
1582  |   	�  Dev Med Child Neurol. 2025;67:1582–1589.wileyonlinelibrary.com/journal/dmcn

O R I G I N A L  A R T I C L E

Respiratory admissions and impact of COVID-19 lockdowns for 
children with severe cerebral palsy

Susan M. Reid1,2,3   |    Moya Vendeleur4  |    Danielle Wurzel4,5,6  |    Katherine Frayman2,4,5  |   
Joshua Osowicki2,7,8  |    Kylie Crompton1,2,3  |    Gordon Baikie1,2,3  |    Giuliana Antolovich1,2,3  |   
Angela Guzys1,3  |    Monica S. Cooper1,2,3

Received: 15 September 2024  |  Accepted: 1 April 2025

DOI: 10.1111/dmcn.16346  

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the 
original work is properly cited.
© 2025 The Author(s). Developmental Medicine & Child Neurology published by John Wiley & Sons Ltd on behalf of Mac Keith Press.

1Neurodisability and Rehabilitation, Murdoch 
Children's Research Institute, Parkville, 
Victoria, Australia
2Department of Paediatrics, University of 
Melbourne, Parkville, Victoria, Australia
3Department of Neurodevelopment and 
Disability, The Royal Children's Hospital, 
Parkville, Victoria, Australia
4Department of Respiratory and Sleep 
Medicine, The Royal Children's Hospital, 
Parkville, Victoria, Australia
5Respiratory Diseases Group, Murdoch 
Children's Research Institute, Parkville, 
Victoria, Australia
6Allergy and Lung Health Unit, School of 
Population and Global Health, University of 
Melbourne, Parkville, Australia
7Tropical Diseases Research Group, Murdoch 
Children's Research Institute, Parkville, 
Victoria, Australia
8Department of Infectious Diseases, The Royal 
Children's Hospital, Parkville, Victoria, Australia

Correspondence
Sue Reid, Neurodisability and Rehabilitation, 
Murdoch Children's Research Institute, 50 
Flemington Road, Parkville, Victoria, 3052, 
Australia.
Email: sue.reid@mcri.edu.au

Funding information
Victorian Department of Health and 
Human Services; Cerebral Palsy Alliance 
Research Foundation, Grant/Award Number: 
PRG00123; National Health and Medical 
Research Council, Grant/Award Number: 
GNT1149332

Abstract
Aim: To explore factors contributing to the burden of respiratory admissions in chil-
dren with severe cerebral palsy (CP) by comparing admissions to a single tertiary 
paediatric hospital before, during, and after the period of social restrictions imple-
mented to reduce transmission of COVID-19 (lockdown period).
Method: For this observational study, three severe CP cohorts (pre-lockdown, lock-
down, post-lockdown) were identified from a state-wide cerebral palsy register and 
linked to patient-level clinical and demographic data. Medical records were manu-
ally searched to identify respiratory hospitalizations. Frequency and details of ad-
missions were compared across the three 2-year periods.
Results: During the lockdown period, there were 24 hospitalizations for respira-
tory illness per 100 children compared to 37 and 47 in the pre-lockdown and post-
lockdown periods (p < 0.001). Respiratory viruses (excluding picornaviruses) were 
detected in only 7% of lockdown admissions compared to 24% pre-lockdown and 
30% post-lockdown. Sputum sampling was performed in 34% of admissions with 
gram-positive bacteria cultured in 6% admissions and gram-negative bacteria only 
in 18%.
Interpretation: The study findings highlight an important dynamic contribution 
of viral infections to respiratory illnesses in children with severe CP and the poten-
tial to improve outcomes with personalized approaches based on defining individual 
factors predisposing to recurrent respiratory admissions.

Cerebral palsy (CP) describes a diverse group of conditions 
characterized by impairment of motor function and limita-
tions in performing activities of daily living. By definition, 

these conditions are non-progressive and include cerebral 
maldevelopments, malfunctions, and destructive insults be-
fore 2 years of age. CP occurs in approximately 1.4 per 1000 
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live births in Australia.1 This equates to approximately 110 
children with CP per birth year in the Australian state of 
Victoria, including approximately 30 with severe motor im-
pairment. Approximately 30 additional persons with CP per 
birth year immigrate to Victoria.

Children with severe CP have more frequent and severe 
acute lower respiratory tract infections and chronic lung 
disease relative to other children,2 generally attributed to 
poor postural control, ineffective cough, kypho-scoliosis,3 
and poor oropharyngeal function.4 Swallowing difficul-
ties and gastro-oesophageal ref lux can further compli-
cate airway management and nutrition.5 Malnutrition 
and chronic airway infection by pathogenic bacteria may 
contribute to recurrent episodes of acute respiratory tract 
infection and slowly progressive lung disease.6 The com-
pounding effects are a major burden on the children, their 
families, and the health care system.7,8 In Australia, respi-
ratory illness is the most common reason for admission 
amongst children with CP functioning in Gross Motor 
Function Classification System (GMFCS) level V,7 and the 
leading cause of unplanned hospitalization in children 
with CP, contributing to 36% of all emergency admission 
costs.9

Although community-acquired lower respiratory tract 
infections in childhood are most often viral and self-
limiting, they are also an important cause of serious illness, 
hospitalization, intensive care unit admission, and death. 
Children with severe CP are overrepresented amongst those 
with critical illness.10 It remains uncertain the extent to 
which hospital admissions for these children follow patterns 
of community-acquired infections or are predominantly the 
result of the multitude of structural and functional impair-
ments associated with severe CP.

The impact of personal and population-level measures to 
reduce COVID-19 transmission in 2020 and 2021 affected 
transmission of other viral pathogens and the incidence of 
related respiratory diseases.11–15 These events provide an 
unusual opportunity to better understand the relative con-
tribution of different factors to the burden of respiratory ad-
missions in children with severe CP. In this study, we aimed 
to compare the frequency and details of admissions for chil-
dren with severe CP to a single tertiary paediatric hospital 
before, during, and after the period when Victoria imple-
mented many and varied population-level interventions to 
reduce COVID-19 transmission, including prolonged re-
strictions on human movement and contact, commonly de-
scribed as ‘lockdowns’.

M ETHOD

Study setting

The study was conducted at The Royal Children's Hospital, 
Melbourne and was approved by the hospital's Human 
Research Ethics Committee as part of the Victorian 

Cerebral Palsy Register project (HREC #91020). As part 
of the enrolment process for the Register project, families 
provided consent for collection of clinical data from medi-
cal records.

Study periods

Data for the study were collected for the period 1st April 
2018 to 31st March 2024. Melbourne residents experienced 
263 days of lockdown restrictions between 31st March 2020 
and 27th October 2021. Additional measures such as mask-
wearing and physical distancing were implemented more 
broadly over the same period. After the period of lockdowns, 
there was a shoulder period of slowly increasing social free-
doms. To capture data for periods of the same length, for this 
study, the lockdown period was designated as 1st April 2020 
to 31st March 2022, the pre-lockdown period as 1st April 
2018 to 31st March 2020, and the post-lockdown period as 
1st April 2022 to 31st March 2024.

Study cohorts and eligibility criteria

Three cohorts (pre-lockdown, lockdown, and post-
lockdown) were identified from the Victorian Cerebral Palsy 
Register database as the basis for ascertaining respiratory ad-
missions during the corresponding study period. Children 
were included in each cohort if (1) consent had been pro-
vided to participate in the Register project, (2) their gross 
motor function was classified as GMFCS levels IV or V, (3) 
they were aged between 3 years and 16 years at the start of 
the study period, and (4) they were living in Victoria for the 
entire 2-year period. Children who died, migrated, or turned 
19 years during each study period were excluded from that 
cohort. This methodology meant that a single child could 
appear in more than one cohort and that, although the co-
horts were matched for age, they included different par-
ticipants at the lower and upper limits of age and based on 
residency status.

What this paper adds

•	 Community-acquired viral pathogens are com-
mon triggers for respiratory exacerbations in se-
vere cerebral palsy.

•	 Gram-positive bacterial growth in sputum was 
reported in 6% of admissions.

•	 In 18% of admissions, only gram-negative bacte-
ria (e.g. Pseudomonas aeruginosa) were cultured.

•	 The precipitants for respiratory exacerbations, 
and drivers for management decisions, are in-
completely understood.
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Data collection and management

Clinical and demographic data on each participating child 
were obtained from the Victorian Cerebral Palsy Register 
database. Each child's electronic medical record at The 
Royal Children's Hospital was manually searched to iden-
tify all hospitalizations for a lower respiratory tract infec-
tion or exacerbation of chronic respiratory disease during 
the 2-year pre-lockdown, lockdown, and post-lockdown 
periods. Inclusion was based on the recorded discharge 
diagnosis, irrespective of time between admissions. The 
number and details of admissions were recorded for each 
period where eligibility criteria were met. Sputum culture 
data were collected and broadly classified as not done, 
no significant finding, or pathogen isolated. Types of 
pathogens were recorded together with the presence and 
quantity of gram-negative bacilli such as Pseudomonas 
aeruginosa. Results of respiratory molecular panel tests 
(AusDiagnostics respiratory pathogen panel 16-well [REF 
20620]) of nasopharyngeal swabs for common viruses 
were collected if performed within 5 days of the admis-
sion date. Viruses covered by the panel were SARS-CoV-2, 
inf luenza A and B, respiratory syncytial virus A and B, 
parainfluenza virus 1–4, metapneumovirus A and B, ade-
novirus A–E, rhinovirus and enterovirus, enterovirus, and 
parechovirus. Admissions were categorized on whether a 
picornavirus (rhinovirus or enterovirus) was the sole find-
ing, a virus other than picornavirus was detected, or no 
pathogens were detected. Admissions for COVID-19 in-
fections were excluded as they represented an exposure not 
present in the pre-lockdown period and potentially having 
a lower threshold for admission.

Statistical methods

All tabulations and statistical analyses were conducted using 
Stata version 17.1 (StataCorp, College Station, TX, USA). 
Numerical data related to admissions were not normally 
distributed and were converted to categorical variables for 
comparison between periods. Missing data were excluded 
if below 5%; otherwise, missing data were reported in 
tabulations.

R E SU LTS

Study cohorts

From a total of 506 children, 395, 378, and 359 children 
were included in the pre-lockdown, lockdown, and post-
lockdown cohorts respectively (Figure S1). Compared to the 
pre-lockdown cohort, the overlapping proportions of chil-
dren in the lockdown and post-lockdown cohorts were 84% 
and 70% respectively (Table 1 and Figure 1). Fewer children 
died during the lockdown period compared to the pre- and 
post-lockdown periods. There was also a progressive decrease 

in the proportion of children in each cohort with a feeding 
tube or fundoplication (Table 1). Apart from those differences, 
characteristics of children were similar across periods.

Overall, the 506 eligible children had 407 admissions, 
a median of 0 (interquartile range 0–14) admissions per 

T A B L E  1   Comparison of characteristics of children in the pre-
lockdown, lockdown, and post-lockdown cohorts.

Pre-
lockdown 
n = 395

Lockdown 
n = 378

Post-
lockdown 
n = 359

Missing 
data (%)

Overlap Reference 317 (83.9) 250 (69.6)

Deaths during 
period (excluded)

19 14 22 0

Male sex 228 (57.7) 215 (56.9) 204 (56.8) 0

Age 9–16 years at 
period start

228 (57.7) 207 (54.8) 197 (54.9) 0

Born outside 
Victoria

75 (19.0) 74 (19.6) 70 (19.5) 0

Birth gestation 35+ 
weeks

259 (67.4) 248 (68.5) 241 (69.6) 3.6

GMFCS level V 183 (46.3) 175 (46.3) 172 (47.9) 0

Non-spastic/mixed 
motor disorder

289 (73.5) 283 (75.5) 270 (76.1) 0.8

Quadriplegic 
pattern

351 (90.9) 334 (90.8) 317 (90.8) 2.8

Epilepsy diagnosis 237 (60.9) 222 (59.7) 211 (59.8) 1.6

Intellectual 
disability

333 (87.0) 312 (87.4) 290 (87.9) 6.1

Feeding tube in situ 172 (43.6) 152 (40.4) 137 (38.4) 0

Fundoplication 
surgery

44 (11.2) 30 (8.0) 24 (6.7) 0

Note: Data are n (%) unless otherwise indicated.
Abbreviation: GMFCS, Gross Motor Function Classification System.

F I G U R E  1   Venn diagram showing the number of children in each 
cohort and overlap between cohorts.
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child. Only eight hospitalized children had previous chest 
computed tomography (CT) and three of these had a CT-
confirmed diagnosis of bronchiectasis. Home non-invasive 
ventilation support was administered for 37 children for 
varying lengths of time during the study period.

Admissions for respiratory illness across periods

Excluding nine admissions for COVID-19 during the lock-
down period and 20 post-lockdown, admissions decreased 
during the lockdown period and increased in the post-
lockdown period to exceed pre-lockdown results (Table 2). 
The number of admissions decreased by a factor of 0.62 
(95% confidence interval [CI] 0.48, 0.81) between the pre-
lockdown and lockdown periods and increased by a factor 
of 1.87 (95% CI 1.45, 2.41) between the lockdown and post-
lockdown periods (p < 0.001). Admissions per 100 children 
were 37, 24, and 47 for the three periods respectively (p 
< 0.001 for difference across periods).

Despite the increasing mean age and potential worsen-
ing of chronic lung disease over time, admissions for the 250 
children included in all three cohorts (Figure  1) followed 
trends for the wider groups, hospitalized on 78, 57, and 102 
occasions respectively, over the pre-lockdown, lockdown, 
and post-lockdown periods.

Severity indicators

Fewer physiotherapy treatments were performed during the 
lockdown period but there was a lack of strong evidence for any 
differences between periods in length of admission, time spent 
in the intensive care unit, use of non-invasive ventilation in in-
tensive care, and number of chest X-rays performed (Table 2).

Respiratory molecular panel

Across periods, there was strong evidence of difference in test-
ing frequencies and test results (p < 0.001). The proportion of 
admissions in which respiratory molecular tests were done in-
creased over time (Table 2). There was also a substantial reduc-
tion during the lockdown period in the number of admissions, 

T A B L E  2   Admissions and related characteristics across the 2-year 
pre-lockdown, lockdown, and post-lockdown periods.

Pre-
lockdown Lockdown

Post-
lockdown

Admissions

Total admissions, n 146 91 170

Children with at least one 
admission

57 (14.4) 38 (10.0) 59 (16.4)

Children with multiple 
admissions

27 (6.8) 23 (6.1) 37 (10.3)

Admissions/100 children 37.0 24.1 47.4

Total admitted days 1153 684 1465

Severity indicators

Length of admission

1–3 days 53 (36.3) 40 (44.0) 66 (38.8)

4–9 days 56 (38.4) 35 (38.5) 62 (36.5)

10+ days 37 (25.3) 16 (17.6) 42 (24.7)

Length of intensive care 
admission

0 days 102 (69.9) 71 (78.0) 123 (72.3)

1–6 days 23 (15.7) 13 (14.3) 28 (16.5)

7+ days 21 (14.4) 7 (7.7) 19 (11.2)

Non-invasive ventilation in 
intensive care

0 hours 107 (73.3) 71 (78.0) 127 (74.7)

1–99 hours 20 (13.7) 10 (11.0) 24 (14.1)

100+ hours 19 (13.0) 10 (11.0) 19 (11.2)

Physiotherapy visits

0 29 (19.9) 25 (27.5) 45 (26.5)

1–4 31 (21.2) 30 (33.0) 40 (23.5)

5–13 32 (21.9) 21 (23.1) 42 (24.7)

14+ 54 (37.0) 15 (16.5) 43 (25.3)

Chest X-rays performed

0 14 (9.6) 12 (13.2) 12 (7.1)

1 85 (58.2) 56 (61.5) 112 (65.9)

2+ 47 (32.2) 23 (25.3) 46 (27.1)

Laboratory investigations

Respiratory molecular panel

No virus detected 64 (43.8) 45 (49.4) 64 (37.6)

Virus detected (excl 
picornavirus only)

34 (23.3) 6 (6.6) 51 (30.0)

Picornavirus detected as 
sole finding

5 (3.4) 22 (24.2) 44 (25.9)

No testing performed 43 (29.5) 18 (19.8) 11 (6.5)

Sputum culture

Nil significant 19 (13.0) 8 (8.8) 18 (10.6)

Gram-positive bacteria 11 (7.5) 6 (6.6) 6 (3.5)

Gram-negative bacteria only 27 (18.5) 14 (15.4) 31 (18.2)

No testing performed 89 (61.0) 63 (69.2) 115 (67.7)

Pre-
lockdown Lockdown

Post-
lockdown

C-reactive protein

< 50mg/L 55 (37.7) 44 (48.3) 71 (41.8)

≥ 50mg/L 29 (19.9) 16 (17.6) 40 (23.5)

No testing performed 62 (42.5) 31 (34.1) 59 (34.7

Note: Data are n (%) unless otherwise indicated.

T A B L E  2   (Continued)
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the proportion of the cohort admitted, and the number of 
admissions per 100 children where a respiratory virus, other 
than picornavirus, was detected from 34 (23%; 8.6 per 100 chil-
dren) to 6 (7%; 1.6 per 100 children). Conversely, admissions 
in which a picornavirus (rhinovirus and/or enterovirus) was 
detected increased in the lockdown period from 5 (3%; 1.5 per 
100 children) to 22 (24%; 5.8 per 100 children). Post-lockdown, 
admissions with diagnosed viral infections increased beyond 
the levels seen during the previous two periods to 12.2 admis-
sions per 100 children for picornaviruses and 14.2 for other 
respiratory viruses (Table 2 and Figure 2).

Sputum culture

Sputum culture was done in 140 (34%) admissions, with more 
frequent testing during admissions to intensive care (59% vs 
25%). A pathogen was identified from 95 (68%) cultures, cor-
responding to 23% of all admissions (Table S1). Gram-negative 
bacterial growth was the sole finding in 72 admissions, that 
is, in 6% of all admissions and 76% of all positive cultures. 
There was little difference between periods in the proportion 
of admissions where sputum culture was done, the proportion 
with a positive culture, or the proportion where only gram-
negative bacteria were cultured (Table 2).

C-reactive protein

C-reactive protein testing patterns and results were similar 
between periods (Table 2).

Viral testing over the whole 6-year period

Respiratory molecular panel tests were done in 82% of ad-
missions, with a virus detected in half of these. Viruses are 

listed in Table S1. There was a lower likelihood of respiratory 
virus testing during shorter admissions of 1 to 3 days where 
intensive care unit admission was not required (Table  3). 
Conversely, the longest hospital and intensive care admis-
sions were associated with negative viral tests.

Of 162 admissions where a virus was detected within the 
first 5 days, only 47 also had sputum culture performed. 
Of those 47 admissions, there was a positive culture in 30, 
with all but three of these including gram-negative organ-
isms such as Pseudomonas aeruginosa. In only four cases 
were additional bacteria grown: Staphylococcus aureus 
(n = 2), Streptococcus pyogenes (n = 1), Streptococcus agalac-
tiae (n = 1). There was little difference in sputum culture re-
sults between admissions where picornaviruses were the sole 
finding and where another virus was detected.

Antibiotics were used in 94% of admissions when no viral 
infection was detected and in 82% to 84% of admissions 
when a virus was detected.

Testing for C-reactive protein was performed in 63% of all 
admissions. One-third of results were greater than or equal 
to 50mg/L, these higher levels being more likely for admis-
sions with an identified viral infection.

DISCUSSION

Our retrospective study of respiratory admissions for chil-
dren with severe CP highlights an important burden of 
acute respiratory illness from community-acquired viral 
infections. Reduced frequency of hospitalization for respira-
tory illness during periods of restricted social contact, im-
plemented to reduce transmission of COVID-19, mirrored 
trends in the wider population and underlines the impor-
tance of community viral transmission.16 The contribution 
of bacterial infection was less clear.

In children with severe CP, acute presentation with re-
spiratory deterioration is multifactorial. Although aspira-
tion is regarded as an important cause of acute respiratory 
illness, in this study it was difficult to quantify the relative 
contributions of aspiration and other components of respi-
ratory pathology in individual respiratory presentations.4,17 
Aspiration can occur as a significant acute event, supported 
by radiological evidence of pneumonia. Alternatively, 
chronic primary and/or secondary aspiration can lead to ex-
acerbations of chronic suppurative lung disease/bronchiec-
tasis. However, investigations to diagnose bronchiectasis can 
be problematic in children with severe CP.18 Parenchymal 
abnormalities on chest radiographs can be difficult to assess 
where there is significant thoracic spine and rib cage asym-
metry. High resolution CT to diagnose bronchiectasis typi-
cally require anaesthesia and were infrequently performed 
in our cohort. Only eight hospitalized children had chest CT, 
with three children confirmed to have bronchiectasis. Lower 
airway culture is recommended but was not always possible 
to obtain in our cohorts. Sputum collection is challenging 
in children who do not spontaneously expectorate and who 
may struggle to follow instructions, bronchoalveolar lavage 

F I G U R E  2   Admissions for respiratory illness per 100 children by 
viral status across pre-lockdown, lockdown, and post-lockdown periods 
(excluding admissions for COVID-19).
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requires general anaesthesia with associated risks and costs, 
while oropharyngeal swabs lack sensitivity for detection of 
lower airway pathogens,19 and detection of bacteria in the 
upper airway does not infer causation in lower airway pa-
thology.20 Assessments for aspiration and gastro-intestinal 
reflux disease are also difficult.21 Impedance probes pro-
vide evidence for gastro-oesophageal reflux but not direct 
evidence of aspiration of the reflux. Isotope tests such as 
salivagram may document saliva aspirated into the lung, but 
the significance of this finding is uncertain, and milk scans 
are probably poorly sensitive outside the neonatal period. In 
essence, our study data provided little hard evidence for the 
presence or absence of chronic aspiration, suppurative lung 
disease, and bacterial infection in many individual chil-
dren, although the presence of gram-negative bacilli such 
as Pseudomonas aeruginosa may be indicative of underlying 
lung disease.22,23 Their pathological role in acute presenta-
tions, however, remains to be clearly defined.

Restrictive lung disease, largely caused by thoracic ky-
phoscoliosis and muscle weakness, is another important 
component of respiratory pathology in children with severe 

CP. The mechanical disadvantage of the respiratory muscles 
posed by severe kyphoscoliosis and decreased chest wall 
compliance causes increased respiratory effort, decreased 
vital capacity, unequal lung ventilation, and increased risk 
for progressive respiratory failure. Chronic respiratory fail-
ure, manifested by hypoxia and/or hypoventilation, may be 
compounded by upper airway obstruction, particularly in 
the setting of low upper airway muscle tone.24 The main-
stay of treatment is non-invasive ventilation, initially during 
sleep, with or without the addition of a higher concentration 
of inspired oxygen.

Our study supports the important contribution of viral 
infection as a trigger for exacerbations in children who are 
at risk of having poor pulmonary reserve as a result of weak-
ness or poorly co-ordinated cough resulting in inefficient 
secretion clearance, restrictive lung disease, and/or chronic 
suppurative lung disease. In an earlier Australian study of 
children with non-cystic fibrosis bronchiectasis, exacerba-
tions were accompanied by positive viral status in 48%.25 
Positive viral status was associated with increased odds of 
hospitalization, severe cough, hypoxia, fever, chest signs, 

T A B L E  3   Admission characteristics based on viral status.

No virus n = 173
Viral RNA detected, excl. 
picornavirus only n = 91

Picornavirus only 
n = 71

No screen 
n = 72 Total n = 407 p

Sputum culture 0.079

Nil significant 20 (11.6) 8 (8.8) 9 (12.7) 8 (11.1) 45 (11.1)

Gram-positive 9 (5.2) 4 (4.4) 3 (4.2) 7 (9.7) 23 (5.6)

Gram-negative only 43 (24.9) 13 (14.3) 10 (14.1) 6 (8.3) 72 (17.7)

Not done 101 (58.4) 66 (72.5) 49 (69.0) 51 (70.8) 267 (65.6)

Antibiotics 0.025

Not used 11 (6.4) 16 (17.6) 11 (15.5) 7 (9.7) 45 (11.1)

Used 162 (93.6) 75 (82.4) 60 (84.5) 65 (90.3) 362 (88.9)

Days on antibiotics 0.273

0 11 (6.4) 16 (17.6) 11 (15.5) 7 (9.7) 45 (11.1)

1–7 88 (50.9) 45 (49.4) 33 (46.5) 33 (45.8) 199 (48.9)

8+ 63 (36.4) 27 (29.7) 23 (32.4) 28 (38.9) 141 (34.6)

Missing 11 (6.4) 3 (3.3) 4 (5.6) 4 (5.6) 22 (5.4)

Length of stay 0.696

1–3 63 (36.4) 36 (39.6) 26 (36.6) 34 (47.2) 159 (39.1)

4–9 69 (39.9) 36 (39.6) 25 (35.2) 23 (31.9) 153 (37.6)

10+ 41 (23.7) 19 (20.9) 20 (28.2) 15 (20.8) 95 (23.3)

Days in ICU 0.078

0 114 (65.9) 66 (72.5) 54 (76.1) 62 (86.1) 296 (72.7)

1–6 35 (20.2) 15 (16.5) 9 (12.7) 5 (6.9) 64 (15.7)

7+ 24 (13.9) 10 (11.0) 8 (11.3) 5 (6.9) 47 (11.6)

C-reactive protein < 0.001

< 50mg/L 89 (51.4) 29 (31.9) 20 (28.2) 32 (44.4) 170 (41.8)

≥ 50mg/L 29 (16.8) 30 (33.0) 21 (29.6) 5 (6.9) 85 (20.9)

Not performed 55 (31.8) 32 (35.2) 30 (42.2) 35 (48.6) 152 (37.3)

Note: Data are n (%) unless otherwise indicated.
Abbreviations: ICU, intensive care unit; RNA, ribonucleic acid.
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and elevated C-reactive protein levels.25 Similarly, positive 
viral status was reported in 40% of hospitalizations in our 
study, or in 48% of hospitalizations where respiratory viral 
screening was performed. There was no evidence to sup-
port a difference in severity of illness based on viral status, 
although high levels of inflammatory markers were more 
common in admitted children with evidence of viral in-
fection. If viral infections are typically associated with in-
creased airway secretions, the study raises questions around 
whether additional assistance with airway clearance and 
greater ventilatory support may be more important priori-
ties than antibiotic treatment. Currently, prompt initiation 
of antibiotic therapy appears to be the commonly recom-
mended and accepted approach.26

Although most viral infections were suppressed in hos-
pitalized children during the lockdown period, there was 
increased detection of picornaviruses. This finding is con-
sistent with literature reports of the persistence of rhinovirus 
infections.27 An intra-household surveillance study showed 
that prolonged nasopharyngeal COVID-19 ribonucleic acid 
persistence beyond the acute infection phase was frequent in 
adults quarantined at home during the first epidemic wave 
and that this was often associated with co-infection with rhi-
novirus.28 The increased risk of transmission of rhinovirus 
to children during periods of social restriction, particularly 
when those children had higher care needs, provides a possi-
ble explanation for our findings.

There are some limitations in interpreting these study 
findings. The study only included children with CP func-
tioning in GMFCS levels IV and V and hospitalizations 
at a single tertiary paediatric centre. The results may not 
be generalizable to other persons with severe neurolog-
ical impairment or to other hospitals. It is also possible 
that presentations to the emergency department and hos-
pital admission patterns may have been affected by addi-
tional factors during the COVID-19 pandemic, although 
children's hospitals were not affected by the same extreme 
pressures experienced by adult services. The children who 
had sputum cultures were more frequently those with more 
severe illness requiring intensive care so may not be repre-
sentative of the whole cohort.

This study suggests that more information is needed 
to better understand the contribution of multiple comor-
bidities to the respiratory presentation of individual chil-
dren with severe CP. Given the lack of evidence to confirm 
lung pathology caused by aspiration, the high risk of re-
strictive lung disease and upper airway obstruction, and 
the frequency of viral pathology, are we making assump-
tions when we manage exacerbations based on non-cystic 
fibrosis bronchiectasis guidelines? There is a need to better 
manage chronic respiratory disease in the outpatient set-
ting and to treat exacerbations based on consideration of 
all respiratory comorbidities and family priorities. Many 
questions remain unanswered. What tools might help de-
fine specific pathophysiologies that will inform decisions 
around which children will derive most benefit from dif-
ferent interventions? How do we optimize use of chest CT 

clinically? Might low-dose rapid CT protocols safely define 
structural lung disease? If bronchiectatic changes are de-
tected, do current management guidelines apply in these 
children?29 What is the role for molecular viral studies and 
inflammatory markers and how might the results inform 
management, including use of antibiotics? Can we rely 
on sputum culture collected by ad hoc methods and are 
there practical ways to better sample for bacterial infec-
tion? Should antibiotics be delayed until there is further 
evidence to support the use of an appropriate microbial 
agent? Seeking answers to these questions will underpin 
our future research agenda.

In conclusion, this study highlights that viral infections 
are an important precipitant for acute respiratory illness and 
hospitalization in children with severe CP. It raises the ques-
tion of whether better understanding of each child's respi-
ratory disease and specific pathophysiology would provide 
opportunities for more personalized management.
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