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A new fluorescence in situ hybridization (FISH) method with peptide nucleic acid (PNA) probes for
identification of Staphylococcus aureus directly from positive blood culture bottles that contain gram-positive
cocci in clusters (GPCC) is described. The test (the S. aureus PNA FISH assay) is based on a fluorescein-
labeled PNA probe that targets a species-specific sequence of the 16S rRNA of S. aureus. Evaluations with 17
reference strains and 48 clinical isolates, including methicillin-resistant and methicillin-susceptible S. aureus
species, coagulase-negative Staphylococcus species, and other clinically relevant and phylogenetically related
bacteria and yeast species, showed that the assay had 100% sensitivity and 96% specificity. Clinical trials with
87 blood cultures positive for GPCC correctly identified 36 of 37 (97%) of the S. aureus-positive cultures
identified by standard microbiological methods. The positive and negative predictive values were 100 and 98%,
respectively. It is concluded that this rapid method (2.5 h) for identification of S. aureus directly from blood
culture bottles that contain GPCC offers important information for optimal antibiotic therapy.

The presence of Staphylococcus aureus in blood cultures is
first suggested by the detection of gram-positive cocci in clus-
ters (GPCC) in the Gram stain of blood culture bottles that
have positive signals. Unfortunately, definitive identification of
S. aureus by traditional methods is time-consuming, requiring
subculture and biochemical analysis (2). Often, empirical an-
tibiotic therapy is prescribed for patients with blood cultures
positive for GPCC, although the majority of cultures are sub-
sequently shown to be coagulase-negative staphylococci
(CoNS), such as Staphylococcus epidermidis, a common blood
culture contaminant (19). This delayed identification of S. au-
reus leads to the significant unnecessary use of antibiotics and
its sequelae.

Automated blood culture instruments with continuous mon-
itoring are used in clinical microbiology laboratories worldwide
and are available with a variety of medium options. Some
blood culture media are supplemented either with charcoal
(Organon Teknika) or with resins and/or sodium polyaneth-
olesulfonate (SPS; Becton Dickinson) for absorption of anti-
biotics. These components, along with the blood sample itself
and other medium components, may interfere with assays for
the direct identification of the organisms in positive blood
cultures. Current standard methods therefore rely on subcul-
ture followed by a series of biochemical assays for the differ-
entiation of organisms that present as GPCC in positive blood
culture bottles. These assays include tests for coagulase and
catalase and/or carbon assimilation tests for differentiation be-
tween S. aureus and CoNS or other closely related species, such
as Micrococcus (2). Standard assays comprising immunological,

tube coagulase, and stable endonuclease methods routinely
used for the identification of S. aureus isolates have shown
variable sensitivities and specificities for use directly on blood
culture bottles positive for GPCC (12, 18, 20). Only a relatively
few methods for the identification of S. aureus directly from
positive blood cultures have been described. Those have
mainly been based on molecular biology-based techniques,
such as hybridization protection (6), fluorescence in situ hy-
bridization (FISH) (11), and PCR (4).

Peptide nucleic acid (PNA) molecules are pseudopeptides
that obey Watson-Crick base-pairing rules for hybridization to
complementary nucleic acid targets (RNA and DNA) (9, 13).
Due to their uncharged, neutral backbones, PNA probes ex-
hibit favorable hybridization characteristics such as high spec-
ificities, strong affinities, and rapid kinetics, resulting in im-
proved hybridization to highly structured targets such as rRNA
(21). In addition, the relatively hydrophobic character of PNA
compared to that of DNA oligonucleotides enables PNA
probes to penetrate the hydrophobic cell wall of bacteria fol-
lowing preparation of a standard smear (22).

rRNA sequence analysis is today a well-established method
for phylogenetic analysis of microorganisms (10, 25), and the
sequence variations found between the relatively conserved
rRNA sequences form the basis for the design of probes spe-
cific for most bacteria and yeasts. As a result, molecular biol-
ogy-based diagnostic methods that use rRNA sequences are
rapidly replacing the classic microbiological identification
methods based on phenotypic characteristics. Furthermore,
the high cellular abundance of rRNA allows individual cells to
be identified with labeled probes that target specific rRNA
sequences, so-called phylogenetic strains (7).

FISH with PNA probes that target rRNA (the PNA FISH
assay) is a novel technique that combines the unique perfor-
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mance characteristics of PNA probes with the advantages of
using rRNA as a target, and it has recently been applied for the
identification of both bacteria and yeasts in culture (14, 16, 23,
24). In the present study, we applied PNA probes that target
the 16S rRNA of S. aureus to the PNA FISH assay for the rapid
and specific identification of S. aureus directly in blood cultures
positive for GPCC.

MATERIALS AND METHODS

Reference strains and clinical isolates. Seventeen reference strains represent-
ing phylogenetically related and clinically relevant bacterium and yeast species
were obtained from the Agricultural Research Service (ARS) Culture Collection
(Peoria, Ill.) and the American Type Culture Collection (Manassas, Va.). Forty-
eight clinical isolates representing gram-positive cocci in clusters (S. aureus,
CoNS including S. epidermidis, Micrococcus, and Stomatococcus) were obtained
from the in-house collection at the Clinical Microbiology Laboratory, Cleveland
Clinic Foundation, Cleveland, Ohio.

Blood culture media. The BBL Septi-Chek system with Columbia broth and
SPS (Becton Dickinson), the BBL Septi-Chek system with Trypticase soy broth
and SPS (Becton Dickinson), the BBL Septi-Chek system with brain heart
infusion broth and SPS (Becton Dickinson), the BBL Septi-Chek system with
Trypticase soy broth and both resins and SPS (Becton Dickinson), and the FAN
BacT/Alert system (Organon Teknika) containing charcoal were all used to
evaluate the S. aureus PNA FISH assay. Reference strains were grown in Tryp-
ticase soy broth (Difco).

Clinical specimens. A total of 87 GPCC-positive blood culture bottles (FAN
BacT/Alert system; Organon Teknika) from routine tests at the Clinical Micro-
biology Laboratory, Cleveland Clinic Foundation, were included in the study.

Preparation of smears. For each smear, 1 drop of phosphate-buffered saline
with 1% (vol/vol) Triton X-100 (Aldrich) was placed in a well (diameter, 14 mm)
of a Teflon-coated microscope slide (Erie Scientific, Portsmouth, N.H.) and
mixed gently with a small drop of resuspended culture. The slide was then placed
on a 55°C slide warmer for 20 min. Occasionally, the smears were instead fixed
by passing the slide through the blue cone of a Bunsen burner three to four times
or by treatment with methanol for 5 min (17). Subsequently, the smears were
disinfected by immersion in 80 to 96% (vol/vol) ethanol for 5 to 10 min and air
dried.

S. aureus PNA FISH assay. The S. aureus PNA FISH assay was performed as
described previously (23), with minor modifications. Smears were covered with
approximately 20 �l of hybridization solution containing 10% (wt/vol) dextran
sulfate (Sigma Chemical Co., St. Louis, Mo.), 10 mM NaCl (J. T. Baker), 30%
(vol/vol) formamide (Sigma), 0.1% (wt/vol) sodium pyrophosphate (Sigma),
0.2% (wt/vol) polyvinylpyrrolidone (Sigma), 0.2% (wt/vol) Ficoll (Sigma), 5 mM
disodium EDTA (Sigma), 1% (vol/vol) Triton X-100 (Aldrich), 50 mM Tris-HCl
(pH 7.5), and 500 nM fluorescein-labeled PNA probe (GCTTCTCGTCCGTTC)
targeting S. aureus 16S rRNA (Boston Probes, Bedford, Mass.). Coverslips were
placed on the smears to ensure even coverage with hybridization solution, and
the slides were subsequently placed on a slide warmer with a humidity chamber
(Slidemoat; Boeckel Scientific, Feasterville, Pa.) and incubated for 90 min at
55°C. Following hybridization, the coverslips were removed by submerging each
slide in approximately 20 ml of prewarmed 5 mM Tris (pH 10), 15 mM NaCl
(J. T. Baker), 0.1% (vol/vol) Triton X-100 (Aldrich) in a water bath at 55°C and
washed for 30 min. Each smear was finally mounted by using 1 drop of IMAGEN
Mounting Fluid (DAKO, Ely, United Kingdom) and covered with a coverslip.
Microscopic examination was conducted with a fluorescence microscope (Op-
tiphot [Nikon Corporation, Tokyo, Japan] or BX40 [Olympus, Tokyo, Japan])
equipped with a �60/1.4 oil objective (Nikon) or a �60/0.8 objective (Olympus),
an HBO 100-W mercury lamp, and both a fluorescein isothiocyanate (FITC)-
Texas Red dual-band filter set (Chroma Technology Corp., Brattleboro, Vt.) and
a band-pass FITC filter (Omega Optical, Brattleboro, Vt.). S. aureus was iden-
tified as multiple clusters of bright fluorescent cocci in multiple fields of view.
Images were obtained with a color charge couple device camera (Diagnostic
Instruments, Inc., Sterling Heights, Mich.) connected to a computer system.

Identification of GPCC. The contents of positive blood culture bottles that
demonstrated GPCC on Gram staining were subcultured onto 5% sheep blood
agar plates, and the plates were incubated overnight at 35°C in an environment
with 5 to 10% CO2. Gamma- and beta-hemolytic colonies were considered
possible staphylococci. These were differentiated from gamma- and beta-hemo-
lytic streptococci by testing for catalase. Slide and tube coagulase tests were used
to differentiate S. aureus (positive for both slide and tube coagulase tests) from

CoNS. Some CoNS were further characterized as S. epidermidis by carbohydrate
utilization. Micrococcus and Stomatococcus were suspected by the typical colony
morphologies for these organisms and were identified by biochemical and sus-
ceptibility assays.

RESULTS

Optimization of S. aureus PNA FISH assay. Initially, the S.
aureus PNA FISH assay method was optimized for perfor-
mance on various standard blood culture media by standard
smear preparation techniques. In particular, for the charcoal-
containing medium of the FAN BacT/Alert system from Or-
ganon Teknika, modification of the previously published PNA
FISH assay methods was required as the charcoal unspecifi-
cally bound to the PNA probe, and, thus, depending on the
actual amount of charcoal in the smear, provided variable
results and occasionally led to false-negative results. Centrifu-
gation to remove the charcoal was not an option, as S. aureus
clusters have a tendency to adhere to the charcoal particles.
Detergents, such as Triton X-100, were found to be effective
blocking reagents, and 1% Triton X-100 was added to both
the phosphate-buffered saline used for smear preparation
and the hybridization buffer. The S. aureus PNA FISH assay
was found to perform well on all blood culture media listed
above.

A variety of standard smear preparation methods such as
heat fixation (20 min at 55°C), flame fixation, and methanol
fixation were all compatible with the S. aureus PNA FISH
assay. As a precautionary step, all smears were disinfected by
immersion in 80 to 96% ethanol for 5 to 10 min prior to
performance of the S. aureus PNA FISH assay.

In agreement with other PNA FISH assays, the use of an
FITC-Texas Red double filter provided an excellent means of
visual discrimination between autofluorescence and a specific
signal, such that clusters of S. aureus were observed as bright
green fluorescent clusters on a reddish autofluorescent smear
background (Fig. 1). In contrast, autofluorescence from the
smear itself was greenish when a standard FITC filter was used
(Fig. 1) and thus would interfere with the visual interpretation,
increasing the risk for false identification.

The detection limit for the S. aureus PNA FISH assay was
determined to be approximately 105 CFU per ml with serial
dilutions of an S. aureus-positive culture.

S. aureus PNA FISH assay performance. The PNA probe
targets the same species-specific region of the 16S rRNA of S.
aureus that previously published DNA probes target (5, 11);
however, the PNA probe is shorter than those DNA probes
due to the higher affinity of the PNA probe. Initially, the
specificity of the PNA probe was tested by the PNA FISH assay
with a panel of reference strains representing phylogenetic
representatives of the Staphylococcus genus as well as clinically
relevant bacterium and yeast species (Table 1). These results
indicate that the assay has a high degree of specificity, with the
only limitation being weak cross-hybridization to Staphylococ-
cus schleiferi. This species was included in the evaluation only
because a BLAST search (1) revealed that the sequence of the
PNA probe has only a single mismatch to some S. schleiferi 16S
rRNA sequences. Fortunately, this species is not of significant
clinical relevance. A search with the BLAST algorithm also
confirmed that the probe sequence has two or more mis-
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matches to the rRNA sequences of all other bacterial species
and included sequences from clinically relevant Staphylococcus
species, such as S. epidermidis, Staphylococcus haemolyticus,
Staphylococcus warneri, Staphylococcus cohnii, Staphylococcus
intermedius, and Staphylococcus lugdunensis.

The sensitivity and specificity of the S. aureus PNA FISH
assay were further examined with 48 clinical isolates represent-
ing methicillin-resistant and methicillin-susceptible S. aureus
strains, species of CoNS, and other gram-positive cocci in clus-
ters (Micrococcus and Stomatococcus) (Table 2). The assay
correctly identified all S. aureus isolates and gave negative
results for all other isolates except one Stomatococcus isolate.

Finally, the diagnostic applicability of the S. aureus PNA
FISH assay was evaluated directly with 87 blood culture spec-
imens positive for GPCC, and the results were compared to
those obtained by standard methods. Of the 37 blood culture
specimens that were positive for S. aureus by standard meth-
ods, 36 (97%) were positive by the S. aureus PNA FISH assay,
whereas 1 specimen that was S. aureus positive by standard
methods was negative by the S. aureus PNA FISH assay. In-

terestingly, the S. aureus-positive blood culture that was nega-
tive by the S. aureus PNA FISH assay was from an aerobic
bottle for which the corresponding anaerobic bottle that was
positive for GPCC was negative for S. aureus by both the S.
aureus PNA FISH assay and standard methods. Of the remain-
ing 50 blood culture specimens positive for GPCC, all speci-
mens were correctly identified as negative by the S. aureus
PNA FISH assay. From these data, the performance specifi-
cations for the S. aureus PNA FISH assay were calculated and
are as follows: the diagnostic sensitivity was 97% (36 of 37
specimens), the diagnostic specificity was 100% (50 of 50 spec-
imens), the positive predictive value was 100% (36 of 36 spec-
imens), and the negative predictive value was 98% (50 of 51
specimens).

DISCUSSION

We have shown that the S. aureus PNA FISH assay with
PNA probes that target the rRNA of S. aureus can be used for

FIG. 1. Images of a blood culture positive for S. aureus and GPCC (A) and a blood culture negative for S. aureus but positive for GPCC (B).
S. aureus is identified as bright-green fluorescent clusters of cocci on a reddish smear background. Images were obtained with both the
recommended FITC-Texas Red double filter (FT) and a band-pass FITC filter (F). The dark areas are charcoal particles in the medium provided
with the FAN BacT/Alert system.

VOL. 40, 2002 RAPID IDENTIFICATION OF S. AUREUS 249



the direct identification of S. aureus in blood culture bottles
positive for GPCC. The test is performed with smears made
from the blood culture bottles, and interpretation of results is
conducted by microscopy, such that the PNA FISH assay pro-
cedure simply adds the high specificity of PNA probes to stan-
dard microbiological procedures (i.e., smear preparation and
microscopy) to provide the definitive identification of S. aureus
in an amount of time not possible by conventional methods.
These attributes make this method adaptable to typical clinical
microbiology settings.

The S. aureus PNA FISH assay procedure resembles previ-
ously published PNA FISH methods for culture identification
of Mycobacterium species (8, 15) and Candida species (14). The
assay may therefore easily be supplemented with a palette of
other specific PNA probes for establishment of a diagnostic
concept that will permit the rapid and definitive identification
of organisms in blood cultures in routine clinical microbiology
laboratories.

Rapid identification of S. aureus may potentially eliminate
empirical treatment based on Gram staining results and thus
lead to an overall reduction in the level of use of antibiotics,
such as vancomycin, which may be used empirically to “cover”
patients with blood cultures with GPCC (3). This may help to
reduce the prevalence of nosocomial infections with drug-re-

sistant bacteria, in particular, vancomycin-resistant entero-
cocci. We are evaluating the S. aureus PNA FISH assay in this
respect.
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