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Pandemic influenza A/HIN1 2009 (A/H1N1pdm) virus has caused significant outbreaks worldwide.
A previous one-step real-time reverse transcription-PCR (rRT-PCR) assay for detecting A/HIN1pdm
virus (H1pdm rRT-PCR assay) was improved since the former probe had a low melting temperature
and low tolerance to viral mutation. To help with the screening of the A/HIN1pdm virus, rRT-PCR
assays were also developed for detecting human seasonal A/HIN1 (H1 rRT-PCR assay) and A/H3N2
influenza viruses (H3 rRT-PCR assay). H1pdm, H1, and H3 rRT-PCR assays were evaluated using in vitro-

g’g ;10;512: transcribed control RNA, isolated viruses, and other respiratory pathogenic viruses, and were shown to
Real-time RT-PCR have high sensitivity, good linearity (R?> =0.99), and high specificity. In addition, the improved H1pdm
A/HIN1pdm rRT-PCR assay could detect two viral strains of A/H1N1pdm, namely, A/Aichi/472/2009 (H1N1)pdm and
Influenza A/Sakai/89/2009 (H1N1)pdm, which have mutation(s) in the probe-binding region of the hemagglutinin

gene, without loss of sensitivity. Using the three rRT-PCR assays developed, 90 clinical specimens col-
lected between May and October 2009 were then tested. Of these, 26, 20, and 2 samples were identified
as positive for A/H1pdm, A/H3, and A/H1, respectively, while 42 samples were negative for influenza
A viruses. The present results suggest that these highly sensitive and specific H1pdm, H1, and H3 rRT-
PCR assays are useful not only for diagnosing influenza viruses, but also for the surveillance of influenza
viruses.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction 2009 (Kageyama et al., in press). By sharing these laboratory diag-

nostic systems consisting of primers, probes, reagents, positive

Since the identification of the novel HIN1 subtype of influenza
A virus (pandemic influenza A/H1N1 2009 virus) in Mexico and
the United States in March and April 2009, respectively, (WHO,
2009a,b), the virus has spread worldwide. According to WHO,
as of February 7, 2010, more than 212 countries and overseas
territories or communities have reported laboratory-confirmed
cases of pandemic influenza, including at least 15,292 deaths
(http://www.who.int/csr/don/2010.02_12/en/index.html).

To prepare for the entry of pandemic influenza A/HIN1 2009
(A/HIN1pdm) virus in Japan, the National Institute of Infec-
tious Diseases (NIID) developed a one-step real-time reverse
transcription-PCR (rRT-PCR) assay and conventional RT-PCR
method for specifically detecting A/HIN1pdm virus by April 29,

* Corresponding author. Tel.: +81 42 561 0771; fax: +81 42 561 0812.
E-mail address: tkage@nih.go.jp (T. Kageyama).

0166-0934/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
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controls, and a manual with 75 prefectural and municipal public
health institutes and 15 quarantine stations, preparations to detect
A/H1N1pdm virus were completed by May 4, 2009 (Kageyama et al.,
in press). After the first cases of A/HIN1pdm virus infection were
identified at Narita Airport Quarantine Station, Japan, on May 9,
2009 (Shimada et al., 2009), the virus spread and was confirmed
(using these diagnostic assays) in all prefectures of Japan by July
16, 2009 (report by Infectious Disease Surveillance Center of NIID
[http://idsc.nih.go.jp/disease/swine_influenza_e/index.html]).

In August 2009, a previous rRT-PCR assay was improved so as to
detect A/H1N1pdm viruses more specifically and sensitively, since
the probe that was used previously had a low melting tempera-
ture and low tolerance to viral mutation. Furthermore, to help with
the screening of the A/H1N1pdm virus, rRT-PCR assays were devel-
oped also for detecting human seasonal A/HIN1influenza (A/H1N1)
and A/H3N2 influenza (A/H3N2) viruses. These highly sensitive and
specific rRT-PCR assays for detecting and subtyping A/H1N1pdm,
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seasonal A/H1N1, and seasonal A/H3N2 viruses will be useful not
only for diagnosing influenza viruses, but also for the surveillance
of influenza viruses.

2. Materials and methods
2.1. Primer and probe design

The probe for detecting the A/H1IN1pdm virus was redesigned
by comparing the former probe sequence and the correspond-
ing sequences of hemagglutinin (HA) genes from A/HIN1pdm
viruses posted on the Global Initiative on Sharing Avian Influenza
Data (GISAID) database between August and October 2009. The
nucleotide sequences were aligned using Clustal W software
(Larkin et al.,, 2007). The sequence of the probe was modified
slightly to match the HA gene of the recently circulating virus, and
the redesigned probe was elongated (seven nucleotides longer
than the former probe) to increase the melting temperature and
thus improve the sensitivity and specificity of the assay. Subtyping
primers and probes for detecting human seasonal A/HIN1 and
A/H3N2 viruses were designed to correspond to each HA gene
by comparing sequences posted over the past five years on the
GISAID database. The type A typing primers and probe for detect-
ing influenza A virus were designed previously to correspond
to conserved regions of the matrix gene segment (Kageyama
et al,, in press). The rRT-PCR assay for detecting influenza A virus
(Type A rRT-PCR assay) was used as a control for evaluating the
new and improved rRT-PCR assays. The sequences and position
of the primers and probes are listed in Table 1. The sequences
of the primers and probes for Type A and Hlpdm rRT-PCR
assays are disclosed on the Global Influenza Programme website
(http://www.who.int/csr/resources/publications/swineflu/WHO._
Diagnostic_RecommendationsH1N1.20090521.pdf).

2.2. Viruses

All influenza viruses included in this study were isolated
in Madin-Darby Canine Kidney (MDCK) cells. In addition to
A/HIN1pdm, several subtypes/types of seasonal influenza
viruses used for validating the specificity of the assay were
as follows: A/Narita/1/2009 (H1N1)pdm, A/Hiroshima/310/2009
(HIN1)pdm, A/Aichi/472/2009 (H1N1)pdm, A/Sakai/89/2009

(HIN1),
(HIN1),

A/Ehime/38/2008 (HIN1), A/Yokohama/95/2008
A/Kanagawa/69/2008  (H1N1),  A/Fukui/91/2008
(HIN1), A/Akita/10/2008 (H1N1), A/Fukui/77/2008 (H1N1),
A/Sapporo/16/2008 (H1IN1), A/Uruguay/716/2007 (H3N2),
A/Toyama/123/2008 (H3N2), A/Yamanashi/135/2008 (H3N2),
A/Hiroshima-C/41/2008 (H3N2), B/Sakai/41/2008, and
B/Mie/1/2009.

The viral respiratory pathogens used for validating the speci-
ficity of the assay were as follows: respiratory syncytial virus A,
respiratory syncytial virus B, human parainfluenza viruses types
1-4, Human rhinoviruses types 1B, 2, 14, 36, and 89, human metap-
neumovirus, and human coronaviruses 0C43, 229E, and NL63.
Human metapneumovirus and human parainfluenza viruses 2 and
4 were obtained from Sendai Medical Center. Human rhinoviruses
types 1B, 2, 14, 36, and 89 were obtained from Nagasaki Prefectural
Institute for Environmental Research and Public Health. Respira-
tory syncytial viruses A and B, human parainfluenza viruses 1 and
3, and human coronaviruses were stored at NIID.

2.3. Preparation of RNA transcript controls

To construct an RNA-positive control for each rRT-PCR assay,
each target gene segment was amplified by RT-PCR, and the result-
ing PCR product containing T7 promoter was then transcribed
in vitro. The detailed procedure is described below.

The primer Unil12 (5-AGCAAAAGCAGG-3’) (Hoffmann et al.,
2001) was used for RT using a SuperScript® III Reverse Transcrip-
tase Kit (Invitrogen) according to the manufacturer’s instructions.
The matrix gene of the A/Narita/1/2009 (H1N1)pdm virus was
amplified using the following paired primers: Narita MP_F (5'-
ATGAGTCTTCTAACCGAGGTCGAAACGTACGTTCTTTCTATCATC-3')
and T7_Narita.MP_R (5'-TAATACGACTCACTATAGGGTTACTCTAGC-
TCTATGTTGACAAAATGACCATCGTC-3’). The HA gene segments of
A/Narita/1/2009 (H1N1)pdm, A/Brisbane/59/2007 (H1N1), and
A/Uruguay/716/2007 (H3N2) viruses were amplified using the fol-
lowing paired primers: Narita_HA_F (5'-AGCAAAAGCAGGGGAAAA-
CAAAAGCAACAAAAATGAAGGCAATACTAGTAGTTCTG-3') and T7.
Narita.-HAR (5-TAATACGACTCACTATAGGGAGTAGAAACAAGGGT-
GTTTTTCTCATGCTTCTGAAATCCTAATGTTAAATAC-3’),  Brisbane_
HA_F (5-AGCAAAAGCAGGGGATAATAAAAACAACCAGAATGAAAG-
TAAAACTACTGGTCCTGTTAT-3’) and T7 Brisbane HAR (5'-TAATA-
CGACTCACTATAGGGTAGTAGAAACAAGGGTGTTTTTCCTTATATTTC-

(HIN1)pdm, A/Brisbane/59/2007 (HIN1), A/Shiga/8/2008  TGAAATTCTGGTCTTAGATG-3'), and Uruguay HA_F (5'-AGCAAAA-
Table 1
Primers and probes.
Primer and probe names Primer and probe sequences (5'-3") Orientation Target gene Position?
Primers and probe set for the H1pdm rRT-PCR assay
NIID-swH1 TagMan Primer-F1 AGAAAAGAATGTAACAGTAACACACTCTGT + HA 111-140
NIID-swH1 TagMan Primer-R1 TGTTTCCACAATGTARGACCAT - HA 276-297
NIID-swH1 Probe2 (FAM)CAGCCAGCAATRTTRCATTTACC(MGB)P - HA 208-230
Primers and probe set for the H1 rRT-PCR assay
NIID-H1 TagMan Primer-F1 CCCAGGGYATTTCGCYGACTATGAG + HA 324-348
NIID-H1 TagMan Primer-R1 CATGATGCTGAYACTCCGGTTACG — HA 432-455
NIID-H1 Probel (FAM)TCTCAAAYGAAGATACTGAACT(MGB) - HA 367-387
Primers and probe set for the H3 rRT-PCR assay
NIID-H3 TagMan Primer-F1 CTATTGGACAATAGTAAAACCGGGRGA + HA 744-770
NIID-H3 TagMan Primer-R1 GTCATTGGGRATGCTTCCATTTGG - HA 898-921
NIID-H3 Probel (FAM)AAGTAACCCCKAGGAGCAATTAG(MGB) - HA 799-821
Primers and probe set for the Type A rRT-PCR assay
MP-39-67For CCMAGGTCGAAACGTAYGTTCTCTCTATC + M 14-42
MP-183-153Rev TGACAGRATYGGTCTTGTCTTTAGCCAYTCCA - M 128-159
MP-96-75ProbeAs (FAM)ATYTCGGCTTTGAGGGGGCCTG(MGB) - M 50-71

The NIID-swH1 Probe2 is seven nucleotides longer than the former probe, NIID-swH1 Probe. The seven nucleotides are underlined.
2 The nucleotide positions of HA and M genes are based on cRNA sequences obtained from GenBank. Accession numbers for HA genes of A/Narita/1/2009 (H1N1)pdm,
A/Brisbane/59/2007 (H1N1), A/Uruguay/716/2007 (H3N2) viruses, and the M gene of the A/Narita/1/2009 (H1N1)pdm virus are GQ165815, CY030230, EU716428, and

GQ169302, respectively.
b Probes are labeled with FAM at the 5" end and MGB at the 3’ end.
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GCAGGGGATAATTCTATTAACCATGAAGACTATCATTGCTTTGAGCT-
ACATTCTATG-3’) and T7.Uruguay.-HAR (5-TAATACGACTC-
ACTATAGGGCAGTAGAAACAAGGGTGTTTTTAATTAATGCACTCAAA-
TGCAAATGTTGC-3’). PCR was performed using the Expand High
Fidelity PCR System (Roche Molecular Biochemicals, Mannheim,
Germany). The PCR products were purified using NucleoSpin®
(Macherey-Nagel GmbH & Co. KG, Duren, Germany) and tran-
scribed using the MegaScript® T7 In Vitro Transcription Kit
(Ambion) according to each manufacturer’s instructions. After
DNase digestion to remove residues of RT-PCR products, the
transcribed RNA was purified twice using an RNA Isolation Kit
(Agilent Technologies, Santa Clara, CA, USA) and quantified by
spectrophotometric analysis.

2.4. Sequencing of the partial HA gene of pandemic influenza
A/HINT 2009

To confirm the sequence of target region for primers
and probe of Hlpdm rRT-PCR assay, partial HA genes of
A/Narita/1/2009 (H1N1)pdm, A/Hiroshima/310/2009 (H1N1)pdm,
A/Aichi/472/2009 (H1N1)pdm, and A/Sakai/89/2009 (H1N1)pdm
were sequenced. To amplify the partial HA gene between —32
and +366 (from the start codon) using extracted RNA, RT-PCR
was carried out with the paired primers H1HA1-BEGIN (5'-
AGCAAAAGCAGGGGAAAATAA-3’) and swine H1-385-366R

(5'-CAAATGATGACACTGAGCTC-3') using the OneStep RT-PCR
kit (Qiagen, Hilden, Germany) according to the manufacturer’s
instructions. The RT-PCR conditions were as follows: 30 minat 50 °C
to activate RT followed by initial denaturation for 15 min at 95°C,
with a subsequent 45 cycles of amplification (denaturation at 95 °C
for 305, annealing at 50°C for 305, extension at 72 °C for 405s). The
PCR products were purified and then sequenced using swine H1-
56-76F primer (5'-CATTATGTATAGGTTATCATG-3'). Total RNA was
prepared as described in Section 2.6.

2.5. Clinical specimens

Nasal and/or pharyngeal swabs collected from suspected and
contact cases of influenza and suspended in virus transport medium
were obtained from prefectural and municipal public health insti-
tutes and quarantine stations in Japan. These specimens were
collected between May and October 2009.

2.6. RNA preparation

Supernatants of cultured MDCK cells were centrifuged at
10,000 x g for 10 min. Viral RNA was prepared from 140 pl of the
supernatant using the QIAamp® Viral RNA kit (Qiagen) according to
the manufacturer’s instructions with a slight modification in that
the viral RNA was eluted in 70 .l of AVE (Qiagen).

Total RNA was prepared from clinical specimens using the
QIAamp® Viral RNA kit (Qiagen) (using 140 w1 of clinical speci-
men) or MagMAX™ 96 Viral Isolation Kit (Ambion, Austin, TX, USA)
(using 50 .l of clinical specimen) with KingFisher Flex (Thermo
Fisher Scientific, Waltham, MA, USA) according to each manufac-
turer’s instructions. Total RNA from the 140 pl clinical specimen
was eluted with 60 pl of AVE (Qiagen), whereas total RNA from
the 50 wl clinical specimen was eluted with 30 pl of elution buffer
(Ambion).

2.7. One-step real-time RT-PCR assay

The reaction was performed using a QuantiTect® Probe RT-PCR
Kit (Qiagen) according to the manufacturer’s instructions. Briefly,
the 25 .l assay contained 12.5 pl of 2 x QuantiTect Probe PCR Mas-
ter Mix, 0.25 pl of QuantiTect RT Mix, 0.1 wl of RNase Inhibitor

(Applied Biosystems, Foster City, CA, USA), 1.5 .l of 10 wM forward
primer, 1.5 plof 10 wM reverse primer, 0.5 .l of 5 WM probe, 3.65 .l
of water, and 5 ! of RNA template. Cycling was performed as fol-
lows: 30 min at 50 °C to activate RT, followed by initial denaturation
for 15min at 95°C with a subsequent 45 cycles of amplification
(denaturation at 95 °C for 15s and annealing as well as extension
at 56°C for 75s) using LightCycler® 480 (Roche Molecular Bio-
chemicals). Fluorescent signals were collected during annealing
and extension steps, and amplification data were analyzed using
the Light Cycler® 480 SW1.5 software according to the manufac-
turer’s instructions.

3. Results
3.1. Development of real-time RT-PCR assays

Three rRT-PCR assays were developed (Table 1): Hlpdm
rRT-PCR assay for detecting pandemic influenza A/H1IN1 2009
(A/H1N1pdm) virus, H1 rRT-PCR assay for detecting human sea-
sonal A/H1IN1 influenza (A/H1NT1) virus, and H3 rRT-PCR assay for
detecting A/H3N2 influenza (A/H3N2) virus.

The specificity of each rRT-PCR assay was evaluated using
A/H1N1, A/H3N2, and A/HIN1pdm viruses, influenza B viruses, and
other viral respiratory pathogens. The improved H1pdm rRT-PCR
assay reacted specifically to A/HIN1pdm viruses, but did not cross-
react with A/H1N1 and A/H3N2 viruses. The new H1 rRT-PCR assay
reacted specifically to A/H1N1 viruses, but did not cross-react with
A/H3N2 and A/H1N1pdm viruses, and the H3 rRT-PCR assay reacted
specifically with the A/H3N2 viruses, but did not cross-react with
A/H1N1 and A/HIN1pdm viruses. The Type A rRT-PCR assay could
detect only influenza A viruses. All four assays showed no cross-
reactivity against influenza B viruses and other viral respiratory
pathogens.

The detection limit of each assay was determined by perform-
ing serial dilutions of in vitro-transcribed control viral RNA for six
replicates in each assay. The detection limit of each assay was
determined by calculating the concentration where there is 95%
positivity using the results shown in Table 2. The detection limits
of Type A, H1pdm, H1, and H3 rRT-PCR were determined to be 7.5,
6.8, 7.3, and 7.1 copies/reaction, respectively.

The sensitivity of improved H1pdm, H1, and H3 rRT-PCR assays
was compared with that of the Type A rRT-PCR assay using
serial dilutions of A/Narita/1/2009 (H1N1)pdm, A/Aichi/472/2009
(H1IN1)pdm, A/Sakai/89/2009 (H1N1)pdm, A/Brisbane/59/2007
(H1N1), or A/Uruguay/716/2007 (H3N2) viruses in six replicates
for each assay (Tables 3 and 4). A/Aichi/472/2009 (H1N1)pdm was
shown to have an HA gene in which the adenine nucleotide was sub-
stituted with a cytosine nucleotide at position 218 from the start
codon located in the target region of the former probe (NIID-swH1
Probe1) (Kageyama et al., in press). A/Sakai/89/2009 (H1IN1)pdm
showed an HA gene in which the guanine nucleotide and the
thymine nucleotide were substituted with adenine nucleotides at
positions 208 and 210, respectively, located in the target region
of the NIID-swH1 Probe 1. Since both viruses had mutation(s) in
the probe-binding region of the HA gene, the sensitivity of the for-
mer H1pdm rRT-PCR assay decreased for these viruses (Table 4).
However, the improved H1pdm rRT-PCR assay could detect these
viruses with high sensitivity (Table 4).

As shown in Tables 3 and 4, the minimum viral titers for
100% detection of A/Narita/1/2009 (H1N1)pdm, A/Aichi/472/2009
(H1N1)pdm, and A/Sakai/89/2009 (H1N1)pdm using the Type A
and H1pdm rRT-PCR assays were 3.16 x 1072, 5.00 x 10~3, and
1.07 x 10~3 TCID50/reaction, respectively. The minimum viral titer
for 100% detection of A/Brisbane/59/2007 (H1N1) using Type A and
H1 rRT-PCR assays was 2.19 x 10-3 TCID50/reaction, and that of
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Table 2

Detection limits of each assay using serial dilutions of in vitro-transcribed control viral RNA.

Template RNA concentrations (copies/reaction)

Number of positive replicates/number of tests for each assay (positive %)

Type A2 H1pdmP H1¢ H3d
10 6/6 (100) 6/6 (100) 6/6 (100) 6/6 (100)
5 6/6 (100) 6/6 (100) 6/6 (100) 6/6 (100)
1 2/6(33.3) 5/6 (83 3) 3/6 (50) 4/6(66.7)
0.1 0/6 (0) 0/6(0) 0/6(0) 0/6(0)

2 Template RNA for each assay is the matrix gene segment of A/Narita/1/2009 (H1N1)pdm.
b Template RNA for each assay is the HA gene segment of A/Narita/1/2009 (HIN1)pdm.

¢ Template RNA for each assay is the HA gene segment of A/Brisbane/59/2007 (HIN1).

d Template RNA for each assay is the HA gene segment of A/Uruguay/716/2007 (H3N2).

Table 3
Detection limits of each real-time RT-PCR assay using serial dilutions of viral RNA.

Viral titer
(TCIDsp/reaction)

Viral titer
(TCIDsp/reaction)

No. of positive replicates/
No. of tests for each assay
(positive %)

No. of positive replicates/
No. of tests for each assay
(positive %)

Viral titer
(TCIDsp/reaction)

No. of positive replicates/
No. of tests for each assay
(positive %)

A/Narita/1/2009 Type A Hlpdm A/Brisbane/59/2007 Type A H1 A/Uruguay/716/2007 Type A H3
(HIN1)pdm (HIN1) (H3N2)

3.16 x 10! 6/6 (100) 6/6 (100) 2.19x 1072 6/6 (100) 6/6 (100) 4.68 x 102 6/6 (100) 6/6 (100)
3.16x 1072 6/6 (100) 6/6 (100) 2.19x 1073 6/6 (100) 6/6 (100) 4.68 x 103 6/6 (100) 6/6 (100)
3.16x 1073 3/6 (50 2/6(33.3) 2.19x 1074 4/6 (66.7) 3/6 (50) 468 x 104 1/6(16.7) 1/6(16 7)
3.16 x 10~ 0/6 (O) 0/6 (0) 2.19x 107 0/6 (0) 0/6(0) 4.68 x 10> 0/6 (0) 0/6 (0)

A/Uruguay/716/2007 (H3N2) using Type A and H3 rRT-PCR assays
was 4.68 x 103 TCID50/reaction (Table 3). As described above, the
minimum viral titer for 100% detection of each virus using H1pdm,
H1, or H3 rRT-PCR assays was identical to that for 100% detec-
tion of each virus using the Type A rRT-PCR assay (Tables 3 and 4).
Detection of further dilutions of each virus was not 100% over six
replicates of each assay (Tables 3 and 4).

A standard curve of each assay was also generated (Fig. 1). The
standard curve showed a linear relationship between the log of the
viral titer and the crossing point (Cp) value for all assays (Fig. 1). The
correlation coefficient of the standard curve was 0.99 for all assays,
indicating a precise log-linear relationship between the viral titer
and Cp value (Fig. 1).

3.2. Validation of real-time RT-PCR assays performed using
clinical specimens

From May 2009 to October 2009 clinical specimens (nasal and/or
pharyngeal swabs) from suspected cases of pandemic (H1N1) 2009
virus infection (n = 90) were obtained from prefectural and munici-
pal public health institutes and quarantine stations in Japan. Type A
rRT-PCR, improved H1pdm rRT-PCR, H1 rRT-PCR, and H3 rRT-PCR
assays were performed for all clinical specimens. As a result, 48
samples were identified as positive for Type A, whereas 42 sam-
ples were negative for Type A. All 48 Type A-positive samples were
subtyped, revealing that 26, 20, and 2 samples were positive for
H1pdm, H3, and H1, respectively.

Table 4

4. Discussion

After the worldwide outbreak of pandemic influenza A/HIN1
2009 (A/H1IN1pdm), many diagnostic methods for detecting the
causative virus, including the rRT-PCR assay, were established by
many groups (Beck et al., 2010; Bose et al., 2009; Carr et al., 2009;
Chidlow et al., 2010; Dong et al., 2010; Ge et al., 2009; Gunson
etal., 2010; Hall et al., 2009; He et al., 2009; Jiang et al., 2010; Kubo
et al,, 2010; Lau et al,, 2009; LeBlanc et al., 2009; Liu et al., 2009;
Pabbaraju et al., 2009; Poon et al., 2009; Wang et al., 2009; Wenzel
et al, 2009; Whiley et al., 2009; Wu et al., 2010; Yang et al., 2009).
Type A rRT-PCR and improved H1pdm rRT-PCR assays, as well as
the newly developed H1 rRT-PCR and H3 rRT-PCR assays used for
subtyping human seasonal influenza A viruses, were shown to have
good linearity (R% =0.99) and high sensitivity (Tables 2-4 and Fig. 1).
No cross-reactivity or nonspecific reactions were observed in any of
the assays performed using isolated viruses and clinical specimens.
In the subtyping assay of clinical specimens, all 48 Type A-positive
samples were subtyped by H1pdm, H1, and H3 rRT-PCR rRT-PCR
assays developed in this study, and there were no unsubtyped Type
A-positive samples. These results suggest that H1 pdm, H1, H3, and
Type ArRT-PCR assays are highly sensitive and specific for each tar-
get gene and thus should be of great use for detecting A/HIN1pdm
virus and subtyping seasonal influenza A viruses.

The A/Aichi/472/2009 (HIN1)pdm and A/Sakai/89/2009
(H1N1)pdm viruses with mutation(s) in the sequence correspond-
ing to the former probe sequence could not be detected using the

Comparison of detection limits of previous and modified H1pdm rRT-PCR assays using serial dilutions of viral RNA.

Viral titer (TCIDsq/reaction) No. of positive replicates/

No. of tests for each assay (positive %)

Viral titer (TCIDsq/reaction) No. of positive replicates/

No. of tests for each assay (positive %)

A/Aichi/472/2009 (H1IN1)pdm Type A Hlpdm Former H1pdm A/Sakai/89/2009 (HIN1)pdm Type A Hlpdm Former H1pdm
5.00 x 10! 6/6 (100) 6/6 (100) 0/6 (0) 1.07 x 10° 6/6 (100) 6/6 (100) 0/6 (0)
5.00 x 10° 6/6 (100) 6/6 (100) 0/6 (0) 1.07 x 1071 6/6 (100) 6/6 (100) 0/6 (0)
5.00 x 10! 6/6 (100) 6/6 (100) 0/6 (0) 1.07 x 102 6/6 (100) 6/6 (100) 0/6 (0)
5.00 x 102 6/6 (100) 6/6 (100) 0/6 (0) 1.07 x 1073 6/6 (100) 6/6 (100) 0/6 (0)
5.00 x 1073 6/6 (100) 6/6 (100) 0/6 (0) 1.07 x 104 5/6(83.3) 5/6 (83 3) 0/6 (0)
5.00 x 104 5/6 (83.3) 2/6(33.3) 0/6 (0) 1.07 x10°° 3/6 (50) 0/6 (0) 0/6 (0)
5.00 x 1073 0/6 (0) 0/6 (0) 0/6 (0) 1.07 x 10°¢ 0/6 (0) 0/6 (0) 0/6 (0)
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Fig. 1. Standard curves of each assay. Ten-fold serial dilutions of viral RNA were used for each rRT-PCR assay performed in six replicates. The standard curves were generated
using average crossing point (Cp) values obtained from the assays performed in six replicates. The correlation coefficient and slope of the standard curve are represented
in the graphs. Standard curves were made based on Type A and H1pdm rRT-PCR assays performed using A/Narita/1/2009 (H1N1)pdm, A/Aichi/472/2009 (H1IN1)pdm, and
A/Sakai/89/2009 (H1N1)pdm (upper 6 graphs), those based on Type A and H1 rRT-PCR assays performed using A/Brisbane/59/2007 (H1N1) (second 2 graphs from the bottom),
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and those developed based on Type A and H3 rRT-PCR assays performed using A/Uruguay/716/2007 (H3N2) (bottom 2 graphs).
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former H1pdm rRT-PCR assay (Table 4). These two viruses were
isolated from clinical specimens that failed to be detected by the
former H1pdm rRT-PCR assay. The redesigned probe in this study
was seven nucleotides longer than the former probe (Table 1).
This was done to increase the melting temperature and thus to
improve the sensitivity and specificity of the assay. The results of
the improved H1pdm rRT-PCR assay performed using serial dilu-
tions of the A/Aichi/472/2009 (H1N1)pdm and A/Sakai/89/2009
(H1IN1)pdm viruses demonstrated that the sensitivity of this assay
was identical to that of the Type A rRT-PCR assay (Table 4 and
Fig. 1), suggesting that the improved H1pdm rRT-PCR assay can
detect mutated A/HIN1pdm viruses without losing sensitivity.
Thus far, additional mutations of the target sequence of the
redesigned probe used in Hl1pdm rRT-PCR assays have not been
observed in recent circulating A/H1N1pdm viruses in Japan.

Using the four rRT-PCR assays, a diagnostic scheme was devel-
oped in which H1pdm, H1, and H3 rRT-PCR assays for subtyping
and Type A rRT-PCR assay for evaluating the subtyping assays were
all performed simultaneously. To prepare for viruses with other
possible mutations in the HA gene and emerging influenza viruses
of other subtypes, as well as to decrease the risk of false nega-
tives, subtype-specific rRT-PCR assays must always be performed
in combination with the Type A rRT-PCR assay.

The highly sensitive and specific Hi1pdm, H1, and H3 rRT-PCR
assays developed in this study and Type A rRT-PCR assay were
performed as laboratory diagnostic tests for pandemic influenza
A/H1NT1 2009 virus at most prefectural and municipal public health
institutes and quarantine stations in Japan, and have been con-
firmed to be very useful not only for laboratory diagnostic tests
but also for the surveillance of the spread of influenza viruses.
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