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We describe the development of a multiplex reverse transcription-PCR (RT-PCR) with Luminex microarray hybridization for
detection of influenza virus subtypes (FLULUM). Performance of FLULUM was evaluated by comparing it to our real-time RT-
PCR influenza virus assay on samples collected during two influenza seasons. Both assays targeted the matrix genes of influenza
virus A (FluA M) and influenza virus B (FluB M) and the hemagglutinin genes of seasonal H3N2 (H3) and H1N1 (H1) and 2009
pandemic H1N1 (2009 H1). We evaluated FLULUM on both the Luminex LX200 and the Luminex MagPix instruments. Com-
pared to real-time PCR, FLULUM tested on 259 specimens submitted in the 2010-2011 season showed sensitivities of 97.3% for
FluA M, 90.5% for 2009 H1, 96.9% for H3, and 88.9% for FluB M. No specimens were positive for seasonal H1. FLULUM tested
on 806 specimens submitted in the 2011-2012 season showed a sensitivity of 100% for FluA M, 89.9% for 2009 H1, 96.4% for H3,
and 95.6% for FluB M. No cross-reactivity was observed for other respiratory viruses. Analytical sensitivity was assessed by test-
ing dilutions of specimens with high viral loads. The limits of detection of FLULUM were comparable to those of the real-time
PCR assay for FluA M, FluB M, and H3. The limits of detection for seasonal H1 and 2009 H1 were 10-fold higher for the FLU-
LUM assay compared to real-time PCR. The FLULUM is an economic assay with high clinical sensitivity and specificity. It is par-
ticularly suited to high-volume detection of influenza viruses.

The impact of seasonal and pandemic influenza includes signif-
icant morbidity and mortality, as well as a socio-economic

burden in medical care costs and loss of productivity (1–3). Dur-
ing the influenza A 2009 H1N1 virus pandemic, the detection of
influenza virus types A and B and differentiation between influ-
enza virus A subtypes became important for monitoring the out-
break. In addition, specific and accurate diagnosis can improve
patient management, since antiviral treatment is effective if the
disease is identified early in the course of illness (4). Moreover, the
antiviral susceptibility of influenza virus A subtypes can differ.
CDC data from a limited number of states in late 2008 indicated
that the prevalence of influenza A H1N1 (seasonal) virus strains
resistant to the antiviral oseltamivir was high. Influenza types A
H3N2, A 2009 H1N1 pandemic, and B viruses are generally sus-
ceptible to oseltamivir. The Centers for Disease Control and Pre-
vention (CDC) recommends when influenza A H1N1 (seasonal)
virus infection or exposure is suspected, zanamivir or a combina-
tion of oseltamivir and rimantadine are more appropriate options
than oseltamivir alone (5).

Traditionally, respiratory viral infections have been diagnosed
by culture, rapid antigen test, or DFA (6). However, many studies
have demonstrated that molecular diagnostic assays show supe-
rior sensitivity compared to that of conventional assays and are
now becoming acceptable as the new gold standard (7–12). Real-
time PCR in particular offers significant advantages due to its high
sensitivity and rapid turnaround time (13–16).

The University of Washington Molecular Virology Laboratory
has developed a real-time PCR assay to detect influenza virus types
and subtypes in samples from patients seen at the university’s
medical centers, hospitals, and clinics. The TaqMan assay is mul-
tiplexed to detect six targets (influenza virus A matrix gene [FluA
M], influenza virus B matrix gene [FluB M], the hemagglutinin
genes of types H3N2 [H3], H1N1 seasonal [H1], and H1N1 pan-
demic 2009 [2009 H1], and an extraction control) in three reac-

tions. However, the number of clinical specimens that can be
tested on a daily basis may be insufficient due to the limited mul-
tiplexing capacity of real-time PCR. In particular, the 2009 influ-
enza pandemic prompted our investigation of multiplexing tech-
nologies that would provide influenza virus typing and subtyping
in a single reaction to increase throughput capacity and poten-
tially reduce the overall cost of testing.

The Luminex xMap technology is a bead-based array plat-
form that can detect up to 100 DNA targets simultaneously
(17). We developed an assay combining one-tube asymmetric
multiplex reverse transcription-PCR (RT-PCR) with xMap
bead hybridization and detection (FLULUM) and compared its
performance with our real-time RT-PCR assay as the gold stan-
dard. The FLULUM assay was evaluated on both the Luminex
LX200 and the MagPix instrument. In addition, we compared
the turnaround time, direct costs, and throughput of FLULUM
to real-time RT-PCR.

MATERIALS AND METHODS
Clinical specimens. A total of 1,065 respiratory specimens submitted to
the University of Washington Molecular Virology Laboratory from 2010
to 2012 for influenza diagnosis by real-time RT-PCR were used in the
present study. The specimens included nasal washes in saline, nasal or
nasopharyngeal swabs in viral transport medium, bronchoalveolar lavage,
throat or oropharyngeal swabs, tracheal aspirates, or sputum.
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Nucleic acid extraction. Total nucleic acid was extracted with a
MagNA Pure LC using the total nucleic acid extraction kit (Roche Diag-
nostics, Indianapolis, IN). The sample and elution volumes were 200 �l.
In order to monitor RNA extraction efficiency and amplification inhibi-
tion, a 262-base RNA transcript derived from jellyfish DNA (EXO) was
spiked into the lysis buffer at a final concentration of 1,000 copies/PCR
(18). A mixed positive control containing 200 to 1,000 copies/PCR of each
influenza virus harvested from cell culture and diluted in minimal essen-
tial medium and one negative control consisting of cultured, uninfected
human epithelial cells were processed with each batch of clinical speci-
mens. All of the samples were tested by real-time RT-PCR the same day.
Samples extracted between September 2010 and April 2011 were stored at
�80°C and tested by FLULUM in May 2011. For samples extracted be-
tween September 2011 and May 2012, some (n � 63) were tested the same
day as the RT-PCR test, whereas most were stored at �80°C for retrospec-
tive FLULUM testing in May and June 2012.

Laboratory-developed influenza virus real-time RT-PCR. The influ-
enza virus RT-PCR TaqMan assay detects six targets: FluA M, FluB M, H3,
H1, 2009 H1, and EXO. The assay consists of three duplex reactions
(FAM/VIC or HEX/VIC). RT-PCR was performed in 40-�l reaction vol-
umes containing 10 �l of nucleic acid template, 1� buffer, 1� enzyme
mix, and 1� ROX dye (RNA UltraSense One-Step qRT-PCR System;
Invitrogen, Carlsbad, CA). The target genes, amplicon sizes, final reaction
concentrations, 5= and 3= probe labels, and sequences of the primers and
probes used in the laboratory-developed real-time RT-PCR assay are
shown in Table 1. Each of the three reaction mixes in each PCR run
included nucleic acid extracted from the positive mix and negative con-
trols. Amplification and real-time fluorescence detections were per-
formed on a 7500 Real-Time PCR system (Applied Biosystems) using the
following conditions: 15 min at 50°C and 2 min at 95°C, 45 cycles of 15 s
at 95°C, and then 1 min at 60°C for 40 cycles. Specimens with PCR thresh-
old cycle (CT) values of �40 were considered positive. The assay limit of
detection was 1,000 viral RNA copies/ml of specimen.

The FluA M/Flu B M assay demonstrated excellent performance com-
pared to the results of 1,180 nasal wash specimens tested by using fluores-

cent antibodies (9). The H3/H1 assay was validated by testing a panel of
FluA-positive and -negative specimens by an Food and Drug Administra-
tion (FDA)-approved CDC influenza virus A subtyping assay performed
at the Washington State Public Health Laboratory. The 2009 H1 assay was
validated by testing a panel of FluA-positive and -negative specimens by
the CDC-approved influenza virus A H1 novel 2009 assay performed at
the Washington State Public Health Laboratory. The results of both tests
agreed for all samples tested.

One-tube asymmetric multiplex RT-PCR. The design of the primers
and probes (Table 2) were based on those used in the real-time RT-PCR
assay, but with some modifications. Single-stranded target was produced
by adjusting the melting temperatures of the forward and reverse primers
to approximately 52 and 68°C, respectively. The temperature differential
between primer sets allows for a 50°C RT step, followed by exponential
PCR amplification with an annealing temperature at 52°C. Increasing the
annealing temperature of the reaction to 68°C for additional nonexpo-
nential amplification favors extension by the biotin-labeled reverse
primer. RT and two-stage PCR are performed in a single reaction vial
using an Invitrogen UltraSense One-Step RT-PCR System (Invitrogen).
The multiplex reaction was carried out in a 40-�l volume containing 10
pmol of each forward and reverse primer, 1 �l of enzyme mix, and 10 �l of
nucleic acid template under the following conditions: 50°C for 20 min;
95°C for 2 min; 40 cycles of 95°C for 30 s, 52°C for 30 s, and 72°C for 45 s;
followed by 20 cycles of 95°C for 30 s and 68°C for 30 s. The positive and
negative controls were the same as those used for the real-time RT-PCR
assay.

Probe coupling to beads. Capture probes modified with an amino-
C12 linker at the 5= end were coupled to Luminex carboxylated micro-
spheres (“beads”) by a carbodiimide-based procedure according to the
manufacturer’s recommended protocol. Although the sequences of the
probes were the same, MicroPlex carboxylated beads were used for
the LX200 assay and MagPlex magnetic carboxylated beads were used for
the MagPix assay (Luminex Corp., Austin, TX). For each combination of
probe and bead set, 5.0 million beads were resuspended in 0.1 M MES
(morpholineethanesulfonic acid) buffer (pH 4.5), with 0.2 nmol probe,

TABLE 1 Target genes, amplicon sizes, final reaction concentrations, labels, and sequences of primers and TaqMan probes used in a panel of three
laboratory-developed real-time RT-PCR assays for the detection of influenza viruses

Target gene Amplicon size (bp) Reaction concn (nM) Functiona Sequence (5=-3=)b

FluA matrix 82 150 Forward 1 TCATGGAGTGGCTAAAGACAAGAC
150 Forward 2 TCATGGAATGGCTAAAGACAAGAC
250 Reverse GGCACGGTGAGCGTGAA
100 Probe 1* TCACCTCTSACTAAGGG
50 Probe 2* TCACCTCTAATTAAGGG

FluA hemagglutinin H3 68 250 Forward GACCTTTTTGTTGAACGMAGMA
250 Reverse GAGRCATAATCYKGCACATC
100 Probe 1* CAGCAAYTGTTACCCTTA
100 Probe 2* CAGCAGYGTTTACCCTTA

FluA hemagglutinin H1 76 250 Forward CGAAATATTCCCCAAAGARAGCT
250 Reverse CCCRTTATGGGAGCATGATG
100 Probe† TGGCCCAACCACACCGTAACCG

FluA hemagglutinin 2009 H1 64 250 Forward AAGACCCAAAGTGAGGGATCAA
250 Reverse TTGTCTCCCGGCTCTACTAGTGT
100 Probe* AAGGGAGAATGAACTATTAC

FluB matrix 76 250 Forward CACAATTGCCTACCTGCTTTCA
250 Reverse CCAACAGTGTAATTTTTCTGCTAGTTCT
100 Probe‡ CTTTGCCTTCTCCATCTT

Jellyfish (EXO) 64 100 Forward GGCGGAAGAACAGCTATTGC
200 Reverse GGAACCTAAGACAAGTGTGTTTATGG
100 Probe‡ AACGCCATCGCACAAT

a *, Probes labeled on the 5= end with FAM (6-carboxyfluorescein) and on the 3= end with a minor groove binder nonfluorescent quencher; †, probe labeled on the 5= end with HEX
(5=-hexachlorofluorescein) and on the 3= end with Black Hole Quencher 1; ‡, probes labeled on the 5= end with VIC and on the 3= end with a minor groove binder nonfluorescent
quencher.
b Degenerate bases: K, G or T; M, A or C; R, A or G, S,G or C; and Y, C or T.
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and treated twice with 25 �g of 1-ethyl-3-[3-dimethylaminopropyl]-car-
bodiimide hydrochloride (EDC; Thermo Scientific/Pierce, Rockford, IL)
at room temperature for 30 min, rinsed in 0.02% Tween 20, rinsed in 0.1%
sodium dodecyl sulfate, and resuspended in Tris-EDTA buffer (pH 8.0) to
5.0 � 104 beads/�l.

Hybridization and Luminex analysis. After PCR amplification, 1 �l
of each reaction was transferred to 40 �l of tetramethyl ammonium chlo-
ride (TMAC) hybridization buffer (3 M TMAC, 50 mM Tris-HCl, 4 mM
EDTA, 0.1% Sarkosyl) containing 3,000 probe-coupled beads for each
target. The mixture was denatured at 95°C for 5 min and hybridized at
52°C. After 30 min, 35 �l of reporter solution (TMAC hybridization buf-
fer containing 10 �g of phycoerythrin-conjugated streptavidin/ml) was
added, followed by incubation at 52°C for 5 min. The beads were then
analyzed on a Luminex LX200 or MagPix instrument at 52°C. The median
fluorescence intensity (MFI) of at least 100 beads was reported for each
bead set. An MFI value above the threshold level determined empirically
for each target indicated a positive result for that target.

RESULTS
Clinical performance of the Luminex assay. To assess the clinical
performance of the FLULUM, we compared the results to those of
the real-time RT-PCR assay for the detection of influenza viruses
in 259 specimens (159 positive, 100 negative) submitted in the
2010-2011 season (LX200 instrument), and 841 specimens (236
positive, 605 negative) submitted in the 2011-2012 season (Mag-
Pix instrument).

The results of the 2010-2011 specimens performed on the
LX200 are shown in Table 3. The sensitivities of FLULUM for each
viral target as determined using the results of our laboratory-de-
veloped real-time RT-PCR assays as the comparator were as fol-
lows: FluA M, 97.3% (n � 150); 2009 H1, 90.5% (n � 85); H3,
96.9% (n � 65); and FluB M, 88.9% (n � 9). No data were avail-
able for seasonal H1 due to the lack of positive specimens.

The results of the 2011-2012 specimens performed on the
MagPix are shown in Table 4. The sensitivities for each target were
as follows: FluA M, 100% (n � 89); 2009 H1, 89.9% (n � 69); H3,
96.4% (n � 28); and FluB M, 95.6% (n � 112).

All samples with FluB M false-negative results determined by

FLULUM had real-time PCR results of �37, which was close to
the limit of detection (�40), suggesting the lower limit of detec-
tion for FLULUM. The CT values of samples with FluA M false-
negative results by FLULUM ranged from 19.6 to 24.4; for 2009
H1, the values ranged from 30.9 to 39.1, and for H3, the values
ranged from 33.8 to 36.2. We observed no correlation of failure in
FLULUM with specimen type.

The analytical specificity of FLULUM was assessed on the Mag-
Pix by testing clinical specimens determined to be positive by RT-
PCR for noninfluenza respiratory viruses, including respiratory
syncytial virus, rhinovirus, adenovirus, coronavirus, parainflu-
enza virus types 1 to 3, metapneumovirus, and bocavirus. None of
these samples gave positive signals for any FLULUM target. All
clinical samples determined to be negative by real-time PCR were
also negative by FLULUM.

Analytical sensitivity of the Luminex assay. We assessed the
relative analytical sensitivity (limit of detection) of FLULUM by
testing in duplicate 10-fold serial dilutions of specimens with high
viral loads (a positive culture harvest was used for testing the H1
target). Influenza virus A and B copy numbers in the samples were
determined by using the real-time FluA M and FluB M RT-PCR
assays, respectively, by comparing the CT values of the samples to
standard curves generated by amplification of 10-fold serial dilu-
tions of 107 copies of RNA transcripts/reaction containing the

TABLE 3 Clinical sensitivity and specificity of the FLULUM assay for
259 specimens submitted in the 2010-2011 seasona

Target

Sensitivity Specificity

TP/(TP�FN) % TN/(TN�FP) %

FluA matrix 146/150 97.3 109/109 100.0
2009 H1 77/85 90.5 174/174 100.0
H3 63/65 96.9 194/194 100.0
FluB matrix 8/9 88.9 250/250 100.0
a The assay was performed on the Luminex LX200 instrument. Abbreviations: TP, true
positive; FN, false negative; TN, true negative; FP,false positive.

TABLE 2 Target genes, amplicon sizes, labels, and sequences of primers and probes used in the Luminex assay for detection of influenza viruses
(FLULUM)

Target gene Amplicon size (bp) Functiona Sequence (5=-3=)b

FluA matrix 83 Forward TGGARTGGCTAAAGACAAGAC
Reverse* CACTGGGCACGGTGAGCGTGAACAC
Probe† CACCTCTGACTAAGGGRATTT

FluA hemagglutinin H3 98 Forward CTGGAGAACCAACATACAATTG
Reverse* GCCCATATCCTCAGCATTTTCCCTCAGTTG
Probe† CTGACTCAGAAATGAACAAACTGTT

FluA hemagglutinin H1 122 Forward GAAATATTCCCCAAAGARAGCT
Reverse* ACCATTCTTCCCCGTCAGCCATAGCAAA
Probe† TGGCCCAACCACACCGTAACCG

FluA hemagglutinin 2009 H1 115 Forward GGTGCTATAAACACCAGCCT
Reverse* GGGAYATTCCTCAATCCTGTGGCCAGTCTC
Probe† CCCATTTCAGAATATACATCCGAT

FluB matrix 90 Forward GAAGATGGAGAAGGCAAAG
Reverse* TCCATTCCAAGGCAGAGTCTAGGTCA
Probe† GCAGAAAAATTACACTGTTGGTT

Jellyfish (EXO) 84 Forward* CAAATTGAACGGTCAATTGGAAGTGG
Reverse CCTAAGACAAGTGTGTTTATGG
Probe† CGTTTGCAATAGCTGTTCTTC

a *, Primer labeled with 5= biotin; †, probe modified with 5= amino-C12 linker.
b Degenerate bases: R, A or G.
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sequences of the FluA M and FluB M amplicons. The mean num-
bers of viruses (expressed as log10 copies/ml) in the lowest dilu-
tions that were positive by each assay are shown in Fig. 1. The limit
of detection of the FLULUM matched that of the real-time PCR
assay for FluA M, FluB M, and the H3 targets. The limits of detec-
tion for seasonal H1 and 2009 H1 were 10-fold higher for the
FLULUM assay compared to real-time PCR.

Cost, turnaround time, and throughput comparison. Table 5
presents a cost comparison of the reagents used in the FLULUM
and real-time RT-PCR assays. Although the cost of the Luminex
beads is significant, the higher-throughput capability of the assay
(93 samples per plate versus 30 samples per plate for real-time
RT-PCR) reduces the reagent cost from $9.42 per test for real-time
RT-PCR to $3.90 for FLULUM.

The real-time RT-PCR assay, with the advantage of simultane-
ous target amplification and detection, required �2 h to test one
plate (30 samples) and �5.5 h for 90 samples when only one
real-time instrument was available. FLULUM took up to 2 h lon-
ger to test one plate (93 samples) due to a longer amplification
procedure and the subsequent hybridization and detection steps.
However, the turnaround time of the assay from extraction to
result is still within an 8-h clinical shift. If additional samples
needed to be tested in the same shift, two FLULUM assays can be
set up by one technician to run 186 samples with a second stan-
dard thermocycler. This is an easier and more cost-effective alter-
native to purchasing and running several real-time instruments in
parallel.

DISCUSSION

We compared the performance of two laboratory-developed tests
(LDT) for the detection of influenza virus subtypes in clinical
samples: real-time TaqMan RT-PCR and asymmetric multiplex
RT-PCR with Luminex bead-based amplicon detection per-
formed on two instruments. To our knowledge, this is the first
report to describe a Luminex-based LDT designed specifically for
influenza virus subtyping. Commercial Luminex assays that de-
tect influenza virus include the xTag respiratory virus panel (RVP)
and the xTag RVP Fast (Luminex Corp). The xTag RVP detects 12
viral targets, including influenza viruses A and B, with additional
identification of virus A subtypes H1, H3, and H5, but not the
2009 pandemic H1 subtype (19). Due to its lengthy protocol and
multiple manipulations of amplified product, the RVP classic as-
say was streamlined to have a shorter protocol, with the addition
of the 2009 H1 target, and is now marketed as the xTag RVP Fast
assay (20).

Our clinical laboratory regularly performs a real-time RT-PCR
LDT to diagnose virally caused respiratory tract illnesses, includ-
ing those caused by respiratory syncytial virus, metapneumovirus,
influenza virus types A and B, parainfluenza virus types 1 to 4,
coronavirus, rhinovirus, bocavirus, and adenovirus. This well-
characterized and validated LDT has been in use for more than 5
years (9, 21–23). The influenza virus real-time RT-PCR panel used
as the comparator assay to assess the performance of FLULUM
was developed using the same FluA M and FluB M primers and
probes as used in the previously validated respiratory virus panel
and newly designed primer-probe sets to detect the hemagglutinin
genes of FluA virus subtypes seasonal H3 and H1 and 2009 pan-
demic H1. The five influenza virus targets are detected in three
duplex reactions. Quantitative RT-PCR using standard curves
generated from RNA transcripts has shown a sensitivity of 1,000
viral copies/ml of specimen.

Multiplexing technologies are growing increasingly popular
since they offer increased test throughput capacity and can reduce
overall cost. We developed an influenza virus diagnostic test for
the Luminex multiplex platform as an alternative to our real-time
RT-PCR test to accommodate high demand during influenza sea-

TABLE 4 Clinical sensitivity and specificity of the FLULUM assay for
806 specimens submitted in the 2010-2011 seasona

Target

Sensitivity Specificity

TP/(TP�FN) % TN/(TN�FP) %

FluA matrix 89/89 100.0 717/717 100.0
2009 H1 62/69 89.9 743/743 100.0
H3 27/28 96.4 784/784 100.0
FluB matrix 107/112 95.6 694/694 100.0
a The assay was performed on the Luminex MagPix instrument. Abbreviations: TP, true
positive; FN, false negative; TN, true negative; FP, false positive.

FIG 1 Comparison of the analytical sensitivity of the FLULUM assay versus
the real-time RT-PCR assay. The relative limit of detection in is expressed in
log10 copies/ml.

TABLE 5 Cost comparison of reagents used in the FLULUM and real-
time RT-PCR assaya

Method (details)
Cost/96-well
plate Cost/test

FLULUM (3 controls, 93 tests/plate)
RT-PCR reagents $270.00 $2.90
Primers (forward and biotin-reverse) $2.63 $0.03
MagPlex beads $60.48 $0.65
Streptavidin-phycoerythrin $9.15 $0.10
Probes/coupling reagents $3.49 $0.04
Instrument reagents $16.58 $0.18
Total $362.33 $3.90

Real-time RT-PCR (2 controls, 30 tests/plate)
RT-PCR reagents $270.00 $9.00
Primers $0.64 $0.02
Fluorescent probes $11.92 $0.40
Total $282.56 $9.42

a Based on use of the Luminex MagPix Instrument. These values do not include costs
for extraction, disposables, common lab reagents, labor, instrument(s), quality control,
and development.

Luminex Influenza Detection Assay

April 2013 Volume 51 Number 4 jcm.asm.org 1127

http://jcm.asm.org


son. The disadvantage to multiplex molecular assays is often de-
creased sensitivity and specificity. In particular, hybridization of
labeled target DNA can be less than optimal due to the steric
hindrance of microarray surfaces, which leads to preferential
binding of the target to the nonlabeled antisense strand (24). Dur-
ing development, the sensitivity of our assay was greatly improved
by adapting a form of asymmetric PCR based on temperature-
differential primer design (25, 26). The increased rounds of am-
plification add to the overall turnaround time of the assay; how-
ever, the one-tube protocol minimizes handling.

The subsequent hybridization and analysis steps require the
manipulation of amplified product, which can be a source of con-
tamination, producing false-positive results in subsequent reac-
tions. In order to prevent carryover contamination, physical sep-
aration between pre- and postamplification steps is necessary. All
postamplification steps were performed in a separate, dedicated
room, with separate pipettes and other lab equipment, and per-
sonnel don clean lab coats and gloves.

Compared to our real-time RT-PCR assay, our Luminex assay
developed for the LX200 and the MagPix performed well for the
detection of FluA and FluB in clinical specimens. The FLULUM
showed a clinical sensitivity of �95% for all targets except for FluB
in the 2010-2011 season and 2009 H1 in both seasons. The very
low number of FluB-positive specimens (n � 9) available for the
2010-2011 season accounts for the discrepancy between seasons.
The discordant results between FLULUM and real-time RT-PCR
for the FluB target were associated with CT values close to the limit
of detection by real-time RT-PCR (CT � 40), indicating failure of
the FLULUM for low viral loads for influenza virus type B. The
detection of the 2009 H1 target by FLULUM was both clinically
and analytically less sensitive compared to real-time RT-PCR. The
CT values for positive specimens missed by FLULUM had a wide
range, indicating that factors other than viral load, such as subop-
timal primer binding, may be affecting the sensitivity. The detec-
tion of the seasonal H1 target by FLULUM was analytically less
sensitive compared to the real-time RT-PCR, but we were unable
to determine the clinical performance for this target because the
virus was not detected in our laboratory during the study period.

The LX200 uses a system of lasers and photo-multiplying tubes
for fluorescent detection of the bead and hybridization signals and
can detect 100 targets. The newer MagPix utilizes light-emitting
diodes (LED) and a charge-coupled device camera and can detect
50 targets. Both are compatible with the same xMap technology,
although the MagPix requires the use of magnetic beads. We
adapted our FLULUM assay to use magnetic beads in order to
evaluate the newer instrument in a clinical setting. The MagPix
has several advantages over the LX200 in a clinical setting. It is a
less expensive instrument to purchase and operate, and it takes up
less bench space. The LED detection system significantly reduces
the warm-up times and simplifies the laborious probe adjustment
and calibration protocols required by the LX200. In addition, the
MagPix is a much more robust instrument, since it is not sensitive
to motion and changes in temperature and requires less mainte-
nance.

Although real-time PCR and multiplexed assays such as
FLULUM have high sensitivity and specificity, these tests are com-
plex and must be performed by highly trained medical technolo-
gists, usually in specialized molecular diagnostic laboratories with
limited hours of operation. Thus, the turnaround times of these
tests can still be too long for optimal clinical management of pa-

tients, especially when considering targeted antiviral treatment,
minimizing unnecessary antibacterial treatment, and timely co-
horting to control infection (27). Recently, several diagnostic
companies have developed FDA-approved rapid sample-to-result
systems that automate all steps of viral diagnosis, including nu-
cleic acid extraction, amplification, and detection. Systems that
test for influenza virus include the Xpert Flu assay (Cepheid,
Sunnyvale, CA), Liat influenza A/B assay (IQuum, Marlborough,
MA), Simplexa Flu A/B & RSV (Focus Diagnostics, Cypress, CA),
and FilmArray RVP (BioFire Diagnostics, Salt Lake City, UT). The
characteristics of these systems include ease of use, minimal
hands-on time, rapid assay time (�1 h), and a sensitivity and
specificity comparable to real-time PCR (28, 29). Thus, use of
these systems can be preferable for on-site testing at emergency
department and urgent care centers (27). However, the limited
throughput (one sample for Xpert, Liat, and FilmArray; eight
samples for Simplexa) can be a significant drawback, especially in
high influenza season. Even with the purchase of several instru-
ments to run in parallel, the extraordinarily high demand for mo-
lecular influenza diagnosis such as that experienced during the
2009 pandemic could easily overwhelm medical centers equipped
with these types of platforms alone. Given the much higher
throughput potential of our FLULUM assay, it is an important
component of our overall influenza virus diagnostic capability.

In conclusion, when tested on clinical specimens, our labora-
tory-developed Luminex influenza virus assay showed clinical
sensitivity and specificity comparable to real-time RT-PCR. The
assay can process large numbers of specimens at the same time,
while significantly reducing the cost. Furthermore, the platform’s
flexibility allows for the possibility of adding more targets and of
easily changing primer sequences in order to adapt to seasonal
changes in circulating influenza virus types and sequences.
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