
ORIGINAL ARTICLE
From the Department of
Pharmacy Services, Mayo
Clinic Health System-
�Southwest Wisconsin
Region, La Crosse, WI
(N.L.W. R.J.S., S.C., R.C.K.);
and Division of Biomedical
Statistics and Informatics
(R.A.D.) and Division of
Infectious Diseases
(A.S.D.), Mayo Clinic,
Rochester, MN.

550
www.mcpiqojournal.o
Pharmacist-Driven MRSA Nasal PCR
Screening and the Duration of Empirical

Vancomycin Therapy for Suspected MRSA
Respiratory Tract Infections

Nathan L. Woolever, PharmD, RPh; Rachel J. Schomberg, PharmD, RPh;
Songlin Cai, PharmD, RPh; Ross A. Dierkhising, MS; Ala S. Dababneh, MD;

and Richard C. Kujak, PharmD, RPh
Abstract

Objective: To assess the effect of a pharmacist-driven, polymerase chain reaction (PCR)�based nasal
screening protocol for methicillin-resistant Staphylococcus aureus (MRSA) on vancomycin therapy duration
and on rates of adverse drug events and 30-day hospital readmission.
Patients and Methods: From July 8, 2017, through January 31, 2019, we performed a retrospective,
multicenter, preimplementation-postimplementation study. Patients with a vancomycin order to treat
lower respiratory tract infection (LRTI) underwent MRSA PCR screening; tests were ordered by health care
providers, including physicians, physician assistants, and advanced practice registered nurses. During the
preimplementation period (July 8, 2017, through September 30, 2018), pharmacists could order MRSA
PCR screening only after receiving a verbal order from a health care provider. During the post-
implementation period (October 1, 2018, through January 31, 2019), a collaborative practice agreement
allowed pharmacists to order MRSA PCR screening tests.
Results: The preimplementation group included 241 patients, and the postimplementation group
included 74 patients. Of these patients, 124 in the preimplementation group and 62 in the post-
implementation group received MRSA PCR screening. Twenty patients (16.1%) in the preimplementation
group and 9 (14.5%) in the postimplementation group had a positive MRSA PCR screening test result
(between-group difference, 1.6%; P¼.80). Duration of therapy was significantly shorter in the post-
implementation group (median [interquartile range], 14.3 [5.0-28.6] hours vs 24.0 [12.4-47.0] hours;
P<.001).
Conclusion: Vancomycin therapy carries a risk of adverse events and may increase health care costs. A
pharmacist-driven protocol for MRSA nasal swab PCR screening effectively reduces the duration of
vancomycin therapy for patients with lower respiratory tract infection.
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M ethicillin-resistant Staphylococcus
aureus (MRSA) is part of the normal
microbiota of humans and is a com-

mon pathogen implicated in lower respiratory
tract, bloodstream, skin, and soft tissue infec-
tions.1 Vancomycin therapy is often initiated
empirically for MRSA-suspected lower respira-
tory tract infections (LRTIs) despite evidence
that the incidence of LRTIs caused by MRSA
is declining.2 Administration and monitoring
of anti-MRSA antibiotic agents, particularly
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vancomycin, has a substantial health care
cost,3 and treatment with vancomycin also
carries an elevated risk of nephrotoxicity,
thereby further increasing health care cost
and hospital length of stay.4,5

Numerous studies have evaluated the per-
formance of MRSA nasal swab polymerase
chain reaction (PCR) or culture screening for
LRTI and have reported negative predictive
values (NPVs) of 95.2% to 99.2%.6-10 Because
of the high reported NPVs, a quick screening
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MRSA PCR AND VANCOMYCIN DURATION
tool, such as one that determines MRSA nasal
carriage status, may allow for rapid de-
escalation of empirical MRSA-targeted therapy
in patients with suspected MRSA LRTI. Several
studies11-13 have examined the utility of allow-
ing pharmacists to order MRSA nasal PCR
screening at initiation of anti-MRSA therapy
with the aim of de-escalating therapy if a pa-
tient presumed to have a MRSA LRTI has a
negative result. Dunaway et al11 showed an
approximately 40-hour reduction in duration
of vancomycin therapy after implementing a
protocol that included automatic MRSA nasal
screening via order sets for hospital-acquired
pneumonia. Pharmacists were also able to
independently discontinue vancomycin ther-
apy when negative MRSA screening test results
were obtained. Baby et al12 highlighted a
46.6-hour reduction in the mean duration of
anti-MRSA therapy (vancomycin or linezolid)
for patients who primarily had hospital-
acquired pneumonia. Willis et al13 showed a
similar reduction in the duration of vancomy-
cin therapy (by w50 hours) in patients who
received empirical vancomycin for suspected
pneumonia and exacerbation of acute chronic
obstructive pulmonary disease. In two of these
previous studies,12,13 pharmacists were
permitted to independently order the MRSA
screening test when receiving orders for
anti-MRSA antibiotic drug therapy in patients
with suspected pneumonia. This previous
work effectively showed that pharmacist-
driven protocols for ordering MRSA nasal
PCR screening reduced the duration of
vancomycin therapy by approximately 36 to
50 hours.

A recent unpublished internal review at
our institution suggested that pharmacist-
driven MRSA nasal swab culture screening
effectively reduced the duration of vancomy-
cin therapy. However, different types of
MRSA nasal swab screening tests are used at
different centers within our health system.
For example, at Mayo Clinic in Rochester,
Minnesota, nasal cultures are obtained, but
Mayo Clinic Health SystemeSouthwest Wis-
consin Region uses MRSA nasal swab PCR
assays.

Herein we aimed to build on our previous
internal results by replacing culture screening
of MRSA nasal swabs with PCR screening.
The PCR screening test is performed at our
Mayo Clin Proc Inn Qual Out n October 2020;4(5):550-556 n https:
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institution at all hours of the day. Its turn-
around time is approximately 2 hours after
specimen collection, which is considerably
faster than culture screening. We designed
this study to determine whether pharmacist-
ordered MRSA nasal swab PCR screening for
LRTI in patients receiving parenteral vancomy-
cin reduced the duration of vancomycin ther-
apy given the shorter turnaround time of PCR
screening.

METHODS
This study was approved by the Mayo Clinic
Institutional Review Board. We performed
this retrospective, multicenter preimplementa-
tion and postimplementation study at the 2
Mayo Clinic Health SystemeSouthwest Wis-
consin Region hospitals: a tertiary care hospi-
tal in La Crosse, Wisconsin, and a critical
access hospital in Sparta, Wisconsin. The
study examined the effects of a collaborative
practice agreement (CPA) that allowed phar-
macists to order a MRSA nasal swab PCR
screening test for any patient on initiation of
empirical intravenous vancomycin therapy
for the indication of LRTI. Although this
CPA allowed pharmacists to order MRSA nasal
swab screening independent of health care
provider contact, it did not allow pharmacists
to order the screening test for vancomycin in-
dications other than LRTI or to independently
discontinue vancomycin therapy if a negative
screening result was obtained. Clinical phar-
macists reviewed MRSA nasal swab PCR
screening results as part of the preexisting van-
comycin workflow. The pharmacy resident
(N.L.W.) was responsible for the development
and implementation of the CPA protocol as
part of a longitudinal research project,
including presenting to and obtaining
approval from the institutional medication
oversight group, a pharmacist education com-
mittee for workflow changes and data collec-
tion and analysis.

This study was conducted from July 8,
2017, through January 31, 2019. The preim-
plementation period spanned from July 8,
2017, through September 30, 2018, during
which time no CPA was in place allowing
pharmacists to order MRSA nasal swab PCR
screening. All of the tests were ordered by
health care providers, including physicians,
physician assistants, and advanced practice
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1345 Potential patients identified

1039 Preimplementation group 306 Postimplementation group

241 Preimplementation

798 Excluded
         7 Age <18 y
      203 Perioperative antibiotics
      559 Not LRTI
         29 Repeated hospitalizations

232 Excluded
         8 Age <18 y
      52 Perioperative antibiotics
      152 Not LRTI
         20 Repeated hospitalizations

74 Postimplementation

FIGURE 1. Patient enrollment. LRTI ¼ lower respiratory tract infection.
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registered nurses, but pharmacists could order
MRSA PCR screening after receiving a verbal
order from one of these providers. The start
date of the preimplementation period was
defined by our institution’s transition to a
new electronic health record (EHR) vendor,
and the end date was defined as the last day
before implementation of the CPA. The post-
implementation period spanned from October
1, 2018, through January 31, 2019. The start
date of the postimplementation period was
defined by the onset of the CPA, and the
end date was chosen to facilitate project
completion within the academic year for the
pharmacy resident.

We queried the EHR system to identify all of
the patients with an order for parenteral vanco-
mycin during the preimplementation and post-
implementation periods. We included patients
if they were 18 years or older and had parenteral
vancomycin ordered for an indication of a respi-
ratory tract infection or if a respiratory tract
infection was included in the differential diag-
nosis. We excluded patients with vancomycin
orders for other indications (eg, skin and soft tis-
sue infection, central nervous system infection,
bloodstream infection, febrile neutropenia, peri-
operative prophylaxis) and those with repeated
vancomycin courses. The statistical analysis
assumed independence of therapy events.
Therefore, only the first course of vancomycin
treatment was included for patients who had
Mayo Clin Proc Inn Qual Out n October 2020
multiple courses of therapy during the preimple-
mentation or postimplementation period,
regardless of whether additional courses were
administered during the same or a subsequent
hospitalization. Patient characteristics and clin-
ical data were abstracted from the EHRs,
including serum creatinine levels, evidence of
ototoxicity, and 30-day hospital readmission
due to LRTIs caused by MRSA. We screened
for ototoxicity by searching for the term ototox-
icity in the EHRs.

The primary outcome was the difference in
duration of vancomycin therapy between the
preimplementation and postimplementation
groups. Duration of vancomycin therapy was
calculated as the time from the initial vancomy-
cin order to the final order for discontinuation,
as documented in the EHRs. Secondary out-
comes included the differences in rates of acute
kidney injury (AKI), ototoxicity, and 30-day
hospital readmission due to LRTIs caused by
MRSA. We defined AKI as an increase in serum
creatinine level of at least 0.3 mg/dL (to convert
tommol/L,multiply by 88.4) or at least a 50% in-
crease compared with baseline levels (as
measured �90 days before initiation of vanco-
mycin therapy) within a 48-hour period during
the first 3 days of therapy.

Baseline continuous variables were
compared between groups using the Wilcoxon
rank sum test, and categorical variables were
compared using the Pearson c2 test. The
;4(5):550-556 n https://doi.org/10.1016/j.mayocpiqo.2020.05.002
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TABLE 1. Baseline Characteristics of the 315 Study Participantsa,b

Characteristic
Preimplementation
group (n¼241)

Postimplementation
group (n¼74) P value

Age (y), mean � SD 68.9 � 15.8 67.7 � 17.8 .85

Male sex (No. [%]) 132 (54.8) 45 (60.8) .36

Height (cm), mean � SD 169.5 � 11.6 170.6 � 10.4 .56

Body weight (kg), mean � SD 87.0 � 27.0 81.5 � 28.0 .07

Body mass index, mean � SD 30.3 � 8.7 27.9 � 8.7 .02

History of MRSA colonization before the study
period (No. [%])

45 (18.7) 14 (18.9) .96

Baseline serum creatinine (mg/dL),
median (IQR)

1.0 (0.8-1.2) 1.0 (0.7-1.2) .93

aIQR ¼ interquartile range; MRSA ¼ methicillin-resistant Staphylococcus aureus.
bSI conversion factor: To convert creatinine values to mmol/L, multiply by 88.4.
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primary outcome of duration of vancomycin
therapy was compared between groups using
the Wilcoxon rank sum test. For secondary
outcomes, the 30-day hospital readmission
rate due to MRSA was compared between
groups using the Fisher exact test, and rate
of AKI within 3 days was compared using
the Pearson c2 test. A P<.05 was considered
statistically significant. SAS software, version
9.4 (SAS Institute Inc) was used for all the
analyses.
RESULTS
We identified 1345 potentially eligible hospi-
tal admissions. From these, 315 patients
were included in the final study cohort, with
241 in the preimplementation group and 74
in the postimplementation group (Figure 1).
Except for body mass index, no baseline char-
acteristics were significantly different between
groups (Table 1).

Twenty of 124 patients (16.1%) who
received MRSA PCR screening in the preim-
plementation group had a positive test result
vs 9 of 62 (14.5%) in the postimplementation
period (between-group difference, 1.6%;
P¼.80). During the preimplementation
period, pharmacists ordered 11 of 124 MRSA
nasal swab PCR screening tests (8.9%); during
the postimplementation period, they ordered
35 of 62 tests (56.5%). Of these, 1 test
(9.1%) was positive in the preimplementation
group vs 4 (11.4%) in the postimplementation
group (between-group difference, 2.3%;
Mayo Clin Proc Inn Qual Out n October 2020;4(5):550-556 n https:
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P¼.83). The median time from PCR order en-
try to test result was 0.65 hours longer in the
preimplementation group than in the postim-
plementation group (median [interquartile
range], 4.3 [2.7-6.5] hours vs 3.6 [2.2-7.9]
hours; P¼.17).

The median duration of vancomycin ther-
apy in the preimplementation group was 9.7
hours longer than that in the postimplementa-
tion group (median [interquartile range], 24.0
[12.4-47.0] hours vs 14.3 [5.0-28.6] hours;
P<.001) (Figure 2). Patients in the preimple-
mentation group received a mean of 2.95 van-
comycin doses per patient, and those in the
postimplementation group received a mean
of 2.31 vancomycin doses per patient. For
10 patients in the postimplementation group,
the initial MRSA nasal swab PCR screening
test had a negative result and the order for
vancomycin was discontinued before any
doses were administered. Regardless of the
number of vancomycin doses administered,
duration of vancomycin therapy was calcu-
lated as the time from the initial vancomycin
order to the final order for discontinuation.
The rates of adverse drug events and 30-day
hospital readmission for LRTI due to MRSA
were not significantly different between
groups (Table 2).
DISCUSSION
To date, available clinical practice guidelines
for hospital-acquired and ventilator-
associated pneumonia do not address how to
//doi.org/10.1016/j.mayocpiqo.2020.05.002 553
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FIGURE 2. Duration of vancomycin therapy. The horizontal line in the
middle of each box indicates the median; bottom border, 25th percentile;
top border, 75th percentile; bottom whisker, minimum value less than the
25th percentile and within 1.5 � interquartile range; top whisker, maximum
value greater than the 75th percentile and within 1.5 � interquartile range;
open circles, individual outliers. The duration of vancomycin therapy was
significantly shorter in the postimplementation group (P<.001).
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use negative MRSA nasal swab screening re-
sults to guide de-escalation of anti-MRSA ther-
apy for LRTIs.14,15 The clinical guidelines for
community-acquired pneumonia16 recom-
mend nasal culture or PCR screening for inpa-
tients with severe pneumonia and for
inpatients with nonsevere pneumonia and a
history of respiratory isolation for MRSA. In
either case, a negative MRSA nasal screening
test result can guide the decision to withhold
or discontinue empirical anti-MRSA therapy.
Despite the information provided by the
community-acquired pneumonia guidelines,
empirical therapy for MRSA is frequently
administered to patients with suspected
LRTI, and identification of patients for appro-
priate de-escalation of anti-MRSA antibiotic
drug therapy remains difficult. Numerous
studies have shown that nasal swab screening
for MRSA colonization has a reliably high NPV
and effectively identifies patients at low risk
for LRTIs caused by MRSA.6-10

The present study builds on previous data
by showing a significant reduction in vanco-
mycin therapy duration in the period after
Mayo Clin Proc Inn Qual Out n October 2020
implementation of the CPA allowing pharma-
cists to order MRSA nasal swab PCR screening,
with no significant between-group differences
in median time from PCR order to result or
MRSA nasal swab positivity rates. Several
studies have shown a decrease in duration of
therapy with implementation of pharmacist-
driven screening test protocols.11-13 Willis
et al13 showed a reduction in vancomycin
therapy duration from a median of 100.8
hours to 50.4 hours with a pharmacist-
driven screening test program. We were able
to use the rapid turnaround time of the
MRSA PCR screening test to significantly
reduce vancomycin therapy duration from a
median of 24.0 hours to 14.3 hours, indicating
that a pharmacist-driven CPA can effectively
reduce duration of therapy, even when the
baseline duration is already relatively short
(compared with previous studies). In fact, or-
ders for vancomycin therapy were discontin-
ued for 10 patients before any doses were
administered as a result of the expedient use
of MRSA nasal swab PCR screening tests.
This reduction in duration of therapy and, in
some cases, complete avoidance of unneces-
sary antimicrobial drug therapy represent
core goals of antimicrobial stewardship pro-
grams.17 The data presented herein reinforce
that pharmacist-driven MRSA nasal screening
protocols can reduce unnecessary antibiotic
drug exposure for patients. Dunaway et al11

showed a greater reduction in therapy dura-
tion from a median of 48 hours to 18 hours.
However, their intervention involved the auto-
matic addition of a MRSA nasal swab PCR test
to the order sets for community-acquired and
health careeassociated pneumonia, which
may have expedited screening; furthermore,
patients were excluded if a MRSA test was
not performed within 24 hours after admis-
sion. Pharmacists were also able to indepen-
dently discontinue vancomycin therapy in
the event of a negative MRSA test result; this
option was not included in the CPA of our
health system.

In this study, the significant decrease in
vancomycin therapy duration was attained
without increased rates of adverse clinical out-
comes. The rates of AKI were similar between
groups. No instances of vancomycin-induced
ototoxicity occurred in either group. The rates
of 30-day hospital readmission due to LRTIs
;4(5):550-556 n https://doi.org/10.1016/j.mayocpiqo.2020.05.002
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TABLE 2. Secondary Outcomesa

Outcome

Preimplementation
group

(No. [%]) (n¼241)

Postimplementation
group

(No. [%]) (n¼74) P value

Hospital readmission due to MRSA
within 30 d

1 (0.4) 1 (1.4) .42

Ototoxicity 0 0 NA

Acute kidney injury
within 3 db

52 (23.1) 14 (20.9) .70

aMRSA ¼ methicillin-resistant Staphylococcus aureus; NA ¼ not applicable.
bData were missing for 16 patients in the preimplementation group and 7 patients in the postimplementation group.
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caused by MRSA were similar between groups.
This lack of a significant difference in 30-day
readmission rates supports the conclusion
that vancomycin was not prematurely discon-
tinued on the basis of false-negative MRSA
nasal swab PCR screening results for patients
who ultimately had an LRTI caused by MRSA.

The rates of vancomycin-induced AKI
observed in this study are similar to published
rates.18-20 Although this study was not a priori
powered to detect differences in secondary
outcomes, no differences in the rates of AKI
were detected between groups. This phenom-
enon is likely due to the fact that the duration
of vancomycin therapy was less than 48 hours
for 75% of patients in the preimplementation
group and was further reduced to less than
30 hours for 75% of patients in the postimple-
mentation group. Vancomycin-induced neph-
rotoxicity typically does not develop until
therapy duration extends beyond the dura-
tions observed in this study.19

This study is not without limitations. It
was conducted retrospectively and depended
on the accuracy of documentation in the
EHRs. In addition, detection of ototoxicity-
related adverse events depended on health
care providers documenting these events by
using wording that exactly matched the spe-
cific term used in this study to search patient
records, and it also depended on the accuracy
of the search function of the EHR system.
CONCLUSION
This study reports a significant reduction in
duration of vancomycin therapy with imple-
mentation of a pharmacist-driven CPA for
MRSA nasal swab PCR screening. This
Mayo Clin Proc Inn Qual Out n October 2020;4(5):550-556 n https:
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reduction did not increase the 30-day hospital
readmission rate for LRTIs caused by MRSA.
These results contribute to data indicating
that use of a pharmacist-driven CPA for
MRSA nasal screening is an effective strategy
for reducing the duration of vancomycin ther-
apy in patients with LRTI without increasing
adverse clinical outcomes.
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