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ARTICLE INFO ABSTRACT

Keywords: Background: There has been no study in which the association between levels of vaccine knowledge and pre-
COVID-19 ventive behaviors was examined during the COVID-19 pandemic. We examined the transition to risky (trans-
microCOVID mission) behavior according to level of vaccine knowledge over a seven-month period when vaccines became
Behavioral risk . . .

) widely available in Japan.
Vaccine . . . . . . .
Japan Methods: A series of cross-sectional surveys were conducted using rapid online surveys of residents in Iwate

Prefecture from December 4 to 7 in 2020 (the first survey) and from July 2 to 4 in 2021 (the fourth survey). We
calculated each individual’s risk of acquiring SARS-CoV-2 infection using a quantitative assessment tool (the
microCOVID calculator). The respondents’ level of knowledge regarding the COVID-19 vaccine was assessed by a
questionnaire and was divided into four groups: very low level, low level, moderate level, and high level of
vaccine knowledge.

Results: People with a high-level knowledge about the vaccine had significantly higher odds ratios (ORs) of
transitioning to high-risk behavior compared to people with a low level of vaccine knowledge (OR [95% con-
fidence interval (CI)], 1.50 [1.17-1.93]; P = 0.001). There was a dose-response association according to the four
levels of vaccine knowledge, while engagement in preventive measures in the first survey was not associated with
high-risk behavior in the follow-up survey.

Conclusions: Since new variants of SARS-CoV-2 have evolved, policy makers should continue to communicate
strong messages to keep a high level of consciousness and maintain basic preventive measures even after
widespread vaccination.

1. Introduction

Since the first case of SARS-CoV-2 infection was identified in Wuhan,
China, cases rapidly spread to the rest of the globe. The World Health
Organization (WHO) declared COVID-19 a pandemic on March 11,
2020. In Japan, the first case of COVID-19 was confirmed on January 16,
2020, and cases spread from urban areas to rural areas and even to

remote islands of Japan. The worldwide death toll from COVID-19 as of
November 11, 2021 is 5,072,682 (Johns Hopkins University and Medi-
cine, 2021a) and the death toll in Japan is 18,310 (Ministry of Health,
Labour and Welfare, 2021).

Preventative behaviors for avoiding contracting the disease are well
understood, including wearing facial masks, washing hands, physical
distancing and avoiding crowds. However, several studies have

Abbreviations: ORs, odds ratios; WHO, World Health Organization; CI, confidence interval.
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indicated variations in the tendency to follow protective measures ac-
cording to people’s demographic characteristics (age and sex), socio-
economic status (occupation and educational attainment), and political
beliefs (An et al., 2020; X. Chen and Chen, 2020; Li et al., 2020; Shahnazi
et al., 2020).

Meanwhile, effective vaccines are a potential game-changing
approach to bring the pandemic under control (World Health Organi-
zation, 2021). Vaccination for COVID-19 started in late 2020. Several
vaccines have worked as well in real-world conditions as they did in
clinical trial settings (Centers for Disease Control and Prevention,
2021a). As of November 11, 2021, more than 3.1 billion people
worldwide (40.54% of the world’s population) have been fully vacci-
nated (Johns Hopkins University and Medicine, 2021b). The Japanese
vaccination rollout was initially delayed relative to other developed
countries due to several factors, e.g., the insistence of Japanese gov-
ernment that vaccine safety & efficacy be demonstrated first in domestic
clinical trials, and reluctance to change the law that shots could be given
only under the supervision of physicians (Gordon and Reich., 2021).
Subsequently, the pace of vaccination was accelerated with a strong
push for mass-vaccination from the Japanese government (and cooper-
ation from many workplaces). Nonetheless, only 10.5% of the total
population had been vaccinated by the end of June 2021 (Government
CIOs™ Portal, 2021). Moreover, evolving SARS-CoV-2 variants are a
growing threat to not only unvaccinated people but also those who have
been vaccinated (Moore and Offit, 2021). With the emergence of the
Delta variant, it is speculated that herd immunity will be difficult to
achieve even with 70% coverage of the population. Although vaccines
on the market have been demonstrated to be highly effective in reducing
the risk of infection (Centers for Disease Control and Prevention,
2021b), WHO has urged the continuing use of preventive measures such
as wearing facial masks and social distancing even after vaccination
(World Health Organization, 2021).

Traditional theories of behavior propose that propose that people
protect themselves based cognitive factors such as threat appraisal
(Protection Motivation Theory) or perceived susceptibility/severity of
an illness (Health Belief Model) (Glanz et al., 2008). According to this
perspective, increasing the accuracy of people’s perceptions about the
threat or severity of an illness ought to elevate the likelihood that they
will adopt steps to protect themselves.

In support of these traditional health behavior theories, a number of
studies have found a link between COVID-19 knowledge and avoidance
of risk behaviors. For example, Chen et al. used Protection Motivation
Theory to explain the association between COVID-19 knowledge and
adoption of preventive behaviors, including intention to get vaccinated
(Chen et al., 2021). Motoki et al. used the information-deficit model to
examine whether scientific literacy and perceived level of knowledge
about COVID-19 are associated with attitudes toward COVID-19 vacci-
nations and preventive behaviors (Motoki et al., 2021).

Risk compensation theory provides an additional twist to the foregoing
theories of behavior change, arguing that some individuals may adjust
their behavior in response to changes in the perceived level of risk - i.e.,
taking more risks if they feel protected. For example, some patients relax
dietary restrictions (avoiding bacon and eggs) once they initiate statin
therapy, or some people may start to take more airplane trips after they
are vaccinated against the SARS-CoV-2. Although the extra risks are
usually small in comparison to the fundamental benefits of safety in-
terventions, they may result in a lower net benefit than expected.

Hence we sought to test alternative theories by examining whether
individuals with a high level of vaccine knowledge are also more (or
less) likely to practice other preventive behaviors, such as avoiding
crowded indoor places. Theories such as the Health Belief Model would
predict that an individual with accurate perception of vaccine effec-
tiveness would simultaneously practice protective behaviors such as
social distancing. The reason is because the course of action a person
takes in preventing illness relies on consideration of both perceived
susceptibility and perceived benefit, such that the person would accept
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all recommended health actions if they were perceived as beneficial. By
contrast, risk compensation theory would predict that if an individual
(accurately) perceives that the vaccine will protect them from infection,
they may relax other preventive practices.

The aim of our study was therefore to determine whether levels of
vaccine knowledge was associated with changes in people’s risk
behavior over a period of seven months when vaccines became widely
available in Japan.

2. Materials and methods
2.1. Study area

Iwate Prefecture is located in the northeastern part of Japan (about
500 km from Tokyo) with a population of about 1.2 million. The total
number of COVID-19 cases as of August 12, 2021 was 2,335, including
47 cases of COVID-19-related deaths (Iwate Prefectural Government,
2021).

2.2. Data

Since the beginning of the pandemic, rapid online surveys of resi-
dents in Iwate Prefecture have been conducted by the Office of Medical
Policy in the Department of Health and Welfare in Iwate Prefectural
Government using a popular social network platform called LINE (LINE
Corporation, Tokyo, Japan). The daily surveys capture information
about new cases as well as characteristics of patients. A series of cross-
sectional surveys were started in December 2020 to surveil people’s
behaviors during the pandemic. These surveys have been conducted
every two months. An online questionnaire was administered to a total
of 100,958 people who had registered by the time of the baseline survey.
We sent out notification about the survey via the LINE platform on
December 4, 2020, and 25,411 individuals responded from December 4
to 7 (response rate, 25.2%). We conducted a fourth survey of registered
people from July 2 to 4, 2021. We analyzed panel data from these two
surveys (December 2020 and July 2021). Fig. 1 summarizes the process
by which we selected the 8,273 participants for whom panel data were
available to look at changes in COVID preventive practices over time.

2.3. Outcome

We applied a weighting system called microCOVID to calculate the
level of behavioral risk for acquiring COVID-19 (The microCOVID
Project, 2020). microCOVID is a calculator to numerically quantify the
risk of getting COVID-19 from daily activities. A score of 1.0 micro-
COVID is equivalent to a one-in-a-million chance of getting COVID.
microCOVIDs are computed by using three major factors: activity risk,
person risk, and number of people with whom an individual interacts
(Supplementary Text 1). We obtained the microCOVID values for each
person with the score = activity risk x number of people x person risk.

Activity risk indicates the chance that an activity will result in the
transmission of SARS-CoV-2 from a person who is currently infected
with the virus. According to microCOVID, the transmission risk is esti-
mated to be “about 9% per hour” from spending more than 10 min in-
doors or in close proximity with an unmasked person who is COVID-19-
positive. Coefficients of risk were assigned to other types of interaction
which differ from that reference value. The weighting coefficients were
calculated on the basis of the following factors: duration of interaction,
mask wearing (respondents and other persons), indoor/outdoor envi-
ronment, distance from each other, volume of conversation, and fre-
quency of risky situation (times a week) (Supplementary Table 1). With
regard to the number of people, we asked respondents “How many
people were there within a 5-m radius of the scene?”. Person risk rep-
resents the probability that a random person currently has COVID based
on the overall prevalence in the person’s area during each survey as well
as recent behaviors of the person. Weighting coefficients were used for
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25,411 responded to the first survey

—

14,618 loss to follow-up

10,793 valid respondents

— >

448 responders missing value on
microCOVID either in first or fourth survey

10,345 respondents to the fourth survey

>

1,840 respondents were high risk in the first
survey

8,505 respondents to the fourth survey

-

Respondents excluded for
Living outside Iwate (n=26)
Missing value for analyses (n=206)

v

8,273 respondents included in microCOVID sample

Fig. 1. Flow chart of the selection of respondents. Of 100,958 registered residents, 8273 residents were selected for this study.

the same values in both surveys and the risk scores for each individual
were calculated in the first survey and in the fourth survey. We then
classified each individual’s risk level into low risk and high risk for
infection (low-risk group, <20 microCOVIDs; high-risk group, >20
microCOVIDs).

2.4. Covariates

In the fourth survey, we assessed the respondents’ level of knowledge
regarding the COVID-19 vaccine. The questions included asking about:
(1) the purpose of the vaccine, (2) who receives priority for receiving a
vaccine, (3) the approved age for children to receive the vaccine, (4)
persons who should not get the vaccine, (5) whether informed consent is
needed, (6) whether there is a fee for the vaccine, (7) guarantee of
safety, and (8) available medications for side effects. For each item, we
asked the respondent whether they possessed knowledge about the topic
(0 for “no”, 1 for “yes™), and the responses were summed to obtain a total
score (zero to eight). The participants were classified into four groups:
very low level of vaccine knowledge (zero to three), low level of vaccine
knowledge (four or five), moderate level of vaccine knowledge (six or
seven), and high level of vaccine knowledge (eight). Cronbach’s a of the
scale was 0.810.

The first survey questionnaire also included questions about the re-
spondent’s age, sex, municipality of residence, occupation, number of
household members living together, and the respondent’s preventive
practices. The participants were divided into three age categories: young
(people under 40 years of age), middle age (people aged 40-59 years)
and elderly (people aged 60 years or older). Residential areas were
classified into inland versus coastal/mountainous based on the geogra-
phy of Iwate Prefecture. Occupations were assessed by asking “What is
your current job?”. The participants were divided into five groups:
health care workers, workers in service industries (e.g., transportation,
customer-facing occupations in the retail/hospitality sector, office
workers), education sector (teachers or students), government workers,
and all others (workers in manufacturing, farmers/agricultural workers,
workers in other jobs, or unemployed). The number of household
members living together was divided into three groups: living alone,

living with two to four persons, and living with five persons or more.
With regard to respondent’s preventive practices, we asked about 12
practices: wearing masks, hand washing and disinfecting with alcohol,
cough etiquette, limiting social gatherings under the so-called “three Cs”
(closed spaces, crowded places, and close-contact settings), regular self-
management of health such as checking body temperature, frequent
ventilation and controlling humidity, refraining from going out when
not feeling well, gargling, registering contact information with apps or
memos, avoiding conversations and vocalizations in “three Cs” situa-
tions, avoiding touching eyes, nose and mouth, and avoiding using the
same items as those used by roommates. Each item was rated 0 (no) or 1
(yes) and the items were summed to obtain a total score (zero to twelve).
The participants were classified into four groups: a poor level of mea-
sures (zero to three items), a low level of measures (four to six items), a
middle level of measures (seven to nine items), and a high level of
measures (ten to twelve items).

2.5. Statistical analyses

Baseline characteristics of participants in the low-risk group and
high-risk group at the follow-up survey were compared by using the chi-
squared test. Logistic regression analyses were conducted to determine
the characteristics of participants whose behavior developed to high-risk
behavior. Two models were used to identify trajectory predictors. In
Model 1, we included explanatory variables of levels of vaccine
knowledge, age groups, and sex. In Model 2, we additionally adjusted for
residential areas, number of household members, and preventive mea-
sures in the first survey. Although no significant interactions were found
between age groups and levels of vaccine knowledge (p for interaction,
0.740), we performed analyses stratified by age groups considering the
difference in vaccination coverage rate according to age groups. For
sensitivity analyses, we imputed missing covariate data by multiple
imputation using the Markov Chain Monte Carlo method, creating five
imputed datasets. We also show the odds ratios (ORs) of high risk of
behavior according to level of vaccine knowledge which were converted
from categorical variables into discrete variables (zero to eight). We
used the Statistical Package for Social Sciences (SPSS) software program
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version 25.0 (IBM, Chicago, IL, USA) for all analyses. All statistical tests
described were two-sided, and analysis items with P-values <0.05 were
considered statistically significant.

3. Results

Table 1 compares the baseline characteristics of participants in the
low-risk group versus high-risk group at the fourth survey. Contrary to
our hypothesis (but in line with risk compensation theory), the pro-
portion of participants with a high level of vaccine knowledge was higher
in the high-risk group than in the low-risk group. There was no signifi-
cant difference between the two groups in demographic characteristics
or the proportion of participants who took preventive measures in the
first survey (seven months earlier).

Table 2 shows the predictors of high-risk behavior in the two models.
In model 1, individuals having a high level of vaccine knowledge had
significantly higher OR. There was a dose-response association accord-
ing to the four levels of vaccine knowledge, while engagement in pre-
ventive measures in the first survey was not associated with high-risk
behavior in the follow-up survey. In model 2, while engagement in
preventive measures did not have a significant association with high-risk
behavior, the higher OR among individuals with a high level of vaccine

Table 1
Baseline characteristics of participants in the first survey (n = 8273).

The fourth survey

Low-risk High-risk
(n= (n = 802)
7,471)
n (%) n (%) P value
Age groups Young 1570 154 0.467
(21.0) (19.2)
Middle age 4555 497
(61.0) (62.0)
Elderly 1346 151
(18.0) (18.8)
Sex Women 5184 565 0.535
(69.4) (70.4)
Area Inland areas 6080 664 0.328
(81.4) (82.8)
Occupation Health care 1343 140 0.821
workers (18.0) (17.5)
Service 2191 251
(29.3) (31.3)
Schools 519 (6.9) 52 (6.5)
Others 2651 281
(35.5) (35.0)
Government 767 (10.3) 78 (9.7)
workers
Household members Living alone 883 (11.8) 107 0.209
(13.3)
Living with 2-4 5397 556
persons (72.2) (69.3)
Living with 5 1191 139
persons or more (15.9) (17.3)
Levels of engagement Poor 217 (2.9) 20 (2.5) 0.063
of preventive Low 1583 147
measures (21.2) (18.3)
Middle 3121 372
(41.8) (46.4)
High 2550 263
(34.1) (32.8)
Levels of knowledge Very low 983 (13.2) 85 (10.6) <0.001
of vaccines Low 1115 90 (11.2)
(14.9)
Moderate 2701 282
(36.2) (35.2)
High 2672 345
(35.8) (43.0)

Categorical variables are presented as number of cases (%).
P values were calculated using the chi-squared test.
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knowledge remained significant after adjustment for relevant con-
founding factors (OR [95% confidence interval (CI)], 1.50 [1.17-1.93];
P = 0.001).

Stratified analyses by age groups showed that the OR in individuals
with a high level of vaccine knowledge remained significantly higher for
young and middle-aged people but disappeared in elderly people
(Supplementary Table 2).

To consider possible selection bias caused by missing values, we
calculated the ORs between people with missing values (Supplementary
Table 3). The results were similar in the analyses with multiple impu-
tation for missing data (n = 8,479). In the analyses for a discrete variable
of vaccine knowledge (zero to eight), a dose response association be-
tween high-risk behavior and a high level of vaccine knowledge was
observed (P for trend = 0.002). (Supplementary Table 4).

4. Discussion

We examined the transition to risky (transmission) behavior ac-
cording to level of vaccine knowledge over a seven-month period
(December 2020 to July 2021) when vaccines became widely available
in Japan. Contrary to our hypothesis, people with a high level of
knowledge about the vaccine had significantly higher ORs of tran-
sitioning to high-risk behavior compared to people with a low level of
vaccine knowledge. There has been no study in which the association
between levels of vaccine knowledge and preventive behaviors was
examined in a longitudinal survey.

Most previous studies focused on the association between knowledge
levels and/or positive perception of vaccines in relation to vaccine in-
tentions versus vaccine hesitancy (Dubé et al., 2013; WHO Technical
advisory group on behavioral insights and sciences for health, 2020; Li
et al., 2020; Milosevi¢ Dordevi¢ et al., 2021; Prasetyo et al., 2020). Few
studies have focused on the association between levels of vaccine
knowledge and preventive behaviors.

Based on Protection Motivation Theory, Chen et al. examined
whether knowledge regarding COVID-19 vaccines was positively asso-
ciated with the motivation to get vaccinated and to adopt preventive
behaviors against COVID-19 in an online survey from October 2020 to
December 2020 in Taiwan (n = 1,047) (Chen et al., 2021). Participants
in that study with low levels of motivation for getting vaccinated or
adopting preventive behaviors had a lower level of knowledge of
COVID-19 vaccination (i.e., the opposite of what we found). Motoki
et al. examined whether scientific literacy regarding COVID-19 was
associated with attitudes toward COVID-19 vaccinations and preventive
behaviors in an online survey conducted in April 2021 in Japan (n =
500) (Motoki et al., 2021). Scientific literacy regarding the vaccine had a
weak negative correlation with preventive behavior, i.e., their results
were consistent with our results.

These two previous studies differed from our study in terms of the
timing when the surveys were conducted: the study by Chen et al. was
conducted from October 2020 to December 2020, when no vaccine was
available in Taiwan, while the study by Motoki et al. was conducted in
April 2021, when vaccinations in Japan were limited to health care
workers. Our study was conducted in July 2021, when health care
workers as well as people aged 65 years or older could receive vaccines.
Moreover, while participants in the two previous studies were asked
only a few questions about adopting preventive behaviors, our study
used a more comprehensive assessment tool to capture the behavior of
participants in our study.

Although we could not determine the precise reasons for the inverse
association between high level of vaccine knowledge and the practice of
COVID-19 preventive behaviors, there are some possible explanations.
According to risk compensation theory, some individuals have a ten-
dency to adjust their behavior in response to changes in the perceived
level of risk — taking more risks if they feel protected (Sandroni and
Squintani, 2004). For example, some studies have suggested that
vaccinated respondents were less likely to continue to adopt preventive
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Table 2
Results of analysis using models for risk trajectories (n = 8,273).
Model 1 Model 2
OR (95% CI) P-value OR (95% CI) P-value
Levels of knowledge of vaccines Low (ref: very low) 0.93 (0.68-1.27) 0.644 0.93 (0.69-1.27) 0.665
Moderate 1.20 (0.94-1.55) 0.15 1.21 (0.94-1.56) 0.138
High 1.49 (1.16-1.91) 0.002 1.50 (1.17-1.93) 0.001
Age groups Young (ref: elderly) 0.87 (0.68-1.10) 0.239 0.86 (0.67-1.11) 0.243
Middle age 0.97 (0.80-1.18) 0.743 0.96 (0.78-1.17) 0.668
Sex Women (ref: men) 1.06 (0.90-1.25) 0.463 1.06 (0.89-1.25) 0.524
Area Inland areas (ref: coastal and mountainous areas) 1.10 (0.90-1.33) 0.359
Occupation Health care workers (ref: government workers) 1.02 (0.75-1.36) 0.924
Service 1.13 (0.86-1.48) 0.39
Schools 1.00 (0.69-1.44) 0.978
Others 1.02 (0.78-1.34) 0.867
The number of households Living alone (ref: living with 5 persons or more) 1.03 (0.78-1.34) 0.858
Living with 2-4 persons 0.86 (0.71-1.05) 0.147
Levels of engagement of preventive measures Moderate (ref: high) 1.16 (0.98-1.37) 0.631
Low 0.91 (0.73-1.13) 0.268
Poor 0.89 (0.55-1.44) 0.929

Abbreviations: CI, confidence interval; OR, odds ratio.

behaviors against HIV or human papillomavirus (Brewer et al., 2007;
Newman et al., 2010). In the case of COVID-19, Paez showed compari-
son of analyses about the association between reproductive rate and
density by using some data and their team also showed the incidence of
COVID-19 was lower in high population density across the lockdown in
2020 in Spain (Paez et al., 2021Paez, 2021). Some people might have let
their guard down and stopped practicing strict preventive behaviors
when they learned about the availability of a vaccine, i.e., people might
have come to view vaccination as signifying the end of the pandemic
(Natalie, 2021). Such individuals might have stopped practicing pro-
tective behaviors due to their optimism for a return to normalcy. Lai
et al. showed that higher optimism scores for avoiding infection were
significantly associated with a lower level of intention to take preventive
action in the hypothetical situation of a flu outbreak (Lai et al., 2000). In
Japan, since vaccine priority was assigned to individuals aged 65 years
and older or health care workers, only 11% of the total population had
been vaccinated with a second dose of a vaccine by June 2021. On the
other hand, even though most people were not yet vaccinated, they
might have developed a case of over-confidence based on scientific ev-
idence about the efficacy of vaccination against SARS-CoV-2 infection.
Stratified analyses showed that ORs of high-risk behavior were
significantly higher in young and middle-aged people with a high level
of knowledge about the COVID-19 vaccine. While the OR tended to be
also elevated in elderly people with a high level of knowledge, the as-
sociation was not statistically significant in this group. At the end of
June in 2021, the vaccination rates were 1.5% in people 64 years of age
or younger and 35.8% in people 65 years of age or older in Japan
(Government CIOs’ Portal, 2021). Interestingly, people with a high level
of vaccine knowledge had a significantly higher behavioral risk in the
non-eligible age groups for a vaccine (young and middle age groups),
and young people with a high level of vaccine knowledge showed higher
ORs of risky behavior for COVID-19 than in the middle-aged and elderly
groups. Even though they had not received vaccines, younger people
might be more susceptible to over-confidence upon receiving informa-
tion about the efficacy of the COVID-19 vaccine. Previous studies
showed that preventive behaviors were significantly less prevalent in
younger age group compared to other age groups, possibly reflecting the
less serious consequences of infection in this age group, i.e., risks of
hospitalization and death (An et al., 2020; X. Chen and Chen, 2020).

4.1. Limitations

The present study had several limitations. First, the participants were
not asked questions about educational attainment, job titles, occupa-
tional classes, and household income. Also, respondents already

vaccinated were not determined in our survey and questions relevant to
decision-making around vaccination were not asked (such as perceived
risk), but we know that only an estimated 11.2% of eligible people in
Iwate were vaccinated at the time of the surveys. Second, the possibility
of selection bias should be considered since the participants were limited
to registered respondents in online health surveys conducted by the
Iwate Prefectural Government. We conducted a comparison of charac-
teristics of the participants in the first survey (December 2020) with
characteristics of the whole population in Iwate in 2021 (Supplementary
Table 5). The percentages of young and older people and the percentage
of men were higher in the Census data than in our study. There was a
higher proportion of middle-aged women living in inland areas in our
study.

5. Conclusion

People with a high level of vaccine knowledge were found to adopt
higher behavioral risks for infection over a seven-month period. Our
results indicate the importance of taking additional measures (such as
education) to prevent the relaxation of preventive behaviors for COVID-
19 due to overconfidence and risk compensation. Since new variants of
SARS-CoV-2 have evolved, policy makers should continue to commu-
nicate strong messages to keep a high level of consciousness and
maintain basic preventive measures even after widespread vaccination.
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