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Background: Vaccine hesitancy is a phenomenon that can interfere with 
the expansion of vaccination coverage and is positioned as one of the top  10 
global health threats. Previous studies have explored factors that affect vaccine 
hesitancy, how it behaves in different locations, and the profile of individuals in 
which it is most present. However, few studies have analyzed the volatility of 
vaccine hesitancy.

Objective: Identify the volatility of vaccine hesitancy manifested in social media.

Methods: Twitter’s academic application programming interface was used to 
retrieve all tweets in Brazilian Portuguese mentioning the COVID-19 vaccine in 
3 months (October 2020, June 2021, and October 2021), retrieving 1,048,576 
tweets. A sentiment analysis was performed using the Orange software with the 
lexicon Multilingual sentiment in Portuguese.

Results: The feelings associated with vaccine hesitancy were volatile within 
1 month, as well as throughout the vaccination process, being positioned as a 
resilient phenomenon. The themes that nurture vaccine hesitancy change 
dynamically and swiftly and are often associated with other topics that are also 
affecting society.

Conclusion: People that manifest the vaccine hesitancy present arguments 
that vary in a short period of time, what demand that government strategies to 
mitigate vaccine hesitancy effects be agile and counteract the expressed fear, by 
presenting scientific arguments.
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1. Introduction

Vaccine hesitancy (VH) is a global phenomenon that has a major impact on population 
health. According to the World Health Organization (WHO), it is among the top 10 threats to 
global health. (1–3). The establishment of the strategic advisory group of experts (SAGE) by the 
World Health Organization (WHO) in 2012 was the first effort to understand, monitor, and find 
solutions for VH (3). Since its establishment, there has been increased interest in research related 
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to VH (4–6), with the number of papers addressing ‘vaccine’ or 
‘vaccination’ in the title increasing from 3.3% in 2019 to 8.3% in 
2021 (4).

The term vaccine hesitancy is still under development and is 
subject to controversy. The initial proposal from the World Health 
Organization (WHO) indicates VH as a behavioral phenomenon, 
where individuals neither accept nor completely reject the possibility 
of vaccination (7, 8). The divergence that is established in the 
definition of the term VH lies in the understanding that it is not a 
social behavior, but rather “a state of indecisiveness regarding the 
decision to become vaccinated” (3), a position shared by other 
researchers (9).

Vaccine hesitancy is a global phenomenon. Still, public acceptance 
of the vaccine varies depending on the region (10). Countries in Asia 
have higher rates of vaccine acceptance (Malaysia with an acceptance 
of 94.3%, Indonesia of 93.3%, and China of 91.3%) compared to 
Europe (France with an acceptance of 58.9%, Poland of 56.3%, and 
Italy of 53.7%) and the United States (acceptance of 56.9%), which 
have lower levels of vaccine acceptance (11).

VH is positioned as a complex and dynamic social phenomenon, 
for which the influencing factors are still being researched (9, 11). Sex, 
educational level, age, geographical location, income, professional 
occupation, race and ethnicity (12), living with five or more people 
(13), pregnancy (14), being a health professional, and having previous 
vaccination experience (15) are among the factors that influence 
VH. Research studies establish other factors, such as group and 
individual aspects that involve a lower understanding of the risk, lower 
fear of contamination, believing that the disease is not serious, and not 
having heart diseases, as influencing factors of VH (16). The concepts 
of cognition or affection, behavior, and decision making have also 
been related to VH (3), which is also identified as linked to government 
credibility, incorporating aspects related to wanting more data for 
decision making, doubts about vaccine efficacy and safety, feeling that 
personal rights are being infringed upon, and lack of trust in the 
government and health care institutions (14, 15).

The factors influencing VH are proposed from two constructs: the 
HBM (12) and the 7C (17). The HBM construct examines the 
influence of perceived susceptibility, perceived severity, perceived 
benefits, perceived barriers, cues to action, and self-efficacy on VH 
(18), which are mostly conditional on the prevalence of demographic, 
psychosocial, and structural variables (12). While the 7C construct 
points to trust, complacency, convenience (or constraints), risk 
calculation, collective responsibility, compliance, and conspiracy as 
factors driving VH (9, 17, 19).

The VH in Brazil is a phenomenon that originated before the 
COVID-19 pandemic and evolved from 2016 (20). It is possible to 
identify this decline in vaccination coverage in the analysis of 
mandatory vaccination for Human Papillomavirus (HPV) among girls 
aged 9 to 14 years, which showed a vaccination coverage rate of 83.4% 
for the first dose and only 55 0.6% in the second dose. For the general 
Brazilian vaccination system in 2021, the coverage rate considering all 
vaccines made available by the public network was 59% of citizens 
(21). In Brazil, there are studies that show significant variability of 
information about the population’s VH. Among the studies that 
analyzed VH in Brazil, one stands out, which consolidates the analysis 
of eleven other studies on the subject, in which a variation from 8.2 to 
34% of vaccine hesitancy for COVID-19 was found (22), the 
consolidation of these studies, indicated an average vaccine hesitancy 

of 11.1%. A justification for the discrepancy identified in these studies 
is based on the large territorial extension of the country, with locations 
that present different behaviors in relation to the general average of 
the country. In this sense, research carried out in the Brazilian state of 
Maranhão identified a rate of hesitation to vaccinate against the SARS-
CoV-2 virus of 17.5% (23), which is higher in comparison with an 
average of 11.1% (22).

Overall, previous studies have addressed the factors influencing 
VH and its variation across locations. However, it is unclear whether 
VH is subject to the volatility of people’s decision to take the vaccine, 
as public sentiment is volatile (24), or if the influence of digital media 
platforms on the decision to take the vaccine (25). Therefore, the 
objective of this study was to identify the variability of vaccine 
hesitancy manifested in social media. Overall, based on the papers 
reviewed, this is one of the first studies to explore the volatility of VH 
using social media as a data source, a context that meets the view that 
public sentiment tends to be volatile toward VH (24). It is also worth 
noting, the existence of studies that, relying on Twitter databases, have 
analyzed people’s sentiment toward COVID-19 (26–28) and toward 
the COVID-19 vaccine (29–31).

2. Materials and methods

2.1. Data extraction and pre-processing

A dataset was obtained from Twitter’s Application Programming 
Interface (API). The data search was divided into three periods 
delimited by the months of October 2020, June 2021, and October 
2021, and encompassed Brazilian data. The months of data collection 
were defined to identify different moments of the vaccination process 
for COVID-19. Additionally, each month’s data was divided into 
one-week periods, with October 2020 and June 2021 having five 
analysis periods, and October 2021 having four. The keywords used to 
search the tweets were “COVID-19,” “vaccine” and “vaccination” in 
Brazilian Portuguese. This data collection technique has been 
observed in similar studies (26, 27, 31–33). Opted to use Brazilian 
Portuguese, as the research is being carried out by a group of Brazilian 
researchers, who seek to identify mechanisms for predicting future 
pandemics. The capture of the text, only in Brazilian Portuguese, 
excluding tweets generated in Portuguese from other countries, as well 
as the use only of tweets generated from the Brazilian territory, was 
possible using the knowledge-based model, which captures a wide 
variety of locative references from tweets, like proposed by Martínez 
and Pascual (34). It is worth mentioning, that the authors of this 
article make a collaborative effort to expand knowledge on the subject, 
approaching productive research groups that address the theme of 
vaccine hesitancy and coping with COVID-19 (35–40). Thus, the 
findings of this research make up a contribution to the mosaic of 
international studies that address VH, however, caveats must be taken 
when generalizing their findings, because they are characteristic of the 
Brazilian population.

The exported data had issues with character encoding (accents 
and other special formats) and provided a date formatting presented 
as year, day, month, hour (including minutes and seconds) that is 
different from the Brazilian standards. To correct these issues, it was 
necessary to use the R software to help edit the data, since the database 
had over 1 million observations. During data extraction, were 
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removed all duplicate tweets and the same tweet from the same user. 
After this step, the data were exported from R as a .csv file, generating 
one file per month analyzed. It is worth mentioning, that in this study, 
there are no independent or dependent variables, since the paper 
focused on text sentiment analysis.

The .csv data was imported into the Orange Data Mining software 
to conduct the sentiment analysis, an unsupervised text mining 
technique (without an initial reference/classification as the initial 
input into the software) that aims to extract the emotion present in 
a message.

In the Orange software, the text corpus was pre-processed to 
remove stop words (prepositions, pronouns, etc.). Only whole words 
without numbers or other characters (Regexp) are maintained. 
Specific features of the Twitter language (for example, the use of 
hashtag and at signs) are identified and URLs removed from the text.

2.2. Sentiment analysis

The sentiment analysis was performed with the help of the 
software Orange, in which a sentiment analysis was initially performed 
with the Multilingual sentiment lexicon in Brazilian Portuguese, 
which contains a previous mapping of words categorized as positive 
and negative. It is noteworthy, that the research addresses the feelings 
of the Brazilian population, so the generalization of its findings must 
be  carried out with reservations. In this method, each word is 
categorized as negative, positive, or neutral and the overall sentiment 
score of the text is calculated (positive words-negative words/total 
words). Each tweet was assigned a score for sentiment that ranged 
from −1 to 1, where a classification above 0 = positive, below 
0 = negative, and equal to 0 = neutral. Since the article is specifically 
focused on vaccine hesitancy, the analysis presented below involved 
the manual selection of a few tweets that showed adherence to the 
topic, according to the definitions presented in the literature. Due to 
the size (over 1 million tweets) and subject of the database, it would 
be impossible to perform this analysis automatically, using only the 
tweets related to vaccine hesitancy. The approach adopted presents 
similarities with studies on this subject (29, 30, 41, 42).

3. Results

The sentiment analysis of the VH was performed in three different 
periods of the vaccination process, which are presented in charts 
divided into 1-week periods. This distribution was planned to observe 
the sentiment of VH in short periods (week) within the same month, 
and in longer intervals (over 4 months). The analysis relied on the 
selection of 1.047.018 tweets adhering to the topic of vaccine hesitancy. 
However, the overall sentiment of the analyzed tweets for October 
2020 was −0.0438, for June 2021 was −0.0510, and for October 2021 
was −0.0519. The overall sentiment was therefore slightly negative in 
all periods.

In October 2020, the availability of a vaccine for COVID-19 was 
identified in the Brazilian media. Three vaccine possibilities were 
discussed, those offered by Pfizer/Biontech, Oxford/AstraZeneca, and 
Sinovac/Butantan (CoronaVac). Subsequently other possible vaccines 
to be purchased by Brazil were identified. However, only these three 
vaccines were employed in greater volume. The sentiment analysis was 

developed initially by the researchers’ perspective (presented in the 
sentiment analysis performed) and then by the score provided by the 
Orange Software (sentiment score column). The purpose of this 
double analysis was to identify the alignment of the researchers’ 
perception with that obtained later in the analysis developed in the 
Orange software. From this perspective, some differences in 
positioning were identified between the analyses, however, without 
contrasts (variation between negative and positive, as the divergences 
were centered on the neutral sentiment). For this research, each 
divergence was analyzed individually, and used to deepen the 
understanding of the data and broaden the discussion. Table  1 
presents the sentiment analysis for October 2020. It is noteworthy that 
the sentiment analysis is focused on VH and not on other aspects 
pointed out in the tweets. The sentences that exemplify the sentiment 
identified and presented in the first columns of the tables were 
translated from Portuguese to English to present the research by 
the authors.

The data show the onset of vaccine topic within the spectrum of 
solutions for the COVID-19 pandemic in Brazil. In the first insertion 
the VH phenomenon is already observed, focusing on the efficacy of 
the vaccines that are being proposed. The data show an alternation 
between negative, neutral, and positive sentiments; however, with a 
prevailing neutral positioning.

According to the Brazilian government priority planning, 
COVID-19 vaccines began to be delivered in January 2021 through 
prioritizing health care workers and the older adults. By June 2021, 
most of the population identified as priority population had already 
received the first dose of the COVID-19 vaccine. Thus, the vaccination 
process was already within reach of the population, however, still 
following the planned schedule of making the vaccine available in an 
order of decreasing age. Table 2 presents the sentiment analysis in 
June 2021.

The data reflect an intense period of the vaccination process, with 
most of the tweets addressing this topic. The sentiment expressed is 
positive and adherent to the vaccination process promoted by the 
Brazilian government. The tweets present three interesting features 
and approaches, despite dealing with a common trend, which are: (i) 
the positive result of the CoronaVac vaccine (Sinovac/Butantan) tests 
carried out in the city of Serrana is expressed as a positive sentiment; 
(ii) despite the positive result of the CoronaVac vaccine, the population 
preferred the Pfizer/Biontech vaccine; (iii) people are satisfied for 
having taken the first dose of the COVID-19 vaccine and being close 
to taking the second dose. These analyzed aspects are intertwined in 
the understanding of the benefits resulting from taking the vaccine. 
However, two specific groups with VH are identified, the pregnant 
women and the teachers in the education network. The hesitation of 
pregnant women permeates the concern of the vaccines affecting the 
pregnancy or the fetus. In this context, there are discussions as to 
which vaccine is the safest. In the case of teachers, it is worth noting 
that classes were paralyzed in Brazil in March 2020, when classroom 
activities were expected to return in August 2021, causing concern 
among teachers. In this approach, it is possible to have a double 
interpretation of the data. The first one is related to the VH, while the 
second is related to the hesitation of returning to the classroom, 
regardless of having taken the vaccine. However, under both terms the 
vaccine is positioned as an element of argumentation for the hesitation 
expressed by the teachers. Table 3 presents the sentiment analysis for 
October 2021.

https://doi.org/10.3389/fpubh.2023.1192155
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Machado Júnior et al. 10.3389/fpubh.2023.1192155

Frontiers in Public Health 04 frontiersin.org

TABLE 2 Sentiment analysis of the COVID-19 vaccine in June 2021.

Tweet example Sentiment Sentiment Score

1 “Worst thing. People are suffering from vaccine backlash.” The central focus of the tweets was the manifestation of concerns with 

possible reactions from the vaccines, especially those originating from 

the AstraZeneca vaccine. In general, they were satisfied with the 

immunization despite the symptoms (Neutral sentiment).

0.0 (neutral)

“Have any pregnant women been vaccinated against 

COVID and had a reaction? I am scared to death.”

Concern about the effect of the vaccine on women who are pregnant 

(Negative sentiment).

0.0 (neutral)

2 “Wow, who would have thought that mass vaccination 

would be the solution, right? Nobody saw that coming.”

The manifestations express the vaccine as the solution to the pandemic 

(Positive sentiment).

0.0 (neutral)

“A CoronaVac study in Serrana shows that the pandemic 

can be controlled.”

Great interest in the CoronaVac vaccine test results from the town of 

Serrana in the countryside of the state of São Paulo (Brazil) (Positive 

sentiment).

0.0 (neutral)

“You have to see which is the vaccine, because they showed 

one on TV that was suspended for pregnant women 

because it was giving a reaction.”

Concern about the effect of the vaccine on women who are pregnant. 

Perception that the vaccine manufacturer can influence the outcome 

(Negative sentiment).

0.0 (neutral)

3 “City Hall just released the return of Pfizer’s second dose 

vaccination.”

The population’s attention is on the Pfizer vaccine. The other options 

do not appear, indicating a preference of the population for Pfizer 

(Neutral sentiment).

0.0 (neutral)

“Vaccination of players and games without fans are among 

the country’s requests to host the Copa America.”

Although not directly related to the vaccine, the topic of the America’s 

Cup (South American soccer tournament) appears prominently, with 

athletes’ immunization in the background (Neutral sentiment).

−0.296 (negative)

(Continued)

TABLE 1 Sentiment analysis of the COVID-19 vaccine in October 2020.

Tweet example Sentiment Sentiment Score

1 “In a time of pandemic, confinement is a stimulus for creativity. It is 

worth remembering that it was in isolation from the bubonic plague 

that Isaac Newton created the Theory of Gravity.”

The messages address the topic. There are no factors related to 

the vaccine yet. There is no discussion on the name of the 

vaccine (Neutral sentiment).

−0.296 (negative)

2 “With the pandemic one must have the Mandalorian mindset – never 

take off your mask.” (Mandalorian is a character from a series based 

on the Star Wars movie, who constantly wears a mask).

The vaccine is still not presented as a possibility, the main 

focus of people’s attention is related to preventive measures, 

such as using masks (Neutral sentiment).

0.0 (neutral)

“The pandemic will kill many from depression because of social 

isolation. Human beings need to socialize, to hug, to talk.”

Expression of concern for the psychological state of the 

people, and a sign of saturation of the lockdown model 

(Neutral sentiment).

0.0 (neutral)

3 “The COVID-19 pandemic and social isolation have profoundly 

changed the routine of Brazilians, affecting family and work 

relationships, and healthcare as well.”

Expression of concern for the psychological aspects of people, 

and a sign of saturation of the lockdown model (Neutral 

sentiment).

0.0 (neutral)

“I would really like my student side to become active again. I have 

things to study and I cannot concentrate.”

The interference of social distancing, in people’s lives, with an 

impact on professional and educational activities (Neutral 

sentiment).

0.0 (neutral)

4 “Except for the Russian vaccine, all are following testing protocols 

and developmental steps.”

Relevant moment, because it marks the beginning of the 

discussion about the vaccines that will be used in Brazil, as 

well as the approval process, with two possibilities appearing 

with greater intensity: (i) AstraZeneca (Oxford) and (ii) 

CoronaVac (Butantan). (Positive sentiment).

0.34 (positive)

5 “But the biggest impact to the country could be with the amount of 

people who suffer from side effects worse than the virus itself. There 

have been no animal tests on the recommended scale.”

“[It is] absurd to force a vaccine with no proven efficacy...”

The messages complain about the mandatory vaccination 

against COVID-19, especially with a vaccine supposedly 

without scientific proof. Most of the messages are against the 

obligation (Negative sentiment).

0.0 (neutral)

Source: research data (2023).
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The data for October 2021 portray a period of a more 
advanced stage of the population vaccination process. This period 
showed a greater VH manifestation, probably due to the 
availability of the vaccine for everyone, encouraging those who 
are more resistant to the vaccine to manifest with greater intensity. 
The data show an alternation between negative and neutral 
sentiments, with little occurrence of positive sentiments. This 
indicates that almost a year after the beginning of the vaccination 
process VH still exists, consisting of a resilient phenomenon that, 
therefore, should be the object of planning and actions aimed at 
its mitigation. The tweets also indicate the expectation for the end 
of the COVID-19 pandemic. In this perspective, the vaccination 
process, added to other factors such as the reduction of infection, 
reduction of deaths, desire to return to normal activities, with the 
potential interaction among these factors, have set an important 
milestone for people to interpret the period as the end of the 
pandemic. It is worth mentioning, that these characteristics 
observed in the tweets, as well as the brands of vaccines available, 
the period and priority of vaccination of the population, are 
related to characteristics of the vaccination process in Brazil, thus 
presenting intrinsic limitations of generalization of the findings 
of this research.

4. Discussion

Previous studies have revealed that vaccine hesitancy (VH) is a 
dynamic phenomenon influenced by many variables that impact it in 
a positive or negative way (9, 11). The variables that influence VH 
operate differently in each region depending on characteristics of the 
society (10, 11). Residents of sub-Saharan Africa, for example, feared 
being victims of vaccine experimentation (43).

Vaccine hesitancy research studies show variations in vaccine 
acceptance rates for COVID-19 (10, 11, 44). Note that VH is not a 
behavior, but rather a state of indecision (3, 9), thus subject to 
temporal factors (45) and changes resulting from the dissatisfaction 
or satisfaction of society concerning access to information and actions 
of the government (44). The identification of factors that collaborate 
with or mitigate VH stand out for enabling the expansion of 
vaccination coverage, and thus facilitating the achievement of the 
theoretical 90% or higher rate needed to establish collective 
immunity (46).

The first set of data analyzed shows the period before the 
vaccination process began (October 2020). The data indicate that this 
period was characterized by an initial phase of indifference to 
vaccine-related aspects and greater attention to the protocols adopted 

TABLE 2 (Continued)

Tweet example Sentiment Sentiment Score

“If you are pregnant, I do not know if it is good to take the 

vaccine.”

Concern about the effect of the vaccine on women who are pregnant 

(Negative sentiment).

0.0 (neutral)

4 “The problem is not the America’s Cup, but who 

authorized it. As everything in this pandemic is political, 

I believe that the media has a share of the blame in the 

uncontrolled pandemic.

The tweets address the Brazilian government’s decision to host the 

Copa America, refused in other countries. The tweets indicate the 

importance of players being vaccinated (Neutral sentiment).

−0.435 (negative)

“All people involved in the America’s Cup are vaccinated 

with the two doses of the vaccine”

0.0 (neutral)

“Find out where there is Pfizer vaccine for pregnant 

women.”

Concern about the effect of the vaccine on women who are pregnant. 

Perception that the vaccine manufacturer can influence the outcome 

(Negative sentiment).

0.0 (neutral)

“Very nice, coercing teachers and education professionals 

to receive the vaccine in exchange to being forced to go 

back to work.”

With the return of face-to-face classes, teachers are speaking out 

against making the vaccine mandatory. (Negative sentiment).

−0.373 (negative)

“Forcing teachers to come back face-to-face, to have to 

take the vaccine.”

0.0 (neutral)

5 “I am so happy when I see people close to me taking the 

vaccine, even without being a friend. I love it so much!!!”

Enthusiasm for the positive result of the vaccine on the spread of 

COVID-19, as well as for the reduction in the number of deaths 

(Positive sentiment).

0.202 (positive)

“How good it is to lay your head on the pillow knowing 

that my parents, my sister and I have taken the first dose of 

the vaccine against COVID-19.”

The focus of the messages is no longer on the vaccine brand, but on 

having taken the first dose. (Positive sentiment).

0.296 (positive)

“Teachers criticize the obligations for face-to-face return, 

such as the vaccination requirement.”

With the return of face-to-face classes, teachers are demonstrating 

against the obligation to take the vaccine. (Negative sentiment).

0.0 (neutral)

“Here in Fortaleza, teachers are being blackmailed into 

taking the vaccine and signing a term to return to classes 

in August.”

0.0 (neutral)

Source: research data (2023).
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by society. At the end of this period, the manifestations of feelings 
related to the vaccine, both positive and negative, can be observed. 
Since it is a new vaccine, the reservations are related to the adverse 
effects resulting from its use and to its efficacy. The identified 
resistance occurs in the context of a new product, for which little is 
known concerning efficiency and potential adverse effects (11, 15, 16, 
47). These initial manifestations express concerns with the source of 
the vaccine, i.e., with which laboratory is developing it, highlighting 
the need for the government to establish partnerships with research 
and production laboratories to provide as much information as 
possible. Subsequent evidence showed that some vaccines were 
imperfect or even had a declining protection index, thus favoring new 
COVID-19 outbreaks (48). In Brazil some politicians assured that the 
vaccine made contamination impossible, which increased VH when 
the first cases of contamination by COVID-19 of vaccinated people 
surfaced. From this perspective, the lack of trust in the government 
increased VH (1, 10, 14, 15, 25, 49). The inappropriate manifestation 
of politicians regarding the vaccine strengthens VH, impacting trust 
in the government and in the COVID-19 vaccine. This suggests that 
politicians should base their communications on evidence provided 
by the experts and not on their own feelings about vaccination.

The second block of data analyzed concerns the month of June 
2021, which is marked by a significant portion of the Brazilian 
population having already received at least the first dose of the vaccine. 

Meanwhile, VH was expressed as negative sentiments toward the 
vaccine. In this interval, three phenomena associated with the VH in 
relation to the COVID-19 vaccine stood out: pregnant women, the 
Copa América being held in Brazil (soccer championship between the 
national teams of South American countries), and the return to school.

The suitability of the COVID-19 vaccine for pregnant women was 
a dominant theme throughout the period. VH was expressed in 
questioning the suitability of vaccines in general as well as the 
suitability of one of the vaccines available (50). However, in both VH 
motivations, it is possible to ponder that doubting the suitability of the 
vaccine for pregnant women may cause this negative sentiment toward 
the vaccine to overflow to the society.

Another aspect that pervaded the tweets in the analyzed 
period was the Copa América being held in Brazil. In this case, a 
negative aspect regarding the event was observed, as the risks and 
appropriateness of holding the tournament were questioned. From 
this perspective, the manifestation of HV was not identified. On 
the contrary, a concern for the vaccination of the tournament 
players was observed. Thus, the calculation of contamination risk 
and collective responsibility acted as elements of positive 
reinforcement for vaccination (17, 51). Additionally, the attention 
given to sport-related activities during a pandemic outbreak can 
positively influence social connections and relieve psychological 
stress (52).

TABLE 3 Sentiment analysis of the COVID-19 vaccine in October 2021.

Tweet example Sentiment Sentiment score

1 “Oh my God, if it works out now, I’m going to get a vaccine.” The messages focus on vaccination, which is identified as 

something positive (Positive sentiment).

1.0 (positive)

“Everyone who wants a vaccine takes it.” With vaccine availability for all, the manifestation of individuals 

not wanting to get vaccinated against COVID-19 is observed 

(Negative sentiment).

0.0 (neutral)

“I do not agree with the minister. Vaccinate whoever wants 

to. I will not be a guinea pig.”

0.0 (neutral)

2 “With the vaccine for everyone now, is the second dose 

guaranteed for those who have already taken the first?”

Cycle of concern for the second dose of vaccination (Positive 

sentiment).

0.0 (neutral)

“It would be ridiculous to force people to get a vaccine at an 

experimental stage.”

The concern is related to the developmental stage of the vaccine, as 

well as to the need for approval of the vaccine by the regulatory 

agency in Brazil (Negative sentiment).

0.0 (neutral)

“[someone] badly wanted to vaccinate people without the 

consent of ANVISA.”

−0.526 (negative)

3 “YES! Wow, I miss that. Waiting for the pandemic to end so 

I can come back.”

The vaccine does not appear as the prevailing theme, but rather the 

process of ending the pandemic, i.e., the post-pandemic (Neutral 

sentiment).

0.0 (neutral)

“Now they are going to force everyone to take this crap of 

which the long-term effects are unknown.”

The uncertainty is related to the long-term effect of the vaccines on 

people, i.e., what possible adverse effects could occur in the future 

(Negative sentiment).

−0.700 (negative)

“None of the vaccines they are giving to the people have 

INSTRUCTIONS informing the reactions.”

−0.373 (negative)

4 “I’m glad the pandemic is over. I simply could not stand this 

social detachment any longer.”

The perception is that the pandemic is over. No messages are 

identified pointing to the collaboration of the vaccine in this 

process. (Neutral sentiment).

0.0 (neutral)

“They made me take the vaccine. Imagine my regret. I should 

not have taken it.”

0.0 (neutral)

“They’re not putting a gun to anyone’s head to force them to 

take this garbage, so those who choose to get it are the ones 

to blame.”

Statements against the decision of having received the vaccine 

(Negative sentiment).

0.0 (neutral)

Source: research data (2023).
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Another interesting aspect observed in this period involves 
primary and secondary school teachers. Some teachers interpreted the 
need to get vaccinated as a coercion to return to classroom activities 
in schools. From this perspective, VH is not explicitly perceived. 
However, the teachers’ fear of returning to the classroom heightened 
VH in general. We can thus infer that their professional activity is 
influencing the vaccination process (12, 15), and causing the feeling 
that their personal rights are being infringed upon (15). In Brazil, 
primary and secondary education is largely the responsibility of 
municipal and state governments, which halted school classes in 2020. 
In turn, studies indicate that students in schools, with greater 
confidence in the management of the pandemic, tend to be more 
willing to be vaccinated (53). This block of analysis (June 2021) shows 
the possibility of observing multiple social factors interfering with VH 
at short time intervals (1 month).

This period is also a turning point as the pandemic is concerned, 
namely the proximity of the end of the crisis. At the end of June 2021, 
the beginning of manifestations alluding to the approach of the end of 
the COVID-19 pandemic are identified, and most of them relate this 
event to the COVID-19 vaccination process, i.e., there is a positive 
feeling toward vaccination and its influence on the end of the crisis.

The third block of analyzed data includes tweets from October 
2021. In this period a significant portion of the population had already 
been vaccinated, and in many cases including the second dose. Given 
the advanced stage of vaccination, the COVID-19 vaccine was already 
available to the entire population. Until then, vaccination followed a 
decreasing schedule in relation to people’s age, so the older adults had 
priority. In this perspective, we have the VH manifestations resulting 
from vaccine availability (14). Such availability caused those who were 
hesitant to manifest their opinion with greater intensity. Despite the 
existence of COVID-19 variants circulating in Brazil, we  did not 
encounter any manifestation of VH related to this issue (48).

An interesting fact is that the increased occurrence of HIV 
manifestations in the period when vaccination is completed may 
be associated with the occurrence of reinfection and shorter duration 
of the immunity provided by the vaccine, which contradicts the initial 
information provided by politicians to the population (54). Other 
plausible explanations for this increase are the prohibition of access of 
those who did not get the vaccine to certain public places and the 
political discussion of establishing a mandatory vaccination “passport” 
for the population. These actions highlight the association of VH with 
government policies (1, 14, 15, 24), with the efficiency and potential 
adverse effects of the vaccine (11, 14, 15, 47), and, in many cases, with 
the short time of vaccine development (16). In this period, one can 
also observe the manifestation of regret for having taken the vaccine. 
This characteristic establishes an important point of future 
investigation, as it constitutes a new attitude of people that differs from 
hesitation before the fact – the “vaccine regret” (VR). The VR can 
affect the VH and drive people to avoid getting booster doses.

It is worth mentioning, that no studies were identified in the 
literature that presented the concept of VR. Thus, this study establishes 
a new perspective to be analyzed in future studies. However, when 
performing a search in the literature, the term “anticipated regret” was 
identified (55, 56). Anticipated regret is related to the feeling that 
we may regret a decision in the future, and in this condition, it’s can 
potentially be used as a predictor of vaccine behavior (57).

Typically, studies of anticipated regret are related to anticipated 
regret in decisions to vaccinate against Human Papillomavirus (HPV) 

(58, 59) and address the antagonism between the daughter’s 
anticipated regret of becoming more sexually active after vaccination 
and regret by inaction if the daughter develops an HPV infection if 
she is not vaccinated (60). However, this concept was also used in a 
study of vaccination against influenza (61) and COVID-19 (58).

The joint analysis of the three researched periods made it possible 
to identify that the VH manifests itself continuously and in association 
with themes that are affecting society, thus characterizing it as a social 
and dynamic phenomenon (9, 10). In manifestations expressed in the 
social media, the VH was associated with vaccine manufacturers and 
related to the public sentiment (9, 24). Thus, social media is positioned 
as an important channel for to manifest VH (10, 25). Therefore, it 
should also be a resource used by the government to disseminate 
information that reduces VH. The VH is volatile on social media, as it 
appears related to various social topics that change very quickly. Thus, 
the government’s action on social media to reduce VH must be agile 
so as not to distance itself from the topics that are being addressed. It 
is important to emphasize, that if the government does not quickly 
combat tweets that encourage vaccine hesitancy, these messages can 
lead to an adverse result in the vaccination process, regardless of the 
frequency of communication (52). This perspective validates VH as a 
social process under the influence of multiple meanings and logics, 
circumscribed to the individual and collectivity.

Agile government efforts may prevent occurrences such as the one 
observed in France, where a vaccine uptake level that positively 
fluctuated between 62.0 and 77.1% in March and April 2021 reduced 
to a markedly lower level of 58.9% in June 2021, likely due to concerns 
related to vaccine safety and efficacy (54, 62, 63). Notably, the potential 
positive association between trust in the government and COVID-19 
vaccination involves sociopolitical factors related to public health 
policy implementation (64).

In vaccine hesitancy analyses, it becomes relevant to 
incorporate the position of healthcare workers (HCW) in the 
vaccination process. The inclusion of HCW in the effort to reduce 
VH comes from the fact that people trust these professionals and 
follow their guidelines (65–67). The influence of HCW guidance 
on reducing VH is significant (68) and proved to be important 
when coping with the COVID-19 pandemic. A study carried out 
in June 2020, with the population that presented VH for COVID-
19, indicated that 51.9% presented VH even after the indication 
of HCW vaccination (68). The same study was carried out in June 
2021, and it was identified that this value had reduced to 35.8% 
(68), that is, during the pandemic the population increased its 
confidence in health professionals, and in their recommendations 
for the vaccination.

The influence of the HCW, for the reduction of VH, with the 
population, can be compromised if these professionals also present 
this hesitation. There is no consensus on the dimension of VH in 
HCW, however two surveys stand out. The global survey, which 
analyzed 35 studies in the area, indicated a variation between 4.3 and 
72% of VH in HCW, depending on the country in which they operated 
(69). Another survey, which analyzed HCW according to their 
training, identified an average of 8.1% of VH among HCW, with the 
categories with the lowest VH indices being Physicians (3.1%) and 
Nurses (6.5%) (68). In this perspective, it is worth noting that the 
HCW also have VH, however, they do not express their concerns due 
to institutional and social pressures (70). Thus, the unspoken vaccine 
hesitancy of HCW is identified as an element of attention of health 
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systems, as it can influence the reduction of confidence in the vaccine 
by the public.

Two relevant aspects of the participation of HCWs in the HV 
mitigation process are thus identified: the first is that they influence 
people’s decision to take the vaccine, so this aspect should be used in 
favor of awareness campaigns. The second aspect indicates that HCW 
may have unspoken vaccine hesitancy, which requires health system 
managers to establish awareness programs, with this specific public, 
that include autonomy and freedom to express their hesitations.

The attention devoted to COVID-19 VH research should support 
ongoing efforts begun by the WHO in 2012 (3), aimed at defining, 
monitoring, and mitigating VH. The benefit of the cooling of the 
COVID-19 pandemic should not impact the importance of VH 
research, as there are other infections that spread in waves, affecting 
all of society. One example is the influenza virus responsible for 
infecting 1 billion people per year (48, 71), resulting in 290,000 to 
650,000 influenza-related respiratory deaths (72).

5. Conclusion

This study defines vaccine hesitancy as a complex and dynamic 
social phenomenon, subject to several influencing factors. Among the 
considerations and findings of this research are the arguments 
presented by society for not getting vaccinated, which vary over short 
periods of time, surely within the period of a month. Thus, actions 
aimed at reducing vaccine hesitancy must be agile in capturing the 
concerns that permeate society, and in presenting information that 
encourages people to take the vaccine. In Brazil, vaccine hesitancy 
studies are still in the initial phase, so this research presents itself as a 
strength, for Brazilian society, which has its own cultural traits. This 
characteristic establishes limitations, when applying the knowledge 
developed in this study, in countries with cultures other than Brazilian.

5.1. Limitations

The origin of the data did not allow raising variables common to 
other studies, such as: age, sex, education, professional occupation, 
race and ethnicity. In this perspective, this study presents additional 
information on vaccine hesitancy. Additionally, the data from this 
study refer to the Brazilian population, so caveats should be established 
in generalizing the findings of this research to other populations.
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