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Why are children less affected than adults by severe acute
respiratory syndrome coronavirus 2 infection?
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An adequate immune response to severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is crucial to not only clear
the virus but also prevent tissue immunopathology. Because
children generally experience a milder course of coronavirus
disease 2019 (COVID-19) than adults, it is important to
characterize the immune responses to SARS-CoV-2 in children.
In an analysis of 91 children (3–11 years old) and 154 adults
(20–71 years old), including 35 and 81 SARS-CoV-2 seropositive
participants, respectively, Dowell et al. [1]. showed that COVID-
19 convalescent children had more robust humoral immune
responses to SARS-CoV-2 and endemic human coronaviruses
(hCoVs) than convalescent adults. Notably, antibodies cross-
reactive to beta-hCoVs were specific for the S2 domain of the
spike protein, which is highly conserved among hCoVs, but not
for the S1 domain; these cross-reactive antibodies contribute to
the higher SARS-CoV-2-specific titer in children. This finding was
emphasized by the lower titers of four hCoV-specific antibodies
in seronegative children than in adults. Spike-specific T-cell
responses were also higher in children, and even SARS-CoV-2-
seronegative children showed prominent cellular immune
responses to alpha- and beta-hCoVs. SARS-CoV-2-specific T-cell
responses in children showed a differential cytokine response
with markedly reduced production of IL-2, suggesting a more
highly differentiated functional response in children than in
adults. Indeed, at 6 months after primary infection, the majority
of spike-specific CD8+ T cells in children had an IL-2−IFN-
γ+TNF+ phenotype. Moreover, the stronger adaptive response
in children was maintained for at least 6 months after COVID-19
and exhibited broad activity against numerous variants of
concern.
Although we have little data on humoral and cellular immune

responses according to age in COVID-19 convalescent adults,
there is evidence that the immune response and effectiveness
of COVID-19 vaccination are lower in aged adults than in young
adults [2]. The results reported by Dowell et al. complete the
spectra of humoral and cellular immune responses to SARS-CoV-
2 and hCoV in SARS-CoV-2 seronegative or seropositive
children, young adults, and elderly people (Fig. 1). hCoV-
specific antibody levels tend to be lower in SARS-CoV-2
seronegative children than in adults, whereas hCoV-specific
SARS-CoV-2-cross-reactive T cells are abundant in children [1, 3].

In addition, compared to elderly people, young adults have a
greater T-cell response to hCoV, and these T cells can cross-
react with SARS-CoV-2. Moreover, after SARS-CoV-2 infection or
vaccination, humoral and cellular immune responses to SARS-
CoV-2 and hCoV are greater in children than in young adults or
elderly people. Furthermore, these responses decline more
rapidly in elderly people than in young adults or children [1, 2].
Severe COVID-19 is more frequent in elderly people than in
young adults, and the magnitude of adaptive responses tends
to be greater and more durable in those who have experienced
severe COVID-19 [4, 5].
The risk of SARS-CoV-2 reinfection is lower in children than in

adults [6], which is in agreement with the robust and sustained
humoral and cellular immune responses in convalescent
children. However, these data raise questions about the
optimal regimen for additional vaccination in COVID-19
convalescent children. In adults, COVID-19 vaccination is
routinely recommended for those who have had COVID-19
because one dose of an mRNA vaccine elicits broad humoral
and cellular immunity in COVID-19 convalescent adults [7].
Immune responses following an additional vaccination in
children and the necessity for this additional intervention
should be evaluated.
The relationship of the magnitude of immunity to SARS-CoV-2

with the severity of COVID-19 differs between children and
adults. Adaptive responses are greater in COVID-19 convalescent
adults who had severe illness than in those who had mild
disease [4, 5]. In contrast, Dowell et al. reported that children
had stronger immune responses than adults, although children
tended to experience milder illness. Notably, it is inadequate to
explain the clinical severity of COVID-19 by the magnitude of the
SARS-CoV-2-specific immune response in convalescent samples
without considering comorbidities or pre-existing or acute-
phase immune responses. However, it is plausible that the high-
level immune response in convalescent adults who had severe
disease comprises bystander activation [8], whereas the
response in convalescent children is mainly specific to SARS-
CoV-2.
Several immunological theories could explain the differing

severity of COVID-19 in children and adults. These hypotheses
include reduced respiratory tract expression of angiotensin
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converting enzyme 2 receptor in children compared with adults
[9], a potent and transient antiviral innate immune response,
and low turnover rates of T cells and natural killer cells in
children [10]. A greater abundance of hCoV-reactive SARS-CoV-2
cross-reactive CD4+ T cells in children has also been suggested
[3]. In addition, prominent humoral and cellular immune
responses in convalescent samples could be immunological
features associated with milder illness in children.
In conclusion, Dowell et al. reported for the first time robust and

sustained humoral and cellular immune responses with spike-
specific cross-reactivity with hCoVs in COVID-19 convalescent
children. The high-level immune response in convalescent
children may be associated with the observed differences in
clinical severity between children and adults. If so, these findings
have important implications for future COVID-19 vaccination
strategies for children.
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Fig. 1 Model of adaptive immunity to SARS-CoV-2 according to age. Before SARS-CoV-2 infection, children have more robust and persistent
hCoV spike-specific humoral and cellular immune responses that cross-react with SARS-CoV-2 than young adults and elderly people. After
SARS-CoV-2 infection, the magnitude of the adaptive response to SARS-CoV-2 is greater and more durable in children than in young adults or
elderly people. Image created using Biorender.com
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