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Identification of slide coagulase positive, tube
coagulase negative Staphylococcus aureus by 16S
ribosomal RINA gene sequencing
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Abstract

Aims—To ascertain the clinical
importance of a strain of slide coagulase
positive but tube coagulase negative sta-
phylococcus species isolated from the
blood culture of a 43 year old patient with
refractory anaemia with excessive blasts in
transformation who had neutropenic fever.
Methods—The isolate was investigated
phenotypically by standard biochemical
methods using conventional biochemical
tests and two commercially available sys-
tems, the Vitek (GPI) and API (Staph)
systems. Genotypically, the 168 ribosomal
RNA (rRNA) gene of the bacteria was
amplified by the polymerase chain reac-
tion (PCR) and sequenced. The sequence
of the PCR product was compared with
known 16S rRNA gene sequences in the
GenBank by multiple sequence align-
ment.

Results—Conventional biochemical tests
did not reveal a pattern resembling a
known staphylococcus species. The Vitek
system (GI’I) showed that it was 94%
S simulans and 3% S haemolyticus,
whereas the API system (Staph) showed
that it was 86.8% &8 aureus and 5.1%
S warneri. 165§ rRNA gene sequencing
showed that there was a 0 base difference
between the isolate and § aureus, 28 base
difference between the isolate and S lug-
dunensis, 39 base difference between the
isolate and § schleiferi, 21 base difference
between the isolate and § haemolyticus,
41 base difference between the isolate and
S simulans, and 23 base difference be-
tween the isolate and § warneri, indicat-
ing that the isolate was a strain of
S auwreus. Vancomycin was subsequently
prescribed and blood cultures taken four
days after the start of treatment were
negative.

Conclusions—168 rRNA gene sequencing
was useful in ascertaining the clinical
importance of the strain of slide coagulase
positive but tube coagulase negative sta-
phylococcus species isolated from blood
culture and allowing appropriate manage-

ment.
(F Clin Pathol: Mol Parhol 2001,54:244-247)
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Traditionally, the idenrtification of bacteria in
the clinical microbiology laboratory i1s per-
formed bv 1solaung the organism and studving
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it phenotypically to elucidate 1ts Gram staining,
culture, and biochemical characteristics, which
have heen the gold standard of bacterial identi-
fication. However, these methods have two
major drawbacks. First, thev cannot be used for
non-cultivable organisms. Second, we are
occasionally faced wnh organisms with ho-
chemical characteristics that do not fit into the
patterns of a known genus and species.

Since the discovery of the polymerase chain
reaction (PCR) and DNA sequencing, com-
parisons of the gene sequences of bacterial
species have shown that the 168 ribosomal
RNA (rRNA) gene 1s highly conserved within a
species and among species of the same genus,
and hence can be used as the new gold stand-
ard for the speciation of bacteria. Using this
new standard, phylogeneuc trees, based on
base differences berween species, are con-
structed and bacteria are classified and re-
classified into new genera.'” Furthermore,
non-cultivable organisms and organisms with
ambiguous biochemical profiles can be classi-
fied and identified.'' Recently, we have re-
ported the applicaton of 16S rRNA gene
sequencing in the identfication of two clinical
isolates with ambiguous biochemical profiles, "
and a bacterium that was non-cultivable.” In
our present study, we report the application of
such a technigue to the identification of a strain
of Staphvilococcus auwreus, which 1s shde coagu-
lase positive but tube coagulase negatve,
isolated from a patent with myelodysplastic
syndrome. The mmportance of idenufving the
organism is also discussed.

Methods

PATIENT AND MICROBIOLOGICAL METHODS

All clinical data were collected prospecuvely as
described in our previous publication,” Clinical
specimens were collected and handled accord-
ing to standard protocols, and all suspect colo-
nies were identified by standard conventional
biochemical methods.” In addition, the Vitek
System (BioMerieux Vitek, Hazelwood, Mis-
souri, USA) and the API system (BioMerieux
Vitek) were used for the identficaton of the
bacterial 1solate.

EXTRACTION OF BACTERIAL DNA FOR 168 TRNA
GENE SEQUENCING

Bacterial DNA extraction was modified from
our previously published protocol." Briefly,
80 pul of NaOH (0.05M) was added to 20 pl of
bacterial cells suspended in distlled water and
the mixture was incubated at 60°C for 45 min-
utes, followed by the additon of 6 pul of
Tris/HCL (pH 7.0}, achteving a final pH of 8.0,
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The resultant mixture was diluted 100x and
5 pl of the diluted extract was used for PCR,

PERy GEL ELECTROPHORESIS, AND 1608 rRNA GENE
SEQUENCING

PCR amplificaton and DNA sequencing of the
16S rRNA gene were performed according to
our previous publications.” Briefly, DNase |
treated distilled water and PCR master mix
(which contains dNTPs, PCR buffer, and Tag
polymerase) were used in all PCR reactions by
adding | U of DNase | (Pharmacia, Uppsala,
Sweden) to 40 pl of distlled water or PCR
master mix, incubating the mixture at 25°C for
|5 minutes, and subsequently at 95°C for 10
minutes to inactivate the DNase [. The bacte-
rial DNA extract and control were amplified
with 0.5uM primers (LPW57, 5-AGTTTG
ATCCTGGCTCAG-3 (nucleondes 0-18);
and LPWS58, 5“AGGCCCGGGAACGTAT
TCAC-¥ (nucleotides 1365-1383)) (Gibco
BRL., Rockville, Marvland, USA). The PCR
mixture (50 pl) contained bacterial DNA, PCR
buffer (10mM Tns/HCI, pH 8.3, 50mM KCI,
2mM MgCl,, and 0.01% gelatn), 200uM of
each ANTP and 1.0 U Taq polvmerase (Boe-
hringer Mannheim, Mannheim, Germany).
The mixtures were amplified for 40 cycles at
94°C for one minute, 35°C for one minute, and
72°C for two minutes, followed by a final
extension at 72°C for 10 minutes n an
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automated  thermal  cycler  (Perkin-Elmer
Cetus, Gouda, the Netherlands). DNase |
treated distilled water was used as the negative
control. A 10 pl aliquot of each amplified
product was electrophoresed in 1.0% (wt/vol)
agarose gel, with a molecular size marker
(X174 Haelll digest, Boehringer Mannheim)
run in parallel. Electrophoresis in Tris/borate/
EDTA buffer was performed at 100V for 1.5
hours. The gel was stained with ethidium bro-
mide (0.5 pyg/ml) for 15 minutes, rinsed, and
photographed under UV light illumination.
The PCR product was gel purified using the
QIAquick PCR  purfication kit (QIAgen,
Hilden, Germany). Both strands of the PCR
product were sequenced twice with an ABI 310
automated sequencer according o the manu-
facturer’s instructions (Perkin-Elmer, Foster
City, California, USA), using the PCR primers
(LPWS57 and LPW58) and addinonal primers
designed from the sequencing data of the first
round of the sequencing reaction (LPW252,
S“AGCCACGGCTAACTACGT=-3  (nucle-
otides 494-511); and LPW253, 5-AGTT
TCAACCTTGCGG-3'  (nucleotides 928-
943)). The sequence of the PCR product was
compared with known 165 rRNA gene se-
quences in the GenBank by multiple sequence
alignment using the CLUSTAL W program."

Results

PATIENT AND IDENTIFICATION OF THE BACTERIAL
STRAIN BY TRADITIONAL METHODS

During consolidation chemotherapy with ida-
rubicin, cytarabine, and etoposide, a 43 year
old woman with refractory anaemia with
excessive blasts in ransformation developed
fever. Physical examination showed an oral
temperature of 39°C. There were no signs of
exit site infecuon of the central catheter. The
following test results were found: haemoglobin,
108 g/litre; total white blood cell count,
0.2 x 107 litre:  neutrophils, 0; lymphocytes,
(0.2 » 10 /hitre; monocytes, 0.0 x 10"litre; and
platelers, 8 x 107/hre. Blood cultures were per-
formed through the two lumens of the central
catheter and peripheral puncrure and were
incubated using the BACTEC 9240 blood cul-
ture systern (Becton Dickinson, Sparks, Mary-
land, USA). Intravenous imipenem (500 mg
every six hours) was given as empirical
treatment for neutropenic fever,

On day 1 post-incubation, one pair of blood
cultures turned posiuve with a4 Gram positive,
facultauive anaerobic coccus in clusters. The
bacterium grew on blood agar, chocolate agar,
and MacConkey agar to sizes of 1-2 mm in
diameter after 24 hours of mmcubation at 37°C
in ambient air. It was vellow, non-haemolytic,
catalase positive, slide coagulase positive, but
tube coagulase negative. The Vitek system
(GPI) showed that it was 94%, S simdans and

Yo 8§ haemolyticus, whereas the API system
(Staph) showed that 1t was B6.8% 8§ qurens and
5. 1% S warnert (table 1). Therefore, sequenc-
ing of the 16S rRNA gene was performed to
speciate the isolate. The strain was resistant to
penmicillin G, methicilling gentamicin, erythro-
mycin,  chndamvcin, and  amoxicillin/
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- 1383 bp

Frgure 1 DNA produces from PCR of 168 rRNA gene.
Lane M, molecudar marker (0 X174 Hacelll digese); fane |,
blood cufture 1selate from patient; lane 2, negatrve control
comtatring DNase [ reated disttlled waer,

clavulanarte, but sensinve to vancomycin, cotri-
moxazole, fusidic acd, nfampicin, and
minocycline. Vancomycin was subsequently
prescribed and blood cultures taken four days
after the start of treatment were negative,

168 rRNA GENE SEQUENCING

PCR of the 16S rRNA gene of the bacterium
showed a band at 1383 bp (fig 1). The base
sequences of the purthed band and the
corresponding region 1n S awrens (GenBank
accession no. LL37397), S lugduncnsis (Gen-
Bank accession no. AB0O09941), S schletfer:
(GenBank accession no. AB009945), § haemo-
hrtews (GenBank Accession no. D83367),
S simudans (GenBank accession no. D83373),
and S warnert (GenBank accession  no.
AJ276810) were compared. There was a 0 base
difference berween the isolate and S aureus, 28
base difference berween the 1solate and S fug-
dunensis, 39 base difference between the 1solate
and S schieifert, 21 base difference between the
isolate and S haemolvricus, 41 base difference
between the isolate and S simuddans, and 23 base
difference between the 1solate and S warnert,
indicating that the isolate was a strain of § au-
refis.

Discussion

Small rRNA gene sequencing, particularly 165
rRNA sequencing in bacteria, has led to
advances on muluple fronts in microbiology.
First, the construction of a universal phyloge-
netic tree  classifies orgamisms  into  three
domains of life: bactena, Archaea, and Eu-
carya.' ~ " Second, it revolutionises the classifi-
cation of microorganisms, and makes the
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classification of non-cultivable microorganisms
possible.” ' Third, 1t helps to elucidate the rela-
non of unknown bacterial species to known
ones. New species of bacteria such as Gemella
sanguns, Myecobacterium  herdelbergense, and
Massilis timonae have been discovered using
16§ rRNA sequencing.”” "' Bacteria such as
Psendomonas  verontt, Mycobactertum  celatum,
and Methviobacterium zatmani, which were not
known to cause infectons in humans, have
been identified in clinical specimens using this
technique.” """ Furthermore, bacteria difheult
to idenufy were speciated successfully using
this technique, and we have recently used 1t in
the identification of a strain of Mycobacterinm
necanrwn with ambiguous biochemical and
whole cell fatty acid profiles isolated from a
patient with acute lymphoblastic leukaema,
and a strain of Escherichia colr with an ambigu-
ous biochemical profile solated from a bone
marrow transplant recipient with acute my-
eloid leukaenua,

Tube coagulase negatve S anrews have been
reported in the literature since 1988." In some
reports, the authors used other phenotypic
tests, such as strong DNase activity, production
of phosphatase and shde coagulase, mitrate
reduction, and unlisanon of certain sugars, (o
idennifv the isolates as S aureus.” " However,
phenotypic tests cannot identfy 1solates with
ambiguous biochemical profiles. In tact, for the
first tube coagulase negauve S aureus re-
ported,’” the isolate was mannitol and ribose
negative, but maltose and Voges Proskauer
reaction positive, This made the idenufication
of the isolate as a strain of S aurens gquestion-
able. Recently, it was reported that amphfica-
tion of the coagulase gene can be used to iden-
tify tube coagulase negative S awrews,” and it
was found that coagulase deficiencies in these
isolates can involve both transcriptional and
post-transcriptional defects.” However, the
tube coagulase gene can be present in other
staphvlococci, such as S fmermedins and S -
cis. Therefore, 1t i1s not absolutely specific for
S aureus.

We describe the first identification of a strain
of tube coagulase negative S aureus by 165
rRNA gene sequencing. We chose 165 rRNA
sequencing as the means of identification
because it is extremely specific—the identity
can be clearly defined by the number of base
differences berween the i1solate and the exisung
species. The organism in our study was 1solated
from the blood culture of a patient with myelo-
dysplast¢ syndrome. Conventional biochem-
cal tests failed to identify the bacterium to spe-
cies level. Tube coagulase negative burt shde
coagulase positive staphylococct include S lig-
dunensis and S schleiferi. Reacuons pomntung
against S lugdunensis include arginine hydroly-
sis (1%), unlisation of mannmtol (0%), and
alkaline phosphatase (16%); whereas reactions
pointing aganst S schletferi include utihisation
of maltose (0%), mannitol (0% ), sucrose (0%),
and lactose (1% ), and urease production (0%).
Because there is no base difference between the
168 rRNA gene sequence of the isolate and
that of § awrens, the conclusion thart the isolate
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was a strain of tube coagulase negative S awreus
can be made unequivocally.

ldenutfication of the organism i1s important
because the management of the patent can
differ radically. If the organism was a strain of
S awreus (as 1in this case), vancomycin should
be prescribed. In contrast. if it was a coagulase
negative staphylococcus, blood cultures should
be repeated for the differentnatnon between
genuine coagulase negative staphvlococcal
bacteraemia and blood culture contamination,
because prudent use of vancomycin is crucial
for the battle against the emergence of
vancomycin resistant Gram  positive organ-
isms.

16S rRNA gene sequencing will conunue to
be the gold standard for the identficanon of
bacteria, and the automation of the techmque
could enable 1t 1o be used routinely in clinical
microbiology laboratories, as a replacement of
the traditional phenotvpic tests. Modern tech-
nologies have made 1t possible to construct a
high density of ohigonucleoude arrays on a chip
with oligonucleotides representing the 168
rRNA gene sequence of various bacteria. Such
a design will facilitate automation of the
annealing and detecnon of the PCR products
of 168 rRNA gene amplificaton, and hence
routine identfication of most clinical isolates
will be possible. The use of 168 rRNA gene
sequencing has several advantages. First, the
turnaround time is short. Because amplifica-
tion of the 165 rRNA gene takes only four to
six hours, and the annealing and detection of
PCR products takes only another few hours,
theoretically the identificanon can be com-
pleted within one day. Second, it can be used
for slow growing bacteria, unlike most com-
mercially available kits that are based on
phenotypic tests that require the detection of
growth of the organism in the presence of cer-
tain specific substrates, and hence the slow
growing bacteria are usually “unidentified”
when the growth control shows a negative
result, Third, the problem of “umdentifiable
strains” will be overcome and there would be
minimal misidentification—the idenufication
of a clinical strain 15 clearly defined by the
number of base differences between it and the
existung species. Fourth, oligonucleoudes rep-
resenting all bacterial species, including those
rarely encountered clinically, can be included
i the array, making 1t easy to identify the rare
species. Lastly, such a technmique will be
applicable not only to pyogenic bacteria, but
also to other organisms such as mycobacternia,
which are not identfied in most chinical micro-
biology laboratories because special expertise
and equipment, such as gas liquid chromatog-
raphy, are required. Therefore, eventually 1t
should reduce not onlv manpower, but also
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capital costs and costs of consumables. Al-
though the cost effectiveness of using 168
rRNA gene sequencing in routine clinical
microbiology laboratories remains to be evalu-
ated, our study reports the first case of tube
coagulase neganve S aureus bacteraemia den-
tified by 168 rRNA gene sequencing.
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