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Empiric therapy of methicillin-susceptible Staphylococcus aureus (MSSA) infections with vancomycin is
associated with poorer outcome than targeted therapy with b-lactams. Our objective was to evaluate
whether rapid determination of methicillin resistance shortens the time from Gram stain to targeted
antimicrobial therapy in staphylococcal bacteraemia, thereby reducing vancomycin overuse. This was a
single-centre open parallel RCT. Gram-positive cocci in clusters in positive blood culture underwent real-
time PCR for rapid species and methicillin resistance determination parallel to conventional microbi-
ology. Patients were randomized 1:1 so that clinicians would be informed of PCR results (intervention
group) or not (control group). Eighty-nine patients (intervention 48, control 41) were analysed. MRSA
was identified in seven patients, MSSA in 46, and CoNS in 36. PCR results were highly concordant (87/89)
with standard microbiology. Median time (hours) from Gram stain to transmission of methicillin-
susceptibility was 3.9 (2.8e4.3) vs. 25.4 (24.4e26e7) in intervention vs. control groups (p <0.001).
Median time (hours) from Gram stain to targeted treatment was similar for ‘all staphylococci’ [6 (3.8e10)
vs. 8 (1e36) p 0.13] but shorter in the intervention group when considering S. aureus only [5 (3e7) vs.
25.5 (3.8e54) p <0.001]. When standard susceptibility testing was complete, 41/48 (85.4%) patients in
the intervention group were already receiving targeted therapy compared with 23/41 (56.1%) in the
control group (p 0.004). There was no significant effect on clinical outcomes. Rapid determination of
methicillin resistance in staphylococcal bacteraemia is accurate and reduces significantly the time to
targeted antibiotic therapy in the subgroup of S. aureus, thereby avoiding unnecessary exposure to
vancomycin. S. Emonet, CMI 2016;22:946.e9e946.e15
© 2016 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

Staphylococcal species are often encountered in bacteraemia,
accounting for up to 50% of positive blood cultures. While Staphy-
lococcus aureus is the pathogen of greatest concern, coagulase-
negative staphylococci are common but often contaminants.
ctious Diseases, Geneva Uni-
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biology and Infectious Diseases. Pu
When treating staphylococcal bacteraemia, clinicians have
several options. They can stratify treatment based on the presence
of risk factors for MRSA infection. However, this is risky for bac-
teraemia. Alternatively, therapy that covers both MRSA and MSSA
can be started [1], but this exposes the patient with MSSA infection
to unnecessary vancomycin coverage and risk of worse outcome
[1]. Indeed if the isolate is methicillin-susceptible, then it is safer to
switch therapy to an anti-staphylococcal b-lactam agent, as these
are associated with improved outcomes compared with vancomy-
cin [2]. Poor outcomes have been reported in cases of S. aureus
bacteraemia when the organism has a vancomycin MIC above
blished by Elsevier Ltd. All rights reserved.
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1.5 mg/L [3e5]. This is not related only to the use of vancomycin, as
MSSA bacteraemiawith an elevatedMIC for vancomycin has poorer
outcomes even when treated with b-lactam agents [1,6,7]. A third
option is the use of rapid molecular assays to detect the mecA gene
(conferring resistance to methicillin) with an excellent negative
predictive value. By avoiding vancomycin for therapy of infections
caused by methicillin-susceptible isolates, this approach could
reduce drug costs and risks of toxicity, and decrease the selection
pressure for vancomycin-resistant enterococci (VRE) and
vancomycin-intermediate S. aureus (VISA).

Empiric vancomycin use is warranted in locations with high
MRSA prevalence, but this strategy may be challenged in settings of
lower prevalence. In our institution, rates of MRSA recovery in
blood cultures have decreased over the last 8 years from 37.5% to
18% of all S. aureus bacteraemia [8]. This raised concerns about our
overuse of empiric vancomycin, with potential inferior outcomes
for patients with MSSA bacteraemia. In this randomized clinical
trial, our main objective was to evaluate whether rapid determi-
nation of methicillin resistance shortens the time from identifica-
tion of Gram-positive cocci in clusters (GPCC) to targeted
antimicrobial therapy in staphylococcal bacteraemia, thereby
reducing vancomycin overuse. Secondary clinical endpoints were
ICU stay, length of hospitalization, septic complications, and mor-
tality. We used a triplex real-time PCR targeting the femA genes of
S. aureus and S. epidermidis, and the mecA gene directly from pos-
itive blood culture bottles to assess whether this approach could
allow earlier targeted therapy and improved patient outcomes
compared with conventional microbiology.

Materials and methods

Study design

We performed a single-centre open parallel randomized
controlled trial at our 1900-bed academic hospital between March
2012 and November 2013. All hospitalized adult patients (aged
�18 years) with at least two positive bottles with Gram-positive
cocci in clusters (GPCC, i.e. likely to be staphylococci) in the
tested set of blood cultures during week-days (7ame3pm) were
screened for inclusion. Exclusion criteria were pregnant or lactating
women, patients with allergy to b-lactam antibiotics, and patients
already known to have positive blood cultures growing GPCCs from
previous days (e.g. weekend).

We estimated required sample size based on a two-sample
comparison of survivor functions (log-rank test) for time from
Gram stain to targeted therapy. With a 0.05 and 80% power, we
required approximately 40 participants in each group to detect an
effect equivalent to a hazard ratio of 2. This is equivalent to a
twofold increase in the daily risk of commencing targeted therapy
in the intervention arm compared with the control arm. We
postulated that this effect size would be both clinically relevant and
feasible. This sample size estimation was inflated by 25% to 50
patients in each group to account for coagulase negative Staphy-
lococci which could ‘dilute’ the effect of intervention on time to
targeted therapy.

Patients were randomized using the method of randomly
permuted blocks. The allocation ratio was 1:1 so that the pre-
scribing physician and the attending infectious disease (ID)
specialist would be informed of the PCR results as soon as available
(intervention group), or had to wait until results of conventional
tests were available (control group). The randomization table was
generated online (www.randomization.com e seed 3321) by the
corresponding author and allocation concealment was simply
sequential, that is each new patient satisfying inclusion criteria was
given the next number in the randomization table by one of the co-
investigators and thereby allocated to intervention or control
group.

Time from identification of GPCC in blood cultures until physi-
cians' notification of results and administration of targeted anti-
biotic therapy were compared between the two groups. Antibiotic
therapy was categorized as targeted (i.e. for MSSA: cefazolin, flu-
cloxacillin, amoxicillin-clavulanate, cefuroxime; for MRSA: vanco-
mycin, daptomycin, co-trimoxazole combined with rifampicin,
linezolid), adequate (i.e. covering the bacterium but with a broader
spectrum), or inappropriate (i.e. with a drug deemed resistant by
antibiotic susceptibility testing, AST). In our hospital, all positive
blood cultures are presented daily to the attending ID physician.
S. aureus bacteraemia usually benefit from a formal ID consultation.

The primary endpoint was the time from Gram stain results to
targeted therapy in both groups. Secondary endpoints were ICU
stay (any cause), the length of hospitalization, the presence of
septic complications, and 28-day crude and infection related mor-
tality. The latter was considered when no cause of death other than
infection was identified including both possibly related (pneu-
monia) or probably related (septic shock with bacteraemia).

The study was approved by the local ethics committee (IRB
number: 08e190). Patients' informed consent was waived by the
ethics committee on two grounds: the high accuracy of our PCR,
which was performed for each patient on every positive bottle, and
the lack of solid evidence that ‘costly PCR’ impacts morbidity and
mortality.

Microbiology

Conventional work-up. Blood cultures were collected from febrile
patients using standard procedures and incubated in the BACTEC
FX system (Becton Dickinson, Sparks, MD, USA). During opening
hours of the lab (7ame7pm), the vials flagged as positive by the
instrument were manually Gram stained, and the results immedi-
ately transmitted by phone to the treating clinician. Neither path-
ogen suspicion nor clinical advice was given at that time by the
technician. Patients with GPCC vials identified in-between 7am and
3pm on week-days only were randomized for the study. Positive
vials were subcultured on sheep blood, chocolate, MacConkey,
colistin-nalidixic acid and ‘CDC anaerobe’ agars. The same day, each
plate was manually assessed for growth and bacteria were identi-
fied by matrix-assisted laser desorption ionization time-of-flight
mass spectrometry (MALDI-TOF MS), using the Biotyper 2.0 data-
base (Bruker Daltonics Inc., Bremen, Germany). AST was performed
by the disk diffusion method following EUCAST recommendations
(EUCAST Breakpoint Tables v3.0). Every afternoon, the attending ID
physician was informed of the Gram stain results and further
identification by MALDI-TOF MS if available.

Multiplex real-time PCR. To determine the staphylococcal species
and the susceptibility to antimicrobials such as cefoxitin/oxacillin, a
triplex real-time PCR [9] was performed directly on an aliquot of
positive blood culture. Briefly, 0.5 mL from the positive blood vial
was dropped into an empty Eppendorf tube. A 20 mL sample was re-
suspended in a tube containing 200 mL of Tris EDTA buffer solution
with glass beads and vortexed at maximum speed for 30s. The tube
was then centrifuged for 10s at 6000 RPM. The supernatant (10 mL)
was thenmixedwith 90 mL of TE (¼ 1/10 dilution), and 10 mL thereof
was mixed with 90 mL of TE (¼ 1/100 dilution). A home-made real-
time triplex PCR, designed to identify femA_SA femA_SE and mecA
genes (see ref [9] for primers and cycling conditions) was per-
formed on the three tubes (native, 1/10 and 1/100), using a TaqMan
7500 Fast (Applied Biosystems). To be considered positive, any
amplicon had to be detected in less than 39 cycle thresholds and in
at least one tube. This PCR assay was performed twice daily (11am
and 3pm), on week-days only. PCR results were interpreted
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according to Table 1. The following results were transmitted to the
attending physician and the attending ID specialist the same day:
conventional results in control group and conventional plus PCR
results in intervention group.

Data collection

The following data were extracted from the electronic patient
file and the Laboratory Information System, and recorded in an
electronic database: age, gender, known MRSA status, Charlson
Comorbidity Index (CCI) adjusted for age, hospital admission date,
clinical ward, likely source of infection, possible control of the
source of the infection, whether infection was likely to be hospital-
acquired (HAI) or community-acquired (CAI) (for definition see
[10]), date and time of the first blood culture drawing, time when
the first blood culture sample was received in the laboratory, time
of the first electronic detection of a positive blood culture, number
of positive blood culture bottles, time of the notification to the
clinician of Gram stain results, time of the notification of real-time
PCR results, time of reporting of conventional bacterial identifica-
tion and AST, septic complications (defined as septic arthritis, septic
thrombosis, secondary abscesses, and endocarditis), ICU stay (in
days), length of hospitalization (in days), 28-day crude and infec-
tion related mortality.

Statistical analysis

Comparisons of categorical variables between patient groups
were performed using Fisher exact test and chi-squared test, as
appropriate. Comparisons of continuous variables between patient
groups were performed using the Wilcoxon rank sum test. For all
statistical tests, a p value of <0.05 was considered to be significant.

Given the relatively small size of this trial, we used Cox pro-
portional hazards regression models to evaluate the impact of
baseline covariates on the association between the intervention
and the primary outcome. A univariable model with study group as
the only independent variable was compared with a multivariable
model including the following covariates: healthcare vs. commu-
nity associated infection, Charlson comorbidity index, and
anatomical source of infection. This was performed both for all
patients as well as for the subset of patients with S. aureus blood-
stream infection.

Statistical calculations were performed using Stata software
(Intercooled Stata, version 9 for Windows; Stata Corporation).
Kaplan-Meier analysis and log-rank tests were performed using the
‘survival’ package in R, version 3.2.0 (R Foundation for Statistical
Computing).

Results

From March 2012 to November 2013, 371 patients with GPCC in
blood cultures were screened, of whom 100 were included (50 in
each group). Almost half of these patients were already
Table 1
Interpretation of PCR results

femA_SA PCR result femA_SE PCR result mecA PCR result Interpretation

Positive Negative Positive MRSA
Positive Negative Negative MSSA
Negative Positive Positive MRSE
Negative Positive Negative MSSE
Negative Negative Positive MR-CoNS
Negative Negative Negative MS-CoNS

MR-CoNS, MR coagulase-negative staphylococci; MRSA, methicillin-resistant
Staphylococcus aureus; MRSE, MR S. epidermidis; MS-CoNS, MS coagulase-negative
staphylococci; MSSA, methicillin-susceptible S. aureus; MSSE, MS S. epidermidis.
hospitalized for more than 72 hours when bacteraemia was
detected. Reasons for exclusion are shown in Fig. 1. Eleven patients
were subsequently excluded from analysis because they were
considered ‘false inclusions’, leaving 89 patients (48 in intervention
group, 41 in control group). MRSA was identified in seven patients,
the majority of whom (71%) were known as MRSA carriers before
bacteraemia. MSSAwas the agent of bacteraemia in 46 patients and
CoNS in 36. Groups were well balanced for gender, age, CCI, source
of infection, whether infection was hospital- or community-
acquired, and presence of MSSA; however, six out of the seven
MRSA cases were in the control group (Table 2).

Real-time PCR results were concordant with standard microbi-
ological testing in 87/89 cases. A patient in the control group had
S. lugdunensis reported as methicillin-susceptible CoNS by PCR
whereas culture suggested methicillin resistance. Repeat testing of
the isolate using disk diffusion, PCR, and MALDI-TOF confirmed the
isolate as methicillin-susceptible S. lugdunensis. This patient also
had methicillin-susceptible S. lugdunensis cultured from articular
fluid. A patient in the intervention group had MSSA and MSSE re-
ported by PCR whereas culture only isolated MSSA. We hypothe-
sized that the blood culture vials may have contained very small
counts of potentially non-viable S. epidermidis.

Table 3 shows the main results of the study. On average, PCR
returned species identification and methicillin susceptibility
3.9 hours after Gram stain result transmission, compared with
25.4 hours for standard microbiological testing. Kaplan-Meier
curves (Fig. 2) show a clear shortening in time to targeted treat-
ment in the intervention group compared with the control group.
This difference was statistically significant only when considering
the subgroup of patients with S. aureus bacteraemia (Fig. 2a). Me-
dian time (hours) from Gram stain to targeted treatment was
similar for ‘all staphylococci’ (6 (3.8e10) vs. 8 (1e36); p 0.13) but
shorter in the intervention group when considering S. aureus only
(5 (3e7) vs. 25.5 (3.8e54); p<0.001). When standard susceptibility
testing was complete, 41/48 (85.4%) patients in intervention group
were already receiving targeted therapy compared with 23/41
(56.1%) in the control group (p 0.004). In both groups, several pa-
tients never received targeted treatment (e.g. a patient with MSSA
bacteraemiawhowas treated with imipenem). However, they were
more numerous in the control (8/41; 19%) than the intervention
group (3/48; 7%).

Given the relatively small size of this trial, we used Cox pro-
portional hazards regression models to evaluate the impact of
baseline covariates on the association between the intervention
and the primary outcome. In a univariable Cox proportional hazard
regression model, intervention was not associated with a decrease
in time to targeted treatment when all patients were included
(time-to-targeted-treatment hazard ratio (HR) 1.42, 95% CI
0.90e2.24). Addition of baseline covariates did not substantially
alter this finding (HR 1.31, 95% CI 0.82e2.08). For the subset of
patients with S. aureus bloodstream infection, the intervention was
associated with a decrease in time to targeted treatment in both
univariable (HR 2.92, 95% CI 1.54e5.54) and adjusted models (HR
2.78, 95% CI 1.40e5.50).

In a subanalysis comparing patients with methicillin-
susceptible and methicillin-resistant staphylococci, the impact of
intervention appears only for patients with methicillin-susceptible
staphylococci (see Table 3).

Secondary endpoints

The rate of complications was similar in both groups. Not sur-
prisingly, there were more patients with septic complications
among those with S. aureus infections compared with those with
CoNS infections (26/53 vs. 7/36; p 0.0069).



Fig. 1. Patient enrolment and reasons for exclusion. BC ¼ blood cultures; GPCC ¼ Gram positive cocci in clusters.

Table 2
Baseline patient characteristics

Characteristics Intervention (n ¼ 48) Control (n ¼ 41)

Male gender (%) 30 (62.5) 23 (56.1)
Mean age, years 67.2 64.6
CCI 0e4 (%) 19 (38.6) 17 (41.5)
CCI 5e9 (%) 22 (45.8) 18 (43.9)
CCI 10e14 (%) 7 (14.6) 6 (14.6)
Cutaneous source (%) 25 (52.1) 13 (31.7)
Line-related source (%) 9 (18.8) 11 (26.8)
Pulmonary source (%) 2 (4.2) 5 (12.2)
Gastro-intestinal source (%) 3 (6.3) 2 (4.9)
Genito-urinary source (%) 2 (4.2) 4 (9.8)
Cardiovascular source (%) 3 (6.3) 3 (7.3)
Source control achieved (%) 29 (60.4) 25 (61.0)
Hospital-acquired infection (%) 21 (43.8) 21 (51.2)
Known MRSA carrier (%) 11 (22.9) 7 (17.1)
MSSA in blood cultures (%) 28 (58.3) 18 (43.9)
MRSA in blood cultures (%) 1 (2.1) 6 (14.6)

CCI, Charlson Comorbidity Index; MRSA, methicillin-resistant Staphylococcus
aureus; MSSA, methicillin-susceptible S. aureus.

Table 3
Primary and secondary outcomes for the two groups

Endpoints

Hours from Gram stain to targeted treatment, median (IQR)
All staphylococci
Staphylococcus aureus only

On targeted therapy when standard susceptibility testing complete
All patients
Sub-group with methicillin-susceptible isolates
Sub-group with methicillin-resistant isolates

Hours from Gram stain to transmission of methicillin-susceptibility results, median (IQ
Need for ICU care
Number of patients with septic complications
Crude 28-day mortality
Infection related 28-day mortality
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There was no significant difference in the need for ICU care
when comparing the intervention and the control groups (12/48 vs.
11/41; p 1.00). The length of stay (LOS) in the ICU (median 0 (0e0.3)
vs. 0 (0e1.0); p 0.7) or in hospital (median 23.5 (15e36) vs. 27
(10e39); p 0.71) also was similar in both groups. Crude 28-day
mortality was slightly in favour of the intervention group (6/48 vs.
9/41; p 0.27), so was infection related mortality (3/48 vs. 6/41; p
0.29), but these differences were not statistically significant. Results
were similar when considering only the patients infected with
S. aureus: LOS in ICU (median 0 (0e1) vs. 0 (0e2.3); p 0.52) or in
hospital (median 25 (15e36) vs. 24.5 (11.3e30.3); p 0.34), crude
and infection related mortality (4/29 vs. 7/24; p 0.19 and 3/29 vs. 5/
24; p 0.44).

Discussion

In this randomized clinical trial, the use of a real-time triplex
PCR in staphylococcal bacteraemia permitted reduction of the
time from Gram staining to accurate transmission of both species
and methicillin susceptibility by almost 24 hours. This led to a
significant improvement in the proportion of patients who were
Intervention Control p-Value

6.0 (3.8-10.0) 8.0 (1.0e36.0) 0.13
5.0 (3.0-7.0) 25.5 (3.8e54.0) <0.001

41/48 (85.4%) 23/41 (56.1%) 0.004
28/32 (87.5%) 7/22 (31.8%) <0.001
13/16 (81.3%) 15/19 (78.9%) 1

R) 3.9 (2.8e4.3) 25.4 (24.4e26.7) <0.001
12/48 (25.0%) 11/41 (26.8%) 1
18/48 (37.5%) 15/41 (36.6%) 1
6/48 (12.5%) 9/41 (22.0%) 0.27
3/48 (6.3%) 6/41 (14.6%) 0.29



Fig. 2. Kaplan-Meier curves of time to targeted treatment for S. aureus (a) and all staphylococci (b).
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already on targeted therapy when standard susceptibility testing
was complete. Not surprisingly, this improvement was strongest
in those patients whose isolates were methicillin-susceptible
(87.1% vs. 31.8%), as many patients with GPCCs in blood cultures
were started on empiric vancomycin. This highlights the potential
of this test to reduce the use of unnecessary anti-MRSA therapy
(e.g. vancomycin for MSSA infection) as well as ensuring an
appropriate treatment for patients with methicillin-resistant
isolates. However, while the intervention significantly shortens
time to targeted therapy in S. aureus bacteraemia, this is not the
case for ‘all staphylococci’, probably because of the dilution effect
of methicillin-resistant CoNS.
Even if secondary outcomes were focussed in the direction of a
benefit for the intervention group, there were no significant dif-
ferences in mortality, ICU stay, and septic complications. The study
was not sufficiently powered for these outcomes. It is also difficult
to show a reduction in mortality when using two different kind of
antibiotics that are both active on S. aureus [11]. In their retro-
spective study, McDanel et al. [12] describe a major difference in
mortality when b-lactams are used for definitive therapy rather
than vancomycin, but not for empiric treatment.

Several other studies have assessed the ability of various
techniques to differentiate rapidly and accurately among MSSA,
MRSA, and coagulase-negative staphylococci (CNS) isolates in
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blood cultures, but most of these were purely laboratory-based,
without evaluation of the clinical impact [13e18]. Only one of
these tied this in with clinical features [15], but it was a retro-
spective observational study. It describes a reduction in the time to
most appropriate antibiotic therapy without change in mortality.
An Australian study evaluated the potential clinical impact of rapid
identification of methicillin resistance by PCR, using the Gen-
eXpert Xpert MRSA/SA BC test (Cepheid, Sunny-vale, CA, USA) in a
setting with 20% MRSA prevalence [19]. They predicted the
improvement of the antibiotic prescription after transmission of
GeneXpert results, with 54% earlier appropriate vancomycin pre-
scription in patients with MRSA bacteraemia and 25% avoidance of
unnecessary use of vancomycin. We found only one randomized
study comparing molecular (GeneXpert MRSA) and phenotypical
identification of methicillin resistance in an intervention versus a
control group. The study showed an excellent performance of the
molecular test with a trend to less unnecessary coverage of MRSA
in the intervention group, although this was not statistically sig-
nificant [20].

The strengths of our study were to include only patients with
‘meaningful’ (more than one bottle) but ‘all staphylococci’ bacter-
aemia in a setting of low MRSA prevalence (7/53 SA bacteraemia)
with a high potential for sparing unnecessary vancomycin, and to
look at the real clinical impact of molecular determination of
methicillin resistance in a prospective randomized trial.

However, our study had limitations. The main one was that
including ‘all staphylococci’ rather than just S. aureus bacteraemia
diluted the impact of intervention on time to targeted therapy. Also
allocation concealment was weak and could have influenced the
repartition of patients in the groups, for example only one of the
seven MRSA cases was randomized to the intervention group.
Another explanation for this uneven MRSA distribution could be
the post-randomization exclusion of 11 patients considered as ‘false
inclusion’. Another limitation of our study was that numbers in
groups were small and it was therefore underpowered to study
secondary outcomes. Also, there was no formal antibiotic stew-
ardship programme provided to prescribing physicians, to teach
them about the new diagnostic test and its potential use for
improved prescribing. This, however, was partly compensated by
the notification of the attending ID specialist, even if the latter did
not always have time to intervene the same day. Finally, patients
were included based on samples identified on week-days during
opening hours of the lab, limiting the expected benefit of imple-
menting this molecular diagnosis in our clinical routine to about
two-thirds of our patients, because the resources are not available
to perform the PCR 7 days a week.

‘Rapid microbiology’ is thriving, but it should be applicable
every day and accompanied by antimicrobial stewardship pro-
grammes to make a real difference for patients [21].

To conclude, our study demonstrates both the rapidity and ac-
curacy of our triplex real-time PCR for identifying staphylococcal
species with methicillin susceptibility, and its ability to improve
early antibiotic prescribing. It can easily be reproduced in any
setting in which real-time PCR can be performed on a daily basis,
and is easy to implement in a routine laboratory because of the
systematic approach (PCR performed on every bottle with GPCC)
and the reasonable cost of homemade PCR if batched once/twice
daily. Largermore powerful studies combining this approach with a
formal systematic immediate antimicrobial stewardship interven-
tion should be performed to reveal the expected clinical impacts of
shortening time to targeted treatment, including reduction in
vancomycin-related renal toxicity. Implementation of before/after
studies also would be interesting to evaluate whether a PCR-based
vancomycin sparing strategy leads to a reduction in prevalence of
glycopeptide-resistant bacteria at the institution.
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