HUMAN VACCINES & IMMUNOTHERAPEUTICS
2022, VOL. 18, NO. 1, e2031453 (8 pages)
https://doi.org/10.1080/21645515.2022.2031453

Taylor & Francis
Taylor &Francis Group

RESEARCH PAPER

8 OPEN ACCESS ’ N Checkforupdates‘

Assessing the reporting quality of randomized controlled trials on COVID-19 vaccines:

a systematic review

Guanran Zhang (»?* Sirui Kuang®* and Xiaoli Zhang?

Key Laboratory for Experimental Teratology of Ministry of Education, Department of Histology & Embryology, School of Basic Medical Sciences,
Shandong University, Jinan, Shandong, China; "Master of Public Health, Faculty of Medicine, Macau University of Science and Technology, Taipa,

Macau, China

ABSTRACT

This systematic review evaluated the reporting quality of COVID-19 vaccine randomized controlled trials (RCTs).
Relevant RCTs published between July 20, 2020 and June 11, 2021 were identified in the PubMed database by two
independent reviewers. Study quality was evaluated with the 2010 AND 2001 Consolidated Standards of
Reporting Trials (CONSORT) adherence scores. A total of 22 RCTs were included. The median CONSORT adherence
score according to the 2010 criteria was 21 (range, 12-25), thus indicating that 75% of the items in more than half
of the RCTs had clear reports. Univariate analysis showed that CONSORT adherence scores were not predicted by
category; analysis of variance also showed no significant difference between groups. Our results indicated that the
overall quality of COVID-19 vaccine RCTs was very good. Current evidence indicates that a variety of COVID-19
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vaccines are effective. No RCTs have reported serious adverse effects such as mortality.

Introduction

Evidence-based medicine is fundamentally dependent on the qual-
ity of available clinical evidence. The results of randomized con-
trolled trials (RCTs) provide the highest level of primary evidence,
and the use of large sample sizes improves the power of statistical
tests and reduces the risk of bias. Due to the lack of targeted drugs
for COVID-19, many countries began to concurrently develop
COVID-19 vaccines in the early stages of the pandemic."
Vaccination is considered to be the most effective measure
for preventing the further spread of COVID-19.”> Vaccines
stimulate the body’s immune system to produce antibodies
against a specific virus, thus reducing the probability of future
infection. Vaccinations prevent 2-3 million deaths from infec-
tions annually.” The effectiveness and breadth of COVID-19
vaccination will be the main determinant of how long the
pandemic will last.* The first approved COVID-19 vaccine
was produced by Pfizer-BioNTech and has been widely admi-
nistered in the UK. The need for the rapid development of
vaccines to combat the COVID-19 pandemic has necessitated
the introduction of temporary regulations to expedite the
authorization of their use in humans.” As a result, the risk of
side effects (e.g., serious disease, mortality) have only been
based on experimental research results from the first three
stages of vaccine development; epidemiological research results
typically available in the fourth stage are currently lacking.®
By April 2020, approximately 100 different COVID-19 vac-
cines had been developed by research and development depart-
ments in different countries all over the world, with some
having proceeded to the human trial stage.” If sufficient

protection can be obtained after the first vaccine dose,
the second dose can be delayed; this would ensure that
a greater number of people in regions with limited access to
vaccines can receive the first dose.® Recently, an increasing
number of RCTs have investigated the effectiveness of
COVID-19 vaccines by comparing infection rates between
vaccinated (experimental group) and unvaccinated (control
group) individuals.” The purpose of this systematic review
was to evaluate the quality of these RCTs and to summarize
the effectiveness and adverse effects of currently available
COVID-19 vaccines. The overarching aim was to provide
a frame of reference to facilitate vaccination selection.

Materials and methods
Search strategy

This review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines that are in the supplemental materials. Relevant
articles were identified by using the search terms “vaccines”
and “COVID 19” in the PubMed database. The authors of the
present review were not involved in the conduct of any pre-
vious RCT's pertaining to this topic.

Scope of the literature search

A comprehensive search was conducted in PubMed using the
following search terms: (“COVID 19 vaccines”[MeSH Terms]
OR (“COVID 19”[All Fields] AND ”vaccines”[All Fields]) OR
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“COVID 19 vaccines”[All Fields] OR (“COVID19”[All Fields]
AND “vaccine”[All Fields]) OR “COVID19 vaccine”[All
Fields]) AND (randomized controlled trial [Filter]). Only stu-
dies published in English were included. All identified RCTs
pertaining to COVID-19 vaccines were published between
July 20, 2020 and June 11, 2021 (Figure 1).

Reporting quality assessment

All extracted data were independently compiled by two
reviewers. The reporting quality of each study was evaluated
using the 19-item 2001 Consolidated Standards of Reporting
Trials (CONSORT) statement (Supplemental Table S1) and the
28-item 2010 CONSORT standardized evaluation checklist
(Table 1). The overall report quality score was referred to as
the CONSORT adherence score.

Research selection and data extraction

The inclusion criteria comprised the following: (a) evaluation
of a COVID-19 vaccine using a randomized controlled design;
(b) use of a COVID-19 vaccine in the experimental group; and
(c) articles published in English. Studies were excluded if they
did not report safety or effectiveness data, or were duplicate
publications or secondary reports of previously published
RCTs. If the results of a single RCT were reported in multiple
publications, the one with the most complete data was selected.
The difference between the level 1 screening (titles and
abstracts), two reviewers were resolved through discussion.

Data collection

Two independent reviewers extracted the following data: first
author name; year of publication; whether or not the term
“RCT” was used in the study title; use of a structured or non-
structured abstract; experimental design and allocation ratio to
the intervention and control groups; specific content recorded
in the article or protocol; study setting; place of the data
collection; drug information; primary and secondary out-
comes; measurement information; methods used for sample
size calculation and randomization; allocation concealment;
blinding method; whether or not an intent-to-treat (ITT) ana-
lysis and subgroup analysis were performed; flowchart;

Articles identified from PUBMED (n=11053

54 of full-text articles assessed for eligibility

recruitment and follow-up time; results for vaccine eflicacy;
experimental registration number; and source of funding. Any
discrepancies were resolved by consensus between the two
reviewers.

Statistical analysis

The main purpose of this study was to assess the quality of
RCTs that have evaluated COVID-19 effectiveness and safety.
Using CONSORT criteria, we assigned 1 point for each criter-
ion and calculated the total score of each item. SPSS Statistics
25 was used to analyze the collected data, and descriptive
statistics were used to calculate the median and mean. The
linear regression coefficient generated by the CONSORT
adherence scores was used as the dependent variable to obtain
the regression coeflicient and P value. The difference between
the groups and whether the classification could predict the
dependent variable were evaluated.

Results

As shown in the flow chart in Figure 1, a total of 11053 articles
were retrieved from PubMed. Title and abstract screening
excluded 10999 non-RCTs. Full texts of the remaining 54
studies were evaluated according to our predefined inclusion
and exclusion criteria. Thirty-two studies were excluded, as
they were either secondary reports of previous RCTs (29 arti-
cles) or duplicate studies (3 articles). Thus, a total of 22 studies
were included in our analysis (Table 2)'°>" and their charac-
teristics are summarized in Table 3; data are expressed as
absolute counts and proportions.

The majority of the RCTs were conducted in countries in
Europe and North America. The impact factor of most of the
journals in which the studies were published (73%, n = 16)
exceeded 30. Over half (63%, n = 14) of the studies included
more than 500 participants. Most of the studies were either
phase I or II vaccine trials; only 12% (n = 4) were phase III
trials.

Inter-rater agreement for the 2010 CONSORT standardized
evaluation checklist were classified via Cohen’s « statistic as
substantial, good, or perfect (Table 1). CONSORT adherence
scores ranged from 0 to 28. As the reported reference median
CONSORT adherence score was 21 (range, 12-25), this

Excluded (n=10999)
COVID-19 vaccines that are

Articles included in the final analysis(n=22)

not related to RCTs(n=10999)

Excluded (n=32)
Secondary reports of previously published

RCTs (n=29)
Duplicate publication (n=3)

Figure 1. A flowchart of the screening process for randomized controlled trials (RCT) articles of the COVID-19 vaccine.
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Table 1. Overall quality of reporting: rating using items based on the 2010 CONSORT statement (n = 22).

No. of
positive Cohen’s
Item Criteria Description trials %  k coefficient
1 Title Identification as a randomized trial in the title 13 59 0.91
2 Abstract structure Structured summary of trial design, methods, results and conclusions 21 95 1
3 Background Adequate description of the scientific background and explanation of rational 22 100 NA*
4 Objectives Description of the specific objectives or the scientific hypotheses in the introduction 21 95 0.89
5 Trial design Description of trial design, including allocation ratio 20 91 0.81
6 Participants Description of the eligibility criteria for participants 20 91 0.83
7 Settings and location  Description of the settings and locations where the data were collected 10 45 1
8 Interventions Details of the interventions intended for each group 20 91 1
9 Outcomes Definition of primary and secondary outcome measures, including how and when they were 18 82 0.94
assessed
10 Sample size Description of sample size calculation 15 68 0.92
1 Randomization, Definition of the method used to generate the random allocation sequence 15 68 0.95
sequence
generation
12 Randomization, Description of the type of randomization details of any restriction 12 55 0.79
restriction
13 Allocation Description of the mechanism used to implement the random allocation sequence to assure 18 82 1
concealment concealment until interventions were assigned
14 Implementation Description of who generated the random allocation sequence, who enrolled participants, and who 9 41 0.85
assigned participants to interventions
15  Blinding Whether or not participants, those administering the interventions, or those assessing the 18 82 0.88
outcomes were blinded to group assignment; if relevant, description of the similarity of
interventions
16  Statistical methods Description of the statistical methods used to compare groups for primary and secondary outcomes 18 82 0.98
17 Ancillary analysis, Description of the methods for additional analyses, such as subgroup analyses and adjusted 5 23 0.83
method analyses
18  Diagram A CONSORT diagram was presented to show the flow of participants 19 86 0.86
19  Participant flow Details on the flow of participants through each stage of the trials (number of patients randomly 13 59 0.96
assigned, receiving intended treatment, and were analyzed for the primary outcome)
20  Recruitment Dates defining the periods of recruitment and follow-up 15 68 1
21 Baseline data A table showing baseline demographic and clinical characteristics for each group 22 100 NA*
22 Intent-to-treat analysis Number of patients in each group included in each analysis and whether patients were analyzed 4 18 0.77
according to the group to which they were randomly assigned
23 Outcomes measures  For each primary and secondary outcome, a summary of results for each group, the estimated effect 12 55 0.87
size and its precision (eg, 95% Cl) are provided
24 Ancillary analyses Results of subgroup analyses and adjusted analyses, distinguishing prespecified from exploratory 7 32 1
25  Adverse event Description of all important adverse events in each group, with classification 20 91 0.74
classification
26 Registration Presentation of the registration number and name of trial registry 22 100 NA*
27 Protocol Where the full trial protocol can be accessed 20 91 0.73
28  Funding Sources of funding and other support 19 86 0.86

Abbreviations: Cl: confidence interval; CONSORT: Consolidated Standards of Reporting Trials; NA: not available.
* Cohen’s k indices could not be calculated because the positive rates awarded by the 2 investigators were both 100% for these items.

indicated that 75% of the items in more than half of the RCT's
in the present review had clear reports. The results of the
descriptive analysis showed that less than 10% of the studies
had a score of <14, thus indicating that study quality was “very
good” (Table 1). The results showed the positive number of
CONSORT in the frequency distribution diagram (Figure 2).
All studies provided detailed scientific background informa-
tion and reported baseline participant characteristics in both
the experimental and control groups. Clinical outcomes after
vaccination were summarized and presented in the form of
tables. Since univariate analysis did not show significant differ-
ences between categories, CONSORT adherence scores could
not be predicted according to category. Analysis of variance
showed that there was no significant difference between the
groups (Table 4).

The median CONSORT adherence score according to the
2001 CONSORT statement criteria was 16 (range, 7-19); this
indicated that 84% of the RCT's had clear reports. The results of
the descriptive analysis showed that less than 10% of the RCT's
had a score of <9. This reflected a “very good” study quality and

was consistent with the results obtained using the 2010
CONSORT standardized evaluation checklist (Supplementary
Table S1).

We evaluated adverse event report scores based on the
rating of the hazardous recommendations. Our analysis indi-
cated that inactivated vaccines, nucleic acid vaccines, adeno-
virus vector vaccines, protein subunit vaccines, and other types
of COVID-19 vaccines had good efficacy. These vaccines were
also safe, as no serious adverse reactions such as death were
reported (Supplementary Table S2).

The use of allocation concealment and blinding across the
included studies is shown in Supplementary Table S3. Over
half (59%, n = 13) of the studies used a centralized randomiza-
tion method, and 82% (n = 18) used the blind method. Only
27% (n = 6) of the studies performed an ITT analysis. Studies
that did not report the use of ITT were assumed to have not
used this analysis method. Supplementary Table S4 sum-
marizes the endpoints used in the 22 trials. Most trials ended
with adverse reactions or immunogenicity; safety and adverse
reactions were the most commonly reported outcomes (77%,
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Table 4. Publication characteristics associated with 2010 overall reporting quality.

Characteristic No. of studies (n =22) %

Year of publication

2020 9 41

2021 13 59
Region in which trials were conducted

Asia 7 32

Europe and North America 10 45

Others 5 23
Journal

The new england journal of medicine 7 32

The Lancet 6 27

Journal of the American Medical Association 2 9

Lancet Infectious Diseases 3 14

Vaccine 2 9

Nature 1 5

Chinese Medical Journal 1 5
Journal impact factor

<30 6 27

30-80 9 41

>80 7 32
Sample size

Median(range) 560(25-43548)

<500 8 36

500-1000 8 36

>1000 6 27

Sources of trial funding
Government/foundation 1
Completely funded by industry 4 18
Partially funded by industry 7

Type of vaccine

inactivated vaccine 6 27
Nucleic acid vaccine (DNA, mRNA) 7 32
Adenovirus vector vaccine 8 36
Protein subunit vaccine 1 5
Phase
1 14 43
2 15 45
3 4 12

Mean CONSORT adherence
scores (95% Cl)

Estimate

Publication characteristic (95% Cl)* p

Year of publication

2020 20.3 (17.44, 22.79) Reference  0.783
2021 20.7 (18.38, 22.70) -0.17

(—0.99,

0.65)

Region in which trials
were conducted
Asia 22.4 (19.16, 24.55) Reference  0.351
Europe and North 20 (16.95, 23.05) 0.61 (-0.11,
America 1.32)

Others 19 (17.04, 20.96) -0.33
(—2.48,
1.81)
Journal impact factor
<30 22.5 (18.69, 24.98) Reference  0.395
30-80 20.3 (17.03, 23.64) —-0.28
(-1.29,
0.73)
>80 19.1 (16.91, 21.37) 0.07 (-1.84,
1.99)
Sample size
<500 18.8 (16.08, 21.42) Reference  0.248
500-1000 21.5 (17.60, 24.40) 0.54 (-0.18,
1.27)
>1000. 21.7 (19.12, 24.21) 0.14 (-1.16,
1.44)

Sources of trial funding

Government/foundation 21.5 (18.75, 23.43) Reference  0.58

Completely funded by 20.3 (14.99, 25.51) 0.14 (-0.30,
industry 0.58)
Partially funded by 19.3 (15.84, 22.73) 0.08 (—0.27,
industry 0.44)

Abbreviation: CONSORT adherence scores rated on a scale of 0 to 28. *The
estimates indicate the benefit observed compared with the reference. Any
positive value indicates incremental benefit compared with the reference,
whereas any negative value indicates detriment compared with the reference.

Title I 59
Abstract structure I 05
Background | 100
Objectives I o5
Trial design I 01
Participants IR 01
Settings and location INEEEEE————— 45
Interventions I o1
Outcomes I 82
Sample size I 68

CONSORT CRITERIA

Randomization, sequence generation [N 68
Randomization, restriction |GGG 55
Allocation concealment I 32
Implementation NN 41
Blinding I 32
Statistical methods I 32
Ancillary analysis, method [N 23
Diagram [ 36

Participant flow I 59
Recruitment I 63
Baseline darta | 100

Intent-to-treat analysis [N 13

Outcomes measures I 55
Ancillary analyses IS 32
Adverse event classification I 01
Registration | 100
Protocol | mmm— 91
Funding I 36

40 50 60 70 80 90 100
POSITIVE RATE  m%

Figure 2. Percentage of literature that meets the 28-item 2010 Consolidated Standards of Reporting Trials (CONSORT) standardized evaluation checklist.
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n = 17), and the vaccine effectiveness was only 36% (n = 8). The
results of Supplementary Table S5 are similar to those of the
univariate analysis of CONSORT 2010, which showed that
there was no significant difference between categories.
Therefore, CONSORT adherence scores were not predicted

by category.

Discussion

The results of our review indicate that the quality of RCTs on
COVID-19 vaccines was not affected by the specific stage of
vaccine development that was under investigation. Indeed, the
CONSORT adherence scores indicated that the reporting qual-
ity of these RCTs was very good. This finding is pertinent for
governments worldwide, as they are responsible for the major-
ity of funding for vaccine research and development.

Vaccines are one of the most effective and safest means for
preventing the further spread of COVID-19.>> A number of
different factors may affect the quality of research reports. For
example, study quality is often significantly associated with the
type of funding source. Journals with more published papers
have higher impact factors, which are often associated with
increased study quality. Studies in such journals are more likely
to have a large sample size and include a wide range of age
groups, from adolescents to the elderly.

At present, the incidence of new COVID-19 cases has not
plateaued in many countries. In addition, some countries have
even reported mutated variants with increased transmissibility.
The emergence of COVID-19 variants indicates that a second
vaccine dose is necessary, as previous studies have found that
vaccine effectiveness after the first dose decreases after a period
of time.”® A third dose can further maintain effectiveness over
the long-term and should be considered in countries where the
proportion of the population with both first and second doses
has reached a certain threshold.”* Different vaccine types can
be selected by countries according to their actual situation.>
The results of the present review indicate that the majority of
the investigated vaccine types are very effective. From the
conclusion that there is no significant difference in univariate
analysis, it can be seen that the literature quality of different
categories with different characteristics is similar. It can be
concluded that the quality of these RCTs is very good; the
reporting was very specific and detailed, regardless of journal
impact factor, funding source, region in which trials were
conducted, and sample size.

Some RCTs did not provide details regarding the random
allocation of study participants, as well as whether allocation
concealment was performed. Some RCTs did not report
whether researchers or patients were blinded to treatment
allocation. The current stage of COVID-19 vaccine research
has mainly focused on outcomes pertaining to adverse reac-
tions, immunogenicity, and vaccine effectiveness; the latter
outcome has been limited by the inability to mass produce
experimental vaccines for evaluation in clinical trials.
Nevertheless, a plethora of studies on COVID-19 vaccines are
planned or in progress, and their results will provide important
data on actual vaccine effectiveness. To date, the completed
RCTs on COVID-19 vaccines have been of very good quality;
this may be attributed to the individual efforts of research

personnel, as well as the large amount of invested human,
material, and financial resources. High-quality RCTs not only
provide a greater reference value for future studies, but also
contribute more to the global efforts to combat the COVID-19
pandemic. This is pertinent, as greater challenges for vaccine
development are expected with the continuous emergence of
COVID-19 variants. Long-term studies are required to deter-
mine whether existing vaccines can effectively and safely pre-
vent infection by different variant strains.’*>’

Nevertheless, we found that some studies omitted certain
CONSORT checKklist items, such as declaring that the study
was a RCT in the title; this criterion was only satisfied in 59%
of the included studies. The implementation of randomization
was only described in 41% of the studies. Thus, the majority of
studies did not adhere to the principles of randomization; alter-
natively, they may have followed these principles but failed to
report it. This resulted in a reduced study quality to some degree.

Some limitations are acknowledged in the present review.
For example, we did not perform a detailed analysis of study
follow-up duration and specific types of adverse reactions.
Furthermore, the included studies did not provide detailed
data on participant race, sex, age, or other differences. In
addition, as the univariate analyses did not yield statistically
significant associations with CONSORT adherence scores, we
were unable to conduct a multivariate analysis to adjust for
confounding factors.

In conclusion, based on the use of the CONSORT criteria,
we determined that the RCTs on COVID-19 vaccines that have
been published to date are of very high quality. This may be
attributed to not only the adherence of study authors to estab-
lished research reporting guidelines, but also the strict evalua-
tion of manuscripts by referees during the peer review stage.
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