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ABSTRACT

Objective: COVID-19-associated non-pharmaceutical interventions (NPI) have disrupted respiratory viral transmission. We quantified
the changes in pediatric hospital admissions in 2020 from five different NPI phases in Western Australia for acute lower respiratory
infections (ALRI) in children in the context of all-cause admissions.

Study Design and Setting: We assessed anonymised hospitalization data from Perth Children’s Hospital (Jan 2015-Dec 2020)
for all-cause admissions, ALRI, febrile illnesses and trauma (negative control) in those <17 years. We evaluated absolute changes in
admissions and the weekly change estimated from interrupted time-series models.

Results: The absolute number of admissions was comparable in 2020 (15,678) vs. 2015 to 2019 average (15,310). Following the
introduction of strict NPIs, all-cause admissions declined by 35%, recovered to pre-pandemic levels, then increased by 24% following
NPI cessation. ALRI admissions in children <5 years initially declined by 89%, which was sustained throughout the gradual easing
of NPI until an increase of 579% (997% in <3 months) following the final easing of NPI. Admissions for trauma showed minimal
changes in 2020 compared to preceding years.

Conclusion: COVID-19-associated NPI had significant unintended consequences in health service utilization, especially for ALRI
and infants <3 months, prompting the need to understand viral transmission dynamics in young children. © 2021 The Authors.
Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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1. Introduction Globally, acute lower respiratory infection (ALRI) is a
leading cause of hospitalisation in children, with respira-
tory syncytial virus (RSV) the major pathogen, tradition-
ally exhibiting clear winter peaks. [1,2] NPIs have dis-
rupted viral transmission patterns of RSV and other respi-
ratory pathogens, including influenza, [3-9] and reduced
non-COVID-19 infection-related hospitalisations. [10,11]
These early reports have been unable to distinguish dif-
ferent impacts of individual NPIs in the apparent suppres-
sion of respiratory illnesses. Additionally, most of these

Non-pharmaceutical interventions (NPIs) were used in
many jurisdictions to mitigate the effects of the COVID-
19 pandemic. Such NPI measures including physical dis-
tancing, increased hand hygiene, travel restrictions and
widespread border closures, implemented to reduce virus
transmission, have resulted in multiple human behavioural
changes and unforeseen health service utilisation impacts.
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reports assessed the differences in viral detection rates or
hospitalizations over an incomplete year in 2020 and com-
pared patterns to only a single previous year. Infectious
diseases are known to fluctuate annually. Hence, compar-
isons to understand the impact of NPIs should ideally in-
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What is new?

* COVID-19 non-pharmaceutical interventions (NPI)
have had been associated with disrupted patterns
of respiratory viruses, but the individual impacts of
different NPI measures is unknown. In 2020, West-
ern Australia experienced shorter and less stringent
periods of NPI than the rest of Australia with no
mandatory mask wearing.

e In Western Australia’s only tertiary pediatric hos-

pital, we observed all-cause hospitalization admis-

sions initially decline by 35%, recover to normal
levels and then increase by 24% following the ces-

sation of different NPI phases compared with a

counterfactual scenario of no NPI measures.

With ALRI admissions, the introduction of NPIs

saw a decline of 89% that was sustained until most

NPI restrictions were lifted, then saw increases of

579% for children <5 years and up to 997% in

infants <3 months coinciding with the return of

interstate travel.

Respiratory syncytial virus (RSV) is the most com-

mon cause of ALRI hospitalisations and viral de-

tections in 2020 followed the patterns we observed
in ALRI. We need to continuously monitor ALRI
trends following the continued use of NPI, to better
understand RSV viral transmission dynamics, espe-
cially as licensure of new prevention products, in-
cluding monoclonal antibodies, appears imminent.

clude more than one pre-pandemic year and one complete
season. This expanded comparison is particularly vital to
overcome bias due to unseasonal epidemics, such as the
high rate of influenza infections seen across Australia in
2019 which translated into higher than average hospitali-
sations. [12]

Western Australia (WA) has had relatively low case
numbers of COVID-19 (1021 total cases to 28 June 2021
with 89.4% linked to international travel [13]) and has
experienced a shorter and less stringent period of NPI
than other parts of Australia. Nevertheless, we reported
marked changes in respiratory viruses with initial reduc-
tions of 99.4% for influenza detections and 98.0% for RSV.
[14] This was followed by a dramatic resurgence of RSV
at the end of 2020 to higher than normal seasonal epi-
demic levels. [15] Here, we aim to quantify the impact
of NPI measures covering both periods of suppression and
resurgence of RSV on pediatric hospital admissions for
ALRI in the context of all-cause hospital admissions from
the previous five years. We employ interrupted time series
(ITS) analyses by age and diagnosis to identify the most
sensitive of the restriction measures to changes in hospi-
talization patterns.

2. Methods
2.1. Study Population and Data Source

WA encompasses the western third of Australia with a
population of 2.67 million (31 December 2020), [16] ap-
proximately 75% of whom reside in the metropolitan
area of the capital city, Perth. We obtained anonymized
individual-level hospitalization data from Perth Children’s
Hospital, the only tertiary pediatric hospital in WA between
January 1, 2015 and December 31, 2020 for all-cause ad-
missions in children aged <17 years. Admissions of <24
hours duration were excluded. Each admission record in-
cluded one or more diagnosis codes using the Interna-
tional Classification of Diseases diagnosis codes, version
10, Australian modification (ICD-10-AM). The resident
population in the Perth metropolitan area was estimated
from Australian Bureau of Statistics. [17]

2.2. Outcome measures

We categorized admissions into pre-specified diagnos-
tic groups based on our previous work. [18] Our primary
outcome of interest was ALRI as identified by a primary
or secondary diagnosis of bronchiolitis (J21), pneumonia
(J12-J18, B59, B05.2, B37.1, B01.2), influenza (J10-J11),
whooping cough (A37), and unspecified acute lower respi-
ratory infection (J22). As pathogen-specific codes are not
reliable, [19] ALRI codes were grouped for our analysis.
We also assessed trends for febrile and other viral illnesses
(R50, R56, B34, P90), all-cause hospital admissions and
admissions for trauma and external causes (S00-T00) as a
negative control, chosen a priori as reasons for hospital-
ization that would not be affected by altered respiratory
viral transmission dynamics due to COVID-19-associated
NPIs. As younger children experience a higher health bur-
den, we grouped ALRI admissions in those aged less than
3 months, 3-11 months and 1-4 years.

2.3. Stages of non-pharmaceutical interventions in WA

We categorized 2020 into five discrete periods based
on the timing of NPI implementation and easing using
calendar week as follows:

Pre-restriction (weeks 1-13 inclusive): This represents
the pre-pandemic period with no formal NPIs. In Australia,
the international border was closed to non-residents on 20
March 2020, with the WA state border closed to the other
Australian states from 6 April.

Period 1 (weeks 14-17 inclusive): State-wide stay-at-
home restrictions were in place from 29 March to 26
April including the closure of schools and regional bor-
ders within WA to further restrict population movement.
This period had the most stringent NPI. Childcare centers
remained open, but parents were encouraged to keep young
children at home.
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Period 2 (weeks 18-26 inclusive): From the end
of April, restrictions were eased in a staged fashion,
[20] commencing on 27 April with Phase 1 including
gatherings of up to 10 people, with schools reopening on
29 April. School attendance reached >85% by mid-May.
[21] Phase 2 commenced on 18 May with a social dis-
tancing rule of 4m [2] per person and gatherings of up to
20 people. Phase 3 began on 6 June with a social distanc-
ing rule of 2m [2] per person and gatherings of up to 100
people permitted.

Period 3 (weeks 27-46 inclusive): Phase 4 began on 27
June, which saw an approximate return to everyday prac-
tices with only major sporting and entertainment venues
capped to 50% capacity. [20] This phase remained in place
for the remainder of 2020. The majority of regional border
restrictions within WA were lifted on 5 June. [22]

Period 4 (weeks 47-52 inclusive): This period saw the
continuation of Phase 4 plus easing of interstate border re-
strictions for travellers from other states within Australia.
This phase began on 14 November, with quarantine not
required for travellers from states with no recorded com-
munity transmission of COVID-19. [23]

It should be noted that mask wearing was not mandated
inWA in 2020. Throughout these staged relaxations (Peri-
ods 2-4), the importance of hand hygiene was maintained
and communicated publicly through media campaigns and
places of work and education. WA has also held a hard
border to all international visitors with a strict requirement
of 14 days in hotel quarantine for any returning overseas
traveller. [24]

2.4. Statistical analysis

We compared the total number of admissions in 2020
to the average of the previous 5 years (2015-2019) in the
five NPI periods and quantified the percentage change in
absolute admission numbers. The average of the preced-
ing five years was used to minimize bias of single year
fluctuations. We conducted interrupted time series (ITS)
analyses with negative binomial regression on the series
of weekly admissions from 2015 to 2020. The ITS mod-
els included a binary variable to indicate the breakpoints
in 2020 according to the NPI period (1 if the observed
week was a breakpoint, O if otherwise), a covariate for time
(week), harmonic terms to account for seasonality and the
age-structured annual metropolitan population count as an
offset. Further details on the model specifications are out-
lined in Supplementary material. The primary ITS model
included two breakpoints indicating the start of Period 1
(start of NPI) and Period 4 (easing of NPI). We present re-
sults for all-cause admissions in children aged <17 years;
ALRI in the pre-specified age groups (<3 months, 3-11
months, 1-4 years); febrile and other viral illnesses in chil-
dren <5 years; and trauma admissions (negative control)
in children <17 years (further groups presented in Sup-
plementary material). We then performed secondary ITS

models for each of the five breakpoints identified by NPI
restriction periods for all-cause admissions in children <17
years, ALRI <5 years and trauma <17 years. These sec-
ondary ITS models assessed the changes between different
periods to identify the NPI characteristic that resulted in
the largest impact on health service utilisation. The esti-
mated incidence rate ratio for the binary variable in each
ITS provided the relative decline or increase with 95%
confidence intervals (CI) in admissions with the differing
NPI periods. We conducted a sensitivity analysis assessing
admissions by primary diagnosis only.

2.5. Ethics

Ethical approval for this study was granted by the WA
Child and Adolescent Health Services (RGS4320) with
data provided under a waiver of consent. The research
project was guided by two community research buddies
identified through a community reference group.

3. Results

There were 15,678 admissions overall in 2020 com-
pared to an annual average of 15,310 from 2015 to 2019.
Most admissions (93.3%) had up to 10 diagnosis codes
recorded (range:1-70; median: 4). In Period 1, following
the introduction of strict NPIs, all-cause admissions de-
clined by 30% compared with the previous five years (Ta-
ble 1). However, the number of admissions began to de-
cline by week 11, two weeks before the formal start of the
first NPI period (Fig. 1). As the restrictions eased across
Periods 2 and 3, all-cause admissions in 2020 returned to
pre-pandemic average levels by the end of Period 3. Hos-
pital admissions then increased in Period 4, with numbers
of all-cause admissions 29% higher than the same period
from 2015 to 2019 (Table 1). ALRI admissions across all
age groups also declined following Period 1 by 79% and
remained at low levels before increasing in Period 4 by
269% compared with the previous five years (Fig. 1, Ta-
ble 2).

From our primary ITS model that accounted for an-
nual seasonality and population offset, all-cause pedi-
atric admissions were increasing at a rate of 0.01% per
week (Fig. 2A) but significantly declined by 10% follow-
ing the introduction of NPIs across Periods 1, 2 and 3
(IRR=0.90 [95% CI: 0.86-0.94]). Conversely, admissions
for trauma, as our negative control, showed an increase
of 7% (IRR=1.07 [95%CI: 1.00-1.14]) following the in-
troduction of the NPI period in 2020 compared with the
longitudinal trend since 2015 (Fig. 2B).

The magnitude of change in ALRI admissions differed
across age groups with infants aged <3 months experi-
encing the greatest change. Period 1 saw a 90% abso-
lute reduction in the number of admissions in this age
group. This was opposite to all-cause admissions in those
<3 months where absolute admissions were 48% higher
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Table 1. Total number of all-cause admissions by age groups in the period 2015 to 2019 (average) and in 2020 during the different restriction

periods
Age By NPI Phase Overall
Group Number of admissions Pre-restrictions Period 1 Period 2 Period 3 Period 4
Overall 2015-19 (Average) 3586 1116 2718 6210 1681 15,310
2020 3868 779 2431 6436 2164 15,678
% change? 8% -30% -11% 4% 29% 2%
<3 months 2015-19 (Average) 408 137 332 841 226 1945
2020 722 203 450 1084 396 2855
% change? 77% 48% 35% 29% 75% 47%
3-11 months 2015-19 (Average) 316 93 224 590 154 1377
2020 321 55 169 530 206 1281
% change? 2% -41% -25% -10% 33% -7%
1-4 years 2015-19 (Average) 835 274 656 1478 373 3616
2020 823 116 447 1315 571 3272
% change?® -1% -b8% -32% -11% 53% -10%
5-16 years 2015-19 (Average) 2027 613 1505 3301 927 8373
2020 2002 405 1365 3507 991 8270
% change? -1% -34% -9% 6% 7% -1%
@ % change in 2020 vs. average from 2015 to 2019
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Figure 1. Frequency of all-cause inpatient hospital admissions and ALRI admissions in children aged less than 17 years in 2020 compared to the

average in 2015 to 2019

(Table 1). The reduction in ALRI admissions was sus-
tained through Period 2 and 3; and was then followed by
a 617% absolute increase at the start of Period 4. Simi-
lar patterns for ALRI were seen in young children aged
3-11 months and 1-4 years (Table 2). For children aged
5-16 years, absolute reductions across Periods 1-3 of 59-
69% were observed in 2020 compared with the 2015 to
2019 average. However, the absolute numbers of ALRI
admissions in this age group were unchanged in Period 4

(Table 2). The primary ITS models accounting for annual
seasonality and population offset for ALRI admissions in
children <5 years are shown in Figure 3. Declines were
seen across all age groups following NPI introduction mea-
sures but were again greater in those aged <3 months than
other age groups in young children, with a reduction of
87% (IRR=0.13 [95% CI: 0.08-0.19]; Fig. 3). Admissions
for febrile and other viral illnesses in children <5 years
showed similar declines to all-cause admissions following
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Figure 2. Interrupted-time series model of weekly hospital admissions in children aged <17 years for (A) all-cause admissions and (B) trauma and
external causes (negative control) from 2015 to 2020
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Figure 3. Interrupted-time series model of weekly hospital admissions by age group in children aged <5 years for ALRI from 2015 to 2020

NPI introduction (IRR=0.82 [95% CI: 0.70-0.96]) despite The secondary ITS models assessed the changes accord-
the longitudinal trend showing a decline in these admis- ing to each NPI period. For all-cause pediatric admissions,
sions from 2015 (Supplementary Table 2, Supplementary the pre-restriction period saw a 5% increase (IRR=1.05

Figure 1). [95% CI: 0.98-1.12]) in weekly hospitalizations compared



H.C. Moore et al./Journal of Clinical Epidemiology 143 (2022) 1-10

a) All-cause admissions <17 years

Pre_restriction Period 1 Period_2 Period_3 Period 4
=3 =] (=1 =3 <
S = 24 = =4
-+ -+ -t -+ . -
o o : " o : < i - =3
w w L w L w LN w
™ .- ™ ) .- ™ ©
o A T AN . SN . . _/8‘\ .
Eg ""7 o N s = Pt ad = e - B s - =3 &
do ] —1 ="~ N [ - .- o | —" . ~— B e~ ® e
E s . =i . — e e N
is g g ' 2 g
°& &7 &1 . & &
o
Eo o o o o
281 E & &1 = < i <
IRR=1.05 . IRR=0.65 . IRR=0.88 . IRR=1.00 . IRR=1.24
g | (es%ci[0.98-1.12)) e (95% CI [0.58-0.72]) 2 (95% CI [0.81-0.95]) g | (95%C1[0.95-1.06)) 2 (95% CI [1.14-1.35])
e T TT T T T - T TT T T T e T TT T T7T = T TT T T = T T T 1
HEER R R e a2 HER R a2 it 2 e R o
Week Week Week Week Week
b) ALRI <5 years
Pre_restriction Period_1 Period_2 Period_3 Period_4
o o (=3 (=3 o
L= (= (= (= =1
< = < | < <
= @ == (== == w
5
8
§° | o | = o | = |
-] @0 w w w w
& IRR=1.04 IRR=0.11 IRR=0.16 IRR=0.32 IRR=5.79
59 (95%CI[0.74-146)) < (95%CI[0.05-0.29]) g | (95%CI[0.10-0.25)), (95% C1[0.24-0.41]) (95% CI [4.10-8.17])
y ~
=z //
4 L /L — N <4 . —
; i ; o,
B s f* k. 0 -
L= el =1 e
—TTT T —TTT T T
1 418 b1 4782 1 418 b2 a7 &2
Week Week

* Observed values

Predicted with seasonallity adjusted & interupted time trend

Predicted with seasonallity adjusted, deseasonalized & interupted time trend

Figure 4. Secondary interrupted-time series models by each NPI restriction period of weekly hospital admissions in 2020 for (A) all-cause admis-
sions <17 years, and (B) ALRI <5 years

Table 2. Total number of admissions for ALRI by age groups in the period 2015 to 2019 (average) and in 2020 during the different restriction

periods

Age By NPI Phase Overall

Group Number of admissions Pre-restrictions Period 1 Period 2 Period 3 Period 4

Overall 2015-19 (Average) 187 73 299 708 94 1,361
2020 220 15 69 244 347 895
% change? 18% -79% -77% -66% 269% -34%

<3 months 2015-19 (Average) 19 10 51 125 12 216
2020 23 1 8 26 86 144
% change? 21% -90% -84% -79% 617% -33%

3-11 months 2015-19 (Average) 41 17 61 173 23 315
2020 62 2 12 66 78 220
% change? 51% -88% -80% -62% 239% -30%

1-4 years 2015-19 (Average) 63 24 105 228 28 448
2020 61 3 19 96 152 331
% change? -3% -88% -82% -58% 443% -26%

5-16 years 2015-19 (Average) 64 22 82 182 31 382
2020 74 9 30 56 31 200
% change?® 16% -59% -63% -69% 0% -48%

2 % change in 2020 vs. average from 2015 to 2019
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to the longitudinal trend from 2015. The commencement
of restrictions in Period 1 saw the biggest change in mag-
nitude with a 35% decline (IRR=0.65 [95% CI:. 0.58-
0.72]) compared to the counterfactual scenario with no
NPIs. With the transition to Period 2, a smaller decline
of 12% was seen (IRR=0.88 [95% CI: 0.81-0.94]) with
no significant change detected with the move to Period 3,
reflecting when absolute admission numbers had returned
to pre-pandemic levels. Following the change to Period 4,
admissions increased by 24% (IRR=1.24 [95% CI: 1.14-
1.35]) compared to the 2015 to 2019 longitudinal trend
(Fig. 4A). These changes were more marked for ALRI in
children aged <5 years, where reductions in Period 1 were
89% (IRR=0.11 [95% CI: 0.04-0.29]), a smaller decline
of 84% (IRR=0.16 [95% CI: 0.10-0.25]) in Period 2, sus-
tained decline of 68% (IRR=0.32 [95% CI: 0.24-0.41]) in
Period 3 before a dramatic increase of 579% (IRR=5.79
[95% CI: 4.10-8.17]) in Period 4 (Fig. 4B). The increase
in Period 4 was highest in infants aged <3 months with a
997% per week (IRR=9.97 [95% CI: 6.09-16.30]) increase
(Supplementary Table 1). Similar patterns in the ITS mod-
els were seen when only the primary diagnosis code was
used (Supplementary Table 1).

4. Conclusion

Public health measures used to mitigate the impact of
COVID-19 have had significant unintended consequences
in pediatric health service utilization, with marked changes
for ALRI and especially for ALRI in infants aged less than
three months. In WA’s only tertiary pediatric hospital, we
observed all-cause hospitalization initially decline by 35%,
recover to normal levels and then increase by 24% follow-
ing the cessation of NPI compared with a counterfactual
scenario of no NPI measures. For ALRI, the introduction
of NPIs saw a decline of 89% that was sustained until Pe-
riod 4, when admissions increased by 579% for children
aged less than five years and up to 997% in young infants.
This period saw the final easing of NPI with the careful
reintroduction of interstate travel to WA.

Differentiating the impact of individual NPI measures
on health service utilization is difficult as NPI measures
can cause changes in health-seeking behavior as well as ac-
tual changes in disease incidence through altered pathogen
transmission dynamics. We conducted multiple ITS mod-
els to tease out the impacts on health service utilization
according to the staged implementation of NPI in our
jurisdiction. Not surprisingly, the most effective measure
to minimize hospitalization was widespread restrictions,
experienced early in the pandemic with school closures
and strict stay-at-home orders. These measures suppressed
ALRI admissions that was then sustained for most of 2020,
while all-cause admissions recovered to pre-pandemic lev-
els; especially in the period that saw a return to everyday
activities with the exception of international and interstate
travel. There are now multiple reports of the remarkable

and immediate impact of NPIs on pediatric hospitaliza-
tions globally, often with a greater reduction in respiratory
infection-related admissions than other infections such as
urinary tract infections and skin and soft tissue infections
and non-infectious admissions such as cancer.[11, 25-27] It
is important to note that schools were only closed for four
weeks in WA (which included the normal two-week April
school holiday period), childcare centers remained open
and there was no mandate of mask wearing. Our school
closure was a much shorter duration than other countries
and yet we still noted a dramatic immediate and sustained
decline in ALRI and febrile admissions.

Infectious diseases are the primary reasons for hospital-
ization in WA [28], with ALRI accounting for the largest
burden. [29] While all-cause admissions saw an increase
following the last period of restrictions being eased, the
changes with ALRI were the driving force behind that in-
crease, with a 579% increase in children aged less than
5 years. RSV, the major contributor of ALRI burden in
WA [2], surged unexpectedly in late 2020 in our popu-
lation [15] although with minimal difference in disease
severity. [30] This summer resurgence and concomitant
increase in ALRI hospitalizations as reported here, coin-
cided with the relaxation of the interstate border, months
after other NPI measures across WA were relaxed. Our
data suggest that the extended closure of our state bor-
der, preventing the introduction of viruses from interna-
tional and national sources, decreased population move-
ment, and subsequent community transmission, may play
a role in the sustained reduction in respiratory viral trans-
mission. This is more so than strict social distancing and
school closure NPI measures which were short-lived in our
population. This provides important insights into respira-
tory viral transmission, especially as school children are
known to be the main transmitters of infection and social
distancing of this group will likely impact transmission.
[31] Recent genomic analysis of RSV strains from WA,
Victoria and New South Wales indicates that WA RSV
activity was due to a separate lineage than other Aus-
tralian RSV outbreaks, [32] suggesting that relaxation of
interstate borders was not likely the pivotal event to rein-
troduce RSV circulation in WA. Another possible expla-
nation is the unusual weather conditions experienced in
Perth in November 2020, with the recorded highest rain-
fall in the past 140 years, and the coolest temperate in
the past 12 years. [33] However, there is no clear ex-
planation why these meteorological conditions would only
affect RSV circulation and not other respiratory viruses
commonly affecting children. Further study into the role
of meteorological and environmental factors on viral in-
fections is needed. It is also possible that the increased
size of the RSV-naive population due to the attenuated
2020 winter season overcame the usual climactic factors
associated with RSV transmission, leading to the observed
inter-seasonal surge, at levels well above the usual seasonal
peak.
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Several reports have emerged on the RSV resurgence
following extended periods of suppression due to NPIs,
including New Zealand [34] and France [35], with no
clear explanation as to the driving force. Our data coupled
with international reports of unusual RS seasonality raise
questions as to the most optimal seasonal-based prevention
strategy and warrants further investigation into RSV trans-
mission dynamics. No licensed RSV vaccine exists, yet a
range of vaccines and longer-lasting monoclonal antibod-
ies are in late-stage clinical trials. It is important to note
that while RSV no doubt has driven the increase in ALRI
in young children and there also has been no return of
influenza virus activity, other aetiologies could be playing
a role. Indeed, not all respiratory viruses associated with
ALRI, including rhinovirus and adenovirus, experienced
similar dramatic changes following NPI. [36]

Our study does have some notable limitations. We only
included admissions from Perth Children’s Hospital, and
therefore, our study is not representative of all WA pe-
diatric hospitals. However, we have no reason to believe
that the patterns due to NPI would be different in this
hospital compared to others admitting pediatric patients.
We are in the process of obtaining total population-based
data through record linkage mechanisms, to provide >10
years of population-based data to validate and strengthen
our findings. We used dates of the NPI restriction phases
according to state Government advice. [20] However, in the
early phases of the pandemic, when community knowledge
of COVID-19 was low, and there was worldwide media
attention, parents may have already altered their health-
seeking behavior and hygiene practices before the intro-
duction of NPI restrictions. Indeed, our descriptive analy-
sis showed a marked decline in admissions in the 2 weeks
prior to the NPI commencement. While ALRI admissions
contributed to the decrease in overall hospital use, there
are likely other conditions that increased over this time
during the NPI periods. The negative effect of NPI on
mental health in children is expected to be one of these
other conditions, which warrants further investigation. Our
ITS approach measured the effect of NPI’s compared to
a counterfactual scenario of no NPI. While this method
is theoretically robust, there may be other external factors
contributing to the change in trends in 2020. For example,
we assumed the same annual seasonal dynamics, however
the seasonal forces due to changes in climate and social
drivers of infection may vary with year.

The strengths of our analysis are using more than one
pre-pandemic year to assess longitudinal changes, espe-
cially important as 2019 saw unseasonal high influenza
activity [12] which translated in higher ALRI admissions
in 2019 compared to 2015 to 2018 (data not shown). To
further tease out the impact of NPIs on respiratory viral
transmission and resulting ALRI trends, we chose trauma
admissions as a negative control which would not be im-
pacted by altered viral respiratory transmission dynamics.
These results showed little change in the admission trend,

suggesting this was an adequate choice of a negative con-
trol. Rather than previous reports assessing admissions in
the months immediately following NPI, we separately eval-
uvated age groups for ALRI and captured the initial de-
cline and resurgence in health service utilization, a further
strength of our study.

In conclusion, our findings have highlighted the im-
pact of NPI’s on reducing the transmission of respiratory
viruses in children, with the short-lived mandate of phys-
ical distancing, social distancing and school closures be-
ing enough to disrupt annual respiratory viral transmission
dynamics with long-lasting effects. This sustained reduc-
tion was followed by a marked, resurgence in ALRI. As
NPI measures continue to be used in Australia in 2021,
the impact on future RSV and other respiratory infection-
related morbidity and international trends in ALRI should
be closely monitored.
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