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We report on the use of an electronic microarray to simultaneously type influenza A and B viruses and to
distinguish influenza A virus subtypes HIN1 and H3N2 from the potentially pandemic avian virus subtype
HS5N1. The assay targets seven genes: the H1, H3, H5, N1, and N2 genes of influenza A virus; the matrix protein
M1 gene of influenza A virus; and the nonstructural protein (NS) gene of influenza B virus. By combining a
two-step reverse transcription-multiplex PCR with typing and subtyping on the electronic microarray, the
assay achieved an analytical sensitivity of 10> to 10> copies of transcripts per reaction for each of the genes. The
assay correctly typed and subtyped 15 different influenza virus isolates, including two influenza B virus, five
A/H1N1, six A/H3N2, and two A/H5N1 isolates. In addition, the assay correctly identified 8 out of 10 diluted,
archived avian influenza virus specimens with complete typing and subtyping information and 2 specimens
with partial subtyping information. In a study of 146 human clinical specimens that had previously been shown
to be positive for influenza virus or another respiratory virus, the assay showed a clinical sensitivity of 96% and
a clinical specificity of 100%. The assay is a rapid, accurate, user-friendly method for simultaneously typing

and subtyping influenza viruses.

The influenza viruses, members of the family Orthomyxoviri-
dae, have genomes consisting of either seven or eight single-
stranded RNA segments (11). Based on differences in the
matrix protein and the nucleoprotein, the influenza viruses
have been divided into three types: A, B, and C. Type C viruses
cause mild respiratory illness in children and young adults,
whereas types A and B cause more-severe respiratory illness.
The type A viruses are further divided into subtypes on the
basis of two proteins on the surface of the virus: hemagglutinin
(HA) and neuraminidase (NA). Although 16 different HA
subtypes (H1 to H16) and 9 different NA subtypes (N1 to N9)
have been identified, only three combinations (HIN1, H2N2,
and H3N2) have circulated widely in the human population.
Currently, influenza A/HIN1, A/H3N2, and B viruses are re-
sponsible for seasonal influenza epidemics (6, 18, 23, 25). In-
fections with these influenza viruses have a significant social
and economic impact. Each year in the United States, influ-
enza virus infections are responsible for more than 200,000
hospitalizations and 36,000 deaths (http://www.cdc.gov/flu
/about/disease.htm). Recently, variants of avian influenza virus
HS5NI1 that are highly pathogenic in poultry have been found to
infect humans and to be highly virulent (20). Of the 383 people
reported to have been infected by this virus to date, 241 have
died (http://www.who.int/csr/disease/avian_influenza/country
/cases_table_2008_05_28/en/index.html). Although human-
to-human transmission of H5N1 has been suspected in very
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rare cases, the possibility of viral mutations that could increase
the rate of human transmission has raised concerns that this
subtype could pose an important public health threat (http:
/www.cde.gov/flu/avian/outbreaks/current.htm).

To enable a quick response to a potential outbreak, it is
desirable to have a fast, accurate, and comprehensive diagnos-
tic method capable of simultaneously typing and subtyping
influenza viruses. Currently, the diagnostic methods available
for identifying influenza viruses include viral culture, direct
fluorescent antibody testing, rapid point-of-care immunoas-
says, real-time reverse transcription-PCR (RT-PCR), sequenc-
ing, and multiplex RT-PCR. Although viral culture is the “gold
standard” for typing and subtyping of influenza viruses, it usu-
ally takes 3 to 7 days to culture the virus (2). Both rapid
point-of-care immunoassays (24) and real-time RT-PCR (17,
18) can provide results within 30 min to 1 h, but they do not
provide subtype information. Multiplex RT-PCR, which uses
multiple primer pairs to amplify the influenza virus genome,
can provide an approach to the screening of influenza virus
variants. However, analysis of different amplification products
from multiplex RT-PCR using traditional agarose gel electro-
phoresis can be problematic and slow (26). Recently, different
types of microarrays in combination with multiplex amplifica-
tion have been reported for the typing and subtyping of influ-
enza viruses (9, 13, 14, 19, 21, 22, 27).

We report on the development of an influenza virus geno-
typing assay using an electronic microarray (eMA). This assay
distinguishes influenza virus types A and B, and it identifies the
common influenza virus A subtypes HIN1 and H3N2 as well as
the potentially pandemic avian influenza virus subtype HSNI.
The performance of the assay was evaluated using 15 different
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TABLE 1. PCR primers used for the multiplex influenza assay

. Amplicon
Target Gene Primer Sequence size (bp)
FA M1 FA forward 5'-CTT CTA ACC GAG GTC GAA ACG TA-3' 233
FA reverse 5'-ACA AAG CGT CTA CGC TGC AGT CC-3'
FB NS FB forward 5'-ATG GCC ATC GGA TCC TCA ACT CAC TC-3' 244
FB reverse 5'-TCA TGT CAG CTA TTA TGG AGC TGT T-3'
H1 HA H1 forward 5'-ACA ATA ATA TTT GAG GCA AAT GGA AAT CTA ATA-3’ 264
H1 reverse 5'-GAT TGA ATG GAT GGG ATG TTC CT-3’
H3 HA H3 forward 5'-CAT GCA GTA CCA AAC GGA AC-3' 180
H3 reverse 5'-CAT CAC ACT GAG GGT CTC CCA A-3’
H5 HA HS5 forward 5'-GCA TTG GTT ACC ATG CAA ACA A-3’ 177
HS reverse 5'-CGA GGA GCC ATC CAG CTA CAC TAC A-3’
N1(H1) NA N1(H1) forward 5'-GAT GGG CTA TAT ACA CAA AAG ACA ACA-3' 257
N1(H1) reverse 5'-TGC TGA CCA TGC AAC TGA TT-3'
N1(HYS) NA N1(HS) forward 5'-ATA CGG CAA TGG TGT CTG GAT-3’ 327
N1(HS) reverse 5'-GCA CCG TCT GGC CAA GA-3'
N2 NA N2 forward 5'-AGC ATG GTC CAG CTC AAG TT-3' 183
N2 reverse 5'-CAA GTT CCA TTG ATA CAA ACG CAT TC-3’

influenza virus isolates, 10 avian influenza virus HSN1 speci-
mens, and 146 human clinical respiratory specimens.

MATERIALS AND METHODS

Cloned RNA transcripts. Influenza virus gene transcripts of H1, H3, HS, and
N1 from an H5N1 isolate [this N1 transcript is hereafter designated N1(HS)]
were made by cloning synthetic constructs. Transcripts of M1, NS, N2, and N1
from an HIN1 isolate [this N1 transcript is hereafter designated N1(H1)] were
made by cloning RT-PCR products into pPCR-Script (Stratagene, San Diego,
CA), pBluescript (Stratagene), or pET28 (Novagen brand; EMD, Madison, WI).
The sequences or viruses used for cloning were A/NewCaledonia/20/99 (HIN1),
A/New York/206/2006 (H3N2), A/California/7/2004 (H3N2), A/Vietnam/1203/
2004 (H5N1), A/Vietnam/BI-014/2005 (H5N1), and B/Shanghai/361/2002. RNA
transcripts were synthesized using T7 RNA polymerase (MEGAscript kits; Am-
bion, Austin, TX), purified on NucAway columns (Ambion, Austin, TX), ana-
lyzed on polyacrylamide gels, and quantitated by optical density.

Assay design. The eMA influenza virus genotyping assay was designed to
detect eight targets: the matrix gene segment (M1) of influenza A virus; the
nonstructural gene segment (NS) of influenza B virus; the HA genes H1, H3, and
HS5; and the NA genes N1(H1), N2, and N1(H5). Sequences were obtained from
GenBank and the Influenza Sequence Database (15) and were then aligned.
Highly conserved regions were selected for primers and for capture and discrim-
inator oligonucleotides. The Influenza Primer Design Resource website, devel-
oped at the Medical College of Wisconsin (MCW) (www.ipdr.mcw.edu) (1), was
used for additional in silico evaluation of the selected primers and capture
oligonucleotides. The analysis indicated that coverage for the isolates sequenced
from 2002 through 2007 ranged from 93 to 100%.

Multiple sets of primers, capture oligonucleotides, and discriminator oligonu-
cleotides were tested for each of the targets. Primers were initially evaluated in
singleplex and analyzed by microcapillary electrophoresis. Primer pairs capable
of amplifying approximately 10 copies were subsequently tested by the multiplex
assay, initially with single RNA transcripts. Sensitivities of approximately 10
copies per reaction were observed The multiplex PCR was then run with three
RNA transcripts that together corresponded to a subtype (such as M1 with H3
and N2). This format resulted in an approximately 10-fold loss in analytical
sensitivity and uneven amounts of the three amplicons. PCR parameters and
primer concentrations were adjusted to produce more-balanced amounts of the
three amplicons.

Capture and discriminator oligonucleotides were screened using the eMA.
Discriminators are bifunctional oligonucleotides that are complementary to an
amplicon and to one of the universal reporters. The criteria for selection were a

high signal level and no detectable cross-reactivity with the other targets. The
final assay was composed of 16 PCR primers, 10 capture oligonucleotides, 13
bifunctional discriminator oligonucleotides, and 2 fluorescently labeled universal
reporter probes (Tables 1 and 2).

Multiplex RT-PCR. A two-step RT-PCR was used for multiplex amplification.
Three microliters of RNA was added to 17 pl of RT mixture, containing 1X PCR
buffer IT (Applied Biosystems, Foster City, CA), 2.5 pM random hexamer, 50 U
of murine leukemia virus reverse transcriptase, and 20 U of RNase inhibitor
(Applied Biosystems), and was incubated at 22°C for 5 min, 42°C for 14 min, and
95°C for 1 min. The 20-pl RT reaction mixture was combined with 30 ul of a
PCR mixture. The final 50-pul PCR mixture contained the primers (synthesized
by Integrated DNA Technologies, Coralville, IA) for all eight targets, 1X PCR
buffer II, 3.5 mM MgCl,, 2.4 mM deoxynucleoside triphosphates, and 2.5 U of
FastStart Tag DNA polymerase (Roche Applied Science, Indianapolis, IN). The
primer concentrations were 0.2 uM, except for the H3 and HS primers, whose
concentrations were reduced to 0.1 pM, and the N1(H5) primer, whose concen-
tration was increased to 0.45 wM. The thermal profile used was 95°C for 10 min,
followed by 40 cycles of PCR at 95°C for 5 s, 58°C for 15 s, and 72°C for 30 s. The
RT-PCR amplification (both RT and PCR) was achieved within 100 min on a
GeneAmp PCR system, model 9700 (Applied Biosystems). Initially, PCR prod-
ucts were analyzed on a LabChip 90 microcapillary electrophoresis system (Cal-
iper Life Sciences, Hopkinton, MA). During the latter part of development,
products were analyzed on the eMA using the Nanochip 400 (NC400) instrument
(Nanogen, San Diego, CA).

Typing and subtyping on the Nanochip 400. The Nanochip 400 has been
described previously (4, 7). The specific addressing and reporting protocols used
for this assay are as follows.

(i) Capture oligonucleotide addressing. Five capture mixes, each containing
100 nM concentrations of two or three biotinylated capture oligonucleotides
complementary to two different amplicons, were sequentially addressed for 15 s
at 350 nA to a number of electrode sites equal to the number of samples being
analyzed.

(ii) Amplicon addressing and hybridization. RT-PCR products were diluted 1
to 8 in CAPg,,,, sample buffer A (Nanogen, San Diego, CA), consisting of 114
mM histidine and 142.5 mM 1-thioglycerol. The diluted material was addressed
at 995 nA for 2 min to one set of five electrode sites.

(iii) Reporting. A mix of discriminator (500 nM each) and reporter (2.5 uM
green reporter, 4.5 uM red reporter) oligonucleotides was loaded onto the eMA
and hybridized for 1 min. The eMA was washed at 47°C in a high-salt buffer
(Nanogen), cooled to 24°C, and imaged with the instrument’s charge-coupled
device camera at 553 nm and 668 nm for green and red fluorescent signals,
respectively. The relative fluorescence units (RFU) were determined on each test
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TABLE 2. Capture, discriminator, and universal reporter oligonucleotide sequences used for the multiplex influenza virus assay”

Target Name Sequence
FA FA capture 5'-Biotin-TCA GGC CCC CTC AAA GCC GAR ATC GC-3’
FA discriminator] 5'-gca gta tat cge ttg aca AAC CGA GGT CGA AAC GTA-3'
FA discriminator2 5'-gca gta tat cge ttg aca GTG CCC AGT GAG CGA GGA CT-3’
FA discriminator3 5'-gca gta tat cge ttg aca TTT GTG TTC ACG CTC ACC G-3'
FB FB capture 5'-Biotin-TAT CCC AAT TTG GTC AAG AGC ACC GAT TAT CAC CAG-3’
FB discriminator 5'-ctg agt ccg aac att gag ATG GCC ATC GGA TCC TCA ACT CAC TC-3'
H1 HI1 capture 5'-Biotin-GGA GCT ATA AAC AGC AGT CTT CCT TTC CAG A-3'
H1 discriminatorl 5'-ctg agt ccg aac att gag TTG AGG CAA ATG GAA ATC TAA-3'
H1 discriminator2 5'-ctg agt ccg aac att gag TGT CCA AAG TAT GTC AGG AGT-3’
H3 H3 capturel 5'-Biotin-ATG ACC AAA TTG AAG TTA CTA ATG CTA CTG AGC-3’
H3 capture2 5'-Biotin-ATG ACC AAA TTG AAG TCA CTA ATG CTA CTG AGC-3’
H3 discriminator 5'-ctg agt ccg aac att gag CAT GCA GTA CCA AAC GGA AC-3'
HS5 HS capture 5'-Biotin-ACG TTC TTT TCC ATT ATT GTG TCA ACC TGC TCT GT-3'
HS5 discriminator 5'-ctg agt ccg aac att gag TTG TTT GCA TGG TAA CCA ATG-3'
N1(H1) N1(H1) capture 5'-Biotin-TAT AGG GCC TTA ATG AGC TGT CCT CTA GG-3'
N1(H1) discriminatorl 5'-gca gta tat cge ttg aca GCT CTA TTA AAT GAC AAA CAT TCA-3'
N1(H1) discriminator2 5'-gca gta tat cgce ttg aca TCC GTC CCC ATA CAA TTC AAA G-3'
N1(HYS) N1(HS) capturel 5'-Biotin-TTT GAA ATG ATT TGG GAT CCA AAT GGG TGG AC-3'
NI1(HS) capture2 5'-Biotin-TTT GAA ATG ATT TGG GAT CCA AAT GGA TGG AC-3’
N1(HS) discriminator 5'-gca gta tat cgc ttg aca ttt ttt gca gta tat cge ttg aca ATC CAG ACA CCA
TTG CCG T-3'
N2 N2 capture 5'-Biotin-GAT GGA AAA GCA TGG CTG CAT GTT TGT GT-3’
N2 discriminator] 5'-gca gta tat cge ttg aca AGC ATG GTC CAG CTC AAG TT-3'
N2 discriminator2 5'-gca gta tat cge ttg aca GAT GAT AAA AAT GCA ACT GCT AG-3’
Red universal reporters 5'-TGT CAA GGG ATA TAC TGC-red fluorescent dye-3’
Green universal reporters 5'-CTC AAT GTT CGG ACT CAG-green fluorescent dye-3’
119 Nonspecific capture 5'-Biotin-CAG ATG GAA GAC TCT TGT AAT TAT TTT TCA TTA CCT-3'

“ Lowercase letters represent sequences complementary to the red universal reporter sequence; lowercase underlined letters represent sequences complementary to

the green universal reporter sequence.

electrode and on a background electrode containing a nonspecific capture oli-
gonucleotide, and the ratio of the signal on the test electrode to that on the
background electrode (signal-to-noise ratio [SNR]) was calculated. The positive
cutoff was set to a minimum SNR of 3.0 based on previous experience with the
eMA for assays with multiple targets (5, 10, 12).

Analytical sensitivity. Tenfold serial dilutions of RNA transcripts were used. A
single NS transcript was used for influenza B virus, and equal concentrations of
three transcripts (an M1, an HA, and an NA transcript) were used for influenza
A viruses. At each concentration, three replicates were run. Analytical sensitivity
was defined as the lowest copy number at which complete type and subtype
information was successfully detected on the eMA for all three replicates.

Analytical specificity. Analytical specificity was evaluated using 15 different
influenza virus isolates, including 2 influenza B viruses (B/Hong Kong/330/01;
B/Shanghai/361/02) and 13 influenza A viruses, of which 5 were HIN1 (A/New
Caledonia/20/99, A/Beijing/95, and specimens 120905A, 011303A, and 011503A),
6 were H3N2 (A/Wyoming/03/3, A/California/7/04, A/Fujian/411/02, A/Sydney/
97, A/Panama/99, and specimen 121905A-3 M5), and 2 were H5N1 (A/Vietnam/
1194/04 and a culture of a human H5N1 specimen). These virus isolates had been
tested previously by culture and were obtained from different sources. Nucleic
acids were prepared by processing 100 to 500 pl of virus isolates using the
MagNA Pure compact nucleic acid isolation kit 1 system (Roche Applied Sci-
ence, Indianapolis, IN) or the QIAamp MinElute virus spin kit (Qiagen, Valen-
cia, CA) according to the manuals and were eluted in 50 pl of elution buffer.

Human nasopharyngeal specimens and avian specimens. The majority of the
human nasopharyngeal specimens were collected from 2004 through 2006 at the
MCW; 15 of the influenza B virus specimens were collected from 1996 though
1998. Nucleic acids from the specimens were prepared from either 400 pl (hu-
man nasopharyngeal specimens) or 200 l (avian specimens) of sample by using

Total Nucleic Acid spin columns (Roche Applied Science) and were eluted into
50 pl. The specimens had been analyzed previously at the MCW by using several
different reference methods. Influenza virus, respiratory syncytial virus, human
parainfluenza virus type 1 (HPIV-1), and HPIV-3 were analyzed using multiplex
RT-PCR followed by an enzyme hybridization assay (EHA) (3, 5) and/or by
tissue culture. Human adenovirus, enterovirus, and rhinovirus were analyzed by
real-time PCR and multiplex RT-PCR followed by an EHA (3, 5).

RESULTS

Analytical sensitivity and specificity. The analytical sensitiv-
ity of the eMA influenza virus genotyping assay, as shown in
Table 3, was 107 copies per reaction for influenza B virus and
for influenza A virus subtypes HIN1 and H3N2. For influenza
A virus subtype H5N1, the analytical sensitivity was 10° copies
per reaction, because only one of three replicates was detected
with complete typing (M1) and subtyping (H5 and N1) at 10>
copies per reaction.

The analytical specificity of the eMA influenza virus geno-
typing assay was evaluated by testing 15 cultured virus isolates:
2 influenza B viruses and 13 influenza A viruses (5 HIN1, 6
H3N2, and 2 H5N1). The results (Fig. 1) indicated no cross-
reaction between the different gene targets; no wrong types or
subtypes were observed across the 15 virus isolates. In ad-
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TABLE 3. Analytical sensitivity of the assay with RNA transcripts

No. of positive calls/no. of Analytical
samples tested with the following sensitivity
Genotype Gene no. of copies per RT reaction: (no. of

copies/RT

10° 10* 10° 102 reaction)
B NS1 3/3 3/3 3/3 3/3 107
A/HIN1 M1 3/3 3/3 3/3 3/3 10?
H1 3/3 3/3 3/3 3/3 10?
N1 3/3 3/3 3/3 3/3 107
A/H3N2 M1 3/3 3/3 3/3 3/3 10?
H3 3/3 3/3 3/3 3/3 10?
N2 3/3 3/3 3/3 3/3 107
A/H5N1 M1 3/3 3/3 3/3 3/3 10?
HS5 3/3 3/3 3/3 3/3 10?
N1 3/3 3/3 3/3 1/3 10°

dition, the eMA influenza virus genotyping assay has been
demonstrated to correctly type and subtype 14 cultured
A/HS5NI1 virus isolates representing multiple clades from
2002 to 2006 (8).

Clinical evaluation. The clinical performance of the assay
was first evaluated using 146 human clinical nasopharyngeal
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samples collected at the MCW (Table 4). Previously, influenza
A virus had been detected in 59 specimens and influenza B
virus in 45 specimens. Forty-two of the specimens were re-
ported to be negative for influenza virus but positive for other
respiratory viruses (4 for HPIV-1, 9 for HPIV-3, 5 for respi-
ratory syncytial virus, 12 for rhinovirus, 5 for enterovirus, and
7 for adenovirus). In comparison to the reference methods
(culture, real-time PCR, multiplex PCR, and EHA), the eMA
influenza virus genotyping assay correctly identified 55 out of
59 (93%) samples as influenza virus A and 41 out of 45 (91%)
samples as influenza virus B. Among the 55 influenza A virus-
positive samples, 7 (13%) were subtyped as HIN1 and 48
(87%) were subtyped as H3N2. None of the influenza virus-
negative specimens tested positive by the eMA influenza virus
genotyping assay. Based on these results, the clinical sensitiv-
ity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) were calculated to be 93.2%, 100%,
100%, and 95.6%, respectively, for influenza A virus and
91.1%, 100%, 100%, and 96.2%, respectively, for influenza B
virus. For influenza A and B viruses combined, the clinical
sensitivity, specificity, PPV, and NPV were 92.3%, 100%,
100%, and 84.0%, respectively (Table 4).

The clinical performance of the assay was further evalu-
ated using 1/10? dilutions of 10 purified avian specimens

RFU SNR Type/Subtype
Sample FA  NIED N2H3) NIHS) FA NIHD) N2H3) NIHS)| |FA NIHD N2H3) NIEHS)
FB  HI(N1) H3(N2) H5(N1) Bkgd FB HI(N1) H3(N2) HS5(N1) FB HI(N1) H3(N2) H5(N1)
B/Hong Kong/330/01 - - - - - - . - . - - - -
62918 1967 2483 2224 | 2219 28.4 0.9 1.1 1.0 FB - -
DSty | B0 B8 6@ @8 |08 | [ s @ @8 | |- - :
49906 2012 2218 1948 1855 26.9 1.1 1.2 1.1 FB - -
A/New Caledonia/20/00 | 20041 15015 P332 1833 | 906 | (3285 W69 26 220 FA NI(HI) -
2316 28175 2509 2697 1782 13 15.8 14 L5 - HI1(N1) -
P W96 (88 64 6 | 88 | [©8 G 04 G | B4 Num) :
1181 26487 1033 953 1039 11 25.5 1.0 0.9 - __HIND -
I Wen 529 6@ B9 |6 | (B4 S8 @8 W0 | |68 N :
1058 12345 1017 933 1041 10 11.9 1.0 0.9 - HI(ND) -
o130 B 58 G W6 | B0 | (D@ B8 04 @ | |64 Num) :
1076 14052 1003 922 1044 1.0 135 1.0 0.9 - _HI(ND) -
oT1s0A B0 M 82 88 |0 | B2 S 08 02 | |BA N -
897 7637 815 941 908 1.0 8.4 0.9 1.0 - HI(ND) - -
AWromngoys | #88 BN) DN WSH (88| (02 08 @ 09 | (B8 - am -
1794 1968 71263 2640 | 2341 0.8 0.8 30.4 11 - - H3(N2)
A/California/7/04 B35 %0 2006 G40 059 95 @ 0BO 0% FA - N3
1526 1760 61941 1708 | 2074 0.7 0.8 29.9 0.8 - H3(N2)
1701 1707 51586 1670 1775 1.0 10 29.1 0.9 - - H3(N2) -
A Sydney/s? W8 58 WAS D5 | B8 | (M6 I @4 0 | (@ - M@ -
1693 1703 72475 1477 1565 1.1 11 46.3 0.9 - - H3(N2) -
PP Wel 89 S0 80 |om | (28 05 S8 2 | (@ - N -
2072 2004 65357 1675 1667 12 1.2 39.2 1.0 - - H3(N2) -
669 756 24244 621 657 L0 1.2 36.9 0.9 - - H3(IN2) -
vemmioges |HE WG Bl @S0 |20 | (@88 08 B8 %6 | |8 - - s
1774 1589 1550 25382 | 1412 L3 L1 11 18.0 - - HS(N1)
R 592 o a1 s |G | (58 02 08 554 | @A - N1(HS)
192 159 181 1723 189 0.6 0.5 0.6 5.7 - - HS(N1)

FIG. 1. Representative NC400 data from the eMA influenza virus genotyping assay, showing correct detection of 15 influenza virus isolates at
1/10 dilutions of RNA, with no wrong types or subtypes across different virus isolates. Red fluorescent signals are represented by shading. Green
fluorescent signals are represented by unshaded numbers. The SNR is the ratio of the RFU on a test site to the RFU on a background site (Bkgd).

Typing and subtyping are called when the SNR is =3.0.
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TABLE 4. Performance of eMA influenza virus genotyping assay compared with the reference methods for 146 human clinical samples

Target and result
by the eMA
influenza virus

No. of samples with the following result by the
reference methods*:

Performance characteristic (%)

genotyping assay Positive Negative Total Sensitivity Specificity PPV NPV
FA 93.2 100 100 95.6
Positive 55 0 55
Negative 4 87 91
Total 59 87 146
FB 91.1 100 100 96.2
Positive 41 0 41
Negative 4 101 105
Total 45 101 146
FA + FB 92.3 100 100 84.0
Positive 96 0 96
Negative 8 42 50
Total 104 42 146

“ Results by the reference methods are the combined results of culture, real-time PCR, multiplex RT-PCR, and EHA.

(Fig. 2). The eMA influenza virus genotyping assay correctly
typed and subtyped the viruses in 8 of these 10 (80%)
samples as influenza virus A HSN1 compared to culture and
multiplex PCR, used as the reference methods. Two samples
(Avian 7 and Avian 10) were positive for N1(HS) but neg-
ative for M1 and HS5.

Analysis of discrepant specimens. The eMA influenza virus
genotyping assay failed to detect 8 of 104 (7.7%) human
clinical nasopharyngeal samples that were initially influenza
virus positive by the reference methods (culture, real-time
PCR, multiplex PCR, and EHA). Gel analysis of the ampli-
cons of these eight discrepant samples revealed no PCR
bands for any genes (data not shown). These eight samples
were retested by both an EHA and the eMA assay. Of the
four influenza A virus-discrepant samples, two retested pos-
itive and two retested negative by EHA. All four retested
negative with the eMA. Similar retesting results were ob-
tained for the four influenza B virus-discrepant samples: two
were positive and two negative by EHA, and all four were
negative with the eMA. It is possible that degradation of the
RNA occurred in the four samples that were negative by
both methods at the time of retesting. When these four
specimens were removed from the analysis, the recalculated
clinical sensitivity and NPV were 96.5% and 97.8%, respec-
tively, for influenza A virus and 95.3% and 98.1%, respec-
tively, for influenza B virus. For influenza A and B viruses
combined, the clinical sensitivity and NPV were 96.0% and
92.0%, respectively. The specificity and PPV remained at
100%.

For the two avian samples (Avian 7 and Avian 10) that were
positive for N1(HS) and negative for M1 and HS, no retest
could be conducted by either EHA or eMA due to the limited
availability of the original samples. Microcapillary electro-
phoresis gel analysis of the PCR products of these 10 avian
specimens confirmed that little or none of the M1 and HS5

amplicons were produced from the Avian 7 and Avian 10
specimens (Fig. 2).

DISCUSSION

We have described the development of an eMA influenza
virus genotyping assay for detecting and identifying the types
and subtypes of human influenza A (HIN1 and H3N2) and
influenza B viruses and avian H5N1 viruses. The assay has
been validated with 15 influenza virus isolates, 146 human
clinical nasopharyngeal specimens, and 10 avian specimens.

One concern regarding nucleic acid assays for influenza A
virus subtyping is that they may be short-lived due to constant
viral mutations (18, 21) The oligonucleotide set for the eMA
influenza virus genotyping assay was designed based on recent
sequences (2002 to 2007) with in silico coverage rates of 93 to
100% for the eight targets. However, in silico analysis suggests
that the selected oligonucleotide set would have performed
well at detecting H3 and HI1 viruses isolated 10 years ago.
More importantly, in silico analyses of the sequences of the
2008-t0-2009 season influenza virus vaccine strains (for HIN1,
A/Brisbane/59/2007; for H3N2, A/Brisbane/10/2007; B/Florida/
4/2006) suggest that the eMA influenza virus genotyping assay
described here would detect these newer virus strains.

The specific detection of the HSN1 subtype is more prob-
lematic, due to the close relationship of the HSN1 HA and NA
to H5 from avian HS5N2 viruses and N1 from avian HIN1,
HO6N1, and H7N1 viruses. The HS oligonucleotide assay set
would be expected to detect a subset of HS genes from avian
HSN2 viruses, and the N1 oligonucleotide set would be ex-
pected to detect N1 genes associated with other avian virus
subtypes, such as HIN1, H6N1, and H7N1. Thus, for identifi-
cation of H5N1 viruses, it is necessary that both the HS and the
associated N1 be positive.

The eMA influenza virus genotyping assay demonstrated



VoL. 47, 2009 ASSAY FOR TYPING AND SUBTYPING INFLUENZA VIRUSES 395
RFU SNR Type/Subtype
Sample | FA Nl NS NGB FA Nu(HI) N2(H3) NI@ES) | | FA NI(HI) N2(H3) NI(HS)
FB  HI(N1) H3(N2) HS(N1) Bkgd FB HIN1) H3(N2) HS5N1) FB HI(N1) H3(N2) HS(N1)
v |80 B9  BM0 o8 | 87 | (58 08 206 2 mos | (B - - NS
194 174 189 1293 172 1.1 1.0 1.1 7.5 - - HS5(N1)
Aviany |E W80 95 e |Ge2 | [ pE W M- N1GHS)
125 123 142 480 135 0.9 0.9 1.1 3.6 - - HS5(N1)
avans |38 86 9 Dol |ome | |68 0B 0@ 0w | (A - NI(HS)
208 137 188 2089 178 1.2 0.8 1.1 11.7 - - HS5(N1)
Avians |88 HGD  G6s isees | B9 | |5 03 24 W2 | [ - NiHS)
145 112 135 1181 128 1.1 0.9 1.1 9.3 - - HS5(N1)
avans |98 W85 GE pups |6 | (8@ 08 020 020 &8E | (B - HS(N1)
162 144 168 1277 145 1.1 1.0 1.2 8.8 - - HS5(N1)
Aviang |98 B3 B3 iGZ 56 | (54 oA o A | [BA - NI(HS)
131 150 151 668 140 0.9 1.1 1.1 4.8 - - HS5(N1)
avian7 | B8 5 P96 W8 |88 | [ 05 208 28 - - NI(HS)
211 156 207 364 185 1.1 0.8 1.1 2.0 - - -
aviang | P81 B8 G0 iMAes |5 | (@@ B 0@ 20®A | (W - N1(115)
134 112 140 771 137 1.0 0.8 1.0 5.6 - - HS(N1)
Aviamo | 593 086 555 p3sw | Bo3 | (65 02 0@ 20 | (B - NI(HS)
150 137 152 1217 155 1.0 0.9 1.0 7.9 - - HS5(N1)
Avian 10 | 202 EB 210 B73 | 251 s 08 10.6 - - NI1(HS)
139 134 135 215 145 1.0 0.9 0.9 1.5 - - -
AVI  AV2 AV3  AV4 AV5 AV6 AV7 AVS8 AV9  AVI10
7000
1900
1100
700
NI1(H5) (327 b
00 <+— NI(HS5)( P)
<4— M1 (233 bp)
H5 (177 bp)
100
15 — —

FIG. 2. NC400 data from the eMA influenza virus genotyping assay and microcapillary electrophoresis gel, showing the detection of influenza
virus in 10 avian specimens at 1/10? dilutions of RNA. Red fluorescent signals are represented by shading. Green fluorescent signals are
represented by unshaded numbers. The SNR is the ratio of the RFU on a test site to the RFU on a background site (Bkgd). Typing and subtyping

are called when the SNR is =3.0.

good analytical and clinical specificity. The analytical sensitiv-
ity and clinical sensitivity of the assay are comparable to those
reported for other microarray-based influenza virus typing and
subtyping methods (9, 16, 21, 27). In addition, the eMA influ-
enza virus genotyping assay provided subtype information for
55 influenza A virus-positive specimens—7 identified as HIN1
and 48 as H3N2—although the results were not validated using
culture, the gold standard, at this time; such testing is planned
in the future. The eMA influenza virus genotyping assay iden-
tified the viruses in 80% (8 of 10) of the avian specimens as
A/H5N1 when 1/10%-diluted RNA was used. The other two
samples tested positive for N1(H5) and negative for M1 and
HS. The analytical sensitivity suggested that M1 and HS were
more sensitive than N1(HS5). The negative M1 and HS5 results

for the two avian specimens could be caused by deterioration
of diluted RNA during shipping and handling or by mutations
occurring in the regions of the M1 and H5 primers. The latter
situation could not be verified without the availability of the
sequences for these specimens.

Among the several microarrays reported for the typing and
subtyping of influenza viruses (9, 13, 14, 19, 21, 22, 27), a
majority used at least 55 oligonucleotides as primers and de-
tecting probes. On the other hand, the eMA influenza virus
genotyping assay requires a total of 41 oligonucleotides: 16
PCR primers, 10 capture oligonucleotides, 13 bifunctional dis-
criminator oligonucleotides, and 2 fluorescently labeled uni-
versal reporter oligonucleotides. The work flow of the assay is
simplified by combining a two-step multiplex RT-PCR assay
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with automated detection on an eMA. The NC400 instrument
can be programmed to load the capture oligonucleotides, di-
lute the PCR products, perform the hybridizations, and pro-
cess the data. Hands-on post-PCR procedures such as dilutions
and hybridization, required by many microarray-based assays
(9, 13, 14, 21, 27), can be accomplished automatically by the
NC400 instrument. Although this feature of the instrument
was not employed during the experiments reported here, it has
been used in other assays (10). This desirable feature helps to
minimize potential carryover contamination in clinical testing.

The assay can be performed rapidly: the entire procedure
from sample extraction (30 min) to multiplex RT-PCR (95
min) to detection on the eMA (30 min) can be achieved in less
than 3.5 h for 8 samples and approximately 6.5 h for 64 sam-
ples. This speed is comparable to or better than those of other
microarray-based assays (21, 27). Although real-time RT-PCR
can provide the results within 1 h (17, 18), it is typically de-
signed for detecting one to three targets per reaction. For the
detection of multiplex (e.g., eight) targets in the eMA influenza
virus genotyping assay, the samples have to be divided into
multiple reaction tubes. This may be an issue when the amount
of sample is small.

In summary, we have developed a rapid, accurate, user-
friendly multiplex assay for simultaneously detecting influenza
A and B viruses and for identifying the two major subtypes
currently circulating in humans, A/HIN1 and A/H3N2, as well
as the avian virus subtype A/H5N1. This assay could fill a niche
between simple typing of influenza A and B viruses and the
more complex, technically challenging microarrays. The assay
could provide a method for influenza surveillance, where early
detection and rapid subtype information can be important.
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