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Abstract
Background: The coronavirus disease 2019 (COVID-19) is one of the most wide-spread and threatening
infectious diseases in human history. Experts in the �eld of medicine and biology are working to develop
methods to treat and prevent COVID-19. Currently, COVID-19 is predominantly treated with symptomatic
therapy and there is still a lack of effective antiviral therapy. Therefore, the prevention and control of
novel coronavirus is primarily focused on vaccine development. Several vaccines have been developed,
but their relative e�cacy and safety have not been proven. Therefore, the aim of this study is to
investigate the e�cacy and safety of COVID-19 vaccines.

Methods and analysis: The electronic databases we will use to retrieve information include PubMed, The
Cochrane Library, Web of Science, China National Knowledge Infrastructure (CNKI), Wanfang Database
and Weipu Electronics. The retrieval period is from the establishment of the database to March 2021. All
randomized controlled trials in humans vaccinated with COVID-19 were collected, and data were
independently selected and extracted according to predesigned inclusion/exclusion criteria. Full-text
screening, data extraction and quality assessment were conducted independently by two reviewers. Two
additional investigators will conduct report quality, risk of bias, sensitivity analysis and subgroup analysis
to ensure the reliability of our study results. The software RevMan 5.3 was used for statistical analysis.
Systematic review and meta-analyses will be conducted to evaluate the pooled evidence of e�cacy and
safety of the COVID-19 vaccines.

Result: This study will evaluate the e�cacy and safety of the COVID-19 vaccines.

Conclusion: The conclusions of this study will provide an evidence-based analysis of the safety and
e�cacy of COVID-19 vaccines.

Systematic review registration: PROSPERO CRD42021242581

Background
The coronavirus disease 2019 (COVID-19) has become one of the most threatening infectious diseases in
human history [1]. At present, more than 200 countries and regions in the world have reported con�rmed
cases of the disease: the main manifestations being fever, fatigue, and dry cough. Although, a small
number of patients present with cough, sputum, chest tightness, dyspnea, muscle pain, diarrhea and
other symptoms[2]. According to the World Health Organization (WHO), at 11:15 CET on 12 March 2021
the cumulative number of con�rmed global COVID-19 was 118,058,503 and the cumulative death toll was
2,621,046[3]. Vaccination is one of the most effective and economical means of preventing and
controlling the spread of viral infections as it protects vulnerable people; however, COVID-19 is still
predominantly treated with symptomatic therapy because effective antiviral therapy is limited[4].
Therefore, the current methods for the prevention and control of COVID-19 is focused on the research and
development of a vaccine[5, 6].
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After Chinese scholars �rst published the complete genome sequence of novel coronavirus in Nature[7],
scientists around the world worked hard to develop a vaccine against COVID-19, to curb the spread of
COVID-19 epidemic. Vaccines can be divided into the following three categories based on their intended
target and the vaccine technology. The �rst category is the classical technical route that uses a complete
form of the virus and includes inactivated vaccines and attenuated vaccines. The second category is viral
protein antigens that are expressed by means of genetic engineering. Examples are subunit vaccines and
virus-like particle vaccines. The third category consists of viral vector vaccines (replicative, non-
replicative) and nucleic acid (DNA and mRNA) vaccines based on viral legacies[8–13]. According to the
WHO by late 2020 a total of 233 vaccines were in development and 61 clinical trials had been conducted
using a variety of vaccine technologies[14, 15]. However, further development of a safe and effective
COVID-19 vaccine is fraught with challenges and opportunities[16]. As of March 1, 2021, China, the United
States, Israel, the United Kingdom, Russia, Germany, and other countries have approved mass vaccination
plans of their own vaccines in their own populations.

However, there is not enough evidence to prove the e�cacy and safety of COVID-19 vaccine for all
populations, so this study conducted systematic review and meta-analysis of published clinical trial
results of COVID-19 vaccine to further clarify the e�cacy and safety of the vaccine.

Methods
The registration

The systematic review protocol was registered with the International Prospective Register of Systematic
Reviews (PROSPERO) on March 15, 2020 (registration number CRD42021242581). The consent of this
protocol report is based on the preferred reporting items for systematic review and meta-analysis
protocols (PRISMA-P) 2015 statement guidelines [17]. (see Additional �le 1).

Criteria for considering studies for this review

Studies that meet the following criteria will be included in this review.

Inclusion and criteria for study selection

Study designs. We will review all studies on the e�cacy and safety of the preventative COVID-19 vaccine
in humans. Because of language limitations, we will search for articles in both Chinese and English. To
obtain a more objective and authentic evaluation, all articles must meet the following two conditions:

(1) Published documents with complete data

(2) The trial design is a randomized controlled trial (RCT)

Participants. We will include healthy men 18 years of age and older or non-pregnant women who have
been vaccinated against COVID-19. Race, education and economic status will not be study factors. Those
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excluded from the study include pregnant women, participants with post-operative infections or mental
illness, participants with severe pneumonia or other reasons for inability to exercise, and participants with
severe cardiovascular and/or liver and/or kidney disease.

Interventions. The experimental group received a prophylactic COVID-19 vaccine, while the control group
received a placebo.

Outcomes. Clinical trial results indicators include at least one or more of the following: local reactions
(pain, itching, redness, swelling and induration, etc.), systemic adverse reactions (fever, diarrhea, fatigue,
nausea, vomiting, lethargy, etc.), 14 days or 28 days after the last vaccination with live virus
neutralization test of neutralizing antibody geometric average drop degree (GMT), serum conversion rate,
mortality rates and other laboratory tests.

Data sources

Electronic data sources. The following electronic databases will be searched from inception to March
2021: PubMed, the Cochrane Library, Web of Science, CNKI, WanFang Data, Weipu Electronics. In
addition, reference lists of the included studies were manually searched to identify additional relevant
studies.

Other resources. Relevant references will be reviewed and screened. In addition, we will search the
following registration website of the clinical trial: WHO ICTRP (www.chictr.org.cn, www.ClinicalTrial.gov)
and the ISRCTN Register. Moreover, the relevant gray literature from the Health Management Information
Database (HMIC), Open SIGLE Database, and the National Technical Information Service (NTIS) will be
searched. Experts in the �eld will be consulted for relevant studies.

Search strategy

The search terms on PubMed are as follows: COVID-19 (e.g., “COVID-19 virus disease” or “novel corona
virus” or “SARS-CoV-2”); randomized controlled trial (e.g., “randomized” or “randomly” or “clinical trial”);
vaccines (e.g., “COVID 19 vaccines” or “COVID-19 virus vaccines” or “mRNA-1273 vaccine” or “ChAdOx1
COVID-19 vaccine”); randomized controlled trials (e.g., “randomized” or “randomized” or “clinical trials”).
Combinations of medical subject headings (MeSH) and text words will be used. The same search term is
used across the electronic databases. These search terms are shown in Table 1.

Data collection and analysis

Selection of studies. We chose the PRISMA �owchart to show the process of literature selection
throughout the study (Figure 1.). All reviewers will discuss and determine the screening criteria before
literature retrieval. Once the screening requirements are de�ned, two reviewers (XXL and DZY) will
independently review and �lter the titles and abstracts searched according to the inclusion criteria. To
obtain eligible studies, full-text reports will be screened to determine if they meet the inclusion criteria, and
then some duplicate studies or studies with incomplete information will be excluded. The obtained
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literature will be managed using Endnote software v.X8. Any inconsistencies should be discussed and
resolved with a third investigator.

Data extraction and management. Two other researchers (LZ and FX) will independently extract the data
and �ll in a predesigned form. Information includes the �rst author, country, year, methods, quality and
type of vaccine, vaccination dose, inoculation time interval, the number of participants, and baseline
characteristics (race, sex ratio, age range or average age), research, design, results, speci�c data,
conclusions, follow-up, adverse events, local and systemic adverse reactions, laboratory examination
indexes, funds, sponsors and registration number, con�icts of interest, funding sources and ethical
approval. The extracted data will be cross-checked by two researchers. If there is a disagreement, a third
researcher (NL) will be involved. If necessary, we will contact the study authors for further information. All
data will be transferred to the Review Manager software (RevMan v. 5.3) for analysis and synthesis.

Measures of treatment effect. In this protocol, e�cacy data will be synthesized and statistically analyzed
by two reviewers independently using RevMan 5.3. A risk ratio (RR) or odd ration with 95% con�dence
interval (CIs) will be adopted for dichotomous data, whereas a mean difference (MD) or standard mean
difference (SMD) with 95% CIs will be utilized for continuous data. SMD will be employed if different
assessment tools are used.

Management of missing data. We will try our best to ensure the integrity of the data. When there is
missing data, we will try our best to contact the corresponding author of the article, including but not
limited to, sending emails, or making a phone call. If the corresponding author cannot be contacted, we
will use sensitivity analysis to assess the effect of the missing data on the outcome. If the effect is
signi�cant, we will remove the experiment with incomplete data. After data integrity is assured, intention
analysis therapy and sensitivity analysis will be performed.

Assessment of heterogeneity. Statistical heterogeneity will be investigated using test and statistic. A
�xed-effect model will be applied when heterogeneity is low (< 50%) and random-effects model will be
used for moderate heterogeneity (50% < < 75%). When heterogeneity is considerably high, meta-analysis
will not be performed.

Assessment of reporting biases. Funnel plots will be performed to assess potential reporting bias when
more than ten studies are included. In additional, Egger regression and Begg correlation test will be
conducted to identify the funnel plot asymmetry.

Data synthesis. In line with the Cochrane guideline, the �xed-effects model will be utilized for the pooled
data if heterogeneity is deemed low and the random-effect model will be employed if heterogeneity is
deemed moderate. Subgroup analysis or meta-regression will be performed to assess the potential
sources with reasonable explanations if heterogeneity is considerably high. The statistical signi�cance is
de�ned as P < 0.05. If the meta-analysis is not feasible, a narrative description of the results will be
provided. Data on vaccine effectiveness and safety will be summarized by country and speci�c
geographic region (where applicable) (Table 2)
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Assessment of reporting biases. In this analysis, if there are more than ten studies the funnel diagram will
be used to determine whether there is a reporting biases.

Subgroup analysis. We will perform subgroup analysis according to the different details of interventions,
study quality and outcome indicators.

Sensitivity analysis. Sensitivity analysis will be performed according to sample size, study design,
heterogeneous quality, methodological quality and statistical model. Trials with quality defects will be
excluded to ensure the stability of the analysis results.

Grading the quality of evidence. This paper will use the evidence quality rating method to evaluate the
results obtained from this analysis. Grade will be assessed through the evaluation of domains of risk of
bias, consistency, directness, precision, and publication bias[18]. In the context of the system review,
quality re�ects our con�dence in the effectiveness of assessment. It has four evaluation levels, namely,
high (further research is very unlikely to change our con�dence in the estimate of effect), moderate
(further research is likely to have an important impact on our con�dence in the estimate of effect and
may change the estimate), low (further research is very likely to have an important impact on our
con�dence in the estimate of effect and is likely to change the estimate), or very low (very uncertain
about the estimate of effect).

Discussion
The COVID-19 pandemic has created a public health crisis, infecting millions of people and causing many
deaths. The Government has implemented many public health measures to mitigate the spread of the
virus. However, providing immunization services is crucial to ensure protection from vaccine-preventable
diseases. There is an urgent need for COVID-19 vaccines and therapeutic agents in low and middle-
income countries [19–21]. Mass vaccination sites will be an important innovation in the containment of
the COVID-19 pandemic, but only if the effectiveness and safety of vaccination are ensured [22, 23].
Currently, there are still many unanswered questions in this area. The protection rate, protection time,
safety, and immune response of COVID-19 vaccines requires further study[24] Although few adverse
reactions have been found in current clinical trials, But COVID-19 is evolving, therefore vaccines will
evolve with it will be ongoing. So, extensive and long-term safety monitoring is needed to assess the
e�cacy and safety of COVID-19 vaccines.

This paper will systematically evaluate and meta-analyze the e�cacy and safety of COVID-19 vaccines
from four aspects: literature collection, literature screening, data extraction and data analysis. This study
will provide evidence-based analysis of the e�cacy and safety of COVID-19 vaccination. However,
because of language limitations, we only searched Chinese and English literatures. Considering that there
may be many studies that have not been published yet, it is necessary to update more high-quality
clinical evidence to ensure the integrity of evidence in this study, which is also the de�ciency of this study.
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Tables
Table 1 Search strategy for the PubMed database.
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Number  Search items
1 COVID-19
2 COVID-19 Virus Disease
3 Disease, COVID-19 Virus
4 Virus Infection, COVID-19
5 COVID-19 Virus Infection
6 2019-nCoV Infection
7 Coronavirus Disease-19
8 2019 Novel Coronavirus Disease
9 2019 Novel Coronavirus Infection

10 Pandemic, COVID-19
11 Novel Corona Virus

12 SARS-CoV-2
13 SARS-CoV-2 Infection
14 1 or 2- 13
15 vaccines
16 COVID 19 Vaccine
17 COVID-19 Virus Vaccine
18 SARS-CoV-2 Vaccine
19 SARS Coronavirus 2 Vaccines
20 COVID19 Vaccine
21 Coronavirus Disease 2019 Vaccine
22 Coronavirus Disease 2019 Virus Vaccine
23 Coronavirus Disease-19 Vaccine
24 2019 Novel Coronavirus Vaccine
25 Virus Vaccine, COVID19
26 mRNA-1273 vaccine
27 ChAdOx1 COVID-19 vaccine
28 Ad5-nCoV vaccine
29 Ad26.COV2.S vaccine
30 BNT162 vaccine
31 lentiviral minigene vaccine of COVID-19 coronavirus
32 15 or 16-31
33 randomized controlled trial
34 randomized
35 clinical trial
36 randomly
37 Controlled clinical trials
38 controlled before-after studies
39 32 or 33-38
40 14 and 32 and 39

Table 2. Characteristics of the published studies included in the meta-analysis.
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Figure 1

Flow diagram of the study selection process.
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