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Aim: To describe the epidemiology of respiratory viruses in children before and during the 2020 SARS-CoV-2 pandemic and the relationship to
public health measures instituted by the Victorian government.

Methods: Retrospective audit of respiratory viruses at a tertiary paediatric hospital in Melbourne from January 2015 up to week 47, 2020 in
children under 18 years of age. The proportion of positive cases in weeks 1-47 in 2015-2019 (period 1) were compared to weeks 1-47, 2020
(period 2), and reviewed in the context of public health restrictions in Victoria.

Results: An annual average of 4636 tests were performed in period 1 compared to 3659 tests in period 2. Proportions of positive influenza
A virus, influenza B virus, respiratory syncytial virus (RSV) and human parainfluenza virus were significantly reduced in period 2 compared to
period 1: 77.3, 89.4, 68.6 and 66.9% reductions, respectively (all P < 0.001). From week 12-47, 2020, 28 893 SARS-CoV-2 tests were performed
with a 0.64% positivity rate. Influenza viruses were not detected after week 17, RSV was not detected after week 35.

Conclusions:  Strict public health measures and border closures were successful in eliminating community transmission of SARS-CoV-2 in Melbourne.
This was associated with a significant reduction in other respiratory virus infections in children. Identifying sustainable and effective ongoing public health

interventions to reduce transmission of RSV and influenza could result in reduced morbidity and mortality in children and requires further research.
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What is already known on this topic

1 Public health interventions including lockdown, border closures,
enhanced hygiene and physical distancing have been effective in
controlling transmission of SARS-CoV-2 and other respiratory
viruses in children in Australian states with low SARS-CoV-2 com-
munity transmission.

This has largely been attributed to strict border closures, but
numbers of respiratory syncytial virus have increased in Western
Australia and New South Wales since easing of public health
restrictions.

N

Respiratory viruses, particularly respiratory syncytial virus (RSV)
are associated with high morbidity and mortality in children. RSV
has seasonal peaks between April and June in the Southern
hemisphere and is a common cause of bronchiolitis; national data
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What this paper adds

1 Metropolitan Melbourne experienced the highest rates of SARS-
CoV-2 community transmission in Australia despite border clo-
sures, with resultant strict public health interventions of varying
degrees during 2020.

2 We describe the effect of these measures on circulating respira-
tory viruses in children in Melbourne during the pandemic com-
pared to previous years.

3 Mandatory masks did not show additional benefit as respiratory
virus detections had already diminished prior to their introduction.
Identifying sustainable and effective ongoing public health inter-
ventions to reduce transmission of respiratory syncytial virus and
influenza could result in reduced morbidity and mortality in chil-
dren and requires further research.

suggests an RSV-related hospitalisation rate of 418 per 100 000
among children less than 5 years of age and 224/100 000 in
infants less than 6 months of age.! Influenza epidemic months
occur between May and October in the Southern hemisphere;
however, it is known that international travellers may import the
virus leading to local transmission outside these months.? Chil-
dren are more likely to have mild or asymptomatic severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and
may have a limited role in transmission of this virus, as opposed
to other seasonal respiratory viruses.>*> In Australia, public
health interventions, including strict lockdowns, have been very
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effective in controlling transmission of SARS-CoV-2. Melbourne,
Victoria, Australia, has experienced the highest number of
COVID-19 cases (20 345 as of 11 December 2020) in the country
and had the highest rates of community transmission. The state
government of Victoria implemented varying degrees of public
health interventions for metropolitan Melbourne since 29/3/20,
such as stay-at-home-orders, school and business closures, travel
restrictions, border closures and mandatory face coverings (see
Appendix I for detailed timeline). These measures achieved elimi-
nation of community transmission of COVID-19 from
31 October 2020.

Other states in Australia (Western Australia, New South
Wales) have reported a significant reduction in frequency of sea-
sonal respiratory infections such as influenza and RSV in children
during periods of lockdown, compared with previous years.®”
This is consistent with national influenza surveillance data show-
ing substantial decreases in laboratory confirmed influenza from
mid-March.® Western Australia and New South Wales have not
experienced such prolonged stay-at-home orders. While multifac-
torial, Yeoh et al. emphasise the role of strict border closures on
reduction in virus transmission .” Both of these states have seen
re-emergence of RSV with easing of local restrictions.”'°

Here, we report on trends in respiratory viruses in children
presenting to a large tertiary centre in Melbourne during 2020
compared to previous years, and review the temporal associations
between various public health interventions to control the
COVID-19 pandemic and respiratory virus detection in children.

Methods

The Royal Children’s Hospital (RCH) Melbourne is a tertiary pae-
diatric referral centre with approximately 136 000 admissions
and emergency department presentations per year. Children may
be tested for respiratory viruses (using a multiplex respiratory
polymerase chain reaction (PCR) panel) when they have a signif-
icant respiratory illness requiring admission. Respiratory samples
(nasopharyngeal swabs, deep nasal/oral swabs, nasopharyngeal
aspirates, sputum, broncho-alveolar lavage) were tested for respi-
ratory viruses on clinician request through the RCH diagnostic
laboratory. Swabs were eluted into 500 pL of phosphate buffered
saline. Nucleic acid (NA) from 200 pL of each sample was
extracted on the Roche MagNA Pure 96 extraction system
(Roche, Basel, Switzerland) using the MagNA Pure DNA and
Viral NA Small Volume Kit (Roche). Until November 2019, the
laboratory tested DNA extracts using an in-house respiratory
virus assay (influenza A and B viruses, human parainfluenza
viruses (HPIV) 1, 2 and 3, RSVs A and B) on the Roche Lig-
htCycler 480 platform. From November 2019, extracts were
tested with the AusDiagnostics Respiratory Pathogens 16-well
assay (AusDiagnostics, Mascot, Australia) on the AusDiagnostics
High-Plex 24 system. De-identified data on the following respira-
tory viruses were obtained from the microbiology laboratory
information system from January 2015: influenza A and B
viruses, HPIV 1, 2 and 3, RSV. Data on SARS-CoV-2 positive
cases were also collected from week 12 (commencement of
SARS-CoV-2 PCR testing at RCH) to week 47 of 2020. All chil-
dren including inpatients and outpatients from birth to 18 years
were included. Period 1: average cases per week 1-47, 2015-
2019, were compared with period 2: week 1-47, 2020. The
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proportion of positive tests for these periods were compared and
p-values were calculated with y? tests on Graphpad Prism 9.0 ©.

Organisational ethics approval was not required as this was
deemed a quality activity in line with the Australia Health
Records Act and no individual-level data were used.

Timeline of public health measures

We reviewed respiratory virus testing in the context of public
health restrictions in Victoria. Appendix I provides a detailed
timeline of public health measures. The international border was
closed to non-Australian citizens on 20 March 2020, and
returning citizens were required to undertake mandatory 14-day
quarantine on arrival. Further staged public health measures
were instituted by the Victorian government as outlined in
Table Al. Periods of strict lockdown were from 23 March 2020 to
11 May 2020 (‘Lockdown 1.0°) with a short period of easing,
prior to further interventions from 20 June 2020 to 13 September
2020 (‘Lockdown 2.0’) with stage IV restrictions from week 32 to
38. Stage IV restrictions included: 8 pm curfew, 4 reasons to leave
home within 5 km, no visitors and no gatherings. Universities
moved to remote learning and schools predominantly utilised
remote learning for 4 months. Childcare centres remained open
(for children of permitted workers only during stage IV restric-
tions). Mandatory wearing of face coverings outside home for
people >12 years old was enforced from 22 July 2020 (week 30)
until 7 December 2020 (week 50) (fitted face masks from
27 September 2020). From 2 July 2020 to 7 December 2020 Vic-
toria was closed to all international arrivals.

Results

The average total number of respiratory tests done in period
1 (week 1-47, 2015-2019) was 4636 (range 3758-5348), com-
pared to 3659 tests in period 2 (week 1-47, 2020), representing a
21% reduction in testing numbers during the pandemic period.

In the period 2015-2019, the annual number of influenza A
and B virus detections ranged from 178 to 762 (average = 396
detections), with the average peak detections occurring in week
37. The average proportion of total tests that were positive for
influenza A virus in period 1 was 5.6% and for influenza B virus,
3.3%. For the first 13 weeks of 2020, prior to local COVID-19
restrictions, there were 49 total influenza A or B virus detections
(proportion positive 4%) compared to average 63 total
detections over weeks 1-13 for 2015-2019 (proportion positive
8%). There was a 77.3% reduction in the proportion of positive
influenza A virus detections and a 89.4% reduction in proportion
of positive influenza B virus detections from period 1 to period
2 (Table 1). There have been no positive influenza A virus detec-
tions from week 14, 2020 and no positive influenza B virus
detections from week 17, 2020, 2 weeks after initial lock-
down (Fig. 1).

In the period 2015-2019, the annual number of RSV detec-
tions ranged from 526 to 964 (average = 693), with the average
peak detections occurring in week 26. For RSV, there were
94 detections in weeks 1-13 in 2020 (proportion positive 7.8%)
compared to average 50.4 detections for the same weeks in
period 1 (proportion positive 6.6%). For the RSV epidemic
months April to June, there were on average 107.8 detections/
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Table 1 Comparison of respiratory viruses period 1 versus period 2

Period 1 week 1-47, 2015-2019 Period 2 week 1-47, 2020
Weekly number Weekly number Proportion Weekly number Weekly number Proportion Reduction in
of tests, average of detections, positive for of tests, of detections, positive for proportion P
Virus (range) average (range) period 1, % average (range) average (range) period 2, % positive, % value
Influenza A 92.2 (33.6-134.6) 4.79 (0-12.75)t 5.58 65.4 (35-138) 0.83 (0-7)% 1.27 77.3 <0.001
Influenza B 92.2 (33.6-134.6)  3.08 (0-7.5)§ 333 65.4 (35-138) 0.23 (0-4)1 0.36 89.4 <0.001
RSV 92.2 (33.6-134.6) 13.9 (8.4-21.2)17 15.4 65.4 (35-138) 3174k 4.85 68.6 <0.001
Human 92.2 (33.6-134.6)  5.94 (1-12.2)§§ 6.34 65.4 (35-138) 1.8199 2.1 66.9 <0.001
parainfluenza
viruses 1, 2
and 3
SARS-CoV- NA NA 797.9 (86-1974) 4.8 (0-26) NA
211f

Statistical analysis of comparison of proportions using x? tests on Graphpad Prism 9.00©.
+Peak week 37 (average 14.4 detections/week).

+Peak week 4 = 7 detections.

§Peak week 37 (average 11.6 detections/week).

qPeak week 5 = 4 detections.

F+Peak week 26 (average 41 detections/week).

+1Peak week 12 = 13 detections.

§§Peak week 38 (average 12.2/week).

qqPeak week 11 = 16 detections.

F+1SARS-CoV-2 testing commenced week 12, 2020.

Influenza A+B
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Week
Lockdown 1.0 Lockdown 2.0
week 13 (29/3/20)— week 26 (20/6/20) — week 38 (13/9/20)
week 20 (11/5/20)
Stage IV
week 32 (2/8/20) - week
38 (13/9/20)

No intemational amivals (hotel quarantine program cancelled)
Mid-week 27 (2/7/20) - week 50 (7/12/20)

Mandatory masks
week 30 (22/7/20) -week 50 (7/12/20)

Fig 1 Influenza A and B detections period 1 versus period 2. SARS-CoV-2 testing commenced week 12, 2020. No positive influenza A detections from

week 14, 2020 and no positive influenza B detections from week 17. (mm), SARS-CoV-2; ( ), flu A+B 2015-2019; (——), flu A+B 2020.

month in 2015-2019 (range 34-206, proportion positive 23%) a 76.7% reduction in proportion of RSV detections per month in
compared to an average of 12 detections/month (range 11-14, April to June 2020. Overall, there was a 68.6% reduction in the
proportion positive 5.4%) for this period in 2020. This represents proportion of positive detections from period 1 to period
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Mandatory masks
week 30 (22/7/20) - week 50 (7/12/20)
Fig 2 RSV detections period 1 versus period 2. SARS-CoV-2 testing commenced week 12, 2020. (mm), SARS-CoV-2; (——), RSV 2015-2019; (—),
RSV 2020.
Human parainfluenza viruses 1, 2 and 3
45
40
35
@
2 30
£
2 25
5
g 20
+= 15
a8
10
)~
5 P ——
0 - . 1) -\ . l B
1234567 8 91011121314151617181920212223242526272829303132333435363738394041424344454647
Week
Lockdown 1.0 Lockdown 2.0
week 13 (29/3/20) week 26 (20/6/20) — week 38 (13/9/20)
— week 20 (11/5/20)
Stage IV
week 32 (2/8/20) -
week 38 (13/9/20)

Fig 3 Human parainfluenza viruses 1, 2 and 3 detections period 1 versus period 2.

2020; (), Parainfluenza 1-3 2015-2019; (——), Parainfluenza 1-3 2020.
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No international arrivals (hotel quarantine program cancelled)
Mid-week 27 (2/7/20) - week 50 (7/12/20)

Mandatory masks
week 30 (22/7/20) - week 50 (7/12/20)

SARS-CoV-2 testing commenced week 12, 2020. (mm), SARS-CoV-2
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2 (Table 1). There have been no RSV detections from week
36, 2020. The trend in relation to different lockdown measures is
demonstrated in Figure 2.

In the period 2015-2019, the annual number of HPIV 1, 2 and
3 detections ranged from 254-404 (average = 307.6), with the
average peak detections occurring in week 38. There were
75 detections in weeks 1-13 in 2020 (proportion positive 6.4%)
compared to average 41.4 detections for the same weeks in
period 1 (proportion positive 5.3%). There was a 66.9% reduc-
tion in proportion of positive HPIV detections from period 1 to
period 2 (Table 1). There have been no positive HPIV detections
from week 28, 2020, 2 weeks after lockdown 2.0 (Fig. 3). Pre-
dominant human parainfluenza type in the baseline period was
HPIV 3 (63-81% of HPIV detections in weeks 1-47 per year)
compared to HPIV 1 in 2020 (56%).

From week 12-47, 2020, we performed 28 893 SARS-CoV-2
tests in children <18 years, with detection of 186 detections. This
represents a positivity rate of 0.64% in this age group. Peak
detections occurred in week 27 to 29, immediately after lock-
down 2.0 measures were introduced in week 26. There were 0-3
detections/week from week 36 and there have been no further
positive COVID-19 detections from week 45 until time of writing.

Discussion

After initial control of SARS-CoV-2 transmission facilitated by
public health measures in Melbourne in the first half of 2020, a
second wave occurred in July—August 2020, with high rates of
community transmission.

Victoria saw the largest number of children infected with
SARS-CoV-2 (as it had the largest outbreak nationally), however
overall children represented only a small proportion of those
infected with COVID-19 across the state, consistent with national
and international data.* The second wave of COVID-19 infections
led to further and stricter public health measures from week
26, mandatory mask-wearing outside the home from
week 30, with eventual down-trending in rates of transmission
after peak detections in week 32.

In our cohort of children presenting to a tertiary children’s hos-
pital in metropolitan Melbourne we found a > 65% reduction,
compared to previous years, in RSV, influenza and HPIV associated
with COVID-19 public health measures. There were no detections
of influenza from implementation of first lockdown measures in
week 13 and no re-emergence despite evidence of other respiratory
virus (i.e. SARS-CoV-2) community transmission. RSV detections
continued in low numbers during the first lockdown (albeit at far
lower numbers than in previous years), with no detections of RSV
seen since week 35, coinciding with the strictest lockdown mea-
sures occurring between week 32-38.

Whilst this sample does not represent all children tested for respi-
ratory viruses in Melbourne, and it is possible that observed reduc-
tions in respiratory viruses could have represented changes in
health-seeking behaviour early in the pandemic in our institution,"!
our findings are consistent with published state-wide surveillance
data for influenza captured by the FIluCAN surveillance programme
to October 31.'2 State-wide, there has been a 90 and 93% reduction
in influenza virus detections in 2020 compared with 2017-2019 year
to date average in 0—4 and 5-14 year olds, respectively. Our data
therefore likely represents a true reduction in these viruses rather
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than under-detection. This is also consistent with Victorian paediatric
data showing that there have only been three hospitalisations for
influenza in 2020 and no intensive care unit admissions compared
to 796 hospitalisations and 91 ICU admissions in 2019.'2 A further
potential limitation of this study is the change in testing assays
between Dbaseline and observation periods; however, both
assays have similar sensitivity and specificity for the reported targets,
as confirmed by a laboratory verification study [unpublished data],
thus it should not have significantly affected the findings. There was
a temporary reduction in respiratory multiplex PCR testing numbers
in early 2020 due to an international shortage of molecular labora-
tory consumables for testing and priority was given to SARS-CoV-2
testing. Overall testing was reduced by about 30% compared with
previous years. As our analysis compares proportion positive
between the two periods (rather than absolute numbers), this is
unlikely to have significantly impacted our findings.

The public health response consisted of multiple measures. It is
not possible to determine which measure had the largest impact in
reducing transmission of respiratory viruses, however it is interest-
ing that influenza viruses disappeared (and did not re-appear) after
the initial lockdown period, whereas RSV persisted at low levels
until the most severe measures under stage IV restrictions which
included childcare closure except for permitted workers. It is also
possible that the decline in RSV infections seen from week
35 reflect the seasonal nature of the virus. New South Wales pub-
lic health have identified higher than average RSV detections since
early October, in conjunction with easing of local restrictions,”
similar to Western Australia.'® These states maintained mandatory
quarantine for international travellers whilst Victoria was closed to
international arrivals from July 2 (mid-week 27)-December 7 and
Melburnians were not able to travel beyond a 25 km radius until
week 46. The number of RSV detections in Melbourne has since
been reported to have surged in late January 2021 (week 4).">

It is clear that strict public health restrictions can significantly
reduce respiratory virus transmission, with a resultant reduction in
childhood morbidity (including hospital and ICU admissions). The
lockdown measures in Victoria, which eventually resulted in
COVID-19 elimination, were very restrictive on personal liberties
and, in the absence of a pandemic threatening lives and hospital
systems, would not be seen as reasonable restrictions by the general
community. It is important to observe that other Australian states
with less stringent public health interventions also saw a large
reduction in respiratory virus transmission.>® In most states, border
restrictions (significant reduction in interstate and international
travel, together with mandatory quarantine for returned travellers)
were the major public health intervention after the initial lock-
downs were eased, combined with (non-mandatory) recommenda-
tions around personal hygiene measures and physical distancing.
Similarly, internationally there have been reductions in influenza
without lockdown measures and with border restrictions, school
closures, physical distancing and mask wearing.'*

In our analysis there was no evidence of an additional benefit
of adult mask wearing to the reduction in respiratory virus detec-
tions in children in Melbourne, compared to other public health
measures. Mandatory masks were introduced 2 weeks prior to
stage IV restrictions, however masks were not mandatory for
children <12 years and were not used in childcare or primary
school settings. Influenza infections had already disappeared prior
to introduction of mandatory mask wearing in July 2020.
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Consistent reduction in RSV detections (<5 per week) and disap-
pearance of the usual seasonal peak was also seen prior to mask
introduction. There was ongoing reduction in RSV infections after
introduction of masks; however, this also coincided with stage IV
restrictions and closure of most child care centres. It is likely that
physical distancing in addition to international border closures
resulted in near absence of influenza early in the pandemic.

Conclusions

Strict public health measures and border closures were successful
in eliminating community transmission of SARS-CoV-2 in Mel-
bourne. These measures resulted in a significant reduction in
other respiratory virus infection in children, likely representing a
significant reduction in childhood morbidity. This reduction in
respiratory virus transmission is similar to that seen in children
in other states of Australia, where lockdown measures were less
prolonged and severe. It will be important to identify specific ele-
ments of the public health response that were most successful in
reducing respiratory virus transmission, so that the least restric-
tive, and most effective, measures can be considered for periods
of high respiratory virus transmission in the future. It was not
possible to determine the contribution of mandatory mask wear-
ing to our findings as this was introduced after reductions in
respiratory detections were already noted.
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Outline of varying degrees of public health restrictions in metropolitan Melbourne

Dates

Summary of public health restrictions

Lockdown 1.0: March 23 (week 13)-May 11
(week 20)
two person gatherings

Stay-at-home orders (four reasons to leave home only: going to work or school, care or care giving,
daily exercise, buying food and other essentials), school and university closures (remote learning),

March 19: Borders closed to non-residents — March 28: Returning residents mandatory hotel (as
opposed to home) quarantine
School holidays March 25 to April 14 (week 13—-week 15)
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Dates

Summary of public health restrictions

Lockdown easing 1.0: May 11 (week 20)—
June 20 (week 26)

Lockdown 2.0: June 20 (week 26)-Sep 13
(week 38)

Lockdown easing 2.0: Sep 13 (week 38)-Nov
23 (week 47) (10 weeks)

» May 11 outdoor gatherings 10 people, 5 visitors in homes, can leave home for outdoor
recreational activities, 10 guests at weddings, 20 guests at funerals, 10 people religious gatherings
(face to face learning, 5-20 people gatherings)

+ May 26 outdoor gatherings 20 people, 20 people in your home, overnight stays in residences
permitted, campgrounds without communal facilities reopen, libraries, youth centres and
community facilities to re-open with a maximum of 20 people, plus the people needed to operate
the facilities, cultural venues like galleries, museums, zoos, drive-in cinemas to re-open with a
maximum of 20 people per space, swimming pools to re-open with a maximum of 20 patrons,
personal care businesses like salons and tattoo shops reopen with up to 20 customers at one
time, auctions and open-house inspections resume with a 20 person limit, non-food and drink
market stalls will be able to re-open

» June 1 no list of reasons to leave home, restaurants, bars and cafes re-open maximum 20 people

+ June 20 restricted gatherings 5 people indoors, 10 people outdoors

* June 30 lockdown 10 postcodes

+ July 2 (mid-week 27)-December 7 Victoria closed to international arrivals

« July 8 stage 3 restrictions 4 reasons to leave home Melbourne and Mitchell shire (essential work,
exercise, essential shopping, care and care giving)

+ July 22 mandatory masks

+ August 2: stage IV restrictions 8 pm curfew, 4 reasons to leave home within 5 km, 1 person to
leave home for essentials once per day, no visitors, no gatherings

» August 5: Childcare closed except for permitted workers

» August 7: all retail and some manufacturing and administration closed, construction maximum 25%
of normal workforce

Schools and university remote learning unless exemption

School holidays June 27 to July 12 (week 27-week 28)

Sep 13: First step (week 38): curfew extended to 9 pm and gatherings increased to 2 people or a

household that can meet outdoors for 2 h max

Sep 28: Second step (week 40): no curfew, 25 km travel restriction, up to 10 people can meet

outdoors, 1 visitor and any children visitors

Sep 28: Childcare open

Oct 27: All retail reopens

Nov 9: Third step (week 46): no restrictions on reasons to leave home or distance, up to 2 people

can visit a household once per day. Non-essential businesses open. Hospitality venues 40 guests
inside and 70 guests outside. Up to 20 people can attend a funeral indoors, and 50 outdoors.
Indoor gyms will reopen with a capacity of up to 20 people. Indoor pools reopen with a capacity of
up to 20 people. Cinemas reopen with 20 guests per space

Schools staged return to onsite learning: 12 October 2020 primary school, year 7 and year 12; 26

October 2020, years 8-10

Adult education learn from home if you can

Victoria opened to international arrivals from 7 December 2020 with enforced 14-day hotel

quarantine

School holidays September 19 to October 4 (week 30-40)
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