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Identification of COVID-19 Vaccines
Concerns in Health-Related French Web
Forums : A Topic Modelling Approach
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2 Inserm, Sorbonne Université, université Paris 13, Laboratoire d’informatique
médicale et d’ingénierie des connaissances en e-santé, LIMICS, F-75006 Paris, France

Abstract. Since December 2019 and the first reported cases of COVID-19 in Wuhan, China, there have been
199,466,211 confirmed cases of COVID-19 in the World. The WHO defined vaccination hesitancy as one of
the top ten threats to global health in 2019. Our objective was thus to identify topics and trends about COVID-
19 vaccines from French web forums to understand the perception of the French population on these vaccines
before the vaccination campaign started. We performed a topic model analysis on 485 web forums’ posts. 10
topics were found. We reviewed 120 posts from 6 of these 10 topics. One topic was about vaccine hesitancy,
refusal, and mistrust, and two topics were related to what the users think about the government, the political
and economic choices made towards this epidemic.
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1. Introduction

Since December 2019 and the first reported cases of COVID-19 in Wuhan, China, there
have been 199,466,211 confirmed cases of COVID-19 in the World including 4,244,541
deaths according to the World Health Organization (WHO) [1]. Vaccines have been
developed, and now a total of 3,984,374,918 vaccine doses have been administrated [1].
However, vaccine hesitancy is a hot topic that should be taken into consideration by
vaccination campaigns, especially in France [2]. The WHO defined vaccination
hesitancy as one of the top ten threats to global health in 2019 [3].

Social media are potentially interesting to investigate such hesitancy, and any
information may be useful to health authorities to promote vaccine use, adherence, and
confidence. Moreover, as the web 2.0 can affect the decision about getting vaccinated
[4], exploring personal experiences and opinions from social media users is desirable to
measure how such media may modify the perception of the population. Our objective
was thus to identify topics and trends about COVID-19 vaccines from French web
forums to understand the perception of the French population on these vaccines before
the vaccination campaign started.

1 Corresponding Author. Pierre Karapetiantz Limics, 15 rue de I’Ecole de Médecine, 75005 Paris, France;
E-mail: pierre.karapetiantz@gmail.com.
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2. Material and Methods
2.1. Material

We used the open-source tool Vigi4Med Scraper [5] to extract posts from web forums.
The study period was from 1% February 2020 to 31st January 2021, before the vaccination
campaign in France which started in February 2021.

2.2. Method

The preliminary data processing to reduce noise and incoherence [6] and the
identification of COVID-19 vaccine related posts were done in 7 steps:

e Conversion to lower case: the text of all posts was converted to lower case
text as R software (The R Project for Statistical Computing, Vienna)
discriminates between lowercase and uppercase words.

e Identification of COVID vaccines related posts: These posts were selected
according to the following decision rule:

0 The post contained the words coronavirus or COVID

o The post contained the word vaccine, or any word related to COVID
vaccines such as BioNTech, Cominarty, Pfizer, Johnson & Johnson,
Moderna, AstraZeneca, Vaxzevria or Covishield. Spelling variations were
tolerated.

e  Punctuation and stop words removal

e Removal of certain identified words specific to web forums (e.g., users names)

e Removal of posts dealing about influenza

e Removal of overrepresented tokens that appear in more than 95% of the posts
and in half of the posts or more and rare tokens that are present in less than 5%
of the posts, less than 2 times and less than 5 posts. Words used to build the
corpus (eg, covid) were thus removed as they were systematically present in all
posts and did not carry any useful information.

e  Multiple whitespace characters were collapsed to a single blank.

We generated document-term matrix (DTM) from processed users’ posts. This
matrix shows the frequency of terms that occur in the collection of posts: rows
correspond to posts, and columns to terms. If a term occurs in a particular post, then the
matrix entry is 1, if not it is 0. We decided to keep unigrams and bigrams. This made it
possible to retain frequent contiguous sequences of two items, such as adverse effects
(AEs).

We applied topic modeling with Latent Dirichlet Allocation (LDA) algorithm
developed by Blei et al with the Variational Expectation-Maximization (VEM) algorithm
[7, 8]. A 10-fold cross-validation was performed, testing the models for each number of
topics from 2 to 10 topics. First, the data set was split into 10 test data sets (size of 49
posts) with the remaining data as training data. The number of topics for the final model
was chosen according to the minimum perplexity in mean obtained by the 10 testing
models and we initialized the parameter alpha of the final model considering the mean
of the alphas generated for this number of topics [9]. For topics we found possibly
relevant, 20 posts with less than 500 words were sampled for a manual review.
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The motivation of the use of this method is that it answers our objective of
identifying topics from users’ posts. Indeed, when users write a post, they refer to a
certain number of topics using words with a certain probability from the set of terms that
correspond to that topic. Thus, each message contains several topics among all the
identified topics, and the probability distribution shows how prominent the identified
topics are in this message.

All statistical analyses were performed with the R language and environment for
statistical computing and graphics [10] using the tm, textmineR and topicmodels
packages [9, 11, 12].

3. Results

Among the 66 176 posts from 1% February 2020 to 31st January 2021, 704 were
identified as concerning COVID-19 vaccines. 211 were excluded as they also referred to
influenza, and 8 were excluded after data-management (removal of all the terms in the
post). A total of 485 posts were included in the study.

After generating the DTM, we performed the 10-fold cross-validation. The
perplexity we obtained is described in Figure 1.

Perplexity of the test data

8E+09
6E+09
4E+09
2E+09

0 2 4 6 8 10 12

Number of Topics

Figure 1. Perplexity according to the number of topics used

For the final model, we determined the number of topics to 10, and alpha was
estimated as the mean of the 10 VEM test models for 10 topics.

After analyzing the most related words to each topic, we decided to manually review
posts from topics 3, 4, 5 and 6 which seemed to be the most meaningful for our research.
Table 1 gives the summary of this analysis.

Table 1. Main themes found for each of the studied topics generated

Topic Main themes
3 Government-big pharma connivance; vaccination campaign and when it will start; children
vaccination; health pass; chloroquine
4 Epidemic in Europe (beginning); vaccine research; vaccine refusal, hesitation and mistrust; civic
responsibility
5 Chloroquine; hope for a vaccine, vaccine; Remdesivir; bored with politicians, Chloroquine AE;

economic issues
6 Childbirth and COVID; how long before a vaccine?; COVID and children; collective immunity;
conspiracy
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4. Discussion

We identified 10 main topics. We reviewed 120 posts from 6 of these 10 topics. In future
analysis, posts from topic 4 should be the object of a deeper manual analysis to learn
more about vaccine hesitancy, refusal, and mistrust. Topics 3 and 5 could be explored to
know more about what the users think about the government, the political and economic
choices made towards this epidemic.

Our study had some limitations. As social media users may invent neologisms, we
plan to reduce noise by selecting only words that are part of the French language, but
there is a risk of losing potentially interesting information. Stemming was tried during
this study, but results were difficult to interpret. Thus, lemmatization should be
privileged. Finally, Dynamic Topic Models should also be explored with this kind of
data to evaluate how topics may evolve.
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