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Dear Editor,

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has caused nearly seven million deaths world-
wide. Children often develop asymptomatic or mild
symptoms of COVID-19.1 However, the development of
life-threatening severe diseases, such as multisystem
inflammatory syndrome (MIS-C), have also been re-
ported in children.2,3 In China, children encountered a
large wave of SARS-CoV-2 infection mainly caused by
the BA.5.2 or BF.7 strains, after the zero-COVID policy
adjustment from December 2022 to January 2023.4 In
addition, those under the age of three have not been
vaccinated against SARS-CoV-2. Therefore, it is imper-
ative to understand the cross-neutralisation of
SARS-CoV-2 antibodies developed in children against
potentially upcoming sub-variants such as XBB,
XBB.1.5, CH.1.1, EG.5, and BA.2.86.5,6

In this study, we evaluated the cross-neutralisation of
serum samples from SARS-CoV-2 convalescent children
collected at Shenzhen Children’s Hospital in Guangdong
Province, China. The samples were tested for the neu-
tralisation of the SARS-CoV-2 prototype (PT) and several
omicron sub-variants using a pseudovirus assay (Fig. 1A).7

A total of 310 paediatric patients were divided into five
groups based on vaccination dose and immunocompro-
mised status. These included individuals who received no
SARS-CoV-2 vaccination (Group 1) and one or two shots
of inactivated vaccines before breakthrough infection
(BTI) (Groups 2 and 3), as well as immunocompromised
individuals who received either no SARS-CoV-2 vaccina-
tion before infection for various reasons (Group 4), such
as haematopoietic stem cell transplantation, leukaemia,
thalassaemia, or neuroblastoma, etc, or two doses of
inactivated vaccines before the BTI (Group 5) as shown in
Supplementary Fig. S1 and Tables S1 and S2.

We observed that serum samples from the 2x
Vaccination + Breakthrough group (Group 3) induced
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higher titres of neutralising antibodies (NAb) against PT
and all omicron sub-variants tested compared to the
samples collected from the children who were un-
vaccinated (Group 1) and the 1x Vaccination + Break-
through group (Group 2, Fig. 1, Supplementary Figs. S2
A, C and S3). However, the neutralising titres of Group
1 were slightly higher than those of Group 2 which may
be related to the limited sample size. Similarly, serum
samples from the Immunocompromised and 2x
Vaccination + Breakthrough group (Group 5) displayed
more efficient neutralisation than samples collected
from the un-vaccinated immunocompromised children
(Group 4, Supplementary Figs. S2B and S3). These re-
sults indicate that the two doses of the vaccine can
contribute to higher NAb titres in children with and
without immunocompromised diseases. Further
research is needed to determine whether vaccination
alone can induce comparable levels of cross-NAbs in
immunocompromised children.

In the un-vaccinated group, the NAb titres against
BA.4/5 and BF.7 were similar to the highest among all
variants detected. The NAb titres against PT and CH.1.1
were the lowest (16.3 and 10.8 fold lower than BA.4/5),
even lower than XBB and XBB.1.5 (6.7 and 6.6 fold
lower than BA.4/5) (Supplementary Table S3).

In all BTI groups, the NAb titres against PT, BA.1,
BA.2, BA.4/5, and BF.7 were higher, and those against
CH.1.1, XBB, and XBB.1.5, which showed the most
reduced titres (2.4 to 37.5 fold lower than PT), were lower
than those against BQ.1 and BQ.1.1 (Supplementary
Table S3). The seropositivity against XBB, XBB.1.5 and
CH.1.1 was the lowest among all strains (Supplementary
Fig. S4 B, C, E). The specific mutation sites in CH.1.1
XBB and XBB.1.5 compared with PT and BA.4/5 or BF.7,
such as V213E, G339H, and F486S/P, may play impor-
tant roles in immune escape.8–10

Next, we sub-grouped Group 1 and Group 3 in-
dividuals by age to test whether the development of the
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Fig. 1: Neutralizing Antibodies against SARS-CoV-2 Variants in Convalescents’ Sera from Children. Panel A shows the mutations in the spike
protein of SARS-CoV-2 PT and the omicron sub-variants analysed in this study. BA.4, and BA.5 have the same spike protein sequence; thus,
they were grouped as BA.4/5. Orange indicates amino acid differences compared with PT (light green), including substitutions and deletions.
The third and fourth amino acids at the same locus are highlighted in red and blue, respectively. SP, signal peptide; NTD, N-terminal domain;
RBD, receptor-binding domain, S2: S2-protein subunit. Panels B–F show the 50% pseudovirus neutralisation titres (pVNT50) against SARS-
CoV-2 PT and omicron BA.1, BA.2, XBB, XBB.1.5, CH.1.1, BA.4/5, BF.7, BQ.1, and BQ.1.1. Human serum was collected from convalescents of a
recently passed infection wave, which was mainly caused by the omicron BA.5.2 or BF.7 sub-variant in Guangdong Province, China. Serum
samples were divided into five groups according to vaccination dose and immunocompromised status. Group 1 (Infection) were individuals
who received no SARS-CoV-2 vaccination before infection (n = 101). Group 2 (1x Vaccination + Breakthrough) were participants who received
one dose of an inactivated virus vaccine, either CoronaVac or BBIBP-CorV (Sinopharm and Sinovac, China), before breakthrough infection
(BTI) (n = 17). Group 3 (2x Vaccination + Breakthrough) were individuals vaccinated with two doses of the inactivated vaccine before the BTI
(n = 134). Group 4 (Immunocompromised and Infected) were immunocompromised individuals who did not receive SARS-CoV-2 vaccination
before infection (n = 36). Group 5 (Immunocompromised and 2x Vaccination + Breakthrough) were immunocompromised participants who
received two doses of inactivated vaccine before BTI (n = 22). The geometric mean titre (GMT) numbers are shown at the top of each
column, and the dashed line indicates the lowest detection limit (1:10). A pVNT50 value below the limit of detection was determined to be
half the limit of detection.
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immune system in children could contribute to SARS-
CoV-2 NAb induction. In Group 1, children in the 0–1
years, 1–3 years and 3–6 years sub-groups showed
similar NAb titres. The NAb titres were slightly higher
in the 6–17 year-old group with no significant differ-
ences owing to the small sample size (p > 0.05,
Supplementary Fig. S5). Furthermore, in Group 3,
children who were 6–17 years of age had slightly higher
NAb titres (not significant, p > 0.05) than those in the
3–6 years sub-group (Supplementary Fig. S6). These
results suggest that natural omicron infections in in-
fants can result in cross-NAbs at levels similar to those
observed in preschool children.

In summary, our results suggest that children
administered two doses of inactivated vaccines can more
efficiently neutralise SARS-CoV-2 PT and omicron sub-
variants. Importantly, cross-NAbs can also be induced in
immunocompromised children. CH.1.1, XBB, XBB.1.5,
and their sub-lineages exhibited the highest immune
escape potential and are major threats to future re-
infections. Taken together, these findings provide an
assessment of the NAb titre in children and will help
evaluate the potential risk of future reinfection and
inform future vaccination regimens for children.
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