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Summary
What is already known about this topic?

Both the decline in immunity over time and the
evolution of the virus play a role in the level of
protection offered by a prior infection.

What is added by this report?

Point estimates indicated variations in protection levels
based on the initial infecting variant and the reinfecting
variant. There was a consistent correlation between
real-world protection, antigenic distance, and humoral
immunity levels. Specifically, shorter antigenic
distances and higher humoral immunity levels
corresponded to enhanced real-world protection.
What are the implications for public health
practice?
Our findings suggest that virological and
immunological studies could help identify and assess
the epidemic risk posed by new variants before they
become dominant. Prompt incorporation of the latest
variants into the antigen components of the
coronavirus disease 2019 (COVID-19) vaccines can
significantly effective

contribute  to epidemic

prevention and control measures.

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) Omicron variant has infected over
90% of the global population at least once (7). The
protection conferred by previous infections is gradually
becoming a crucial factor in controlling the pandemic
(2). Our research used systematic reviews and meta-
analyses to estimate the degree and longevity of
protection against reinfection by another Omicron
sub-lineage, relative to uninfected individuals, under a
similar vaccination status. Out of 14,105 publications,
we selected 10 studies that had either a cohort, test-
negative design, or case-control approach, and utilized
their data for a statistical analysis. Our findings
indicate  that the

immunity provided against

reinfection tends to vary based on the previous variant
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encountered and the variant causing reinfection.
Moreover, protection offered by Omicron sub-lineage
infection against reinfection with another Omicron
sub-lineage tends to decrease over time. The degree of
protection from a prior infection increases with more
closely related antigenic distance and higher humoral
immunity levels.

We employed three-level meta-analytic models using
the ‘metagen’ function of the ‘meta’ package (version
6.3) in R (version 4.3.1, R Foundation for Statistical
Computing, Vienna, Austria) for consolidating
protection data. We extracted multiple protection data
points from a single study, incorporating all in the
meta-analyses. Three-level meta-analyses permit the
explicit modeling of nested data structures, such as
when individual studies provide multiple estimates for
varying subgroups or time points. These models yield
more valid and reliable estimates than traditional fixed
and random-effect models under such conditions (3).
For research data specifying time from initial infection,
we applied a meta-regression of the log odds to
approximate the waning of protection over time,
assessing at 1-month intervals. We performed meta-
and meta-regression only on  groups
comprising more than two articles with verifiable
extracted data. Database searches covered PubMed, the
World Health Organization (WHO) coronavirus
disease 2019 (COVID-19) database, SSRN, MedRxiv,
Embase, and the WanFang Database. We searched for
cohort, test-negative design, and case-control studies
published on or before October 24, 2023, using
keywords related to reinfection, prior infection, and
Omicron (Supplementary Table SI, available at

analysis

https://weekly.chinacdc.cn/). Included studies were
those that considered the protective effect of prior
Omicron infection in individuals against those who
were infection-naive and had comparable vaccination
status. We evaluated the risk of bias using the
ROBINS-I tool (Supplementary Table S4, available at
https://weekly.chinacdc.cn/).  Our  study, which
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complies with PRISMA, was
PROSPERO (CRD42023466200). Supplementary
Materials (available at https://weekly.chinacdc.cn/)
provide detailed methodology.

We reviewed the titles and abstracts of 14,105
articles, of which 491 passed our screening to undergo
a thorough full-text review (Supplementary Figure S1,
available at https://weekly.chinacdc.cn/). From this
process, we identified 10 relevant studies providing 81

registered ~ with

data sets, sourced from eight nations: Qatar, Canada,
China, Denmark, Japan, the Republic of Korea,
Singapore, and Portugal. These studies encompassed a
combined sample size of 17,214,915. For our meta-
analysis and meta-regression, we included 12 data sets
from 2 studies in the BA.1 to BA.2 group, 10 data sets
from 3 studies in the BA.1 to BA.4/5 group, 12 data
sets from 3 studies in the BA.2 to BA.4/5 group, and
15 data sets from 4 studies in the BA.1/2 to BA.4/5
group (Supplementary Table S2, available at hteps://
weekly.chinacde.cn/).

Compared to a non-infected cohort, individuals
previously infected with the BA.1 variant showed
87.5% protection (47.9-97.0) against reinfection with
the BA.2 variant (Supplementary Figure S2, available
at  https://weekly.chinacdc.cn/).  This  protection,
however, waned from 89.8% at 1 month (64.6-97.1)
to 81.1% at 5 months (31.9-94.8) (Tables 1-2).
Between 30 and 60 days post-infection, an 82.0%
protection rate (49.0-94.0) was observed amongst
those unvaccinated, and a protection rate of 94.2%
(89.2-96.9) amongst those vaccinated (Supplementary
Table S2). In vaccinated individuals, the effectiveness

of protection against reinfection with BA.4/5 variant
after an initial BA.1 infection was 75.2% (42.1-89.4)
(Supplementary Figure S2). Notably, this protection
waned from 77.2% at 5 months post-infection
(47.6-90.1) to 40.9% at 12 months (-32.8-73.7)
(Tables 1-2).

Research conducted in Singapore (4) tracked the
infection history of cohorts unexposed to COVID-19
who later contracted the BA.1 variant. Observations
indicated that the protective effect of prior BA.1
infection against clinically attended symptomatic XBB
variant reinfection diminished from a span of 40.0%
(32.0-47.0) between 3-8 months post-infection to
27.0% (24.0-30.0) subsequent to 8 months (Table 1,
Supplementary Table S2).

The protective effect of a BA.2 infection against
subsequent reinfection with BA.4/5 variants was
88.9% (76.6-94.8) (Supplementary Figure S2), and
this waned from 91.6% (80.9-96.3) at 4 months post-
infection to 80.4% (56.7-91.1) at 8 months post-
infection (Tables 1-2). Comparable findings were
reported by a Singaporean cohort study (4), which
demonstrated that the protective effect of a primary
BA.2 infection against symptomatic reinfection by the
XBB variant also declined over time, from 74.0%
(72.0-75.0) during the 3-6 months post-infection
period to 37.0% (32.0—43.0) after 8 months (Table 1,
Supplementary Table S2). It is important to note that
these studies were conducted exclusively among
vaccinated populations due to a lack of data from
unvaccinated groups.

An analysis of protection against reinfection with the

TABLE 1. Protection (%) against reinfection by different Omicron sub-lineages.

Type of variant for prior

Type of variant for reinfection

infection Time since primary BA.2 (Meta- BA.4/5 (Meta- BA.2.75 (Systematic = XBB (Systematic
infection analysis) analysis) review) review)
5 months 81.1(31.9-94.8) 77.2(47.6-90.1) NA 40.0 (32.0-47.0)"
BA.1 8 months NA 65.7 (26.5-84.0) NA 27.0 (24.0-30.0)%
Total’ 87.5(47.9-97.0) 75.2 (42.1-89.4) NA NA
5 months NA 89.6 (76.9-95.4) NA 74.0 (72.0 to 75.0)"
BA.2 8 months NA 80.4 (56.7-91.1) NA 37.0 (32.0 to 43.0)"
Total’ NA 88.9 (76.6-94.8) NA NA
BA.1/2 Total’ NA 86.2 (73.6-92.8) 49.9 (47.6 to 52.1) NA
BA.4/5 Total’ NA NA 80.6 (71.2 to 87.0) NA

Note: NA means no data available.

" Total protection, regardless of time since primary infection.
T Time since primary infection: 3-8 months.

§ Time since primary infection: >8 months.

T Time since primary infection: 3-6 months.

" Time since primary infection: >8 months.
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TABLE 2. Estimates of protection (%) against various Omicron variants based on the time elapsed since primary infection.
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Time since primary infection (months) BA.1to BA.2 BA.1 to BA.4/5 BA.2 to BA.4/5
1 89.8 (64.6-97.1) NA NA
2 88.1 (60.6-96.4) NA NA
3 86.1 (54.5-95.8) NA NA
4 83.8 (45.3-95.2) NA 91.6 (80.9-96.3)
5 81.1(31.9-94.8) 77.2 (47.6-90.1) 89.6 (76.9-95.4)
6 NA 73.9 (41.9-88.3) 87.2 (71.8-94.2)
7 NA 70.1 (35.0-86.2) 84.1 (65.2-92.8)
8 NA 65.7 (26.5-84.0) 80.4 (56.7-91.1)
9 NA 60.1 (16.1-81.6) NA
10 NA 55.0 (3.2-79.1) NA
11 NA 48.5 (-12.8-76.4) NA
12 NA 40.9 (-32.8-73.7) NA

Note: NA means no data available.

Omicron BA.4/5 variants following a BA.1/2 infection
incorporated studies from four nations: Denmark,
Japan, Portugal, and Qatar. Due to a gradual shift
from the dominance of the Omicron BA.1 subvariant
to the BA.2 subvariant in these countries, the two
infection peaks of BA.1 and BA.2 combined, making it
difficult to distinguish between their timelines. Our
meta-analysis findings indicated that the conferred
protection against reinfection with BA.4/5 after a
BA.1/2 infection was 86.2% (73.6-92.8) in
comparison  to  an  uninfected  population
(Supplementary Figure S2). Notably, a test-negative
design study conducted in Qatar (5) reported
protection rates of 49.9% (47.6-52.1) against a
BA.2.75 infection after a primary BA.1/2 infection;
this protection rate decreased to 32.2% (25.5-38.3) for
an unvaccinated population. The study also reported
protection rates of 50.2% (43.1-56.4) against
symptomatic infection. Furthermore, a primary BA.4/5
infection offered a protection rate of 80.6%
(71.2-87.0) against a BA.2.75 variant infection; this
dropped to 44.4% (-4.0-70.3), however, for the
unvaccinated population. The reported protection
against symptomatic infection was 91.4% (35.8-98.8)
(Table 1, Supplementary Table S2).

According to meta-regression analyses of studies
noting the duration since the initial infection, we
discerned a decline in immunity against reinfection
over time. However, due to limitations in available
data, these estimated protection rates yielded wide
confidence intervals (CIs), preventing any statistically
significant differences from being determined within
the meta-regression results. In spite of overlapping CIs
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within the meta-regression, at the same time since
primary infection, BA.2 variant showed a higher
protection estimate than BA.5 against BA.1 variant
infection [at 5 months: 89.6% (76.9, 95.4) versus
77.2% (47.6, 90.1); at 8 months: 80.4% (56.7, 91.1)
versus 65.7% (26.5, 84.0)]. A similar trend was
observed when comparing immunity from BA.l
against BA.2, and BA.1 against BA.4/5 [at 5 months:

81.1% (31.9-94.8) wversus 77.2% (47.6-90.1)]
(Table 1-2, Figure 1, Supplementary Table S3).
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FIGURE 1. Estimated levels of protection against various
Omicron variants based on the time elapsed since primary
infection.

Note: The shaded areas represent the 95% confidence
intervals (CIs). The size of each bubble is proportional to
the reciprocal of the standard error (SE).
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DISCUSSION

The likelihood of reinfection with the same
Omicron variant is exceedingly low in instances where
a previous infection has occurred. In two respective
studies, there was an impressive 94%-97% immunity
rate observed amongst individuals previously infected
with the BA.4/5 strain, which remained effective for up
to 100 days post primary infection (6-7). Our
comprehensive review and meta-analysis revealed
elevated protection rates against
individuals previously exposed to later, evolutionarily
similar variants, as compared to those exposed to earlier
strains. This was independent of the time elapsed since
the initial infection. This conclusion is congruent with
studies conducted in the Netherlands (8), Qatar (5),
Singapore (4), and the United Kingdom (9). This
could potentially elucidate the cyclical nature of the
COVID-19 pandemic, characterized by repeated bouts
of infections and reinfections, triggered by distinct
variants in succession.

The variants BA.4 and BA.5 are derivatives of BA.2.
In terms of antigenic distance, BA.4/5 shares a closer
resemblance with BA.2 relative to BA.1. Serological
research has revealed that after infection by the BA.2
variant, the convalescent sera possess a superior
amount of neutralizing antibodies against BA.5 than
the sera derived from BA.1 variant infection (/0). This
collective evidence suggests that the effectiveness of
protection from prior COVID-19 infection against
further infections is not solely dependent on declining
immunity but is also influenced by viral evolution.
Higher humoral immunity levels and closer antigenic
distances contribute to enhanced protection provided
by previous infections.

In assessing the future risks associated with COVID-
19, it is crucial to consider not only the time elapsed
since the peak of the previous wave but also the
antigenic difference and evasion ability of humoral
immunity between any potential new variant and the
formerly dominant ones. Ensuring a timely update of
the antigenic components within the COVID-19
vaccine, coupled with inoculating individuals not
recently infected, stands as a vital strategy in combating
this disease. While this approach may not fully
synchronize with the evolution of SARS-CoV-2,
potentially leading to a mismatch between subsequent
infection strains and the vaccine strain, a narrower
antigenic distance can ostensibly offer improved
protection over a match with a more antigenically
distant strain. Given that both infection- and vaccine-

reinfection in

Chinese Center for Disease Control and Prevention

induced protection diminish over time, the duration
since either the infection or vaccination must be
factored into vaccination policy considerations.

This study was subject to at least two limitations.
One limitation of our research is that the time since
primary infection provided by some studies is a time
range. In order to conduct meta-regression, we used
the median of this range. Another limitation lies in the
limited number of studies incorporated. Upon retrieval
and examination, only ten studies pertaining to the
protection against Omicron variant infection satisfied
the inclusion criteria. To offset potential overemphasis
arising from the inclusion of numerous data points
from a single study, we employed a three-tier meta-
analysis approach. Nonetheless, as the available data
pool was relatively insufficient, stratified analyses could
not be conducted. Some specialists assert that a
minimum of ten studies is required to facilitate valid
meta-regression, which is greater than what we
currently have. The scarcity of data broadens CIs,
hampers the extraction of useful statistical inferences,
and adds uncertainty to the stability of our final
findings.

The global population has previously encountered
pandemics involving the BA.1, BA.2, and BA.4/5
variants, with the infectious strain now transitioning to
the XBB sub-linecage. While these past variant
pandemics have subsided, further exploration of
existing literature can deepen our understanding of the
immune mechanisms underlying COVID-19. This
will assist in securing epidemiological parameters of the
disease, comprehending the mechanisms behind
COVID-19 outbreaks, and providing
evidence for infectious disease model research and
assessments of reinfection risk.

Our comprehension of COVID-19 continues to
evolve, highlighting the need for critical research into
topics such as antigenic separation, immune evasion,
and the extent of cross-protection. While predicting
the trajectory of SARS-CoV-2 mutation remains a
formidable challenge, establishing a link between
pathogenesis and immunology through empirical
research might expedite and enhance the precision of
risk assessments for new variants. Understanding the
degree of protection provided by previous COVID-19
infections against new variants can further inform and
guide national response strategies.

Conflicts of interest: No conflicts of interest.

Acknowledgements: Kathy Leung from  the
University of Hong Kong for her insightful suggestions
on epidemiological concepts and statistical methods.

essential

CCDC Weekly / Vol. 6/ No. 26 627



China CDC Weekly

Lance Rodewald from China CDC for his assistance
with English language editing.

Funding: Supported by the National Key Research
and Development Program of China
(2021YFC2301600), the National Natural Science
Foundation of China (82341034), and the Chinese
Medicine COVID-19

Prevention and Control Modeling Research Project.

Preventive Association’s

doi: 10.46234/ccdcw2024.103

* Corresponding authors: Chao Ma, machao@chinacdc.cn; Zijian
Feng, fengzj@chinacdc.cn.

' National Key Laboratory of Intelligent Tracking and Forecasting for
Infectious Disease, National Immunization Program, Chinese Center
for Disease Control and Prevention, Beijing, China; 2 Chinese
Preventive Medicine Association, Beijing, China.

Submitted: December 13, 2023; Accepted: May 27, 2024

REFERENCES

1. Leung K, Lau EHY, Wong CKH, Leung GM, Wu JT. Estimating the
transmission dynamics of SARS-CoV-2 Omicron BE.7 in Beijing after
adjustment of the zero-COVID policy in November-December 2022.
Nat Med 2023;29(3):579 - 82. http://dx.doi.org/10.1038/s41591-023-
02212+y.

2. Diani S, Leonardi E, Cavezzi A, Ferrari S, Iacono O, Limoli A, et al.
SARS-CoV-2-the role of natural immunity: a narrative review. ] Clin
Med 2022;11(21):6272. https://doi.org/10.3390/jcm11216272.

3. Wu NN, Joyal-Desmarais K, Ribeiro PAB, Vieira AM, Stojanovic J,
Sanuade C, et al. Long-term effectiveness of COVID-19 vaccines

628 CCDC Weekly / Vol. 6/ No. 26

10.

against infections, hospitalisations, and mortality in adults: findings
from a rapid living systematic evidence synthesis and meta-analysis up
to December, 2022. Lancet Respir Med 2023;11(5):439 - 52. https://
doi.org/10.1016/52213-2600(23)00015-2.

. Tan CY, Chiew CJ, Pang D, Lee V], Ong B, Lye DC, et al. Protective

immunity of SARS-CoV-2 infection and vaccines against medically
attended symptomatic Omicron BA. 4, BA.5, and XBB reinfections in
Singapore: a national cohort study. Lancet Infect Dis 2023;23(7):799 -
805. https://doi.org/10.1016/51473-3099(23)00060-9.

. Chemaitelly H, Tang P, Coyle P, Yassine HM, Al-Khatib HA, Smatti

MK, et al. Protection against reinfection with the Omicron BA. 2.75
subvariant. N Engl ] Med 2023;388(7):665 - 7. https://doi.org/10.
1056/NEJMc2214114.

. Chen XS, Xu YL, Xie Y, Song WL, Hu Y, Yisimayi A, et al. Protective

effect of plasma neutralization from prior SARS-CoV-2 Omicron
infection against BA. 5 subvariant symptomatic reinfection. Lancet Reg
Health West Pac 2023;33:100758. https://doi.org/10.1016/j.Janwpc.
2023.100758.

. Tamandjou C, Auvigne V, Schaeffer J, Vaux S, du Chatelet IP.

Effectiveness of second booster compared to first booster and protection
conferred by previous SARS-CoV-2 infection against symptomatic
Omicron BA. 2 and BA.4/5 in France. Vaccine 2023;41(17):2754 - 60.
https://doi.org/10.1016/j.vaccine.2023.03.031.

. Andeweg SP, de Gier B, Vennema H, van Walle I, van Maarseveen N,

Kusters NE, et al. Higher risk of SARS-CoV-2 Omicron BA.4/5
infection than of BA.2 infection after previous BA.1 infection, the
Netherlands, 2 May to 24 July 2022. Euro Surveill 2023;28(7):
2200724. http://dx.doi.org/10.2807/1560-7917.ES.2023.28.7.
2200724.

. Wei ], Stoesser N, Matthews PC, Khera T, Gethings O, Diamond I, et

al. Risk of SARS-CoV-2 reinfection during multiple Omicron variant
waves in the UK general population. Nat Commun 2024;15(1):1008.
heeps://doi.org/10.1038/s41467-024-44973-1.

Kimura I, Yamasoba D, Tamura T, Nao N, Suzuki T, Oda Y, et al.
Virological characteristics of the SARS-CoV-2 Omicron BA. 2
subvariants, including BA.4 and BA.5. Cell 2022;185(21):3992 - 4007.
el6. https://doi.org/10.1016/j.cell.2022.09.018.

Chinese Center for Disease Control and Prevention


mailto:machao@chinacdc.cn
mailto:fengzj@chinacdc.cn
mailto:machao@chinacdc.cn
mailto:fengzj@chinacdc.cn
mailto:machao@chinacdc.cn
mailto:fengzj@chinacdc.cn
https://doi.org/10.46234/ccdcw2024.103
mailto:machao@chinacdc.cn
mailto:fengzj@chinacdc.cn

China CDC Weekly

SUPPLEMENTARY MATERIAL
METHODS

Search Strategy and Selection Criteria
We conducted a thorough search of databases, including PubMed, WHO COVID-19, SSRN, MedRxiv,
Embase, and WanFang Database. The search, undertaken prior to October 24, 2023, focused on cohort studies,
test-negative designs, and case-control studies with keywords related to reinfection, prior infection, and Omicron.

This study adheres to the PRISMA guidelines and is officially registered with PROSPERO (CRD42023466200).

Inclusion and Exclusion Criteria
To remove the potential bias introduced by vaccination status, we included studies examining the protection
conferred by a prior Omicron infection in individuals who had been infected once, compared to infection-naive
individuals with a similar vaccination status. We excluded studies that failed to differentiate between an initial
infection and a reinfection with a variant strain.

Outcomes
Reinfection was characterized as two separate outbreaks caused by two distinct predominant strains, confirmed
through ecither two positive results from polymerase-chain-reaction (PCR), rapid antigen test, or self-reported
infections. The studies included did not need to differentiate between symptomatic and asymptomatic infections.

Study Selection and Data Extraction

Upon reviewing titles and abstracts, we pinpointed studies and reports pertaining to immunity from COVID-19
infection. Relevant studies and reports had their main texts and supplementary materials scrutinized by two
independent reviewers to ascertain if they met the inclusion criteria. One reviewer manually undertook the
extraction process, which a second reviewer independently confirmed. In cases of disagreement, the input of a third
reviewer was sought.

The data extracted encompassed the author’s name, country of research, study design, COVID-19 vaccination
status, reinfection outcome, variant type during initial infection and reinfection, time elapsed since primary
infection, sample size, and the effectiveness of protection (expressed as 1-OR/HR/RRHR) along with its 95%
confidence interval (CI). The effect value was adjusted for covariates in a multivariate analysis, and this adjusted
value was favored and utilized when available.

Risk-of-bias Assessment
The risk of bias in the studies was evaluated using the ROBINS-I tool. This assessment was independently carried
out by two reviewers for each documented outcome. Any discrepancies between the reviewers were reconciled by a
third party. All studies received equal treatment in the primary analysis, irrespective of their quality rating.

Data Analysis

We employed three-level meta-analytic models using the ‘metagen’ function of the ‘meta’ package (version 6.3) in
R (version 4.3.1, R Foundation for Statistical Computing, Vienna, Austria) for consolidating protection data. The
restricted maximum likelihood estimator was leveraged for determining within-study and between-study
heterogeneity variance, denoted by 2. In cases where data incorporated time since primary infection, we
implemented a meta-regression of log odds to estimate the attenuation of protection over time, evaluated in one-
month increments. For studies that did not provide time since primary infection, we estimated this parameter
employing GISAID data, which was then incorporated into our meta-regression analyses. Both meta-analysis and
meta-regression were restricted to groups containing more than two articles with valid, extracted data.
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Identification of new studies via databases and registers ]

Records identified from:
Databases (n=15,949)
WHO (n=7,718)
MedRxiv (n=2,672)
Pubmed (n=1,898)
Embase (n=1,882)
SSRN (n=1,686)
WanFang (n=93)

A\ 4

Screening

Included

Records screened
(n=12,072)

Records removed before the screening:
Duplicate records removed
(n=3,877)

Records excluded

Reports sought for retrieval
(n=491)

A\ 4

(n=11,581)

l

Reports assessed for eligibility

(n=491)

v

Reports not retrieved
(n=0)

New studies included in review

(n=10)

l

BA.1 to BA.2 (n=2)
BA.1 to BA.4/5 (n=3)
BA.1 to XBB (n=1)
BA.2 to BA.4/5 (n=3)
BA.2 to XBB (n=1)
BA.1/2 to BA.4/5 (n=6)
BA.1/2 to BA.2.75 (n=1)
BA.4/5to BA.2.75 (n=1)

SUPPLEMENTARY FIGURE S1. Study selection.
Abbreviation: WHO=World Health Organization; COVID-19=coronavirus disease 2019; SSRN=social science research

network.

S2
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Reports excluded:

case series (n=1)
multiple-infection (n=1)

duplicate records (n=1)

case report (n=2)

outcome of hospitalisation

or death (n=2)

did not match or adjust vaccination
status (n=2)

modeling study (n=4)

comparison group is not
Infection-naive (n=5)

did not distinguish the types of
reinfection variants (n=5)

review article (n=21)

study of Immunogenicity (n=27)
the types of prior infection variants
are not Omicron (n=51)

study of reinfection rate, did not
include comparison group (n=52)
did not distinguish the types of prior
infection variants (n=79)

did not relate to reinfection (n=228)
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0.1 051 2 10
Heterogeneity: ’=74%, ©=1.0219, x*,,=42.47 (P<0.01)

B Study Cluster  logOR SE(logOR) Odds ratio OR 95% CI Weight
Chinese Mainland, Chen, 335 Stduy 3 —1.0244 0.1456 —.— 0.3590 (0.2699; 0.4776) 32.3%
Singapore, Tan, NA Stduy 4 —0.7985 0.3165 — 0.4500 (0.2420; 0.8368) 1.2%
Singapore, Tan, NA Stduy 4 —0.9416 0.0847 ;= 0.3900 (0.3303;0.4605)  6.6%
Singapore, Tan, 165 Stduy 4 —1.0498 0.1094 s 0.3500 (0.2824; 0.4337) 5.3%
Singapore, Tan, 240 Stduy 4 —0.6733 0.1176 T e 0.5100 (0.4050; 0.6421)  4.9%
Singapore, Tan, NA Stduy 4 —0.5108 0.3936 — 0.6000 (0.2774;1.2978)  0.8%
Singapore, Tan, NA Stduy 4 —0.9943 0.0951 L 0.3700 (0.3071;0.4458)  6.0%
Singapore, Tan, 165 Stduy 4 —1.0788 0.1187 —— 0.3400 (0.2694;0.4291)  4.9%
Singapore, Tan, 240 Stduy 4 —0.7133 0.1290 —— 0.4900 (0.3806; 0.6309)  4.5%
South Korea, Jang, NA Stduy 5 —2.2538 0.0146 & 0.1050 (0.1020;0.1080) 33.6%
Random effects model ‘ 0.2476 (0.1058; 0.5795) 100.0%

[ I I 1
02 05 1 2 5
Heterogeneity: ’=99%, ©=0.5607, y%,=950.13 (P<0.01)

C Study Cluster  logOR SE(logOR) Odds ratio OR 95% CI Weight
Chinese Mainland, Chen, 225 Stduy 6 —2.1716 0.2488 —— 0.1140 (0.0700; 0.1857) 29.6%
Singapore, Tan, NA Stduy 7 —1.6094 04217 ——— 0.2000 (0.0875; 0.4570) 1.1%
Singapore, Tan, NA Stduy 7 —1.5141 0.0938 - 0.2200 (0.1831;0.2644)  5.1%
Singapore, Tan, 135 Stduy 7 —2.0402 0.1499 —— 0.1300 (0.0969;0.1744)  3.9%
Singapore, Tan, 195 Stduy 7 —1.6094 0.1239 - 0.2000 (0.1569;0.2549)  4.4%
Singapore, Tan, 225 Stduy 7 —1.3471 0.1354 —-— 0.2600 (0.1994;0.3390)  4.2%
Singapore, Tan, NA Stduy 7 —1.4271 0.6084 ———— 0.2400 (0.0728;0.7908)  0.6%
Singapore, Tan, NA Stduy 7 —1.5606 0.0938 - 0.2100 (0.1747;0.2524)  5.1%
Singapore, Tan, 135 Stduy 7 —1.9661 0.1499 -— 0.1400 (0.1044;0.1878)  3.9%
Singapore, Tan, 195 Stduy 7 —1.6094 0.1403 —-— 0.2000 (0.1519;0.2633) 4.1%
Singapore, Tan, 225 Stduy 7 —1.3471 0.1354 - 0.2600 (0.1994;0.3390)  4.2%
South Korea, Jang, NA Stduy 8 —2.8647 0.0133 0.0570 (0.0555;0.0585) 33.9%
Random effects model - 0.1106 (0.0523; 0.2340) 100.0%

[ I 1
0.1 051 2 10

Heterogeneity: ’=99%, 7=0.4311, x*,,=841.45 (P<0.01)
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D Study Cluster logOR SE(logOR) Odds ratio OR
Japan, Yamamoto, NA  Stduy 9 —2.4534 0.5855 —l-— 0.0860
Qatar, Altarawneh, 182  Stduy 10 —1.6348 0.0417 0.1950
Qatar, Altarawneh, 177  Stduy 10 —1.1616 0.0724 ] 0.3130
Qatar, Altarawneh, 185  Stduy 10 —1.8140 0.0499 0.1630
Qatar, Altarawneh, 189  Stduy 10 —1.4397 0.1753 0.2370
Qatar, Altarawneh, 181  Stduy 10 —1.5187 0.0650 = 0.2190
Qatar, Altarawneh, 184  Stduy 10 —1.8643 0.0994 - 0.1550
Qatar, Altarawneh, 182  Stduy 10 —1.6246 0.0375 0.1970
Portugal, Malato, NA Stduy 11 —1.3984 0.0062 0.2470
Portugal, Malato, NA Stduy 11 —1.4610 0.0066 0.2320
Denmark, Hansen, NA  Stduy 12 —2.6173 0.0734 = 0.0730
Denmark, Hansen, NA  Stduy 12 —2.6451 0.0901 - 0.0710
Denmark, Hansen, NA  Stduy 12 —2.5903 0.0714 = 0.0750
Denmark, Hansen, NA  Stduy 12 —2.8824 0.0549 0.0560
Denmark, Hansen, NA  Stduy 12 —2.6311 0.0703 = 0.0720
Random effects model - 0.1378

1T T 1T 1

95% CI

(0.0273; 0.2709)
(0.1797; 0.2116)
(0.2716; 0.3608)
(0.1478; 0.1798)
(0.1681; 0.3342)
(0.1928; 0.2488)
(0.1276; 0.1883)
(0.1830; 0.2120)
(0.2440; 0.2500)
(0.2290; 0.2350)
(0.0632; 0.0843)
(0.0595; 0.0847)
(0.0652; 0.0863)
(0.0503; 0.0624)
(0.0627; 0.0826)

(0.0719; 0.2641)

Heterogeneity: =99%, 2=0.4075, /°,,=1, 844.25 (P=0) or 0512 10

Weight

14.7%
4.7%
4.2%
4.6%
2.4%
4.3%
3.7%
4.7%

14.0%

14.0%
5.7%
5.3%
5.7%
6.1%
5.8%

100.0%

SUPPLEMENTARY FIGURE S2. Forest plots of protection against reinfection by different Omicron sub-lineages. (A)
Protection of BA.1 infection against reinfection with BA.2. (B) Protection of BA.1 infection against reinfection with BA.4/5. (C)
Protection of BA.2 infection against reinfection with BA.4/5. (D) Protection of BA.1/2 infection against reinfection with BA.4/5.

Abbreviation: OR=odds ratio; SE=standard error; C/=confidence interval.

SUPPLEMENTARY TABLE S1. Search strategy.

Keyword Platform Search Results
(re-infection) OR (reinfection) OR (repeated infection) OR (recurrent Infection) OR (previously
infected) OR (previous infection) OR (prior infection) AND ("Omicron" OR "B.1.1.529") AND Pubmed 1,898
("2020/1/1"[Date - Publication] : "2023/10/24"[Date - Publication])
(Reinfection OR repeated infection OR recurrent infection OR previously infected OR previous WHO COVID-19 7718
infection OR prior infection) AND ("Omicron" OR "B.1.1.529") database ’
Omicron SSRN 1,686
(Reinfection OR repeated infection OR recurrent infection OR previous infection OR prior MedRxiv 2672
infection) AND (Omicron OR B.1.1.529)" and posted between "01 Jan, 2020 and 24 Oct, 2023" ’
(‘re infection' OR reinfection OR (repeated AND infection) OR (recurrent AND infection) OR
(previously AND infected) OR (previous AND infection) OR (prior AND infection)) AND (‘omicron’ Embase 1,882
OR 'b.1.1.529') AND [01-01-2020]/sd NOT [24-10-2023]/sd
(12 OR Wi/ OR HZ/2Hs) AND ("% 77" OR "Omicron”) WanFang Database 93
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SUPPLEMENTARY TABLE S2. Characteristics of the included studies.

Time since
Group Country Stu.dy Vaccination Ou.tcom_e of Protection Time§ince primary _prima_ry sar.nple
Design  Status reinfection (95% CI) infection (reported) infection size
(predicted)*

BA.1to BA.2
(ng‘zr;‘fitf)"y etal  qatar  TND \(/:gﬂzf;j;’ Infection 9?39?352 39 to 45 days NA 41,988
(C;%r;;)o (Z; al. Canada Cohort Unvaccinated Infection 83(;095:1?350 30 to 59 days NA 2,567
(C;%rza;)o(z; al. Canada Cohort Unvaccinated Infection 7?6082'?850 60 to 89 days NA 2,567
(C;%réel;)o(;; al. Canada Cohort Unvaccinated Infection 7?607(;)350 90 to 182 days NA 2,567
Z:zzz)rzasz)o(zg al. Canada Cohort Unvaccinated Infection 75)(;5305);) NA 81 2,567
(Cze(l)r;l;)o(;; al Canada Cohort Unvaccinated Symptomatic infection 83%1(7(%5 NA 81 630
(C;%réa;)oé; al. Canada Cohort Unvaccinated Infection 6;%1(709)5 NA 81 1.167
(C;%rza;)o(z; al. Canada Cohort Unvaccinated Infection Zi%f;;) NA 81 1,258
(C;%réel;)o(;; al. Canada Cohort Unvaccinated Infection Zi%if)f NA 81 2,416
Z:zzz)rzasz)o(zg al. Canada Cohort Unvaccinated Infection 75)(;5305);) NA 81 2,567
é%?;;’(;;al' Canada Cohort Unvaccinated Infection 75)(;;6(?)5 NA 81 2,040
(C;%r;;)oé; al. Canada Cohort Unvaccinated Symptomatic infection ESti%?(’S(?)§O NA 81 433
BA.1 to BA.4/5
232*(‘)92%;3233)' China  Cohort \(/;Z‘ii(:”haésf Symptomatic infection 6?(;17(;’%4 329 to 341 days NA 386
comy g Sneapore Conort L BHER o mptomat infocton 1676.0) NA 25 1733555
oD o Coon o IS S0G8)
oz (g Smaspore Conort (SRR o mptomati meoton 10720 310 <8 months NA 1770968
oy Sneawore Conort (SRR mptomaicimecion o500 8 monhs NA 1,856,200
o Sneawore Conor oIl ymptomat ifecton 10720/ NA 25 1,351,698
ot o coon s pdcioned SO0 s
oz (e Smaspore Conort (ECER o mptomatic meoton to 750 310 <8 months NA 1402800
R o come (i WERAEET IB  ora n aens
F e S
BA.1 to XBB
oz (g Smaapore Conort Lo mptomatio meoton 10160 MA NA 800221
o~ Sneapore Conort Boosted BRI S 50y NA Na  a7Bats
o Sneawore Conort (SRR mptomaicimecion t047g) 310 <Bmonths NA 705
oy  Sneawore Conort SRR mptomatcimecion 0300) 8 months NA 889,260
oz (e SmERore Conort e eymptomati ifecton 10 35,0/ NA NA 630473
(oxa (s Smaspore Conort Boosted i 0 5.0f NA NA - TO8028
ol oo o Y WA TS e oo
ol s oo Vot RS H0 e s
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Continued
Time since
Group Country Stu.dy Vaccination Oultcomt.e of Protection :I'ime.since primary 'prima!ry sar.nple
Design Status reinfection (95% CI) infection (reported) infection size
(predicted)*

BA.2 to BA.4/5
é%zg;a E;)I' China  Cohort \(/rica(iicnha;z;j Symptomatic infection 8?(;69?1157 210 to 231 days NA 346
AN oo com oo Mg 0650y e
(Tzaon2§; ?"l') Singapore Cohort ~ Boosted S;"ﬂf&fﬂgéﬂf;‘i‘;‘;n 7?608(27_350 NA 181 2,124,162
(Tzaon2§; "(""i) Singapore Cohort \{:(‘j’ﬁj'zf‘;z;’ sy“ﬁnfstfﬂéyt.itfﬁfl‘ﬁin 836098%0 3 to <6 months NA 1,866,720
;I'zaonzg; ?zli) Singapore Cohort \(/zgj(:jzf;z? S)'/\/In?p?tigrar:;ytiitits:e c::iccj)n 82).0827.350 6 to <7 months NA 1,805,491
(Tza0”2§; ?"1') Singapore Cohort \(/:gﬁlgf;j;’ Syr:sttiziitifflﬁin 7:2085)6?’8\50 7 to <8 months NA 1,885,447
A oo comn S AT ST s
z—zaonzg; ?‘I!.) Singapore Cohort  Boosted s;l/\/ln?;ic():r?:aytiititr?fr:e (::Tiin 2322(7;)5 NA 181 1,743,385
z-zaonzzg ?‘II') Singapore Cohort \{sgj(jzta;z;j s:/\An?;;jtic():r?wlZiititre]% (i:(tei(cj)n 8&%(()85)5 3 to <6 months NA 1,492,493
;I'zaonzg; ?zli) Singapore Cohort \(/zgj(:jzf;z? S)'/\/In?p?tigrar:;ytiitits:e c::iccj)n 83325(7;);) 6 to <7 months NA 1,430,362
2-2a0n2§; ?‘II') Singapore Cohort \(/:gjtﬂzta;(ej? syr:[?tic(:rargiititsfr; c::tai?m 11%(()65)5 7 to <8 months NA 1,501,919
mass o me Ve U SRR,
BA.2 to XBB
S oo com SR Ve 20600y oo
(Tzaonzg ?"1') Singapore Cohort  Boosted syn?s:g::gtiitits%i(taiin 5:0'05(3‘%0 NA NA 982,831
A o com Voot WG 1O g e
WAL o oo Vit B! SO0 g
(Tzao’zgt) ?"1') Singapore Cohort \(’SSEZT‘JZ? Synfstfﬂzlitfsf"e‘i‘;‘gn 4?605(2%350 7 to <8 months NA 881,230
ot oo come Vel Ul SO0 o
A g come P WG ZUCRO e
(Tzaonz% ?"1') Singapore Cohort  Boosted syn?Stts:Ziit:r?%ifiin ?;'503(.‘(1)?5 NA NA 810,325
WAL o oo Vet B! B0 g e
(0r9) 4 Smgapore Cohort (CCRCECL T emaicmcton to8a0)g  ©1© <7 months NA 654656
ot oo come Vel Ui SO0 g w os
A oo come Voot Mol TOG e e
BA.1/2 to BA.4/5
2(2"’(‘)"2‘;”‘(‘;30 etal  japan  Cohort g"zl;ﬂagc(;’;?:g) Infection 9:649(77.252 NA NA 2,368
ggazfg;"’(r;?{‘ etal atar  TND \(/fn‘;i:”hagz‘)’ Infection 8&22(2?58 168 to 193 days NA 65,853
ggazr;‘;”(';e)f etal Qatar  TND Unvaccinated Infection iijn(%éo 167 to 190 days NA 22,850
(Az'ga;g;”(r;?f‘ ea. Qatar  TND Al vaccinated Infection Sti'gé?zz)go 170 to 194 days NA 43,003
'(Az'gazr;;”(r;‘?f‘ etal  Gatar  TND \(/:gﬁgf;j;’ Symptomatic infection Zi%é?gf 175 to 196 days NA 2,838
'(Azlgazrg;”(r;?r eta Qatar  TND \(/25;'223? Infection ii';gf)g 169 to 193 days NA 23,125
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Continued
Time since
Group Country Stu.dy Vaccination Oultcomt.e of Protection :I'ime .since primary 'prima!ry sar.nple
Design Status reinfection (95% CI) infection (reported) infection size
(predicted)*

ggazfg;"’(”;)’f etal  atar  TND \(/:gﬂgfgz;’ Symptomatic infection ﬁ‘;-g;?;)-; 168 to 195 days NA 12,363
ggazrg;”(';‘jf etal  qatar  TND Y:gﬂgfetj;’ Infection i%‘%ff)f 168 to 193 days NA 77,399
('\gg'za;‘)’g)a" Portugal Cohort g'g;agcé';"’::sd) Infection 7?637(5?250 NA NA 6,885,022
(l\g?)?g)) (eg)al. Portugal Cohort gllso\;oaczzc(ijr;as'f:) Infection 7:;37(716)5 NA NA 6,279,978
g%zsse)”(;)t al. Denmark ;ﬁfol Thrfj‘zsrgsNA Infection 95679(3?;56 NA NA 187,347
g%rg’;”(:)t al. Denmark CCO"’r‘:fol Thr‘;‘zsrgENA Infection gtf)%é?;)f NA NA 17,238
2*2%”22"3”(98; al. Denmark cCc;T?ol ThrZiS”;ENA Infection S’ti'gé?;)f NA NA 104,339
g%;s?f;rz;t al Denmark g)"’r‘:fol ThrZiSrgsNA Infection ii“;éf’)f NA NA 219,643
g%g%e)”(ge)t al. Denmark ;ﬁfol Th“;is:SNA Infection 9@'23('971)'5 NA NA 187,347
BA.1/2 to BA.2.75
g&zrgf‘?fg;’ etal  Qatar  TND \{;‘;‘;L”ha(:z;’ Infection 42;95(;1756 NA NA 105,431
(Czlzggf Etfg)y cisel Qatar TND \(/rica(;icnha;z;j Symptomatic infection 5?6252‘%251 NA NA 13,099
é%‘;’;f?fg)y etal  Qatar  TND \(/fnzcticnha;z? Infection “tziégf NA NA 105,431
é%i?f?fg)y etal  Gatar  TND \(/f‘nca‘z:”haég;’ Symptomatic infection “ti'gé‘_‘f)f NA NA 13,099
g:)ezrg;‘ Etf(l)l)y G Qatar TND Unvaccinated Infection ?)ti?aész)g NA NA 35,577
é%zrgf‘?fg)y eta. Qatar  TND Allvaccinated Infection ii'zg’;)f NA NA 69,854
BA.4/5 to BA.2.75
(c;r(‘)ezng)""?fg;’ etal  Gatar  TND \(/fn‘;‘ﬂ:”ha;z‘)’ Infection 8?(;68(77_352 NA NA 102,271
g&i@f}tﬁ',')y etal  Qatar  TND Yﬁ‘;‘iicnhagj‘)’ Symptomatic infection 930'495258 NA NA 12,680
(ngzrgf‘?fgg' etal  Qatar  TND \(/r":‘]‘;‘iicnhaéz? Infection Zi“éé?)f NA NA 102,271
(Czr(‘)ez’;‘)""ztfgi’ etal  Qatar  TND \(/r?]‘;‘iicnhaéz;’ Symptomatic infection gtl%éifﬁo NA NA 12,680
é%‘;’;f?fg)y ®a.  Qatar  TND Unvaccinated Infection 4:;'%_'?3'5 NA NA 34,862
(c;r(‘)ezng)""?fg;’ eta. atar  TND Allvaccinated Infection 8;‘;2(_758)'5 NA NA 67,409

Note: “NA” means not applicable.

Abbreviation: TND=Test-negative design.
* Time since primary infection was determined based on GISAID data, with 50% serving as the judgment standard for epidemic strain. A
variant was considered dominant if it exceeds 50%.
T Based on the research start date and the definition of interval of reinfection, if the most recent infection occurred during the BA.1/2
dominant period, the variant for prior infection was considered to belong to BA.1/2.
§ Sensitivity analysis results of the original literature.
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SUPPLEMENTARY TABLE S3. Results of meta-regression.
Group Estimate Se P

Result of meta-regression (BA.1 to BA.2):

Intercept -2.4363 0.6758 0.0003

Time since infection(days) 0.0051 0.0037 0.1622"
Result of meta-regression (BA.1 to BA.4/5):

Intercept -2.1593 0.5595 0.0001

Time since infection(days) 0.0045 0.0015 0.0029
Result of meta-regression (BA.2 to BA.4/5):

Intercept -3.3310 0.5131 <0.0001

Time since infection(days) 0.0071 0.0016 <0.0001

Note: Even though the P value for the BA.1 to BA.2 group surpassed 0.05, meta-regression was conducted due to the substantial impact of
time on the analysis.

Abbreviation: SE=Standard error.

* P values represent results of test of moderators.

SUPPLEMENTARY TABLE S4. Results of the bias assessment (ROBINS-I).
Bias in

. . selection of Bl.a.s n B.Ias. due to Bias due Bias in Bias in selection
First author  Bias due to L classification deviations from L Overall
. participants . to missingmeasurement of of the reported .
(Year) confounding " . of intended bias
into the . . . X data outcomes result
study interventions interventions

Chemaitelly et al.
(2022) (1) Moderate Low Low Low Low Low Moderate Moderate
Carazo et al. . ) '
(2023) (2) Moderate Serious Low Low Serious Low Low Serious
Chen et al. . . . .
(2023) (3) Serious Serious Low Low Moderate Serious Moderate Serious
Tan et al. ) .
(2023) (4) Moderate Low Low Low Serious Low Low Serious
Jang et al. .
(2023) (5) Moderate Serious Low Low Low Low Moderate Moderate
Yamamoto et al.
(2023) (6) Moderate Low Low Low Moderate Moderate Low Moderate
Altarawneh et al.
(2022) (7) Moderate Low Low Low Low Low Low Moderate
Malato et al. . ) .
(2022) (8) Serious Low Low Low Serious Low Moderate Serious
Hansen et al. . .
(2023) (9) Moderate Serious Low Low Moderate Low Low Serious
Chemaitelly et al.
(2023) (10) Moderate Low Low Low Low Low Low Moderate
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