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AbstrAct
Objective
To describe hospital admissions associated with 
SARS-CoV-2 infection in children and adolescents.
Design
Cohort study of 3.2 million first ascertained SARS-
CoV-2 infections using electronic health care record 
data.
setting
England, July 2020 to February 2022.
ParticiPants
About 12 million children and adolescents (age <18 
years) who were resident in England.
Main OutcOMe Measures
Ascertainment of a first SARS-CoV-2 associated 
hospital admissions: due to SARS-CoV-2, with SARS-
CoV-2 as a contributory factor, incidental to SARS-
CoV-2 infection, and hospital acquired SARS-CoV-2.
results
3 226 535 children and adolescents had a recorded 
first SARS-CoV-2 infection during the observation 
period, and 29 230 (0.9%) infections involved a SARS-
CoV-2 associated hospital admission. The median 

length of stay was 2 (interquartile range 1-4) days) 
and 1710 of 29 230 (5.9%) SARS-CoV-2 associated 
admissions involved paediatric critical care. 70 deaths 
occurred in which covid-19 or paediatric inflammatory 
multisystem syndrome was listed as a cause, of which 
55 (78.6%) were in participants with a SARS-CoV-2 
associated hospital admission. SARS-CoV-2 was the 
cause or a contributory factor in 21 000 of 29 230 
(71.8%) participants who were admitted to hospital 
and only 380 (1.3%) participants acquired infection 
as an inpatient and 7855 (26.9%) participants were 
admitted with incidental SARS-CoV-2 infection. Boys, 
younger children (<5 years), and those from ethnic 
minority groups or areas of high deprivation were 
more likely to be admitted to hospital (all P<0.001). 
The covid-19 vaccination programme in England 
has identified certain conditions as representing a 
higher risk of admission to hospital with SARS-CoV-2: 
11 085 (37.9%) of participants admitted to hospital 
had evidence of such a condition, and a further 4765 
(16.3%) of participants admitted to hospital had 
a medical or developmental health condition not 
included in the vaccination programme’s list.
cOnclusiOns
Most SARS-CoV-2 associated hospital admissions 
in children and adolescents in England were due to 
SARS-CoV-2 or SARS-CoV-2 was a contributory factor. 
These results should inform future public health 
initiatives and research.

Introduction
Severe disease related to SARS-CoV-2 infection is 
rare in children and adolescents, with reported rates 
for hospital admissions of 300-450 per 100 000 
ascertained SARS-CoV-2 infections (Germany1) and 
reported case fatality rates of 0.7-0.9 per 100 000 
ascertained SARS-CoV-2 infections (UK, Italy2 3). These 
lower rates of severe disease can be linked to reported 
lesser intrinsic severity of SARS-CoV-2 infection in 
younger age groups.4 Between the first reported SARS-
CoV-2 infection in England at the end of January 2020, 
leading to the original variant wave, and the summer 
of 2022, there were seven further peaks in SARS-CoV-2 
prevalence.5 6 From September 2021 to April 2022, 
the Office for National Statistics survey reported that 
the highest rates of SARS-CoV-2 infections of all age 
groups was in children and adolescents.5 These high 
levels of infection led to an increase in paediatric 
hospital admissions in the second year of the pandemic 
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WhAt Is AlreAdy knoWn on thIs topIc
Although hospital admission of children and adolescents with SARS-CoV-2 is 
rare, infection rates have been high and those with underlying health conditions 
are at increased risk of severe outcomes
Covid-19 vaccination rates are low in children and adolescents
Between autumn 2021 and spring 2022 children and adolescents experienced 
high rates of SARS-CoV-2 infection, but the implications of this for hospital 
admissions were unclear

WhAt thIs study Adds
In children and adolescents admitted to hospital with a first ascertained SARS-
CoV-2 infection, 21 000 of 29 230 (71.8%) were admitted due to the virus or with 
the virus as a contributory factor
Children and adolescents from ethnic minority groups and more deprived 
backgrounds were disproportionately represented among participants admitted 
to hospital, the 1710 of 29 230 (5.9%) who were admitted requiring critical care, 
and the further 1255 (4.3%) who were admitted with paediatric inflammatory 
multisystem syndrome but did not receive critical care
The proportion of children and adolescents with severe disease decreased 
during the omicron variant era, and falling numbers of participants with 
paediatric inflammatory multisystem syndrome contributed to this decline
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compared with the first year,7 in contrast with adults 
where hospital admissions decreased, largely related 
to the high rates of vaccination, particularly for people 
classed as vulnerable.8 Nonetheless evidence is 
lacking among children and adolescents admitted to 
hospital about the severity of illness; the rates of SARS-
CoV-2 related illness, rather than admissions where 
the infection either was incidental or was acquired 
in hospital; the evolving epidemiology of covid-19 
across different variant epochs; and to what extent 
those without underlying health conditions experience 
severe disease with SARS-CoV-2 infection. The last was 
particularly pivotal to the delay between approval of 
vaccines by the medicines regulator (Medicines and 
Healthcare Products Regulatory Agency) and approval 
for use, because the risks of hospital admission 
were considered minimal in children and young 
people without underlying health conditions.9-11 We 
present a comprehensive analysis of all SARS-CoV-2 
associated hospital admissions among the estimated 
12 million children and adolescents younger than 18 
years resident in England (ONS12) during the period 
from when the community testing programme had 
commenced13 (1 July 2020) until the most recent 
available data (31 March 2022). In this study we 
classify paediatric hospital admissions linked to SARS-
CoV-2 infection as those primarily due to SARS-CoV-2 
infection; those where SARS-CoV-2 was likely to be 
on the causal pathway; those incidental to infection; 
and those that were acquired in hospital (nosocomial). 
We also describe the personal characteristics and 
underlying health conditions among children 
and adolescents with a first SARS-CoV-2 infection 
by hospital admission type; and the trends in 
first ascertained SARS-CoV-2 infections, hospital 
admissions, intensive care unit (ICU) admissions, and 
SARS-CoV-2 infection associated hospital admission 
rates stratified by dominant variant eras (original, 
alpha, delta, and omicron).

Methods
Design and data sources
In this national, retrospective cohort study based on 
routinely collected, electronic health record data, we 
used NHS England’s trusted research environment 
for England accessed through the British Heart 
Foundation Data Science Centre’s CVD-COVID-UK/
COVID-IMPACT consortium14 to create a linked 
cohort comprising the following datasets: National 
laboratory covid-19 testing data from the Public 
Health England (now the UK Health Security Agency) 
Second Generation Surveillance System; primary care 
data from the General Practice Extraction Service Data 
for Pandemic Planning and Research; and Hospital 
Episode Statistics, including admitted patient care, 
critical care, and outpatient data. HES critical care data 
identifies patients admitted to hospital who are coded 
as fulfilling the Paediatric Critical Care Minimum 
Data Set,15 which provides a record of what happens 
to patients when they receive paediatric critical care 
in an intensive care unit (ICU) or high dependency 

unit (HDU); deaths from the ONS Civil Registration of 
Death, including the causes of death listed in order16; 
and covid-19 vaccination status from NHS England.

Datasets were linked by NHS England using the 
NHS number, a unique persistent healthcare identifier 
assigned at first encounter with the healthcare 
system.14 We analysed the data as presented, 
leveraging this linkage to ensure the presence of 
important characteristics (eg, date of birth, admission 
date) if one was present across any of the relevant 
records, but otherwise carried out no imputation when 
data were missing. We addressed missing variables 
and conducted a complete case analysis.

inclusion criteria and study cohort
Children and adolescents were considered eligible for 
inclusion in the study if they were aged 0-17 years at 
the time of first ascertained SARS-CoV-2 infection, were 
resident in England, had a valid person pseudo-identifier 
enabling data linkage, were alive at study start or born 
during the study period, and their sex was known.

We created a cohort of children and adolescents who 
had a first ascertained SARS-CoV-2 infection during 
the study period of 1 July 2020 to 17 February 2022. 
First ascertained infections were identified based on 
either a first positive SARS-CoV-2 test result in the 
Second Generation Surveillance System, or a first 
SARS-CoV-2 associated hospital admission. When 
applicable, we linked participants’ first positive test 
result with their first SARS-CoV-2 associated hospital 
admission if the test occurred between six weeks 
before the date of admission (the maximum reported 
time between an infection and hospital admission for 
paediatric inflammatory multisystem syndrome17) and 
the date of hospital discharge (for identification of 
nosocomial infections). We allowed six weeks follow-
up for infections identified by positive test results, to 
capture SARS-CoV-2 associated admissions occurring 
up to 31 March 2022, for the purposes of calculating 
the rate of SARS-CoV-2 related hospital admissions. 
We excluded reinfections and second admissions 
related to SARS-CoV-2—we considered the analysis of 
reinfections to be a separate, complex topic beyond the 
scope of this study.

Outcome: sars-cov-2 associated hospital 
admission and admission type
Because SARS-CoV-2 is a relatively new virus with 
emerging clinical characteristics in children and 
adolescents, we used broad inclusion criteria to 
identify SARS-CoV-2 associated hospital admissions, 
before classifying the admissions by type (box 1; also 
see supplementary table A). Basing our approach 
on formative NHS based research in children and 
adolescents with SARS-CoV-2,10 11 we included first 
SARS-CoV-2 associated hospital admissions where 
at least one of the following criteria was met: from 
HES Admitted Patient Care, a primary cause for 
hospital admission was one of ICD-10 (international 
classification of diseases, 10th revision) codes U07.1, 
U07.2, U07.3, or U07.4, or a non-primary cause for 
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hospital admission was U07.1 or U07.211; from HES 
Admitted Patient Care, a primary or non-primary 
cause for admission an ICD-10 code used to identify 

paediatric inflammatory multisystem syndrome 
(introduced from May 2020): R65, M30.3, or, from 
November 2020, U07.5,11 and no exclusion codes 

box 1: list of hospital admission types in order of assignment for categorising sars-cov-2 associated hospital admissions, using 
hierarchical criteria

nosocomial sars-cov-2 infection
Consistent with definitions used by NHS England,18 admissions were classified as nosocomial if the first associated positive SARS-CoV-2 test result 
occurred between day 8 of hospital admission and hospital discharge and there were no covid-19 codes (U07.1, U07.2) provided as a cause for 
hospital admission before day 8 of the admission.
type c: incidental sars-cov-2 infection
Admissions judged to be incidental to SARS-CoV-2 infection were identified before those due to SARS-CoV-2 or SARS-CoV-2 was a contributory factor, 
to avoid misclassification. These are admissions where SARS-CoV-2 is not the cause but is coincidental as a result of community transmission. 
Incidental admissions all had codes U07.1 or U07.2 as a non-primary reason for admission or a positive test result before day 8 of the admission, or 
both. Candidate reasons were identified in the ISARIC prospective study of covid-19 in children, such as trauma, poisoning, or elective surgery.19 A 
wider range of relevant primary reasons for admission than used by ISARIC was identified and included by iterative clinical review of codes present in 
the hospital admission dataset: mental health disorders, eye conditions, dental conditions, injuries, trauma, assault, self-harm, poisoning, surgical 
problems such as those affecting bowel or testis, and certain pregnancy related conditions.
Paediatric inflammatory multi system syndrome (PiMs-ts)
Admissions were identified as due to PIMS-TS if a reason for hospital admission was PIMS-TS code U07.5, or a paediatric inflammatory multisystem 
syndrome code R65 or M30.311 AND no reason for admission was a prespecified exclusion code indicating an alternative diagnosis of sepsis, 
specified bacterial or viral infections, or known causes of systemic inflammatory response. Patients admitted to hospital with PIMS-TS could also 
have a covid-19 code as a reason for admission and may or may not have a positive SARS-CoV-2 test result, as it has previously been shown that most 
are polymerase chain reaction negative at onset of PIMS-TS.20-22 After clinical review of the ICD-10 codes listed as the reasons for admission among 
children who had a PIMS-TS code as a non-primary reason for admission, these were included because (after applying the listed exclusion codes) 
these codes were consistent with a diagnosis of PIMS-TS.
type a: caused by or suspected caused by sars-cov-2 infection
Admissions caused by or suspected caused by SARS-CoV-2 infection.

Type A1—Primary reason for hospital admission was identified by one of four covid-19 codes: U07.1, U07.2, U07.3, or U07.4.11

Type A2—Primary reason for hospital admission was a sign, symptom, or condition or presentation consistent with an acute illness with SARS-
CoV-2 infection (and did not definitively indicate an alternative diagnosis); AND a non-primary reason for hospital admission was a covid-19 code 
(U07.1 or U07.2) AND there was no excluded code indicating a reason for hospital admission was an alternative or co-infection. The candidate list of 
signs, symptoms, and conditions of SARS-CoV-2 infection was identified from prospective studies, including ISARIC and international studies19 23-26 
and includes: unspecified viral infections, viral conjunctivitis, volume depletion, shock, acidosis, otitis media, croup, non-specific bronchiolitis, 
cough, fever, vomiting, diarrhoea, myalgia, headache, certain types of arrhythmias, tonsilitis, pharyngitis, and laryngitis. The candidate code list 
was checked iteratively against primary reasons for hospital admission in the cohort admitted to hospital, to generate the final code list. These 
admissions may or may not have been linked to a positive SARS-CoV-2 test result.
type b: sars-cov-2 infection as likely contributory factor
Admissions where SARS-CoV-2 infection was likely to be on the causal pathway, albeit not the primary cause of the admission. These hospital 
admissions may or may not have been linked to a positive SARS-CoV-2 test result, and all these patients had a covid-19 code (U07.1 or U07.2) as a 
non-primary reason for hospital admission, combined with one of the following primary reasons for admission that were all deemed relevant based 
on published reports19 23 27-29 or, given the emerging nature of the topic, based on expert clinical experience:

Type B1—A condition known to co-occur with SARS-CoV-2 infection (co-infections or secondary infections due to, for example, respiratory syncytial 
virus, parainfluenza, adenovirus, staphylococcal pneumonia, streptococcal pneumonia)27-29; a condition that has been clinically linked to SARS-
CoV-2 infection in children and adolescents28 29 (type 1 diabetes mellitus, status epilepticus, or febrile seizures); or a small number of treatments 
that could be linked to SARS-CoV-2 infection (isolation in cubicle for droplet precautions)

Type B2—A pre-existing or newly diagnosed condition associated with higher risk of severe illness with SARS-CoV-2 infection19 23 (conditions 
treated with immunosuppressants, any cancer, neurodevelopmental conditions that may affect breathing, neonatal conditions such as poor feeding, 
respiratory diseases such as asthma)

ISARIC=International Severe Acute Respiratory and emerging Infection Consortium; PIMS-TS=paediatric inflammatory multisystem syndrome with a temporal 
association with SARS-CoV-2.
For each patient in whom at least one Hospital Episode Statistics Admitted Patient Care consultant episode met one of the current study’s cohort inclusion criteria, 
all the episodes were grouped within the relevant hospital admission and all ICD-10 codes recorded as a reason for admission were collated, whether primary or 
non-primary. The ICD-10 codes as reason for admission were then used to identify hospital admission types.
Definition of codes: U07.1=covid-19 with virus identified; U07.2=covid-19 with virus not identified; U07.3=personal history of covid-19; U07.4=post-covid-19 condition.
Definition of paediatric inflammatory multisystem syndrome codes: R65=systemic inflammatory response; M30.3=Kawasaki disease; U07.5=paediatric 
inflammatory multisystem syndrome.
Supplementary table A provides detailed code descriptions and lists for each hospital admission type.
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were present that indicated an alternative diagnosis; 
or there was a positive SARS-CoV-2 test result from up 
to 14 days before hospital admission until the date of 
hospital discharge.18

From among first SARS-CoV-2 associated hospital 
admissions, we used a hierarchical approach to 
identify mutually exclusive admission types, using 
a combination of the ICD-10 codes listed as a reason 
for admission in HES Admitted Patient Care records, 
and positive SARS-CoV-2 test results in the Second 
Generation Surveillance System testing data. For 
clinical reasons developed by consensus, SARS-CoV-2 
associated hospital admission types were identified 
in the order: admissions with nosocomial infection; 
admissions with incidental infection; admissions 
with paediatric inflammatory multisystem syndrome 
hospital; admissions due to or suspected to be due to 
SARS-CoV-2 infection (not paediatric inflammatory 
multisystem syndrome); and admissions where 
SARS-CoV-2 infection was a contributory factor (not 
paediatric inflammatory multisystem syndrome). The 
consultant paediatrician panel, all of whom have direct 
experience of caring for children and adolescents 
admitted to hospital with SARS-CoV-2 (KB, HKK, NP, 
MJ, PDP, PR) contributed to the methods, and at least 
two members had to agree on each clinical code.

Personal characteristics
We extracted date of birth (this was used to calculate 
age at date of infection; grouped as <1, 1-4, 5-11, 12-
15, and 16-17 years), sex, ethnicity (coded through 
adapted ONS census categories and the HES Admitted 
Patient Care data dictionary: Asian or Asian British, 
black ethnicity or black British, Chinese, mixed, 
other, unknown, white ethnicity), and information 
on lower layer super output areas from primary and 
secondary care records. Information on socioeconomic 
deprivation was derived by mapping patients’ lower 
layer super output areas to the English index of multiple 
deprivation; these were then reported as fifths.

underlying health conditions
We identified medical and developmental underlying 
health conditions given their importance as risk 
factors for severe disease with SARS-CoV-2.23 30-32 
Supplementary table B provides details of pre-existing 
health conditions. Firstly, clinicians cross referenced 
all conditions listed in Chapter 14a of the Green Book33 
against ICD-1034 to identify codes representing the 
conditions that were flagged as leading to clinical 
vulnerability with SARS-CoV-2 infection by the 
Joint Committee on Vaccination and Immunisation. 
Secondly, clinicians considered reference sources of 
ICD-1034 and a scheme for identifying comorbidities in 
HES by Hardelid and colleagues35 specific to children 
and adolescents, to create a code list of additional 
candidate underlying health conditions. The HES 
Admitted Patient Care ICD-10 codes present within 
the SARS-CoV-2 associated hospital admissions were 
reviewed by clinicians, underlying health conditions 
were identified, and acute conditions due to SARS-

CoV-2 were removed from the list of underlying health 
conditions. Hence, iteratively, informed by clinician 
review and exploratory data analysis, a more inclusive 
list of medical and developmental underlying health 
conditions was created. For children, given their 
young ages a first hospital admission might be the only 
source of information on underlying health conditions, 
hence we considered any mention of congenital or 
chronic underlying health conditions in the electronic 
health record from birth to first ascertained infection, 
inclusive (this differs from the method used in adults, 
where only the history is considered36 37). In acquired 
or reversible underlying health conditions (eg, cancer, 
conditions of prematurity), as undertaken in previous 
studies of underlying health conditions in children 
by Hardelid and colleagues,35 38 we limited these to 
five years up to and including the first ascertained 
infection. We then sought the selected ICD-10 codes in 
General Practice Extraction Service Data for Pandemic 
Planning and Research (primary care), and additional 
HES Admitted Patient Care and HES Outpatient 
(secondary care) records, dated up to and including the 
admission of interest. In the case of General Practice 
Extraction Service Data for Pandemic Planning and 
Research, we transformed SNOMED-CT codes into ICD-
10 codes using NHS England’s Technology Reference 
Update Distribution cross maps.39

Given previous evidence that obesity is linked to 
severe covid-19,23 30 we extracted the weights and 
heights of participants from the General Practice 
Extraction Service Data for Pandemic Planning and 
Research in the two years before the first ascertained 
infection, and calculated body mass index (BMI) when 
both values were present. Reference data were used to 
calculate a BMI, or where there was no height, weight-
for-age and sex standard deviation score40; we then 
defined a binary indicator for obesity based on World 
Health Organization criteria (younger than 5 years: 
BMI or weight-for-age z scores >3, older than 5 years: 
BMI or weight-for-age z scores >2).41 Finally, based on 
electronic health record codes from the nine months 
before the first ascertained infection—or codes from 
the current admission when applicable, we identified 
those in the cohort who were pregnant.

time eras for sars-cov-2 variants
We assigned a dominant SARS-CoV-2 variant to each 
infection in the cohort using the following time eras: 
original variant—1 July 2020 to 5 December 2020; 
alpha variant—3 January 2021 to 1 May 2021; delta 
variant—30 May 2021 to 11 December 2021; omicron 
variant—26 December to study end (17 February 
2022 for first ascertained infections and 31 March for 
admissions meeting our criteria where an infection 
occurred before 17 February 2022).42 To avoid periods 
where two variants crossed over, we defined inter-
variant periods between each of the time era windows.42

vaccination status
Vaccination status was coded as one of unvaccinated 
or first, second, or third (booster) dose (vaccinated) 
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Fig 1 | Key events linked to sars-cov-2 infections in children and adolescents during study period july 2020 to February 2022. From top panel to 
bottom panel: sars-cov-2 prevalence in children and adolescents reported by Ons survey; number of first ascertained sars-cov-2 infections 
derived from the current study data; number of first ascertained sars-cov-2 associated hospital admissions derived from current study data; 
hospital admission rate of participants with sars-cov-2 infection calculated using prevalence of ascertained first infections derived from current 
study data; number of first ascertained sars-cov-2 associated hospital admissions requiring icu or HDu care. top panel presents according to 
Ons data availability and reported confidence intervals (shaded areas); the other panels show 14 day rolling averages of daily counts. cMO=chief 
Medical Officer; HDu=high dependency unit; icu=intensive care unit; jcvi=joint committee on vaccination and immunisation; MHra=Medicines and 
Healthcare Products regulatory agency; Ons=Office for national statistics; Pcr=polymerase chain reaction
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and was determined by the number of vaccinations 
received 14 days before infection. Vaccine type was 
not reported, as only the Pfizer-BioNTech covid-19 
vaccine (Comirnaty) is approved for use in children 
and adolescents in England.

statistical analysis
Descriptive statistics
Among the cohort of children and adolescents with a 
first ascertained SARS-CoV-2 infection, we compared 
prespecified variables among those infections that did 
or did not involve a SARS-CoV-2 associated hospital 
admission using χ2 tests. We describe the severity of the 
SARS-CoV-2 infection associated hospital admission 
by length of stay and the proportion of participants 
admitted to an ICU or HDU based on the Paediatric 
Critical Care Minimum Data Set.15 As specified by the 
Joint Committee on Vaccination and Immunisation,43 44 
we defined a severe SARS-CoV-2 related hospital 
admission as either an ICU admission or admission 
due to paediatric inflammatory multisystem syndrome 
(whether or not it involved ICU). We ascertained deaths 
among children and adolescents with a first ascertained 
SARS-CoV-2 infection at any time during the study 
period, categorised by whether the death occurred 
during the SARS-CoV-2 associated hospital admission 
and whether covid-19 or paediatric inflammatory 
multisystem syndrome was listed as a cause.

SARS-CoV-2 associated hospital admission rates
To calculate the rate of hospital admissions in 
participants with SARS-CoV-2 infection (the total and 
different types of hospital admission), we defined the 
denominator and numerator as all first ascertained 
infection episodes (one for each child) and the number 
of first infection episodes that contained a SARS-CoV-2 
related first hospital admission, respectively.

Patient and public involvement
The Patient and Public Oversight Panel of the CVD-
COVID-UK/COVID-IMPACT consortium reviewed the 
protocol on 15 September 2021 and expressed strong 
support for research into direct impacts of SARS-CoV-2 
infection on children’s and adolescent’s health. Two 
families of children admitted to hospital with SARS-
CoV-2 kindly agreed to undertake a semi-structured 
interview about their experiences. We have liaised 
with representatives of the parent organisations 
Parents Utd, SafeEdForAll, LongCovidKids, OneVoice, 
ShieldUs, Clinically Vulnerable Families UK, and the 
Hazards Campaign. Comments on patient experiences 
from all these sources informed our selection of 
admission types (see box 1).

results
cohort and hospital admission types
During the study period, 3 226 535 first SARS-
CoV-2 infections were ascertained in children and 
adolescents, of which 29 230 (0.9%) involved a 
first SARS-CoV-2 associated hospital admission, 
leaving 3 197 305 (99.1%) who were not admitted to ta
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hospital (fig 1). Table 1 provides detailed descriptive 
characteristics of the cohort. Among participants 
admitted to hospital, 1710 (5.9%) required ICU or 
HDU care (see supplementary table C and figure A). 
Among the full cohort of 3 226 535 participants with 
ascertained first infections, 70 deaths occurred in 
which either covid-19 or paediatric inflammatory 
multisystem syndrome was listed as a cause. The 
case fatality rate, inclusive of deaths where SARS-
CoV-2 was one of the causes (ie, either causal or 
contributory) among first ascertained infections, was 
2.2 per 100 000 ascertained infections. Of the 70 
deaths, 55 occurred in participants with a SARS-CoV-2 
associated hospital admission, representing 0.2% 
(55/29 230) of those with a first SARS-CoV-2 related 
hospital admission.

Of the 29 230 participants admitted to hospital, 
SARS-CoV-2 was deemed to have been the cause of or 
contributed to the admission in 21 000 (71.8%): 9875 
(33.8%) of these hospital admissions were classified as 
type A1 (due to SARS-CoV-2 infection); 5330 (18.2%) 
were classified as type A2 (suspected to be due to 
SARS-CoV-2); 4000 (13.7%) were classified as type 
B (SARS-CoV-2 was a contributory factor); and 1790 
(6.1%) were classified as paediatric inflammatory 
multisystem syndrome. Only 380 (1.3%) were 
classified as hospital admissions with nosocomial 
infection, and 7855 (26.9%) were classified as type C 
(a condition incidental to infection) (fig 2).

Testing by hospital admission type—A positive SARS-
CoV-2 test result was present in 23 750 (81.3%) (type 
A1 8135 (82.4%), type A2 4615 (86.6%), type B 
3490 (87.2%), paediatric inflammatory multisystem 
syndrome 130 (7.3%), nosocomial 380 (100%), and 
type C 7005 (89.2%)), and the remaining participants 
were included based on ICD-10 diagnostic codes alone. 
Figure 3 illustrates these stratifications over time.

Age by hospital admission type—Participants with 
type A1 admissions were the youngest (median age 
1.3 (interquartile range 0.2-10.1) years), followed by 
participants with type A2 admissions (4.1 (1.1-11.3) 
years), type B admissions (6.4 (0.6-12.9) years), and 
paediatric inflammatory multisystem syndrome (7.6 
(3.8-11.3) years). Participants with type C admissions 
were the oldest (10.6 (3.5-15.0) years).

Severity of hospital admissions—The greatest severity 
of SARS-CoV-2 infection was in those participants 
admitted to hospital with paediatric inflammatory 
multisystem syndrome (29.9% admitted to ICU or HDU, 
median stay 6 (interquartile range 4-8) days) and those 
admitted with nosocomial infection (27.6% admitted 
to ICU or HDU, median stay 93 (42-162) days). The 
lowest severity infections were in those with type A1 
admissions (3.2% admitted to ICU or HDU, median 
stay 2 (1-3) days) and type A2 admissions (1.8% 
admitted to ICU or HDU, median stay 2 (1-2) days). 
Participants with type B admissions (10.1% admitted 
to ICU or HDU, median stay 2 (1-5) days) had medium 
severity infection, probably reflecting the higher rate 
of underlying health conditions in this group, and 
participants with type C admissions had lower severity 
symptoms (3.2% admitted to ICU or HDU, median stay 
2 (1-4) days).

Personal characteristics
Male participants (15 375 (52.6%) admitted to 
hospital v 1 593 130 (49.8%) not admitted) were 
overrepresented in hospital admissions compared 
with female participants (13 855 (47.4%) v 1 604 174 
(50.2%)) (P<0.001). Younger children were 
overrepresented in hospital admissions: <1 year olds 
(8415 (28.8%) admitted to hospital v 32 940 (1.0%) 
not admitted) (P<0.001), whereas the opposite was 
found in older children—for example, 5-11 year 
olds (6840 (23.4%) v 1 454 290 (45.5%) (P<0.001). 
Asian or Asian British participants (4360 (15.0%) 
admitted to hospital v 270 510 (8.5%) not admitted) 

Positive covid-19 test result on day 8 or later of admission AND
no covid-19 codes among episodes before day 8 of admission

PIMS-TS code in any diagnostic position AND no PIMS-TS
exclusion code indicating an alternative diagnosis

Incidental code among primary reason for admission codes

Covid-19 diagnostic code among primary reason for admission codes

Yes
Nosocomial

First infections with SARS-CoV-2 associated hospital admission

380

Yes
Incidental (type C)

7855

Yes
PIMS-TS

1790

Yes
Due to SARS-CoV-2 (type A1)

9875

Primary reason for admission code consistent with covid-19

Primary reason for admission code associated with underlying health
condition known to be high risk when co-occurs with covid-19

Yes

Yes

Suspected to be caused by SARS-CoV-2 (type A2)
5330

Primary reason for admission code consistent
with condition known to co-occur with covid-19

Yes
SARS-CoV-2 on causal pathway (type B1)

2005

SARS-CoV-2 on causal pathway (type B2)
2000

29 230

Fig 2 | algorithm for hierarchical classification of sars-cov-2 associated hospital 
admissions into seven subtypes. PiMs-ts=paediatric inflammatory multisystem 
syndrome with a temporal association with sars-cov-2
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and black or black British participants (1860 (6.4%) v 
85 865 (2.7%)) were overrepresented among hospital 
admissions, whereas the opposite was found in white 
participants (20 180 (69.0%) v 2 602 620 (81.4%)) 
(all P<0.001). Participants in the highest deprivation 
fifth were overrepresented among hospital admissions 
(8845 (30.3%) admitted to hospital v 616 440 (19.3%) 
not admitted) (P<0.001), whereas in participants in the 

lowest deprivation fifth the opposite was found (4045 
(13.8%) v 727 760 (22.8%) (P<0.001).

underlying health conditions
Table 2 provides details of the pre-existing health 
conditions. We identified evidence of an underlying 
health condition flagged by the Joint Committee on 
Vaccination and Immunisation as contributing to 
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Fig 3 | characteristics of sars-cov-2 associated hospital admissions over time. top three panels illustrate proportional changes in the 14 day 
rolling average of sars-cov-2 associated hospital admissions across three different stratifications of the cohort. First panel shows the hospital 
admission types. second panel shows the participant age groups. third panel shows the sars-cov-2 testing status of participants (ie, whether there 
was evidence of a positive test result alongside the hospital admission and the date of this test). bottom panel shows the daily count of hospital 
admissions during the study period, with the black line indicating the 14 day rolling average of these counts. PiMs-ts=paediatric inflammatory 
multisystem syndrome with a temporal association with sars-cov-2
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clinical vulnerability, current pregnancy, and severe 
obesity in those older than 16 year olds33 in 11 085 
(37.9%) of the participants admitted to hospital 
compared with 569 110 (17.8%) of those not admitted 
(P<0.001). We found evidence of a broader range 
of medical and developmental underlying health 
conditions in 15 850 (54.2%) of participants admitted 
to hospital compared with 892 110 (27.9%) not 
admitted (P<0.001). Of those participants admitted 
to ICU or HDU care, 1320 (77.2%) had evidence of 
a medical and developmental underlying health 
condition, and among children who died with covid-19 
or paediatric inflammatory multisystem syndrome 
listed as a cause, a medical and developmental 
underlying health condition was identified in 50 of 
the 55 (90.9%) participants with a SARS-CoV-2 related 
hospital admission.

Information on participants’ weight was poor 
(available in the previous two years for 48.1% of those 
admitted to hospital and 20.5% of those not admitted). 
Based on available information, there was evidence of 
obesity in 1425 (4.9%) of the participants admitted to 
hospital, and a lower proportion 81 980 (2.6%) among 
those not admitted (P<0.001). Pregnancy was reported 
in 315 (1.1%) of participants admitted to hospital and 

a lower rate 4110 (0.1%) among those not admitted 
(P<0.001).

vaccination in eligible participants
In adolescents older than 12 years with a first 
ascertained SARS-CoV-2 infection after 19 July 
2021, when the use of the Pfizer-BioNTech covid-19 
vaccine was approved for use in vulnerable 12-
15 year olds, and in all adolescents older than 
16 years, the proportion vaccinated increased 
over time (see supplementary figure B). When we 
explored vaccination (defined as one dose or more, 
see supplementary table D), we found that 782 490 
(69.4%) were unvaccinated among the 1 127 735 
participants not admitted to hospital and 4050 
(74.7%) were unvaccinated among the 5420 who 
were admitted, with higher unvaccinated proportions 
in those who required ICU or HDU care: 160 of 180 
(88.9%) (P<0.001). Overall, 232 425 (20.5%) of 
participants with a first ascertained infection had 
evidence of a clinical condition that was linked to 
greater vulnerability for severe disease with SARS-
CoV-2.33 In these higher risk participants, the 
unvaccinated proportions followed a similar trend: 
151 860 (66.1%) participants who were not admitted 

table 2 | number (%) of participants with underlying health conditions for first ascertained sars-cov-2 infections, shown for children and adolescents 
not admitted to hospital, those with sars-cov-2 associated hospital admissions, those requiring icu or HDu care, and those who died with covid-19 or 
paediatric inflammatory multisystem syndrome listed as one of the causes

variables

First ascertained sars-cov-2 infections

icu/HDu subset
covid-19 or PiMs-ts 
related deathtotal

Positive sars-cov-2 
test result only

covid-19 associated 
hospital admission

Total No of participants in group 3 226 535 3 197 305 29 230 1710 70
Health condition linked to greater vulnerability
Total No with health condition 580 195 (18.0) 569 110 (17.8) 11 085 (37.9) 835 (48.8) 55 (78.6)
Health conditions:
 Cancer (excluding benign tumours) 4515 (0.1) 3495 (0.1) 1020 (3.5) 40 (2.3) <10 (<14.3)
 Blood disorders and immune deficiencies 11 765 (0.4) 10 665 (0.3) 1095 (3.7) 70 (4.1) <10 (<14.3)
 Endocrine conditions 20 985 (0.7) 19 570 (0.6) 1420 (4.9) 125 (7.3) 15 (21.4)
 Severe neurological and developmental conditions 119 910 (3.7) 117 140 (3.7) 2770 (9.5) 265 (15.5) 35 (50.0)
 Hypertension, cardiac valve disorders, and 
cardiomyopathy

10 765 (0.3) 9625 (0.3) 1140 (3.9) 195 (11.4) 10 (14.3)

 Severe respiratory diseases 399 610 (12.4) 394 655 (12.3) 4950 (16.9) 260 (15.2) 20 (28.6)
 Digestive, liver, and renal diseases 6605 (0.2) 5810 (0.2) 790 (2.7) 35 (2.0) <10 (<14.3)
 Arthritis and connective tissue diseases 8870 (0.3) 8490 (0.3) 380 (1.3) 20 (1.2) 0 (0.0)
 Congenital syndromes and anomalies 68 875 (2.1) 65 930 (2.1) 2950 (10.1) 375 (21.9) 35 (50.0)
 Obesity (age >16 years) 6245 (0.2) 6020 (0.2) 220 (0.8) <10 (<0.6) 0 (0.0)
 Pregnancy 4425 (0.1) 4110 (0.1) 315 (1.1) 0 (0.0) 0 (0.0)
Medical and developmental underlying health conditions identified by the study team
Total No with health condition 907 960 (28.1) 892 110 (27.9) 15 850 (54.2) 1315 (76.9) 65 (92.9)
Health condition:
 Cancer and neoplasms (excluding benign tumours) 5575 (0.2) 4465 (0.1) 1110 (3.8) 55 (3.2) <10 (<14.3)
 Blood disorders and immune deficiencies 23 585 (0.7) 21 225 (0.7) 2360 (8.1) 170 (9.9) <10 (<14.3)
 Endocrine conditions 101 105 (3.1) 97 610 (3.1) 3495 (12.0) 320 (18.7) 30 (42.9)
 Neurological and developmental conditions 256 000 (7.9) 250 045 (7.8) 5955 (20.4) 535 (31.3) 50 (71.4)
 Respiratory conditions 489 645 (15.2) 482 900 (15.1) 6745 (23.1) 400 (23.4) 40 (57.1)
 Hypertension and heart disease (congenital and 
acquired)

325 870 (10.1) 320 770 (10.0) 5100 (17.4) 630 (36.8) 35 (50.0)

 Digestive and liver conditions 49 695 (1.5) 47 705 (1.5) 1985 (6.8) 145 (8.5) 10 (14.3)
 Muscle, skin, and arthritis 55 940 (1.7) 53 835 (1.7) 2105 (7.2) 220 (12.9) 30 (42.9)
 Renal and genitourinary conditions 88 410 (2.7) 86 425 (2.7) 1985 (6.8) 140 (8.2) 15 (21.4)
 Prematurity and low birth weight 31 595 (1.0) 29 155 (0.9) 2440 (8.3) 390 (22.8) 10 (14.3)
Evidence of obesity 83 405 (2.6) 81 980 (2.6) 1425 (4.9) 80 (4.7) <10 (<14.3)
Evidence of recent or current pregnancy 4425 (0.1) 4110 (0.1) 315 (1.1) 0 (0.0) 0 (0.0)
HDU=high dependency unit; ICU=intensive care unit; PIMS-TS=paediatric Inflammatory multisystem syndrome with a temporal association with SARS-CoV-2.
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to hospital, 2010 (70.9%) admitted to hospital, and 
95 (86.4%) admitted to ICU or HDU care (P<0.001).

trends including sars-cov-2 associated hospital 
admission rate 
The rate of first ascertained SARS-CoV-2 associated 
hospital admissions was observed to increase between 
the original and alpha waves (rate 1.9% to 2.1%), and 
then decline in the delta (0.7%) and omicron (0.9%) 
waves (table 3, also see supplementary figure C). 
The number of children and adolescents admitted to 
hospital during the original and alpha waves (2445 
and 3300, respectively) was substantially lower 
than those admitted to hospital during the delta and 
omicron waves (11 185 and 9240, respectively); 
we only captured infections from the omicron era 
for seven weeks plus the six weeks of follow-up for 
admissions and did not capture infections in periods 
where variants overlapped (fig 1 and table 3). The 
proportions of hospital admissions by type did not 
vary much by wave, except for paediatric inflammatory 
multisystem syndrome, which decreased over time 
(original 230 (9.4%), alpha 425 (12.9%), delta 725 
(6.5%), omicron 200 (2.2%)); as did the proportion of 
participants who required ICU or HDU care (original 
170 (7.0%), alpha 325 (9.8%), delta 675 (6.0%), 
omicron 355 (3.6%)). The rate of hospital admissions 
also decreased over time for those with paediatric 
inflammatory multisystem syndrome and for those 
requiring ICU or HDU care. 

discussion
We describe first ascertained SARS-CoV-2 infections 
and SARS-CoV-2 associated hospital admissions for 
3.2 million children and adolescents, among the 
estimated population of 12 million in England,12 
during the covid-19 pandemic when the community 
testing programme was active. To contextualise this, 
we displayed notable events, including changes in 
testing policies (fig 1), alongside trends in infections. 
SARS-CoV-2 either caused or was a contributory factor 
in most (71.8%) SARS-CoV-2 associated hospital 
admissions in children and adolescents. The median 
stay was two days, implying rapid recovery for most; 
however, 5.9% of hospital admissions involved ICU 
or HDU care, thus representing more serious illness. 

Nonetheless, our findings of higher hospital admission 
rates in boys,45 hospital admission, ICU or HDU care, 
death with underlying health condition,11 19 23 30 
hospital admission, ICU or HDU care in people from 
ethnic minority groups 11 19 23 30 45 and more deprived 
backgrounds,30 45 are entirely consistent with the 
findings of a range of previous, smaller studies of 
differing designs, thus supporting the validity of our 
study.

study findings in context
Reasons for hospital admission
We found a higher number of SARS-CoV-2 associated 
hospital admissions than the number of covid-19 
admissions reported by NHS England in the same 
period (29 230 v 21 476).7 An explanation for this is 
that our more inclusive methods captured a wider 
range of hospital admissions associated with a 
SARS-CoV-2 infection than the methods used by 
NHS England; both approaches capture incidental 
hospital admissions. The inclusion of not only hospital 
admissions due to SARS-CoV-2 infection but also 
admissions where this infection was strongly suspected 
or part of a more complex combination of causal 
factors, was motivated by clinician and patient and 
public involvement feedback. Our panel of consultant 
paediatricians highlighted scenarios without a classic 
covid-19 presentation, where SARS-CoV-2 is likely to 
be implicated (some reported in case series30 46-49) or to 
contribute to hospital admission with mild SARS-CoV-2 
infection, owing to concern for complications in the 
context of underlying health conditions.30 50 51 Patient 
and public involvement feedback about children and 
adolescents who experienced hospital admissions 
with SARS-CoV-2 as a contributor or incidental finding, 
highlighted the psychosocial burdens of isolation 
and the need to cancel or delay investigations or 
procedures, with a potential detriment to health.

The degree to which SARS-CoV-2 leads to hospital 
admission has been widely debated, in part because 
this is an emerging disease that clinicians and 
researchers are still learning about. We found a 
higher proportion of incidental admissions than 
did the International Severe Acute Respiratory and 
emerging Infection Consortium (ISARIC) study (26.9% 
v 20.6%),19 and in contrast with NHS England data, 

table 3 | number (percentage) of first ascertained sars-cov-2 associated hospital admissions by type for each variant wave
variant period
Original: 1 jul 2020 to  
5 Dec 2020

alpha: 3 jan 2021 to  
1 May 2021

Delta: 30 May 2021 to  
11 Dec 2021

Omicron: 26 Dec 2021 to 
17 Feb 2022

No of first ascertained infections 127 210 158 960 1 612 630 1 014 855
Covid-19 hospital related admission types
All types of hospital admissions combined 2445 (1.9) 3300 (2.1) 11 185 (0.7) 9240 (0.9)
Specific types:
 Type A (due to or suspected to be due to SARS-CoV-2) 1120 (0.9) 1525 (1.0) 5910 (0.4) 5150 (0.5)
 Type B (SARS-CoV-2 on causal pathway) 335 (0.3) 395 (0.2) 1510 (0.1) 1295 (0.1)
 Paediatric inflammatory multisystem syndrome 230 (0.2) 425 (0.3) 725 (0.0) 200 (0.0)
 ICU or HDU care 170 (0.1) 325 (0.2) 675 (0.0) 335 (0.0)
HDU=high dependency unit; ICU=intensive care unit.
Data for the periods when variants overlapped are not shown. The rate of SARS-CoV-2 associated hospital admission during each wave is calculated as the percentage of first infections starting in 
each period.

 on 20 M
arch 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2022-073639 on 5 July 2023. D
ow

nloaded from
 

http://www.bmj.com/


RESEARCH

12 doi: 10.1136/bmj-2022-073639 | BMJ 2023;382:e073639 | the bmj

which is dominated by adults,7 we found no increase in 
numbers of patients admitted with incidental infection 
during the omicron wave. We may have designated a 
wider range of diagnostic codes as being incidental 
compared with ISARIC, based on codes observed in 
the electronic health record. Paediatric studies from 
the first pandemic wave in the UK noted the rarity of 
severe disease in children and young people,10 11 22 23 
which might mean that paediatric experience of this 
condition was initially restricted but has evolved over 
time. The low rate of nosocomial SARS-CoV-2 infection 
in children and adolescents (1.3%) might reflect the 
shorter stays and smaller number of infected patients 
in children’s wards compared with what is observed in 
adult wards.7

Severe hospital admissions
Between March 2020 and January 2022 for the UK and 
Republic of Ireland, the Paediatric Intensive Care Audit 
network (PICANet) reported paediatric ICU (PICU) 
admissions in 714 people younger than 17 years with 
SARS-CoV-2 and 818 with paediatric inflammatory 
multisystem syndrome (total 1532).52 In our slightly 
later study period (incorporating less data from the 
original variant era and more from the omicron era) 
for England we reported 1710 hospital admissions 
involving critical care, of which 535 were admissions 
with paediatric inflammatory multisystem syndrome, 
leaving 1175 young people admitted to ICU or HDU 
who did not have paediatric inflammatory multisystem 
syndrome (14.9% of these were Type C incidental). 
Our study captured HDU care outside a designated 
PICU, and it had an older upper age limit of 18 years; 
therefore, our numbers are compatible with those of 
PICANet. For context, the 1105 SARS-CoV-2 associated 
ICU or HDU admissions for the last year of our study 
can be considered against the pre-pandemic (2016-19) 
annual mean numbers from PICANet for more familiar 
conditions: 1820 for bronchiolitis (mainly in infants), 
419 for trauma, and 399 for asthma exaccerbations.29

The Joint Committee for Vaccination and 
Immunisation identified hospital admission involving 
critical care or paediatric inflammatory multisystem 
syndrome as severe outcomes and we concur with 
this.43 44 Nonetheless, our ascertainment of children and 
adolescents with paediatric inflammatory multisystem 
syndrome was complicated as this new syndrome 
was described in May 2020,22 hence the codes used 
for paediatric inflammatory multisystem syndrome 
(M30.3 and R65, see box 1) had other meanings before 
the pandemic. Of 1790 children and adolescents with 
paediatric inflammatory multisystem syndrome in our 
study, 1085 were assigned to the code U07.5 (code used 
since November 2020). Of those hospital admissions 
remaining, 20 involved both M30.3 and R65; 600 
involved only M30.3; and 85 involved only R65; with 
no evidence of an alternative cause, as determined 
by exclusion codes. In 2019, when the rates of acute 
hospital admissions in children and adolescents were 
higher than during the pandemic, after excluding 
those with an alternative cause, five were coded as R65 

(systemic inflammation) and 305 as M30.3 (Kawasaki 
disease), of which 10 involved ICU or HDU care. While 
personal characteristics and test positivity rates (27.0% 
tested positive 42 days before hospital admission) 
indicate similarities between the participants with 
paediatric inflammatory multisystem syndrome in 
our cohort and those in other studies, supporting our 
case ascertainment,20-22 we acknowledge that a small 
proportion of cases defined by M30.3, especially 
among ward level hospital admissions with paediatric 
inflammatory multisystem syndrome, could have had 
Kawasaki disease. Moreover, our observed reduction 
in number of young people admitted to hospital with 
paediatric inflammatory multisystem syndrome over 
time is consistent with reports from Denmark53 and 
the United States,54 and from multicentre data from 
202255: the reasons are unknown but may relate to 
increasing rates of previous exposure to SARS-CoV-2 
and to covid-19 vaccination.

High risk groups
The underlying health conditions most notably 
affecting children and adolescents admitted to hospital 
more than those not admitted, were respiratory (23.1% 
of those admitted to hospital), particularly asthma, 
which is plausible given the respiratory symptoms of 
covid-19, and neurological (20.4% of those admitted 
to hospital), such as autistic spectrum disorders and 
developmental delays, which hinder social distancing 
and the ability to describe symptoms and hence access 
to care. Although children younger than 5 years, who 
are ineligible for vaccination in England, were less 
likely to access testing (for example, they were never 
tested in a school setting) and were under-represented 
among those participants with ascertained SARS-
CoV-2 infections; consistent with the ISARIC study,19 23 
they were over-represented among participants 
admitted to hospital. As well as the possibility of more 
severe disease in young children, another explanatory 
factor is that clinicians treat babies with more caution 
because they are more difficult to assess when 
acutely unwell and more likely to require a period of 
observation or support with fluid intake than older 
children. It is concerning that as well as suggesting 
greater disease severity, our data may indicate that 
black children and adolescents and those from high 
deprivation backgrounds, were least likely to access 
testing. Black or black British ethnicity accounts 
for 3.3% within the wider English population,56 
and 24.0% of children and adolescents live in the 
most deprived areas.57 The respective proportions of 
children and adolescents admitted to hospital were 
higher than expected (6.4% and 30.3%), whereas 
for infected children and adolescents not admitted to 
hospital, these proportions were lower than expected 
(2.7% and 19.3%).

Variant waves
A population based study from the UK found that in 
contrast with adults, children and adolescents had 
a similar risk of hospital admission with delta and 
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omicron to previous variants.58 When interpreting the 
decrease in hospital admission rate while infections 
and hospital admissions were higher with delta and 
omicron, it should be remembered that although 
the clinical criteria for hospital admission in unwell 
children remained similar over the study period, 
strong evidence suggests that during the early phase 
of the pandemic (original and alpha eras) much less 
healthcare was accessed59-61 (children and adolescents 
were less likely to be tested and present to hospital). 
Conversely, use of testing was greater during the delta 
and omicron eras, in particular the use of lateral flow 
tests in secondary schools from March 2021 was 
associated with an increase in ascertainment of milder 
infections. Moreover, our focus was on first infections, 
not reinfections, which are more likely over time. 
Finally, the omicron variant may be relatively less 
severe than previous variants.

strengths and limitations of this study
Our study has the advantage of being based on a 
linked dataset representing children and adolescents 
in England and therefore is on a national scale. 
Ascertainment of infections in children and adolescents 
who were not admitted to hospital, depended only on 
test results and as such, will have been influenced by 
differential availability and uptake of testing. A subset 
of children and adolescents who had a SARS-CoV-2 
associated hospital admission, were included on the 
basis of a clinical illness and no positive test result. 
Given this limitation, for comparison, we present 
rates of SARS-CoV-2 associated hospital admission 
for children and adolescents based on only those first 
ascertained infections with a positive SARS-CoV-2 test 
result (see supplementary table E); all values were 
slightly lower than those in table 3. Of children and 
adolescents with a SARS-CoV-2 associated hospital 
admission, 18.7% were ascertained solely by codes, 
that will have been informed by clinical assessment, 
which is subjective and influenced by experience. A 
motive for including these participants is that children 
and adolescents might fail to receive a positive test 
result in the UK Health Security Agency’s Second 
Generation Surveillance System and yet be judged by 
clinicians as infected with SARS-CoV-2 from in-person 
evaluation of the illness, informed by the patient’s 
history of contacts and lateral flow test result. A 
weakness of case ascertainment using clinical codes, 
is that coding quality is determined by the availability 
of adequate diagnostic codes. During the emergence of 
a new illness, as well as inherent limitations in data 
quality and discrimination, coding quality could have 
been affected by a learning curve (supplementary table 
F shows the percentage prevalence of each covid-19 
code for the hospital admission types). Although we 
wanted to identify conditions that were linked with 
clinical vulnerability to severe disease, our match with 
the Green Book33 was imperfect for conditions with a 
range of severity. Our methods will have led to over 
ascertainment and inclusion of low severity underlying 
health conditions thus leading to high estimates. 

Because we focused on children and adolescents 
admitted for acute illness, 6410 were excluded where 
the only evidence was a non-primary reason for 
admission with a history of covid-19 (U07.3) or a post-
covid-19 condition (U07.4), as we were concerned 
that this pattern of coding might represent recording 
of patient history. Focusing on acute conditions meant 
that chronic post-covid-19 health conditions were not 
considered.

conclusions
Access to key relevant datasets via the CVD-COVID-
UK/COVID-IMPACT consortium14 enabled the creation 
of a linked cohort, and iterative exploratory analysis, 
involving close collaboration between data scientists 
and clinicians. We found that for most (21 000 of 
29 230 (71.8%)) of the children and adolescents with 
SARS-CoV-2 associated hospital admission, this was 
due to SARS-CoV-2 infection or SARS-CoV-2 was a 
contributory factor. Although most of these participants 
had short hospital stays, 1710 (5.9%) received critical 
care, and a further 1255 (4.3%) participants were 
admitted with paediatric inflammatory multisystem 
syndrome but did not require critical care. Children 
and adolescents from ethnic minority groups and 
more deprived backgrounds were disproportionately 
represented by these more severe outcomes of SARS-
Cov-2 infection. The proportion of children and 
adolescents admitted to hospital with severe disease 
decreased during the omicron variant era, largely 
driven by a reduction in paediatric inflammatory 
multisystem syndrome related hospital admissions. 
Our initial exploratory analyses reinforce the need for 
targeted public health action (eg, vaccination uptake 
associated interventions) to protect children and 
adolescents from ethnic minority groups and deprived 
backgrounds who seem to be disproportionately at risk 
of SARS-CoV-2 infection and hospital admission.
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