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Purpose: Earlier coronavirus-19 (COVID-19) pandemic reports did not implicate increased disease burden in asthmatics while
subsequent findings have been inconsistent. To date, the impact of COVID-19 on childhood asthma remains undetermined and is
further complicated with ongoing emergence of new variants. This study aimed to investigate association between asthma and
COVID-19 for children in New South Wales (NSW), Australia and compare its differences across four major outbreaks from alpha,
delta and omicron variants/subvariants.

Methods: This is a retrospective cross-sectional study of all children aged <17 years old who sought care for COVID-19 at Sydney
Children’s Hospitals Network (SCHN) between 1 January 2020 and 31 May 2022.

Results: Of the 18,932 children with polymerase chain reaction (PCR) confirmed COVID-19 who attended SCHN, 60% received their
care during delta wave, and 5.41% (n = 913) had prior diagnosis of asthma. Among children with COVID-19, the odds of having
asthma were lower during alpha (aOR = 0.43; 95% CI, 0.19-0.83) and delta wave (aOR = 0.84; 95% CI, 0.73-0.96), but were higher
during omicron wave (aOR = 1.56; 95% CI, 1.23—1.95). Length of hospital stay (LOS) for asthmatic children were increased by 0.55
days and 1.17 days during delta and the second omicron wave, respectively. Intensive care and mechanical ventilation requirements
were not significantly different between asthmatic and non-asthmatic children. Eleven deaths were reported but none had asthma.
Conclusion: Although children with asthma were more susceptible to COVID-19 infections during omicron waves compared to that
of alpha or delta waves, they were not at greater risk of COVID-19 severity at any stage of the outbreak regardless of the predominant
SARS-CoV-2 variants/subvariants.
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Introduction

Since first reported in December 2019 till 1 August 2023, coronavirus-19 (COVID-19) disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) virus has infected more than 768 million people resulting in
6.9 million deaths worldwide." In Australia, over 11.5 million COVID-19 cases have been reported so far (as of
1 August 2023) with fatalities exceeding 22 thousand people.” New South Wales (NSW), the most populous state in
Australia,’ is the worst-hit state accounting for more than one-third of the total cases and mortalities.*

In the past 3 years, NSW has witnessed multiple waves of COVID-19 pandemic caused by three major variants of
SARS-CoV-2 virus (ie alpha, delta and omicron). Alpha was the original SARS-CoV-2 strain or variant of concern
dominating before June 2021 and its impact was controlled by a series of lockdown and restriction measures imposed by
the government. The delta variant was first identified in NSW in mid-June 2021 which led to a bigger and more severe
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wave of COVID-19, resulting in the reintroduction of wider lockdown and stricter social restrictions. After
November 2021, delta was quickly displaced by the omicron variant, a highly transmissible and mutable version of
SARS-CoV-2, which has been associated with a series of COVID-19 outbreaks in 2022.>-¢

Many chronic conditions including cancer, diabetes, obesity, hypertension, heart diseases, kidney and liver diseases
are considered risk factors for SARS-CoV-2 infection and serious outcomes.” Given that respiratory viral infections are
the most common triggers of asthma exacerbation, it was anticipated that asthma could predispose patients to infection
and severe COVID-19. Surprisingly, earlier pandemic studies from China had reported less than 1% of the patients
hospitalized for COVID-19 infection had a prior diagnosis of asthma.® A large epidemiology study of 72,314 cases in
China also excluded asthma as a risk factor for COVID-19 infection or severity.” In Mexico, asthma was reported in just
3% of the cases with positive results for the virus.'® However, in contrast to these reports, several studies from the United
States and United Kingdom found that asthma was more prevalent among individuals with COVID-19 than those
without.""'* Therefore, it remains unclear whether patients with asthma are more susceptible to infection and severe
outcome from COVID-19 than those without asthma. Also, these findings were mostly based on data prior to delta and
omicron outbreaks; whether asthma confers similar effects on the newly emerged SARS-CoV-2 variants/subvariants is
largely unknown.

The majority of the existing data on asthma and COVID-19 were derived from the adult populations; there are very
limited data available on the relation of childhood asthma with risk of contracting SARS-CoV-2 or poor health outcomes
from COVID-19 and conflicting results have been reported. In a recent study on COVID-19 related hospitalization
including data to September 2021, children with asthma were found to have more than two-fold increase in risk of
hospitalization.'* This is contrary to earlier findings by other authors who reported either protective or no effect of
asthma against COVID-19.">'°® Since the immuno-response of children to the virus is different from that of the adults,'”
it is important to determine whether children with asthma are at risk of COVID-19 infection and severity so that
appropriate and safe recommendations can be provided to their parents or carers. In this study, we aim to investigate the
risk of developing COVID-19 and the impact of COVID-19 on health outcomes in children with asthma across four
major waves of COVID-19 outbreaks when alpha, delta, omicron BA.1 and omicron BA.2 were the predominantly
circulating variants/subvariants.

Materials and Methods
Study Design and Setting

We conducted a multicentre, retrospective cross-sectional study using electronic medical records from the Sydney
Children’s Hospitals Network (SCHN), the largest paediatric healthcare provider in Southern Hemisphere. SCHN is
made up of two large tertiary paediatric hospitals, the Children’s Hospital at Westmead and Sydney Children’s Hospital at
Randwick. Each year, there are more than 56,000 in-patient admissions, 97,000 emergency department (ED) presenta-
tions and 1.2 million outpatient attendances at SCHN. On average, there are approximately 2500 paediatric asthma
hospital presentations across the network annually.'® De-identified data on relevant variables were extracted from the
medical records by Patient Information Unit and provided to study investigators. In March 2020, soon after the COVID-
19 outbreak, the COVID-19 Outpatient Response Team (CORT)/VirtualKids was set up by SCHN, in addition to the
Hospital in the Home (HITH) outreach service, to provide healthcare at home for children tested positive for COVID-19
who did not require in-patient care but still needed medical follow-up or monitoring for their conditions.

Study Participants

Any children aged <17 years old with polymerase chain reaction (PCR) confirmed COVID-19 who were admitted to the
SCHN as in-patients or received ambulatory care (ie including ED and outreach care under CORT/VirtualKids and
HITH) between 1 January 2020 and 31 May 2022 were included in this study. Eligible participants were identified using
International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-AM) diagnostic codes associated
with COVID-19 (U07.1). In Australia, U07.1 ICD-10-AM code was effective from 1 January 2020 according to the
National Independent Health and Aged Care Pricing Authority (IHACPA)." Patients with only rapid antigen test

1140 https: Journal of Asthma and Allergy 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Chan et al

performed were not included. The study cohort was divided into two groups (ie asthma and non-asthma) and all children
in the asthma group had previous physician-diagnosed asthma and previous hospital/ED encounters associated with ICD-
10-AM codes of allergic asthma (J45.0), non-allergic asthma (J45.1), mixed asthma (J45.8), asthma unspecified, (J45.9)
and status asthmaticus (J46) within the past two years before being tested positive for COVID-19. Any co-morbidities in
the child were identified based on relevant ICD-10-AM codes recorded in the medical records (list of co-morbidities
included is provide in Supplementary Table 1).

Statistical Analysis

We compared children with asthma vs those without on their risks of developing COVID-19, and severity of disease as
measured by COVID-19-related length of hospital stay (LOS), ICU admission, mechanical ventilation uses and mortality.
Descriptive statistics including mean, standard deviation (SD) and frequency were calculated, where appropriate.
Differences between groups were evaluated by using Pearson’s chi-squared test for categorical data (Fisher’s exact test
for sample size <5) and Student’s #-test for continuous data. Subgroup analyses were performed over four discrete
periods/waves based on the dominant circulating variants after first detected in NSW: 1 January 2020 to 15 June 2021
(alpha wave), 16 June 2021 to 31 October 2021 (delta wave), 1 November 2021 to 28 February 2022 (omicron BA.1
wave), 1 March 2022 to 31 May 2022 (omicron BA.2 wave), wherein, alpha, delta, omicron BA.1 and omicron BA.2
were the respective dominant variants/subvariants of SARS-CoV-2 virus.

Multivariable logistic regression analysis to estimate adjusted odds ratio (aOR) and 95% confidence interval (95% CI)
was used to evaluate socio-demographic factors and health outcomes associated with asthma in children with COVID-19.
Associations with continuous data were analysed by using linear regression. Health outcomes used to assess disease
severity included LOS, ICU stays, mechanical ventilation uses and deaths. LOS was based on number of day that patients
spent in hospital at SCHN for their COVID-19 episodes. ICU stays referred to time (in hour) patients spent in ICU at
SCHN within their COVID-19 hospitalization. Mechanical ventilation referred to invasive respiratory support delivered
by mechanical ventilator via endotracheal tube. Deaths referred to those occurred in the hospitals at SCHN within three
months following a primary diagnosis of COVID-19. Adjustment for covariates, including age, sex, country of birth, any
co-morbidities, socio-economic status and type of care (ie in-patient or ambulatory) were achieved by multivariate
analyses. In-patient care referred to care delivered within the hospital wards or ICUs. Ambulatory care referred to ED
presentations or care delivered virtually or at home by CORT/VirtualKids or HITH. Socio-economic status was assessed
based on the child’s postcode of residence using the Australian Bureau of Statistics Socio-Economic Indexes for Areas
(SEIFA), Index of Relative Socioeconomic Advantage and Disadvantage (IRSAD) and stratified into five categories from
least (Quintile 1) to most advantaged (Quintile 5) according to the postal area decile ranking.® Obesity was defined as
weight for age >95th percentile. All statistical analyses were performed using R program version 4.1.1 for Windows with
two-sided tests at 5% level of significance.

Ethics Approval

This retrospective study was approved by the Sydney Children’s Hospitals Network Human Research Ethics Committee
(2021/ETH12487) dated 9 March 2022. Exemption for participant consent was approved by the ethics committee, and
the study was conducted in accordance with the Declaration of Helsinki. All data were treated confidentially.

Results

During 1 January 2020 and 31 May 2022, there were 18,932 children with COVID-19 who were under the care of
SCHN. Most of the cases (59.64%) were reported during the second wave when delta was the predominant SARS-CoV-2
variant, while the initial variant (alpha) only contributed to 2.4% of all cases (Figure 1 and Table 1). None of the children
in our study had more than one hospital encounter with COVID-19.

Of the 18,932 children with COVID-19, 913 (5.41%) were asthmatic (Table 1). As shown in Table 2, children with
COVID-19 were less likely to have a prior diagnosis of asthma during the alpha (aOR = 0.43; 95% CI 0.19-0.83) and
delta waves (aOR = 0.84; 95% CI, 0.73-0.96), but were more likely to have had a diagnosis of asthma during the
omicron waves (aOR = 1.56; 95% CI, 1.23-1.95).
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Figure | Distribution of children with and without asthma who were under the care of Sydney Children’s Hospitals Network in NSW between | January 2020-3| May 2022.

Demographic Characteristics
The average age of the study cohort was seven years old. Children with asthma were significantly older (mean = 9.23

years; SD = 3.67; range 3—17 years) than those without (mean = 6.91 years; SD = 4.85; range 0—17 years) (Table 1). This
was consistent across all four waves studied (Table 1). Overall, there were more asthmatic boys than girls (59.60% vs
40.40%) with COVID-19 requiring hospital or ambulatory care, especially during the delta wave (61.50% vs 38.50%).
Approximately 97% (n = 18,270) of the COVID-19 cases studied were born in Australia. Most of the children with
COVID-19 came from less advantageous socio-economic background within SEIFA 1 to 2 quintile (n = 9101, 48.07%)
but there was no significant difference between children with asthma and without asthma (p > 0.05) (Table 1).

Co-Morbidities and Asthma

Children with asthma who had other underlying conditions were 82% (95% CI, 1.48-2.22) more likely to be needing in-
patient or ambulatory care than those without asthma but had other co-morbidities, and the likelihood was greater with
increasing number of co-morbidities (Table 2). However, the association was wave-dependent and was only significant
with the delta (aOR = 2.30; 95% CI, 1.69-3.07) and omicron BA.1 wave (aOR = 1.63; 95% CI, 1.12-2.31) (Table 3).

Disease Severity
Of the 18,932 children with COVID-19, only 5.73% (n = 1085) required in-patient care. Most of the COVID-19 patients

received ambulatory care in ED or at home via CORT/VirtualKids and HITH (n = 17,847, 94.27%) (Table 1). Although
children with asthma who had COVID-19 were more likely to require in-patient care, the association was not statistically
significant after adjusting for covariates (aOR = 1.30; 95% CI, 0.99-1.68) (Table 2), regardless of the waves or variants
(Table 3).

The average LOS for children requiring COVID-19 care was 8.83 days (SD = 5.92) while children with asthma had
longer LOS than those without (9.29 days; SD = 5.14 vs 8.80 days; SD = 5.96) (Table 1). Subgroup analysis by waves
indicated that children with asthma had a significant increase in LOS by 0.55 days (SE = 0.16; p<0.001) during the delta
wave and by 1.17 days (SE = 0.34; p=0.001) during the omicron BA.2 wave (Table 4).
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Table | Socio-Demographic and Clinical Characteristics of Children with and without Asthma Presenting to SCHN with COVID-19 Between | January 2020-31 May 2022

Overall (I January 2020 to 31 May 2022) Alpha Wave (| January 2020 to Delta Wave (16 June 2021 to Omicron BA.l Wave Omicron BA.2 Wave (I March 2022 to
I5 June 2021) 31 October 2021) (1 November 2021 to 31 May 2022)
28 February 2022)
Total Asthma No p- Total Asthma No p- Total Asthma No p- Total Asthma No p- Total Asthma No p-
Asthma value Asthma value Asthma value Asthma value Asthma value
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
n (%) 18,932 1025 17,907 466 8(1.72) 458 11,291 590 10,701 5514 304 5210 1661 123 1538
(100.00) (5.41) (94.59) (2.46) (98.28) (59.64) (5.23) (94.77) (29.13) (5.51) (94.49) (8.77) (7.41) (92.59)
Age (year), mean 7.03 9.23 6.91 < 0.001 4.06 6.12 4.02 0.02 7.53 9.38 743 <0.001 6.8l 8.88 6.69 <0.001 522 9.58 4.87 <0.001
(SD) (4.82) (3.67) (4.85) (4.24) (2.03) (4.26) (4.68) (3.83) (4.70) (4.78) (3.23) (4.83) (5.26) (3.87) (5.20)
Sex (male) 9896 611 9285 < 0.001 262 5 (62.50) 257 0.99 5818 363 5455 <0.001 2902 172 2730 0.17 914 71 843 0.59
(52.27) (59.60) (51.90) (56.22) (56.10) (51.53) (61.50) (51.10) (52.63) (56.60) (52.40) (55.03) (57.70) (54.80)
Country of birth
Australia 18,270 984 17,286 0.42 425 6 (75.00) 419 0.32 10,968 574 10,394 0.92 5301 288 5013 0.25 1576 16 1460 0.93
(96.50) (96.00) (96.50) (91.20) (91.50) (97.10) (97.30) (97.10) (96.10) (94.70) (96.20) (94.90) (94.30) (94.90)
Oversea (any) 662 41 (4.00) 621 0.42 41 2 (25.00) | 39 (8.52) 0.32 323 16 (2.71) 307 0.92 213 16 (5.26) 197 0.25 85 7 (5.69) 78 (5.07) 0.93
(3.50) (3.50) (8.80) (2.86) (2.87) (3.86) (3.78) (5.12)
Asia 202 9 (0.88) 193 0.65 19 1 (12.50) 18 (3.93) 0.75 69 1 (0.17) 68 (0.63) 0.25 77 4(1.32) 73 (1.40) 1.00 37 3 (2.44) 34 (2.21) 1.00
(1.07) (1.08) (4.08) 0.61) (1.40) (2.23)
Africa 39 0 (0.00) 39 (0.22) 0.25 | 0 (0.00) 1(0.22) 1.00 28 0 (0.00) 28 (0.26) 0.41 5 0 (0.00) 5 (0.09) 1.00 5 0 (0.00) 5(0.33) 1.00
0.21) 0.21) (0.25) (0.09) (0.30)
East Europe 5(0.03) 0 (0.00) 5 (0.03) 1.00 | 0 (0.00) 1(0.22) 1.00 3 0 (0.00) 3 (0.03) 1.00 0 0 (0.00) 0 (0.00) NA | 0 (0.00) 1 (0.06) 1.00
0.21) (0.03) (0.00) (0.06)
Europe 72 5 (0.49) 67 (0.37) 0.75 6 0 (0.00) 6 (1.31) 1.00 32 2 (0.34) 30 (0.28) 1.00 21 2 (0.66) 19 (0.37) 0.74 13 1 (0.81) 12 (0.78) 1.00
(0.38) (1.29) (0.28) (0.38) (0.78)
Middle East 175 9 (0.88) 166 1.00 | 1 (12.50) 0 (0.00) <0.001 106 5 (0.85) 101 0.98 57 3 (0.99) 54 (1.04) 1.00 I 0 (0.00) 11 (0.72) 0.72
(0.92) (0.93) 0.21) (0.94) (0.94) (1.03) (0.66)
New Zealand 67 9 (0.89) 58 (0.32) 0.01 4 0 (0.00) 4(0.87) 1.00 45 6 (1.02) 39 (0.36) 0.03 15 2 (0.66) 13 (0.25) 0.45 3 1 (0.81) 2 (0.13) 0.54
(0.35) (0.86) (0.40) (0.27) (0.18)
North America 35 4(0.39) 31 (0.17) 0.23 7 0 (0.00) 7 (1.53) 1.00 8 1(0.17) 7 (0.06) 0.89 13 3 (0.99) 10 (0.19) 0.03 7 0 (0.00) 7 (0.46) 0.98
(0.18) (1.50) (0.07) (0.23) (0.42)
South America 8 (0.04) 2 (0.20) 6 (0.03) 0.10 2 0 (0.00) 2 (0.44) 1.00 | 0 (0.00) 1 (0.01) 1.00 2 0 (0.00) 2 (0.04) 1.00 3 2 (1.63) 1 (0.06) 0.005
(0.43) (0.01) (0.04) (0.18)
South Asia 36 2 (0.20) 34 (0.19) 1.00 0 0 (0.00) 0 (0.00) NA 16 1 (0.17) 15 (0.14) 1.00 16 1(0.33) 15 (0.29) 1.00 4 0 (0.00) 4 (0.26) 1.00
(0.19) (0.00) (0.14) (0.29) (0.24)
South Pacific 23 1 (0.10) 22 (0.12) 1.00 0 0 (0.00) 0 (0.00) NA 15 0 (0.00) 15 (0.14) 0.75 7 1(0.33) 6 (0.12) 0.85 | 0 (0.00) 1 (0.07) 1.00
Ocean (0.12) (0.00) (0.13) (0.13) (0.06)
SEIFA*
Quintile | 4566 269 4297 0.11 23 0 (0.00) 23 (5.02) 1.00 3279 185 3094 0.22 1143 71 1072 0.28 121 13 108 0.20
(24.12) (26.20) (24.00) (4.94) (29.00) (31.40) (28.90) (20.70) (23.40) (20.60) (7.28) (10.60) (7.02)
Quintile 2 4535 257 4278 0.41 19 0 (0.00) 19 (4.15) 1.00 3282 171 3111 1.00 1086 72 1014 0.08 148 14 134 0.40
(23.95) (25.10) (23.90) (4.08) (29.10) (29.00) (29.10) (19.70) (23.70) (19.50) 891) (11.40) 8.71)
(Continued)
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Table | (Continued).

Overall (I January 2020 to 31 May 2022)

Alpha Wave (Il January 2020 to

Delta Wave (16 June 2021 to

Omicron BA.l Wave

Omicron BA.2 Wave (I March 2022 to

15 June 2021) 31 October 2021) (1 November 2021 to 31 May 2022)
28 February 2022)
Total Asthma No p- Total Asthma No p- Total Asthma No p- Total Asthma No p- Total Asthma No p-
Asthma value Asthma value Asthma value Asthma value Asthma value

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Quintile 3 3177 162 3015 0.41 29 0 (0.00) 29 (6.33) 1.00 1954 89 1865 0.16 974 58 916 0.56 220 15 205 0.83
(16.78) (15.80) (16.80) (6.22) (17.30) (15.10) (17.40) (17.70) (19.10) (17.60) (13.20) (12.20) (13.30)

Quintile 4 4317 226 4091 0.58 183 4 (50.00) 179 0.79 2162 114 2048 0.95 1391 60 1331 0.03 581 48 533 0.38
(22.80) (22.00) (22.80) (39.30) (39.08) (19.15) (19.32) (19.14) (25.23) (19.74) (25.55) (34.98) (39.02) (34.66)

Quintile 5 2337 11 2226 0.14 212 4 (50.00) 208 1.00 614 31 (5.25) 583 0.91 920 43 877 0.25 591 33 558 0.04
(12.34) (10.80) (12.40) (45.49) (45.41) (5.44) (5.45) (16.68) (14.14) (16.83) (35.58) (26.83) (36.28)

Co-morbidities

Any co-morbidities 1386 144 1242 <0.001 19 1 (12.50) 18 (3.93) 0.75 505 58 (9.83) 447 <0.001 481 46 435 <0.001 381 39 342 0.02

(yes) (7.32) (14.00) (6.94) (4.08) (4.47) (4.18) (8.72) (15.13) (8.35) (22.94) @3L71) (22.24)

Renal diseases 65 3(0.29) 62 (0.35) 0.99 2 0 (0.00) 2 (0.44) 1.00 15 1 (0.17) 14 (0.13) 1.00 22 0 (0.00) 22 (0.42) 0.50 26 2 (1.63) 24 (1.56) 1.00
(0.34) (0.43) 0.13) (0.40) (1.57)

Cardiovascular 97 1 (0.10) 96 (0.54) 0.09 3 0 (0.00) 3 (0.66) 1.00 23 1 (0.17) 22 (0.21) 1.00 33 0 (0.00) 33 (0.63) 0.31 38 0 (0.00) 38 (2.47) 0.15

diseases 0.51) (0.64) (0.20) (0.60) (2.29)

Oncology I 1 (0.10) 110 0.06 4 0 (0.00) 4(0.87) 1.00 5 1 (0.17) 4 (0.04) 0.63 46 0 (0.00) 46 (0.88) 0.19 56 0 (0.00) 56 (3.64) 0.06
(0.59) 0.61) (0.86) (0.04) (0.83) (337)

Metabolic diseases 78 8 (0.78) 70 (0.39) 0.10 3 0 (0.00) 3 (0.66) 1.00 20 5 (0.85) 15 (0.14) | <0.001 29 2 (0.66) 27 (0.52) 1.00 26 1 (0.81) 25 (1.63) 0.75
(0.41) (0.64) (0.18) (0.53) (1.57)

Complex 228 17 (1.66) 211 0.22 9 0 (0.00) 9 (1.97) 1.00 42 1 (0.17) 41 (0.38) 0.63 88 8 (2.63) 80 (1.54) 0.21 89 8 (6.50) 81 (5.27) 0.71

congenital (1.20) (1.18) (1.93) (0.37) (1.60) (5.36)

disorders

Diabetes mellitus 89 10 (0.98) | 79 (0.44) 0.03 0 0 (0.00) 0 (0.00) NA 18 0 (0.00) 18 (0.17) 0.64 38 4(1.32) 34 (0.65) 0.32 33 6 (4.88) 27 (1.76) 0.04
(0.47) (0.00) (0.16) (0.69) (1.99)

Obesity® 94 35(3.41) | 59(0.33) | <o0.001 | 0 (0.00) 1(0.22) 1.00 17 7 (1.19) 10 (0.09) | <0.001 31 13 (4.28) 18 (0.35) | <0.00! 45 15 30 (1.95) | <o0.001
(0.50) 0.21) (0.15) (0.56) 2.71) (12.20)

Obstructive sleep 26 5 (0.49) 21 (0.12) 0.01 | 0 (0.00) 1(0.22) 1.00 4 1 (0.17) 3 (0.03) 0.51 12 2 (0.66) 10 (0.19) 0.29 9 2 (1.63) 7 (0.46) 0.29

apnoea (0.14) 0.21) (0.04) (0.22) (0.54)

Neurological/ 210 21 (2.05) 189 0.01 7 0 (0.00) 7 (1.53) 1.00 43 7 (1.19) 36 (0.34) 0.004 80 7 (2.30) 73 (1.40) 0.30 80 7 (5.69) 73 (4.75) 0.80

neuro- (L1) (1.06) (1.50) (0.38) (1.45) (4.82)

developmental

Eating disorders 317 32 (3.12) 285 < 0.001 0 0 (0.00) 0 (0.00) NA 217 21 (3.56) 196 0.005 85 10 (3.29) | 75 (1.44) 0.02 15 1 (0.81) 14 (0.91) 1.00
(1.67) (1.59) (0.00) (1.92) (1.83) (1.54) (0.90)

Biliary atresia 14 0 (0.00) 14 (0.08) 0.76 0 0 (0.00) 0 (0.00) NA 0 0 (0.00) 0 (0.00) NA 7 0 (0.00) 7 (0.13) 1.00 7 0 (0.00) 7 (0.46) 0.98
(0.07) (0.00) (0.00) (0.13) (0.42)

Crohn’s diseases 38 5 (0.49) 33(0.18) 0.08 0 0 (0.00) 0 (0.00) NA 6 0 (0.00) 6 (0.06) 1.00 19 2 (0.66) 17 (0.33) 0.65 13 3 (244) 10 (0.65) 0.10
0.21) (0.00) (0.05) (0.34) (0.78)

Blood disorders 30 1 (0.10) 29 (0.16) 0.92 | 0 (0.00) 1(0.22) 1.00 3 0 (0.00) 3 (0.03) 1.00 19 1(0.33) 18 (0.35) 1.00 7 0 (0.00) 7 (0.46) 0.98
(0.16) 0.21) (0.03) (0.34) (0.42)

Atopy 38 3(0.29) 35 (0.20) 0.75 0 0 (0.00) 0 (0.00) NA 19 2 (0.34) 17 (0.16) 0.60 14 1(0.33) 13 (0.25) 1.00 5 0 (0.00) 5(0.33) 1.00
0.21) (0.00) 0.17) (0.25) (0.30)

Chronic lung 50 3(0.29) 47 (0.26) 1.00 | 1 (12.50) 0 (0.00) <0.001 8 0 (0.00) 8(0.07) 1.00 25 2 (0.66) 23 (0.44) 0.91 16 0 (0.00) 16 (1.04) 0.51

diseases® (0.26) 0.21) (0.07) (0.45) (0.96)
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No of co-

morbidities

0 17,546 881 16,665 <0.001 447 7 (87.50) 440 0.75 10,786 532 10,254 <0.001 5033 258 4775 <0.001 1280 84 1196 0.02
(92.67) (86.00) (93.1) (95.92) (96.07) (95.53) (90.17) (95.82) (91.28) (84.87) (91.65) (77.06) (63.29) (77.76)

1015 108 907 <0.001 7 1 (12.50) 6 (1.31) 0.27 433 53 (8.98) 380 <0.001 342 33 309 0.001 233 21 212 0.38

(5.36) (10.5) (5.07) (1.50) (3.83) (3.55) (6.20) (10.86) (5.93) (14.03) (17.07) (13.78)

2 118 15 (1.46) 103 0.001 2 0(0.00) | 2(0.44) 1.00 2 3(051) | 23021) | 031 39 5(l.64) | 34(065) | 0.1l 51 7(569) | 44 (286) | 0.4
(0.62) (0.58) (0.42) 0.23) 0.71) (3.07)

3 21 4(0.39) 17 (0.09) 0.02 0 0 (0.00) 0 (0.00) NA 4 1 (0.17) 3(0.03) 051 1 0 (0.00) 11 (0.21) 0.89 6 3 (2.44) 3 (0.20) 0.001
.11 (0.00) (0.04) (0.20) (0.36)

>4 232 17 (1.66) 215 0.25 10 0 (0.00) 10 (2.18) 1.00 42 1 (0.17) 41 (0.38) 0.63 89 8 (2.63) 81 (1.55) 0.22 9l 8 (6.50) 83 (5.40) 0.75
(123) (120 (2.15) (037) (161) (5.48)

Type of care?

In-patient 1085 76 (7.40) 1009 0.02 4 0 (0.00) 4 (0.87) 1.00 140 11 (1.86) 129 0.22 419 27 (8.88) 392 0.45 522 38 484 0.98
(5.73) (5.60) (0.86) (1.24) (r2n (7.60) (7.52) (31.43) (30.89) (31.47)

Ambulatory 17,847 949 16,898 0.02 462 8 454 1.00 11,151 579 10,572 0.22 5095 277 4818 0.45 1139 85 1054 0.98
(9427) | (92.60) (94.40) (99.14) | (100.00) | (99.13) (98.76) | (98.14) (98.79) (9240) | (91.12) (92.48) (6857) | (69.11) (68.53)

Disease severity®

LOS (day), mean 8.83 9.29 8.80 0.004 1.55 0.38 1.57 0.19 10.70 1.2 10.6 0.001 7.70 7.92 7.67 0.43 224 4.17 2.09 <0.001

(SD) (5.92) (5.14) (5.96) (19.00) (0.52) (19.20) (3.75) (3.94) (3.73) (5.53) (5.04) (5.55) (4.07) (5.48) (3.89)

ICU stay (hour), 0.39 0.50 0.39 0.71 0.38 0 (0.00) 0.39 0.32 0.25 0.24 0.25 0.96 0.41 037 041 0.89 1.26 2.07 119 0.66

mean (SD) (14.09) (9.06) (14.2) (8.34) (8.41) (14.10) (5.83) (14.40) (14.90) (4.59) (15.30) (12.60) (21.70) (11.60)

Mechanical 0.14 0.23 0.13 0.63 0 0 (0.00) 0 (0.00) NA 0.09 0 (0.00) 0.09 0.17 0.20 0.14 0.20 0.78 0.34 1.56 0.25 0.40

ventilation use (7.90) (6.15) (7.99) (0.00) (6.66) (6.85) (1050) | (2.48) (10.80) 637) | (17.30) (4.47)

(hour), mean (SD)

ICU stay (yes) 72 5(049) | 67(037) | 075 I 0(0.00) | 1022 1.00 15 10.17) | 14(.13) | 1.00 23 2(0.66) | 21(040) | 083 33 2(1.63) | 31202 | 1.00
(0.38) 0.21) 0.13) (0.42) (1.99)

Mechanical 19 2(020) | 17009 | 063 0 0(0.00) | 0 (0.00) NA 5 0(0.00) | 5(0.05) 1.00 5 1(033) | 4(0.08) 0.66 9 1(081) | 8(052) 1.00

ventilation use 0.10) (0.00) (0.04) (0.09) (0.54)

(ves)

Death' (yes) I 0 (0.00) 11 (0.06) 0.89 0 0 (0.00) 0 (0.00) NA | 0 (0.00) 1 (0.01) 1.00 5 0 (0.00) 5(0.10) 1.00 5 0 (0.00) 5(0.33) 1.00
(0.06) (0.00) 001 (0.09) (0.30)

Notes: *SEIFA: Socio-Economic Indexes for Areas stratified into five categories from least (Quintile |) to most advantaged (Quintile 5) according to the postal area decile ranking; ®Obesity was defined as weight for age = 95th percentile;
“Chronic lung diseases excluding asthma; ¢ In-patient” care referred to care delivered in hospital wards or ICUs and “Ambulatory” care referred to ED presentations or care delivered virtually or at home by CORT/VirtualKids or HITH;
°Health outcomes of COVID-19 episode; ‘Deaths occurred within three months following a COVID-19 infection.

Abbreviations: SD, standard deviation; ICU, intensive care unit; LOS, length of stay.
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Table 2 Socio-Demographic Predictors and Clinical Outcomes Associated with COVID-19 in Children with and without Asthma
Presenting to SCHN Between | January 2020-31 May 2022

Univariate Multivariate
OR 95% ClI p-value aOR 95% CI p-value
COVID-19 wave
Alpha wave (I January 2020 to 15 June 2021) 0.30 (0.13-0.56) 0.001 0.43 (0.19-0.83) 0.02
Delta wave (16 June 2021 to 31 October 2021) 091 (0.80—-1.04) 0.16 0.84 (0.73-0.96) 0.02
Omicron BA.l wave (I November 2021 to 28 February 2022) 1.03 (0.89-1.18) 0.67 1.07 (0.93-1.25) 0.37
Omicron BA.2 wave (I March 2022 to 31 May 2022) 1.45 (1.19-1.76) <0.001 1.56 (1.23-1.95) <0.001
Age (year) I.11 (1.09-1.12) <0.001 1.10 (1.09-1.13) <0.001
Sex (male) 1.37 (1.21-1.56) <0.001 1.38 (1.22-1.58) <0.001
Country of birth
Australia 0.86 (0.63-1.21) 0.36 1.09 (0.79-1.54) 0.59
Oversea 1.16 (0.83-1.58) 0.36 091 (0.65-1.25) 0.59
Asia 0.8l (0.39-1.50) 0.56 0.70 (0.33-1.30) 0.30
Africa 0.00 NA NA 0.00 NA NA
East Europe 0.00 NA NA 0.00 NA NA
Europe 1.31 (0.46-2.93) 0.57 1.10 (0.38-2.50) 0.83
Middle East 0.95 (0.45-1.75) 0.87 0.69 (0.33-1.29) 0.29
New Zealand 2.73 (1.26-5.24) 0.005 1.92 (0.88-3.75) 0.07
North America 2.26 (0.67-5.72) 0.13 235 (0.69-6.06) 0.11
South America 5.83 (1.01-25.35) 0.03 5.76 (1.00-26.26) 0.04
South Asia 1.03 (0.17-3.38) 0.97 0.76 (0.12-2.55) 0.71
South Pacific Ocean 0.79 (0.04-3.78) 0.82 0.44 (0.02-2.12) 0.42
SEIFA?
Quintile | 1.13 (0.98-1.30) 0.10 1.08 (0.93-1.24) 0.31
Quintile 2 1.07 (0.92-1.23) 0.39 1.04 (0.89-1.20) 0.63
Quintile 3 0.93 (0.78-1.09) 0.39 0.90 (0.76-1.07) 0.26
Quintile 4 0.96 (0.82-1.11) 0.55 1.02 (0.88-1.19) 0.78
Quintile 5 0.86 (0.70-1.04) 0.13 0.90 (0.73-1.09) 0.29
Co-morbidities
Any co-morbidities 2.19 (1.82-2.63) <0.001 1.82 (1.48-2.22) <0.001
Renal diseases 0.84 (0.21-2.28) 0.78 0.60 (0.15-1.66) 0.39
Cardiovascular diseases 0.18 (0.03-1.29) 0.09 0.16 (0.01-1.30) 0.07
Oncology 0.16 (0.14-1.15) 0.07 0.08 (0.005-0.39) 0.01
Metabolic diseases 2.00 (0.89-3.93) 0.06 1.66 (0.72-3.33) 0.19
Complex congenital disorders 1.41 (0.82-2.26) 0.17 1.18 (0.68-1.92) 0.52
Diabetes mellitus 222 (1.08—4.10) 0.02 1.43 (0.68-2.67) 0.30
Obesity® 10.69 (6.94-16.23) <0.001 7.11 (4.57-10.91) <0.001
Obstructive sleep apnoea 4.18 (1.39-10.27) 0.004 3.79 (1.24-9.54) 0.008
Neurological/neuro-developmental 1.96 (1.21-3.02) 0.004 1.34 0.81-2.11) 0.23
Eating disorders 1.99 (1.35-2.84) <0.001 1.92 (1.29-2.75) <0.001
Biliary atresia 0.00 NA NA NA NA NA
Crohn’s diseases 2.66 (0.91-6.23) 0.06 1.41 (0.48-3.36) 0.49
Blood disorders 0.60 (0.03-2.82) 0.62 0.45 (0.02-2.15) 0.44
Atopy 1.50 (0.36-4.17) 0.51 1.42 (0.34-4.07) 0.57
Chronic lung diseases® 1.12 (0.27-3.05) 0.86 1.09 (0.26-3.02) 0.89
No of co-morbidities
0 0.46 (0.38-0.56) <0.001 0.55 (0.45-0.67) <0.001
| 221 (1.78-2.71) <0.001 1.81 (1.45-2.25) <0.001
2 2.54 (1.42—4.24) <0.001 1.96 (1.08-3.31) 0.02
3 4.12 (1.18-11.16) 0.01 2.77 (0.78-7.68) 0.07
>4 1.39 (0.81-2.21) 0.20 1.15 (0.66—1.86) 0.59
(Continued)
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Table 2 (Continued).

Univariate Multivariate
OR 95% CI p-value aOR 95% CI p-value

Type of care®

In-patient 1.34 (1.05-1.70) 0.02 1.30 (0.99-1.68) 0.052
Ambulatory 0.75 (0.59-0.96) 0.02 0.77 (0.59-1.01) 0.052
Disease severity®

ICU stay 1.31 (0.46-2.93) 0.57 0.70 (0.24-1.65) 0.45
Mechanical ventilation use 2.06 (0.33-7.19) 0.34 1.08 (0.16—4.10) 0.92
Death'’ 0.00 NA NA NA NA NA

Notes: *SEIFA: Socio-Economic Indexes for Areas stratified into five categories from least (Quintile |) to most advantaged (Quintile 5) according to the postal area decile
ranking; "Obesity was defined as weight for age = 95th percentile; “Chronic lung diseases excluding asthma; ¢'In-patient” care referred to care delivered in hospital wards or
ICUs and “Ambulatory” care referred to ED presentations or care delivered virtually or at home by CORT/VirtualKids or HITH; *Health outcomes of COVID-19 episode;
‘Deaths occurred within three months following a COVID-19 infection.

Abbreviations: 95% Cl, 95% confidence interval; ICU, intensive care unit; aOR, odds ratio adjusted for age, gender, country of birth, SEIFA, any co-morbidities and type of care.

Throughout the study period, there were 72 (0.38%) children with COVID-19 needing ICU care with an average ICU
stay of 0.39 hours (SD = 14.09) (Table 1). Nearly half of the ICU admissions occurred during the omicron BA.2 wave (n
=33) and had the longest ICU stay (mean=1.26 hours) (Table 1). However, children with asthma were not at greater risk
of being admitted to ICU at any waves (Tables 2—4).

Mechanical ventilation uses were reported in 19 (0.1%) children with COVID-19, of which, only two had asthma and
both had the disease during the omicron waves (Table 1). Average time of mechanical ventilation uses was 0.14 hours
(SD = 7.90). The likelihood of requiring mechanical ventilation was not significantly different between asthma and non-
asthma groups (Table 2 and Table 3), except during omicron BA.2 wave, wherein, the average hours with mechanical
ventilation were increased by 1.5 hours (p=0.01) in children with asthma compared to those without (Table 4).

Mortality was rare for children with COVID-19. There were 11 deaths recorded during the study period, none of the
deaths occurred in children with asthma (Table 1).

Discussion

The findings of this study suggest a variation in the association between asthma and COVID-19, depending on the type of
SARS-CoV-2 variants circulating. In our cohort, children with COVID-19 were less likely to be asthmatic during alpha
and delta waves, but with the emergence of omicron variant, we observed an increase in risk of COVID-19 infection
among children with asthma compared with those without. Although children with asthma, in general, required longer
duration of hospitalization, they were not at greater risk of COVID-19 severity, in terms of ICU admissions, mechanical
ventilation uses or mortality, in comparison to those without asthma across the multiple waves of the pandemic.

Our results are in line with previous studies of early pandemic that patients with asthma were not at heighten risk of
COVID-19 infection or severe outcomes.®*'>* Most of these studies included data prior to mid-2021 when alpha SARS-
CoV-2 was the dominant variant. Data on delta and omicron variants are scarce. In our study, it appeared that children
with asthma were more susceptible to omicron than alpha or delta infection and hospitalizations. A recent study on the
first omicron wave also showed a 2.2-fold increase in the risk of COVID-19 hospitalization for elderly residents living in
aged care facilities.”* However, there are no comparable study in paediatric population.

The observed difference in infection during omicron waves may be linked to the differences in pathogenesis between
the ancestral SARS-CoV-2 and the newly emerged omicron variants. It is now well established that both angiotensin-
converting enzyme 2 (ACE2) and transmembrane protease serine 2 (TMPRSS2) expressions are crucial for the entry of
the original SARS-CoV-2 virus (ie alpha variant) into the cells, wherein, ACE2 provides a binding site for the spike

2528 allowing

protein of SARS-CoV-2 virus and TMPRSS2 cleaves the spike protein to enable cellular membrane fusion,
the virus to enter the cell cytoplasm and initiate replication. In patients with asthma, both ACE2 and TMPRSS?2 are

usually under expressed which might have limited cellular entry and prevent infection from the virus.>> Infectivity of

Journal of Asthma and Allergy 2023:16 hetps: 1147
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Table 3 Differences in Socio-Demographic and Clinical Outcomes Between Children with and without Asthma Presenting to SCHN with COVID-19 Between | January 2020-3| May 2022
as Stratified by Alpha, Delta and Omicron Waves

Alpha Wave (I January 2020 to 15 June 2021)

Delta Wave (16 June 2021 to 31 October 2021)

Omicron BA.l Wave (I November 2021 to
28 February 2022)

Omicron BA.2 Wave (I March 2022 to

31 May 2022)

Univariate Multivariate Univariate Multivariate Univariate Multivariate Univariate Multivariate
OR p-value aOR p-value OR p-value aOR p-value OR p-value aOR p-value OR p-value aOR p-value
(95% Cl) (95% CI) (95% CI) (95% CI) (95% Cly (95% Cly (95% CI) (95% CI)
Age (year) 1.10 0.17 113 0.15 1.10 <0.001 1.10 <0.001 1.10 <0.001 1.10 <0.001 1.17 <0.001 1.19 <0.001
(0.95-1.26) (0.95-1.33) (1.08-1.12) (1.08-1.12) (1.07-1.13) (1.07-1.13) (1.13-1.22) (1.15-1.24)
Sex (male) 1.30 0.72 1.23 0.15 1.54 <0.001 1.54 <0.001 1.18 0.16 1.20 0.12 1.13 053 1.14 0.49
(0.32-6.42) (0.29-3.91) (1.29-1.83) (1.30-1.82) (0.93-1.49) (0.95-1.53) (0.78-1.64) (0.77-1.70)
Country of birth
Australia 0.28 0.13 0.25 0.11 1.06 0.82 1.35 0.25 0.71 0.19 0.93 0.78 0.89 0.76 1.51 0.33
(0.06-1.95) (0.05-1.83) (0.66—1.84) (0.84-2.36) (0.43-1.24) (0.55-1.65) (0.42-2.16) (0.70-3.75)
Oversea 358 0.13 4.04 0.11 0.94 0.82 0.74 0.25 1.41 0.19 1.08 0.78 113 0.76 0.66 0.33
(0.51-16.15) (0.55-20.67) (0.54-1.52) (0.42-1.20) (0.81-2.31) (0.61-1.78) (0.46-2.34) (0.27-1.42)
Asia 349 0.25 253 041 0.27 0.19 0.23 0.14 0.94 0.90 0.86 0.78 111 0.89 0.68 0.53
(0.18-21.16) (0.44-11.43) (0.02-1.20) (0.01-1.04) (0.28-2.27) (0.25-2.13) (0.26-3.13) (0.16-2.00)
Africa 0.00 (NA) NA NA NA 0.00 (NA) NA NA NA 0.00 (NA) NA NA NA 0.00 (NA) NA NA NA
East Europe 0.00 (NA) NA NA NA 0.00 (NA) NA NA NA NA NA NA NA 0.00 (NA) NA NA NA
Europe 0.00 (NA) NA NA NA 1.21 0.79 1.10 0.89 1.81 0.43 1.48 0.61 1.04 0.96 0.63 0.67
(0.20-4.02) (0.18-3.72) (0.29-6.27) (0.23-5.28) (0.06-5.36) (0.03-3.61)
Middle East 0.00 (NA) NA NA NA 0.90 0.81 0.61 0.28 0.95 0.93 0.62 0.42 0.00 (NA) NA NA NA
(0.32-1.99) (0.21-1.37) (0.23-2.59) (0.15-1.72)
New Zealand 0.00 NA NA NA NA 2.81 0.02 2.27 0.07 2.64 0.20 1.88 0.42 6.30 0.13 2.59 0.44
(1.06-6.18) (0.85-5.10) (0.41-9.64) (0.29-7.15) (0.29-66.17) (0.12-27.87)
North America 0.00 (NA) NA NA NA 2.59 037 2.08 0.49 5.18 0.01 4.86 0.02 0.00 (NA) NA NA NA
(0.14-14.61) (0.11-12.06) (1.15-14.04) (1.05-16.76)
South America 0.00 (NA) NA NA NA 0.00 (NA) NA NA NA 0.00 (NA) NA NA NA 25.40 0.0l 15.16 0.03
(2.42-548.98) (1.31-348.02)
South Asia NA NA NA NA 1.21 0.85 091 0.92 1.14 0.89 0.8l 0.84 0.00 (NA) NA NA NA
(0.07-5.98) (0.05-4.59) (0.06-5.67) (0.04-4.16)
South Pacific NA NA NA NA 0.00 (NA) NA NA NA 2.86 0.33 1.23 0.86 0.00 (NA) NA NA NA
Ocean (0.15-16.82) (0.06-7.61)
SEIFA*
Quintile | 0.00 (NA) NA NA NA 1.12 0.20 .11 0.26 1.17 0.25 1.17 0.26 1.56 0.15 1.50 0.22
(0.94-1.34) (0.92-1.33) (0.89-1.54) (0.88-1.54) (0.82-2.78) (0.75-2.77)
Quintile 2 0.00 (NA) NA NA NA 0.99 0.96 0.99 0.90 1.28 0.07 1.27 0.09 1.35 0.32 1.38 0.30
(0.83-1.19) (0.82-1.19) (0.97-1.68) (0.95-1.66) (0.72-2.34) (0.72-2.49)
Quintile 3 0.00 (NA) NA NA NA 0.84 0.14 0.84 0.14 111 051 1.07 0.65 0.90 0.72 0.95 0.87
(0.66—1.05) (0.66—1.05) (0.82-1.47) (0.79-1.43) (0.50-1.53) (0.52-1.65)
Quintile 4 1.56 0.53 1.53 0.56 1.01 091 1.03 0.78 0.71 0.02 0.76 0.06 1.21 033 1.33 0.15
(0.36-6.67) (0.35-5.28) (0.82-1.24) (0.83-1.26) (0.53-0.95) (0.56-1.01) (0.82-1.75) (0.89-1.97)
Quintile 5 1.20 0.79 1.30 0.71 0.96 0.84 0.99 0.98 0.8l 0.22 0.80 0.18 0.64 0.03 0.57 0.01
(0.28-5.14) (0.30-5.66) (0.65-1.37) (0.67-1.42) (0.58-1.12) (0.56-1.10) (0.42-0.9¢) (0.37-0.87)
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Co-morbidities
Any co- 3.49 0.25 3.01 037 2.50 <0.001 230 <0.001 1.96 <0.001 1.63 0.0l 1.62 0.02 0.72 0.16
morbidities (0.18-21.16) (0.13-19.94) (1.86-3.31) (1.69-3.07) (1.39-2.69) (1.12-2.31) (1.08-2.40) (0.45-1.12)
Renal diseases 0.00 (NA) NA NA NA 1.30 0.80 1.12 091 0.00 (NA) NA NA NA 1.04 0.96 0.60 051
(0.07-6.46) (0.06-5.86) (0.17-3.57) (0.09-2.19)
Cardiovascular 0.00 (NA) NA NA NA 0.82 0.85 0.65 0.68 0.00 (NA) NA NA NA 0.00 (NA) NA NA NA
diseases (0.05-3.93) (0.03-3.27)
Oncology 0.00 (NA) NA NA NA 4.54 0.18 343 0.29 0.00 (NA) NA NA NA 0.00 (NA) NA NA NA
(0.23-30.75) (0.17-26.50)
Metabolic 0.00 (NA) NA NA NA 6.09 <0.001 5.70 0.001 127 0.74 0.92 091 0.49 0.49 0.32 0.28
diseases (1.97-15.77) (1.81-15.22) (0.20-4.27) (0.14-3.24) (0.03-2.37) (0.02-1.65)
Complex 0.00 (NA) NA NA NA 0.44 0.42 0.39 0.36 1.73 0.14 1.63 0.21 1.25 0.56 0.79 0.55
congenital (0.02-2.03) (0.02-1.83) (0.77-3.40) 0.71-3.31) (0.55-2.50) (0.33-1.66)
disorders
Diabetes mellitus 0.00 (NA) NA NA NA 0.00 (NA) NA NA NA 2.03 0.18 1.31 0.62 287 0.02 1.42 0.46
(0.60-5.13) (0.38-3.41) (1.05-6.64) (0.50-3.46)
Obesity® 0.00 (NA) NA NA NA 12.83 <0.001 8.96 <0.001 12.88 <0.001 9.02 <0.001 6.98 <0.001 2.93 0.003
(4.64-22.54) (3.18-23.96) (6.12-26.39) (4.19-18.96) (3.55-13.18) (1.42-5.83)
Obstructive sleep 0.00 (NA) NA NA NA 6.05 0.12 4.36 0.21 3.44 0.11 3.26 0.13 0.00 (NA) NA NA NA
apnoea (0.29-47.37) (0.21-36.60) (0.53-13.13) (0.49-12.78)
Neurological/ 0.00 (NA) NA NA NA 3.56 0.002 247 0.03 1.67 0.21 1.30 0.54 1.21 0.64 0.56 0.17
neuro- (1.45-7.54) (1.01-5.39) (0.68-3.39) (0.52-2.78) (0.49-2.52) (0.22-1.22)
developmental
Eating disorders NA NA NA NA 1.98 0.04 2.07 0.002 232 0.0l 2.02 0.04 0.89 091 0.50 0.52
(1.22-3.05) (1.26-3.21) (1.12-4.34) (1.02-3.81) (0.05-4.49) (0.03-2.78)
Biliary atresia NA NA NA NA NA NA NA NA 0.00 (NA) NA NA NA 0.00 (NA) NA NA NA
Crohn’s diseases NA NA NA NA 0.00 (NA) NA NA NA 2.02 0.35 0.99 0.99 3.82 0.05 137 0.65
(0.32-7.09) (0.15-3.61) (0.85-12.68) (0.29-4.80)
Blood disorders 0.00 NA NA NA 0.00 (NA) NA NA NA 0.95 0.96 0.75 0.79 0.00 (NA) NA NA NA
(0.05-4.63) (0.04-3.79)
Atopy NA NA NA NA 2.14 031 226 0.29 132 0.79 0.96 0.97 0.00 (NA) NA NA NA
(0.34-7.48) (0.35-8.23) (0.07-6.65) (0.05-5.15)
Chronic lung NA NA NA NA 0.00 (NA) NA NA NA 1.49 0.59 1.49 0.59 0.00 (NA) NA NA NA
diseases® (0.24-5.08) (0.24-5.29)
(Continued)
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Table 3 (Continued).

Alpha Wave (I January 2020 to I5 June 2021) Delta Wave (16 June 2021 to 31 October 2021) Omicron BA.l Wave (I November 2021 to Omicron BA.2 Wave (I March 2022 to
28 February 2022) 31 May 2022)
Univariate Multivariate Univariate Multivariate Univariate Multivariate Univariate Multivariate
OR p-value aOR p-value OR p-value aOR p-value OR p-value aOR p-value OR p-value aOR p-value
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
No of co-
morbidities
0 0.29 0.25 0.33 037 0.40 <0.001 0.43 <0.001 051 <0.001 0.6l 0.0lI 0.62 0.02 1.39 0.16
(0.05-5.50) (0.06-7.53) (0.31-0.54) (0.33-0.59) (0.37-0.72) (0.43-0.89) (0.42-0.93) (0.89-2.21)
10.76 0.05 9.30 0.10 2.68 <0.001 2.49 <0.001 1.93 0.001 1.56 0.03 128 0.31 0.64 0.10
(0.53-75.98) (0.35-83.10) (1.97-3.59) (1.81-3.36) (1.30-2.78) (1.03-2.30) (0.76-2.06) (0.37-1.07)
2 0.00 (NA) NA NA NA 2.37 0.16 1.70 0.39 247 0.06 1.75 0.26 2.05 0.09 1.00 0.99
(0.56-6.84) (0.39-5.09) (0.84-5.81) (0.58-4.26) (0.83-4.37) (0.39-2.22)
3 NA (NA) NA NA NA 6.05 0.12 3.96 0.24 0.00 (NA) NA NA NA 12.79 0.001 6.86 0.02
(0.29-475.37) (0.19-32.96) (2.34-69.76) (1.20-39.19)
24 0.00 (NA) NA NA NA 0.44 0.42 0.39 0.36 1.71 0.15 1.58 0.24 122 0.60 0.75 0.48
(0.02-2.03) (0.02-1.83) (0.76-3.36) (0.68-3.20) (0.53-2.43) (0.31-1.58)
Type of care?
In-patient 0.00 (NA) NA NA NA 1.56 0.16 1.09 0.79 1.20 0.39 122 0.38 0.97 0.89 124 0.33
(0.78-2.77) (0.54-1.98) 0.77-1.77) (0.77-1.88) (0.65—1.44) (0.78-1.90)
Ambulatory 0.00 (NA) NA NA NA 0.64 0.16 0.92 0.79 0.83 0.39 0.82 0.38 1.03 0.89 0.8l 0.33
(0.36-1.27) (0.50-1.86) (0.57-1.28) (0.53-1.31) (0.70-1.54) (0.52-1.25)
Disease severity®
ICU stay (yes) 0.00 (NA) NA NA NA 1.30 0.80 0.52 0.53 1.64 0.51 1.10 0.89 0.80 0.77 0.75 0.72
(0.07-6.46) (0.02-2.68) (0.26-5.61) (0.17-4.08) (0.13-2.70) 0.11-2.87)
Mechanical NA NA NA NA 0.00 (NA) NA NA NA 4.29 0.19 1.84 0.60 1.57 0.67 253 041
ventilation use (0.22-29.14) (0.09-14.29) (0.08-8.64) (0.12-17.10)
(ves)
Death' (yes) NA NA NA NA 0.00 (NA) NA NA NA 0.00 (NA) NA NA NA 0.00 (NA) NA NA NA

Notes: *SEIFA: Socio-Economic Indexes for Areas stratified into five categories from least (Quintile 1) to most advantaged (Quintile 5) according to the postal area decile ranking; bObesity was defined as weight for age 2 95th percentile;
“Chronic lung diseases excluding asthma; ¢'In-patient” care referred to care delivered in hospital wards or ICUs and “Ambulatory” care referred to ED presentations or care delivered virtually or at home by CORT/VirtualKids or HITH;
®Health outcomes of COVID-19 episode; Deaths occurred within three months following a COVID-19 infection.

Abbreviations: 95% Cl, 95% confidence interval; ICU, intensive care unit; aOR, odds ratio adjusted for age, gender, country of birth, SEIFA, any co-morbidities and type of care.
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Table 4 Estimated Differences in Health Outcomes for Children with Asthma Compared with Children without Asthma Presenting to
SCHN with COVID-19 Between | January 2020-31 May 2022

COVID-19 Wave Univariate Multivariate®

p Coefficient” SE p-value | p Coefficient SE p-value

Overall (I January 2020 to 31 May 2022)

LOS (day) 0.48 0.19 0.0l 0.06 0.18 0.72
ICU stay (hour) 0.11 0.45 0.80 —0.16 0.45 0.73
Mechanical ventilation use (hour) 0.10 0.25 0.70 —0.003 0.26 0.98
Alpha wave (I January 2020 to 15 June 2021)

LOS (day) -1.19 6.79 0.86 —0.96 6.16 0.88

ICU stay (hour) - - - — _ _
Mechanical ventilation use (hour) - - - - - -
Delta wave (16 June 2021 to 3/ October 2021)

LOS (day) 0.56 0.15 <0.001 0.55 0.16 <0.001
ICU stay (hour) —-0.01 0.59 0.98 —0.23 0.60 0.71

Mechanical ventilation use (hour) —0.09 0.28 0.75 —0.14 0.28 0.61

Omicron BA.| wave (I November 2021 to 28 February 2022)

LOS (day) 0.24 0.33 0.47 —-0.50 0.30 0.09

ICU stay (hour) —0.04 0.88 0.96 —0.39 0.88 0.66
Mechanical ventilation use (hour) —0.06 0.62 0.93 -0.25 0.63 0.67
Omicron BA.2 wave (I March 2022 to 31 May 2022)

LOS (day) 2.08 0.38 <0.001 1.17 0.34 0.001
ICU stay (hour) 0.87 1.18 0.46 1.43 1.20 0.24
Mechanical ventilation use (hour) 1.31 0.60 0.02 1.50 0.6l 0.01

Notes: *Adjusted for age, gender, country of birth, SEIFA, any co-morbidities and type of care; “Estimated changes in LOS, ICU stay or mechanical ventilation use with the
presence of asthma.
Abbreviations: SE, standard error; LOS, length of stay; ICU, intensive care unit.

delta variant was still dependent heavily on the ACE2-TMPRSS2 pathway.*° However, there are evidence to suggested
that SARS-CoV-2 omicron variants may have altered cell tropism and cell entry pathway by using alternative receptors
other than ACE2.*'!

Despite the higher number of children requiring acute or ambulatory care during delta outbreak, both ICU care or
mechanical ventilation were lower compared with the omicron waves. For children with asthma, there was no need for
mechanical ventilation uses during alpha and delta waves, and the time of mechanical ventilation uses did not differ
between children with and without asthma across all the waves, except the second omicron wave. To date, data on
COVID-19 severity, in terms of ICU admission and mechanical ventilation uses, are lacking. However, previous studies
from the United States have suggested that children with asthma were likely to suffer worse asthma outcomes from
omicron than prior variants.*>** In a study of 372 patients with asthma presenting with COVID-19, asthma exacerbations
were found to have increased by up to 3-fold during omicron wave compared to the delta or pre-delta waves.** In another
study of 81,000 COVID-19 cases, omicron infection was associated with higher rates of corticosteroid uses and antibiotic
prescriptions for patients with asthma.*

It is worth noting that the number of COVID-19 cases during alpha wave was significantly lower than any other
periods, especially among children with asthma. In addition to the lower infectivity of alpha SARS-CoV-2 variant, it
could be attributed to the strict lockdown and restrictive measures imposed during that period. In March 2020, residents
in NSW were ordered to stay home, limit their non-essential travels and public gathering when SARS-CoV-2 virus first
appeared in Australia. Further restrictions such as social distancing and mask mandate were introduced in the following
months.** Australian border had been closed for international travel since the beginning of the outbreak and was only
fully open in July 2022.%° The positive effect of these public health measures in mitigating COVID-19 spread has been
well documented. Previous study from our group also found a significant reduction of 50-70% in asthma hospital
presentations during the lockdown periods in NSW.*¢ In a separate meta-analysis of 35 studies, the authors found that
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adoption of non-pharmaceutical public health interventions was associated with a 4.68% decrease in daily cases, 4.80%
decrease in daily deaths, 1.90% decrease in the COVID-19 reproduction number and 16.5% decrease in COVID-19 daily
ICU admission.’”

COVID-19 fatality in children has been reported to be rare. In Australia, more than 15,000 deaths were registered and
certified as having died from COVID-19 from the beginning of the pandemic to 31 January 2023. Among all the deaths
reported, only 12 occurred in children aged <19 years old, accounting for approximately 0.07% of all COVID-19 deaths.*®
Here, in consistent with the national data, we reported 11 deaths (0.05%) occurring within 3 months following a COVID-19
diagnosis. Additionally, most of the deaths occurred during the omicron waves, which is in line with reports from other
countries,*® and is likely due to the large number of children infected during these periods. Further, among the 11 deaths, only
one was certified as having died from COVID-19 and this child did not have any underlying conditions. The remaining deaths
were not registered as directly caused by COVID-19 and they all had serious or complicated co-morbidities such as
malignancy and complex congenital disorders, suggesting that the impact of COVID-19 on childhood mortality might have
been underestimated. Nevertheless, there was no death recorded among children with asthma, which is in concordance with
findings of a meta-analysis that presence of asthma was not associated with risk of mortality from COVID-19.%

Our study has some limitations. First, information on need for asthma medications (eg inhaled corticosteroids and biologic
therapies) and asthma severity was not available. Although it has been suggested that biologic therapies for asthma such as
omalizumab may be protective against severe COVID-19,*! previous findings on inhaled corticosteroids and COVID-19
outcomes in asthma patients were inconclusive.** ** According to the Global Initiative for Asthma (GINA),* classification of
asthma severity will require information of medication uses and lung function test eg forced expiratory volume (FEV))
measurements, which were unavailable for this study. Nevertheless, inconsistent results have been reported on the association
between severe/uncontrolled asthma and severe COVID-19 in adults.***” Second, the effect of vaccination was not taken into
account as these data were unavailable in the medical records. Nonetheless, its clinical significance might be limited as
COVID-19 vaccine was not rolled out for children under 12 years in Australia until February 2022 in the mid of omicron
waves, and its efficacy and effectiveness has been shown to be modest against omicron variants by other authors.** Finally,
data used in this study was derived exclusively from NSW, and hence, may not be applicable to other states or countries.
Nevertheless, NSW is the most densely populated state of the country, and our analysis was based on a very large cohort of
children over multiple waves of the pandemic, which is the biggest strength of this study.

Conclusion

In our study based on a cohort of almost 19,000 children, we demonstrated that while asthma in children might not have
been a risk factor for COVID-19 infection during the early stages of the pandemic, it was linked to greater susceptibility
to infection during the periods when omicron was the predominantly circulating strain of SARS-CoV-2 virus. However,
the risk of severe COVID-19 in children with asthma was no greater than in children without asthma across the multiple
waves of pandemic.

As we move toward a phase where COVID-19 becomes endemic, it is important that we monitor emerging new
variants and the impact of the disease in children with asthma who are already at higher risk of an acute exacerbation due
to common respiratory infections. Our findings have significant implication regarding clinical decision-making on rapid
diagnosis and management of COVID-19 in children with asthma.

Abbreviations

COVID-19, Coronavirus-19; SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2; NSW, New South Wales;
ICU, Intensive care unit; SCHN, Sydney Children’s Hospitals Network; CORT, COVID-19 Outpatient Response Team;
HITH, Hospital in the Home; PCR, Polymerase chain reaction; ED, Emergency department; ICD-10-AM, International
Classification of Diseases, Tenth Revision, Clinical Modification; LOS, Length of stay; SD, standard deviation; aOR,
adjusted odds ratio; 95% CI, 95%; confidence interval; SEIFA, Socio-Economic Indexes for Areas; IRSAD, Index of
Relative Socioeconomic Advantage and Disadvantage; GINA, Global Initiative for Asthma; FEV,, Forced expiratory
volume.
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