomycin
susceptible enterococci
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Seven biofilm producing isolates were esp positive,
whereas two were negative. Three non-biofilm producing
isolates were esp positive.

DISCUSSION
We found an apparently almost random distribution of the
ability to form biofilms among VSE hospital isolates. A
weakness of this analysis was that all the isolates were
obtained from a single hospital. An even more serious
weakness was the inability to obtain clinical data; some of
the isolates may have been colonising rather than infecting. A
study with a large number of isolates from different sites and
with clinical data enabling at least an informed guess as to
whether the isolate was or was not definitely pathogenic at
the site would be of interest. Another facet that could be
examined is whether the isolate was associated with the use
of equipment favouring biofilm formation (such as cathe-
ters); a correlation between enterococcal biofilm formation
and catheter related bloodstream infections has been
demonstrated.13

‘‘Another facet that could be examined is whether the
isolate was associated with the use of equipment favouring
biofilm formation (such as catheters)’’

The general lack of biofilm formation by VRE shown in our
study may have resulted from the fact that these organisms
were colonisers, and clinical isolates would need to be
examined before the possibility raised in our study—that
acquisition of vancomycin resistance results in a lower ability
to form biofilms—could be confirmed.
That one esp negative VRE isolate, initially negative for

biofilm formation, produced a strong biofilm after prolonged
dry starvation suggests that biofilm formation may be an
adaptive response.
The results indicate that possession of the esp gene is

neither necessary nor sufficient for production of biofilms in
enterococci.
Human serum may be a more sensitive medium than BHI

broth for demonstrating biofilm formation in enterococci.
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Table 1 Biofilm formation and esp gene in enterococcal
isolates

Enterococcus
species

Biofilm+
/esp+

Biofilm+
/esp2

Biofilm2

/esp+
Biofilm2

/esp2

VR E faecium 0 0 0 5
VR E faecalis 0 0 0 2
VS E faecium 2 1 3 6
VS E faecalis 5 1 0 8

VR, vancomycin resistant; VS, vancomycin susceptible.

Take home messages

N The acquisition of vancomycin resistance may result in
a lower ability to form biofilms, but a larger study using
clinical isolates is needed to test this hypothesis

N Biofilm formation may be an adaptive response

N Possession of the esp gene does not appear to be
necessary or sufficient for production of biofilms in
enterococci

N Human serum may be a more sensitive medium than
brain heart infusion broth for demonstrating biofilm
formation in enterococci
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