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Abstract

Background: The temporal evolution of SARS-CoV-2 vaccine efficacy and effectiveness (VE) against infection, symp-
tomatic, and severe COVID-19 is incompletely defined. The temporal evolution of VE could be dependent on age, vac-
cine types, variants of the virus, and geographic region. We aimed to conduct a systematic review and meta-analysis
of the duration of VE against SARS-CoV-2 infection, symptomatic COVID-19 and severe COVID-19.

Methods: MEDLINE, Scopus, Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic
Reviews, the World Health Organization Global Literature on Coronavirus Disease, and CoronaCentral databases were
searched and studies were selected. Independent reviewers selected randomized controlled trials and cohort studies
with the outcome of interest. Independent reviewers extracted data, and assessed the risk of bias. Meta-analysis was
performed with the DerSimonian-Laird random-effects model with Hartung-Knapp-Sidik-Jonkman variance correc-
tion. The GRADE (Grading of Recommendations, Assessment, Development and Evaluation) approach was used to
assess certainty (quality) of the evidence. Primary outcomes included VE as a function of time against SARS-CoV-2
infection, symptomatic and severe COVID-19.

Results: Eighteen studies were included representing nearly 7 million individuals. VE against all SARS-CoV-2 infec-
tions declined from 83% in the first month after completion of the original vaccination series to 22% at 5 months or
longer. Similarly, VE against symptomatic COVID-19 declined from 94% in the first month after vaccination to 64% by
the fourth month. VE against severe COVID-19 for all ages was high overall, with the level being 90% (95% Cl, 87-92%)
at five months or longer after being fully vaccinated. VE against severe COVID-19 was lower in individuals > 65

years and those who received Ad26.COV2.S.
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Conclusions: VE against SARS-CoV-2 infection and symptomatic COVID-19 waned over time but protection
remained high against severe COVID-19. These data can be used to inform public health decisions around the need

for booster vaccination.

Keywords: Vaccine effectiveness, COVID-19, Waning immunity

Background

In an effort to decrease the rate of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infections
and cases of severe coronavirus disease 2019 (COVID-
19), eight billion doses of COVID-19 vaccines have been
deployed worldwide as of November 21st, 2021 [1]. In
the United States (US), SARS-CoV-2 vaccines include
two messenger RNA vaccines (nRNA) BNT162b2 [2]
and mRNA-1273 [3] and one adenovirus vector vac-
cine (Ad26.COV2.S [4]). As of November 21st, 2021,
59% of the United States and 42% of the world’s pop-
ulation were fully vaccinated against SARS-CoV-2
[1]. In randomized placebo-controlled Phase III tri-
als, the BNT162b2, mRNA-1273, and Ad26.COV2.S
vaccines showed 95%, 94%, and 67% efficacy against
symptomatic disease due to SARS-CoV-2. However,
the temporal evolution of vaccine protection against
future SARS-CoV-2 infection, symptomatic, and severe
COVID-19 remains poorly understood. As countries
around the world face surges of COVID-19 cases, the
question of waning immunity and its contribution to
new outbreaks must be urgently addressed. In this
meta-analysis, our objective was to evaluate the overall,
age- and vaccine-specific efficacy/effectiveness (VE) of
BNT162b2, mRNA-1273, and Ad26.COV2.S vaccines
against SARS-CoV-2 infection, symptomatic, and severe
COVID-19 disease over time.

Methods

Results were reported following Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) 2020 [5]. This study was deemed exempt by
the Penn State Institutional Review Board. The study pro-
tocol is provided in Additional file 1: Text S1.

Data sources and searches

MEDLINE, Scopus, Cochrane Central Register of Con-
trolled Trials, Cochrane Database of Systematic Reviews,
the World Health Organization Global Literature on
Coronavirus Disease, and CoronaCentral databases
were searched from December 2019 to November 2021
for peer-reviewed studies reporting COVID-19 Vac-
cine effectiveness or efficacy without language restric-
tion. Clinical trial registries through The World Health
Organization (WHO) International Clinical Trials Reg-
istry Platform search portal (https://trialsearch.who.int/)

and conference proceedings were also searched. Refer-
ence mining of primary studies was conducted to iden-
tify additional literature. The following Medical Subject
Headings and keyword search terms were used; “vaccine
effectiveness” OR “vaccine efficacy” AND “SARS-CoV-2”
OR “COVID-19” OR “severe acute respiratory syndrome
coronavirus-2” OR “coronavirus disease 2019”. Full search
terms are provided in Additional file 1: Table S1.

Study selection

Studies were selected according to Participant (P), Inter-
vention (I), Comparator [C], Outcome (O) and Study
type (S) [PICOS] criteria [6]:

Participants Persons of all ages and sex included in
studies that investigated COVID-19 vaccines efficacy or
effectiveness.

Intervention COVID-19 vaccines (BNT162b2, mRNA-
1273, Ad26.COV2.S). We did not include studies that
evaluated booster doses because very few studies on
efficacy of boosters were available at the time of our
meta-analysis.

Comparison Unvaccinated cohorts.

Outcome of interest Vaccine effectiveness or efficacy
(VE) calculated as 100 x (1 — IRR), where IRR (incidence
rate ratio) is the ratio of the rate of COVID-19 in the vac-
cinated group to the corresponding rate in the unvacci-
nated group. A vaccine’s efficacy is a measure of how well
vaccines work in clinical trials. In contrast, vaccine effec-
tiveness is a measure of how well vaccines work in real-
world settings outside of a clinical trial [7]. Outcome
measures and the definitions of infection and severity of
COVID-19 are provided in Additional file 1: Text S2.

Study type Randomized clinical trials (RCT) for efficacy
and observational studies for effectiveness. Pairs of inde-
pendent investigators (PS and AES) screened the titles
and abstracts of all citations. Studies included by either
reviewer were retrieved and independently screened by
two investigators (PS and AES).

Data extraction and quality assessment

A standardized data extraction form was developed
and two investigators (PS and AES) worked indepen-
dently to extract study details. The following informa-
tion was extracted: year of study publication, country
and time frame, type of vaccine; mRNA-1273 (Moderna);
BNT162b2 (Pfizer-BioNTech); Ad26.COV2.S (Janssen),
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inferential statistical test estimates (vaccine effectiveness
or efficacy and its 95% confidence intervals), follow-up
time after full vaccination (2-doses for mRNA-127 and
BNT162b2 and 1 dose for Ad26.COV2.S), study-level
descriptive statistics (mean (SD)/ median (IQR) age in
years, proportion (%) female, male and obese), follow-up
time (days), and definitions of symptomatic, and severe
COVID-19. Authors were contacted for missing or
incomplete information. The risk of bias of the included
RCTs was evaluated with the Cochrane Collaboration’s
Risk of Bias 2 tool (Additional file 1: Table S3) [8]. Meth-
odological quality for nonrandomized observational
studies was assessed with the Newcastle—Ottawa Scale
(NOS) [9]. Based on the NOS criteria, we assigned a
maximum of 4 stars for selection, 2 stars for compara-
bility, and 3 stars for exposure and outcome assessment.
Studies with fewer than 5 stars were considered low qual-
ity; 5 to 7 stars, moderate quality; and more than 7 stars,
high quality.

Grading the quality of evidence

We assessed the quality of evidence using the GRADE
(Grading of Recommendations, Assessment, Develop-
ment and Evaluations) framework using four levels of
quality of evidence: very low, low, moderate and high
[10].

Data synthesis and analysis

Statistical analyses were performed with R software ver-
sion 3.6.2 (R Project for Statistical Computing). R pack-
age ggplot2 was used to display the scatter plots. Meta
and Metafor R packages were used to conduct formal
meta-analyses and create forest plots. Descriptive statis-
tics were used to summarize study-level demographics.
Meta-analyses were stratified by length of follow-up after
full vaccination where continuous time was discretized in
months. The DerSimonian-Laird random-effects model
with Hartung- Knapp-Sidik-Jonkman variance correction
was used to combine VE estimates if the number of stud-
ies included in the meta-analysis was greater than three
[11-13]. In a situation where VE was reported at more
than one time point in a single month of study, a fixed-
effects model was utilized to pool the estimate within the
study before conducting the random-effect meta-anal-
ysis. Results from fixed-effects model were reported for
subgroups of 3 studies or fewer.

Heterogeneity between studies was evaluated with the
I? indicator expressed as percent low (<25%), moder-
ate (50%), and high (>75%) [14]. Prespecified subgroup
analyses were conducted according to age, vaccine type,
WHO regions, and study design. Publication bias was
quantitatively evaluated with Egger’s linear regression
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and Begg’s rank test [15, 16] and qualitatively with fun-
nel plots. Two-sided p<0.05 was deemed statistically
significant.

Results

Characteristics of studies

We identified 563 studies. After excluding duplicates,
a total of 300 publications were screened for eligibility.
After excluding 184 studies based on title and abstract
screening, 110 full-text articles were assessed for eligi-
bility (Fig. 1). The final number of articles included was
18 (n=6,895,811 individuals), consisting of 2,669,506
vaccinated subjects (38.7%) and 4,226,305 unvaccinated
controls (61.3%). The studies included 5 randomized con-
trolled trials (RCT), 5 case—control studies, and 8 cohort
studies. The median study duration across all stud-
ies was 120 days after the second dose of mRNA or the
first dose of AD26.COV2.S vaccines (range 0-300 days;
interquartile range [IQR] 30-90 days). Eleven studies
reported VE starting within 7 days of the second dose
of the mRNA vaccine [17-27]. VE was reported starting
14 days after the second dose of mRNA vaccines in two
studies (Ali et al. and Tenforde et al. [28, 29]). Three stud-
ies reported VE for AD26.COV2.S, one began following
patients immediately, and the other two started 14 days
after the first dose [4, 24, 30] Seven studies documented
VE stratified by age [17-19, 21-23, 31]. The median age
across studies was 46 years (range 14-61 years), with
47% of patients being female (range 31-100%). Two stud-
ies included adolescents 12-25 years [29], one study
included only individuals who were in incarcerated [32],
and two studies included only hospitalized patients [28,
30].

The majority of studies included in our meta-analyses
only reported VE on one vaccine type. However, Self
et al. reported VE for BNT162b2, mRNA-1273, and
AD26.COV2.S [30] whereas Paris et al. and Tenford et al.
reported VE for both mRNA vaccines (BNT162b2 and
mRNA-1273) [28]. VE estimates from mRNA vaccines
reported by Self et al. were excluded from our analy-
sis due to overlapping study populations; we included
the data they reported on AD26.COV2.S [33]. Details
of included studies are provided in Additional file 1:
Table S2. Risk-of-bias assesemnt for RCT is provided in
Additional file 1: Table S2.

Temporal evolution of VE against infection

To estimate VE against SARS-CoV-2 infection, we exam-
ined the association between prior vaccination and the
incidence rate of testing positive for SARS-CoV-2 in the
vaccinated compared to the unvaccinated group. For all
ages and vaccines, pooled mean VE against SARS-CoV-2
infection was 76% (95% CI, 68—85%, I’=100%) with
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Fig. 1 PRISMA 2020 flow diagram for systematic reviews and meta-analysis of vaccine efficacy/effectiveness (VE) against SARS-CoV-2 infection,
symptomatic and severe COVID-19

variation based on vaccine type, BNT162b2 65% (95% ClI,
60—71%), mRNA-1273, 82% (95% CI, 80—84%) and Ad26.
COV2.S, 69% (95% CI, 64—74%, Additional file 1: Fig. S1).
VE against infection declined sharply after 100 days fol-
lowing full vaccination (Fig. 2A). The mean VE against
SARS-CoV-2 infection was 83% (95% CI, 75-90%), 80%
(95% CI, 68-91%), 82% (95% CI, 70-93%), 71% (95% ClI,
52-90%), and 22% (95% CI, — 24—68%) at 1, 2, 3, 4, and
5 months following vaccination, respectively (Fig. 3).
We were unable to conduct vaccine waning subgroup
analysis according to vaccine type because only three
BNT162b2, one mRNA-1273 and no Ad26.COV2.S stud-
ies reported VE estimates against SARS-CoV-2 infection
beyond 3 months. We assessed age as an effect modifier
in the association between vaccine status and infection.
After full vaccination, there was a rapid increase in VE in
both age groups which reached a maximum of ~88% in
the first 30 days (Fig. 4A and B). VE declined more rap-
idly in individuals > 65 years than<65 years, beginning
at approximately 25 days in individuals> 65 years and
80 days in those <65 years. By 150 days post vaccination,
VE in both age groups declined below 50%.

Temporal evolution of VE against symptomatic COVID-19
Next, we assessed the evolution of VE as function of time
for symptomatic COVID-19. For all ages and vaccines,
pooled mean VE against symptomatic COVID-19 was
87% (95% CI, 86-87%, I°=100%) with variation based
on vaccine type; for mRNA-1273 and BNT162b2 VE
were 92% (95% CI, 88—96%) and 85% (95% CI, 85-86%),
respectively (Additional file 1: Fig. S2). Only one study
estimated VE against symptomatic COVID-19 strati-
fied by age for Ad26.COV2.S; VE was 76.3% (95% CI
61.6—86%) for 60 or older and 63.7% (95% CI 53.9-71.6%)
for 18-59 at 14 or more days and 66.2% (95% CI 36.7—-
83.0%) and 66.1% (95% CI 53.3-75.8%) respectively at 28
or more days [4]. The temporal evolution of VE against
symptomatic infection was similar to that of overall
infection (Fig. 2B). Mean VE declined over time and
reached 94% (95% CI, 93-94%), 78% (95% CI, 55—-100%),
and 64% (95% CI, 24—100%) at 1, 3 and 4-months follow-
ing vaccination (Fig. 5). Estimates were not reported for
month 2 (except for one study) and month 5 (no stud-
ies). There were not enough data points to estimate VE
against symptomatic infection by age.
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Fig. 2 Scatterplot of Vaccine efficacy/effectiveness (VE) % against SARS-CoV-2 infection (A), symptomatic COVID-19 (B) and severe COVID-19 (C)
plotted according to time from the second dose for mRNA vaccines and one dose of adenovirus vector-based vaccine. Each circle represents a
study, and its size is proportional to the study’s sample size and annotated according to vaccine type. Effectiveness estimates include studies that
estimated efficacy. The red line represents the fitted mean VE using the natural cubic spline model. The horizontal blue line represents the 50%
protection level stipulated by the WHO [7]

Temporal evolution of VE against severe COVID-19

To estimate the protection of vaccination against severe
COVID-19, we examined the association between prior
vaccination and severe COVID-19. The definition of

severe COVID-19 varied by study (Additional file 1:
Table S2). Sensitivity analysis comparing different defini-
tions of severe COVID-19 including critical COVID-19
did not show differences in estimates (data not shown).
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For all ages and vaccines, the pooled mean VE was 86%
(95% CI, 80-92%, I°’=100%) and the temporal evolu-
tion consistently remained robust (>90%) through
175 days post-vaccination (Fig. 2C). The mean VE was
85% (95% CI, 72-98%), 89% (95% CI, 83-96%), 95%
(95% CI, 87-100%), 78% (95% CI, 63-93%), and 90%
(95% CI, 89-92%) at 1, 2, 3, 4, and 5 months following
vaccination, respectively (Fig. 6). For studies where age
was included, we evaluated age as an effect modifier.
VE against severe disease reached a maximum of ~90%
at approximately 60 days post-vaccination and declined
to 74% and 62% by day 200 post-vaccination in the <65
and > 65 years, respectively (Fig. 4C and D). VE against
severe COVID-19 was higher for mRNA-1273, 93% (95%
CI: 83-100%) than BNT162b2, 87% (95% CI, 79-95% and
Ad26.COV2.S 74% (95% CI, 62-87%, Additional file 1:
Fig. S3). We were unable to conduct vaccine waning sub-
group analysis against severe COVID-19 by vaccine type
because only four BNT162b2, two mRNA-1273 and one
Ad26.COV2.S studies reported VE estimates against
severe COVID-19 beyond 3 months.

Subgroup and sensitivity analyses

Analyses limited to only efficacy (RCT) trials found a
higher VE against SARS-CoV-2 infection compared to
effectiveness (non-RCT) studies: 83% (95% CI, 78—89%)
vs. 63% (95% CI, 57-68%); symptomatic COVID-19,
93% (95% CI, 90-95%, vs. 83% (95% CI, 82-83%); and
severe COVID-19, 91% (95% CI, 79-100%) vs. 85% (95%
CI, 78-92%) (Additional file 1: Fig. S4, S5, S6). When
compared to studies conducted in Europe and North
America, studies conducted in Qatar (representative of
Eastern Mediterranean region) showed lower vaccine
protection against SARS-CoV-2 infection at 34% (95%
CI, 25-44%) and symptomatic COVID-19 at 29% (95%
CI, 20-38%), but not for severe COVID-19, at 91% (95%
CI, 84-99%) (Additional file 1: Fig. S7, S8, S9). For studies
that assessed asymptomatic SARS-CoV-2 infection, VE
decreased more rapidly than that of overall infection or
symptomatic infection. (Additional file 1: Fig. S10).

No strong evidence of publication bias nor asym-
metries in the funnel plots for overall VE against infec-
tion, symptomatic and severe COVID-19 was detected.
Egger’s test (p=0.13, p=0.34, p=0.54) for publication
bias was not significant (Additional file 1: Fig. S11). The
overall quality of evidence by the GRADE framework
for the VE was graded as ‘moderate’ quality (Additional
file 1: Table S2).
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Discussion

In this systematic review and meta-analysis of 18 peer-
reviewed studies, which included nearly 7 million indi-
viduals, we found evidence of waning immunity against
SARS-CoV-2 infection from a high of 83% at one month
to 22% at five months or longer after being fully vac-
cinated. Similar trends were observed for symptomatic
COVID-19. VE against SARS-CoV-2 infection declined
more rapidly in individuals >age 65 years but was less
than 50% in all age groups by month five. VE varied by
vaccine type with highest pooled VE among mRNA-
1273 recipients. Reassuringly, VE against severe disease
remained robust; 90% at five months following vaccina-
tion, although protection was lower in older individuals
(> 65 years) and in those who received Ad26.COV2.S.

The impact of temporal waning of vaccine effectiveness
against SARS-CoV-2 infection raises concern that ini-
tially effective vaccination strategies will not be sufficient
to mitigate the individual and population level effect of
COVID-19 long-term. Historically, waning immunity for
other infectious diseases has been addressed by admin-
istering subsequent doses of vaccine, e.g., booster doses
[34]. In line with other highly vaccinated countries, the
US Food and Drug Administration (FDA) amended its
Emergency Use Authorizations (EUA) for COVID-19
vaccines on November 19, 2021 to allow a single booster
dose for all adults age > 18 years and the Centers for Dis-
ease control and Prevention has endorsed booster doses
for all adults. This approach in well-resourced countries
has led to international debate about the implementa-
tion of booster vaccine rollout when much of the world’s
population has yet to receive a single vaccine dose.
Understanding the public health goal of booster vaccina-
tions—prevention of infection versus prevention of symp-
tomatic disease versus prevention of severe COVID-19
outcomes— is crucial to implementing a global strategy
moving forward. At the population level, the majority of
SARS-CoV-2 infections and arguably more importantly,
severe cases, continue to be identified in the unvac-
cinated or in those unlikely to mount a robust vaccine
response [35]. The drivers of population level transmis-
sion in regions of variable vaccine uptake have yet to be
determined.

Based on our data, VE against SARS-CoV-2 infection
and symptomatic COVID-19 are clearly waning and
have fallen below the WHO’s minimal criteria of 50%
when considering the outcomes of infection and sympto-
matic disease [7]. If impact on less severe COVID-19 is

(See figure on next page.)

Fig. 3 Forest plot of vaccine efficacy/effectiveness (VE) against SARS-CoV-2 infection stratified by months since full vaccination. Mean VE values
represent the mean vaccine protection expressed as percentage. Blue squares and their corresponding lines are the point estimates and 95%
confidence intervals (95% Cl). Maroon diamonds represent the pooled VE estimates for each month (width denotes 95% Cl). Effectiveness estimates

include studies that estimated efficacy




Ssentongo et al. BMC Infectious Diseases (2022) 22:439

Page 7 of 12

Study Mean Mean VE 95% CI
Month =1 :

Chin et al, 2021 : 49.50 [48.59; 50.41]
Ali et al. 2021 55.70 [55.10; 56.30]
Sadoff et al, 2021 o 66.90 [66.85; 66.95]
Corchado-Garcia et al, 2021 73.57 [73.55; 73.59]

o
Hall et all, 2021 o 76.92 [76.87; 76.97]
Chemaitelly et. al. 2021a o 78.00 [77.99; 78.01]
Tartof et al. 2021 [ 78.70 [78.68; 78.72]
Sahly et. al. 2021

Dagan et al, 2021a

o 89.90 [89.76; 90.04]

o 92.00 [92.00; 92.00]
Thomas et al. 2021 1] 93.85 [93.65; 94.05]
Paris et al, 2021 : 94.60 [93.96; 95.24]
Haas et al. 2021 1] 95.90 [95.89; 95.91]
Dagan et al, 2021b : [ ] 96.00 [95.95; 96.05]
Chemaitelly et. al. 2021b o 96.10 [96.09; 96.11]
Paris et al, 2021 '+ 100.00

Frenck et al 2021 : 100.00 [99.63; 100.37]
Random effects model - 82.51 [74.82; 90.21]
Heterogeneity: 12 = 100%, p = 0 :

Month = 2 :

Sadoff et al, 2021 o 66.50 [66.43; 66.57]
Chemaitelly et. al. 2021a B 7140 [71.38; 71.42]
Tartof et al. 2021 ‘m 84.00 [84.00; 84.00]
Haas et al. 2021 o 96.60 [96.60; 96.60]
Random effects model ——— 79.63 [68.16; 91.09]
Heterogeneity: 1% = 100%, p=0 5

Month =3 :

Chemaitelly et. al. 2021a o 64.30 [64.26; 64.34]
Tartof et al. 2021 o 78.00 [78.00; 78.00]
Thomas et al. 2021 . 90.10 [90.08; 90.12]
Sahly et. al. 2021 B | 94.00 [93.98; 94.02]
Random effects model —— 81.60 [70.23; 92.97]
Heterogeneity: /2 = 100%, p = 0 :

Month =4 :

Chemaitelly et. al. 2021a [ ] : 41.30 [41.16; 41.44]
Tartof et al. 2021 o 68.00 [68.00; 68.00]
Thomas et al. 2021 ‘m 83.70 [83.65; 83.75]
Sahly et. al. 2021 . 9240 [92.35; 92.45]
Random effects model —_— 71.35 [52.31; 90.39]
Heterogeneity: /2 = 100%, p = 0 :

Month =5 :

Chemaitelly et. al. 2021a [+ ] -11.40 [-11.67; -11.13]
Tartof et al. 2021 o : 55.00 [55.00; 55.00]
Random effects model 21.80 [-24.21; 67.81]
Heterogeneity: /2 = 100%, p = 0 :

Random effects model : - | 76.26 [67.97; 84.55]

-20 0 20 40 60 80 100
Vaccine protection against SARS-CoV-2 infections (%)
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Fig. 4 Scatterplot of Vaccine efficacy/effectiveness (VE) against infection and severe disease stratified by age. VE against infection in

subjects <65 years (A) > 65 years (B), against severe COVID-19 disease in those <65 years (C) and > 65 years (D) plotted according to time since full
vaccination (14 days after second dose for mRNA vaccines and after one dose of adenovirus vector-based vaccine). Each circle represents a study,
and its size is proportional to the study’s sample size and annotated according to vaccine type. The red line represents the fitted mean VE using the
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chosen as a global goal, then booster doses will certainly
be needed to attempt and restore higher effectiveness
targets. Early data from BNT162b2 vaccination cam-
paigns in Israel and the United Kingdom suggest that a
booster dose of COVID-19 vaccine will in the short-term
increase vaccine effectiveness against confirmed infec-
tion and symptomatic disease [36—38]. The longevity of
this protection, beyond a few weeks after vaccination, has
yet to be determined and the impact on transmission and
utilization of healthcare resources remains unclear.

In terms of severe COVID-19, our data support robust
protection that persists over time. A pooled VE of 90%
at five months post-vaccination remains well above the
WHO's preferred estimate of 70% and minimal estimate
of 50% when considering effectiveness against the out-
come of severe disease [7]. We did note an increased risk
of severe disease in individuals > 65 years of age and those
initially vaccinated with Ad26.COV2.S that warrants fur-
ther consideration. In this regard, many countries that

have implemented booster policies have targeted older
individuals first. The impact of this approach is largely
unknown, although observational data from Israel sug-
gests that a third dose of BNT162b2 decreased severe
COVID-19 in individuals 40 years of age or greater in the
short term [39]. However, severe outcomes in immuno-
competent individuals who have received BNT162b2 or
mRNA-1273 continue to be rare [33] and the side effect
profile of a subsequent dose, particularly in fully vacci-
nated younger individuals at very low risk of COVID-19
complications, has not been fully delineated.

Individuals who received Ad26.COV2.S have lower VE
against all outcomes, including pooled VE of 74% against
severe COVID-19. Unpublished data presented to the
Advisory Committee for Immunization Practices on
October 21, 2021 suggested that a booster dose of Ad26.
COV2.S given two months after the initial immunization
increased VE in the short term to 100% against severe
disease [40].
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Fig.5 Forest plot of vaccine efficacy/effectiveness (VE) against symptomatic COVID-19 stratified by months since full vaccination. Mean VE values
represent the mean vaccine protection expressed as a percentage. Blue squares and their corresponding lines are the point estimates and 95%
confidence intervals (95% Cl). Maroon diamonds represent the pooled VE estimates for each month (width denotes 95% Cl)

Several important limitations of this meta-analysis
should be considered when utilizing the data to influence
public health policies. There is high between-study vari-
ation in the included estimates. Several factors may have
contributed to this variation. First, study designs ranged
from high-quality randomized controlled clinical trials
to lesser quality cohort and test-negative case—control

studies. When considering only the highest quality
studies, VE was 83%, 93% and 91% for infection, symp-
tomatic, and severe COVID-19, respectively. However,
while the RCTs had higher estimates and controlled tri-
als are generally considered to have a higher level of evi-
dence, some of the RCTs included had short follow-up
periods, very different participant groups (teenagers),
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Fig. 6 Forest plot of vaccine efficacy/effectiveness against severe COVID-19 stratified by months since full vaccination. Mean VE values represent
the mean expressed as a percentage. Blue squares and their corresponding lines are the point estimates and 95% confidence intervals (95% Cl).
Maroon diamonds represent the pooled VE estimates for each month (width denotes 95% Cl)
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and potential bias (baseline comparison groups not
similar) as shown from Additional file 1: Table S2. Sec-
ond, study populations varied geographically according
to the WHO regions and included the Americas (United
States, South America), Europe (United Kingdom, Israel),
Africa (South Africa), and Eastern Mediterranean Region
(Qatar). Random-effects models were adopted to control
for the possible difference in effect estimates by region.
However, potential differences in study demographics,
rates of post-infection immunity, and political and social
interventions exercised by these distinct geographic
regions to control the pandemic could have introduced
variations in VE. Third, we chose to focus our analysis
on only mRNA-1273, BNT162b2, and Ad26.COV2.S.
Therefore, our findings are not generalizable to other
globally-available vaccines. Fourth, we could not conduct
time-varying estimates stratified by the vaccine type due
to small number of studies. Fifth, our analysis was tem-
porally limited to 5—-6 months after full vaccination as
dictated by data availability. Impact of waning VE on all
outcomes beyond the time frame of this study remains
unknown. Lastly, our analysis was conducted before the
emergence of the Omicron variant, which is associated
with lower VE than the Delta variant [41], suggesting
potential variability in VE as future variants emerge.

Conclusions

There is ongoing international debate about the necessity
of booster dosing as many highly vaccinated countries
experience COVID-19 surges. Our data clearly illustrate
the temporal waning of VE against SARS-COV-2 infec-
tion and symptomatic illness with preservation of VE
in most circumstances against severe illness. The need
for booster vaccines doses should be considered in the
context of clearly outlined international public health
goals for vaccine effectiveness outcomes [36]. In areas
where booster doses are implemented our data support
targeting individuals who received Ad26.COV2.S and
those > 65 years for initial vaccine rollout.
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