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Seasonal epidemics of influenza and respiratory syncytial virus are responsible for significant morbidity and
mortality worldwide. Infrequently, novel or reemergent strains of influenza A virus have caused rapid, severe
global pandemics resulting in millions of fatalities. The ability to efficiently and accurately detect and differ-
entiate respiratory viruses is paramount for effective treatment, infection control, and epidemiological sur-
veillance. We evaluated the ability of two FDA-cleared nucleic acid-based tests, the semiautomated respiratory
virus nucleic acid test (VRNAT) and the fully automated respiratory virus nucleic acid test SP (RVNATSP)
(Nanosphere Inc., Northbrook, IL) to detect influenza A virus, influenza B virus, and respiratory syncytial
virus A and B (RSV A/B) from clinical nasopharyngeal swab specimens. Detection of viral RNA in both tests
is based on nucleic acid amplification followed by hybridization to capture probes immobilized on a glass slide.
A novel technology utilizing gold nanoparticle-conjugated probes is utilized to detect the presence of captured
target DNA. This microarray-based approach to detection has proven to be more sensitive than the traditional
culture/direct fluorescent-antibody assay (DFA) method for detecting RSV and influenza viruses in clinical
specimens, including the novel 2009 H1N1 strain. Specifically, we report 98.0% sensitivity and 96.5% specificity
for the VRNAT compared to culture/DFA. Further, the VRNAT detected virus in an additional 58% of
specimens that were culture negative. These data were confirmed using bidirectional sequencing. Evaluation of
the fully automated RVNATSP, which is built on the same detection technology as the VRNAT but contains an
updated processor enabling complete automation, revealed the two tests to be functionally equivalent. Thus,
the RVNATSP is a fully automated sample-to-result test capable of reliable detection of select respiratory
viruses directly from clinical specimens in 3.5 h.

Influenza virus and respiratory syncytial virus (RSV) infect
millions of individuals annually. Influenza virus is typically
associated with infections of the upper respiratory tract and
can cause mild to severe illness, with symptoms including
abrupt onset of fever, malaise, severe myalgia, and a nonpro-
ductive cough. The bulk of illness is attributed seasonal epi-
demics of influenza virus types A and B, while type C is far less
prevalent and rarely causes severe disease (9, 23). Type A
influenza virus is often associated with more-severe symptoms,
morbidity, and mortality owing to a greater genetic diversity
typified by chromosomal reassortment between human and
avian viruses. Such genetic reassortments are responsible for
the emergence of novel subtypes of influenza A virus, including
the infamous H1N1 Spanish flu virus of 1918 and the more
recent 2009 H1N1 or “swine flu” virus (26).

RSV is capable of causing severe symptoms in infants, young
children, and immunocompromised individuals (9, 24, 28) and
is the leading cause of hospitalization in children under 5 years

of age (24). Risk of developing severe symptoms is greatest in
children less than 6 months of age, people with chronic lung
disease, and the immunocompromised (7, 28). In individuals
with these risk factors, RSV can migrate from its initial site of
infection in the upper airway to the smaller bronchioles of the
lower airway, where the pathogenic effects of viral infection,
including airway inflammation and the resulting airway occlu-
sion, are amplified (34). These effects can cause life-threaten-
ing bronchiolitis or pneumonia.

Patients infected with either influenza virus or RSV can
present with similar early symptoms; however, the course of
therapy and choice of antiviral agent are different for each
virus. Therefore, rapid detection and differentiation of influ-
enza virus and RSV as the etiologic agent in patients present-
ing with respiratory symptoms are paramount. Current detec-
tion methods for these viruses include viral culture, direct
antigen tests, including enzyme immunoassays (EIA) and di-
rect fluorescent-antibody assays (DFAs), and nucleic acid am-
plification tests (NAATs). Viral culture has high sensitivity;
however, a major drawback is the labor-intensive nature of
culture and the extended time to result, which can be up to 21
days for traditional tube culture (17). The extended time to
result is problematic in outpatient settings, when results are
returned only after discharge, and can be potentially serious in
inpatient settings, where highly susceptible patients may be
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exposed to infected patients awaiting the results of diagnostic
testing. Antigen detection assays such as EIA and DFA offer a
much more rapid result; however, they suffer from poor sen-
sitivity, which limits their negative predictive value (8, 11, 25).
The poor sensitivity of DFA and EIA rapid tests for detecting
both seasonal and novel 2009 H1N1 influenza virus subtypes
was highlighted by several studies during the recent outbreak
of novel 2009 H1N1 influenza A virus. A comparison of several
rapid antigen EIAs to reverse transcription-PCR (RT-PCR)
revealed rapid EIA sensitivities of only 60 to 80% for detection
of seasonal influenza virus strains (21). The sensitivity of EIAs
was significantly worse when novel 2009 H1N1 strains were
considered. Specifically, the sensitivities of BinaxNOW Influ-
enza A&B (Inverness Medical, Waltham, MA), Rapid Detec-
tion Flu A�B (3M, St. Paul, MN), and QuickVue A�B
(Quidel, San Diego, CA) are reported as 10 to 40%, 40 to 50%,
and 50 to 70%, respectively (3, 8, 21, 35). These low sensitiv-
ities for detection of novel 2009 H1N1 were especially pro-
nounced in specimens with a low viral load. These findings
underscore the need for rapid, sensitive methods to detect viral
pathogens from clinical specimens.

Assays based on nucleic acid amplification of virus-specific
targets have the advantage of high sensitivity and specificity,
which can be �99%, as well as the potential for turnaround
times of �24 h (13, 19, 29). NAATs also have the added
capability of detecting several viruses through the use of
multiplexed PCR strategies. FDA-cleared assays, including
ProFlu� (Gen-Probe, San Diego, CA) and xTAG RVP
(Luminex, Austin, TX), as well as analyte-specific reagents
(ASRs) and laboratory-designed tests (LDTs), effectively use
multiplexing to identify a number of respiratory viruses in
clinical specimens (13). Despite these advantages, many of
these NAATs require manual batch-based processing and ex-
traction steps, which can be laborious and lead to increased
time to result and possible specimen cross contamination. The
availability of unique fluorescent markers for each target se-
quence also limits the number of specific pathogens that can be
detected by some of these assays. Melt curve analysis can
partially circumvent this limitation, although its use is generally
restricted to discrimination of single nucleotide polymor-
phisms (SNPs), and probe design to encompass several targets
and can present technical challenges.

Microarray-based detection of amplified nucleic acid targets
offers several advantages over other liquid phase detection
methods. The ability to detect a labeled probe spatially on a
solid surface, rather than in a liquid phase, allows the use of a
single fluorophore-, enzyme-, or nanoparticle-conjugated
probe for detection. This design overcomes the multiplexing
limitations presented by spectral overlaps between fluorescent
probes in liquid phase detection systems. Nanoparticle tech-
nology can be applied to DNA detection through the coupling
of target-specific thiolated oligonucleotide probes to gold
nanoparticles. Detection of nanoparticle-conjugated probes
relies on light scatter rather than fluorescence. The utility of
this methodology for the detection of specific DNA sequences
has been previously demonstrated (5) and is thoroughly re-
viewed elsewhere (32). Advantages of this detection method
include an increase in sensitivity of up to 1,000-fold compared
to fluorescence-based detection methods and a reduction in
background noise (30), which can, in some cases, make detec-

tion possible without target amplification. This detection
mechanism also requires comparatively simple excitation and
detection optics.

Herein we describe and compare the clinical trials for two
FDA-cleared microarray systems, the semiautomated respira-
tory virus nucleic acid test (VRNAT) and its successor, the
fully automated respiratory virus nucleic acid test SP
(RVNATSP) (Nanosphere, Northbrook, IL) for the detec-
tion of influenza A virus, influenza B virus, RSV A, and
RSV B in clinical specimens. The analytical and clinical
performance of the semiautomated Verigene RVNAT was
directly compared to that of the fully automated RVNATSP

as well as to culture/DFA results. Finally, studies were con-
ducted to evaluate the performance of the RVNATSP for
detection of the novel 2009 H1N1 influenza A virus subtype.

MATERIALS AND METHODS

Specimens. A total of 720 nasopharyngeal swabs were collected from two
geographically diverse sites, one in the southern United States and another in the
southeastern United States, during the 2007 to 2008 and 2008 to 2009 respiratory
virus seasons. Subjects had a distribution of ages ranging from less than 1 year to
over 65 years. All specimens were tested for influenza virus and RSV at the time
of collection using culture or virus-specific DFA detection. Residual specimens
were stored at the time of initial analysis at �70°C for later analysis using the
VRNAT or RVNATSP at one of three clinical test sites. This study has been
reviewed and approved by each site’s institutional review board.

Equipment and instrumentation. The VRNATSP requires the use of the
Verigene SP system. The Verigene SP comprises a single Verigene reader (ap-
proximately 16 in. by 12 in.), which has the capability to read and interpret the
VRNATSP microarray slides in �1 min. The reader can interface with up to 32
Verigene SP processors. Each processor is free standing (approximately 8 in. by
23 in.) and is capable of random-access, multifunctional test processing, includ-
ing nucleic acid extraction, reverse transcription (if necessary), target amplifica-
tion (if necessary), and DNA hybridization. The system can accommodate sev-
eral different test cartridges for additional nucleic acid tests available from the
manufacturer.

Manual extraction and amplification for the semiautomated VRNAT. Resid-
ual specimen samples were thawed to room temperature, and a 200-�l aliquot
was removed. A 50-�l aliquot of MS2 phage was added to the clinical specimen
as an internal control for extraction and PCR inhibition. Nucleic acid was ex-
tracted from the entire 250 �l using the NucliSENS EasyMAG (bioMerieux,
Marcy l’Etoile, France) and was eluted into a final volume of 60 �l buffer.
RT-PCR was carried out by adding 5 �l of the eluate to 20 �l of an enzyme
premix containing Tfi SuperMix (Invitrogen, Carlsbad, CA), uracil deglycosylase
(UDG), reverse transcriptase, and proprietary oligonucleotide primers specific
for each viral target. Following amplification, 10 �l of the product was mixed with
sample buffer and loaded into a disposable RV test cartridge. Processing and
hybridization were carried out by the Verigene processor. Upon completion of
processing, the RV test cartridge was removed from the processor and analyzed
using the Verigene reader. Results were reported as “detected” or “not de-
tected” for each of the four reportable agents detected by this assay (influenza A
virus, influenza B virus, RSV A, and RSV B). The VRNAT is capable of
discriminating RSV A and RSV B; however, the initial characterization by
culture/DFA did not distinguish the two subtypes, so VRNAT results are re-
ported as “RSV detected” when either subtype (RSV A or RSV B) is detected.
A message of “no call” was reported by the reader in the event of assay failure,
such as an internal control failure. Samples generating this message were rerun
to obtain a valid result.

Specimen preparation and loading for the fully automated RVNATSP assay.
Single-use extraction and amplification trays containing all necessary reagents
were loaded into the Verigene SP processor. Specimens were thawed, and a
200-�l aliquot was transferred to the specimen well in the extraction tray. A
single-use RV test cartridge containing the slide array and hybridization reagents
was loaded into the Verigene SP processor, and the assay was started. Upon
completion of the test, the RV test cartridge was removed from the processor
and the hybridization slide was inserted into the Verigene reader. Results were
recorded as described above.

Analysis of discrepant specimens. Specimens producing discrepant results
between culture/DFA and VRNAT were resolved using bidirectional sequencing
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employing primer annealing sites that were different from that used in the
VRNAT assay. Approximately 100 to 200 ng of purified DNA was sent to ACGT,
Inc. (Wheeling, IL) for sequencing. All amplification reactions were performed
on a Bio-Rad (Hercules, CA) C1000 thermal cycler or GeneAmp (Applied
Biosystems, Carlsbad, CA) PCR System 9700 thermal cycler. Four positive con-
trols [pGEM 3Zf(�) plasmid DNA with M13F (�21) primer] and four negative
controls [nuclease-free water with M13F (�21) primer] were included in a
96-well plate and run concomitantly with the samples. The sequencing reaction
products were purified with the Agencourt CleanSeq kit (Beckman Coulter,
Danvers, MA) and analyzed by the ABI 3730 XL genetic analyzer (Applied
Biosystems, Carlsbad, CA). The raw data from sequencing reactions were col-
lected using ABI 3730 foundation data collection software and processed by
InterPhace software (CodonCode, Dedham, MA) to generate a Phred quality
score for each base in the sequence. The sequence data were used for analysis if
the controls met the following criteria: none of the negative controls (0/4) have
more than 100 consecutive bases with a score of Phred 30 (99.9% accuracy) or
above, while 50% of the positive controls (2/4), at a minimum, have at least 200
bases with scores of Phred 30 (99.9% accuracy) or above. Sequencing data were
assembled by Sequencher (version 4.2) software (GeneCodes, Ann Arbor, MI)
to generate a single contig for each PCR product. A consensus sequence was
produced from each alignment, which was then compared to those of the refer-
ence strains (see Table S1 in the supplemental material) for confirmation of virus
identification.

Analytical specificity experiments. A total of 15 viral and 23 bacterial strains
available from ATCC (see Table S2 in the supplemental material) were obtained,
and stock dilution cultures were made. Bacterial CFU/ml was determined by
serial dilution. The viral strains were quantified by assessing tissue culture infec-
tivity to provide 50% tissue culture infective doses (TCID50)/ml. The TCID50/ml
value was multiplied by a factor of 0.7 to obtain an approximate PFU/ml. Pure
suspensions of each agent were extracted, amplified, and analyzed using the
VRNAT, under conditions identical to those used for the analysis of clinical
specimens.

Analytical sensitivity experiments. A stock culture containing a defined
PFU/ml of each virus was diluted serially into universal transport media (Copan,
Murrieta, CA). Dilutions of each agent were tested a minimum of three times
using the VRNAT or RVNATSP to establish a limit of detection (LoD). The
presumptive LoD was then confirmed by an additional 20 replicate experiments.
Achievement of �95% positive results was required to define the LoD for each
agent.

Statistical analysis. The sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were determined using standard methods
(22). For calculations made before resolution of discrepant results, a true-posi-
tive/negative result was based solely on culture/DFA regardless of VRNAT
result. Following discrepancy resolution, a true positive was defined by agree-
ment between culture/DFA and VRNAT or by positivity in either assay, which
was confirmed using bidirectional sequencing.

RESULTS

Analytical specificity/sensitivity and cross-reactivity with
other infectious agents. To demonstrate the analytical speci-
ficity and sensitivity of the VRNAT, established titers of 11
different strains of influenza virus or RSV were serially diluted
into viral transport medium and analyzed using the VRNAT.
The limit of detection (LoD) for each strain, defined as the
lowest viral concentration at which �95% of the replicates
tested positive, was established and confirmed by not less than
20 replicate assays. Specifically, the LoD of influenza A and B
virus strains tested ranged from 2 to 60 TCID50/ml (Table 1).
This is well below the established level of 103 to 107 TCID50/ml
of influenza A virus shed in the nasopharynx during active
infections (36). Of special interest, the VRNAT was able to
detect the novel 2009 H1N1 swine origin influenza A virus
subtype at a similarly low LoD of 50 TCID50/ml (Table 1). To
assess the analytical specificity of the assay, a comprehensive
panel of common respiratory viruses (15) and bacteria (23) was
examined. Among the viruses tested were human adenovirus
types 1 and 7, two types of human coronavirus, cytomegalovi-

rus, an enterovirus (coxsackievirus B4), Epstein-Barr virus,
human parainfluenza types 1, 2, 3, and 4a, measles virus, mumps
virus, and human metapneumovirus. Included in the bacterial
pathogens were common strains of Acinetobacter, Bordetella,
Chlamydophila, Corynebacterium, Escherichia coli, Haemophilus,
Klebsiella, Lactobacillus, Legionella, Listeria, Moraxella, Neisseria,
Proteus, Pseudomonas, Staphylococcus, Streptococcus, Myco-
plasma, and Mycobacterium. All strains were processed in pure
culture by the VRNAT at concentrations ranging from 105 to 107

CFU/ml or PFU/ml (see Table S2 in the supplemental material).
None of the tested microbes produced a positive result, demon-
strating 100% specificity.

Comparison of VRNAT to culture/DFA methods for the de-
tection of influenza A virus, influenza B virus, and RSV A and
B. A total of 720 nasopharyngeal specimens were collected
prospectively from multiple sites during the 2007 to 2008 and
2008 to 2009 respiratory virus seasons. The patient population
was chosen to include a broad distribution of ages, containing
120 subjects 0 to 1 year of age, 229 between the ages of 1 and
5 years, 129 between the ages of 5 and 20 years, 204 between
the ages of 20 and 65 years, and 38 over the age of 65 years.
Patient specimens were assayed for the presence of influenza A
virus, influenza B virus, RSV A, and RSV B using culture/DFA
methods at the time of collection. Of the 720 specimens ana-
lyzed by culture/DFA, 123 (17%) were positive for influenza A
virus by culture/DFA, 31 (4%) were positive for influenza B
virus, 49 (7%) were positive for RSV, and 517 (72%) speci-
mens were culture negative. When the same specimens were
analyzed using the VRNAT, 181 (25%) were positive for in-
fluenza A virus, 40 (6%) were positive for influenza B virus,
and 101 (14%) were positive for RSV A or B (Table 2). In

TABLE 1. Analytical sensitivities of VRNAT and RVNATSP
(limits of detection)

Virus strain
LoD of:

VRNAT RVNATSP

Influenza A virus strains
Influenza A/Wisconsin/67/05

(H3N2)
2 TCID50

a/ml 2 TCID50/ml

Influenza A/New Caledonia/20/
99 (H1N1)

50 TCID50/ml

Influenza A/Port Chalmers/1/73
(H3N2)

50 TCID50/ml

Influenza A/Wisconsin/629/2009
(2009 H1N1)

50 TCID50/ml

Influenza B virus strains
Influenza B/Florida/04/2006 60 TCID50/ml 50 TCID50/ml
Influenza B/Lee/40 0.01 EID50

b/ml
Influenza B/Hong Kong/5/72 0.05 EID50/ml

RSV A strains
A2 10 TCID50/ml
Long 10 TCID50/ml 10 TCID50/ml

RSV B strains
B-1 Wild Type (B WV/

14617/85)
2 TCID50/ml 2 TCID50/ml

Wash/18537/62 0.5 TCID50/ml
9320 0.05 TCID50/ml

a TCID50, 50% tissue culture infective dose.
b EID50, 50% embryo infectious dose.
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comparison to culture/DFA, these results translate to VRNAT
sensitivity and specificity of 96.6% and 93.6%, respectively
(Table 3). Of the 133 discrepant specimens between the
VRNAT and culture, bidirectional sequencing revealed that
the VRNAT detected 108 additional positives (58 influenza A
virus, 4 influenza B virus, and 46 RSV), all of which were
negative by culture/DFA. Following discrepancy resolution,
the VRNAT sensitivity for all agents was 98.0% and specificity
was 96.5%. This also resulted in an overall increase in the PPV
of the VRNAT from 60.9% to 91.6% (Table 3). Of note, since
sequencing requires a significantly greater amount of amplified
product than is needed for detection by the VRNAT, a few of
the discrepant samples that were positive by VRNAT could
not be confirmed by sequencing and may have been the result
of low-level infections. Among the clinical specimens, there
were also a number of dual infections comprising different
influenza virus types or influenza virus-RSV coinfections. This
included 3 influenza A virus-influenza B virus coinfections, 5
influenza A virus-RSV A or B coinfections, 4 influenza B
virus-RSV A or B coinfections, and 3 RSV A-RSV B coinfec-
tions. The agents in these coinfections were reliably detected
by the VRNAT, demonstrating its ability to simultaneously
detect multiple pathogens from a single specimen.

Comparison of VRNAT to RVNATSP. In a follow-up study,
we compared the performance of the fully automated
RVNATSP to that of the semiautomated VRNAT previously
established in this study. To accomplish this, a total of 558
clinical specimens, including a distribution of culture/DFA-
positive influenza A and B virus and RSV specimens, were
analyzed using both the VRNAT and RVNATSP. Of the 558
specimens, 195 were positive for influenza A or B virus or RSV
using the VRNAT and 191 were positive using the RVNATSP.
This resulted in a concordance of 99.3% between the two
assays (Table 4). All 4 specimens that were initially positive by
VRNAT and negative by RVNATSP were positive by the
RVNATSP following a repeat test. These results demonstrate
the equivalence of the two systems for detection of influenza A
virus, influenza B virus, and RSV A and B from clinical spec-
imens.

Analytical sensitivity experiments were conducted indepen-
dently using the RVNATSP. The experimental setup was iden-
tical to that used to establish the analytical sensitivity of the
VRNAT (see results above and Materials and Methods), and
experiments were conducted using one strain each of influenza
A virus, influenza B virus, RSV A, and RSV B. Results indi-
cated similarly high sensitivities for all agents tested, ranging
from 2 to 50 TCID50/ml (Table 1).

DISCUSSION

Rapid, accurate detection of respiratory viruses from clinical
specimens such as nasopharyngeal swabs is critical to patient
management and limiting the spread of infection. Methods to
detect viral pathogens from the respiratory tract include labo-
ratory culture in various susceptible cell lines, serologic detec-
tion of virus-specific antibodies, detection of viral antigens
either directly from patient specimens (EIA) or in conjunction
with cell culture (DFA), and molecular techniques involving
nucleic acid amplification tests (NAATs) coupled with one of
several detection methods. In the current study, we assessed
the ability of two nucleic acid amplification assays, the semi-
automated VRNAT and its fully automated successor, the
RVNATSP, to detect influenza A virus, influenza B virus, RSV
A, and RSV B from clinical specimens.

Our comparison of the manual VRNAT to culture/DFA for
the detection of influenza A virus, influenza B virus, RSV A,
and RSV B comprised 720 clinical specimens in the form of
nasopharyngeal swabs. Importantly, the study included 242
adult subjects over the age of 20 years, a group for which

TABLE 2. Comparison of VRNAT to culture/DFA methods for
influenza virus and RSV detection

Test method

No. of positive resultsa

Total Influenza A
virus

Influenza B
virus RSV

VRNAT 322 (119) 181 (58b) 40 (9c) 101 (52d)
Culture/DFA 203 123 31 49

a Values in parentheses are numbers of additional positive results by VRNAT.
b All were positive by sequencing.
c Four were positive by sequencing.
d Forty-six were positive by sequencing.

TABLE 3. Clinical performance of VRNAT compared to culture/
DFA methodsa

Specimens considered and
discord resolution status Sensitivity Specificity PPVb NPVc

All specimens
Before discord resolution 96.6 93.6 60.9 99.6
After discord resolution 98.0 96.5 91.6 99.2

Influenza A virus positive
Before discord resolution 99.2 90.1 67.4 99.8
After discord resolution 100.0 99.8 99.2 100.0

Influenza B virus positive
Before discord resolution 96.8 98.5 75.0 99.9
After discord resolution 100.0 99.1 83.3 100.0

RSV positive
Before discord resolution 89.8 91.5 43.6 99.2
After discord resolution 91.7 98.4 80.0 99.4

a A total of 720 nasopharyngeal swab specimens were analyzed using culture/
DFA and VRNAT assays to detect influenza A and B virus and RSV. Discordant
results were resolved using bidirectional sequencing.

b PPV, positive predictive value.
c NPV, negative predictive value.

TABLE 4. Comparison of manual VRNAT and automated
RVNATSP systems for detection of influenza A virus,

influenza B virus, and RSV

RVNATSP
result

No. of specimens with VRNAT
result of: Total

Positive Negative

Positive 191 0 191
Negative 4a 363 367

Total 195 363 558

a All 4 specimens that initially gave a negative result on the RVNATSP were
positive upon repeat assay.
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current data suggest EIAs demonstrate especially poor sensi-
tivity (11, 27). Our data demonstrate the substantially greater
clinical sensitivity of the VRNAT (98.7%) compared to the
culture/DFA method. High specificity was also achieved in
both clinical (99.3%) and analytical experiments using a wide
variety of pathogenic and commensal organisms commonly
isolated from the respiratory tract. Similarly, the analytical
sensitivity of the VRNAT was examined using 4 different in-
fluenza A virus subtypes, including 2009 H1N1, 3 influenza B
virus subtypes, 2 RSV A subtypes, and 3 RSV B subtypes.
Results indicate that the sensitivity of detection is high enough
to easily detect active influenza virus infection in adults and is
similar to or greater than the sensitivities of other reported
NAATs for respiratory virus detection (1, 2, 31).

Several multiplex liquid-phase NAATs for the detection of
respiratory viruses are currently available and have been eval-
uated, including the Hexaplex and ProFlu-1 assays (Prodesse,
Waukesha, WI), various ASR products, and several laboratory-
developed assays (1, 6, 10, 12–15, 31). In contrast, there are few
assays currently available that couple nucleic acid amplification
with a microarray-based scheme for detection. Mchip and Flu-
Chip (19, 20, 33) are examples of such tests; however, these
assays are available only as research use only (RUO) assays
and are not widely used in clinical labs. The xTAG RVP (Lu-
minex) is an FDA-cleared product capable of simultaneous
detection of 10 different viruses, including two influenza A
virus subtypes (16, 18). A major advantage of all of these
NAAT methodologies, in addition to high sensitivity and spec-
ificity, is the potential for extremely rapid turnaround time.
These assays all report times to result of approximately 5 h
(xTAG RVP, Mchip) but require several manual or automated
processing and extraction steps prior to starting the assay (4,
16), which can add up to 2 h to the total time to result and may
discourage individual specimen processing at the time of re-
ceipt in favor of batch-based processing once or twice daily.
Batched processing may also introduce variability in the quality
and quantity of the extracted template and increases the po-
tential for cross contamination or specimen misidentification.

A key advantage of the RVNATSP is the fully automated
sample-to-result capability, which includes extraction, amplifi-
cation, and hybridization steps within an enclosed instrument.
This automation enables a total time to result of 3.5 h, reduces
the possibility for error or variation during manual nucleic acid
extraction, and eliminates the need for batch processing. Such
on-demand capability is especially valuable during seasonal
influenza outbreaks, when test volume can rise rapidly and
instruments are run at maximum capacity.

We have described and evaluated two nucleic acid amplifi-
cation-based assays for the detection of influenza virus and
RSV, which are also capable of accurately detecting the novel
2009 H1N1 strain of influenza A virus. A direct comparison of
the VRNAT and RVNATSP using 558 clinical specimens dem-
onstrated full agreement and functional equivalence between
the manual (VRNAT) and automated (RVNATSP) systems.
Clinical trials are under way to validate an improved assay, the
RVNATSP�, which can detect and discriminate influenza A
virus H1, H3, and novel 2009 H1N1 subtypes, the H275Y
oseltamivir resistance mutation, influenza B virus, RSV A, and
RSV B.
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