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Rare Influenza A
(H3N2) Variants
with Reduced
Sensitivity to
Antiviral Drugs
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In 2007 and 2008 in Myanmar, we detected influenza
viruses A (H3N2) that exhibited reduced sensitivity to both
zanamivir and amantadine. These rare and naturally occur-
ring viruses harbored a novel Q136K mutation in neuramini-
dase and S31N mutation in M2.

damantanes and neuraminidase inhibitors (NAIs)

are the 2 classes of drugs indicated for preventing or
treating influenza virus infection. In 2005, the high preva-
lence of influenza viruses A (H3N2) with S31N mutation
in M2 limited the effectiveness of amantadine (/,2). In
2008, the emergence of subtype HINI with H274Y muta-
tion in neuraminidase (NA) raised concerns about the use
of oseltamivir (3,4). On the other hand, the incidence of
zanamivir-resistant viruses was low (3). In 1998, 1 case of
zanamivir-resistant influenza B virus, which was isolated
from an immunocompromised child who underwent pro-
longed zanamivir treatment, was reported (6). In 2008, sub-
type H3N2 with D151A/V mutations in NA demonstrated
reduced zanamivir sensitivity by chemiluminescent NAI
assay (5). Recently, zanamivir-resistant subtype HIN1 iso-
lates with a novel Q136K mutation in NA were isolated in
Oceania and Southeast Asia (7).
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We report the detection of influenza viruses A (H3N2)
harboring a Q136K mutation in NA and an S31N mutation
in M2, which respectively confer reductions in zanamivir
and amantadine susceptibility. In 2007 and 2008, we per-
formed phenotypic and genotypic analyses in characteriz-
ing these viruses from Myanmar.

The Study

Nasopharyngeal swabs were collected from patients
with influenza-like illness at Sanpya Hospital in Yangon,
Myanmar, and outpatient clinics affiliated with the Depart-
ment of Medical Research (Central Myanmar) in Nay Pyi
Taw. Rapid test kit—positive samples were sent to Niigata
University, Japan, for subsequent analyses. Virus isola-
tion and subtyping PCR were performed as previously de-
scribed (8). The NAI susceptibility test was performed by
a fluorescence-based NA activity assay that measures the
50% inhibitory concentration (IC, ) by using zanamivir and
oseltamivir carboxylate (9). All samples were assayed in
duplicates in >2 independent experiments. A sample was
considered an extreme outlier if its IC, value was 10x
higher than the mean values for sensitive strains with >3
interquartile range from the 25th and 75th percentiles in
the box-and-whisker plot analysis (9). So far, all known
NAl-resistant viruses are extreme outliers (/0). Screening
for S3IN mutation in M2 was done by cycling probe real-
time PCR (/7). Sequencing and phylogenetic analysis of
the hemagglutinin (HA) and NA genes were performed as
previously described (8).

A total of 253 and 802 rapid test kit—positive samples
were collected in Myanmar in 2007 and 2008, respective-
ly. Of these, 64 isolates of subtype H3N2 were detected
in 2007 and 211 in 2008. NAI susceptibility assay showed
1 (1.5%) isolate (A/Myanmar/M187/2007) with a zanami-
vir IC, | value of 59.72 nM, which was collected in August
2007, and 1 (0.5%) isolate (A/Myanmar/M114/2008) with
a zanamivir IC_ of 33.37 nM, which was collected in July
2008. These isolates respectively demonstrated a 53x and
30x reduction in zanamivir susceptibility (Table) and were
extreme outliers (data not shown). On the basis of cycling
probe real-time PCR assay, these viruses had an S31N mu-
tation in M2, which confers resistance to amantadine. All
subtype H3N2 viruses analyzed in this study remain sensi-
tive to oseltamivir carboxylate (Table).

Phylogenetic analysis of the HA and NA genes showed
that the isolates with reduced sensitivity to zanamivir be-
longed to 2 distinct clusters (Figure 1). These viruses ac-
cumulated 2 and 3 amino acid (aa) substitutions in HA and
6 and 2 aa changes in NA in 2007 and 2008 (Figure 1),
respectively. Epidemiologic and sequencing data did not
suggest any link between the cases. Analysis of the NA

"These authors contributed equally to this article.
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Table. Characteristics of subtype H3N2 influenza viruses with Q136K mutation in NA and S31N substitution in M2*

ICs0s of NA inhibitors

Passage NA Zanamivir, Fold Oseltamivir, Fold Amantadine sensitivityt

Strains history mutation nM + SD change nM + SD change (M2 mutation)
All NAl-sensitive subtype MDCK2 None 1.12 £ 0.40 1 0.86 £ 0.44 1 Resistant (S31N)
H3NZ2 isolatest
A/Myanmar/M187/2007 MDCK2 Q136K 59.72 + 3.83 533 0.13+0.05 0.2 Resistant (S31N)
A/Myanmar/M114/2008 MDCK2 Q136K 33.37£7.02 29.8 0.16 £ 0.03 0.2 Resistant (S31N)
A/Texas/131/2002§ None 1.43£0.09 1.3 0.99 + 0.09 1.2 Sensitive
A/Texas/131/2002_E119V§ E119V 543 +0.68 48 94.33 +£2.06 109.7 Sensitive
*NA, neuraminidase;ICs, inhibitory concentration; NAI, neuraminidase inhibitors.
tAmantadine sensitivity was based on M2 genotyping data.
tAverage ICso was calculated excluding the control viruses (n = 47).
§Reference strains used as drug-sensitive and -resistant control viruses in the NAI assay.

gene showed that the isolates with reduced sensitivity to  Conclusions

zanamivir had a glutamine (Q) to lysine (K) substitution at
aa position 136. Sequence chromatograms showed a het-
erogeneous population of virus possessing either Q or K
at position 136, with a dominant peak for the K136 mutant
(Figure 2). Direct sequencing of primary samples showed
a similar profile of chromatogram with a higher signal for
the K136 mutant and a minor peak for the Q136 wild-type
strain (Figure 2). The rest of the zanamivir-sensitive iso-
lates in 2007 and 2008 had the Q136 genotype, and no
NAl-resistant-associated mutations were detected else-
where in the NA gene.

A/Myanmar/M106/2008*
A/Myanmar/M258/2008*
A/Myanmar/M156/2008*
A/Myanmar/M042/2008"
A/Myanmar/M250/2008*
A/Myanmar/M084/2008*
A/Myanmar/M114/2008"e
AlVietnam/23/2007

AMyanmar/M022/2008*
LC A/Myanmar/M082/2008*
99 AfTaiwan/420/2008

o AlThailand/CU-1103/2008*
L{E#\/Myar\marlM1()9J20C07‘
7 A/Myanmar/M187/2007*=

A

A/Brisbane/10/2007*
S193F AJ/Singapore/17/2007*
D225N
— A/Hiroshima/52/2005*
A/Wisconsin/67/2005%
A/Wellington/1/2004
A/California/7/2004
L A/Wyoming/3/2003
AJSydney/5/1997
R

0.005

In this study, we detected a novel influenza virus A
(H3N2) with Q136K mutation in NA and S31N mutation
in M2, which demonstrated reduced susceptibility to both
zanamivir and amantadine but remained susceptible to
oseltamivir. These Q136K viruses were isolated at a low
frequency (<1.5%) in Myanmar in 2007 and 2008. Phy-
logenetic analysis showed that these viruses were already
amantadine-resistant with S31N mutation in M2. Amanta-
dine-resistant viruses with S31N mutation have been the
predominant circulating strains among subtype H3N2 vi-
ruses in Myanmar since 2005 (8). The Q136K substitution
in NA was probably generated by spontaneous point muta-
tion. The HA and NA gene sequences of Q136K mutants

A/Myanmar/M042/2008*
AMyanmar/M258/2008™
A/Myanmar/M114/2008*=
A/Myanmar/M106/2008*
A/Myanmar/M156/2008*
A/Myanmar/M084/2008"*
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— A/Myanmar/M109/2007
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’A—Nletnamf23/2007
A/Myanmar/M082/2008*
75{: A/Taiwan/420/2008
A/Singapore/17/2007*
A/Hiroshima/52/2005*
A/Wisconsin/67/2005*
A/California/7/2004

P45S

vis4l
Y310H
L3708 100

N387K

H150R

A/Wellington/1/2004
A/Wyoming/3/2003

A/Sydney/5/97

0.005

Figure 1. Phylogenetic analysis of the A) hemagglutinin (HA) and B) neuraminidase (NA) genes of influenza virus A (H3N2) isolates in
Myanmar in 2007 and 2008. Trees were generated by using the neighbor-joining method. Bootstrap values >70% of 1,000 replicates and
amino acid changes that characterize a branch are indicated on the left side of the node. Amantadine-resistant isolates with S31N mutation
in M2 are marked with asterisks, and isolates with reduced sensitivity to zanamivir with Q136K mutation in NA are marked with squares.
GenBank accession no. of the genomic sequences of isolates are GQ478849-GQ478866. Nucleotide sequences of the HAand NA genes
of vaccine strains and isolates from other countries were obtained from the National Center for Biotechnology Information Influenza Virus
Resource (www.ncbi.nim.nih.gov/genomes/FLU). Scale bar indicates nucleotide substitutions per site.
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were submitted to GenBank under accession nos. A/Myan-
mar/M187/2007: FJ229893 (HA), FI229860 (NA) and
A/Myanmar/M114/2008: GQ478854 (HA), GQ478863
(NA).

Hurt et al. recently reported the characterization of
zanamivir-resistant subtype HINIT with Q136K mutation
in NA (7). Zanamivir IC_s of these viruses ranged from 6
nM to 238 nM (7); which differed from the 1-60 nM range
of subtype H3N2 viruses obtained in this study. This find-
ing may be due to differences in subtype and variations in
the assay. The Q136K mutation was not detected in the pri-
mary clinical samples by sequencing (7); however, in our
study, the Q136K mutation in subtype H3N2 isolates was
detected in primary samples. Comparison of the sequence
chromatograms between original samples and virus iso-
lates showed a similar profile, suggesting that the Q136K
mutants were present in primary samples of subtype H3N2
isolates. The presence of Q136K variants in primary sam-
ples appears to be subtype-specific because these mutants
were present in very low proportions among subtype HIN |
viruses (/2). To determine whether mutations exist in other
gene segments associated with Q136K mutations, we per-
formed a full genome analysis of Q136K mutants and wild-
type viruses. We found no additional mutations in Q136K
strains, which suggest that the genetic background of these
viruses can compensate for the K136 mutation. However,
further study is needed to confirm whether the accumulated
5 aa changes in HA and 8 substitutions in NA would com-
pensate for the Q136K mutation.

We searched the database for NA sequences of in-
fluenza viruses A (H3N2) with Q136K mutation that are
available on GenBank. Of the 3,381 sequences obtained,
4 sequences from human influenza, which were isolated in
1995, 2003, 2004, and 2007, and 1 sequence from swine

Emerging Infectious Diseases « www.cdc.gov/eid » Vol. 16, No. 3, March 2010

influenza, which was isolated in Japan in 1997, contained
the Q136K substitution. Sequences from Q136K mutants
isolated before 2007 showed no mutations in the M2 gene.
The data indicate that these viruses occur naturally because
some of the isolates in the database were obtained before
introduction of zanamivir into clinical practice in 1999 in
Australia, New Zealand, United States, and Europe (9,73).
In addition, Myanmar patients who shed these Q136K vi-
ruses did not receive any NAIs. The clinical relevance of
QI36K mutants is unknown. Further study is needed to
cvaluate the effectiveness of zanamivir in patients infected
with Q136K mutants.

Continued monitoring of viruses with reduced sensi-
tivity to NAI and adamantanes is needed, and routine sur-
veillance should include both phenotypic and genotypic
assays. The Q136K substitution in NA should be used as
a molecular marker associated with reduced NAI suscep-
tibility not only in subtype HINI isolates but also among
subtype H3N2 isolates.
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This genus of gram-negative bacteria was named after bacteriologist Alexandre-Emile-JTohn Yersin (1863-1943).

Born in Switzerland, he studied medicine in Paris and began a successful early career in the laboratory. He worked

on rabies with Pierre Roux and on the tubercle bacillus under Robert Koch in Germany. He later worked at the

Institut Pasteur on the toxic properties of the diphtheria bacillus and eventually signed on as a doctor on a ship

headed for Saigon and Manila. In 1894, while he still worked for a French shipping company, he investigated an

outbreak of plague in Hong Kong. After 7 days in a makeshift laboratory, he isolated the plague bacterium, which

he called Pasteurella pestis.

Japanese bacteriologist Shibasaburo Kitasato had arrived in Hong Kong, a few days before Yersin and also had

isolated the bacterium. Kitasato published his findings in English and Japanese. Yersin published his in French.

He also established a laboratory in Nha Trang, Vietnam, where he developed an antiplague serum that reduced the

death rate from 90% to =7%. Since 1970, the organism has been called Yersinia pestis.

Source: Burns W. Alexandre Yersin and his adventures in Vietnam. 2003; Medical Research Council National Institute for
Medical Research. http://www.himr.mrc.ac.uk/millhillessays/2003/yersin/; http://www.whonamedit.com/doctor.cfm/2454.htm;
Dorland’s illustrated medical dictionary, 31st ed. Philadelphia: Saunders Elsevier; 2007.
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Neuraminidase inhibitors are agents used against influenza viruses; however, the emergence of drug-
resistant strains is a major concern. Recently, the prevalence of oseltamivir-resistant seasonal influenza
A (HIN1) virus increased globally and the emergence of oseltamivir-resistant pandemic influenza A
(H1N1) 2009 viruses was reported. In this study, we developed a cycling probe real-time PCR method for
the detection of oseltamivir-resistant seasonal influenza A (HIN1) and pandemic influenza A (HIN1) 2009
viruses. We designed two sets of primers and probes that were labeled with 6-carboxyfluorescein or
6-carboxy-X-rhodamine to identlfy single nucleotide polymorphisms (SNPs) that correspond to a histidine
and a tyrosine at position 275 in the neuraminidase protein, respectively. These SNPs confer susceptibility
and resistance to oseltamivir, respectively. In the 2007-2008 season, the prevalence of oseltamivir-resistant
HINTI viruses was 0% (0/72), but in the 2008-2009 season, it increased to 100% (282/282). In the 2009-2010
season, all of the pandemic influenza A (HIN1) 2009 viruses were susceptible to oseltamivir (0/73, 0%).
This method is sensitive and specific for the screening of oseltamivir-resistant influenza A (HIN1) viruses.
This method is applicable to routine laboratory-based monitoring of drug resistance and patient man-

agement during antiviral therapy.

The neuraminidase (NA) inhibitors (NAIs) oseltamivir and
zanamivir are currently the antiviral drugs of choice for treat-
ment and prophylaxis of influenza virus infections. NAIs pre-
vent the release and spread of progeny virions from infected
cells (16). A major concern is the emergence of drug-resistant
strains during antiviral therapy. Oseltamivir-resistant viruses
possessed a histidine-to-tyrosine amino acid substitution at
position 275 in type N1 NA protein (His274Tyr in N2 num-
bering). This mutation was initially detected in patients who
were infected with seasonal influenza A (HIN1) viruses after
oseltamivir treatment (10). The prevalence of oseltamivir re-
sistance was low in the 2007-2008 season, but a sudden increase
was reported in the following season, when the His275Tyr
mutants spread globally and were the predominant strain
among seasonal HIN1 viruses (23).

In the spring of 2009, pandemic influenza A (H1N1) 2009
virus (HIN1pdm) emerged and circulated worldwide (4). Ini-
tial reports showed that all HiIN1pdm viruses were sensitive to
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neuraminidase inhibitors, and recently, so far only 298 cases
of oseltamivir-resistant HIN1pdm viruses possessing the
His275Tyr mutation were reported by the Centers for Disease
Control and Prevention and the World Health Organization
(2, 3, 24). The majority of His275Tyr mutations in HIN1pdm
viruses were detected after therapeutic or preventive adminis-
tration of oseltamivir. Although the proportion of oseltamivir-
resistant HIN1pdm viruses is low at the moment, continued
monitoring for oseltamivir-resistant viruses is important be-
cause of the possibility that the prevalence of these resistant
strains may increase, which happened among the contempo-
rary seasonal HIN1 viruses (1, 20, 23).

Various high-throughput methods used in detecting the
His275Tyr mutation among oseltamivir-resistant HIN1pdm vi-
ruses include pyrosequencing (7, 25), real-time PCR method
using a TagMan probe, and the rolling circle amplification
(RCA) technology (12, 21, 22). Cycling probe real-time PCR is
an alternative method that employs a sequence-specific chi-
meric probe in detecting single nucleotide polymorphisms
(SNPs) (19). We previously applied this method to identify
amantadine-resistant seasonal influenza A (HIN1) and A
(H3N2) viruses with the Ser31Asn mutation in the M2 channel
protein (19). We showed rapid detection of the Ser31Asn mu-
tation from nasopharyngeal swabs in several hours by this
method and demonstrated its high sensitivity and specificity,
which are comparable to those of the gene sequencing method.
In the study described in this report, we designed new sets of
primers and probes to identify the His275Tyr mutation in NA
which confers oseltamivir resistance, and we investigated the
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TABLE 1. Primers and probes for cycling probe real-time PCR method

Subtype Primer or probe Sequence (5'-3') Location”

Seasonal influenza A (HIN1) virus  sHINI1-His275Tyr forward primer 5'-CAAGATCGAAAAGGGGAAG-3' 768-786
sHIN1-His275Tyr reverse primer 5'-GACACCCAAGGTCGATTTG-3' 896-914

sHIN1-His275” 5'-(Eclipse’)}-[ATGFAAAATTGGGTG-(FAM®)-3'  812-825

sHIN1-Tyr275° 5'-(Eclipse){ATAJAAAATTGGGTG-(ROX")-3' 812-825

Influenza A pandemic (HIN1) 2009 H1N1pdm-His275Tyr forward primer  5-TGGACAGGCCTCATACAAGA-3' 744-763
H1N1pdm-His275Tyr reverse primer  5'-GCCAGTTATCCCTGCACACA-3’ 870-889

H1N1pdm-His275 5'-(Eclipse)-CCTAATTAT][CAC]T-(FAM)-3’ 814-826

HIN1pdm-Tyr275” 5'-(Eclipse)-AT[TAC]TATGAGGA-(ROX)-3’ 821-833

7 Location of primers and probes in the NA-coding region (total, 1,413 bp), segment 6, of influenza A (H1N1) virus. Note that both cycling probes for seasonal HIN1

were designed as reverse complements.
5 Fluorescent dye and quencher-labeled DNA/RNA chimeric probe.
¢ Quenching molecule.

9 Nucleotides inside brackets indicate the codon relevant to sequences for oseltamivir sensitivity (His) and resistance (Tyr). Boldface and italicized letters indicate

the nuclectide replaced by RNA.
¢ Fluorescent molecules.

prevalence of the His275Tyr mutation among seasonal H1N1
viruses from the 2007-2008 and the 2008-2009 seasons and
H1N1pdm viruses from the 2009-2010 season in Niigata, Japan.

MATERIALS AND METHODS

Sample collection and virus isolation. Nasopharyngeal swab specimens were
collected from patients with influenza-like illness who visited a pediatric clinic in
Niigata City, Japan, during three influenza seasons (2007-2008 season from
January to March in 2008, the 2008-2009 season from January to March in 2009,
and the 2009-2010 season in November and December in 2009). Samples were
taken after a written informed consent was obtained. None of the patients had
received anti-influenza virus drugs before samples were taken. The nasopharyn-
geal swabs were suspended in viral transport medium and kept at 4°C until
transportation to the Division of Public Health, Department of Infectious Dis-
ease Control and International Medicine, Niigata University, within 1 week.
Initial isolation of influenza viruses was performed using Madin-Darby canine
kidney (MDCK) cells. One hundred-microliter aliquots of the supernatants of
the nasopharyngeal swabs were inoculated onto MDCK cells, and the cells were
then incubated at 34°C with 5% CO, until a specific cytopathic effect was
detected. Influenza virus isolates were typed and subtyped by hemagglutination
inhibition assay using guinea pig red blood cells and commercially available
influenza vaccine strain antisera (Denka Seiken Co., Ltd., Tokyo, Japan).

RNA extraction and reverse transcription. Viral RNA was extracted from 100
wl of supernatants of nasopharyngeal swabs or virus culture supernatant using an
Extragen II kit (Kainos, Tokyo, Japan), according to the manufacturer’s instruc-
tions. Reverse transcription was performed using influenza A universal primer
Unil2, as reported elsewhere (13). Preparation of RNA from other respiratory
viruses was performed using random primers (Invitrogen Corp., Carlsbad, CA)
7).

Primers, probes, and PCR conditions. Two PCR primer pairs were designed
to amplify specifically the NA gene of seasonal HIN1 and HIN1pdm viruses
(Table 1). Cycling probes for seasonal HIN1 viruses, sH1N1-His275 and sHIN1-
Tyr275, were synthesized to detect the SNP at codon ATG/A, which corre-
sponds to CAT (oseltamivir-sensitive His275 genotype) and TAT (oseltamivir-
resistant Tyr275 genotype) in the reverse complement (TaKaRa Bio Inc., Japan)
(Table 1). Likewise, the cycling probes for pandemic HIN1 viruses, HIN1pdm-
His275 and H1N1pdm-Tyr275, were synthesized to detect the SNPs CAC (osel-
tamivir-sensitive His275 genotype) and TAC (oseltamivir-resistant Tyr275 geno-
type) (TaKaRa Bio Inc.) (Table 1). The underlined nucleotides indicate the
RNA replacement in the chimeric probes used in the real-time PCR. The probes
for seasonal HIN1 virus, sHIN1-His275 and sHIN1-Tyr275, were designed in
the reverse-complement direction, and the probes for pandemic HIN1 virus,
HIN1 pdm-His275 and HIN1 pdm-Tyr275, were designed such that the nucle-
otide replaced in the RNA sequence is adjacent to the SNP. Cycling probes were
labeled with either 6-carboxyfluorescein (FAM) or 6-carboxy-X-rhodamine
(ROX), which can detect the oseltamivir-sensitive genotype and the oseltamivir-
resistant genotype, respectively.

Cycling probe real-time PCR was carried out using a CycleavePCRCore kit
(TaKaRa Bio Inc.). Conditions of the PCR cycles were as follows: initial dena-

turation at 95°C for 10 s, followed by 40 cycles of denaturation at 95°C for 5 s,
primer annealing at 55°C and 59°C for seasonal HIN1 and for HIN1pdm,
respectively, for 10 s, and extension and subsequent detection of fluorescence at
72°C for 15 s. In each PCR run, one set of forward and reverse PCR primers and
two (FAM- and ROX-labeled) cycling probes were used. Separate PCR runs are
needed for seasonal HIN1 and HIN1pdm virus detection.

Human influenza A (H3N2) virus, influenza B virus, and other common
human respiratory viruses, such as respiratory syncytial virus, parainfluenza virus,
enterovirus, rhinovirus, human metapneumovirus, and adenovirus, were tested
with the same cycling probes and primer sets to examine whether cross-reactions
occur by the assay. No animal influenza virus strains were tested. All influenza
viruses and other viruses used in this study were collected and isolated at the
Division of Public Health, Department of Infectious Disease Control and Inter-
national Medicine, Niigata University, and the Department of Virology, Niigata
Prefectural Institute of Public Health and Environmental Sciences.

Control plasmids. Four positive-control plasmids harboring the NA gene
insert from a seasonal HIN1 oseltamivir-sensitive strain (SHIN1-OS), a seasonal
HI1NT1 oseltamivir-resistant isolate with the His275Tyr mutation (sHIN1-OR), an
HIN1pdm oseltamivir-sensitive strain (HIN1pdm-OS), or an HIN1pdm oselta-
mivir-resistant virus with the His275Tyr mutation (HIN1pdm-OR) were con-
structed. NA gene fragments were amplified using the same PCR primers de-
signed in this study. NA gene inserts were cloned using a Mighty TA-cloning kit
(TaKaRa Bio Inc.), according to the manufacturer’s instructions.

NAI susceptibility assay. Drug susceptibility testing was performed by the 50%
inhibitory concentration (ICs,) method in order to validate the results of the
cycling probe real-time PCR assay (1). The susceptibility to oseltamivir carbox-
ylate (Roche Products, Ltd., Basel, Switzerland) and zanamivir (GlaxoSmith-
Kline, Brentford, United Kingdom) was examined by a previously described
fluorescence-based NA inhibition assay using methylumbelliferone N-acetyl-
neuraminic acid (MUNANA) as the substrate (14).

DNA sequencing. The sequences of selected samples and control viruses used
in this study were determined using previously reported primers (3, 26). The NA
sequences were edited and assembled using the DNAStar Lasergene 7 program
(Bioinformatics Pioneer DNAStar, Inc., WI).

RESULTS

LOD of cycling probe method. Control plasmids were used
to determine the limit of detection (LOD) of each primer/
probe set. All control plasmids were tested using a 10-fold
dilution series from 1 X 10! to 1 X 107 copies (Fig. 1). The
range of the threshold cycle (C) values of 1 X 10" copies was
from 35 to 39, and the range of C; values of 1 X 107 copies was
from 15 to 17. The LOD for each of the four kinds of control
plasmids was 10 copies.

Specificity of cycling probe method. The specificity of the
cycling probe real-time PCR assay was determined using pre-
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FIG. 1. Limit of detection of cycling probe real-time PCR with control plasmids. FAM fluorescence signals correspond to the oseltamivir-
sensitive genotype (His275), and ROX fluorescence signals indicate the oseltamivir-resistant genotype (Tyr275). Control plasmids containing
inserts of seasonal HIN1 sequences (sHIN1-OS and sHIN1-OR) reacted with probes sHIN1-His275 and sHIN1-Tyr275, respectively (a and b).
Control plasmids harboring HIN1pdm sequences (HIN1pdm-OS and HIN1pdm-OR) reacted with HIN1pdm probes (c and d).

viously characterized seasonal and pandemic HIN1 viruses.
Using the seasonal HIN1 primer pair and probe set, all osel-
tamivir-sensitive seasonal HIN1 nasopharyngeal swabs and
isolates tested positive, indicated by the presence of a FAM
signal, and all oseltamivir-resistant seasonal HIN1 nasopha-
ryngeal swabs and isolates tested positive, indicated by emis-
sion of a ROX fluorescent signal. Importantly, these probes
did not show any cross-reactivity with oseltamivir-sensitive
HIN1pdm or oseltamivir-resistant HIN1pdm samples (Fig. 2;
Table 2). Likewise, when the pandemic HIN1 primers and
probes were used, all oseltamivir-sensitive HIN1pdm samples
yielded a corresponding FAM signal and all oseltamivir-resis-
tant HIN1pdm samples gave a corresponding ROX signal. The
pandemic HIN1 primers and probes did not exhibit cross-
reactivity with seasonal HIN1 samples.

The cycling probe method was tested on human influenza A
(H3N2) and influenza B viruses and other common respiratory
viruses. Results showed that none of these viruses tested pos-
itive using the same set of primers and probes (Table 2).

Validation of cycling probe method by NAI susceptibility
assay. The median IC,,s of oseltamivir carboxylate for oselta-
mivir-sensitive seasonal HIN1 and HIN1pdm viruses were
234 £ 0.70 nM (n = 15) and 2.06 = 0.99 nM (n = 22),
respectively.  Oseltamivir-resistant seasonal HIN1 and
H1N1pdm viruses exhibited a 300- to 400-fold increase in IC;,
(982.76 = 421.47 nM, n = 24) compared to the ICys of the

oseltamivir-sensitive seasonal HINI and oseltamivir-sensitive
HINlpdm strains. For zanamivir, the median ICs,s were
191 *= 0.60 nM, 1.10 = 1.61 nM, and 0.99 = 0.49 nM for
oseltamivir-sensitive seasonal HIN1, oseltamivir-resistant sea-
sonal HIN1, and oseltamivir-sensitive HIN1pdm viruses, re-
spectively. None of the viruses demonstrated reduced suscep-
tibility to zanamivir.

DNA sequencing. Sequencing results were consistent with
the findings from the cycling probe real-time PCR assay and
NAI susceptibility test. All oseltamivir-resistant viruses had the
His275Tyr mutation in the NA gene.

Prevalence of oseltamivir-resistant influenza viruses. A total
of 427 influenza A (HINI1) virus isolates that were collected
during three epidemic seasons between January 2008 and De-
cember 2009 in Niigata in Japan were screened for the prevalence
of the His275Tyr mutation that confers resistance to oseltamivir
(Table 3). A nasopharyngeal swab specimen was collected from
each patient during the individual’s first visit to the medical facil-
ity, before any anti-influenza drug was administered. In the 2007-
2008 influenza season, none of 72 (0%) seasonal HIN1 isolates
were oseltamivir resistant; however, in the 2008-2009 season, all
(282 of 282, 100%) of the seasonal HIN1 isolates were oseltami-
vir resistant. In the 2009-2010 season, seasonal HIN1 viruses were
not detected and none of 73 (0%) H1N1pdm isolates were osel-
tamivir-resistant strains (Table 3).
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FIG. 1. Limit of detection of cycling probe real-time PCR with control plasmids. FAM fluorescence signals correspond to the oseltamivir-
sensitive genotype (His275), and ROX fluorescence signals indicate the oseltamivir-resistant genotype (Tyr275). Control plasmids containing
inserts of seasonal HIN1 sequences (SHIN1-OS and sHIN1-OR) reacted with probes sHIN1-His275 and sHIN1-Tyr275, respectively (a and b).
Control plasmids harboring HIN1pdm sequences (HIN1pdm-OS and HIN1pdm-OR) reacted with HIN1pdm probes (c and d).

viously characterized seasonal and pandemic HIN1 viruses.
Using the seasonal HIN1 primer pair and probe set, all osel-
tamivir-sensitive seasonal HIN1 nasopharyngeal swabs and
isolates tested positive, indicated by the presence of a FAM
signal, and all oseltamivir-resistant seasonal HIN1 nasopha-
ryngeal swabs and isolates tested positive, indicated by emis-
sion of a ROX fluorescent signal. Importantly, these probes
did not show any cross-reactivity with oseltamivir-sensitive
H1N1pdm or oseltamivir-resistant HIN1pdm samples (Fig. 2;
Table 2). Likewise, when the pandemic HIN1 primers and
probes were used, all oseltamivir-sensitive HIN1pdm samples
yielded a corresponding FAM signal and all oseltamivir-resis-
tant HIN1pdm samples gave a corresponding ROX signal. The
pandemic HIN1 primers and probes did not exhibit cross-
reactivity with seasonal HIN1 samples.

The cycling probe method was tested on human influenza A
(H3N2) and influenza B viruses and other common respiratory
viruses. Results showed that none of these viruses tested pos-
itive using the same set of primers and probes (Table 2).

Validation of cycling probe method by NAI susceptibility
assay. The median ICy,s of oseltamivir carboxylate for oselta-
mivir-sensitive seasonal HIN1 and HIN1pdm viruses were
234 = 070 nM (n = 15) and 2.06 = 0.99 nM (n = 22),
respectively.  Oseltamivir-resistant seasonal HIN1 and
H1N1pdm viruses exhibited a 300- to 400-fold increase in ICs,
(982.76 = 421.47 nM, n = 24) compared to the ICs,s of the

oseltamivir-sensitive seasonal HIN1 and oseltamivir-sensitive
HINlpdm strains. For zanamivir, the median ICs,s were
1.91 = 0.60 nM, 1.10 = 1.61 nM, and 0.99 = 0.49 nM for
oseltamivir-sensitive seasonal HIN1, oseltamivir-resistant sea-
sonal HIN1, and oseltamivir-sensitive HIN1pdm viruses, re-
spectively. None of the viruses demonstrated reduced suscep-
tibility to zanamivir.

DNA sequencing. Sequencing results were consistent with
the findings from the cycling probe real-time PCR assay and
NAI susceptibility test. All oseltamivir-resistant viruses had the
His275Tyr mutation in the NA gene.

Prevalence of oseltamivir-resistant influenza viruses. A total
of 427 influenza A (HIN1) virus isolates that were collected
during three epidemic seasons between January 2008 and De-
cember 2009 in Niigata in Japan were screened for the prevalence
of the His275Tyr mutation that confers resistance to oseltamivir
(Table 3). A nasopharyngeal swab specimen was collected from
each patient during the individual’s first visit to the medical facil-
ity, before any anti-influenza drug was administered. In the 2007-
2008 influenza season, none of 72 (0%) seasonal H1N1 isolates
were oseltamivir resistant; however, in the 2008-2009 season, all
(282 of 282, 100%) of the seasonal HINT1 isolates were oseltami-
vir resistant. In the 2009-2010 season, seasonal HIN1 viruses were
not detected and none of 73 (0%) HIN1pdm isolates were osel-
tamivir-resistant strains (Table 3).
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FIG. 2. Detection of oseltamivir-sensitive and -resistant isolates with H275 and H275Y in NA gene of influenza A (HIN1) virus. Oseltamivir-
sensitive and -resistant viruses of seasonal HIN1 virus reacted with the FAM probe and the ROX probe, respectively (a and b). Oseltamivir-
sensitive and -resistant HIN1pdm viruses reacted with its specific corresponding probes (c and d).

DISCUSSION

This study demonstrated the application of the cycling probe
real-time PCR method in detecting the His275Tyr mutation in
NA. This method correctly identified the oseltamivir-sensitive
(His275) and oseltamivir-resistant (His275Tyr) genotypes of
both seasonal and pandemic HIN1 viruses. We previously re-
ported on a cycling probe real-time PCR method for detecting
the Ser31Asn mutation in the M2 channel protein which con-
fers resistance to amantadine (19). Our results suggest that the
cycling probe real-time PCR method is applicable to detecting
drug-resistant viruses by SNP genotyping.

This method showed high specificity in identifying the
His275Tyr mutation in NA among human seasonal HIN1 and
pandemic HIN1 viruses. The results of this assay were in
agreement with the results of the IC5, method and gene se-
quencing. The mutation was detected in both nasopharyngeal
swab samples and virus isolates, despite the difference in the
virus concentration between the two types of samples. In ad-
dition, the method did not show any false-positive reactions
with the other influenza A, influenza B, or other respiratory
viruses. Thus, our method is very specific, and it is suitable for
the detection of the His275Tyr mutation among human influ-
enza A viruses. However, we could not perform this method on
classical swine, triple-swine reassortant, or avian influenza vi-
ruses because we can handle only human influenza virus
strains, as regulated by law. Although the sequence of the

amplified NA gene segment in our cycling probe method
showed variations compared to the sequences of nonhuman
influenza viruses, further study is needed in order to evaluate
the specificity of this assay with nonhuman influenza viruses.
Phenotypic assay, such as ICs, method, is the “gold stan-
dard” for identifying oseltamivir resistance. However, this
method is time-consuming because it requires virus culture.
Thus, several rapid detection methods were developed, includ-
ing pyrosequencing, TagMan probe real-time PCR assay, and
RCA, for screening samples for the His275Tyr mutation, which
confers resistance to oseltamivir (7, 12, 21, 22, 25). These
methods showed high specificities and sensitivities in detecting
the drug-resistant influenza virus. Of these methods, pyrose-
quencing is well-established and provides a definitive identifi-
cation of the His275Tyr mutation, as well as other novel mu-
tations that are associated with reduced drug susceptibility
(6-8). However, not all laboratories can perform pyrose-
quencing as a routine assay for influenza virus surveillance
because the machine and reagents are expensive and the
procedures involved are complex. Thus, we developed the
cycling probe real-time PCR assay as a low-cost alternative
for screening for the His275Tyr mutation. This method has
a high specificity and sensitivity in detecting SNPs which are
comparable to those of the TagMan and RCA methods. In
addition, the probes that were used in this study can easily
be synthesized by various manufacturers, and the cost of
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20, 24). Thus, should these viruses continue to persist in the
future, the cycling probe real-time PCR assay can provide a
fast, simple, and low-cost alternative for the laboratory-based
surveillance of oseltamivir-resistant viruses.

In summary, we developed a highly sensitive and specific
method of detecting the His275Tyr mutation in NA among
seasonal HIN1 and H1N1pdm viruses by cycling probe real-
time PCR assay. We clarified the prevalence of the His275Tyr
mutation in three influenza seasons using this method. We
demonstrated that the cycling probe method is applicable in
monitoring of drug resistance as part of routine influenza virus
surveillance work, and this method may provide information
useful to clinicians during antiviral therapy.
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#£2 FHHEHINIEHFEHINIpdmONS S EN, =7 IEIN(R-125489), A-3156751CxF 3
BNk, Bk, HEEICKSICEDLE

Peramivir R—125489 A-315675
) , NA CLb FL° oM cL FL M CL FL M
Virus strain Subtype
change | ppeanSDe Mean#SD  MeanSD | MeanSD Mean+SD Mean+SD | Mean+SD Mean+SD MeantSD
(Fold) (Fold) (Fold) (Fold  (Fold)  (Fold) (Fold)  (Fold)  (Fold)
A/Washington/10/2008¢ | HIN1 WT= | 0112001  018£007 075023 | 014£001 053£008 079003 | 016001 051£015 103020
A/North Carolina/02/2009 | HINI WT 008+001  019%005  070£005 | 017001 061+005 086010 | 018001 051£005 075+050
(1) (1) (1) (1) (1) (1) (1) (1) (1)
A/New York/18/2009 HiNlpdm® | WT 0124004 032:006 0412003 | 049005 096013 074025 | 043005 074x014 090032
(1) (1) (1) (1) (1) (1) (1) (1) (1)
A/W ashington/20/2009 | HINlpdm | WT 04£001  020£004  049£010 | 049006 074009 157+013 | 035£005 053004 1310030
A/Singapore/91/2009 HiNlpdm | WT 011%002 0142007  055£000 | 030004 051+001 0902033 | 027001 046004 140018
(1) (1) (1) (1) (1) (1) (1) (1) (1)
A/North Carolina/01/2009 | HINI H275Y | 13754088 14959940 10502+850 | 034£004 092008 0892012 | 0842012 1932019 232034
(125) (831) (140) (2) (2) (1) (5) (4) (2)
A/Montana/02/2009 HINI HY75Y | 14964052 197102472 8340+134 | 034+002 105£001 082011 | 100+034 260+008 1892031
(1.36) (1.005) (1) (2) (2) (1) (6) (5) (2)
A/Osaka’180/2009 HiNlpdm | H275Y | 1306+260 07561340 19.96+1088 | 048+005 143+006 332+042 | 091005 244%031 408056
(93) (488) (398) (1) (2) (2) (3) (5) (3)
A Washington/20/2009 | HINIpdm | H275Y | 12504192 15024400 16258+806 | 082£006 119004 2142044 | 162£005 176+021 207028
(89) (751) (332) (2) (2) (1) () (3) (2)
A‘Hong Kong/2369/2009 | HiNlpdm | H275Y | 924=113 12815£197 161.79+38.09 078+002 108006 216%057 | 1.09£000 167+006 356+048
66) (641) (330) (2) (1) (1) (3) (3) (3)
ASingapore/57/2009 HiNlpdm | H275Y | 1792041 120762291 8480+ 1439 | 0745003 0862002 1122011 | 106£008 139002 158008
(84) (609) (173) (2 (1) (1) (3) (3) (1)

a2 As measured by mean ICs(nM) % standard deviation (SD) and fold change compared to the conesponding reference wild type drug

sensitive virus.

" : CL. chemiluminescent assay.

¢ . FL, fluorescent assay.

41 CM. colorimetric

assay.

¢ * The IC50 values were calculated from at teast therec independent experiments for the CL and FL assays and at least two
independent experiments for the CM assay.
72 Bold, wild type reference drug sensitive virus.

« ! WT, wild type.
" ! pdm, pandemic.
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Abstract The clinical symptoms and effectiveness of
neuraminidase inhibitors (NAI) have not been adequately
compared among pandemic HIN1 2009 patients, seasonal
HIN1 patients, and patients with HIN1 with the H275Y
mutation. The data of 68 seasonal HIN1 patients in
2007-2008, 193 seasonal HIN1 patients in 2008-2009, and
361 pandemic HIN1 2009 patients diagnosed by PCR who
received an NAI were analyzed. The duration of fever
(body temperature >37.5°C) after the first dose of NAI and
from onset was calculated. The H275Y neuraminidase
mutation status was determined for 166 patients. Signifi-
cantly lower mean age (18.4 £ 13.2 years) and a higher
percentage of teenagers (53.7%) were found for pandemic
2009 influenza than for seasonal influenza (P < 0.001).
The peak body temperature was equivalent (mean, 39.0°C)
in the three seasons, and the frequency of symptoms was
the same or lower for pandemic influenza compared with
seasonal HIN1. None of the 34 analyzed pandemic HIN1
virus isolates contained the H275Y mutation, which was
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commonly detected in the 2008—2009 season. The duration
of fever after the start of oseltamivir therapy was signifi-
cantly shorter for patients with pandemic (23.0 & 11.6 h)
than with seasonal HIN1 in both the 2008-2009 (49.7 +
32.3 h) and 2007-2008 seasons (32.0 £ 18.9 h). The mean
duration of fever after the first dose of zanamivir was not
different among the three seasons (26.9-31.5 h). Clinical
symptoms were the same or somewhat milder, and oseltam-
ivir was more effective, for pandemic 2009 than for seasonal
HINI1 influenza with or without H275Y mutation.

Keywords Oseltamivir - Zanamivir - Pandemic
influenza - HIN1 - Seasonal influenza - H275Y mutation

Introduction

The H3N2 influenza A virus was prevalent in Japan for
10 years before the 2007-2008 season; however, the HIN1
virus became the most prevalent in the 2007-2008 and
2008-2009 seasons. The H275Y mutation in the neur-
aminidase that confers oseltamivir resistance was rarely
seen in 2007-2008 but was common in the 2008-2009
season [1-3]. In our previous study, HIN1 with the H275Y
mutation showed an in vitro reduction in susceptibility to
oseltamivir of approximately 1/200. The clinical effec-
tiveness of oseltamivir, but not zanamivir, estimated by
body temperature and viral persistence, decreased signifi-
cantly for seasonal HIN1 virus with the H275Y mutation
in the 2008-2009 season compared to that without the
H275Y mutation in the 2007-2008 season, especially in
children [1, 2].

Since May 2009, the pandemic HIN1 2009 virus has
spread throughout Japan [4]. Studies of the clinical symp-
toms of the pandemic 2009 virus and the effectiveness of

@ Springer
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the NA inhibitors oseltamivir or zanamivir for pandemic
HINI 2009 virus infection have been done [5-7]; however,
comparative studies with seasonal HIN1 virus infection
have not been adequately reported.

In this report, we compare the clinical symptoms and the
duration of fever >37.5°C after the first dose of oseltamivir
or zanamivir and after the onset among patients with sea-
sonal HIN1 in the 2007-2008 and 2008-2009 seasons and
with pandemic HIN1 2009 virus infection.

Methods
Study procedures

Family doctors, pediatricians, and physicians at 15 clinics
that belong to the Influenza Study Group of the Japan
Physicians Association participated in the study. Patients
were enrolled from December 7, 2007 through March 27,
2008 in the 2007-2008 season, from December 6, 2008
through February 14, 2009 in the 2008-2009 season, and
from August 11, 2009 through January 31, 2010 in the
2009-2010 season. Patients who reported to any of our 15
clinics with an influenza-like illness manifesting any two of
the following symptoms—body temperature >37.5°C,
rhinorrhea, sore throat, cough, general fatigue, loss of
appetite, or headache—were tested by a commercial anti-
gen detection kit. From all outpatients with influenza,
diagnosed by antigen detection kit and/or clinical symp-
toms and without severe underlying diseases such as
chronic obstructive pulmonary disease or chronic heart
disease, those who received oseltamivir or zanamivir
within 48 h after the onset of symptoms were registered in
this study after providing informed consent. Excluded from
the analysis were four patients in serious condition who
were sent immediately to a hospital.

Oseltamivir has been reported to be related to neuro-
psychiatric symptoms of young adults and has been
prohibited, in most cases, for use by patients aged from
10 to 19 years in Japan. Zanamivir is not recommended
for patients with underlying respiratory disease or chil-
dren under 5 years. Therefore, the decision on whether
to administer oseltamivir or zanamivir to patients with
influenza was left to the discretion of the patient’s phy-
sician, who followed the above guidelines and patient
preference.

Specimens from throat swabs, nasal swabs, nasal aspi-
rates, or blown nasal discharge were subjected to antigen
detection and virus isolation. Of the commercially available
antigen detection kits based on immunochromatography,
Capilia FluA+B (Alfresa Pharma), QuickVue Rapid-SP
influ (DS Pharma Biomedical), QuickNavi-Flu (Denka
Seiken), and Imuno Ace Flu (Touns), were mainly used.
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Viral isolation was done with informed consent by
standard methods using Madin-Darby canine kidney
(MDCK) [8]. The type and subtype of the isolated influ-
enza was determined by the reverse transcriptional poly-
merase chain reaction (RT-PCR) method using specific
primer sets for seasonal influenza as described elsewhere
[8]. New primers for AHIN1 pandemic 2009 were syn-
thesized, and their sequences were as follows: a forward
external primer, 5'-GTG CTA TAA ACA CCA GCC TC-3'
(NA nucleotide position 902-922); a forward external
primer, 5'-GCC ACA GGA TTG AGG AAT GT-3' (NA
nucleotide position 994-1013); and a reverse primer
5'-CCT GCT CAT TTT GAT GGT GA-3' (NA nucleotide
position 1123-1104).The subtype of influenza HIN1 was
determined by the RT-PCR method using subtype-specific
primer sets for A/Mexico/4603/2009(HIN1) HA gene,
5'-GTG CTA TAA ACA CCA GCC TC-3' (forward
902-922), 5'-GCC ACA GGA TTG AGG AAT GT-3
(insert 994-1013), and 5-CCT GCT CAT TTT GAT GGT
GA-3' (reverse 1123-1104).

A neuraminidase gene segment was amplified by
RT-PCR, and the presence of the H275Y mutation was
determined by nucleotide sequencing for 166 patients with
HINI virus: 44 consecutive patients in the 2007—-2008
season, 88 in the 2008-2009 season, and 34 in the
2009-2010 season, including 77 males and 89 females of
mean age 26.6 = 18.5 years.

Oseltamivir (75 mg for adults and for children who
weighed >37.5 kg and 2 mg/kg for children who weighed
<37.5 kg) was taken orally twice per day for 5 days.
Zanamivir (10 mg for adults and for children aged 5 years or
over) was inhaled twice per day for 5 days. Antipyretics were
not administered, but acetaminophen was used temporarily in
the case of emergency.

Age, sex, vaccination status, results of the antigen
detection test kit, and body temperature were recorded for
all patients. The date and time of the onset of fever, the
date and time of administration of oseltamivir or zanami-
vir, and the resolution of fever were recorded by the phy-
sician, patient, or an attending family member. The first
time that a patient reported a fever (temperature 37.5°C)
was defined as the time of onset. Patients were asked to
measure body temperature at least three times per day
(8:00 a.m., 2:00 p.m., and 8:00 p.m.). The time at which a
body temperature <37.5°C was attained and maintained for
more than 24 h was defined as the time when the patient
became afebrile. The highest body temperature during the
course of the disease was also recorded. For clinical
symptoms other than fever, the presence or absence of the
following symptoms were noted by the doctor when
influenza was diagnosed: cough, fatigue, rhinorrhea, sore
throat, myalgia, headache, loss of appetite, vomiting, and
diarrhea.
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Table 1 Baseline demographic characteristics and clinical symptoms of patients with seasonal or pandemic A(HIN1) virus infection

Seasonal A(HIN1)

2009 Pandemic P value between

A(HINI) (c)

2007-2008 (a)  2008-2009 (b) (a) and (b) (b) and (c) (a) and (c)
Number of patients 68 193 361
Age, mean years £ SD 26.1 £ 20.2 22.0 £ 18.0 184 £ 132 NS <0.05 <0.01
(range) (1-69) (9 months-90) (1-78)
Male/female 39/29 101/92 180/181 NS NS NS
Vaccination® (positive/negative/unknown)  28/40/0 80/112/1 73/284/4 NS <0.001 <0.001
Peak body temperature (°C) 39.0+ 0.8 39.0 £ 0.6 39.0 £ 0.7 NS NS NS

# Vaccination for seasonal influenza

All data were collected using an Internet-based protocol
based on a server located in a secure room at the Gifu City
Medical Association [9]. The time from the initial admin-
istration of oseltamivir or zanamivir to the resolution of
fever and the duration of fever between the onset and
resolution were calculated automatically in the SQL data-
base [10, 11]. All study-related documents and procedures
were approved by the institutional review board at Hara-
Doi Hospital.

Statistical analysis

Student’s ¢ test was used for between-group comparisons of
the duration of fever. The Fisher exact test was also used to
compare between-group differences in the percentage
of patients. A P value <0.05 was considered statistically
significant.

Results
Patient characteristics

A total of 733 patients were enrolled in the three seasons
studied. The complete data of 685 influenza patients were
available for analysis: 68 HIN1 patients aged 1-69 years in
the 2007-2008 season, 193 HIN1 patients aged 9 months—
90 years in the 2008-2009 season, and 361 pandemic HIN1
patients aged 1-78 years in the 2009-2010 season. The
demographic characteristics of the patients are summarized
in Table 1.

The mean age and the percentage of patients vaccinated
for seasonal influenza were significantly lower in the
pandemic season than in the seasonal HIN1 seasons. The
mean peak body temperature was the same (39.0°C) for all
three seasons. All 68 patients were positive by commercial
antigen detection kit for influenza in 2007-2008, as were
all 193 in 2008-2009 and 342 in the 2009-2010: a negative
reaction with commercial antigen detection kit was found
for 19 patients in the 2009-2010 season.

Seasonal
H1N1
in 07-08
(n=68)
Seasonal
H1N1
in 08-09
(n=193)
Pandemic
H1N1
2009
(n=361)

0O 10 20 30 40 5 60 70 80 90 100
(%)

Fig. 1 Age distribution of patients with seasonal HINI in the
2007-2008, 2008-2009, and pandemic HIN1 2009 seasons. The
percentage of patients aged 10-19 years was significantly higher for
pandemic HIN1 than for seasonal HINI in the 2007-2008 and
2008-2009 seasons

The percentage of patients aged 10-19 years was sig-
nificantly higher in the 2009 pandemic season (53.7%) than
in the 2007-2008 (17.6%) and 2008-2009 (26.9%) HINI
seasons (P < 0.001, Fig. 1).

Clinical symptoms

The symptoms of the patients at the start of NAI therapy
are shown in Table 2. The percentage of patients with
fatigue, rhinorrhea, sore throat, myalgia, headache, and loss
of appetite was significantly lower for pandemic 2009 than
for seasonal HIN1 in 2008-2009. The percentage with
fatigue was also significantly lower for pandemic 2009
than for seasonal HIN1 in 2007-2008 (P < 0.01). No
significant differences were found in the percentage of
patients with body temperature >37.4° or 37.9°C, cough,
vomiting, and diarrhea among the three seasons.

Duration of fever after administration of the first dose
of an antiinfluenza drug and after the onset

Of 68 patients with influenza HIN1 in the 2007-2008 season,
41 were treated with oseltamivir and 27 with zanamivir. In
the 2008—-2009 season, 87 patients with HIN1 were treated
with oseltamivir and 106 were treated with zanamivir, and
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Table 2 Clinical symptoms of patients with seasonal or pandemic HINT at the start of antiinfluenza drug therapy

Seasonal A(HINT)

2009 Pandemic P value between

2007-2008 (a) 2008-2009 (b) A(HINI) (¢) (a) and (b) (b) and (c) (a) and (¢)
Clinical symptoms at the first visit (%)
Body temperature >37.5 C 95.6 95.9 97.0 NS NS NS
Body temperature >38.0°C 779 75.1 76.2 NS NS NS
Cough 85.3 81.3 78.9 NS NS NS
Fatigue 63.2 62.2 413 NS <0.001 <0.01
Rhinorrhea 574 710 474 NS <0.001 NS
Sore throat 42.6 50.3 327 NS <0.001 NS
Myalgia 353 373 26.3 NS <0.01 NS
Headache 30.9 51.8 30.5 <0.01 <0.001 NS
Loss of appetite 294 342 20.8 NS <0.001 NS
Vomiting 4.4 3.1 3.6 NS NS NS
Diarrhea 1.5 4.7 2.8 NS NS NS

Table 3 Patient characteristics
by treatment

Seasonal A(HIN1) 2009 Pandemic

2007-2008 2008-2009 A(HINI)
Oseltamivir therapy group
Number of patients 41 87 149
Age, mean years = SD 26.6 £ 220 224 £ 216 216 £ 17.8
Male/female 24/17 47/40 72/77
Vaccination® (positive/negative/unknown) 16/25/0 36/50/1 40/109/0
Peak body temperature, C 39.0 £ 0.7 39.0 £ 0.6 389 £ 0.7
Time to the first administration of the drug 18.1 £ 10.6 173 £ 11.6 175 £ 11.7
after the onset, mean hours = SD
Zanamivir therapy group
Number of patients 27 106 212
Age, mean years £+ SD 254 £ 17.0 22,1 £ 144 16.1 £ 7.8
Male/female 12/15 54/52 108/104
Vaccination (positive/negative/unknown) 10/17/0 44162/0 33/175/4
Peak body temperature, 'C 39.1 £ 0.8 38.9 £ 0.7 390+ 0.6
Time to the first administration of the drug 165 + 8.8 15.7 £ 11.1 17.7 £ 10.7

? Vaccination for seasonal
influenza

after the onset, mean hours £ SD

149 and 212 patients with pandemic HIN1 were treated with
oseltamivir and zanamivir, respectively (Table 3). There
were no significant differences in age, male-to-female ratio,
vaccination status, peak body temperature or time to the first
administration of the drug after the onset between the osel-
tamivir and zanamivir therapy groups.

Minor adverse reactions were observed for five
patients treated with oseltamivir and for eight patients
treated with zanamivir. No severe adverse reactions were
reported.

The duration of fever after administration of the first
dose of oseltamivir or zanamivir for all ages is shown in

@ Springer

Table 4. The duration after the start of oseltamivir therapy
was significantly shorter for patients with pandemic HINI
(23.0 £ 11.6 h) than for seasonal HINI in the 2008-2009
(49.7 £ 32.3 h) and 2007-2008 seasons (32.0 £+ 18.9 h)
(P < 0.001 and P < 0.01, respectively). There was no
significant difference in the duration of fever after the start
of zanamivir therapy among the three seasons. Significant
differences were found between oseltamivir and zanamivir
therapy for patients with pandemic 2009 (P < 0.01) and
seasonal HIN1T in 2008-2009 (P < 0.001).

No significant difference was found in the duration of
fever after the start of oseltamivir or zanamivir therapy for



