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ABSTRACT This study compares three of the most inclusive and widely used panels for
respiratory syndromic testing in the United States, namely, Luminex NxTAG Respiratory
Pathogen Panel (RPP), BioFire FilmArray Respiratory Panel (RP), and GenMark eSensor
Respiratory Viral Panel (RVP). We compared the three assays using nasopharyngeal swab
samples (n = 350) collected from symptomatic patients (n = 329) in the pre-coronavirus
disease 2019 (COVID-19) era. There was no significant difference in the overall accuracies
of BioFire and Luminex assays (P = 0.6171); however, significant differences were found
between BioFire and GenMark (P = 0.0003) and between GenMark and Luminex (P = 0.0009).
The positive percent agreement of the BioFire RP assay was 94.1%, compared to 97.3% for
GenMark RVP and 96.5% for Luminex RPP. Overall negative percent agreement values were
high for all three assays, i.e., 99.9% for BioFire and Luminex and 99.5% for GenMark.
The three assays were equivalent for adenovirus, human metapneumovirus, influenza A,
and respiratory syncytial virus. Increased false-positive results were seen with BioFire
for the endemic coronaviruses and with GenMark for influenza B and the parainfluenza
viruses.

IMPORTANCE Clinical laboratories have multiple choices when it is comes to syndromic
respiratory testing. Here, the Luminex NxTAG RPP is compared to the BioFire FilmArray
RP and GenMark eSensor RVP for overall and per-target accuracy. As new tests come to
market, it is important to ascertain their performance characteristics, compared to other
widely used in vitro diagnostic products.

KEYWORDS respiratory viral panels, respiratory pathogen panels, BioFire, GenMark, Luminex,
syndromic testing

Acute respiratory infections continue to be major drivers of health care visits in the United
States. While overall mortality rates due to influenza and pneumonia have been decreas-

ing (1), the burden of respiratory illness in the United States remains significant and will remain
so as mitigation strategies, such as masking, decline from initial coronavirus disease 2019
(COVID-19) pandemic efforts. In the pre-COVID-19 era, viral infections were detected in
69% of adults and 90% of children hospitalized for community-associated pneumonia (2, 3).
Clinical differentiation of acute respiratory infections is difficult, because the overlap of signs
and symptoms is significant. Accurate identification of the causative agent is important,
because acute respiratory infections are the leading complaint for which antibiotics are
prescribed for adults (4). Diagnosis beyond influenza and respiratory syncytial virus (RSV)
may predict the severity of the illness (5) and inform proper cohorting of patients (6).
Syndromic multiplexed molecular panels offer detection and identification of many of the
most common viral (and in some cases bacterial) pathogens from a single patient sample.
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The appeal to both the clinician and the laboratorian is understandable, as testing becomes
more streamlined and results more comprehensive.

The three most inclusive respiratory pathogen panels (RPPs) cleared by the FDA at the
time of this study are the FilmArray Respiratory Panel (RP) (BioFire Diagnostics, Salt Lake City,
UT), the eSensor Respiratory Viral Panel (RVP) (GenMark Diagnostics, Carlsbad, CA), and the
NxTAG RPP (Luminex Molecular Diagnostics, Austin, TX) (7). Separate studies comparing one
assay to another or to a reference method have generally found high levels of sensitivity
and specificity (8). To date, the Luminex NxTAG RPP has been compared to Luminex xTAG
RVP (9), Luminex xTAG RVP FAST v2 (10–12), BioFire RP (7, 13), RespiFinder-22 (14), Anyplex
II RV16 (15), and laboratory-developed tests (LDTs) (12, 13, 16). However, there has not been
a comparison of the NxTAG RPP to two widely used RPs in the United States, namely,
BioFire RP and GenMark eSensor RVP. We compared all three assays using the same set
of nasopharyngeal (NP) swab samples collected from symptomatic patients. Notably, the
versions of the tests compared do not include severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), which allows us to focus on non-COVID-19 respiratory pathogen
performance.

RESULTS

Of the 350 NP swab samples tested, 199 were consensus positive for a single viral target,
24 were positive for two viral targets, and 3 were positive for three viral targets (Table 1).
No samples were positive for more than three targets. There were 139 consensus negative
results, 100 of which were negative by all three tests. Within the consensus positive results
were a combined 31 false-negative results (i.e., results that were positive by two assays and
negative by the third). The false-negative results were split between the assays; Luminex
RPP had 15 false-negative results, GenMark RVP had 7, and BioFire RP had 9 (Table 1). The
distribution of false-positive results, or those analytes detected by only one of the three
assays, was skewed more to the GenMark RVP with 27 false-positive results, while the BioFire
and Luminex assays tallied 7 and 5 false-positive results, respectively (Table 2).

Positive and negative percent agreements. Overall positive and negative agreements
were calculated for each assay. To compare the assays fairly, the metrics were assessed for the
16 targets they have in common, omitting bocavirus and the bacterial pathogens. The positive
percent agreement (PPA) of the BioFire RP assay was 94.1%, compared to 97.3% for GenMark
RVP and 96.5% for Luminex RPP. Chi-square analysis found no dissimilarity in these values
(P = 0.9728). Overall negative percent agreement (NPA) was high for all three assays, i.e.,

TABLE 1 Results of testing according to analyte (n = 256 consensus positive targets)

Target

No. of samples with BF/GM/LXa results of:

+/+/+ +/+/2 +/2/+ 2/+/+
Adenovirus 12 1 2
CoV 229E 4
CoV HKU1 14 2
CoV NL63 10 1
CoV OC43 11
MPV 22
Influenza A 2009-H1N1 21b

Influenza A H3 9 1
Influenza B 14 1
PIV-1 8 1
PIV-2 3
PIV-3 10
PIV-4 5 2 2
Rhinovirus/enterovirus 50 4 6 6
RSV A 22 2
RSV B 10

Total 225 9 7 15
aBF, BioFire FilmArray RP; GM, GenMark eSensor RVP; LX, Luminex NxTAG RPP.
bTwo samples were influenza A positive, subtype negative, by BioFire.
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99.9% for BioFire and Luminex and 99.5% for GenMark. To determine the overall performance,
the total number of possible results was established by multiplying the number of targets de-
tectable (BioFire, 19 targets; GenMark, 18 targets; Luminex, 21 targets) by the number of NP
swab samples tested (n = 350). PPA was 94.2% for BioFire, 96.3% for Luminex, and 97.3% for
GenMark. NPA was consistent at 99.6% (GenMark) and 99.9% (BioFire and Luminex).

Accuracy.McNemar’s tests were performed to evaluate whether significant differences
existed between any two of the assays. There was no significant difference in accuracy
between BioFire and Luminex (P = 0.6171); however, significant differences were found
between BioFire and GenMark (P = 0.0003) and between GenMark and Luminex (P = 0.0009).
To investigate the source of the differences, assay disparities for each analyte or analyte group
were analyzed (see Table S1 in the supplemental material). The three assays were equivalent
for adenovirus, human metapneumovirus (MPV), influenza A, and RSV. BioFire had increased
false-positive results for the endemic coronaviruses (CoVs) and so was found to be less accu-
rate for that target group. The same was true for GenMark with influenza B and the parain-
fluenza viruses (PIVs). Rhinovirus/enterovirus presented an analytical challenge. The GenMark
RVP assay reportedly does not detect enteroviruses; therefore, the 6 true-positive specimens
for rhinovirus/enterovirus not detected by GenMark might have been enteroviruses and not
false-negative results for rhinovirus.

Adenovirus. In addition to the BioFire, GenMark, and Luminex assays, each sample
was separately extracted and tested for adenovirus using an LDT. All 15 consensus positive
specimens were LDT positive for adenovirus; the specimen found to be adenovirus positive
by GenMark alone was negative. No other specimens tested positive for adenovirus. The 15
samples were subtyped by sequencing of the hexon gene; 2 were type 1, 5 were type 2, 7
were type 3, and 1 was type 22. Types 1, 2, and 3 were correctly classified by the GenMark
RVP, which differentiates adenovirus positive results into group B/E or group C. The sample
sequenced as serotype 22, a group D adenovirus, was called Adeno C.

Bacterial targets. The BioFire and Luminex assays both includeMycoplasma pneumoniae
in their target menus. Three samples were M. pneumoniae positive by both tests and thus
were considered true-positive samples. One additional sample wasM. pneumoniae positive
by the BioFire RP alone; confirmatory sequencing verified it as a true-positive sample. Previous
studies of the BioFire and Luminex assays showed 100% sensitivity forM. pneumoniae in com-
parison with reference methods, although the number of positive samples was low in each
study (7, 13). Other bacterial targets included in the assays used are Bordetella pertussis (BioFire
only) and Chlamydia pneumoniae (BioFire and Luminex); however, because none of the sam-
ples tested was positive for either of these targets, they were not evaluated in this study.

TABLE 2 Breakdown of false-positive results (n = 39)

Target

No. of samples with BF/GM/LXa results of:

+/2/2 2/+/2 2/2/+
Adenovirus 1
CoV 229E 1
CoV HKU1 1
CoV NL63
CoV OC43 4 1
MPV 1 1 2
Influenza A 1 (not typed)
Influenza B 4
PIV-1 2
PIV-2 3
PIV-3
PIV-4 4
Human rhinovirus/enterovirus 10 1
RSV A 1
RSV B 1

Total 7 27 5
aBF, BioFire FilmArray RP; GM, GenMark eSensor RVP; LX, Luminex NxTAG RPP.
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Performance of specimens positive for more than one target. Of the 24 samples
that were consensus positive for two targets, 14 were dual positive by all three tests. Nine of
the remaining 10 samples had one target that was positive by all three tests and one target
for which one of the tests missed a single analyte. There were 3 GenMark false-negative sam-
ples (2 with rhinovirus/enterovirus and 1 with RSV), 3 Luminex false-negative samples (1 each
with adenovirus, rhinovirus/enterovirus, and PIV-4), and 3 BioFire false-negative samples
(1 with adenovirus and 2 with rhinovirus/enterovirus). The remaining discordant dual
positive sample was CoV HKU1 positive by GenMark and BioFire and PIV-4 positive by
GenMark. There were only 3 triple positive samples, 2 of which were concordant among the
three tests. The remaining specimen was positive for adenovirus, PIV-4, and rhinovirus/enter-
ovirus, but the BioFire assay was falsely negative for adenovirus and the Luminex assay was
falsely negative for PIV-4.

Age group-specific performance. PPA was calculated for each assay in each age group
(#5, 6 to 18, 19 to 64, or$65 years of age). Chi-square analysis found no differences between
the assays for any age group (P value range of 0.831 to 0.997) or between age groups within
each assay (P value range of 0.922 to 0.955). When the analyses were repeated for NPA, a sig-
nificant difference was found for patients#5 years of age (P = 0.0100), driven by the increased
number of false-positive results with the GenMark RVP (2 for PIV-4, 2 for rhinovirus, and 1 each
for adenovirus, influenza B, MPV, PIV-2, and RSV A), which had a NPA of 55.0% in this age
group. The intra-assay NPA for GenMark was not significant, with a P value of 0.0581; no other
comparisons approached significance. The Luminex RPP was the only assay to achieve 100%
NPA in the largest age group, i.e., 19 to 64 years of age.

Workflow. The Luminex and GenMark assays are both batched tests that require a
separate extraction step and amplification on a thermal cycler. The Luminex RPP is then con-
veyed directly to the MagPix instrument for detection and analysis, while the GenMark RVP
requires a cleanup step, preparation of a hybridization solution, and transfer of the hybri-
dized amplicon to a cartridge for detection and analysis on the XT-8 instrument. Throughput
for the Luminex and GenMark assays is limited by the extraction step on the bioMériuex
easyMag, which permits up to 24 samples to be processed simultaneously. The MagPix
instrument allows a set of up to 96 samples and controls to be analyzed in a single batch,
while the capacity of the XT-8 is dependent on its configuration, generally with 8 to 24 con-
current samples. Once the amplicon and hybridization solution are loaded into the GenMark
cartridge, it is stable for up to 8 h, permitting staggered runs on the instrument. Time to
result for a batch of 24 patient samples and controls is approximately 5.5 h for the Luminex
assay and 7.2 h for the GenMark. The BioFire RP incorporates extraction, amplification, detec-
tion, melting curve, and analysis within a single system. Each sample requires one cartridge
and one FilmArray instrument. Throughput is limited by the number of instruments avail-
able, but the time to result for each specimen is;70 min.

DISCUSSION

Luminex Molecular Diagnostics brought the first multiplexed respiratory virus panel to
market in 2008 and was eventually joined by GenMark Diagnostics and BioFire Diagnostics.
In 2015, Luminex launched the NxTAG RPP; in 2017, BioFire launched the RP2 and GenMark
the ePlex RP. In this study, we sought to compare the Luminex NxTAG RPP to two common
syndromic RPs used in clinical laboratories at the time of this study. When the cumulative
data were analyzed, there were no differences in the percent agreements between any of
the three assays and the consensus result. Upon closer analysis, however, there are significant
differences on a per-analyte basis.

The BioFire RP was the simplest assay to perform and the only sample-to-answer test
in this study. The target menu incorporates the same viral panel as the GenMark RVP,
with the addition of enterovirus. B. pertussis, C. pneumoniae, and M. pneumoniae are also
included, although only M. pneumoniae was evaluated in this study. The overall PPA for
the BioFire RP was 94.2%, and the NPA was 95.0%. Six of 7 false-positive results were for
Coronaviridae (229E, n = 1; HKU1, n = 1; OC43, n = 4); all 4 OC43 false-positive results
were in conjunction with HKU1 true-positive results and so may be the product of known
cross-reactivity between the two viruses in the BioFire assay (BioFire RP package insert). The
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only other false-positive result was for MPV. The assay detected 13/15 (86.7%) of the adeno-
virus-positive samples, 30/31 (96.8%) of the influenza A-positive samples, 14/15 (93.3%) of
the influenza B-positive samples, and 32/34 (94.1%) of the RSV-positive samples. BioFire RP
was 100% accurate for CoV NL63, PIV-2, PIV-3, and M. pneumoniae. The time from sample
processing to result was;67 min.

The GenMark RVP was the most labor-intensive assay, with an off-board extraction and
two postamplification steps, i.e., exonuclease and hybridization-detection. The GenMark RVP
offered the fewest targets but the highest overall PPA (97.3%). Of 7 false-negative results, 6
were for rhinovirus/enterovirus and thus could represent enterovirus-positive results, and 1
was for CoV NL63. This is somewhat tempered by the increased number of false-positive
results, especially for patients #5 years of age. The overall NPA was 81.1%, as a result of
false-positive results for influenza B (n = 4), rhinovirus (n = 10), PIV-1 (n = 2), PIV-2 (n = 3),
PIV-4 (n = 4), and 1 each of adenovirus, MPV, OC43, and RSV. The GenMark assay was 100%
accurate for CoV 229E, CoV HKU1, influenza A, and PIV-3. For a batch of 21 samples and
associated controls, the time from sample processing to result was;7.2 h.

The Luminex RPP assay had the broadest selection of targets with 20, including bocavi-
rus and two bacterial targets (C. pneumoniae and M. pneumoniae). The relative ease of use
was improved, compared to the initial Luminex xTAG RVP assay, which required separate
extraction, amplification, exonuclease, secondary amplification, and hybridization steps.
The Luminex NxTAG RPP assay still involves off-board extraction, but the eluate is added
directly to lyophilized amplification and detection reagents, eliminating the need for mak-
ing master mix or hybridization solution. Postamplification, the tray is transferred to the
MagPix instrument for detection without additional manipulation. The RPP was the only
one of the three tests evaluated with the capacity to detect human bocavirus. Fourteen
NP swab samples tested positive for bocavirus; 11 were from patients 2 years of age or
younger. All were submitted for confirmatory testing by bidirectional sequencing; 8 were
confirmed as true-positive samples, 1 gave an indeterminate result, and 5 were negative.

The Luminex RPP detected 100% of CoV 229E, NL63, and OC43, as well as MPV, influenza
A and B, PIV-1 to PIV-3, and RSV. The overall PPA was 96.3%, with 93.8% NPA. For a batch of
21 samples and associated controls, the time from sample processing to result was;2.75 h.

Because this was a retrospective study with samples selected to challenge the assays,
we were unable to calculate sensitivity and specificity or to determine predictive values.
Also, individual reference tests were unavailable for every assay, necessitating the use of a
consensus standard of 2 of 3 assays. These approaches can lead to biased results, because
a more sensitive assay might appear to have increased numbers of false-positive results.
Another potential source of bias is that the samples were tested with the GenMark RVP
assay clinically, and those results were used in selecting specimens to be used for the study.
Finally, an additional freeze/thaw cycle occurred prior to testing on the BioFire platform due
to the need to ship specimens for testing by FilmArray. Since the time of this study, BioFire
and GenMark have developed new products, which were not part of this evaluation. The
Luminex NxTAG RPP assay used in this study is currently available in addition to an
Emergency Use Authorization (EUA) version with SARS-CoV-2. The inclusion of SARS-CoV-2
in RPs is now essential, and it has also been added to the GenMark and BioFire RPs.

Outcome studies have shown that multiplex respiratory pathogen testing can have
positive impacts on patient care by decreasing the amount or duration of prescribed antibiot-
ics, increasing the use of oseltamivir for influenza A-positive patients, reducing the time spent
in isolation, and even reducing the overall lengths of stay for hospitalized children (17, 18). In
adults, rapid, accurate diagnosis of respiratory infections has been shown to lower odds ratios
for admission, length of stay, and duration of antimicrobial use (19).

There are now numerous FDA-cleared multiplex assays available for respiratory pathogen
detection. We chose to focus on the three broadest panels. All three had high PPA and NPA
values. The core menus of each panel are the same, with the exception of the lack of entero-
virus and bacterial pathogens for the GenMark RVP. While the BioFire RP has the easiest
workflow, the Luminex NxTAG RPP provides a compressed workflow with high throughput
and similar performance characteristics, compared to BioFire RP and GenMark eSensor RVP.
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MATERIALS ANDMETHODS
Study specimens. The NP swab specimens (n = 350) from 329 symptomatic patients were used in

this study; 19 patients had 2 specimens included and 1 patient had 3. For patients with more than 1 swab sample
included, the average interval between swab collection dates was 47 days. Convenience sampling was used to
enrich for positive specimens for each panel target. Patients fell into the following age groups:#5 years (n = 69),
6 to 18 years (n = 26), 19 to 64 years (n = 160), and $65 years (n = 74). Specimens were collected between
January 2015 and July 2016, predominately between November 2015 and April 2016 (n = 325). Flocked swab
samples were preserved in universal viral transport medium (BD, Sparks, MD) and stored at 270°C until the
time of study testing. Preservation of cellular nucleic acid during storage of eluted flocked swab samples has
been shown previously (20).

Respiratory virus testing. All NP swab samples were tested with the BioFire FilmArray RP, GenMark
eSensor RVP, and Luminex NxTAG RPP assays according to their respective package inserts. Targets included
for each test are shown in Table 3. Fresh specimens were tested at the time of collection with the GenMark
eSensor RVP and reported in the patient chart according to routine laboratory protocol. Testing by BioFire RP
and Luminex NxTAG RPP was batched and performed on thawed frozen specimens in 2016. Nucleic acid
extraction for the GenMark and Luminex tests was performed using the EasyMag system (bioMérieux, Durham,
NC) and was completed within 72 h after collection (GenMark) or within 24 h after thawing of the sample
(Luminex). Aliquots were created and refrozen at the time of thawing for future shipments to Memorial Sloan
Kettering Cancer Center, where the BioFire testing was conducted. Shipments were batched and sent over-
night on dry ice. All samples were also tested using our adenovirus-specific LDT; extraction for this test was
performed using the MagNA Pure system (Roche, Indianapolis, IN). The LDT utilized the ABI 7500 real-time PCR
system with primers and probes described previously (21). Adenovirus typing was performed by sequencing
the hexon gene according to the protocol of Lu and Erdman (22).

Reference results. The interpretation of results was performed according to the individual package
inserts. The GenMark RVP was analyzed using the Research Use Only (RUO) software to include the Coronaviridae
and PIV-4. Specimens with indeterminate or equivocal results were repeated according to the manufacturers’
suggestions. A true-positive (i.e., consensus-positive) result was defined as being positive by two or more of the
platforms or positive by the adenovirus LDT. All samples that were positive for bocavirus by Luminex and 1 sam-
ple with an unconfirmed M. pneumoniae result were analyzed with bidirectional sequencing using analytically
validated primers that were directed against different genomic regions, compared with the Luminex assay pri-
mers. Where sequencing results were available, they were considered true results.

Statistical analysis. All analyses were performed using GraphPad software (GraphPad, La Jolla, CA).
P values of #0.05 were considered significant.

This study was approved by the University of North Carolina at Chapel Hill Institutional Review Board.
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TABLE 3 Targets detected by each test

Target

Detection by:

BioFire
FilmArray RP

GenMark
eSensor RVP

Luminex
NxTAG RPP

Adenovirus X B/E, C X
CoVs 229E, HKU1, NL63, and OC43 X Xa X
Bocavirus X
MPV X X X
Rhinovirus/enterovirus X Rhinovirus only X
Influenza A H1/H3/H1-2009 H1/H3/H1-2009 H1/H3/H1-2009
Influenza B X X X
PIV-1 to PIV-3 X X X
PIV-4 X Xa X
RSV X A/B A/B
Bordetella pertussis X
Chlamydia pneumoniae X X
Mycoplasma pneumoniae X X
aDetected when analyzed in RUOmode.
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