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Enterococci are among prominent causes of nosocomial wound infections. Since the rapid detection of causative
agents could make earlier administration of choice antibiotics and quick recovery of patients, so the application of
rapid diagnostic methods is important. Therefore, this study was designed to evaluate fluorescent in situ
hybridization (FISH) for the detection of Enterococcus in wound swab samples. The time needed for FISH procedure
is about 3 h. Specimens taken from 33 hospitalized patients were examined by both FISH and culturing procedures.
By using conventional culture, 10 of 33 wound samples were culture-positive. Out of these 10 specimens, eight were
FISH-positive, but two specimens were FISH-negative for Enterococcus. The remaining 23 wound specimens were
Enterococcus negative according to the both methods. Therefore, the specificity of FISH was 100%; however, this
method showed 80% sensitivity. Because of high specificity of FISH, the combined application of FISH and
cultivation methods would be suggested for detection of enterococci from wound specimens in situations in which
rapid diagnosis has an advantage in the treatment of patients.
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INTRODUCTION

Enterococci are gram-positive cocci that typically
arranged in pairs and short chains. They are facultative
anaerobes and are part of the normal human faecal flora
(Sood et al., 2008). The majority of human infections are
caused by Enterococcus faecalis and Enterococcus
faecium, while other species are responsible for the less
than 5% of infections (Cetinkaya et al., 2000; Brooks and
Carroll, 2007; Sood et al., 2008). Before 1990s,
enterococci have been recognized as the major cause of
endocarditis (Ctinkaya et al., 2000; Sood et al., 2008). In
the past decade, prevalence of enterococci has been
increased in hospitals. Moreover, the spectrum of
enterococcal infections has been changed (Sood et al.,
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2008). These organisms are important causes of nosoco-
mial infections, particularly in intensive care units (Brooks
and Carroll, 2007). Enterococci are intrinsically resistant
to several commonly used antibiotics (Cetinkaya et al.,
2000; Brooks and Carroll, 2007). This intrinsic resistance
and also development of resistance to the other available
antibiotics are major reasons for survival of enterococci in
hospitals (Cetinkaya et al., 2000).

Among the common sites of enterocaccal colonization
in the hospitalized patients are ulcers and soft tissue
wounds (Sood et al., 2008). The enterococci have been
reported as the second most frequent organisms that
isolated from nosocomial wound infections (Winn et al.,
2006; Sood et al., 2008). Detection of Enterococcus in
wound specimens using conventional cultural methods is
relatively time-consuming and requires 48 to 72 h (Ke et
al., 1999; Cupakova et al., 2005; Waar et al., 2005; Winn
et al., 2006; Brooks and Carroll, 2007). Therefore, rapid
and reliable methods are useful for detection of
Enterococcus in diagnostic laboratories. Fluorescent in
situ hybridization (FISH) is a helpful molecular technique



for rapid and specific detection of microorganisms in
clinical samples (Trebesius et al., 2000; Hogardt et al.,
2000; Tajbakhsh et al., 2008a), especially in mixed
infections. Fluorescently-labeled probes are used in the
FISH technique to specifically hybridize the ribosomal
RNA (rRNA) and visualize the whole microbial cells via
fluorescence microscopy (Trebesius et al., 2000). Thus,
FISH technique permits specific detection and observa-
tion of microorganisms with an intact morphology within
their natural environment or clinical specimens. FISH
procedure takes only about 3 h. The purpose of our work
was to evaluate the sensitivity and specificity of FISH for
detection of genus Enterococcus in wound swab
specimens of patients with wound infection. In this study,
FISH was compared with conventional cultural method.

MATERIALS AND METHODS

This study was done from March 2009 to October 2009.

Wound swab specimens

Collection of wound specimens was approved by ethical committee
of Bushehr University of Medical Sciences. Thirty-three hospitalized
patients with wound infection were included in this study. The
specimens from each patient were taken simultaneously by two
sterile swabs. One swab was used for FISH method and the other
swab used for cultural procedure.

Fixation of specimens and bacterial reference strains

The swabs for FISH were placed into phosphate buffered saline
(PBS), then pressed and rotated adequately in order to release and
suspend the specimens. Afterward, an equal volume of absolute
ethanol (Merck, Darmstadt, Germany) was added to each
suspended specimen. The fixed specimens were then ready for the
FISH procedure. The control strains in this investigation were E.
faecalis (ATCC, 29212) and Streptococcus pyogenes (ATCC,
19615). Each strain was grown and fixed for FISH as follows: the
strain was cultured in Luria- Bertani broth (Hogardt et al., 2000;
Kempf et al., 2000; Tajbakhsh et al., 2004) and then harvested by
centrifugation at 8000 rpm for 5 min at 4°C. The supernatant was
discarded and the bacterial pellet was washed with PBS. The
bacterial cells were resuspended in PBS and fixed by an equal
volume of absolute ethanol (Trebesius et al., 2000; Tajbakhsh et al.,
2004).

The FISH method

Oligonucleotide probes EUB338 and Enc which were synthesized
and 5'-labeled by Metabion (Martinsried, Germany) were used for
the present study. Probe EUB338 (5'-GCT GCC TCC CGT AGG
AGT- 3') that hybridizes almost all bacteria (Amann et al., 1990)
was 5'-labeled with fluorochrome Fluo, the dye which emitted green
color. Probe Enc (5'-CCC TCT GAT GGG TAG GTT-3') that targets
and hybridizes Enterococcus spp, was used for detection of this
bacterial genus (Kempf et al., 2000). The 5' end of probe Enc was
labeled with fluorochrome Cy3 which is a cyanine dye with red
fluorescent signal.

For FISH, 10 pl of fixed specimens or fixed control strains were
placed onto microscopic slides and air-dried. In next step, the slides

were submerged into 50, 80%, and absolute ethanol, respectively
(Hogardt et al., 2000; Kempf et al., 2000; Trebesius et al., 2000;
Tajbakhsh et al., 2004). In order to break peptidoglycan layer and
permeabilization of bacterial cells, treatment with lysozyme (1
mg/ml in 10 mM Tris-HCI pH 8) (Sigma, Steinheim, Germany) was
performed (Trebesius et al., 2000). This partial cell wall digestion
was stopped after 15 min by washing the glass slides with PBS and
immersing them in absolute ethanol and followed by air drying.
Then, a mixture of two probes EUB338 and Enc was prepared in
hybridization buffer (0.9 M NaCl, 20 mM Tris-HCI [pH 8], 0.01%
SDS, 20% formamide).The concentration of each probe in hybridi-
zation buffer was 5 ng/pl. Hybridization step was carried out by
adding 10 pl of the mentioned hybridization buffer containing probes
to the each specimen or bacterial control strain and incubating the
slides at 46°C for 90 min in a humid condition. Afterward, the
unbound probes were removed by gently rinsing the slides with
several milliliters of prewarmed washing buffer (20 mM Tris-HCI [pH
8], 0.01% SDS, 225 mM NacCl ) followed by a 15 min immersing the
slides in washing buffer at 48°C (Trebesius et al., 2000; Tajbakhsh
et al., 2004).

Staining of DNA was done with 1 pg/ml 4'.6-diamidine-2'-
phenylindole dihydrochloride (DAPI; Roche, Mannheim, Germany)
for 5 min (Trebesius et al., 2000; Russmann et al., 2001; Samarbaf-
Zadeh et al., 2006; Gescher et al., 2008; Tajbakhsh et al., 2008b).
One drop of fluorescent mounting medium (DAKO, Glostrup,
Denmark) was dispensed on glass slides and a coverslip was
applied over mounting medium on each slide. Subsequently, we
examined the slides with an epifluorescence microscope (Nikon 80i,
Tokyo, Japan) and took the pictures by means a DS-5Mc-L1 digital
camera (Nikon, Tokyo, Japan) which was an equipment of
aforementioned microscope.

Culturing of Enterococcus from wound specimens

The swabs for culture procedure were inoculated on to blood agar
plates and bile esculin agar which were then incubated at 35°C for
24 h (Winn et al., 2006; Forbes et al., 2007). Suspicious colonies
which represented gram positive cocci by gram staining were sub-
cultured for purity. Grown colonies in pure cultures were examined
with the conventional tests (Larsen, 2000; Winn et al., 2006; Forbes
et al., 2007).

RESULTS

Detection of Enterococcus by FISH technique using
probes EUB338-Fluo and Enc-Cy3 as well as staining
with DAPI is shown in Figure 1. The results of the exami-
nations of wound swab samples from 33 patients with
wound infection are shown in Table 1. Eight specimens
were Enterococcus positive according to culture and
FISH methods (Group 1), whereas 23 specimens were
negative for Enterococcus by both methods (Group 2). In
two specimens, Enterococcus was detected by culturing,
but not by FISH (Group 3); we found an overgrowth of
Pseudomonas sp. in the culture of one of the two men-
tioned specimens and Proteus sp. in the culture of the
other one. All FISH-positive samples were culture-
positive, that is, FISH did not produce any false positive
result. Therefore, the specificity of FISH was 100%.
Based on the study, the sensitivity of FISH for detection
of Enterococcus in wound swab specimens was 80%,
since two false-negative results were found.
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Figure 1. Detection of Enterococcus by FISH. All of four panels show the identical microscopic field
using relevant filter. Panel A demonstrates cocci with the blue fluorescence because staining of DNA
with DAPI. Panel B shows cocci in green, indicating hybridization with probe EUB338-Fluo. Panel C
indicates hybridization with probe Enc-Cy3 because the cocci exhibit red fluorescence signal. In
panel D, mixture of green and red colors produces a yellow signal.

Table 1. Thirty-three wound swab specimens tested by culture
and FISH methods for detection of genus Enterococcus.

. Results
Group Number of specimens
Culture FISH
1 8 Positive Positive
2 23 Negative Negative
3 2 Positive Negative
DISCUSSION
Enterococci are prominent causes of nosocomial

infections world- wide and are associated with a high
mortality (Mathur et al., 2003). They are important causes
of wound infection (Sood et al., 2008). Rapid diagnosis of
enterococcal infections could lead to rapid administration

of choice antibiotics, rapid recovery of patients, makes
shorter hospitalization, and reduce the patient’s expenses
(Gescher et al., 2008) . Rapid detection is also important
in reducing the spread of multiresistant enterococci (Ke et
al.,, 1999). Thus, we evaluated FISH for detection of
Enterococcus in wound swab specimens and get a high
specificity (100%). However, sensitivity of FISH was 80%.
As shown in Table 1 and Group 3, two culture-positive
specimens were FISH-negative. These false-negative
results may be due to low number of enterococcal cells
within  two mentioned specimens. Overgrowth of
Pseudomonas sp. in one of the two mentioned speci-
mens and Proteus sp. in the other one probably reduced
the growth of Enterococcus sp. and this phenomenon
made some difficulty for us during isolation of
Enterococcus form these specimens. Low number of
enterococcal cells as compared with the number of
Pseudomonas or Proteus cells could have been the



reason of reducing the growth and appear a few colonies
of enterococci in the culture of these two specimens and
also negative results of FISH. In fact, low number of
microbial cells within some specimens causes a micro-
scopic detection limit of FISH. This limitation has also
been reported in other investigations e.g. for bacteria
such as Staphylococcus aureus in sputum samples
(Hogardt et al., 2000; Tajbakhsh et al., 2004) or
Helicobacter pylori in gastric tissues (Rissmann et al.,
2001; Samarbaf-Zadeh et al., 2006).

By conventional culture, 23 wound samples were
culture-negative for Enterococcus. These 23 samples
were also FISH-negative that demonstrates a high speci-
ficity of FISH. With attention to achieved sensitivity and
specificity for FISH in this study, we suggest sampling
from wounds simultaneously by two swabs, one for FISH
and the other one for culture. Because of the high
specificity of FISH, the FISH-positive results are reliable,
thus, enterococcal antibiotic therapy can start rapidly and
finally after recognition of the results of culture and
antibiotic susceptibility tests, previous administrated
drugs can be replaced with more effective antibiotics if
necessary. But, because of the limited sensitivity of FISH,
cultivation methods should be completed for FISH-
negative specimens before starting antibiotic therapy.
Thus, the patients have a chance to be treated 2 to 3
days earlier, since FISH procedure takes only about 3 h.

We used oligonucleotide probes in our study.

Also, some other researchers used oligonucleotide
probes for detection of Enterococcus species in faeces
and /or blood cultures (Waar et al., 2005; Wellinghausen
et al., 2007). Nowadays, peptide nucleic acid (PNA)
probes are also accessible to detect enterococci (Forrest
et al., 2008). Malic and colleagues utilized PNA-FISH to
detect biofilm-forming bacteria including Pseudomonas
aeruginosa and S. aureus in human chronic skin wounds
and reported this technique as a reliable method for study
of biofilms (Malic et al., 2009). PNA probes have a higher
affinity for complementary sequence than conventional
oligonucleotide probes (Amann and Fuchs, 2008),
however preparation of PNA probes is demanding and
expensive (Schweickert et al., 2004; Amann and Fuchs,
2008).

In conclusion, although FISH showed 80% sensitivity,
but because of high specificity and reliable positive
results, we suggest the application of FISH to detect
enterococci from wound swab specimens in situations in
which rapid diagnosis has an advantage in the therapy of
the patients.
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