?..‘ REPORT

L] L] oge
Relative effectiveness and durability of booster doses of SARS-CoV-2
L] L] L] L]
vaccines: A systematic review and meta-analysis
Di Liu,"” Yiwen Jiang,"” Shiyu Wang,"” Fuxiao Li,' Tengfei Lin," BingliLi,’ Ziyi Zhao,"” Qingping Yun,' Nana Peng,' Jiaxin Cai,"* Lingling Zheng,"*
Yuanxi Jia,' Zuyao Yang,’ Feng Sha,"* Zhirong Yang,"*" and Jinling Tang"*
*Correspondence: zr.yang@siat.ac.cn or zy266@medschl.cam.ac.uk (Z.Y.); feng.sha@siat.ac.cn (F.S.)
Received: October 23, 2023; Accepted: February 25, 2024; Published Online: March 4, 2024; https://doi.org/10.59717/] xinn-med.2024.100051
© 2024 The Author(s). This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
GRAPHICAL ABSTRACT
Outcome: Overall infection
® @)
o o 25, 399 records of studies
© o @ © 0 g
oo o ©
2 ®*
Systematic 8 12 16 20 24 28 32 36 40 44 48 52 56

review process Weeks after 1t homologous booster receipt

COVID-19

a 80
vaccine boosters ®
\ € 0
) >
= 0
O -40
OO ‘°. 0 2 4 6 8 10 12 14 16

Evidence synthesis () Weeks after 25t homologous booster receipt

(N=94 studies) ©OOOO

Each line represents a study-specific trend

~Homologous: 1%t booster vs No booster
--Heterologous: 1%t booster vs No booster
-Homologous: 2" booster vs 1% booster

xR

100
Vaccine types D
80 I ',©
el l| .
w >G Study design
2 40 ] "
20 Variants of
£o? o O ariants or concern ——
° A0 0% o (("» P A
ER T GQ yﬁ o
o o S et
‘5\\“\9 o Previous infection status Duration after vaccination
PUBLIC SUMMARY
= Both the 1% and 2" booster vaccination could offer additional protection against SARS-CoV-2 infections.
= The additional protection of the 1°' booster vaccination may vary by variants of concern and vaccine types.
= The protection of the 15! booster waned fast but that of the 2" booster remained stable in a short period.
= The sources of heterogeneity for the additional protection of the 2™ booster still remain uncertain.
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Billions of people worldwide have received booster doses of SARS-CoV-2
vaccines. Continuous monitoring of the relative vaccine effectiveness (rVE)
and durability of booster vaccination over previous vaccinations is impor-
tant for developing vaccination strategies during the post-pandemic era.
We conducted a systematic review and meta-analysis of trials and obser-
vational studies to determine the rVE of the 1% booster over no booster and
that of the 2™ booster over the 1% booster. Three trials and 91 observa-
tional studies were included in this systematic review. For the 1% booster
homologous vaccination, the rVE at a median of 9 weeks after booster
vaccination was 66.9% (95% confidence interval: 59.8%, 72.7%), 75.9%
(62.6%, 84.5%), 74.1% (66.9%, 79.8%), 86.1% (78.7%, 90.9%) and 84.2%
(78.3%, 88.5%) against overall infection, symptomatic infection, hospital
admission, severe infection and COVID-19-related death, respectively. The
rVE against overall infection was affected by variants of concern and
vaccine types and waned by average of 4.3% (3.3%, 5.4%; P-trend<0.01) per
week. Heterologous regimens for the 1° booster vaccination demonstrated
effectiveness comparable to that of homologous regimens. The rVE of the
2" hooster homologous vaccination at a median of 7 weeks after booster
vaccination was 41.9% (31.2%, 51.0%), 53.1% (24.5%, 70.9%), 60.6% (55.3%,
65.3%), 56.4% (45.3%, 65.2%) and 68.2% (51.2%, 79.2%) against the five
outcomes above, respectively, with no significant decrease in the rVE of 2"
booster vaccination. In conclusion, both the 1% and 2™ booster homolo-
gous vaccinations provided additional protection against mild and severe
infections. The rVE of the 1 booster rapidly waned over time. The rVE of
the 2™ booster, including heterologous vaccination, its durability and the
sources of heterogeneity, however, remains uncertain and more relevant
studies are needed.

INTRODUCTION

Primary SARS-CoV-2 vaccine regimens are effective in reducing the risk of
mild and severe COVID-19; however, their effectiveness diminishes rapidly
after vaccination.'” To maintain or increase vaccine effectiveness, receiving a
homologous or heterologous booster dose after the primary full-dose vacci-
nation is recommended.” Some countries have launched national campaigns
for a second booster.” However, evidence of the efficacy of booster doses
from randomized controlled trials (RCTs) was limited.**” Most available
evidence in this regard was derived from observational studies. The effec-
tiveness and durability of a booster dose remained largely uncertain due to
the wide variations in the findings of observational studies. This uncertainty
may contribute to hesitancy and reluctance to receive a booster. The level of
uncertainty further increased with the emergence of Omicron variants, which
exhibit high immune evasion and have become the global predominant
strains.

Quantitative systematic reviews suggested that booster vaccination was
associated with a reduced risk of SARS-CoV-2 infections.*'* Two additional
systematic reviews provided only a narrative summary of seroconversion
rates and effectiveness against SARS-CoV-2 infections."'® Two systematic

reviews further showed the waning effectiveness of the 1% booster dose
compared with no vaccination.'”'® However, evaluating the relative vaccine
effectiveness (rVE) of a booster dose versus no booster dose and its waning
have now been of significance for practice as two thirds of the global popula-
tion have received SARS-CoV-2 vaccines, according to the latest reports from
the World Health Organization (WHQ),'" and there is an ongoing hesitancy
towards booster vaccination. However, the conflicting findings in previous
studies, the lack of systematic reviews on the waning effect of a booster dose
compared with no booster dose and the limited systematic assessment of
rVE of the 2™ booster dose contribute to uncertainty about future vaccination
strategies. The influence of various potential sources of heterogeneity on rVE,
such as vaccine regimens (homologous or heterologous), variants of concern
(VOCs), age groups, vaccine types, prior infection status, study design and jab-
interval time, is also largely unknown. Therefore, further comprehensive
assessment of the rVE of the 1% and 2™ booster vaccination, taking into
account the post-vaccination duration and potential sources of heterogeneity,
is urgently needed to help adjust vaccination strategies and reduce vaccina-
tion hesitancy during the post-pandemic era.

This systematic review aimed to evaluate the rVE of a booster dose
(including both the 1% and 2™ booster doses) in comparison to that of a
previous vaccine regimen, the waning of the rVE over time and the sources of
rVE heterogeneity.

MATERIALS AND METHODS

This systematic review was registered in the International Prospective
Register of Systematic Reviews (PROSPERO registration number:
CRD42022347249). This systematic review was conducted following the
guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses checklist (Supplemental Appendix 1).'?

Search strategy

The PubMed, Web of science, Embase, Cochrane Library, Scopus, medRxiv,
bioRxiv and WHO COVID-19 Research Database were searched from
January 1, 2020 to June 6, 2023 (The search strategies are shown in Supple-
mental Appendix 2). In addition, we manually retrieved studies from refer-
ence lists of relevant systematic reviews.

Eligibility criteria

Observational studies (including cohort and case-control studies) and
RCTs were included if they: (1) evaluated the rVE of the 1% booster vaccina-
tion versus primary full vaccination (the 1% booster vs no booster) or the 2™
booster versus previous vaccination (the 2™ booster vs the 1% booster); (2)
addressed at least one of the outcomes (overall infection, symptomatic infec-
tion, hospital admission, severe infection and death); (3) reported an estimate
of the rVE with adjustment for potential confounders; (4) explicitly specified
homologous or heterologous booster vaccination; and (5) were published in
English. Meanwhile, we excluded (1) duplicate studies, comments, confer-
ence abstracts or protocols; (2) studies where SARS-CoV-2 infection was not
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Figure 1. Flowchart of the study selection process Notes: COVID-19, Coronavirus disease 2019; RCT, Randomized controlled trial;, WHO, World Health Organization. Among the
94 inlcuded studies, three provided both comparison of the 1° booster with no booster vaccination and comparison of the 2" booster with the 15 booster vaccination.

detected using reverse transcription polymerase chain reaction; (3) studies
where the comparison groups had previously received a different type of
vaccine; or (4) studies where the results presented in the same publication
were inconsistent in context.

Study selection and data extraction

Pairs of trained investigators (DL, YWJ, SYW, TFL, FXL, BLL, ZYZ, YXJ and
FS) independently selected eligible studies by screening the titles, abstracts
and full text. For eligible studies, pairs of trained researchers (DL, YWJ, SYW,
FXL, QPY and TFL) independently extracted data using a pre-determined
form. The information included study characteristics, participant characteris-
tics, interventions/exposures, controls and outcomes of interest. The process
of extracting data from duplicate databases or for multiple comparisons is
provided in the Supplemental Methods 1. Any discrepancies in the study
selection and data extraction were resolved by consensus with a third inves-
tigator (ZRY).

Risk of bias assessment

The Risk Of Bias In Non-randomized Studies of Interventions (ROBINS-I)
tool was used to rate the risk of bias for observational studies in seven
domains: confounding, selection of participants, classification of interven-
tions, deviations from intended interventions, missing data, measurement of
outcomes and selection of reported results (Supplemental Appendix 3)."
Each domain was evaluated and categorized as having a low, moderate, seri-
ous, critical or unclear risk of bias. The Cochrane Risk of Bias (RoB) tool was
used to assess the risk of bias in RCTs, including sequence generation, allo-
cation concealment, blinding of participants and personnel, blinding of
outcome assessors, incomplete data, outcome reporting and other biases
(Supplemental Appendix 4).° Each domain was evaluated and categorized as
having a low, high, or unclear risk of bias. For both the ROBINS-I and RoB

tools, overall bias was divided based on the presence or absence of a high
risk of bias (or serious/critical risk of bias).

Data analysis

A meta-analysis was conducted according to the type of booster vaccina-
tion regimen (homologous or heterologous) administered. We expected that
heterogeneity would exist across the SARS-CoV-2 vaccine studies due to
various VOCs, vaccine types, previous infection status and other potential
factors, which may introduce differences in rVE estimates. We therefore used
random-effects models with restricted maximum likelihood estimation to
calculate the pooled effect estimate (odds ratio [OR], risk ratio [RR] or hazard
ratio [HR]) and 95% confidence interval (Cl) for each outcome of interest by
comparing the 1% booster with no booster or the 2™ booster with the 1¢
booster when two or more eligible studies were available. Subsequently, the
effect estimates were converted to rVE using the following formula: (1 —
effect estimate) x 100%. The rVE was calculated based on the time lag for
developing immunological protection after booster vaccination when data
were available. 1 statistics and Q test were used to quantify heterogeneity
between studies, with an I* value of >50% or a P-value of <0.05 representing a
significant heterogeneity. Meta-regression and subgroup analyses were
performed to explore the sources of heterogeneity (i.e, VOCs, age groups,
vaccine types, previous infection status and study design). Due to the suffi-
cient number of studies, we only conducted meta-regression analysis for
homologous vaccination regimens in preventing overall infection. When data
were available, between-study and within-study subgroup analyses were
performed. Funnel plot and Egger's test were employed to evaluate potential
publication bias when the number of comparisons was greater than or equal
to 10. A P-value of <0.05 was considered statistically significant. All analyses
were performed using the R software (version 4.0.5).

To test the robustness of the results, four sensitivity analyses were

SUIDIPS| UolibAoUU| 8Y |

[I J—

The Innovation Medicine 2(1): 100051, March 21, 2024 3




www.the-innovation.org/medicine

(A

L]

80 I I T

60

rVE (%)

40

20

v

—=— Overall 2-4 weeks 5-12 weeks —=— 12+ weeks

Homologous: 1<t booster vs No booster
100

L) x

Overall infection Symptomatic infection

Hospital admission

Severe infection

Heterologous: 1%t booster vs No booster

60

rVE (%)

40

20

v

Overall infection Symptomatic infection

Hospital admission

Severe infection Death

Homologous: 2" booster vs 1%t booster
100

80

60 I

o ¥

20

rVE (%)

T t

Overall infection Symptomatic infection

Hospital admission

Severe infection Death

Figure 2. Relative vaccine effectiveness of booster vaccination in preventing infections of different severities, stratified by the median period after the receipt of the latest
booster dose Notes: rVE, Relative vaccination effectiveness. There is no evidence for the 2" booster compared with the 15! booster vaccination in heterologous vaccine regimens
in preventing infections of different severities. The effectiveness were estimated only for the periods when data were available. Data are represented as relative vaccine effective-

ness and 95% confidence interval.

conducted: (1) excluding studies without peer reviews; (2) excluding studies
with a high risk of bias in at least one domain; (3) excluding studies
conducted in specific populations (i.e., healthcare workers, patients with a
specific disease, pregnant women and nursing home residents); or (4)
excluding studies that reported infections occurring within less than 14 days
of follow-up to account for the immunization time lag.

We plotted the rVE over time, utilizing within-study repeated measurement
data on outcomes for discrete time intervals post-booster vaccination. The
average change in the rVE over time was estimated using linear mixed-
effects meta-regression.”’ This meta-regression regressed the logarithmic
form of effect estimates on the weeks after the latest vaccination.

Certainty of evidence

We assessed the certainty of the evidence using the Grading of Recom-
mendations Assessment, Development and Evaluation approach.”” The
certainty of the overall evidence was rated as high, moderate, low, or very low.
The hierarchy of evidence from RCTs and observational studies was initially
deemed high and low, respectively, and it could be downgraded due to viola-
tions in the following five domains: risk of bias, inconsistency, indirectness,
publication bias and imprecision. For observational studies, the level of
evidence could also be upgraded if the effect size was large, the study
showed a dose-response relationship, or the effect size was underestimated
owing to negative bias. Once the evidence is downgraded on a domain, it

cannot be upgraded on any other domain.

RESULTS
Study characteristics

Of the 9,508 studies retrieved, 94 studies (71 comparing the 1% booster
with no booster, 20 comparing the 2™ booster with the 1% booster and three
examining both) were included in this review (Figure 1). The list of included
references is in Supplemental Appendix 5. Seventy-four studies compared
the 1% booster with no booster vaccination (46 cohort studies, 25 case-
control studies and 3 RCTs, with 62 on homologous vaccine regimens, 4 on
heterologous vaccine regimens and 8 on both). The median jab-interval
between the completion of the primary vaccination and the 1% booster vacci-
nation was 6 months, with a median time of 9 weeks after the booster vacci-
nation (Table S1). Twenty-three studies compared the 2™ booster with the 1%
booster vaccination (16 cohort studies and 7 case-control studies). The
median jab-interval between the 1 booster and 2™ booster dose vaccination
was 4 months, with a median time of 7 weeks after the booster vaccination
(Table S1). The definitions of severe infection varied across studies (Supple-
mental Appendix 6). The estimates of rVE for individual studies are shown in
Figures S1-S3.

Risk of bias
Fifty-three observational studies (39 studies comparing the 1° booster with
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Table 1. Meta regression analysis for heterogeneity sources of relative vaccine effectiveness of the 1% booster versus no booster against overall infection in the homolo-

gous vaccine regimens

Factors n rVE (95%Cl), % Univariable P for heterogeneity =~ Multivariable P for heterogeneity
VOCs <0.001 <0.0001
Delta 15 82.6 (75.9,87.4)
Omicron 37 47.2 (37.8,55.1)
Unspecified 20 77.7 (66.3,85.2)
Age groups 0.099 0.066
<65y 9 81.9(69.5, 89.2)
265y 8 64.6 (42.4, 78.2)
Unspecified 55 63.7 (54.8, 70.8)
Vaccine types 0.097 0.035
mRNA 68 68.1(61.1,73.9)
non-mRNA 4 33.1(4.7,53.6)
Prior infection status 0.507 0.068
No prior infection 30 68.6 (59.6, 75.6)
Prior infection 36 67.3 (55.4, 76.0)
Unspecified 6 49.3(19.3,68.1)
Study design 0.039 0.205
Cohort study 46 73.0 (65.2, 79.0)
Case-control study 25 51.6 (39.0, 61.6)
RCT 1 51.1 (29.5, 66.5)

Notes: Cl, Confidence interval; RCT, Randomized controlled trial; rVE, Relative vaccine effectiveness; VOCs, Variants of concern. n refers to the number of
comparisons. Multivariable included VOCs, age groups, vaccine types, prior infection status and study design.

no booster vaccination and 14 studies for comparing the 2™ booster with the
1°' booster vaccination) were rated as having a high risk of bias in at least one
domain. The primary concerns included confounding bias, selection bias and
measurements bias for outcomes. One RCT was rated as having a high risk
of bias due to insufficient blinding of the participants and personnel and
insufficient coverage of SARS-CoV-2 infection testing in all study partici-
pants (Tables S2-S3).

Relative vaccine effectiveness of the 1 booster compared with no
booster vaccination

For homologous booster regimens, the combined rVE was 66.9% (95% Cl:
59.8%, 72.7%;) for overall infection, 75.9% (95% Cl: 62.6%, 84.5%) for symp-
tomatic infection, 74.1% (95% Cl: 66.9%, 79.8%) for hospital admission, 86.1%
(95% ClI: 78.7%, 90.9%) for severe infection and 84.2% (95% CI: 78.3%, 88.5%)
for death (Figures 2 & ST). These estimates showed substantial heterogene-
ity (most /%50% and P <0.05). Sensitivity analyses also showed similar effect
estimates and heterogeneity (Tables S4-S7). VOCs and vaccine types could
affect the rVE of homologous booster regimens, with lower rVE in preventing
Omicron infection than Delta infection and higher rVE for mRNA booster
vaccination than for non-mRNA booster vaccination (Tables 1 & S8). Pooled
analysis of RCTs yielded an rVE of 51.1% (95% Cl: 29.5%, 66.5%) for overall
infection and 75.2% (95% Cl: 54.6%, 87.3%) for severe infection (Table S9).
The protection decreased after the 1° booster dose significantly by average
of 4.3% per week (95% Cl: 3.3%, 5.4%; 1-56 weeks) for overall infection, 2.7%
per week (95% Cl: 1.5%, 4.0%; 2-49 weeks) for symptomatic infection, 6.5%
per week (95% Cl: 2.6%, 10.5%; 2-29 weeks) for hospital admission, 1.5% per
week (95% Cl: -3.0%, 6.2%; 3-30 weeks) for severe infection and 30.9% per
week (95% Cl: 12.1%, 52.7%; 8-10 weeks) for death (Figures 2-3). Only two
studies reported the impact of the time interval between primary vaccination
completion and the 1% booster vaccination on the rVE; however, the results

were inconsistent (Table S10).

For heterologous booster regimens, the combined rVE was 71.7% (95% Cl:
50.3, 83.8%) for overall infection, 86.3% (35% Cl: -167.2%, 99.3%) for symp-
tomatic infection, 80.6% (95% Cl: 78.3%, 82.6%) for hospital admission, 68.4%
(95% Cl: 52.6%, 78.9%) for severe infection and 85.3% (35% Cl: 80.4%, 89.0%)
for death (Figures 2 & S2). The combined rVE of the heterologous vaccina-
tion regimens was similar to that of the homologous vaccination regimens
for all five outcomes (Table 2). Insufficient data were available for a robust
subgroup analysis (Table ST1). A decreasing trend in the rVE was observed
for overall infection (by average of 11.5% per week, 95% Cl: 0.2%, 24.2%) and
symptomatic infection (by average of 10.0% per week, 95% Cl: 1.3%, 19.4%)
during a maximum of 22 weeks after the 1° booster vaccination (Figures 2-
3).

Relative vaccine effectiveness of 2™ booster compared with 1 booster
vaccination

Allincluded studies used a booster with homologous vaccination regi-
mens. The combined rVE was 41.9% (95% Cl: 31.2%, 51.0%) for overall infec-
tion, 53.1% (95% Cl: 24.5%, 70.9%) for symptomatic infection, 60.6% (95% ClI:
55.3%, 65.3%) for hospital admission, 56.4% (35% Cl: 45.3%, 65.2%) for severe
infection and 68.2% (95% Cl: 51.2%, 79.2%) for death (Figures 2 & S3). Hetero-
geneity was high for all outcomes (/%80% and P<0.05) except for hospital
admission. No significant sources of heterogeneity were identified in the
subgroup analysis (Table S12). No significant decrease was observed in the
rVE of the 2™ booster vaccination: average of 1.5% per week (95%Cl: -2.3%,
5.3%; 2-16 weeks) for overall infection, 0.9% per week (35%Cl: -0.3%, 2.0%; 2-
24 weeks) for symptomatic infection, 1.7% per week (95%Cl: -1.9%, 5.4%; 3-
11 weeks) for hospital admission, 2.0% per week (95%Cl: -4.7%, 9.2%; 2-13
weeks) for severe infection and 6.0% per week (95%Cl: -8.1%, 22.4%; 5-14
weeks) for death (Figures 2-3). No studies reported the impact of the interval
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Figure 3. Changes over time in relative vaccine
effectiveness of booster vaccination in preventing
infections of different severities Notes: r'VE, Rela-
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vaccination in heterologous vaccine regimens in
preventing infections of different severities. Each
line represents a study-specific trend. Data are

Study
~ Chemaitelly 2023

Lin 2022(BNT;before 20210922) ~William 2022 Lin 2022(before 20211215)
- Florea 2023 ~ Lin 2022(MD;20210922-1130)
~Ku 2023 Lin 2022(MD;20211201-1231)  ~ Mimura 2022(BA.1) ~ Patalon 2021 Tseng 2022 (BA.4)

- Mimura 2022(BA.2) = Patalon 2022 ~Tseng 2022 (BA.53 1

= 10

=

5

K -30

=

= 8 16 24 32 40 48 56 0 2 4 6 81012141618 2022 4 8 12 16 20
5 Weeks after booster receipt Weeks after booster receipt Weeks after booster receipt
5 Study ~Cerqueira 2022 ~Lin 2022(after 20211215) Study ~Bar-on 2022 Gazit 2022

represented as relative vaccine effectiveness and
95% confidence interval.
Fabiani 2023 ~Tseng 2022 (BA.2.12.1)

Tseng 2022 (BA.2) ~Tseng 2022 (BA.5)
Tseng 2022 (BA.4)

Lin 2022(BNT;20210922-1130) = Lin 2022(MD;20220101-0603)

booster  vaccination. The heterogeneity

between studies may also stem from VOCs,
vaccine types, previous infection status and
study design. Limited evidence was available
regarding the rVE of the 2™ booster vaccina-
tion in terms of the long-term durability,

Gonzalez 2022(2D:CV,3D:vectored vaccine)
Gonzalez 2022(2D:J,3D:MD)

Gonzalez 2022(2D:AZ,3D:MD)
- Gonzalez 2022(2D:CV,3D:MD)

~Ciesla 2023 (12-15y; BA2) ~ Ciesla 2023 (65+y; BA.4/BA.5)
~ Ciesla 2023 (65+y; BA.2)  ~Mimura 2022(BA.1)
~ Ciesla 2023 (50-64y; BA2) . Mimura 2022(BA.2) ~ Wing 2023

Lin 2022(BNT;20211201-1231) = Lin 2022(MD:before 20210922) = Moreira 2022 ~ Petrie 2022 ~Wang 2023 ~Niesen 2022(BNT) =Tseng 2022 (BA.1)
Lin 2022(BNT;20220101-0603) - Lind 2022 ~ Ng 2022 i 2022 William 2022 + Niesen 2022(MD) - Tseng 2022 (BA.2.12.1)
P o Q-
—
60 ik 2 L _J/i
g £ 2 N £ 50 r'x,_p’.: i
= 1 N w
s TN £ -2 Z 10
]
] -20 o
= a -30
2 -60 -100
T 0 8 16 24 32 40 48 56 0 2 4 6 8 1012141618 20 22 4 20 24
§ Study Weeks after booster receipt Weeks after booster receipt Weeks after booster receipt
§=8 ~ Andrews 2022 (18-49y) - Ciesla 2023 (16-49y; BA4/BA.5)  Study — Andrews 2022 (18-49y) Ranzani 2022 Study ~Ciesla 2023 (50-64y; BA2)  ~Tan 2022
3 Andrews 2022 (50+y) Ciesla 2023 (12-15y; BA.4/BA.5) Andrews 2022 (50+y) Ciesla 2023 (50-64y; BA4/5) ~Tomer 2022
(2N - Ciesla 2023 (16-49y; BA2) - Ciesla 2023 (50-64y; BA.4/BA.5)

~Ciesla 2023 (65+y; BA4/5)

heterologous regimen and sources of hetero-
geneity.

Ciesla 2023 (65+y; BA2)
Interpretations and implications

Study - Amir2023 - Grewal 2023(60-69) - Ng 2022 Study Ranzani 2022
Grewal 2023(50-59y)  ~Grewal 2023(70-79y)

Grewal 2023(80+y) Ranzani 2022

Gonzalez 2022(AZ) ~Gonzalez 2022(J) ~ Ranzani 2022 Our review Suggested that both the 1% and
ewo "l 0100 a . 2™ booster vaccinations could provide addi-
- IS R N| < sl tional protection against mild and severe
S < o 2 . . T
2 IR g :g g SARS-CoV-2 infections. These findings
5 -20 " oo i aligned with those of earlier immunogenicity
1S _30) : ) . )
£ -60 100 studies which found that the immunity of the
2 0 8 16 24 32 40 48 56 0 2 4 6 8 1012141618 20 22 0 4 8 12 16 20 24 . . . .
I Weeks after booster receipt Weeks after booster receipt Weeks after booster receipt primary vaccine series COUld wane over tlme,
Study ~ Gonzalez 2022(J) Ridgway 2022 ~ Florea2023  Study = Cerqueira 2022 = Gonzalez 2022(2D:J,3D:MD) Study —Tan 2022 . . . .
Gonzalez 2022(A7) ~ Willam2022 =~ Ku2023 Gonzalez 2022(2DCV3DMD)  — William 2022 but booster vaccination could re-induce higher
Lo pp tralizing immunity.””* However, consider-
owg — e — G ” neutralizing . y. ,

o W\ 60 V'FZ‘H\! able heterogeneity was observed across stud-
< I ' g 29 ies, which was also noted in previous RCTs.’
el o g 2 £ 1 Such heterogeneity may originate mainly from
i . 122 -39 the VOCs, vaccine types, prior infection status,
2 h 8 16 24 32 40 48 56 - 2 4 6 8 10121416182022 4 8 12 16 20 24 i i | -
& Weeks after booster receipt Weeks after booster receipt Weeks after booster receipt StUdy deSlgn and time after booster vaccina

Study - Bar-0n 2022
Fabiani 2023

Gazit 2022
~ Tan 2022

tion. These findings substantiated the previ-
ous hypothesis, suggesting that variability in

100 100 vaccine effectiveness was likely a result of the
() (g o - e o as el |
_ 60 \' _ . combined impact of variations in study design,
& & 20 B . . N
g 20 w0 w '\| population characteristics, VOCs and duration
T 20 . after vaccination, as well as the types of
=30 . a
-60 -100 vaccines themselves.”
0 8 16 24 32 40 48 56 0 2 4 6 81012141618 2022 0 4 8 12 16 20 24

Weeks after booster receipt
Study ~Gonzalez 2022(A) - Gonzalez 2022(J)

Weeks after booster receipt
Study ~Gonzalez 2022(2D:CV,3Divectored vaccine) ~ William 2022
~Gonzalez 2022(2D:J3D:MD) — Gonzalez 2022(2D:AZ,3D:MD)
Gonzalez 2022(2D:CV,3D:MD)

The 1% and 2™ booster vaccinations can
only additionally prevent 40-50% of Omicron-

Weeks after booster receipt
Study - Nordstrom 2023

time between the 1% booster and 2" booster doses on the rVE.

Publication bias

The Egger's tests and the funnel plots for the rVE of the 15 or 2™ booster
vaccination in preventing different outcomes did not suggest obvious publi-
cation bias (Figures S4-S6).

Evidence level

The quality of evidence for the rVE against different outcomes ranged from
very low to high (Tables S13-S15). The RCT demonstrated high-quality
evidence. The main factors responsible for lowering the quality of the
evidence in observational studies were inconsistency and imprecision.

DISCUSSION
Main findings of this study

This systematic review found that both the 1% and 2™ booster vaccina-
tions were associated with a lower risk of mild and severe SARS-CoV-2
infections. Heterologous and homologous regimens with the 1* booster dose
seemed to exhibit comparable effectiveness in preventing SARS-CoV-2
infection. The rVE of the 1% booster against Omicron variants was lower than
that against Delta variants and a higher rVE was observed for mRNA
vaccines than for non-mRNA vaccines. The rVE waned after the 1% booster
vaccination, whereas it remained stable in the short-term period after the 2™

induced infections, which was much lower

than their effectiveness against Delta-induced infections. The reduced effec-
tiveness against Omicron variants was associated with multiple mutations in
the receptor-binding domain of the spike protein that can lead to immune
evasion, increased transmissibility and reduced response to vaccination. This
reduced effectiveness could also be the result of neutralizing antibodies
dampened by the SARS-CoV-2 vaccine booster.”” Although a booster with
existing vaccines could still be recommended for eligible individuals, prioritiz-
ing the development of a modified booster vaccine candidate targeting the
emerging Omicron strains may enhance protection against the super-conta-
gious Omicron family of variants.” However, further evidence is needed to
confirm their effectiveness.

To assist in the adjustment of booster strategies, the effectiveness of
homologous and heterologous booster vaccination should be determined.
Although a homologous regimen has been conventionally recommended,
immunogenicity studies have suggested a higher immune response to
heterologous boosting regimens.”*"* Additionally, heterologous regimens
could serve as an alternative strategy to homologous regimens in response
to fluctuations in vaccine supply.” However, our findings did not support the
superiority of heterologous booster regimens over homologous booster regi-
mens in terms of their real-world effectiveness. This finding aligned with a
recent network meta-analysis® demonstrating comparable effectiveness
between heterologous and homologous three-dose regimens in preventing
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Table 2. Subgroup analysis on relative vaccine effectiveness of the 15 booster versus no booster according to the homologous and heterologous vaccine regimens

Subgroup/Outcome Between-studies comparison Within-study comparison
Mom: Mt Homologous: rVE  Heterologous: rVE pvalue n Homologous: rVE  Heterologous: rVE P-value
(95%Cl), % (95%Cl), % (95%Cl), % (95%Cl), %

Overall infection 72:10 66.9 (59.8, 72.7) 71.7 (50.3, 83.8) 0.602 7 63.4 (50.2, 73.2) 70.2 (40.9,84.9) 0.107
Symptomatic infection ~ 24: 2 75.9 (50.3, 83.8) 86.3(-167.2,99.3) 0.713 1 94.0 (95.0,97.0) 97.0(96.0, 97.0) 0.054
Hospital admission 27:1 74.1 (66.9,79.8) 80.6 (78.3, 82.6) 0.036 1 79.3(76.1,82.1) 80.6 (78.3,82.6) 0.485
Severe infection 13:1 86.1 (78.7,90.9) 68.4 (52.6, 78.9) 0.101 0 NA NA NA
Death 18: 3 84.2 (78.3, 88.5) 85.3(80.4, 89.0) 0.742 2 88.4(84.9,91.1) 85.3(80.4, 89.0) 0.070

Notes: Cl, Confidence interval, NA, Not available; rVE, Relative vaccine effectiveness. ny,, and nye refer to the number of comparisons for booster
vaccination with homologous and heterologous regimens respectively. n refers to the number of within-study comparisons.

SARS-CoV-2 infection. Notably, the current evidence was only applicable to
homologous regimens with three doses of mMRNA vaccines, adenovirus-
vector vaccines and inactivated SARS-CoV-2 vaccines and to heterologous
regimens with two doses of adenovirus-vector vaccines or inactivated SARS-
CoV-2 vaccines plus an mRNA booster. Future research may shed light on
the effectiveness of heterologous booster regimens involving other types of
SARS-CoV-2 vaccines.

Current relevant studies predominantly focused on booster vaccination
with mRNA vaccines, leaving non-mRNA vaccines under-represented in the
actual application. The available evidence suggested that the 1% booster of
homologous MRNA vaccination regimens was more effective against overall
infection and death. This finding was consistent with a recent ecological
study in Hong Kong, which showed that a booster with non-mRNA inacti-
vated vaccines was less effective than mRNA vaccines against mild
infection,™ implying lower rVE with inactivated vaccines. Further evidence is
required to ascertain whether vaccine type could also influence the rVE of
the1® booster with a heterologous regimen and that of the 2™ booster with a
homologous or heterologous regimen.

Regardless of the type of SARS-CoV-2 vaccines, the effectiveness of
primary full vaccination against mild infection waned within 6 months post-
vaccination, as reported in both RCTs and observational studies.'™ This
waning effect was also noted after the 1% booster vaccination.'®'® Although
our meta-analysis suggested the 2™ booster dose may enhance the effec-
tiveness and provide short-term stability, the duration of this protection
remains uncertain due to limited evidence and short follow-up periods.
Furthermore, the durability of booster vaccine effectiveness against severe
outcomes remains uncertain owing to the scarcity of studies reporting these
outcomes. Although the effectiveness of a booster dose against severe
outcomes is likely to persist longer than that against symptomatic infections
as per experience with primary vaccine series,'” continuous monitoring of the
effectiveness of booster vaccination over an extended period against SARS-
CoV-2 infections of different severities is still essential for adjusting vaccina-
tion strategies.

Determining the optimal time for booster vaccination is vital for updating
vaccination strategies. Current evidence could not specify the optimal timing
for receiving the 1% booster because direct comparisons between the
completion of primary full vaccination and the 1% booster doses were still
limited, with only four studies available. These studies have reported incon-
sistent results, with some suggesting that a longer interval may induce a
higher effectiveness whereas others suggesting the opposite. When waning
effectiveness was considered, the 1% booster dose at 6™ month from the
completion of primary vaccination might be appropriate when the effective-
ness against Omicron infection was lower than 20%.” No evidence on direct
comparisons between the 1% and 2™ booster doses was available to support
any recommendation for the optimal timing of the 2" booster dose. By
contrast, our findings showed that the rVE of the 1% booster would decrease
to nearly null at 8" month after booster vaccination, suggesting this timing
might be suitable for the 2™ booster. Furthermore, concerns have been raised
that the administration of the 2™ booster dose within a shorter interval after
the 1° booster dose could lead to a weaker immune response, potentially
reducing broad protection against increasingly diverging variants.”' Thus,

there is an urgent need to determine the optimal timing for the 2™ booster
vaccination before intensifying the 2™ booster dose vaccination campaign in
practice.

Strengths and limitations

This is the most comprehensive assessment of all currently available
evidence from RCTs and real-world studies regarding the rVE of the 1%
booster vaccination to prevent SARS-CoV-2 infection. Additionally, it was the
first to summarize the evidence for the rVE of the 2™ booster vaccination. In
comparison to previous meta-analyses, our assessment of rVE took account
for different vaccine regimens (homologous or heterologous), time intervals
after booster vaccination and various potential sources of heterogeneity.

Our study has some limitations. First, the current evidence on the rVE of
SARS-CoV-2 booster vaccination primarily came from observational studies
rather than from RCTs. The limitations that originated in the primary individ-
ual studies may have affected our results, such as residual confounding (e.g.,
behavioral differences and coexisting conditions), the lack of stringent
surveillance testing for SARS-CoV-2 infection, partial coverage of the study
population for nucleic acid testing and the lack of standardized definitions of
severe infections across studies. Confounding and detection bias should be
reduced in future studies for more rigorous assessment of the rVE. Second, a
notable heterogeneity existed in the effect estimates for preventing of SARS-
CoV-2 infections. However, our analysis identified certain factors that may
partially account for heterogeneity, such as duration after vaccination,
vaccine type and VOCs. Third, some subgroup analysis and meta-regression
may have low power to detect statistically significant associations when
there was a small number of included studies. Fourth, existing evidence was
unable to fully resolve some crucial issues, such as the prolonged waning of
the rVE and the optimal timing of the 1 and 2™ booster vaccinations.

CONCLUSION

Both the 1% and 2™ booster vaccinations provided additional protection
against mild SARS-CoV-2 infections and severe infections, although the
heterogeneity in protection was large. The protection provided by the 1¢
booster dose against Omicron variants was significantly lower than that
against Delta variants. Furthermore, mRNA vaccines exhibited a higher rVE
compared with non-mRNA vaccines. The rVE waned over time following the
1% booster dose but demonstrated stability in the short period after the 2™
booster dose. Current evidence supported the recommendation for booster
vaccination. The rVE of the 2™ booster, including heterologous vaccination, its
durability and the sources of heterogeneity, still remains uncertain. Additional
studies are needed to evaluate the longevity of the rVE over an extended
period and optimize the timing and regimens of the 1** and 2™ booster vacci-
nations.
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