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Abstract

We aimed to perform meta‐analyses to summarize the overall effectiveness of the

mRNA‐1273 vaccine against COVID‐19 caused by the Delta variant from real‐world

studies. A systematic literature search with no language restriction was performed in

electronic databases to identify eligible observational studies that reported the

effectiveness of the mRNA‐1273 vaccine to prevent reverse transcription‐

polymerase chain reaction (RT‐PCR) confirmed COVID‐19 caused by Delta variant of

SARS‐CoV‐2 (B.1.617.2). A random‐effects meta‐analysis model was used to

estimate the pooled odds ratio (OR) at a 95% confidence interval (CI), and the

vaccine effectiveness was indicated as (pooled OR − 1)/OR. Five studies were in-

cluded for this systematic review and meta‐analysis. The meta‐analysis revealed that

the administration of mRNA‐1273 vaccine protected against RT‐PCR confirmed

COVID‐19 caused by Delta variant ≥21 days post first dose, with pooled vaccine

effectiveness of 66% (95% CI: 65%–67%), as well as ≥14 days after the second dose,

with pooled vaccine effectiveness of 91% (95% CI: 84%–95%). In conclusion, the

mRNA‐1273 vaccine offers a substantial protection rate against RT‐PCR confirmed

COVID‐19 caused by the Delta variant upon full vaccination, although with slightly

reduced effectiveness relative to other strains of SARS‐CoV‐2.
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1 | INTRODUCTION

Delta variant, also known as B.1.617.2, belongs to a viral lineage of

SARS‐CoV‐2 first identified in India in December 2020 and has since

become the most prevalent SARS‐CoV‐2 variant in several other

countries.1 The lineage has been linked to a resurgence of COVID‐19

cases in many parts of the world, including those with robust vacci-

nation drives. Therefore, there have been concerns that the currently

available COVID‐19 vaccines may not adequately protect against

COVID‐19 caused by the Delta variant. This paper aims to summarize

through meta‐analyses the overall effectiveness of the mRNA‐1273

vaccine against COVID‐19 caused by the Delta variant from large

real‐world studies.

2 | METHODS

Two investigators (C.S.K. and S.S.H.) independently conducted a sys-

tematic literature search in multiple electronic databases, including

PubMed, Google Scholar, Scopus, Web of Science, and medRxiv, in Oc-

tober 2021. The search strategy was designed to identify all publications,

which reported the effectiveness of the mRNA‐1273 vaccine to prevent
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reverse transcription‐polymerase chain reaction (RT‐PCR) confirmed

COVID‐19 caused by Delta variant of SARS‐CoV‐2 (B.1.617.2). We ap-

plied various combinations of Boolean operators for the following key-

words during our search: [(SARS‐Cov‐2 OR 2019‐nCOv OR COVID‐19

OR coronavirus) AND (vaccine or vaccination) AND (variant)].

Studies were eligible for inclusion in our systematic review and meta‐

analysis if they (1) were observational studies (of any design, e.g., case‐

control, cohort, case series); (2) reported the effectiveness of the mRNA‐

1273 vaccine to prevent RT‐PCR confirmed COVID‐19 caused by Delta

variant of SARS‐CoV‐2 (B.1.617.2); (3) compared vaccine effectiveness

between vaccinated and unvaccinated individuals or between pre‐ and

postvaccination; and (4) reported adjusted effectiveness estimates. For

two or more studies that utilized the same data source for their in-

vestigations on vaccine effectiveness, we included the study that per-

formed analysis on the latest data cut‐off date. We excluded studies that

utilized surrogate measures of vaccine effectiveness against COVID‐19

caused by Delta variant of SARS‐CoV‐2 by reporting vaccine effective-

ness during delta predominance period, studies that reported unadjusted

effectiveness estimates, and studies that reported the effectiveness of

the vaccine to prevent COVID‐19‐related mortality or COVID‐19‐related

hospitalization.

The outcome of interest, namely vaccine effectiveness, was defined

as a relative risk reduction in RT‐PCR confirmed COVID‐19 caused by

Delta variant in vaccinated individuals (postvaccination) compared with

unvaccinated individuals (prevaccination).2 All relevant information from

the eligible studies was extracted and recorded in a predetermined data

collection table. Newcastle–Ottawa Scale was used for critical appraisal of

the quality of included observational studies. Two investigators (C.S.K.

and S.S.H.) independently evaluated the quality of studies with the

Newcastle–Ottawa Scale, and a Newcastle–Ottawa Scale of at least 8,

indicating high quality.3 Consensus discussions between the two in-

vestigators (C.S.K. and S.S.H.) with involvement of the third investigator

(D.S.R) when necessary, were carried out to resolve disagreements on the

inclusion of studies, extraction of study characteristics, and quality

appraisal.

A random‐effects model was used to estimate the pooled odds ratio

(OR) for the occurrence of COVID‐19 caused by Delta variants between

vaccinated and unvaccinated individuals at 95% confidence intervals (CIs).

We examined the heterogeneity between studies using the I2 statistics

and the χ2 test, with 50% and p<0.10, respectively, were considered as

an indication of the presence of heterogeneity. The vaccine effectiveness

was indicated as (pooled OR−1)/OR, together with a 95% CI. All analyses

were performed using Meta XL, version 5.3 (EpiGear International).

3 | RESULTS

Our literature search yielded 4441 records. After deduplication and

application of eligibility criteria, 14 relevant articles were shortlisted

for inclusion through full‐text examination. Of these, nine studies

F IGURE 1 PRISMA flow diagram for study
selection
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were excluded since they utilized surrogate measures of vaccine ef-

fectiveness against COVID‐19 caused by Delta variant of SARS‐CoV‐

2 by reporting vaccine effectiveness during Delta predominance

period, reported the effectiveness of vaccines other than vaccines

BNT162b2 mRNA vaccine, or reported unadjusted effectiveness

estimates (Figure 1). Eventually, five studies were included in this

systematic review and meta‐analysis; all included studies were of

retrospective case‐control design.4–8 The study characteristics are

depicted in Table 1. The included studies are deemed moderate‐to‐

high quality with a Newcastle–Ottawa Scale of 8 (Table 1).

The meta‐analysis of three studies4–6 revealed significant pro-

tective effect against RT‐PCR confirmed COVID‐19 caused by Delta

variant 21 days or more after the first dose of mRNA‐1273 vaccine

(pooled OR = 0.34; 95% CI: 0.33–0.35; I2 = 0%; p = 0.66; Figure 2A),

where pooled estimate indicates vaccine effectiveness of 66% (95%

CI: 65%–67%). In addition, the meta‐analysis of four studies4,5,7,8

revealed even higher significant protective effect against RT‐PCR

confirmed COVID‐19 caused by Delta variant 14 days or more after

the second dose of mRNA‐1273 vaccine (pooled OR = 0.09; 95% CI:

0.05–0.16; I2 = 94%; p = 0.01; Figure 2B), where pooled estimate in-

dicates vaccine effectiveness of 91% (95% CI: 84%–95%).

4 | DISCUSSION

On the basis of the findings, it appears that the mRNA‐1273 vaccine

still offers substantial protection against RT‐PCR confirmed

COVID‐19 caused by the Delta variant in the real‐world settings in

which partial vaccination (21 days or more after the first dose)

reduced the risk of acquisition of COVID‐19 caused by the Delta

variant by 66%, while full vaccination (14 days or more after the

second dose) reduced the risk of acquisition of COVID‐19 caused by

the Delta variant by 91%. Nevertheless, the protection rate was

slightly lower than that previously reported in phase 3 randomized

controlled trial9 conducted before the Delta predominance period;

93.2% versus 91% upon full vaccination.

While our systematic review and meta‐analysis were limited

by the inclusion of studies of the retrospective design, we believe

it is of utmost importance to disseminate our findings at this

stage to alleviate the concerns of practitioners surrounding the

protection rate of the mRNA‐1273 vaccine amid the delta pre-

dominance period. In addition, our findings can offer valuable

insights to the policymakers regarding the urgency to administer

booster vaccine doses, which may further stretch the global

vaccine supply.

In conclusion, the mRNA‐1273 vaccine offers a substantial pro-

tection rate against RT‐PCR confirmed COVID‐19 caused by the

Delta variant upon full vaccination. Therefore, measures should be

taken to hasten the global vaccination efforts, preferably with mRNA

vaccines, to curb COVID‐19 transmission, which may drive the future

emergence of variants of concern.
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