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BNT162b2 vaccine protection against omicron and effect of 
previous infection variant and vaccination sequence among 
children and adolescents in Singapore: a population-based 
cohort study 
Chee Fu Yung, Deanette Pang, Kai Qian Kam, David C Lye, Benjamin Ong, Chia Yin Chong, Kelvin B Tan

Summary
Background Information on variant-specific vaccine protection and the effect of previous infection variant is scarce in 
children. We aimed to ascertain the level of protection conferred by BNT162b2 COVID-19 vaccination against omicron 
variant infection (BA.4 or BA.5, and XBB) in a previously infected national paediatric cohort. We also explored the 
association between sequence of previous infection (variant) and vaccination on protection.

Methods We did a retrospective, population-based cohort study using the national databases of all confirmed SARS-CoV-2 
infections, vaccines administered, and demographic records maintained by the Ministry of Health, Singapore. The study 
cohort consisted of children aged 5–11 years and adolescents aged 12–17 years who had a previous SARS-CoV-2 infection 
from Jan 1, 2020, to Dec 15, 2022. People who were infected during the pre-delta period or were immunocompromised 
(received three vaccination doses [children 5–11 years old] and four vaccinations doses [adolescents 12–17 years old]) were 
excluded. Those who had multiple episodes of infection before the study start date, were not vaccinated before infection 
but completed three doses, received bivalent mRNA vaccine, or received non-mRNA vaccine doses were also excluded. 
All SARS-CoV-2 infections confirmed by reverse transcriptase polymerase chain reaction or rapid antigen testing were 
grouped into delta, BA.1, BA.2, BA.4 or BA.5, or XBB variants using a combination of whole-genome sequencing, S-gene 
target failure results, and imputation. For BA.4 or BA.5, the study outcome period was June 1–Sept 30, 2022, and for XBB 
variants the outcome period was Oct 18–Dec 15, 2022. Incidence rate ratios between vaccinated and unvaccinated were 
derived using adjusted Poisson regressions and vaccine effectiveness was estimated as (1–risk ratio) × 100%.

Findings 135 197 people aged 5–17 years (79 332 children and 55 865 adolescents) were included in the cohort for the 
vaccine effectiveness analysis against omicron BA.4 or BA.5, and 164 704 people aged 5–17 years (97 235 children and 
67 469 adolescents) were included for the analysis against omicron XBB. Approximately 47% of participants were 
female and 53% were male. Among those previously infected, vaccine effectiveness against BA.4 or BA.5 infection in 
fully vaccinated children (two doses) was 74·0% (95% CI 67·7–79·1) and in adolescents (three doses) was 85·7% 
(80·2–89·6). Against XBB, protection conferred with full vaccination was lower at 62·8% (95% CI 42·3–76·0) in 
children and 47·9% (20·2–66·1) in adolescents. In children, receipt of two-dose vaccination before first SARS-CoV-2 
infection provided them with the highest protection against subsequent BA.4 or BA.5 infection at 85·3% (95% CI 
80·2–89·1); however, this was not shown to be the case for adolescents. First infection variant had an effect on vaccine 
effectiveness against omicron BA.4 or BA.5 reinfection in the following descending order: BA.2 conferred the highest 
protection (92·3% [95% CI 88·9–94·7] in children and 96·4% [93·5–98·0] in adolescents) followed by BA.1 (81·9% 
[75·9–86·4] in children and 95·0% [91·6–97·0] in adolescents), and delta which conferred the lowest protection 
(51·9% [5·3–75·6] in children and 77·5% [63·9–86·0] in adolescents). 

Interpretation In previously infected children and adolescents, BNT162b2 vaccination provided additional protection 
against omicron BA.4 or BA.5 and XBB variants compared with those who remained unvaccinated. Hybrid immunity 
against XBB was lower than against BA.4 or BA.5, especially in adolescents. Early vaccination of previously uninfected 
children before their first SARS-CoV-2 exposure could potentially strengthen population immunity resilience against 
future variants.
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Introduction 
The evolution of the COVID-19 pandemic will be 
determined by identification of strategies to improve 
population protection and resilience against current and 

future variants of the SARS-CoV-2 virus. Several vaccines 
have been approved and used in multiple countries, but 
their effectiveness is continually being challenged with 
the emergence of new variants such as omicron 

http://crossmark.crossref.org/dialog/?doi=10.1016/S2352-4642(23)00101-3&domain=pdf


Articles

464 www.thelancet.com/child-adolescent   Vol 7   July 2023

(B.1.1.529).1,2 As additional boosters are being 
recommended to counteract the effect of variants, there 
is also increasing unwillingness to get further vaccine 
doses or an increased feeling of so-called vaccine fatigue.3 
Globally, only 34·7% of the population have completed 
their booster shots, whereas in the USA,  bivalent booster 
coverage is currently about 17% among those aged 
5–65 years.4,5  People who had been infected with SARS-
CoV-2 with or without previous vaccination increasingly 
question the benefit of getting vaccinated after their 
recovery.

Studies have shown that hybrid immunity (ie, a 
combination of vaccination and SARS-CoV-2 infection) 
can result in better immune responses with improved 
protection against variants compared with infection 
alone.6–8 However, there is no clear scientific evidence to 
inform the optimum doses infected individuals should 
receive after they have recovered or whether the sequence 
of infection and vaccination would have an effect on 
protection from emerging SARS-CoV-2 variants. 
Furthermore, real-world vaccine effectiveness data 
against omicron BA.4, BA.5, and XBB variants in 
children are scarce.9 These questions are especially 
important in the paediatric population since the 

development, availability, and rollout of COVID-19 
vaccines in children lag behind the adult population. By 
contrast to the adult population, many children acquired 
COVID-19 immunity via natural infection rather than 
vaccination.10–12 Understanding how much additional 
protection COVID-19 vaccination offers to current strains 
in previously infected people, and the potential option to 
strengthen population immunity resilience against 
emergent variants, will be crucial for public health.

Singapore experienced a large wave of SARS-CoV-2 
infections from September to December, 2021, driven by 
the delta variant (B.1.617.2).13 This was followed by an 
even larger wave from January to April, 2022, driven by 
the omicron (BA.1 and BA.2) variant.12,13 Further omicron 
waves swept through the country from June to September, 
2022 (dominated by the BA.4 and BA.5 variants), and 
October to December, 2022 (dominated by XBB).13 Early 
introduction of the BNT162b2 vaccine (tozinameran; 
Pfizer–BioNTech) to individuals aged 12–17 years in 
May, 2021, and strict compliance with various public 
health interventions, including masking in educational 
settings, ensured that paediatric case numbers in 
Singapore remained fairly low before the delta wave 
(<0·1% of reported paediatric cases).13 The vaccination 

Research in context

Evidence before this study
We searched PubMed on March 20, 2023, for papers published 
in English, using the terms (“SARS-CoV-2” or “COVID-19) AND 
(“effectiveness” or “protection” or “reinfection”) AND 
(“Omicron” or “BA.4/BA.5/XBB”) AND (“BNT162b2” or “Pfizer” 
or “vaccination”). Most studies focused on adults and show 
that hybrid immunity (ie, a combination of vaccination and 
SARS-CoV-2 infection) can result in better immune responses 
than infection alone, with improved protection against 
omicron variants. mRNA vaccination was reported to be 
65·7% effective in protecting previously infected children aged 
5–11 years against omicron BA.1 or BA.2 infections. In 
adolescents aged 12–17 years, vaccine boosters protected 
against BA.1 or BA.2 infections at 56% effectiveness. However, 
up-to-date vaccine effectiveness data in the paediatric 
population against omicron BA.4 or BA.5 and XBB are scarce. 
Furthermore, the optimum vaccination schedule that infected 
children and adolescents should receive after they have 
recovered, or whether the sequence of previous SARS-CoV-2 
infection variant and vaccination would affect overall 
protection, remains unknown.

Added value of this study
Using the national SARS-CoV-2 testing and BNT162b2 COVID-19 
vaccination reports in Singapore, we showed that BNT162b2 
vaccination in previously infected children and adolescents 
provided additional protection against omicron BA.4 or BA.5 
and XBB infection compared with those who remained 
unvaccinated. Hybrid immunity against XBB was lower than 

against BA.4 or BA.5, especially in adolescents. Early vaccination 
of previously uninfected children before their first SARS-CoV-2 
exposure could potentially strengthen population immunity 
resilience against future variants. Protection derived from 
previous or first infection variant against omicron BA.4 or BA.5 
reinfection was in the following order: BA.2 which conferred the 
most protection; followed by BA.1; and finally delta, which 
conferred the least protection.

Implications of all the available evidence
Our analysis showed the additional protection against omicron 
BA.4 or BA.5 and XBB variant reinfections that BNT162b 
vaccination provided for children and adolescents with previous 
SARS-CoV-2 infection. The reduced hybrid immunity against the 
XBB variant compared with the BA.4 or BA.5 variants, especially 
in adolescents, could warrant the use of bivalent boosters in this 
age group. Vaccination before a first SARS-CoV-2 infection 
provided the greatest protection against subsequent omicron 
BA.4 or BA.5 reinfections in children. Moreover, for 
unvaccinated children and adolescents who recovered from a 
past SARS-CoV-2 infection, there were clear additional benefits 
of getting at least one dose of vaccination in terms of protection 
against omicron BA.4 or BA.5 infections. These findings have 
important implications for public health discussions on 
paediatric vaccination programmes to help improve population 
immunity resilience against future variants. There is a need for 
continued paediatric-specific monitoring of vaccine 
effectiveness as well as studies to understand the scientific basis 
of vaccination priming to enhance protection.
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programme for children aged 5–11 years with two 10 μg 
doses of BNT162b2 started at the end of December, 2021. 
In January, 2022, a third BNT162b2 vaccine dose as 
booster was recommended for children aged 12–17 years 
who had completed their second dose more than 
5 months previously.

In this study, we aimed to analyse protection conferred 
by monovalent BNT162b2 vaccine in previously infected 
children and adolescents (age 5–17 years) against 
omicron BA.4 or BA.5, and XBB infection. We further 
explored whether the sequence of SARS-CoV-2 infection 
(variant) and vaccination dose had an effect on the 
protection conferred against omicron BA.4 and BA.5.

Methods 
Study design and participants 
This was a retrospective, population-based cohort study 
of children aged 5–11 years and adolescents aged 
12–17 years in Singapore who had a previous SARS-CoV-2 
infection confirmed by real-time reverse transcriptase 
polymerase chain reaction (RT-PCR) or antigen rapid 
testing from Jan 1, 2020, to Dec 15, 2022. All SARS-CoV-2 
positive cases were required by law to be notified to the 
Ministry of Health, Singapore under the Infectious 
Diseases Act. People who were infected during the 
pre-delta period (<0·1% of cases), and who were 
immunocompromised (ie, those who received three 
vaccination doses [children 5–11 years old] and four 
vaccinations doses [adolescents 12–17 years old]) were 
excluded. Those who had multiple episodes of infection 
before the study start date, were not vaccinated before 
infection but completed three doses subsequently, 
received bivalent mRNA vaccine, or received non-mRNA 
vaccine doses were also excluded. The study was done to 
support policy decision making and evaluation of the 
public health response to COVID-19 under the Infectious 
Diseases Act, Singapore, and therefore ethics review by 
an Institutional Review Board or written informed 
consent was not required.

Procedures
Data were extracted by DP and KBT from official 
databases maintained by the Ministry of Health, 
Singapore, including national records of all confirmed 
SARS-CoV-2 infections, vaccines administered, age, sex, 
ethnicity, and housing type (proxy measure of 
socioeconomic status). Data regarding sex were extracted 
from the National Birth Registry (options included male 
or female). Information on dates of first infection, receipt 
of vaccination doses, and subsequent reinfection during 
the study periods were used for analysis of sequence on 
vaccine effectiveness. Variant and sub-lineage 
classifications were determined according to whole-
genome sequencing and S-gene target failure (SGTF) 
results if available. SGTF positive status was used as a 
proxy criterion for omicron BA.4 or BA.5 variant infection 
after April, 2022, corresponding to the timing of omicron 

variant waves. Infections with SGTF failure were 
attributed to be omicron XBB variant from October, 2022, 
with it being the dominant variant. In the absence of 
whole-genome sequencing or SGTF, imputation of 
variant and sublineage was performed.14 Details of 
genomic surveillance in Singapore as well as imputation 
methods and results are available in the appendix (p 4).

Outcomes
The primary outcome measure was the incidence of all 
reported SARS-CoV-2 infections confirmed by RT-PCR 
or antigen rapid testing between June 1, 2022, and 
Sept 30, 2022 (omicron BA.4 or BA.5 wave) and between 
Oct 18, 2022, and Dec 15, 2022 (omicron XBB wave) in 
the cohort. Cases of COVID-19 among children and 
adolescents in Singapore were identified through testing 
of symptomatic children and adolescents who presented 
with acute respiratory illness at any health-care facility 
including primary care clinics, community testing 
centres, or hospitals. Additionally, asymptomatic cases 
were also detected mainly as part of recommendations 
for testing of close contacts of people with COVID-19. 
Individuals were considered to have an infection if they 
had tested positive at least 90 days after their previous 
infection.

Statistical analysis
For individuals who did not have an infection during our 
study period, person-days at risk were calculated based on 
the length of our study period (ie, June 1 2022, to 
Sept 30, 2022, for omicron BA.4 or BA.5 and Oct 18, 2022, 
to Dec 15, 2022, for omicron XBB. For individuals who had 
an omicron BA.4 or BA.5, or XBB infection during our 
study period, person-days at risk were calculated from the 
corresponding June 1, 2022, or Oct 18, 2022, respectively to 
the date of their infection. Generalised linear Poisson 
regression models, which can overcome overdispersion,15 
were used to estimate incidence rate ratios of SARS-CoV-2 
infection with omicron BA.4 or BA.5, with individuals who 
were unvaccinated serving as the reference group. Vaccine 
effectiveness was calculated by: 1 – (incidence rate ratio of 
vaccinated to unvaccinated) × 100.16,17 Regressions were 
adjusted for age, sex, ethnicity, housing type (as a proxy for 
socioeconomic status), calendar week (to account for 
varying force of infection across time), vaccination status, 
time from last vaccine dose, variant of previous (first) 
infection, and time from previous infection. In counting 
person-days, we accounted for the time-varying nature of 
vaccination status and infection status: the same individual 
could contribute person-time to unvaccinated, one-dose 
vaccinated, two-dose vaccinated, and three-dose vaccinated 
groups as well as uninfected and previously infected 
groups depending on the period. Children aged 5–11 years 
were analysed separately from adolescents aged 12–17 years 
as three-dose vaccination had been recommended only for 
the adolescent group. To explore the effect of sequence and 
variant, various permutations or strains were stratified for 

See Online for appendix
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comparison of vaccine effectiveness. Analysis were done 
with Stata Statistical Software Release 17.

Role of the funding source 
There was no funding source for this study.

Results 
After exclusion of those who did not meet the inclusion 
criteria, the study cohorts consisted of 135 197 people aged 
5–17 years (79 332 children and 55 865 adolescents) for the 
vaccine effectiveness analysis against omicron BA.4 or 
BA.5, and 164 704 people aged 5–17 years  (97 235 children 
and 67 469 adolescents) for the analysis against omicron 
XBB (appendix p 1). The demographic distribution of the 
study cohorts including sex, ethnicity, and housing type as a 
proxy measure of socioeconomic status are summarised in 
table 1. Approximately 47% of participants were female and 
53% were male. In the vaccine effectiveness against 
omicron BA.4 or BA.5 cohort, the 5–11-year-old age group 

(children) contributed 8·0 million person-days and the 
12–17-year-old age group (adolescents) contributed 
5·8 million person-days of observation to the study. Against 
omicron XBB, there were 4·8 million person-days for 
children and 3·5 million person-days for adolescent groups.

Vaccination rates as per recommended schedule at the 
time of the study periods (two doses in children and three 
doses in adolescents) in our previously infected cohort 
were about 50% among children and 65% among 
adolescents (table 1). The median time interval between 
the first and second dose was 29 days (IQR 22–42) for 
children and 30 days (27–42) for adolescents. The median 
time interval between the second and third dose was 
189 days (IQR 167–234) for adolescents.

Overall, there were 1495 (1·9%) of 79 332 children and 
599 (1·1%) of 55 865 adolescents who tested positive for 
SARS-CoV-2 infection attributed to omicron BA.4 or 
BA.5 variants. For XBB variant, 783 (0·8%) of 
97 235 children and 767 (1·1%) of 67 469 adolescents 
tested positive.

In previously infected children, the overall vaccine 
effectiveness of two-dose vaccination against omicron 
BA.4 or BA.5 infections was 74·0% (95% CI 67·7–79·1; 
table 2). In previously infected adolescents, two-dose 
vaccination conferred additional protection against 
omicron BA.4 or BA.5 infections at a vaccine effectiveness 
of 84·9% (77·0–90·1), while a third dose did not 
substantially improve the level of protection (85·7% 
[80·2–89·6]). Additional analysis of vaccine effectiveness 
stratified by the number of days after a second dose in 
children and the number of days after a third dose in 
adolescents found no clear decline in vaccine effectiveness 
over time (appendix p 2). Therefore, these findings were 
not due to bias from waning of vaccine effectiveness.

Protection against omicron XBB reinfection from hybrid 
immunity was generally lower than protection against 
omicron BA.4 or BA.5. In previously infected children, 
protection with two-dose vaccination was 62·8% (95% CI 
42·3–76·0). For previously infected adolescents, one-dose 
vaccine effectiveness was 54·5% (22·1–73·4), two-dose 
effectiveness was 57·9% (33·6–73·3), and three-dose 
effectiveness was 47·9% (20·2–66·1) against omicron XBB 
(table 2).

The adjusted vaccine effectiveness against omicron BA.4 
or BA.5 infection by sequence of vaccination dose 
(vaccination) and SARS-CoV-2 infection status (infection) 
are summarised in table 3 and figure 1. A single-dose 
vaccination in children after their first SARS-CoV-2 
infection provided vaccine effectiveness against omicron 
BA.4 or BA.5 infection of 44·1% (95% CI 31·7–54·3). 
Protection improved to 56·5% (22·2–75·7) with a 
subsequent second dose. Similarly, in unvaccinated 
adolescents, a single dose vaccination after recovery from 
first SARS-CoV-2 infection provided vaccine effectiveness 
against omicron BA.4 or BA.5 infection of 69·2% 
(50·4–80·8), which increased to 88·0% (69·3–95·3) 
following a second dose.

BA.4 or BA.5 XBB 

Children aged 
5–11 years, 
(number of 
person-days in 
millions)

Adolescents aged 
12–17 years 
(number of 
person-days in 
millions)

Children aged 
5–11 years, 
(number of 
person-days in 
millions)

Adolescents aged 
12–17 years 
(number of 
person-days in 
millions)

Total 8·0 5·8 4·8 3·5

Sex 

Female 3·8 (46·9%) 2·7 (46·9%) 2·3 (47·4%) 1·7 (47·2%)

Male 4·3 (53·1%) 3·1 (53·1%) 2·5 (52·6%) 1·8 (52·8%)

Ethnic group 

Chinese 5·2 (64·6%) 3·5 (61·4%) 3·2 (67·2%) 2·3 (65·0%)

Malay 0·9 (10·6%) 0·7 (12·0%) 1·0 (19·9%) 0·7 (19·9%)

Indian 1·7 (21·4%) 1·3 (23·0%) 0·5 (9·7%) 0·4 (11·9%)

Other 0·3 (3·4%) 0·2 (3·7%) 0·2 (3·3%) 0·1 (3·3%)

Housing 

Public housing 6·9 (86·3%) 4·9 (84·6%) 4·1 (84·8%) 2·9 (83·3%)

One or two rooms 0·4 (4·8%) 0·3 (5·0%) 0·2 (4·4%) 0·1 (4·1%)

Three rooms 1·4 (17·4%) 1·0 (16·8%) 0·8 (15·8%) 0·5 (15·7%)

Four rooms 3·0 (37·7%) 1·9 (33·5%) 1·8 (38·2%) 1·2 (33·7%)

Five rooms 2·1 (26·4%) 1·7 (29·3%) 1·3 (26·4%) 1·0 (29·8%)

Private housing 1·1 (13·7%) 0·9 (15·4%) 0·7 (15·2%) 0·6 (16·7%)

Vaccination status 

Unvaccinated 1·8 (23·0%) 0·1 (2·1%) 1·5 (31·0%) 0·1 (3·4%)

One dose 2·1 (26·6%) 0·1 (1·3%) 0·9 (18·5%) 0·1 (3·2%)

Two dose 4·1 (50·4%) 1·9 (32·2%) 2·4 (50·5%) 0·9 (26·7%)

Three dose NA 3·7 (64·3%) NA 2·3 (66·7%)

Previous SARS-CoV-2 infection variant 

Delta 1·0 (12·5%) 0·6 (9·6%) 0·4 (8·2%) 0·2 (6·3%)

BA.1 3·4 (42·2%) 2·6 (45·3%) 1·3 (27·7%) 1·0 (29·0%)

BA.2 3·6 (45·3%) 2·6 (45·1%) 2·1 (44·1%) 1·4 (40·9%)

BA.4 or BA.5 NA NA 1·0 (19·9%) 0·8 (23·8%)

Data are number of person-days in millions (%). Percentages might not add up correctly due to rounding techniques 
used. NA=not applicable. 

Table 1: Characteristics of the study cohort
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Individuals who received two doses of vaccination before 
their first infection had the highest protection against 
omicron BA.4 or BA.5 infection with vaccine effectiveness 
of 85·3% (95% CI 80·2–89·1) in children and 82·9% 
(72·2–89·5) in adolescents (table 3). There was a trend of 
greater protection against omicron BA.4 or BA.5 infection 
in children who were vaccinated before their first 
SARS-CoV-2 infection (figure 1). The vaccine effectiveness 

estimates for those who were vaccinated before infection 
were generally higher than those who were infected and 
then vaccinated (44·1% and 56·5% vs 72·9%, 73·6%, and 
85·3%). Among adolescents, receipt of an additional third-
dose vaccination after recovering from their breakthrough 
SARS-CoV-2 infection did not result in substantial 
improvement in protection against omicron BA.4 or BA.5 
infection (vaccine effectiveness 86·0% [80·6–89·9]).

Children aged 5–11 years Adolescents aged 12–17 years

Number of 
person-days 
(in millions)

Number of 
infections

Crude incidence 
(number of infections 
per 100 000 person-
days)

Adjusted vaccine 
effectiveness 
(95% CI)*

Number of 
person-days 
(in millions)

Number of 
infections

Crude incidence 
(number of infections 
per 100 000 person-
days)

Adjusted vaccine 
effectiveness 
(95% CI)*

BA.4 or BA.5

Unvaccinated 1·8 485 26·2 1 (ref) 0·1 57 47·4 1 (ref)

One dose 2·1 746 34·9 44·0% (32·2–53·7) 0·1 44 57·5 70·4% (53·3–81·2)

Two doses 4·1 264 6·5 74·0% (67·7–79·1) 1·9 176 9·5 84·9% (77·0–90·1)

Three doses NA NA NA NA 3·7 322 8·7 85·7% (80·2–89·6)

XBB

Unvaccinated 1·5 221 14·9 1 (ref) 0·1 36 29·9 1 (ref)

One dose 0·9 231 25·9 59·1% (35·7–73·9) 0·1 47 41·6 54·5% (22·1–73·4)

Two doses 2·4 331 13·6 62·8% (42·3–76·0) 0·9 183 19·6 57·9% (33·6–73·3)

Three doses NA NA NA NA 2·3 501 21·5 47·9% (20·2–66·1)

NA=not applicable. *Vaccine effectiveness was calculated by 1 – (incidence rate ratio of vaccinated to unvaccinated) × 100. Poisson regression was used to estimate incidence 
rate ratios of SARS-CoV-2 infection with omicron BA.4 or BA.5 adjusted for age, sex, ethnicity, housing type (as a proxy for socioeconomic status), calendar week (to account 
for varying force of infection across time), vaccination status and time from last vaccine dose, variant of previous infection, and time from previous infection.

Table 2: Adjusted vaccine effectiveness against omicron BA.4 or BA.5 and XBB infection in previously infected children and adolescents

Children aged 5–11 years Adolescents aged 12–17 years

Crude incidence (number 
of BA.4 or BA.5 infections 
per 100 000 person-days)

Adjusted vaccine 
effectiveness against BA.4 or 
BA.5 reinfection (95% CI)*

Crude incidence (number 
of BA.4 or BA.5 infections 
per 100 000 person-days)

Adjusted vaccine 
effectiveness against BA.4 or 
BA.5 reinfection (95% CI)*

Unvaccinated before infection

Infection 26·2 1 (ref) 47·4 1 (ref)

Infection, vaccination 52·2 44·1% (31·7 to 54·3) 69·2 69·2% (50·4 to 80·8)

Infection, first vaccination, second 
vaccination

30·4 56·5% (22·2 to 75·7) 24·6 88·0% (69·3 to 95·3)

Vaccinated with one dose before infection

Vaccination, infection 13·5 72·9% (63·1 to 80·1) 27·8 55·8% (–10·5 to 82·3)

First vaccination, infection, second 
vaccination

11·1 73·6% (65·5 to 79·8) 45·7 70·4% (43·5 to 84·4)

First vaccination, infection, second 
vaccination, third vaccination

NA NA 48·6 76·6% (3·9 to 94·3)

Vaccinated with two doses before infection

First vaccination, second vaccination, 
infection

5·2 85·3% (80·2 to 89·1) 8·8 82·9% (72·2 to 89·5)

First vaccination, second vaccination, 
infection, third vaccination

NA NA 10·8 86·0% (80·6 to 89·9)

Vaccinated with three doses before infection

First vaccination, second vaccination, 
third vaccination, infection

NA NA 5·9 79·7% (67·3 to 87·4)

NA=not applicable. *Vaccine effectiveness was calculated by 1 – (incidence rate ratio of vaccinated to unvaccinated) × 100. Poisson regression was used to estimate incidence 
rate ratios of SARS-CoV-2 infection with omicron BA.4 or BA.5 adjusted for age, sex, ethnicity, housing type (as a proxy for socioeconomic status), calendar week (to account 
for varying force of infection across time), vaccination status and time from last vaccine dose, variant of previous infection, and time from previous infection.

Table 3: Adjusted vaccine effectiveness against omicron BA.4 or BA.5 infection stratified by sequence of vaccination dose and SARS-CoV-2 infection
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In children who had received only one dose of 
vaccination before a first infection, vaccine effectiveness 
against omicron BA.4 or BA.5 infection was 72·9% 
(95% CI 63·1 to 80·1; table 3). Receipt of a second-dose 
vaccination did not provide additional protection with a 
vaccine effectiveness of 73·6% (65·5 to 79·8). However, 
in adolescents who received only one dose of vaccination 
before their first infection, vaccine effectiveness against 
omicron BA.4 or BA.5 infection was found to increase 
from 55·8% (–10·5 to 82·3) to 70·4% (43·5 to 84·4) with 
a second-dose vaccination.

Among children previously infected with delta, 
omicron BA.1, or omicron BA.2 variants, vaccine 
effectiveness of two-dose vaccination against omicron 
BA.4 or BA.5 reinfections was 51·9% (95% CI 5·3–75·6) 
for delta, 81·9% (75·9–86·4) for BA.1, and 92·3% 
(88·9–94·7) for BA.2 variants (appendix p 7). A similar 
trend was observed in previously infected adolescents 
with vaccine effectiveness of two-dose vaccination at 
75·4% (57·2–85·9) for delta, 94·8% (90·5–97·1) for BA.1, 
and 96·4% (93·0–98·2) for BA.2 variants. These findings 
show that against omicron BA.4 or BA.5 reinfection, 
hybrid immunity from a first infection with BA.2 
conferred the highest protection whereas those whose 
first infection was with delta had the lowest protection 
(figure 2).

Discussion 
In children and adolescents with a previous episode of 
SARS-CoV-2 infection, receipt of two-dose and three-
dose BNT162b2 vaccination provided protection against 

omicron BA.4 or BA.5 infections at 74·0% (two doses) 
and 85·7% (three doses), respectively. Against XBB 
reinfection, hybrid immunity was reduced in children 
with two-dose vaccination to 62·8% and in adolescents 
with three-dose vaccination to 47·9%. In children and 
adolescents who were unvaccinated before their first 
infection, subsequent receipt of two-dose vaccination 
generated better protection against BA.4 or BA.5 
reinfection than did one dose, especially in adolescents. 
We found that receipt of two doses of BNT162b2 
vaccination before first SARS-CoV-2 exposure provided 
the greatest protection against subsequent BA.4 or 
BA.5 infection, especially in children (vaccine 
effectiveness 85·3%). This trend was less clear in 
adolescents.  Low numbers of adolescents were infected 
before vaccination resulting in vaccine effectiveness 
with wide confidence intervals. Finally, after adjustment 
for vaccination status, our results indicated an upward 
trend in protection against BA.4 or BA.5 reinfection if 
the first SARS-CoV-2 infection strain was delta, followed 
by BA.1 and then BA.2.

We confirmed that vaccination continues to provide 
protection against omicron BA.4 or BA.5 and XBB 
variants in previously infected children and adolescents. 
A recent preprint study of children age 6–14 years found 
that vaccination resulted in the highest level of 
neutralising antibodies, even when compared with those 
infected by two omicron variants.18 Published studies also 
report vaccination and infection eliciting increased cross-
variant antibodies.19,20 Vaccine effectiveness estimates 
against XBB variants were lower than against BA.4 or 

Figure 1: Adjusted vaccine effectiveness against omicron BA.4 or BA.5 infection stratified by sequence of vaccination dose and SARS-CoV-2 infection
The size of the dots is proportional to the number of person-days within each age group, hence, the size of the dots is not comparable across age groups.
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BA.5 variants, especially for adolescents in our study. 
Vaccine effectiveness against XBB available from a 
recently published study in adults aged 18 years or older 
from Singapore reported a protective hybrid immunity 
ranging between 30% and 51%, which was comparable 
with our findings.21 By contrast to our results, hybrid 
immunity against XBB in adults was only detected in 
vaccination-boosted individuals. These differences 
highlight the importance of monitoring real-world 
vaccine effectiveness in the paediatric population, whose 
young and evolving immune system differs substantially 
from the adult or older population. On the basis of our 
findings, bivalent boosters might be warranted for 
adolescents to improve protection against XBB, but less 
so in children aged 5–11 years. More research and data 
from other settings and countries are required to confirm 
this.

Our exploratory analysis of vaccine effectiveness against 
omicron BA.4 or BA.5 by sequence of vaccination dose 
and SARS-CoV-2 infection yielded important insights to 
guide public health vaccination policy and development of 
optimum vaccination schedules for the paediatric 
population. First, our study showed that vaccination 
before a SARS-CoV-2 infection provided the greatest 
protection against subsequent omicron BA.4 or BA.5 
infection in children. This finding has implications for 
public health discussions of paediatric vaccination 
programmes in young children who have not yet been 
exposed to SARS-CoV-2, to help improve population 
immunity resilience against future variants. Second, for 
unvaccinated children and adolescents who recovered 
from a past SARS-CoV-2 infection, there were clear 
additional benefits of getting at least one dose of a 
vaccination in terms of protection against omicron BA.4 
or BA.5 infection. The better protection from a second-
dose vaccination observed in adolescents compared with 
children could be attributed to the larger antigen dose in 
the vaccine used in adolescents (30 µg) compared with in 
children (10 µg). Third, our study found that children who 
received one dose before getting their first infection might 
not need to complete their second dose vaccination upon 
recovery as there was no incremental protection against 
subsequent omicron BA.4 or BA.5 infection (vaccine 
effectiveness 72·9% vs 73·6%). By contrast, a substantial 
improvement in protection was observed in adolescents 
with receipt of two doses (vaccine effectiveness 55·8% vs 
70·4%). Additional doses of vaccination did not result in 
significant boosting of immune responses to translate to 
clinical protection in previously infected individuals. A 
larger antigen dose, such as the ones used in vaccination 
of adolescents or bivalent vaccines, might be needed to 
overcome such immune effects to improve protection 
against new variants.

Among previously infected children and adolescents, 
vaccine effectiveness against omicron BA.4 or BA.5 variant 
infection was found to vary depending on the first 
SARS-CoV-2 infection variant. Those infected with the 

more recent omicron BA.1 or BA.2 variant had better 
protection than did those infected with a previous delta 
variant. Our results concur with a test-negative study from 
Qatar in which protection from infection with previous 
non-omicron variants was lower than protection from 
infection with previous BA.1 or BA.2 variants.22 Antigenic 
cartography studies have shown that omicron sublineages 
are separated from earlier SARS-CoV-2 variants with 
omicron BA.4 or BA.5 being the most distant.11

Although the study was based on a comprehensive 
national data set of paediatric infections and vaccination 
history, there are a number of inherent limitations as an 
observational study. We adjusted for potential confounders 
such as demographics, socioeconomic status, and 
calendar time. Furthermore, our primary analysis of 
vaccine effectiveness against BA.4 or BA.5 and XBB also 
adjusted for the variant of the first SARS-CoV-2 infection, 
which has been shown to have an effect on hybrid 
immunity. However, we were not able to exclude residual 
confounders such as all comorbidities, underlying 
parents’ decision to vaccinate their children, exposure 

Figure 2: Adjusted vaccine effectiveness against omicron BA.4 or BA.5 
infection stratified by previous SARs-CoV-2 infection variant
The size of the dots is proportional to the number of person-days within each 
age group, hence, the size of the dots is not comparable across age groups.
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risk, and health-seeking behaviour. Differences in health-
seeking behaviour might result in bias in case 
ascertainment between vaccinated and unvaccinated 
individuals. We did not specifically evaluate duration of 
protection but additional analysis by days since vaccination 
showed no waning of vaccine effectivenes. Genomic 
sequencing was not routinely done on all confirmed cases 
of SARS-CoV-2 infection and hence, attributed causative 
variant utilised imputation methods, as described. We did 
not account for multiplicity resulting from analysis of 
more than one group of participants.

In previously infected children and adolescents, 
vaccination provided additional protection against omicron 
BA.4 or BA.5 and XBB infections compared with those 
who remained unvaccinated. Vaccine effectiveness was 
lower against the XBB variant than the BA.4 or BA.5 
variant, especially in adolescents. Among children, those 
who were vaccinated before their first SARS-CoV-2 
infection had the highest protection against subsequent 
omicron BA.4 or BA.5 infections. This finding could 
suggest that early vaccination of children who have not yet 
been exposed to SARS-CoV-2 could potentially strengthen 
population resilience against future SARS-CoV-2 variants. 
Our study provides important vaccine effectiveness 
insights regarding the possible importance of priming 
with vaccination before the first SARS-CoV-2 exposure to 
guide public health vaccination policies and optimisation 
of schedules for the paediatric population.
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