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various types of vaccines, has been applied since the beginning of
2021, However, the efficacy in the context of seroconversion rate
remains unciear,

OBJECTIVE: To assess the seroconversion rates among different
COVID-19 vaccines using a network meta-analysis approach.
METHODS: A network meta-analysis of randomized controlled trials
(RCTs) was conducted during the study period. Data of interest, such
as seroconversion rate and the type of COVID-12 vaccine, were
extracted from each study. The analysis was performed using single-
arm analysis by calculating the curnulative seroconversion rate. A
network meta-analysis was conducted using the Bayesian method.
RESULTS: A total of 31 RCTs were included in our analysis. Our pooled
calculation revealed that the seroconversion rates of inactivated
messenger ribonucleic acid (mRNA), protein subunit, and vector
COVID-19 vaccines during the Tollow-up pericds were 93.2%, 93.9%,
65.3%, and 54.7%, respectively, at = 15 days; 96.0%, 94.8%, 91.2%,
and 89.7%, respectively, between days 16-30; and 98.5%0, 58.6%,
98.5%, and 96.2%, respectively, between days 31-60.The indirect
comparison revealed that in the follow-up periods of = 15 and 16-30
days, the inactivated and mRMA COVID-15 vaccines had superior
seroconversion rates compared with those of the protein subunit and
vector vaccines. In the follow-up period of 31-60 days, the highest
seroconversion rates were found in the inactivated, mRNA, and protein
subunit COVID-19 vaccines.

CONCLUSION: This study provides valuable information regarding the
comparison of seroconversion rates of COVID-19 vaccines.

Keywords
COVID-19; vaccine; seroconversion; efficacy; immunization.
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Introduction

COVID- 19 remins o plobud challenge. " While the incidence of COVID- 19 was reportid to have decreased inrecent months,
recent reports have suggested that there bas been a rising temd in COVID-19 incidence.” This Auctuating incidence might e
affected by the vadants of concem,” in which COVID-19 mumagement also remuined challenging,” and the management of
new vadunts of concern might differ from thit of previows vadants.” The guidelines for COVID-19 management have been
pesiodically published and updated.” Tlowever, the efficacy of cach treatment was inconclusive, particulirly in the case of
severe oreriticil illness. Therefore, the proper tcatmeit of COVID- 19 remains under investipation. While the potential of
new drups his been explored, ™ the viccimation program appears (o have the potential o end this pandemic.'"

The COVID-19 vaccingion program was introduced in cardy 2021 and implemented worldwide.'™ This vaccination
program was initially targeted W health workers, a population with high ask of infiection, wnd continued to the public.'™"'
To date, a wide vanety of COVID-19 vaccines have been available, such as insctivated, messenger nbonucleic acod
(mRNA]). protem subumi, and vector vaccines. ' Tlowever, efficacy differs between vaccines, and the results from cach
study have varied."" Tn this circumstance, conflict between phanmaecentical compuanies might occur. Therefore, the
yuestion of which vaccine has the best efficacy remains. In the content of vaccination, seroconversion was used o assess
the carly response of neutralizing antibody production.” However, the repert of seroconversion of COVID- 19 vaccines
waried in cach study. particulary in the special cases with rl.at.m|:.1|'hir.lil:.r.I " Moreover, to date, no studly has directly
companed the efficacy of COVID-19 vaccines. Thenefore, the present study aimed w assess the indinest comparison of
seroconverson rales among different COVID-19 vacoines wsang a network. mets-umalysis approach. Our preseat study
prowides preliminary evidence regarding potential COVID-19 vaccines.

Methods

Study design

A moet-analysis, (ollowing the Prefemed Reporting llems for Systematic Review amd Meta-Analysis ((PRISMA)
Fl11|.l.‘l:l.l1\-,"n wits conducted o compare the seroconversion rates of different COVID- 19 viccine desipns. To fommubate
a comprehensive comparison,  the relevant arficles wene collected  from PubMed, Embase, and Scopus, and the
infirmustion of interest was extracted (o compare the seroconversion rates among different COVID-19 vacvine designs.

Eligibility criteria

Articles wene included inour analysis if they met the following inclesion criteria: () assessed the scroconversion rafe ol a
COVID- 19 vacone; and (2) provided standardized data o determine the seroconversion rale of 2 COVID-19 vaccine.
The following articles wene excluded: reviews, commentaries, letters o the editor, non-randomized controlled trials
(RCTs), and double publications.

Search strategy and data extraction

As of Janunry [0, 2022, we scarched for potential articles in PubMed, Scopos, and Web of Scence. We determined
potential COVID- 19 vaccine desipns o be involved in our study prior escanching the primsry ouloommes (Serocenyersien
ratich. We used the keywords adapted from medical subject headings: “OOVID-19 vaccine”™ or “fnactivaedCOVID-19
waccine” or “mBRNACOVID- 19 vaccine”™ or “protein subunit COVID-19 vacane™ or "vector COVID-19 vaccine”™ and
“elfwcacy™ or “seroconversion ™ The seanch was imited o RCTS and articles published in Eaglish, Ifa double publication
was found, only articles with a lorger sumple size were included. We also browsed the reference list of rebevant sysbemuatic
reviews o oblain additionsd references. Subsequently, the following information of inlerest froan the potential articles was
cxtrmcted by two independent mvestigatons: (1) first author name, (2) publication year, (3) stody design, (4) age of
paticnts, (5 sample size, (6) design of COVID-19 vaccine, (7) trade name of COVID-19 vaccine, (8) dosage of COVID-
19 vaecine, (9 modificd TADAD scalbe, and { [0} scroconversion raie.

Assessment of the methodological quality

Prior to inclusion in our anadysis, articles were apprased for guality using the modified JTADAD scale. The scores ranged
from 0 o 7. Scores of 5-7. 34, and 0-2 indicated high-, moderate-_ aml low-guality papers, mapucti'uu.ly_"" Luvw-guality
arbicles were excluded from the analysis. Using a pilot foom, guality assessment was performed by two independent
authors (JEF & MI). Discrepancies between the two authors were resolved by discussion.

Oulcome measure

The primary owteome wis the seroconversion mie of the COVID- 19 vaccine, defined as the level of geometnc mean Gler
(GMT) of neutralizing antibodies of greater than or cqual o four-fold fmom the baseline. The predicions were different
COVID-1% vaccine destzns. To identify the potential COVID- 19 vaccine designs, an initial evaluation of the avalable
dafa in PubMed, Scopus, and Web of Scence was performed. OF those, inactivated, mRNA, prodein subumil, and veclor
COVID-19 vaccines were available for the analysis,
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Statistical analysis

Before analyeing the date. the potential publication bias and heteropencitly across the studies was assessed. Publication
bias was assessed wsing an Epper test, and a p-valoe < 0005 indicated a publication bias. [eterogpeneity among the studies
wits evaluated using the Q) test A p-valee < 0010 supgested that beterogencity existed among studies, and that a random
effect muodel should be applied for the dots analysis. Otherwise, o Ored-cffect model should be used. The cumulative
seroconversion rale of COVID-19 vaccines was determined using a single arm model mets-analysis by calealating the
pooled seroconversion cvents [rom the ol sample sie. The offect size was presenied vsang the seroconvirsion
percentaze and 95% confidence interval (CI). The dats were analyzed using R packape sofiware (R package, MAL
US, RRID-SCR_001905). The pooled seroconversion rates ane summarized in a forest plot. The seroconversion rafes
between different designs of COVID-19 vaccines werne compared by calculating the effect st of cach COVID-19
visceine design. The highest seroconversion rale wis considered the lighest cfficacy, and the Confidence in Network
Meti- Analysis software version 191 (Bemn, Switzerland, RRIDESCR. 06488) was used (o outline the network diagram
of companson among COVID-19 vaccines.

Results

Study selection

W collected 5070 potential papers from the databases. OF these, 23 doplication papers were found, and 7966 papers had
irrelevant topics; therefore, those papers were excluded. Subsequently, 81 papers were included for further full-text
revicws. Arnong these, 19 revicws and 32 papers with insofficiend dista and were excloded. Froally, a total of 31 papers
were analyzed W compure the seroconversion rates among COVID-19 vaccines. ™ The process of article selection in
wour sty is presentod in Figune | and the charsctenstics of the papers incloded inoor analvsis are sumerorized in Table £

Records icantified from Pubmed, Recards removed before

1 ! scroening:
Smmt::e:?: :1 g?:.lr?;ce' »> ?inzca:ata records removed
= Al }
Reqisters (n=0) Irrelevant studies (n = 7E65)
SE
v
Rafords screaned » | RBCOMS axcludad
in=81) fm=0)
v

Reports sought for retrieval p | Fuoors nol relrieved
{n=81) (n=0)

!

Reports assessed for eligibility
{n=81)

‘Screening.

L

Repaoris excluded;
Insufiicient data (n = 32)
Review (n = 18)

T

{n=231)

% Studies included in reviaw

Flgure 1. A PRISMA flow chart of study selection.
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The seroconversion rates among different COVID-19 vaccines

I thee Follow-up period of < 15 days. 24 papers assessing the serocon version rate of COVID- 19 vaccines were collected.
In total, the seroconversion rabe was 91.1% (Figune 2A) The seroconversion rates of insctivated (Figure 20, mRNA
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Flgure 2. A forest plot of the seroconversion rate among different type of COVID-19 vaccines at day <15. A). All

waccine types; B). Inactivated vaccine; C). mRMNA vaccine; D). Protein subunit vacdne; and E). Vector vaccine.
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Figure 3. A forest plot of the seroconversion rate among different type of COVID-19vaccines at day 16-30. &) All

vaccine types; B). Inactivated vaccine; C). mRNA vaccine; D). Protein subunit vacdine; and E). Vector vaccine.
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(Fagure 207), protein subomt (Fygen: 20), and vector COVD-19 vaceines (Tgure 2E) wene 93.2%,_ 93.9%, 65.3%, and
54.7%, respectively. Subsequently, in the follow-up period of 1630 days, the comulative seroconversion rale of
COVID-19 vaccines was 94, 1% (Figure 3A) The seroconversion rates of inactivated (Figune 3E), mBENA (Figure 30),
profein subunit (Figure 30), and vector COVID-19 vaccines (Figoure 3E) woene 96.0%, 94.8%, 91 2%, and §9.7%.
respectively. Allermatively, in the follow-up period of 3 1-60 days, the pooled seroconyersion rate of COVID- 19 vaccines
was 9800 (Figue 4A), The seroconversion rate of inactivated (Fgoure 48), mBNA (Fgune 40), protein subumit

(Fagure 417), and vector COVID- 19 vacones (Figure 4E) were 98.5%, 98.6%, 98.5%. and 96.2%, respectively.
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Figure 4. A forest plot of the seroconversion rate among different type of COVID-19 vaccines at day 31-60. A). All

vaccine types; B). Inactivated vaccine; Cl. mRNA vaccine; D). Protein subunit vacdine; and E). Vector vacdne.
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The indirect comparison of seroconversion rates among different COVID-19 vaccines

In the follow-up period of < 15 days (Figore 3A), the seroconversion rates of inactivated and mBENA COVID- 19 vaccines
wirre superior o those of the protein subunit ad vecior COVID-19 vaccines. In the follow-up period of 16-30 days
(Fagurne 3T, the seroconversion mates of inact valed and mENA COVID-19 vaccines were signiflicantly higher than thoso
ol profein subunit and vector COVID- 19 vaccines. In the follow-up peciod of 3160 duys (Figune 5O, the seroconversion
rate of the vector COVID-19 vaccine was inferior W that of the mactivated, mBENA, and protein subunit COVID-19
viccines, The network diagrams of seroconversion rates among different COVID-19 vaccme designs are presented in
Figure 50, 51, and 51 for the follow-up periods of < 15, 1630, and 3 1-60 days. respectively. The summury of madinect
comparison of seroconversion rale among COVID-19 vaccines is oullined in Table 2,
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Figure 5. Theindirect comparison between different types of COVID-192 vaccines. A). Follow up period atday <15;

B). Follow up period at day 16-30; C). Follow up period at day 31-60; D). The networking arnong studies at day <15;
EL The networking among studies at day 16-30; and F). The networking among studies at day 31-60.
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Table 2 The summary of analysis on the indirect comparison of seroconversion rate between different types
of COVID-12 vaccines.,

Indirect comparison NS Sample size OR 95%C1 p
Follow up at day <15

Inactivated vs. mENA 1615 15464 1=, 53454 4.06 358 - 460 ={.0001
Inactivated vs. protein subunit 16w 1 15464 vs_ 150 2853 20.66 - 4219 <0000
Inactivated ws. vector 16vs. 2 15464 vs. 21623 3095 2737 -3499 <0.0001
miRNA v protein subunit 51 53454 vs_ 150 1.27 5.19-10.20 <0.00017
MRMA vs. vector Sve. 2 53454 vs. 21623 763 130797 <0.0001
Protein subunit vs. vector 1vs. 2 150 vs. 21623 1.05 075-1.47 07850
Follow up at day 16-30

Inactivated vs. mANA 13vs. 4 990 vs. 159 0.97 0.37-253 0.9540
Inactivated vs. protein subunit 136 990 s 453 197 1.17 -332 0.0100
Inactivated vs. vecior 13vs.2 990 vs 154 251 133-473 0.0040
mRNA v protein subunit 4vs. 6 159 ws. 453 203 077-535 01520
mMRMNA 5. vector 4vs 2 159 1. 194 258 0.92-7.26 0.0730
Protein subunit vs. vector Gy 2 453 vs. 194 127 0.66 - 2.44 0.4690
Follow up at day 31-60

Inactivated ws. mRMA 1.5 32 w5 4599 059 0.03-11.20 0.7260
Inactivated vs. protein subinit 1uvs. b 32 vs 448 .36 ooz - 7.74 05170
Inactivated vs. viector 1w 1 32 s 158 277 0.15- 5042 04910
mRNA vs. protein subunit 5vi b 499 vs. 448 0.56 0DI0-3.04 04580
MRNA ¥s. vector S5¥s1 499 vs. 158 4.89 136- 1754 0.0150
Protein subunit vs. vector s 1 448 vs. 158 B.80 1.76 - 44.08 0.0080

HMote: NS, number of studies; OR, odd ratio; Cl, confidence interval; mRNA, messenger ribonudeic acid.

Source of heterogeneity

In the follew-up penod of < 15 days, evidence ol heterogeneity (p heferogeneity = (L05) was observed m the models of
analyses forall COVID- 19 vaccines, inactivated COVID- 19 vaccines, mBRNA COVID-19 vaccines, and vector COVID-
19 vaccines. Therefore, a mndom effect modiel was used. In the follow-up petod of 16-30 evidence ol heterogeneity was
observed in all models of analyses; therelfone, a random effect model was used. In the follow-up period of 3160 days_ all
analyses were performed vsing a fixed effect model. becarse no evidoenee of heterogencity was found (Supplementary
m}- My

Discussion

Our study reported on the seroconversion rafe among different COVID-19 vaccines in e follow-up penaods of < 15, 16—
30, and 3 1-60 davs. We revealed that. in the follow-up period of < 15 days, the highest seroconversion rae was tiatof the
mactivated vieccine. In the follow-up period of 16-30 days, the highest seroconversion rates were those of the mactivated
and mRMNA vacones. Conversely, in the follow-up penod of 3160 days. the highest seroconversion rles were those of
the insctivated, mRMNA, and protein subumit vaccines. To date, our study is the Girst fo report on the seroconversion rales
amofg different COVID-19 vaccines; therefone, comparisons among mels-analyses were ool discussed. However,
sirnilar meta-analyses have been performed (o assess the efficecy of COVID-19 vaccines. In todal, nine met-analysis
studies bave been conducted.”™ ' While the majority of these sudies focused on side effects of e viccine, they also
repunted the efficacy of COVID-19 vaccines by assessing the redoced sk of infection, mortality, hospitalization, and
adlmision L the [CLL The Andings revealed that the mRNA vaccine hid the highest efficacy in preventing COVID-19
infection.”” Those previous mets-analyses support our findings that, besides the mBNA vaccine, the inactivated vaccine
bz @ hagher seroconyversion rate than Gt of the protein subumit amd vector COVID-19 vaccines.

The theory underdying the companson of the efficacy of COVID-19 vaccines remans debatable. It has been widely
proposcd that vanous vaccines have various anmunogens and may be engolfed, processod, and presented by antipen-
presenting cells (APCs) along with MCIT antigens to CDd4 T cells. Respltingly, cyiokine synthesis may oocur and may
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mctivide hiomoral and collular responses, including antibody production, CD8+ T cell activation, and macrophage
stimulation. Subsequently. B Iymphocytes muy differentiate into phasoa cells and prodoce specific antibodies to protect
ugailm[llwi.r:fuiiun.“‘“"tlll the mactivabed vaccine, the immunogenic property 15 o kilked or modified vires conbamning the
whole pathugen, vims fragments, or virus epitope.” In the mRNA vaccine, the mRNA will be tuken up by APC and
translited inlo protein in s The mBNA encodes the ull-length, pre-fusion stabilived spike protean (5) of SARS-
CoV-2."" Inthe prodein subunit vaccing, the immunogenic property is speciic isolated proteins from SARS-COV2 virus
(5 plycoprotein), which s responsible for receplor binding to cellular ACE- 257 Thig type of vaccine is similar o a
vector vaccing, in which the § protein s produced o confer profection against COVID-19"" OF these pussible
mechanisms, the inactivated vaccine may targel @ wide variely of epitopes,”” and therefore, this type of vaccine may
have a wide protection aganst COVID-19 varants of concem compared to other types of COVID- 19 vaccines. Tlowever,
visocine specificity may differ, which requires evaluation by comparing the olal GMT levels.

To the best of our Knowledpe, the present study 15 the lst o report a companson of scroconversson raes among diffenent
COVID-19 vaccime designs. Our study provided valuable evidence that inactivated and mBNA vaccines provided an
carly seroconversion rate, and the protein subunit vaccine achieved a similar seroconversion rate o tat of mactivated and
mBEMNA vaccines in the follow-up period of 3160 days. The results of our rescarch may be used as @ basis for evaluating
the development of COVID- 19 vaccines in the future. ' We Trrpe that future vaccine development may take inlo scoount
the results of seroconversion riges between different vaccine designs, as we reported in our study. Therefore, the expected
profeciive effects of the vaccine could be achieved. Tlowever, our present study only assessed the seroconversion rae ma
short fullow-up penod. Further studies assessing o long-torm follow-up perod are reguired.

Our current study bad several inportant hmitatons. First, we did nof inchude potential confounding feiors in assessing
the efficacy of COVID-19 vaccnes, such as comorbudity. nuirtioenal staiws; and transmission area. Therefore, the
probability of the dependent effect remeaoms open o discussion. Secomd, the different report formats amony, studics
required manwal caleulation for the precise seroconversion e infonmation. Therefore, there is the possibality of human
error 1w inferpreding seroconversaon ries, Thind, the vaccine and booster dosapes vaned among the stodies. Therefore,
False-positive findings might exist. Fourth, we only focused on the seroconversion rate, in which this evaluation was only
effective in assessing the sensitivity of vacanes. Forther stadies evaleating cumolative GMTs might be required. Fifih, in
the curment study, vaccine safety was not evaloated . Therefore, further studices wssessing safety ane neoded.

Conclusion

Onar study revealed tha the insctivited and mRNA COVID- 19 vacsines provided the highest seorooonversion rates af carly
follow-up. The protein subunit COVID-19 vaccine achieved a seroconversion rale simibar (o that of the inactivaded and
mBMNA vaccines ol the [ollow-up period of 31-60 days. Our study moght contribute o betler insight ot the
seroconversion rales of different COVID-19 vaccines.
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