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Abstract

Background: Observational studies made it possible to assess the impact of risk factors on the long-term effective-
ness of MRNA and adenoviral vector (AdV) vaccines against COVID-19.

Methods: A computerized literature search was undertaken using the MEDLINE, EMBASE, and MedRxiv databases to
identify eligible studies, with no language restrictions, published up to 28 February 2022. Eligible were observational
studies assessing vaccine effectiveness (VE) by disease severity with reference groups of unvaccinated participants

or participants immunized with one, two, or three vaccine doses. Our study was carried out in compliance with the
PRISMA and MOOSE guidelines. The risk of study bias was identified using the Newcastle-Ottawa Quality Assessment
Scale. The GRADE guidelines were applied to assess the strength of evidence for the primary outcome. The synthesis
was conducted using a meta-analysis and meta-regression.

Results: Out of a total of 14,155 publications, 290 studies were included. Early VE of full vaccination against COVID-19
of any symptomatology and severity decreased from 96% (95% Cl, 95-96%) for mRNA and from 86% (95% Cl, 83-89%)
for AdV vaccines to 67% for both vaccine types in the last 2 months of 2021. A similar 1-year decline from 98 to 86%
was found for severe COVID-19 after full immunization with mRNA, but not with AdV vaccines providing persistent
82-87% effectiveness. Variant-reduced VE was only associated with Omicron regardless of disease severity, vaccine
type, or vaccination completeness. The level of protection was reduced in participants aged >65 years, with a comor-
bidity or those in long-term care or residential homes independently of the number of doses received. The booster
effect of the third mRNA dose was unclear because incompletely restored effectiveness, regardless of disease severity,
declined within a short-term interval of 4 months.

Conclusions: Full vaccination provided an early high, yet waning level of protection against COVID-19 of any severity
with a strong impact on the high-risk population. Moreover, the potential risk of new antigenically distinct variants
should not be underestimated, and any future immunization strategy should include variant-updated vaccines.
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of the USA (Food and Drug Administration), the Euro-
pean Union (European Medicines Agency), and the
World Health Organization at the turn of 2020 and 2021
[1-3]. Although early and short-term clinical trials sug-
gested the high efficacy of these vaccines [4, 5], especially
against severe COVID-19, their use aroused great inter-
est of numerous research teams worldwide to establish
real-world vaccine effectiveness (VE) [6—10].

Within the first 14 months of the start of the vaccina-
tion campaign, hundreds of studies either specifically
focusing on or marginally reporting the effectiveness
of various COVID-19 vaccine types were conducted in
different populations around the world. Vaccine effec-
tiveness was assessed by the number of received doses,
post-vaccination time, participants’ age, sex, or health
status as well as by new circulating SARS-CoV-2 variants,
and was mostly related to the level of protection against
any SARS-CoV-2 infection regardless of symptomatol-
ogy or against COVID-19 of any severity, or against
severe COVID-19 requiring hospitalization or resulting
in death.

Although dozens of various reviews or meta-analyses have
attempted to assess the effectiveness of vaccination against
COVID-19 for different types of vaccines, [9, 11, 12], with
regard to different coronavirus variants [9, 11, 13, 14], risk
groups [12, 15-17], or the length of time after vaccination
[15, 18], no comprehensive study focused on the association
of multiple factors with the vaccine effectiveness achieved
has yet been published. Therefore, we decided to conduct a
large meta-analysis extended with meta-regression referred
to as “meta-COVANESS” (META-analysis/regression of
COvid VAccine effectiveNESS) and to quantitatively evalu-
ate the outcomes published during the first 2.5 years of
immunization.

Overall, we were able to identify 290 eligible studies
published until the end of February 2022, which enabled
us to perform the first quantitative analyses focused on
VE assessment for the first year of global vaccination
against COVID-19, that is, when pre-Omicron vari-
ants were still prevalent. As post-vaccination protection
waned over time, the concept of full vaccination against
COVID-19 was later expanded to include one booster
dose. The worldwide booster immunization campaign
was launched in the second half of 2021 [19, 20]. There-
fore, we sought to primarily assess the effectiveness of full
vaccination, while the effectiveness of partial or booster
immunization was considered a secondary outcome of
meta-COVANESS.

The aim of this analysis was to identify the risk factors
negatively impacting the effectiveness of vaccination. For
this purpose, we extracted VE records from observational
studies (cohort, case—control, or cross-sectional ones)
conducted in the general population or in specific ones
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according to sex, age stratification, comorbidities, profes-
sion, and communities. Other considerations included
the type of vaccine or virus variant and the study out-
come was evaluated with respect to symptomatology
and/or severity of the disease.

Methods

Quantitative analyses were conducted according to the
Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA) guidelines (Additional file 1:
Table S1, Table S2) [21-23] and Meta-analysis Of Obser-
vational Studies in Epidemiology (MOOSE) guidelines
(Additional file 1: Table S3) [24]. Meta-COVANESS was
registered in the International prospective register of sys-
tematic reviews (CRD42022301503).

Search strategy

A computerized search of the relevant literature was
undertaken using the MEDLINE and Excerpta Medica
dataBASE (EMBASE) databases and MedRxiv, a free
online archive of complete preprints. Eligible stud-
ies, with no language restriction, had to be published
between 1 December 2020 and 28 February 2022. More-
over, weekly searches of MEDLINE via PubMed were
conducted over the same period of time and a recursive
search of references in published reviews or meta-anal-
yses was done manually to identify additional studies
beyond the computerized search.

Relevant publications were selected using “immuniza-
tion,” “COVID-19,” and “effectiveness” as keywords and
their synonyms. The full search formulas are shown in
Additional file 2: Table S4.

Study selection

Eligible studies met the following inclusion criteria: (1)
observational studies with a control group represented
by unvaccinated participants, (2) exposure defined by
type-specific or commercial vaccines including the num-
ber of doses, (3) outcome assessed by disease of any
symptomatology and severity, and (4) stated VE includ-
ing the confidence interval (CI). The primary outcome of
our meta-analysis was to identify the risk factors of VE
at least 7 days after full immunization (i.e., usually after
two vaccine doses as defined by the manufacturer). The
secondary outcomes of partial vaccination (with one vac-
cine dose) or booster immunization (after three doses)
were supportive to the primary outcome. The first year of
the worldwide vaccination campaign was dominated by
four FDA- or EMA-approved vaccines, i.e., two mRNA
vaccines: BNT162b2 (Comirnaty; Pfizer-BioNTech) and
mRNA-1274 (Spikevax; Moderna) and two adenoviral
vector (AdV) vaccines: ChAdOx1 (Vaxzevria, AstraZen-
eca) and Ad26.COV2.S (Jcovden, Janssen). Therefore,
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only studies reporting homologous immunization with
these vaccines or with these vaccine types were eligible
for our quantitative synthesis.

Data extraction and quality assessment

Extracted data included characteristics of the study,
participants, interventions, comparison, and outcome.
Studies scoring >7 stars using the Newcastle-Ottawa
Quality Assessment Scale (NOS) were defined as low risk
of bias (RoB) (Additional file 3) [25-29]. To assess the
quality of evidence resulting from this quantitative syn-
thesis, the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) [30] criteria
were considered: number of VE records, study limita-
tions, heterogeneity, and indirectness based on the differ-
ence between vaccinated and unvaccinated participants,
imprecision, and publication bias of studies.

Data analysis

The meta-analysis was conducted to obtain pooled VE
data stratified according to risk factors. These risk factor
categories included sex; age-stratified sex; age stratified
as <18 years, 18—65 years, and >65 years; patients with
specified comorbidities (i.e., type 2 diabetes mellitus,
hypertension, obesity, cardiovascular, renal, respiratory,
neurological, and liver diseases, cancer, immunosuppres-
sion or transplantation, etc.); and the specific popula-
tion of healthcare workers (HCWs) or high-risk groups
(HRGs) including residents of long-term care or resi-
dential homes. The key predictors were the post-vacci-
nation interval and the SARS-CoV-2 variant. The very
often missing post-vaccination interval was compensated
for by the month of study termination stratified into
2-month intervals from January 2021 to February 2022.
Variant-dependent VE records were assessed as untyped,
with the o, B, and y variants merged into one group and
the 6 or o variants assessed separately.

Given the high heterogeneity of extracted VE records
resulting from an inconsistency index >50%, quantita-
tive synthesis was conducted using the random-effects
model (DerSimonian—Laird method; D-L). The fixed-
effect model (inverse variance method, I-V) was used to
reveal a potential publication bias. The primary analysis
was performed as a meta-regression where the depend-
ence of log-transformed effect sizes derived from VE
as 1-VE/100 on the categorical independent variables
representing the risk factors was investigated. To obtain
adjusted VE, the most robust reference subgroup of each
factor was selected. Additional analyses were performed
to assess (1) the effect of small studies determined using
a meta-regression model with Egger’s test [31], (2) the
summary effect of asymmetry with the identification of
any unpublished or unfound studies estimated by the
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trim-and-fill method [28], and (3) the prediction interval
estimated from the standard errors of studies heteroge-
neity and pooled VE [28]. Statistical analyses were per-
formed using STATA version 17.0 (StataCorp. 2021. Stata
Statistical Software. College Station, TX, USA) with two
main modules of “meta summarize” and “meta regress” at
a significance level of @ = 0.05 with a two-tailed 95% CI.

Results

A total of 14,155 publications were identified, of which
13,837 were excluded for reasons of irrelevant or dupli-
cate studies and absent inclusion criteria (Fig. 1).
Although the remaining 317 studies did meet the inclu-
sion criteria of meta-COVANESS, a total of 290 pub-
lished studies with 4867 extracted VE records related to
mRNA or AdV vaccination were included in the quan-
titative synthesis (Additional file 4: Table S5). The VE
records were grouped according to vaccine type (mRNA
or AdV), number of doses (i.e., partial vaccination and
mRNA- or AdV-homologous full and booster immuni-
zation), and severity of disease, i.e., COVID-19 regard-
less of symptomatology or severity (“any COVID-19”
hereinafter) or severe COVID-19 including hospitaliza-
tion and death. Booster vaccination with AdV vaccines
was omitted because of the small number of records,
and one-dose immunization with the Ad26.COV2.S vac-
cine was considered full immunization. A total of 3862
VE records were extracted for mRNA vaccination and
1005 VE records for AdV vaccination (Additional file 5:
Table S6). The number of extracted VE records including
that of studies grouped into the investigated predictors is
reported in Table 1.

Full vaccination

The level of protection against any COVID-19 within
14 months was documented by the pooled 81% VE
(95% CI, 81-82%) for mRNA vaccines and 64% VE (95%
CI, 63-65%) for AdV vaccines. Both pooled VE values
against severe COVID-19 rose to 92% (95% CI, 91-92%)
and 85% (95% CI, 84—86%) after mRNA and AdV vacci-
nation, respectively.

However, adjusted VE against any COVID-19
depended on study termination regardless of vaccine
type. The early 96% VE (95% CI, 95-96%) observed
after mRNA vaccination in January—February of 2021
decreased significantly to 67% (95% CI, 65-69%) by
November—December of 2021 (Fig. 2). The waning pro-
tection against severe COVID-19 was also demonstrated
by the significantly decreasing effectiveness specific only
for mRNA vaccines, i.e., from 98% (95% CI, 97-98%)
to 86% (95% CI, 82—-88%) a year later (Fig. 3). A similar
decline occurred after AdV vaccination, i.e., the 86% VE
(95% CI, 83-89%) in March—April of 2021 dropped to
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67% (95% CI, 62—71%) in November—December of 2021.
The waning protection against severe COVID-19 was
also demonstrated by the significantly decreasing effec-
tiveness specific only for mRNA vaccines, i.e., from 98%
(95% CI, 97-98%) to 86% (95% CI, 82-88%) a year later.
However, this decline was slower compared with that for
any COVID-19.

Protection against any COVID-19 was not negatively
affected by the pre-Omicron variants as demonstrated by
the non-inferior VE value associated with specific vari-
ants versus variant-untyped VE.

Nevertheless, the Omicron variant significantly
decreased the VE against any COVID-19 to 40% (95% CI,
33-47%) and that against severe COVID-19 to 87% (95%
CI, 82-90%) after mRNA vaccination. A decrease in pro-
tection against any COVID-19 associated with Omicron,
i.e., 28% VE (95% CI, 10-43%), was also apparent in par-
ticipants immunized with AdV vaccines.

Other risk factors decreasing protection against any
COVID-19 included age >65 vyears, comorbidities,
and living in long-term care or residential homes. It

was just these specific populations, which exhibited
decreases by 14—-17% and 5-16% in VE against any
and severe COVID-19, respectively, independently of
vaccine type. Higher levels of effectiveness irrespec-
tive of disease severity were observed in participants
vaccinated with either the mRNA-1273 or ChAdOx1
vaccine versus those vaccinated with the same type of
vaccine, i.e., BNT162b2 or Ad26.COV2.S. Full immu-
nization with mRNA vaccines conferred better pro-
tection against disease than against infection whereas
protection against infection and disease was just the
opposite after AdV vaccination. The VE against death
was not inferior to that against hospitalization regard-
less of vaccine type.

Booster vaccination

The overall pooled VE values of booster immunization
with mRNA vaccines were 83% (95% CI, 80-85%) against
any COVID-19 and 91% (95% CI, 90—93%) against severe
COVID-19. The level of protection depended on the
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Fig. 2 Vaccine effectiveness against any COVID-19 after full immunization. Pooled and adjusted vaccine effectiveness against any COVID-19 for
investigated predictors with VE density displayed in truncated violin plots after full mRNA and AdV immunization, including the minimum 50% VE
threshold set by WHO [32]; AdV adenoviral vector vaccine, VE vaccine effectiveness, HCW healthcare worker, HRG high-risk group (individuals living
in long-term care or residential homes); *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001

month of study termination as demonstrated by the sig-
nificant decline in January or February of 2022 for any or

severe COVID-19 (Fig. 4).

The booster VE against any COVID-19 caused by the
Omicron variant decreased to 59% (95% CI, 48-67%)

while remaining unchanged against severe COVID-19.



Petras et al. BMC Medicine

(2022) 20:461

Page 7 of 12

mRNA full vaccination

o pooled VE (%) o adjusted VE (%)

AdV full vaccination

o pooled VE (%) e adjusted VE (%)

*Hospitalization ) 91091092)  94(931095) QD) 84(831086) 83(811085)
Death D) 93(92093) 94(941095) =) J 87(851089) 87(85t090)

Jan-Feb (2021) g 9891098 98(971098)
*Mar-Apr (2021) =k W 94(931095) 95 (9410 96) X, 80(761083) 87(79t092)
May-Jun (2021) (3 | 90(891097)  92(911093) 3 87(841090) 89(861091)
Jul-Aug (2021) oo (90 [ 90(881091)  91(891092) oY) 86(841088) 86(82t088)
Sep-Oct(2021) L) 3| 94(941095)  94(93t095) ——d)) 85(831086) 83(81t085)
Nov-Dec (2021) ——<<g 1 | 87(851088) 87(85t089) LD 82(791085)  82(761t086)

Jan-Feb (2022) <=9 U 80(771082)  86(821088)
*Untyped variant 3 92(911092)  94(93t095) =g D 83(821085)  83(81t085)
B,y variants g9 | 89(881091)  94(931095) S 90(831094) 88(781093)
8 variant — H 93(931094)  96(951096) —9) 89(871091) 88(861091)

o variant " A 64(561071)  87(821090)

*BNT162b2 ) 93(921093)  94(93t095)

mRNA-1273 < J 94(93t095)  95(941096)
*ChAdOX1 - —g%  88(871089)  83(811085)
Ad26.C0V2.S > J 80(781082) 73(68t078)
*Men e 92(861096)  93(901095) 0% 88(791093) 88(81t093)
Women — 93(87t096)  94(921096) e 90(861093)  91(84t095)

<18 years q% 86(761092)  91(87t094)
*18-65 years ;__% W 94(941095)  95(95t096) wcC@ 88(86t090) 89(87t091)
>65 years = J 91(901092)  92(91t093) T J 86(841087) 84(811087)
*Not specified _—<,<C.>) 92(921093)  94(93t095) D 86(84t087) 83(81t085)
Comorbidity  —————eee O J 82(781085) 88(851089) 0] J 80(731086)  76(681082)
*General population —°<Z> 92(92t092)  94(93t095) oao% 86(85t087) 83(81t085)
HCw =] 93(881096)  92(89t094) LZeX 80(701086)  78(661086)
HRG —T> 1 s4(811086) 89(871091) TP i 52(36t064) 67(481079)

0% 50% 100% 0% 50% 100%

Fig. 3 Vaccine effectiveness against severe COVID-19 after full immunization. Pooled and adjusted vaccine effectiveness against severe COVID-19
for investigated predictors with VE density displayed in truncated violin plots after full mMRNA and AdV immunization, including the minimum 50%
VE threshold set by WHO [32]; AdV adenoviral vector vaccine, VE vaccine effectiveness, HCW healthcare worker, HRG high-risk group (individuals

living in long-term care or residential homes); *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001
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Fig. 4 Vaccine effectiveness against any and severe COVID-19 after booster immunization. Pooled and adjusted vaccine effectiveness against any
and severe COVID-19 for investigated predictors with VE density displayed in truncated violin plots after booster mRNA immunization, including
the minimum 50% VE threshold set by WHO [32]; VE vaccine effectiveness, HRG high-risk group (individuals living in long-term care or residential
homes); *p<0.05; **p<0.01; ***p<0.001; ***p<0.0001

An increased risk of any COVID-19 was found in
patients with a comorbidity or those living in long-term
care or residential homes showing lower protection
than the general population after booster vaccination.

Higher levels of protection were achieved against dis-
ease compared with infection and death versus hospi-
talization. Although no different adjusted VE against
any COVID-19 was found between both commercial
mRNA vaccines, a 2% higher level of protection against

severe COVID-19 was observed with the BNT162b2
versus the mRNA-1273 vaccine.

Partial vaccination

The effectiveness of partial vaccination was influenced
by risk factors identical to those of full immunization
(Additional file 6: Fig. S1; Additional file 7: Fig. S2).
Incomplete immunization with any mRNA vaccine pro-
vided pooled VE values of 58% (95 C1% 55-60%) and 73%
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(95% CI, 71-75%) against any and severe COVID-19,
respectively, which were significantly decreased in the
last two 2-month intervals of 2021 regardless of COVID-
19 severity. The pooled VE values against any and severe
COVID-19 were 47% (95% CI, 45-49%) and 70% (95%
CI, 68-73%), respectively, after one-dose immunization
with the ChAdOx1 vaccine. Despite the waning levels
of protection against any COVID-19 observed between
May and December of 2021, these levels against severe
disease did not change significantly within 12 months.

Protection by partial immunization with an mRNA
or AdV vaccine either against any or severe COVID-19
was significantly decreased by the Omicron variant and
in specific risk populations. Among the mRNA vaccines,
better protection was shown with one mRNA-1273 dose
regardless of COVID-19 severity.

Quality of evidence

A sufficient number of VE records was obtained for the
predefined predictors except for sex and age <18 years.
Over 70% of records assessing partial or full vaccina-
tion against COVID-19 of any symptomatology came
from studies at low RoB; hence, no serious limitation was
anticipated. Conversely, the quality of evidence was lower
for outcomes of severe COVID-19 and booster immu-
nization since the analyses were more often performed
using records from studies with an unclear limitation, i.e.,
46-69% of records came from low RoB studies. The ran-
dom-effect model had to be applied because of the high
heterogeneity of studies.

Partial and full immunization regardless of vaccine
type and disease severity were investigated using >80%
records of studies with no differences among partici-
pants; therefore, no serious indirectness of evidence
was assumed. The indirectness of evidence assessing
booster immunization was unclear since 54-64% records
achieved acceptable comparability of vaccinated and
unvaccinated participants. No serious imprecision of
outcomes was found as demonstrated by a pooled stand-
ard error <2%.

Publication bias established by the difference of out-
comes of both random-effect and fixed-effect models was
confirmed regardless of the number of doses, COVID-
19 severity, or vaccine type. However, as the difference
between results of both models was <0.1, publication bias
was considered acceptable. Quantitative analyses were
burdened by the effect of small studies increasing pooled
VE with missing studies decreasing pooled VE. Moreover,
the prediction intervals of full vaccination confirmed that
the VE against any COVID-19 ranged between 44 and
94% for mRNA and between 24 and 83% for AdV vac-
cines and against severe COVID-19 between 72 and 97%
for mRNA and between 50 and 96% for AdV vaccines.
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The same intervals for the booster dose of an mRNA vac-
cine ranged between 10 and 97% for any COVID-19 and
between 43 and 99% for severe COVID-19. A summary
of acceptable/no serious and unclear strengths of evi-
dence for studies grouped according to investigated pre-
dictors is available in Additional file 8: Table S7.

Discussion

Studies published during the first 14 months of COVID-
19 immunization indicated an overall VE of 81% for
mRNA and 64% for AdV vaccines regardless of dis-
ease symptomatology or severity, i.e., a level of pro-
tection slightly lower than that established by early
clinical trials with an about 2-month follow-up, i.e., 95%
for BNT162b2 [33] and 94% for mRNA-1274 [34], and
70% for ChAdOx1 [35] and 67% for Ad26.COV2.S [36].
Nevertheless, protection against severe COVID-19 of
92% for mRNA and 85% for AdV vaccines approached
the outcomes of short-term clinical trials. One can thus
conclude that the effectiveness against hospitalization or
death lasted longer after full immunization regardless of
vaccine type.

Meta-COVANESS identified the factors negatively
impacting the level of protection of COVID-19 vaccina-
tion. One of the strong risk factors was the post-vacci-
nation period compensated for, in this analysis, by study
termination. The VE values of partial, full, and booster
immunization tended to decline over 2-month inter-
vals according to study termination, with the decline
being marked for disease of any severity or symptoma-
tology. Similar outcomes were reported by other stud-
ies assessing time-dependent effectiveness [37—44]. The
20-32% decline in VE against infection or disease within
6 months after full vaccination with mRNA or AdV vac-
cines was found in a previous meta-regression [18]. Our
analysis did not document the level of protection waning
so quickly because the VE against infection or disease
declined by about 19-29% within 12 months. This dis-
crepancy could be explained by the proxy post-vaccina-
tion period in our study.

Although, among both vaccine types, full AdV vac-
cination conferred less protection against severe
COVID-19, its durability ranging between 82 and 87%
was confirmed independently of study termination.
Unfortunately, current data did not make it possible to
establish if this effect depends specifically on a particu-
lar vaccine or can occur with any. Some studies sug-
gested very good protection persistence following Ad26.
COV2.S immunization [45, 46].

Another important factor influencing post-vaccina-
tion protection was the new Omicron variant antigeni-
cally absolutely distinct from pre-Omicron variants
[47, 48]. Its impact was demonstrated by the robust
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decline in effectiveness against disease of any sever-
ity independently of the number of doses. Whether or
not and how AdV vaccines could fail in conferring pro-
tection against severe disease has not been established
because of absent studies. Although the mRNA booster
dose increased the VE to 59% and 95% against any and
severe COVID-19, respectively, it was unclear how long
it would persist.

Pre-Omicron variants did not have any negative effect
on VE against infection as indicated by the non-inferior
protection after partial or full immunization irrespec-
tive of vaccine type. One can thus only speculate about
the early outcomes of reviews or meta-analyses assess-
ing the impact of particular variants that suggested
reduced VE of full immunization by about 10-30% for
the beta variant, [9, 11, 49], 0-30% for the gamma vari-
ant [9, 49], or 10-45% for the delta variant [9, 11, 13, 49]
compared with the alfa variant. The decline associated
with pre-Omicron variants may have been confounded
by the length of the post-vaccination period. Further-
more, lower VE was observed in participants aged >65
years, in those with a comorbidity, and in those living
in long-term care or residential homes. Although the
present analysis did not determine which of the above
factors is decisive and crucial for the decreased effec-
tiveness, it is likely that a common feature of these par-
ticipants could be an immunodeficiency disorder as
shown by studies in these patients [50, 51].

Our analyses confirmed that the second vaccine dose
contributed significantly to increased protection against
COVID-19 whatever its severity. However, the insuf-
ficient number of studies made it impossible to deter-
mine the potential importance of the contribution of
the second dose of the Ad26.COV2.S vaccine. While
two studies suggested a >82% effectiveness against any
COVID-19 independently of the variant [52, 53], another
one showed only a 6% VE against infection caused by the
Omicron variant [54].

The booster mRNA vaccine dose resulted in the incom-
plete restoration of the 86% level of protection against
any COVID-19 versus 96% after a 2-dose mRNA vaccina-
tion. The same effect of the booster dose was found for
severe disease, i.e., 95% after the third dose versus 98%
after the second dose. Moreover, protection durability
elicited by the booster dose exhibited a significant decline
in studies terminated 2 months later.

A certain limitation of our study consisted in predeter-
mined approaches assuming the same or similar impact
of vaccine types (independently of the brand name) and
similar effect of composite COVID-19 (any and severe).
Although the effectiveness of all commercial vaccines
assessed by us was different and the vaccine-elicited lev-
els of protection were not identical for infections of any
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symptomatology and disease of any severity, the adopted
approaches were acceptable with no serious influence on
overall outcomes.

The quality of evidence was sufficient for outcomes of
full vaccination although publication bias as well as the
effect of small studies and imputed studies was found by
additional analyses. Unfortunately, the evidence of out-
comes for booster immunization was restricted by the
smaller number of records including higher proportion
of studies with unclear limitation or indirectness. There-
fore, the outcomes of booster immunization should be
interpreted with caution.

Conclusions
This study conclusively confirmed early VE, higher for
mRNA versus AdV vaccines, becoming similar with both
within 14 months regardless of COVID-19 severity.
While the pre-Omicron variants were not associated
with a negative impact on post-vaccination protection, the
Omicron variants critically influenced the effectiveness
irrespective of vaccine type or disease severity. A higher
risk of protection failure was found in persons with likely
immune system disorders as a potentially serious issue. The
unclear booster effect of the third mRNA dose was dem-
onstrated by incompletely restored short-term protection
with a gradual decline. Therefore, further observations are
warranted to develop a future strategy for multiple booster
vaccination or revaccination with updated vaccines.
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