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ABSTRACT The objective of this study was to evaluate the impact of pharmacist-
ordered methicillin-resistant Staphylococcus aureus (MRSA) PCR testing on the dura-
tion of empirical MRSA-targeted antibiotic therapy in patients with suspected pneu-
monia. This is a retrospective analysis of patients who received vancomycin or
linezolid for suspected pneumonia before and after the implementation of a
pharmacist-driven protocol for nasal MRSA PCR testing. Patients were included if
they were adults of �18 years of age and initiated on vancomycin or linezolid for
suspected MRSA pneumonia. The primary endpoint was the duration of vancomycin
or linezolid therapy. After screening 368 patients, 57 patients met inclusion criteria
(27 pre-PCR and 30 post-PCR). Baseline characteristics were similar between the two
groups, with the majority of patients classified as having health care-associated
pneumonia (68.4%). The use of the nasal MRSA PCR test reduced the mean duration
of MRSA-targeted therapy by 46.6 h (74.0 � 48.9 h versus 27.4 � 18.7 h; 95% confi-
dence interval [CI], 27.3 to 65.8 h; P � 0.0001). Fewer patients in the post-PCR group
required vancomycin serum levels and dose adjustment (48.1% versus 16.7%; P �

0.02). There were no significant differences between the pre- and post-PCR groups
regarding days to clinical improvement (1.78 � 2.52 versus 2.27 � 3.34; P � 0.54),
length of hospital stay (11.04 � 9.5 versus 8.2 � 7.8; P � 0.22), or hospital mortality
(14.8% versus 6.7%; P � 0.41). The use of nasal MRSA PCR testing in patients with
suspected MRSA pneumonia reduced the duration of empirical MRSA-targeted ther-
apy by approximately 2 days without increasing adverse clinical outcomes.
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Despite a relatively low prevalence, methicillin-resistant Staphylococcus aureus
(MRSA) remains an important pathogen in considering empirical antibiotic therapy

for patients hospitalized with pneumonia (1–3). The most recent iteration of the
Infectious Diseases Society of America (IDSA) guidelines for hospital-acquired pneumo-
nia (HAP) and ventilator-associated pneumonia (VAP) recommend empirical coverage
of MRSA in patients with intravenous antibiotic exposure in the past 90 days, hospi-
talization at an institution with �20% of S. aureus isolates identified as MRSA, or in
patients at high risk of mortality (e.g., need for mechanical ventilation or presence of
shock) (4). The prior version of these guidelines introduced the category of health
care-associated pneumonia (HCAP) (5). This term was intended to identify community-
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dwelling patients at risk for drug-resistant pathogens, such as MRSA, and included risk
factors, such as hospitalization within the past 90 days, outpatient dialysis therapy,
wound care, or immunosuppression. Additionally, MRSA-targeted therapy should be
considered for patients with severe community-acquired pneumonia (CAP) (6). Thus,
based on guideline recommendations, a substantial percentage of patients hospitalized
for pneumonia may have cause for empirical vancomycin or linezolid.

In order to appropriately tailor antibiotic therapy, microbiological evaluation is
recommended with a high-quality lower respiratory tract culture, such as high-quality
expectorated sputum, endotracheal aspirate, or bronchoalveolar lavage fluid (4, 5).
However, such samples may be invasive and difficult to obtain in the clinical setting and
are thus performed in less than half of cases (7). As a result of these challenges, the
most common culture obtained is a sputum culture, which often lacks reliability as a
proper sputum sample requires deep expectoration (8, 9). Furthermore, even if a
respiratory culture is obtained, a causative pathogen may not be recovered (1, 7). Thus,
despite the uncommon incidence of MRSA pneumonia, MRSA-targeted antibiotics are
often started and potentially continued for prolonged periods due to a lack of objective
microbiology data allowing for de-escalation (1).

In recent years, there has been a growing interest in utilizing nasal MRSA screening
as a surrogate marker for MRSA lower respiratory tract infections. These studies have
consistently shown that MRSA nasal colonization has a high negative predictive value
(�94%) for MRSA recovered from lower respiratory sources, suggesting that the
absence of MRSA in the nares can be used to predict the absence of MRSA in lower
respiratory tract cultures (10–13). A prior retrospective study from our group demon-
strated that MRSA nasal culture screening had a 98.5% negative predictive value for
MRSA lower respiratory tract cultures. This study was conducted in 165 medical
intensive care unit (ICU) patients who met objective clinical criteria for pneumonia. Of
the 165 patients, only 2 patients (1.2%) had a negative MRSA nasal culture but had
MRSA isolated from a lower respiratory tract culture (10). In a similarly designed study,
Dangerfield and colleagues evaluated MRSA nasal PCR and lower respiratory tract
cultures in 435 patients with evidence of pneumonia (12). This group concluded that
the MRSA PCR test had a 99.2% negative predictive value for MRSA cultured from a
lower respiratory site. Three of the 435 patients (0.7%) had a negative PCR result but
grew MRSA from culture (12).

Despite the literature surrounding negative nasal MRSA results correlating with a
negative MRSA respiratory culture in patients with pneumonia, there have yet to be any
data evaluating its impact on duration of therapy and clinical outcomes. Therefore, our
study was designed to evaluate the clinical outcomes of the implementation of a nasal
MRSA PCR testing protocol.

RESULTS
Patients and baseline data. A total of 366 patients were identified during the

prespecified time periods. As shown in Fig. 1, 263 (71.8%) patients were excluded due
to extrapulmonary indication for anti-MRSA therapy. After excluding patients who
either died during initial therapy or had a MRSA nasal culture performed, 27 patients
remained in the pre-PCR group and 30 patients remained in the PCR group.

There were no statistically significant differences in baseline demographics between
the two groups (Table 1). The most common variant of pneumonia diagnosed was
HCAP (70.4% versus 66.7%), and the majority of patients had non-hospital-acquired
infections. ICU admission was required in 37% and 36.7% of the pre-PCR group and PCR
group, respectively, with 26% of the pre-PCR group and 26.7% of the PCR group
needing invasive mechanical ventilation. The mean simplified acute physiology score
(SAPS II) was 35.2 � 14.7 in the pre-PCR group and 36.3 � 15.4 in the PCR group (P �

0.79).
Outcomes. For the primary endpoint, the use of nasal MRSA PCR reduced the

mean duration of empirical MRSA-targeted therapy by 46.6 h (74 � 48.9 h for the
pre-PCR group versus 27.4 � 18.7 h for the PCR group; 95% confidence interval [CI],
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27.3 to 65.8 h; P � 0.0001). As such, patients in the PCR group were exposed to
significantly less total intravenous vancomycin (Table 2). Subsequently, the PCR
group also required fewer vancomycin serum levels. At least one serum vancomycin
was obtained in 48.1% of the pre-PCR patients compared to 16.7% of patients
managed with the nasal PCR. No patient in the PCR group required more than one
serum level, whereas 5/27 (18.5%) of pre-PCR patients remained on vancomycin
long enough to require two levels.

As displayed in Table 3, there was no significant difference in days to clinical
improvement (1.78 � 2.52 days for pre-PCR versus 2.27 � 3.34 days for PCR; 95% CI,
�2.07 to 1.10; P � 0.54). Similarly, there were no significant differences in length of
hospital stay (11.04 � 9.5 days versus 8.2 � 7.8 days; P � 0.22) or mortality (14.8%
versus 6.7%; P � 0.41). Patients in the PCR group had a significantly lower incidence of
acute kidney injury (AKI) during treatment (26% versus 3.3%; P � 0.02).

Microbiological data are displayed in Table 4. All patients in the nasal MRSA PCR
group were negative for MRSA. Despite being ordered in at least 90% of patients,
quality respiratory cultures were only obtained in approximately 50% of the total

FIG 1 Study flow.

TABLE 1 Baseline characteristics

Characteristica Pre-PCR (n � 27) PCR (n � 30) P value

Age (yr) 70.9 � 17.2 63.3 � 18.8 0.12
No. male (%) 13 (48.2) 14 (46.7) 1.0
No. CHF (%) 9 (33.3) 10 (33.3) 1.0
No. DM (%) 6 (22.2) 12 (40) 0.17
No. COPD (%) 4 (14.8) 4 (13.3) 1.0
No. immunosuppression (%) 10 (37) 8 (26.7) 0.57
No. LTAC (%) 9 (33.3) 6 (20) 0.37
No. antibiotics (%) 12 (44.4) 14 (46.7) 1.0
No. wound care (%) 0 (0) 0 (0) 1.0
No. dialysis (%) 1 (3.7) 6 (20) 0.11
No. home infusion (%) 0 (0) 2 (6.7) 0.49
No. recent hospitalization (%) 19 (70.4) 16 (53.3) 0.28
No. CAP (%) 3 (11.1) 4 (13.3) 1.0
No. HCAP (%) 19 (70.4) 20 (66.7) 0.78
No. HAP (%) 5 (18.5) 6 (20) 1.0
No. VAP (%) 0 (0) 0 (0) 1.0
No. ICU admission (%) 10 (37) 11 (36.7) 1.0
No. pulse oximetry of �90% (%) 14 (51.9) 13 (43.3) 0.60
No. intubation (%) 7 (26) 8 (26.7) 1.0
No. vasopressor (%) 5 (18.5) 2 (6.7) 0.28
SAPS II score 35.2 � 14.7 36.3 � 15.4 0.79
aCHF, congestive heart failure; DM, diabetes mellitus; COPD, chronic obstructive lung disease; LTAC, long-
term acute care; CAP, community-acquired pneumonia; HCAP, health care-associated pneumonia; HAP,
hospital-acquired pneumonia; VAP, ventilator-associated pneumonia; ICU, intensive care unit; SAPS II,
simplified acute physiology score II.
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patient population (44.4% pre-PCR versus 56.7% PCR; P � 0.43). No patient in either
group grew MRSA from a respiratory or blood culture. In the pre-PCR group, culture
results were available in 12 patients. Eight of 12 patients grew either normal flora or
yeast. In the PCR group, cultures were obtained in 17 patients. Fourteen of the 17
patients grew either normal flora or yeast.

DISCUSSION

Based on our results, the use of nasal MRSA PCR testing reduced the duration of
vancomycin and linezolid by approximately 2 days without any deleterious effects to
patients’ clinical courses. The reduction in vancomycin duration was accompanied by a
reduction in the number of vancomycin levels drawn for pharmacokinetic monitoring.
Thus, there are significant benefits for antimicrobial stewardship efforts and allocation
of pharmacist resources.

While MRSA remains a significant concern in patients who develop pneumonia
while hospitalized and even more so while mechanically ventilated, MRSA as a caus-
ative pathogen in patients admitted for pneumonia is uncommon (1, 2, 14, 15). Jones
and colleagues demonstrated a rate of MRSA-associated pneumonia of 2.0% to 2.5%
over a 5-year period (2). In a multicentered observational study, S. aureus was isolated
in 37 of 2,259 (1.6%) patients and was more common in winter months (coinciding with
influenza season), critically ill patients, and older patients (1). Despite the relative rarity,
many of these patients receive empirical MRSA-targeted therapy. Since high-quality
respiratory cultures are not always collected in a timely fashion, objective data to allow
the de-escalation of empirical therapy may not exist. Thus, there has been interest in
MRSA nasal colonization as a less-invasive and easier-to-obtain surrogate for MRSA
pneumonia.

In a prior study conducted at our institution, nasal MRSA cultures obtained from 165
medical ICU patients with pneumonia were found to have a negative predictive value
of 98.5% (95% CI, 94.3% to 99.7%) compared to respiratory cultures (10). Of the 137
patients with negative MRSA nasal cultures, two patients grew MRSA in a respiratory
culture. By comparison, 28 patients were colonized with MRSA but only eight had MRSA
isolated in a respiratory culture (positive predictive value, 28.6%). Although the nasal
MRSA culture has a high negative predictive value, its clinical application may be

TABLE 2 MRSA-targeted antibiotic therapy outcomes

Parameter Pre-PCR (n � 27) PCR (n � 30) Difference P value 95% CI

Duration of therapy
Hours 74 � 48.9 27.4 � 18.7 46.6 �0.0001 27.3–65.8
Days 4.0 � 2.0 2.13 � 0.86 1.9 �0.0001 1.06–2.67

Total i.v.a vancomycin doses 4.2 � 3.1 1.7 � 1.5 2.44 0.005 1.12–3.77
Total i.v. vancomycin (mg) 5,394.4 � 3,483.5 2,865 � 2,579.8 2,529.4 0.003 912.9–4,145.9
Vancomycin level obtained (%) 13 (48.1) 5 (16.7) 31.4 0.02

No. of vancomycin levels (%)
0 14 (51.9) 25 (83.3)
1 8 (29.6) 5 (16.7)
2 5 (18.5) 0 (0)

Per patient avg no. of levels 0.67 0.17 0.50
ai.v., intravenous.

TABLE 3 Clinical outcomes

Outcome Pre-PCR PCR Difference P value 95% CI

Days to clinical improvement 1.78 � 2.52 2.27 � 3.34 �0.49 0.54 �2.07–1.10
No. (%) with acute kidney injury 7 (26) 1 (3.3) 22.7 0.02
Length of hospital stay (days) 11.04 � 9.5 8.2 � 7.8 2.84 0.22 �1.75–7.43
Mortality (no. [%]) 4 (14.8) 2 (6.7) 8.1 0.41
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hindered by the 24- to 48-h time period required for culture results and may be
impacted by decolonization efforts (16).

With the advent of PCR technology, nasal MRSA PCR testing offers the benefits of
increased sensitivity as well as a rapid turnaround time of less than 4 h (9). In a trial by
Dangerfield et al. that evaluated patients with pneumonia and a positive MRSA
respiratory culture, nasal MRSA PCR testing was found to have a negative predictive
value of 99.2% (12). Similar to nasal MRSA culture, the positive predictive value of the
nasal MRSA PCR was low at 35.4%. These findings were further supported by later
studies by Langsjoen et al. and Johnson et al., both of which found a negative
predictive value above 94% in patients with pneumonia (11, 13). Based on these
studies, there is strong evidence to support the negative predictive value of the nasal
MRSA PCR test in pneumonia. However, our study is the first to demonstrate the ability
of nasal MRSA PCR testing to reduce empirical MRSA-targeted therapy without causing
deleterious effects to patient care.

We believe our study was the first to assess a pragmatic approach to incorporating
nasal MRSA PCR screening into de-escalation efforts and evaluated patient out-
comes as well as duration of therapy. By utilizing staff pharmacists to order the test
as well as evaluate and follow up on the results by communicating with the
ordering provider, the protocol provided the consistency that is necessary for a
successful reduction in unnecessary antibiotic use. In addition, the vast majority of
patients in the two groups were classified as having HCAP, which is consistent with
clinical practice guidelines (5).

However, our study had several limitations that may limit its applicability to outside
institutions. All diagnoses of pneumonia were based on individual physicians’ clinical
judgements and were not independently adjudicated for the purposes of this study. It
is possible that some patients without true pneumonia were included in this study. We
had a relatively small sample size in the two groups with some disparities in baseline
characteristics, although none of these differences were statistically significant. As more
patients in the pre-PCR group were long-term care facility residents, required vaso-
pressor therapy, or had recent hospital admission, it may be argued that physicians
were more aggressive with antibiotic therapy in these patients. However, this is offset
by the similarity in the SAPS II score in the two groups, which is a marker of clinical
severity of illness. In addition, the proportions of patients requiring ICU admission or
intubation were approximately equal between the two groups. Furthermore, the PCR
group included patients who were admitted in November 2015 through early Decem-
ber 2015, which is shortly after the implementation of the PCR protocol. Anecdotally,
pharmacist compliance and comfort with the protocol as well as physician acceptance
of recommendations for discontinuation has improved dramatically since this time
frame. Therefore, selecting a later time period for the PCR group may have resulted in

TABLE 4 Microbiological outcomes

Parameter Pre-PCR (n � 27) PCR (n � 30) P value

Respiratory culture ordered (no. [%]) 25 (92.6) 27 (90) 1.0
Respiratory cultures obtained (no. [%]) 12 (44.4) 17 (56.7) 0.43

Type of respiratory culture (no. [%])
Sputum (expectorated) 8 (66.7) 6 (35.3)
Sputum (induced) 2 (16.7) 6 (35.3)
Tracheal aspirate 1 (8.3) 5 (29.4)
Bronchoalveolar lavage 1 (8.3) 0 (0)

Culture results (no. [%])
Normal flora 6 (50) 13 (76.5)
Yeast 2 (16.7) 1 (5.9)
Klebsiella pneumoniae 1 (8.3) 0 (0)
Haemophilus influenzae 1 (8.3) 0 (0)
Pseudomonas aeruginosa 1 (8.3) 2 (11.8)
Methicillin-susceptible Staphylococcus aureus 1 (8.3) 1 (5.9)
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finding an even shorter duration of therapy. Additionally, the PCR test was not
performed during the laboratory’s overnight shift. Thus, if the PCR was run 24 h per day,
there may have been additional reductions in duration. However, as the MRSA PCR test
has a relatively higher cost than the MRSA culture, a complete cost-benefit analysis
would be needed prior to implementing around-the-clock testing capabilities. This
analysis was not performed as part of this study. Lastly, we observed that approx-
imately 50% of patients did not have respiratory cultures obtained. While this
number seems high, it is consistent with the observations from Jones and col-
leagues, who documented only 34% of patients in their epidemiology study (2).
Respiratory virus PCR testing was ordered inconsistently between the two groups
(data not presented), but a predominance of viral pneumonia may explain the low
yield of bacterial pathogens.

In addition to these limitations, it should be noted that the PCR group did not have
any patients who had a positive MRSA PCR result. Although having a patient in the
sample with a positive result may have increased the duration of therapy, such an
uncommon occurrence of a positive result is consistent with what is observed in clinical
practice at our institution and, more importantly, correlates with the relatively small
incidence of true MRSA pneumonia.

In conclusion, this retrospective chart review found that nasal MRSA PCR testing
resulted in a significant reduction in the duration of vancomycin and linezolid
without any adverse impact on clinical outcomes. In addition, the study found a
reduction in the incidence of AKI during therapy, which correlates with the shorter
duration of vancomycin. These findings, although limited by a small study popu-
lation, serve to support the growing role of nasal MRSA PCR testing to promote the
early de-escalation of therapy for patients on empirical MRSA-targeted therapies for
pneumonia.

MATERIALS AND METHODS
Patient selection. This retrospective study was conducted among all patients receiving vancomycin

or linezolid for pneumonia between 1 March 2015 and 31 March 2015 (pre-PCR group) and 1 November
2015 and 4 December 2015 (PCR group). The study was conducted at the Texas Health Presbyterian
Hospital of Dallas, which is a large, community teaching hospital with an established comprehensive
antimicrobial stewardship team (17). The study protocol was approved by the Institutional Review Board
at the Texas Health Research and Education Institute.

Patients were included if they were adults above 18 years of age and had an order for
vancomycin or linezolid for the indication of pneumonia. The diagnosis of pneumonia was deter-
mined from physician documentation in the medical record. For the PCR group, patients were only
included if they had a MRSA PCR test ordered. Patients were excluded if they had any extrapulmo-
nary indications for MRSA-targeted therapy, such as bacteremia or cellulitis. In addition, all patients
who died during treatment with vancomycin or linezolid were excluded. For the pre-PCR group,
patients were excluded if they had a MRSA nasal culture performed, as this may have impacted the
duration of therapy.

Intervention. In early 2014, all intravenous vancomycin dosing outside surgical prophylaxis became
automatic pharmacist dosing consults. As an extension of this hospital-approved protocol, the pharmacy
department implemented a Pharmacy and Therapeutics committee-approved pharmacist-driven nasal
MRSA PCR protocol in October 2015. This protocol allowed pharmacists to order a nasal MRSA PCR test
without a direct physician order for any patient initiated on intravenous vancomycin or intravenous/oral
linezolid for the indication of pneumonia. Per this protocol, if a pharmacist receives an order for
vancomycin or linezolid with an indication of pneumonia or potential pneumonia, the pharmacist then
orders the nasal MRSA PCR test. Pharmacists were only authorized to order PCR testing on patients with
potential pneumonia. Pharmacists would then flag patients with a PCR order in our electronic health
record via a pharmacy intervention system to review the patients’ microbiological data periodically until
the MRSA PCR results were posted. This allowed continued communication from shift to shift. There was
no automated process to call or forward these results from microbiology to the pharmacy. Once the test
results returned, the pharmacists were instructed to follow up with the appropriate provider to
recommend discontinuation of the MRSA-targeted antibiotic if the test was negative. The provider could
make the decision to stop antibiotics solely based on the PCR test result at that time or defer until
additional data were obtained. The pre-PCR and PCR groups were managed with the same vancomycin
dosing protocol (goal trough, 15 to 20 �g/ml), and there were no other significant changes in
antimicrobial management made between the time periods, with the exception of the pharmacist-driven
nasal MRSA PCR order protocol.

The nasal MRSA PCR was collected by nursing staff with a swab set (Copan ESwab [Copan
Diagnostics, Inc.] with Remel Stuart transport medium [Thermo Fisher Scientific]). After insertion into
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each nostril for at least 5 s per side, the swab was returned to the microbiology lab. Swabs were run on
the GeneXpert Infinity 48s instrument using the Xpert MRSA nasal cartridge (Cepheid). This instrument
uses real-time PCR detection of Staphylococcus aureus and mecA-specific DNA targets. Once received, the
turnaround time was less than 4 h from time of receipt (hands-on time was less than 5 min and
approximately 1 h on-board the instrument). If there was interference with the assay cartridge, a
repeat was done via a second swab. If the repeated PCR assay failed, testing was continued via
culture on the chromID MRSA Chromagar (bioMérieux). The PCR tests were performed 7 days a week
from 0400 to 2000 h.

Data collection and outcomes. Baseline data collected included age, sex, past medical history,
HCAP risk factors per IDSA guidelines (hospitalization in last 90 days, recent antibiotic use, residence
in a long-term care facility, hemodialysis, home infusion therapy, or immunosuppression), type of
pneumonia, admission to intensive care, requirement of mechanical ventilation, and vasopressor
use. Severity of illness was assessed with the simplified acute physiology score (SAPS II) using values
from the first 24 h of admission (18). Microbiological data in addition to the nasal MRSA PCR were
also collected.

The primary endpoint evaluated was the length of vancomycin or linezolid therapy in hours. The
secondary endpoints assessed included the number of vancomycin levels, mean total intravenous
vancomycin doses, and number of vancomycin levels drawn for pharmacokinetic monitoring. Clinical
secondary endpoints included the incidence of new acute kidney injury (AKI) during treatment (defined
according to the RIFLE (risk, injury, failure, loss of function, and end-stage kidney disease) criteria as a
doubling of serum creatinine or increase in serum creatinine of 0.5 mg/dl), time to clinical improvement
(defined as the time to a white blood count [WBC] of �12,000 and afebrile for at least 24 h), length of
hospital stay, and mortality after conclusion of the initial MRSA-targeted regimen (19).

Statistical analysis. The hypothesis of this study was that the use of nasal MRSA PCR testing would
reduce the mean duration of MRSA-targeted therapy by at least 1 day. A sample size of 24 patients in
each group was necessary to detect a difference in duration of therapy of 1 day with 90% power,
assuming a baseline duration of therapy of 4 � 1.5 days. Data are reported as numbers and percentages
or means with standard deviations where appropriate. Categorical data were analyzed with Fisher’s exact
test using a 2 � 2 contingency table. Unpaired student’s t test was performed for continuous data.
Ninety-five percent confidence intervals were constructed for these outcomes. All tests were two sided,
and a P value of �0.05 was considered to be statistically significant. All statistical analysis was performed
using JMP 7.0.1 (SAS Institute, Inc.).
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