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Abstract

Identifying which children and young people (CYP) are vulnerable to severe disease following

SARS-CoV-2 is important to guide shielding and vaccination policy.

Methods We used data for all inpatient hospital admissions in England in CYP aged 0-17 between
March 15t 2015 to Feb 28th 2021, linked to paediatric intensive care unit (PICU), SARS-CoV-2 PCR
testing, and mortality data. We examined associations between PICU admission and death by
sociodemographic factors and comorbidities within COVID-19 and PIMS-TS admissions. We
calculated odds ratios and predicted probability of PICU admission using generalized estimation
equations, and compared these between COVID-19, PIMS-TS, other admissions in 2020/21, all
admissions in 2019/20, and admissions due to influenza in 20219/20. Analyses of deaths were

descriptive due to low numbers.

Findings Within COVID-19, there were 6,338 hospital admissions, 259 PICU admissions and 8
deaths. Within PIMS-TS there were 712 hospital admissions 312 PICU admissions and <5 deaths.



Males were 52.8% of COVID-19 admissions (similar to other causes of admission), but were 63.5%
of PIMS-TS admissions. CYP aged 10-17 were 35.6 and 29% of COVID-19 and PIMS-TS admissions
respectively, higher than in all admission and influenza admissions in 2019/20. In multivariable
models, odds of PICU admission were: increased amongst neonates and decreased amongst 15-
17 compared with 1-4 year olds with COVID-19, increased in older CYP and females with PIMS-TS,
and increased for Black compared with White ethnicity in COVID-19 and PIMS-TS. Odds of PICU
admission with COVID-19 were increased for CYP with any comorbidity and were highest for CYP
with multiple medical problems. Increases in risk of PICU admission associated with
comorbidities showed similar patterns for COVID-19 and all admissions in 2019/20 and influenza
admissions in 2019/20, but were greater for COVID-19. Interpreting associations with

comorbidities within PIMS-TS was complex due to the multisystem nature of the disease.

Interpretation CYP were at very low risk of severe disease and death from COVID-19 or PIMS-TS.
PICU admission due to PIMS-TS was associated with older non-white CYP. Patterns of vulnerability

for severe COVID-19 appear to magnify background risk factors for serious illness in CYP.

Evidence before this study We conducted a systematic review and meta-analysis of studies
investigating risk factors associated with severe disease among children and young people
admitted with COVID-19 and PIMS-TS, [Harwood, R et al. 2021 (submission to the Lancet linked
with this paper)]. We identified 81 studies. Infants were found to have increased odds of PICU
admission compared with 1-4, but there were no associations by sex. Other factors associated
with PICU admission included number of co-morbid conditions, with neurological, cardiac and
gastrointestinal associated with the greatest risk. Low numbers of serious SARS-CoV-2 infections
or deaths amongst CYP limit these analyses, yet national studies of CYP have not yet been
published. Importantly, we found these studies did not take into account background risks for

severe illness in CYP who are known to be vulnerable before the pandemic.

What this study adds This is the first population base study of risk factors for severe disease
following SARS-CoV-2 infection in CYP in England. We analyse all admissions to hospital amongst
0-17 year olds nationally between 2015-2021 linked to multiple other health datasets. We explore
how socioeconomic factors and co-morbidities are associated with Paediatric Intensive Care Unit
(PICU) admission and death amongst CYP admitted with COVID-19 and PIMS-TS, and compare this
with other causes for admission during the pandemic and in the year prior. As CYP with PIMS-TS
are highly likely to require hospitalization, we were able to analyse total national cases of the
condition during 2020/21.

We found extremely low numbers of CYP required PICU or died as a result of SARS-CoV-2 in the
first pandemic year. CYP admitted due to COVID-19 disease were older and more likely to be non-
white with pre-existing conditions, similar to patterns seen in adults. Patterns of associations

between comorbidities and risk of PICU admission amongst COVID-19 were similar to those seen



for all admissions and influenza admissions in the year prior to the pandemic. However, the
increase in risk associated with comorbidities for COVID-19 admissions were greater than in

these cohorts.

We found most cases of PIMS-TS were amongst non-white male adolescents without previous
hospital admissions. Interpreting associations between comorbidities and PICU admission for

PIMS-TS was complicated by the multi-system nature of the disease.

Implications of all the available evidence CYP with most vulnerable to COVID-19 were also
those most at risk of prior to the pandemic due to other illnesses such as influenza, although
COVID-19 appears to amplify this risk profile. It is important to consider this context when
advising parents and carers regarding the risk posed by COVID-19, considering potential harms

to CYP as a result of shielding precautions.

Background

Most children and young people (CYP) experience a mild disease following SARS-CoV-2 infection
compared with adults,'3 and asymptomatic infection is common.* However, severe clinical
outcomes have been reported amongst CYP due to COVID-19 and Paediatric Inflammatory
Multisystem Syndrome Temporally Associated with SARS-CoV-2 (PIMS-TS), including a small
number of deaths.?>7 Understanding which CYP are vulnerable to increased risk is important to
guide clinicians, families and policymakers in relation to protective shielding and potential

vaccination strategies.

Early in the pandemic, guidance from the UK Royal College of Paediatrics and Child Health
(RCPCH) identified CYP with immunodeficiency or immunosuppression, and those with certain
malignancies, as having greatest vulnerability to COVID-19.8 However, CYP with a broad range of
other conditions have also been highlighted as being potentially clinically extremely vulnerable
(CEV). CYP who are identified as CEV have been advised to take additional “shielding” precautions
to reduce the risk of SARS-CoV-2 infection in many countries. These include measures which may
result in potential harm to CYP and their families, including those associated with reduced social

mixing and not returning to school.

Clear guidance is urgently needed on which CYP are at higher risk of poorer outcomes in order to
limit harms due to inappropriate shielding. The rarity of severe and fatal COVID-19 in CYP means
that large-scale population-based studies are needed to identify CYP at most at risk. Theses
analyses also need to take into account background risks for severe illness that preceded the
pandemic; CYP who are at increased risk of SARS-CoV-2 infection may also be those who are

vulnerable to other respiratory viruses such as influenza.?



We used national linked administrative health data from England to examine risk factors for
intensive care admission and death in CYP admitted to hospital with SARS-CoV-2 infection during
the first pandemic year 2020-21, and compared this amongst CYP admitted with other causes of

admission that year, and admissions during 2019-20 including those due to influenza.

Methods

Data

We used Secondary Use Services (SUS), an administrative national database covering ~98% of
National Health Service (NHS) hospital activity in England.'® Data were available for admissions
due to any cause in CYP aged 0-17 years in England between March 15t 2015 to Feb 28t 2021.
(n=11,467,027). Coded fields included for reason for hospital admission, co-morbidities, and
sociodemographic characteristics. However, as clinical details are limited in SUS, and to aid
identification of COVID-19 and PIMS-TS admissions, these data were deterministically linked using

unique patient NHS numbers to the following healthcare datasets:

|. Paediatric Intensive Care Audit Network (PICANet) data containing all Paediatric Intensive Care (PICU) admissions in
England.

2. Death registrations provided by the Office for National Statistics (ONS).I 112

3. National Child Mortality Database (NCMD), which collects preliminary notification data within 48 hours of death of a
CYP death in England and Wales

4. SARS-CoV-2 PCR-testing data provided by Public Health England (PHE).

Outcomes and Exposures

We examined associations between severity outcomes (PICU admission or death) and the
following exposures: reason for hospital admission (COVID-19, PIMS-TS, other),

sociodemographic factors and presence of comorbidities.

We linked hospitalisations in SUS to PICANet data if the PICU admission date occurred during or
within one day of the SUS admission or discharge date, to account for coding error in either

dataset. We defined admissions resulting in death as the last admission for each CYP that occur
within 28 days of death identified through ONS or NCMD. All NCMD deaths during the pandemic



were clinically reviewed as part of a separate analysis [Smith, C et al 2021 (submission to the
Lancet linked with this paper)] to identify the contribution of SARS-CoV-2 infection and PIMS-TS to
death.

Reason for admission

We used primary and secondary diagnoses coded to International Classification of Diseases 10
(ICD 10) to define all hospital admissions between 15t Feb 2019 and 315t Jan 2021. We excluded
all traumatic admissions and non-emergency admissions (i.e. elective or maternity/newborn) from

the analysis, and classified the remainder into five cohorts:
 admissions due to COVID-19 (1* Feb 2020 — 31° Jan 2021);
o admissions due to PIMS-TS (I Feb 2020 — 315 Jan 2021);
« all other admissions during the pandemic year (1°* Feb 2020 — 31° Jan 2021);
« all admissions in the year prior to the pandemic (15 Feb 2019 — 315 Jan 2020);

« all admissions where the primary diagnosis was influenza in the year prior to the pandemic (1% Feb 2019 — 31°¢ Jan

2020).

As quality and completeness of coding within SUS is variable, we used the whole SUS dataset
(2015-2021) to populate socio-demographic and comorbidity data for CYP from all types of

admission (emergency, elective and maternal).

We defined COVID-19 admissions as those occurring after Feb 15t 2020 with relevant ICD-10
codes recorded as reason for admission, or (using linked data) where there was a positive PCR
test for SARS-CoV-2 within 7 days of admission or discharge, (unless this occurred at least 7 days

after admission to PICU, and nosocomial infection was likely).

We defined PIMS-TS admissions those occurring after 15t Feb 2020 with ICD-10 codes recorded
reason for admission for either PIMS-TS (introduced November 2020), or Kawasaki disease or

systemic inflammatory response syndrome, (used as proxies for PIMS-TS prior to November
2020).

To improve the identification of COVID-19 and PIMS-TS, we also reviewed details of all PICU
admissions during the pandemic held within PICANet. Where treating specialists determined the
PICU admission was due to either COVID-19 or PIMS-TS, we recoded the SUS admission
accordingly. Hospital admissions identified as both due to COVID-19 and PIMS-TS were defined as
being due to PIMS-TS, as we assumed the COVID-19 diagnosis was part of the same disease

process.

Socio-demographic exposures



Age was categorised as neonates (admission within 1 month of birth), post-natal infants
(@admission between 1 - 12 months of birth), 1-4 years, 5-9 years, 10-14 years and 15-17 years.
We defined ethnicity as: White, Mixed, Asian, Black, Other and unknown. We used Index of
Multiple Deprivation (IMD) 2019 quintile category (hereafter IMD category) to define area level

socioeconomic status of CYP.
Co-morbidities

We used published literature and guidance on shielding to identify co-morbidities likely to
increase risk of severe SARS-CoV-2 disease.® [Harwood, R et al. 2021 (submission to the Lancet
linked with this paper)]. We identified CYP with chronic medical conditions by body system, those
with life-limiting conditions, and those with asthma, diabetes, epilepsy, sickle cell disease and
trisomy 21, using recognised ICD-10 code lists.!3:14 We also identified CYP with multiple medical
problems as those with: comorbidities in more than one body system; comorbidities in both
neurological and respiratory, neurological and cardiovascular, or respiratory and cardiovascular
body systems. We compared the presence of each comorbidity in CYP to those with no co-

morbidities recorded in all analyses.

Analyses

First we described the characteristics of each of the five cohorts: admissions due to COVID-19,
admissions due to PIMS-TS, other non-traumatic admissions in 2020/21 (hereafter “other
pandemic year admissions”), all non-traumatic admissions in 2019/20, and admissions due to
influenza in 2019/20.

We then modelled the association between sociodemographic factors and co-morbidities with
PICU admission within each cohort separately. All analyses were performed in Stata 16
(StataCorp, College Station TX). Models employed generalized estimation equations (GEE) using
the xtgee command in order to account for multiple admissions within the same CYP across and
within different cohorts. Models used a logit link, specifying the covariance structure as
“exchangeable” (i.e. assumed equal correlations between any two admissions within one CYP). We
then calculated the difference in predicted probability for PICU admission amongst those with
and without each comorbidity using the margins post estimation command. We ran univariable
and then multi-variable models adjusting for age, sex, ethnic group and IMD category within each
cohort. Comparisons between cohorts were not tested; significance was inferred if 95%
confidence intervals did not overlap. We were unable to model death as an outcome in these
analyses due to low numbers. In sensitivity analyses, we repeated analyses to only include

secondary school age CYP to inform vaccination policy (i.e. ages 11-17).

Ethics approval and legal basis for data linkage and analyses



Ethics approval was provided after review by Yorkshire and the Humber, South Yorkshire NHS
Research Ethics Committee on 10t June 2021 (Reference 21/YH/0127).

Current Control Of Patient Information (COPI) regulations provide a legal basis for linking these

datasets without consent.13
NCMD

The NCMD legal basis to collect confidential and personal level data under the Common Law Duty
of Confidentiality has been established through the Children Act 2004 Sections M - N, Working
Together to Safeguard Children 2018 (https://consult.education.gov.uk/child-protection-
safeguarding-and-family-law/working-together-to-safeguard-children-revisions-
t/supporting_documents/Working%20Together%20to%20Safeguard%20Children.pdf) and
associated Child Death Review Statutory & Operational Guidance
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/
file/859302/child-death-review-statutory-and-operational-guidance-england.pdf). The NCMD legal
basis to collect personal data under the General Data Protection Regulation (GDPR) without
consent is defined by GDPR Article 6 (e) Public task and 9 (h) Health or social care (with a basis in

law).
PICANet

Processing of personally identifiable data for the purposes of service evaluation, audit, and
research was approved by the Patient Information Advisory Group (now the Health Research
Authority Confidentiality Advisory Group) in 2002 under Section 60 of the Health and Social Care
Act (subsequently Section 251 of the National Health Service Act 2006) (reference: PIAG 4-07(c)
2002). This was amended and approved specifically to collect additional data relating to COVID-

19 for confirmed and suspected cases.

Results

There were 1,242,197 emergency non-traumatic admissions to secondary care in England
(hereafter “admissions”) between 01 Feb 2019 and 31 Jan 2021 involving 892,906 CYP; 699,397
(78%) had only one admission. During 2020/21, there were 470,606 admissions: 6,338 with
COVID-19 amongst 5,830 CYP; 712 with PIMS-TS amongst 690 CYP and 463,556 for other causes
amongst 367,637 CYP. This compared with 771,591 admissions for 587,115 CYP during
2019/20, of which 6968 were due to influenza in 6,780 CYP (see supplementary material 1 table
S1 and S15). 69.8% of CYP admitted due to PIMS-TS had no prior hospital admissions, compared
with 49.5-54.4% in all other cohorts.

The distribution of admissions by age, sex and ethnicity differed between the COVID-19, PIMS-TS,
and other cohorts (Table 1). A higher proportion of the PIMS-TS cohort was male (63.5%)



compared to the other cohorts (52.8-54%). Overall, 30.9% of admissions with COVID-19 were in
infants, similar to other pandemic year admissions and total admissions in 2019/20, but more
than for influenza (17.1%). Amongst PIMS-TS, only 10.3% of admissions were in infants, where
>85% were among 1-14 year-olds. CYP with non-White ethnicity made up 41.9% of COVID-19
admissions, and 60.0% of PIMS-TS admissions, higher than the other cohorts. There were more
admissions in CYP from the most deprived IMD category compared with the least deprived in all

cohorts.

Table | View inline

Number and proportion of admissions by sociodemographic characteristics within each cohort (COVID-19, PIMS-TS, other pandemic year
admissions; all admissions in 2019/20; influenza admissions in 2019/20)

Amongst COVID-19 admissions, 53.9% had a recorded comorbidity, and 18.0% had a life limiting
comorbidity, higher than for other pandemic year admissions, all admissions in 2019/20, and
influenza admissions in 2019/20 (Supplementary Table S1). Patterns of comorbidities amongst
admissions with PIMS-TS were different to the other cohorts, with 68.3% having any comorbidity
recorded, of which 20.6% were life-limiting. Due to the multi-system nature of PIMS-TS, many of
the comorbidities recorded could have been related to complications of the disease, rather than
prior conditions. Although 40.2% of PIMS-TS admissions had a cardiovascular comorbidity
recorded, only 5.3% had a congenital cardiac condition, with remaining codes including
arrhythmias and aneurysms which may reflect the disease process. When non-congenital cardiac
conditions, blood disorders and anaemias were excluded, only 15.9% of PIMS-TS admissions had

a comorbidity recorded, compared with 30-35% in the other cohorts.
Outcomes following admission

Table 2 shows total numbers and proportions of PICU admissions within each cohort by
comorbidity category, with additional data for all comorbidities examined in Supplementary
material 1 Tables S3-S5. Across COVID-19 admissions, 259 (4.1%) were admitted to PICU,
compared with 312 (43.8%) of PIMS-TS admissions, 5016 (1.1%) of other pandemic year
admissions, 7282 (0.9%) of all admissions in 2019/20 and 161 (2.3%) of influenza admissions in
2019/20.

Table 2 View inline

Total admissions and proportion resulting in paediatric critical care admission (PICU) by selected comorbidity groups within each cohort
(COVID-19, PIMS-TS, other pandemic year admissions; all admissions in 2019/20; influenza admissions in 2019/20)

Twenty nine CYP admitted with COVID-19 died within 28 days of hospitalisation, of which 8 were
confirmed as likely caused by SARS-CoV-2 infection; all had a comorbidity recorded and 7/8 had a
life-limiting condition. Six CYP died within 28 days of an admission with PIMS-TS, of which < 5

were thought to be caused by the disease.



Sociodemographic factors

In multivariable models adjusting for all factors and the presence of comorbidities, female sex
was associated with increased odds of PICU admission for PIMS-TS, and reduced odds amongst all
admissions 2019/20, with no associations found by sex for COVID-19 or the other cohorts
(supplementary material 1, tables S11-S15). Compared with admissions amongst 1-4 year olds,
odds of PICU admission for COVID-19 were increased amongst neonates and decreased amongst
15-17 year olds, similar to patterns for other pandemic year admissions and all admissions
2019/20, (although odds were also decreased for 5-14 year olds in these cohorts). Odds of PICU
admission for PIMS-TS increased with age in a stepwise fashion and were highest in 15-17 year
olds. The odds of PICU admission within influenza admissions in 2019/20 were only higher

amongst neonates compared with 1-4 year olds.

Compared with White CYP, odds of PICU admission were higher amongst Black CYP for COVID-19
and Black, Asian and CYP with unknown ethnicity for PIMS-TS. Other pandemic year admissions
and all admissions 2019/20 showed a pattern of higher odds of PICU admission in non-White
ethnic groups, with no evident differences by ethnicity amongst influenza admissions in
2019/20. There were no significant differences in odds of PICU admission by IMD category for
COVID-19, all admissions in 2019/20 and influenza admissions in 2019/20. In contrast, odds of
PICU admission were decreased in less deprived categories amongst PIMS-TS admissions, and

increased in less deprived categories amongst other pandemic year admissions.
Comorbidities

The odds of admission to PICU were increased amongst CYP with any comorbidity compared with
no comorbidity in all cohorts (supplementary material 2). The increases in odds of PICU
admission associated with having each of any comorbidity, a life limiting comorbidity, or
comorbidities in more than one body system for COVID-19 (Figure 1), had overlapping
confidence intervals with those for all admissions in 2019/20 and influenza admissions in
2019/20, but were lower than for other pandemic year admissions. Odds ratios for PIMS-TS
admissions were consistently the lowest of any cohort for each comorbidity category, although

confidence intervals often overlapped.
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Figure |

Odds ratios and percentage point difference in predicted probability with 95% confidence intervals for admission to PICU by comorbidity
groups within each cohort, adjusted for age, sex, IMD category, ethnicity

Notes: Results compare odds of PICU admission in selected comorbidity compared with no comorbidity. The red line indicates odds ratio
of |. Percentage point difference in predicted probability of PICU admission are shown for selected comorbidities compared with no
comorbidity

For body system comorbidities (Figure 2), odds ratios for the increase associated with
cancer/haem, neurological, respiratory, neurological with respiratory and respiratory with
cardiovascular comorbidities in COVID-19 appeared comparable to influenza and all admissions
2019-20 but not PIMS-TS (where the increase in odds was lower) or other pandemic year
admissions (where the increase in odds was higher). The increase in odds for cardiovascular
comorbidities within COVID-19 appeared similar to that seen in all admissions in 2019/20, but
higher than influenza admissions 2019/20 and PIMS-TS, and lower than for other pandemic year
admissions. A similar pattern was observed for combinations of body-system comorbidities
(Figure 3), i.e. that the increase in odds for COVID-19 appeared similar to that for influenza and
all admissions 2019/20, but was higher than for PIMS-TS and lower than in other pandemic year

admissions.
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Figure 2

Odds ratios and percentage point difference in predicted probability with 95% confidence intervals for admission to PICU by body system
comorbidities within each cohort, adjusted for age, sex, IMD category, ethnicity

Notes: Results compare odds of PICU admission in selected comorbidity compared with no comorbidity. The red line indicates odds ratio
of |. Percentage point difference in predicted probability of PICU admission are shown for selected comorbidities compared with no
comorbidity
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Figure 3

Odds ratios and predicted probability with 95% confidence intervals for admission to PICU by comorbidity combinations within each
cohort, adjusted for age, sex, IMD category, ethnicity

Notes: Results compare odds of PICU admission in selected comorbidity compared with no comorbidity. The red line indicates odds ratio
of |. Percentage point difference in predicted probability of PICU admission are shown for selected comorbidities compared with no
comorbidity

Asthma, diabetes, epilepsy and trisomy 21 each increased risk of PICU admission for COVID-19,
although sickle cell disease did not (Figure 4). Increases in odds for COVID-19 appeared broadly
similar to those for other cohorts although confidence intervals were wide, particularly for PIMS-
TS.
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Figure 4

Odds ratios and predicted probability with 95% confidence intervals for admission to PICU by selected diagnoses within each cohort,
adjusted for age, sex, IMD category, ethnicity

Notes: Results compare odds of PICU admission in selected comorbidity compared with no comorbidity. Upper limits for confidence
intervals have been truncated for selected comorbidities for clarity. The red line indicates odds ratio of |. Percentage point difference in
predicted probability of PICU admission are shown for selected comorbidities compared with no comorbidity.

Results from sensitivity analyses are shown in supplementary material 1 figures S1-S4 and
supplementary material 3. Patterns of odds ratios were similar when only 11-17 year olds were
included, although female sex was associated with significantly reduced odds of PICU admission
for COVID-19. Increases in odds of PICU admission associated with comorbidities for COVID-19
amongst 11-17 were lower than when all CYP were included for some outcomes. However, due to
low numbers, confidence intervals around these estimates were wide. We were not able to model

associations within Influenza admissions in 11-17 due to low numbers.

Discussion

We found very few CYP admitted to hospital in England due to COVID-19 or PIMS-TS went on to
develop severe disease or die. Of the 12.02 million 0-17 year olds in England during 2020, 1 in
2062 (n= 5830) were admitted to hospital due to COVID-19, and 1 in 47,903 (n=251) were

admitted to PICU. This represents only 1.3% of all secondary care admissions in the pandemic



year and less than 5% of non-traumatic emergency PICU admissions. Eight of these CYP died. For
PIMS-TS, 1 in 17,425 (n=690) of CYP in England were admitted to hospital, 1 in 38,911 (n=309)
were admitted to PICU, and < 5 children died. This likely represents all PIMS-TS cases nationally

over the study period, as the vast majority will have required hospitalisation.

CYP admitted with COVID-19 and PIMS-TS were older and more likely to be non-white than in the
other cohorts examined. For COVID-19, we found the odds of PICU admission increased amongst
neonates compared with 1-4 year-olds, and those who were Black compared with White ethnicity,
but found no associations by deprivation. Female sex was associated with significantly lower olds
of PICU admission for COVID-19, but only when in sensitivities where data were restricted to 11-
17 year olds. For PIMS-TS, the odds of PICU admission were increased amongst females, older

CYP and those from non-White ethnic groups.

Of the 251 CYP admitted to PICU with COVID-19, 91% (n=229) had an underlying condition or
comorbidity. The odds of PICU admission due to COVID-19 were increased in all comorbidity
categories tested except sickle cell disease. We found that CYP with complex medical problems
across multiple body systems, and those with neurodisability, were at greatest risk. This pattern
is described in previous work,'® and is consistent with our meta-analysis of the published data,
where each increase in number of pre-existing conditions was associated with increased odds of
PICU admission and death for COVID-19. Increases in odds of PICU admission associated with
comorbidities in PIMS-TS were lower than for COVID-19, but are difficult to interpret; coding of
PIMS-TS admissions suggested two-thirds had a comorbidity, whilst three quarters had no prior
admissions to hospital. When codes which include known cardiac and haematological
complications of PIMS-TS were excluded, estimates for comorbidities in these admissions

dropped to around 15%.17

Our comparison with other causes of admission allowed us to assess whether these risk factors
are specific to COVID-19 or PIMS-TS, or reflect background vulnerability to serious illness. Our
findings that Asian and Black ethnicity was associated with increased odds of serious disease was
similar to findings from other cohorts except for influenza. However, a high proportion of
admissions for COVID-19 and PIMS-TS were from non-White ethnic groups, consistent with
previous work,'8-20 and increases in odds associated with non-White ethnicity were greater in
these cohorts, similar to findings in adults.21:22 Age-patterns for COVID-19, and particularly for
PIMS-TS admission, were notably shifted towards older age-groups in comparison with other
cohorts, including influenza. We only found significant sex differences in risk for COVID-19
amongst 11-17 year olds, unlike other pandemic-year admissions and all admissions 2019/20,
where female sex was associated with lower odds of PICU admission in all models. Almost two
thirds of PIMS-TS admissions were amongst males, higher than in all other cohorts, but odds of

PICU admission were greater amongst females.



We found broadly similar increases in odds for PICU admission associated with number of body
systems or type of comorbidities across COVID-19, all 2019-20 admissions and influenza
admissions. Increases in odds were highest for combinations of body system comorbidities e.g.
neurological and respiratory, neurological and cardiovascular and respiratory and cardiovascular.
Similarly, for the specific conditions examined, odds ratios overlapped with those for other
pandemic year, all admissions 2019-20 and influenza, with the exception of sickle cell disease

which was not associated with an increased odds of PICU admission for COVID-19 or influenza.

When absolute risk was examined, the increases in risk associated with comorbidities were
relatively small in the COVID-19, other pandemic year, all admissions 2019-20 and influenza
cohorts, although greater for COVID-19 than other groups. For example, for the 229 CYP with
comorbidities admitted to PICU with COVID-19, the increase in risk above those without
comorbidities was 2% for COVID-19, 0.75% for all admissions in 2019-20 and 1.3% for influenza.
Combinations of comorbidities increased risk the most, although again numbers were very small.
Amongst the 414 admissions with respiratory and neurological comorbidities, the increase in
risks were 18.6% for COVID-19 compared with 12.3% for influenza and 7-8% for other cohorts.
Whilst this greater increase in absolute risk with COVID-19 appeared significant for body system

comorbidities and their combinations, confidence intervals overlapped for all specific conditions.

Our finding that the pattern of risks for severe COVID-19 related to comorbidities is similar to
that for other reasons for admission suggests these reflect underlying vulnerabilities to illness
and infection. A similar observation has been made in adults when risks were examined across
COVID-19 and non-COVID deaths during the pandemic.23 However, whilst the pattern of risks was
very similar and absolute risks remained relatively small, increases in absolute risk of PICU
admission were often higher for COVID-19 than for other cohorts including influenza. This
suggests that SARS-CoV-2 infection may magnify underlying risks faced by CYP with chronic and
life-threatening conditions. It is also possible that these findings reflect changes in health system
factors during the pandemic, although other studies have suggested there was no overall change

in thresholds for PICU admission in England.?4

Patterns within admissions due to COVID-19 amongst CYP, (older age, non-White ethnicity and
presence of comorbidities), are very similar to those identified for adults.21:22 This suggests that
the strong age-related risk of severe disease in adult COVID-1922:25 extends across the early life-
course, but has previously been difficult to elicit in CYP due to the extreme rarity of severe

disease.
Limitations

Our study is subject to a number of limitations. We are unable to account for the effect of
protective shielding on differential exposure to SARS-Cov-2 among CYP thought to be vulnerable,

which may have affected our estimates. However, our findings relate to risk factors for severe



disease once hospitalised, whereas shielding is likely to bias estimates of risk factors for

infection, which we did not examine.

Missing or inaccurate data fields within HES or other datasets, and incomplete data linkage, may
have affected our findings. We included both cause of admission and PCR testing for SARS-Cov-2
to identify CYP with COVID-19 to ensure we capture all likely cases, but this will have affected our
case definition specificity. Identifying PIMS-TS cases was particularly problematic, as ICD-10 codes
for this condition were only introduced several months into the pandemic. We included CYP
coded with Kawasaki disease and systemic inflammatory response syndrome when examining
PIMS-TS, some of whom will not have had the disease. We were unable to fully distinguish
between admissions with COVID-19 and those due to COVID-19, and some of the admissions we
classify as COVID-19 will include incidental positive PCR tests. We defined severe disease as CYP
who were admitted to PICU, and were unable to assess the level of intensive support required.
Our results may also have been affected by changes to thresholds for PICU admission, and coding
practices, as the pandemic progressed. Our estimate for number of deaths due to COVID-19 and
PIMS-TS only include hospitalised CYP. However, our separate study of all CYP deaths recorded in
the pandemic year will allow for a more complete analysis of mortality risk associated with SARS-

CoV-2 [Smith, C et al 2021 (submission to the Lancet linked with this paper)].

We use ICD-10 codes developed to identify chronic conditions across five years of admission
data, and may have missed diagnoses recorded prior to this. Further, the ICD-10 codes we used
included diagnoses which may relate to complications of acute disease, rather than pre-existing
conditions only, as highlighted with PIMS-TS. We were unable to only include comorbidities prior
to the index case to investigate this further as many CYP had no prior records, and this approach
would not account for incomplete coding in previous admissions or diagnoses made in primary
care. Linking HES data with national primary care records would improve identification of pre-
existing conditions for these analyses, but these data are currently not available. Our analysis of
individual or body system comorbidities does not account for CYP with both the comorbidity of
interest and other conditions. However, we do assess odds of PICU by number of body systems
involved, which does address identifying CYP with multiple medical problems. Finally, we were
unable to examine some important risk factors for severe disease in adults in these analyses,

including obesity,2® due to incomplete coding for these data.

Conclusions

In marked contrast to adults, CYP were at very low risk of severe disease and death from COVID-
19 or PIMS-TS during the first pandemic year. In the rare instances when CYP did require
hospitalisation, risk factors for severe disease were similar to those reported for adults.

Additionally, the pattern of comorbidities was similar to that seen with influenza and all



admissions 2019/20, reflecting underlying vulnerabilities to infection, although COVID-19
magnified these risks to a small degree. We identified important demographic factors which were
associated with PICU admission due to PIMS-TS. Further work is needed to understand the

interaction of risk factors for infection and for severe disease in both COVID-19 and PIMS-TS.

Data Availability

Some data are available on application to the authors

References

I.<!Verity R, Okell LC, Dorigatti |, et al. Estimates of the severity of coronavirus disease 2019: a model-based analysis. The Lancet
infectious diseases 2020; 20(6): 669-77. CrossRef PubMed Google Scholar

2.<!Swann OV, Holden KA, Turtle L, et al. Clinical characteristics of children and young people admitted to hospital with covid-19 in
United Kingdom: prospective multicentre observational cohort study. BMJ 2020; 370: m3249. Abstract/FREE Full Text

Google Scholar

3.<'Gotzinger F, Santiago-Garci a B, Noguera-Julidn A, et al. COVID-19 in children and adolescents in Europe: a multinational,
multicentre cohort study. The Lancet Child & Adolescent Health 2020; 4(9): 653—61. Google Scholar

4.<'Davies NG, Klepac P, Liu Y, et al. Age-dependent effects in the transmission and control of COVID-19 epidemics. Nature Med
2020. Google Scholar

5.+'de Siqueira Alves Lopes A, Fontes Vieira SC, Lima Santos Porto R, et al. Coronavirus disease-19 deaths among children and
adolescents in an area of Northeast, Brazil: why so many? Trop Med Int Health 2021; 26(1): 115-9. Google Scholar

6.Ahmed M, Advani S, Moreira A, et al. Multisystem inflammatory syndrome in children: A systematic review. EClinicalMedicine 2020;
26: 100527. Google Scholar

7.<'Bhopal SS, Bagaria J, Olabi B, Bhopal R. Children and young people remain at low risk of COVID-19 mortality. Lancet Child Adolesc
Health 2021; 5(5): el2—e3. PubMed Google Scholar

8.<'Royal College of Paediatrics and Child Health. COVID-19 - guidance on clinically extremely vulnerable children and young people. 2021 .
https://www.rcpch.ac.uk/resources/covid- | 9-guidance-clinically-extremely-vulnerable-children-young-people (accessed |st March
2021. Google Scholar

9.<'Song X, Delaney M, Shah RK, Campos JM, Wessel DL, DeBiasi RL. Comparison of Clinical Features of COVID-19 vs Seasonal
Influenza A and B in US Children. JAMA Netw Open 2020; 3(9): €2020495. Google Scholar

10.+'Boyd A, Cornish R, Johnson L, et al. Understanding Hospital Episode Statistics (HES). Bristol, UK: University of Bristol, 2018.

Google Scholar

I I.<'Bird SM. Counting the dead properly and promptly. Journal of the Royal Statistical Society Series A (Statistics in Society) 2013: 815—
7. Google Scholar

12.+'Hardelid P, Dattani N, Davey J, Pribramska I, Gilbert R. Overview of child deaths in the four UK countries. Child Health Reviews—
UK London: Royal College of Paediatrics and Child Health 2013. Google Scholar



I3.+'Hardelid P, Dattani N, Gilbert R. Estimating the prevalence of chronic conditions in children who die in England, Scotland and
Wales: a data linkage cohort study. BMJ open 2014; 4(8). Google Scholar

14.<'Fraser LK, Miller M, Hain R, et al. Rising national prevalence of life-limiting conditions in children in England. Pediatrics 2012;
129(4): €923—e9. Abstract/FREE Full Text Google Scholar

I5.<'NHS Digital. Control of patient information (COPI) notice. 2021. https://digital.nhs.uk/coronavirus/coronavirus-covid- | 9-response-

information-governance-hub/control-of-patient-information-copi-notice (accessed |st June 2021. Google Scholar

1 6.+'Kompaniyets L, Agathis NT, Nelson JM, et al. Underlying medical conditions associated with severe COVID-19 illness among
children. JAMA network open 2021; 4(6): e2111182—e. Google Scholar

I7.+'Davies P, Evans C, Kanthimathinathan HK, et al. Intensive care admissions of children with paediatric inflammatory multisystem
syndrome temporally associated with SARS-CoV-2 (PIMS-TS) in the UK: a multicentre observational study. The Lancet Child &
Adolescent Health 2020; 4(9): 669—-77. Google Scholar

18.<'Flood |, Shingleton J, Bennett E, et al. Paediatric multisystem inflammatory syndrome temporally associated with SARS-CoV-2
(PIMS-TS): Prospective, national surveillance, United Kingdom and Ireland, 2020. The Lancet Regional Health-Europe 2021; 3: 100075.

Google Scholar

19.Swann OV, Holden KA, Turtle L, et al. Clinical characteristics of children and young people admitted to hospital with covid-19 in
United Kingdom: prospective multicentre observational cohort study. bmj 2020; 370. Google Scholar

20.+'Belay ED, Abrams J, Oster ME, et al. Trends in geographic and temporal distribution of US children with multisystem
inflammatory syndrome during the COVID-19 pandemic. JAMA pediatrics 202|. Google Scholar

21.<'Mathur R, Rentsch CT, Morton CE, et al. Ethnic differences in SARS-CoV-2 infection and COVID-19-related hospitalisation,
intensive care unit admission, and death in 17 million adults in England: an observational cohort study using the OpenSAFELY platform.
Lancet 2021; 397(|0286)2 1711-24. CrossRef PubMed Google Scholar

22.<'Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors associated with COVID-19-related death using OpenSAFELY. Nature 2020;
584(7821): 430—6. CrossRef PubMed Google Scholar

23.+'Bhaskaran K, Bacon S, Evans ), et al. Factors associated with deaths due to COVID-19 versus other causes: population-based
cohort analysis of UK primary care data and linked national death registrations within the OpenSAFELY platform. Lancet Reg Health
Eur 2021; 6: 100109-. Google Scholar

24.«'Kanthimathinathan HR, al. e. In the eye of the storm: Impact of COVID-19 pandemic on admission patterns to paediatric
intensive care units in the UK and Eire. (Submitted) 2021. Google Scholar

25.<'Docherty AB, HArrison EM, Green CA, et al. Features of 16,749 hospitalised UK patients with COVID-19 using the ISARIC
WHO Clinical Characterisation Protocol. medRxiv preprint server 2020. Google Scholar

26.Yates T, Zaccardi F, Islam N, et al. Obesity, Ethnicity, and Risk of Critical Care, Mechanical Ventilation, and Mortality in Patients
Admitted to Hospital with COVID-19: Analysis of the ISARIC CCP-UK Cohort. Obesity (Silver Spring) 2021. Google Scholar

Tweets referencing this article:

Ava

@AvaEleonore

RT @RosesEpines: @AK_Meier Es ist mir ein Ratsel, wieso die (schlechten) Erfahrungen aus anderen



Landern nicht zur Entscheidungsfindung ver-...

03 Oct 2021

Grace Davies
@GraceDa06

@BettyBo26051922 @MENnewsdesk @BorisjJohnson Nope. 2343 of the first 6348 Covid pediatric
admissions in the UK were healthy. And 10 kids died of Covid in September. And the worst is yet to
come. https://t.co/6Mej0kO5Ez

02 Oct 2021

medRxiv Comment Policy

submission is unnecessary.

Comments are moderated for offensive or irrelevant content (can take ~24 hours). Duplicated E

Please read our Comment Policy before commenting.

4 Comments medRxiv @ Disqus' Privacy Policy ﬂ Login

© Recommend Sort by Newest

Join the discussion...

LOG IN WITH OR SIGN UP WITH DIsaus (2)

Name

Portal Cedip ° 2 months ago

| am surprised that a country that was punished so badly by COVID-19, due to its nihilism,
purely academic debates which misled the point even after recognizing that SARS-Cov-2, get
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We did not see our boys dying in front of us. But got overwhelmed at all ages. Our 19 million
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Ricardo
A | v - Reply © Share>

Marcus ° 3 months ago
No mention of COVID variant specific tends even in limitations discussion?
A | v - Reply © Share>

i
. JN ° 3 months ago
i

"We defined admissions resulting in death as the last admission for each CYP that occur within
28 days of death identified through ONS or NCMD. "

ONS puts no such 28-day limit on deaths involving Covid (or any condition) so why does the
study?
~ | v - Reply * Share>

Sam Johnson 2 JN * 3 months ago * edited

@ Without the limit, EVERY admission would be classified as resulting in death -
everybody dies, eventually.
A | v - Reply * Share>

4 Subscribe ) Add Disqus to your siteAdd DisqusAdd A Do Not Sell My Data

A Back to top

@ Previous Next ©
Posted July 05, 2021.

% Email

> Share

@ Citation Tools

Download PDF
Author Declarations

B Supplementary Material



B Data/Code
XML

COVID-19 SARS-CoV-2 preprints from

medRxiv and bioRxiv

Subject Area

4

Subject Areas

All Articles

Addiction Medicine

Allergy and Immunology

Anesthesia

Cardiovascular Medicine

Dentistry and Oral Medicine
Dermatology

Emergency Medicine

Endocrinology (including Diabetes Mellitus and Metabolic Disease)
Epidemiology

Forensic Medicine

Gastroenterology

Genetic and Genomic Medicine

Geriatric Medicine

Health Economics

Health Informatics

Health Policy

Health Systems and Quality Improvement
Hematology

HIV/AIDS

Infectious Diseases (except HIV/AIDS)
Intensive Care and Critical Care Medicine
Medical Education

Medical Ethics

Nephrology

Neurology

Nursing



Nutrition

Obstetrics and Gynecology
Occupational and Environmental Health
Oncology

Ophthalmology

Orthopedics

Otolaryngology

Pain Medicine

Palliative Medicine

Pathology

Pediatrics

Pharmacology and Therapeutics
Primary Care Research

Psychiatry and Clinical Psychology
Public and Global Health
Radiology and Imaging
Rehabilitation Medicine and Physical Therapy
Respiratory Medicine
Rheumatology

Sexual and Reproductive Health
Sports Medicine

Surgery

Toxicology

Transplantation

Urology

Chan
Supported by Zuckerberg
Initiative ™



