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We evaluated the clinical usefulness of a PCR assay that discriminates Staphylococcus aureus from coagulase-
negative staphylococci and detects methicillin resistance on blood cultures by measuring the adaptation of
antimicrobial therapy based on the PCR results. Only 7 of 28 patients (25%) benefited from a modification of
antibiotic therapy based on the PCR results, since empirical therapy was appropriate in a majority of cases.

Staphylococci are the most frequent pathogens implicated in
bloodstream infections (BSI). In a recent European multi-
center study, they represented 36% of all bacteremia events,
with 22% due to Staphylococcus aureus and 14% to coagulase-
negative staphylococci (CoNS) (6). With respect to nosocomial
BSI, CoNS are the most common pathogens, with an attribut-
able mortality rate of 13 to 18% (8). In the case of S. aureus
BSI, the attributed mortality ranges from 22% for methicillin-
susceptible S. aureus to 42% for methicillin-resistant S. aureus
(MRSA) (10). Rapid reporting of identification and suscepti-
bility results can significantly improve outcomes for infected
patients by enabling rapid adjustment of antibiotherapy, lead-
ing to decreased mortality, shortened hospital stay, and lower
hospitalization costs (3, 7, 13). Consequently, many methods
were developed over recent years to provide more rapid iden-
tification and susceptibility results. Only a few studies have
determined whether those rapid but expensive and labor-in-
tensive methods could improve patient care. We examined
how a PCR assay that discriminates S. aureus from CoNS and
detects methicillin resistance on positive blood cultures could
improve patient care by tracking the following two parameters:
(i) turnaround time to results by PCR versus conventional tests
and (ii) adaptation of empirical therapy.

During an 8-month period, we prospectively enrolled 35
adult inpatients suspected of having staphylococcal BSI, de-
fined as patients with two or more blood cultures positive for
gram-positive cocci in clusters or with a single positive blood
culture and another clinical site infected with staphylococci.
Only blood cultures becoming positive between 7 p.m. and
9 a.m. on weekdays were included. PCR was performed on
DNA directly extracted from the blood culture broth as pre-
viously described (9) by using three sets of primers for se-
quences encoding a staphylococcus-specific region of the 16S
rRNA gene, the S. aureus-specific thermostable nuclease gene
(nuc), and the PBP2A gene (mecA). Conventional methods

consisted of a 24-h subculture on Columbia agar with 5%
sheep blood, a coagulase test in human plasma, and an agglu-
tination test with a Pastorex Staph Plus kit (Sanofi Diagnostics
Pasteur, Marnes la Coquette, France). For CoNS, susceptibil-
ity tests were performed by disk diffusion (Rosco Neosensitabs,
Taastrup, Denmark) according to NCCLS criteria. For S. au-
reus, a Rapid ATB-Staph microdilution test (Biomérieux,
Marcy l’Etoile, France) was used on weekdays, and a disk
diffusion test was used on weekends. CoNS identification to
species was performed with the ID 32 Staph system (Bio-
mérieux). PCR showed 100% concordance with conventional
methods for all clinically significant isolates causing BSI. PCR
was not able to discriminate mixed cultures containing con-
taminant isolates in three cases (Fig. 1). The turnaround time
to result communication was the time elapsed between report-
ing of the Gram stain result and notification of either PCR or
conventional method results. For PCR, the mean turnaround
time was 6 h 8 min (range, 4 h 50 min to 7 h 30 min), whereas
the conventional methods took a mean time of 36 h 39 min
(range, 27 h 35 min to 51 h 1 min) for S. aureus and 49 h 16 min
(range, 47 h 6 min to 51 h 21 min) for CoNS. Thus, PCR
provided results on average 39 h earlier than conventional
methods (P � 0.01).

Positive blood cultures were considered to be indicative of
BSI in 29 patients and CoNS pseudobacteremia in 6 patients
(Fig. 1). CoNS pseudobacteremia was considered if only one of
the two or three blood culture samples taken within 72 h from
a patient was positive for CoNS or if several blood cultures of
the same patient were positive for distinct CoNS (based on two
or more major or three or more minor discrepancies in the
susceptibility profile to 14 antibacterial agents). Patients with
CoNS pseudobacteremia and one patient without follow-up
because of his transfer to another hospital were excluded from
the evaluation of treatment modification.

The results of Gram stain, PCR, and conventional tests were
communicated to the clinician in charge of the patient by a
microbiologist, who recorded the time at which the results
were communicated. At each step of the process, the imple-
mentation or adaptation of the treatment was evaluated ac-
cording to local antimicrobial therapy guidelines in collabora-
tion with an infectious disease specialist (Table 1). Before PCR
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results were available, 25 of the 28 evaluated patients (89%)
were already receiving an appropriate antibiotic treatment or
had a CoNS-infected device removed, while three patients
were untreated. Based on PCR results, treatment was altered
in seven patients: five patients with methicillin-susceptible
staphylococci were shifted from vancomycin to oxacillin ther-
apy, vancomycin treatment was started for one patient with
methicillin-resistant CoNS, and treatment with cefepime plus
vancomycin was streamlined to vancomycin only for one pa-
tient with methicillin-resistant CoNS. Conversely, two patients
with methicillin-susceptible staphylococci remained under van-
comycin despite notification of PCR results (Table 1).

Tan et al. (12) have retrospectively evaluated the potential
clinical impact of a PCR assay for MRSA detection on 52
staphylococcal BSI. They report that 39% of MRSA bactere-
mia under ineffective empirical therapy could benefit from an
adaptation of treatment based on PCR results. Allaouchiche et
al. (1) studied 145 patients with an S. aureus bacteremia in an
intensive care unit. The patients were randomly assigned to

two groups, one in which methicillin susceptibility tests were
performed by the conventional overnight method and the
other in which a same-day PCR assay was used. They found no
significant difference between the two groups in terms of out-
come of the infection or general clinical outcome. In the
present study, our PCR assay was confirmed to be as accurate
as conventional methods (9). Results were available about 39 h
earlier. However, this method is labor intensive and relatively
expensive (approximately $30 per assay in our laboratory, in-
cluding material and labor). This PCR does not discriminate
mixed cultures and neither provides a complete susceptibility
profile nor identifies CoNS to the species level. Only 25% of
the treatments were modified following notification of the
PCR results for our patient population. This is related to the
high proportion of methicillin-resistant staphylococci causing
bacteremia as well as to the high frequency of appropriate
empirical antibiotic therapy in our institution (4).

This PCR assay thus showed limited clinical benefits in our
setting. The cost effectiveness of this assay may be better in

FIG. 1. Repartition of the patients with staphylococcal-positive blood cultures by type of isolate. *, one case with methicillin-resistant CoNS
bacteremia plus methicillin-resistant CoNS contamination; **, two cases with mixed contamination by two distinct methicillin-resistant CoNS;
Methicillin-R, methicillin-resistant; Methicillin-S, methicillin-susceptible.

TABLE 1. Evolution of antistaphylococcal treatment in 28 patients with staphylococcal bacteremia by diagnostic step

Infectious agent (no. of patients) Drug

No. of patients receiving the indicated drug at the indicated diagnostic stagea

Empiricalb Gram stain PCR Conventional
methods

Methicillin-susceptible S. aureus (7) Vancomycin 4 5 1 1
Oxacillin 0 2 6 6
No antibiotic 3 0 0 0

MRSA (4) Vancomycin 2 3 3 3
Oxacillin 0 0 0 0
No antibiotic 2 1 1 1

Methicillin-susceptible CoNS (3) Vancomycin 1 2 1 0
Oxacillin 0 0 1 2
No antibiotic 2 (1) 1 (1) 1 (1) 1 (1)

Methicillin-resistant CoNS (15) Vancomycin 4 9 10 10
Oxacillin 0 0 0 0
No antibiotic 10 5 (3) 4 (3) 4 (3)

aValues in parentheses indicate the number of patients with removal of an intravenous device.
b Values represent the number of patients treated before any result from blood cultures was available.
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other institutions with lower prevalences of methicillin resis-
tance or less frequently appropriate empirical therapy (12).
Improved DNA detection methods, allowing the simultaneous
probing of several bacterial targets, such as oligonucleotide
arrays (2), and faster methods, like PCR performed directly
from the blood of septic patients (5, 11), warrant further in-
vestigation of their impact on the management and outcome of
infection in hospitalized patients.
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