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COVID-19 VACCINATION CAMPAIGN: A BIBLIOMETRIC ANALYSIS

Abstract. This study provides the bibliometric analysis of publications addressing the COVID-19 pandemic and
preventive measures to overcome it. This study aims to analyze, systematize, and build clusters of world schools of
thought that changed their research directions in connection with the COVID-19 pandemic. The relevance of solving
the scientific problem is urgent to quickly restore the economy, education, tourism, and other spheres of society
affected by the pandemic. The authors emphasized that vaccination is one of the effective ways to reduce COVID-19
morbidity. Therefore, the study sample was generated with articles indexed by keywords "COVID-19" and
«vaccination» in the Web of Science and Scopus databases. The study period covers 2020-2021. To operate with the
most relevant publications, the study sample was limited by the English publication language and subject areas,
excluding the publications in the categories of medicine and pharmacology. The case study involved the VOSviewer
software, Web of Science, and Scopus database analysis tools in analyzing the scientific background on the issue of
trust in the vaccination campaign. The visualization of findings was conducted using the VOSviewer software tools.
The obtained results showed most of the work was published by the scholars of American, English, Chinese, German
and ltalian affiliations. The study identified at least 10 research directions on the investigated topic: the reasons for
differentiating the intentions to be vaccinated; attitudes towards vaccinations depending on gender, age, and social
status; forecasting different recovering scenarios; consequences of misinformation and fight against misinformation;
effectiveness of social pressure on the population; the role of social networks; sufficiency of using personal protective
equipment; the self-responsibility in creating collective immunity; the need medical staff visits; testing the effectiveness
of the vaccine, etc. The findings of the bibliometric analysis could be useful for further empirical studies to find cause-
and-effect relationships and mathematical modeling of the reasons for vaccination refusal and predicting different
pandemic scenarios.

Keywords: hibliometric analysis, COVID-19, vaccination, pandemic, VOSviewer.

Introduction. The COVID-19 pandemic has transformed the education, medical, social, economic,
institutional, political, financial, and public sectors. The quarantine restrictions and lockdown significantly
slowed down economic growth in most countries and increased unemployment. With the rise in morbidity,
more pharmaceutical campaigns have changed the vector of their developments to invent an effective
vaccine that would prevent seasonal outbreaks. In December 2020, vaccines with clinically proven high
efficacy were launched worldwide. However, new difficulties arose because the population hardly
perceived and trusted these vaccines. Despite understanding the devastating pandemic consequences
for the world economy, the vaccination campaign has slowed down because of public distrust in vaccines.
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The above resulted from vaccines' high inventing speed, the existence of the anti-vax movement, the
unpredictable side effects, the existence of myths about conspiracy theories, etc.

Literature Review. The analysis of scientific literature showed a high scientific interest in the issues
of public perception vaccination against COVID-19, modeling the scenarios of successful and failed
vaccination campaigns. This issue is relevant as for the world economy, as medical and social security.
Drazkowski and Trepanowski (2021) applied the theory of planned behavior and found that desire to be
vaccinated depends on a person's age and gender. Therefore, these findings could be used to encourage
people to the immunization campaign better. Delgado-Gallegos et al. (2021) used a binary regression to
search a set of variables that correlated strongly with people's desire to be vaccinated. The scholars
concluded that people aged 18 to 34 were the most motivated to be vaccinated. Besides, the authors
concluded that gender, education, religion, or economic status are not strongly correlated with the level of
xenophobia before immunization.

Bodner et al. (2021) used the hierarchical regression analysis to investigate the relationship between
population anxiety rates of possible fatalities and fears of vaccination. The scholars theoretically
demonstrated a positive association between fatal anxiety and pre-immunization anxiety. Ali et al. (2021)
tested the effectiveness of explanatory work on the benefits and myths about vaccination by interviewing
students before and after a scientific seminar. The findings showed that the scientific seminars contribute
to raising the number of those who wish to be vaccinated.

Pakpour et al. (2021) emphasized that the most effective way to fight against the virus is to use a mass
vaccination campaign. Besides, Afolabi and llesanmi (2021) believed that achieving collective immunity
through mass immunization of the population is the most effective way to combat the coronavirus. The
scholars noted that building a national or global roadmap to involve the population in the immunization
campaign is ineffective.

Mennini et al. (2021) applied econometric modeling with a time lag of the dependence of accelerating
or slowing down the vaccination campaign on the speed of economic recovery of a country affected by
quarantine restrictions. However, the authors emphasized the slowdown in creating the collective immunity
from COVID-19 decreases the pace of economic recovery.

Ansari-Moghaddam et al. (2021) used a combination of empirical surveys and theoretical data
processing with a system of structural equations to investigate people's desire to get vaccines. The
findings proved that people's desire for immunization helps spread positive vaccination experiences and
confirm the vaccine's effectiveness. Guillon and Kergall (2021) used theoretical analysis and logistic
regression to study determinants that affect people's intentions to vaccinate. The obtained results showed
that 30% of respondents agreed with vaccination. On the contrary, 30% of respondents strongly disagreed
because they believe that the risk of negative consequences of vaccination is greater than the risk of
COVID-19 complications.

Yu et al. (2021) analyzed the public intentions to be vaccinated. The findings revealed the lowest level
of readiness among the elderly and young people and single women. Besides, the total number of people
ready to be vaccinated did not exceed 14%. Wong and Yang (2022) found that the fear of getting the
vaccine outweighs the risk of getting sick.

McPhedran and Toombs (2021) conducted a scientific experiment to identify factors influencing public
participation in vaccination. The obtained results showed that vaccine quality was the most influential
factor.

Campos et al. (2021) used mathematical methods to analyze the COVID-19 issues. In turn, Abdy et
al. (2021) used the SIR model for the COVID-19 spread with variable characteristics of the number of
interactions, desire to be vaccinated, and age. Furthermore, Algahtani and Abdelhamid (2021) modified
the compartment SIR model. In conjunction with the bifurcation theory, the SEIR model was used to find
the value at which the stability of the model is achieved. Liao et al. (2021) have proposed short- and
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medium-term forecasts using the LST model based on deep learning technology. Buturoiu et al. (2021)
determined the triggers of the population's intention to be vaccinated. Gil-Aluja et al. (2021) combined
fuzzy set theory with uncertainty theory for each group's population cluster analysis and vaccination
scenarios. Jankhonkhan and Sawangtong (2021) applied the theory of differential equations to the
pandemic model for the first three waves of COVID-19 incidence. The sum of squares error was used to
predict future outbreaks and a strategy of preventive measures. Therefore, research analysis related to
the COVID-19 vaccination campaign has revealed many scientific issues, so it is necessary to visualize
and summarize all views.

Methodology and research methods. Step 1. Formation of study sampling on Scopus and Web of
Science databases. The search of the articles applied the keywords «COVID-19» and «vaccination». The
results determined 9479 publications in the Scopus database and 9474 articles in the Web of Science
(WoS) database for 2020-2021. However, the obtained publications were filtered to select the most
relevant using the following limitations: the language of the article — English; the medical and
pharmaceutical subject areas were excluded.

Therefore, the study sample includes 274 documents indexed in the Scopus database and 278 —im
the Web of Science database. Figure 1 demonstrates the TOP-20 countries that published most of the
investigated articles. Besides, there is indicated the contribution of Ukrainian scholars. The total number
of countries engaged in the investigated topic is 69 by Scopus database and 62 countries in WoS
databases.
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Figure 1. Comparing the scope of publication activity on «COVID-19» and «vaccination» between
Scopus and Web of Science databases (2020-2021)
Sources: developed by the authors.

Figure 1 shows that the most significant number of scientific papers indexed in Scopus/WoS
databases were published by the authors from the United States (29%/24%), the United Kingdom
(10%/14%), China (9%/4%), and Italy (6%/8%). It stands to mention that these countries recorded the
largest outbreaks of COVID-19. Therefore, it could be assumed that the COVID-19 prompted scientists to
change the vector of their scientific interests to find an effective algorithm to combat the pandemic.

On the hand, the analysis showed the publications cover (average for Scopus/WoS) 35.4% of Social
Sciences, 20.8% of Computer Science, 18.3% of Engineering, 13.9% of Arts and Humanities, 13.9% of
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Mathematics, 12% of Psychology, 9.5% of Materials Science, and 6.6% of Business, Management, and
Accounting. The above indicates a multidisciplinary research interest in overcoming the pandemic.

Step 2. Building links among research keywords, COVID-19, and vaccination.

A more in-depth analysis of bibliometric sources was performed using VOSViewer 1.6.10 software.
Figure 2 demonstrates the item network to clarify and visualize bibliographic data retrieved from the
Scopus database. Thus, the network map consists of 120 keywords combined into 20 clusters.
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Figure 2. The co-occurrence network of kéywords «COVID-19» and «vaccination» with other
terms by the Scopus database
Sources: developed by the authors using the VOSviewer software tools.

The largest (red) cluster covers the items of COVID-19 pandemic, estimation, ethics, human rights,
immunity, law, mathematical modeling, mistrust, model predictive control, modeling, policy, uncertainly,
vaccinations, etc. Most links to the topic of COVID-19 vaccination in the Scopus database correlate with
the concepts of mathematical modeling of the vaccination consequences and the reasons for
differentiating the readiness of people for immunization.

The second (green) cluster includes keywords: COVID-19, pandemic, vaccines, artificial intelligence,
biotechnology, compulsory vaccination, fundamental rights, optimization, personal protective equipment,
prediction, and social justice. Therefore, the second cluster focused mostly on social issues, such as
compulsory vaccination as an individual and collective protection against the virus and changes in civil law
and free choice.

The third cluster (blue) covers the key concepts of anti-vaccination, disinformation, infodemic,
misinformation, social media, social network analysis, survey, Twitter, and vaccination status. The
enormous amount of information about the vaccination campaign on various social networks caused the
spread of unverified information. Thus, many myths have emerged, and, as a result, many people have
opposed any vaccination. As a result, it has negatively affected the dynamics of vaccination.

The fourth cluster (yellow) includes the keywords: decision making, health beliefs, intention to
vaccinate, perceived risk, risk communication, sars-cov-2 vaccine, vaccine intentions, vaccine
acceptance, and vaccine efficacy. This cluster indicates the scientific interest in investigating people's
intentions to be vaccinated and verifying information on the risks of vaccination and its absence. Besides,
this cluster shows the counseling assistance of the population (by medical staff, authorities, scientists,
etc.) on the risks of refusing immunization is an effective way to combat the disinformation on the
vaccination threat.
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The fifth cluster connects the terms of epidemic model, time series forecasting, epidemiology, machine
learning, reinfection, sentiment analysis, simulation, vaccination strategy, etc. This cluster complements
the first cluster by considering different mathematical modeling techniques to build an effective vaccination
campaign roadmap.

The rest of the clusters are much smaller but consider the current topics related to the COVID-19
pandemic, such as economic impact, impact on education, mortality, tourism decline, cloud development,
etc.

On the contrary, Figure 3 illustrates the item network (164 keywords grouped into more than 20
clusters) of publications retrieved from the WoS database. Showing.
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Figure 3. The co-occurrence network of keywords «COVID-19» and «vaccination» with other
terms by the Web of Science database
Sources: developed by the authors using the VOSviewer software tools.

The largest (red) cluster includes such concepts as air pollution, attitudes, behavior, coronavirus,
covid-19 vaccination, health belief model, health care practice, human-papillomavirus, immunization,
impact, intention to get covid-19, literacy, models, outbreak, predictors, protection motivation theory,
regulation, social distancing, vaccine, and willingness to vaccinate.

Therefore, in the Web of Science database, the COVID-19 vaccination research correlates with the
issues of preventive measures and motivation for infection avoidance. The scholars have devoted their
studies to issues of human behavior, social distance, and healthy living practices for effectively maintaining

health.

The second (green) cluster involves the terms: college students, Covid-19 vaccination intentions,
deservingness, emergency medicine, experiment, framework, misinformation, parent perceptions, public
health, public opinion, rates, vaccination mandates, and vaccination hesitancy. This cluster emphasizes
that many scientists equate the concept of public health with coronavirus vaccination. Thus, by supporting
the immunization campaign, a person tries to care for others.

The third (blue) cluster consists of 12 keywords: ambiguity aversion, breast cancer, communication,
coverage, preference, risk, rural-urban continuum, threat, uncertainty, and women. This cluster shows the
research interest in detecting the influence of different factors (gender, the level of urbanization, etc.) on
the vaccination coverage.

The fourth (yellow) cluster covers 12 items: advising vaccination, anxiety, depression, factors, health-
care workers, knowledge, life satisfaction, nurses, nursing students, people, perceived vulnerability, and
preventive behavior. These keywords unveil the involvement of medical staff at various levels in the
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vaccination campaign to advise the population, dispel myths about the topic and the direct immunization
procedure, and people's awareness of the consequences of vaccination and its refusal. The fifth (purple)
cluster includes the studies on affective attitudes, anticipated affective reaction, attitude, conspiracy,
determinants, herd-immunity, human-papillomavirus vaccination, intention, planned behavior, science,
and survey. This cluster indicates the scientific interest in COVID-19 vaccination among sociologists and
psychologists studying the society's attitudes toward immunization, determinants of negative attitudes,
and affective attitudes through a survey.

The sixth cluster (blue) contains the keywords: COVID-19 pandemic, COVID-19 vaccines, dread risk,
media, public perception, responsible leadership, unknown risk, and vaccination intention. In this cluster,
researchers emphasized the importance of the media and social networks in responsibly communicating
the real risks of vaccination to the population and the importance of misinformation.

The seventh cluster (brown) combines the words: asymptotic profiles, compartmental modeler,
dynamics, economics, endemic equilibrium, epidemiology, and infection diseases. Therefore,

the scientists focussed on finding causal links between the dynamics of the pandemic and economic
indicators.

The rest of the clusters shown in Figure 3 are small. Moreover, they duplicate the main issues
discussed in the first seven clusters. Thus, a bibliometric analysis of keywords used by researchers in the
Web of Science database in a non-medical subject area related to the terms «COVID-19» and
«vaccination». Moreover, most researchers emphasize the public consciousness growth and the great
role of informing the population.

Step 3. Identifying world scientific schools researching issues related to COVID-19 and vaccination.

To process and visualize the obtained results, VOSviewer software was used. Figure 4 demonstrates
the co-authorship network (42 related articles by 11 countries).
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Figure 4. Affiliations of scholars investigating the concepts of «COVID-19» and «vaccination»
according to the database a) Scopus; b) Web of Science
Sources: developed by the authors using the VOSviewer software tools.

Figure 4 shows that according to the Scopus database, the scientists from 66 countries investigated
vaccination issues and the COVID-19 pandemic. In turn, scientists from 24 countries collaborated under
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7 schools of thought. The first school involved the scientists from the United States, Iran, and Canada; the
second - the United Kingdom, France, Poland, Turkey, and Spain; the third — China, Saudi Arabia, South
Africa, and South Korea; the fourth — Australia, Austria, and Germany; fifth — Brazil, Japan, and Serbia,
the sixth — Greece, Italy, and Romania; the seventh — India and the Netherlands.

According to the Web of Science database, the findings identified 3 schools of thought out of 11. The
first school is centered around the United Kingdom and includes countries such as Italy, India, Greece,
and Slovakia. The second group covers Australia, Sweden, and Malaysia. The third group was created by
scientists from the United States, Serbia, and Norway.

These results indicate a high level of collaboration among scientists worldwide to address the
pandemic issues in the medical, economic, political, and social spheres.

Results. Visualization of the relationship between the concepts of «COVID-19» and «vaccination»
with other terms in the publications of Scopus and Web of Science databases showed the high relevance
of research on the vaccination campaign. The results of the bibliometric analysis showed around 20
research directions concerning the investigated topic indicating its relevance. It stands to mention that the
desire for voluntary vaccination differs between countries. Ritchie et al. (2020) noted that as of 30
December 2021, the vaccinated population with at least one dose accounted for 90% in Chile, Portugal,
and Cuba. In turn, in Ukraine, Egypt, and Albania, this share was only 40%. Therefore, the search for
determinants of intention to be vaccinated is one of the leading areas of scientific research worldwide.

The most popular research direction in that analyzed scope of literature is predicting different
pandemic scenarios and the strength of their consequences, depending on the speed of the vaccination
campaign. Along with the topic of vaccinations, the problem of misinformation spread, mainly on social
networks, was considered. Another research direction is the analysis of the different scenarios'
effectiveness in informing the population and coercing or encouraging them to get vaccinated. Some
scholars dedicated their studies to testing the efficacy of vaccines and comparing public confidence in
each.

Besides, researchers widely applied mathematical modeling methods to measure the level of
transformation in economic and social life. Another research direction is the individual responsibility of
everyone in creating collective immunity.

Conclusions. This study presents the results of the bibliometric analysis of the studies on the
COVID- 19 vaccination campaign indexed in Scopus and Web of Science databases. The study period
covers 2020-2021. The findings showed most studies were published by the authors from the United
States, the United Kingdom, China, Germany, and Italy.

Besides, at least seven multinational scientific schools collaborated on the course of the vaccination
campaign. Thus, the United States, the United Kingdom, Australia, and Germany have the highest levels
of international scientific cooperation.

A visual model was built for each database using VOSviewer software tools to analyze the co-
occurrences of keywords. Thus, 20 clusters indicate the research areas in the COVID-19 vaccination
campaign.

The results of the hibliometric study could be useful for further investigation of causal relationships
and mathematical modeling of the vaccination refusal reasons and predicting different scenarios for a
pandemic.

Author Contributions: conceptualization, M. K. and K. P.; methodology, M. K.; software, M. K;
validation, M. K.; formal analysis, M. K., and K. P.; investigation, M. K.; resources, M. K.; data curation,
M. K. and K. P.; writing-original draft preparation, M. K.; writing-review and editing, M. K., and K. P.;
visualization, M. K.; supervision, M. K.; project administration, M. K.
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BibniomeTpuyHUiA aHani3 AocnimKeHb WOAO BaKLMHaLMHALiNHOI kaMmnaHii Big covid-19 3a gonomoroto vosviewer

Y cmammi nposedeHo 6ibniomempuyHull aHamia nybnikauil, wo docnmioxyrome numaHHs naHOemii Covid-19 ma
npeseHmugHux 3axodig w000 i nodonaHHs, 30kpema sakyuHauii. OCHo8HOI Memoto AOCTIOKEHHS € aHai3, cucmeMamu3auis ma
nobydosa knacmepig ceimosux Haykosux wkin, wo y 2020 poui 3miHunu csiti eekmop docridxeHs y 38’a3ky naHOemiero Covid-19.
AKkmyanbHicmb gupilieHHs Haykoeoi npobnemu nosnseae 8 momy, Wo 0115 Weudkoeo 8IOHOBNIEHHS eKOHOMIKU, 0ceimu, mypusmy ma
iHWuX cgbep xumms cycninbemea, wo nocmpaxdanu eid naHAemii HeobXiOHO AKHalweuOWe 3HU3UMU 3aX80PI08aHICMb, 0OUH i3
Oiesux cnocobig € sakyuHauyis, npome y cgimi 36epieaemscsi meHOeHuis 8i0mosu 80 wenneHb. [ocrioxXeHHs akmyanbHocmi
OocnidxeHb Haykosyis ceimy numatHs dogipu Ao eakyuHauiliHoi kamnaHil y cmammi 30ilicHeHO 3 8UKOPUCMAHHSM NPo2paMHO20
3abesneyenHs VVOSviewer, iHcmpymeHmig aHanisy Oxepen 6asu daHux Web of Science ma Scopus. Bubipky docnidxeHHs
cehopmosaro 3a nepiod 2020-2021 poku, mosa nybnikauii — aHenilicbka, Kimo4osi crioga — Covid-19 ma vaccination, 8ukmoyeHi 3
nowyky MeduyHi ma chapmayesmuyHi kameeopii. Aemopamu makox npoaHanizogaHo 2eozpacito 00cnidKeHHs ma 8U3Ha4YeHo, Wo
Halbinbwa kKinekicme pobim 6yna HadicnaHa 0o Hayko MempuyHux 6a3 daHux Web of Science ma Scopus 3 aMepuKkaHChKOLO,
aHenilicekoro, KumalicbKor, HiMeubko ma imanitickkor agpinsyiamu. Bisyanizauis pesynbmamig 6i6niomempuyHo20 aHasisy
2eozpadii 3 sUKOPUCMaHHSIM npoepamHo20 3abesneyeHHs VOSviewer 00380uUMU 8UOKpeMUmU 08i HayKOBI WKOMU 84YEHi SKUX
Oocnidxyroms naHemito Covid-19 ma nepebie sakyuHauiliHoi kamnanii. Kpiv mozo, docrioxeHHs: emnipudHo nidmeepOxye ma
meopemuyHo Aogodumb, W0 ceped Haykosuig caimy icHye sik MiHiMym 10 eekmopig OocnidKeHHs: nowyk npuyuH OughepeHuiauii
Hamipig 8aKUUHy8amuch, pisHe cmaesneHHs 00 wienieHb 8 3anexHocmi eid 2eHOEPHOI 03HaKU, 8iKy ma coyianbHO20 CmMaHosuWa;
NpO2HO3y8aHHs Pi3HUX cueHapiis; Hacrioku iHpodemii ma 6opombbu 3 OesiHghopmauiero; eheKmugHicmb coyianbHo20 mUcKy Ha
HaceneHHsl; Porib couianbHUX Mepex; 00cmamHicmb 8UKOpUCMaHHs iHOUBIOyanbHuX 3acobig 3axucmy; 8idnosidanbHicmb KOXHO20
Y CMBOPEHHI KOMeKmUBHO20 iMyHimemy; HeobXidHicmb nposedeHHs Po3'AcHio8anbHoi pobomu MeduyHUMU cnigpobimHukamu;
nepegipka eghekmugHocmi  8akyuHu mouwjo.Pe3ynbmamu npogedeHozo 6ibriomempuyHo2o Q0CHiOKeHHs MOXymb 6ymu
KopucHumu 0ns hopmyeaHHs nodanbliux emnipudHux AocmioxeHb NOWYKY NPUYUHHO-HACTIOKOBUX 368’A3Kie ma MameMamuyHo20
MOOe1H8aHHs NPUYUH 8i0MOBU 8i0 8aKUUHaUT, @ MakKox NPo2HO3y8aHHS Pi3HUX cueHapiie po3sumky naHOemii.

KnioyoBi cnosa: 6ibniometpuynmii aHania, COVID-19, vaccination, naHgemis, VOSviewer.
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