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ABSTRACT: Judgments made on a subject by certain people can take various forms. In the case of the covid-19 crisis, certain 

opinions on the vaccine for this pandemic have generated a lot of comments of various kinds. Unfortunately, some of them 
have some side effects that vary from person to person. This phenomen on creates then feelings of caution in the population 
not yet vaccinated. The objective of this article is to propose a model allowing us to analyze and understand the characteristics 
of the categories of people who made these comments. This model identifies individuals based on the classes of comments 
issued. It is based on a hybrid approach combining the multinomial logistic model and a genetic model. An application is made 
on the data of the comments of the Covid-19 in Côte d’Ivoire. 
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1 INTRODUCTION 

Covid-19 has infected more than six hundred million people worldwide [1]. In order to fight this pandemic, all scientific 
communities have mobilized to make their contribution. This mobilization gave rise to several categories of vaccines including 
Pfizer, Moderna, Astra Zeneca etc [2]. These vaccines like the others are not without effects. Some of these effects are 
presented in the work of Jonathan Sprent et al. and mainly concern fever, headaches, fatigue, etc [3]. It appears that these 
effects differ not only from one vaccine to another, but also from one individual to another. With the evolution of technology 
and the appearance of social networks we are witnessing a rapid spread of large quantities of comments on different vaccines 
in various forms [4], [5], [6]. However, these can constitute a real lever of controversy and frighten some people. Clarifying 
these doubts among the populations then becomes an obligation to curb the spread of these comments. In view of all the 
above, one wonders how identify comment classes? What characteristics of people for each class of comments? 

The objective of this article is to propose a model allowing us to analyze and understand the characteristics of the categories 
of people who have made comments. To do this, we have structure this work in three (3) parts. The first takes stock of the 
work on covid-19. The second consists of the presentation of the methodological approach and the exploitation of these data. 
Finally, present the results obtained from this operation. 

2 STATE OF THE ART 

The COVID 19 vaccines have generated several comments due to the side effects they presented in some. These opinions 
are diverse and vary from one individual to another depending on the appearance of new comments. Indeed, some relate to 
the causes and others to the mode of transmission. Among these we can cite that of LAPIERRE et al. and BANIASAD et al. which 
addresses all aspects related to the functioning of the Covid-19 disease [7], [8]. In this work, the authors mainly address the 
modes of transmission, the methods of diagnoses then potential treatments through the clinical picture and the principles of 
prevention of transmission. Among these authors, others focus on the mechanism and strategy for creating a vaccine in order 
to slow the spread of the disease by reducing the risk of contamination [9], [10]. However, the birth of these vaccines has not 
left the whole world indifferent. This has manifested itself in several acts including vaccine hesitancy. Mohammad S Razai in 
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his article on Covid-19 Vaccine Hesitancy defines vaccine hesitancy as “a delay in accepting or refusing safe vaccines despite 
the availability of vaccination services” [11]. He presents this reluctance as a universal problem. Indeed, surveys conducted in 
2021 report that between 50% and 60% of all respondents worldwide would be willing to receive a Covid-19 vaccine and the 
causes of this refusal are multiple [12], [13]. A UK “Understanding Society” survey shows that 42.7% of people were reluctant 
due to unknown future effects, 11.4% due to side effects and 7.6% due to lack of confidence in vaccines [14] [15]. It is clear 
that vaccine hesitancy is related to immediate or future comments about side effects. According to WHO, “a side effect is a 
harmful and unwanted reaction appearing after the use of a health product respecting the doses normally used in humans”  
[16], [17]. These effects can be disturbing and have been the subject of several comments in the press as well as on social 
networks [18]. For a good management of these comments, a classification is necessary and is made according to several 
criteria. These criteria are presented in the article by El Bouazzi et al. and are as follows: Classification according to frequency, 
classification according to the nature of ADRs, classification according to the mechanism of occurrence, classification according 
to predictability, classification according to preventability and classification according to severity, classification according to 
organ class [19]. Classification therefore appears to be a useful approach in understanding comments relating to side effects. 
This is confirmed in the work of Courcoul et al. on the classification of drug side effects [20]. In fact, in this work they use 
Natural Language Processing (NLP) to set up “a binary classification model to detect tweets containing a drug name which 
highlight a side effect. ". This study ends with conclusive results, 92% accuracy rate. Classification is therefore an approach 
widely used in the scientific field, particularly on side effects. 

Most studies in the literature certainly present the effects of covid-19, without however making a correlation between the 
individual characteristics of people and the classes of comments. Hence the interest of this study. 

3 MOTHODOLOGICAL APPROCH AND MODELING 

3.1 MOTHODOLOGICAL APPROCH 

The architecture of the proposed model is presented in the Figure1. as following: 

 

Fig. 1. Model architecture 

This architecture consists of (03) three levels, namely: 

(a) The knowledge base of comments made on Covid-19 vaccines. 

It contains the comments collected by individual on the vaccines. 

(b) The phase of creating classes by category of comments. 

Based on the comments collected, the class categories were designed. 

(c) The phase of associating people's characteristics with comment classes. This phase consists of identifying the characteristics 
of individuals and associating them with each category of comments. 

4 MODELIZATION 

4.1 CREATING CLASSES 

Let , the set of available comments designating the knowledge’s base.  

Covid-19 vaccine Comment 

Database

Person's Characteristic

Person
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From this base, we develop classes  of comments, where the set of which is denoted as follows: 

             (1) 

Each class is associated with a set of comments . 

Let  a new set of comments. And, noted , the associated class, we have: 

           (2) 

These new comments of , can also belong to existing classes, in addition to the class . Our approach therefore 
consists to propose a model for integrating these new comments into existing classes. 

Suppose the class  is created by a classification model training function . The dynamic partition  as well as 

the classification model can be defined by: 

            (3) 

            (4) 

With 

 

,         (5) 

where,  

4.2 IDENTIFYING CHARACTERISTICS 

In the context of identifying characteristics , let us denote , an individual in a class . Let us suppose that each  
belongs to a single class . This membership is reflected by the characteristic  of  which is worth if: 

            (6) 

For an individual , we define the probability  of belonging to the class knowing the set of comments  

involved in the development of the class : 

         (7) 

With , a specific comment. 

Supposing  and  so that the number of comments becomes the comments reference for feature 
identification. 

In general, the first  comments are included in the multinomial logistic model when one wishes to create or interpret 
the classes based on these comments. Most often having no a priori on the constitution of classes, no comments are added to 
the model in practice. It becomes  : 

         (8) 

4.3 ASSOCIATION (FEATURES - COMMENT CLASS CATEGORY) 

The proposed approach is modeled on the functioning of a genetic model which explains the genesis of a performance  
to an elementary observation in the form of:  
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           (9) 

With , the number of characteristics of an individual  and the performance  represents the probability of observing 
a characteristic c in a class  of comments such as . By hypothesis, these two elements are independent.  

By applying the previous equations (8) and (2), we have: 

)       (10) 

5 SIMULATION AND RESULTS 

As part of this study, we used the database of comments from people vaccinated against Covid-19 in Côte d'Ivoire. 

This database is essentially made up of comments on vaccines from the Pasteur Institute of Côte d'Ivoire. These data consist 
of 48,110 observations and 11 variables as represented in figure 2 below. 

 

Fig. 2. Database in Rstudio 

The variables of the array elements consist of: 

• VAERS_ID: Identifying people who made secondary comments about the vaccine he received; 

• SYMPTOM1: Comments related to the first version of the vaccines received by an individual i; 

• SYMPTOMVERSION1: Version of the first vaccine of the first dose received; 

• SYMPTOM2: Comments related to the second dose of the first vaccine received by an individual i; 

• SYMPTOMVERSION2: Version of the first vaccine of the second dose received; 

• Etc. 

The R programming language has been in the results implementation phase. Data analysis was possible thanks to the readr 
packages for importing our data, and FactoMineR for automatic classification. 

5.1 RESULTS 

The results are presented here: 

RESULT 1: WORD CLOUD. 

We processed and set up the word cloud from the corpus as shown in Figure 3 below. This cloud is made using the R 
language wordcloud package. 
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Fig. 3. The Corpus’s Word cloud 

Thanks to the result of this cloud, we observe more frequent, medium frequent and infrequent words. We can cite among 
others the word Pain which is the most frequent. Then, the words Site, injection, blood, headache which are moderately 
frequent and those made up of chills, fatigue, normal. Then come test, heart, body which are the least common. The figure4 
below gives us the frequency of the first ten (10) most frequent words in our corpus with a frequency of 8735 for the word 
“bread”. 

 

Fig. 4. Word Frequency 

RESULT2 : DATA CLASSIFICATION  

The idea is to group each similar comment together to form comment classes. We therefore calculated the weighting by 
term frequency - inverse document frequency with the (tm) package of R before doing the classification. Then, we used the 
factorial coordinates of the PCA with the package (FactoMiner) and its HCPC function. It allowed us to perform CAH hierarchical 
ascending classification while keeping the default arguments. The execution gave us the following figure5 dendrogram with 
the number of clusters. 
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Fig. 5. Clusters ‘s dendrogram 

This dendrogram gives us an idea of the number of classes or categories that the corpus of comments may contain.  

 

Fig. 6. List of group 1 comments 

Subsequently, a factor Map is generated giving us more details on the number of comment class categories which we have 
in the following figure. 
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Fig. 7. Our clusters under Map factor 

5.2 CLASS DESCRIPTIONS 

The classification allowed us to have three homogeneous classes described as follows: 

• Class1 contains more “site and injection (site, injection)” comments.  

 

Further analysis shows that the comments “sites and injection” are more correlated with the comments “erythema, 
warmth, pruritus, induration and swelling”. 

• Class 2 contains a large number of comments such as "headaches and Frisian (headache, chills)”. 

 

• Class 3 contains more “blood” comments. 

 

5.3 INTERPRETATION OF CLASSES 

The first group contains more site and injection comments which are more correlated with the “erythema, warmth, 
pruritus, induration and swelling” comments. This means that group 1 contains more people with side effects of bruising, 
redness and swelling at the injection sites. Thus, given their similarity, vaccinated people having a side effect from this list are 
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more likely to have other side effects from this same class. Figure 6... shows group 1 containing comments of similar side 
effects. 

The second group contains more of comments “headhache and chills”. Which means people in this group have more 
headaches and tinnitus after receiving the vaccine. Also vaccinated people with one side effect from this list are more likely to 
have the other side effects. Figure8 shows group 2 containing comments of similar side effects; 

 

Fig. 8. List of group 2 comments 

Finally, the comment “blood” is more significantly associated with cluster 3 and is more correlated with the comments 
“potassium, increased, glucose, chloride and creatinine” with 49%. These different elements show that group 3 contains more 
people with side effects of kidney difficulties due to the presence of chemical substances in the blood. Vaccinated people who 
have a side effect from this list are also more likely to have other side effects. Figure9 shows group 3 containing the most 
similar side effect comments. 

 

Fig. 9. List of group 3 comments 

Looking at all these results, we see more clearly the details of the different groups and their characteristics. 
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6 CONCLUSION 

In this article, we have classified comments related to side effects of Covid-19 vaccines and associated the characteristics 
of people with categories of classes of comments. An automatic classification made it possible to identify three (3) main 
categories of classes of comments. 

In the long term, we intend to use Bayesian networks to quantify the effects of comments on individuals by class. 
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