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Fig. 1. PFGE profiles obtained with Sfil chro-
mosomal digestion of Prov. reftgeri carrying the
IMP-1 metallo-g-lactamase.

TUMI1937

detected in Klebsiella oxytoca, Citrobacter freundii, Entero-
bacter aerogenes, Enterobacter cloacae, M. morganii and Prov.
rettgeri by PCR analysis. However, their study analysed only
ceftazidime-resistant strains for S-lactam resistance factors
and integron structure,

In this study 495 indole-positive proteae strains were
isolated. Among these, 54:9 % were M. morganii. It appears
that this species is quite common in this part of the world,
having a high incidence in Korea as well (Kim et al., 2003),
even though it has been reported as rare in other places
{(Murray et al., 2003). Prot. vulgaris was second in frequency
of isolation (25-7 %) in the current study and followed by
Prov. rettgeri (12:5 %) (Table 1). Of the proteae, 43 % (213/
495) were urinary-tract isolates ( Table 2). Of the Prov. rettgeri
isolates, 69'3 % (43/62) were isolates from the urinary tract.
Proteae have been recognized as pathogens in urinary-tract
infections, and the majority of these urinary-tract infections
are a consequence of urinary-tract catheterization and
instrumentation (Warren, 2001). Stickler et al. (1998)
reported that Prov. retigeri can form crystalline biofilms that
rapidly encrust and block catheters. This study did not
distinguish catheter specimens from other urine specimens.
For future surveillance, it will be necessary to specify the
origin and to evaluate biofilm formation as one of the
pathogenic factors in this species.

The isolation frequency of MSL-producing Prov. rettgeri
strains was 1-6 % (8/495). Kimura et al. (2005) reported an
isolation frequency of MpPL-producing Ps. aeruginosa of
1-9% (11/594) in 2002 using strains from the same surveil-
lance programme as the current study. It is of interest that no
MpL-producing Prov. rettgeri were isolated from hospitals
where MpBL-producing Ps. aeruginosa were isolated. Eight
MpBL-producing Prov. rettgeri strains were isolated from only
two hospitals, Mie and Nagasaki, which are separated by over
600 km. The genetic relatedness was evaluated by pulsed-field
gel electrophoresis, integron structure and plasmid incom-
patibility group. These data show that the resistant Prov.
rettgeri strains had two different origins, which coincided
with the two different hospitals where they were isolated. The
strains isolated in each hospital shared the same integron
structure and also the same incompatibility group. These

results strongly suggest that nosocomial infection by Prov.
rettgeri occurred in the two different hospitals. Moreover,
these blapp_1-encoding plasmids could transfer from Prov.
rettgeri isolates to other species and their incompatibility
groups could expand to other Enterobacteriaceae. This result
suggests that the spread of this imipenem-resistance factor to
other Enterobacteriaceae is not very difficult.

In conclusion, we report the finding of Prov. rettgeri isolates
that harbour a conjugative plasmid containing an integron
on which blapp.; is encoded. Our results very strongly
suggest that nosocomial infections by IMP-1-producing
Prov. rettgeri occurred at two hospitals. IMP-1-producing
Enterobacteriaceae could become a serious problem in the
future. Thus, it is important to continue surveillance and
monitoring of carbapenem resistance and reduced suscept-
ibility Enterobacteriaceae including indole-positive proteae.
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Semi-quantitative analysis of Streptococcus pneumoniae urinary
antigen: Kinetics of antigen titers and severity of diseases

KAZUHIRO TATEDA', EMIKO KUSANO? TETSUYA MATSUMOTO!,
KAZUHIRO KIMURA? KOH UCHIDA?, KOICHIRO NAKATA? & KEIZO YAMAGUCHI

From the Departments of ' Microbiology and Infectious Disease and *Respiratory Medicine, Toho University School of
Medicine, Tokyo, Fapan

Abstract

Detection of urinary antigen by a rapid immunochromatographic membrane test (Binax NOW) was widely accepted as
a powerful tool for diagnosis of Streptococcus pneumoniae pneumonia. This is a qualitative kit, so the value of
quantitative analysis of urinary antigen, especially correlation of antigen titers and severity of diseases, remained to be
determined. We examined semi-quantitative antigen titer in urines collected from urinary antigen-proven S. pneumoniae
pneumonia on admission, and analyzed the kinetics of antigen titer and its relation to severity of diseases, After serial
2-fold dilution of urine, the highest dilution for positive results was determined, and this was designated as maximum
dilution factor (MDF). MDFs varied from 1 to 4096 in 29 patients examined (mean MDF, 317.8). Importantly, severe
cases of S, pneumoniae pneumonia were higher values of MDFs (mean MDF: 760.5) than those of non-severe cases
(mean MDF: 5.4). The patents with high MDFs (>64) demonstrated higher values of LDH, CRP and lower values
of WBC and PaO, compared to those of low MDFs group (<32). There was no clear correlation between CRP values
and antigen titers, and conversely the majority of severe cases showed relatively weak CRP responses, despite high levels
of bacterial antigen. Kinetic analysis of urinary and serum antigen titers in 4 cases of S. pneumoniae pneumonia
exhibited consistently higher values of antigen titers in urine than those in serum. The half lives of urinary and serum
antigen titers were calculated to be 1.0-3.4 and 1.1-2.3 weeks, respectively. These data suggest that quantitative
analysis of urinary antigen may be a useful indicator for severity of disease and course of S. pneumoniae pneumonia.
Our results demonstrate an application for S. pneumoniae antigen titer determination in urine and serum, which
may be crucial not only for diagnostic measures, but also may provide a better understanding of the pathogenesis of
S. pneumoniae infection.

Introduction Recently, a new, rapid immunochromatographic
membrane test, the NOW S. pneumoniae urinary
antigen test (Binax, Inc., Portland, Maine), has
been developed for the detection of antigens of
S. pneumoniae in urine samples [4]. This test is
simple to perform, detects the C-polysaccharide
cell wall antigen common to the majority of S.
pneumoniae strains, and provides results within

15 min. The utility of this assay has been repeatedly

Streptococcus pneumoniae has been consistently
shown to be the most common cause of commu-
nity-acquired pneumonia (CAP) in both adults and
children. This organism accounts for about two-
thirds of cases where an etiologic diagnosis is made
[1]. In particular, systemic pneumococcal infection
is a major cause of morbidity and mortality, espe-

cially for young children, people with underlying
diseases, and the elderly. Rapid diagnosis and proper
antibiotic chemotherapy, in addition to correct
evaluation of severity of disease, may be crucial for
determining course and outcome of S. pneumoniae
infection [2,3].

demonstrated, in which sensitivity and specificity
of this kit was shown to be 65.9-82.0% and 89.7-
100%, respectively [5-9]. It is likely that recovery of
bacterial antigen from urine may be associated
with invasion of bacteria or dispersion of bacterial
components and products into the blood stream.
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Thus, it is reasonable to query whether intensity of
urinary antigen reflects intravascular loading of
bacteria, and more importantly, severity of disease.
To answer this question, we have examined in-
tensity of urinary antigen by diluting urine samples in
a serial 2-fold fashion. Our data suggest a correla-
tion between urinary antigen titers and severity of
pneumonia. Furthermore, the kinetics and the half
lives of urinary and serum antigens were demon-
strated in patients with S. pneumoniae pneumonia.

Materials and methods

Collection of clinical data and samples in S. pneumoniae
preumonia cases

Urine samples from CAP patients admitted to Toho
University Hospital were tested for pneumococcal
antigen using the NOW S. pneumoniae urinary
antigen test. Urinary antigen positive cases (29 cases;
age range 18-86 y; 66% male) were recruited as part
of the present study. Clinical and laboratory data
were recorded, and urine samples were stored at
—80°C until used. In cases presenting with dyspnea,
arterial blood-gas analysis was performed before and
after oxygen supplementation. All enrolled patients
had an acute illness with clinical features of pneu-
monia and radiographic pulmonary shadowing that
was at least segmental or present in 1 lobe and was
neither pre-existing nor due to some other known
causes. Patients were excluded when pneurnonia was
not the principal reason for admission. Also, patients
with history of pneumonia within past 3 months
were not included in this study.

In 4 cases of urinary-antigen proven S. pneumo-
niae pneumonia, urine and serum samples were
consecutively collected over 17 weeks after admis-
sion, and these samples were also stored at —80°C
until used.

Evaluation of severity of diseases

There are no universally accepted criteria for severe
or non-severe CAP [2,3,10-12]. According to pre-
vious reports, we have used 1 set of variables that has
been proposed as a reliable predictor defining severe
CAP: the presence of 2 out of 3 possible minor
criteria (systolic blood pressure <90 mmHg, multi-
lobar disease, PaQ,/Fi0, <250), or 1 of 2 major
criteria (need for mechanical ventilation or septic
shock).

Qualitative and semi-quantitative analysis of
prneumococcal antigen

The urine samples were tested using the immuno-
chromatographic assay Binax NOW S. pneumoniae

Wednesday, 9th November. 2005 - 13:45:43

antigen (Binax). This test detects the C-polysacchar-
ide antigen from the cell wall of S. pneumoniae
that is believed to be specific for a majority of
pneumococcal serotypes. The test was performed
in accordance with the manufacture’s instructions. A
swab was dipped into the urine sample and then
inserted into the test device. A buffer solution was
added, and the device was closed, bringing the
sample into contact with the test strip. The test
was read at 15 min and was interpreted by noting
the presence or absence of visually detectable pink
lines. A positive test result was indicated by the
detection of both sample and control lines, and a
negative result was indicated by the detection of
a control line only. The results were read by
2 observers and consensus data were used for
following analysis.

For semi-quantitative analysis in urine and serum,
serial 2-fold dilution was performed with phosphate-
buffered saline, and then presence of pneumococcal
antigen was examined by the NOW S. pneumoniae
urinary antigen test, as described above. The dilu-
tion at which urinary antigen is positive, but negative
at the next 2-fold dilution, was designated to be
maximum dilution factor (MDF) in the present
study.

Statistical analysis

We used Student’s t-test to compare quantitative
variables. A 2-tailed p-value of 0.05 was considered
to be statistically significant.

Results
Urinary antigen titers on adwmission

MDFs of 29 cases of S. pneumoniae pneumonia
were examined in urine samples, which were ob-
tained and stocked on admission (Figure 1). MDFs
varied from 1 to 4096, with the median value
calculated to be 317.8. Next, we examined the
correlation of urinary antigen titers and severity of
disease, as defined in Materials and methods. MDFs
of 17 cases with non-severe diseases ranged from 1 to
32, with a median MDF value of 5.4. In contrast,
MDFs of 12 cases with severe pneumonia were
widely distributed from 1 to 4096, with the median
MDF value calculated to be 760.5 (p <0.05). In the
present study, 2 lethal cases were included, and
MDFs of urines in these cases were 4 and 4096.
These data demonstrated that severe cases of
S. pneumoniae pneumonia appear to have higher
MDFs in urine than those of non-severe cases.
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Figure 1. Urinary antigen titers on admission. MDFs of 29 cases
of S. pneumoniae pneumonia were examined in urine samples,
which were obtained and stocked on admission. MDFs of 17 cases
with non-severe diseases ranged from 1 to 32, with a median
MDF value of 5.4. In contrast, MDFs of 12 cases with severe
pneumonia were widely diswributed from 1 to 4096, with the
median MDF value calculated to be 760.5. Closed circles
demonstrated lethal cases. *p <0.05.

Comparison of laboratory data in patients with low
(<32) and high (> 64) wurinary MDF

We compared laboratory data on admission in
patients with low MDF (<32) and the high MDF
group (=64) (Figure 2). Of the laboratory markers
examined, the median values of CRP and LDH
were slightly elevated in high MDF group. Con-
versely, the median WBC count in the high MDF
group was lower than those of patients in the low
MDF group, although WBC counts in the high
MDF patients segregated into 2 groups: high
(more than 20,000/mm?®, 2 cases) and low (less
than 7,000/mm?, 6 cases) WBC counts. Arterial
blood-gas analysis of patients on room-air upon
admission showed that the patients with the high

(@) (b}
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MDF group exhibited slightly lower PaO, than those
of patients with the low MDF group.

CRP is an acute phase protein which is produced
in the liver in response to a variety of stimuli,
including bacterial components and products {13].
C-polysaccharide of 8. pneumoniae, which is a
major component of urinary antigen, is a major
binding target for CRP. We examined a correlation
of urinary MDFs and CRP levels in severe and non-~
severe cases of pneumonia (Figure 3). In non-severe
cases, CRP values were widely distributed from 1 to
46 mg/dl, although urinary MDFs were all less than
64. On the other hand, CRP values in 6 of 10 severe
cases were between 20 and 30 mg/dl, and MDFs of
all these cases were equal or higher than 64. In the
present data, we did not observe a correlation
between CRP values and urinary MDFs in pneu-
mococcal pneumonia. Conversely, our results sug-
gest relatively weak CRP responses in the majority
of severe cases of pneumonia, despite the high levels
of bacterial antigen.

Kinetic analysis of urinary and serum pneumococcal
antigen

We examined kinetic changes of urinary and serum
MDFs in 4 patients, in which serial samples were
stocked from their admission to 17 weeks after the
onset of pneumonia (Figure 4). In case 1, for
example, urinary MDF of 4096 was observed on
admission, which gradually declined over the period
of observation. The half life of urinary antigen was
calculated to be approximately 3.2 weeks. In the
serum of this case, MDF on admission was 256,
which decreased to 2 at 16 weeks after the onset of
pneumonia (half life, 2.3 weeks). In case 2, the
kinetic data of urinary and serum antigens were
similar to that observed in case 1. In addition, the
present data demonstrated that urinary MDFs are
8- to 16-fold higher than those of serum. Collectively
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Figure 2. Comparison of laboratory data in patients with low ( <32) and high (>64) urinary MDF. We compared laboratory data on
adwmission in patients with low MDF ( <32) and the high MDF group (>64). a) CRP: b) LDH: ¢) WBC: d) Pa0O,.
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102 from these data, the half lives of urinary and serum in patients with rapidly progressive diseases, such as
103 antigen titers were calculated to be 1.0-3.4 and Legionella and S. pneumoniae pneumonia (2,3,10~
104 1.1-2.3 weeks, respectively. 12]. In our quantitative analysis of urinary antigen,
MDFs of 29 cases of S. pneumoniae pneumonia
. . were widely distributed from 1 to 4096. Interest-
105 Discussion . .
ingly, the mean MDF of severe cases of pneumonia
106 The present study demonstrated, for the first time, was clearly higher than that of non-severe cases,
107 a correlation between pneumococcal urinary antigen although MDFs of 12 cases with severe pneumonia
108 and severity of infection, as well as kinetic changes of displayed considerable patient-to-patient variability.
109 antigen titers in urine and serum. Although careful Typical examples were observed in 2 lethal cases, in
110 observations of clinical findings may be a best which MDFs of their urines were 4 and 4096. In
111 indicator for severity of diseases, our data suggest addition, the present data indicated a trend of higher
112 a potential usefulness of quantitative analysis of values of CRP and LDH, whereas the values of
113 urinary antigen for supplementary information. WBC and PaO, were lower in patients with high
114 Although several clinical indicators, such as MDFs. These data demonstrated that urinary anti-
115 changes of vital signs, laboratory and radiographic gen ftiters may be an indicator for determining
116 findings, are useful for evaluation of severity of severity of pneumococcal infection, while also sug-
117 diseases, these markers remain imprecise, especially gesting the involvement of other factors. In this
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Figure 3. Correlation of urinary MDFs and CRP levels in severe and non-severe cases of pneumonia.
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Figure 4. Kinetic analysis of urinary and serum pneumococcal antigen. Open circles: urinary MDFs; Closed circles: serum MDFs.
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regard, host reactions, such as cytokine/chemokine
productions and acute phase responses, to bacteria
and bacterial antigens may be a crucial factor, which
is largely unknown in pneumococcal infection.

C-polysaccharide of S. pneumoniae is a major
ligand for CRP, and binding of CRP to ligands
activates the classical complement pathway and
stimulates phagocytosis [13]. In addition, pneumo-
coccal C-polysaccharide is known to trigger inflam-
matory cytokine releases, including IL-1, I1.-6, IL-8
and TNF-o, which in turn induce production of
CRP (14,15]. Recently, Almirall et al. have reported
arole for CRP in assessment of severity of CAP [16].
In the present analysis of a correlation between
CRP values and MDF titers, relatively weak CRP
responses were observed in the majority of severe
cases of pneumonia, in which high levels of bacterial
antigen were demonstrated. It is generally accepted
that severe infections are frequently associated
with multiple organ failure, including liver injury,
which may suppress production of acute phase
proteins [17,18]. In this regard, liver diseases, such
as cirrhosis, are known to be a major risk factor
for life-threatening pneumococcal infections [19].
Recently, Roy et al. have reported that mutations in
mannose-binding lectin, an acute-phase reactant, are
a crucial factor determining severity of pneumococ-
cal infections in a case-control study [20].

The semi-quantitative analysis uncovered kinetic
changes of pneumococcal urinary and serum anti-
gen titers in infected individuals. The present
data support previous results describing continuous
secretion of bacterial antigen in urine [21,22], and
further demonstrated the half lives of urinary and
serum antigen to be 1.0-3.4 and 1.1-2.3 weeks,
respectively. Long-lasting excretion of urinary anti-
gen (probably 12-36 weeks) may be expected
in certain cases (Figure 4), as an MDF value of
4096 was observed in the urine of 1 such patient on
admission. Additionally, the present data indicated
consistently higher values of urinary antigen titer
compared to that of serum. These data suggest that
concentration and cléarance of bacterial antigen
during the excretion step in kidney may be crucial.
Other investigators have extended the application
of this assay to the detection of pneumococcal
antigen in nasopharyngeal samples, effusions of otitis
media and cerebrospinal fluids [23-26]. Regarding
the sensitivity of this kit, we observed approximately
10° CFU/ml of bacteria as a detection limit in Binax
NOW kit (data not shown).

Collectively, these data suggest that quantitative
analysis of urinary antigen may be a useful indicator
for severity of disease and course of S. pneumoniae
pneumonia. Our results illustrate a new application
for S. pneumoniae antigen titer determination in
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Quantitarive analysis of pneumococcal antigen 5

urine and serum, which may be crucial not only
for diagnostic measure, but also for better under-
standing of the pathogenesis of S. pneumoniae
infection.
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Between January and April 2002, a total of 271 strains of Staphylococcus aureus were isolated
from clinical specimens at Toho University Omori Hospital, Japan, including 201 (74-2 %) which
were identified as meticillin-resistant S. aureus (MRSA). However, 34 (12-5 %) were biochemically
atypical, because they did not produce acid on mannitol salt agar or did not agglutinate in
Staphaurex testing but were categorized as MRSA by PCR analysis and by antibiotic susceptibility.
Three automatic identification systems, AutoScan-4” (Dade Behring), BD Phoenix® (Becton
Dickinson) and Vitek” 2 (bioMérieux), were evaluated by testing these atypical S. aureus isolates.
The AutoScan-4" and Phoenix® systems identified all 34 isolates as S. aureus. Without additional
tests such as Staphaurex, observation of colony pigment and haemolysins on sheep blood agar,
Vitek”™ 2 identified only 16 isolates (47-1 %) as S. aureus with good or better confidence levels
and misidentified one of the remaining isolates as Staphylococcus chromogenes. This study shows
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that it is possible to identify these physiologically atypical S. aureus isolates correctly by using
the Phoenix® and AutoScan-4" fully automatic identification systems.

INTRODUCTION

Staphylococci are widespread in nature, although they are
mainly found living on the skin and mucous membranes.
The coagulase-positive species Staphylococcus aureus is well
known as a human pathogen. Serious infections produced
by S. aureus include bacteraemia, pneumonia, osteomyelitis,
acute endocarditis, myocarditis, pericarditis, encephalitis,
meningitis, choriamnionitis, mastitis, scalded skin syn-
drome and abscesses of the muscle, urinogenital tract and
various intra-abdominal organs (Murray et al., 2003). The
species is identified on the basis of a variety of conventional
physiological or biochemical characters. The key characters
for S. aureus are colony pigment, free coagulase, clumping
factor, protein A, heat-stable nuclease and acid production
from mannitol (Murray et al,, 2003). In addition, S. aureus
can be identified by PCR methods. Sequences targeted by
PCR include tst (encoding the toxic shock syndrome
protein), eta and etb (encoding exfoliative toxins A and B,
respectively), staphylococcal enterotoxin genes such as sea,
sec, sed, seg, seh, sei, sej and sel, nuc (encoding thermostable
nuclease) and the Sa442 DNA fragment (Becker et al., 2003;
Martineau et al,, 1998; Pinto et al., 2005). Since the 1980s,

Abbreviation: MRSA, meticillin-resistant Staphylococcus aureus,

meticillin-resistant S. aureus (MRSA) has spread widely to
become a major clinical and epidemiological problem in
many medical centres (Maple et al., 1989; Matsuhashi er al.,
1986). Some MRSA isolates may be biochemically atypical
compared to meticillin-susceptible S. aureus, particularly in
coagulase production or acid production from carbon
sources (Berke & Tilton 1986; Smole et al., 1998; Wilkerson
et al., 1997). In clinical microbiology laboratories, it is very
important to distinguish S. aureus from other staphylococci,
because S. aureus is an important nosocomial pathogen
(Murray et al., 2003).

A total of 271 S. aureus isolates were isolated by the Clinical
Laboratory Department in Toho University Omori Hospital,
Japan, from January to April 2002. These isolates, including
34 bxochemlcally atypical isolates, were analysed using
Vitek” 2 and its optional tests. Thirty-four (12-5 %) were
found to be biochemically atypical, because they did not
produce acid from mannitol salt agar or did not agglutinate
in Staphaurex testing but were categorized as MRSA by PCR
analysis and antibiotic susceptibility. Because of an increased
frequency of isolation of physiologically atypical S. aureus
and the need to identify them accurately, this collection of
isolates was used to evaluate three automatic identification
systems, AutoScan-4®, BD Phoenix® and Vitek" 2.
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METHODS

Bacterial strains. The date of isolation and origin of the clinical
isolates used in this study are given in Table 1. All atypical isolates
were isolated at Toho University Omori Hospital between February
and April 2002. Data from pulsed-field gel electrophoresis provided
by the hospital infection control team indicated that the 34 S. aureus
isolates used did not have a common origin (data not shown).

Identgfication of S. aureus. All isolates were initially evaluated by
Vitek' 2 with additional tests and then stored at —80 "C using 30 %
glycerol. Additionally, Staphaurex (Murex Biotech) was used to

detect clumping factor, as membrane-bound coagulase, and protein
A. Free coagulase production was detected by aggregation of rabbit
plasma (Eiken Chemical Co.) by the tube method, according to the
supplier’s instruction manual. Mannitol fermentation was tested on
mannitol salt agar (Murray et al, 2003). Haemolysis was detected
on sheep blood agar after 20 h incubation at 35 °C; yellow pigment
production was defined as the visual detection of carotenoid pig-
ments by two or more people after 24 h incubation at 35°C
(Murray et al., 2003).

Confirmation of §. aureus by species-specific PCR and
detection of the mecA gene. DNA amplification of the 34

Table 1. Atypical S. aureus isolates used in the evaluation of three automatic identification systems and their biochemical

characteristics

All isolates produced free coagulase, detected by aggregation of rabbit plasma. Acid production from mannitol was observed by a change in

colour of the mannitol-salt agar plate. Haemolysis of colonies and yellow pigment were observed on trypticase soy agar 1I with 5% sheep

blood. BAL, Bronchoalveolar lavage.

Isolate Isolation date Specimen Aggregated by Acid production Haemolysin Yellow
Staphaurex from mannitol activity pigment
1% 10 April 2002 Pharyngeal swab + - + +
2 29 March 2002 Umbilical swab + - + +
3" 29 March 2002 Skin + - + +
4t 1 April 2002 Pharyngeal swab + - + +
st 1 April 2002 Pharyngeal swab + - + +
6" 1 April 2002 Pharyngeal swab + - + +
7 22 February 2002 Faeces - + + +
8t 1 April 2002 Intravenous catheter + - - +
9 1 February 2002 Faeces - + + +
10° 18 March 2002 Pharyngeal swab + - + +
117 23 March 2002 Nasal swab + - - -
12 26 March 2002 BAL fluid + - +
13 26 March 2002 BAL fluid + - - +
14 25 March 2002 Urinary catheter - + + +
15¢ 5 March 2002 BAL fluid + - - -
16° 7 March 2002 Pharyngeal swab + - + +
17° 8 March 2002 Pharyngeal swab + - + +
18° 8 March 2002 Pharyngeal swab + - + +
19 8 March 2002 Vaginal swab + - - +
20¢ 8 March 2002 Vaginal swab + - + +
21 4 February 2002 Sputum - + + +
22 8 March 2002 Pharyngeal swab + + +
23¢ 8 March 2002 Vaginal swab + - + +
24 8 March 2002 Pharyngeal swab + - - -
25° 8 March 2002 Pharyngeal swab + - + +
26 15 March 2002 Blood - + + +
27 26 February 2002 Intravenous catheter - + + +
28 4 March 2002 Vaginal swab + - + +
29¢ 4 March 2002 Vaginal swab + - + +
30 5 March 2002 Skin - + + +
31 5 March 2002 BAL fluid + - + +
32¢ 4 March 2002 Intravenous catheter + - - -
33 8 February 2002 Vaginal swab - + + +
34 20 February 2002 Faeces — + + +

*Resolved by additional tests: a, coagulase production; b, coagulase production, yellow pigment and haemolysis.

+1dentified as S. chromogenes by the Expert system of Vitek” 2.
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isolates was performed with colony direct PCR (Tsuchizaki et al,
2000). A small portion of a colony was picked up by a toothpick,
transferred directly to 50 pl of PCR mixture containing 50 pmol of
each oligonucleotide primer from the Sad442 set (Martineau et al,,
1998), 25 ul SYBR” Green Master Mix (Applied Biosystems) and
autoclaved MilliQ water. S. aureus FDA 209P and Staphylococcus
epidermidis ATCC 14990 were used as-positive and negative controls,
respectively, for the PCR. The thermal cycling protocol was as
follows: 5 min at 95 'C for hot start of DNA polymerase and initial
denaturation followed by 40 cycles of two steps consisting of 1 s at
95°C for denaturation and 55°C for the annealing and extension
steps. Real-time detection of the PCR product was performed on
an ABI PRISM 7000 Sequencing Detection System (Applied Bio-
systems) by measuring the fluorescence signal. Specificity of the
fluorescence signal was estimated by a denaturation protocol to
compare with a theoretical T, value of the PCR product after
40 cycles.

The mecA gene was used as the gold standard for detection of meticillin
resistance by PCR assay. The specific primer set for mecA reported by
Reischl et al. (2000) was used. PCR conditions used were as previously
described (Martineau et al,, 1998). S. aureus N315 (Hiramatsu et al.,
1992) and §. aureus FDA 209P were used as positive and negative
controls for the mecA gene, respectively.

Biochemical identification. Inocula for the following studies were
prepared using a nephelometric device to adjust the turbidity to
McFarland standard 0-5. S. aureus FDA 209P and S. epidermidis
14990 were used as positive and negative controls, respectively.
Analysis of the results was based on the computerized reports from
each identification system.

identification with AutoScan-4" system. Preparation of the
AutoScan Pos 1D panel (Dade Behring), inoculum preparation, panel
rehydration and inoculation, biochemical overlays (Pos ID only),
incubation, reading of the panels and quality control were per-
formed according to the manufacturer’s instructions. Pos ID panels
were read visually after 24 h incubation at 35°C. The test reactions
were read by the AutoScan-4" (Dade Behring) and the results were
converted to compare with the AutoScan updated database.

Identification with Vitek” 2. The test panels (ID-GPC; bio-
Meérieux) were automatically filled by a vacuum device, sealed and
inserted into the Vitek 2 reader-incubator module (bioMérieux)
and subjected to a kinetic fluorescence measurement every 15 min.
The results were interpreted by the ID-GPC database and final
results were obtained automatically.

Identification with the Phoenix® system. The Phoenix® system
(Becton Dickinson) was used according to the manufacturer’s
instructions with PMIC/ID14 panels (Becton Dickinson) for strain
identification and oxacillin-susceptibility testing, Test suspensions
were prepared from pure bacterial cultures grown on trypticase 50y
agar 1l with 5% defibrinated sheep blood (Becton Dickinson). The
ID suspension was inoculated within 30 min into the panel, which
was then loaded into the instrument for incubation at 35°C and
continuous reading. The results were interpreted by the ID-GPC
database and final results were obtained automatically.

RESULTS AND DISCUSSION

One of the most important strategies to prevent and control
the spread of MRSA is early and correct identification of
positive strains, including those coming from diseased or
colonized areas. Samples used in this study came from both.
Several samples were taken as a precaution due to a high
incidence of MRSA infections in the neonatal intensive care

unit (e.g. vaginal samples taken from pregnant women prior
to delivery, pharyngeal samples or umbilical samples taken
from newborns) (Table 1). Once an isolate has been posi-
tively identified, cases of disease can be treated appro-
priately, and other procedures such as patient isolation,
decontamination of exposed areas and increased hygiene
measures can take place. Thus, identification is crucial.

All 34 isolates in this study were confirmed as S. aureus by
PCR using the Sa442 primer set. Free coagulase production
was confirmed for all isolates by the tube method with
rabbit plasma. Nine of 34 isolates did not aggregate in the
Staphaurex test, 25 of 34 isolates did not produce acid from
mannitol, 26 of 34 had haemolysin activity and only 30 of
these clinical isolates produced yellow pigment (Table 1). In
addition, these 34 strains were confirmed as MRSA (mecA
gene positive) by PCR analysis. Antibiotic susceptibilig
testing also confirmed all isolates as MRSA by the Phoenix™
system.

Out of 34 isolates tested, a concordant identification to the
species lev%l was obtained by the Phoenix® system,
AutoScan-4~ (Table 2) and genetic determination by PCR
for all the isolates tested. On the other hand, only 16
(47-1 %) isolates were identified as S. aureus by Vitek” 2,
with good or better confidence levels, without the use of
supplementary tests such as Staphaurex and/or haemolysin
activity and pigment of colony on sheep blood agar
(Table 2). One strain was identified incorrectly as Staphylo-
coccus chromogenes by the Vitek” 2 instrument (Table 1).

The 34 isolates used formed 24 clusters by pulsed-field gel
clectrophoresis when the data were analysed by the criteria
of Tenover et al. (1995) (data not shown). Therefore, these
atypical MRSA isolates have 24 or more origins.

Toho University Omori Hospital uses the Vitek® 2 system
for identification of clinical isolates. This system had pre-
viously proved to provide accurate and acceptable identi-
fication and antibiotic susceptibility for Gram-positive cocci
(Ligozzi et al,, 2002). Recently, the frequency of isolation of
S. aureus with atypical physiological characteristics has
increased to approximately 12:5% (data not shown) in
Toho University Omori Hospital, and it is very difficult to
identify atypical S. aureus by the Vitek" 2 system unless extra
tests are used. Furthermore, there have been several reports
on the limitations of this identification system in distin-
guishing staphylococcal species (Becker ef al., 2004; Ben-
Ami et al, 2005).

Several genes have been targeted for PCR analysis of S.
aureus but among these genes, tst genes, eta and eth and
staphylococcal enterotoxin genes are not always detected in
S. aureus (Becker et al., 2003; Pinto et al, 2005). The nuc
gene has been widely used for species-specific detection,
although it has also been reported in Staphylococcus inter-
medius strains (Becker et al., 2005). Thus, the Sa442 DNA
fragment was used to confirm S. aureus by PCR in the
present study. Recently, Klaassen et al. (2003) reported that

http://jmm.sgmjournals.org
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Table 2. S. aureus isolates with dissenting or ambiguous results in identification by Vitek” 2, AutoScan-4" or Phoenix®

Isolate Identification by Vitek” 2 (T index, confidence level) ‘ Confidence value (%)
AutoScan-4" Phoenix®

1 S. chromogenes (0-58, low); S. aureus (0-46, low) 99-9 99
2 S. aureus (031, good) 99-9 99
3 S. chromogenes (0-58, low); S. hyicus (0-50, low); S. aureus (0-49, low) 99-8 99
4 S. aureus (059, low); S. chromogenes (0-58, low); S. hyicus (0-50, low) 90-5 99
5 S. aureus (0-59, low); S. chromogenes (0-58, low); S. hyicus (0-50, low) 99-9 99
6 S. chromogenes (0-58, low); S. hyicus (0-50, low); S. aureus (0-49, low) 90-5 99
7 S. aureus (1-00, excellent) 99-9 98
8 S. chromogenes {0-50, good) 92:6 99
9 S. aureus {0-88, excellent) 99-9 99
10 S. chromogenes (0-58, low); S. aureus (0-56, low) 92:6 99
11 S. chromogenes (0-58, low); S. aureus (0-56, low) 99-9 929
12 S. aureus (0-56, very good) 99-9 99
13 S. aureus (0-56, very good) 99-9 99
14 S. aureus (090, excellent) 99-9 99
15 S. chromogenes (0-58, low); S. aureus (0-56, low) 99-9 99
16 S. chromogenes (0-58, low); S. hyicus (0-50, low); S. aureus (0-49, low) 99-8 99
17 S. chromogenes (0-58; low); S. aureus (0-56, low) 99-9 99
18 S. chromogenes (0-58, low); S. aureus (0-46, low) 999 99
19 S. aureus (0-56, very good) 99-8 99
20 S. chromogenes (0-58, low); S. aureus (0-46, low) 99-9 99
21 S. aureus (0-90, excellent) 99-9 99
22 S. aureus (0-84, excellent) 90-5 99
23 S. chromogenes (0-58, low); S. aureus (0-46, low) 99-8 99
24 S. aureus (0-56, very good) 99-9 99
25 S. chromogenes (0-58, low); S. aureus (0-56, low) 99-9 99
26 S. aureus (0-90, excellent) 99-9 99
27 S. aureus (065, very good) 99-9 99
28 S. aureus (0-56, very good) 99-8 99
29 S. chromogenes (0-58, low); S. aureus (0-46, low) 99-9 99
30 S. aureus (0-65, very good) 99-9 99
31 S. chromogenes (0-58, low); S. aureus (0-46, low) 99-8 99
32 S. chromogenes (0-58, low); S. aureus (0-46, low) 99-9 99
33 S. aureus {1:00, excellent) 99-9 99
34 S. aureus (1:00, excellent) 99-9 99

the Sa442 primer set did not work against the clinical isolate
S. aureus 550226. They concluded that a number of S.
aureus strains may have been misidentified in the past or
the presence of S. aureus in clinical isolates may have been
overlooked when identification was based solely on the
Sa442 PCR assay. However, in our study, all 34 atypicai S.
aureus isolates were identified by PCR using this primer set.

Extra tests were required to confirm the identity of the
strains when using the Vitek” 2 system: Staphaurex for
membrane-bound coagulase and protein A, haemolysin
activity and production of pigment on sheep blood agar
plate. Staphaurex is a method commonly used for S. aureus
identification, even though it only detects clumping factor
and protein A. Staphaurex has also been reported as too
insensitive for reliable detection of MRSA (Rappaport et al.,
1988). We obtained negative results with Staphaurex for

several isolates, Fortunately, isolates negative for clumping
factor and/or protein A produced acid from mannitol, and
all 34 isolates produced free coagulase, were identified by
PCR and as oxacillin resistant by antibiotic susceptibility
testing.

The semi-automatic identification system of AutoScan-4"
conforms to the requirements of the Clinical and Laboratory
Standards Institute (formerly the National Committee for
Clinical Laboratory Standards) and requires a longer incu-
bation period than Vitek” 2 or Phoenix®. However, it
permits technologists to check biochemical reactions visually
by observing the panels. We believe that this point is very
important for clinical technologists, because some like to
reconfirm the results of biochemical reactions by eye. The
AutoScan-4" correctly identified the 34 S. aureus strains in
this study without any extra tests.
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The Phoenix® system also correctly identified all S. aureus
strains without extra testing within 6, h. This was faster than
the 18 h needed by the AutoScan- 4" system and the more
than 24 h needed by the Vitek” 2 system when additional
tests were necessary. The conﬁdence levels of identification
were above 90 % for AutoScan-4" and Phoenix®. On the
other hand, Vitek” 2 had low discrimination levels for 17
strains (Table 2).

It should be noted that molecular biological techniques,
such as DNA sequencing (Becker et al., 2004), hybridization
(Sogaard et al., 2005; Trindade et al, 2003) or the use of
DNA microarray technology (Charbonnier et al., 2005),
could provide a more accurate identification and classifica-
tion tool, but such techniques are difficult to apply in a
routine clinical laboratory. A rapid, conventional and auto-
mated identification method, based on phenotypic char-
acters, is a more practical approach for daily clinical
laboratory procedures.

In conclusion, the Phoenix® system and AutoScan-4" could
provide accurate information for the identification of S.
aureus with atypical physiological characterxstlcs without
any extra tests. The merit of AutoScan-4" is that technolo-
gists can check biochemical reactions by observing the
panels. This study shows that biochemically atypical S.
aureus strains were not identified as S. aureus by Vitek® 2
unless extra tests were used. The Phoenix® system identified
all strains correctly within 6 h. Accordingly, this report
suggests that Phoenix®, a fully automatic system, can be
used for rapid identification in the clinical laboratory.
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