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Abstract: The COVID-19 vaccination campaigns were met with a varying level of vaccine hesitancy
in Europe. We analyzed the potential relationships between COVID-19 vaccine coverage in different
countries of the European Economic Area and rates of infection, hospitalizations, admissions to inten-
sive care units (ICU), and deaths during the autumn 2021 SARS-CoV-2 wave (September−December).
Significant negative correlations between infection rates and the percentage of fully vaccinated indi-
viduals were found during September, October, and November, but not December. The loss of this
protective effect in December is likely due to the emergence of the omicron (B.1.1.529) variant, better
adapted to evade vaccine-induced humoral immunity. For every considered month, the negative
linear associations between the vaccine coverage and mean number of hospitalizations (r= −0.61 to
−0.88), the mean number of ICU admissions (r= −0.62 to −0.81), and death rate (r= −0.64 to −0.84)
were observed. The results highlight that vaccines provided significant benefits during autumn 2021.
The vaccination of unvaccinated individuals should remain the primary strategy to decrease the
hospital overloads, severe consequences of COVID-19, and deaths.
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1. Introduction

The COVID-19 pandemic has been met with an unprecedented and rapid scientific
response resulting in the emergence of diagnostic methods and a better understanding of
viral pathogenicity, immune response to the infection, and potential therapeutic targets [1].
Moreover, a great effort has been put forward to develop vaccine candidates using various
approaches, including classical (inactivated, live-attenuated, recombinant vaccines) and
more innovative (mRNA, DNA, adenoviral vector vaccines) ones. The COVID-19 vaccines
were made available with unseen speed due to years of basic and applied research, tech-
nological advances and platforms that enable the rapid development of candidates (e.g.,
mRNA), significant funding, running multiple trials in parallel, and regulatory agencies
working at an extraordinary pace [2]. Until the end of 2021, four COVID-19 vaccines
were approved in the European Union: two mRNA vaccines, BNT162b2 (BioNTech/Pfizer,
Germany, Mainz/New York, NY, USA) and mRNA-1273 (Moderna, Cambridge, MA,
USA), given as two doses 21 and 28 days apart, respectively, as well as two adenovi-
ral vector vaccines: AZD1222 (Oxford/AstraZeneca, UK/Sweden), administered as two
doses 4–12 weeks apart, and Ad26.COV2.S Janssen/Johnson & Johnson, Leiden, Nether-
lands/New Brunswick, NJ, USA), given as a single dose. Over 750 million doses of mRNA
vaccines and nearly 200 million doses of adenoviral vector vaccines were used in 2021 in
the European Economic Area (EEA) [3]. The short-term results of pre-authorization clinical
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trials have shown that these vaccines have a high efficacy against symptomatic and severe
infection [4–7]. However, the emergence of novel SARS-CoV-2 variants, characterized by
increased transmissibility and partial evasion of antibody neutralization in vaccinated
individuals, raised concerns about whether the vaccines will remain effective enough.
This has mainly concerned the B.1.617.2 (delta) variant that was first identified in India
in December 2020 and became dominant in the European Region by June/July 2021 [8].
A number of post-authorization studies originating from different countries in mid-2021
have shown that despite SARS-CoV-2 evolution, vaccination continues to decrease the
risk of contracting the virus [2,9–11], while in the case of breakthrough infection, the risk
of severe disease, hospitalization, and death is significantly reduced [12–15]. However,
SARS-CoV-2, similarly to other respiratory viruses, reveals a strong seasonal pattern in the
temperate zone, with infection rates rising in the autumn-winter season [16–18]. Various
EEA countries entered this season in September 2021 with strikingly different vaccine
coverage, ranging from 17.0% of fully vaccinated individuals in Bulgaria to 80.3% in Malta
(Figure 1a) [19]. By December 2021, the difference in vaccine coverage was also appar-
ent (Figure 1b). These discrepancies were driven not by a limited availability of doses
but by differences in vaccine hesitancy levels and approaches to promoting COVID-19
vaccinations [20–22]. In this study, we analyzed whether vaccine coverage in the EEA
countries was related to the four pandemic indices during the autumn 2021 SARS-CoV-2
wave (September–December), i.e., rates of infection, hospitalizations, ICU admission, and
death due to COVID-19.

Vaccines 2022, 10, x 2 of 7 
 

 

2021 in the European Economic Area (EEA) [3]. The short-term results of pre-authoriza-
tion clinical trials have shown that these vaccines have a high efficacy against sympto-
matic and severe infection [4–7]. However, the emergence of novel SARS-CoV-2 variants, 
characterized by increased transmissibility and partial evasion of antibody neutralization 
in vaccinated individuals, raised concerns about whether the vaccines will remain effec-
tive enough. This has mainly concerned the B.1.617.2 (delta) variant that was first identi-
fied in India in December 2020 and became dominant in the European Region by June/July 
2021 [8]. A number of post-authorization studies originating from different countries in 
mid-2021 have shown that despite SARS-CoV-2 evolution, vaccination continues to de-
crease the risk of contracting the virus [2,9–11], while in the case of breakthrough infection, 
the risk of severe disease, hospitalization, and death is significantly reduced [12–15]. How-
ever, SARS-CoV-2, similarly to other respiratory viruses, reveals a strong seasonal pattern 
in the temperate zone, with infection rates rising in the autumn-winter season [16–18]. 
Various EEA countries entered this season in September 2021 with strikingly different 
vaccine coverage, ranging from 17.0% of fully vaccinated individuals in Bulgaria to 80.3% 
in Malta (Figure 1a) [19]. By December 2021, the difference in vaccine coverage was also 
apparent (Figure 1b). These discrepancies were driven not by a limited availability of 
doses but by differences in vaccine hesitancy levels and approaches to promoting COVID-
19 vaccinations [20–22]. In this study, we analyzed whether vaccine coverage in the EEA 
countries was related to the four pandemic indices during the autumn 2021 SARS-CoV-2 
wave (September–December), i.e., rates of infection, hospitalizations, ICU admission, and 
death due to COVID-19. 

 
Figure 1. The share of fully vaccinated individuals in different EEA countries at the beginning of 
(A) September 2021 and(B) December 2021. Based on [19]. 

2. Materials and Methods 
To test whether the vaccination rates had an effect on pandemic indices in EEA dur-

ing the autumn 2021 SARS-CoV-2 wave (September–December), we have retrieved Centre 
for Disease Prevention and Control (ECDC) data [23,24] on SARS-CoV-2 infections, hos-
pitalizations, admission to intensive care units (ICU), and deaths due to COVID-19. These 
data were used to calculate the monthly infection rate and death rate per 100 thousand 

Figure 1. The share of fully vaccinated individuals in different EEA countries at the beginning of
(A) September 2021 and (B) December 2021. Based on [19].

2. Materials and Methods

To test whether the vaccination rates had an effect on pandemic indices in EEA
during the autumn 2021 SARS-CoV-2 wave (September–December), we have retrieved
Centre for Disease Prevention and Control (ECDC) data [23,24] on SARS-CoV-2 infections,
hospitalizations, admission to intensive care units (ICU), and deaths due to COVID-19.
These data were used to calculate the monthly infection rate and death rate per 100 thousand
inhabitants of each country and the mean daily number of hospitalized patients and patients
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admitted to ICU per 100 thousand inhabitants (hospitalization/ICU admission rate was not
calculated to avoid counting the same patient multiple times as ECDC data show the total
number of patients in hospitals/ICU for each day of the month). Data on vaccination rates
for each country were retrieved from Our World in Data [19]. To this end, the percentage of
fully vaccinated individuals (who received two doses of BNT162, mRNA-1273 or AZD1222,
or a single dose of Ad26.COV2.S) in the population on the first day of each month was
used (or if not provided, the nearest day for which the data was available). To analyze the
relationship between the pandemic indices and vaccination rate for each month and the
entire autumn 2021 wave (September−December), the Pearson correlation coefficient (r)
was employed.

3. Results

As demonstrated in Figure 2, most pandemic indices during the considered months
were lower in better-vaccinated populations of EEA. Significant negative correlations
between the infection rate and vaccine coverage were found in September, October, and
November 2021, with Pearson r ranging from −0.41 to −0.58. For December, this correlation
was statistically insignificant. In all four considered months, the vaccination rate was
negatively associated with reduced patient overloads at hospitals, including a lower mean
number of hospitalized patients per 100,000 population and mean number of patients
requiring admission to ICU. Furthermore, the vaccination rate at the beginning of each
month was negatively correlated with the rate of deaths due to COVID-19. Particularly
strong correlations were found during November and December 2021, with Pearson r
values of −0.84 and −0.74, respectively (Figure 2).
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4. Discussion

The results presented in this paper add to the body of knowledge on COVID-19 vaccine
effectiveness. They show that populations with higher vaccination rates revealed better
preparedness for the autumn 2021 wave despite the emergence of more transmissible SARS-
CoV-2 variants and favorable environmental conditions for viral spread. This contradicts
the frequent conviction of anti-vaccine groups that vaccines would not pass the test during
this period. Notably, until November, vaccination has been related to lower infection
rates—this effect was, however not seen in December 2021. This may be due to the
B.1.1.529 (omicron) variant, first identified in Botswana and South Africa in November 2021.
Although it started to rapidly spread worldwide, at the end of November the delta variant
was still dominant in Europe, while the contribution of omicron to the infections was
negligible; its highest share was reported by Austria—2.3% [19]. According to the ECDC
data, it became increasingly frequent from the beginning of December, particularly in some
countries with excellent COVID-19 vaccine coverage, such as Portugal and Spain. It was
already a dominant variant in these regions in the second half of the month [25]. Omicron
is highly transmissible and more effective at evading the antibodies than the delta variant,
altogether increasing the risk of reinfections and breakthrough infections [26,27], possibly
leading to the loss of the protective effect of vaccines. In addition, there is evidence that
protection against disease gradually declines as the serum antibody level decreases [28–30].
Importantly though, the humoral immune response against the omicron variant can be
restored by administration of booster doses [31,32].

However, throughout the considered period, hospitalizations, ICU admissions, and
deaths due to COVID-19 were strongly negatively correlated with vaccination rates. This
clearly shows that during the autumn 2021 wave, they met the primary goal of vaccinology,
which has always been to decrease the clinical severity of infection [33,34]. Studies have
shown that variants such as delta and omicron are recognized by components of cellular
immunity that play a vital role in virus elimination and a decreased risk of severe disease
during a breakthrough infection [35,36]. These findings strongly advocate that vaccinating
unvaccinated individuals should remain the priority, including in low-income countries
outside EEA that suffer from vaccine inequity [34]. Less vaccinated European countries



Vaccines 2022, 10, 437 5 of 7

must consider changes in their previous strategies to promote vaccination to overcome
vaccine hesitancy, which in 2021 was particularly apparent in Central and Eastern Europe.

One should note the study limitations. The correlations evidenced here do not neces-
sarily imply a causal link. Although numerous clinical and observational studies provide
evidence for the efficacy of COVID-19 vaccines, the non-pharmaceutical interventions,
adherence to sanitary recommendations, and testing strategies implemented by the gov-
ernments could also influence the investigated parameters, particularly infection rates.
Similarly, the death rates may not solely be influenced by vaccination status but also the
efficiency and capacity of the health care system, which may vary across countries.

5. Conclusions

In conclusion, the present study provides additional evidence that COVID-19 vaccina-
tion is the most rational decision under pandemic conditions. In general, better vaccinated
populations of EEA displayed lower rates of infections, hospitalizations, ICU admissions,
and deaths due to COVID-19 during the autumn 2021 wave of SARS-CoV-2. However,
the relationship with the infection rate was lost in December, likely due to the emergence
and rapid spread of the omicron variant; the presented data show the positive effect of
vaccinations on reduced disease severity.
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16. Gavenčiak, T.; Monrad, J.T.; Leech, G.; Sharma, M.; Mindermann, S.; Brauner, J.M.; Bhatt, S.; Kulveit, J. Seasonal Variation in
SARS-CoV-2 Transmission in Temperate Climates. medRxiv 2021. [CrossRef]

17. Audi, A.; AlIbrahim, M.; Kaddoura, M.; Hijazi, G.; Yassine, H.M.; Zaraket, H. Seasonality of Respiratory Viral Infections: Will
COVID-19 Follow Suit? Front. Public Health 2020, 8, 567184. [CrossRef] [PubMed]

18. Liu, X.; Huang, J.; Li, C.; Zhao, Y.; Wang, D.; Huang, Z.; Yang, K. The Role of Seasonality in the Spread of COVID-19 Pandemic.
Environ. Res. 2021, 195, 110874. [CrossRef] [PubMed]

19. Ritchie, H.; Mathieu, E.; Rodés-Guirao, L.; Appel, C.; Giattino, C.; Ortiz-Ospina, E.; Hasell, J.; Macdonald, B.; Beltekian, D.; Roser,
M. Coronavirus Pandemic (COVID-19). Our World Data 2020. Available online: https://ourworldindata.org/covid-vaccinations
(accessed on 1 February 2022).

20. Warren, G.W.; Lofstedt, R. COVID-19 Vaccine Rollout Risk Communication Strategies in Europe: A Rapid Response. J. Risk Res.
2021, 24, 369–379. [CrossRef]
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et al. The Strategies to Support the COVID-19 Vaccination with Evidence-Based Communication and Tackling Misinformation.
Vaccines 2021, 9, 109. [CrossRef] [PubMed]

22. Karafillakis, E.; Van Damme, P.; Hendrickx, G.; Larson, H.J. COVID-19 in Europe: New Challenges for Addressing Vaccine
Hesitancy. Lancet 2022, 399, 699–701. [CrossRef]

23. Data on the Daily Number of New Reported COVID-19 Cases and Deaths by EU/EEA Country. Available online: https:
//www.ecdc.europa.eu/en/publications-data/data-daily-new-cases-covid-19-eueea-country (accessed on 31 January 2022).

24. Data on Hospital and ICU Admission Rates and Current Occupancy for COVID-19. Available online: https://www.ecdc.europa.
eu/en/publications-data/download-data-hospital-and-icu-admission-rates-and-current-occupancy-covid-19 (accessed on 1
February 2022).

25. SARS-CoV-2 Variants Dashboard. Available online: https://www.ecdc.europa.eu/en/covid-19/situation-updates/variants-
dashboard (accessed on 1 February 2022).

26. Kuhlmann, C.; Mayer, C.K.; Claassen, M.; Maponga, T.; Burgers, W.A.; Keeton, R.; Riou, C.; Sutherland, A.D.; Suliman, T.; Shaw,
M.L.; et al. Breakthrough Infections with SARS-CoV-2 Omicron despite MRNA Vaccine Booster Dose. Lancet 2022, 399, 625–626.
[CrossRef]

27. Pulliam, J.R.C.; van Schalkwyk, C.; Govender, N.; von Gottberg, A.; Cohen, C.; Groome, M.J.; Dushoff, J.; Mlisana, K.; Moultrie, H.
Increased Risk of SARS-CoV-2 Reinfection Associated with Emergence of the Omicron Variant in South Africa. medRxiv 2021.
[CrossRef]

28. Thomas, S.J.; Moreira, E.D., Jr.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Pérez Marc, G.; Polack, F.P.; Zerbini,
C.; et al. Safety and Efficacy of the BNT162b2 MRNA Covid-19 Vaccine through 6 Months. N. Engl. J. Med. 2021, 385, 1761–1773.
[CrossRef] [PubMed]

29. El Sahly, H.M.; Baden, L.R.; Essink, B.; Doblecki-Lewis, S.; Martin, J.M.; Anderson, E.J.; Campbell, T.B.; Clark, J.; Jackson, L.A.;
Fichtenbaum, C.J.; et al. Efficacy of the MRNA-1273 SARS-CoV-2 Vaccine at Completion of Blinded Phase. N. Engl. J. Med. 2021,
385, 1774–1785. [CrossRef] [PubMed]

30. Shrotri, M.; Navaratnam, A.M.D.; Nguyen, V.; Byrne, T.; Geismar, C.; Fragaszy, E.; Beale, S.; Fong, W.L.E.; Patel, P.; Kovar, J.; et al.
Spike-Antibody Waning after Second Dose of BNT162b2 or ChAdOx1. Lancet 2021, 398, 385–387. [CrossRef]

31. Gruell, H.; Vanshylla, K.; Tober-Lau, P.; Hillus, D.; Schommers, P.; Lehmann, C.; Kurth, F.; Sander, L.E.; Klein, F. mRNA Booster
Immunization Elicits Potent Neutralizing Serum Activity against the SARS-CoV-2 Omicron Variant. Nat. Med. 2022, 19, 104.
[CrossRef] [PubMed]

http://doi.org/10.15585/mmwr.mm7037e1
http://doi.org/10.15585/mmwr.mm7037e3
http://doi.org/10.3390/vaccines9070781
http://doi.org/10.3390/vaccines9111267
http://doi.org/10.1101/2021.09.28.21264260
http://doi.org/10.1016/j.cmi.2021.11.010
http://www.ncbi.nlm.nih.gov/pubmed/34826623
http://doi.org/10.1101/2021.06.10.21258647
http://doi.org/10.3389/fpubh.2020.567184
http://www.ncbi.nlm.nih.gov/pubmed/33042956
http://doi.org/10.1016/j.envres.2021.110874
http://www.ncbi.nlm.nih.gov/pubmed/33610582
https://ourworldindata.org/covid-vaccinations
http://doi.org/10.1080/13669877.2020.1870533
http://doi.org/10.3390/vaccines9020109
http://www.ncbi.nlm.nih.gov/pubmed/33535716
http://doi.org/10.1016/S0140-6736(22)00150-7
https://www.ecdc.europa.eu/en/publications-data/data-daily-new-cases-covid-19-eueea-country
https://www.ecdc.europa.eu/en/publications-data/data-daily-new-cases-covid-19-eueea-country
https://www.ecdc.europa.eu/en/publications-data/download-data-hospital-and-icu-admission-rates-and-current-occupancy-covid-19
https://www.ecdc.europa.eu/en/publications-data/download-data-hospital-and-icu-admission-rates-and-current-occupancy-covid-19
https://www.ecdc.europa.eu/en/covid-19/situation-updates/variants-dashboard
https://www.ecdc.europa.eu/en/covid-19/situation-updates/variants-dashboard
http://doi.org/10.1016/S0140-6736(22)00090-3
http://doi.org/10.1101/2021.11.11.21266068
http://doi.org/10.1056/NEJMoa2110345
http://www.ncbi.nlm.nih.gov/pubmed/34525277
http://doi.org/10.1056/NEJMoa2113017
http://www.ncbi.nlm.nih.gov/pubmed/34551225
http://doi.org/10.1016/S0140-6736(21)01642-1
http://doi.org/10.1038/s41591-021-01676-0
http://www.ncbi.nlm.nih.gov/pubmed/35046572


Vaccines 2022, 10, 437 7 of 7

32. Pajon, R.; Doria-Rose, N.A.; Shen, X.; Schmidt, S.D.; O’Dell, S.; McDanal, C.; Feng, W.; Tong, J.; Eaton, A.; Maglinao, M.; et al.
SARS-CoV-2 Omicron Variant Neutralization after MRNA-1273 Booster Vaccination. N. Engl. J. Med. 2022. [CrossRef] [PubMed]

33. Stokel-Walker, C. What Do We Know about Covid Vaccines and Preventing Transmission? BMJ 2022, 376, o298. [CrossRef]
[PubMed]

34. Rzymski, P.; Camargo, C.A.; Fal, A.; Flisiak, R.; Gwenzi, W.; Kelishadi, R.; Leemans, A.; Nieto, J.J.; Ozen, A.; Perc, M.; et al.
COVID-19 Vaccine Boosters: The Good, the Bad, and the Ugly. Vaccines 2021, 9, 1299. [CrossRef] [PubMed]

35. Jordan, S.C.; Shin, B.-H.; Gadsden, T.-A.M.; Chu, M.; Petrosyan, A.; Le, C.N.; Zabner, R.; Oft, J.; Pedraza, I.; Cheng, S.; et al. T Cell
Immune Responses to SARS-CoV-2 and Variants of Concern (Alpha and Delta) in Infected and Vaccinated Individuals. Cell. Mol.
Immunol. 2021, 18, 2554–2556. [CrossRef]

36. Liu, J.; Chandrashekar, A.; Sellers, D.; Barrett, J.; Jacob-Dolan, C.; Lifton, M.; McMahan, K.; Sciacca, M.; VanWyk, H.; Wu, C.; et al.
Vaccines Elicit Highly Conserved Cellular Immunity to SARS-CoV-2 Omicron. Nature 2022, 31, 732. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMc2119912
http://www.ncbi.nlm.nih.gov/pubmed/35081298
http://doi.org/10.1136/bmj.o298
http://www.ncbi.nlm.nih.gov/pubmed/35121611
http://doi.org/10.3390/vaccines9111299
http://www.ncbi.nlm.nih.gov/pubmed/34835230
http://doi.org/10.1038/s41423-021-00767-9
http://doi.org/10.1038/s41586-022-04465-y
http://www.ncbi.nlm.nih.gov/pubmed/35102312

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

