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ABSTRACT
We aimed to evaluate the effectiveness or efficacy of heterologous or homologous COVID-19 vaccine 
regimens against COVID-19-related outcomes after primary immunization with two doses of CoronaVac 
or Sinopharm COVID-19 vaccines. PubMed, EMBASE, Web of Science, and Cochrane Library databases 
were searched up to 31 October 2022. The primary measure was vaccine effectiveness against COVID-19 
infection with homologous or heterologous booster. The results showed heterologous and homologous 
booster significantly improved effectiveness against COVID-19 infection compared to primary immuniza
tion. The effectiveness against COVID-19 infection was 89.19% (95%CI 78.49, 99.89) for heterologous 
mRNA vaccine booster, 87.00% (95%CI 82.14, 91.85) for non-replicating vector vaccine booster, 69.99% 
(95%CI 52.16, 87.82) for homologous booster, and 51.48% (95%CI 41.75, 61.21) for two doses of 
inactivated vaccine. Homologous and heterologous regimens were also effective against SARS-CoV-2 
variants, and more evidence is still needed to confirm our findings.
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Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2) caused the coronavirus disease 2019 (COVID-19) has 
posed an unprecedented hazard and a tremendous burden of 
disease to global public health.1 As of 16 March 2023, there 
have been more than 760,36 million confirmed cases of 
COVID-19 worldwide, with more than 6,87 million deaths 
and counting.2 The COVID-19 vaccination campaign remains 
an important preventive measure against COVID-19. As of 
13 March 2023, more than 13.23 billion vaccine doses have 
been administered and more than 5.52 billion persons vacci
nated with at least one dose all over the world.2

Sinopharm COVID-19 vaccines and Sinovac CoronaVac have 
been widely implemented in combating the COVID-19 pan
demic. To date, Sinopharm COVID-19 vaccines and CoronaVac 
were included in the emergency use list by the World Health 
Organization on May 7, 2021 and June 1, 2021, respectively,3,4 

and have been approved for use in 93 and 56 countries, 
respectively.5,6 In numerous nations, including Brazil,7 Chile,8 

Turkey,9 Malaysia,10 Indonesia,11 and Argentina,12 real-world 
research and Phase III clinical trials have demonstrated the effi
cacy of both inactivated vaccines. But vaccine efficacy and effec
tiveness rates differed widely between nations.

Previous studies have found that the immunity of two doses 
of inactivated COVID-19 vaccine decreased rapidly over 
time,8,9,13–15 especially the continuous emergence of SARS- 
CoV-2 variants (such as Omicron), which significantly escaped 
the neutralizing antibodies induced by the original strain 
vaccine.10,16,17 The immune protection effect induced by pri
mary immunization is greatly challenged. In view of this, WHO 
advised using a heterologous or homologous booster to restore 
and extend the protective effect in people who have completed 
the primary immunization with two doses of inactivated vaccine 
for 4–6 months.18,19 Studies in Chile and Brazil have found that 
heterologous booster vaccination produced a stronger immune 
response than homologous booster vaccination.20,21

Although there are many evidences for mRNA vaccines 
or non-replicating vector vaccines,15,22,23 there is still a lack 
of evidence for homologous and heterologous booster 
immunization of inactivated vaccines, which is not condu
cive to subsequent global vaccination and vaccination pro
grams. Therefore, there is an urgent need for 
comprehensive data on the effectiveness of homologous 
or heterologous boosters after two doses of inactivated 
vaccine priming to provide evidence for strategic decision- 
making in China and the world.
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Here, we conducted a meta-analysis to evaluate the vaccine 
effectiveness or efficacy (VE) of primary immunization with 
the Chinese COVID-19 inactivated vaccine, as well as homo
logous or heterologous booster immunization, in preventing 
COVID-19 infection, COVID-19 related hospitalization, ICU 
admission, death, and severe COVID-19 outcomes. 
Additionally, we analyzed the effectiveness of COVID-19 vac
cine immunization regimens against various SARS-CoV-2 
variants and populations.

Methods

Registration

This study was performed according to the preferred reporting 
items for systematic reviews and meta-analyses (PRISMA). 
This study was registered on PROSPERO (CRD42023400130).

Search strategy

We searched PubMed, EMBASE, Web of Science, and 
Cochrane Library databases for studies published up to 
October 31, 2022, without language restrictions, using the 
following search terms: (COVID-19 or SARS-CoV-2) and 
(vaccine or vaccination) AND (Sinovac OR Sinopharm OR 
inactivated vaccine) AND (effectiveness OR efficacy). The 
detailed search strategy can be found in Supplementary Table 
S1. To ensure the validity of the results of studies, studies 
published on preprint servers without peer review were not 
retrieved and included. Additionally, we reviewed the included 
studies’ references to identify any potentially missed relevant 
records.

The literature search, and the following subsections, identi
fied eligible studies, data extraction, and risk of bias assessment 
were performed independently by two investigators and then 
checked by two other investigators, with any discrepancies 
resolved by group discussion until a consensus was reached.

Selection criteria

We first estimated the vaccine effectiveness of two doses of 
inactivated vaccine regimen (Sinovac and Sinopharm COVID- 
19 vaccine), or homologous or heterologous booster (three- 
dose regimen), using unvaccinated individuals as 
a comparison group. In our study, individuals were considered 
primarily immunized if they had received two doses of the 
vaccine at least 14 days prior. This is because evidence from 
across the globe indicated that an immune response of at least 
14 days after the last dose of inactivated vaccine was required 
to provide sufficient defense against SARS-CoV-2.24 

Individuals who completed the booster (third dose) vaccina
tion at least 14 days prior were considered to be booster 
immunization. Those who have not received any doses of the 
COVID-19 vaccine are classified the unvaccinated controls. 
Then, randomized controlled trials (RCTs) and observational 
studies (cohort studies and case-control studies) were included 
in our study, including general or populations having a high 
risk of COVID-19 infection (e.g., healthcare workers, or 
COVID-19-positive cases and their close contacts) of all ages 

and genders. Next, when a study was conducted during an 
epidemic of multiple SARS-CoV-2 variants and no subgroup 
analysis for VOCs was performed, it was considered an effec
tiveness study against this variant if a specific VOC accounted 
for 50% or more of positive tests.25 Furthermore, all confirmed 
COVID-19 positive cases should be tested by polymerase chain 
reaction (PCR), antigen detection or genomic sequencing. The 
evaluated outcomes were the effectiveness of primary vaccina
tion or booster vaccination for COVID-19, including infection 
(asymptomatic and symptomatic infection, or symptomatic 
infection), hospitalization, ICU admission, death, or severe 
outcomes. Severe cases were defined as at least one of the 
following: need for supplemental oxygen, admission to ICU, 
mechanical ventilation, or death (the interpretation of primary 
clinical outcomes was shown in Supplementary Table S3). Any 
studies that included one of the above five outcomes would be 
included.

The following studies would be excluded: (1) irrelevant 
studies, such as studies that did not use Sinovac or 
Sinopharm COVID-19 vaccine; (2) studies that did not report 
vaccine efficacy or effectiveness with corresponding 95% con
fidence intervals (CIs); (3) only reported the VE of partial 
vaccination (i.e., only one dose or less than 14 days after two 
doses); (4) study protocols, comments, reviews, meta-analyses, 
editorials, conference abstracts, case reports, animal experi
ments; (5) studies with specifically targeted participants (e.g., 
pregnant women, patients with chronic kidney disease, stem 
cell transplant recipients, cancer patients).

Data extraction

The following data were extracted from the selected studies: 
The first author, publish date, country of study, study design, 
study period, sample size, mean or median ages, sex (male), 
population characteristics, comorbidities, SARS-CoV-2 var
iants of concern investigated, vaccine name, vaccine brand, 
immunization regimens, dose interval, follow-up period, pri
mary outcomes, diagnostic method, and outcome measures. 
The VE in various vaccination statuses (primary and booster) 
against a series of clinical outcomes caused by SARS-CoV-2 
with corresponding 95%CIs was extracted. For studies that 
recorded the number of events at two or more time points, 
data were extracted for the period when the vaccine was the 
most effective.26

Risk of bias assessment

The quality of trials was evaluated according to the Cochrane 
Collaboration’s tool for assessing the risk of bias in rando
mized trials,27 using the following criteria: random sequence 
generation, allocation concealment, blinding of participants 
and personnel, blinding of outcome assessment, incomplete 
outcome data, selective reporting, and other bias. For each 
criterion, the risk of bias was assessed at three levels “low,” 
“unclear” or “high” risk. We determined the overall risk-of- 
bias judgment as low risk of bias, some concerns, or high risk 
of bias considering the risk-of-bias judgment in the seven 
domains above. The risk of bias in cohort and case-control 
studies was assessed using the Newcastle-Ottawa scale 
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(NOS).28 The NOS contains eight categories relating to meth
odological quality, with scores ranging from 0 to 9 points. 
A total score of 7–9 points is considered of good quality, 
while a score of 4–6 points is of moderate quality, and 
a score of 0–3 points is of low quality.

Statistical analysis

We estimated the overall effectiveness of each immunization 
regimen. The overall VE and 95%CIs were calculated using 
DerSimonian and Laird random-effects meta-analysis. We 
used the I2 statistical parameter to estimate the heterogeneity 
between studies included.29 Either I2 >50% or the p-value of χ2 

test < .10 was deemed as statistically significant heterogeneity.29 

We grouped the studies into two categories according to the 
follow-up period: studies with a follow-up period within 6  
months, and over 6 months. Studies that did not mention 
a specific follow-up period were estimated based on the study 
duration. We conducted subgroup analysis for COVID-19 var
iants (Alpha, Gamma, Delta, and Omicron), study populations 
(children aged <18 years, general population, elderly people, 
healthcare workers, and close contacts of COVID-19-positive 
cases), and follow-up period (within six months, and over six 
months), depending on the data availability. Due to limited data, 
sex, age, and comorbidities were not analyzed in subgroups. To 
ensure the robustness of the results, we did not perform sum
mary estimation for clinical outcomes or subgroups with fewer 
than three studies. Egger’s test and a visual assessment for funnel 
plot asymmetry were used to evaluate publication bias. If the 
p value of Egger’s test was > .05, these studies were considered to 
have no publication bias. Additionally, sensitivity analyses were 
performed by excluding the studies sequentially and repeating 
the meta-analysis. All analyses were conducted using Stata 17.0 
(Stata Corp, College Station, TX, USA). A two-tailed p value  
< .05 was considered to be statistically significant.

Results

Search results and characteristics

For this study, we identified 4916 studies from four databases 
up to 31 October 2022 (1576 in PubMed, 1707 in Embase, 1467 
in Web of Science, and 166 in Cochrane Library). A total of 
2270 duplicates were excluded. After reading the titles and 
abstracts, 2559 articles were excluded based on the inclusion 
and exclusion criteria. Among the eighty-seven studies under 
full-text review, fifty-two studies were excluded. Eventually, 
thirty-five studies were included in this meta-analysis based on 
the inclusion criteria.7–10,12–14,16,17,20,21,30–53 The literature 
retrieval flow chart was shown in Figure 1.

Of the thirty-five studies, a total of 45,589,056 people 
from fifteen countries were included. There were two RCTs 
(48,235 participants),9,13 twenty-two cohort studies 
(255,249,042 participants),8,10,12,14,16,20,30–45 and eleven 
case-control studies(11,712,615 participants).7,17,21,46–53 

We identified four immunization regimens: two doses of 
inactivated vaccine, three doses of inactivated vaccine 
homologous booster, mRNA vaccine heterologous booster, 
and non-replicating vector vaccine heterologous booster. 

CoronaVac, HB02, WIV04, and BBIBP-CorV are inacti
vated vaccines used for the two-dose primary immuniza
tion. Following two doses of primary vaccination, four 
vaccines, namely mRNA-1273, BNT162b2, ChAdOx1 
(AZD1222), and Ad26.COV2.S, were utilized for heterolo
gous booster immunization. BNT162b2 and mRNA-1273 
are mRNA vaccines; Ad26.COV2.S and ChAdOx1 are non- 
replicating vector vaccines. Moreover, we also identified 
four SARS-CoV-2 VOCs (Alpha, Gamma, Delta, and 
Omicron). Characteristics of included studies were shown 
in Supplementary Table S2A and Supplementary 
Table S2B.

Risk of bias assessment

The risk of bias assessments for the included RCTs was shown 
in Supplement Table S4, and the results suggested that both the 
two studies9,13 were at low risk. The results of the quality 
assessment of the included cohort studies8,10,12,14,16,20,30–45 

and case-control studies7,17,21,46–53 were presented in 
Supplement Table S5 and Supplement Table S6. All of these 
studies were of good or moderate quality with a low risk 
(≥7 points).

Vaccine effectiveness against COVID-19 infection

A total of twenty-eight studies investigated VE against 
COVID-19 infection, of which sixteen were cohort studies 
and ten were case-control studies and two were RCTs. The 
results of the effectiveness of all immunization regimens 
against COVID-19 related outcomes were presented in 
Supplementary Table S7. The results showed that summary 
effectiveness of the various immunization regimens against 
COVID-19 infection was 62.79% (95%CI 55.87, 69.71) 
(Table 1 and Supplementary Figure S1). Of these, the VE of 
two doses of inactivated vaccine was 51.48 (95%CI 41.75, 
61.21) against COVID-19 infection and 69.99% (95%CI 
52.16, 87.82) for homologous boosters. On top of completing 
two doses of inactivated vaccine, heterologous boosters with 
mRNA vaccine and non-replicating vector vaccine were more 
effective against COVID-19 infection with VE of 89.19 (95%CI 
78.49, 99.89) and 87.00 (95%CI 82.14, 91.85), respectively.

Vaccine effectiveness against COVID-19 related 
hospitalization

The effectiveness of COVID-19-related hospitalization was 
assessed in seventeen studies with a summary VE of 78.29% 
(95%CI 74.15, 82.43), including twelve cohort studies, four 
case-control studies and one RCT (Table 1 and Figure S2).

The VE of the two doses of inactivated vaccine against 
COVID-19 related hospitalization was 70.00% (95%CI 65.80, 
74.19) and 85.08% (95%CI 79.11, 91.04) for the homologous 
booster. Results of heterologous booster immunization 
showed that the VE for receiving non-replicating vector vac
cines was 97.67% (95%CI 97.11, 98.22) and 95.94% (95%CI 
94.70, 97.18) for mRNA vaccines. The results indicated that 
heterologous boosters were more effective than homologous 
boosters in preventing COVID-19-related hospitalization.
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Vaccine effectiveness against COVID-19 related ICU 
admission

The effectiveness of the COVID-19 vaccine in preventing 
COVID-19-related ICU admissions was investigated in eight 
studies, all of which were cohort studies (Table 1 and 
Supplementary Figure S3). Seven studies evaluated the effec
tiveness of two doses of inactivated vaccine in preventing ICU 
admission with a VE of 73.78% (95%CI 63.94, 83.62). Only one 
study assessed the effectiveness of homologous and heterolo
gous booster immunization with 92.20% (95%CI 89.25, 95.15) 
for homologous boosters, 96.20% (95%CI 94.85, 97.55) for 
heterologous mRNA vaccine boosters and 98.90% (95%CI 
98.55, 99.25) for heterologous non-replicating vector vaccine 
boosters.20

Vaccine effectiveness against COVID-19 related death

We included seventeen studies to assess VE for COVID-19 
related death (Table 1 and Supplementary Figure S4). We 
summarized the VE results for all immunization regimens 

showing an overall effectiveness of 85.90% (95%CI 82.60, 
89.10) for prevention of COVID-19 related death. Among 
these, two doses of inactivated vaccine had a VE of 81.35% 
(95%CI 78.39, 84.31), homologous boosters 91.50% (95%CI 
83.67, 99.33), mRNA vaccine boosters 95.71% (95%CI 91.84, 
99.59) and non-replicating vector vaccine boosters 98.10% 
(95%CI 97.45, 98.74).

Vaccine effectiveness against severe COVID-19 outcomes

We analyzed nine studies of VE against severe COVID-19 
outcomes (Table 1 and Supplementary Figure S5). All were 
observational studies, four cohort studies, and five case- 
control studies. Aggregated VE results showed that the VE 
for two doses of inactivated vaccine, homologous booster, 
mRNA vaccine booster, and non-replicating vector vaccine 
booster was 79.55% (95%CI 70.80, 88.30), 88.00% (95%CI 
82.15, 93.85), 95.13% (95%CI 89.49, 100.78), and 99.10% 
(95%CI 95.95, 102.25), respectively. The results suggested 
that all immunization regimens were effective in preventing 

Records identified through database 
searching (n = 4916)

PubMed (n = 1576)
Web of Science (n = 1467)
Embase (n = 1707)
Cochrane Library (n = 166)

Records removed before screening:
Duplicate records removed (n = 2270)
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(n = 2646)

Records excluded based on title and abstract: (n = 2559)
536 irrelevant to the subject of the meta-analysis
222 non-COVID-19 vaccine studies
496 assessments of immunogenicity and safety

52 effectiveness of non-Sinopharm or Sinovac vaccines
62 preprint papers
79 clinical trials registration without results
11 summary of study protocols

666 reviews and meta-analysis
435 editorials, comments, conference papers, patents, case 

reports and animal experiments

Reports sought for retrieval
(n = 87)

Reports excluded with reasons: (n = 52)
18 no unvaccinated group or control group

2 vaccine effectiveness against reinfection of SARS-CoV-2
1 effectiveness of non-Sinopharm or Sinovac vaccines
8 no relevant or clear data
3 editorial, comment and non-original study
8 non-vaccine effectiveness
6 no vaccine effectiveness available data
6 special population, such as pregnant women, cancer 

patients, patients with chronic kidney disease, stem cell 
transplant recipients, diabetes mellitus, hemodialysis 
patients

Full text reports assessed for 
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(n = 87)
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Figure 1. PRISMA flowchart for the study.
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severe COVID-19 outcomes, with a summary VE of 86.37% 
(95%CI 81.06, 91.67).

Vaccine effectiveness against Alpha and Gamma variants

There were four and three studies assessed the VE of primary 
immunization against infection caused by the Alpha and 
Gamma variants, with a VE of 69.28% (95%CI 57.99, 80.58) 
and 47.64% (95%CI 40.97, 54.30), respectively (Table 2 and 
Supplementary table S9). Owing to limited evidence, only one 
study evaluated the VE against hospitalization, death, and 
severe illness caused by the Alpha variant, and the VE was 
88.50% (95%CI 86.05, 90.95), 86.00% (95%CI 83.90, 88.10) and 
90.50% (95%CI 89.00, 92.00), respectively (Supplementary 
Table S10). In the analysis for the Gamma variant, the VE 

against hospitalization and death was 55.50% (95%CI 47.30, 
63.70), and 61.20% (95%CI 50.40, 72.00), respectively.

Vaccine effectiveness against Delta variant

Nine studies assessed effectiveness against the Delta variant 
(Table S9). Against Delta-induced infection, the heterologous 
mRNA vaccine booster had the highest VE at 93.44% (95%CI 
89.03, 97.85), followed by heterologous non-replicating vector 
vaccine booster with a VE of 87.00 (95%CI 82.14, 91.85) and 
homologous inactivated vaccine booster with a VE of 69.99% 
(95%CI 52.16, 87.82) (Table 2). However, the two-dose inacti
vated vaccine regimen was shown to be ineffective against 
Delta infection with a VE of 48.68% (95%CI 26.86, 70.49). 
Booster immunization provided significant protection against 

Table 1. Vaccine effectiveness of immunization regimens included in the study.

Outcomes Study (n) VE% (95%CI) I2 (%) P value

COVID-19 infection
Overall 28 62.79 (55.87, 69.71) 99.9 <.001
Two doses of inactivated vaccines 26 51.48 (41.75, 61.21) 99.9 <.001
Homologous booster of inactivated vaccines 2 69.99 (52.16, 87.82) 96.2 <.001
Heterologous booster of mRNA vaccines 6 89.19 (78.49, 99.89) 99.9 <.001
Heterologous booster of non-replicating vector vaccines 4 87.00 (82.14, 91.85) 97.7 <.001
COVID-19 related hospitalization
Overall 17 78.29 (74.15, 82.43) 99.5 <.001
Two doses of inactivated vaccines 16 70.00 (65.80, 74.19) 98.3 <.001
Homologous booster of inactivated vaccines 2 85.08 (79.11, 91.04) 23.9 .252
Heterologous booster of mRNA vaccines 3 95.94 (94.70, 97.18) 73.7 .010
Heterologous booster of non-replicating vector vaccines 2 97.67 (97.11, 98.22) 1.7 .313
COVID-19 related ICU admission
Overall 8 82.27 (75.76, 88.78) 99.3 <.001
Two doses of inactivated vaccines 7 73.78 (63.94, 83.62) 98.7 <.001
Homologous booster of inactivated vaccines 1 92.20 (89.25, 95.15) NA NA
Heterologous booster of mRNA vaccines 1 96.20 (94.85, 97.55) NA NA
Heterologous booster of non-replicating vector vaccines 1 98.90 (98.55, 99.25) NA NA
COVID-19 related death
Overall 17 85.90 (82.60, 89.10) 98.9 <.001
Two doses of inactivated vaccines 17 81.35 (78.39, 84.31) 96.9 <.001
Homologous booster of inactivated vaccines 3 91.50 (83.67, 99.33) 80.0 .007
Heterologous booster of mRNA vaccines 5 95.71 (91.84, 99.59) 96.7 <.001
Heterologous booster of non-replicating vector vaccines 2 98.10 (97.45, 98.74) 0.0 .759
Severe COVID-19
Overall 9 86.37 (81.06, 91.67) 99.4 <.001
Two doses of inactivated vaccines 8 79.55 (70.80, 88.30) 99.6 <.001
Homologous booster of inactivated vaccines 1 88.00 (82.15, 93.85) NA NA
Heterologous booster of mRNA vaccines 4 95.13 (89.49, 100.78) 98.0 <.001
Heterologous booster of non-replicating vector vaccines 1 99.10 (95.95, 102.25) NA NA

Abbreviations: VE, vaccine effectiveness; CI, confidence interval; NA, not applicable.

Table 2. Vaccine effectiveness against SARS-CoV-2 variants infection.

Outcomes Study (n) VE% (95% CI) I2 (%) p value

Alpha
Two doses of inactivated vaccines 4 69.28 (57.99, 80.58) 98.9 <.001
Gamma
Two doses of inactivated vaccines 3 47.64 (40.97, 54.30) 0.0 .821
Delta
Overall 8 75.76 (70.73, 80.79) 99.7 <.001
Two doses of inactivated vaccines 6 48.68 (26.86, 70.49) 98.5 <.001
Homologous booster of inactivated vaccines 2 69.99 (52.16, 87.82) 96.2 <.001
Heterologous booster of mRNA vaccines 4 93.44 (89.03, 97.85) 99.1 <.001
Heterologous booster of non-replicating vector vaccines 4 87.00 (82.14, 91.85) 97.7 <.001
Omicron
Overall 4 34.67 (6.75, 62.60) 100.0 <.001
Two doses of inactivated vaccines 4 27.37 (8.23, 46.52) 99.8 <.001
Heterologous booster of mRNA vaccines 1 63.60 (62.85, 64.35) NA NA

Abbreviations: VE, vaccine effectiveness; CI, confidence interval; NA, not applicable.
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Delta-induced death and heterologous booster was higher than 
homologous booster (Supplementary Table S11). The effec
tiveness against death was 86.82 (95%CI 81.64, 92.00) for 
homologous boosters, 96.32% (95%CI 94.82, 97.82) for hetero
logous mRNA vaccine boosters, and heterologous non- 
replicating vector vaccine boosters were the highest at 
98.10% (95%CI 97.45, 98.74).

Vaccine effectiveness against Omicron variant

The effectiveness against the Omicron variant was assessed in 
six studies (Supplementary Table S9). We found that the two 
doses of inactivated vaccine were ineffective in preventing 
Omicron infection with a VE of 27.37% (95%CI 8.23, 46.52) 
(Table 2). Heterologous mRNA vaccine boosters had a VE of 
63.60% (95%CI 62.85, 64.35) for the prevention of Omicron 
infection, however only one study contributed. Two studies 
assessed the effectiveness against Omicron-induced death with 
a VE of 93.79% (95%CI 87.32, 100.25) for heterologous mRNA 
vaccine boosters (Supplementary Table S12). Three studies 
evaluated the effectiveness against severe outcomes caused by 
Omicron variants. Homologous booster and heterologous 
mRNA vaccine booster were highly effective in preventing 
severe outcomes related to Omicron, with VE of 88.00% 
(95%CI 82.15, 93.85) and 90.47% (95%CI 86.49, 94.44), 
respectively.

Vaccine effectiveness against COVID-19 in different 
populations

Two, fourteen, four, five, and three studies presented VE 
against COVID-19 infection in children aged <18 years, the 
general population, elderly people aged ≥60 years, healthcare 
workers, and close contacts of COVID-19-positive cases, 
respectively (Table 3). Because of data limitations, the VE of 
the booster immunization regimen was not assessed in chil
dren, healthcare workers, and close contacts against COVID- 
19. The VE of the two doses of inactivated vaccine in prevent
ing COVID-19 infection was 38.36% (95%CI 36.73, 40.00) for 
children, 44.45% (95%CI 24.63, 64.27) for healthcare workers, 
57.51% (95%CI 42.74, 72.29) for close contacts. In the general 
population, for COVID-19 infection and death, the VE of 
homologous boosters was 69.99% (95%CI 52.16, 87.82) and 

86.82% (95%CI 81.64, 92.00), mRNA vaccine boosters were 
89.19% (95%CI 78.49, 99.89) and 95.36% (95%CI 90.92, 99.80), 
and non-replicating vector vaccine boosters were 87.00% (95% 
CI 82.14, 91.85) and 98.10% (95%CI 97.45, 98.74), respectively 
(Table 3 and Supplementary Table S13). In the elderly popula
tion, two doses of the inactivated vaccine had an effectiveness 
of 68.11% (95%CI 43.14, 93.09) against COVID-19 infection, 
79.17% (95%CI 70.44, 87.89) against death, and 74.95% (95% 
CI 43.98, 105.91) against the severe outcome. Only one study 
assessed the VE of heterologous mRNA booster immunization 
for death and severe outcomes, 97.20% (95%CI 94.70, 99.70), 
95.20% (95%CI 86.05, 104.35) respectively.

Publication bias and sensitivity analysis

Supplementary Figure S6 showed funnel plots for all COVID- 
19 related outcomes. Egger’s test showed that there exists 
publication bias for COVID-19 infection (Egger’s testt =  
−2.80, p = .008), for COVID-19 related hospitalization 
(Egger’s testt = −2.17, p = .041) and for COVID-19 related 
ICU admission (Egger’s testt = −3.10, p = .015) among indivi
duals with primary and booster immunization, whereas for 
COVID-19-related death (Egger’s testt = −1.23, p = .229) and 
severe COVID-19 infection (Egger’s testt = −0.07, p = .947), no 
significant publication bias was found, either qualitative based 
on funnel plot or visual bias based on funnel plot. We per
formed a sensitivity analysis using the one-by-one elimination 
method. The overall results for the five primary outcomes did 
not change significantly, suggesting our results were relatively 
stable (Supplementary Figure S7).

Discussion

In this systematic review and meta-analysis, we found that 
homologous and heterologous booster regimens reduced the 
risk of SARS-CoV-2 infection and were effective in preventing 
severe outcomes and death after primary immunization with 
two doses of inactivated vaccine. We confirmed that homo
logous and heterologous booster regimens were effective in 
reducing the risk of hospitalization, death, and severe out
comes with the delta and omicron variants. The effectiveness 
of mRNA vaccines and non-replicating vector vaccines for any 
COVID-19-related outcome was similar in boosting immune 

Table 3. Vaccine effectiveness against COVID-19 infection in different populations.

Outcomes Study (n) VE% (95% CI) I2 (%) p value

Children aged <18 years
Two doses of inactivated vaccines 2 38.36 (36.73, 40.00) 0.0 .499
General population
Overall 14 66.85 (58.66, 75.03) 100.0 <.001
Two doses of inactivated vaccines 12 49.31 (35.58, 63.04) 99.9 <.001
Homologous booster of inactivated vaccines 2 69.99 (52.16, 87.82) 96.2 <.001
Heterologous booster of mRNA vaccines 6 89.19 (78.49, 99.89) 99.9 <.001
Heterologous booster of non-replicating vector vaccines 4 87.00 (82.14, 91.85) 97.7 <.001
Elderly people aged ≥60 years
Two doses of inactivated vaccines 4 68.11 (43.14, 93.09) 99.9 <.001
Healthcare workers
Two doses of inactivated vaccines 5 44.45 (24.63, 64.27) 91.5 <.001
Close contacts
Two doses of inactivated vaccines 3 57.51 (42.74, 72.29) 7.6 .339

Abbreviations: VE, vaccine effectiveness; CI, confidence interval; NA, not applicable.
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protection. Both types of vaccine can be used as a booster dose, 
based on the availability of vaccines.

Although the effectiveness against COVID-19 infection of 
the two-dose regimen seemed to be mediocre, the protection of 
death and severe outcomes was still obvious which justifies the 
merit of massive and speedy vaccine rollout in the population. 
Homologous and heterologous COVID-19 vaccine booster 
regimens provided high levels of protection against COVID- 
19 infection, hospitalization, death and severe outcomes for 
individuals completing primary immunization. Furthermore, 
compared to homologous boosters, the heterologous boosters 
showed higher effectiveness, which may be related to levels of 
antibody titer and T-cell responses. Zuo et al. demonstrated 
that heterologous booster with mRNA vaccine after two doses 
of inactivated vaccine induced higher RBD-IgG antibody levels 
(GMT: 462.3 BAU/ml VS. 57.6 BAU/ml) and more S1-specific 
T cells (median: 43.1 VS. 11.5) compared to homologous 
boosters about 3 months after the boost dose.54 Sablerolles 
et al. showed that at 28 days post-immunization, heterologous 
booster immunization (1 dose of Ad26.COV2.S and 
BNT162b2 booster) induced higher levels of S-specific neutra
lizing antibodies compared to homologous booster immuniza
tion (2 doses of Ad26.COV2.S).55 Neutralizing antibody level 
was 8.5-fold increase over that for the homologous booster 
(GMT: 2007 IU/ml VS. 235 IU/ml). The levels of interferon-γ 
were also higher for the heterologous booster, compared to the 
homologous booster (response: 91.7% VS.72.7%). 
Additionally, the safety of heterologous booster immunization 
regimens has been widely demonstrated to be safe and 
tolerable,56–58 providing additional support for a mix-and- 
match approach.

Two doses of inactivated vaccine provided high protection 
against severe Alpha infection with a VE of 90.50%, and failed 
to prevent infection with the Gamma variant. This may be due 
to the fact that studies occurred in elderly populations with 
compromised immune systems,7 and among healthcare work
ers with more exposure to SARS-CoV-2.43,47

Although less effective against infections caused by 
Omicron variants, vaccination was essential to prevent serious 
disease. Homologous and heterologous booster immuniza
tions provided high protection against Delta variant and 
Omicron-associated death and severe outcomes. However, 
prevention of Delta infection appears to be more effective 
than Omicron, which may be related to the partial neutralizing 
antibody escape of Omicron variant.59,60 Although omicron is 
less virulent than the alpha and delta variant strains, it still 
causes significant morbidity and mortality.61 The Omicron 
spectrum of SARS-CoV-2 continues to evolve, and the emer
ging Omicron subspectrum is not only more transmissible but 
more likely to evade neutralization,59 posing a challenge to 
vaccine effectiveness. Given the significantly increased trans
missibility of the Omicron variant, some countries started 
a fourth dose of vaccine booster as soon as it was 
available.62–64 A recent study of a fourth dose of mRNA vac
cine reported improved efficacy against confirmed infection 
and severe COVID-19 in adults aged 19 years or older, from 
receiving the third to the fourth dose.62 In the long term, in the 
absence of an Omicron variant-specific vaccine, ongoing boos
ter vaccination with an existing vaccine remains the optimal 

choice for reducing infection and disease severity in Omicron 
variant.

We performed subgroup analyses of different populations to 
explore the population impact on effectiveness. Most studies 
enrolled the general population, followed by the elderly, and 
healthcare workers, and only three studies analyzed vaccine 
effectiveness in people aged <18 years. In the general popula
tion, both the heterologous mRNA vaccine and the non- 
replicating viral vector vaccine booster regimen provided high 
levels of protection, with vaccine effectiveness higher than the 
inactivated vaccine homologous booster regimen, especially, 
against COVID-19-related hospitalization, ICU admission.20,50 

Due to data limitations, we only found a subgroup aged under 
18 years with two-dose inactivated vaccine primary immuniza
tion regimen performed 70.47% of VE against hospitalization, 
which were in line with previous studies of VE in adult and 
adolescent populations.30,65 Both homologous and heterologous 
mRNA booster immunization regimens had high vaccine effec
tiveness for COVID-19 related death and severe outcomes in 
the elderly population, suggesting that booster immunization is 
necessary to reduce severe illness and death in the elderly 
population. However, the results were inconclusive as only 
one study contributed to the results,53 so more studies on 
children and adolescents are needed.

The greatest strength of this study is to evaluate the 
effectiveness of CoronaVac or Sinopharm COVID-19 vac
cines against five COVID-19 related outcomes by combining 
randomized controlled trials and real-world studies. 
Moreover, this study included a large number of people, 
providing sufficient evidence for this topic. In addition, in 
order to reduce the impact of heterogeneity, we conducted 
rigorous subgroup analysis, such as COVID-19 variant, 
study population and follow-up period, to obtain more pre
cise and detailed results. In the meantime, we must acknowl
edge that our study has some limitations. First, vaccine 
effectiveness may be affected by factors such as study popu
lation (e.g., age and race), study region, pandemic intensity, 
and vaccine type, so there was considerable heterogeneity in 
our summary results. Although we performed subgroup 
analyses with different stratifications, such as variants and 
study population, the heterogeneity remains high and must 
be considered when interpreting the results. Besides, in the 
original study design, we attempted to conduct subgroup 
analyses of effectiveness across age groups, sex, and comor
bidities, but we were unable to do so due to limited data. 
Furthermore, most studies against COVID-19-related out
comes predominantly accepted two doses of inactivated vac
cine, while studies of homologous or heterologous booster 
immunization were scarce. Therefore, our findings should be 
interpreted in a very cautious way, and in the future, addi
tional studies are needed to validate the results. In addition, 
in our study, homologous and heterologous booster immu
nization regimens focused mainly on summarizing COVID- 
19 vaccine effectiveness within 6 months, with a few studies 
with follow-up beyond 6 months and only in the two-dose 
inactivated vaccine arm (Supplementary Table S8). Knowing 
whether and to what extent the long-term effectiveness of 
vaccine wanes is crucial to inform vaccine policy decisions. 
Unfortunately, our data were not sufficient to assess the 
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effectiveness of the vaccine over a longer duration, and more 
studies and longer follow-up periods would be needed to 
know how long the protective effect of the vaccine persists. 
Finally, but not least, our study did not assess the safety or 
immunogenicity of COVID-19 vaccines, nor the virulence or 
transmission of SARS-CoV-2 variants were not evaluated in 
our study, which could result in a partial understanding of 
COVID-19 vaccines against SARS-CoV-2 variants. Due to 
insufficient data, some recent vaccines and variants were not 
included in our study. As a result, it is unclear whether our 
findings are generalizable.

For now, immunization remains the most effective way to 
stop the outbreak. Booster immunization offers excellent 
defense against various SARS-CoV-2 variants and aids in 
preventing serious illness and death associated with 
COVID-19. In the process of improving immunization stra
tegies, heterologous booster immunization provides a way to 
improve immunogenicity.66 Few original studies have been 
conducted on the effectiveness of heterologous or homolo
gous boosters of inactivated COVID-19 vaccines, and future 
immunization schedules would benefit from more pertinent 
data.

In conclusion, the results of our study indicated that 
whether heterologous or homologous COVID-19 boosters 
provided good protection, with heterologous boosters 
being more desirable. This would contribute to scientific 
decision making by the government on public health 
issues, and effective use of COVID-19 vaccine resources, 
and it would also serve as a reference for future studies.
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