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Abstract: Several COVID-19 vaccines are on the market or will be on the market as of early 2021.
These vaccines may vary in terms of their effectiveness and safety profile. This study characterizes
vaccine hesitancy towards the COVID-19 vaccine among parents in Shanghai, China, and identifies
how sensitive they are to changes in the vaccine safety and effectiveness profile. Schools in each
township of Minhang District, Shanghai, were sampled, and parents in the WeChat group of each
school were asked to participate in this cross-sectional internet-based survey. Parents responded to
questions about vaccine hesitancy, and were given information about five different COVID-19
vaccine candidates, whose effectiveness varied between 50% and 95% and whose risk of fever as a
side effect varied between 5% and 20%. Overall, 3,673 parents responded to the survey. Almost
90% would accept a vaccine for themselves (89.7%), for their child (87.5%) or for an elderly parent
(88.5%) with the most ideal attributes (95% effective with 5% risk of fever). But with the least ideal
attributes (50% effective with a 20% risk of fever) these numbers dropped to 33.5%, 31.3%, and
31.8%, respectively. Vaccine hesitancy, age at child’s birth, and stated relative income were all sig-
nificantly related to sensitivity to vaccine safety and effectiveness. Parents showed a substantial
shift in attitudes towards the COVID-19 vaccine based on the vaccine’s safety and effectiveness
profile. These findings indicate that COVID-19 vaccine uptake may be heavily influenced by how
effective the vaccine actually is, and uptake could be stymied, or facilitated, based on the actual

vaccines on the market.
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1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes
coronavirus disease [1], has led to substantial morbidity and mortality globally and put
considerable pressure on the public health system worldwide. Since then, the global need
for the vaccine, one of the most powerful tools to prevent disease in large populations at
relatively low cost, has never been more urgent [2]. Unlike previous vaccine develop-
ment, which takes years or even decades for clinical trials, the development of the vac-
cine against COVID-19 is in a “warp speed” [3-4]. This vaccine has been produced at a
much quicker speed than previous vaccines [5]. More than 50 COVID-19 vaccine candi-
dates are currently in trials, and several vaccines have already been approved and dis-
tributed. By January 14, 2021, more than 35 million doses in 49 countries have been ad-
ministered [6].

However, a vaccine is only useful if people are willing to receive it. Various coun-
tries started rolling out vaccines in late 2020, prioritizing healthcare workers and essen-
tial workers and members of the general population with high risk health conditions.
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However, members of the general population may be hesitant to receive a vaccine due to
concerns over the speed of vaccine development and over concerns about how safe or
effective the vaccine is. Especially in an era where vaccine hesitancy is listed as one of the
top ten global health threats, it may provoke a higher round of hesitancy and refusal
against vaccines [7]. According to a survey conducted in 19 countries, only 71.5% of the
respondents would consider taking a COVID-19 vaccine [8]. The hesitancy and refusal
may intensify the pandemic and put more pressure on the health system.

A previous study has shown that respondents from China showed the highest pos-
itive response (88.6%) and lowest negative response (0.7%) when asked if they would
accept a “proven, safe and effective COVID-19 vaccine” [8]. However, it is still unclear
their sensitivity to different levels of effectiveness and safety of the COVID-19 vaccine. It
is also not clear what factors may influence their acceptance. It is crucial to consider the
public's acceptance of vaccines with different levels of safety and effectiveness and factors
related to the differences. Understanding the differences is useful for adopting evi-
dence-based interventions under varying vaccine levels in the market to counter future
outbreaks. This study characterizes vaccine hesitancy towards the COVID-19 vaccine
among parents in Shanghai, China, and identifies how sensitive they are to changes in the
vaccine safety and effectiveness profile.

2. Materials and Methods

2.1 Study population

In this study, a stratified cluster sampling method was used to conduct a question-
naire survey in each of 13 townships in Minhang District, Shanghai. We wanted a sample
size of 2,345 in order to have a margin of error of at least 2% for our outcome — the pro-
portion who would accept a given vaccine, with alpha of 0.05. We obtained a larger
sample given the ease at obtaining data within schools. Within each township, a con-
venience sample of one school was chosen. In each sampled school, the school’s health
instructor sent the questionnaire link to each class” WeChat group chat. Following this,
the parents of the students filled out the questionnaire. In order to improve the control-
lability of the questionnaire’s source, the fidelity of the sampling, and the participation of
the parents, researchers answered live any questions that parents had during the survey
completion; questionnaires that took less than 5 minutes (estimated time) were excluded
from the data analysis. The questionnaire was developed by staff at the Minhang Centers
for Disease Control and Prevention.

2.2 Derived variables

Vaccine hesitancy was assessed through a 10-item adult Vaccine Hesitancy Scale
(aVHS) (Figure 1). This questionnaire has previously been validated in US and Chinese
samples (ref when published), and within this sample, there was high internal reliability
of this scale (Standardized Crohnbach’s alpha=0.82). Briefly, each item was on a 5-point
Likert scale (with a score of “1” representing lowest amounts of vaccine hesitancy and
“5” the most), which was summed, for a possible range of 10-50. Scores of 10-24 were
categorized as “not hesitant” and 25-50 as “hesitant” [9].

We assessed acceptance of a vaccine by first providing participants with different
vaccine effectiveness and safety profiles (varying vaccine effectiveness between 95%, 60%
and 50%, and varying the risk of fever between 5%, 10%, and 20%). We then asked if they
would accept a vaccine with that profile for themselves, for their child, or for an elderly
parent. From this information, we also assessed if someone was sensitive to vaccine ef-
fectiveness (meaning they would accept a vaccine if it were 95% but not 50% effective) or
vaccine safety (meaning they would accept a vaccine with a 5% risk of fever, not a 20%
risk). Across each characteristic (effectiveness and safety) individuals could fall in one of
three categories: they would not accept a vaccine in any circumstance, they were sensi-
tive to the profile, or they would accept any vaccine.
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Demographic characteristics of the parents, including their age, second child, and
their stated relative income in their peer group, were also collected.

2.3 Statistical analysis

After quantifying the proportion of individuals with sensitivity to vaccine safety
and vaccine effectiveness, we created two multivariable models, in which the outcomes
were the three-level characteristics of sensitivity to vaccine effectiveness and sensitivity
to vaccine safety. The primary independent variable was vaccine hesitancy, as measured
by the aVHS. We also included mother vs father, age of parent, presence of second child,
age of first child, sex of first child, and stated relative income as confounders in this
analysis based on an a priori consideration of these variables relationships with vaccine
hesitancy and with vaccine profile sensitivity. This model output odds ratios (ORs) and
95% confidence intervals (CI). Data were analyzed in SAS version 9.5 (SAS Institute,
Cary, NC, USA).

3. Results

Overall, 3,673 parents responded to the survey. Demographic characteristics of the
parents are shown in Table 1. Most (69.1%) respondents were mothers, a plurality (37.1%)
had their first child when 25-29 years old, most (67.2%) did not have a second child, and
for a bit less than half (45.3%), their first child was elementary aged (6-11 years old).

Table 1. Demographic characteristics of a sample of Shanghai parents of school-aged children, 2020.

Characteristic Category Count (column %) Vaccine hesitant P-value
(row %)

Relation to child Mother 2538 (69.1%) 762 (30.0%) 0.3162
Father 1093 (29.8%) 306 (28.0%)
Other 42 (1.1%) 15 (35.7%)

Age at first child's birth 18-22 years 346 (9.9%) 67 (19.4%) <0.0001
23-25 years 837 (24.0%) 209 (25.0%)
26-29 years 1291 (37.1%) 418 (32.4%)
30-45 years 1010 (29.0%) 324 (32.1%)

Have a second child? No 2412 (67.2%) 758 (31.4%) <0.0001
Yes 1177 (32.8%) 293 (24.9%)

Age of first child 0-5 years 35 (1.0%) 9 (25.7%) 0.0702
6-11 years 1624 (45.3%) 468 (28.8%)
12-14 years 1133 (31.6%) 338 (29.8%)
15-17 years 555 (15.5%) 181 (32.6%)
>18 years

Gender of first child Male 1844 (50.8%) 537 (29.1%) 0.6950
Female 1787 (49.2%) 531 (29.7%)

Stated relative income Less than average 424 (11.5%) 146 (34.4%) 0.0588
About average 2710 (73.8%) 783 (28.9%)
More than average 539 (14.7%) 154 (28.6%)

Responses to vaccine hesitancy items are shown in Figure 1. Individuals expressed a

great deal of concern about serious adverse effects (40.1% agreed and 30.1% strongly
agreed), believed that newer vaccines carried more risks than older vaccines (22.2%
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agreed and 25.2% strongly agreed), and that vaccines for diseases no longer common
were not needed (23.1% agreed and 13.8% strongly agreed).

L1*. Vaccines are [not] important for my health

L3*. Getting vaccinated is [not] important for others _

121
122

L8*. Generally | [don't] do what my doctor recommends about vaccines [N

L4*. All vaccines offered by the govt are [not] beneficial | [

L2, Vaccines are ot siecive | NN |

EE=E=E

L7*. Getting vaccines is [not] a good way to protect myself _

L6*. The information | receive about vaccines is [not] trustworthy — |

L10. | do not need vaccines for diseases not common _ | I
L5. New vaccines carry more risks than older vaccines [ | [

L9. | am concerned about serious adverse effects of vaccines . |

0% 10% 20% 30% 40% 50% 60% 70% 80%

mStrongly Disagree ODisagree 0ONeutral DAgree ®Strongly Agree

Figure 1. Responses to questions about vaccine hesitancy among parents of school-aged
children in Shanghai, China, 2020. Questions with an asterisk have been reverse coded so that
all questions have responses with higher values being more vaccine hesitant.

Overall, 29.5% (1083) were vaccine hesitant, with some trends by demographic
group. Individuals were more vaccine hesitant at an older age when child was born
(32.1% of those 30-45 years at child’s birth were vaccine hesitant, compared to 19.4% who
were 18-22 years at child’s birth, P<0.0001). Additionally, those with a second child were
less vaccine hesitant (24.9%), compared to those with only one child (31.4%), (P<0.0001).

Acceptance of a COVID-19 vaccine varied by the vaccine’s safety and effectiveness
profile, with the highest levels of acceptance for a vaccine 95% effective with a 5% risk of
fever, and lowest among vaccines that were 50% effective with a 20% risk of fever (Table
2). Almost 90% would accept a vaccine for themselves (89.7%), for their child (87.5%) or
for an elderly parent (88.5%) with the most ideal attribute. But with the least ideal at-
tribute these numbers dropped to 33.5%, 31.3%, and 31.8%, respectively.

Table 2. Acceptance of a COVID-19 vaccine, based on the safety and effectiveness profile.
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Overall, about 10% of individuals would not accept a vaccine, regardless of its safety
or effectiveness profile. Almost half (48.6%) were not sensitive to vaccine effectiveness,
but 31.3% were sensitive to vaccine effectiveness, and would accept a 95% effective vac-
cine, but not a 50% effective one. There was less sensitivity to vaccine safety, as measured
by risk of fever. Almost two-thirds, 63.3%, would accept a vaccine regardless of a change
in its risk of fever, and about one-fourth, 26.8%, would only accept a vaccine with a 5%
risk of fever, but not a 20% risk.

Sensitivity to vaccine safety and effectiveness was tested in Table 3. Vaccine hesi-
tancy, age at child’s birth, and stated relative income were all significantly related to
sensitivity to vaccine safety and effectiveness. Having a second child was significantly
related to sensitivity to vaccine effectiveness (P=0.0334), but not safety (P=0.0998). For
example, those who were vaccine hesitant had 10.47 times greater odds of not accepting a
vaccine, and 2.60 times greater odds of being sensitive to vaccine effectiveness, compared
to those not vaccine hesitant (P<0.0001), and vaccine hesitancy was associated with
greater odds of not accepting any vaccine or being sensitive to risk of fever (P<0.0001).
Those who were younger at their first child’s birth had reduced odds of not accepting a
vaccine or being sensitive to effectiveness or safety profile (P<0.0001 for effectiveness,
P=0.0055 for safety). And those stating that there income was less than average were less
sensitive, both to the effectiveness profile (P=0.0035) and to the safety profile (P=0.0067).

Table 3. Sensitivity to COVID-19 vaccine effectiveness and safety in multinomial logistic regression models among Shanghai par-

ents of school-aged children, 2020.

Compared to those who would accept a vaccine, regardless Compared to those who would accept a

of effectiveness vaccine, regardless of risk of fever

Would not accept any vaccine, Would only accept  Would not accept  Would only accept

Characteristic OR (95% Cl) 95% effective any vaccine, vaccine with 5% risk
vaccine, OR (95% Cl) of fever,
OR (95% Cl) OR (95% Cl)

Vaccine hesitant

No ref ref ref ref

Yes 10.47 (8.03, 13.67) 2.60(2.19, 3.09) 8.45 (6.54,10.91) 2.48 (2.09, 2.94)
Relation to child

Mother ref ref ref ref

Father 1.14 (0.87, 1.51) 0.93(0.79,1.10)  1.09(0.83,1.42)  0.84(0.70, 1.00)

Age at first child’s birth

18-22 years 0.46 (0.27, 0.79) 0.43 (0.32,0.58) 0.55(0.32,0.94) 0.53 (0.38,0.74)
23-25 years 0.52 (0.36, 0.75) 0.54 (0.43, 0.66) 0.67(0.47,0.97) 0.79 (0.63, 0.99)
26-29 years 0.78 (0.57, 1.05) 0.82 (0.68, 0.99) 0.81 (0.60, 1.09) 0.85 (0.70, 1.03)
30-45 years ref ref ref ref
Have a second child
No ref ref ref ref
Yes 0.75 (0.55, 1.01) 0.83 (0.70, 0.98) 0.81 (0.61, 1.09) 0.84(0.70, 1.01)
Age of first child
0-5 years 1.37(0.45,4.18) 0.67 (0.31, 1.43) 1.65 (0.56, 4.85) 0.82 (0.36, 1.84)
6-11 years ref ref ref ref
12-14 years 1.16 (0.86, 1.55) 1.03 (0.87, 1.22) 1.14 (0.85, 1.51) 0.97 (0.81, 1.16)
15-17 years 1.26 (0.88, 1.79) 0.92 (0.74, 1.15) 1.26 (0.89, 1.79) 0.84 (0.66, 1.06)
>18 years 1.44 (0.80, 2.60) 0.89 (0.63, 1.26) 1.33(0.74, 2.39) 0.76 (0.51, 1.14)
Gender of first child
Male ref ref ref ref
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Female 0.94 (0.73,1.21) 1.09 (0.94, 1.26) 0.87 (0.68, 1.12) 0.97 (0.83, 1.13)
Stated relative income

Less than average 0.86 (0.59, 1.28) 0.66 (0.52, 0.84) 1.00 (0.69, 1.46) 0.69 (0.53,0.91)

About average ref ref ref ref

More than average 1.39(0.99, 1.96) 1.05 (0.85, 1.29) 1.50 (1.08, 2.09) 1.14 (0.92, 1.42)

Note: significant results are bolded.

4. Discussion

Safety and effectiveness are the two of the most important indicators to evaluate a
new vaccine, and new vaccines undergo substantial tests of their safety and effectiveness
before and after coming onto the market [10-11]. Previous studies showed that most
parents expressed concerns about vaccine side effects, safety, and effectiveness [12].
Similarly, parents showed a substantial shift in attitudes towards the COVID-19 vaccine
based on the safety and effectiveness. The majority of the respondents would accept a
vaccine with high levels of safety and effectiveness, but only one-third of the people
would accept vaccines with lower levels of safety and effectiveness. These preferences
could hamper uptake of the vaccine. Interestingly, the public showed a different level of
sensitivity toward safety and effectiveness, with more sensitivity towards effectiveness.

Although vaccines are currently available in some locations, safety and effectiveness
may vary. For example, for two of the vaccines approved in the U.S., Pfizer-BioNTech
was 95% efficacious and the Moderna vaccine 94.1% efficacious in preventing COVID-19
disease [13-14]. The AstraZeneca vaccine used in the U.K,, India, and Mexico was re-
ported to have average efficacy of 70% [15]. For the inactivated vaccines produced by
Chinese pharmaceutical companies, efficacy ranges from 50% to over 90%, depending on
outcome considered and study site [16]. Currently, 68 vaccines are being tested in clinical
trials, and 20 have reached the final stage [17]. As more vaccines come into the market,
the public may choose between vaccines with widely varying efficacy.

The study found a strong relationship between vaccine hesitancy and COVID-19
vaccination, and the respondents believe that the new vaccine carried more risk than the
older vaccine. The role of vaccine hesitancy, and anti-vaccine movements, has been pre-
viously explored. For instance, Gaulano et al. found that Italian women who received
information from anti-vaccination movements were less likely to accept mandatory vac-
cines [18]. However, it is essential to note that people might be hesitant about the
COVID-19 vaccine but not for vaccines in general. The COVID-19 vaccine went through
the process from development to distribution worldwide under a “warp speed.” It also
adopted a new approach of using mRNA, which is different from traditional vaccines
that use weakened or inactive components of the pathogen [19]. Scientists and govern-
ments are still assessing the effectiveness after the COVID-19 vaccine has been author-
ized for emergency use [20].

COVID-19 vaccine hesitancy is present not only in the general public, but also
among healthcare workers. A recent survey by Kaiser Family Foundation found that
nearly a third of the healthcare workers would probably or definitely refuse the vaccine
[21]. Healthcare workers expressed concerns about not having enough research, not
transparent enough between pharmaceutical companies, research companies, or the
government, and they were afraid to be a part of another “Tuskegee Study” [22]. Thus,
how to break through the vaccine hesitant among healthcare workers, who have a higher
risk of contracting the virus and play important roles in their patients’ vaccine decision
making, is of the utmost importance. Even in non-pandemic settings, health care workers
have relatively low coverage of non-mandatory vaccines, and this differed by age, with
younger personnel more likely to be vaccinated [23].

4.1 Strengths and limitations
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This is a cross-sectional study and so we were unable to look at longitudinal con-
nections. Additionally, we assessed intent to get a vaccine, but actual vaccine uptake may
differ as more information is available. The vaccine effectiveness and safety profiles that
we chose were based on possible ranges from existing influenza and measles vaccines,
but the actual characteristics of COVID-19 vaccines may differ. We also did not evaluate
uptake or hesitancy towards other vaccines routinely provided to children, for instance
the measles-mumps-rubella vaccine, and did not adjust our analyses for this variable.
Nonetheless, using a large sample of parents, we have been able to assess variations in
vaccination intent using a validated vaccination hesitancy scale.

5. Conclusions

In this study of parents of school-aged children in a suburb of Shanghai, parents
showed a substantial shift in attitudes towards the COVID-19 vaccine based on the vac-
cine’s safety and effectiveness. The majority of respondents would accept a vaccine with
the most ideal levels of safety and effectiveness, but only one-third of the people would
accept vaccines with the least ideal attributes. These findings indicate that COVID-19
vaccine uptake may be substantially influenced by how effective the vaccine actually is.
Controlling outbreaks of COVID-19 in the presence of these strong preferences would
require substantial use of non-pharmaceutical interventions.

Local circumstances are important to consider when developing programs to pro-
mote vaccines, as thoughts about different aspects of vaccination are not uniform across
countries. We did not find consistent associations about education and vaccine hesitancy,
in contrast to prevailing findings about this relationship in high income countries; more
work needs to be done on fully understanding socio-cultural influences on vaccine deci-
sion-making. Continued surveillance of attitudes towards vaccination in LMICs can help
identify shifts in future opinions in vaccination attitudes.
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