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ABSTRACT

Introduction: Online discourse related to vaccinations is often charged with
emotions and include misinformation.

Aim: The main objective of the study is assesment of trends the dynamics of the
online vaccination-related discourse published publicly in Polish, using social
media monitoring tool and Google Trends.

Material and methods: The study collected the number of mentions with
a social media listening tool and the number of queries with Google Trends from
July 1, 2018 to October 23, 2022. The analysis included the following sources of
the mentions and queries: Twitter, Facebook, online portals, and forums. Data on
the COVID-19 vaccination uptake in Poland was also considered.

Results and discussion: A total of 34,596,976 vaccination-related men-
tions were included in the analysis. Kendall's tau correlation showed a positive
statistical association between the daily number of mentions and the number of
queries related to vaccination throughout the studied period (t = 0.66). There
was a moderate positive linear association between the number of queries and the
number of COVID-19 vaccinations administered in Poland (R?> = 0.59). There
was a weak positive linear association between the number of mentions and the
number of COVID-19 vaccinations in Poland (R? = 0.23).

Conclusions: With the increase in the number of COVID-19 vaccinations ad-
ministered in Poland, corresponding increase in online vaccination-related searches
(queries) occurred. Routine analysis of Google Trends combined with Internet and
social media monitoring can provide reliable insight regarding public sentiment to-
wards vaccination. Such analysis play a crucial role in formulating health policies
and developing educational and promotional initiatives related to vaccination.
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1. INTRODUCTION

In the literature, vaccination has been a subject of research
even before the World Health Organization (WHO) de-
clared the coronavirus pandemic in February 2020. Public
discourse related to vaccines often includes concerns about
possible adverse effects and the dissemination of scientifi-
cally unproven information linking vaccination to autism
or birth defects in children.! Attention is drown to debates
about the necessity of vaccinations and distrust in pharma-
ceutical companies, governments, scientific findings and
medical authorities.? Notably, there is a deficiency in health
policy efforts that use social media to counter conspiracy
theories and misinformation, considering that inadequate
efforts to inform and educate can reduce parents' willing-
ness to vaccinate their children.? Emotions play an impor-
tant role in shaping the discourse on vaccination.*® As ac-
cess and exposure to negative information about vaccination
on social media increases, users' assessments of vaccination
risks and benefits evolve, potentially influencing their deci-
sion to receive vaccines.®

The discussion about the rapidly spreading infectious
disease began in December 2019. The WHO declared an
infodemic earlier than a pandemic, noting that informa-
tion about coronavirus was spreading faster than the dis-
ease itself.” In the initial phase, due to the lack of knowledge
about the new disease, the online debate included not only
the information on how to avoid and treat the infection, but
also considerations related to the etiology of the disease and
theories denying the existence of a pandemic.® Social me-
dia posts were filled with emotions such as anger, fear and
helplessness.’ The topic of a COVID-19 vaccine emerged in
the spring of 2020, more than six months before its imple-
mentation.!” As the COVID-19 vaccine was introduced and
concerns about side effects increased, fake news about the
vaccination and its side effects spread online.!! Social media
analyses of content published during the COVID-19 pan-
demic do not agree on the popularity and spreading speed of
posts depending on their sentiment.®!2-14

2. AIM

The main objective of the study is assessment of trends
online vaccination-related discourse published publicly in
Polish, using a social media monitoring tool and Google
Trends. The specific objectives of the study are: to analyse
the dynamics of the discourse by tracing the number of on-
line vaccination-related mentions and queries over time;
to analyse the relation between the number of vaccination-
related mentions and their source; to analyse the relation
between the number of vaccination-related mentions and
queries, and the dynamics of the COVID-19 vaccination
uptake in Poland.

3. MATERIAL AND METHODS

3.1. Data sources

3.1.1. SentiOne

Social media monitoring and listening refers to a process
of finding, tracking, collecting data from social media
platforms, and analyzing online conversations related to a
specific topic. SentiOne (SentiOne, Gdansk, Poland)® is a
social media listening tool that allows for gathering, moni-
toring, and analysing online content based on keywords.
This tool uses natural language processing algorithms, web
robots and parallel data processing. A quantitative analy-
ses of online vaccination-related content available in Pol-
ish was conducted based on data collected with SentiOne.!®
Following keywords were selected: ‘falszywa pandemia,’
‘plandemi*,” ‘zajob,” ‘stop nop’ (short for adverse vaccina-
tion effect), ‘stopnop,” ‘stop-nop,” ‘zaszczepi*,” ‘szczepi*,’
‘antyszczepi*’ [‘fake pandemic,” ‘plandemic*,” ‘slammed,’
‘stop vae,’ ‘stopvae,’ ‘stop-vae,’ ‘vaccinat*,’ ‘vacci*,’ ‘antivac-
cine*’]. An asterisk means that all words beginning with the
given string are searched. A total of 34,596,976 mentions
were collected form four online sources: Facebook, forums,
portals and Twitter (Table 1). Dimensions such as mention
source (social media) and time (day/week/month) were se-
lected for analysis.

3.1.2. Google Trends

In analyses using the Google Trends tool, the searched term
‘vaccination’ was analyzed for the area of Poland.”” The
data was downloaded on October 26, 2022, at 11:23. Google
Trends provides insights into the relative number of search-
es (queries) for a given term compared to the total number
of searches on Google. The numbers represent the interest
level in the search in relation to the highest point on the
chart. A value of 100 indicates peak popularity, while a value
of 50 indicates half the popularity. A value of 0 indicates
insufficient data, but it does not necessarily mean that users
are not searching that specific query.

3.1.3. Epidemiological data

Data on the number of people vaccinated against COVID-19
in Poland were also analyzed: first dose, second dose, first
booster, second booster, sum: first dose plus first booster plus
second booster, sum of all doses. The data was taken from the
following public domains:

(1) European Centre for Disease Prevention and Control;'®
(2) Central Statistical Office."

Table 1. Number of mentions analyzed in SentiOne.

SentiOne on a monthly  SentiOne on a weekly

Source

basis basis
Facebook 14 874 851 14 873 742
Forums 419933 419762
Portals 11 167 701 11 166 948
Twitter 8134 491 8133838
Total 34596 976 34594 290
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3.1.4. Time interval

Data from July 1, 2018 to October 19, 2019 (data download-
ed on January 7, 2021) and data from October 20, 2019 to
October 23, 2022 (data downloaded from October 20 to 27,
2022) were analyzed. The downloaded data was aggregated
in Python 3.8.8 in the pandas 1.2.4 library.

3.2. Statistical analysis

The statistical analysis used Kendall's tau correlation coeffi-
cient and the classical method of least squares to determine
simple regressions between the number of mentions in each
source and the number of queries. The R? coefficient of de-
termination was used to assess the goodness of fit for the
linear regression models. All the obtained models indicated
a positive association between the pairs of variables. Due to
the non-stationarity of the analysed time series, statistical
significance was not determined and only Kendall's tau co-
efficient and coefficient of determination were presented as
measures of association (similarity) between the time series.

4. RESULTS

4.1. Number of vaccination-related mentions
(SentiOne) and queries (Google Trends) over time

In Google Trends, the largest increase in vaccination-related
queries in Poland was observed between December 2020 and
January 2021, as well as April-May 2021 and December 2021
i February 2022. In contrast, the number of mentions meas-
ured by SentiOne began to rise as early as March 2020, reach-
ing its peak in December 2020 — January 2021 and Decem-
ber 2021 February 2022 (Figure 1). Kendall's tau coefficient
showed a positive statistical association between the daily
number of mentions (SentiOne) and the number of queries
(Google Trends) throughout the study period (t = 0.66) and
as of December 2019 (z = 0.58).

4.2. Relation between the number of vaccina-
tion-related mentions in Polish and their so-
urce (i.e., Twitter, Facebook, Portals, Online
Forums)

The highest number of mentions related to vaccination in
Polish (SentiOne) occurred on Facebook, followed by Twit-
ter and online portals, with the lowest number on forums.
The first significant increase in the number of mentions oc-

SentiOne
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——SEntione  e——GoogleTrends

Figure 1. Daily number of mentions (SentiOne) and qu-
eries (Google Trends) about vaccination in Poland rela-
tive to time.

Google Trends

EEEREREERRSSERAA

—Faehook e——Forums -

Figure 2. Weekly number of mentions of the topic of vacci-
nation in Poland relative to the source. The designations
on the category axis indicate the year and week in a given
calendar year.

curred in the 16™ week of 2020 (i.e. April 13-19). The peak
number of mentions occurred in the 53¢ week of 2020 (i.e.
December 28, 2020 — January 3, 2021), respectively: Face-
book — 612,525, Twitter — 312,731, portals — 202,941, and
forums - 7,965 (Figure 2). Kendall's tau coefficient showed
a greater statistical association between the information
source (SentiOne) and the the COVID-19 pandemic period
(i.e. December 2019) compared to the pre-pandemic period.

4.3. Number of vaccination-related mentions
and queries in relation to the dynamics of the
COVID-19 vaccination uptake in Poland

The increase in the number of vaccination-related queries in
Poland (Google Trends) coincides with an increase in the to-
tal number of COVID-19 vaccinations (first dose and first and
second boosters) administered in the country in the period
from week 52 of 2020 (i.e. December 27) until the 39™ week
of 2022 (i.e. September 26 — October 2). Peaks in the number
of queries related to the topic of vaccinations measured with
the Google Trends tool were observed in the second week of
2021 (value: 75), and then in the 18% week of 2021 (i.e. May
3-9) and week 49 of 2021 (i.e. December 6-12), taking values
respectively: 100 and 45. In contrast, the highest sum of vac-
cinations administered was observed in week 19 of 2021 (i.e.
May 10-16), the 49 week of 2021 and the 2" week of 2022
(i.e. January 10-16), taking the values respectively: 1,300,638;
1,269,642; 1,162,083 (Figure 3). Kendall's tau coefficient
showed a positive statistical association for the analyzed vari-
ables (t = 0.62). However there was no direct correspondence

— GoogleTrends

Figure 3. Weekly number of queries related to the topic of
vaccination in Poland relative to the sum of the number of
COVID-19 vaccinations (first dose and first and second bo-
osters) administered in Poland from the 52°¢ week of 2020
(i.e. December 27) through the 39" week of 2022 (i.e. Sep-
tember 26 — October 2). The designations on the category
axis indicate the year and week in a given calendar year.
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between the weekly totals for vaccination-related mentions
(SentiOne) and the number of COVID-19 vaccinations (first
dose and first and second boosters) administered in Poland
during the same period (from week 52 of 2020 to week 39 of
2022). Kendall's tau coefficient showed a weak positive statis-
tical association for these analyzed variables (1 = 0.48).

5. DISCUSSION

5.1. Key results

The highest interests in vaccination-related topics among
Polish-speaking Internet users were observed when COV-
ID-19 vaccination became available in Poland for specific oc-
cupational and/or age groups (December 2020 — January 2021,
April-May 2021 and December 2021 — February 2022). The
first observed increase in in mentions and queries (Decem-
ber 2020 — January 2021) coincides with the introduction of
COVID-19 vaccination in Poland, starting on December 27,
2020. Another notable increase in April to May 2021 followed
the European Medicines Agency’s (EMA) confirmation of a
positive benefit-risk ratio for AstraZeneca’s vaccine on April
7, 2021.2° Additionally, on April 20, 2021, the Polish Minis-
try of Health announced the vaccination schedule for April
and May.” In contrast, the increase in inquiries observed in
December 2021 — February 2022 aligned with the EMA's is-
suance, on December 20, 2021, of a positive scientific opinion
for conditional marketing authorization of Novavax's Nu-
vaxovid vaccine.”? The highest number of mentions related
to vaccination in Polish (SentiOne) occurred on Facebook,
followed by Twitter and online portals, with the lowest num-
ber on forums. The increase in the number of queries (Google
Trends) coincides with the increase in the total number of
performed COVID-19 vaccinations. At the same time, the
weekly number of mentions (SentiOne) does not corresponds
with the COVID-19 vaccination uptake. The results suggest
that as the number of COVID-19 vaccinations increased in
Poland, the public was more likely to seek information on
vaccination than to post or share them.

5.2. Strengths and limitations of the study

The study's strength lies in its comprehensive qualitative ap-
proach to online content related to COVID-19 vaccination.
By using tools that consider both mentions and queries, and
incorporating a diverse dataset, the study provides a holistic
perspective. Considering the number of COVID-19 vaccina-
tions administered in Poland allows for the observation of
the relationship between vaccination-related mentions and
queries and the dynamics of COVID-19 vaccination uptake.

The main limitation of the study relates to the use of key-
word ‘vaccination’ in the analysis performed with Google
Trends. While this approach captures relevant data it may
overlook synonyms searched by Internet users. Different
phrases related to vaccination, may show different strength
of correlation with data on the number of people vaccinated
against COVID-19. The search terms and behavior of Inter-
net users are not constant, which means that the increase

in interest in searching for the phrase ‘vaccination’ can be
explained by the interest generated by the introduction of
a ‘new’ vaccine. Additionally, Google Trends does not pro-
vide data for all locations, making it difficult to develop an
appropriate model at the local level. The SentiOne tool uses
artificial intelligence-based algorithms for selection of relat-
ed mentions, but choosing the right keywords is extremely
important and may lead to inclusion bias. Companies with
censorship policies that own social media platforms filter out
keywords related to anti-vaccine discourse. Such policies en-
courage the anti-vax community to develop a new language,
including neologisms like referring to vaccines as ‘ketchup’
or ‘preparate.’ Such keywords were not included in the analy-
sis. A limitation of the survey is that knowledge about vacci-
nation is not uniform in the public and the search terms may
not reflect the actual issue the Internet user wishes to explore.
In addition, the study did not include mentions from all so-
cial platforms such as Instagram, blogs or reviews.

5.3. Reference to literature on the subject

In Poland, other Internet studies examining interest in top-
ics related to the COVID-19 pandemic have utilized tools
such as Google Trends, SentiOne, Twitter API, EventsReg-
istry, considered various social media including Facebook,
Twitter, Instagram, TikTok, blogs, forums, portals, and com-
pared trends with the rise of COVID-19 cases and deaths.?***
The trend analyses presented in these articles align with the
findings of our research.

Initially, online attitudes toward the COVID-19 vaccine
were mainly negative, but as vaccines became more widely
administered, a decrease in COVID-19 vaccine hesitancy
was observed, accompanied with a gradual increase in posi-
tive public attitudes toward vaccination.”-?® Anti-vaccination
arguments primarily focused on concerns about safety of the
vaccine due to its rapid development and limited human test-
ing. Conspiracy theories emerged suggesting secret micro-
chip implantation during the vaccination for the purpose of
taking control of the society.?”* The initial limited vaccines
availability prompted authorities to introduce a vaccination
schedule that prioritized specific citizen groups over oth-
ers. In many countries the COVID-19 vaccination remained
optional, but Covid Certificate was necessary for some daily
activities and travelling. The topic of mandatory COVID-19
vaccination has appeared in public discourse particularly
among individuals working in high-exposure occupations.
Arguments against vaccination often mentioned that the vac-
cine primarily benefit pharmaceutical companies, the virus
is relatively harmless, the infection can be overcome without
vaccination, and that the vaccine side effects pose greater risk
than the disease itself.*»*? Vaccine hesitancy may be linked to
fear of side effects and doubts about vaccine efficacy, and may
be related to vaccine origin and political factors.?>3

The increased online interest surrounding COVID-19
presented an opportunity for the scientific community to
spread reliable information while cautioning against the
dangers of publishing and disseminating false informa-
tion.¥3 Disseminating information that contradicts cur-
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rent medical knowledge poses a threat to public health.®
Exposure to misinformation correlates with the reduced
vaccination intent, knowledge about pandemics and vac-
cines correlates with the trust in information sources and
public opinion.*** Social media is the fastest and primary
source of information for a growing segment of the popula-
tion, thus true information about vaccination should be ef-
fectively communicated through these platforms.*>* In the
battle against misinformation, it is crucial to leverage exist-
ing strategies, to involve celebrities and influencers, whose
posts reach wide audiences and set trends, as well as to con-
sider involving pro-vaccination bots.>*#

During the COVID-19 pandemic, government deci-
sions influenced social media trends and public interest
in COVID-19 and vaccination against the disease. Social
media serves as a mirror reflecting emotions of the public
regarding various protective vaccinations, including those
against human papillomavirus (HPV), measles-mumps-ru-
bella (MMR), and other childhood vaccinations.*##” Un-
derstanding these emotions is curtail for decision-makers to
formulate informed policies that align with societal norms.*
The impact of online discourse on patients’ health knowl-
edge is significant. Monitoring behavior of social media
users can serve as a predictive tool for managing infectious
disease outbreaks, as social media does not only reflects ex-
isting reality, but also shapes it.’

6. CONCLUSIONS

(1) The dynamics of the vaccination-related discourse
published publicly in Polish depends on the timing of
the COVID-19 pandemic and the introduction of the
COVID-19 immunization. With the pandemic’s onset
an upward trend in vaccination-related occurred in the
Polish-language Internet space.

(2) There is a clear positive association between the num-
ber of vaccination-related mentions (SentiOne) and the
number of queries (Google Trends) in Polish since the
pandemic.

(3) Vaccination topic was the most popular on Facebook and
Twitter. Pro-vaccine activities along with educational
and informational campaigns should prioritize Face-
book. Additionally, monitoring Twitter’s popularity is
essential to determine whether to run educational cam-
paigns on this platform.

(4) Analysing the dynamics of online public discourse
makes it possible to observe the level of public interest
in vaccination-related topic, which is important for de-
signing adequate immunization promotion programs.
Such analysis play a crucial role in formulating health
policies and developing educational and promotional
initiatives related to vaccination.
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