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What do we know about covid-19 and children?

Since the beginning of the pandemic, it’s been clear that children are far less at risk of severe disease
from SARS-CoV-2 than adults. Less clear are how it manifests in them and their susceptibility to the
virus. David Cox asks what three years of research and experience has uncovered so far

David Cox freelance journalist

How does covid-19 affect children today?

Incidents of critical covid-19 in children remain rare,
even though the delta and omicron variants have
proved considerably more adept at infecting children
than previous variants. In the early stages of the
pandemic, estimates indicated that children were
less likely to become infected with SARS-CoV-2in the
first place. And one of the first major retrospective
studies about children and covid-19, by Chinese
scientists in the first year of the pandemic, found that
up to 90% of paediatric cases were asymptomatic,
mild, or moderate.?

“Children are more likely than adults to have
asymptomatic or mild infections,” says Anna
Sick-Samuels, assistant professor of paediatrics at
Johns Hopkins Medical School. “The majority of
children hospitalised with severe covid-19 have been
unvaccinated, and many have had additional
comorbidities.” Sick-Samuels describes children with
type 2 diabetes or obesity as being most at risk of
developing severe covid-19. UK studies have found
children with neurodisabilities or multiple
comorbidities to be especially vulnerable to hospital
admission or death.3 %

Children produce more interferons at the mucosal
surface, which rapidly alert the immune system at
the first sign of infection, making it harder for the
virus to penetrate the body.> They are also thought
to have a faster innate immune response, because
their T cells are mostly untrained, giving them a
greater capacity to respond to novel viruses. In
addition, they might have acquired specific
antibodies or memory cells through previous
exposure to the endemic coronaviruses that
commonly circulate among infants.® This layer of
immunity has been found to be more active in the
parents of infants and toddlers than in other adults.
One study found that adults who live in households
with young children are less likely to have severe
covid-19, potentially owing to acquired immunity
from regular coronavirus infections.®

Most children are also much less likely to have
autoantibodies in their blood, which target the body’s
own cells and actively disable interferons, hindering
the body’s capability to fend off viruses.”
Autoantibodies tend to increase in the body with age,
as mutations accumulate over the course of our
lifetimes, with much high levels found in people aged
50 onwards. Adults are also more likely to have
endothelial damage owing to a variety of health
conditions and behaviours including smoking, type
2 diabetes, hypertension, and obesity. This damage
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is associated with inflammation, which rapidly
becomes excessive with immune system activation
in response to SARS-CoV-2 infections. “As people get
older, there is some evidence that the response of the
immune system can cause more tissue damage,” says
Sick-Samuels. “So, older people may have a slower
and more intense immune response that leads to more
significant illness.”

To what extent do children spread covid-19?

One of the major talking points through the pandemic
has been the extent to which children transmit the
virus—an issue directly linked to policies about
closing schools. Determining the relative
infectiousness of children has been far from
straightforward, partly because asymptomatic cases
tend to go undetected and it can be difficult to
identify the index case when the virus spreads
through a household. Many studies now indicate that
children have had a substantial role in spreading the
virus even when asymptomatic. Faecal analysis
studies have found prolonged viral shedding in
children who did not display any symptoms of
infection.®

“In 2020, many people did not think children could
commonly get covid-19, and if they did, they were
not effective transmitters,” says Lael Yonker, a
paediatric pulmonologist at Massachusetts General
Hospital in Boston. “Now people are generally in
agreement that often kids are the ones bringing
SARS-CoV-2 into the household. We’ve shown that
children, even when asymptomatic or
pre-symptomatic, can carry high levels of virus in
their nose and upper airways.”

Does vaccination help children?

Vaccination cannot completely prevent SARS-CoV-2
infection in children, but it does seem to halt the
spread of the virus.” Research attempting to trace
how the virus passes from one child to another has
helped identify the importance of vaccination in
blunting community transmission. One
epidemiological study, examining Australian schools
affected by omicron outbreaks, found that
child-to-child spread is more than eight times higher
in primary school children than in high schoolers.'®
The authors concluded that this was linked to the
high uptake of vaccines among 12 to 18 year olds in
the country; another possibility is the closer contact
between younger children. As a result, some scientists
think that the relatively low vaccine uptake among
primary school children around the world is
contributing to the rising numbers of cases. “Children
currently account for nearly 20% of covid cases in
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the US,” says Yonker. “Now with schools back in session, we expect
cases will rise. Locally, we are starting to see wastewater levels of
virus rise, and children likely are contributing to this increase in
community levels.”

Other paediatricians, however, point out that the risk-benefit
trade-off of vaccinating younger children to prevent covid-19
spreading in the wider population is not straightforward. Shamez
Ladhani, a paediatric infectious diseases specialist at St George’s
Hospital London, says that, although vaccinating children with
underlying health conditions is a ‘no brainer,” repeatedly
vaccinating healthy children will divert resources away from other
important child immunisation campaigns. “You end up having to
vaccinate a lot of children to have a little bit of improvement in
terms of outcomes at a population level,” says Ladhani. “It becomes
more challenging to assess the risk-benefits because we know that
the risk [of covid-19] for healthy children is low.”

Are older or younger children more susceptible—and
why?

Although severe covid-19 is unusual in children, paediatricians say
that most cases now tend to be in very young children who are
unvaccinated. “Even though vaccines are available for children
aged between 6 months and 4 years in the US, uptake is quite low,
so this increased risk of developing severe disease persists in the
youngest children,” says Yonker. “Vaccinating mum helps protect
infants, but this benefit wanes by 6 months or so.”

Scientists have been able to identify some of the reasons why certain
children seem to be more susceptible than others. Underlying health
conditions such as type 2 diabetes and obesity are key risk factors,
but in very rare cases children can have genetically related
immunodeficiencies that affect the ability of the type 1 interferon
system to operate correctly.

What do we know about multisystem inflammatory
syndrome?

Multisystem inflammatory syndrome in children (MIS-C) is a very
rare but serious complication of covid-19 that affects the heart and
other major organs such as the stomach, liver, and intestines, and
can prove fatal. Before vaccines became widely available, estimates
indicated that it affected approximately 316 in every 1 000 000
children infected with SARS-CoV-2."> MIS-C was a concern for
paediatricians in 2020, although researchers say that hospital
admissions for this complication have become much rarer over the
past two years,> with vaccines seeming to reduce the risk, along
with increasing population immunity from existing infections.'4

We are just starting to understand what causes MIS-C. Because the
symptoms typically begin four to six weeks after the initial infection,
immunologists think that it might represent the most severe form
of long covid. One study has shown that children with MIS-C tend
to initially have mild illness, but the virus lingers in their gut,
irritating the lining and causing viral antigens to leak into the blood
where they can reach other organs. One of these antigens might
even act as a superantigen, triggering a major inflammatory
response—a hypothesis that is now being explored further.'>

“The most well supported theory in my opinion is that a
superantigen from SARS-CoV-2, and other microbes as a second hit
following covid-19, could trigger unspecific activation of T-cells
similar to what is seen in toxic shock syndrome,” says Petter Brodin,
professor of paediatric immunology at Imperial College London.
“There is indirect evidence of this from multiple groups and different
cohorts.”

The incidence of MIS-C has been found to be higher among those
of black, Hispanic, or Asian ethnicities than in white children,®
and some research groups have identified an HLA type that
corresponds with MIS-C, along with other genetic factors.'” “Under
the UNDINE Horizon Europe research project, we are actually
studying the genetics of MIS-C, which most certainly exist,” says
Isabelle Meyts, a paediatric immunologist at UZ Leuven. “As an
example, MIS-C has been described in patients with STAT2 and
SOCS1 and IFNAR1 deficiency, alluding to a dysregulated type 1
interferon immunity with excessive inflammation as an underlying
cause.”

How can we distinguish between covid-19 and other
childhood illnesses?

If anything, it has become harder to distinguish covid-19 from other
respiratory viral infections without specific diagnostic testing.
Sick-Samuels recommends that doctors look at which diseases are
circulating in their local area to decide whether what they see is
unusual and requires further testing, as well as prior knowledge of
known exposures. “If the parents currently have covid-19, it is more
likely their child does as well,” she says.

Like adults, the most common symptoms of covid-19 in children
are fever, cough, headache, congestion, and fatigue.'® But children
can also experience gastrointestinal symptoms like nausea,
vomiting, and diarrhoea, sometimes as the sole presenting feature
of theillness.'® “There is also increased recognition that SARS-CoV-2
can cause upper airway infections like croup in children,” says
Sick-Samuels. In very young children, some of these symptoms can
be initially difficult to detect, with fever and other more subtle signs
the main indicators that something is amiss. “Similar to other viral
respiratory infections, infection in infants can manifest as poor
feeding, irritability, or apnea,” adds Sick-Samuels.

Of course, many of the symptoms of covid-19 overlap with those of
other viruses that commonly infect children such as respiratory
syncytial virus, rhinovirus, and enterovirus. Sick-Samuels says that
further monitoring of children is vital as we grapple with future
variants. Changes in how SARS-CoV-2 is affecting children might
be multifactorial and related to changes in the virus itself, protection
from vaccination, or the effect of having had a previous infection.
“As we’ve seen this far, it is hard to predict how SARS-CoV-2 could
evolve, so it continues to be important to study how the virus is
impacting children,” she says.

Competing interests: none.

Provenance and peer review: Commissioned; externally peer reviewed.

1 Nathanielsz J, Toh ZQ, Do LAH, Mulholland K, Licciardi PV. SARS-CoV-2 infection in children and
implications for vaccination. Pediatr Res 2022;
doi: 10.1038/541390-022-02254-x. pmid: 35970935

2 Dong Y. Epidemiological characteristics of 2143 pediatric patients with 2019 coronavirus disease
in China. Pediatrics 2020;pmid: 32179660

3 Smith C, 0dd D, Harwood R, etal. Deaths in children and young people in England after
SARS-CoV-2 infection during the first pandemic year. Nat Med 2022;28:-92.
doi: 10.1038/541591-021-01578-1 pmid: 34764489

4 Ward JL, Harwood R, Smith C, etal. Risk factors for PICU admission and death among children
and young people hospitalized with COVID-19 and PIMS-TS in England during the first pandemic
year. Nat Med 2022;28:-200. doi: 10.1038/s41591-021-01627-9 pmid: 34931076

5 Peeples L. Understanding Kids and COVID. Proc Natl Acad Sci U S A 2022;119:e2203753119.
doi: 10.1073/pnas.2203753119 pmid: 35316141

6 Solomon MD, Escobar GJ, Lu Y, etal. Risk of severe COVID-19 infection among adults with prior
exposure to children. Proc Natl Acad Sci U S A 2022;119:e2204141119.
doi: 10.1073/pnas.2204141119 pmid: 35895714

7 Mallapaty S. Kids and covid: why young immune systems are still on top. Nature. Sep 2021.
https://www.nature.com/articles/d41586-021-02423-8

the bmj | BMJ 2023;380:p21 | doi: 10.1136/bmj.p21

“ybuAdoo Aq paroalold 1sanb Aq £zoz Arenuer ZT uo jwod’fwg mmm//:dny wolj papeojumoq ‘€20z Arenuer ZT uo Tzd lwa/9gTT 0T Se paysiignd 1siy :CINg


https://www.nature.com/articles/d41586-021-02423-8
http://www.bmj.com/

FEATURE

Mohanty MC, Taur PD, Sawant UP, Yadav RM, Potdar V. Prolonged fecal shedding of SARS-CoV-2
in asymptomatic children with inborn errors of immunity. / Clin Immunol 2021;41:-53.
doi: 10.1007/510875-021-01132-1 pmid: 34528161

Stokel-Walker C. What do we know about covid vaccines and preventing transmission?BM/
2022;376:. doi: 10.1136/bmj.0298 pmid: 35121611

National Centre of Immunisation Research and Surveillance (NCIRS). Covid-19 in schools—the

experience in NSW: 18 October 2021 to 17 December 2021. https://www.ncirs.org.au/sites/de-

fault/files/2022-02/NCIRS_NSW_Schools_COVID_Summary_Term_4_2021_Report%20-%2024-
02-2022_Final.pdf

Agarwal A, Karim F, Fernandez Bowman A, Antonetti CR. Obesity as a risk factor for severe
illness from covid-19 in the pediatric population. Cureus 2021;13:e14825.
doi: 10.7759/cureus. 14825 pmid: 34094778

Payne AB, Gilani Z, Godfred-Cato S, etalMIS-C Incidence Authorship Group. Incidence of
multisystem inflammatory syndrome in children among US persons infected with SARS-CoV-2.
JAMA Netw Open2021;4:2116420. doi: 10.1001/jamanetworkopen.2021.16420 pmid: 34110391

Lopez L, Burgner D, Glover C, etalAustralian Vasculitis Working Group and Paediatric Active
Enhanced Disease Surveillance (PAEDS) network. Lower risk of Multi-system inflammatory
syndrome in children (MIS-C) with the omicron variant. Lancet Reg Health West Pac
2022;27:100604. doi: 10.1016/j.lanwpc.2022.100604 pmid: 36237982

Jain E, Donowitz JR, Aarons E, Marshall BC, Miller MP. Multisystem inflammatory syndrome in
children after SARS-CoV-2 vaccination. Emerg Infect Dis 2022;28:-3.
doi: 10.3207/eid2805.212418 pmid: 35275051

Noval Rivas M, Porritt RA, Cheng MH, Bahar |, Arditi M. Multisystem inflammatory syndrome in
children and long covid: the SARS-CoV-2 viral superantigen hypothesis. Front Immunol
2022;13:941009. doi: 10.3389/fimmu.2022.941009 pmid: 35874696

Stierman B, Abrams JY, Godfred-Cato SE, etal. Racial and ethnic disparities in multisystem
inflammatory syndrome in children in the United States, March 2020 to February 2021. Pediatr
Infect Dis } 2021;40:-6. doi: 10.1097/INF.0000000000003294 pmid: 34382615

Sacco K, Castagnoli R, Vakkilainen S, etalNIAID Immune Response to COVID GroupChile MIS-C
GroupPavia Pediatric COVID-19 Group. Immunopathological signatures in multisystem
inflammatory syndrome in children and pediatric COVID-19. Nat Med 2022;28:-62.

doi: 10.1038/s41591-022-01724-3 pmid: 35177862

COVID-19 in babies and children. https://www.mayoclinic.org/diseases-conditions/coronavirus/in-
depth/coronavirus-in-babies-and-children/art-20484405

Calitri C, Fumi 1, Ignaccolo MG, etal. Gastrointestinal involvement in paediatric COVID-19 - from

pathogenesis to clinical management: A comprehensive review. World | Gastroenterol 2021,27:-16.
doi: 10.3748/wjg.v27.i23.3303 pmid: 34163113

the bmyj | BMJ 2023;380:p21 | doi: 10.1136/bmj.p21

1ybLAdoo Ag paroalold 1sanb Ag £z0z Arenuer gT uo jwod g mmmy/:diny woly papeojumoq "€z0oz Arenuer gT uo Tzd [wag/9eTT 0T Se paysiignd 1s1y :CIANg


https://www.ncirs.org.au/sites/default/files/2022-02/NCIRS_NSW_Schools_COVID_Summary_Term_4_2021_Report%20-%2024-02-2022_Final.pdf
https://www.ncirs.org.au/sites/default/files/2022-02/NCIRS_NSW_Schools_COVID_Summary_Term_4_2021_Report%20-%2024-02-2022_Final.pdf
https://www.ncirs.org.au/sites/default/files/2022-02/NCIRS_NSW_Schools_COVID_Summary_Term_4_2021_Report%20-%2024-02-2022_Final.pdf
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-in-babies-and-children/art-20484405
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/coronavirus-in-babies-and-children/art-20484405
http://www.bmj.com/

