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Objectives: Characterize the public debate and discourse about vaccines during the covid-19 vaccination
programmes.

Methods: We performed a manual content analysis of a sample of English-written Twitter posts that
included the word vaccine and its derivatives. We categorized 7 variables pertaining to the content of
the posts, and classified the type of user that published the post and the number of retweets. Then,
the patterns of association between these variables were further explored.

Ié?\/, ‘i':;(ir]cg: Results: Among the tweets with negative tone towards vaccines, 33% display negationist discourses, 29%
Social media protest or defiance discourses, 13% discuss the pandemic management measures and yet another 13% of
Vaccination these tweets display a scientific discourse. Research results, vaccination data and practical information
Discourse are more associated to positive tone towards vaccines, while news relate to neutral tone. The users that
Misinformation received more retweets were media accounts and journalists, followed by government accounts and sci-
Twitter entific organizations related to the government. Tweets displaying preventive messages received more

retweets in average. The discourses most associated with objective information are the preventive, insti-
tutional, medical-scientific, and those about the different measures to manage the pandemic. On the
other hand, the most subjective tweets are those with negationist, antinegationist and protest discourses.
Conclusions: Although there is a non-negligible proportion of tweets that are directly opposed to vacci-
nes, also an important part of vaccine-negative content takes the form of protest discourses, criticisms
towards government actions as well as towards the measures to tackle the pandemic. Therefore, negative
discourses during the pandemic included serious vaccine hesitancy cases. Moreover, they were not only
fuelled by distrust in science, but also and very importantly they were connected to dissatisfaction

towards the public management of the pandemic.
© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The COVID-19 pandemic that originated in 2020 has had impor-
tant economic, cultural, and political ramifications. More specifi-
cally, the spread of the virus amplified a debate about vaccines
that was already taking place before the emergence of this disease
[1] and has put the issue of vaccine hesitancy at the forefront of
public debates. As Lentzen et al. [2] stated, “a fairly new and still
partially known pandemic, a rapid vaccine development, a short
follow up of clinical studies and vaccine side effects make people
visualize more risks than benefits” (p. 44). On the other hand, since
the development of the first COVID-19 vaccines, vaccination cam-
paigns have been fairly successful, as a significant portion of the
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population have agreed to take part, although vaccination rates
are still relatively small, especially in low-income countries [3].
This pattern reflects the ongoing debate about vaccines, in
which defenders of the benefits of vaccines as well as its critics
have expressed varied views and have put forth different argu-
ments and discourses about the COVID-19 but also about govern-
ments’ strategies to tackle the pandemic and vaccines
themselves. These debates have taken place in a context where
an important part of human communication takes place on the
internet and, more specifically, on social media platforms, which
have become increasingly important tools to disseminate health-
related information [2]. Moreover, social media platforms also
have the potential to be used for medical education purposes [4]
and individuals’ attitudes can be influenced by the continued inter-
actions and exposure to information that takes place there [5],
especially vaccine hesitant individuals, that is, those that have

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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some degree of reluctance to be vaccinated and even if they have
access to vaccines, are slow to accept them or challenge them [6].

This exploratory study aims to understand the different features
and characteristics of vaccine-related content generated in Twitter
during the pandemic. Although this social media platform is not
the most used [7], it has several characteristics that make it a rel-
evant case study. Twitter is a micro-blogging service where users
can write short messages of 280 characters maximum called
“tweets” or repost other users’ tweets (“retweet”). This social net-
work is characterized by the immediacy of communication [8] and
also it is an important arena for public debates: public figures (e.g.,
politicians) and institutions are very active on this platform, and
the majority of its users regularly get news there [9]. Moreover,
its short texts format and the attitudinal polarization that tends
to take place there make this platform fertile ground for the spread
of misleading information questioning vaccines [10].

Precisely, the abovementioned properties of this social media plat-
form have led authors to also investigate the public debate about
COVID-19 of Twitter. However, the previous literature has tended
to focus on specific elements of the debate (e.g., tone about vaccines,
or content about vaccine side effects, etc.) [11,12,13,14,15] but has
not yet explored how the different features and dimensions of the
public discourse about vaccines are related to each other. Precisely,
the main goal of our study is to identify the different characteristics
of vaccine-related discourses and explore its patterns of association.
In order to do that, we have performed a manual content analysis,
that allows us to categorize tweets according to 8 different variables
of interest. We have also considered the number of retweets received
by each tweet, as a measure of the tweet’s engagement. We have
done this for a sample of English-written tweets published in a 1-
year period which coincides with the beginning and middle phases
of vaccination campaigns in English-speaking countries. Therefore,
our aim is to study vaccine-related discourses in this particular per-
iod. Following an exploratory and descriptive approach, our main
research questions are:

RQ1: What are the main characteristics of the vaccine-related
discourses in Twitter during this period?

RQ2: What are the main types of discourses associated with
positive and negative vaccine-related contents?

RQ3: Did the engagement of Twitter posts vary according to
their discursive characteristics?

The rest of this paper is structured as follows. In the next sec-
tion the data collection procedure, variables and statistical analy-
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ses are described. In Section 3, we present the results, and then
discuss the main findings before concluding.

2. Materials and methods
2.1. Data collection

We conducted a qualitative content analysis performed by two
researchers. A manual coding was used to provide a nuanced char-
acterization of the Twitter content [16]. In order to get a sample of
tweets, we run a query using the “advanced search” tool provided
by Twitter. We downloaded tweets that included at least one of the
following words: vaccine, vaccines, vaccinating, vaccinated, vacci-
nate, vaccinates, vaccination, immunization, immunizate. We
retrieved tweets between May 2021 - April 2022 so we could focus
on the COVID-19 vaccination campaigns among the English-
speaking community. The data was extracted from the Twitter
API using twarc2, a Python software tool.

We randomly selected 19 days inside this 1 year-period and we
further randomly selected 500 tweets from these 19 days (after
deleting the “retweets” and also 21 tweets that either did not refer
to human vaccines, or that used the term vaccine in a metaphorical
way, or that were not written in English).

In the manual content analysis, we focused on 8 variables
(Table 1): type of user, type of content, whether the information
displayed in the tweet is objective or subjective, tone about vac-
cines. We also coded the type of disease, whether the tweet men-
tions a pharmaceutical company, whether it cites scientific or non-
scientific sources (or does not cite any source), the type of dis-
course. The categories of our Type of discourse variable have
emerged from an inductive process in which statements with sim-
ilar discursive characteristics were identified: we focused on the
predominant discursive style of each tweet, and we delimited dif-
ferent categories so that they would capture different discursive
formations, understood as discourses that share specific concerns,
perspectives, concepts, or themes [17], and are related to specific
fields of knowledge [18]. This allowed us to identify different dis-
courses that could nonetheless share a similar tone about vaccines.
This process generated 9 types of discourses, which are listed in
Table 1. Finally, we also considered the number of retweets
received by each tweet as a measure of the tweets’ engagement.

A pretest to assess intercoder reliability was performed with a
randomly selected 10 % of the sample [19] for the eight variables.
We adopted Gwet’s AC1 statistical coefficient of concordance

Table 1
Variables and categories from the analysis of English-written Twitter posts about vaccines.
Variable Categories Variable Categories
Type of user Anonymous Pharmaceutical company Mentions at least one company
General Public Unspecified
Health professional Sources Cites a scientific source

Media and journalists
Other

Cites a non-scientific source
Does not provide source

Type of content Personal opinion or experience Type of discourse Denialist

Research results, vaccination
data and practical information
News
Other

Type of information Objective

Subjective
Tone Positive
Neutral
Negative
Disease Covid-19
Other diseases
Unspecified / general

Protest and defiance

Political

Institutional

Pandemic management
measures
Medical/scientific
Preventive
Motivational
Antidenialist

Other
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Table 2

Results of the intercoder agreement test (Gwet’s AC1).
User Type of content Type of Tone

information
0,827 0,651 0,889 0,794
Disease Pharmaceutical Sources Type of
company discourse

0,819 0,963 0,885 0,656

[20]. After the first intercoder agreement test, a further round of
coding training was done for the variable ‘Discourse type’ because
it scored below the threshold of 0.6. The results of the reliability
scores between the evaluators were statistically significant, as
can be seen in Table 2.

2.2. Statistical analysis

In order to assess to what extent our variables of interest are
associated, we cross-tabulated all of them. We performed chi-
squared tests to check if the variables are significantly associated
(p < 0.05). In order to avoid inflated chi-squared values and there-
fore unreliable test results, we only selected those pairs of vari-
ables with less than 20 % of their cells with expected frequencies
lower than 5 and no cell with expected frequency lower than 1
[21]. This yields a total of 12 comparisons out of 28 possible
cross-tabulations.

Moreover, to assess which variables are more strongly associ-
ated, the Carmer’s V statistic was computed. And, to explore which
categories vary more, we display each cell’s contribution to the chi-
square value [22], that is, the squared standardized residual of each
cell.

Finally, to explore if some characteristics of the tweets are asso-
ciated with more circulation (via retweets) we tested whether
there are differences in the number of retweets that each group
of tweets received. They were grouped according to the categories
of our variables. As the distribution of retweets is not normal in all
the groups, instead of performing t-tests to compare the average
number of retweets we performed Wilcoxon rank-sum tests to
compare the distribution of retweets [21].

The present study is nested in the project “Multi-source and
multi-method prediction to support COVID-19 policy decision-
making”, which was revised and approved by the Universidad Car-
los Il of Madrid Ethics Committee (code CEI22_05). In addition, the
analysis plan has been published in AsPredicted under the code
#100259.

3. Results
3.1. Data description

In the anglophone Twitter, based on our sample of 500 units, we
can observe that most of the users talking about vaccines are either
anonymous (37,6%) or general public (33,0%), followed by 7,6% of
media and journalists and a rather small portion of health profes-
sionals (3,2%).

Most of the content are personal opinions and experiences
(65,4%). Another 13,8% of tweets shared news, and 12,2% research
results including data about vaccination (mainly about coverage)
and practical information (facilities or slots). Finally, we found a
low proportion of tweets exploring topics such as testimonies of
vaccines’ side effects (1,2%) or products/apps/events related to vac-
cines (1,4%). These tweets where collapsed into the category
‘Others’ along with other tweets not possible to be classified
(8,6% of the sample). In line with the big proportion of tweets shar-
ing personal opinions, we find that 79,4% of the content provided
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subjective information (e.g. experiences, anecdotes, rumours),
while the rest contained objective information (e.g. data from
research studies focusing on vaccine effectiveness and safety).

The proportion of neutral and positive content regarding vacci-
nes is similar (41 % and 40,6%, respectively), while there are 18,4%
of negative tweets. Most of the tweets talk about the COVID-19
(84,6%) although we also find some tweets that either display gen-
eral messages about vaccines or don’t specify which vaccine they
refer to (13,2%), as well as some few mentions to other vaccine-
preventable diseases (2,2%). Moreover, only 4,2% of the tweets
mentioned at least one specific pharmaceutical company. Among
the ones who did it, the most cited ones are Pfizer (2,2% of cases)
and Moderna (2 %).

78,4% of the content didn’t mention any sources of information,
and only 3,29 % of tweets included a scientific source (e.g., scien-
tific organizations, researchers, or academic journals), while
18,3% included a non-scientific source (mainly webpages of news-
papers or TV channels).

We identified different types of discourses, some more preva-
lent than others. The most used ones have to do with the measures
to manage the COVID-19 pandemic (20,4%), followed by other dis-
courses such as preventive (12,6%), medical/scientific (10 %) and of
protest and defiance (10 %).

3.2. Bivariate relationships

In Table 3 we can explore what pairs of variables are associated
in a statistically significant way (p-value < 0,05) as well as the
strength of the relationship between variables (Cramer’s V
column).

It is remarkable to note that the type of information conveyed in
the tweet is the variable that changes more depending on the other
variables. Also, the tone towards vaccines varied relatively less
than the other variables. In four out of six cases the tone did not
vary depending on the author of the tweet, on the type of informa-
tion, whether the tweet mentioned a pharmaceutical company or
whether it cited any source. However, the tone regarding vaccines
is associated with the discourse employed by users and also to the
content of tweets.

In relation on how the selected variables are specifically associ-
ated with each other, firstly, most of the tweets that include scien-
tific sources provide objective information, but there are also some
cases where most of the information of the tweet is subjective
(Table 4). This also happens with non-scientific sources: tweets
that include them mostly display objective information. On the
other hand, tweets that don’t include sources tend to be dispropor-
tionately subjective.

Secondly, personal opinions and experiences tend to be mostly
subjective (Table 5). Tweets that discussed research results, vacci-
nation data or that provided practical information for people who
wish to get vaccinated also tend to have objective information
(59 % of those tweets). But most of all, tweets that included news
are the ones more likely to be objective, although, as it was men-
tioned before, it is a small proportion of the overall sample.

Turning now to the association between the discourse of tweets
and their tone regarding vaccines, we find a fairly strong associa-
tion between some type of discourses and some tones. If we focus
on the column percentages of Table 6 (in the third row of each cat-
egory) we see that 33 % of negative tweets display negationist
(more extreme) discourses, while up to 29 % have protest or defi-
ance discourses. Moreover, 13 % of the negative tweets focused
on discussing the pandemic management measures and yet
another 13 % of these tweets displayed a scientific discourse.

On the other hand, regarding the tweets that are positive
towards vaccines, 28,1% have a preventive discourse highlighting
the benefits of vaccines (the most common discourse among those



E. Prada, A. Langbecker and D. Catalan-Matamoros Vaccine 41 (2023) 3196-3203

Table 3

Relationship between variables.
Variables Chi-square p-value Cramer’s V
Type of information Sources 243,70 0,000 ** 0,71
Type of information Content 246,01 0,000 ** 0,70
Tone Discourse 396,72 0,000 ** 0,63
Type of information User 77,59 0,000 ** 0,42
Type of information Discourse 49,72 0,000 ** 0,32
Type of information Disease 13,33 0,001 ** 0,16
Tone Content 55,76 0,009 ** 0,13
User Disease 17,21 0,028 * 0,13
Tone User 14,36 0,07 0,12
Tone Type of information 527 0,072 0,10
Tone Pharmaceutical company 4,26 0,119 0,09
Tone Sources 5,62 0,229 0,08

** denotes that the relationship is statistically significant with a level of confidence of 99 % (p-value < 0.01).
* denotes that the relationship is statistically significant with a level of confidence of 95 % (p-value < 0.05).

Table 4 Table 6
Tabulation of Source and Type of information. Tabulation of Discourse and tone.
Source Type of information Discourse Tone
Objective Subjective Total Positive Neutral Negative Total
Non-scientific source 66 23 89 Negationist 0 0 31 31
7416 25.84 100.00 0.00 0.00 100.00  100.00
67.35 593 18.31 0.00 0.00 33.70 6.20
128.7' 32.5' 12.6" 12.7° 112.2°
Scientific source 12 4 16 Protest and defiance 4 19 27 50
75.00 25.00 100.00 8.00 3800  54.00 100.00
12.24 1.03 3.9 1.97 927 2935 10.00
23.9° 6.0" 13.1° 0.1 344"
No source 20 361 381 Political 6 15 1 22
5.25 94.75 100.00 27.27 68.18 4.55 100.00
20.41 93.04 78.40 2.96 732 1.09 4.40
42.0° 10.6" 1.0 40" 2.3
Total 98 388 486 Institutional 2 12 0 14
20.16 79.84 100.00 14.29 85.71 0.00 100.00
100.00 100.00 100.00 0.99 5.85 0.00 2.80
24 6.8" 2.6
Pearson Chi2 = 243.70 Prob = 0.0000. Pandemic management measures 27 63 12 102
First row shows frequencies; second row shows row percentages and third row 26.47 61.76 11.76 100.00
shows column percentages. 13.30 30.73 13.04 20.40
* The celis contribution to the chi square is greater than 2. 5.0 10.7° 24
Medical/scientific 19 19 12 50
38.00 38.00 24.00 100.00
9.36 9.27 13.04 10.00
0.1 0.1 0.9
Preventive 57 6 0 63
Table 5 4 9048 952 0.00 100.00
Tabulation of Content and Type of Information. 28.08 203 0.00 12.60
Content Type of information o 386" 15.2° 11.6"
Motivational 38 2 0 40
Objective Subjective Total 95.00 5.00 0.00 100.00
Personal opinion or experience 4 323 327 18.72 0.98 0.00 8.00
122 98.78 100.00 292 1267 74"
3.88 81.36 65.40 Antinegationist 27 3 0 30
59.6" 155 90.00 10.00 0.00 100.00
Research results, vaccination 36 25 61 13.30 1.46 0.00 6.00
data and practical information 59.02 40.98 100.00 18.0° 7.0 5.5
34.95 6.30 12.20 Other 23 66 9 98
43.7" 11.3° 2347 67.35 9.18 100.00
News 50 19 69 11.33 32.20 9.78 19.60
72.46 27.54 100.00 71" 16.6" 45"
48.54 4.79 13.80 Total 203 205 92 500
90.1" 234" 40.60 41.00 18.40 100.00
Other 13 30 43 100.00 100.00 100.00 100.00
30.23 69.77 100.00 Pearson Chi2 = 396.72 Prob = 0.0000.
12.62 7.56 8.60 First row shows frequencies; second row shows row percentages and third row
1.9 05 shows column percentages.
Total 103 397 >00 * The cells contribution to the chi square is greater than 2.
20.60 79.40 100.00
100.00 100.00 100.00

who talk positively on vaccines), 18,7% try to motivate or encour-
Pearson Chi2 = 246.01 Prob = 0.0000.

. . .. o
First row shows frequencies; second row shows row percentages and third row agev peop%e t.O g?t vaccinated, while a non HEglyglb,le 13,3% are
shows column percentages. antinegationist, i.e., they overtly confront negationist people or

* The cells contribution to the chi square is greater than 2. people who don’t want to get the vaccine.
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As pointed out by each cells’ contribution to the overall chi-
square value (Table 7, values highlighted in bold), media and jour-
nalists, and health professionals are the users that most typically
provide objective information, while anonymous users are the ones
that provide less objective information.

In Table 8 we can see that the discourses most associated with
objective information are the preventive, institutional, medical-
scientific, and those about the different measures to manage the
pandemic. On the other hand, the most subjective tweets are those
with negationist, antinegationist and protest discourses.

Regarding the relationship between the type of information of a
tweet and the disease that is mentioned in it, those tweets that
don't specify any disease tend to provide objective information to
a lesser extent than those that mention any disease (especially
those that refer to COVID-19). Only 4,5% of the unspecific tweets
had objective information, while up to 23,4% of the posts referring
to COVID-19 provided objective information.

Regarding the relationship between content and tone of the
tweets, research results, vaccination data and practical information
are more associated to positive content towards vaccines, while
news are more associated to neutral content, as shown by their
cell’s contribution to the overall chi-square value higher than 2
(Table 9).

Finally, different types of users differed slightly in the diseases
that they tended to mention (Table 10). This is the less strong asso-
ciation that was statistically significant in our sample. Anonymous
users didn’t mention other specific diseases while the general pub-
lic mentioned other diseases more frequently than the rest of the
groups. Conversely, the media and journalists tended to specify
more the disease they were talking about.

3.3. Which vaccine-related posts had more engagement?

We now turn to the analysis of which discursive features are
associated with more engagement via retweets by means of Wil-
coxon rank-sum tests. Retweets are important because they are

Table 7
Tabulation of User and Type of information.

User Type of information
Objective Subjective Total

Anonymous 19 169 188
10.11 89.89 100.00
18.45 42.57 37.60
10.0° 2.6"

General public 20 145 165
12.12 87.88 100.00
19.42 36.52 33.00
5.8" 1.5

Health professional 10 6 16
62.50 37.50 100.00
9.71 1.51 3.20
13.6° 3.5

Media and journalists 21 17 38
55.26 44.74 100.00
20.39 4.28 7.60
222" 58"

Other 33 60 93
35.48 64.52 100.00
32.04 15.11 18.60
10.0° 2.6"

Total 103 397 500
20.60 79.40 100.00
100.00 100.00 100.00

Pearson Chi2 = 77.59 Prob = 0.0000.
First row shows frequencies; second row shows row percentages and third row
shows column percentages.

* The celis contribution to the chi square is greater than 2.
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Table 8
Tabulation of Discourse and Type of information.

Discourse Type of information
Objective Subjective Total

Negationist 1 30 31
3.23 96.77 100.00
0.97 7.56 6.20
45" 1.2

Protest and defiance 3 47 50
6.00 94.00 100.00
2.91 11.84 10.00
5.2 13

Political 4 18 22
18.18 81.82 100.00
3.88 4.53 4.40
0.1 0.0

Institutional 5 9 14
35.71 64.29 100.00
4.85 2.27 2.80
1.6 14

Pandemic management measures 28 74 102
27.45 72.55 100.00
27.18 18.64 20.40
2.3 0.6

Medical/scientific 15 35 50
30.00 70.00 100.00
14.56 8.82 10.00
2.1 0.6

Preventive 27 36 63
42.86 57.14 100.00
26.21 9.07 12.60
15.1° 39"

Motivational 8 32 40
20.00 80.00 100.00
7.77 8.06 8.00
0.0 0.0

Antinegationist 1 29 30
333 96.67 100.00
0.97 7.30 6.00
4.3 1.1

Other 11 87 98
11.22 88.78 100.00
10.68 21.91 19.60
42" 1.1

Total 103 397 500
20.60 79.40 100.00
100.00 100.00 100.00

Pearson Chi2 = 49.72 Prob = 0.0000.
First row shows frequencies; second row shows row percentages and third row
shows column percentages.

* The celis contribution to the chi square is greater than 2.

the main tool for information circulation on Twitter and they are
done primarily to show approval, support and to argue about
topics [23]. Therefore, the number of retweets offers us an idea
of the most supported ideas and arguments about vaccines, but
also potentially the more controversial content.

First of all, the users that received more retweets in average
were media accounts and journalists, followed by government
accounts and government scientific organizations. Moreover, the
median of retweets received by these three types of accounts were
higher than those received by the anonymous or general public
accounts, in a statistically significant way (p < 0.01 in all the Wil-
coxon rank-sum tests of the pairwise comparisons and
p = 0.0143 when comparing the retweets received by the general
public and those received by government organizations). This
shows that the media and government accounts are active, can
effectively communicate and that there are asymmetries in the
capabilities to disseminate information by different users. Also,
interestingly, in our sample no health professional received
retweets in their posts. This shows us that the content published
by health professionals does not seem to interest general Twitter
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Table 9
Tabulation of Content and Tone.
Content Tone
Positive Neutral Negative Total
Personal opinion or experience 135 122 70 327
41.28 37.31 2141 100.00
66.50 59.51 76.09 65.40
0.0 1.1 1.6
Research results, vaccination data and practical information 33 22 6 61
54.10 36.07 9.84 100.00
16.26 10.73 6.52 12.20
2.7 0.4 24"
News 21 37 11 69
3043 53.62 15.94 100.00
10.34 18.05 11.96 13.80
1.8 2.7° 0.2
Other 14 24 5 43
32.56 55.81 11.63 100.00
6.90 11.71 5.43 8.60
0.7 23" 1.1
Total 203 205 92 500
40.60 41.00 18.40 100.00
100.00 100.00 100.00 100.00
Pearson Chi2 = 16.98 Prob = 0.0093.
First row shows frequencies; second row shows row percentages and third row shows column percentages.
* The celis contribution to the chi square is greater than 2.
Table 10
Tabulation of User and Disease.
User Disease
General Other Covid-19 Total
Anonymous 25 0 163 188
13.30 0.00 86.70 100.0
37.88 0.00 38.53 37.60
0.0 41" 0.1
General Public 20 7 138 165
12.12 4.24 83.64 100.00
30.30 63.64 32.62 33.00
0.1 31 0.0
Health Professional 1 0 15 16
6.25 0.00 93.75 100.00
1.52 0.00 3.55 3.20
0.6 0.4 0.2
Media and journalists 1 1 36 38
2.63 2.63 94.74 100.00
1.52 9.09 8.51 7.6
3.2° 0.0 0.5
Other 19 3 71 93
20.43 3.23 76.34 100.00
28.79 27.27 16.78 18.60
3.7 0.4 0.7
Total 66 11 423 500
13.20 22 84.60 100.00
100.00 100.00 100.00 100.00

Notes: Pearson Chi2 = 17.2098 Prob = 0.028.

* The celis contribution to the chi square is greater than 2. First row shows frequencies; second row shows row percentages and third row shows column percentages.

users and that these professionals could improve the communica-
tion potential to disseminate scientific content.

Secondly, although the positive content towards vaccines
received slightly more retweets in average than neutral and espe-
cially negative content, the difference is not statistically significant
(p = 0.849 and p = 0,610 respectively).

Regarding the type of discourse, tweets displaying preventive
messages received more retweets in average although the differ-
ence with other discourse categories is not statistically significant.
Regarding the type of content, news received more retweets than
personal experiences (p = 0.0001). Regarding the type of informa-
tion, tweets with objective information received more circulation
in terms of retweets in average than those with subjective infor-
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mation (p = 0.0000). Finally, tweets that included non-scientific
sources received more retweets than those that did not mention
any source (p = 0.0000), but this did not happen with the posts that
included scientific sources (p = 0.564).

4. Discussion

This paper set out to perform an exploratory content analysis of
vaccine-related content in Twitter. Our goals were to characterize
the different discursive elements associated to this kind of content
in order to be able to understand these discourses in a more com-
plete and nuanced way. Specifically, we wanted to explore the dif-
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ferent types of discourses about vaccines. Although sometimes in
our analysis the debate about vaccines has been simplified, we also
identified that behind the prevalence of personal opinions in the
discussion about vaccines, this debate was complex and comprised
varied topics and discourses. Our focus on vaccine related content
in general, beyond discourses about specific diseases or about
specific elements (e.g., vaccination side effects) enables us to put
in context some elements of the debate: For instance, we barely
detect discussions about vaccine side effects. Given the potential
of Twitter to amplify debates, the low proportion of tweets dis-
cussing this issue probably underscores the very low prevalence
of serious vaccine side effects. Sv et al. [24], for example, found that
a minority of tweets about COVID-19 vaccine side effects were
negative.

Also, we see a proportion of denialist and anti-denialist mes-
sages, but these visible and radical posts are only a minor part of
the overall discourse about vaccines. There are more negative posts
questioning specific aspects about vaccines without denying in
general their effectiveness. Our findings are somewhat similar to
those found by Herrera-Peco et al [25], in the sense that they also
detected a small proportion of more radical messages about
COVID-19 vaccines (in their case, messages stating that vaccines
would manipulate the human genetic code). On the other hand,
most of the content that is positive towards vaccines in our analy-
sis focuses on highlighting their advantages or on encouraging peo-
ple to get vaccinated, instead of directly attacking negationists.

Contrary to what we would expect, the tone does not vary much
depending on the rest of our variables of interest. For instance, tone
and type of user. We would expect that negative messages about
vaccines are disproportionally spread by anonymous users. How-
ever, there isn't a statistically significant relationship between
these two variables, and neither there is a relationship between
tone and type of information: both positive and negative messages
about vaccines are mainly subjective. There is, however, a bigger
association between the types of discourses used and the type of
information conveyed by users: negationist and protest discourses
tend to be disproportionally subjective, while preventive dis-
courses comprise objective information more often.

For one, we can see that although there is a non-negligible pro-
portion of tweets that are directly opposed to vaccines (i.e.,
expressing negationist discourses), also an important part of
vaccine-negative content takes the form of protest discourses, crit-
icisms towards government actions as well as towards the mea-
sures to tackle the pandemic. Therefore, we think that negative
discourses during the pandemic included cases of serious vaccine
hesitancy, not just plain denialism. Still, vaccine hesitancy consti-
tutes a health challenge, both generally [26] and in the case of
COVID-19 vaccination [27]. Moreover, negative discourses were
not only fuelled by distrust in science, but also and very impor-
tantly they were connected to dissatisfaction towards the public
management of the pandemic. The pattern found in our data sup-
ports the argument that vaccine hesitancy is shaped by state-
society relations [28], both in its scope and in the forms it takes.
We also consider that this is particularly the case because in the
period that we cover vaccines were highly salient: not only
because the pandemic, also because we cover the start and spe-
cially the middle-phases of the vaccination programmes in
English-speaking countries.

Regarding the engagement received by tweets, it is remarkable
to note that tweets coming from the media and journalists, with a
preventive discourse, containing objective information and citing
non-scientific sources tended to receive more retweets. This pat-
tern contrasts with other descriptions of the type of vaccine-
related content that gets more circulation in social media (i.e., mis-
information/disinformation based on personal narratives). For
instance, Das and Ahmed [29] consider that misinformation and
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disinformation have dominated social media since the advent of
the pandemic, fuelling vaccine hesitancy [30]. Misinformation
would be related to the dissemination of false content without
the intention of causing harm, while disinformation would have
the clear objective of circulating false content with the intention
to cause harm to people or institutions. Although it is possible that
the number of retweets is not only associated to support such mes-
sages but also to guide the debate and controversies regarding the
content of those tweets [23]. Also, the lack of engagement of the
content published by health professionals is somewhat in line with
the results of Hsia and Kong [31], who found that the topics cov-
ered by doctors tend to differ from those expressed by the general
public.

This study has a number of limitations that could be addressed
in future analyses. Crucially, the sample size is limited, which
impedes us to assess and explore over-time and geographical dif-
ferences in vaccine-related discourses. For instance, Batra et al.
[32] have found that COVID-19 vaccine-related attitudes and sen-
timent in Twitter were similar in neighbouring countries, while the
reactions to the coronavirus outbreak differed more across neigh-
bouring countries. This study can’t contribute to this line of
research. However, we think that our exploratory analysis can
serve as a preliminary study of the characteristics of vaccine-
related discourses on average in the period in which the tweets
were selected. That is, in the period that coincides with the initial
and middle phases of vaccination campaigns in English-speaking
countries. In that sense, results are related to this specific period
and not with the initial stage of the pandemic, nor with the current
situation. Moreover, the sample size has also hampered the possi-
bility of doing precise estimations in some cases, so the patterns of
association with lower expected cell frequencies were not
explored. However, given the randomization process to select the
sample and that manual content analysis is time consuming, this
is a reasonable sample compared with other similar studies. Sec-
ond, this analysis could be conducted in other social networks
too in order to find out some other nuances in the public discourse
and debate of vaccines during the pandemic. As there are different
profiles of users and different news consumption patterns depend-
ing on the social network [5], we might find different discursive
dynamics in other platforms (e.g., Instagram, Facebook, TikTok).
Despite these limitations, our study offers a useful analysis of pub-
lic discourse and the characteristics of the content that circulates
on social media concerning vaccines by using a qualitative method
that includes manual coding. As these results enable us to improve
our understanding of the pandemic’s public debate on vaccines,
public health services and other health authorities could use these
findings in the planning of communication strategies and in the
implementation of vaccination campaigns.

5. Conclusion

In sum, our exploratory content analysis highlights the exis-
tence of nuances in the debate related to vaccines during the pan-
demic. These nuances deserve further scrutiny by means of
analyses with larger sample size. Most of the positive debate
focuses on the vaccine advantages or on encouraging people to
get vaccinated instead of speaking out against those who oppose
vaccination. On the other hand, the negative debate mostly shows
strong cases of vaccine hesitancy, not only based on distrust in
science, but also on dissatisfaction with the vaccine-related man-
agement during the coronavirus pandemic by governments and
public organizations. This complexity, in turn, calls for a more com-
plex communicational approach to disseminate scientific evidence
[33].
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