
Citation: Cristea, D.; Zamfirache, I.;

Zamfirescu, R.-G. Vaccination against

COVID-19 in Europe: A Typology

Based on Cluster Analysis. Int. J.

Environ. Res. Public Health 2022, 19,

8603. https://doi.org/10.3390/

ijerph19148603

Academic Editors: José Tuells,

Olivier Epaulard and Zitta

Barrella Harboe

Received: 17 June 2022

Accepted: 13 July 2022

Published: 14 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Article

Vaccination against COVID-19 in Europe: A Typology Based on
Cluster Analysis
Darie Cristea *, Irina Zamfirache and Raisa-Gabriela Zamfirescu

Faculty of Sociology and Social Work, University of Bucharest, 010181 Bucharest, Romania;
irina.zamfirache@unibuc.ro (I.Z.); raisa.zamfirescu@unibuc.ro (R.-G.Z.)
* Correspondence: darie.cristea@unibuc.ro

Abstract: This study aims to identify a general typology for the EU27, and subsequently in Romania,
regarding the hesitation, acceptance and refusal of vaccination against COVID-19. The analysis we
propose below is based on the information contained in Eurobarometer 94.3, the data of which were
collected at the beginning of most of the national vaccination campaigns in Europe. Based on the
attitudes and opinions expressed by the respondents of the European states (EU27), we constructed
with the help of the cluster k-means (SPSS) statistical analysis a typology with four categories on the
subject of vaccination against COVID-19. Our study proposes a matrix with five items/scenarios
on a scale from total agreement to total disagreement. We chose a typology with four attitudinal
types (clusters). We subsequently compared the results of the general European analysis with the
cluster typology resulting from the same Eurobarometer, the same set of questions, only for the case
of Romania, to see if this analysis sheds a specific light on the fact that Romania had a very low
vaccination rate compared to other EU Member States.

Keywords: vaccine; COVID-19; cluster k-mean analysis; vaccine hesitancy; vaccine acceptance;
vaccine refusal

1. Introduction

Since the beginning of the pandemic and in the context of the implementation of restric-
tions and limitations at European and national levels, the European Commission has conducted
several comprehensive studies focused on the Coronavirus pandemic and its effects. We can
mention in this respect the research carried out in August 2020 (EB 93.1/ZA 7649) [1] focusing
mainly on the restrictions, limitations and confidence of Europeans in national, regional and
European institutions on the capacity to manage the Coronavirus pandemic and its effects.
A second study was undertaken in early 2021 (EB 94.3/ZA 7780) [2], with data collection
taking place in February and March. This time, along with items on satisfaction with the
European Union’s response to the Coronavirus pandemic, acceptance of national and Euro-
pean restrictions and priorities, items with a direct reference to vaccination against COVID-19,
were included. The presence of these items is motivated by the fact that the beginning of 2021
brought the start of several national vaccination campaigns against COVID-19, at the date of
field data collection, several socio-professional and/or demographic categories being already
vaccinated or scheduled for vaccination with one of the three vaccines approved and available
at that time in Europe—Pfizer, AstraZeneca and Moderna. A third survey to be mentioned is
Eurobarometer 95.1 (ZA 7781) [3] conducted in the spring of 2021, with data collection from the
second half of March to mid-April. Compared to the two previous studies, the items included
on the topic of the Coronavirus pandemic followed in particular the emotions and financial
situation of the respondents in the context of national and European restrictions, but also the
activity undertaken on online social networks and the motivation to access them in the last
seven days at the time of data collection.

In the spring of 2022, approximately 8.1 million Romanians were vaccinated against
COVID-19 with at least one dose, and just over 2.5 million Romanians with booster dose,
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thus approximately 16.6 million doses of vaccine against COVID-19 were used since the
beginning of the vaccination campaign on 27 December 2020, and until now in Romania [4].
In a previously published study also focused on the data contained in the Eurobarometer
94.3 mentioned above, we showed how only 57% of Romanians responded at the time of
data collection that they would get vaccinated as soon as possible, placing Romania in
21st place in the EU27 ranking on the intention of the population to be vaccinated against
COVID-19 [5]. Thus, based on these figures and Romania’s position on the last places in
the European rankings on vaccination intent, we can say that Romania is a negative case of
vaccination against COVID-19 compared to the European average.

As in Italy before the pandemic [6], recently, in Romania there has been an increasingly
strong discourse against the idea of vaccination, a discourse that we can say reached its
peak at the time of the first discussions on a vaccine as a possible remedy in the fight
against the Coronavirus pandemic. This increasingly vocal discourse has been interpreted
by most as an anti-vaccination movement, but as shown by Yaqub et al. [7], the idea of
hesitation should not be confused with the vehement refusal of vaccination. Specifically,
vaccine hesitancy “is a complex phenomenon, context specific, varies across time, place, and
types of vaccine” [6,8]. The limitations, restrictions and high degree of transmissibility of
SARS-CoV-2 have led to the need to develop a safe, effective and long-lasting vaccine in the
fight against the many new strains of this Coronavirus. Thus, this specific need has become
one of the main arguments for the hesitation of vaccination against COVID-19, becoming
“a significant barrier to vaccination campaigns” [9] and “a threat to the population’s health
globally” [10]. Several countries at the European, and even global, level have encountered
difficulties in national vaccination campaigns, difficulties caused by the pro-vaccination
public discourse in opposition to the attitudes of the population [11]. Factors that have
led to public hesitation over vaccination may vary from area to area [12]: thrombosis and
vascular side effects have caused much controversy in Europe [13]; other countries also
have a culture of hesitation and refusal to vaccinate [6,14]. In addition to the possible side
effects and reluctance embedded in state culture, distrust of state institutions and national
government [15] has led to a new dimension of the variety of factors that translates into
hesitation about vaccination in general.

The analysis we propose below is based on the information contained in Eurobarom-
eter 94.3, the data of which were collected at the beginning of 2021, respectively, at the
beginning of most of the national vaccination campaigns in Europe.

The aim of this study is to identify a general typology for EU27 and subsequently
one at the Romanian level regarding the hesitation, acceptance and expressed refusal
of the respondents regarding the vaccination against COVID-19. Of the three European
Commission studies mentioned above, this survey is the most eloquent in showcasing an
overview of vaccination against COVID-19.

2. Materials and Methods

As mentioned above, the most eloquent Eurobarometer for presenting an overview of
the start of the vaccination campaign against COVID-19 in Europe is the one conducted in
February–March 2021 (EB 94.3/ZA7780) [2]. Data were collected shortly after European-
approved vaccines (Pfizer, AstraZeneca and Moderna) became widely available for several
occupational categories, but also in the context of the well-known controversies over
immunization with one of the approved vaccines [16–18].

The tool applied by the European Commission includes a number of items with a
direct reference to vaccination against COVID-19, the respondents’ desire to be immunized,
the usefulness of vaccination as the main source in stopping the Coronavirus pandemic,
and sources of information in the pandemic. Continuing to focus on European trends, we
undertook a cluster analysis of the data available in Eurobarometer 94.3 on vaccination.

Based on the attitudes and opinions expressed by the respondents of the European
states (EU27), we constructed with the help of the cluster k-means (SPSS) statistical analy-
sis [19] a typology with four categories on the subject of vaccination against COVID-19 [20]
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(pp. 45–57). In performing the cluster analysis, we ran several models and came to the
conclusion that the 4-cluster typology is the most relevant one when trying to find more com-
plex explanations, which go beyond the simple typology “acceptance/hesitation/refusal”.

The data were collected at the European level between February and March 2021,
totaling 28,705 respondents aged 15 and over, the data being collected on the basis of a
representative stratified sample and complying with the laws and regulations in force on
ethical measures and protection of personal data [20] (pp. 6, 66–67).

We did not include all Eurobarometer respondents in the undertaken cluster analysis,
but only those from the 27 Member States (EU27, n = 25,154). Before running the analysis,
we recoded the variable on the country of origin creating a single category for Germany, as
the data from this type of Eurobarometers are collected with information for East Germany
and West Germany, respectively. We also applied a recoding process to the five items
included in the k-means cluster analysis, in order to easily track the degree of intensity and
subsequently the values obtained, the scale from agreement to disagreement being thus
recoded, 1 rendering total disagreement and 4 total agreement. It should be noted that in order
to obtain a national, and even regional, relevance in the analysis undertaken, we worked
with weighted data. The k-mean cluster analysis was performed on a matrix with five
items/scenarios, for each of which the respondent must declare his attitude on a scale from
total agreement to total disagreement (items are presented in Table 1). In order to better
observe the nuances and attitudes manifested by the respondents, we opted for a typology
with four attitudinal types. With a total of 25,020 respondents (134 non-responses were
recorded) from the 27 Member States of the European Union, the balanced distribution of
respondents in the cluster should be mentioned, with the difference between the largest
and smallest cluster being 3.3% (801 individuals).

Table 1. K-mean cluster analysis: attitude types towards vaccination against COVID-19.

To What Extent Do You Agree or
Disagree with Each of the

Following Statements?
Type A Type B Type C Type D

COVID-19 vaccines are being
developed, tested and authorized

too quickly to be safe
3.58 2.14 3.27 1.54

COVID-19 vaccines could have
long term side-effects that we do

not know yet
3.68 2.65 3.35 2.17

A vaccine is the only way to end
the pandemic 1.92 3.00 3.20 3.75

The European Union is playing a
key role in ensuring that we can

have access to COVID-19 vaccines
in our country

2.65 2.65 3.23 3.25

You do not understand why people
are reluctant to get vaccinated 1.42 2.25 3.31 3.66

% of case in each cluster 23.3 26.6 26.5 23.6

5842 6643 6638 5898
Source: Eurobarometer 94.3/2021, authors’ analysis. n (valid) = 25,020 (EU27).

We then proceeded to compare the analysis performed at the European general level
with the cluster typology resulting from the same Eurobarometer, the same set of questions,
only for Romania. We recall that the data we are analyzing were collected in February–March
2021, when the vaccination program was still in its incipient stages in EU countries. By
the end of the year, however, Romania is proving to be one of the EU countries with the
lowest rates of vaccination against COVID. This comparison could help us to understand
this phenomenon.
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Based on the answers provided on a scale of 1–4 for each of the five scenarios/items,
cluster analysis was expected to identify two opposing and directly contrasting types,
namely, respondents convinced of the effectiveness of vaccination and the vaccine against
COVID-19 as the main tool to stop the pandemic (acceptance) and, on the other hand,
those who vehemently oppose the idea of vaccination (refusal). Between these two ex-
tremities, it was expected that the other two types of hesitation (vaccine hesitancy) would
remain, these being close from a nuance point of view either rather to acceptance or rather
to refusal. However, our analysis of Eurobarometer data shows that the trio of accep-
tance/hesitation/refusal is much more sophisticated. The three attitudes are based on
different reasons and perceptions and, as a result, generate new typologies, which go
beyond the simple intention of vaccination.

The resulting typology is an exploratory one. A similar analysis was carried out on the
sample from Romania, in order to see what differences appear between the EU27 typology
and the one of a European country that proved a great reluctance in front of the vaccination
against COVID-19 code.

3. Results
3.1. Cluster Analysis on a European Level

Table 1 shows the results of the cluster analysis (k-mean). On the first column, the
items/scenarios to which the subjects responded can be seen, as mentioned above. It should
be noted that some items are positive in terms of vaccination, when it comes to wording,
others being negative, so the agreement and disagreement with those statements must be
interpreted carefully. Regardless of the orientation of the item in relation to vaccination, we
coded the total disagreement with the statement with 1, the partial disagreement with 2,
the partial agreement with 3 and the total agreement with 4. This indicates the following
reading table of the table—values of 1, 2 will indicate a disagreement with that item. Values
3, 4 indicate agreement with the reference item, while values between 2 and 3, especially
those around 2.5, indicate an ambiguous attitude, neither positive nor negative towards
the item in question.

Cluster A is skeptical of the vaccine against COVID—they believe that the vaccine
was developed too quickly to be safe and strongly believes that it will produce unknown
side effects.

They are not convinced that the vaccine will stop the pandemic, but this belief is
weaker than the two mentioned above. Basically, at the beginning of vaccination, the
fear of vaccine was the dominant feature of the anti-vaxxer group, not the fear of vaccine
inefficiency (we see that today, a year later, the assessment of the vaccine as ineffective with
omicron is a strong narrative in the area of vaccination refusal).

Members of this group are also empathetic to other vaccination skeptics.
Cluster D is the most pro-vaccination of the four. As can be seen, the subjects disagree

with the idea that the vaccine is not safe and that it will have long-term side effects.
However, they accept that it may have side effects rather than being done too quickly to
be sure.

It is also the most convinced cluster that the vaccine will stop the pandemic and those
who say the most do not understand the reluctance of others to vaccinate.

If group A is a focus on refusal vaccine and D on vaccination acceptance, clusters
B and C are more complex clusters. Group B has the closest scores to the average of the
interval, in almost all indicators—this means that we are talking about hesitation, perhaps
insufficient knowledge, misunderstanding of the problem, giving less importance to the
pandemic than other clusters, etc. Group C, compared to B, rather, believes that the vaccine
is unsafe and will have unknown long-term side effects. Both clusters (B and C) believe to
the same extent that the vaccine will stop the pandemic (C slightly more than B), but by
no means as strong as those in group D. Group C is less empathetic than B in terms of the
reluctance of those who do not want to get vaccinated. Basically, group B is a more relaxed
group of skeptics/hesitant, more tolerant (but not very tolerant) than those in cluster C with
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other hesitant or those who refuse vaccination, while group C is composed of the undecided,
somehow cynical, perhaps fatalistic and quite upset in their assessments of the pandemic.
Basically, those in group C associate the vaccine with risks; they do not see it as a very
effective solution, but in the end, it is probably the only solution. As an identity element,
the lack of empathy with those who refuse the vaccine clearly separates those in C from
those in B, as those in C seem very interested in others being vaccinated.

Again, it is useful to remind the time of data collection: February–March 2021.

3.2. Cluster Analysis on a Romanian Level

We performed the same type of cluster analysis strictly on the sample for Romania from
the Eurobarometer (this type of survey works with samples that are representative of each
country) and we obtained four clusters, according to Table 2, with the following characteristics:

Table 2. K-mean cluster analysis: attitude types towards vaccination against COVID-19.

To What Extent Do You Agree or
Disagree with Each of the

Following Statements?
Type a Type b Type c Type d

COVID-19 vaccines are being
developed, tested and authorized

too quickly to be safe
3.15 1.95 3.69 3.11

COVID-19 vaccines could have
long term side-effects that we do

not know yet
3.40 2.39 3.70 2.98

A vaccine is the only way to end
the pandemic 3.67 2.37 1.98 3.23

The European Union is playing a
key role in ensuring that we can

have access to COVID-19 vaccines
in our country

3.80 2.58 3.29 2.87

You do not understand why people
are reluctant to get vaccinated 3.57 2.56 1.48 2.61

% of case in each cluster 24.9 22.8 22.4 29.9

270 248 244 326
Source: Eurobarometer 94.3/2021, authors’ analysis. n (valid) = 25,020 (EU27).

Cluster a: People who are somewhat afraid of the anti-COVID vaccine because it was
developed too quickly, and the side effects it could have long-term; paradoxically, they are
somehow convinced that only the vaccine will stop the pandemic and that the EU will make
sure that it reaches our country; moreover, such subjects are not at all sympathetic with
those who refuse to be vaccinated. Basically, for this category, the vaccine is something that
needs to be done, even if it means taking risks. It is a seemingly paradoxical category, but
not unusual in Eastern Europe and, somehow, especially in Romania, where, throughout
history, the individual has been taught to live with phenomena that he did not always like.

Cluster b: They do not think the vaccine was developed too quickly to be safe and
they are afraid of long-term side effects to a lesser extent than all the other three groups in
the cluster analysis. On the other hand, all the coefficients in this cluster range between 1.95
and 2.58, so somehow they tend to the middle of the scale 1–4, as they match the pattern
on any item. Basically, we are talking about a segment of the population that wants to be
reasonable against this challenge, does not think that the vaccine is necessarily unsafe, nor
that it is a miraculous solution, being the least scared of possible long-term effects, but does
not ignore them. Somehow, we see here a mixture of reasonable resignation and a moderate
interest in the issue, as opposed to the fatalistic and panic-stricken outlook of group a.
Cluster b is moderately related to the reluctance of others to vaccinate. Of course, it is not
a group of pro-vaccine, nor anti-vaccine, nor necessarily undecided, but rather what the
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polls in Romania described as the group of those who will get vaccinated, if necessary, if
others who have been vaccinated do not suffer from anything, if in the meantime they find
out that they have no other solution.

Cluster c: It is clearly a vaccine-oriented cluster, which ticks in this regard all the
indicators/items taken into account.

Cluster d: People who do not oppose vaccination but have concerns (and probably
need information) about the safety, long-term effects, and speed of vaccine development.
They are the kind of people who could have been lost to the cause of vaccination if the
state failed to alleviate their fears through the information/persuasion campaign it brought.
This group is similar to Group C in the European typology described above—but there are
two highlighted differences, the fear of unknown side effects being lower in this case than
in the previous one, and the tolerance for those who hesitate/do not want to be vaccinated
is moderate here, but higher than in group C at the European level.

4. Discussion

We have already conducted part of the discussion above, under each cluster table, in
order to be able to follow their description more easily. This leaves us to make a comparison
between the European cluster scheme and the one corresponding to Romania. It should be
noted that Romania is on the second to last place in anti-COVID vaccination in Europe [21].

Both schemes have four clusters. We have named in uppercase (A, B, C, D) the clusters
from the EU level and in lowercase those from the level of Romania (a, b, c, d). We did not
reorder or rename the clusters, we left them in the order in which they were issued by the
SPSS analysis. We will now highlight the differences between them if they are notable.

In short, it was expected that both typologies would have a clear cluster of pro-vaccine
and anti-vaccine. Indeed, anti-vaccine clusters exist in both: A and c. The question is
whether there are major differences between them. There is only one difference, and it
is not so much about the pandemic or vaccination, but about trust in the EU. Romanian
anti-vaxxers are much more convinced than European anti-vaxxers in general that the
European Union will make sure that the vaccine reaches our country.

The surprise is that, if at the European level we really have a firm pro-vaccination
cluster, the items taken into account do not show us at the Romanian level a certain
cluster of supporters of vaccination. Although Romanian surveys from the beginning of
vaccination (late 2020, early 2021) gave a result between 25 and 30% of the population who
would intend to get vaccinated against COVID when the vaccine will be available, taking
into account more complex attitudes, such as those highlighted by the battery of items
we are referring to, do not visibly identify a homogeneous group of strong supporters
of vaccination.

Cluster b in the analysis on Romania corresponds to cluster B at the European level
(undecided, moderate interest in the problem, lack of panic). One difference would be that
the reasonable and disinterested in Romania believe to a lesser extent than the equivalent
European cluster that vaccination is the only way to stop the pandemic, which only connects
with the fact that in Romania the hesitation was wider and longer than at the European level.

We also notice an equivalence between types a and C. The scores are high for all items
in both clusters: fear of vaccine, belief that there is no better solution to stop the pandemic,
belief that there will be enough vaccine for all EU countries, but also a relatively cynical
lack of understanding of those who do not want to be vaccinated.

As mentioned, at European level, cluster D is for vaccination advocates: they believe
in vaccination, they have little or no fear, they are convinced that the EU will make vaccine
available to Member States and do not empathize with those who refuse vaccination. The
last cluster left in the series for Romania, cluster d, is not a cluster with a firm orientation,
but rather a combination of a and b: I believe in vaccination, they are somehow afraid
of the vaccine, but not as panicked as group a and have a more reasonable position,
perhaps disinterested in those who refuse vaccination (they neither understand them nor
condemn them).
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5. Conclusions

Of course, it is often easier, in an opinion poll, to ask a direct question, for example,
about the intention to vaccinate. Additionally, one can divide the audience into who wants,
who does not want, who has not decided, who is waiting to receive more information, etc.,
depending on the available answers.

Not infrequently, over the last two years we have seen, in opinion polls on the attitude
towards vaccination against COVID, a certain dynamic, extremely fast, of these figures,
depending on the evolution of the pandemic, restrictions and legal measures, rumors, etc.
Not infrequently, we have seen that the real vaccination rates did not confirm the opinion
polls. That is why it is useful to group the public on the attitude towards such a problem
not only after a direct answer, but also according to indicators that seek to break down the
problem to be studied into components that could better explain the subsequent behavior
of the public.

Of course, depending on the set of indicators taken into account, we can obtain
different descriptions and typologies. However, they all contribute to understanding the
backgrounds behind the shift from vaccine attitudes to vaccination behavior, especially
in situations that have the ability of imposing themselves quickly and completely on a
macrosocial level, such as this pandemic.

Hesitation in the face of vaccination, especially in a shocking and new situation such as the
COVID 19 pandemic, is a much more complex phenomenon than mere indecision [14,15,22,23].
Likewise, certain attitudes, acceptance/rejection, appear much more elaborate if instead of a
direct question we describe them with specific sets of items.

If we take into account the items provided by the cited Eurobarometer, we can draw the
following conclusions regarding the typology of vaccination reporting in the EU and Romania:

- There is only one major difference between the typology built on the same indicators
for Romania and that for the entire EU. The EU typology has a vaccination-friendly
cluster, an anti-vaccine cluster, one that we have described as undecided and disinter-
ested, and a fatalistic one, dominated by fear of vaccine combined with the belief that
there is no other solution to the pandemic.

- The typology for Romania has an anti-vaccine cluster and three nuances of hesita-
tion/indecision. There is no definite pro-vaccine cluster here, which also believes in
the effectiveness of the vaccine and its lack of danger. The closest to the description
of a pro-vaccination type is the fatalistic cluster (which, as noted, already has an
equivalent in the typology found for the EU), in which accepting vaccination as a
solution is not exactly a rational and open choice, but rather a small sacrifice on a
subjective level.

- To some extent, the fear that the vaccine was developed too soon and the fear of
unknown side effects also appear in clusters that accept vaccination as a solution.
In practical terms, the real undecided ones are not necessarily fearful, but rather
disinterested. Fear of vaccination or lack of confidence in the anti-COVID vaccine
does not necessarily explain future behavior regarding vaccination.
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