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Figure 3  Third-dose mRNA vaccine effectiveness (VE) against hospitalisation due to Omicron variant, compared with no 
vaccination. REML, Restricted maximum likelihood.
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Figure 4  Fourth-dose BNT162b2 vaccine effectiveness (VE) against SARS-CoV-2 infection due to Omicron variant among 
older people, compared with the third dose. REML Restricted maximum likelihood.
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Two studies54 58 assessed the VE of the fourth dose rela-
tive to the third dose of mRNA vaccines against symptom-
atic infection among older people, and we could only 
estimate VE for the early time points postvaccination. The 
fourth-dose VE was 43.56% (95% CI 20.07% to 67.06%, 
I2=94.74%, very low certainty) and 61% (95% CI 58% to 
64%, moderate certainty) at ≥7 days and ≥14 days since 
the last booster dose, respectively (table 1, online supple-
mental figure 20).

Three studies37 58 60 estimated the VE of the fourth dose 
compared with that of the third dose of the BNT162b2 
vaccine against hospitalisation, and the VE remained 
stable from 14 to 60 days after the last booster dose vacci-
nation. The pooled VE of the fourth dose of BNT162b2 
vaccine against hospitalisation was 67.54% (95% CI 
59.76% to 75.33%, I2=59.33%, moderate certainty) 14–60 
days after the last booster dose vaccination (table  1, 
online supplemental figure 21).

Four studies37 56 58 60 showed a higher VE for the fourth 
dose than for the third dose of the BNT162b2 vaccine 
against death among older people. The overall VE of 
fourth dose BNT162b2 vaccine against death was 77.88% 
(95% CI 72.55% to 83.21%, I2=0%, moderate certainty) 
and remained stable across 7–60 days after the last 
booster dose vaccination (table  1, online supplemental 
figures 22 and 23). However, none of the studies reported 
ICU admission, oxygen support, mechanical ventilation 
or ED/UC visit outcomes for this comparison.

DISCUSSION
This is the first comprehensive systematic review and 
meta-analysis to provide evidence on the VE and dura-
tion of protection of third-dose and fourth-dose mRNA 
vaccines against SARS-CoV-2 infection and severe 
COVID-19 outcomes due to the Omicron subvariant and 
its sublineages. Our meta-analysis estimates indicated 
a decline in the VE of the third-dose mRNA vaccines 
against SARS-CoV-2 infection and symptomatic infec-
tions over time. Compared with no vaccination, the VE of 
third-dose mRNA vaccines against SARS-CoV-2 infection 
declined from 76.17% at ≥7 days to 52.34% at ≥120 days 
after the third-dose vaccination; however, it fell below the 
WHO minimal criterion of 50% at ≥150 days (16%) when 
compared with primary series vaccination. A similar trend 
was observed for symptomatic infections following the 
third-dose vaccination. These findings are broadly consis-
tent with a recent review that reported that a booster dose 
of mRNA vaccines restored protection against Omicron 
infection up to 51% and up to 57% against symptomatic 
infection within 3 months; however, this declined to 33% 
within 6 months.18 Furthermore, compared with the third 
dose, the fourth dose of mRNA vaccine provides an addi-
tional, even better, protection and the durability of the 
protection was similar to that of three doses versus the 
primary series, although studies were among people over 
60 years and the long-term effects are unclear. These find-
ings suggest that a waning effect is also present for both 

third and fourth-dose vaccination against SARS-CoV-2 
infection and symptomatic infection, corroborating 
recent studies conducted during the Omicron-dominant 
period.20–22 53 79 80

A recent study conducted in Japan80 reported high-
level protection against Omicron infection by an mRNA 
booster dose (74% at 14 days after the third dose), which 
is consistent with our findings. Our meta-analyses esti-
mated that a third dose provided 75.84% protection 
against BA.1 infection and 70.41% against BA.2 infec-
tion at seven or more days postvaccination. However, the 
protection sharply declined below the WHO minimal 
criteria of 50% within 6 months following the third or 
fourth dose of vaccination, supporting the need for a 
booster dose within 6 months after the fourth-dose vacci-
nation. Furthermore, our findings suggest that an mRNA 
booster, either the third or fourth dose, can provide 
longer protection for up to 6 months against severe 
COVID-19 outcomes such as hospitalisation, ICU admis-
sion, oxygen support, mechanical ventilation or death. 
For instance, the third dose of VE for hospitalisation 
remained high and stable over time, maintaining a VE 
of 79.30% at 91–120 days. For older adults, the fourth-
dose VE up to 60 days was 67.54% for hospitalisation and 
77.88% for death due to Omicron subvariant compared 
with that of the third dose. Similar to our findings, prior 
evidence has reported robust protection of up to 86% 
against severe disease caused by the Omicron subva-
riant after a single dose of mRNA booster, for up to 6 
months.18 19 81 We also noticed that the third-dose mRNA 
vaccines provided substantial protection with respect to 
ED/UC visits, which persisted over time, indicating that 
booster doses of mRNA vaccines can reduce the burden 
on healthcare facilities.

Similar to our findings, recent systematic review and 
meta-analyses20–22 reported that the third dose mRNA 
vaccines provided additional protection against the 
Omicron subvariant compared with the primary series 
or no vaccination, however, the effectiveness waned over 
time. These findings were limited to a small number of 
studies and most of them followed-up for a period of 3 
months after the booster vaccination.20–22 Compared with 
the existing meta-analyses, the added value of our study is 
that we rigorously compared VE of the third dose versus 
the primary series, no vaccination, and the fourth dose at 
specific time periods and open-ended time points until 6 
months after the last booster vaccination. This approach 
minimises bias and provides more accurate estimates. 
Furthermore, we assessed the certainty of the evidence 
using the GRADE approach for a comprehensive range 
of outcomes, which supports evidence-based recommen-
dations for the use of fourth-dose and fifth-dose mRNA 
COVID-19 vaccines.

WHO recommends additional booster doses either 6 
or 12 months after the last dose vaccination for the high 
priority groups (eg, older adults with some comorbidities 
or moderate/severe immunocompromised people).82 
Most of our pooled estimates were based on a limited 
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number of studies with a follow-up period of 6 months 
after the third or fourth dose of vaccination; there-
fore, the impact of waning booster dose VE on SARS-
CoV-2 infection and severe COVID-19 outcomes beyond 
these periods are unknown. Nevertheless, not all severe 
COVID-19 outcomes have been reported in these studies, 
and few studies have reported VEs at specific time points 
after booster dose vaccination. Owing to the limited 
number of studies included in our meta-analyses, further 
long-term follow-up studies beyond 6 months are needed 
to confirm the durability of mRNA vaccine booster dose 
protection against all severe COVID-19 outcomes, as 
the outcomes can drive decisions on the stringency of 
COVID-19 policies in countries.

Our findings should be interpreted with caution for 
public health policies due to high statistical heteroge-
neity between the included studies, caused by factors 
such as diverse study populations, designs, geographical 
variations, different statistical approaches employed to 
estimate VE or analysed time points after vaccination. 
A subgroup analysis was performed for adolescent and 
older people, but limited data prevented subgroup 
analysis on different populations. The studies were 
predominantly conducted in America and Europe, but 
differences in study demographics, reinfection immunity 
and pandemic control measures could affect VE. Further-
more, our findings are specific to mRNA vaccines and 
cannot be generalised to other types. Additionally, the 
risk of bias in the included studies, publication bias, and 
small-study effects can also introduce variations in the 
VE. Although the certainty of evidence in our estimates 
for severe COVID-19 outcomes, such as hospitalisation 
and death, was moderate, it was very low to moderate 
for SARS-CoV-2 infection and symptomatic infection 
(table  1), indicating that future research is likely to 
change the estimates.

CONCLUSION
This systematic review and meta-analysis demonstrates 
that the VE of third-dose and fourth-dose mRNA vaccines 
against SARS-CoV-2 Omicron subvariant infection and 
symptomatic infection wanes over time; however, it offers 
substantial protection for at least 6 months against severe 
COVID-19 outcomes, although the duration of protec-
tion remains uncertain.
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