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Introduction: Two large multicentre European hospital 
networks have estimated vaccine effectiveness (VE) 
against COVID-19 since 2021. Aim: We aimed to measure 
VE against PCR-confirmed SARS-CoV-2 in hospitalised 
severe acute respiratory illness (SARI) patients ≥ 20 
years, combining data from these networks during 
Alpha (March–June)- and Delta (June–December)-
dominant periods, 2021. Methods: Forty-six partici-
pating hospitals across 14 countries follow a similar 
generic protocol using the test-negative case–control 
design. We defined complete primary series vaccina-
tion (PSV) as two doses of a two-dose or one of a sin-
gle-dose vaccine ≥ 14 days before onset.

Results: We included 1,087 cases (538 controls) 
and 1,669 cases (1,442 controls) in the Alpha- and 
Delta-dominant periods, respectively. During the 
Alpha period, VE against hospitalisation with SARS-
CoV2 for complete Comirnaty PSV was 85% (95% CI: 
69–92) overall and 75% (95% CI: 42–90) in those 
aged ≥ 80 years. During the Delta period, among SARI 
patients ≥ 20 years with symptom onset ≥ 150 days from 
last PSV dose, VE for complete Comirnaty PSV was 54% 
(95% CI: 18–74). Among those receiving Comirnaty 
PSV and mRNA booster (any product) ≥ 150 days after 
last PSV dose, VE was 91% (95% CI: 57–98). In time-
since-vaccination analysis, complete all-product PSV 
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VE was > 90% in those with their last dose < 90 days 
before onset; ≥ 70% in those 90–179 days before onset.
Conclusions: Our results from this EU multi-country 
hospital setting showed that VE for complete PSV 
alone was higher in the Alpha- than the Delta-dominant 
period, and addition of a first booster dose during the 
latter period increased VE to over 90%.

Introduction
COVID-19 has caused considerable morbidity and 
mortality in Europe since March 2020. International 
collaboration accelerated COVID-19 vaccine develop-
ment and within the European Union (EU)/European 
Economic Area (EEA), by the end of December 2021, 
there were five COVID-19 vaccines authorised for use 
with conditional marketing [1,2]: two are spike protein-
based mRNA vaccines: Comirnaty (BNT162b2; Pfizer-
BioNTech) and Spikevax (mRNA-1273; Moderna); two 
are spike-protein-based adenoviral vector vaccines: 
Vaxzevria (ChAdOx1; AstraZeneca) and Jcovden (Ad26.
COV 2.5; Johnson & Johnson); one is a subunit vaccine: 
Nuvaxovid (NVX-CoV2373; Novavax).

Earlier in 2021, the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) Alpha variant was domi-
nant in Europe, superseded by the Delta variant dur-
ing the summer months. High efficacy was observed 
in randomised controlled trials of COVID-19 vaccines 
carried out before Alpha or Delta circulation [3-6]. 
However, evaluating the real-world COVID-19 vaccine 
performance is critical for understanding and evaluat-
ing vaccination programmes [7,8].

The I-MOVE (Influenza – Monitoring Vaccine 
Effectiveness in Europe) network expanded in 2020 to 
include monitoring of COVID-19 vaccine effectiveness 
(VE) and became the I-MOVE-COVID-19 network. The 
I-MOVE-COVID-19 and Vaccine Effectiveness, Burden 
and Impact Studies (VEBIS) networks in Europe have 
carried out hospital-based COVID-19 VE studies since 
2021. Both networks use common generic protocols 
[9,10] and the test-negative case–control design.

We estimated VE against hospitalisation with PCR-
confirmed SARS-CoV-2. In the absence of complete 
genetic sequencing information, we aimed to investi-
gate VE during the Alpha and Delta periods between 
March and December 2021.

Methods

Setting and study period
There were 15 I-MOVE-COVID-19 and VEBIS hospital VE 
study sites from 14 European countries participating in 
the two networks during the study period from 2 March 
to 25 December 2021 (Figure 1), including 46 hospitals.
 
We defined the Alpha- and Delta-dominant periods as 
weeks where ≥ 80% of variants sequenced were Alpha 
or Delta, respectively, in each country using GISAID 
data [11]. We included data only from these weeks: 3 

March to 11 June for Alpha, and 21 June to 25 December 
for Delta dominance.

Study design and case definitions
We used the test-negative case–control design [12], in 
which we defined cases as SARI patients testing SARS-
CoV-2-positive by RT-PCR within 48 h of hospital admis-
sion or within the previous 14 days. Controls were SARI 
patients testing PCR-negative for SARS-CoV-2 within 
48 h of admission. We used the ECDC definition for a 
possible COVID-19 case to define our study population 
of SARI patients (individuals hospitalised for at least 
24 h, presenting with fever or cough or shortness of 
breath or sudden onset anosmia, ageusia, or dysgeu-
sia) [13].

Study sites adapted their I-MOVE-COVID-19 or VEBIS 
VE network hospital study protocols [9,10] to their 
country-specific setting, as appropriate. Eleven sites 
included all SARI patients admitted to participating 
hospitals. The participating hospital in Belgium, the 
two in Lithuania and the over 20 hospitals in participat-
ing Spanish regions (except Navarra) included all SARI 
patients admitted on either 1 or 2 days each week. One 
site (the Netherlands) included a maximum of 10 SARI 
patients per week.

Study site teams collected demographic data (age, 
sex), clinical data (chronic conditions) and COVID-19 
vaccination information via questionnaire, electronic 
medical records, vaccine registries or patient interview.

Inclusion and exclusion criteria
We included patients aged 20 years and over who 
belonged to the age-specific target group for COVID-
19 vaccination of their country at time of swab. We 
excluded patients with missing/erroneous key vari-
ables (age, sex, key dates, vaccination information). 
Study sites excluded patients with contraindications 
for vaccination.

Definitions of vaccination status
We defined SARI patients as partially vaccinated with 
primary series vaccination (PSV) 14 days after receiv-
ing one of two recommended doses of a two-dose vac-
cine; as completely vaccinated with PSV 14 days after 
receiving either the second of two recommended doses 
of a two-dose vaccine, or a single dose of JCovden; as 
having received a complete PSV plus booster dose 14 
days after receiving the first mRNA booster; as unvac-
cinated if they did not receive any COVID-19 vaccine or 
were vaccinated with the first dose of a two-dose vac-
cine (or a single dose of JCovden) on or after the date 
of symptom onset. Those vaccinated with the second 
dose of a two-dose vaccine on or after their date of 
onset were recoded as partially vaccinated. Anyone 
vaccinated 1–14 days before onset was excluded. All 
analyses used unvaccinated as the comparison unex-
posed group (Table 1).
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For this analysis, we excluded those who had heter-
ologous primary series doses or at least one unknown 
primary series product and we only included patients 
receiving the same product for both PSV doses (homol-
ogous PSV).

Statistical analysis
We compared the odds of vaccination between cases 
and controls using logistic regression, calculating VE 
as 1 minus the OR of vaccination among cases and con-
trols (expressed as a percentage). We included study 
site (as a fixed effect) and date of swab (modelled as a 
spline or categorical variable, with the best functional 
form designated by the Akaike information criterion) in 
all VE analyses.

We further adjusted the OR for age, sex and presence 
of at least one of the four commonly collected and 
COVID-19-relevant chronic conditions (asthma, diabe-
tes, heart disease and lung disease).

For the age-specific analyses, we stratified the data 
into three age groups: 20–59, 60–79 and ≥ 80 years. We 
also performed stratified analyses by sex and by pres-
ence of at least one chronic condition (vs no chronic 
conditions). In time-since-vaccination analyses for the 
Delta period, we measured VE by days since last PSV 
dose (for those with complete PSV) and by days since 
mRNA booster dose (for those with complete PSV plus 
first booster), for 30-, 60- and 90-day periods.

During the Alpha period, we estimated VE against hos-
pitalisation with COVID-19 in SARI patients for partial 
and complete PSV (Table 1; Analysis 1).

During the Delta period, we estimated VE against hos-
pitalisation in SARI patients with COVID-19, restricting 
most analyses to patients eligible for a booster dose 
(i.e. who were in the age-specified booster dose target 
group based on national recommendations;  Table 1). 
We estimated VE in all those with complete PSV with-
out booster dose who had received their last PSV dose 
at least 150 days before onset (Group A; Analysis 2), 
and in those with a first mRNA booster, who had ≥ 150 
days between their last PSV dose and the booster dose 
(Group B; Analysis 2). The 150-day restriction in Group 
A was used to facilitate comparison with Group B (on 
average, participating countries recommended first 
booster dose to be 5 months after last PSV dose). This 
analysis was conducted for the Delta period because 
the long duration of circulation resulted in longer 
delays from last PSV dose to onset.

In Analysis 3, we estimated VE for those receiving PSV 
only, in different vaccination target groups: the PSV tar-
get group (Group C), and the country-specific booster 
dose target group (BDTG; Group D). Time since last PSV 
was not taken into account (Table 1).

In Analysis 4, we estimated VE for complete PSV with-
out and with booster by time since vaccination (using 
30-, 60- and 90-day periods) for all vaccine products 
combined.

In Analysis 5, we estimated VE for those with complete 
PSV in a country-specific BDTG with symptom onset 
less than 150 days from their last PSV dose (Table 1).

Sensitivity analyses
We conducted sensitivity analyses excluding all SARI 
patients with known prior infection, and another 

What did you want to address in this study?
To understand how well the COVID-19 vaccine was performing in Europe against hospitalisation during 
SARS-CoV-2 Alpha and Delta variant periods, we present vaccine effectiveness results from a multi-country 
study of complete and booster dose COVID-19 vaccination among adults (aged 20 years and over).

What have we learnt from this study?
Between March and June 2021 (Alpha period), vaccine effectiveness against hospitalisation with laboratory-
confirmed SARS-CoV-2 was 43% for partial vaccination and 86% for complete vaccination. For June to 
December 2021 (Delta period), vaccine effectiveness for complete vaccination was lower (52%) but with 
addition of an mRNA booster dose, effectiveness reached 91%, and remained > 90% up to 119 days after the 
booster dose.

What are the implications of your findings for public health?
In Europe in 2021, COVID-19 vaccine effectiveness results for the Alpha period indicated an excellent 
benefit for preventing hospitalisation after complete vaccination. During Delta variant circulation, however, 
a booster dose was required to achieve this level of effectiveness, and this was maintained for up to 4 
months post booster.

KEY PUBLIC HEALTH MESSAGE
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restriction included only SARI patients with severe 
outcomes (either admission to an intensive care unit 
(ICU) or death in hospital). Where the number of cases 
or controls per parameter was < 10, a sensitivity analy-
sis was conducted using Firth’s method of penalised 
logistic regression (PLR) to assess small sample bias 
[14,15], which we considered to be present if there was 
a difference of 10 percentage points between the PLR 
and original VE estimate. Any estimates meeting this 
criterion for small sample bias were not included, also 
we do not present any VE estimates in any stratum for 
which the total number of vaccinated cases and con-
trols was < 20.

Results

Entire Alpha and Delta period (March to 
December 2021)
Fifteen sites submitted data on 8,616 SARI patients 
swabbed between 2 March and 25 December 2021 

(Figure 1,  Figure 2). Data from four sites were not eli-
gible for inclusion in analysis from the outset, as their 
data included fewer than five cases (one site) or con-
trols (two sites), or their participating hospitals had 
been designated ‘COVID only’ earlier in the pandemic 
and SARI patients were almost exclusively SARS-CoV-2-
positive (one site). After exclusions, a further four sites 
were excluded from the Alpha period and one more 
from the Delta period (Figure 1) for having fewer than 
five cases or controls.

Alpha period (3 March to 11 June 2021)

Descriptive analysis
Seven sites submitted data eligible for inclusion in this 
period (Table 2). After applying the study and analysis 
exclusion criteria (Figure 2), we included 1,087 cases 
and 538 controls who had been swabbed during the 
Alpha-dominant period. Most cases (n = 838; 77%) 
were younger than 80 years, while 320 controls (60%) 

Figure 1
Countries and study sites participating in I-MOVE-COVID-19 and VEBIS hospital vaccine effectiveness studies, by 
provision of data for this analysis, Europe, 2021

ENGLAND

GR

PT
ES

LT

DE

NL

BE

CZ

FR

NA
HR

RO

IE

LU

MT

Countries/sites providing data included 
in these analyses

Countries/sites providing data not 
included in these analyses

Created with mapchart.net

I-MOVE: Influenza – Monitoring Vaccine Effectiveness in Europe; VEBIS: Vaccine Effectiveness, Burden and Impact Studies.

Fifteen participating sites: Belgium (BE), Croatia (HR), Czechia (CZ), France (FR), Germany (DE), Greece (GR), Ireland (IE), Lithuania (LT), 
Luxembourg (LU), Malta (MT), the Netherlands (NL), Portugal (PT), Romania (RO), Spain 11 regions (ES), Spain Navarra region (NA). Ten 
included in this analysis: BE, ES, FR, HR, IE, LT, MT, NA, NL, PT.
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were in this age group (Table 2). Fifty-seven per cent 
of cases (n = 622) and 54% of controls (n = 292) were 
male. Fifty-six per cent of cases (n = 606) and 74% of 
controls (n = 399) had one or more of the four com-
monly collected chronic conditions.

There were 62 (6%) partially and 12 (1%) completely 
vaccinated cases, 94 (18%) partially and 90 (17%) com-
pletely vaccinated controls. Vaccination rollout contin-
ued as cases and controls were selected (Figure 3).

All 12 completely vaccinated cases had received 
Comirnaty. Among the 90 completely vaccinated con-
trols, 82 (91%) had received two doses of Comirnaty, 
seven (8%) had received Spikevax and one (< 1%) had 
received a single dose of JCovden (Table 2).

A higher proportion of cases than controls were admit-
ted to ICU or died in hospital (22% vs 4% and 19% vs 
9%, respectively; Table 1). Most (> 90%) cases and con-
trols were swabbed between weeks 10–18 (Figure 3).

Vaccine effectiveness estimates

Analysis 1: Vaccine effectiveness in patients ≥ 20 years for partial and 
complete primary series vaccination
Partial vaccination VE among those aged ≥ 20 years (all 
vaccine products combined) was 43% (95% confidence 
interval (CI): 13–62); 45% (95% CI: 8–67) for Comirnaty 
and 31% (95% CI: −46 to 67) for Vaxzevria. Sensitivity 
analyses excluding SARI patients with known prior 

infection are appended in  Supplementary Table S1, 
where the VE was within 2 percentage points for partial 
VE. For SARI patients with severe outcomes during the 
Alpha period, numbers were too small to estimate VE.

Complete PSV (all products) VE during this period 
was 86% (95% CI: 71–93); 85% (95% CI: 69–92) for 
Comirnaty (Table 3). There was insufficient sample 
size to estimate complete PSV VE for any other vac-
cine product during this period. The point estimate of 
VE for sensitivity analyses (prior infection) were identi-
cal for complete PSV; these results are made available 
in Supplementary Table S1. Again, there was not suffi-
cient sample size for the sensitivity analysis for severe 
outcomes.

Partial VE was < 60% in those aged 60–79 years 
and < 30% in those ≥ 80 years; there was only sufficient 
sample size to estimate complete PSV VE in the old-
est age group (≥ 75%); for partial and complete PSV 
results among adults (≥20  years) in the PSV target 
group, overall and in those eligible for a booster dose, 
see  Supplementary Table S2. During this period, few 
individuals aged 20–59 years had been targeted for 
vaccination, so we could not provide estimates for this 
age group.

Figure 2
Exclusions for I-MOVE-COVID-19 and VEBIS hospital vaccine effectiveness studies, Europe, 2021 (n = 8,616)

8,616
Hospitalised SARI patients tested for SARS-CoV-2 between    

2 Mar and 27 Dec 2021 (Alpha and Delta periods)                          
in participating hospitals

3,880 excluded
1,318 not eligible for primary series vaccination
  637 swabbed >10 days after onset
 427 missing/incorrect vaccination information or did not  
          have recommended delay between doses
  420 in long-term care facility 
  361 vaccinated within 14 days of onset
  223 from one sitea with no vaccinated controls
  140 from eight sitesb with < 5 cases or controls 
  115  missing onset, swab or admission date
     85 onset > 3 days after swab date
     55 missing sex or age information
     34 aged < 20 years
     34 healthcare workers
     22 heterologous primary series products
       6 incongruent dates (e.g. admission after discharge date)
          or no consent
       3 onset > 7 days after admission (possible nosocomial)

a In the Delta period only.
b Eight in the Alpha period (four of these also in the Delta period)

4,736 
Eligible for analysis  

aged ≥ 20

2,756
SARS-CoV-2-positive

1,980
SARS-CoV-2-negative

717
Vaccinated 

2,039
Unvaccinated

1,392
Vaccinated

588
Unvaccinated

I-MOVE: Influenza – Monitoring Vaccine Effectiveness in Europe; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; VEBIS: 
Vaccine Effectiveness, Burden and Impact Studies.

Included data are from 42 hospitals in 10 participating sites.
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Table 2a
Characteristic of cases and controls, I-MOVE-COVID-19 and VEBIS hospital vaccine effectiveness studies, Europe, SARS-
CoV-2 Alpha and Delta periods March–December 2021 (n = 4,736)

Patient characteristic

Alpha period: January to June 2021 (n = 1,625) Delta period: July to December 2021 (n = 3,111)
SARS-CoV-2 cases 

(n = 1,087)
Test-negative controls 

(n = 538)
SARS-CoV-2 cases 

(n = 1,669)
Test-negative controls 

(n = 1,442)
Number % Number % Number % Number %

Median age (years) 69 76 63 72
Age groups (years)
20–59 247 22.7 69 12.8 695 41.6 348 24.1
60–79 591 54.4 251 46.7 644 38.6 641 44.5
≥ 80 249 22.9 218 40.5 330 19.8 453 31.4
Sex
Male 622 57.2 292 54.3 984 59.0 815 56.5
Female 465 42.8 246 45.7 685 41.0 627 43.5
At least one chronic conditiona

No 481 44.3 139 25.8 929 55.7 449 31.1
Yes 606 55.7 399 74.2 740 44.3 993 68.9
COVID-19 vaccination status
Unvaccinated 1,013 93.2 354 65.8 1,026 61.5 234 16.2
Partial vaccination onlyb 62 5.7 94 17.5 35 2.1 68 4.7
Complete PSVc 12 1.1 90 16.7 598 35.8 1,043 72.3
Complete PSV + first boosterd NA 10 0.6 97 6.7
Vaccine product among vaccinated: first dose
Comirnaty 45 61.6 145 80.6 392 61.0 886 73.4
Vaxzevria 21 28.8 19 10.6 156 24.3 178 14.7
Spikevax 7 9.6 15 8.3 22 3.4 90 7.5
JCovden 0 0.0 1 0.6 72 11.2 47 3.9
Other/unknowne 1 NC 4 NC 1 NC 7 NC
Vaccine product among vaccinated: second dose
Comirnaty 12 100 82 92.1 381 71.1 852 78.0
Vaxzevria 0 0 0 0.0 135 25.2 155 14.2
Spikevax 0 0 7 7.9 20 3.7 81 7.4
Other/unknowne 0 NC 0 NC 0 NC 5 NC
Vaccine product among vaccinated: first booster
Comirnaty

NA
10 100 89 91.8

Spikevax 0 NC 7 7.2
Other/unknowne 0 NC 1 1.0

ICU: intensive care unit; I-MOVE: Influenza – Monitoring Vaccine Effectiveness in Europe; NA: not applicable; NC: not calculated; NI: no data 
included; PSV: primary series vaccination; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; VEBIS: Vaccine Effectiveness, 
Burden and Impact Studies.

a At least one of four commonly collected conditions (diabetes, heart disease, lung disease, asthma).
b Partially vaccinated: any SARI patient who received only one of two recommended doses of a two-dose vaccine.
c Completely vaccinated: any SARI patient who received either both of two recommended doses of a two-dose vaccine, or a single dose of 

Jcovden.
d Vaccinated with first booster: any SARI patient who received either both of two recommended doses of a two-dose vaccine, or a single dose 

of Jcovden, plus one booster dose.
e Missing totals not included in percentages.
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Delta period (21 June–25 December 2021)

Descriptive analysis
Ten sites submitted data eligible for inclusion in this 
period (Table 2). After applying the study and analysis 
exclusion criteria (Figure 2), we included 1,669 cases 
and 1,442 controls. Most cases (n = 1,339; 80%) were 
aged < 80 years, while 989 controls (69%) were in 
this age group (Table 1). Fifty-nine per cent of cases 
(n = 984) and 57% of controls (n = 815) were male. 
Forty-four per cent of cases (n = 740) and 69% of con-
trols (n = 993) had one or more of the four commonly 
collected chronic conditions.

There were 35 (2%) partially and 598 (36%) completely 
vaccinated cases, 68 (5%) partially and 1,043 (72%) 
completely vaccinated controls (Table 2). Ten cases 
(1%) and 97 controls (7%) had received a first booster. 

Vaccination rollout continued as cases and controls 
were selected (Figure 3).

Of the 598 completely vaccinated cases, 391 (65%) had 
received an mRNA vaccine product (371 Comirnaty and 
20 Spikevax), 135 had received Vaxzevria (23%) and 
72 (12%) had received JCovden. Among the 1,043 com-
pletely vaccinated controls, 838 (80%) had received an 
mRNA product (759 Comirnaty and 79 Spikevax), 153 
(15%) had received Vaxzevria and 47 (5%) had received 
JCovden (Table 2).

A higher proportion of cases than controls were admit-
ted to ICU or died in hospital (20% vs 8% and 13% 
vs 7%;  Table 2). Most cases (n = 1,095; 66%) were 
swabbed in weeks 28–39, while most controls (n = 895; 
62%) were swabbed in weeks 38–49 (Figure 3).

Patient characteristic

Alpha period: January to June 2021 (n = 1,625) Delta period: July to December 2021 (n = 3,111)
SARS-CoV-2 cases 

(n = 1,087)
Test-negative controls 

(n = 538)
SARS-CoV-2 cases 

(n = 1,669)
Test-negative controls 

(n = 1,442)
Number % Number % Number % Number %

Severe outcomes
Hospitalisation 1,087 100 538 100 1,669 100 1,442 100
ICU admission 231 21.7 20 4.0 330 20.0 119 8.4
No ICU admission 835 78.3 482 96.0 1,317 80.0 1,295 91.6
Missinge 21 NC 36 NC 22 NC 28 NC
In-hospital death 181 19.0 27 8.7 195 12.6 92 7.3
Discharged alive 744 78.2 242 77.5 1,286 83.0 1,082 85.9
Still in hospital/transferred 27 2.8 43 13.8 69 4.4 85 6.8
Missinge 135 NC 226 NC 119 NC 183 NC
Study site and countryf

Belgium 87 8.0 68 12.6 115 6.9 88 6.1
Czechia NI NI
Spain 236 21.7 110 20.5 379 22.7 400 27.7
France 39 3.6 14 2.6 197 11.8 136 9.4
Germany NI NI
Greece NI NI
Croatia 579 53.3 74 13.8 433 25.9 92 6.4
Ireland NI 75 4.5 53 3.7
Lithuania 24 2.2 6 1.1 34 2.0 22 1.5
Luxembourg NI NI
Malta NI 95 5.7 225 15.6
Navarra, Spain 37 3.4 85 15.8 42 2.5 109 7.6
the Netherlands 85 7.8 181 33.6 77 4.6 149 10.3
Portugal NI 222 13.3 168 11.7
Romania NI NI
All sites 1,087 100 538 100 1,669 100 1,442 100

ICU: intensive care unit; I-MOVE: Influenza – Monitoring Vaccine Effectiveness in Europe; NA: not applicable; NC: not calculated; NI: no data 
included; PSV: primary series vaccination; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; VEBIS: Vaccine Effectiveness, 
Burden and Impact Studies.

e Missing totals not included in percentages.
f Eight sites submitting data during the Alpha and five during the Delta period did not have sufficient eligible SARI patients for inclusion in 

these analyses (this table gives final numbers by site, after exclusions).

Table 2b
Characteristic of cases and controls, I-MOVE-COVID-19 and VEBIS hospital vaccine effectiveness studies, Europe, SARS-
CoV-2 Alpha and Delta periods March–December 2021 (n = 4,736)
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Vaccine effectiveness estimates

Analysis 2: Vaccine effectiveness in patients ≥ 20 years and eligible for a 

booster dose

The VE for complete PSV alone (all products combined) 
was 52% (95% CI: 18–71); 91% (95% CI: 57–98) in those 
with complete PSV and an mRNA booster dose. For 
Comirnaty, these estimates were 54% (95% CI: 18–74) 
and 91% (95% CI: 57–98), respectively. Insufficient 
sample size prevented estimation of VE for other vac-
cine products (Table 3). The VE in sensitivity analysis 
(severe outcomes) was 32 percentage points higher for 
complete PSV; small sample size precluded sensitivity 
analysis for those with booster dose. Excluding those 
with known prior infection gave VE within 4 percent-
age points of this main analysis for those with booster; 
complete sensitivity analysis data are accessible 
in Supplementary Table S1.

Analysis 3: Vaccine effectiveness for complete primary series vaccination only, 

for those in different vaccination target groups

For SARI patients in Group C (PSV target group), com-
plete PSV VE was 79% (95% CI: 74–83) for all products 
combined and 82% (95% CI: 77–86) for Comirnaty. For 
Group D (patients in BDTG), complete PSV was 69% 
(95% CI: 51–80) for all products and 74% (95% CI: 
57–84) for Comirnaty. Sample size was small and con-
fidence intervals wide for other products, particularly 
for stratified estimates (Table 3).

Analysis 4: Vaccine effectiveness by time since vaccination for those in a 

booster dose target group

There was insufficient sample size to estimate VE for 
complete PSV only in those with onset < 60 days since 
vaccination, and in those who had received a first 

mRNA booster dose for any period ≥ 120 days since last 
booster dose.

For complete PSV without booster, among those who 
received their last PSV dose 60–119 and ≥ 120 days 
before onset, VE was 79% (95% CI: 57–90) and 66% 
(95% CI: 45–78), respectively. The VE in this group was 
highest in those receiving their last PSV dose 14–89 
days before onset, at 93% (95% CI: 77–98). For those 
with onset between 90 and 179 days after their last 
PSV dose, VE remained at or above 70%, but dropped 
to 33% (95% CI: −27 to 64) in those with last PSV 
dose ≥ 180 days before onset. Among those with a first 
mRNA booster, VE was 92% (95% CI: 67–98) if the 
booster dose was received 14–59 days before onset 
and remained > 90% up to 119 days. The VE in sensitivity 
analysis (severe outcomes) was 11 percentage points 
higher for complete PSV among those vaccinated ≥ 14 
days before onset; the full sensitivity analysis is acces-
sible in Supplementary Table S1.

Analysis 5: Vaccine effectiveness for complete primary series vaccination for 

those aged ≥ 20 years in a booster dose target group (but without booster dose) 

with last primary series vaccination dose < 150 days before onset

Complete PSV VE was 76% (95% CI: 57–87). Age strati-
fication showed the highest VE in the youngest age 
group (20–59 years), at 92% (95% CI: 75–98) (Table 3).

Discussion
In our study, during the Alpha period, Comirnaty VE 
against COVID-19 hospitalisation in adults aged ≥ 20 
years was higher for complete PSV (86%) than for partial 
vaccination (43%). During Delta-dominant circulation, 
for SARI patients with their last PSV or mRNA booster 
dose at least 150 days before onset, VE for complete 
PSV was 52%, rising to 91% on addition of the mRNA 

Figure 3
Number of SARI patients by case status and week of COVID-19 vaccination (second and booster doses) or swab, I-MOVE-
COVID-19 and VEBIS hospital vaccine effectiveness studies, Europe, 2021 (n = 4,736)
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Table 3a
Effectiveness of COVID-19 partial and complete primary series vaccination against hospitalisation among adults (≥ 20 
years) with complete primary vaccination, by dose, age group and vaccine product, I-MOVE-COVID-19 and VEBIS hospital 
vaccine effectiveness studies, Europe, Alpha and Delta periods March–December 2021 (n = 4,736)

PSV vaccine product
Vaccinated/unvaccinated cases; 

 
vaccinated /unvaccinated controls

VEa (95% CI)

Analysis 1: VE of partial and complete PSV, Alpha period (March–June 2021; n = 1,625)

Partial PSV Complete PSV Partial PSV Complete PSV

All products combined 7 sitesb; n = 1,523c 7 sitesb; n = 1,469d

All ≥ 20 years 62/1,013; 94/354 12/1,013; 90/354 43 (13 to 62) 86 (71 to 93)

Comirnaty PSV 7 sitesb; n = 1,463 6 sitese; n = 1,434

All ≥ 20 years 33/1,013; 63/354 12/991; 82/349 45 (8 to 67) 85 (69 to 92)

Vaxzevria PSV 6 sitese; n = 1,358 0 sitesf; n = 0

All ≥ 20 21/975; 19/343 NA 31 (−46 to 67) NA

Analysis 2: VE in patients eligible for a booster dose. Group A: those who received complete PSV only, with last PSV dose administered ≥ 150 days before onset. 
Group B: those who received PSV plus an mRNA booster dose administered ≥ 150 days after last PSV dose. Delta period (June–December 2021; n = 3,111)

Complete PSV 
 

(Group A)

Complete PSV + mRNA 
booster (Group B)

Complete PSV 
 

(Group A)

Complete PSV + 
mRNA booster (Group 

B)

All products combined 7 sitesg; n = 524h 2 sitesi; n = 88j

All ≥ 20 years 103/102; 268/51 4/39; 21/24 52 (18 to 71) 91 (57 to 98)

Comirnaty PSV 6 sitesk; n = 435 2 sitesl; n = 88

All ≥ 20 years 80/75; 233/47 4/39; 21/24 54 (18 to 74) 91 (57 to 98)

Vaxzevria PSV 2 sitesl; n = 107 0 sitesm

All ≥ 20 years 6/65; 2/34 ND NDn NA

JCovden PSV 3 sitesl; n = 141 0 sitesm

All ≥ 20 years 5/92; 6/38 ND NDn NA

Spikevax PSV 2 sitesm; n = 112 0 sitesm

All ≥ 20 years 4/65; 9/34 ND NDn NA

BDTG: booster dose target group; CI: confidence interval; ICU: intensive care unit; I-MOVE: Influenza – Monitoring Vaccine Effectiveness in Europe; NA: not applicable; ND: 
not done; PSTG: primary series target group; PSV: primary series vaccination; VE: vaccine effectiveness; VEBIS: Vaccine Effectiveness, Burden and Impact Studies.

a Odds ratio adjusted by study site as a fixed effect, time (restricted cubic spline of swab date, or swab month as a categorical term, depending on model), age or 5-year age 
group (linear or categorical term depending on model), sex, and presence of at least one of four chronic conditions (asthma, diabetes, heart disease, lung disease).

b Seven study sites: Belgium, Croatia, France, Lithuania, Navarra, the Netherlands and Spain.

c n = 1,523 after dropping 102 records from patients with complete vaccination.

d n = 1,469 after dropping 156 records from patients with partial vaccination.

e Six study sites: Belgium, Croatia, France, Navarra, the Netherlands and Spain.

f None of the participating sites with patients receiving complete vaccination had used Vaxzevria during the Alpha-dominant period.

g Seven study sites: Belgium, France, Malta, Navarra, the Netherlands, Portugal and Spain.

h n = 524 after dropping 2,195 records from patients who were not yet in the target group for booster dose vaccination, 211 from those vaccinated < 150 days before onset, 101 
from those with a booster dose, 213 from patients with partial vaccination, and 59 from sites with fewer than five 5 cases/controls (or a total of cases and controls < 20).

i Two study sites: Belgium and Spain.

j n = 88 after dropping 2,195 records from patients who were not yet in the target group for booster dose vaccination, 634 from those with partial vaccination or complete 
vaccination without booster, 114 from sites with fewer than five cases/controls (or a total of cases and controls < 20) and 80 from one site with no vaccinated cases.

k Six study sites: France, Malta, Navarra, the Netherlands, Portugal and Spain.

l Two study sites: France and Spain.

m None of the participating sites recruited patients who had received a booster dose after having a complete primary course of Vaxzevria, JCovden or Spikevax.

n Numbers are too small to provide robust VE estimates when there are ≤ 20 vaccinated cases and controls in total.
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PSV vaccine product
Vaccinated/unvaccinated cases; 

 
vaccinated /unvaccinated controls

VEa (95% CI)

Analysis 3: VE in patients vaccinated ≥ 14 days before onset for those with PSV only, for those in the PSTG (Group C) and those in the BDTG (Group D); Delta 
period (June–December 2021; n = 3,111)

Complete PSV, 
 

in PSTG (Group C)

Complete PSV, 
 

in BDTG (Group D)

Complete PSV, 
 

in PSTG 
(Group C)

Complete PSV, 
 

in BDTG (Group D)

All products combined 10 siteso; n = 2,901p 7 sitesg; n = 735q

All ≥ 20 years 598/1,026; 1,043/234 168/102; 414/51 79 (74 to 83) 69 (51 to 80)

20–59 years 124/558; 223/92 21/45; 57/14 86 (80 to 91) 86 (62 to 95)

60–79 years 271/350; 479/92 87/41; 193/24 80 (72 to 85) 71 (44 to 85)

≥ 80 years 203/118; 341/50 60/16; 164/13 38 (−4 to 62) 40 (−64 to 78)

No chronic conditionr 209/701; 286/107 39/48; 78/13 86 (80 to 90) 79 (47 to 91)

Any chronic conditionr 389/325; 757/127 129/54; 336/38 71 (61 to 78) 65 (40 to 79)

Comirnaty PSV 10 siteso; n = 2,390 7 sitesg; n = 560

All ≥ 20 years 371/1,026; 759/234 96/102; 311/51 82 (77 to 86) 74 (57 to 84)

20–59 years 57/558; 140/92 9/45; 35/14 91 (86 to 94) 92 (73 to 98)

60–79 years 140/350; 310/92 38/41; 127/24 82 (74 to 88) 79 (54 to 90)

≥ 80 years 174/118; 309/50 49/16; 149/13 49 (11 to 71) 56 (−31 to 85)

No chronic conditionr 37/661; 16/98 6/43; 2/7 55 (7 to 78) NDn

Any chronic conditionr 263/325; 565/127 81/54; 256/38 74 (64 to 81) 69 (46 to 82)
Vaxzevria PSV 10 siteso; n = 1,548 3 sitess; n = 203
All ≥ 20 years 135/1,026; 153/234 36/92; 37/38 69 (57 to 78) 50 (−4 to 75)
20–59 years 31/558; 29/92 4/44; 2/12 59 (18 to 79) NDn

60–79 years 85/350; 118/92 26/36; 34/18 81 (69 to 88) 63 (10 to 85)

≥ 80 years 19/118; 6/50 6/12; 1/8 11 (−183 to 72) NDn

No chronic conditionr 50/701; 53/107 12/43; 9/7 79 (65 to 88) 74 (−14 to 94)

Any chronic conditionr 85/325; 100/127 24/49; 28/31 63 (43 to 76) 37 (−38 to 72)

JCovden PSV 8 sitest; n = 1,309 3 sitess; n = 162

All ≥ 20 years 65/976; 47/221 16/92; 16/38 60 (37 to 75) 60 (1 to 84)

20–59 years 30/525; 26/84 5/44; 7/12 79 (58 to 90)

NDn
60–79 years 30/335; 14/88 8/36; 6/18 21 (−76 to 65)

≥ 80 years 5/116; 7/49 3/12; 3/8 NDn

No chronic conditionr 37/661; 16/98 6/43; 2/7 55 (7 to 78)

Any chronic conditionr 28/315; 31/123 10/49; 14/31 60 (26 to 78) 64 (−4 to 87)

Spikevax PSV 5 sitesu; n = 1,117 1 sitev; n = 53

Table 3b
Effectiveness of COVID-19 partial and complete primary series vaccination against hospitalisation among adults (≥ 20 
years) with complete primary vaccination, by dose, age group and vaccine product, I-MOVE-COVID-19 and VEBIS hospital 
vaccine effectiveness studies, Europe, Alpha and Delta periods March–December 2021 (n = 4,736)

BDTG: booster dose target group; CI: confidence interval; ICU: intensive care unit; I-MOVE: Influenza – Monitoring Vaccine Effectiveness in Europe; NA: not applicable; ND: 
not done; PSTG: primary series target group; PSV: primary series vaccination; VE: vaccine effectiveness; VEBIS: Vaccine Effectiveness, Burden and Impact Studies.

a Odds ratio adjusted by study site as a fixed effect, time (restricted cubic spline of swab date, or swab month as a categorical term, depending on model), age or 5-year age 
group (linear or categorical term depending on model), sex, and presence of at least one of four chronic conditions (asthma, diabetes, heart disease, lung disease).

g Seven study sites: Belgium, France, Malta, Navarra, the Netherlands, Portugal and Spain.

n Numbers are too small to provide robust VE estimates when there are ≤ 20 vaccinated cases and controls in total.

o Ten study sites: Belgium, Croatia, France, Ireland, Lithuania, Malta, Navarra, the Netherlands, Portugal and Spain.

p n = 2,901 after dropping 107 from those with a booster dose and 103 from those with partial vaccination only.

q n = 735 after dropping 2,195 records from patients who were not yet in the target group for booster dose vaccination, 101 from those with a booster dose, 21 from patients 
with partial vaccination, and 59 from sites with fewer than five cases or controls (or a total of cases and controls < 20).

r In this analysis stratified by chronic condition, the adjustment for presence of at least one chronic condition was removed.

s Three study sites: Belgium, France and Spain.

t Eight study sites: Belgium, Croatia, France, Malta, Navarra, the Netherlands, Portugal and Spain.

u Five study sites: Croatia, France, the Netherlands, Portugal and Spain.

v One study site: Spain.
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PSV vaccine product
Vaccinated/unvaccinated cases; 

 
vaccinated /unvaccinated controls

VEa (95% CI)

All ≥ 20 years 20/849; 61/187

NDw

89 (81 to 94)

NDw

20–59 years 3/439; 21/60 97 (90 to 99)

60–79 years 12/306; 28/80 82 (60 to 72)

≥ 80 years 5/104; 12/47 NDn

No chronic conditionr 8/566; 19/75 94 (84 to 98)

Any chronic conditionr 12/283; 42/112 83 (64 to 92)

Analysis 4: Time-since-vaccination analysis. VE in patients vaccinated ≥ 14 days before onset who are in a BDTG, with complete PSV and those with complete 
PSV plus mRNA booster. Delta period (June–December 2021; n = 3,111)

Complete PSV only Complete PSV + mRNA 
booster

Complete PSV 
only

Complete PSV + mRNA 
booster

All products combined 7 sitesg; n = 735q 3 sitess; n = 168j

All ≥ 20 years 168/102; 414/51 4/92; 34/38 69 (52 to 80) 94 (77 to 98)

Time since last dose (days)

14–29 0/102; 6/51 1/92; 16/38 NDn NDn

30–59 1/102; 7/51 3/92; 12/38 NDn NDn

≥ 60 167/102; 401/51 0/92; 6/38 68 (50 to 80) NDn

14–59 1/102; 13/51 4/92; 28/38 NDn 92 (67 to 98)

60–119 27/102; 55/51 0/92; 6/38 78 (55 to 90) NDn

≥ 120 140/102; 346/51 0/92; 0/38 66 (45 to 78) NDn

14–89 6/102; 35/51 4/92; 33/38 93 (76 to 98) 93 (75 to 98)

90–119 22/102; 33/51 0/92; 1/38 73 (37 to 88) NDn

14–119 28/102; 68/51 4/92; 34/38 81 (62 to 91) 94 (76 to 98)

120–149 37/102; 78/51 0/92; 0/38 73 (48 to 86) NDn

150–179 30/102; 102/51 0/92; 0/38 70 (43 to 85) NDn

≥ 180 73/102; 166/51 0/92; 0/38 25 (−44 to 61) NDn

Analysis 5: VE of complete PSV among patients without booster dose but in BDTG and vaccinated 14–149 days before onset; Delta period (June–December 2021; 
n = 3,111)

All products combined Three sitess; n = 308x

All ≥ 20 53/92; 125/38 76 (57 to 87)

20–59 years 9/44; 40/12 92 (75 to 98)

60–79 years 34/36; 73/18 70 (31 to 87)

80 years 10/12; 12/8 NDy

No chronic conditionr 17/43; 21/7 77 (24 to 93)

Any chronic conditionr 36/49; 104/31 76 (54 to 88)

BDTG: booster dose target group; CI: confidence interval; ICU: intensive care unit; I-MOVE: Influenza – Monitoring Vaccine Effectiveness in Europe; NA: not applicable; ND: 
not done; PSTG: primary series target group; PSV: primary series vaccination; VE: vaccine effectiveness; VEBIS: Vaccine Effectiveness, Burden and Impact Studies.

a Odds ratio adjusted by study site as a fixed effect, time (restricted cubic spline of swab date, or swab month as a categorical term, depending on model), age or 5-year age 
group (linear or categorical term depending on model), sex, and presence of at least one of four chronic conditions (asthma, diabetes, heart disease, lung disease).

n Numbers are too small to provide robust VE estimates when there are ≤ 20 vaccinated cases and controls in total.

q n = 735 after dropping 2,195 records from patients who were not yet in the target group for booster dose vaccination, 101 from those with a booster dose, 21 from patients 
with partial vaccination, and 59 from sites with fewer than five cases or controls (or a total of cases and controls < 20).

r In this analysis stratified by chronic condition, the adjustment for presence of at least one chronic condition was removed.

s Three study sites: Belgium, France and Spain.

w Pooled analysis not possible with just one site.

x n = 308 after dropping 2,195 records from patients who were not yet in the target group for booster dose vaccination, 371 from those who were vaccinated ≥ 150 days before 
onset, 115 from sites with fewer than five cases/controls (or a total of cases and controls < 20), 101 from patients with a booster dose, and 21 from those with partial 
vaccination only.

y Evidence of small sample bias so VE estimate not shown.

Table 3c
Effectiveness of COVID-19 partial and complete primary series vaccination against hospitalisation among adults (≥ 20 
years) with complete primary vaccination, by dose, age group and vaccine product, I-MOVE-COVID-19 and VEBIS hospital 
vaccine effectiveness studies, Europe, Alpha and Delta periods March–December 2021 (n = 4,736)
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booster dose. For those having mRNA booster dose 
administered within 120 days before onset of symp-
toms, VE was at least 90%. Sample size precluded any 
booster dose VE estimates after this time.

Looking at time since vaccination for those with com-
plete PSV only, VE was 93% for those with last dose 
within 90 days of onset, at least 70% for those with 
last dose 90–179 days before onset, and 25% for those 
with their last dose ≥ 180 days before onset. This may 
indicate that the most important criterion for effective-
ness is the time which has elapsed since receipt of last 
dose of any vaccine, regardless of number of doses 
(we observed a VE of 93% in those with complete PSV 
alone and in those with mRNA booster, when last dose 
was received 14–89 days before onset). However, 
in the longer period 14–119 days from last dose to 
onset, we observed higher VE in those with booster 
dose (94% vs 81%). More analyses with greater sam-
ple size need to be carried out to investigate this fur-
ther. Importantly, we observed during the Delta period 
that VE in patients < 80 years remained over 60% in 
those without a booster dose 150 days from their last 
PSV dose, and was over 50% in the oldest age group, 
with the median time since vaccination being consid-
erably shorter in the younger vs the older age groups 
(176 vs 195 days, respectively). In addition, albeit with 
overlapping confidence intervals, we observed a ca 40 
percentage point greater VE in those with chronic con-
ditions in a BDTG on receipt of a booster dose.

Our study had some important limitations. We sought 
to mitigate the heterogeneity inherent in a multi-coun-
try observational study by the common use of a generic 
protocol in all sites and the adjustment of VE estimates 
by site. In addition, the test-negative design should 
reduce heterogeneity between study sites; conducted 
in a hospital setting, this design should limit the pres-
ence of any healthcare-seeking bias.

The ECDC case definition for possible COVID-19 
patients [13] was developed to respond to the broader 
symptom range of COVID-19 and includes a wider range 
of symptoms than those used in the World Health 
Organization SARI case definition [16]. Using this more 
sensitive SARI case definition could have resulted in 
the inclusion of more patients hospitalised with, rather 
than because of, COVID-19; i.e. potentially vaccinated 
patients with milder COVID-19, hospitalised for another 
cause. This concern was highlighted during circulation 
of the milder Omicron variant [17,18]; it would result in a 
higher proportion of included vaccinated cases, under-
estimating the VE. In sensitivity analyses using more 
specific severe outcomes (ICU admission or death), we 
found considerably higher VE in those with complete 
PSV during the Delta, but not during the Alpha period.

Prior SARS-CoV-2 infection can provide some immunity 
to unvaccinated SARI patients. In some participating 
countries in our study (e.g. France, Spain), known prior 
infection resulted in a delay of the next scheduled dose. 

In other countries, some individuals may also have 
delayed vaccination if they had a known infection. This 
could result in milder disease in unvaccinated cases 
being discovered when a SARI patient is hospitalised 
with (not because of) COVID-19, as described above. 
In sensitivity analyses estimating VE after excluding 
those with prior infection, we found almost identical 
VE estimates, whether for partial and complete PSV 
(Alpha) or those with and without booster (Delta), 
although this information was missing in almost one-
third of patients (data not shown).

Earlier in 2021, the SARS-CoV-2 Alpha variant was 
dominant in Europe, superseded by the Delta variant 
during the summer months. In participating countries, 
vaccine rollout was initially limited to vulnerable popu-
lations [19] (e.g. older adults, those in long-term care 
or those with co-morbidities; for a list of target groups 
for primary course and first booster dose vaccination 
by participating countries, see  Supplementary Tables 
S3 and S4) with more susceptibility to COVID-19. In 
particular, the Alpha-dominant circulating period coin-
cided with the early phase of the vaccine roll-out in the 
EU/EEA. This was based on an age-staggered approach 
that prioritised older adults and those at risk of severe 
outcome, as well as healthcare workers. Therefore, 
recruitment of study participants in this period would 
have mainly been among those initial target groups, 
and we could not provide VE estimates in all age groups 
during the Alpha-dominant period. Similarly, estimates 
could only be calculated for partial PSV for one other 
product than Comirnaty (Vaxzevria), while complete 
PSV VE could only be provided for Comirnaty, as this 
was the main COVID-19 vaccine product distributed in 
the EU/EEA at this time [20].

Despite these limitations, our all-product, complete 
PSV VE against COVID-19 hospitalisation in those aged 
at least 20 years during the Alpha-dominant period 
(86%; 95% CI: 71–93) was similar to or slightly lower 
than some other published estimates. For example, 
studies in those aged ≥ 18 years showed VE of 87% 
(95% CI: 81–91) in the United States (US) [21] and 93% 
(95% CI: 89–96) in a systematic review [22]. Other 
studies in Canada, the United Kingdom (UK), Israel 
and Denmark have shown somewhat higher estimates 
during this period [23-26]. Comparisons across studies 
should bear in mind differences in study design, mini-
mal hospitalisation time, age groups (≥ 16 or ≥ 18 years 
vs our ≥ 20 years), potentially different severity criteria, 
and pooling of results for different severe outcomes 
(e.g. combining hospitalisation and death).

Similar to our findings, other studies have reported 
Comirnaty VE estimates for partial PSV to be lower than 
for complete PSV, and VE in the oldest age group to be 
lower than in younger age groups [25,27,28] during the 
Alpha period.

Our PSV VE estimates during the Delta-dominant circu-
lating period (from 52% to 79% overall) were slightly 
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lower than those published elsewhere (by product, 
overall and by age group). For example, other stud-
ies have reported PSV VE estimates against COVID-19 
hospitalisation of 67–99% (Norway; combined vac-
cine products; cohort study [29]), 74–84% (Hungary; 
Comirnaty, Spikevax and Vaxzevria; cohort study [30]), 
75–80% (US; Comirnaty; cohort study [31]), ≥ 95% 
(Canada; Comirnaty, Spikevax and Vaxzevria; test-
negative design [32]) and ≥ 96% (UK; Comirnaty; test-
negative design [24,26]). This could be due to our 
more sensitive SARI case definition, described above, 
as well as variations in time since vaccination between 
studies.

It is well documented that the VE against COVID-19 hos-
pitalisation, including groups at higher risk for severe 
disease, declines with increasing time since vaccina-
tion [29,33-35], particularly in older adults [34,35]. 
A systematic review indicated that, as in our study, 
other studies had only small (9–10 percentage points) 
changes in VE ≤ 180 days from last primary series dose, 
with VE remaining ≥ 70% up to this time [35]. The tem-
poral evolution of VE varies by age, vaccine product, 
circulating virus variant and region. This highlights 
the importance of multi-country studies using a simi-
lar generic protocol in an attempt to standardise the 
methodological approach and provide robust pooled 
results.

Conclusions
Our results from an EU multi-country hospital setting 
add to the evidence already available from other set-
tings. Our study indicates that the VE point estimate of 
complete PSV was higher during the period of Alpha- 
than during Delta-dominant circulation (overall and 
for those vaccinated 14–89 days since last PSV dose), 
and that addition of a first booster dose during Delta-
dominant circulation increased VE to over 90%. Finally, 
during the Delta-dominant period, we observed declin-
ing effectiveness over time, likely due to waning immu-
nity. Despite this, VE was 93% 14–89 days after the 
last booster or PSV dose and remained 70% or greater 
90–179 days from last PSV dose (in those without 
booster).
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