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Ecological fallacy and scepticisnl about influenza vaccine efncacy inJapan:The
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ABSTRACT

Aracle lisrOッ

In 1979, Maebashi City discontinued influenza mass vaccination immediately after a case of vaccinerelated cot-tvulsion occurred. A research group of the Maebashi City Medical Associatior-r studied the eflects
of mass vaccination on influenza activity in two cities without mass vaccination programs and three cities
with mass vaccination programs (Maebasl-ti Study). Due to possible issues of validity arising from the non-
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randomized design ofthe study, the authors ofthe Maebashi Study reserved discussior-r on the vaccine
efficacy that they calculated from the attack rates among the non-vaccinees and vaccinees. Instead, they
compared the overall attack rates in Maebashi and among the twice-vaccinees in the cities with mass
vaccination programs. The authors limited their discussion to the fact that influenza activity in Maebashi
was not matertally dtfferent fron that in cities with mass vaccination programs. Anti-vaccination activisrs
misconstrued this to mean that the absence of a correlation between attack rate and vaccine coverage
implies that influenza vaccine has no efficacy. This is a good example of the "ecological fallacy", whicl-r
refers to the fact that a relationship between two variables at the population level does not necessarily
imply the same relationship at an individual level.
@ 2008 Elsevier Ltd. All rights reserved.

Introduction

It has been said that one report played a decisive role in instilling
scepticism about influenza vaccine efficacy inJapanese society. The
study, known as the "Maebashi Study", was performed by a research
group organized by the Maebashi City Medical Association and was
conducted primarily between 1981 and 1986.
The Maebashi Study is almost always cited by anti-vaccination

activists, as well as by medical professionals, as evidence that
influenza vaccination is not effective. During the 1979-1980 season,
Maebashi City discontinued its influenza mass vaccination program
for school children when a case of severe convulsion occurred in a
child after the first dose; the second dose inoculation program was
cancelled that season. Subsequently, the Medical Association inves-

tigated influenza vaccine efficacy. The results of the study were
published in 1982 in a report entitled "lnfluenza Epidemics in a
Non-vaccinated Area" [1]. However, it is important to note that
most influenza specialists have never read this report; they simply believe that, based on mass media reports, the Maebashi Study
demonstrated that influenza vaccine had little or no efficacy.

In the preface to the report, the authors stated the background
and aim of their study as follows:
". ..We have no intention of fully investigating the protective
effect of influenza vaccine against infection or attack. However,
we are greatly concerned with whether vaccination of pupils
and students would provide any protection against an influenza
epidemic. Now is the time to review the compulsory mass vaccination program for these age groups."
Thus, it is clear that the aim of the Maebashi Study was to investigate the effect of mass vaccination on influenza activity in the
community, as shown by the title of the report "lnfluenza Epidemics
in a Non-vaccinated Area."

2. An outline of the Maebashi Study
2.1. Subjects and methods

Most of the study was done during the 1984-1985 season,
which had a type B virus epidemic, and during the 1985-1986
season, when A(H3) viruses were circulating. The attack rate in

all school children was investigated in flve selected cities in the
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Abbreviation: ILI, influenza-like illness.
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Cunma Prefecture: Maebashi and Annaka, which had discontinued mass vaccination; Takasaki, Kiryu, and Isesaki, which were still
continuing mass vaccination. Information on influenza attacks was
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retrospectively collected from more than 99% of the subjects. An
influenza-like illness (lLI) was defined as "fever 2 37 "C plus absenteeism 2 2 consecutive days" or "absenteeism

)

3 consecutive days"

during an influenza outbreak in the appropriate school. An outbreak was characterized as the period during which the proportion
of absenteeism due to influenza symptoms among school children
was2% or more.
The authors again emphasized in the beginning of this section

that:
". . .The vaccine effectiveness we discuss hereafter indicates the
one relevant to the group of people, not to the individuals."

2.2.

Results

and discussions

The main results

of the Maebashi study are shown

in

Tables 1 and 2.

First (noted by superscript "b" in the Table), the authors
pooled the data for the three cities that were still continuing
with mass vaccination and calculated the attack rate as a whole
for the 1984-1985 season (Table 1); it was 54.7% (396217241)
among non-vaccinees and 40.6% ('13,255132,641) among twicevaccinees, for an estimated effectiveness of twice-vaccination of
25.8% l(54.7-40.6)154.71. The corresponding attack rates for the
1985-1986 season (Table 2) were 33.3% (256417702) among nonvaccinees and 20.3% (5729128,207) among twice-vaccinees, for a
vaccine effectiveness of 39.0% [(33.3-20.3)/33.3].At this point, the
authors recognized that the non-randomized study design could
have introduced a validity problem. They suggested that asthmatic
children, who usually account for about 5% ofJapanese school children, were likely not vaccinated; of note, the Japanese vaccination
guideline includes asthma as well as egg allergy as conditions that
require special attention if influenza vaccine is to be given. The
authors also believed that children in poor health might not have
been vaccinated if they had symptoms at the time that the vaccine was being given. Thus, the non-vaccinated group was thought

to include more subjects that were prone to develop influenza
symptoms, which would have led to vaccine effectiveness being
overestimated. Thus, the authors undertook additional analyses.
Second (noted by superscript "a" in the Table), the authors
regarded the overall attack rate in Maebashi city as the reference
rate (non-vaccinated area), and compared it with the attack rate
among all twice-vaccinees in the three cities that continued their
mass vaccination programs (vaccinated area). In the 1984-1985
season (Table 1), the comparison ofthe attack rates between the
non-vaccinate d (42.8%) and vaccinated areas (40.6%) showed that
vaccination program was associated with an absolute risk reduction of 2.2% points, with a prevented fraction of 5% (calculated in
the same way as ordinary vaccine efficacy). In the 1985-1986 season (Table 2), comparison olthe two attack rates(27.7%vs.20.3%)
demonstrated an absolute risk reduction of 7.4%points,with a prevented fraction of 2.7%.Thus, the vaccination program appeared to
have only a limited effect.

3. Interpretation

by the research group

When interpreting the results of their first analysis, the authors
emphasized that the groups had an imbalance of characteristics,
though they did not use the term "confounding." Had a more complete epidemiological analysis been done, it would have adjusted
for the confounding effects, using the information on potential confounders collected initially. Of note, it should be emphasized that,
even 20 years after the Maebashi Study, the issue ofconfounding is
not often adequately addressed in vaccine efficacy studies done by
Japanese clinicians.

With respect to the study's second analysis, it seems unlikely
that attack rates in the non-vaccinated and vaccinated areas were
sufficiently comparable, since influenza activity is a phenomenon
that is time- and place-specific. In addition, the unit of observation was changed from individuals in the first analysis to groups in
the second analysis. Had the authors contrasted the overall attack
rate between the non-vaccinated and vaccinated areas, as would
be done in an ordinary ecological study, they would have noticed
that their analysis was illogical, given that the comparison showed
that the vaccination program had a negative effect (Table 1 ): a
42.8% attack rate in Maebashi and a 43.7% attack rate in the three
cities that were grouped together as the vaccinated area during the
1984-1985 season.
The authors avoided discussing vaccine efficacy at the individual level, as they mentioned in the preface to the report and in
the beginning of the main chapter. Based upon the slight effect
of the vaccination program shown in their second analysis, they
concluded:
". . .lnfluenza activity in Maebasl-ri in non-vaccinated areas did
not show any material difference from that in vaccinated areas.
We therefore believe that the idea of preventing an influenza
epidemic in the community by using school children as a breakwater has been proven a complete failure."
Thus, the authors interpreted their study's results carefully, recognized that it had some limitations, and never deviated from
scientiflcally sound principles in explaining influenza vaccine efficacy.

4. Ecological fallary drawn from the Maebashi Study
Anti-vaccination activists incorrectly cite the Maebashi Study
in their can-rpaign and have put the following statement on their
website:
". . .The doctors of the Maebashi City Medical Association . . .
thoroughly surveyed absenteeism and illness attack rates in

the vaccinated and non-vaccinated areas. This outstanding
epidemiologic study comparing 45,000 school children in a vaccinated area with 25,000 school children in a non-vaccinated
area revealed that influenza vaccine cannot prevent epidemics,
not only in the community but also among children, and the
efflcacy ofvaccine was thus negated."
". . .As shown by the data of the 1984-1985 season with typeB virus circulation, ... vaccine coverage was 0.1 % in Maebashi
as compared to 91.5% in Takasaki, but the actual incidence was
nearly the same,42.8% and 40.1%, respectively. The situation
was similar in cities other than Takasaki. These data demonstrate good reasons for concluding that influenza vaccine has
no efficacy."
In their statements, the activist group compared the attack rate
in relation to the vaccine coverage; the unit of observation was each

city, not the individual, atthough the original data had included
information on each individual subject. To assert that influenza
vaccine had no efficacy provides a good example of the "ecological fallacy." On the other hand, the authors of the Maebashi Study
carefully focused their discussion on the effect of mass vaccination
programs.

5. Consideration
The Maebashi Study group conducted a large-scale survey,
though there were some limitations. They must be respected for the
enormous effort they made to conduct the study and for their pru-
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Table l
lnluenza vaccination and attack rates ofinluenza― like iliness(ILl)among school children in the 1984‑1985 season(R/1aebashi Study)
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ILI: "fever> 37'C plus absenteeism:2 consecutive days" or "absenteeism:3 consecutive days." Observations fromJanuary 8, 1985 to February 28, 1985.
Compared in the second analysis.
b Compared in the first analysis.
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Table 2
Influenza vaccination and attack rates of influenza-like illness (lLI) among school children in the 1985-1986 season (Maebashi Study)
一
０一
︐

Vaccination

Number of subjecrs (distriburion%)
24,266(100)

24,249(990)
10(00)
7(00)
4,071(100)

4,056(996)
ヽ
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11(03)

4(01)
43,687(100)

Z702(176)
Z778(178)
28,207(646)
21,381(100)

2,063(96)
2,106(98)
17,212(805)
11,657(100)

2,628(225)
3,470(298)
5,559(477)
10,649(100)
3,011(283)

2,202(207)
5,436(510)
ILI: same as Table 1. Observations from November 3, 1985 to December 28, 1985.
a Compared inthe second analysis.

b Compared in the first analysis.

Number of ILIs (attack rate%)
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dent attitude in interpreting the results. On the other hand, many
so-called influenza specialists, who misunderstand the Maebashi
Study based on the mass media information, simply believe that
the study raised doubts about influenza vaccine efficacy. Needless
to say, they have not delved into the details of the study itself, nor
have they noticed its important message on case definition, confounding, selection bias, surveillance with equal intensity, among

general public about the propaganda against the influenza vaccine.
Influenza specialists, both in Japan and in other countries, must
understand the advantages and disadvantages ofecological studies,
in the light of recent ecological studies and their impact [2,3].

others.
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