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Abstract

Background: Although vaccination has been shown to be one of the most important interventions, COV1D-19 vaccine hesitancy
remains one of the top 10 global public health challenges worldwide.

Objective: Theobjective of thisstudy isto investigate (1) major determinants of vaccine hesitancy, (2) changesin the determinants
of vaccine hesitancy at different time periods, and (3) the potential factors affecting vaccine acceptance.

Methods: This study applied a mixed methods approach to explore the potential determinants contributing to vaccine hesitancy
among the Taiwanese population. The quantitative design of this study involved using Google Trends search query data. We
chose the search term “fE & (vaccine), selected " &7&” (Taiwan) as the location, and selected the period between December
18, 2020, and July 31, 2021. The rising keywords related to vaccine acceptance and hesitancy were collected. Based on the
responses obtained from the qualitative study and the rising keywords obtained in Google Trends, the 3 most popular keywords
related to vaccine hesitancy were identified and used as search queries in Google Trends between December 18, 2020, and July
31, 2021, to generate relative search volumes (RSVs). Lastly, autoregressive integrated moving average modeling was used to
forecast the RSVs for the 3 keywords between May 29 and July 31, 2021. The estimated RSV's were compared to the observed
RSVsin Google Trends within the same time frame.

Results. The4 prevailing factorsresponsiblefor COVID-19 vaccine acceptance and hesitancy were doubts about the government
and manufacturers, side effects, deaths associated with vaccination, and efficacy of vaccination. During the vaccine observation
period, “political role” was the overarching consideration leading to vaccine hesitancy. During the peak of the pandemic, side
effects, death, and vaccine protection were the main factors contributing to vaccine hesitancy. The popularity of the 3 frequently
searched keywords“ side effects,” “ vaccine associated deaths,” and “ vaccine protection” continued to rise throughout the pandemic
outbreak. Lastly, the highest Google search queriesrelated to COVID-19 vaccines emerged as “ side effects” prior to vaccination,
deaths associ ated with vaccines during the period when single vaccineswere avail able, and “ side effects” and “ vaccine protection”
during the period when multiple vaccines were available.

Conclusions: Investigating the key factorsinfluencing COVID-19 vaccine hesitancy appearsto be afundamental task that needs
to be undertaken to ensure effective implementation of COVI1D-19 vaccination. Google Trends may be used as acomplementary
infoveillance tool by government agencies for future vaccine policy implementation and communication.
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Introduction

COVID-19 is an infectious disease that causes tremendous
burden on all health care systems worldwide [1]. Public health
authorities are looking for preventive strategies to limit the
spread of SARS-CoV-2 because an effective treatment for
COVID-19 is not yet to be available [2-4]. According to the
Centers for Disease Control and Prevention, to date, vaccines
are considered the most powerful therapeutic tools to reduce
the spread of infectious viruses such as SARS-CoV-2 [1,5,6].
Although vaccination has been shown to be one of the most
important interventionsin the field of public health throughout
the 21st century, worldwide COVID-19 vaccine hesitancy is
one of the top 10 global public health challenges[7,8]. Unlike
the development of other previousvaccines, COVID-19 vaccines
were exempt from the Food and Drug Administration’sscientific
standards and received emergency authorization dueto therapid
spread of COVID-19 [9]. Therefore, we proposed that public
willingnessto receive the COVID-19 vaccine and the keywords
selected to perform aweb-based search of COVID-19 vaccines
may be different from those of other previousvaccines[10-12].
Due to the impact of the global COVID-19 pandemic, the use
of traditional data collection methods has been hindered.
Recently, many studies have been using Google Trends to
collect and analyze data to rapidly capture and reflect health
behavior changein different populations[13-16]. Google Trends
is a website created by Google LLC, which anayzes the
popularity of exact search queries (keywords) on Google across
specific regions, time periods, and languages. Recent work has
indicated that a mixed methods approach is beneficial for
understanding Taiwanese peopl€'s attitudes toward COVID-19
vaccination [15]. The term “mixed methods’ refers to the mix
of quantitative and qualitative datawithin asingleinvestigation.
This study proposes a mixed methods approach to investigate
the following: (1) major determinants of vaccine hesitancy, (2)
changes in the determinants of vaccine hesitancy at different
time periods, and (3) the potential factors affecting COVID-19
vaccine acceptance among Taiwanese citizens.

Methods

Mixed Methods Design

This study used a mixed methods approach to explore the
potentia determinants contributing to vaccine hesitancy among
Taiwanese citizens. The term “mixed methods’ refers to
collecting and analyzing both quantitative and qualitative data
within the same investigation. Mixed methods can draw on
potential strengths of both quantitative and qualitative methods,
allowing investigators to explore diverse perspectives and
discover relationshipsthat exist between layers of multifaceted
research questions [17]. The study started with a qualitative
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analysisto explore the major determinants of vaccine hesitancy
and used quantitative analysis to validate the findings by
investigating changes in the determinants of vaccine hesitancy
at different time periods.

Qualitative Study

Our study initially involved aqualitative analysisto explore the
major determinants of vaccine hesitancy. Web-based interviews
were conducted in July 2021, and 31 individual interviews and
1 focus group (comprising 10 participants, a host, and an
observer) were completed. We recruited participants through
an internet-based bulletin board system as well as from the
various social media channels of researchers involved in this
study. Although nonrandomized sampling was used in this study,
the diversity of the research team members helped to increase
the heterogeneity of our sample. In our sample, 15% of
participants had less than ajunior high school education, 18%
of them had a high school education, and 67% of them had a
college education or higher. Intermsof the level of urbanization
of the participants' areas of residence, 45% of them lived in
highly urbanized areas, 33% in moderately urbanized areas, and
22% inlowly urbanized areas. Intermsof interview format, the
duration of the individua face-to-face interview was
approximately 20-40 minutes, while thefocus group discussion
was organized as a web-based discussion board with a 1-week
duration. During that given week, a question would be posted
daily on the web-based discussion board, and the participants
were encouraged to reply to the question. The responses
obtai ned from the web-based interviewswere compiled through
thematic analysis to determine the possible determinants
contributing to vaccine hesitancy.

Google Trends Data Collection

The quantitative design of thisstudy involved the use of Google
Trends search query data to understand the main factors
contributing to vaccine hesitancy. First, we chose the search
term“JZ " (vaccine), selected” & 7&” (Taiwan) asthelocation,
and selected the period between December 18, 2020, and July
31, 2021, in Google Trends. The search category was set to all
categories. We collected the rising keywords related to vaccine
acceptance and hesitancy shown in Google Trends (Table 1).
Furthermore, based on the responses obtained from our
qualitative analysis and therising keywords obtained in Google
Trends, we identified several keywords related to vaccine
hesitancy, including “ & & BIfER” (vaccine side effects), “ &
B BT (vaccine deaths), and “f&i 1R:&H” (vaccine
protection). Next, these 3 keywords including “7& & gI{ER”
(vaccine side effects), “f& B JL1=" (vaccine deaths), and “¥&
4 {R=& 51" (vaccine protection) were used as search queries at
the same time in Google Trends between December 18, 2020,
and July 31, 2021, to generate relative search volumes (RSVs;
Figure 1).
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Table 1. Rising keywords searched on Google Trends, which are related to vaccine acceptance and hesitancy in Taiwan between May and July 2021.

May 1-31, 2021

June 1-20, 2021

July 1-31, 2021

Government-funded/ vaccine/ appoint-
ment

Kaohsiung/ vaccine
Vaccine/ order
Medigen/ Vaccine/ Stock shareholder

Koreal Vaccine

Vaccine/ appointment/ Taipei
COVID-19/ vaccine/vaccination

domestic /vaccine/stocks

Nantou/ vaccine
COVID-19/ vaccine/ appointment

Ko Wen-Je/ vaccine

Vaccine/ insurance package
Gou Tai-Ming/ vaccine
Vaccine/ alocation
Self-pay/vaccine/eligibility
Taichung/ Hospital/ vaccine

Eligibility for vaccination
aged 65 or older/vaccine

How to make an appointment/get
vaccinated

Singapore/ vaccine

Medigen/ vaccine /chairman

COVID-19/ vaccine/ side effects

AstraZeneca /vaccine/second dose
Taiwan/vaccine/quantity

Government-funded/ vaccine/eligibil -
ity

Appointments for leftover doses of vaccines

Appointments for leftover doses
Vaccine for individuals aged 75 or older
Sudden death after vaccination

Vaccination appointments for individuals aged 75 or
older

Vaccination category

Vaccination appointments of Department of Health,
Taipel City Government

Pneumonia/ Pneumococcus/vaccine/whereto get vac-
cination

Pregnant women/Vaccines/ appointments
Second dose /vaccine/appointment

New Taipei City/vaccine/ appointment system

Guanm/ get vaccinated

vaccine/meaning of unblinding

vaccine/ vaccination/ appointment/ platform
vaccine/ vaccine |eftovers/ registration

Vaccination appointments of Department of Health,
New Taipei City Government

Vaccine/Get vaccinated/ Classification
Tainan city/vaccines/appointments

One vial of vaccine can be shared by how many peo-
ple?

Vaccination appointments of New Taipel City Govern-
ment

Protein/ subunit/ vaccine

Taichung City/ COVID-19/ vaccine leftovers/vaccine
|eftovers/ information website

Get vaccinated/vaccine/death/number of people
Vaccine/ Good Liver Clinic/vaccine

I1legal vaccination/vaccine/ list

Vaccine/willingness to get vaccinate/registration

Vaccine/registration/ system
1922 /vaccine/ registration
COVID-19 vaccine/ registration and reservation system

Change of vaccination appointment

1922/ vaccine/appointment/ platform

Fourth round/ vaccine/ appointment

Medigen/ vaccine/ appointment

Second dose/ vaccine/ appointment/ platform
1922/appointment/get vaccinated

9th category of qualified population/vaccine/appoint-
ment

Vaccine/registration/inquiry

government-funded /vaccines/ appointment/registration
1922 /appointments/vaccine

1922/ vaccine/ appointment/registration

Change/ vaccineltypes

1922/vaccinel/appointment/system
Vaccine/ willingness get vaccinated/change

Third round/ vaccine/appointment

Modification of vaccination registration

1922/ vaccine/ appointment/inquiry

New Taipei city/vaccine/appointment/ platform

Thailand AstraZeneca COVID-19 vaccine
Government-funded/vaccine/appointment/inquiry

1992 Vaccine/ get vaccinated/appointments/ platform
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Figure 1. Relative search volumes of COVID-19 vaccine—related web search queries from December 18, 2020, to July 31, 2021, in Taiwan.
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We collected the RSV in Google Trends for each search query
including “vaccine and side effects,” “vaccine and deaths,” and
“vaccines and protection” between December 18, 2020, and
July 31, 2021. We applied the autoregressive integrated moving
average (ARIMA) modeling a gorithm devel oped by Hyndman
and Khandakar [18] to forecast the RSV s of the abovementioned
3 search queriesbetween May 29 and July 31, 2021. InARIMA
modeling analysis, we only used the RSVs of the
abovementioned 3 search queries in Google Trends between
December 18, 2020, and May 29, 2021, to forecast the RSVs
of those 3 search queries between May 29 and July 31, 2021
(assuming that there was no change in the COVID-19 pandemic
situation). The forecasted RSV's of those 3 search querieswere
then compared to their observed RSV sfrom May 29 to July 31,
2021, in Google Trends.

Ethical Considerations

This study was approved by the National Taiwan University’s
Research Ethics Committee (NTU-Rec No 202106HS026).

Results

The 4 prevailing factors responsible for COVID-19 vaccines
acceptance and hesitancy among Taiwanese citizenswere doubts
about the government and manufacturers, side effects, deaths

https://formative.jmir.org/2023/1/e41364
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vaccine efficacy

vaccine death

associated with vaccination, and efficacy of vaccination.
Furthermore, when we combined the qualitative results with
the results obtained from Google Trends analysis, “political
role’ was the overarching consideration leading to vaccine
hesitancy during the observed period.

During the peak of the pandemic, side effects, death, and vaccine
efficacy were the main factors contributing to vaccine hesitancy
(Table 1). Figure 1 shows the changing trends of factorsrelated
to COVID-19 vaccine administration among the Taiwanese
population. The first factor of concern before vaccination was
the side effects of the vaccine, followed by vaccine-related
deaths, and finally the vaccine's protective efficacy.
Furthermore, the popularity of the 3 frequently searched
keywords, “side effects,” “vaccine associated deaths,” and
“vaccine protection,” continued to rise throughout the pandemic
outbreak period (Figures 2-4).

Our results show that the RSV of the 3 keywords, “vaccine side
effects,” “vaccine deaths,” and “vaccine protection” in Google
Trends from May 29, 2021, to July 31, 2021, significantly
exceeded the predicted volume based on the RSV before May
29, 2021, from December 18, 2020, to May 28, 2021. In
addition, the top Google search queries related to COVID-19
vaccines that emerged were “side effects’ prior to vaccination,
deaths associated with vaccines during the period when single
vaccines were available, and “side effects’ and “vaccine
protection” during the period when multiple vaccines were
available.
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Figure 2. Keywords being searched on Google Trends: “vaccines and deaths” Statistical analysis was performed using autoregressive integrated
moving average modeling. The model was used to observe responses between December 18, 2020 (vaccine production), and May 28, 2021 (vaccination

rollout in Taiwan). The time period for comparison was May 29 to July 31, 2021.
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Figure 3. Keywords being searched on Google Trends: “vaccines and side effects.” Statistical analysis was performed using autoregressive integrated
moving average modeling. The model was used to observe responses between December 18, 2020 (vaccine production), and May 28, 2021 (vaccination
rollout in Taiwan). The time period for comparison was May 29 to July 31, 2021.
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Figure 4. Keywords being searched on Google Trends: “vaccine and protection.” Statistical analysis was performed using autoregressive integrated
moving average modeling. The model was used to observe responses between December 18, 2020 (vaccine production), and May 28, 2021 (vaccination
rollout in Taiwan). The time period for comparison was May 29 to July 31, 2021.
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Discussion

Principal Findings

According to our study, the 4 prevailing factors responsible for
COVID-19 vaccine acceptance and hesitancy were doubts about
the government and manufacturers, side effects, deaths
associated with vaccination, and efficacy of vaccination. During
the vaccine observation period, “political role” was the
overarching consideration leading to vaccine hesitancy. During
the peak of the pandemic, side effects, death, and vaccine
efficacy werethe main factors contributing to vaccine hesitancy.
The popularity of the 3 frequently searched keywords “side
effects,” “vaccine associated deaths,” and “vaccine efficacy”
continued to rise throughout the pandemic outbreak period.

Public acceptance of a new vaccine is a dynamic phenomenon
that is highly influenced by psychological behavior, societal
issues, and vaccine-related factors such as safety and efficacy.
The introduction and distribution of anew vaccineisindeed an
expensive and time-consuming process, while vaccine
acceptance is the key indicator that controls the success of
vaccination programs [19,20]. Therefore, exploring and
investigating the common factors of COVID-19 vaccine
hesitancy is a mandatory step in designing an action plan to
promotethe overall vaccine acceptancerate. Google Trends has
often been used by the scientific community to conduct
infodemiological and epidemiological analyses [21,22]. This
infoveillance approach of studying the distribution and
determinants of information via the internet with the intention
of informing public health and public policy has been widely
applied in various disciplines.

https://formative.jmir.org/2023/1/e41364
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In our analysis, side effects, death, and vaccine efficacy were
identified asthe main factors contributing to COVI1D-19 vaccine
hesitancy in Taiwan. The extent to which the public trusts the
vaccine to be safe and effective after administration appeared
to be the strongest predictor of the intention for COVID-19
vaccine uptake. In addition, we al so specul ated that hidden and
miscommuni cated health information may accelerate beliefsin
antivaccine conspiracies[23]. For instance, misconceptionsand
mistrust regarding vaccine efficacy were highlighted asthe most
common reasons to refuse the seasonal influenza vaccine for
health care workers in Ireland [24]. A comprehensive review
consisting of 2791 studies conducted between 1990 and 2019
showed that although vaccine hesitancy is largely influenced
by disease severity, other factors including concerns about
vaccine safety and efficacy, culture, and local context are all
essential causes of vaccine refusal [25]. To restore trust about
vaccines in the public, communication strategies and vaccine
delivery processes should be made transparent, accurate, honest,
and multimodal and must involve partnershipswith community
and health care professionals in an inclusive manner.

Similar to many scientific studiesin the United States, “political
roles’ wasalso identified asakey influencing factor for vaccine
acceptance and hesitancy in our analysis. The public does not
think that pharmaceutical companiesand governmentsare being
transparent in the research findings they release to the public.
In this regard, a content analysis of media coverage featuring
the COVID-19 issueindicated that politicians were featured as
often as, or sometimes even more often than, medica
professionals and public health scientists regarding the
COVID-19issueinthe United States[26]. In addition, Rzymski
et a [27] advocated that evidence-based communication
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strategies are mandatory to control COV1D-19 vaccine—related
misinformation in the community and to ensure large public
benefits. Therefore, the action that should be taken to reduce
vaccine hesitancy would be to communicate effectively using
evidence-based information and counteracting messages that
can misinform the general public.

Limitations

There are some drawbacks of using Google Trends data. First,
Google Trends data cannot be nationally representative as they
overlook responses from other minority groupsincluding those
who havelow internet access or those with alow socioeconomic
status. Second, our study uses several keywords in the Google
Search box, rather than a single keyword, during the data
collection, which might lead to some potentia bias. However,
to counteract this drawback, our study design began with arapid
gualitative analysis to serve as the baseline reference for those
keywords used in the Google search box in our subsegquent
guantitative analysis. Lastly, our study does not consider the

Data Availability

Linetd

effect of the media’sinfluence on the public’'s opinions toward
vaccines during the pandemic.

Conclusions

The reluctance toward COVID-19 vaccines continues to be a
global concern. In this study, we explored and described the 4
predominant determinants contributing to vaccine hesitancy
among Taiwanese citizens. At different pandemic periods, the
key influences on the decision to receive a COVID-19 vaccine
varied: it began with side effects, followed by deaths associated
with vaccination, followed by vaccine efficacy. Furthermore,
the political roles have been continuously affecting the
Taiwanese popul ation’s attitudes toward vaccination [24,28,29].
Overdll, investigating the key factors influencing COVID-19
vaccine hesitancy appears to be a fundamental task that needs
to be undertaken to ensure effective implementation of
COVID-19 vaccination. This study suggeststhat Google Trends
may be used as a complementary infoveillance tool by
government agencies for future vaccine policy implementation
and communication.

The data sets generated during or analyzed in this study are available from the corresponding author on reasonabl e request.

Conflictsof Interest
None declared.

References

1. Kasting ML, Macy JT, Grannis SJ, Wiensch AJ, Lavista Ferres M, Dixon BE. Factors associated with the intention to
receive the COVID-19 vaccine: cross-sectional national study. IMIR Public Health Surveill 2022 Nov 14;8(11):€37203
[FREE Full text] [doi: 10.2196/37203] [Medline: 36219842]

2. Bloom BR, Nowak GJ, Orenstein W. “When Will Have a Vaccine? — Understanding questions and answers about
Covid-19 vaccination. N Engl JMed 2020 Dec 03;383(23):2202-2204 [doi: 10.1056/nejmp2025331]

3. HuangC,Wang, Li X, RenL, Zhao J, Hu Y, et a. Clinical features of patients infected with 2019 novel coronavirusin

Wuhan, China. Lancet 2020 Feb 15;395(10223):497-506 [ FREE Full text] [doi: 10.1016/S0140-6736(20)30183-5] [Medline:

31986264]

4.  Schoch-SpanaM, Brunson EK, Long R, Ruth A, Ravi SJ, Trotochaud M, et al. The public'srolein COVID-19 vaccination:
Human-centered recommendations to enhance pandemic vaccine awareness, access, and acceptance in the United States.
Vaccine 2021 Sep 24;39(40):6004-6012 [FREE Full text] [doi: 10.1016/j.vaccine.2020.10.059] [Medline: 33160755]

5. Ten Great Public Health Achievements --- United States, 2001--2010. Centers for Disease Control and Prevention. 2011.
URL: https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6019a5.htm [accessed 2023-09-01]

6.  Harder T, Kiilper-Schiek W, Reda S, Treskova-Schwarzbach M, Koch J, Vygen-Bonnet S, et a. Effectiveness of COVID-19
vaccines against SARS-CoV-2 infection with the Delta (B.1.617.2) variant: second interim results of aliving systematic
review and meta-analysis, 1 January to 25 August 2021. Euro Surveill 2021 Oct;26(41):2100920 [FREE Full text] [doi:
10.2807/1560-7917.ES.2021.26.41.2100920] [Medline: 34651577]

7.  Omar DI, Hani BM. Attitudes and intentions towards COV I D-19 vaccines and associated factors among Egyptian adults.
Jlnfect Public Health 2021 Oct; 14(10):1481-1488 [ FREE Full text] [doi: 10.1016/j.jiph.2021.06.019] [Medline: 34247946]

8.  Tenthreatsto global health in 2019. World Health Organization (WHO). URL : https://www.who.int/news-room/spotlight/

ten-threats-to-global-health-in-2019 [accessed 2023-09-01]

9. FDA Approves First COVID-19 Vaccines. US Food and Drug Administration. URL: https://www.fda.gov/news-events/
press-announcements/fda-approves-first-covid-19-vaccine [accessed 2023-09-01]

10. Dror AA, Eisenbach N, Taiber S, Morozov NG, Mizrachi M, Zigron A, et al. Vaccine hesitancy: the next challenge in the
fight against COVID-19. Eur JEpidemiol 2020 Aug 12;35(8):775-779 [FREE Full text] [doi: 10.1007/s10654-020-00671-y]

[Medline: 32785815]

11. Gurley S, Bennett B, Sullivan PS, Kiley M, Linde J, Szczerbacki D, et al. COVID-19 vaccine perceptions, intentions, and
uptake among young adultsin the United States: prospective college-based cohort study. IMIR Public Health Surveill 2021
Dec 15;7(12):e33739 [FREE Full text] [doi: 10.2196/33739] [Medline: 34847054]

https://formative.jmir.org/2023/1/e41364

JMIR Form Res 2023 | vol. 7 | e41364 | p. 7
(page number not for citation purposes)


https://publichealth.jmir.org/2022/11/e37203/
http://dx.doi.org/10.2196/37203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36219842&dopt=Abstract
http://dx.doi.org/10.1056/nejmp2025331
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)30183-5
http://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31986264&dopt=Abstract
https://europepmc.org/abstract/MED/33160755
http://dx.doi.org/10.1016/j.vaccine.2020.10.059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33160755&dopt=Abstract
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6019a5.htm
http://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2021.26.41.2100920
http://dx.doi.org/10.2807/1560-7917.ES.2021.26.41.2100920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34651577&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1876-0341(21)00185-4
http://dx.doi.org/10.1016/j.jiph.2021.06.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34247946&dopt=Abstract
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
https://www.fda.gov/news-events/press-announcements/fda-approves-first-covid-19-vaccine
https://www.fda.gov/news-events/press-announcements/fda-approves-first-covid-19-vaccine
https://europepmc.org/abstract/MED/32785815
http://dx.doi.org/10.1007/s10654-020-00671-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32785815&dopt=Abstract
https://publichealth.jmir.org/2021/12/e33739/
http://dx.doi.org/10.2196/33739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34847054&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Lineta

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Hu T, Wang S, Luo W, Zhang M, Huang X, Yan Y, et a. Revealing public opinion towards COVID-19 vaccines with
Twitter datain the United States: spatiotemporal perspective. JMed Internet Res 2021 Sep 10;23(9):€30854 [FREE Full
text] [doi: 10.2196/30854] [Medline: 34346888]

LinY, LiuC, ChiuY. Google searchesfor the keywords of "wash hands" predict the speed of national spread of COVID-19
outbreak among 21 countries. Brain Behav Immun 2020 Jul;87:30-32 [EREE Full text] [doi: 10.1016/j.bbi.2020.04.020]
[Medline: 32283286]

LinY, Chiang T, LinY. Increased internet searchesfor insomniaas an indicator of global mental health during the COVID-19
pandemic: multinational longitudinal study. JMed Internet Res 2020 Sep 21;22(9):e22181 [FREE Full text] [doi:
10.2196/22181] [Medline: 32924951]

Rovetta A, BhagavathulaAS. Global infodemiology of COVID-19: analysis of Google web searches and | nstagram hashtags.
JMed Internet Res 2020 Aug 25;22(8):e20673 [FREE Full text] [doi: 10.2196/20673] [Medline: 32748790]

Mavragani A, Ochoa G. Google Trendsin infodemiology and infoveillance: methodology framework. JIMIR Public Health
Surveill 2019 May 29;5(2):€13439 [FREE Full text] [doi: 10.2196/13439] [Medline: 31144671]

Shorten A, Smith J. Mixed methods research: expanding the evidence base. Evid Based Nurs 2017 Jul 14;20(3):74-75
[FREE Full text] [doi: 10.1136/eb-2017-102699] [Medline: 28615184]

Hyndman RJ, Khandakar Y. Automatic Time Series Forecasting: The forecast Package for R. J Stat Soft 2008;27(3):1-22
[doi: 10.18637/jss.v027.i03]

Mahoney RT, Krattiger A, Clemens JD, Curtiss R. The introduction of new vaccines into developing countries. 1V: Global
access strategies. Vaccine 2007 May 16;25(20):4003-4011 [doi: 10.1016/].vaccine.2007.02.047] [Medline: 17363119]
Nan X, Xie B, Madden K. Acceptability of the HIN1 vaccine among older adults: the interplay of message framing and
perceived vaccine safety and efficacy. Health Commun 2012 Aug;27(6):559-568 [doi: 10.1080/10410236.2011.617243]
[Medline: 22092270]

Sulyok M, Ferenci T, Walker M. Google Trends Data and COVID-19 in Europe: Correlations and model enhancement are
European wide. Transbound Emerg Dis 2021 Jul 17;68(4):2610-2615 [doi: 10.1111/tbed.13887] [Medline: 33085851]
Springer S, Zieger M, Strzelecki A. Therise of infodemiology and infoveillance during COVID-19 crisis. One Health 2021
Dec;13:100288 [FREE Full text] [doi: 10.1016/j.onehlt.2021.100288] [Medline: 34277922]

Maurer J, Uscher-Pines L, Harris KM. Perceived seriousness of seasonal and A(H1N1) influenzas, attitudes toward
vaccination, and vaccine uptake among U.S. adults: doesthe source of information matter? Prev Med 2010 Aug;51(2):185-187
[doi: 10.1016/j.ypmed.2010.05.008] [Medline: 20510270]

Halpin C, Reid B. Attitudes and beliefs of healthcare workers about influenza vaccination. Nurs Older People 2019 Mar
22;31(2):32-39 [doi: 10.7748/nop.2019.e1154] [Medline: 31468782]

Sweileh WM. Bibliometric analysis of global scientific literature on vaccine hesitancy in peer-reviewed journal s (1990-2019).
BMC Public Health 2020 Aug 17;20(1):1252 [FREE Full text] [doi: 10.1186/s12889-020-09368-z] [Medline: 32807154]
Rutjens BT, van der Linden S, van der Lee R. Science skepticism in times of COVID-19. Group Process Intergr Relat 2021
Mar 04;24(2):276-283 [doi: 10.1177/1368430220981415]

Rzymski P, Borkowski L, Drag M, Flisiak R, Jemielity J, Krajewski J, et al. The strategies to support the COVID-19
vaccination with evidence-based communication and tackling misinformation. Vaccines (Basel) 2021 Feb 01;9(2):109
[FREE Full text] [doi: 10.3390/vaccines9020109] [Medline: 33535716]

VergaraR, Sarmiento P, Lagman J. Building public trust: aresponse to COVID-19 vaccine hesitancy predicament. J Public
Health (Oxf) 2021 Jun 07;43(2):€291-e292 [ FREE Full text] [doi: 10.1093/pubmed/fdaa?82] [Medline: 33454769]

Roy DN, Biswas M, Islam E, Azam MS. Potential factors influencing COV ID-19 vaccine acceptance and hesitancy: a
systematic review. PLoS One 2022 Mar 23;17(3):e0265496 [ FREE Full text] [doi: 10.1371/journal.pone.0265496] [Medline:
35320309]

Abbreviations

ARIMA: autoregressive integrated moving average
RSV: relative search volume

https:/formative.,jmir.org/2023/1/e41364 JMIR Form Res 2023 | vol. 7 | e41364 | p. 8

(page number not for citation purposes)


https://www.jmir.org/2021/9/e30854/
https://www.jmir.org/2021/9/e30854/
http://dx.doi.org/10.2196/30854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34346888&dopt=Abstract
https://europepmc.org/abstract/MED/32283286
http://dx.doi.org/10.1016/j.bbi.2020.04.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32283286&dopt=Abstract
https://www.jmir.org/2020/9/e22181/
http://dx.doi.org/10.2196/22181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32924951&dopt=Abstract
https://www.jmir.org/2020/8/e20673/
http://dx.doi.org/10.2196/20673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32748790&dopt=Abstract
https://publichealth.jmir.org/2019/2/e13439/
http://dx.doi.org/10.2196/13439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31144671&dopt=Abstract
https://eprints.whiterose.ac.uk/118744/
http://dx.doi.org/10.1136/eb-2017-102699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28615184&dopt=Abstract
http://dx.doi.org/10.18637/jss.v027.i03
http://dx.doi.org/10.1016/j.vaccine.2007.02.047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17363119&dopt=Abstract
http://dx.doi.org/10.1080/10410236.2011.617243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22092270&dopt=Abstract
http://dx.doi.org/10.1111/tbed.13887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33085851&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-7714(21)00078-1
http://dx.doi.org/10.1016/j.onehlt.2021.100288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34277922&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2010.05.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20510270&dopt=Abstract
http://dx.doi.org/10.7748/nop.2019.e1154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31468782&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09368-z
http://dx.doi.org/10.1186/s12889-020-09368-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32807154&dopt=Abstract
http://dx.doi.org/10.1177/1368430220981415
https://www.mdpi.com/resolver?pii=vaccines9020109
http://dx.doi.org/10.3390/vaccines9020109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33535716&dopt=Abstract
https://europepmc.org/abstract/MED/33454769
http://dx.doi.org/10.1093/pubmed/fdaa282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33454769&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0265496
http://dx.doi.org/10.1371/journal.pone.0265496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35320309&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Lineta

Edited by A Mavragani; submitted 23.07.22; peer-reviewed by ECY Su, JK Kumar, A Husnayain; comments to author 19.12.22;
revised version received 05.04.23; accepted 27.08.23; published 12.09.23

Please cite as.

Lin LY, Lin CJ, Kuan Cl, Chiou HY

Potential Determinants Contributing to COVID-19 Vaccine Acceptance and Hesitancy in Taiwan: Rapid Qualitative Mixed Methods
Sudy

JMIR Form Res 2023, 7:e41364

URL: https://formative.jmir.org/2023/1/e41364

doi: 10.2196/41364

PMID: 37698904

©Li-Yin Lin, Chun-Ji Lin, Chen-l Kuan, Hung-Yi Chiou. Originaly published in JMIR Formative Research
(https.//formative.jmir.org), 12.09.2023. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Formative Research, is properly cited. The complete
bibliographic information, alink to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

https:/formative.,jmir.org/2023/1/e41364 JMIR Form Res 2023 | vol. 7 | e41364 | p. 9
(page number not for citation purposes)

RenderX


https://formative.jmir.org/2023/1/e41364
http://dx.doi.org/10.2196/41364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37698904&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

