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ABSTRACT

Background: Nasal-swab screening for methicillin-resistant Staphylococcus
aureus (MRSA) has a quicker turnaround time than other bacterial culture
methods, with results available within 24 h. Although MRSA nasal-swab
screening is not intended to guide antimicrobial therapy, this method
may give clinicians additional information for earlier tailoring of empiric
antimicrobial agents.

Objective: To describe the diagnostic characteristics of nasal-swab
screening in predicting MRSA infections in hospitalized patients receiving
empiric treatment with IV vancomycin.

Methods: A retrospective observational chart review was conducted for
newly admitted adult patients of the Peter Lougheed Centre in Calgary,
Alberta, who were treated empirically with IV vancomycin from January
to October 2015 and who underwent nasal-swab screening for MRSA.
The diagnostic characteristics of nasal-swab screening were calculated
in relation to corresponding culture results for samples collected on
admission.

Results: For the 273 patients included in this study, nasal-swab screening
for MRSA showed the following diagnostic characteristics in relation to
bacterial culture results: sensitivity 58.3% (95% confidence interval [CI]
28.6%-83.5%), specificity 93.9% (95% CI 90.0%-96.3%), positive
predictive value 30.4% (95% CI 14.1%-53.0%), negative predictive
value 98.0% (95% CI 95.1%-99.3%), positive likelihood ratio 9.5
(95% CI 4.9-18.7), and negative likelihood ratio 0.4 (95% CI 0.2-0.9).

Conclusions: Given the high specificity of this rapid method, clinicians
should ensure that patients who are receiving empiric treatment for
MRSA infection and who have a positive result on nasal-swab screening
continue to receive MRSA coverage until culture results are available. In
addition, the high negative predictive value and positive likelihood ratio
for nasal-swab screening in a low-prevalence setting suggest that a negative
result significantly reduces the probability of MRSA infection. Although
nasal-swab screening for MRSA is currently used for determining isolation
precautions, this method also had utility in helping clinicians to predict
the probability of MRSA infection and in guiding decisions about an-
timicrobial therapy.
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RESUME

Contexte : Le dépistage du Staphylococcus aureus résistant  la méthicilline
(SARM) par écouvillonnage nasal procure des résultats d’examen plus
promptement que les autres techniques de culture bactérienne, les résultats
éeant disponibles dans les 24 heures. Bien que les résultats du dépistage
du SARM par écouvillonnage nasal ne soient pas destinés a guider le choix
de traitement antimicrobien, cette technique peut fournir aux cliniciens
des informations supplémentaires leur permettant de préciser plus
rapidement les antibiothérapies empiriques adéquates.

Objectif : Présenter les caractéristiques diagnostiques du dépistage par
écouvillonnage nasal comme outil servant 2 prédire les infections 8 SARM
chez les patients hospitalisés qui recoivent un traitement empirique de
vancomycine par voie intraveineuse.

Méthodes : On a mené une analyse d’observation rétrospective au moyen
des dossiers médicaux de patients adultes nouvellement admis au Peter
Lougheed Centre 2 Calgary, en Alberta, ayant recu un traitement
empirique de vancomycine par voie intraveineuse entre janvier 2015 et
octobre 2015 et ayant subi un dépistage du SARM par écouvillonnage
nasal. Les caractéristiques diagnostiques du dépistage par écouvillonnage
nasal ont été obtenues par comparaison avec les résultats de culture
correspondants qui provenaient des échantillons recueillis & 'admission.

Résultats : Pour ce qui est des 273 patients retenus pour la présente étude,
le dépistage du SARM par écouvillonnage nasal a affiché les caractéristiques
diagnostiques suivantes comparativement aux résultats des cultures
bactériennes : sensibilité de 58,3 % (intervalle de confiance [IC] 4 95 %
de 28,6 % a 83,5 %), spécificité de 93,9 % (IC a4 95 % de 90,0 % a
96,3 %), valeur prédictive positive de 30,4 % (IC 2 95 % de 14,1 % a
53,0 %), valeur prédictive négative de 98,0 % (IC 2 95 % de 95,1 % a
99,3 %), rapport de vraisemblance positif de 9,5 (IC 2 95 % de 4,9 a
18,7) et rapport de vraisemblance négatif de 0,4 (IC 295 % de 0,24 0,9).

Conclusions : Compte tenu de la spécificité élevée de cette technique
rapide, les cliniciens devraient s'assurer que les patients qui recoivent un
traitement empirique pour une infection 8 SARM et dont le résultat du
dépistage du SARM par écouvillonnage nasal se révele positif continuent
a étre traités contre le SARM jusqu'a 'obtention des résultats de culture.
De plus, la valeur prédictive négative élevée et le rapport de vraisemblance
positif élevé associés au dépistage par écouvillonnage nasal dans un
contexte de faible prévalence suggerent qu'un résultat négatif réduit de
fagon significative les probabilités d’infection & SARM. Enfin, bien que
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le dépistage du SARM par écouvillonnage nasal soit présentement utilisé
pour déterminer les précautions 4 prendre concernant Iisolation, ce type
d’analyse avait aussi le potentiel d’aider les cliniciens 4 prévoir les probabilités
d’infection & SARM et de guider leur choix quant a 'antibiothérapie.

Mots clés : Staphylococcus aureus résistant a la méthicilline, SARM,
écouvillonnage nasal, vancomycine, infection

INTRODUCTION

nfections due to methicillin-resistant Staphylococcus aureus

(MRSA) are a growing concern for the Canadian health care
system."? Alberta-specific data show that the incidence and
prevalence of MRSA infection have been steady over the past few
years: as of December 2015, the infection rate remained at
0.35 cases per 10 000 patient-days.> MRSA infections result in
increases in morbidity, length of hospital stay, and cost of
treatment.! Infectious disease guidelines recommend empiric IV
vancomycin therapy for suspected MRSA infections.*® Culture
and sensitivity results are subsequently used to tailor the anti-
microbial therapy.> However, negative culture results may take
up to 120 h, and during this time clinicians are often hesitant to
de-escalate MRSA coverage.” Given that unnecessary antimicrob-
ial use propagates antimicrobial resistance, it is important to
narrow antimicrobial coverage as quickly as possible.

Patients with MRSA colonization are potential reservoirs for
transmission and are themselves at higher risk of acquiring
MRSA-associated infections.®!* Nasal-swab screening is currently
used at the study centre to identify MRSA carriers and to direct
appropriate isolation of colonized patients.”® According to the
local institutional policy for screening on admission, nasal
swabbing is performed for patients with recognized risk factors
for MRSA and for patients admitted to units where high MRSA
risk has been identified, such as intensive care.!? Nasal swabs are
usually obtained on admission by nursing staff, and the screening
has a quicker turnaround time than other bacterial culture
methods, with results available within 24 h at the study centre.!
Although MRSA nasal-swab screening is not intended to guide
antimicrobial therapy, this method may give clinicians additional
information to help in earlier tailoring of empiric antimicrobials.

The current literature illustrates a wide range of diagnostic
characteristics for MRSA nasal-swab screening, with the majority
of studies showing lower sensitivity (50%-88%) and higher
specificity (83%-100%)."% The populations studied have
included patients with various types of pneumonia, skin and
soft-tissue infections, or multiple sites of potential infection, as
well as patients admitted to the intensive care unit.”>?° Further-
more, the current literature’?® focuses on patients with
documented MRSA infection or patients at high risk for
nosocomial infection, with patients being followed to determine
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whether they developed MRSA infection. To our knowledge, no
studies have examined consecutive patients presenting to hospital
who were started on empiric IV vancomycin therapy.

The primary objective of this study was to describe the
diagnostic characteristics of MRSA nasal-swab screening in
predicting culture-proven MRSA infection in newly admitted
patients treated empirically with IV vancomycin. The secondary
objectives were to describe the impact of admission to hospital
within the prior 3 months on these diagnostic characteristics and
to describe the diagnostic characteristics of MRSA nasal-swab
screening according to bacterial culture site. This information
may assist clinicians in early tailoring of empiric anti-MRSA
therapy. Farlier discontinuation of anti-MRSA therapies could
lead to reductions in resistance, adverse events, therapeutic drug
monitoring, and overall costs.

METHODS
Study Design and Timeline

A retrospective observational chart review was conducted of
surveillance MRSA nasal-swab screening and corresponding
culture results for clinical isolates of blood, sputum, wound,
bronchoalveolar lavage (BAL), and endotracheal tube aspirate
collected on admission from patients empirically treated with IV
vancomycin. Working backward from October 2015, patients
were included until the desired sample size was reached. The
study was conducted at the Peter Lougheed Centre, a tertiary
care centre in Calgary, Alberta, with approximately 600 beds,
which services Calgary and surrounding areas.

Data Sources and Collection

A list of patients receiving IV vancomycin was pulled from
the site’s inpatient medication dispensing program. Data were
collected from a computerized charting database that includes
patients’ demographic characteristics, clinicians’ orders, electronic
medication administration records, and laboratory results.

Data collected consisted of patients’ demographic charac-
teristics, admission date and time, admitting service, and MRSA
nasal-swab and bacterial culture results (blood, sputum, wound,
BAL, and endotracheal tube aspirate). The documented date and
time of administration of the first dose of vancomycin and
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whether or not the patient had been admitted to hospital within
the prior 3 months were also collected.

Inclusion and Exclusion Criteria

Patients eligible for inclusion were those 18 years of age or
older who had been admitted to the Peter Lougheed Centre and
had been initiated on empiric IV vancomycin (i.e., first dose
administered within 48 h of admission). Patients had to have a
documented MRSA nasal swab and culture of samples from at
least one of the following sites, drawn within 48 h of admission:
blood, sputum, wound, BAL, and/or endotracheal tube.

Patients with bacterial culture samples collected after the
first IV dose of vancomycin were excluded. In addition, patients
on long-term dialysis therapy were excluded because of their
increased risk of non-MRSA infections requiring vancomycin
therapy (e.g., line infections with coagulase-negative Smphylococcus).
Finally, a given patient could be included in the study only once
(even if there was more than one admission), and each patient
could have data from only one MRSA nasal swab included.
However, a patient could have culture data from 2 or more sites
included; if the result for any of the multiple cultures was
positive, the patient was considered culture-positive in the pri-
mary outcome analysis.

Statistical Analysis

The required sample size was calculated using precision
calculations based on different sensitivity and specificity estimates

1520 and the largest sample size

found in the current literature,
was chosen to ensure adequate precision for the study. The
precision calculation was based on a 95% confidence interval
(CI), an infinite population size, and a precision of 5%. Based
on these parameters, a sample of 273 patients was required.
Descriptive statistics, including proportions for categorical
variables and the mean and standard deviation for continuous
variables, were used to report study group characteristics.
Sensitivity, specificity, positive predictive value, negative predictive
value, and likelihood ratios for the MRSA nasal-swab results in
predicting MRSA infection were calculated (with 95% ClIs). The
same diagnostic characteristics were calculated for the secondary

outcomes.

Ethics Approval

The study was approved by the Health Research Ethics
Board of the Alberta Community Health Committee. A waiver
of consent was granted because of the retrospective nature of the

study.

RESULTS

A total of 726 patients were screened, and 453 of these
individuals were excluded. The exclusion criteria were assessed
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sequentially in the order shown in Figure 1. The 273 patients
included in the analysis were mostly male (176 [64.5%]), and
the mean age was 55.8 years (standard deviation 17.7) (Table 1).
The majority of patients were admitted under the care of internal

Patients receiving
vancomycin
n=726

Excluded n = 453

e Age< 18yearsn=11

e \Jancomycin not empiric n =213

® No nasal swab n = 136

¢ Nasal swab obtained > 48 h after
admission n =21

e Culture sample obtained > 48 h after
admission n = 28

e Culture sample obtained after
vancomycin was initiated n = 40

e Patient receiving hemodialysis n = 4

A 4

Patients included
n=273

Figure 1. Identification of study sample from patients newly
admitted to the Peter Lougheed Centre who were treated
empirically with vancomycin. The exclusion criteria were
applied sequentially in the order shown.

Table 1. Patient Characteristics

Characteristic No. (%) of Patients*
(n=273)
Sex, male 176 (64.5)
Age (years) (mean + SD) 558+ 17.7
Admitting service
Internal medicine 146 (53.5)
Hospitalist 69 (25.3)
Intensive care 27 (9.9
Pulmonary 11 (4.0
Surgery (all types)t 10 (3.7)
Hematology 8 (2.9
Cardiology 1 (0.4)
Medical psychiatry 1 (0.4)
History of a recent admission® 73 (26.7)
Cultures§ n=334
Blood 266 (79.6)
Wound 36 (10.8)
ET aspirate 22 (6.6)
Sputum 9 (2.7
BAL 1 (0.3)

BAL = bronchoalveolar lavage ET = endotracheal tube,

SD = standard deviation.

*Except where indicated otherwise.

tSurgery types: general, orthopedic, oromaxillofacial, vascular,
plastic, and colorectal.

$Recent admission was defined as admission within the prior
3 months.

§Each patient had one nasal swab for methicillin-resistant
Staphylococcus aureus, and 60 of the patients had 2 or more
culture sites.
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medicine (146 [53.5%]) and hospitalist (69 [25.3%]) teams, and
most did not have a hospital admission in the prior 3 months
(200 [73.3%]). The most common bacterial culture site (based
on 334 samples cultured) was blood (266 [79.6%]), followed by
wound (36 [10.8%]). Twelve patients had a total of 14 positive
MRSA culture results (7 from blood, 6 from wound, and 1 from
BAL), and 23 positive MRSA nasal-swab results were identified
(Table 2). Details of the culture results are shown in Tables
2 and 3.

Nasal-swab screening for MRSA had the following diagnostic
characteristics in relation to bacterial culture results: sensitivity
58.3% (95% CI 28.6%-83.5%), specificity 93.9% (95% CI
90.0%-96.3%), positive predictive value 30.4% (95% CI
14.1%-53.0%), negative predictive value 98.0% (95% CI
95.1%-99.3%), positive likelihood ratio 9.5 (95% CI 4.9-18.7),
and negative likelihood ratio 0.4 (95% CI 0.2-0.9).

For the secondary objective, a recent admission resulted in
similar specificity (91.3% [95% CI 81.4%-96.4%)] versus 94.8%
[95% CI 90.4%-97.3%]) and higher sensitivity (75.0% [95%
CI 21.9%-98.7%] versus 50.0% [95% CI 17.5%-82.6%]),
relative to patients without a recent admission. As for individual
culture sites, blood and wound cultures were found to have high
specificity, about 93%, with lower sensitivities. Complete results
are shown in Table 4.

DISCUSSION

MRSA infections are associated with increased morbidity,
mortality, and health care costs.! Infectious disease guidelines rec-
ommend empiric antimicrobial coverage for MRSA when this
type of infection is suspected; however, it is just as crucial to
identify situations when MRSA coverage is not needed.

In this study, MRSA nasal-swab screening was associated
with a negative predictive value of 98.0%. This high value
suggests that the probability of MRSA infection in swab-negative
patients is quite low and that MRSA infection in these patients
would be unlikely. However, the relatively low prevalence of
MRSA infection in the study population (4.4% [95% CI 2.4%—

7.8%]) was a major contributor to the negative predictive value.

Table 2. MRSA Culture and Nasal Swabs Results

Culture Result*

Nasal Swab Result Positive Negative Total
Positive 7 16 23
Negative 5 245 250
Total 12 261 273

MRSA = methicillin-resistant Staphylococcus aureus.

*Culture results are for MRSA only; other bacterial growth was
not recorded. Each patient could have only one MRSA nasal
swab result included; however, multiple culture results were
allowed. Among the 60 patients with 2 or more culture sites,
if the result for one of the multiple cultures was positive, that
positive result was considered in the primary outcome analysis.
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For this reason, the negative predictive value suggests that, in
appropriate clinical situations (including a population with low
MRSA prevalence, similar to this study’s population), a negative
MRSA swab result could be considered in the clinician’s decision
to discontinue empiric vancomycin earlier.

The high specificity value for MRSA nasal-swab screening
(93.9%) suggests that the likelihood of false-positive results is
low and that MRSA nasal swabbing is useful for ruling in MRSA
infection. As a result, for patients who are receiving empiric
treatment for MRSA infection and who have a positive result on
MRSA nasal swabbing, clinicians should ensure that MRSA
coverage is continued until culture results are confirmed.

The low sensitivity value in this study (58.3%) indicates that
nasal-swab screening has a high potential for false-negative
results. There were 7 false-negative nasal-swab results among
5 patients in this study, corresponding to positive culture results
for 2 blood samples, 4 wound samples, and 1 BAL sample. These
false-negative nasal-swab results are important, given the risks
associated with premature narrowing of antimicrobial therapy
for MRSA-infected patients. Because of the frequency of false
negatives, early discontinuation of anti-MRSA therapy should
not be based solely upon a negative MRSA nasal-swab result and
should be correlated with clinical judgment.

The positive likelihood value of 9.5 suggests that the post-test
probability of MRSA infection in the presence of a positive
MRSA nasal-swab result is increased by approximately 45%.%
The post-test probability can vary significantly according to the
patient population being observed, and knowing the pre-test
probability is key.

As for the secondary objectives, it was noted that recent
admission had minimal impact on specificity (94.8% for those
without recent admission versus 91.3% for those with recent
admission) but increased the sensitivity (50.0% versus 75.0%,
respectively). This difference is likely attributable to chance,
resulting from the small number of samples cultured after
stratification by admission history, and likely does not reflect a
clinically significant increase in sensitivity.

Blood cultures made up the majority of the sample size, and
generalizability of these results is therefore more likely limited to
bloodstream infections and less applicable to wound infections.
Unfortunately, there were too few individual endotracheal tube
aspirate, sputum, and BAL samples to analyze. However, studies
including respiratory samples'>'”!8 have reported sensitivity and
specificity similar to those found in the current study.

These results follow the same pattern—higher specificity
than sensitivity—as findings from other studies involving MRSA
nasal swabbing as single-site screening. Reported values for
sensitivity and specificity of MRSA nasal-swab screening alone
for predicting MRSA infection have ranged from 50.0% to
88.0% and from 83.0% to 100.0%, respectively.”** The
comparability of these results is limited by the different nasal-
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Table 3. Results by Culture Type

Culture Site; Culture Result*

Blood Wound Sputum BAL ET Aspirate
Nasal Swab Result ~ Positive Negative Positive Negative Positive Negative Positive Negative Positive Negative
Positive 5 18 2 2 0 0 0 0 0 1
Negative 2 241 4 28 0 9 1 0 0 21
Total 7 259 6 30 0 9 1 0 0 22

BAL = bronchoalveolar lavage, ET = endotracheal tube, MRSA = methicillin-resistant Staphylococcus aureus.

*Culture results are for MRSA only; other bacterial growth was not recorded. Each patient could have only one MRSA nasal swab
result included; however, multiple culture results were allowed. Among the 60 patients with 2 or more culture sites, if the result for
one of the multiple cultures was positive, that positive result was considered in the primary outcome analysis.

Table 4. Diagnostic Characteristics of Nasal Swabbing for MRSA Infection in Newly Admitted Patients Treated

Empirically with IV Vancomycin*

Subgroup % Sensitivity % Specificity % Predictive Value (95% Cl) Likelihood Ratio (95% Cl) % Prevelance
(95% Q) (95% CI) Positive Negative Positive Negative (95% Q)

Al cultures 58.3 (28.6-83.5) 93.9(90.0-96.3) 30.4(14.1-53.0)98.0 (95.1-99.3) 9.5(4.9-18.7)  0.4(0.2-0.9) 4.4(2.4-728)

Recent admissiont

Yes 75.0(21.9-98.7) 91.3(81.4-96.4) 33.3(9.0-69.1) 98.4(90.5-99.9) 8.6(3.3-22.3) 0.3(0.1-1.5) 5.5(1.8-14.2)

No 50.0 (17.5-82.6) 94.8(90.4-97.3) 28.6(9.6-58.0) 97.8(94.2-99.3) 9.6(3.8-24.1)  0.5(0.3-1.1) 4.0(1.9-8.0)

Tissuet

Blood 71.4(30.3-94.9) 93.1(89.1-95.7) 21.7(8.3-44.2) 99.2 (96.7-99.9) 10.3(5.4-19.6) 0.3(0.1-1.0) 2.6(1.2-5.6)

No 33.3(6.0-75.9) 93.3(76.5-98.8) 50.0(9.2-90.8) 87.5(70.1-95.9) 5.0(0.9-289) 0.7(0.4-1.3) 16.7(7.0-33.5)

BAL = bronchoalveolar lavage, Cl = confidence interval, MRSA = methicillin-resistant Staphylococcus aureus.
*The diagnostic characteristics presented here were calculated in relation to culture results (with 60 patients having culture results

for 2 or more sites).

tRecent admission was defined as admission within the prior 3 months.
$Diagnostic characteristics were not calculated separately for endotracheal tube aspirate, sputum, or BAL cultures, because of the

small number of samples obtained.

swab assays used at each site. Many studies used polymerase chain
reaction, which has been shown to increase sensitivity** relative
to the chromogenic medium used at the current study site.

In terms of local data, one Canadian study found similar
diagnostic characteristics, except for a higher sensitivity of
91.0%.% This difference in sensitivity is likely attributable to the
use of a combination of nasal and rectal swabs, as well as selection
of patients with culture-proven S. aureus infection.

Few studies have looked at the utility of MRSA swab—
guided antimicrobial therapy in terms of clinical outcomes. One
study of patients with suspected hospital-acquired pneumonia
found that in the absence of respiratory culture, clinical outcomes
were no worse when MRSA nasal- and throat-swab screening
was used to guide vancomycin therapy.? In addition to nasal and
throat swabbing, this study also used a pulmonary infection
severity scale.?* Use of a combination of swabbing sites and a
clinical severity scale to guide the antimicrobial therapy likely
reflects the reality of practice, with clinicians basing clinical
decisions on multiple factors and not only the nasal-swab result
in isolation.

A limitation of this study was the relatively small sample
size. However, the required sample size was determined using the
wide range of published diagnostic characteristics for MRSA
nasal-swab screening, and should represent a sufficient number
to provide an accurate estimate.
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In addition, the assessment of a single swab site (the nasal
passages) may have lowered the sensitivity relative to using a
combination of results from MRSA swabs of different sites.>?
Although both nasal and rectal swabbing are routinely performed
at the study centre, nasal-swab results are reported within 24 h,
whereas rectal-swab results take 4 days. The clinical advantage of
identifying MRSA earlier than with other microbiological culture
methods would be lost if rectal swabs were included. Because of
the retrospective design of the study, we were unable to account
for the variability in quality of nasal-swab collections. Patients
who received treatment with MRSA-active antimicrobials outside
of the study site were also unknown, as we did not have access
to medication information that was not documented in the
hospital’s charting system.

The strength of this study lies in the study population.
Because patients were selected early in the admission process, the
population reflects patients in whom early adjustment of empiric
antimicrobial therapy may be reasonable. Furthermore, the
study’s objectives are of high clinical relevance and are applicable
across other practice sites. This study has also added to the scarce
Canadian data available on the subject.

CONCLUSION
As a result of the high specificity of MRSA nasal-swab

screening, for patients who are receiving empiric treatment
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for MRSA infection and are found to have a positive MRSA
nasal-swab result, clinicians should ensure they continue to
receive. MRSA coverage until culture results are available.
Additionally, the high negative predictive value and high positive
likelihood ratio of MRSA nasal-swab screening in a low-
prevalence setting suggest that a negative result on MRSA
nasal-swab screening significantly reduces the probability of
MRSA infection. Although MRSA nasal-swab screening is
currently used for determining isolation precautions, this method
also had utility in helping clinicians to better predict a patients
probability of MRSA infection and in guiding antimicrobial
decisions.
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