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Background: We estimated influenza vaccine effectiveness (VE) in 2015–2016 season against medically
attended, laboratory-confirmed influenza, when quadrivalent inactivated vaccine (IIV4) was first intro-
duced in Japan, using test-negative case-control design. Influenza A(H1N1)pdm09 cocirculated with
B/Yamagata and B/Victoria during the study period in Japan.
Method: We based our case definition on two laboratory tests, real-time reverse transcription poly-
merase chain reaction (RT PCR), and virus isolation and compared VEs based on these tests. In addition,
VE was evaluated by rapid diagnostic test (RDT). Nasopharyngeal swabs were collected from outpatients
who visited clinics with influenza-like illness (ILIs) in Hokkaido, Niigata, Gunma and Nagasaki prefec-
tures.
Results: Among 713 children and adults enrolled in this study, 578 were influenza positive by RT PCR
including, 392 influenza A and 186 influenza B, while 135 were tested negative controls. The adjusted
VE by RT PCR for all ages against any influenza was low protection of 36.0% (95% confidence interval
[CI], 3.1% to 58.6%), for influenza A was 30.0% (95% CI: �10.0% to 55.5%), and influenza B was moderate
50.2% (95% CI: 13.3% to 71.4%). Adjusted VE for virus isolation for A(H1N1)pdm09 was 37.1% (95% CI: 1.7%
to 59.7%), Yamagata lineage 51.3% (95% CI: 6.4% to 74.7%) and Victoria lineage 21.3% (95% CI: �50.0% to
58.9%). VE was highest and protective in 0–5 years old group against any influenza and influenza A and B/
Yamagata, but the protective effect was not observed for other age groups and B/Victoria. RDT demon-
strated concordant results with RT PCR and virus isolation. Sequencing of hemagglutinin gene showed
that all A(H1N1)pdm09 belong to clade 6B including 31 strains (88.6%), which belong to clade 6B.1 pos-
sessing S162N mutations that may alter antigenicity and affect VE for A(H1N1)pdm09.
Conclusions: IIV4 influenza vaccine during 2015–2016 was effective against A(H1N1)pdm09 and the two
lineages of type B. Younger children was more protected than older children and adults by vaccination.
� 2019 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Influenza viruses circulate each year causing outbreaks of respi-
ratory illnesses that result in significant morbidity and mortality in
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humans worldwide [1]. Influenza epidemics are estimated to result
in about 3 to 5 million severe cases of illness and about 290 000 to
650 000 deaths every year [1]. The majority of deaths associated
with influenza are detected among elderly people aged 65 and over
[1]. The epidemics are also associated with increased work or
school absenteeism and loss of productivity. The World Health
Organization (WHO) recommends annual influenza vaccination
to groups at risk for influenza complications including pregnant
women at any stage of pregnancy, children 6 months to 5 years
of age, elderly (aged 65 and over) individuals with underlying
chronic medical conditions, and health-care workers [1]. In Japan,
the Ministry of Health, Labour and Welfare recommends a univer-
sal vaccination strategy which states that all children younger than
13 years of age should receive two doses of vaccine each season
and that all others receive one dose.

Annual influenza vaccination is necessary because of the ongo-
ing antigenic drift of influenza viruses and the need to regularly
update the vaccine components [2]. Until recently, only trivalent
influenza vaccines, which include one strain of influenza B (either
B/Yamagata or B/Victoria lineage) in addition to influenza A/
H1N1pmd09 and A/H3N2 were used. However, both influenza B
lineages have co-circulated during most influenza seasons and
often the vaccine strain did not match the predominant circulating
strain [3]. The difficulty in predicting which influenza B lineage
will dominate in a given season led to the recommendation to
include both influenza B lineage strains in the vaccine [4]. During
the 2015–2016 season, WHO recommended that quadrivalent vac-
cines in the Northern Hemisphere should include a B/Bris-
bane/60/2008 (B/Victoria)-like virus in addition to the other
three recommended components for the trivalent vaccine (an A/
California/7/2009 (H1N1)pdm09-like virus, an A/Switzer-
land/9715293/2013 (H3N2)-like virus, and a B/Phuket/3073/2013
(B/Yamagata)-like virus) [5].

Until the 2015–2016 season, the trivalent inactivated subunit-
antigen vaccine (TIV) was used in Japan [6], and then from the
2015–2016 season the quadrivalent inactivated vaccine (IIV4)
was introduced [7]. Four domestic vaccine manufacturers (Denka
Seiken, Co., LTD., Kaketsuken, Kitasato Daiichi Sankyo Vaccine
Co., LTD, and Biken Co., LTD.) produce influenza vaccines every year
for the use of the Japanese population following the recommenda-
tion by the National Institute of Infectious Diseases (NIID) in Japan.
In Japan, only domestically produced vaccines are used and the
vaccine components selected by NIID basically followWHO recom-
mendation but are occasionally different fromWHO recommended
strains, although antigenically similar. It is necessary to measure
vaccine effectiveness (VE) of Japanese vaccines to monitor their
performance and to compare with those of other countries. The
2015–16 season in Japan has been characterized by dominant
influenza A(H1N1)pdm09 activity while, influenza B circulated in
a 1:1 ratio between B/Yamagata and B/Victoria, according to the
report from the National Institute of Infectious Diseases [7]. Thus,
it is a good opportunity to examine VE against two lineages of
influenza B that were included in the IIV4 for the first time in
Japan. In the current study, we analyzed VE of IIV4 during the sea-
son when it was first introduced in Japan, using the test-negative
case-control design.

Effectiveness of influenza vaccine by a test-negative case-
control design is becoming the most popular observational study
method used to estimate influenza vaccine effectiveness and the
publication using this method has been reported every year from
Australia, Canada, European countries, New Zealand, and the U.S.
[8–12]. Real-time polymerase chain reaction (RT-PCR) is a power-
ful and very sensitive technique for the identification of influenza
virus genome used as a gold standard to define ‘‘case” in test-
negative case-control design to estimate VEs [10,12–18]. However,
in Japan, it is common to use rapid diagnostic tests (RDT) in clinical
practice in almost all hospitals and clinics to detect influenza
patients, since RDTs are covered by the national health insurance
and used as first point of diagnosis and health care, whereas RT-
PCR and virus isolation will take several hours and days to get
the results [19–21]. Actually, many influenza VE study in Japan
used RDTs as a substitute for real-time PCR [6,20,22–24]. Here,
we evaluated VE in patients with laboratory-confirmed samples
by RT-PCR and virus isolation, supplemented by RDT.
2. Methods

2.1. Study design

Patients with influenza-like illness (body temperature� 37.5 �C,
cough, rhinorrhea, malaise), who visited outpatient clinics in
Hokkaido, Niigata, Gunma and Nagasaki prefectures between
December 2015 and April 2016 were enrolled in this study. The
population size is 7843 in Matsumae (Hokkaido prefecture);
807450 in Niigata; 78178 in Shibukawa (Gunma prefecture);
425723 in Nagasaki, and 135546 in Isahaya (Nagasaki prefecture)
as of 2016. This study was conducted using test-negative case-
control design. Our research was approved by The Niigata Univer-
sity School of Medicine Ethics Committee (No. 1178). Eligible par-
ticipants or their guardians (usually parents) were informed about
the study aims and methods at the outpatient clinics. A written
informed consent was obtained from all outpatients who agreed
to participate in this study. Nasopharyngeal swabs were obtained
and checked by influenza RDT to detect influenza A or B. The fol-
lowing RDTs were used at the discretionary of the clinicians: Quick
Navi – Flu + RSV (Denka Seiken Co., Ltd. Tokyo, Japan), Quick Navi –
Flu (Denka Seiken Co.), Immunoace (TAUNS Laboratories, Inc., Shi-
zuoka, Japan), Drychem Immuno AG1 (Fujifilm Corporation, Tokyo,
Japan), Arthonic Flu (Alfresa Holdings Corporation, Osaka, Japan).
Information including clinical symptoms, the date of onset, age,
sex and influenza vaccination status for the current season were
also recorded.
2.2. Vaccine

During the 2015–2016 season, the quadrivalent inactivated
subunit-antigen vaccine (IIV4) was used for the first time in Japan.
Vaccination was conducted from October until December 2015.
The vaccine included the following strains: A/California/7/2009
for A(H1N1)pdm09, A/Switzerland/9715293/2013 for A(H3N2), B/
Phuket/3073/2013 for B/Yamagata lineage and B/Texas/2/2013
for B/Victoria lineage [7]. B/Texas/2/2013 for B/Victoria lineage,
was an exclusively selected component in Japan but the other
three were the same as WHO recommended strains.

In Japan, the recommended vaccination dose is as follows: for
children 6 months to 2 years of age two 0.25 ml doses of vaccine
2 to 4 weeks apart, for children 3–12 years two 0.50 ml doses of
vaccine 2 to 4 weeks apart, for children over 13 years of age and
over only one 0.5 ml dose of vaccine is recommended [6,25]. One
vaccine dose was considered as vaccinated in this study even for
children under 13 years old to whom twice vaccination is
recommended.
2.3. Virus characterization

Viral nucleic acid was extracted from 100 ll of nasopharyngeal
specimens collected during clinic visits using EXTRAGEN II – DNA/
RNA extraction kit (Tosoh, Japan). The complementary DNA (cDNA)
synthesis was carried out using influenza A and B universal pri-
mers (Uni – 11 and Uni – 12) [26]. RT PCR targeting the M gene



Fig 1. Flow diagram of study participants.
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was conducted on the original clinical samples to detect influenza
A or B [27].

For virus isolation, 100 ll of nasopharyngeal specimen was
inoculated onto Madin-Darby canine kidney (MDCK) cells. After
inoculation, cultures were monitored for cytopathic effect (CPE)
during 3–7 days. Isolates were assayed by cycling probe RT PCR
to detect influenza subtypes and lineages: A(H1N1)pdm09, A
(H3N2) or B/Yamagata and B/Victoria [28].

The HA genes of A(H1N1)pdm09, influenza B/Yamagata and
B/Victoria were amplified by conventional PCR using gene-
specific primers (Supplementary Table 1). The PCR products were
purified and labelled using BigDye Terminator v3.1 cycle sequenc-
ing kit (Applied Biosystems, Carlsbad, USA). Sequencing was run on
an ABI Prism 3130xl Genetic Analyzer machine (Applied Bio Sys-
tem, Forest city, USA). Sequencing results were assembled and
aligned by using SeqMan Pro software version 12.2.0. The phyloge-
netic tree analysis was conducted using the Neighbor-Joining
method based on the maximum composite likelihood using MEGA
5.2 software [29]. The generated HA sequences were deposited in
the GISAID database (www.gisaid.org.). Accession numbers are
listed in Supplementary Table 2.

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.jvacx.2019.100011.

2.4. Test-negative case-control design

VE was estimated using the test-negative case-control design in
which a patient who presented with an influenza-like illness and
RT PCR-positive for influenza A or B virus was considered as a case,
and a patient who presented with an influenza-like illness but was
RT PCR-negative was considered as a control. VE was derived
as ‘‘1- OR (odds ratio) � 100%”, and OR was calculated as
influenza positive amongst vaccinated�influenza negative amongst unvaccinated
influenza negative amongst vaccinated�influenza positite amongst unvaccinated

In this study, VEs were also estimated for A(H1N1)pdm09,
B/Yamagata or B/Victoria based on virus isolation results and
additionally for influenza A or B based on RDT.

2.5. Statistical analysis

Univariate analysis was conducted to estimate VE of any influ-
enza infection, influenza A or B by RT-PCR, and A(H1N1)pdm09,
B/Yamagata or B/Victoria by virus isolation. Multivariable analysis
by logistic regression analysis was carried to adjust for sex (male or
female), age (in years), area (Hokkaido, Niigata, Gunma, Nagasaki),
and month of onset of illness (January, February, March). One sam-
ple collected in December was combined to January and one sam-
ple in April combined to March. Furthermore, VE was estimated by
age groups (0–5, 6–18 and 19 and over years old) by univariate
analysis. Underlying conditions were not included in this analysis
because the vast majority of patients were basically otherwise
healthy children (86.1%) who visited outpatient clinic due to
sudden onset of influenza symptoms. We additionally assessed
VEs of RDT for any influenza, influenza A, or B by univariate and
multivariable analysis stated as above. All statistical analysis was
performed by EZR software version 3.2.2 [30].

3. Results

3.1. Characteristics of the patients

We collected 896 nasopharyngeal swabs from patients who
were 6 months to 87 years old with influenza-like illness from
Niigata, Hokkaido, Gunma, and Nagasaki in Japan during the
2015/2016 season. A total of 713 patients were enrolled in this
study after excluding 183 participants for the following reasons:
unknown vaccination history or missing vaccination status
(n = 166), influenza A(H3N2) (n = 2), RDT results were both influ-
enza A and B positive (n = 4), RT PCR was positive for both influ-
enza A and B (n = 8), or virus isolation yielded both influenza A
and B viruses (n = 3) (Fig. 1).

Of 713 enrollment patients, 578 were case and 135 were control
by RT PCR result. By virus isolation, case and control were divided
as 566 and 147, respectively. Baseline characteristics showed that
more than half were males (52.7%); vast majority (81.6%) of the
enrollees were children and young adults with 268 (37.6%) were
0–5 years old and 346 (48.5%) were 6–18 years old (Table 1). In
adult group, 90 (12.6%) were 19–64 years old and 9 (1.3%) were
>65 years old. Of all patients enrolled, 357 (50.0%) received influ-
enza vaccine. Once vaccinated and twice vaccinated were 7.2%
and 48.8% in children group up to 13 years old. The date of vacci-
nation was not collected from participants in this study. It was
not certain whether the cases were enrolled after 14 days of the
vaccination. The Ministry of Health, Labour and Welfare in Japan
recommends that influenza vaccines should be given until the mid-
dle of December prior to influenza season [8]. The first case in our
study was enrolled on 29th December 2015, so we assume our par-
ticipants had enough time to develop immunity after vaccination.
More than half of the patients resided in Niigata (n = 407; 57.0%),
and then 100 (14.0%) in Hokkaido, 84 (11.8%) in Gunma and 122
(17.1%) in Nagasaki. The 2015–2016 influenza season started in
December 2015 and ended in April 2016. The highest number of
influenza cases determined by virus isolation was recorded in
February (57.5% of the cases) (Fig. 2). One case was registered in
December 2015 and another case in April 2016. Number of isolates
is based on virus isolation by MDCK cells. Virus isolation using
MDCK cells revealed that 361 (50.7%) were A(H1N1)pdm09, 2 A
(H3N2), 90 (12.6%) B/Yamagata, 115 (16.1%) B/Victoria, and 147
(20.6%) were negative (Table 1). RDT showed 379 (53.0%) were
influenza A, 180 (25.0%) B, and 154 (21.6%) negative.

3.2. VE against laboratory confirmed influenza virus

Assessed by RT PCR, a crude VE during the 2015–2016 season
against any influenza was 29.2% (95% CI: �3.0% to 51.5%) (Table 2).
Using virus isolation, VE was moderate at 37.1% (95% CI: 9.1% to
56.5%). The adjusted VEs against any influenza by RT PCR and virus
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Table 1
Baseline characteristics of the patients.

Total Real-time RT-PCR Virus isolation

A (%) B (%) Neg (%) A(H1p09) (%) B/Yam (%) B/Vic (%) Neg (%)

Total 713 (%) 392 (55.0) 186 (26.0) 135 (19.0) 361 (50.7) 90 (12.6) 115 (16.1) 147 (20.6)
Gender Male 376 (52.7) 205 (54.5) 105 (27.8) 66 (17.5) 183 (48.7) 57 (15.2) 59 (15.7) 77 (20.4)

Female 337 (47.3) 187 (55.5) 81 (24.0) 69 (20.5) 178 (53.0) 33 (9.7) 56 (16.6) 70 (20.7)
Age(y.o.) 0–5 268 (37.6) 164 (61.2) 44 (16.4) 60 (22.4) 143 (53.3) 14 (5.2) 37 (13.9) 74 (27.6)

6–18 346 (48.5) 167 (48.3) 123 (35.5) 56 (16.2) 164 (47.4) 59 (17.0) 69 (20.0) 54 (15.6)
19 and over 99 (13.8) 61 (61.6) 19 (19.2) 19 (19.2) 54 (54.5) 17 (17.2) 9 (9.1) 19 (19.2)

Vaccination Vaccinated 357 (50.0) 196 (55.0) 84 (23.5) 77 (21.5) 176 (49.3) 38 (10.6) 56 (15.7) 87 (24.4)
status Unvaccinated 356 (50.0) 196 (55.0) 102 (28.7) 58 (16.3) 185 (52.0) 52 (14.6) 59 (16.6) 60 (16.8)
Place Niigata 407 (57.0) 262 (64.4) 88 (21.6) 57 (14.0) 249 (61.1) 36 (8.9) 65 (16.0) 57 (14.0)

Hokkaido 100 (14.0) 34 (34.0) 29 (29.0) 37 (37.0) 28 (28.0) 22 (22.0) 5 (5.0) 45 (45.0)
Gunma 84 (11.8) 25 (29.8) 37 (44.0) 22 (26.2) 24 (28.6) 15 (17.9) 27 (32.1) 18 (21.4)
Nagasaki 122 (17.1) 71 (58.2) 32 (26.2) 19 (15.6) 60 (49.2) 17 (13.9) 18 (14.8) 27 (22.1)

Months of clinic visit December 1 (0.1) 1 (0.1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
February 410 (57.5) 237 (57.8) 85 (20.7) 88 (21.5) 226 (55.1) 33 (8.0) 61 (14.9) 90 (22.0)
March 118 (16.4) 21 (17.8) 85 (72.0) 12 (10.2) 16 (13.5) 47 (40.0) 49 (41.5) 6 (5.0)
April 1 (0.1) 0 (0) 1 (0.1) 0 (0) 0 (0) 1 (0.1) 0 (0) 0 (0)

Abbreviations. A(H1p09): A(H1N1)pdm09, B/Yam: B/Yamagata, B/Vic: B/Victoria, Neg: negative result.

Fig 2. Epidemic curve for the effectiveness of the quadrivalent inactivated influenza vaccine in Japan during the 2015–2016 season.

Table 2
Effectiveness of IIV4 against medically attended influenza during the 2015–2016 season in Japan.

Case: Vac/non vac Control: Vac/non vac Crude (univariate) Adjusted* (multi-variable)

VE (%) 95% CI VE (%) 95% CI

All RT PCR 280/298 77/58 29.2 �3.0 51.5 36.0 3.1 58.6
Virus isolation 270/296 87/60 37.1 9.1 56.5 40.6 9.9 60.8

A Typing (RT PCR) 196/197 77/58 24.7 �12.0 49.2 30.0 �10.0 55.5
Virus isolation: A(H1p09) 176/185 87/60 34.4 3.3 55.5 37.1 1.7 59.7

B RT PCR 84/102 77/58 38.0 3.0 60.3 50.2 13.3 71.4
Virus isolation: B/Yam 38/52 87/60 49.6 14.2 70.4 51.3 6.4 74.7
B/Vic 56/59 87/60 34.5 �7.0 60.0 21.3 �50.0 58.9

VE: vaccine effectiveness, CI: confidence interval, Vac: vaccinated, A(H1p09): A(H1N1)pdm09, B/Yam: B/Yamagata, B/Vic: B/Victoria.
* Adjusted for age, sex, place and month of onset.
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isolation were 36.0% (95% CI: 3.1% to 58.6%) and 40.6% (95% CI:
9.9% to 60.8%), respectively.

For influenza A, the adjusted VE was lower at 30.0% (95% CI:
�10.0% to 55.5%) by RT PCR compared with virus isolation A
(H1N1)pdm09 with VE at 37.1% (95% CI: 1.7% to 59.7%). In this
study, influenza A positive by RT PCR is equivalent to A(H1N1)
pdm09 by virus isolation because we removed the cases positive
for influenza A(H3N2) from the analysis.
Adjusted VE against influenza B using RT PCR was as high as
50.2% (95% CI: 13.3% to 71.4%) and B/Yamagata using virus isola-
tion was similarly high at 51.3% (95% CI: 6.4% to 74.7%). VE against
B/Victoria was found low at 21.3% (95% CI: �50.0% to 58.9%).

Analysis of VE by age group revealed that children 0–5 years old
consistently showed high VE ranging from 57 to 72% by two tests
against any influenza, influenza A and influenza B, including A
(H1N1)pdm09, B/Yamagata and B/Victoria (Table 3). In contrast,



Table 3
Vaccine effectiveness by age group in 2015–16 influenza season.

Case: Vac/non vac Control: Vac/non vac Crude (univariate)

Age group VE (%) 95% CI

All 0–5 RT PCR 105/103 44/16 62.9 30.2 80.3
Virus isolation 93/101 56/18 70.4 46.0 83.8

6–18 RT PCR 157/133 29/27 �10.0 �95.0 38.0
Virus isolation 158/134 28/26 �9.0 �96.0 38.8

19 and over RT PCR 18/62 4/15 23.7 �170.0 78.5
Virus isolation 19/61 3/16 �93.0 �839.0 60.3

A 0–5 RT PCR 82/82 44/16 63.6 30.4 81.0
Virus isolation: A(H1p09) 65/78 56/18 72.3 50.0 85.7

6–18 RT PCR 101/66 29/27 �42.0 �162.0 22.5
Virus isolation: A(H1p09) 100/64 28/26 �45.0 �169.0 21.9

19 and over RT PCR 13/48 4/15 33.3 �153.0 82.5
Virus isolation: A(H1p09) 11/43 3/16 �37.0 �629.0 74.4

B 0–5 RT PCR 23/21 44/16 60.2 9.3 82.5
Virus isolation: B/Yam 7/7 56/18 67.9 �4.0 90.1
Virus isolation: B/Vic 21/16 56/18 57.8 2.3 81.8

6–18 RT PCR 56/67 29/27 22.2 �47.0 58.7
Virus isolation: B/Yam 25/34 28/26 31.7 �43.0 67.5
Virus isolation: B/Vic 33/36 28/26 14.9 �74.0 58.3

19 and over RT PCR 5/14 4/15 �7.0 �413.0 77.6
Virus isolation: B/Yam 6/11 3/16 �300.0 �2370.0 35.2
Virus isolation: B/Vic 2/7 3/16 �129.0 �1870.0 73.4

VE: vaccine effectiveness, CI: confidence interval, Vac: vaccinated, A(H1p09): A(H1N1)pdm09, B/Yam: B/Yamagata, B/Vic: B/Victoria.
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the other age groups (�6 years old) did not show any good VEs. For
influenza A, in 0–5 years old children group, VEs were 63.6% (95%
CI: 30.4% to 81.0%) by RT PCR and 72.3% (95% CI: 50% to 85.7%)
against A(H1N1)pdm09 by virus isolation. For influenza B, the
same age group also showed high VE at 60.2% (95% CI: 9.3% to
82.5%) by RT PCR, 67.9% (95% CI: �4.0% to 90.1%) against B/Yama-
gata and 57.8% (95% CI: 2.3% to 81.8%) against B/Victoria, but the
older age groups (>6 years old) did not show sufficient VEs as in
influenza A.
3.3. VE against influenza by RDT

We assessed VE by RDT in the same manner as PCR and virus
isolation. Crude VEs against any type, A and B type were 28.1%
(95% CI: �3.0% to 49.8%), 25.0% (95% CI: �9.0% to 48.5%) and
34.1% (95% CI: �2.0% to 57.3%) respectively, which are very similar
to RT PCR results (Table 4). Adjusted VE against any type of influ-
enza was found as 29.5% (95% CI: �7.0% to 53.6%), against A
(H1N1)pdm09 21.2% (95% CI: �24.0% to 49.8%) and 35.1% (95%
CI: �14.0% to 63.1%) against B type. The adjusted VEs were similar
but lower than RT PCR.
3.4. Genetic characterization

We performed HA gene sequencing of influenza A(H1N1)
pdm09 and influenza B to see potential genetic changes that may
affect VEs. All of influenza A(H1N1)pdm09 belonged to clade 6B
that were further divided into 6B.1 and 6B.2 (Fig. 3). Vast majority
of our strains belong to 6B.1 (88.6%) (Supplementary Table 3) and
Table 4
Vaccine effectiveness of IIV4 by RDT results against medically attended influenza during t

Case: Vac/non vac Control: Vac/non vac C

V

Any influenza 270/289 87/67 2
A 187/192 87/67 2
B 83/97 87/67 3

VE: vaccine effectiveness, CI: confidence interval, Vac: vaccinated.
* Adjusted for age, sex, place and month of onset.
possessed amino acid mutations of S162N and K163Q (H3 number-
ing) (Fig. 3) [14,31]. S162N mutation is located in antigenic site Sa
that is close to the receptor binding site and adjacent to the clade-
defining K163Q mutation [32].

Influenza B strains was genetically divided into B/Yamagata and
B/Victoria. Influenza B/Yamagata in this study and vaccine strain B/
Phuket/3073/2013 belong to clade 3 (51.0%) (Supplementary
Table 3) defined by L172Q substitution (Fig. 4). Influenza B/Victoria
and vaccine strain B/Texas/2/2013 (a Japanese influenza vaccine
component) belong to clade 1A (49.0%) (Supplementary Table 3)
defined mainly by I117V, N129D mutations based amino acid
sequence of B/Texas/02/2013 (Fig. 4).
4. Discussion

In this report, we assessed the vaccine effectiveness of influenza
in 2015–2016 season, when the quadrivalent vaccine was first
introduced in Japan. Overall vaccine effectiveness by laboratory
confirmed RT PCR showed mild protection of �30.0% for any influ-
enza and influenza A but VE was higher as 50.2% against influenza
B. Age group analysis showed young children (0–5 years old)
demonstrated high protection against any influenza, A and B

around 60%, but the older age group (�6 years old) did not have
enough protection consistently.

For influenza A, which is A(H1N1)pdm09 in this study, the
adjusted influenza vaccine protection was low either by RT PCR
30.0% (95% CI: �10.0% to 55.5%) and virus isolation 37.1% (95%
CI: 1.7% to 59.7%). Other Japanese groups reported results of outpa-
tients of 44.0% (95% CI: 13.6% to 63.7%) and 49.0% (95% CI: 42.0% to
he 2015–2016 season in Japan.

rude (univariate) Adjusted* (multi-variable)

E (%) 95% CI VE (%) 95% CI

8.1 �3.0 49.8 29.5 �7.0 53.6
5 �9.0 48.5 21.2 �24.0 49.8
4.1 �2.0 57.3 35.1 �14.0 63.1



Fig 3. Phylogenetic analysis of the hemagglutinin of influenza A(H1N1)pdm09. Strains were collected in Hokkaido, Niigata, Gunma, Kyoto and Nagasaki, Japan in January to
February 2016. Phylogenetic tree was constructed by the neighbor-joining method based on the maximum composite likelihood with MEGA, version 6. Only values greater
than 70% are shown. Vaccine component in 2015/2016 season for Northern hemisphere is A/California/07/2009, for Southern Hemisphere in 2017 is A/Michigan/45/2015.
Reference sequences and vaccine strains of A(H1N1)pdm09 strains were downloaded from the GISAID EpiFlu Database (www.gisaid.org.). The amino acid substitutions
relative to the A/California/07/2009 strain are shown at the branch of phylogenetic tree.
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Fig 4. Phylogenetic analysis of the hemagglutinin gene of the two lineages of
influenza B virus (B/Yamagata, B/Victoria). Influenza B/Yamagata and B/Victoria
strains were collected from Hokkaido, Niigata, Gunma, Kyoto and Nagasaki, Japan in
January to February 2016. Phylogenetic tree was constructed by the neighbor-
joining method based on the maximum composite likelihood with MEGA, version 6.
Only values greater than 70% are shown. Japanese strains collected in this study are
shown in bold font. Vaccine components in 2015/2016 season for Northern
hemisphere are shown lean font. Reference sequences and vaccine strains of B virus
were downloaded from GISAID EpiFlu Database (www.gisaid.org.). The amino acid
substitutions relative to the B/Phuket/3073/2013 for B/Yamagata lineage and B/
Texas/02/2013 strain for B/Victoria lineage are shown in the phylogenetic tree.
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54.0%) [20,23] based on RDTs results analyzed by TND. First study
recruited only children from 6 months to 15 years old, the second
one enrolled adults 16 years old and over, showing the similar
VEs between different age groups. We cannot explain the reason
for the discordance of VEs against A(H1N1)pdm09 between this
study and another Japanese studies. However, a possible reason
for our low VE against A(H1N1)pdm09 can be explained by the
antigenic change of circulating clade 6B.1 viruses. Influenza A
(H1N1)pdm09 virus belonging to Clade 6B.1 possesses S162N
mutation that confers a potential gain of glycosylation [14,23].
WHO reported that 6B.1 and 6B.2 viruses poorly reacted with
post-vaccination adult human serum pools against A/Califor-
nia/7/2009 [32]. Reports from the United States also supported
that the binding of human sera from the subjects infected with A
(H1N1)pdm09 viruses to the HA proteins between recently circu-
lating strains and vaccine strain was not identical, strongly sug-
gesting antigenic differences in the HA protein between the two
strains [31,33]. Due to the antigenic changes observed with 6B.1
and 6B.2 viruses, WHO changed a vaccine component for Southern
Hemisphere influenza vaccine in 2017 from A/California/7/2009 to
A/Michigan/45/2015. Thus, the low VE against A(H1N1) pdm09 in
this study may be the result from antigenic mismatches between
the former vaccine component and the circulating strains [23].
Indeed, reports from the US during the same season showed low
VEs of 49.0% (95% CI: 37.0% to 59.0%) for IIV4 [34], 43.0% (95% CI:
25.0% to 57.0%) for TIV in Canada [35] and 32.9% (95% CI: 15.5%
to 46.7%) in Europe [36], which are explained by changes in the cir-
culating strain compared to the vaccine strain.

Against overall influenza B and B/Yamagata, we obtained mod-
erate effectiveness of 50.2% (95% CI: 13.3% to 71.4%) and 51.3%
(95% CI: 6.4% to 74.7%) respectively, but B/Victoria showed low
effectiveness of 21.3% (95% CI: �50.0% to 58.9%). Another Japanese
group reported low VE of 33.8% (95% CI: 25% to 64.8%) but they did
not specify the lineages of influenza B [23]. Researchers from the
United States, reported VE of 66.0% (95% CI: 51.0% to 76.0%) against
B/Yamagata, and 57.0% (95% CI: 36.0% to 71.0%) for influenza B/Vic-
toria from patients who received IIV4 during the 2015–2016 sea-
son [34]. A study in Canada reported VE of 54.0% (95% CI: 32.0%
to 68.0%) against B/Victoria [35] despite lineage mismatch with
vaccine strain for B/Yamagata. The L172Q mutation in HA of B/
Yamagata that was found in our study may cause potential anti-
genic change when compared to the vaccine strain B/Phu-
ket/3073/2013, but we did not observe any reduction of VEs for
B/Yamagata lineage. The lower VEs for the B/Victoria in this study
may be explained by our unpublished data that antibody titers
against B/Victoria were lower than B/Yamagata after the IIV4 vac-
cination during the 2015/2016 season.

WHO recommended to reformulate the TIV into IIV4 by includ-
ing both influenza B lineages (Yamagata and Victoria), since TIV
may provide only limited cross-protection against strains in the
other lineage [37]. Predicting which B virus lineage will predomi-
nate during a given season has been a challenge over the years. A
recent modeling analysis showed that during the 10 seasons from
2001 to 2002 through 2010–2011, the predominant circulating
influenza B virus lineage matched to the trivalent vaccine in only
five seasons [3]. Thus, inclusion of two B virus strains in seasonal
influenza vaccines was expected to improve the protection against
circulating seasonal B virus strains. Indeed, we saw a good protec-
tion against overall influenza B during the 2015–2016 season in
this study, but follow up investigation is needed [20,22,24].

In our study, vaccine effectiveness against any influenza and
influenza A was high in small children aged 0–5 years old. Similar
better protection in small children was reported from various Japa-
nese group including our group in the past [6,24]. In 2011–2012
season in Japan, the trivalent influenza vaccine demonstrated vac-
cine effectiveness in 1–2 and 3–5 years old groups: 55.0% (95% CI:
40.0% to 66.0%), 32% (95% CI: 17.0% to 45.0%) respectively [24].
Then, during 2013–2014 and 2014–2015 seasons in Japan, TIV
demonstrated vaccine effectiveness of 38.0–45.0% in children
6 months �15 years old [20]. For IIV4, a concordance of VE esti-
mates between our study and previous study in Europe was found
for 1–5 years old group and the VE values decreased in older age
groups [12]. Another group from Japan reported VE of 39.0% (95%
CI: 28.0% to 46.0%) against influenza infection overall and 40.0%
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(95% CI: 18.0% to 56.0%) in 1–2 years old group and 55.0% (95% CI:
41.0% to 65.0%) in 3–5 years old [22]. These results are similar with
our findings. One possible reason is that when small children
received influenza vaccine, usually their family members also
received influenza vaccine together, thereby indirect protection
to their children was provided [6]. In contrast, the VE of school
age children 6–18 years old in our study was lower compared to
young children. This decreasing trend of VEs over the age groups
can be explained by decreased protection with repeated influenza
vaccination. Reports in the 2015–2016 season were focused on
decreased VEs against influenza among repeated recipients of inac-
tivated vaccines compared to the current season only recipients,
especially A(H1N1)pdm09 [34–36]. At the same time these reports
showed decreased protection over the age groups. This may be
explained by the ‘‘original antigenic sin”, where original childhood
priming exposures may have induced selective memory responses
and decreased antibody production after repeated vaccination
[38,39]. In our study, past vaccination history of the participants
is unknown. Our past report showed that vaccine coverage in a city
in Japan among children under 12 years old were 60–70% during
2011–2012 and 2012–2013 seasons [24]. The reason for high vac-
cine coverage of children is that local governments in Japan sup-
port influenza vaccination by subsiding its cost. Thus, it was
likely that school age children and older adults have received vac-
cines multiple times in the past and showed reduced VEs.

RDT showed compatible VEs in this study when compared to RT
PCR method, which is regarded as a gold standard for detecting
influenza viruses. Many of past reports from Japan were based on
RDT, where sensitivity and specificity of RDT are regarded as rela-
tively high in Japanese settings, 62.3–100%, and 94.0–100%, respec-
tively.[20–22,24]. In our study, high sensitivity (�90%) and
comparable specificity (70–90%) of RDTs were demonstrated
against RT PCR and virus isolation (Supplementary Table 4). Previ-
ous reports showed that lower specificity of RDT tends to underes-
timate VE [40,41]. Indeed, our VEs of RDT were slightly lower than
those of RT PCR, which is compatible with the past findings of
underestimated VE values. Influenza RDTs are generally regarded
as having low sensitivity, making it less reliable. A recent meta-
analysis from USA showed that pooled sensitivities for detecting
influenza A from Bayesian bivariate random-effects models were
54.4% (95% CI: 48.9% to 59.8%) and that for influenza B were
53.2% (95% CI: 41.7% to 64.4%) [42]. The reason for the discrepancy
of our results and the other reports can be explained by high virus
titer in Japanese patients. Many of patients visit outpatient clinics
just after their onset within one or two days when they shed virus
at their peak [43]. This situation resulted in higher sensitivity and
good much with RT PCR results.

One of the limitations of this study is the small sample size of
controls. We excluded 166 patients with unknown vaccination his-
tory to minimize the possibility of underestimating VE, but this led
to the decrease in sample size. In our study, the ratio of cases to
controls was low at 1:0.2. The low number of controls as well as
the small sample size of influenza B and some age groups resulted
in lower precision and wider confidence intervals. Second, test-
negative case control study has potential biases. One of the scenar-
ios is the overestimation of VE if vaccinated patients had mild
symptoms and did not seek medical care [44]. Another is the
underestimation of VE due to larger number of vaccinated persons
who have not contracted influenza illness and stay home com-
pared to lesser number of those unvaccinated and healthy. We
have to take note on these potential biases when estimating VE
using test negative case control design. Third, it is reported that
the lower specificity of the test leads to the underestimation of
VE [40]. However, our virus isolation showed higher VEs compared
to RT PCR despite the low specificity just like RDT. We cannot
explain why it happened to virus isolation but not to RDT which
in turn had tendency to underestimate VE. Another limitation is
the unclear evidence of vaccination date. In this study, the date
of vaccination was not collected due to the timing of influenza vac-
cination program in Japan, which was finished in the middle of
December while the first sample was collected in the end of
December.

In conclusion, the current study demonstrated low effectiveness
against any influenza infections, A(H1N1)pdm09, and moderate
effectiveness for B/Yamagata for all age. In young children, we
obtained high VE, but low VE was observed for school age children
and adults. A strong points of this study is that we were able to
evaluate VE using three different tests, RT PCR as gold standard
and compared VEs with other tests, virus isolation and RDT. In
addition, we evaluated VEs by influenza B lineages. Future work
is needed to obtain a more precise VE estimate and to clarify VE
by age groups and lineages of influenza B.
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