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COVID-19 vaccine effectiveness and uptake in a national cohort of English children and

young people with life-limiting neurodisability

Objective
To investigate SARS-CoV-2 vaccine uptake and effectiveness in children and young people

(CYP) with life-limiting neurodisability

Design

We undertook a retrospective cohort study using national hospital data in England from 21
December 2020 - 2 September 2022 to describe SARS-CoV-2 vaccination uptake, and then
examined COVID-19 hospitalization, PICU admission and death following SARS-CoV-2

infection by vaccination status using cox regression models.

Patients

CYP aged 5-17 with life-limiting neurodisability.

Results

We identified 38,067 CYP with life-limiting neurodisability; 13,311 (35.0%) received at least
one SARS-CoV-2 vaccine, with uptake higher amongst older, White CYP, from less deprived
neighbourhoods. Of 8,134 CYP followed up after a positive SARS-CoV-2 test, 1,547 (19%) were
vaccinated. Within 28 days of infection, 309 (4.7%) unvaccinated CYP were hospitalized with
COVID-19 compared with 75 (4.8%) vaccinated CYP. 46 (0.7%) unvaccinated CYP were
admitted to PICU compared with 10 (0.6%) vaccinated CYP. 20 CYP died within 28 days of
SARS-CoV-2 infection, of which 13 were unvaccinated. Overall, adjusted hazard of
hospitalization for COVID-19 or admission to PICU did not vary by vaccination status. When
the Alpha-Delta SARS-CoV-2 variants were dominant, hazard of hospitalization with COVID-
19 was significantly lower amongst vaccinated CYP (HR 0.26 [0.09 —0.74]), with no difference
seen during Omicron (HR 1.16 [0.74 — 1.81]).

Conclusions



SARS-CoV-2 vaccination was protective of COVID-19 hospitalization among CYP with life-
limiting neurodisability during Alpha-Delta, but not for other SARS-CoV-2 variants. Vaccine

uptake was low and varied by ethnicity and deprivation.



What is already known

CYP with life limiting neurodisability were prioritised for SARS-CoV-2 vaccination, but there is

little evidence on vaccine uptake or effectiveness in this vulnerable group.
What this study adds

This is the first national population cohort to investigate real world vaccine effectiveness
against serious outcomes in COVID-19 amongst CYP with life limiting neurodisability. We
found vaccination uptake to be very low during the study period, and vary by ethnicity and
deprivation. Vaccination was protective of hospitalization due to COVID-19 during the Alpha-

Delta pandemic period but not during Omicron.
How might this affect research, practice or policy

Further work is needed to understand barriers to vaccination against SARS-CoV2 amongst
CYP with life limiting neurodisability, and ensure community health services are better

maintained during future pandemics.



Introduction

Life-limiting neurodisability is defined as neurodisability for which there is no hope of cure
and from which children and young people (CYP) will almost certainly die.! These conditions
affect around 10.8 per 100,000 CYP aged 0-19 years in England.? CYP with life-limiting
neurodisability were identified as a high-risk group early in the COVID-19 pandemic,® with
large-scale national studies showing they had among the highest risk of serious disease* and
death® associated with SARS-CoV-2 infection. CYP with life-limiting neurodisability aged >12
years were prioritised for COVID-19 vaccination since late December 2020, despite the
vaccines not being authorised below 16 years of age,® and this group remain a high priority

for vaccination in the UK.®

COVID-19 mRNA vaccines are highly effective at preventing severe disease associated with
SARS-CoV-2 infection in healthy CYP in multiple meta-analyses.”1° This protection appears to
extend to the Omicron variant,!! although with reduced effectiveness.'? However, the
literature on vaccine impact in high-risk CYP is limited. A rapid review in April 2023 using the
search terms COVID-19 vaccination, child or adolescent, and neurodisability or child disability,
identified only 2 relevant studies.'®'* An early study of mRNA vaccination in 26 adolescents
with neurodisability showed adverse events were similar to those reported in healthy adults,
but provided no information on efficacy.'® A study of antibody and cellular responses to
vaccination amongst fifteen adolescents with complex neurodisability and normal immunity
showed similar immune responses to those seen in healthy children.** Small studies of adults
with neurodevelopmental disabilities, however, found COVID-19 vaccination to be effective
at reducing mortality.’> Data on vaccine uptake in this vulnerable population are absent in

England!® and in other countries.

We examined SARS-CoV-2 vaccine uptake amongst CYP with life-limiting neurodisability using
datasets which included all hospitalisations in CYP in England, linked with data on paediatric
intensive care unit (PICU) admission, SARS-CoV-2 testing and vaccination status. We then
used these population level data to examine vaccine effectiveness against severe disease

amongst CYP with life-limiting neurodisability with confirmed SARS-CoV-2 infection.



Methods

Data sources

We undertook a cohort study using Secondary Uses Services (SUS) data, with records linked
at individual level to: the national Paediatric Intensive Care Audit Network (PICANet) dataset;
national SARS-CoV-2 testing data; the National Immunisation Database of COVID-19
Vaccinations; Office for National Statistics (ONS) death registrations, and National Child
Mortality Database (NCMD) death notification data.

Study population

We identified CYP with life-limiting neurodisability using relevant ICD-10 codes'’ recorded as
the reason for admission in SUS between 1 April 2015 and 2 September 2022. Note CYP had
to have been hospitalized at least once in this period to be included (supplementary table S1,

figures S1-S2). From this group, we identified two cohorts:

1. Overall cohort: we studied vaccine uptake within CYP with life-limiting neurodisability aged

5-17 from 21 December 2020 and 2 September 2022, (and so were eligible for vaccination).

2. Test-positive cohort: to study vaccine effectiveness, we identified CYP within the overall
cohort who had one or more positive SARS-CoV-2 test between 4 January 2021 - 2 September
2022. We used data from 4 January 2021 as this was 14 days after vaccination was first

available for CYP with life-limiting conditions (the time needed to confer protection).!®
Outcomes

We used hospitalisation and PICU admission as proxies for SARS-CoV-2 disease severity, as
used in previous work.*1%20 We examined hospitalisations occurring 2 days before, to 28 days
after a positive SARS-CoV-2 test, consistent with adult studies.?! We used two methods to
identify COVID-19 hospitalizations. First, we identified hospitalizations where a COVID-19 ICD-
10 code was recorded as the Primary diagnosis. This definition (“Primary COVID-19”) is
specific but may miss cases within CYP with multiple medical problems, (common among
those with life limiting neurodisability). We then identified hospitalizations where a COVID-
19 code was recorded as either the Primary or Secondary diagnosis. This definition

(“Primary/Secondary COVID-19”) is likely to be more sensitive but may capture



hospitalisations for other reasons, including incidental infections. We identified CYP admitted
to PICU using a COVID-19 flag in the PICANet database. Finally, we examined CYP who died
within 28 days after testing positive for COVID-19 within ONS registration data (excluding
those with an traumatic underlying cause) or deaths reported within the NCMD, in order to

account for delay in death registrations.??
Exposures

COVID-19 vaccination status was defined as “not vaccinated” or “vaccinated with one or more
doses”. We considered CYP to be “vaccinated” 14 days after they received their first dose.
Note this could occur during the follow up period after they tested positive for SARS-SoV-2.
To adjust for vulnerability related to immunosuppression, we identified CYP with previous
admissions related to malignancies, rheumatologic or inflammatory disorders, other intrinsic
immune conditions or immunodeficiency and transplants (supplementary table S2). Health
care use has been shown to be associated with more serious neurodisability,?> and so we
used PICU admissions prior to the pandemic (01 April 2015 - 01 March 2020) as a proxy for
severity of life-limiting neurodisability. We investigated overall vaccine effectiveness to
prevent hospital admission, and then separately examined this during the Alpha-Delta (04
January — 19 December 2021) and Omicron (20 December 2021 — 30 September 2022) periods

seperately.?
Statistical analyses

We examined variation in vaccination uptake by age, ethnicity and deprivation using Chi-
Square tests. In those with positive SARS-CoV-2 tests (test-positive cohort), we undertook
survival analyses of COVID-19 hospitalization or PICU admission in vaccinated compared with
unvaccinated CYP. The index date was the date of each positive SARS-CoV-2 test, with tests
recorded >90 days apart considered as separate episodes.?> We followed CYP until either: 28
days after the date of each SARS-Cov-2 positive test, date of death or 30 September 2022 (i.e.

28 days after the last available index date), whichever was sooner.

We constructed Kaplan—Meier survival curves for each outcome by vaccine status and used
the log-rank-test to test for statistical difference in hospitalisation rates. We used Cox

regression models to estimate hazard ratios for hospitalization and PICU admission by



vaccination status, adjusted for demographic factors, PICU admission prior to the pandemic,
and presence of immunological conditions. Vaccination status was a time-varying covariant,
as status could change during follow-up. Analyses were undertaken in RStudio version
1.4.1106. To account for multiple infections within CYP, we used the cluster function of the
package “survival” in Cox regression models. We assessed the proportional hazards
assumption using the Schoenfield test; where this was not met, non-significant covariates

were removed in a step-wise fashion. Low numbers (<5) are suppressed to reduce the risk of

identifying CYP.



Results

We identified 38,067 CYP with life limiting neurodisability (Table 1). 13,311 CYP (35.0%) had
received at least one COVID-19 vaccine dose by 2 September 2022, 9,916 (26.0%) had
received 22 doses, and 24,756 (65.0%) remained unvaccinated. More than 95% of
vaccinations used the BNT162b2 (Pfizer-BioNTech) vaccine. Vaccination uptake was
significantly higher amongst older CYP (72.5% in 16-17 year olds compared with 17.0% in 5-
11 year olds); CYP who were white (38.3% amongst white CYP compared with 18.7% of CYP
who were Black); CYP who were least deprived (47% in the least deprived IMD quintile
compared with 26% in the most deprived IMD quintile); and CYP that were admitted to PICU
prior to the pandemic (38.3% compared with 34.6% within those with no prior PICU). Having

an immunosuppressed condition was not associated with vaccine uptake.

There were 7,736 CYP included in the test-positive cohort, with a total of 8,134 positive SARS-
CoV-2 tests (see supplementary Table S3). 384 (4.7%) CYP in the test positive cohort were
hospitalised with Primary COVID-19 during follow up, of which 56 (14.6%) were admitted to
PICU, and 744 (9.1%) CYP were hospitalized with Primary/Secondary COVID-19, of which 83
(11.2%) were admitted to PICU (Table 2).

Kaplan-Meier survival plots for hospitalisation with Primary COVID-19 are shown in Figure 1.
Overall, 75 (4.8%) vaccinated CYP were hospitalized with Primary COVID-19 within 28 days of
SARS-CoV-2 infection, compared with 309 (4.7%) unvaccinated CYP. During Alpha-Delta, this
proportion was 1.4% amongst vaccinated CYP compared with 4.6% amongst unvaccinated
CYP, and during Omicron this proportion was 5.6% amongst vaccinated CYP and 4.8% amongst
unvaccinated CYP. 127 (8.2%) vaccinated CYP were hospitalized with Primary/Secondary
COVID-19 within 28 days of SARS-CoV-2 infection, compared with 617 (9.4%) unvaccinated
CYP. During Alpha-Delta, this proportion was 3.2% amongst vaccinated CYP and 8.9% amongst
unvaccinated CYP, and during Omicron this was 9.4% amongst vaccinated CYP and 9.8%
amongst unvaccinated CYP. The proportions admitted to PICU by vaccination status were
similar across the study period, with very small numbers in each variant period.

(supplementary table S4-7).

Across the whole study period, there was no significant difference in hazard of hospitalisation

with Primary COVID-19 or Primary/Secondary COVID-19 by vaccination status, after adjusting
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for other covariates (Table 3). During Alpha-Delta, there was significantly lower hazard of
hospitalisation amongst vaccinated CYP compared with unvaccinated CYP for both Primary
COVID-19 (HR 0.26 [0.09-0.74]) and Primary/Secondary COVID-19 (HR 0.44 [0.22, 0.86]), but
with no significant differences seen during Omicron. There were no significant differences in
hazard of PICU admission with either Primary or Primary/Secondary COVID-19 for any period.
(supplementary tables S8-S13). Log-rank tables and results for hospitalization with
Primary/Secondary COVID-19 and PICU admission shown in supplementary figures S3-S5 and
tables S14-S17.

Forty-one CYP in the test-positive cohort died within 28 days of the index date, of whom 30
(73.2%) were unvaccinated. Of those who died, 20 had COVID-19 recorded on the death
certificate (13 unvaccinated), with most other causes being non-infective. Further analysis of

deaths was not possible due to small numbers.
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Table 1 Demographic details of children and young people with life-limiting neurodisability by SARS-CoV2 vaccination status

Not vaccinated Vaccinated Total
Any vaccination 1 dose 2 or more doses
n (%) n (%) n (%) n (%)

Total 24756 (65.0) 13311 (35.0) 3395 (8.9) 9916 (26.0) 38067

Sex Male 13989 (65.3) 7441 (34.7) 1910 (8.9) 5531 (25.8) 21430

Female 10767 (64.7) 5870 (35.3) 1485 (8.9) 4385 (26.4) 16637
5-11 19998 (83.0) 4098 (17.0) 1688 (7.0) 2410 (10.0) 24096 oAk
Age 12-15 3031 (39.4) 4660 (60.6) 1038 (13.5) 3622 (47.1) 7691 *oxk
16-17 1727 (27.5) 4553 (72.5) 669 (10.7) 3884 (61.8) 6280 ke
White 15781 (61.7) 9799 (38.3) 2363 (9.2) 7436 (29.1) 25580 ok
Asian 3186 (69.6) 1392 (30.4) 429 (9.4) 963 (21.0) 4578 oAk
. Black 1712 (81.3) 393 (18.7) 149 (7.1) 244 (11.6) 2105 *Ex

Ethnicity -

Mixed 1120 (74.6) 382 (25.4) 100 (6.7) 282 (18.8) 1502 ok
Other 855 (76.1) 269 (23.9) 83 (7.4) 186 (16.5) 1124 *oxk

Unknown 2102 (66.1) 1076 (33.9) 271 (8.5) 805 (25.3) 3178
1 (most deprived) 6659 (74.0) 2334 (26.0) 733 (8.2) 1601 (17.8) 8993 oAk
2 5798 (69.8) 2510 (30.2) 734 (8.8) 1776 (21.4) 8308 Ak

. 3 4802 (63.9) 2712 (36.1) 688 (9.2) 2024 (26.9) 7514

IMD Quintile

4 4149 (59.5) 2829 (40.5) 648 (9.3) 2181 (31.3) 6978 oAk
5 (least deprived) 3292 (53.0) 2924 (47.0) 592 (9.5) 2332 (37.5) 6216 Ak
Unknown 56 (96.6) <5 0 (0.0) <5 58 oAk

i No 24082 (65.1) 12915 (34.9) 3296 (8.9) 9619 (26.0) 36997

Immunocompromised

Yes 674 (63.0) 396 (37.0) 99 (9.3) 297 (27.8) 1070
Prior PICU No 22532 (65.4) 11933 (34.6) 3042 (8.8) 8891 (25.8) 34465 ok
Yes 2224 (61.7) 1378 (38.3) 353 (9.8) 1025 (28.5) 3602 oA

*** pvalue < 0.001; ** p value < 0.01; * p value < 0.05 for Chi-square test of independence



Table 2 Number of children and young people with life-limiting neurodisability hospitalized with Primary and Primary / Secondary COVID-19 after SARS-Cov-2 infection by
vaccination status

Alpha-Delta period Omicron period

Not hospitalized Hospitalized Total Not hospitalized Hospitalized Total

n % n % n n % n % n
Total 3421 | 957 | 154 | 43 | 3575 | 4329 | 950 230 5.0 4559
Primary COVID-19 not vaccinated 3139 | 954 | 150 | 4.6 | 3289 | 3139 | 952 159 4.8 3298
vaccinated 282 | 986 | 4 | 14| 286 | 1190 | 944 71 5.6 1261
. Total 3272 | 915 | 303 | 85 [ 3575 | 4118 | 903 441 9.7 4559
P”maéé\/”s;_clogndary not vaccinated 2996 | 911 | 294 | 89 | 3200 | 2976 | 90.2 323 9.8 3299
vaccinated 276 | 968 | 9 |32 | 285 | 1142 | 906 118 9.4 1260

Table 3 Adjusted hazard ratios for hospitalization and PICU admission due to Primary and Primary Secondary COVID-19 among vaccinated compared with unvaccinated
children and young people with life-limiting neurodisability

Whole period Alpha-Delta period Omicron period
Hazard ratio [95% Cl] Hazard ratio [95% Cl] Hazard ratio [95% Cl]

. Hospitalization 0.96 [0.68-1.34] 0.26* [0.09-0.74] 1.16 [0.74-1.81]
Primary COVID-19 o

PICU admission 1.19[0.58-2.44] 3.26 [0.28-38.43] 1.23[0.41-3.73]

. Hospitalization 0.84 [0.68-1.03] 0.44* [0.22-0.86] 0.92[0.71-1.19]
Primary/Secondary COVID-19 o

PICU admission 1.32[0.70-2.50] 1.34 [0.33-5.46] 1.77 [0.74-4.26]

*** pvalue < 0.001; ** p value < 0.01; * p value < 0.05 for cox regression analyses. Full models adjusted for age, ethnicity, IMD quintile, presence of immunocompromised condition, previous PICU admission
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Discussion

In this population cohort study, we found very low uptake of COVID-19 vaccination amongst
CYP with life-limiting neurodisability by late 2022, and concerning inequalities by ethnicity
and deprivation. Vaccination uptake amongst Black CYP was half that of white CYP, with
uptake amongst Asian and mixed ethnicity groups also significantly lower than amongst white
CYP. We also found that Black and Asian CYP had higher risk of hospitalisation for COVID-19

than white CYP, regardless of vaccination status.

COVID-19 vaccination was protective against hospitalization for COVID-19 during Alpha-Delta
variant period, but not during Omicron, nor when data were combined across all variant
periods. The risk reduction for hospitalization after at least 1 vaccine dose during Alpha-Delta
was approximately 74% for a more specific estimate of COVID-19 hospital admissions (i.e.
Primary COVID-19) and 56% for a less specific but more sensitive (Primary/Secondary)
estimate. These findings were robust to adjustment for factors known to increase COVID-19
hospitalisation risk, including age, ethnicity and deprivation,* as well as for prior PICU
admission and immunosuppression, which may influence vaccine responses. We did not find
a protective effect of COVID-19 vaccination against PICU admissions, and were unable to

examine the impact of vaccination on deaths due to small numbers.
Strengths and limitations

We used national linked data from a large country with a considerable SARS-CoV-2 burden,
included almost all CYP with life-limiting neurodisability, and studied ‘real world’ vaccine
protection against SARS-CoV-2 disease. Our test-positive design obviated bias from shielding

from infection, which was common in CYP with neurodisability.

Overall, small numbers of CYP with life-limiting neurodisability led to challenges with sample
size and power, and we were unable to compare vaccine effectiveness after two or more
doses, and deaths, because this. This is reflected in wide confidence intervals for some of
our estimates. We found no associations between vaccination status and PICU admission,
but this was also limited by low numbers; less than 1% of all CYP in the positive test cohort
were admitted to PICU during follow up. Incomplete diagnostic coding within SUS may have
affected our results. Further, CYP with complex needs hospitalised with COVID-19 may have

been missed using our narrow but specific Primary COVID-19 diagnostic category, while CYP
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with incidental SARS-CoV-2 infection may have been included in our more sensitive
Primary/Secondary COVID-19 definition. Data on PICU admission may have been influenced
by advance care directives defining a ceiling of care in some CYP, reducing the overall
likelihood of PICU admission, although it is unclear whether this may have biased findings
around impact of vaccination. We identified significant sociodemographic differences in
vaccine uptake. These are also seen in risk of serious COVID-19 disease, and are likely to
operate in clinical thresholds to admit CYP (our indicator for severity). Although we were
able to control for several of these factors in our analysis of vaccine effectiveness, this may
have been incomplete and resulted in residual confounding. We did not examine geographic
variation in admission rates for SARS-Cov-2, which could have also impacted our results. Our
estimate for COVID-19 deaths is likely to be an overestimate as we were unable to attribute
cause of death to the virus.>?%? Finally, the vaccines administered in this study were all
monovalent, targeting the original SARS-CoV-2 virus, as bivalent vaccines targeting Omicron
were not used in CYP within our study period. Investigating the effectiveness of other SARS-

CoV-2 vaccines in this population should be the focus of future study.
Comparison with the literature

We are not aware of similar studies in CYP with life-limiting neurodisability. COVID-19
vaccination was recommended off-license for those aged 212 years with life-limiting
neurodisability from early January 2021, with the first vaccines authorised for those aged >16
years from 2 December 2020.%2 In the UK, the first COVID-19 vaccine was authorised for 12-
15 year-olds on 04 June 2021,%° and for 5-11 year-olds on 22 December 2021.3° Our estimates
of vaccine uptake of 61-73% amongst 212 year-olds, reveal lower uptake of more than one
vaccine dose, especially given the very early access to vaccination offered to these high-risk
CYP. Vaccine uptake in CYP with life-limiting neurodisability was similar to the general
population of CYP in England, where 57% of 12-15 year-olds and 70% of 16-17 year-olds had
received at least one vaccine dose.3! This observation suggests that the high clinical need was
not reflected in greater vaccine uptake, and uptake in our study is notably lower than in

clinically vulnerable adult groups.3%33

The low uptake we identified may reflect challenges in accessing health services, difficulties

in identifying high-risk CYP within health systems, and parental and young person hesitancy.
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It is likely that general concerns about vaccine safety prior to regulatory authorisation in this
age group contributed to low vaccine uptake early in the pandemic. US studies have shown
parents were concerned about new vaccines worsening disease control in CYP with rare
neurological syndromes.3*3> This lower uptake, however, may not be specifically related to
COVID-19 vaccines, as previous studies have shown that CYP with complex medical needs
often have lower vaccination rates than the general child population.3® Low uptake may also
be related to health service changes during the pandemic. Children’s health services in
England were de-prioritized in favour of adult services during the first and subsequent
lockdowns, with community health services for CYP with disability particularly affected.3” The
COVID-19 pandemic resulted in increased anxiety amongst CYP with neurodisability and their
families, and increased inequalities in health needs and service provision.3®3° Families
reported being confused about shielding guidance and which services were affected by
redeployment of community healthcare staff.383° Vaccination also required attendance at
healthcare facilities, which may have been declined by those most strictly shielding. Low
uptake amongst Black, mixed ethnicity and Asian CYP with life-limiting neurodisability likely
reflects the well described lower vaccine uptake in ethnic minority groups in the general

population.*®

We found significant protection against hospital admission during the Alpha-Delta periods but
not during the Omicron period. In healthy CYP, the estimated vaccine efficacy against COVID-
19 was 84-91% after one dose in recent meta-analyses of vaccine trials.>!° ‘Real world’
effectiveness studies in healthy adolescents have reported protection against symptomatic
COVID-19 disease of 82% after first dose and 93% after the second dose in an large Israeli
study,* and protection against hospitalisation of 94-95% after two doses in a US study across
multiple hospitals.*? The lack of protection against Omicron found in our study is consistent
with the very modest protection against Omicron infection, even after complete vaccination
schedules, in both CYP*3*#* and adults.*> Prior work has also reported 98% effectiveness of
vaccination in prevention of PICU admissions due to COVID-19.#> Although we found no
significant associations between vaccination status and PICU admission, this was also limited
by low numbers, with only 1% of all CYP in the positive test cohort admitted to PICU during

follow up.

Conclusions
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COVID-19 vaccination was effective in preventing hospitalisation for COVID-19 in CYP with
life-limiting neurodisability during the more severe Alpha/Delta pandemic periods, but not
during Omicron. National vaccination strategies need to focus on understanding low uptake
in this group, and variation by ethnicity and deprivation. Community health services for CYP

with significant disabilities must be better maintained during future pandemics.
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