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a b s t r a c t

In Japan, the Vaccine Epidemiology Research Group created by the Ministry of Health, Labour andWelfare
has played an important role in demonstrating the solid scientific basis for vaccine efficacy and safety
since 2002. Members of the group, including epidemiologists, clinicians and microbiologists, have been
conducting collaborative studies on vaccines for influenza, pertussis, rotavirus gastroenteritis, polio
and pneumonia. So far, the group has achieved several works and contributed to the national vaccination
program, including research on the immunogenicity of low doses of influenza vaccine among young chil-
dren, the immunogenicity and effectiveness of the 2009 influenza pandemic vaccine among various risk
groups, the interchangeability of live/inactivated polio vaccines, the health impact of influenza on preg-
nant women, and the monitoring of influenza vaccine effectiveness using case-control studies with a test-
negative design. As part of the 18th Annual Meeting of the Japanese Society of Vaccinology, these accom-
plishments were featured in the Vaccine Epidemiology Symposium. This report summarizes the recent
epidemiological studies on vaccine in Japan as a prologue to the next six papers collected from the
symposium.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

After over 20 years of chaos with the influenza vaccination pol-
icy and debate over the effectiveness of the influenza vaccine in
Japan, an influenza vaccination program targeting elderly people
(�65 years of age) was started in 2001 [1]. Currently, the vaccine
coverage is estimated to remain constant at 50% or more in this
age group. The total amount of influenza vaccine manufactured
exceeded 33 kL (approximately 66 million doses) in 2013, as com-
pared to 0.3 kL (approximately 0.6 million doses) in 1994 when the
anti-vaccination campaign against the influenza vaccine was the
most intense. During the influenza pandemic in 2009, 27 kL
(approximately 54 million doses) of the pandemic vaccine was
manufactured in addition to the already produced 23.13 kL
(approximately 46.26 million doses) of the seasonal vaccine for

that season. Thus, the importance of influenza vaccination against
influenza infection appears to have become well understood, and
the influenza vaccine production capacity has sufficiently recov-
ered despite the anti-vaccination campaigns that still remain
active to some extent. Over the course of these events, there is
no doubt that the Vaccine Epidemiology Research Group created
by the Ministry of Health, Labour and Welfare (MHLW) in 2002
has played an important role in demonstrating the solid scientific
basis for influenza vaccination [1].

Recently, Japan has made major progress in conquering the vac-
cine gap by amending or promulgating the law and ordinances for
general immunization programs. As such, five diseases have been
newly listed as target diseases of the Preventive Vaccination Law
since 2009. However, to achieve sound immunization programs,
it is essential to promote mutual understanding between both
the vaccine-providing and vaccine-receiving sides through the
sharing of accurate information on vaccine efficacy and safety.
Regrettably, however, poor-quality studies on vaccine effective-
ness are still being reported, and their results are often being
referred to without adequate scientific review.

http://dx.doi.org/10.1016/j.vaccine.2017.07.001
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Based upon this history, the 18th Annual Meeting of the Japa-
nese Society of Vaccinology (JSV) adopted the theme ‘‘To promote
sound immunization programs: providing safe and effective vacci-
nes and obtaining public understanding” and organized a sympo-
sium titled ‘‘Vaccine Epidemiology: Principles and Methods” [2].
Here, as a prologue to the next six papers collected from among
the presentations in the symposium that focused on the methodol-
ogy for vaccine effectiveness and related research, this report sum-
marizes the current situation of vaccine effectiveness and safety
studies in Japan from an epidemiological viewpoint.

2. Vaccine Epidemiology Research Group

2.1. Outline and framework

The Vaccine Epidemiology Research Group was established by
the MHLW in 2002, immediately after the start of the influenza
vaccination program targeting elderly persons in 2001, to assess
the effectiveness of the influenza vaccine [1]. Following the success
of its first research group, the group has remained active by mod-
ifying the study theme every 3 years (Table 1), expanding the
objectives to several kinds of vaccines and involving more
researchers from various fields. Presently, there is a total of 172
members, including epidemiologists, pediatricians, physicians,
obstetricians, microbiologists, clinical pharmacologists and public
health specialists, who are conducting collaborative studies on vac-
cines for influenza, pertussis [3,4], rotavirus gastroenteritis, polio
and pneumonia [5].

2.2. Coordination

In addition to the routine studies performed by the individual
members in their own research areas, there are research projects
that are closely related to the national vaccination program, such
as studies on the target groups of vaccinations, interchangeability
among different vaccines for the same disease, and vaccination
schedules. These studies generally require investigators with vari-
ous specialties or from particular research institutes or organiza-
tions, and participants in large numbers or with certain
characteristics, such as high-risk conditions.

Thus, the group has worked in close cooperation with institutes
specialized in phase-1 trials fromwhich experts in clinical pharma-
cology were invited. Their expertise as individual scientists and as
a pillar of the institute is quite beneficial for the group, since vac-
cine research almost always requires the participation of otherwise
healthy subjects. The group has also created a network of pediatric
practitioners in the community who have a strong interest in vac-
cines and are therefore helpful in achieving studies by interacting
with children and their parents for vaccinations, collecting blood
samples, and conducting attack surveys, etc.

2.3. Development of two research methodologies

So far, two noteworthy methods of vaccine research have been
developed by the group. One is the assessment of influenza vaccine

efficacy based on ‘‘antibody efficacy” [6,7]. In this method, the fre-
quency of influenza-like illness (ILI) or other clinical outcomes is
compared between those who achieved a protective level of
hemagglutination inhibition antibody (HI � 1:40) and those who
did not (HI < 1:40) after vaccination; this is in contrast to the typ-
ical comparison made between vaccinees and non-vaccinees. The
product of the antibody efficacy and the achievement proportion
which is the percentage of those who achieved a protective level
of HI titer after vaccination among those with an HI < 1:40 before
vaccination, is theoretically equivalent to the vaccine efficacy. Mul-
tivariate analysis for computing antibody efficacy, which includes
variables representing HI titers against vaccine antigens together
with potential confounders, makes it possible to estimate the clin-
ical effectiveness of vaccine-induced antibodies by virus type or
subtype without confirming strain-specific diseases. This method
has two major strengths: first, vaccine efficacy can be calculated
from the data of vaccinees alone, which is advantageous as the
growing vaccine coverage among high-risk individuals makes it
difficult to create an unvaccinated comparison group; second, the
observation of clinical outcomes can be conducted in a double-
blind manner, i.e., information on the HI titers is not known by
the investigators or the study subjects, since antibody measure-
ments are usually performed in the post-season.

The other method is the detailed analysis of antibody responses
in immunogenicity studies. The generally used indices to illustrate
immunogenicity, such as the geometric mean titer, sero-response
proportion and the sero-protection proportion, are obtained
through rather simple calculations as long as they are carried out
for all of the subjects. However, studies for elucidating predictors
of immunogenicity require substantially redundant and iterative
calculations since the indices have to be computed separately for
the different groups of individuals with or without specific charac-
teristics, e.g., the age group, body mass index and severity among
diabetes mellitus patients [8]. Such laborious work has discour-
aged researchers from exploring antibody responses in detail,
and as a result, clinicians are obliged to provide and repeat expla-
nations based on inferences and not on evidence when asked ques-
tions such as ‘‘Which was responsible for the lowered immune
response: the underlying illness per se or the medicine for the
treatment?” The group has made it possible to perform such itera-
tive calculations more easily by developing a computational pro-
gram that can be used to demonstrate whether some factors are
actually associated with immunogenicity. Some outstanding stud-
ies have shown that prior seasonal influenza vaccination weakened
the antibody responses to the 2009 pandemic vaccine [9], and that
rituximab, a biological immune suppressant, rather than the dis-
ease per se, was the causal factor for lowered immunogenicity to
the influenza vaccine in those with a hematological malignancy
[10].

2.4. Accomplishments

The group has contributed to the national vaccination program
by providing data obtained from epidemiological studies. Several
examples are provided below.

Table 1
Chronology of the Vaccine Epidemiology Research Group organized by the Ministry of Health, Labour and Welfare, Japan.

Fiscal year Title of research Grant amount (Japanese yen)

2002–2004 Appraisal of influenza vaccine effectiveness and vaccination policy in conformity with evidence-based medicine 103,950,000
2005–2007 Analytical epidemiologic study on the effectiveness of influenza and other vaccines and vaccination policy 124,600,000
2008–2010 Analytical epidemiologic study on influenza and other respiratory infections of concern in recent years 216,837,000
2011–2013 Analytical epidemiologic study on the effectiveness and safety of vaccines 256,478,000
2014–2016 Analytical epidemiologic study on vaccine effectiveness and safety and on vaccine-preventable disease control 113,944,000
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Compared to Western standards, the standard influenza vaccine
dose for children in Japan had long been low (0.1 mL if <1 year old;
0.2 mL if 1–5 years old; 0.3 mL if 6–12 years old; and 0.5 mL if
�13 years old). The group demonstrated the immunogenicity and
safety of the vaccine doses according to Japanese and Western
standards, and Japan subsequently switched to the same doses as
those used in the Western standard in 2011 [11].

During the 2009 influenza pandemic, the group investigated the
immunogenicity, effectiveness, and safety of the pandemic vaccine
in study subjects with various characteristics, including young
children and adolescents [12], the elderly and pregnant women
[9], persons with motor and intellectual disability [13], those under
hemodialysis, and patients with diabetes mellitus [8], chronic liver
disease [14,15], hematological malignancies [10], or neuromuscu-
lar disorders [16]. The clinical effectiveness among pregnant
women which was studied using the ‘‘antibody efficacy” method
is worthy of note [17] as it would have been difficult to create an
unvaccinated comparison group due to the prioritized use of vacci-
nes for this group.

Besides the influenza vaccine, the group also played a decisive
role in replacing the oral polio vaccine (OPV) with an inactivated
polio vaccine (IPV). In Japan, OPV had been used until 2013 despite
the strong calls to change to IPV because of the possibility of
vaccine-associated paralytic polio (VAPP). The group investigated
the interchangeability of OPV, DPT-IPV (Sabin) and IPV (Salk) by
comparing the immunogenicities among four arms, i.e., one dose
of OPV followed by three doses of DPT-IPV, one dose of OPV fol-
lowed by three doses of IPV, two doses of DPT-IPV followed by
two doses of IPV, and two doses of IPV followed by two doses of
DPT-IPV. This study was successfully achieved after overcoming
administrative and practical difficulties, i.e., the two test vaccines
(DPT-IPV and IPV) were products from different manufacturers
and neither had been licensed in Japan, and DPT-IPV had to be
given in conformity with the vaccination schedule for DPT since
many children had already received the dose(s) for the primary
series of DPT in the general vaccination program.

Presently, the group is making great efforts in conducting two
studies. The first study is the investigation of the health impact
of influenza on pregnant women. In Japan, there has been no evi-
dence on the extent of the effect of influenza on the health condi-
tion of pregnant women even though the World Health
Organization recommended annual influenza vaccination for this
group in its position paper in 2012 [18]. In fact, the proportion of
hospitalized cases of pregnant women with influenza was quite
low during the 2009 pandemic in Japan as compared to other coun-
tries [19]. A study adopting the ‘‘self-control method” has been
completed with the cooperation of the Osaka Association of Obste-
tricians and Gynecologists involving more than 10,000 pregnant
women; this represents a first since no large-scale database on
pregnant women, such as the health maintenance organization,
had been available in Japan. The final decision on whether routine
influenza vaccination for pregnant women should be stipulated in
the Preventive Vaccination Law will be made based on the findings
of this study.

The second is the establishment of a monitoring system of influ-
enza vaccine effectiveness; this is required as the level of detection
of vaccine effectiveness varies depending on the time, place, and
population. In a case-control study with a ‘‘test-negative (RT-
PCR) control design”, as are already being performed in the United
States, Canada, Europe, Australia and New Zealand [20–24], vac-
cine effectiveness is being assessed among children aged <6 years
who were recruited from five pediatric clinics in Osaka in the
2013–2014 season, and from 10 clinics in Osaka and Fukuoka in
the 2014–2015 season. This study is expected to provide an
abstract statement on influenza vaccine effectiveness and to enable

comparisons with the data from other monitoring systems outside
of Japan.

3. Frustrations of epidemiologists

When the fallacy that the influenza vaccine has no efficacy took
over Japanese society, those who could theoretically explain why
the influenza vaccine is so ineffective were regarded as influenza
vaccine specialists. Their negative views were founded upon exper-
imental findings, e.g., the nature of influenza virus to easily change
its antigenic characteristics, the presence of antigenic differences
between vaccines and circulating strains, and little or no antibody
induction by inactivated vaccines on the surface of the respiratory
tract mucosa. However, it is the principle that the efficacy and
safety of any pharmaceutical products must be described based
on data obtained solely from the human population. Thus, skepti-
cism about vaccine efficacy resulting from the clinicians’ low-
quality studies that contained substantial disease misclassifica-
tions [25] was reinforced by the inference led from the experi-
ments. In addition, the recent reports describing that seed
viruses for the influenza vaccine are liable to mutations during
incubation in eggs provided virologists with further speculative
bases to negate influenza vaccine effectiveness. It is not easy for
epidemiologists to overcome such negative inference generated
from experimental findings. Epidemiological verification requires
a large number of subjects and a long period of observation, while
the results from those studies are generally regarded as the ‘‘gold
standard” in evaluating medical intervention among human
populations.

Although they are decreasing in number, low-quality studies
containing substantial faults in the study design, conduct and anal-
ysis, that consequently suffer from serious validity problems, such
as confounding and bias, are still being reported by clinicians. Fur-
thermore, there are not many reviewers who can adequately judge
those studies. In one clinic-based study that analyzed nearly 9000
vaccinees and non-vaccinees to investigate vaccine effectiveness
against clinical influenza using a positive rapid diagnostic test, only
the influenza attacks among the clinic visitors were taken into
account, and those in non-visitors were not considered [26]. Thus,
this study does not satisfy the principle that all study participants
should be observed with equal intensity. A recent case-control
study with a test-negative design using rapid diagnostic test
results indicated no effectiveness for the influenza vaccine among
infants aged 6–11 months [27]. However, this study suffered from
selection bias due to a poor sampling scheme and a negative bias
that originated from false-negative test results. It is regrettable
that there are clinicians without even rudimentary knowledge of
epidemiology who attempt to conduct case-control studies by
themselves. Fortunately, however, a growing number of clinicians
are trying to gain insight into the weaknesses of such attempts at
epidemiological studies by consulting with epidemiologists.

Adverse events observed after vaccination, especially serious
ones that are seen as a cluster, are also the concern of epidemiolo-
gists from the view of causality. In Japan, serious adverse events
(SAEs) associated with vaccinations are usually explored by clini-
cians, as is the case for ordinal medicines, and presence or absence
of causal relation is apt to be judged based on the interpretation of
whether the connection between vaccination and SAEs can or can-
not be explained by existing medical knowledge; unfortunately,
vaccine-caused side effects are often unexplainable by current sci-
entific information. An epidemiological approach seems to be cru-
cial when examining whether an association is present or not, and
if present, whether it is causal or not. Relatively newmethods, such
as case-crossover (CCO) studies and self-controlled case series
(SCCS) studies, may bring about further clues to illuminate such
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relationships [28,29]. However, the officials who are in charge of
pharmaceutical affairs and clinicians who are in the position to
remark on the SAEs often consider the judgment of causality to
be their exclusive responsibility, and are unlikely to understand
and apply epidemiological methods to their investigations.

4. Perspectives

When the symposium on influenza vaccine effectiveness was
first held at the 9th Annual Meeting of the JSV in 2005 [1], a group
of anti-vaccination activists took photographs point-by-point of
slides projected in the conference hall to scrutinize potential faults
in the presentation. Afterwards, they sent open letters addressed to
the organizer of the symposium and the chairperson of the meet-
ing to accuse them of the ‘‘faults” that they believed to have found.
In contrast, at the symposium in 2014, we were able to enjoy fruit-
ful discussions in an academic atmosphere. The public understand-
ing of and attitude toward vaccines and vaccination has actually
changed, but difficulty in establishing adequate scientific evidence
that is firm enough to convince the general public remains a major
obstacle in promoting the vaccination program in Japan.

The difficulties we have so far experienced with respect to the
influenza vaccine and vaccination are considered to represent the
general challenges faced with any vaccine. The maintenance and
expansion of the present framework of the Vaccine Epidemiology
Research Group will contribute to the creation of solid vaccination
programs at the national level. The following six articles related to
the subjects of the symposium will undoubtedly convey to the
readers not only information on the present research activities of
the group, but also insight into the obstacles related to the national
vaccination program in Japan.
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