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ABSTRACT

Introduction: The mRNA vaccines mRNA-
1273 and BNT162b2 demonstrated high effi-
cacy against severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection in phase
3 clinical trials, including among older adults.
To inform coronavirus disease 2019 (COVID-
19) vaccine selection, this systematic literature
review (SLR) and meta-analysis assessed the
comparative effectiveness of mRNA-1273 versus
BNT162b2 in older adults.

Prior publication: The work described herein has not
been previously published in a peer-reviewed journal.
An article preprint was posted on medRxiv on November
22, 2023, prior to peer review (https://doi.org/10.1101/
2023.11.21.23298832).
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Methods: We systematically searched for rele-
vant studies reporting COVID-19 outcomes with
mRNA vaccines in older adults aged > 50 years
by first cross-checking relevant published SLRs.
Based on the cutoff date from a previous simi-
lar SLR, we then searched the WHO COVID-19
Research Database for relevant articles published
between April 9, 2022, and June 2, 2023. Out-
comes of interest were SARS-CoV-2 infection,
symptomatic SARS-CoV-2 infection, severe SARS-
CoV-2 infection, COVID-19-related hospitali-
zation, and COVID-19-related death following
>2 vaccine doses. Random effects meta-analysis
models were used to pool risk ratios (RRs) across
studies. Heterogeneity was evaluated using chi-
square testing. Evidence certainty was assessed
per GRADE framework.

Results: Twenty-four non-randomized real-
world studies reporting clinical outcomes
with mRNA vaccines in individuals aged
>50 years were included in the meta-analysis.
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Vaccination with mRNA-1273 was associated
with significantly lower risk of SARS-CoV-2
infection (RR 0.72 [95% confidence interval
(CI) 0.64-0.80]), symptomatic SARS-CoV-2
infection (RR 0.72 [95% CI 0.62-0.83)),
severe SARS-CoV-2 infection (RR 0.67 [95%
CI 0.57-0.78]), and COVID-19-related hospi-
talization (RR 0.65 [95% CI 0.53—-0.79]) but
not COVID-19-related death (RR 0.80 [95% CI
0.64—1.00]) compared with BNT162b2. There
was considerable heterogeneity between stud-
ies for all outcomes (I?>75%) except death
(I?=0%). Multiple subgroup and sensitivity
analyses excluding specific studies generally
demonstrated consistent results. Certainty of
evidence across outcomes was rated as low
(type 3) or very low (type 4), reflecting the
lack of randomized controlled trial data.
Conclusion: Meta-analysis of 24 observational
studies demonstrated significantly lower risk of
asymptomatic, symptomatic, and severe infec-
tions and hospitalizations with the mRNA-1273
versus BNT162b2 vaccine in older adults aged
>50 years.

Keywords: BNT162b2; COVID-19;
Effectiveness; mRNA-1273; mRNA vaccine;
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respiratory syndrome coronavirus 2

Why carry out the study?

The coronavirus disease 2019 (COVID-19)
pandemic has disproportionately affected
older adults, as this population is generally
more susceptible to infection and severe
outcomes because of immune senescence and
underlying comorbidities.

The two available mRNA vaccines mRNA-
1273 and BNT162b2 have demonstrated high
efficacy against severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection
in phase 3 clinical trials, including among
older adults.

What was learned from the study?

To inform COVID-19 vaccine selection, this
systematic literature review and meta-analysis
assessed the comparative effectiveness of
mRNA-1273 versus BNT162b2 among older
adults in real-world settings.

Vaccination with homologous primary or
booster mRNA-1273 was associated with
significantly lower risk of infection (includ-
ing asymptomatic, symptomatic, and severe
infections) and hospitalization due to
COVID-19 than vaccination with BNT162b2
in older adults aged > 50 years.

INTRODUCTION

As of October 2023, the global coronavirus dis-
ease 2019 (COVID-19) pandemic has resulted
in > 771.4 million reported infections and >
6.9 million deaths due to severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2)
[1]. COVID-19 has disproportionately affected
older adults [2-5]. Worldwide, older adults aged
260 years accounted for 80% of COVID-19-asso-
ciated deaths reported to the World Health
Organization (WHO) via detailed weekly suz-
veillance from January 2020 to December 2021
and were estimated to account for 82% of deaths
based on the WHO excess mortality model [4].
Immune senescence and underlying comorbidi-
ties make older adults generally more susceptible
to COVID-19 and associated severe outcomes.
Several studies have identified older age as a pri-
mary risk factor for severe illness with COVID-
19 [6-8], with one study demonstrating simi-
lar performance between a risk score that was
based on age alone versus a validated risk score
incorporating the effects of multiple underlying
comorbidities (POINTED score) [9]. Importantly,
the WHO has identified older adults (commonly
defined by age cutoffs of 50-60 years, depend-
ing on the country) as a high-priority group for
COVID-19 vaccination [10], and many countries
have prioritized vaccination of the older popula-
tion [9].
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A previous meta-analysis of 32 studies in
older adults aged =535 years found that vac-
cination with either one of the two vaccines
employing novel messenger ribonucleic acid
(mRNA) technology provided the highest pro-
tection against COVID-19 compared with other
vaccine types [11]. The mRNA vaccines were
developed and granted emergency use author-
ization in late 2020 to globally mitigate the
spread of SARS-CoV-2: mRNA-1273 (Spikevax®;
Moderna, Inc., Cambridge, MA, USA) [12] and
BNT162b2 (Comirnaty®; Pfizer/BioNTech, New
York, NY, USA/Mainz, Germany) [13]. Phase
3 trials of these vaccines demonstrated high
vaccine efficacy against SARS-CoV-2 infec-
tion when administered as two-dose regimens
(94.1% and 95.0% effectiveness with mRNA-
1273 and BNT162b2, respectively) [14, 15],
with subgroup analyses also confirming high
vaccine efficacy in older participants (aged
>65 years) [14, 15].

Although both mRNA-1273 and BNT162b2
are based on mRNA technology, their formula-
tions differ. For example, the mRNA-1273 vac-
cine contains more active ingredient (100 ng of
mRNA for primary; 50 pg for booster) than the
BNT162b2 vaccine (30 pg of mRNA for both
primary and booster) [12, 13, 16, 17] and uses
a different lipid nanoparticle delivery system
[18-20]. As shown with other respiratory vac-
cines [21, 22], and as demonstrated in immu-
nocompromised individuals [23], these dif-
ferences may impact vaccine effectiveness in
older adults.

Data comparing the effectiveness of COVID-
19 vaccines are needed to inform vaccine selec-
tion and to support healthcare policy and reim-
bursement decision-making at the population
level [24-28]. Such comparative effectiveness
data can help inform procurement decisions
to ensure that healthcare providers and their
patients have access to the most effective vac-
cines. However, there have been no head-to-
head comparisons of the mRNA-1273 and
BNT162b2 vaccines in randomized controlled
trials (RCTs). Thus, there remains a need to
synthesize evidence across real-world studies to
provide robust information about the compara-
tive effectiveness of the two mRNA vaccines,

particularly in high-risk populations, such as
older adults.

To compare the effectiveness of mRNA-1273
versus BNT162b2 against SARS-CoV-2 infec-
tions and COVID-19 outcomes (severe infec-
tions, hospitalizations, and deaths) in older
adults, we performed a systematic literature
review and pairwise meta-analysis of previ-
ously published studies. Our analysis followed
the Grading of Recommendations, Assess-
ment, Development and Evaluations (GRADE)
framework [29] used by national immunization
advisory groups when developing recommen-
dations [30]. Specifically, our research aimed to
address the following question: ‘Is mRNA-1273
more effective than BNT162b2 at preventing
SARS-CoV-2 infections and COVID-19-related
hospitalizations and deaths in older adults aged
>50 years?’

METHODS

Search Strategy and Study Selection

This systematic literature review and meta-analy-
sis is registered in PROSPERO(CRD42023443149)
and was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analyses 2020 framework [31]. This
article is based on previously conducted stud-
ies and does not contain any new studies with
human participants or animals performed by
any of the authors.

Studies were identified using a two-step search
procedure. First, the WHO COVID-19 Research
Database was searched to identify systematic
literature reviews on COVID-19 vaccination
outcomes in the general population published
between March 2020 and 19 April 2023. Sixteen
of 67 systematic reviews identified were relevant
(Supplementary Material Table S1) and were
cross-checked for articles to be included in full-
text assessment of whether additional criteria for
our analysis were met, as described below. One
prior systematic review identified had similar
objectives to the current study [11], and all stud-
ies included in this prior review were included
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for full-text assessment. A total of 243 studies for
full-text screening were identified from this first
step. The main search was then conducted in the
WHO COVID-19 Research Database to identify
relevant studies published since the prior similar
systematic review [11], which included studies
from database inception through 9 April 2022
to 2 June 2023. Notably, although the WHO
COVID-19 Research Database remains search-
able, updates ceased in June 2023 [32]; thus,
content spans March 2020 through June 2023.
Databases searched include MEDLINE/PubMed,
International Clinical Trials Registry Platform,
Embase, EuropePMC, medRxiv, Web of Science,
ProQuest Central, Academic Search Complete,
Scopus, and COVIDWHO. The main database
search identified an additional 1012 studies for
tull-text screening. The main search strategy is
summarized in Supplementary Material Table S2.

RCTs, observational studies, and any real-
world evidence published as full-text manu-
scripts, letters, commentaries, abstracts, or post-
ers were included if they reported prespecified
COVID-19 outcomes (described below) in older
adults aged =50 years who received mRNA-
1273 or BNT162b2 within the same study (stud-
ies with <10% of the study population aged
<50 years included). Studies could include par-
ticipants who had comorbidities and those who
were immunocompetent or defined as clini-
cally extremely vulnerable (CEV) with condi-
tions in CEV group 3, as categorized by Cana-
dian Health Services [33] (studies with <10%
of participants with CEV group 1 and 2 condi-
tions were included). Diabetes was considered
a CEV group 3 condition regardless of whether
the patient was being treated with insulin. Only
studies reporting the outcomes of interest for
participants who received 22 vaccine doses were
included, with a preference for three-dose data
where available. If a study did not report the
outcomes for participants who received three
doses, then two- or four-dose data were consid-
ered. Only homologous dose series (=2 doses
of mRNA-1273 or >2 doses BNT162b2) were
included in analysis.

Outcomes of interest were vaccine efficacy
or effectiveness against SARS-CoV-2 infection
(defined as asymptomatic or symptomatic infec-
tion with positive test or a COVID-19 diagnosis

code [U07.1]), laboratory-confirmed sympto-
matic SARS-CoV-2 infection (defined as positive
test with symptoms including but not limited
to fever, cough, shortness of breath, and sudden
onset of anosmia/ageusia; in some countries,
runny nose was also included in the case defi-
nition), severe SARS-CoV-2 infection (defined
specifically as severe infection or as hospitaliza-
tion or death, as reported in the study; primarily
defined by severe infection, followed by hospi-
talization and lastly by death if data on multi-
ple endpoints were available), COVID-19-related
hospitalization (defined as intubation, hospitali-
zation, or admission to intensive care unit with
positive test for SARS-CoV-2 infection within
5 days before to 28 days from admission; cases
with information on intubation but not hos-
pitalization were assumed to be hospitalized),
or COVID-19-related death (defined as deaths
occurring after a positive test for SARS-CoV-2
infection without previously declared recovery
or another clear cause of death reported). A posi-
tive SARS-CoV-2 test could be based on any of
the following methods, as reported by individual
studies: reverse transcription polymerase chain
reaction (PCR), rapid antigen test, or dried blood
spot seropositivity for anti-nucleocapsid immu-
noglobulin G antibodies by validated enzyme-
linked immunosorbent assay. Infections were
considered if they occurred > 7 days after the last
vaccination. Only those studies that reported
the following data were included in the meta-
analysis: number of events and sample size per
arm, or vaccine effectiveness (VE) per arm and
subgroup derived as 1-risk ratio (RR), 1-odds
ratio (OR), 1-hazard ratio (HR), or 1-incidence
rate ratio (IRR). For the analyses of VE, if only
VE data and total numbers of participants by
vaccine arm were available, then the weighted
average VE for all age groups among individuals
aged =50 years was computed. Weighted aver-
age was calculated as the sum of the VE in all
age groups in a vaccine arm divided by the total
number of participants in that arm. If only VE
data were available without participant numbers
by vaccine arm, then VE in the age group that
most closely matched the data within the stud-
ies in the meta-analysis was selected.

Studies in pregnant women, current or former
smokers, and physically inactive participants;

A\ Adis



Infect Dis Ther

studies including only immunocompromised
individuals with conditions within CEV groups
1 and 2; and studies with only safety and/or
immunogenicity outcomes were excluded. The
population, exposure, comparison, and out-
comes used in the systematic literature review
are summarized in Supplementary Material
Table S3. Two independent reviewers selected
studies using a two-level approach; discrepan-
cies were resolved by consensus or by a third
reviewer. In level 1, titles and abstracts were
screened against inclusion criteria; then, in level
2, articles not excluded at level 1 underwent full-
text screening against the selection criteria.

Data Extraction and Quality Assessment

Study design details, baseline characteristics of
study participants, vaccine received and dosing
details, and vaccine efficacy/effectiveness out-
comes were extracted from the selected studies.
Risk of bias was assessed using the Newcastle-
Ottawa Scale [34] for observational studies. The
certainty of evidence was evaluated based on
GRADE criteria [29, 30].

Statistical Analysis

Random effects meta-analysis models were used
to pool RRs and to estimate absolute effects as
risk difference (RD) per 100,000 individuals
across the included studies, comparing mRNA-
1273 to BNT162b2. The inverse variance method
was applied for the random effects models [35].
Details regarding methodology of the analy-
ses are included in the Supplementary Material
(Appendix 1). Briefly, a standard pairwise meta-
analysis was conducted using RRs instead of num-
ber of events and sample size per arm as the data
input. However, due to differences in how out-
comes were reported across studies, a conversion
approach [36-38] was implemented. For studies
that reported the number of events and sam-
ple size per arm, unadjusted RRs were estimated
straightforwardly. For studies that exclusively
reported VE, instead of number of events and
sample size per arm, RR was estimated either as
“1-VE” (for studies reporting VE as 1-RR) or from
VE through optimal approximate conversions of

contrast-based data (Supplementary Material Fig-
ure S1). As a sensitivity analysis, a second-order
meta-analysis approach was implemented to
avoid the assumptions based on converting con-
trast-based data in the conversion approach. With
this approach, data from studies reporting num-
ber of events and sample size were pooled in one
meta-analysis, and data from studies reporting
only VE were pooled in a second meta-analysis
(i.e., without distinction as to how VE was esti-
mated and without any conversion). In the sec-
ond-order meta-analysis, the pooled results from
these separate meta-analyses on RRs informed
the analysis, resulting in the final RR estimate.
Absolute effects (RD) cannot be reliably estimated
using this second-order approach, so this method
was used only for analysis of RR.

As additional sensitivity analyses, outcomes
were assessed in the following subgroups: individ-
uals aged =63 years; individuals aged >735 years;
individuals who received exclusively three doses
of the same vaccine; individuals aged > 50 years,
excluding those with disease conditions catego-
rized in CEV groups 1 or 2; individuals infected
with the SARS-CoV-2 Delta variant (i.e., dominant
variant during study time period); and excluding
those studies that reported only VE.

Publication bias was assessed by visual exami-
nation of funnel plots and Egger’s regression test
for asymmetry [39, 40]. Heterogeneity across stud-
ies was evaluated using chi-square testing [41],
with the percentage of variation across studies
estimated using the I? statistic (scale of 0-100%,
with 0% meaning no evidence of heterogeneity;
see Supplementary Material Appendix 1). Results
were summarized in forest plots to display the
effect estimates with 95% confidence intervals
(CIs) for the individual studies and the pooled
estimate of the meta-analysis. The meta-analyses
were conducted in R (v4.3.1), using the meta [42]
and metafor [43] packages.

RESULTS
Search Results and Included Studies

In total, 1255 abstracts were identified
from either the 16 relevant SLRs that were
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cross-checked (n=243) or the main search in
the WHO COVID-19 database (n=1012) and
screened for inclusion (Fig. 1). Of these, 25 stud-
ies (all non-randomized) reported results for
the clinical outcomes of interest in individuals
aged 250 years, 24 of which were included in
the meta-analysis (one study [44] was excluded
because it reported only RR and thus did not
meet the prespecified criterion of reporting
number of events and sample size or VE).
Characteristics of each of the studies
included in the meta-analysis are summarized

Identification of studies via databases

Records identified from
Databases (n=1012)
WHO* (n=1012)
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in Table 1. Of the 24 studies, 1 was indus-
try-sponsored. Overall, the studies included
>3.9 million older adults (aged > 50 years) vac-
cinated with mRNA-1273 and > 5.2 million vac-
cinated with BNT162b2. Most studies involved
North American (Canada, n=2 [45, 46]; USA,
n=11 [47-57]) or European (Belgium, n=1 [58];
Greece, n=1 [59]; Hungary, n=2 [60, 61]; Nor-
way, n=1 [62]; Netherlands, n=1 [63]; Spain,
n=2 [64, 65]; multiple countries, n=1 [66])
populations. Although most studies included
general population samples, two were restricted

Identification of studies via other methods

Records identified from cross-
checking 16 SLRs® (n=243)

Screening

©
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Title/abstractrecords screened
(n=1012)
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Full texts assessed for eligibility
(n=290)

Records excluded (n=722)
Intervention (n=252)
Population (n=165)
Study design (n=154)
Outcomes (n=143)
Comparator (n=8)
Duplicate (n=0)
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Studies with mRNA-1273vs
BNT162b2 efficacy/effectiveness
outcomes
(n=25)
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Study design (n=11)
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Fig.1 PRISMA flow diagram. “Databases searched
include ICTRP, EMBASE, EuropePMC, medRxiv, Web
of Science, ProQuest Central, Academic Search Complete,
Scopus, and COVIDWHO. "Sixteen recently published
SLRs and internal documents from Moderna, Inc., were

cross-checked. “One study [44] was excluded from the net-
work meta-analysis because the presented data were not
comparable to the data from other studies. SLR systematic
literature review, WHO World Health Organization
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to nursing home or retirement home residents
[45, 48] and two were restricted to Veteran’s
Affairs populations in the US [47, 49]. Most
studies specified the Delta variant as the SARS-
CoV-2 variant of concern [47, 48, 51-53, 55,
56, 58, 59, 61-63, 66]; S studies specified the
Alpha variant [51, 54, 58-60] and 4 specified
the Omicron variant [45, 46, 55, 58]. Some
studies with longer follow-up periods collected
data during multiple COVID-19 seasons and
therefore reported data on multiple variants,
either not further specified or in separate sub-
groups. We conducted a subgroup analysis in
patients infected with the Delta variant because
of the large number of available studies; sub-
group analysis for other variants was deemed
unfeasible because of sparse data. In the major-
ity of studies, positivity for SARS-CoV-2 infec-
tion was determined using PCR or an antigen
test; however, four studies did not specify the
testing method [49, 50, 52, 56] and one study
used a nasopharyngeal PCR test and/or circulat-
ing antinucleocapsid I1gG antibodies [45].

Based on the risk of bias assessment for non-
randomized studies, most of the studies included
in the meta-analysis had no serious risk of bias;
however, there was serious risk of bias in four
studies [45, 50, 59, 64], and risk of bias was not
estimable for one study [55] (Supplementary
Material Table S4).

SARS-CoV-2 Infection

In meta-analysis of 22 studies reporting the out-
come of SARS-CoV-2 infection in older adults
aged =50 years, vaccination with mRNA-1273
was associated with significantly lower risk
of SARS-CoV-2 infection compared with vac-
cination with BNT162b2 (RR 0.72 [95% CI
0.64-0.80]; Table 2 and Figs. 2 and 3). The RD
was estimated as 442 fewer (95% CI 570 fewer
to 313 fewer) SARS-CoV-2 infections per 100,000
people vaccinated. There was considerable het-
erogeneity between the studies (RR I?>=94.4%);
RD 1°=98.4%). The certainty of evidence was
graded as type 4 (very low) because of impreci-
sion and indirectness resulting from the vary-
ing outcome definitions used for infection and
inclusion of non-randomized studies (Table 2).

In a sensitivity analysis using the second-order
methodological approach, vaccination with
mRNA-1273 was associated with significantly
fewer SARS-CoV-2 infections compared with
BNT162b2 (RR 0.72 [95% CI 0.62-0.85]; I>=0%),
consistent with the base case analysis (Fig. 4A
and Supplementary Material Figure S2A).

In a subgroup analysis of ten studies reporting
the outcome of SARS-CoV-2 infection in adults
aged >65 years, mRNA-1273 vaccination was
also associated with significantly fewer infec-
tions compared with BNT162b2 vaccination (RR
0.74 [95% CI 0.62-0.88]; RD 216 fewer cases per
100,000 vaccinated [95% CI 333 fewer to 100
fewer]; Table 3, Fig. 4B and Supplementary Mate-
rial Figure S3A). Subgroup analysis of seven stud-
ies reporting this outcome in individuals aged
250 years who received exclusively three vaccine
doses also found that mRNA-1273 was associ-
ated with fewer infections versus BNT162b2 (RR
0.64 [95% CI 0.54-0.74]; RD 1098 fewer cases
per 100,000 vaccinated [95% CI 1535 fewer to
661 fewer]; Table 3, Fig. 4C and Supplementary
Material Figure S4A). As in the overall popula-
tion analysis, the certainty of evidence in these
two subgroups was graded as type 4 (very low)
because of imprecision and varying outcome
definitions (Table 3), and there was considerable
heterogeneity between studies (RR I?=89.5% for
the > 65 years of age subgroup; I>=80.8% for the
3-dose subgroup). Additional subgroup analyses
in older adults aged >75 years; in older adults
aged >50 years, excluding individuals with CEV
group 1 and 2 conditions; in older adults aged
>50 years infected with the Delta variant; and
excluding those studies that included only VE
data were generally consistent with the findings
from the overall meta-analysis (Supplementary
Material Figures S5A, S6A, S7A, and S8A).

Laboratory-Confirmed Symptomatic
SARS-CoV-2 Infection

Five studies were included in the meta-analysis
of laboratory-confirmed symptomatic SARS-
CoV-2 infection in individuals aged >50 years
(Table 2). Vaccination with mRNA-1273 was
associated with significantly fewer SARS-CoV-2
symptomatic infections versus vaccination with
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BNT162b2 (RR 0.72 [95% CI 0.62-0.83]; Figs. 2
and 3). The RD was estimated as 609 fewer
symptomatic infections per 100,000 individu-
als vaccinated (95% CI 980 fewer to 238 fewer
cases). Heterogeneity between studies was also
considerable for this outcome (RR ?=75.1%; RD
I=96.2%). The certainty of evidence was graded
as type 3 (low) due to imprecision, with a lower
grading assigned due to inclusion of non-ran-
domized studies (Table 2). Possible publication
bias was noted for this outcome based on Egger’s
regression test (P<0.05) (Supplementary Mate-
rial Figure S9B). Because no VE data were used
in the base case meta-analysis of symptomatic
SARS-CoV-2 infections, no conversion was nec-
essary. Therefore, results from the second-order
methodological approach were identical to the
base case results presented in Figs. 2 and 3.
Subgroup analysis based on two studies in
individuals aged =635 years also found signifi-
cantly reduced risk of symptomatic SARS-CoV-2
infections with mRNA-1273 versus BNT162b2
vaccination (RR 0.74 [95% CI 0.56-0.97]; RD
3030 fewer cases per 100,000 vaccinated [95%
CI 8844 fewer to 2784 more cases]; Table 3,
Fig. 4B and Supplementary Material Fig-
ure S3B). Similarly, in meta-analysis of three
studies that included individuals aged > 50 years
who received exclusively three doses of vac-
cine, mRNA-1273 was associated with lower
risk of symptomatic infections compared with
BNT162b2 (RR 0.74 [95% CI 0.61-0.90]; RD
114 fewer cases per 100,000 individuals vacci-
nated [95% CI 338 fewer to 111 more]; Table 3,
Fig. 4C, Supplementary Material Figure S4B).
As in the overall meta-analysis, heterogeneity
between studies was considerable for these sub-
groups (RR #=90.8% and 79.0%, respectively).
The certainty of evidence was graded as type 4
(very low) for both subgroups (Table 3). Results
of additional subgroup analyses in adults aged
>75 years; adults aged >50 years, excluding indi-
viduals with CEV group 1 and 2 conditions; and
adults aged =50 years infected with the Delta
variant were generally consistent with the find-
ings from the overall meta-analysis (Supplemen-
tary Material Figures S5B, S6B, and S7B). There
were no studies evaluating the outcome of lab-
oratory-confirmed symptomatic SARS-CoV-2
infection that exclusively reported VE data.

Severe SARS-CoV-2 Infection

Based on meta-analysis of 12 studies, vaccina-
tion with mRNA-1273 was associated with signif-
icantly fewer severe SARS-CoV-2 infections com-
pared with vaccination with BNT162b2 (RR 0.67
[95% CI 0.57-0.78]; Table 2 and Figs. 2 and 3).
This result corresponds to an estimated RD of 20
fewer severe infections per 100,000 individuals
vaccinated with mRNA-1273 versus BNT162b2
(95% CI 29 fewer to 11 fewer cases). There was
considerable heterogeneity across studies for this
outcome (RR I*=78.1%; RD I?=86.0%). Evidence
certainty was graded as type 4 (very low) because
of imprecision and varying definitions used for
severe infection (defined as severe infection, or
hospitalization, or death; Table 2). Possible pub-
lication bias was noted for this outcome based
on Egger’s regression test (P<0.05; Supplemen-
tary Material Figure S9C). Consistent with the
findings from the base case analysis, sensitivity
analysis using the second-order methodologi-
cal approach also found that vaccination with
mRNA-1273 was associated with significantly
fewer severe SARS-CoV-2 infections compared
with vaccination with BNT162b2 in older adults
aged 250 years (RR 0.66 [95% CI 0.59-0.75];
Fig. 4A and Supplementary Material Figure S2B).

In subgroup analyses, mRNA-1273 was associ-
ated with significantly fewer severe SARS-CoV-2
infections compared with vaccination with
BNT162b2 in older adults aged > 65 years (eight
studies; RR 0.65 [95% CI 0.51-0.83]; RD 24 fewer
severe infections per 100,000 individuals vac-
cinated [95% CI 41 fewer to 7 fewer]) and in
adults aged =50 years who received exclusively
three vaccine doses (four studies; RR 0.62 [95%
CI 0.44-0.88]; RD 10 fewer severe infections
per 100,000 individuals vaccinated [95% CI 16
fewer to 3 fewer]; Table 3, Fig. 4B and C, and
Supplementary Material Figure S3C and S4C).
There was substantial heterogeneity across stud-
ies for both subgroups (RR *=63.5% and 60.4%,
respectively). Evidence certainty was graded as
type 4 (very low; Table 3). Similar to the find-
ings from the overall meta-analysis, mRNA-1273
was associated with reduced risk of severe SARS-
CoV-2 infection in additional subgroup analyses
of individuals >75 years of age, individuals (aged
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> 50 years) without CEV group 1 or 2 conditions,
individuals (aged =50 years) infected with the
Delta variant, and in the subgroup excluding
those studies that included only VE data (Sup-
plementary Material Figures S5C, S6C, S7C, and
S8B).

Hospitalization Due to COVID-19

Based on a meta-analysis of eight studies, vac-
cination with mRNA-1273 was associated with
significantly lower risk of hospitalization due to
COVID-19 in individuals aged > 50 years com-
pared with vaccination with BNT162b2 (RR 0.65
[95% CI 0.53-0.79]; Table 2 and Figs. 2 and 3).
The estimated RD was 23 fewer COVID-19 hos-
pitalizations per 100,000 individuals vaccinated
(95% CI 34 fewer to 12 fewer). Heterogeneity
across studies was considerable (RR I?>=85.4%;
RD I?=90.3%). The certainty of evidence grade
was type 3 (low) for this outcome due to impre-
cision and inclusion of non-randomized stud-
ies (Table 2). The sensitivity analysis using the
second-order methodological approach found
that vaccination with mRNA-1273 was associ-
ated with significantly fewer COVID-19-related
hospitalizations compared with vaccination
with BNT162b2 (RR 0.63 [95% CI 0.57-0.70]),
consistent with the base case analysis (Fig. 4A
and Supplementary Material Figure S2C).

Based on seven studies of COVID-19-related
hospitalization in the subgroup of older adults
aged =65 years, vaccination with mRNA-1273
was associated with significantly reduced risk of
hospitalization compared with vaccination with
BNT162b2 (RR 0.69 [95% CI 0.53-0.89]; RD 82
fewer hospitalizations per 100,000 individu-
als vaccinated [95% CI 134 fewer to 29 fewer];
Table 3 and Fig. 4B and Supplementary Mate-
rial Figure S3D). As in the overall meta-analysis,
there was considerable heterogeneity across
studies (RR I=72.0%), and the evidence cer-
tainty was graded as type 3 (low; Table 3). Vac-
cination with mRNA-1273 was also associated
with significantly reduced risk of hospitaliza-
tion compared with vaccination with BNT162b2
among individuals aged > 50 years who received
three vaccine doses based on meta-analysis of
three studies (RR 0.55 [95% CI 0.37-0.82]; RD

11 fewer hospitalizations per 100,000 individ-
uals vaccinated [95% CI 18 fewer to 3 fewer];
Table 3 and Fig. 4C and Supplementary Mate-
rial Figure S4D). There was moderate heteroge-
neity across studies (RR *=47.5%), and the evi-
dence certainty was graded as type 4 (very low;
Table 3). Additional subgroup analyses in adults
aged =75 years; adults aged >50 years, exclud-
ing individuals with CEV group 1 and 2 condi-
tions; adults aged =50 years infected with the
Delta variant; and excluding those studies that
included only VE data were generally consistent
with the findings from the overall meta-analysis
(Supplementary Material Figures S5D, S6D, S7D,
and S8C).

Death Due to COVID-19

In meta-analysis of seven studies reporting mor-
tality in individuals aged =50 years, vaccina-
tion with mRNA-1273 was associated with a
numerically lower but not significantly lower
risk of COVID-19-related death compared with
vaccination with BNT162b2 (RR 0.80 [95% CI
0.64-1.00]). The estimated RD was 2 fewer deaths
per 100,000 people vaccinated (95% CI 6 fewer
to 2 more) (Table 2 and Figs. 2 and 3). No evi-
dence of heterogeneity between the studies was
observed in the RR analysis (I*=0%), although
heterogeneity was moderate for the estimation
of RD (I?=48.8%). The certainty of evidence was
graded as type 3 (low) for this outcome because
of imprecision and inclusion of non-randomized
studies (Table 2). In the sensitivity analysis using
the second-order approach, mRNA-1273 vacci-
nation was associated with numerically reduced
risk of death due to COVID-19 compared with
BNT162b2 vaccination, but this was also not sta-
tistically significant (RR 0.77 [95% CI 0.59-1.01];
Fig. 4A and Supplementary Material Figure S2D).

In subgroup analysis of four studies reporting
this outcome in older adults aged =65 years, vac-
cination with mRNA-1273 was associated with
fewer COVID-19 deaths versus vaccination with
BNT162b2 (RR 0.72 [95% CI 0.54-0.98]; RD 11
fewer deaths per 100,000 individuals vaccinated
[95% CI 19 fewer to 4 fewer]) (Table 3, Fig. 4B, and
Supplementary Material Figure S3E). The evidence
suggested that the heterogeneity across studies
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Random Effects

Outcome of Interest Risk Ratio [95% CI] P values
SARS-CoV-2 infection —— 0.72 [0.64, 0.80] <0.0001
Symptomatic SARS-CoV-2 infection ——i 0.72[0.62, 0.83] <0.0001
Severe SARS-CoV-2 infection —— . 0.67 [0.57, 0.78] <0.0001
Hospitalization due to COVID-19 —— 0.65[0.53, 0.79] <0.0001
Death due to COVID-19 L—0—| 0.80 [0.64, 1.00] 0.0484

Favors mRNA-1273

Fig.2 Summary of meta-analysis results on clinical effec-
tiveness outcomes of the mRNA-1273 versus BNT162b2
COVID-19 vaccines in the overall population of older

might not be important (RR ?=10.9%). The evi-
dence certainty was graded as type 4 (very low) in
this analysis because of imprecision and limited
evidence (Table 3). There was no statistically sig-
nificant difference between the mRNA vaccines
against the outcome of COVID-19-related deaths
in the subgroup of individuals aged >50 years
who received exclusively three vaccine doses,
based on analysis of two studies (RR 1.01 [95% CI
0.64-1.57]; Table 3, Fig. 4C, and Supplementary
Material Figure S4E). The mRNA-1273 vaccine was
associated with reduced risk of COVID-19-related
death compared with BNT162b2 when individu-
als with CEV1/2 group conditions were excluded
(Supplementary Material Figure S6E). There was
no statistically significant difference in mortality
risk between mRNA vaccines in subgroup analyses
of individuals aged >75 years, individuals aged
> 50 years exposed to Delta variant, or in the sub-
group excluding those studies with only VE data
(Supplementary Material Figures SSE, S7E, and
S8D).

DISCUSSION

This meta-analysis of 24 studies in older adults
aged =50 years found that vaccination with
mRNA-1273 was statistically significantly asso-
ciated with lower risk of SARS-CoV-2 infections,
including asymptomatic, symptomatic, and

Risk Ratio, 95% CI
Favors BNT162b2

adults aged > 50 years. CI confidence interval, COVID-19
coronavirus disease 2019, SARS-Col~2 severe acute respira-
tory syndrome coronavirus 2

severe infections, as well as hospitalizations due
to COVID-19 compared with vaccination with
BNT162b2. To our knowledge, this is the first
such analysis of pairwise real-world evidence
in adults aged 50 years or older. This evidence
helps inform considerations about which vac-
cine to choose for older adults, and also helps
inform healthcare policy decision-making. In
particular, comparative effectiveness data are
important to consider in reimbursement and
procurement decisions to ensure that healthcare
providers and their patients have access to the
most effective vaccines [24-28].

Older age has consistently been identified as
a primary risk factor for worse outcomes with
COVID-19 [6-8], with older adults accounting
for the majority of COVID-19-related deaths [2,
3, 5, 67]. This meta-analysis provides evidence
for improved outcomes with the mRNA-1273
vaccine compared with the BNT162b2 vaccine
in older adults. Similarly, high-dose and adju-
vanted influenza vaccines have demonstrated
improved outcomes over standard dose influ-
enza vaccines in older adults [21, 22]; as a result,
these vaccines are preferentially recommended
for the elderly population in many countries
[68, 69]. Immunology studies have also reported
higher antibody production with the mRNA-
1273 vaccine compared with the BNT162b2
vaccine [19].

Findings from the sensitivity analysis using
the second-order meta-analysis approach were

A\ Adis



Infect Dis Ther

C Study mRNA-1273 BNT162b2 Random Effects
(nRCTs) n/N n/N Age Weight  Risk Ratio [95% CI]
T
Butt 2022 2/158993 21/236693 —_ 50+ years 1.17% 0.14[0.03, 0.60]

Grewal 2022 161/1518 218/1638 tf 60+ years 15.49% 0.80 [0.66, 0.96]
Kelly 2022 14/100751 22/83998 *—‘-4 65+ years 4.49% 0.53[0.27, 1.04]
Robles-Fontan 2022 183/402102 296/453015 bt} 55+ years 15.74% 0.70[0.58, 0.84]
Rosenberg 2022 646/1614377 1195/1793698 L] 50+ years 18.50% 0.60 [0.55, 0.66]
Voko 2022a 24/116251 273/845906 '—‘-( 55+ years 8.53% 0.64[0.42, 0.97]
Bello Chavolla 2023 NA/NA NA/NA l—'—‘—| 60+ years 1.72% 0.71[0.22, 2.29]
Lin 2022 NA/NA NA/NA l 50+ years 19.47% 0.83[0.80, 0.87]
Lytras 2022 NA/NA NA/NA r—-—n 60-79 years 1.75% 0.33[0.10, 1.07]
Moline 2021 NA/NA NA/NA b ' i 65+ years 0.13% 0.65[0.01, 57.27]
Starrfelt 2022 NA/NA NA/NA t——ri 65+ years 1.61% 0.38[0.11, 1.28]
Voko 2022 NA/NA NA/NA b 65+ years 11.41% 0.62[0.45, 0.85]
Total severe SARS-CoV-2 infections: 1030 (MRNA-1273), 2025 (BNT162b2)
Heterogeneity: Chi2=50.34, df=11 (P<0.0001), 12=78.1% ¢ 100% 0.67 [0.57, 0.78]
Test for overall effect: Z=—4.94 (P<0.0001) :
T T T T T !
0 0.1 1 10 100 1000
Risk Ratio (log scale)
Favors mRNA-1273 Favors BNT162b2

d Study mRNA-1273 BNT162b2 Random Effects
(nRCTs) n/N n/N Age Weight  Risk Ratio [95% CI]
Butt 2022 2/158993 21/236693 P 50+ years 1.75% 0.14[0.03, 0.60]
Nguyen 2023 41/45285 69/45285 l—-—i 65+ years 12.75% 0.59 [0.40, 0.87]
Robles-Fontan 2022 183/402102 296/453015 e 55+ years  20.24% 0.70[0.58, 0.84]
Rosenberg 2022 646/1614377 1195/1793698 L 50+years  23.17% 0.60 [0.55, 0.66]
Lin 2022 NA/NA NA/NA ] 50+ years  24.15% 0.83[0.80, 0.87]
Moline 2021 NA/NA NA/NA [ {65+ years 0.20% 0.65[0.01, 57.27]
Starrfelt 2022 NA/NA NA/NA —e—3 65+ years 2.40% 0.38[0.11, 1.28]
Voko 2022 NA/NA NA/NA [ 65+ years 15.33% 0.62[0.45, 0.85]

Total hospitalizations due to COVID-19: 872 (mRNA-1273), 1581 (BNT162b2)
Heterogeneity: Chiz=48, df=7 (P<0.0001), 2=85.4% *
Test for overall effect: Z=—4.26 (P<0.0001)

100% 0.65 [0.53, 0.79]

T T T 1
0 0.1 1 10 100 1000
Risk Ratio (log scale)
Favors mRNA-1273 Favors BNT162b2

Fig. 3 Meta-analysis results comparing the mRNA-1273 versus BNT162b2 COVID-19 vaccines in the overall population
of older adults aged > 50 years by study for A SARS-CoV-2 infection; B laboratory-confirmed symptomatic SARS-CoV-2
infection; C severe SARS-CoV-2 infection; D hospitalization due to COVID-19; and E death due to COVID-19. CI confi-
dence interval, COVID-19 coronavirus disease 2019, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2

consistent with the overall results among older also observed in subgroup analyses among
adults aged > 50 years. Consistent findings were adults aged =65 years or 275 years, in adults
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a Study mRNA-1273 BNT162b2 . A i
(nRCTs) nIN nIN Age Weight Risk Ratio [95% CI]
Braeye 2023 41/1155 243/13613 ' [E—— 65-85 years 4.63% 1.99 [1.44, 2.75]
Breznik 2023 47/420 116/478 pR— 50+ years 4.76% 0.46 [0.34, 0.63]
Butt 2022 17/158993 68/236693 sy 50+ years 2.88% 0.37[0.22, 0.63]
Chemaitelly 2022 297/79456 474/180790 Db 50+ years 6.52% 1.43[1.23, 1.65]
Grewal 2022 3089/57604 4059/48706 " 60+ years 717% 0.64[0.62, 0.67]
Hatfield 2022 6/466 22/1196 —_— 50+ years 1.37% 0.70[0.29, 1.72]
Kelly 2022 654/100751 644/83998 ot 65+ years 6.82% 0.85[0.76, 0.94]
Kissling 2022 20/263 375/2949 ! 60+ years 363% 0.60[0.39, 0.92]
Martinez-Baz 2021 20/215 327/2109 PR 60+ years 3.65% 0.60 [0.39, 0.92]
Nguyen 2023 264/45285 415/45285 by 65+ years 6.44% 0.64 [0.55, 0.74]
Puranik 2023 463/4105 1174/7119 [P 55+ years 6.88% 0.68[0.62, 0.76]
Rosenberg 2022 5977/1614377 10827/1793696 "I 50+ years 7.21% 0.61[0.59, 0.63]
Thompson 2021 95/6374 163/8500 ot 50+ years 5.42% 0.78[0.60, 1.00]
van Ewijk 2022 10/273 243/2542 —— 50+ years 2.37% 0.38[0.21, 0.71]
Voko 2022a 122/116247 1918/845906 [ 55+ years 6.15% 0.46 [0.39, 0.56]
Bello Chavolla 2023 NA/NA NA/NA —— 60+ years 2.68% 0.49[0.28, 0.86]
Chico Sanchez 2022 NA/NA NA/NA | p———e———— 60+years 0.88% 4.98[1.55, 15.97]
Lin 2022 NA/NA NA/NA .E 50+ years 717% 0.88[0.84, 0.92]
Robles-Fontan 2022 NANA NA/NA 1ol 55+ years 6.99% 0.69[0.63, 0.75]
Starrfelt 2022 NA/NA NA/NA ,_._;_. 65+ years 1.29% 0.74[0.29, 1.87]
Voko 2022 NA/NA NA/NA ,_._15 65+ years 4.59% 0.66 [0.48, 0.92]
Weng 2023 NANA NA/NA — e 65+ years 0.50% 0.74 [0.15, 3.60]
Total SARS-Co\-2infections: 11122(mRNA-1273), 21068 (BNT162t2) :

Heterogeneity: Chp=372.77,df=21(P<0.0001), P=84.4% ' 100% 0.72 [0.64, 0.80]
Testforoveral effect Z=-664(P<0.0001) '
0 0.1 1 10 100 1000
Risk Ratio (log scale)
Favors mRNA-1273 Favors BNT162b2

b Study mRNA-1273 BNT162b2 Random Effects

(nRCTs) n/N n/N Age Weight  Risk Ratio [95% CI]
Butt 2022 17/158993 68/236693 [ ] 1 50+ years 5.85% 0.37[0.22,0.63]
Grewal 2022 474/1831 719/2139 ] 60+ years 29.05% 0.77[0.70, 0.85]
Kelly 2022 654/100751 644/83998 —a— 65+ years 28.15% 0.85[0.76, 0.94]
Kissling 2022 20/263 375/2949 _— : 60+ years 8.13% 0.60[0.39, 0.92]
Puranik 2023 463/4105 1174/7119 —— 55+ years 28.82% 0.68[0.62, 0.76]
Total symptomatic SARS-CoV-2 infections: 1628 (mMRNA-1273), 2980 (BNT162b2) E
Heterogeneity: Chi2=16.06, df=4 (P<0.0001), ’=75.1% '

Test for overall effect: Z=—4.6 (P<0.0001) - ' 100% 0.72 [0.62, 0.83]
T ;
0.1 1
Risk Ratio (log scale)
Favors mRNA-1273 Favors BNT162b2

Fig.3 continued

A\ Adis



Infect Dis Ther

€ Study mRNA-1273 BNT162b2 Random Effects

(nRCTs) n/N n/N Age Weight  Risk Ratio [95% CI]
Butt 2022 0.5/158994 0.5/236694 I ’ { 50+ years 0.31% 1.49[0.03, 75.03)
Robles-Fontan 2022 57/402102 72/453015 }—I—d 55+ years 39.99% 0.89 [0.63, 1.26]
Voko 2022a 24/116247 273/845906 r—.—o 55+ years 27.73% 0.64 [0.42, 0.97)
Bello Chavolla 2023 NA/NA NA/NA p—-—1 60+ years 3.48% 0.71[0.22, 2.29]
Lin 2022 NA/NA NA/NA p—-~—4 65+ years 2.03% 0.70 [0.15, 3.25]
Lytras 2022 NA/NA NA/NA »—.—4 60-79 years 2.56% 0.27 [0.07, 1.07]
Voko 2022 NA/NA NA/NA p—|—< 65+ years 23.89% 1.00 [0.64, 1.57]
Total deaths due to COVID-19: 81.5 (mRNA-1273), 345.5 (BNT162b2) :
Heterogeneity: Chi?=4.98, df=6 (P=0.55), ?=0% & 100% 0.80 [0.64, 1.00]
Test for overall effect: Z=-1.97 (P=0.0484) i

r T T T T )

0 0.1 1 10 100 1000

Fig.3 continued

aged =50 years who received exclusively three
doses, in those who did not have CEV groups
1 and 2 conditions, and those infected by the
Delta variant, and in the subgroup excluding
studies that reported only VE. Across these
subgroups, vaccination with mRNA-1273 was
associated with significantly fewer infections,
symptomatic infections, and severe infections
compared with vaccination with BNT162b2.
Vaccination with mRNA-1273 was also associ-
ated with significantly fewer hospitalizations
compared with vaccination with BNT162b2
in each subgroup. For the outcome of COVID-
19-related death, there was no significant dif-
ference observed between the vaccines in any of
the subgroups, except among those who did not
have CEV groups 1 and 2 conditions, where vac-
cination with mRNA-1273 was associated with
significantly fewer deaths compared with vac-
cination with BNT162b2. Overall, the findings
from the base-case analysis were confirmed by a
broad range of sensitivity analyses considering
different subgroups as well as different method-
ologies (i.e., second-order approach and exclu-
sion of VE studies), suggesting that the findings
of the meta-analysis are robust.

Limitations of this systematic review and
meta-analysis should be considered. Because

Risk Ratio (log scale)
Favors mRNA-1273

Favors BNT162b2

all the studies included in the analysis were
observational in nature, the certainty of evi-
dence was graded as low or very low (type 3
or below). Furthermore, four of the 24 studies
included in the meta-analysis had a serious risk
of bias, and risk of bias was not estimable for
one additional study due to lack of sufficient
information. Importantly, the tight timelines
for developing variant-adapted vaccines for
COVID-19 limits the feasibility of large RCTs.
In this context, estimates of the comparative
effectiveness of COVID-19 vaccines based on
real-world evidence provides crucial informa-
tion to address important clinical questions
and inform policy decisions regarding vacci-
nation [70]. Nevertheless, higher quality real-
world evidence studies on vaccine effectiveness
are needed, particularly for the outcomes of
COVID-19-related hospitalizations and deaths.
Possible publication bias was noted based on
Egger’s regression test (P<0.05) for the out-
comes of symptomatic infections and severe
infections. However, the number of studies
reporting symptomatic infections was small
(n=35), limiting the power of Egger’s regres-
sion test to accurately distinguish chance
from true asymmetry. A combination of vari-
ous endpoints, including severe infection (as
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a Random Effects
Outcome of Interest Risk Ratio [95% CI] P values
SARS-CoV-2 infection —O—— E 0.72[0.62, 0.85] <0.0001
Severe SARS-CoV-2 infection —O—i E 0.66 [0.59, 0.79] <0.0001
Hospitalization due to COVID-19 —<O>—1 : 0.63[0.57, 0.70] <0.0001
Death due to COVID-19 |—0—1€| 0.77 [0.59, 1.01] 0.0599
I T T T T T T T i T T T T T T T T T ]
0 1 2
Risk Ratio, 95% CI
Favors mRNA-1273 Favors BNT162b2
b Random Effects
Outcome of Interest Risk Ratio [95% CI] P values
SARS-CoV-2 infection —— i 0.74[0.62, 0.88] 0.0006
Symptomatic SARS-CoV-2 infection O i 0.74[0.56, 0.97] 0.0282
Severe SARS-CoV-2 infection —— E 0.65[0.51, 0.83] 0.0006
Hospitalization due to COVID-19 —— E 0.69[0.53, 0.89] 0.0048
Death due to COVID-19 ——! 0.72[0.54, 0.98] 0.0342
l T T T T T T T T i T T T T T T T T T ]
0 1 2
Risk Ratio, 95% CI
Favors mRNA-1273 Favors BNT162b2
C Random Effects
Outcome of Interest Risk Ratio [95% CI] P values
SARS-CoV-2 infection O E 0.64 [0.54, 0.74] <0.0001
Symptomatic SARS-CoV-2 infection —e— é 0.74[0.61, 0.90] 0.003
Severe SARS-CoV-2 infection I : 0.62 [0.44, 0.88) 0.0072
Hospitalization due to COVID-19 — ; 0.55[0.37, 0.82] 0.0029
Death due to COVID-19 } 9 i 1.01[0.64, 1.57] 0.9819
[ T T T T T T T T i T T T T T T T T T ]
0 1 2
Risk Ratio, 95% CI
Favors mRNA-1273 Favors BNT162b2

Fig.4 Summary of sensitivity meta-analyses on clini-
cal effectiveness outcomes of the mRNA-1273 versus
BNT162b2 COVID-19 vaccines A using the second-
order methodological approach® and in subgroups of
B older adults aged =65 years and C older adults aged
250 years who received exclusively three doses. “Results
of the second-order methodological approach for the out-

defined by the study), hospitalization, and
death, was used to define a composite severe
infections outcome in this meta-analysis,

come of symptomatic infection are not presented because
the results are identical to the results of the main analysis
(no conversion was necessary for this outcome in the main
analysis). CI confidence interval, COVID-19 coronavirus
disease 2019, SARS-CoV-2 severe acute respiratory syn-
drome coronavirus 2

introducing additional heterogeneity. This
may have contributed to the significant asym-
metry observed for this outcome. Publication
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bias was not detected based on Egger’s test for
outcomes with sufficient numbers of studies
in the evidence base (i.e., for SARS-2-CoV-2
infections, hospitalizations, and deaths). The
studies included in our meta-analysis showed
a large amount of heterogeneity. This finding
is possibly a reflection of the complex interac-
tions between vaccination and contextual fac-
tors as they operate in the real world. However,
such heterogeneity does introduce challenges
in predicting true vaccine effectiveness under
a given regimen, or for a given population.
Various factors could have driven the observed
heterogeneity, including differences in study
populations, statistical approaches employed,
definitions of outcomes (e.g., for severe
COVID-19), analyzed time points after vaccina-
tion, and vaccination schedules and regimens.
Such high heterogeneity may also be expected
in older populations, in part due to the large
heterogeneity in health status associated with
underlying comorbidities, for example. Meta-
regression accounting for some of the factors
plausibly driving heterogeneity (such as vary-
ing time points of analysis after vaccination
and vaccination schedules and regimes) could
not be conducted because of sparse data. How-
ever, we performed multiple subgroup analyses
to account for age differences (i.e., restricted
to individuals aged > 65 years and >75 years),
differences in number of vaccine doses (i.e.,
restricted to individuals who received three
doses), underlying medical conditions (i.e.,
excluding those with CEV group 1 and 2 condi-
tions), and SARS-CoV-2 variant (i.e., restricted
to a single variant of concern [Delta]) to better
understand the source of heterogeneity. Het-
erogeneity continued to be observed across
these sub-analyses. Notably, high heteroge-
neity has also been noted in meta-analyses of
influenza vaccine effectiveness in older adults
[21, 69, 71]. Future studies and reviews exam-
ining which factors predict when, where, and
for whom the vaccines show differential effec-
tiveness would be beneficial to address possible
disparities in protection. Despite the high het-
erogeneity we observed, comprehensive sensi-
tivity analyses considering only subsets of stud-
ies (i.e., excluding studies or groups of studies)
were conducted, results of which highlight the

robustness of effect sizes and the conclusion of
the overall meta-analysis [72].

Our evidence synthesis has several consid-
erable strengths. First, we used broad search
terms and high-quality systematic literature
review methodology, which included training
reviewers and validating the included studies
and extracted data. Second, we used advanced
meta-analytical methods to include both stud-
ies reporting event and participant numbers by
vaccine arm as well as studies reporting only VE.
This approach allowed for inclusion of all availa-
ble data, considering both within- and between-
study variability, resulting in more robust and
reliable conclusions than would be possible if
either only binary data or only VE data were
included. We also carried out a sensitivity analy-
sis using a second-order meta-analytical model
which demonstrated similar results to the main
analysis, corroborating the robustness of the
data and the analytical methods employed.
Finally, this evidence synthesis and meta-anal-
ysis provides important updates compared with
previous analyses, notably providing results on
the comparative effectiveness of the two avail-
able mRNA vaccines in preventing SARS-CoV-2
infections and associated severe outcomes.

CONCLUSIONS

Vaccination with mRNA-1273 was associated
with significantly fewer asymptomatic, symp-
tomatic, and severe infections and hospitaliza-
tions due to COVID-19 than vaccination with
BNT162b2 in older adults aged =50 years, and
these differences generally persisted among
subgroups of patients, including among older
adults aged 2 65 years and adults aged > 50 years
who received three doses of the same vaccine.
By providing synthesized data on the compara-
tive effectiveness of the two available COVID-19
mRNA vaccines, these results can assist health-
care policy decision-makers who wish to opti-
mize vaccination programs at the population
level as well as healthcare professionals mak-
ing individual-based recommendations to their
patients.
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