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Abstract

Objective: To identify the safety and effectiveness of COVID-19 vaccines in the general population and the different sub-
groups.

Methods: Embase, PubMed, Web of Science, Google Scholar, Elsevier, CNKI (China National Knowledge Infrastructure)
and WanFang Data were searched from inception to November 11, 2021. Mantel-Haenszel models of random effects were
conducted to evaluate the pooled incidence of adverse events following immunization (AEFI) and effectiveness and use a
95% confidence interval (CI).

Results: A total of 93568 participants from 30 RCT studies were included to compare the efficacy and the proportion of
solicited adverse events after vaccinating different COVID-19 vaccines. Pooled risk ratios of mRNA vaccine, protein sub-
unit, inactivated and adenovirus vector vaccine were 1.85 (95%CI: 1.34, 2.55], 1.69 (95%ClI: 1.13, 2.53), 1.05 (95%CI: 0.94,

1.18) and 1.81 (95%CI: 1.56, 2.10). In the subgroup analysis of different age groups, the highest incidence of AEFI was in
(& /
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65%(95%CI: 59-75%).

NG

/
the <18y (72.74%) group, followed by the 18-55y (63.27%) and >55y (42.02%). The efficacy of mRNA, the protein subunit,
inactivated and adenovirus vector vaccine was 97% (95%CI: 65-100%), 90% (95%CI: 79-95%), 60% (95%CI: 41-73%) and

Conclusion: The safety and tolerance of current COVID-19 vaccine candidates are acceptable for mass vaccination. The
most potent vaccine is the mRNA vaccine and the safety of inactivated vaccines is the most reliable. More reporting of vac-

cine safety and efficacy monitoring results is required, especially for <18y populations and older age groups.

Keywords: SARS-CoV-2; COVID-19; vaccine; safety; efficacy

Introduction

Since the outbreak of coronavirus disease 2019
(COVID-19), it has posed a threat to the public health system
worldwide and thus far, it, unfortunately, has not been well
controlled. As of 15 February 2022, a total of 408 million
COVID-19 cases and more than 5.8 million related deaths have
been reported [1]. COVID-19 not only seriously affects people's
health and daily life, but also puts intense pressure on the society
and economy [2]. We expect to return to pre-epidemic normalcy

with joint efforts from the world.

Vaccines are among the most important preventive
measures against pathogens including viruses, as they not only
stimulate the production of antibodies to enhance the immunity
in humans but also effectively prevent the spread of pathogens
and facilitate the control of outbreaks [3-5]. According to global
statistics, as of 7 February 2022, there were 338 vaccine candi-
dates in regular use, of which 121 were in clinical trials and 27
were in regular use, including nine inactivated vaccines, eleven
protein subunit vaccines, two RNA vaccines, four non-replicat-
ing viral vector vaccines and one DNA vaccine [6]. Compared
to vaccines targeting other pathogens, vaccines against SARS-
CoV-2 have undergone a much shorter period of development.
Since the data from clinical trials of SARS-CoV-2 vaccines con-
tinue to be published, there is a critical need to continuously up-
date the evaluation of vaccine safety and efficacy. Therefore, this
study aimed to assess the safety and efficacy of different vaccines

and the safety of vaccines in different age groups.

Methods

This  study was PROSPERO
(CRD42021290415). This study was conducted in strict accor-
dance with the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) [7]. We also followed the
Cochrane Handbook for Systematic Reviews of Interventions

registered  at

Inclusion and Exclusion Criteria

We included the eligible studies published before No-
vember 11,2021, and the main outcomes reported were the safety
and efficacy of SARS-CoV-2 vaccines in the general population,
including people of all ages. We restricted the inclusion of the lit-
erature to randomized controlled trials (RCT) and included both
English and Chinese. In addition, we also included studies that
reported the safety or efficacy of any of the COVID-19 vaccines
as a booster dose following two doses of COVID-19 vaccines.
We excluded studies that had not been peer-reviewed, where full
texts were not available, where data were partially duplicated,
or where the detailed data of adverse effects were not reported.
Studies without a non-COVID-19 vaccinated control group was

excluded from this study.
Literature Search Strategy

For the published articles, we systematically searched
included MEDINE (via PubMed), Embase, Web of Science, El-
sevier, China National Knowledge Infrastructure (CINK), and
WanFang Data. Furthermore, relevant articles from the first 10
pages of the Google Scholar search engine were selected. In this
study the following combinations were used as search items:
COVID-19, SARS-CoV-2, coronavirus, vaccine, safety, efficacy,
side effects, effectiveness and randomized controlled trial. For all
the databases, two researchers MG and JY independently per-
formed the literature search. The supplementary file contains the

complete search method for this study.
Literature Screening

The researchers YL and Y] conducted the post-search
literature screening independently, and then discussed disagree-
ments and resolved them with senior researcher JC. The process
of selecting literature was carried out in three steps: 1) removing
duplicates from search results; 2) screening titles and abstracts of

studies to remove studies that do not fit the topic or do not re-
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port on the safety and efficacy; 3) reading the full texts to exclude
studies with duplicate data samples, and those outcome indica-

tors do not include the safety and efficacy.
Data Extraction

The following study data were extracted independently
by two researchers MG and YJ: (1) basic information of the stud-
ies, including first author, publication date, code of trial registra-
tion and clinical trial phase; (2) study population and vaccines,
including age group, sample sizes, country, types and dosage of
SARS-CoV-2 vaccines; (3) results for the safety and effective-
ness: incidence, type and number of adverse reactions associated
with SARS-CoV-2 vaccines, and the incidence and amount of

COVID-19 infections after vaccination.
Risk of Bias Assessment

We used the Cochrane Collaboration tool to assess the
risk of bias in randomized trials when evaluating the original
studies [8]. This assessment tool was designed to evaluate the

RCT study design and implementation for selection bias, per-

formance bias, detection bias, attrition bias, reporting bias, and

other biases.
Data Synthesis and Analysis

We mainly aim to assess the safety and efficacy of differ-
ent vaccines. For assessing the solicited adverse events following
immunization (AEFI) in different vaccine groups and different
age groups. Additionally, we also assessed the risk of bias for
included studies. We used a Mantel-Haenszel model of random
effects to evaluate the pooled effect sizes of three or more RCTs.
Risk ratio (RR) and 95% confidence intervals (95% CI) were used
to compare the effectiveness and safety of SARS-CoV-2 vaccines
with those of the placebo group. The magnitude of [*was used to
compare the heterogeneity between different vaccines for sub-
group analysis (I* <25%, low heterogeneity; 25.0-75.0%, mod-
erate heterogeneity; and I* >75.0%, considerable heterogeneity).
Engage digitizer11.1 extracted data from the figures of the stud-
ies which did not have access detailed data. Review manager 5.3
and GraphPad Prism 8.0 were used for data collection, statistical

analysis and diagram production.

([ Records identified through
database searches(n=688)
5 ® Embase (n=193)
® Pubmed (n=82)
E ® Web of Science Records identified from:
e (n=105) ®  Google Scholar (n=35)
E ®  Elsevier (n=72)
] ® CNKI(n=200)
® WANFANG Data(n=36)
hd v
o
|_"=__ Records after duplicates removed(n = 441)
$
: !
Records screened(n=441) » Reports not retrieved(n = 386)
= v Ariticles exclided after full-text
2 screening (n=35)
2 . TR Lo ® No placebo group of health
Full-text articles eccessed for eligibility(n =65) population (n= 6)
® Data overlap (n=6)
®  Preprint articles (n = 4)
®  Studies not related to
COVID-19 vaccine (n = 19)
i
2 Studies included in meta-analysis
(n = 30)
Figure 1: Study selection process (CNKI: China National Knowledge Infrastructure).
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Results
Literature Search

We identified 193 potential studies from Embase, 105
studies from Web of Science, 72 studies from Pubmed, 72 stud-
ies from Elsevier, 200 studies from CNKI and 36 studies from
WAN FANG Data, respectively (Figure 1). From Google scholar,
35 potentially eligible studies were included. For the total of 606
records, 165 duplicates were excluded. After screening the titles
and abstracts, we excluded another 386 studies which failed to
meet our inclusion criteria. Among the 65 studies under the full-
text review, 35 studies were excluded. Finally, this meta-analysis
consisted of 30 eligible studies that reported the safety and effec-
tiveness of various SARS-CoV-2 vaccines.

Studies Characteristics

Among the 30 included studies, 21 kinds of SARS-
CoV-2 vaccines could be classified into four vaccine platforms
(mRNA vaccines, Adenovirus vector vaccines, inactivated vac-
cines and Protein Subunit vaccines). Of all these studies about
vaccine safety, there were four reports about mRNA vaccines [9-
13], five about adenovirus vector-based vaccines [14-19], nine
about inactivated vaccines [20-28], eight reports about protein

subunit vaccines [29-36], and one study about different vaccines

[37], respectively. Moreover, ten studies examined the effective-
ness of SARS-CoV-2 vaccines[12,13,15,19,20,24,25,36,38,39].
Additionally four reported studies were about phase I tri-
al,[11,13,33,35] ten about I/II trial [14,17,21-23,26,27,31,32,40],
six about phase II trial[9,16,29,30,33,34], two about II/III tria
[18,39] and seven about phase III trial[12,15,19,20,24,25,36]. In
the above eligible studies, a total of 93568 participants received
at least one dose of SARS-CoV-2 vaccines and 55886 participants
in the placebo group who received non-SARS-CoV-2 vaccines.
The basic characteristics of the included RCT were described in
table 1 (Table 1).

Quality of Included Studies

In the 30 peer-reviewed RCT studies, 23 studies adopted
a double-blinded methodology [9,11,12,14-17,20-27,29-35,40],
while five studies were single-blinded [13,18,36,37,39] and one
study were unblended [19]. Additionally, one study used both
single blind and double blind methods at different study stages
[38]. All studies clearly explained the applied randomized assign-
ment strategy. The summary of the analysis with the Cochrane
Collaboration’s tool was: that the methodological bias in nine pa-
pers was low, the bias in twelve papers was moderate and the bias
was high in the rest of the studies. The details of the methodolog-
ical quality of all studies were presented in Appendix A.

Table 1: Characteristics of included studies reporting the safety and efficacy of COVID-19 candidate vaccines in RCT studies

Popula- Name of Clinical | Trial NO of
Study . Country Blinding Controls

tion vaccine stage number vaccinated

18-55;
Asano ChAdOx1

56-60; Japan /11 NCT04568031 Double 192 65
2021 nCoV-19

=70y
Chappel Australia
S0a1 18-55y Sclamp I NCT04495933 Double 98 22
Chu 18-55y , United mRNA

I NCT04405076 Double 400 200

2021 >56y States -1273

18-55;
Clemens Brazil ChAdOx1

56-60; I ISRCTN89951424 | Unblinded | 4772 4661
2021 nCoV-19

=70y
Emary United ChAdOx1

>18y /1 NCT04400838 Single 4244 4290
2021 Kingdom | nCoV-19
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Fadlyana
5001 18-59y Indonesia | CoronaVac | III NCT04508075 Double 810 810
Australia;
Formica 18-59y ; NVX-
United 11 NCT04368988 Double 1032 257
2021 60-84y CoV2373
States
Frenck 12-15/ United
BNT162b2 | III NCT04368728 Double 3009 3043
2021 16-25y States
Guo 18-59y ; ChiC
China Vero Cell /11 Double 826 294
2021 260y TR2000031809
Han
5021 3-17y China CoronaVac | I/II NCT04551547 Double 438 114
Hsieh 20-64 ; Taiwan, MVC-
11 NCT04695652 Double 3304 550
2021 >65 China COV1901
United
Kaabi Arab WIV04/
> 18y 11T NCT04510207 Double 26936 13471
2021 Emirates; HBO02
Bahrain
Germany;
Kremsner | 18-60y; Belgium;
CVnCoV 1I/11T NCT04652102 Single 2003 1978
2021 261y Argentina,
etal
18-55;
Li 2021 65.85 China BNT162b1 | I NCT04523571 Double 96 48
Logunov rAd26/
>18y Russia 1II NCT04530396 Double 16501 5476
2021 rAd5
Madhi South ChAdOx1
18-65y /11 NCT04444674 Double 81 79
2021 Africa nCoV-19
Meng 18-55y
. China S£9 cells v NCT04640402 Double 925 202
2021 ; >56y
ChA
Munro United dOx1n
=30y 1I ISRCTN73765130 | Single 2215 668
2021 Kingdom | Cov-19/
BNT162b2
ChiC
KCON TR2000038804
Pan 2021 18-59y China /11 ) Double 448 112
0039462
18-55;
Ramasamy United ChAdOx1
56 1I/1IT NCT04400838 Single 460 100
2020 Kingdom nCoV-19
-60;>70y
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Richmond | 18-54y , NCT04
Australia SCB-2019 |1 Double 121 30
2021 55-75y 405908
18-59y; ChiC
Shu 2021 China V-01 1I Double 360 80
260y TR2100045107
Tanriover
501 18-59y Turkey CoronaVac | 1II NCT04582344 Double 6650 3568
Toback 18-64y; United NVX-
11T NCT04583995 Single 7020 7019
2021 >65y Kingdom | CoV2373
The United
. ISRCTN8995142
Kingdom, Single/
Voysey i ChAdOx1 4;NCT04324606;
=18y Brazil, 11T 8597 8181
2021 nCoV-19 NCT04400838;N D
South ouble
CT04444674
Africa
CoronaVac
Wu 2021 260y China /1 NCT04383574 Double 348 74
18-59y ; BBIBP- ChiC 480
Xia 2021 China /11 Double 160
260y CorV TR2000032459
NCT04445194/
Yang 2021 | 18-59y China ZF2001 %1 Double 720 160
NCT04466085
Zhang CoronaVac
18-59y China v NCT04352608 Double 96 48
2020
Zhu 2020 =18y China Ad5 11 NCT04341389 Double 382 126

Safety of COVID-19 Vaccines

The pooled AEFI proportion of all kinds of vaccines was
41.15% (RR=1.42, 95%CI: 1.23-1.64, 1’=96%). Similarly, the in-
cidences of mRNA vaccines, adenovirus vector-based vaccines,
inactivated vaccines and protein subunit vaccines were 93.58%
(RR=1.85,95%CI: 1.34-2.55,1°=91%), 52.13% (RR=1.81, 95% CI:
1.56-2.10,1°=0%), 40.39% (RR=1.05,95% CI: 0.94-1.18,1°=69%)
and 36.13% (RR=1.69, 95% CI: 1.13-2.53,1’=96%,), respectively
(Figure 2).

We compared the local and systemic adverse effects
of different vaccines between vaccinated and placebo groups.
The pooled proportion of local adverse reactions to inactivated
vaccines (18.94%) was significantly lower than mRNA vaccines
(85.01%), adenovirus vector-based vaccines (60.42%) and pro-
tein subunit vaccines (56.99%), respectively. For the incidence
of systemic adverse reactions, the highest was mRNA vaccines
(80.51%). Pooled RRs of local and systemic adverse reactions
of all types of vaccines were 2.77 (95%CI: 1.68-4.55) and 1.27
(95%CI: 1.07-1.51), respectively. Furthermore, we found the het-
erogeneity was considerable in the meta-analysis (I>=98% for lo-

cal reaction and 95% for systemic reaction) (Table 2).
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 mRNA
Chu 2021 318 400 99 199  51% 1.60 [1.38, 1.85] o
Kremsner 2021 1993 2003 1344 1978 5.4% 1.46 [1.42,1.51] s
Li 2021 87 96 6 48 2.2% 7.25[3.42,15.37] - =
Subtotal (95% CI) 2499 2225 12.7% 1.85[1.36, 2.52] <
Total events 2398 1449
Heterogeneity: Tau? = 0.05; Chi* = 20.84, df = 2 (P < 0.0001); I# = 90%
Test for overall effect: Z = 3.90 (P < 0.0001)
1.1.2 Adenovirus vector
Logunov 2021 457 1024 89 340 49% 1.70 [1.41, 2.06] -
Zhu 2020 276 382 46 126 4.7% 1.98 [1.56, 2.51] -
Subtotal (95% CI) 1406 466 9.6% 1.81 [1.56, 2.10] L 4
Total events 733 135
Heterogeneity: Tau? = 0.00; Chi?=0.92,df= 1 (P = 0.34); = 0%
Test for overall effect: Z=7.78 (P < 0.00001)
1.1.3 Inactivated
Fadlyana 2021 190 397 57 133 4.8% 1.12[0.89, 1.39] =
Guo 2021 102 504 38 168  4.2% 0.89 [0.64, 1.24] I
Han Bh 2021 110 436 29 114 4.1% 0.99[0.70, 1.41] - 1
Kaabi 2021 12712 26936 6793 13453 5.4% 0.93[0.92, 0.95] N
Pan 2021 86 400 20 100 3.7% 1.07 [0.70, 1.66] — e
Tanriover2021 1259 6646 603 3568 5.3% 1.12[1.03, 1.22] =
Wu ZW 2021 72 397 15 74  3.3% 0.89 [0.54, 1.47] I
Xia 2020 118 480 27 160 4.0% 1.46 [1.00, 2.13] =
Zhang Yj 2020 105 336 29 114 41% 1.23 [0.86, 1.75] i S
Subtotal (95% CI) 36532 17884 38.8% 1.05 [0.94, 1.18] *
Total events 14754 7611
Heterogeneity: Tau® = 0.01; Chi* = 25.86, df = 8 (P = 0.001); I> = 69%
Test for overall effect: Z = 0.90 (P = 0.37)
1.1.4 Protein Subunit
Chappel 2021 86 98 11 22  37% 1.76 [1.15, 2.68] T e
Formica 2021 724 1028 49 255 4.6% 3.67 [2.84,4.73] o
Hsieh 2021 2381 3295 129 549 51% 3.08 [2.64, 3.58] -
Meng 2021 174 925 31 202 41% 1.23[0.86, 1.74] & Rz
Richmond 2021 38 121 7 30 2.4% 1.35[0.67, 2.71] - 1 r
Shu 2021 176 720 48 160 4.5% 0.81[0.62, 1.07] B K
Toback2021 1279 7020 1030 7019 5.3% 1.24 [1.15, 1.34] i
Yang 2021 131 600 35 300 41% 1.87 [1.32, 2.65] T
Subtotal (95% CI) 13807 8537 33.9% 1.69 [1.13, 2.53] i
Total events 4989 1340
Heterogeneity: Tau? = 0.31; Chi* = 185.31, df = 7 (P < 0.00001); I* = 96%
Test for overall effect: Z =2.54 (P = 0.01)
1.1.5 Mixed vaccination
Munro 2021 417 2215 123 668 5.0% 1.02 [0.85, 1.23] o
Subtotal (95% CI) 2215 668 5.0% 1.02 [0.85, 1.23] S
Total events 417 123
Heterogeneity: Not applicable
Test for overall effect: Z=0.24 (P = 0.81)
Total (95% CI) 56459 29780 100.0% 1.43 [1.23, 1.65] L 4
Total events 23291 10658
Heterogeneity: Tau? = 0.10; Chi? = 957.11, df = 22 (P < 0.00001); I* = 98% ’ t ’ ’

0.5 1 2 5 10

Test for averall effect: Z =4.72 (P < 0.00001)

Test for subaroun differences: Chi? = 45.07. df =4 (P < 0.00001). 12 = 91.1%

Figure 2: Vaccine safety is calculated using the Mantel-Haenszel random effects mode
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Table 2: Subgroup analysis of incidence rate of solicited adverse events and grade 3 adverse events

Reaction/total %
studies RR (95%) 12
vaccinated unvaccinated
Total adverse reactions 23 23231/56459 | 41.15% | 10658/29780 35.79% 1.42 [1.23, 1.64] 96%
Systemic adverse reactions | 18 17519/45468 | 38.53% 7000/21532 32.51% 1.26 [1.08, 1.47] 95%
Local adverse reactions 18 12851/45468 | 28.26% 4758/21532 22.10% 2.77 [1.68, 4.55] 98%
Total adverse reactions
mRNA vaccines 3 2338/2499 | 93.56% 1449/2225 65.12% 1.85 [1.34, 2.55] 91%
Adenovirus vector vaccines | 2 733/1406 52.13% 135/466 29.0% 1.81 [1.56, 2.10] 0%
Inactivated vaccines 9 14754/36532 | 40.39% 7637/17884 42.70% 1.05[0.94, 1.18] 69%
Protein Subunit vaccines 8 4959/13807 | 36.13% 310/1518 20.42% 1.77 [1.11, 2.83] 94%
Mixed vaccination 1 417/2215 18.83% 123/668 18.41% 1.02 [0.85, 1.23] /®
Systemic adverse reactions
mRNA vaccines 3 2012/2499 | 80.51% 1297/2225 58.29% 1.74 [1.20, 2.53] 86%
Adenovirus vector vaccines 1 106/192 55.21% 6/64 9.38% 3.93[2.11, 7.29] /
Inactivated vaccines 8 11527/36085 | 31.94% 5142/17745 28.95% 1.02 [0.77, 1.36] 97%
Protein Subunit vaccines 6 3766/6698 | 56.23% 552/1498 36.85% 1.18 [0.85, 1.63] 87%
Local adverse reactions
mRNA vaccines 3 2082/2449 | 85.01% 506/2225 22.74% 5.30 [2.99, 9.38] 85%
Adenovirus vector vaccines | 1 116/192 60.42% 6/64 9.38% 6.44 [2.98, 13.92] /
Inactivated vaccines 8 6836/36085 18.94% 4017/17745 22.64% 1.86 [1.13, 3.06] 92%
Protein Subunit vaccines 6 3817/6698 | 56.99% 229/1498 15.29% 2.42[1.21, 4.81] 95%
Pain
mRNA vaccines 4 3326/4167 | 79.82% 335/3915 8.56% 14.07 [3.77, 52.53] 98%
Adenovirus vector vaccines 2 317/574 55.23% 15/190 7.89% 6.94 [4.25,11.34] 0%
Inactivated vaccines 9 6234/36532 17.06% 3890/17884 21.75% 1.66 [1.06, 2.57] 91%
Protein Subunit vaccines 7 12230/46270 | 26.43% 4571/21561 21.20% 1.77 [1.11, 2.83] 94%
Redness
mRNA vaccines 5 2608/6382 | 40.86% 555/4583 12.11% 4.19 [1.87,9.41] 98%
Adenovirus vector vaccines | 4 776/1679 46.22% 104/610 17.05% 4.36 [1.42, 13.41] 91%
Inactivated vaccines 9 322/36532 | 0.88% 157/17884 0.88% 0.96 [0.80, 1.17] 0%
Protein Subunit vaccines 7 253/6787 | 3.73% 6/1518 0.40% 3.54[0.99, 12.72] 57%
Swelling
mRNA vaccines 4 248/4167 5.95% 30/3915 0.77% 7.56 [5.20, 11.00] 0%
Adenovirus vector vaccines | 3 18/655 2.75% 1/270 0.37% 3.51 [0.80, 15.46] 0%
Inactivated vaccines 9 349/36532 | 0.96% 175/17884 0.98% 0.93 [0.78, 1.12] 0%
Protein Subunit vaccines 7 47216787 | 6.95% 9/1518 0.59% 7.86 [4.36, 14.14] 0%
Fever
mRNA vaccines 4 606/4167 | 14.54% 26/3915 0.66% 21.98 [6.61, 73.02] 81%
Adenovirus vector vaccines | 3 128/655 19.54% 12/270 4.44% 3.54[1.61,7.79] 9%
Inactivated vaccines 9 782/36532 2.14% 371/17884 2.07% 1.01 [0.90, 1.15] 0%
Protein Subunit vaccines 6 134/6666 2.01% 32/1488 2.15% 1.17 [0.79, 1.72] 0%
Headache
mRNA vaccines 4 2315/4167 | 55.56% 1270/3915 32.44% 1.75[1.37,2.23] 91%
Adenovirus vector vaccines 182/655 27.79% 87/270 32.22% 1.69 [0.40,7.13 94%
Inactivated vaccines 9 4148/36532 11.35% 2000/17884 11.18% 1.03 [0.98, 1.08] 94%
JScholar Publishers J Clin Trials Vaccine Res 2022 | Vol 1: 103




Protein Subunit vaccines | 7 | 1102/6787 | 1624% | 192/1518 1256% | 1.02[0.72,146] | 63%
Fatigue

mRNA vaccines 4 2477/4167 | 59.44% 1368/3915 34.94% 1.70 [1.31, 2.20] 93%
Adenovirus vector vaccines | 2 204/574 35.54% 271190 14.21% 2.79 [1.59, 4.92] 32%
Inactivated vaccines 8 665/9596 6.93% 27714431 6.25% 1.19 [1.04, 1.36] 0%
Protein Subunit vaccines 7 1561/6787 | 23.00% 251/1518 16.53% 1.12 [0.94, 1.33] 18%
Vomiting

mRNA vaccines 4 370/4167 8.88% 129/3915 3.30% 2.86 [1.51, 5.41] 70%
Adenovirus vector vaccines | 2 8/574 1.39% 1/190 0.53% 1.87 [0.33, 10.53] 0%
Inactivated vaccines 9 254/36532 | 0.70% 56/17884 0.31% 1.89 [1.43, 2.50] 33%
Protein Subunit vaccines 7 353/6787 5.20% 52/1518 3.43% 1.26 [0.95, 1.66] 0%
Grade 3

mRNA vaccines 4 858/4167 20.59% 83/3915 2.12% 6.49 [2.64, 15.96] 86%
Adenovirus vector vaccines 3 81/1598 5.07% 26/530 4.91% 1.81 [0.40, 8.20] 77%
Inactivated vaccines 5 249/34919 | 0.71% 121/17436 0.69% 0.99 [0.80, 1.23] 0%
Protein Subunit vaccines 5 167/5741 2.91% 21/1286 1.63% 1.60 [0.64, 4.02] 66%
Mixed vaccination 1 71/2215 3.21% 15/668 2.25% 1.43 [0.82, 2.47] /

In the subgroup analysis of different adverse reactions,
we primarily evaluated in detail the local symptoms including
pain, redness and swelling, and the systemic reactions including
fever, headache, fatigue, myalgia, arthralgia, and chills and vom-
iting. For all kinds of vaccines, the most common adverse effect
was pain at the injection site. In this meta-analysis, we found the
RRs of the mRNA-based vaccines were greatly higher than oth-
er vaccines, in the aspects of pain (RR=5.57, 95%CI 2.65-11.70),
redness (RR=5.03, 95%CI 2.14-11.80), swelling (RR=7.56, 95%CI
4.65-12.29) and fever (RR=10.22, 95%CI 6.40-16.30), respective-
ly. However, the heterogeneity of the inactivated vaccines on red-
ness (I’= 0%), swelling (I>= 0%), fever (I*= 0%), fatigue (I’= 0%)

and vomiting (I’= 33%) were lower than other vaccines (Table 2).

Ten studies reported adverse reactions in the different
age groups [9,11,12,14,18,22,27,30,31,34]: We divided general
population into three age groups (<18y, 18-55y and >55y). Two
studies were grouped in <18 years old. Figure 3 was shown that
the total incidence of adverse reactions was 72.74% in the <18y
group, 63.27% in the 18-55y group and 42.02% in the>55y group,

respectively. It is obvious that the proportion of adverse effects

in the <18 years old group was much higher, regardless of lo-
cal or systemic reactions (Figure. 3). Furthermore, the incidence
of grade 3 and above AEFI was significantly higher in children
and adolescents (8.23%) than in adults (1.57%) and the elder-
ly (1.01%). Adverse event classification standards of COVID-19
vaccines were evaluated according to Guidelines for Classifica-
tion Standards of Adverse Events in Clinical Trials of Prophylac-
tic Vaccines which was issued by the National Medical Products

Administration [41].

The analysis of reported studies about SARS-CoV-2 vac-
cines revealed that the incidence of grade 3 AEFI observed for
mRNA vaccines (21.55%) and adenovirus vector-based vaccines
(5.07%) were higher than those of inactivated vaccines (0.71%)
or protein subunit vaccine (2.91%) (Table 2). Furthermore, the
heterogeneity of adverse reactions caused by mRNA vaccines was
considerable (I’=88%), while this heterogeneity was not observed
for the inactivated vaccines (I>=0%). Additionally, eight studies
reported hypersensitivity reaction, liver injury, cerebrovascular

accident, myocardial infarction and et al (Table 2).
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Figure 3: Cumulative incidence of solicited AEFI

Efficacy of COVID-19 vaccines

Ten studies reported the efficacy of SARS-CoV-2 vaccines. Two
studies evaluated the mRNA vaccine (BNT162b2) and the pro-
tein subunit vaccines (NVX-CoV2373), respectively. Three re-
ports examined the efficacy of inactivated vaccines (CoronaVac,
WIV04 and HB02). Five studies evaluated the adenovirus vector
vaccines (three about ChAdOx1 Nov-19, one about CVnCoV
SARS-CoV-2 and one about rAd26/rAd5) (Figure 4). The pooled

efficacy of the random effects for all types of vaccines was 68%
(95%CI: 57.0-76.0). Of all the studies, mRNA vaccines conferred
the best effectiveness, which is 97% (95%CI: 56.0-100.0) in the
12-15-year-old teenage group. The second most effective vaccine
after the mRNA vaccine is the protein subunit vaccine (90%,
95%CI: 79.0-95.0). The efficacy of all inactivated vaccines was
60% (95%CI: 41.0-73.0) and the adenovirus vector vaccines were
65% (95%CI: 49.0-75.0) (Figure 4).
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Test for subaroup differences: Chiz = 14.95. df = 3 (P = 0.002). I2=79.9%

Figure 4: Vaccine efficacy compared with placebo calculated using the Mantel-Haenszel random effects mode

Discussion

This study is one of the comprehensive systematic re-
views of high-level evidence on the efficacy and safety of various
COVID-19 vaccines. The statistically significant differences in
safety were observed among four different platform-based vac-
cines. But serious adverse reactions to AEFI vaccinations includ-
ing mRNA vaccines, inactivated vaccines, and other vaccines,
are unusual, and the most common adverse reactions are mild.
Additionally, the pooled efficacy of all vaccines based on four
platforms showed that the most effective vaccine after at least 7
days post-immunization is the mRNA vaccine. In terms of vac-
cine safety and efficacy, COVID-19 vaccination remains a prov-

en strategy to control the epidemic.

It is important to clarify the severity and incidence of

adverse reactions in response to vaccinations. The safety of vac-

cines would impact the willingness of the general population to
receive vaccines, and there continues to be a high rate of hesitan-
cy and reluctance to receive vaccines [42, 43]. In this meta-anal-
ysis, the most common local symptoms of anti-COVID-19 vacci-
nation were pain and redness at the injection site, while systemic
symptoms are mainly mild fever and headache. It’s similar to the
flu vaccination, in which most of the symptoms of adverse reac-
tions to the flu vaccines are mild, with few serious adverse reac-
tions occurring [44, 45]. These symptoms usually resolve spon-
taneously with time. To further clarify the safety of the different

vaccines we performed detailed subgroup analysis.

For the analysis of the different vaccine subgroups, we
found the incidence of AEFI to mRNA vaccines is significantly
higher, both for local and systemic symptoms. Especially for the
solicited grade 3 AEFI, mRNA (20.59%) SARS-CoV-2 vaccines
exhibited higher rates of adverse reactions compared to inacti-
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vated, adenovirus vector-based, and protein subunit vaccines
(Table 2). In a multicenter RCT study that included ten coun-
tries, Kremsner et al found that the incidence of grade3 events
of mRNA vaccine (CVnCoV) was 27.1% and the median dura-
tion of adverse reactions was 1-2 days after mRNA vaccination
in most patients but did not have long-term effects.”* However,
due to the possibility of acute diseases or accidental injuries, un-
solicited serious adverse reactions (SAEs) are rare but cannot be
ignored. In this meta-analysis, eight studies reported unsolicited
SAEs which included the local and systemic adverse reactions
reported in the clinical trials, as well as the SAEs observed only
in rare subjects such as hypersensitivity reactions, cardiovas-
cular diseases, allergic reaction, visual organ disturbances and
anaphylaxis [13,15,17,24,25,37,38]. For any vaccination, allergic
reactions are an important event that requires the attention. Pre-
vious studies revealed that vaccination-associated anaphylaxis
was uncommon, occurring around once per 1 million immuni-
zations for most of the known vaccines [46]. Although several
mRNA vaccines of SARS-CoV-2 have been approved for clinical
application, the mechanisms of allergic reactions remain unclear.
Currently, vaccinations are only recommended for the majority
of the population who neither has a history of allergy associated
with vaccines nor allergic reactions to mRNA vaccine compo-
nents [47]. Furthermore, in a pooled analysis of four RCT stud-
ies, Voysey. et al. found that the incidence of cardiac disorders
with ChAdOx1 to-19 vaccination is 0.04% (5/12021). There have
also been case reports of possible myocarditis or pericarditis
with the second dose of the mRNA-1273 vaccine developed by
Pfizer [48,49].

For the analysis of the age subgroup, there may be dif-
ferences in the safety of SARS-CoV-2 vaccines for different age
groups. Frenck® et al. assessed the safety of an mRNA vaccine
(BNT162b2) in adolescents with a high proportion of AEFI
[12]. The pooled incidence of AEFI in our studies shows that
the vaccines induced adverse reactions more strongly in adoles-
cents aged 12-15 years than in adults (Figure 3). This observa-
tion is consistent with that proposed by Cai and Andrew et al,
who found that young people appeared to be more susceptible
to higher-level AEFI and speculated that younger people have
stronger immune systems, leading to a higher frequency of ADRs
and better vaccination outcomes [50, 51]. But there was no rela-
tionship between vaccination and any of the SAEs documented
in our studies. Additionally, we found that the solicited AEFI in
the elderly group (>55y) was lower than that of adolescents and
adults (18-55y), such to injection site pain, headache, chill and

grade3 AEFI (Figure 3). Overall, data from RCT studies have giv-
en reassuring safety profiles but recruited few frailties older and
younger participants. With very sparse data reported, especially
for young people, only two RCT studies have been published and
separately confirmed that CoronaVac and BNT162b2 are safe
for the younger(<18y). We still need to wait for more evidence
from more regions and countries to confirm the safety of the
vaccine in young and elderly people to better protect them from
COVID-19.

The effectiveness profiles must be considered when
evaluating the safety of SARS-CoV-2 vaccines. The mRNA and
the protein subunit vaccines against SARS-CoV-2 reported the
efficacy of 97% and 90%, respectively, and vaccines based on
these two platforms are significantly more effective than inac-
tivated and adenovirus vector vaccines (Figure 4). Here we pre-
cisely found that although mRNA vaccination is more effective,
the higher incidence of observed adverse reactions poses an im-
portant challenge in promoting its application. The effectiveness
of protein subunit vaccines is similar to that of mRNA vaccines,
but the overall incidence of adverse reactions is only 36.13%
and the level of grade 3 or higher AEFI is 2.91% (Table 2). Thus,
the overall frequency of adverse reactions for adenovirus vec-
tor-based vaccines is considerably lower than that of the mRNA
vaccine. Therefore, the protein subunit vaccines may be a supe-
rior option, when it comes to the combined evaluation of safety
and efficacy. In summary, regardless of the platforms on which
SARS-CoV-2 vaccines are generated or the population to which
itis administered, vaccination effectively protects the immunized
people from COVID-19 symptoms in most cases and reduces the
hospitalization rates, serious disease and death, while the protein

subunit vaccines may be a better option.

The main limitation of this study is the failure to evalu-
ate the efficacy of the protein subunit vaccine due to the lack of
clinical studies in terms of its effectiveness. Because some of the
studies were not RCT, they were excluded from this meta-analy-
sis. Secondly, some studies biased reporting of outcomes, such as
not reporting the overall incidence of adverse reactions, local or
systemic adverse reactions, and serious adverse events. Finally,
we did not summarize those symptoms mentioned in the sup-
plemental files besides the adverse reactions routinely reported

in clinical trials.
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Conclusions

Our study sheds new light on the current status of the
SARS-CoV-2 vaccine. Adverse reactions to the vaccine are gen-
erally mild, but ongoing attention is needed for the rare unsolic-
ited vaccination-related symptoms. Vaccination could effectively
reduce infection and hospitalization rates. In particular, we ex-
pect that more data will be reported on the monitoring of vac-
cine safety in infants, adolescents, and the elderly. Despite the
ongoing mutation of the SARS-CoV-2 variant, we still believe
from the data that vaccination is a necessary and important tool
in the fight against the COVID-19 pandemic.

Acknowledgment

A special thanks to the study participants for their con-
tribution to the research.

Youli Jiang(Y.J.), Jingfang Chen(J.C.), Yalong
Chen(Y.C.), Ya Li(Y.L.), Meng Lv(M.L.), Xufei Luo(X.L.), Min
Gui(M.G.), Qing He(Q.H.)

Author Contributions

Conceptualization: Q.H., and Y.C; Study design: Y.C.
and M.L.; literature search: Y.J., ].C. and Y.L.; figures and tables:
Y.L., M.G.; data collection: Y.L. and J.C.; data analysis: Q.H., J.C.
and Y.J.; data interpretation: Q.H., J.C. and Y.J.; writing: Y.J., M.L
and X.L.supervision: Y.C. and Q.H.; All authors provided input
regarding the direction of the study and the content of the paper.
All authors have read and agreed to the published version of the

manuscript.
Funding

This study was funded by the Team of Wang Fusheng,
academician of Shenzhen “Three Medical and Health Project”
(§ZSM201612014). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the
paper. No payment was received by any of the co-authors for the

preparation of this article.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets used during the cur-
rent study are available from the corresponding author on rea-

sonable request.

Conflicts of Interest

The authors declare no conflicts of interest.

JScholar Publishers

J Clin Trials Vaccine Res 2022 | Vol 1: 103



14

References

L. World  Health  Organization  (2022)  Weekly
epidemiological update on COVID-19 - 15 February 2022.
World Health Organization.

2. Zeyaullah M, AlShahrani AM, Muzammil K, Ahmad I,
Alam S, et al. (2021) COVID-19 and SARS-CoV-2 Variants: Cur-
rent Challenges and Health Concern. Front Genet 12: 693916.

3. Randolph, Haley E, Luis B Barreiro (2020) “Herd Immu-
nity: Understanding COVID-19” Immunity vol 52(5): 737-41.

4. Dong Y, Dai T, Wei Y, Zhang L, Zheng M, et al. (2020)
A systematic review of SARS-CoV-2 vaccine candidates. Signal
Transduct Target Ther 5(1): 237.

5. Pormohammad A, Zarei M, Ghorbani S, Mohammadi
M, Razizadeh MH, et al. (2021) Efficacy and Safety of COVID-19
Vaccines: A Systematic Review and Meta-Analysis of Random-
ized Clinical Trials. Vaccines (Basel) 9(5): 467.

6. London School of Hygiene and Tropical Medicine.
COVID-19 vaccine tracker. London School of Hygiene and
Tropical Medicine. 2022 Feb 07.

7. Moher D, Liberati A, Tetzlaff ], Altman DG (2009)
PRISMA Group. Preferred reporting items for systematic re-
views and meta-analyses: the PRISMA statement. PLoS Med
6(7): €1000097.

8. Higgins JP, Altman DG, Gotzsche PC, Jiini P, Moher D,
etal. (2011) The Cochrane Collaboration’s tool for assessing risk
of bias in randomized trials. BMJ. 343: d5928.

9. Chu L, McPhee R, Huang W, Bennett H, Pajon R, et al.
(2021) mRNA-1273 Study Group. A preliminary report of a ran-
domized controlled phase 2 trial of the safety and immunogenic-
ity of mRNA-1273 SARS-CoV-2 vaccine. 39 (20): 2791-9.

10. Kremsner PG, Mann P, Kroidl A, Leroux-Roels I,
Schindler C, et al. (2021) Safety and immunogenicity of an mR-
NA-lipid nanoparticle vaccine candidate against SARS-CoV-2:
A phase 1 randomized clinical trial. Wien Klin Wochenschr.
133(17-18): 931-41.

11. LiJ, Hui A, Zhang X, Yang Y, Tang R, et al. (2021) Safe-
ty and immunogenicity of the SARS-CoV-2 BNT162bl mRNA
vaccine in younger and older Chinese adults: a randomized,
placebo-controlled, double-blind phase 1 study. Nat Med. 27(6):
1062-1070.

12. Frenck RW Jr, Klein NP, Kitchin N, Gurtman A, Ab-
salon J, et al. (2021) Safety, Immunogenicity, and Efficacy of
the BNT162b2 Covid-19 Vaccine in Adolescents. N Engl ] Med
385(3): 239-250.

13. Kremsner PG, Ahuad Guerrero RA, Arana-Arri E, Aro-
ca Martinez GJ, Bonten M, et al. (2022) Efficacy and safety of the
CVnCoV SARS-CoV-2 mRNA vaccine candidate in ten coun-
tries in Europe and Latin America (HERALD): a randomised,
observer-blinded, placebo-controlled, phase 2b/3 trial. Lancet
Infect Dis 22(3): 329-40.

14. Asano M, Okada H, Itoh Y, Hirata H, Ishikawa K, et
al. (2022) Immunogenicity and safety of AZD1222 (ChAdOx1
nCoV-19) against SARS-CoV-2 in Japan: a double-blind, ran-
domized controlled phase 1/2 trial. Int J Infect Dis 114: 165-74.

15. Logunov DY, Dolzhikova IV, Shcheblyakov DV, Tukh-
vatulin AI, Zubkova OV, et al. (2021) Safety and efficacy of
an rAd26 and rAd5 vector-based heterologous prime-boost
COVID-19 vaccine: an interim analysis of a randomised con-
trolled phase 3 trial in Russia. Lancet 397(10275): 671-81.

16. Zhu FC, Guan XH, Li YH, Huang JY, Jiang T, et al.
(2020) Immunogenicity and safety of a recombinant adenovirus
type-5-vectored COVID-19 vaccine in healthy adults aged 18
years or older: a randomised, double-blind, placebo-controlled,
phase 2 trial. Lancet 396(10249): 479-88.

17. Madhi SA, Koen AL, Izu A, Fairlie L, Cutland CL, et
al. (2021) Safety and immunogenicity of the ChAdOx1 nCoV-19
(AZD1222) vaccine against SARS-CoV-2 in people living with
and without HIV in South Africa: an interim analysis of a ran-
domised, double-blind, placebo-controlled, phase 1B/2A trial.
Lancet HIV 8(9): €568-80.

18. Ramasamy MN, Minassian AM, Ewer KJ, Flaxman AL,
Folegatti PM, et al. (2021) Safety and immunogenicity of ChA-
dOx1 nCoV-19 vaccine administered in a prime-boost regimen
in young and old adults (COV002): a single-blind, randomised,
controlled, phase 2/3 trial. Lancet 396(10267): 1979-93.

JScholar Publishers

J Clin Trials Vaccine Res 2022 | Vol 1: 103



15

19. Clemens SAC, Folegatti PM, Emary KRW, Weckx LY,
Ratcliff ], et al. (2021) Efficacy of ChAdOx1 nCoV-19 (AZD1222)
vaccine against SARS-CoV-2 lineages circulating in Brazil. Nat
Commun 12(1): 5861.

20. Fadlyana E, Rusmil K, Tarigan R, Rahmadi AR, Prod-
josoewojo S, et al.(2021) A phase III, observer-blind, random-
ized, placebo-controlled study of the efficacy, safety, and immu-
nogenicity of SARS-CoV-2 inactivated vaccine in healthy adults
aged 18-59 years: An interim analysis in Indonesia. Vaccine
39(44): 6520-8.

21. Wu Z, Hu Y, Xu M, Chen Z, Yang W, et al. (2021) Safety,
tolerability, and immunogenicity of an inactivated SARS-CoV-2
vaccine (CoronaVac) in healthy adults aged 60 years and older: a
randomised, double-blind, placebo-controlled, phase 1/2 clinical
trial. Lancet Infect Dis. 21(6): 803-12.

22. Han B, Song Y, Li C, Yang W, Ma Q, et al. (2021) Safety,
tolerability, and immunogenicity of an inactivated SARS-CoV-2
vaccine (CoronaVac) in healthy children and adolescents: a dou-
ble-blind, randomised, controlled, phase 1/2 clinical trial. Lancet
Infect Dis 21(12): 1645-53.

23. Zhang Y, Zeng G, Pan H, Li C, Hu Y, et al. (2021) Safety,
tolerability, and immunogenicity of an inactivated SARS-CoV-2
vaccine in healthy adults aged 18-59 years: a randomised, dou-
ble-blind, placebo-controlled, phase 1/2 clinical trial. Lancet In-
fect Dis 21(2): 181-192.

24. Al Kaabi N, Zhang Y, Xia S, Yang Y, Al Qahtani MM,
et al. (2021) Effect of 2 Inactivated SARS-CoV-2 Vaccines on
Symptomatic COVID-19 Infection in Adults: A Randomized
Clinical Trial. JAMA. 326(1): 35-45.

25. Tanriover MD, Doganay HL, Akova M, Giiner HR,
Azap A, et al. (2021) Efficacy and safety of an inactivated
whole-virion SARS-CoV-2 vaccine (CoronaVac): interim results
of a double-blind, randomised, placebo-controlled, phase 3 trial
in Turkey. Lancet 398(10296): 213-22.

26. Pan HX, Liu JK, Huang BY, Li GF, Chang XY, et al.
(2021) Immunogenicity and safety of a severe acute respiratory
syndrome coronavirus 2 inactivated vaccine in healthy adults:
randomized, double-blind, and placebo-controlled phase 1 and
phase 2 clinical trials. Chin Med J (Engl) 134(11): 1289-98.

27. Guo W, Duan K, Zhang Y, Yuan Z, Zhang YB, et al.
(2021) Safety and immunogenicity of an inactivated SARS-
CoV-2 vaccine in healthy adults aged 18 years or older: A
randomized, double-blind, placebo-controlled, phase 1/2 trial.
EClinicalMedicine 38: 101010.

28. Xia S, Duan K, Zhang Y, Zhao D, Zhang H, et al.
(2020) Effect of an Inactivated Vaccine Against SARS-CoV-2
on Safety and Immunogenicity Outcomes: Interim Analysis of 2
Randomized Clinical Trials. JAMA 324(10): 951-60.

29. Formica N, Mallory R, Albert G, Robinson M,
Plested JS, et al. (2021) 2019nCoV-101 Study Group. Different
dose regimens of a SARS-CoV-2 recombinant spike protein
vaccine (NVX-CoV2373) in younger and older adults: A phase
2 randomized placebo-controlled trial. PLoS Med 18(10):
€1003769.

30. Shu Y], He JE Pei R], He P, Huang ZH, et al. (2021)
Immunogenicity and safety of a recombinant fusion protein
vaccine (V-01) against coronavirus disease 2019 in healthy
adults: a randomized, double-blind, placebo-controlled, phase II
trial. Chin Med J (Engl). 2021 Jul 22;134(16): 1967-76.

31. Meng FY, Gao F, Jia SY, Wu XH, Li JX, et al. (2021) Safety
and immunogenicity of a recombinant COVID-19 vaccine (Sf9
cells) in healthy population aged 18 years or older: two single-
center, randomised, double-blind, placebo-controlled, phase 1
and phase 2 trials. Signal Transduct Target Ther 6(1): 271.

32. Yang S, Li Y, Dai L, Wang ], He P, et al. (2021) Safety and
immunogenicity of a recombinant tandem-repeat dimeric RBD-
based protein subunit vaccine (ZF2001) against COVID-19 in
adults: two randomised, double-blind, placebo-controlled, phase
1 and 2 trials. Lancet Infect Dis 21(8): 1107-119.

33. Chappell KJ, Mordant FL, Li Z, Wijesundara DK,
Ellenberg P, et al. (2021) Safety and immunogenicity of an MF59-
adjuvanted spike glycoprotein-clamp vaccine for SARS-CoV-2:
a randomised, double-blind, placebo-controlled, phase 1 trial.
Lancet Infect Dis 21(10): 1383-1394.

34. Hsieh SM, Liu MC, Chen YH, Lee WS, Hwang §J,
Cheng SH, Ko WC, Hwang KP, Wang NC, Lee YL, et al. Safety
and immunogenicity of CpG 1018 and aluminium hydroxide-
adjuvanted SARS-CoV-2 S-2P protein vaccine MVC-COV1901:

JScholar Publishers

J Clin Trials Vaccine Res 2022 | Vol 1: 103



16

interim results of a large-scale, double-blind, randomised,
placebo-controlled phase 2 trial in Taiwan. Lancet Respir Med.
9(12): 1396-406.

35. Richmond P, Hatchuel L, Dong M, Ma B, Hu B, et al.
(2021) Safety and immunogenicity of S-Trimer (SCB-2019),
a protein subunit vaccine candidate for COVID-19 in healthy
adults: a phase 1, randomised, double-blind, placebo-controlled
trial. Lancet 397(10275): 682-94.

36. Toback S, Galiza E, Cosgrove C, Galloway ], Goodman
AL, et al. (2021) Safety, immunogenicity, and efficacy of a
COVID-19 vaccine (NVX-CoV2373) co-administered with
seasonal influenza vaccines: an exploratory substudy of a
randomised, observer-blinded, placebo-controlled, phase 3 trial.
Lancet Respir Med 10(2): 167-79.

37. Munro APS, Janani L, Cornelius V, Aley PK, Babbage
G, et al. (2021) Safety and immunogenicity of seven COVID-19
vaccines as a third dose (booster) following two doses of
ChAdOx1 nCov-19 or BNT162b2 in the UK (COV-BOOST):
a blinded, multicentre, randomised, controlled, phase 2 trial.
Lancet 398(10318): 2258-76.

38. Voysey M, Costa Clemens SA, Madhi SA, Weckx LY,
Folegatti PM, et al. (2021) Single-dose administration and the
influence of the timing of the booster dose on immunogenicity
and efficacy of ChAdOx1 nCoV-19 (AZD1222) vaccine: a pooled
analysis of four randomised trials. Lancet 397(10277): 881-91.

39. Emary KRW, Golubchik T, Aley PK, Ariani CV, Angus
B, et al. (2021) Efficacy of ChAdOxl nCoV-19 (AZD1222)
vaccine against SARS-CoV-2 variant of concern 202012/01
(B.1.1.7): an exploratory analysis of a randomised controlled
trial. Lancet 397(10282): 1351-62.

40. Xia S, Zhang Y, Wang Y, Wang H, Yang Y, et al. (2021)
Safety and immunogenicity of an inactivated SARS-CoV-2
vaccine, BBIBP-CorV: a randomised, double-blind, placebo-
controlled, phase 1/2 trial. Lancet Infect Dis 21(1): 39-51.

41. National Medical Products Administration. Guidelines
for Classification Standards of Adverse Events in Clinical
Trials of Prophylactic Vaccines. National Medical Products

Administration.

42. Zhang P, Zhang Q, Guan H, Fan K, Bi X, et al. (2022)
Who is more likely to hesitate to accept COVID-19 vaccine: a

cross-sectional survey in China. Expert Rev Vaccines. 6: 1-10.

43, Veronese N, Saccaro C, Demurtas J, Smith L,
Dominguez LJ, et al. (2021) Prevalence of unwillingness and
uncertainty to vaccinate against COVID-19 in older people: A

systematic review and meta-analysis. Ageing Res Rev 72: 101489.

44, Chong CR, Park V], Cohen B, Postow MA, Wolchok JD,
et al. (2020) Safety of Inactivated Influenza Vaccine in Cancer
Patients Receiving Immune Checkpoint Inhibitors. Clin Infect
Dis 70(2): 193-9.

45. Sarsenbayeva G, Issagulov T, Kassenov M, Abitay
R, Orynbayev M, et al. (2020) Safety and immunogenicity of
trivalent inactivated influenza vaccine in adults 60 years of
age and older: a phase II, a randomized, comparative trial in
Kazakhstan. Hum Vaccin Immunother 16(8): 1791-7.

46. Castells MC, Phillips EJ (2021) Maintaining Safety with
SARS-CoV-2 Vaccines. N Engl ] Med 384(7): 643-9.

47. Center for Disease Control and Prevantion. Interim
clinical considerations for use of mRNA COVID-19 vaccines
currently authorized in the United States.Center for Disease

Control and Prevantion.

48. Revon-Riviere G, Ninove L, Min V, Rome A, Coze
C, et al. (2021) The BNT162b2 mRNA COVID-19 vaccine
in adolescents and young adults with cancer: A monocentric

experience. Eur ] Cancer 154: 30-4.

49. Schauer J, Buddhe S, Colyer J, Sagiv E, Law Y,
Mallenahalli Chikkabyrappa S, Portman MA. Myopericarditis
After the Pfizer Messenger Ribonucleic Acid Coronavirus
Disease Vaccine in Adolescents. ] Pediatr 238: 317-20.

50. Cai C, Peng Y, Shen E, Huang Q, Chen Y, et al. (2021) A
comprehensive analysis of the efficacy and safety of COVID-19
vaccines. Mol Ther 29(9): 2794-805.

51. Andrew MK, McElhaney JE (2020) Age and frailty in
COVID-19 vaccine development. Lancet. 396(10267): 1942-4.

JScholar Publishers

J Clin Trials Vaccine Res 2022 | Vol 1: 103



17

- -4 _a _a .a .a

N

e N
Submit your manuscript to a JScholar journal
and benefit from:

Convenient online submission

Rigorous peer review

Immediate publication on acceptance
Open access: articles freely available online
High visibility within the field

Better discount for your subsequent articles

Submit your manuscript at
http://www.jscholaronline.org/submit-manuscript.php

J

JScholar Publishers

J Clin Trials Vaccine Res 2022 | Vol 1: 103



