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Abstract

Objectives This study examines the public acceptance of
smallpox vaccinations in the event of a terrorist attack
using smallpox. The article also provides public health
professionals with the information necessary for such
smallpox management.

Methods A questionnaire survey was conducted in a city
in Japan asking about prospective action when smallpox
vaccination is advised after a terrorist attack and factors that
could influence individual decisions about such vaccination.
Results  Only a tiny fraction of people (0.12%) expressed
their rejection of vaccination. Of the respondents, 63.6%
showed their intent to be vaccinated promptly when such a
measure was required; 28.6% wanted to decide for them-
selves, having some reservations. Those in the younger age
group, those suffering from hypertension/cardiac diseases,
and those who considered the threat of smallpox terrorism
less seriously were likely to reserve their vaccination
decisions until after examining information.
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Conclusions Communication programs regarding small-
pox vaccination should be well planned beforehand and
should especially target those people who reserve their
decisions at such times. Health professionals should also be
well equipped with all information necessary for appro-
priate and effective smallpox management in the face of
such a bioterrorism attack or the strong potential of one.
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Introduction

Smallpox, when used as a biological weapon, presents a
serious threat to civilian populations [1]. In the case of any
bioterrorism attack using smallpox, a set of public health
measures, especially the vaccination of high-risk groups,
and in some cases even mass vaccination, is critically
important to decrease the death toll by containing the
spread of the disease [2]. However, implementing smallpox
vaccination might encounter some difficulty. Some people
would opt out or decline to participate in the vaccination
program, threatening the effectiveness of ring vaccination
and/or the establishment of herd immunity [3, 4].

Based upon a large-scale community survey, this study
examines the public acceptance of smallpox vaccination in
Japan, if such a terrorism case/event takes place. Focusing
on the people who are reserving their decisions on pro-
phylactic vaccination, their social characteristics are pre-
sented. After reviewing the literature on the determinants
of personal vaccination decisions, implications of our
survey findings are discussed, along with possible com-
munication strategies for effective and efficient smallpox
vaccination when warranted in a terrorist attack.
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Materials and methods
Survey population

The study area is a mid-sized city in the northeast region of
Japan (area 19.65 km?). Its population is 62,770 (male
31,744 and female 31,026), having a mean age of
38.8 years. The population structure (age, sex) of the res-
idents is similar to that of Japan overall. Proportions of
occupations among the residents are also similar to those of
the whole country. It was further confirmed by us that the
causes of death among city residents were similar to those
for the country. From the basic resident register, a total of
2,500 interviewees were selected using stratified random
sampling, so that their composition (age and sex) corre-
sponds well to that of the city.

Questionnaire

A five-item short questionnaire was developed, which
asked (1) age, (2) sex, (3) present and past health condi-
tions, including present medications, history of seizure
attacks, pregnancy, atopic dermatitis, eczema and other
skin diseases, history of smallpox vaccination and its
adverse reactions, and history of other vaccine-associated
side effects, (4) perceived threat of bioterrorism using
smallpox (Can such terrorism take place?), and (5) the
prospective action if a smallpox terrorist attack were to
take place (anywhere in the world) and a smallpox vacci-
nation were to become necessary (in Japan). Questionnaire
sheets were handed directly to the interviewees by public
health workers and, after a week, were collected in person
by the workers. Interviewees were advised to ask the
assistance of family members or public health workers if
they felt any difficulty in answering the questions. The
collection rate was 77.6%. The rate of valid response (fully
answered all questions) was 67.0%.

Statistical analysis

This study examined the responses from those >18 years
of age, since the responses from the younger population
were considered unreliable because of having many
unanswered items. A total of 1,675 responses were retained
for analysis. The ages were grouped into three categories:
18-29 years old, 30-64 years old, and older than 64. These
age groups have a different history of smallpox vaccination
and occupational status. People from the first group have
never received any smallpox vaccination. Those in the
second and third groups were vaccinated in their childhood.
While people in the second group are mostly still working,
most of those in the third group were considered to be
retired.

According to the answers to the question about a pro-
spective action (item 5), the respondents were classified into
two groups, namely, the independent thinker group (Decide
for myself after collecting and examining information or
Decide for myself after consulting with trustful physicians)
and the others [Desire a vaccination as soon as possible;
Obey orders from local governments and public health cen-
ters; Decline a vaccination in any situation; or Do not know
(how to make such a decision)]. The former group was
considered to be comprised of those people who manifested
their information needs and should especially require effec-
tive communications programs for mobilization.

First, the descriptive statistics of the demographic basics
and those of the responses to the study questions were
obtained. Then, a bivariate association of the response to
each question with a prospective action (the independent
thinker group) was tested. Finally, a multiple logistic
regression analysis was performed to find out which factor
independently predicted an individual to be in the inde-
pendent thinker group. All of the variables used for these
bivariate tests, except for pregnancy and past side effects
from smallpox vaccination, were included in the model as
explanatory (independent) variables.

Ethical approval and informed consent

The study was reviewed and approved by the Research
Ethics Review Board of the Sendai City Government and
that of the Sendai Quarantine Office, the Ministry of
Health, Labor, and Welfare. The purposes of this study
were explained on the cover letter of the questionnaire.
Only the subjects who agreed with these purposes were
requested to answer and return the questionnaires.

Results

Summary statistics for the study subjects are presented in
Table 1, including age group distribution and sex. The
mean and standard deviation of the subjects’ ages were
52.2 £ 18.6 years. Of the group, 37% had a known history
of vaccination for smallpox in their childhood, 0.7% of
whom remembered they had side effects from the vacci-
nation. Concerning the conditions amenable to the possible
side effects of smallpox vaccination, 20% reported either
past or present dermatologic disorders (including atopic
dermatitis); 3% had immunologic disorders; 4% had
experienced seizure attacks. While 16% of the people
suffered from hypertension or cardiac disease, only 0.8% of
the women were pregnant. The majority (77%) of the
people responded that they did not know about the future
threat of bioterrorism using smallpox. Only 17% consid-
ered that there was such a threat.
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Table 1 Subject descriptions

Subject descriptions n (%)
Age groups (ages)
18-29 278 (16.6)
30-64 915 (54.6)
65— (years old) 482 (28.8)
Gender (female) 895 (53.4)
Risk factors for vaccination side effects
Dermatologic disorders (past and present) 338 (20.2)
Immunologic disorders 47 (2.8)
History of seizure attacks 58 (3.5)
Hypertension/cardiac diseases 267 (15.9)
Pregnancy (present) 7 (0.78)*
Past side effects from vaccinations 27 (1.6)
not for smallpox
Past side effects from smallpox vaccination 7 (1.1)b
Past smallpox vaccination (yes) 610 (36.4)°
Serious threat perception of bioterrorism 288 (17.2)°

from smallpox (yes)
Total n = 1675

* Proportion among females
" Proportion among those with past smallpox vaccination
¢ No includes “Do not know”

Table 2 Prospective actions for smallpox vaccination

Prospective actions n (%)
Action 1: Desire a vaccination as soon as possible 475 (28.4)
Action 2: Decide for myself after 196 (11.7)

collecting and examining information
Action 3: Decide for myself after consulting 283 (16.9)
with trusted physician
Action 4: Obey orders from local 590 (35.2)
government and pubic health center
Action 5: Decline a vaccination in any situation 2 (0.12)
Action 6: Do not know (how to decide) 129 (7.70)
Independent thinkers (actions 2 and 3) 479 (28.6)
Others (actions 1, 4, 5, 6) 1196 (71.4)

Asked about a prospective action if a smallpox vacci-
nation were to become necessary under the threat or the
incidence of bioterrorism, 64% were apt to receive prompt
vaccination; 35% expressed that they would act in accor-
dance with the orders from local their government or public
health center; 28% desired immediate vaccinations
(Table 2). Only 2 out of 1,675 (0.12%) expressed that they
would decline a vaccination under all circumstances. On
the other hand, 17% of respondents answered that they
would decide on such vaccination after consulting with a
trusted (family) physician, and 12% would make up their
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minds for themselves after examining the information then
available. Those two groups of people (39%) were regar-
ded as independent thinkers.

An examination of the bivariate associations disclosed
the following (Table 3). The independent thinker group
was comprised significantly more of younger people. On
the other hand, this (independent thinker) group had a
smaller proportion of people who considered the threat of
smallpox bioterrorism to be real. Concerning the other
factors, e.g., the history of past smallpox vaccination, there
was no statistically significant difference observed between
the two groups (the independent thinker group versus the
other).

The results of a multiple logistic regression analysis
confirmed that the factors, listed above as being bivariately
associated, were the independent predictors of independent
thinkers (Table 4). Belonging to the middle or older age
groups (OR 0.712 and 0.630, respectively, compared to the
younger age group) and a serious consideration of smallpox
bioterrorism (OR 0.629) increased the likelihood that a
person would be an independent thinker. Change of refer-
ence age group in the model disclosed that there was no
statistically significant difference in the likelihood that a
person would be an independent thinker between two con-
ditions, belonging to the middle age group (30-64 years) or
to the older age group (>65 years). Furthermore, it was
disclosed that suffering from hypertension and/or cardiac
diseases decreased the likelihood of being an independent
thinker (OR 1.474).

Inclusion and exclusion of two factors, i.e., pregnancy
and past side effects from smallpox vaccination, also did
not significantly change the results of logistic regression
analyses.

Discussion
Vaccination against smallpox used in bioterrorism

Core components of the public health management of a
terrorism attack using smallpox would be: vaccination (ring
vaccination and mass vaccination), adverse event monitor-
ing, confirmed and suspected smallpox case management,
contact management, identifying, tracing and monitoring
contacts, and quarantine. Here, smallpox vaccination strat-
egies would encompass a set of vaccination programs [5].
Pre-event (pre-exposure) vaccination includes: (1) selective
pre-exposure vaccination: vaccinating high-risk subpopu-
lations before the known release of the smallpox virus or the
occurrence of any smallpox cases; (2) mass pre-exposure
vaccination: vaccinating an entire population before the
occurrence of any smallpox cases or other known release of
smallpox virus. Post-event (after exposure) vaccination
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Table 3 Possible factors associated with prospective/potential actions
Independent thinkers (n = 479) Others (n = 1196) Difference
n (%) n (%) p value
Age group
18-29 99 (20.7) 179 (15.0) 0.020
30-64 250 (52.2) 665 (55.6)
65— 130 (27.1) 352 (29.4)
Gender (female) 257 (53.7) 638 (53.3) 0.914
Risk factors for vaccination side effects
Dermatologic disorders (past + present) 107 (28.6) 231 (19.3) 0.164
Immunologic disorders 15 (3.1) 32 (2.7) 0.610
History of seizure attacks 19 (4.0) 39 (3.3) 0.475
Hypertension/cardiac disease 88 (18.4) 179 (15.0) 0.085
Pregnancy (present)* 4 (1.6) 3 (0.47) 0.090
Side effects from other vaccinations 9(1.9) 18 (1.5) 0.583
Side effects from smallpox vaccination® 3(1.9) 4 (0.88) 0.381
Past smallpox vaccination (yes)® 157 (37.9) 453 (32.8) 0.056
Sense of serious threat of bioterrorism from smallpox (yes)* 62 (12.9) 226 (18.9) 0.004

p values for difference were calculated by ¥ test or Fisher’s exact test

? Proportion among females
® Proportion among those with past smallpox vaccination

¢ No includes “Do not know”

Table 4 Predictive factors of independent thinkers

Odds ratio p value

Age group

18-29/30-64 0.712 0.029
18-29/65— 0.630 0.013

Gender (female) 1.009 0.935

Risk factors for vaccination side effects
Dermatologic disorders (past + present) 1.165 0.277
Immunologic disorders 1.245 0.502
History of seizure attacks 1.211 0.513
Hypertension/cardiac diseases 1.474 0.013
Side effects from other vaccinations 1.192 0.675

Past smallpox vaccination (yes) 0.861 0.212

Serious threat from smallpox bioterrorism (yes)* 0.629 0.003

Results of multiple logistic regression analysis with all the variables
listed in Table 3, except pregnancy and past side effects from
smallpox vaccination, as explanatory (independent) variables. Model
p = 0.003

# No includes “Do not know”

includes: (1) containment vaccination (ring vaccination):
vaccinating contacts of known smallpox cases, accompanied
by vaccination of their potential contacts in anticipation of
the original contact’s becoming ill; (2) mass post-release
vaccination: vaccinating an entire population after the

occurrence of a smallpox case or other documented release
of smallpox virus.

Vaccination, when warranted, should be given within a
certain period of time. Transmission of the smallpox virus
occurs after onset of the rash. The patient is most infectious
from onset of rash through the first 7-10 days of the rash
[6, 7]. For the post-event vaccination to be effective, vac-
cination should be administered within 4 days after expo-
sure to lessen the severity of, or even prevent, the illness [8].

In light of the possible adverse side effects, there are
certain groups for whom elective vaccination is not rec-
ommended because of the greater risk of complications.
Smallpox vaccination is contraindicated for the following
groups of people in Japan: those (1) known to have ana-
phylaxis with vaccines; (2) presenting manifest pyrexia; (3)
suffering from serious acute diseases; (4) with immuno-
logic disorders or receiving immunosuppressive treat-
ments; (5) pregnant; (6) with dermatologic diseases (e.g.,
past and present skin eczema, atopic dermatitis, burns,
pustular rash, chickenpox, and herpes zoster); and (7)
having certain other conditions (past and present enceph-
alitis; cardiovascular diseases such as coronary heart
diseases, congestive heart failure, cardiomyopathies, and
exertional dyspnea). Those who have more than three
conditions of hypertension, hypercholesteremia, hypergly-
cemia or diabetes mellitus, familial history of heart disease,
and current smoking also should not be vaccinated [9].

@ Springer
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Known factors affecting vaccination decisions

In general, the main deciding factor for voluntary vacci-
nation is the risk of disease exposure and negative out-
comes versus the benefits and risk of vaccination (vaccine
effectiveness vis-a-vis individual vulnerability and concern
about side effects). This corresponds with the theory of
rational action that people weigh the possible benefits of an
action (in this case, the protection gained from vaccination)
against its costs (including the risk of incurring damages
from the side effects of vaccination) [10]. Any perceived
low ratio of personal benefits compared to adverse effects
results in non-vaccination decisions [11].

According to the past studies on adult vaccination
behaviors (influenza, anthrax, pneumococcal vaccination),
factors associated with the increased likelihood of vacci-
nation are the belief that a vaccine is effective in preventing
the disease (prevention of sickness absence and the pre-
vention of disease spread) [12]; the belief that side effects of
vaccination are uncommon and/or mild [13]; the perception
of high vulnerability to the disease; [14], past vaccination
experience [15, 16]; older age [17]; provider (physician)
recommendation [18, 19]; awareness (and attention paid to
media news) of vaccination [20]; and ethnicity [21, 22]. On
the other hand, the most common primary demotivators are
concern about safety and efficacy [23, 24]. A perceived low
likelihood of contracting the disease, cost concerns, and
lack of time to obtain the vaccination lead to a rejection of
the vaccination [12]. More recent reports on individual
decisions for vaccination against HSN1 and HIN1 influenza
confirm that those factors work as major determinants [25—
27]. It should be noted, however, that the presence of
chronic diseases does not always determine the individual
perception of vulnerability, thus not necessarily motivating
vaccination [28, 29].

Consistent with those studies cited above, any individual
decision about smallpox vaccination, as has been thus far
reported, is affected by a set of factors. According to
studies by the US National Smallpox Vaccination Program,
factors independently associated with vaccination include
previous smallpox vaccination, having little or no concern
about vaccine adverse events, gender (male), ethnicity, a
policy to reimburse for travel or other out-of-pocket com-
pensation, and a high chance of compensation if adverse
events do occur. Self-assessed knowledge of smallpox
vaccination and a previous history of smallpox vaccination
were also positive predictors of vaccination [30, 31]. On
the other hand, the leading reasons for non-vaccination
were concern about side effects [32], the belief that the risk
of outbreak (smallpox attack, and exposure to it) was not
high [33], concern about personal contraindications or in
household contacts, and concerns about transmission to
household contacts [34, 35]. Thus, among those not willing
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to undergo vaccination, concern about adverse events and
the risk of vaccination outweighing vaccination benefits
were leading reasons for not being willing to be vaccinated
[36].

Public attitudes on smallpox vaccination in Japan

The results of our survey indicate that the majority (more
than 60%) of the people in Japan are willing to receive
smallpox vaccination promptly if terrorism should occur
using smallpox any place in the world, and only a tiny
fraction would refuse to do so. However, a substantial
portion (29%) would reserve their decision until they
obtained sufficient information or consulted with their
physicians (independent thinkers). Younger people, those
suffering from hypertension or cardiac diseases, and those
who do not consider the threat of smallpox bioterrorism to
be serious are likely to be independent thinkers. Those
factors, found to be predictive of being independent
thinkers, are more or less consistent with the findings
reported before in other countries.

Younger people, mostly healthy, generally have a small
sense of vulnerability and a greater sense of self-efficacy,
which can lead them to be dubious about the necessity and/
or effectiveness of smallpox vaccination, and further to
decide on vaccination for themselves [37]. They are also a
group of people who have better access to health infor-
mation, which also induces them to be independent
thinkers, not showing blind deference to authority (gov-
ernment instructions) [38].

It was also disclosed that those who do not consider the
threat of bioterrorism using smallpox to be serious are
more likely to be independent thinkers, reserving their
decisions, than those who consider that threat to be real.
This finding is consistent with the observation in the United
States, which indicated that people become more willing to
be vaccinated when a smallpox case appears (geographi-
cally) closer to them [39]. It could be the case that people
become less likely to be independent thinkers when a
bioterrorism threat is perceived to be real.

Our survey results suggest that those for whom the
smallpox vaccination is contraindicated do not necessarily
fall into the independent thinker group, and, therefore, they
are not always cautious about the vaccination, recognizing
its risks that are particular to them: Only those suffering
from hypertension or cardiac diseases are more likely to be
so. This relationship became evident only after controlling
for the confounding effects of the other factors, such as
age. Older people more commonly suffer from hyperten-
sion or cardiac diseases and, at the same time, are less
likely to be independent thinkers.

For those people to be prudent in receiving vaccination,
they should be concerned about their vulnerability, which
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may be greater than the vulnerability of healthy people,
such as the susceptibility to (and outcomes of) smallpox
and the amenability to treatment of vaccine side effects.
When the latter exceeds the former, assuming that the other
conditions are equal, people might be more wary about
vaccination [40]. It has been reported that people do not
always consider themselves to be in a high-risk status for
contracting the disease, nor do they regard themselves as
being amenable to the side effects of vaccination, as indi-
cated by medical expertise [41]. Psycho-behavioral mech-
anisms of vaccination decisions still need to be examined
further in Japan.

On the other hand, a past history of smallpox vaccina-
tion was found not to be a predictor of being an indepen-
dent thinker. Our analysis disclosed that people with a
history of smallpox vaccination are more likely to get
vaccinated without further considerations (choosing the
following prospective actions: desire a vaccination as soon
as possible or obey orders from local governments and
public health centers). The relationship was found to be
statistically significant both by the bivariate testing (chi-
square test) and by the multivariate analysis (multiple
logistic regression analysis with these actions being the
dependent variable). This confirmed the finding (status quo
bias) of a preceding study that previous vaccination affects
the decision to be vaccinated in the future [42].

Crisis communication for effective smallpox
vaccination

Although it was not examined in our survey, fear of side
effects was reportedly the most common reason for non-
vaccination. Perception of risk, however, does not always
correspond to actual risk. Many of the group who were
unwilling to be vaccinated reportedly overestimated the
risk of severe adverse reactions [43]. In the United States,
40% of the participants in the smallpox vaccination pro-
gram were concerned about an adverse event, likely
reflecting their focus on the potential risks of vaccination in
a context of unclear benefit. At the same time, about 50%
reported that they were not well informed about either the
risks or the benefits of vaccination [31].

Communicating effectively about severe side effects
that often occur at extremely low rates is particularly
challenging [44]. The vividness with which such adverse
events are depicted can cause people to overestimate their
personal risk [45]. In this situation, stressing the possible
benefits from vaccination is quite important, while allevi-
ating concerns about adverse side effects at the same time.
Compensation and liability issues should also be well
addressed in advance. Furthermore, management of the
people with vaccine contraindications should be planned
with special attention and caution. In practice, public health

professionals and physicians need to explain the details of
smallpox vaccination, asking the health conditions of the
subjects and explaining the conditions where vaccination
should be avoided. When the risk of smallpox infection is
quite large, vaccination should, of course be, considered,
weighing its potential benefits against its risks. Information
should be reworked and translated to a point where it has
relevance for each subject within the context of each
individual situation and particular level of understanding
[46].

When the individual decision on vaccination depends
upon the personal calculation of its perceived costs and
benefits, independent thinkers can inferably be induced to
get vaccinated by the maneuvering of their perception,
namely, raising their awareness of bioterrorism threats/
attacks, increasing their expectations of vaccine protection,
and reassuring the small incidence rates and mostly mild
side effects of smallpox vaccines. This might also be
effective to manage the issue of rational exemption,
namely, the decision not to get vaccinated after a seem-
ingly rational comparison between the perceived utility and
disutility of vaccination [47]. Highlighting the collective
importance of vaccination for social protection is also an
important method of communication [48].

Whenever possible, to avoid public panic and distrust, it
is always advisable not to employ “spin (fearmongering)”
communications strategies [49]. People further away (by
distance or relationship) from the threat, with the luxury of
time to decide their chosen course of action among the
possibilities, may actually exercise less reasonable reac-
tions than those who are facing real crisis [50]. When
chances are known to be high by the best intelligence that
terrorist attacks will occur or have occurred, more people
should be, and can be, persuaded to be vaccinated if they
are well informed [51]. However, exaggerating the poten-
tial for a smallpox incident when it is really slightly greater
than hypothetical would result in a backlash in public
distrust in subsequent government actions. Honest com-
munication with the public about the uncertainty of dif-
ferent risks (risks of terrorism and vaccine side effects) as
well as the pros and cons of precautionary actions is all the
more important.

For many, including health care workers, the main
source of information about disease, terrorism, and vac-
cines is the mass media, followed by health centers and
professionals [52, 53]. Both national and local media net-
works, such as television and radio, are important infor-
mation sources in the event of a bioterrorist incident [54].
When incidents take place in many locations, however,
local communications can be complicated by public
exposure to information about other localities and infor-
mation from the national media. Those who might not have
easy access to relevant information, such as the poor, the
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handicapped, and the homeless, need to be targeted with
special attention. Foreigners, who could have different
cultural norms and attitudes, should also be treated with
care when pursuing full coverage of prophylactic vacci-
nation [55, 56].

In light of the above discussion, the skillful communi-
cation of both risks and benefits of smallpox vaccination is
the key to any successful future smallpox vaccination
effort. Public health practitioners, as well as physicians,
should be prepared to deliver the kinds of information that
represent all priorities to the public through effective
communication channels [57]. Messages should be delib-
erately crafted, and media should be carefully selected, in
consideration of the social backgrounds of the target
groups, especially the independent thinkers. This requires
being attentive to the demands of the public for information
and actively surveying a community concerning what it
still needs to know and how to reach the public [58].

Study limitations and future agenda

With a limited number of simple questions, our study could
not fully examine the psycho-behavioral mechanisms by
which people make individual decisions on pre-event
smallpox vaccination [59]. Research employing in-depth
interviews and more detailed questionnaire surveys would
advance our understanding. The development of effective
communication strategies is also an important agenda for
further research. Knowledge on smallpox and vaccination
among medical professionals, government officials, and
other persons in charge of crisis management should also
be assessed [60].

Conclusions

A substantial number of people indicated some degree of
reservation about a future vaccination program against bio-
terrorism attacks using smallpox. Those in the younger age
group, those without past smallpox vaccination, and those
who considered the threat of smallpox terrorism to be less
serious were more prudent or hesitant. These findings
indicate that these people should be targeted with special
attention by such programs so that they are well advised/
induced to act promptly for vaccination when required.
Contraindications for smallpox vaccination should also be
communicated. For that purpose, communication programs
should be well planned beforehand to convey both the
benefits and the risks of vaccination for these individuals
and for society.
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