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Liquid and Dry Swabs for Culture- and PCR-Based Detection of Colonization with
Methicillin-Resistant Staphylococcus aureus during Admission Screening
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Rapid detection of methicillin-resistant Staphylococcus aureus (MRSA) colonization status facilitates isolation and
decolonization and reduces MRSA infections. Liquid but not dry swabs allow fully automated detection methods.
However, the accuracy of culture and polymerase chain reaction (PCR) using liquid and dry swabs has not been ana-
lyzed. We compared different swab collection systems for routine nasal–throat MRSA screening in patients admitted
to a tertiary care trauma center in Germany. Over 3 consecutive months, dry swabs (month 1), ESwabs (month 2), or
MSwabs (month 3) were processed using Cepheid GeneXpert, Roche cobas and BD-MAX™ MRSA tests compared
to chromogenic culture. Among 1680 subjects, the MRSA detection rate using PCR methods did not differ signifi-
cantly between dry swabs, ESwab, and MSwab (6.0%, 6.2%, and 5.3%, respectively). Detection rates using chromo-
genic culture were 2.9%, 3.9%, and 1.9%, using dry, ESwab, and MSwab, respectively. Using chromogenic culture
as the “gold standard”, negative predictive values for the PCR tests ranged from 99.2–100%, and positive predictive
values from 33.3–54.8%. Thus, efficient and accurate MRSA screening can be achieved using dry, as well as liquid
E- or MSwab, collection systems. Specimen collection using ESwab or MSwab facilitates efficient processing for
chromogenic culture in full laboratory automation while also allowing molecular testing in automated PCR systems.
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Introduction

Staphylococcus aureus (SA) and methicillin-resistant SA
(MRSA) are major causes of healthcare-acquired infections
and have been responsible for outbreaks in healthcare settings
worldwide [1–3]. SA and MRSA infections are associated
with significant healthcare costs [4]. Guidelines and recom-
mendations [5], as well as hospital standard procedures, rec-
ommend active screening and isolation and/or decolonization
of patients as measures to control the spread of MRSA and
SA [6, 7].

The German MRSA screening guidelines [8] recommend
culture-based methods as the basis of MRSA screening. Due
to the high negative predictive value (NPV) and rapid turn-
around time, PCR-based methods are recommended to com-
plement culture-based testing; swabs from at least the 2 nares
should be used for MRSA screening. Applying culture- and
PCR-based technologies to MRSA screening requires the use
of appropriate collection media suitable for accurate perfor-
mance of both technologies.

Screening of potential MRSA-positive patients has been
shown to be effective in most studies in reducing the fre-
quency of MRSA transmissions in hospitals [3, 7, 9–11]. Over
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the last years, multiple medium-to-high throughput automated
PCR systems have become commercially available [12–14].
Using these MRSA screening tests, the value of rapid detec-
tion of colonization with MRSA and SA and consequent im-
plementation of appropriate barrier precautions have been
repeatedly demonstrated [15, 16].

The introduction of PCR screening tests is associated with
investment and operational costs, which proved inaccessible
for some organizations. A possibility of reducing costs for
hospitals is to reach a high degree of automation, which, how-
ever, requires sample collection with specific swabs that allow
liquid sample processing [17, 18]. Advances with liquid and
flocked swabs have demonstrated improved pathogen detec-
tion [19]. The ESwab system (Copan Diagnostics Inc., Murri-
eta, CA) is a nylon-flocked swab liquid-based system for
collection and transport; the organism inoculum is released
into 1 mL of Amies liquid, allowing to perform PCR assays
and cultures [20, 21]. Copan's MSwab system is validated for
use with MRSA/SA and HSV 1 and 2 assays on a Roche's
cobas 4800 system and for limited mostly Gram-positive aero-
bic bacterial cultures.

While different swab types for MRSA screening had previ-
ously been evaluated for individual automated techniques, we
are not aware of a study investigating the accuracy of dry and
liquid swab collection systems using culture and different au-
tomated PCR systems.

We therefore compared the performance of conventional
dry swabs with 2 different liquid swabs (ESwab and MSwab)
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Liquid and Dry Swabs for MRSA Screening
using chromogenic culture and three automated PCR systems
for the detection of MRSA colonization.

Materials and Methods

Study Design. This study was performed over three
consecutive months from September to November 2016 using
routine admission patient samples prospectively collected at
the Unfallkrankenhaus Berlin (ukb), a tertiary care trauma
center in Berlin, Germany. The ukb serves 600 hospital beds
with 25 specialized departments. All samples were tested
onsite at the Satellite Laboratory in ukb and subsequently at
the Central Laboratory, Labor Berlin. On site, swabs were
tested with Cepheid GeneXpert MRSA (GeneXpert), and
subsequently, swabs were transported to the central laboratory
for chromogenic culture and additional PCR-based testing.

The study design is illustrated in Figure 1. Inclusion criteria
for the study were as follows: patients eligible for routine ad-
mission screening following the collection site's screening pol-
icy (systematic screening of all patients at admission to the
trauma center emergency room).

Collection of the nasal/throat swabs from patients as part of
routine MRSA admission screening were as follows: month 1
a double-headed dry swab (Swab: Cotton, Applicator: Wood,
Copan, Brescia, Italy), month 2 ESwab (Copan), and month 3
MSwab (Copan). Testing on the GeneXpert system was per-
formed 24/7 immediately after sample receipt. Specimens
were transported (3 times daily Monday–Friday and 2 times
daily Sa/So) to the centralized laboratory for further analysis.
Dry swabs (month 1) were suspended in a 1 mL MSwab me-
dium upon arrival at the Labor Berlin.

Routine culture-based testing using chromogenic media for
MRSA and PCR testing was performed from Monday to Sun-
day. The residual patient materials in E- or MSwab media
were stored at 4–8 °C over the weekend until testing resumed.

In the first month, the dry swab designated for molecular
testing was suspended in 2 mL of elution buffer medium
(GeneXpert, Cepheid) at the ukb satellite laboratory and tested
using a GeneXpert. In the second and third month, at the ukb
laboratory, 100 μL sample volume from each specimen (nasal
and throat swabs) was removed, pooled (200 μL total sample)
in 2 mL of elution buffer medium (GeneXpert, Cepheid), and
tested using GeneXpert. The residual 900 μL per swab were
transported to the Labor Berlin central lab for further process-
ing. All incoming swab samples were streaked onto a bi-plate
chromogenic media (chromID MRSA/chromID S. aureus,
Figure 1. Overview of study design
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bioMerieux, France). Dry swabs in MSwab medium, ESwab,
and MSwab media were loaded onto the cobas 4800 and BD
MAX instruments and processed, following the manufacturer's
instructions (see below). All leftover specimens were stored at
−80 °C.

A total of 3376 samples were collected from 1689 subjects
enrolled between September and November 2016, of which
1680 were evaluable subjects for nasal–throat MRSA coloni-
zation analyses (548 for Dry swab, 566 for ESwab, and 566
for MSwab). Overall result interpretation at the ukb for routine
MRSA admission screening was as follows: the GeneXpert re-
sult was reported as preliminary in all cases. In cases where
the GeneXpert result was positive but the chromogenic culture
was negative, the culture was repeated from the original col-
lection swab/medium. Positive GeneXpert results were
reported immediately with the preliminary report, and the re-
sult of the repeated chromogenic culture was reported as the
final result.

Chromogenic Culture for MRSA. Direct culture was
performed using MRSA and SA chromogenic bi-plates
(bioMerieux, Lyon, FR, and chromID MRSA/chromID S.
aureus). Presumptive culture isolates were sub-cultured to 5%
sheep blood agar and confirmed as SA using Gram staining,
followed by latex agglutination testing using Stapaurex Plus
Latex Agglutination Test (Remel, Dartford, UK).

Molecular Tests for the Detection of MRSA and SA. The
GeneXpert MRSA test is validated for ESwabs and was
performed by pooling dry swabs into the elution buffer vial
and resuspending thoroughly. The entire elution buffer was
transferred into the chamber S of the GeneXpert cartridge and
incubated for 15 min before starting the MRSA test.

The cobas MRSA/SA test on the cobas 4800 system (cobas)
is validated for use with MSwabs [12]. The testing was per-
formed according to the manufacturer's instructions with the
exception of the other swab types used.

The BD MAX MRSA XT test (Becton Dickinson, New
Jersey, USA) (BD MAX) is validated for use with Liquid Stu-
art swabs and was performed on samples collected during
months 2 and 3 following the instructions of the manufacturer
[22].

Statistical Analysis. The agreements between molecular
and chromogenic culture tests were summarized using Venn
diagrams for dry swab, ESwabs, and MSwabs. With respect to
chromogenic culture, the sensitivity, specificity, positive
predicted value, and negative predicted value were calculated
for each assay by swab type. The 95% score confidence
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intervals were provided for the sensitivity and specificity
estimates. A generalized linear mixed model (GLMM) was
used to estimate the proportions (positivity rate or sensitivity
estimate) across assays and to perform statistical hypothesis
testing. The model included terms for swab, assay, and their
interaction as fixed effects and was used with the SAS
GLIMMIX procedure to account for the multiple observations
on the same sample by different assays.

Ethics. Ethics approval (EA2_069_16) was obtained from
the institutional review board of the Charité University
Medical Center.

Results

To evaluate collection devices for universal admission
screening of nasal–throat MRSA colonization, we collected 3
different swab types (one month for each swab type) —dry
swabs (month 1), MSwabs (month 2), and ESwabs (month 3)
processed with different PCR-based and culture-based tests
(Figure 1).

First, we compared the performance of dry swabs rou-
tinely used for MRSA admission screening to the perfor-
mance of liquid (ESwab and MSwab) swab collection
systems to enable high-throughput processing of swabs on
automated liquid microbiology platforms plus on automated
PCR-based systems. The positivity rate for chromogenic cul-
ture and the PCR-based tests is shown in Figure 2A.
Among nasal–throat swabs with positive results obtained
from dry swabs during month 1 of testing, there were 15
samples in which MRSA was detected by GeneXpert and
cobas and by chromogenic culture (Figure 2B); in 10 sam-
ples, GeneXpert and cobas both detected MRSA, whereas
chromogenic culture was negative. In addition, GeneXpert
and cobas test detected an additional 8 and 7 MRSA iso-
lates, respectively, which were not detected by any other
method. Chromogenic culture detected only one additional
MRSA isolate that was not detected by either GeneXpert or
cobas. Second, among nasal–throat swabs with positive re-
sults obtained from ESwabs during month 2 of testing, there
were 14 samples in which MRSA was detected by GeneX-
pert, cobas, and BD MAX, as well as by chromogenic cul-
ture (Figure 2C); in an additional 7 samples, GeneXpert,
cobas, and BD MAX test detected MRSA, whereas
Figure 2. Agreement of results between PCR-based MRSA tests and chro
positivity rate for PCR-based tests and chromogenic culture (in red) using d
for chromogenic culture vs. cobas and GenXpert in dry swabs (B), ESwabs
are shown in bold
chromogenic culture was negative. Individual PCR-based
tests detected between 3 and 8 MRSA isolates without
matching results in any other test. Chromogenic culture
detected only 1 MRSA isolate that was not detected by any
PCR-based test. Lastly, among nasal–throat swabs with posi-
tive results obtained from MSwabs during month 3 of test-
ing, there were 10 samples in which MRSA was detected
by GeneXpert, cobas, and BD MAX, as well as by chromo-
genic culture (Figure 2D); in an additional 10 samples, Gen-
eXpert, cobas, and BD MAX detected MRSA whereas
chromogenic culture was negative. Of interest, there were
8 positive results in cobas and BD MAX that were not con-
firmed by the GeneXpert or chromogenic culture. Individual
PCR-based tests detected between 3 and 4 MRSA isolates
without matching results in any other test.

Compared to chromogenic culture all PCR-based tests dem-
onstrated a high sensitivity; a trend towards higher sensitivity
was observed for the dry swab and MSwab compared to the
ESwab (Table 1). While this finding was not statistically sig-
nificant (p = 0.359), it was found with all methods. Of note,
we observed a relatively low number of MRSA-positive speci-
mens, which limited the statistical power of the study. These
sensitivities translated into very high negative predictive
values ranging from 99.2–100%, based on a relatively low
prevalence of 5–6% by PCR and 2–4% by culture. However,
positive predictive values (PPVs) not surprisingly were mark-
edly lower ranging from 33.3 to 54.8%.

We also determined the sensitivity of each of the three
PCR-based methods applying a rule of majority for nasal–
throat swabs in which at least two PCR-based tests had given
a positive result along with a positive chromogenic culture.
Sensitivities for the GeneXpert performed from dry, ESwabs,
or MSwabs, respectively, were 93.8 (95% CI: 71.7–99.7%),
86.4 (95% CI 66.7–95.3%), and 100% (95% CI 74.1–100%);
for cobas, sensitivities were 93.8 (95% CI 71.7–99.7%), 81.0
(95% CI 60.0–92.3%), and 100% (95% CI 74.1–100%). For
BD Max, sensitivities for ESwab and MSwab were 81.8 (95%
CI 61.5–92.7%) and 90.9% (95% CI 62.3–99.5%).

Since PCR assays may be considerably more sensitive than
culture, the designation “gold standard” for chromogenic cul-
ture is at least questionable. Therefore, we determined the sensi-
tivity of chromogenic culture compared to a reference standard
composed of at least two positive PCR test results. The positive
mogenic culture using dry swabs, ESwabs, and MSwabs. (A) MRSA
ifferent swab types and collection media. Numbers of positive results
(C), and MSwabs (D). Agreement in numbers of equal to or above 5
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Table 1. Sensitivity, specificity, positive, and negative predictive values for the detection of MRSA using PCR-based methods compared to chromogenic
culture in nasal–throat specimens obtained using dry, E-, or MSwabs collection media

GeneXpert cobas BD MAX

Dry swab Sensitivity 93.8% (15/16) 93.8% (15/16) n.p.
(CI) (71.7–99.7) (71.7–99.7)

Specificity 96.6% (508/526) 96.8% (514/531) n.p.
(CI) (94.7–97.8) (94.9–98.0) n.p.
PPV 45.5% (15/33) 46.9% (15/32) n.p.
NPV 99.8% (508/509) 99.8% (514/515) n.p.

ESwab Sensitivity 86.4% (19/22) 81.0% (17/21) 81.8% (18/22)
(CI) (66.7–95.3) (60.0–92.3) (61.5–92.7%)

Specificity 97.0% (525/541) 97.4% (516/530) 96.7% (526/544)
(CI) (95.3–98.2) (95.6–98.4) (94.8–97.9)
PPV 54.3% (19/35) a 54.8% (17/31) b 50.0% (18/36) c

NPV 99.4% (525/528) 99.2% (516/520) 99.2% (526/530)
MSwab Sensitivity 100% (11/11) 100% (11/11) 90.9% (10/11)

(CI) (74.1–100) (74.1–100) (62.3–99.5)
Specificity 96.9% (538/555) 96.3% (526/546) 96.4% (535/555)

(CI) (95.1–98.1) (94.4–97.6) (94.5–97.7)
PPV 39.3% (11/28)a 35.5% (11/31) b 33.3% (10/30) c

NPV 100.0% (538/538) 100.0% (526/526) 99.8% (535/536)

Liquid and Dry Swabs for MRSA Screening
percent agreement was low between chromogenic culture and
the reference PCR standard, 60% (15/25) for dry swabs, 63.3%
(19/30) for ESwabs, and 37.9% (11/29) for MSwabs.

Since results presented above could be interpreted as higher
sensitivity of PCR-based tests compared to chromogenic cul-
ture, we also analyzed the threshold cycle (Ct) values of test
results obtained in PCR-based tests. Ct results are shown for
the cobas test results (Table 2). The Ct values obtained in
cobas did not differ significantly in dry swab samples that
Table 2. Ranges of cobas MRSA Ct values in patient samples with discordant
swab, (b) ESwab, and (c) MSwab collection media

a)

Swab Chromogenic culture GeneXpert coba

Dry swab
Negative

Negative Negati
Negative Positi
Positive Negati
Positive Positi

Positive
Negative Negati
Positive Positi

b)

Swab Chromogenic culture GeneXpert BD Max

ESwab

Negative
Negative

Negative
Negative
Positive
Positive

Positive
Negative
Positive

Positive

Negative
Negative
Positive
Positive

Positive
Negative

Positive

c)

Swab Chromogenic culture GeneXpert BD Max

Mswab
Negative

Negative

Negative
Negative
Positive
Positive

Positive

Negative
Negative
Positive
Positive

Positive Positive
Negative
Positive

aCultural growth on chromogenic media was notable for sporadic growth.

134
were positive by PCR-based tests plus chromogenic culture
vs. those swabs that were discordant (positive by 1 or 2 PCR-
based tests and negative by chromogenic culture).

Discussion

This study was performed to assess the accuracy of dry and
liquid swab types for high-throughput MRSA screening using
automated PCR systems and chromogenic culture.
results in PCR-based tests and chromogenic culture obtained from (a) dry

s N Mean Ct value (SD) Ct value range

ve 500 n.a. n.a.
ve 7 37.93 (3.22) 31.0–40.1
ve 8 n.a. n.a.
ve 10 35.67 (5.63) 24.0–40.7
ve 1a

ve 15 33.15 (3.11) 27.0–38.0

cobas N Mean Ct value (SD) Ct value range

Negative 500 n.a. n.a.
Positive 3 29.47 (9.36) 22.5–40.1
Negative 6 n.a. n.a.
Positive 3 35.93 (3.27) 32.2–38.3
Negative 8 n.a. n.a.
Positive 7 33.63 (3.04) 28.3–37.1
Negative 1 n.a. n.a.
Negative 1 n.a. n.a.
Positive 1 29.9 (0) 29.9–29.9
Negative 1 n.a. n.a.
Positive 2 37.45 (1.2) 26.6–38.3
Negative 1 n.a. n.a.
Positive 14 32.31 (3.46) 25.9–38.3

cobas N Mean Ct value (SD) Ct value range

Negative 518 n.a. n.a.
Positive 3 34.27 (5.01) 28.6–38.1
Negative 3 n.a. n.a.
Positive 6 33.83 (3.18) 27.7–36.1
Negative 4 n.a. n.a.
Positive 1 36.5 (0) 36.5
Negative 1 n.a. n.a.
Positive 10 34.1 (2.01) 31.2–37.1
Positive 1 38.1 (0) 38.1
Positive 10 31.14 (4.51) 24.7–37.0
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The most important result of our study is the finding that
dry swabs did not perform significantly different from liquid
E- and MSwab collection systems regardless of the detection
method being chromogenic culture or PCR. Detection rates
for MRSA ranged from 5.3 to 6.0% for the different swab col-
lection systems and did not differ significantly between the
PCR-based tests (GeneXpert, cobas, and BD MAX). Detection
rates using chromogenic culture with dry, ESwab, and MSwab
collection systems compared to PCR systems were markedly
lower at 2.9%, 3.9%, and 1.9%, respectively; this finding of
lower detection rates using culture compared to PCR-based
methods has been reported in other studies [12, 23]. The ad-
mission prevalence reported in our tertiary care trauma center
falls within the reported ranges of 3–7% for Europe [11, 14,
24–27]. Within the PCR-based assays, no significant differ-
ence in performance was noted when using dry or liquid swab
collection despite the fact that these PCR-based tests are vali-
dated for ESwab (GeneXpert), MSwab (cobas), or Liquid Stu-
art swabs (BDMAX). The ability to utilize liquid swab
collection devices for high volume screening will allow flexi-
bility with total laboratory automation systems and may help
to improve standardization of sample collection and processing.

Our finding that liquid swabs did not yield significantly
higher detection rates compared to dry swabs came as a sur-
prise. Manufacturers of PCR-based testing systems have vali-
dated liquid swab collection systems (E-or MSwab) to allow
for high-throughput testing using both fully automated culture
systems (liquid microbiology) or fully automated PCR sys-
tems with high accuracies. Dry swabs, which were used rou-
tinely at the collection site for processing on the GeneXpert
test, had not been validated by any of the PCR manufacturers
but come at a significantly lower price. Of interest, two inde-
pendent studies also reported that the BDMAX MRSA test, in
addition to the approved Liquid Stuart swabs, can be per-
formed with other swab types, e.g., dry and ESwab with equal
performance [21, 28]. However, the lack of statistically differ-
ent detection rates between dry and liquid swabs in our study
may have been caused by the relatively low overall detection
rate for MRSA despite the large number of patients screened
as part of routine admission screening.

A critical issue for the choice of testing methods used in
MRSA screening is the negative predictive value. The PCR
methods used in our study (GeneXpert, cobas 4800, BDMAX)
demonstrated very high negative predictive values (>99%).
The very few false-negative results could be partly attributed
to variant SCCmec types that may not be detected by some
PCR assays. While such results can occur with any PCR as-
say, it is important to note that in the present study, high over-
lap of MRSA positives between different PCR tests was
observed, and high Ct values (suggestive of low bacterial
counts) were noted in the majority of specimens with discor-
dant results in PCR tests. The U.S. Department of Veterans
Affairs hospitals recently analyzed the negative predictive
values of routine MRSA admission and transfer screening as a
stewardship tool for de-escalation, as well as avoidance of
anti-MRSA therapy in a cohort of almost 250,000 patients
over a period of 11 years [29]. The NPV of MRSA nares
screening for ruling out MRSA infection was 96.5%, thus
very similar to the one reported in the present study, and the
MRSA positivity rate was 22.9%.

Positive predictive values as an indicator of specificity
ranged from 33–54% compared to direct chromogenic culture
and were lowest in liquid swabs, especially in those optimized
for molecular testing (MSwab: 27–28%; ESwab 37–42%; dry
swabs 41–49%), but did not vary between PCR methods; the
calculated positive predictive values were lower than previ-
ously described in other studies; possible reasons would be
the use of direct culture in the present study vs. direct and en-
richment culture in other studies, i.e., those for FDA clearance
of assays [12, 30]. Other reasons for this finding could be the
low MRSA prevalence and the presence of nonviable organ-
isms (which are detected by PCR but not culture methods), as
well as the overall lower sensitivity of the culture method
used. Furthermore, the impact of differences in sensitivity/bac-
terial load is further supported by the Ct values observed in
the samples with discordant results between culture and cobas;
the majority of Ct values were >34 or near the lower range of
detection for this assay. The reduced specificity of PCR assays
could theoretically be attributed to detection of mecA dropout
strains of SA [13, 23]. However, previous large multi-center
evaluations of the specificity of PCR assays for MRSA in na-
sal swabs demonstrated specificities of ≥95% [12, 13, 23]. In
this regard, since no absolute gold standard has been estab-
lished, these results should be designated as “discordants”
rather than “false-positives”.

Diagnostic microbiology laboratories now have several
commercial options for implementing rapid, automated, and
sensitive high-throughput screening for SA and MRSA using
fully automated culture-based and PCR-based technologies in
parallel. The German KRINKO guidelines [8] recommend cul-
ture-based methods as the basis of MRSA screening. Due to
the high negative predictive value and rapid turnaround time,
PCR-based methods are recommended as an add-on to cul-
ture-based testing; however, rapid PCR test results should be
labeled as preliminary until confirmed by culture. The require-
ment for rapid PCR-based testing plus culture-based confirma-
tion—while only applied in a minority of laboratories—can
easily be accomplished by the methods described in this study.
Both the instrumentation for PCR testing, as well as the intro-
duction of automated plating instruments (liquid microbiol-
ogy) allow high-throughput screening and timely reporting of
results, so the isolation of suspected MRSA carriers can be
limited significantly.

The introduction of screening programs with PCR tests is
often inhibited by the high investment and operational cost
that nosocomial infections in itself cause the healthcare system
due to prolonged duration of hospital stay, additional medical
complications, increased morbidity, and therefore higher over-
all costs. Another key consideration for laboratories is the rate
of invalid tests for molecular assays. Particularly in a routine
admission screening setting with high-throughput needs, inva-
lid results markedly reduce the efficiency of the testing set-up.
In this regard, of the 1680 nasal–throat samples, 1655 (98.5%)
yielded valid cobas results and 25 (1.5%) yielded invalid re-
sults; for the GenXpert, 9/1680 (0.5%) gave invalid results,
while the BDMAX did not yield invalid results (0/1132 (0%)).

More recently, PCR-based MRSA tests with vastly reduced
turnaround times and POC usability have been introduced
[31]. These systems allow testing in less than 30 min and can
be placed in the admission areas (emergency room) and oper-
ated by personnel untrained in laboratory techniques. How-
ever, these systems—while FDA-cleared based on large
multicenter trials with performance equal to laboratory-based
PCR systems—have not been tested in interventional settings
to demonstrate their overall clinical utility.

Despite the large number of patients consecutively enrolled
into our study, the study design has limitations. First, the test-
ing of the 3 different swab systems in separate months rather
than simultaneously may have introduced bias to the compara-
bility. However, we are not aware of changes in the admission
screening policy or patient population attended at the trauma
center. We did not perform further analysis on samples that re-
vealed discordant results between culture and PCR or between
different PCR tests.
135
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In summary, liquid and dry swab systems performed simi-
larly in PCR- and culture-based MRSA admission screening.
The PCR-based test systems identified 2–3-fold more MRSA
isolates compared to chromogenic culture regardless of dry or
liquid swab collection devices utilized. Implementation of
highly efficient and accurate testing workflows will enable ef-
ficient routine screening for MRSA to reduce the rate of
MRSA infections. Implementation of highly efficient and ac-
curate testing workflows will enable efficient routine screen-
ing for MRSA and SA to reduce the rate of MRSA and SA
infections.
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PCR - polymerase chain reaction
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