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Methods: We collected the data from multiple surveillance systems, including
hospital-based severe acute respiratory infection surveillance, SHIVERS-II, -lll and
-IV community cohorts for acute respiratory infection (ARI) surveillance, HealthStat
sentinel general practice (GP) based influenza-like illness surveillance and SHIVERS-V
sentinel GP-based ARI surveillance, SHIVERS-V traveller ARI surveillance and
laboratory-based surveillance. We described the data on influenza, RSV and other
respiratory viral infections in NZ before, during and after various stages of the
COVID related border restrictions.

Results: We observed that border closure to most people, and mandatory
government-managed isolation and quarantine on arrival for those allowed to enter,
appeared to be effective in keeping influenza and RSV infections out of the NZ com-
munity. Border restrictions did not affect community transmission of other respira-
tory viruses such as rhinovirus and parainfluenza virus type-1. Partial border
relaxations through quarantine-free travel with Australia and other countries were
quickly followed by importation of RSV in 2021 and influenza in 2022.

Conclusion: Our findings inform future pandemic preparedness and strategies to

KEYWORDS

1 | INTRODUCTION

COVID-19, declared as a public health emergency of international
concern by the World Health Organization (WHO) on 30 January
2020, was first identified in New Zealand (NZ) on 28 February
2020. From 19 March 2020, NZ responded to the COVID-19 pan-
demic with stringent public health and social measures (PHSMs)
including border restrictions and a national lockdown that included
strict stay-at-home orders at Alert Level 4 with a range of
mandated actions and restrictions such as closure of all public and
education facilities including early childhood education centres and
schools.2? These measures were successful in containing the first
wave of the COVID-19 outbreak with elimination of community
transmission for 101 consecutive days from 1 May to 10 August
2020.34 We previously reported that no community transmission of
influenza and respiratory syncytial virus (RSV) was identified from
May 2020.°

Prior to 2020, the impacts of border closures on disease spread
were largely unknown, and their use as a pandemic policy was advised
against by WHO,® in part due to their potential to be discriminatory
and worsen economic and social disruption. However, in response to
the COVID-19 pandemic, nearly every country introduced interna-
tional border closures with varying durations and stringency.”

NZ implemented a range of border restrictions for more than
2 years from 19 March 2020 to 31 July 2022 (Figure 1) with the
intention of preventing imported COVID-19 cases from establishing

community transmission in the country. Initially, restrictions included

model and manage the impact of influenza and other respiratory viral threats.

acute respiratory illness, common respiratory viral infections, influenza infection, public health
and social measures, respiratory syncytial viral infection, severe acute respiratory infections

mandatory government-managed isolation and quarantine (MIQ) in
designated facilities on arrival for all people seeking to enter the coun-
try. After more than 12 months of border closure, partial border relax-
ation was introduced for around 3 months (from 19 April 2021)
allowing quarantine-free travel with Australia but reinstated from
23 July 2021 until February 2022 with progressive relaxation thereaf-
ter. Quarantine-free travel was permitted for vaccinated
New Zealanders and other eligible travellers from Australia from
28 Feburary 20228 for vaccinated Australians from 13 April 2022, for
vaccinated travellers from NZ's list of 60 visa-waiver countries from
2 May 2022, and finally, for all travellers irrespective of vaccination
status from 31 July 2022.

There are some data on the impact of border closures on influ-
enza during the COVID-19 pandemic from studies conducted in
China,”*® Hong Kong,'* Taiwan,'? Singapore®® and Australia.’* How-
ever, these studies only evaluated the overall effect of a set of com-
bined PHSMs, without disentangling the specific effects of individual
PHSM.'® NZ has a unique situation where stringent border restric-
tions remained in place for 2 years, while in-country stringent PHSMs
were largely absent. A 3-month border opening with Australia during
broader border closure created opportunities for importation of
viruses from Australia. This allowed us to distinguish the effect of the
stringent border restrictions from other stringent measures (stay-at-
home orders, school closure etc.) on influenza, RSV and other respira-
tory viral infections.

Over the last 10 years, NZ has invested in comprehensive respira-

tory virus surveillance platforms including patients admitted acutely
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FIGURE 1 Timeline of New Zealand's border restrictions. *Border closure = borders close to all but New Zealand citizens and permanent
residents. For those allowed to enter, they are required to comply with mandatory government-managed isolation and quarantine (MIQ) in

designated facilities on arrival. PHSMs, public health and social measures.

to hospitals, those making consultation visits to general practitioners
(GPs) and community cohorts with non-medically attended acute
respiratory infections. During the COVID-19 pandemic, most of these
surveillance programmes remained largely intact and enhanced with
additional research. This provided a rare ‘real-world’ quality dataset
to examine temporal associations of border restrictions and importa-
tions of respiratory viruses with varying disease severity and then
their in-country epidemiology in an island nation. Understanding the
effect of border restrictions on these viral infections and associated
diseases is critical to informing pandemic influenza preparedness and
planning countermeasures for seasonal influenza, RSV and other
respiratory viral infections.

Here, we describe data collected from multiple surveillance sys-
tems on influenza, RSV and other respiratory viral infections in NZ
before, during and after various stages of the COVID-19 related bor-

der restrictions.

2 | METHODS

2.1 | Hospital-based severe acute respiratory
infection (SARI) surveillance

The population-based hospital SARI surveillance among residents
(catchment population of one million people across the central, east
and south Auckland region) was established in 2012 as the first itera-
tion of the Southern Hemisphere Influenza and Vaccine Effectiveness

Research and Surveillance (SHIVERS-1) study.*®” Active surveillance

periods for hospital intensive care units (ICUs) were year-round, and
for general medical/paediatrics wards, usually from May to September
of each year but started from 7 February 2022 due to COVID-19
community transmission. Research nurses reviewed daily records of
all overnight general medical/paediatrics wards and ICU admitted
acute inpatients to identify any with suspected acute respiratory ill-
nesses. They enrolled those patients with cough and history of fever
(subjective fever or measured temperature >38°C) and onset within
the past 10 days, as defined by the WHO as SARI, and collected a
nasopharyngeal or nasal or throat swab.

2.2 | SHIVERS-II -lll and -1V community cohorts
for acute respiratory infection (ARI) surveillance

SHIVERS-II, -lll and -1V are three prospective, longitudinal (7 years),
community cohorts in Wellington.> SHIVERS-II is an adult cohort
operating since 2018 with approximately 1400 participants in 2020,
1100 in 2021 and 900 in 2022. SHIVERS-IIl is an infant cohort oper-
ating since 2019 with approximately 80 participants in 2020, 300 in
2021 and 600 in 2022. SHIVERS-IV is a household cohort operating
since 2021 with around 500 families (approximately 1000 household
members in 2021 and 1700 in 2022).

Each year, the active surveillance period for the three cohorts
typically occurs from May to September. In 2022, surveillance started
on 7 February due to COVID-19 community transmission. The study
staff sent weekly surveys to participants regarding their respiratory

symptoms. Nurses reviewed participant's symptom reports and
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identified those meeting relevant case definitions: ARI—‘an acute
respiratory illness with fever or feverishness and/or one of following
symptoms (cough, running nose, wheezing, sore throat, shortness of
breath and loss of sense of smell/taste) with onset in the past
10 days’; influenza-like illness (ILI)—‘acute respiratory illness with
cough and fever/measured fever of 238°C and onset within the past
10 days’. Nurses guided those with ARI/ILI to take a nasopharyngeal

or nasal swab.

2.3 | HealthStat’s sentinel general practice
(GP)-based ILI surveillance and SHIVERS-V sentinel
GP-based ARI surveillance

HealthStat GP-based ILI surveillance consists of a nationally represen-
tative random sample of approximately 300 sentinel GPs.>8 The case
definition for ILI: ‘an acute upper respiratory tract infection, with
abrupt onset of two or more symptoms from chills, fever, headache
and myalgia’. This surveillance monitored the number of people who
consult GPs with ILI and collected automated weekly extracts of ILI
read codes from practice management systems.*” This surveillance
did not include virological surveillance.

SHIVERS-V sentinel GP-based ARI surveillance (from eight senti-
nel GPs in Auckland, Wellington and Dunedin) was established in the
middle of June 2021. If a consultation seeking patient met the ARI
case definition (the same as SHIVERS-II, -lll and -IV ARI), a nasopha-

ryngeal or nasal swab was collected.

24 | SHIVERS-V traveller ARl surveillance
SHIVERS-V traveller ARI surveillance was established on 10 May
2021 and was operational until 27 February 2022. All travellers
staying in 32 MIQ facilities were required to test for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). This surveillance
included five hospital-based laboratories covering 29 MIQ facilities. A
daily electronic extract from the COVID-19 éclair (https://www.
sysmex-ap.com/product/eclair/) database was generated for each
participating laboratory to identify any traveller with a suspected
acute respiratory infection who met the ARI case definition (the
same as SHIVERS-V GP ARI). If there was any left-over specimen
after the SARS-CoV-2 testing, the specimen was tested for other
respiratory viruses.

2.5 | Laboratory-based surveillance

The laboratory-based surveillance for influenza, RSV and other
common respiratory viruses is carried out year-round by the NZ virus
laboratory network consisting of the National Influenza Centre at ESR
(Institute of Environmental Science and Research) and six hospital
laboratories in Auckland (two hospitals), Waikato, Wellington,

Christchurch and Dunedin. This laboratory network tests specimens

ordered by clinicians for hospital inpatients and outpatients during
normal clinical practice (serving approximately 70% of the NZ popula-
tion). Sample collection is based on clinician judgement.

Additionally, this network conducts testing for public health sur-
veillance including hospital-based SARI, GP-based ILI/ARI, and
SHIVERS-II, -lll, -1V and -V ILI/ARI surveillance. The collected naso-
pharyngeal or nasal swabs were tested by polymerase chain reactions
(PCRs)Y specifically for influenza virus, RSV, rhinovirus, parainfluenza
virus types 1-3, enterovirus, adenovirus, human metapneumovirus
and SARS-CoV-2.%°

2.6 | Dataanalyses
Study data were captured using REDCap 10.0.19 electronic data cap-
ture tools.?* Analyses were performed in Stata 16.1 (StataCorp LLC).

The observed incidence rates of influenza/RSV/Rhinovirus-PCR-
confirmed SARI or ARI or ILI were corrected each week to account for
missed swabs from ARI cases by applying the influenza/RSV/Rhinovi-
rus positivity rate of those tested to those not tested (corrected num-
ber of influenza/RSV/Rhinovirus-PCR-confirmed SARI or ILI or ARI
events = number of SARI or ILI or ARI x actual number of influenza/
RSV/Rhinovirus-PCR-confirmed SARI or ILI or ARI = actual number of
SARI or ILI or ARI swabs).

Based on SARI and ILI surveillance data from 2015-2019, the
start of the annual influenza season and intensity level of the influ-
enza epidemics was defined by using the moving epidemic
method.182223

Laboratory-based surveillance data used the median of the annual
total of the specified week period over the years 2015-2019 to rep-
resent the reference period for that week period. Median and inter-
quartile ranges were calculated for the number of viruses reported
during 2015-2019; Percentage change = (no. virus — median
no. virus [2015-2019]) + median no. virus (2015-2019) x 100.

The 95% confidence intervals (Cls) for proportions (incidence
rates) were calculated using the binomial distribution.

2.7 | Ethics statement

The NZ Northern A Health and Disability Ethics Committee approved
the SHIVERS-I, -1, -Ill, -IV and -V studies (NTX/11/11/102). The GP-
based ARI/ILI and laboratory-based surveillance are conducted in
accordance with the Public Health Act, and thus, ethics approval was

not required.

3 | RESULTS

We have previously reported complete absence of community trans-
mission of influenza and RSV after May 2020.°> While this absence
continued during border closure, multiple surveillance systems consis-
tently showed that re-introduction of RSV and influenza into the NZ
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community were temporally associated with partial border relaxations
in 2021 and 2022, respectively (Figure 2).
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FIGURE 2 Temporal distribution of acute respiratory infections (ARIs) and associated influenza, RSV, and rhinovirus detections with (2020-
2022) and without (2019) border restrictions. Panel 1: P1.A. Hospital-based severe acute respiratory infection incidence rate, P1.B. RSV
-associated SARI, P1.C. Influenza -associated SARI, P1.D. Rhinovirus-associated SARI. Panel 2: P2.A. SHIVERS-II, -Ill and -1V cohort-based ARI
incidence rate, P2.B. RSV-associated ARI/ILI, P2.C. Influenza-associated ARI/ILI, P2.D. Rhinovirus-associated ARI/ILI. Panel 3: P3.A. ILI
consultations among HealthStat GP patients, P3.B. RSV-associated ARl among SHIVERS-V GP patients, P3.C. Influenza-associated ARl among
SHIVERS-V GP patients, P3.D. Rhinovirus-associated ARl among SHIVERS-V GP patients. Panel 4: P4.1. Lab-based RSV, P4.2. Lab-based
influenza, P4.3. Lab-based rhinovirus detection. GP, general practice; ILI, influenza-like illness; PHSMs, public health and social measures; SARI,
severe acute respiratory infection; SHIVERS-II, -1lI, -IV and -V, the 2nd, 3rd, 4th, 5th iterations of the southern hemisphere influenza and vaccine
effectiveness research and surveillance programme. The calculation for epidemic threshold and influenza activity are described in the Section 2. A
patient with cough and history of fever (subjective fever or measured temperature 238°C) and onset within the past 10 days meets the SARI case
definition if hospitalised or meets the ILI case definition if participating in the SHIVERS-II and -lll study during 2019. The ARI case definition
among SHIVERS-II, -ll, -IV and -V participants refers to an “acute respiratory illness with fever or feverishness and/or one of following symptoms
(cough, runny nose, wheezing, sore throat, shortness of breath, loss of sense of smell/taste) with onset in the past 10 days”. Partial border
relaxation 1 refers to brief introduction of quarantine-free travel with Australia during 19 April 2021 to 22 July 2021. Partial border relaxation

2 refers to progressive border relaxation between 28 Feburary 2022 to 31 July 2022. Introduction of quarantine-free travel initially for
vaccinated New Zealanders from Australia on 28 Feburary 2022 and for the same groups from the rest of the world on 13 March 2022, then for
vaccinated Australians from 13 April 2022 and vaccinated travellers from NZ's visa-waiver countries from 2 May 2022 onwards.

activity were reported.?*2% In 2022, influenza-associated SARI hospi-
talisation rates (Figure 2P1.C.) were first reported 5 weeks after
28 February partial border relaxation. Rhinovirus-associated SARI hos-
pitalisation rates (Figure 2P1.D.) were reported consistently through-
out 2019-2022 regardless of border restrictions. Overall, proportion
of swabs tested among SARI cases remained on average at 87% dur-
ing border restrictions (between Week 13 of 2020 to Week 30 of
2022; Table S1).

SHIVERS-II, -lll and -IV community cohort surveillance results,
consistent with the patterns detected by hospital-based SARI surveil-
lance, showed that ARI incidence rates (Figure 2P2.A.) were mainly
driven by RSV (Figure 2P2.B.), which peaked in late June 2021, and
influenza (Figure 2P2.C.), which peaked in late June 2022. Rhinovirus-
associated ARl incidence rates (Figure 2P2.D.) were reported through-
out 2019-2022. Overall, proportion of swabs tested among ARI/ILI
cases remained on average at 72% during border restrictions
(Table S1).

The HealthStat sentinel GP-based ILI rates were mostly below
the seasonal threshold during 2020-2021 and at a low level during
2022 (Figure 2P3.A.). SHIVERS-V sentinel GP-based ARI surveillance
results, like other surveillance streams, detected high incidence rates
of RSV in mid-July 2021 (Figure 2P3.B.), influenza in late June 2022
(Figure 2P3.C.), and rhinovirus throughout 2019-2022 (Figure 2P3.
D.). Overall, proportion of swabs tested among ARI cases remained at
100% during border restrictions (Table S1).

The laboratory-based surveillance detected high numbers of RSV
virus in early July 2021 (Figure 2P4.1.), influenza virus in mid-June
2022 (Figure 2P4.2.) with rhinovirus detections (Figure 2P4.3.)
throughout 2019-2022.

SHIVERS-V travellers’ ARI surveillance tested 86,295 samples for
SARS-CoV-2 from travellers in 29 MIQ facilities. Among travellers
with ARl (2484) who had available left-over samples, 1378 were
tested for influenza virus (12 positive) and 1376 were tested for RSV
(47 positive; Figure 3). The influenza and RSV cases were scattered

throughout border restriction periods.

Table 1 shows the cumulative number of respiratory viruses
detected across all surveillance systems and the proportional change
for each virus before, during and after border restrictions compared
with the reference period of 2015-2019. Between Week 18 of
2020 to Week 8 of 2022, there were 21 influenza virus detections,
>99% reduction compared with the reference period. Of these,
17 were from travellers who stayed in MIQ facilities from
21 December 2020 to 27 February 2022, and four were detected
from 11 May 2020 to 26 July 2020 with unknown travel informa-
tion. After border restrictions were relaxed in 2022 (Weeks 9-30),
there was a nearly four-fold increase in influenza virus detections
compared to the reference period. Like influenza, marked reductions
were also evident for RSV detections (>97%) during border closure
(Week 18 of 2020 to Week 15 of 2021). This was followed by a
two-fold increase in RSV detections (Weeks 16-29 of 2021) com-
pared to the reference period soon after quarantine-free travel with
Australia. Other respiratory viruses were less affected by border
restrictions. Rhinovirus detections were reduced (82%) during strict
lockdown (Weeks 13-17 of 2020), re-bounded quickly and further
increased (18%) during border closure (from Week 18 of 2020 to
Week 15 of 2021). Parainfluenza virus type-1 (PIV1) detections
showed a peak from November 2020 to January 2021 despite bor-
der closure (Figure 4).

4 | DISCUSSION

NZ, a southern hemisphere island country with a temperate climate,
has a well-established pattern of influenza and RSV circulation with
annual peak incidence usually in the winter months from June to
September.?® NZ's absence of community transmission of influenza
and RSV after May 2020, largely due to COVID-19 elimination
measures,® provided a unique opportunity to describe the impact of
border restrictions and relaxations on these viral infections for the

subsequent 2 years, because overseas travellers became their only

85U8017 SUOWIWIOD BANEaID 3|t jdde sy Aq peusenob afe sejone YO ‘88N Jo sa|ni 1oy Aiq1T8UlUQ AB]1/MW UO (SUOTPUOD-PUe-SULBYW0D™AS | 1M Ale1q | Bu [UO//:SANY) SUONIPUOD PUe SWIs 1 8y} 89S *[y202/20/ST] Uo ARiqiauliuo /8|1 ‘YeeH JO AISIUIN AQ 42€T AIITTTT 0T/10p/w00 A8 | Arelq1jeuljuo//sdiy Wwiolj pepeojumod ‘2 ‘720z ‘659205.LT



HUANG ET AL.

WILEYL 7

P3.A Influenza-like illness HealthStat GP consultations
95%Cl-Upper
95%Cl-Lower

Border restrictions

@

@ o e
100 Border Status z gg % g5
- z 52 2 33
£ =5 ¢ =l
g% 2 £ £ 5*
=] = &
P a
o
S
5 60
R
(]
g
b5
° 40 Low (0-40%)
£
=
20 . ,Seasonalthresholdiggl | .
0
P3.B. RSV-associated ARl among SHIVERS-V GP patients
140 95%CI-Upper Border restrictions 120
95%Cl-Lower “» op— 2 Frd
120 Border Status 2 <] s % 2§
— ——RSV z 85 =& 3% 100
=) 28 o =K
%tested = k) I Sm
=] s o & £u
S 100 & £ @ 5
8 B s E = 80
— & ?
T 80 2
=] <
o 60 2
S 3
c 1
§ 60 5
2 2
S 40 X
£ 40
> H
1%]
& 20
20
_o
0 i 0
P3.C. Influenza-associated ARl among SHIVERS-V GP patients
A 120
140 95%Cl-Upper Border restrictions
95%Cl-Lower 2 52 2 5o
> o = 7]
— Border status e -'g .g 2 g é 100
8120 —e—Influenza & a5 EXel
o < .® ®© s sS&
= %tested g B0 g £
IS] & &= o =
£ & £ &
=100 = =] 80
= & 3 ©
9 e
= g
o 80 =
e 60 £
< 8
2 60 E
= z
g a0 g
< =
g 40
E
= 20
20
0 0
P3.D. Rhinovirus-associated ARl among SHIVERS-V GP patients
160 95%Cl-Upper Border restrictions 120
95%Cl-Lower 5 2 5
Border Status é 'g 5 % 'g s
Sla0 ——Rhinovirus - |k & ag 100
T 20 22
=3 %tested - ey c as
o £ £ @ £e
S120 & & £ &
S £ 803
= “© =
8100 3
R 2
@ =
e 60 =
80 o
s =
2 g
- 60 2
g 405
]
o 40
£
= 20
20
0 0
1 6 111621263136414651 4 9 1419242934394449 2 7 121722273237424752 5 101520253035
2019 2020 \yeek/Year 2021 2022
FIGURE 2 (Continued)

source of re-introduction. Comprehensive surveillance from hospital,
GPs and community cohorts showed that initial stringent PHSMs
(lockdown, school closure and border closure) were able to remove
influenza and RSV from the NZ community, and the subsequent tight
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border restrictions in absence of other stringent PHSMs appeared to
be effective at keeping them out. Re-introduction of RSV and
influenza into NZ were temporally associated with partial border

relaxations in 2021 and 2022, respectively. However, border
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Influenza and RSV detections among travellers with ARI
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FIGURE 3 Temporal distribution
of influenza and respiratory syncytial
virus (RSV) associated acute
respiratory infections (ARI) among
travellers during 2021-2022. The ARI
case definition among travellers refers
to an “acute respiratory illness with
fever or feverishness and/or one of
following symptoms (cough, running
nose, wheezing, sore throat, shortness
of breath, loss of sense of smell/taste)
with onset in the past 10 days.”
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restrictions did not have much impact on non-enveloped viruses such
as rhinovirus and some of the enveloped viruses such as PIV1, proba-
bly due to their suppressed (but not eliminated) transmission within
NZ during the initial stringent PHSMs or ineffectiveness of border
closure.

The WHO's pandemic influenza intervention guidance does not
recommend border restrictions when pandemic influenza emerges in
human populations because these measures have been considered
ineffective and impractical.?” However, the knowledge base used in
developing WHO guidance for influenza pandemic prevention con-
sists primarily of historical observations and modelling studies that
provide generally poor quality of evidence/data.?®73° NZ’s high-
quality data generated during the COVID-19 pandemic questions
some of the rationales underpinning the WHO guidance. Our conclu-
sions drawn from multiple NZ surveillance streams on the effective-
ness of border restrictions in preventing influenza transmission are
consistent with those reported from other countries including
Australia,1#31-33 Hong Kong,11 Chile®* and South Africa.®® Therefore,
we suggest that it is important to re-evaluate the role of border
restrictions (and PHSMs generally) in delaying, mitigating or even
potentially eliminating influenza pandemics. Although such measures
are associated with significant negative impacts on society, the
potential beneficial effects of delaying respiratory viral transmission
can provide the time needed for developing, producing, and distribut-
ing vaccines and therapeutics that can prevent death and disease.
New knowledge from this assessment may inform better prepared-
ness for future influenza pandemics and other severe respiratory
viral threats.

While NZ's RSV absence from May 2020 continued during border
closure and easing of other stringent PHSMs (lockdown and child-
care/school closure), community transmission of RSV returned from
April 2021 soon after border relaxation with Australia. NZ's situation

is different from Australia where a peak of RSV cases was observed

2022

from September 2020 followed easing of restrictions on gatherings
and school re-openings but preceding the relaxation of border
restrictions. This suggested that, unlike NZ, the initial PHSMs did not
effectively remove RSV from the Australia community, or alternatively
incomplete border closures.>® One important difference between
Australia and NZ's pandemic restrictions (relevant for RSV) is that
Australia allowed childcare centres to mostly remain open during
pandemic restrictions, providing opportunities for maintaining RSV
circulation.?* Indeed, during the 2020/21 RSV season in Europe,
where overall RSV activity was very low, the only countries with
major RSV outbreaks were those with policies to keep primary
school and childcare centres open.®” A detailed analysis of temporal
trends in RSV infections around the time of implementation and
lifting of specific interventions (mask mandates, school closures,
travel restrictions etc.) can provide valuable insights into effective
strategies to prevent/mitigate future epidemics of RSV in each
local context.

Not all respiratory viruses were impacted by border restrictions,
especially those non-enveloped respiratory viruses (rhinovirus,
enterovirus and adenovirus). Rhinovirus persisted throughout border
restrictions in NZ. Rhinovirus’ non-enveloped nature,*® persistence in
environment®? and high prevalence in population®® may account for it
being less affected by PHSMs including border restrictions. Interest-
ingly, PIV1 (an enveloped virus) was also less affected by NZ's border
restrictions because we observed a rapid increase of PIV1 incidence
from November 2020 to January 2021 during border closure. Unlike
influenza and RSV, prolonged shedding of low levels of PIV has been
documented in normal asymptomatic healthy adults,** children*? and
immunocompromised persons.**> The prolonged shedding may
account for PIV1 local transmission being suppressed (not eliminated)
by the short period (5 weeks) of initial stringent PHSMs implemented
in 2020, and then returning after easing of these restrictions. Alterna-

tively, prolonged PIV1 shedding may account for ineffectiveness of
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(Continued)

TABLE 1

®Partial border
relaxation 2

2022

“Border closure

9dpartial border
relaxation 1

2021

bBorder closure

Border open

2022

Border open

2020
Weeks 1-12

2022

2021

2021

2020

2020

Weeks 18-52 Weeks 1-15 Weeks 16-29 Weeks 30-52 Weeks 1-8 Weeks 9-30 Weeks 31-39

Weeks 13-17

Virus

Adenovirus

HUANG ET AL.

465
291

443

466

50

222
772

120 267
325

308

276

145
250

No.

162

1024

76

Median (2015-19)
IQR (2015-19)
% Change?®

216-412

59.8

452-502
-4.9

84-189

492-865
-71.2

300-342
-17.8

211-321
-61.0

762-1154
-73.0

74-88
—88.2

164-256
—42.0

-69.1

Abbreviations: hMPV, human matapneumovirus; IQR, interquartile range; PHSMs, public health and social measures; PIV, parainfluenza virus types 1-3; RSV, respiratory synsytial virus.

2% Change = [No. virus — median no. virus (2015-2019)]/median no. virus (2015-2019) x 100.

bBorder closure during 19-March-2020 to 18-April-2021: This period coincided with stringent PHSMs at Alert level 4 during 25-March to 27-April-2020 including strict stay-at-home orders and closure of all

public and education facilities (early childhood education centres and schools etc).

“Border closure during 23 July 2021 to 27 Feb 2022: this period coincided with a 2-week stringent PHSMs at Alert level 4 during 17-31 August 2021 including strict stay-at-home orders and closure of all

public and education facilities (early childhood education centres and schools etc.).

dpatial border relaxation 1: quarantine-free travel with Australia during 19 April 2021 to 22 July 2021.

Patial border relaxation 2: progressive border relaxation between 28 Feburary to 31 July 2022. Introduction of quarantine-free travel initially for vaccinated New Zealanders from Australia on 28 Feburary 2022
and for the same groups from the rest of the world on 13 March2022, then for vaccinated Australians from 13 April 2022 and vaccinated travellers from NZ's visa-waiver countries from 2 May 2022 onwards.

border closure as the length of the MIQ stay is <14 days for each
traveller. This would provide opportunities for PIV1-infected travellers
to continue shedding the virus after the release from MIQ, seeding
the virus into the NZ community. Whole genome sequencing may
help in distinguishing these two possible scenarios.

The strengths of our study are: (1) NZ's unique setting allowed us
to disentangle the effect of the stringent border restrictions from
other stringent measures (stay-at-home orders, school closure etc.) on
influenza, RSV and other common respiratory viral infections. The
brief border opening with Australia created seeding opportunity for
some of the respiratory viruses such as RSV, which contributed to
novel data and knowledge on impact and temporal association of the
border restrictions and virus importation. (2) The active surveillance
from hospital, GP, community cohorts and passive laboratory surveil-
lance provided concordance data on the impact of the border restric-
tions on these respiratory viral infections with a range of disease
spectrums. (3) The hospital, GP and community cohort surveillance
had well-defined denominators for calculating population-based inci-
dence rates. (4) Our study utilised a large dataset that was collected
prospectively, including nine of the most prevalent non-COVID-19
respiratory viruses and up to 8 years of weekly testing data (from
2015 to 2022).

The limitations of our study are: (1) all our surveillance systems
were triggered when patients experienced acute respiratory illnesses
with subsequent swabbing and testing. We had no real-time routine
surveillance for swabbing asymptomatic individuals who may have
influenza/RSV infections. (2) The number of laboratory detections of
influenza/RSV/other respiratory viruses for hospital patients during
routine clinical practice is influenced by testing technology, instru-
ments, reagents, priorities, demands and human resources during the
COVID-19 pandemic. Additionally, these samples ordered by clini-
cians based on clinical judgement may result in selection bias. Further-
more, this surveillance system only reports positive viral detections;
thus, there are no data on proportion of positives among tested sam-
ples. (3) The COVID-19 pandemic might interrupt the usual patient
flow for sentinel GPs. This might result in lower consultations and
under-reporting for ILI rates during 2020-2022.

In conclusion, NZ's unusual experience of influenza and RSV
absence from May 2020, due to COVID-19 pandemic elimination
measures, allowed us to examine the impact of border restrictions and
relaxations over the subsequent 2 years on influenza, RSV and other
respiratory viral infections. Our findings showed that total border clo-
sure to most non-residents and mandatory government-MIQ on
arrival for those allowed to enter appeared to be effective in prevent-
ing influenza and RSV spread into NZ. Border relaxation through
quarantine-free travel was quickly followed by importation of RSV
and influenza into NZ. Border restrictions did not have much impact
on other respiratory viruses such as rhinovirus and parainfluenza virus
type-1. Our data provide important insights into the role of border
restrictions in managing future pandemic threats from influenza and
other severe respiratory viruses. Our findings show that elimination
provides a feasible alternative to mitigation, which has been a domi-

nant pandemic strategy to date.** Our results also provide insights
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FIGURE 4 Temporal distribution of other respiratory viral detections during 2020-2022 compared with the reference period of 2015-2019
for adenovirus, enterovirus, and human metapneumovirus (hMPV) or the reference period of even-numbered* years (2010, 12, 14, 16, 18) or
odd-numbered* years (2011, 13, 15, 17, 19) for parainfluenza virus types 1-3. (A) Lab-based adenovirus detection. (B) Lab-based enterovirus
detection. (C) Lab-based human metapneumovirus (hnMPV) detection. D Lab-based parainfluenza virus type 1 (PIV1) detection. (E) Lab-based
parainfluenza virus type 2 (PIV2) detection. (F) Lab-based parainfluenza virus type 3 (PIV3) detection. (*note: in NZ, PIV1 activity occurred during
even-numbered years while PIV2 activity in odd-numbered years and PIV3 activity annually. For laboratory-based PIV1-3 detections during

2003-2022, see supplementary Figure S1).

into the global circulation pattern and epidemiology of human respira-
tory pathogens before, during and after the COVID-19 pandemic.
These ‘real-world’ data can facilitate future modelling studies by pro-
viding the precision and accuracy of predictions for the timing and
severity of seasonal influenza, RSV and other respiratory viral

outbreaks.

AUTHOR CONTRIBUTIONS

All authors meet the International Committee of Medical Journal Edi-
tors criteria for authorship. Q. Sue Huang, Nikki Turner, Peter
Mclintyre, Nayyereh Aminisani, Tony Dowell, Adrian Trenholme, Cass
Byrnes, Michelle Balm, Christine MclIntosh, Sarah Jefferies, Cameron

C. Grant, Annette Nesdale, Hazel C. Dobinson, Priscilla Campbell-

85U8017 SUOWIWIOD BANEaID 3|t jdde sy Aq peusenob afe sejone YO ‘88N Jo sa|ni 1oy Aiq1T8UlUQ AB]1/MW UO (SUOTPUOD-PUe-SULBYW0D™AS | 1M Ale1q | Bu [UO//:SANY) SUONIPUOD PUe SWIs 1 8y} 89S *[y202/20/ST] Uo ARiqiauliuo /8|1 ‘YeeH JO AISIUIN AQ 42€T AIITTTT 0T/10p/w00 A8 | Arelq1jeuljuo//sdiy Wwiolj pepeojumod ‘2 ‘720z ‘659205.LT



2ot | WILEY.

HUANG ET AL.

Stokes, Karen Daniells, Andrea McNeill, Tomasz Kiedrzynski, Sally
Roberts, Colin McArthur, Conroy Wong, Michael G. Baker, Amanda
Kvalsvig, Marc-Alain Widdowson, Paul G. Thomas and Richard
J. Webby designed and operationalised the SARI, ILI and/or SHIVERS-
I, -lll, and -IV cohort platforms. Lauren Jelley, Jemma Geoghegan,
Joep de Ligt, Chor Ee Tan, Xiaoyun Ren, Klarysse Berquist, Meaghan
O'Neill, Maritza Marull, Chang Yu, Alicia Stanley, Susan Taylor,
Shirley Lawrence, Koen Van Der Werff, Gary McAuliffe, Hanna
Antoszewska, Meik Dilcher, Jennifer Fahey, Anja Werno, Juliet Elvy,
Jenny Grant, Michael Addidle, Nicolas Zacchi, Chris Mansell, Tim
Wood and Andrew Anglemyer provided the testing and reporting.
Ruth Seeds, Tineke Jennings, Megan Rensburg, Jort Cueto, Ernest
Caballero, Joshma John and Emmanuel Penghulan did the clinical data
and samples collection and reporting and ensured operations. Tim
Wood and Q. Sue Huang did the data analysis. Q. Sue Huang wrote
the first draft of the manuscript. All authors contributed to the
interpretation of the results, revision of the manuscript critically for
intellectual content and have given final approval of the version to be
published.

AFFILIATIONS

YInstitute of Environmental Science and Research, Wellington,

New Zealand

2University of Auckland, Auckland, New Zealand

3University of Otago, Dunedin, New Zealand

4Te Whatu Ora, Health New Zealand Counties Manukau, Auckland,
New Zealand

5Te Whatu Ora, Health New Zealand Te Toka Tumai Auckland,
Auckland, New Zealand

éTe Whatu Ora, Health New Zealand Capital, Coast and Hutt Valley,
Wellington, New Zealand

7Regional Public Health, Te Whatu Ora, Health New Zealand Capital,
Coast and Hutt Valley, Wellington, New Zealand

8Te Pou Hauora Tamatanui, the Public Health Agency, Manatu
Hauora, Ministry of Health, Wellington, New Zealand

9Te Whatu Ora, Health New Zealand Waitaha Canterbury,
Christchurch, New Zealand

10956uthern Community Laboratories, Dunedin, New Zealand

11Te Whatu Ora, Health New Zealand Hauora a Toi Bay of Plenty,
Tauranga, New Zealand

12Te Whatu Ora, Health New Zealand Waikato, Hamilton,

New Zealand

BInstitute of Tropical Medicine, Antwerp, Belgium

4WHO Collaborating Centre, St Jude Children’s Research Hospital,
Memphis, Tennessee, USA

ACKNOWLEDGEMENTS

The SHIVERS-II project is funded by the US National Institute of
Allergy and Infectious Diseases (NIAID) (CEIRS contract:
HHSN272201400006C). The SHIVERS-IIl project is funded by the
US-NIAID (UO1 Al 144616). The SHIVERS-IV project is funded by
the US-NIAID (CEIRR contract: 75N93021C00016). The SHIVERS-V
GP ARI and travellers ARI surveillance are funded by Flulab,

National Philanthropy Trust (NPT). The SARI surveillance was funded
by the US Centers for Disease Control and Prevention
(U011P000480) during 2012-2016 and by the NZ Ministry of Health
during 2017-2022. The HealthStat ILI surveillance and laboratory-
based surveillance were funded by the NZ Ministry of Health. The
funding resource has no role in study design, collection, analysis or
interpretation of data; writing of reports; nor decision to submit
papers for publication.

SHIVERS-II, -1ll and -1V cohort study, SARI surveillance, led by the
Institute of Environmental Science and Research (ESR), is a multi-
centre and multi-disciplinary collaboration. SHIVERS-V is led by the
University of Auckland. The authors wish to thank SHIVERS collabo-
rating organisations for their commitment and support: ESR,
University of Auckland, University of Otago, Auckland District Health
Board (DHB) (now known as Te Whatu Ora, Health New Zealand Te
Toka Tumai Auckland), Counties Manukau DHB (now known as Te
Whatu Ora, Health New Zealand Te Toka Tumai Counties Manukau),
Capital Coast DHB (now known as Te Whatu Ora, Health
New Zealand Capital, Coast and Hutt Valley), Hutt Valley DHB (now
known as Te Whatu Ora, Health New Zealand Capital, Coast and Hutt
Valley), and Regional Public Health, WHO Collaborating Centre at St
Jude Children's Research Hospital in Memphis, USA. Wellington
Maternity Health Professionals; HealthStat sentinel general practices;
SHIVERS-V sentinel general practices (Island Bay Medical Centre, Ora
Toa Medical Centres, Ropata Medical Centre, Newtown Union Health
Service, Broadway Medical, Dunedin, Pukekohe Family Health
Care, Southseas Healthcare, Botany Junction Medical Centre); Partici-
pating virology laboratories in Auckland City Hospital, Middlemore
Hospital, Waikato Hospital, Tauranga Hospital, Wellington Hospital,
Christchurch Hospital, Dunedin Hospital, and ESR’s WHO National
Influenza Centre.

We gratefully acknowledge all data contributors, that is, the
authors and their originating laboratories responsible for obtaining
the specimens.

A special acknowledgement to Ms. Ying-Tao Lei for providing
supportive environment during development of this manuscript.

CONFLICT OF INTEREST STATEMENT

The authors declare that they have no competing interests.

PEER REVIEW

The peer review history for this article is available at https://
www.webofscience.com/api/gateway/wos/peer-review/10.1111/irv.
13247.

DATA AVAILABILITY STATEMENT

The authors welcome queries about possible collaborations and
requests for access to the data. Data including line list participant data
and a data dictionary defining each variable will be shared after
approval of a proposal and with a signed data access agreement.
Researchers interested in more details about this study should contact
the principal investigator and corresponding author, Q. Sue Huang

(sue.huang@esr.cri.nz).

85U8017 SUOWIWIOD BANEaID 3|t jdde sy Aq peusenob afe sejone YO ‘88N Jo sa|ni 1oy Aiq1T8UlUQ AB]1/MW UO (SUOTPUOD-PUe-SULBYW0D™AS | 1M Ale1q | Bu [UO//:SANY) SUONIPUOD PUe SWIs 1 8y} 89S *[y202/20/ST] Uo ARiqiauliuo /8|1 ‘YeeH JO AISIUIN AQ 42€T AIITTTT 0T/10p/w00 A8 | Arelq1jeuljuo//sdiy Wwiolj pepeojumod ‘2 ‘720z ‘659205.LT


https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/irv.13247
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/irv.13247
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/irv.13247
mailto:sue.huang@esr.cri.nz

HUANG ET AL.

WILEY/®2f

ETHICS STATEMENT

Ethical approval was obtained for the SHIVERS (including SARI and
ILI/ARI surveillance), SHIVERS-Il, -Ill and -IV cohort studies
and SHIVERS-V surveillance from the NZ Northern A Health and Dis-
ability Ethics Committee (NTX/11/11/102). The laboratory-based
respiratory virus surveillance data are part of public health surveil-
lance in NZ. This surveillance is conducted in accordance with the
Public Health Act, and thus, ethics committee approval was not

needed for collection or use of these data.

ORCID
Q. Sue Huang "2 https://orcid.org/0000-0002-3923-5195
https://orcid.org/0000-0002-4032-7230

https://orcid.org/0000-0002-4397-7132

Cameron C. Grant
Richard J. Webby

REFERENCES

1. New_Zealand_Government. New Zealand COVID-19 alert levels
summary. https://covid19.govt.nz/assets/resources/tables/COVID-
19-alert-levels-summary.pdf. 2020; (4-Sept-2020).

2. Jefferies S, French N, Gilkison C, et al. COVID-19 in New Zealand
and the impact of the national response: a descriptive epidemiologi-
cal study. Lancet Public Health. 2020;5(11):e612-e623. doi:10.1016/
$2468-2667(20)30225-5

3. Binny RN, Baker MG, Hendy SC, et al. Early intervention is the key
to success in COVID-19 control. R Soc Open Sci. 2021;8(11):210488.
doi:10.1098/rs0s.210488

4. Baker MG, Wilson N, Anglemyer A. Successful elimination of Covid-
19 transmission in New Zealand. N Engl J Med. 2020;383(8):e56. doi:
10.1056/NEJMc2025203

5. Huang QS, Wood T, Jelley L, et al. Impact of the COVID-19 nonphar-
maceutical interventions on influenza and other respiratory viral
infections in New Zealand. Nature Communications. 2021;12(1):
1001. doi:10.1038/541467-021-21157-9

6. Organization WH. Updated WHO recommendations for interna-
tional traffic in relation to COVID-19 outbreak. 2020.

7. Shiraef MA, Friesen P, Feddern L, Weiss MA, Team C. Did border
closures slow SARS-CoV-2? Sci Rep-Uk. 2022;12(1):1709. doi:10.
1038/541598-022-05482-7

8. New_Zealand_Government. New Zealand border to reopen in
stages. 2022. from 27 February 2022. https://covid19.govt.nz/
news-and-data/latest-news/new-zealand-border-to-reopen-in-
stages-from-27-february/

9. Lei H, Wu X, Wang X, et al. Different transmission dynamics of coro-
navirus disease 2019 (COVID-19) and influenza suggest the relative
efficiency of isolation/quarantine and social distancing against
COVID-19 in China. Clin Infect Dis. 2021;73(11):e4305-e4311. doi:
10.1093/cid/ciaal584

10. Lei H, Xu M, Wang X, et al. Nonpharmaceutical interventions used
to control COVID-19 reduced seasonal influenza transmission in
China. J Infect Dis. 2020;222(11):1780-1783. doi:10.1093/infdis/
jiaa570

11. Cowling BJ, Ali ST, Ng TWY, et al. Impact assessment of
non-pharmaceutical interventions against coronavirus disease 2019
and influenza in Hong Kong: an observational study. Lancet
Public Health. 2020;5(5):€279-e288. doi:10.1016/52468-2667(20)
30090-6

12. Hsieh CC, Lin CH, Wang WYC, Pauleen DJ, Chen JV. The outcome
and implications of public precautionary measures in Taiwan-
declining respiratory disease cases in the COVID-19 pandemic. Int J
Environ Res Public Health. 2020;17(13):4877. doi:10.3390/
ijerph17134877

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

Soo RJJ, Chiew CJ, Ma S, Pung R, Lee V. Decreased influenza inci-
dence under COVID-19 control measures, Singapore. Emerg Infect
Dis. 2020;26(8):1933-1935. doi:10.3201/eid2608.201229

Bhatt P, Strachan J, Easton M, Franklin L, Drewett G. Effect of
COVID-19 restrictions and border closures on vaccine preventable
diseases in Victoria, Australia, 2020-2021. Commun Dis Intell. 2018;
2022:46. doi:10.33321/cdi.2022.46.29

Qiu Z, Cao Z, Zou M, et al. The effectiveness of governmental non-
pharmaceutical interventions against COVID-19 at controlling sea-
sonal influenza transmission: an ecological study. BMC Infect Dis.
2022;22(1):331. doi:10.1186/512879-022-07317-2

Huang QS, Turner N, Baker MG, et al. Southern hemisphere influ-
enza and vaccine effectiveness research and surveillance. Influenza
Other Respi Viruses. 2015;9(4):179-190. doi:10.1111/irv.12315
Huang QS, Baker M, McArthur C, et al. Implementing hospital-based
surveillance for severe acute respiratory infections caused by influ-
enza and other respiratory pathogens in New Zealand. Western Pac
Surveill Response J. 2014;5(2):23-30. doi:10.5365/wpsar.2014.5.
1.004

Lopez L, Wood T, Prasad N, Huang QS. Influenza surveillance in
New Zealand, 2015. 2016. https://surv.esr.cri.nz/PDF_surveillance/
Virology/FIuAnnRpt/InfluenzaAnn2015.pdf

ESR. Flu surveillance and research 2022. https://www.esr.cri.nz/our-
services/consultancy/flu-surveillance-and-research

Corman VM, Landt O, Kaiser M, et al. Detection of 2019 novel coro-
navirus (2019-nCoV) by real-time RT-PCR. Euro Surveill. 2020;25(3).
doi:10.2807/1560-7917.ES.2020.25.3.2000045

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.
Research electronic data capture (REDCap)--a metadata-driven
methodology and workflow process for providing translational
research informatics support. J Biomed Inform. 2009;42(2):377-381.
doi:10.1016/}.jbi.2008.08.010

Vega T, Lozano JE, Meerhoff T, et al. Influenza surveillance in
Europe: comparing intensity levels calculated using the moving epi-
demic method. Influenza Other Respi Viruses. 2015;9(5):234-246. doi:
10.1111/irv.12330

Vega T, Lozano JE, Meerhoff T, et al. Influenza surveillance in
Europe: establishing epidemic thresholds by the moving epidemic
method. Influenza Other Respi Viruses. 2013;7(4):546-558. doi:10.
1111/j.1750-2659.2012.00422.x

Eden JS, Sikazwe C, Xie R, et al. Off-season RSV epidemics in
Australia after easing of COVID-19 restrictions. Nat Commun. 2022;
13(1):2884. doi:10.1038/s41467-022-30485-3

O’Neill GK, Janette TJ, Jen Kok J, et al. Circulation of influenza and
other respiratory viruses during the COVID-19 pandemic in Australia
and New Zealand, 2020-2021. Western Pacific Surveillance and
Response Journal. 2022. Accepted in press.

Huang QS, Lopez LD, McCallum L, Adlam B. Influenza surveillance
and immunisation in New Zealand, 1997-2006. Influenza Other Respi
Viruses. 2008;2(4):139-145. doi:10.1111/j.1750-2659.2008.00050.x
WHO. Non-pharmaceutical public health measures for mitigating
the risk and impact of epidemic and pandemic influenza 2019;
(20190101).. https://appswhoint/iris/bitstream/handle/10665/329438/
9789241516839-engpdf
World_Health_Organization_Writing_Group, Bell D, Nicoll A, et al.
Non-pharmaceutical interventions for pandemic influenza, interna-
tional measures. Emerg Infect Dis. 2006;12(1):81-87. doi:10.3201/
€id1201.051370

Ferguson NM, Cummings DA, Fraser C, Cajka JC, Cooley PC,
Burke DS. Strategies for mitigating an influenza pandemic. Nature.
2006;442(7101):448-452. doi:10.1038/nature04795

Scalia Tomba G, Wallinga J. A simple explanation for the low impact
of border control as a countermeasure to the spread of an infectious
disease. Math Biosci. 2008;214(1-2):70-72. doi:10.1016/j.mbs.2008.
02.009

85U8017 SUOWIWIOD BANEaID 3|t jdde sy Aq peusenob afe sejone YO ‘88N Jo sa|ni 1oy Aiq1T8UlUQ AB]1/MW UO (SUOTPUOD-PUe-SULBYW0D™AS | 1M Ale1q | Bu [UO//:SANY) SUONIPUOD PUe SWIs 1 8y} 89S *[y202/20/ST] Uo ARiqiauliuo /8|1 ‘YeeH JO AISIUIN AQ 42€T AIITTTT 0T/10p/w00 A8 | Arelq1jeuljuo//sdiy Wwiolj pepeojumod ‘2 ‘720z ‘659205.LT


https://orcid.org/0000-0002-3923-5195
https://orcid.org/0000-0002-3923-5195
https://orcid.org/0000-0002-4032-7230
https://orcid.org/0000-0002-4032-7230
https://orcid.org/0000-0002-4397-7132
https://orcid.org/0000-0002-4397-7132
https://covid19.govt.nz/assets/resources/tables/COVID-19-alert-levels-summary.pdf
https://covid19.govt.nz/assets/resources/tables/COVID-19-alert-levels-summary.pdf
info:doi/10.1016/S2468-2667(20)30225-5
info:doi/10.1016/S2468-2667(20)30225-5
info:doi/10.1098/rsos.210488
info:doi/10.1056/NEJMc2025203
info:doi/10.1038/s41467-021-21157-9
info:doi/10.1038/s41598-022-05482-7
info:doi/10.1038/s41598-022-05482-7
https://covid19.govt.nz/news-and-data/latest-news/new-zealand-border-to-reopen-in-stages-from-27-february/
https://covid19.govt.nz/news-and-data/latest-news/new-zealand-border-to-reopen-in-stages-from-27-february/
https://covid19.govt.nz/news-and-data/latest-news/new-zealand-border-to-reopen-in-stages-from-27-february/
info:doi/10.1093/cid/ciaa1584
info:doi/10.1093/infdis/jiaa570
info:doi/10.1093/infdis/jiaa570
info:doi/10.1016/S2468-2667(20)30090-6
info:doi/10.1016/S2468-2667(20)30090-6
info:doi/10.3390/ijerph17134877
info:doi/10.3390/ijerph17134877
info:doi/10.3201/eid2608.201229
info:doi/10.33321/cdi.2022.46.29
info:doi/10.1186/s12879-022-07317-2
info:doi/10.1111/irv.12315
info:doi/10.5365/wpsar.2014.5.1.004
info:doi/10.5365/wpsar.2014.5.1.004
https://surv.esr.cri.nz/PDF_surveillance/Virology/FluAnnRpt/InfluenzaAnn2015.pdf
https://surv.esr.cri.nz/PDF_surveillance/Virology/FluAnnRpt/InfluenzaAnn2015.pdf
https://www.esr.cri.nz/our-services/consultancy/flu-surveillance-and-research
https://www.esr.cri.nz/our-services/consultancy/flu-surveillance-and-research
info:doi/10.2807/1560-7917.ES.2020.25.3.2000045
info:doi/10.1016/j.jbi.2008.08.010
info:doi/10.1111/irv.12330
info:doi/10.1111/j.1750-2659.2012.00422.x
info:doi/10.1111/j.1750-2659.2012.00422.x
info:doi/10.1038/s41467-022-30485-3
info:doi/10.1111/j.1750-2659.2008.00050.x
https://appswhoint/iris/bitstream/handle/10665/329438/9789241516839-engpdf
https://appswhoint/iris/bitstream/handle/10665/329438/9789241516839-engpdf
info:doi/10.3201/eid1201.051370
info:doi/10.3201/eid1201.051370
info:doi/10.1038/nature04795
info:doi/10.1016/j.mbs.2008.02.009
info:doi/10.1016/j.mbs.2008.02.009

uot4 | WILEY.

31

32.

33.

34.

35.

36.

37.

38.

HUANG ET AL.

Yeoh DK, Foley DA, Minney-Smith CA, et al. Impact of coronavirus
disease 2019 public health measures on detections of influenza and
respiratory syncytial virus in children during the 2020 Australian win-
ter. Clin Infect Dis. 2021;72(12):2199-2202. doi:10.1093/cid/
ciaald75

Tang JW, Bialasiewicz S, Dwyer DE, et al. Where have all the viruses
gone? Disappearance of seasonal respiratory viruses during the
COVID-19 pandemic. J Med Virol. 2021;93(7):4099-4101. doi:10.
1002/jmv.26964

Sullivan SG, Carlson S, Cheng AC, et al. Where has all the influenza
gone? The impact of COVID-19 on the circulation of influenza and
other respiratory viruses, Australia, march to September 2020. Euro
Surveill. 2020;25(47). doi:10.2807/1560-7917.ES.2020.25.47.
2001847

Olsen SJ, Azziz-Baumgartner E, Budd AP, et al. Decreased influenza
activity during the COVID-19 pandemic - United States, Australia,
Chile, and South Africa, 2020. Mmwr. 2020;69(37):1305-1309. doi:
10.15585/mmwr.mmé937a6

Tempia S, Walaza S, Bhiman JN, et al. Decline of influenza and respi-
ratory syncytial virus detection in facility-based surveillance during
the COVID-19 pandemic, South Africa, January to October 2020.
Euro Surveill. 2021;26(29). doi:10.2807/1560-7917.ES.2021.26.29.
2001600

Foley DA, Yeoh DK, Minney-Smith CA, et al. The Interseasonal resur-
gence of respiratory syncytial virus in Australian children following
the reduction of coronavirus disease 2019-related public health mea-
sures. Clin Infect Dis. 2021;73(9):e2829-e2830. doi:10.1093/cid/
ciaal906

van Summeren J, Meijer A, Aspelund G, et al. Low levels of respira-
tory syncytial virus activity in Europe during the 2020/21 season:
what can we expect in the coming summer and autumn/winter? Euro
Surveill. 2021;26(29). doi:10.2807/1560-7917.E5.2021.26.29.
2100639

Britton PN, Hu N, Saravanos G, et al. COVID-19 public health mea-
sures and respiratory syncytial virus. Lancet Child Adolesc Health.
2020;4(11):e42-e43. doi:10.1016/52352-4642(20)30307-2

39.

40.

41.

42.

43.

44,

Winther B, McCue K, Ashe K, Rubino JR, Hendley JO. Environmental
contamination with rhinovirus and transfer to fingers of healthy indi-
viduals by daily life activity. J Med Virol. 2007;79(10):1606-1610. doi:
10.1002/jmv.20956

Peltola V, Waris M, Osterback R, Susi P, Ruuskanen O, Hyypia T. Rhi-
novirus transmission within families with children: incidence of
symptomatic and asymptomatic infections. J Infect Dis. 2008;197(3):
382-389. doi:10.1086/525542

Muchmore HG, Parkinson AJ, Humphries JE, et al. Persistent parain-
fluenza virus shedding during isolation at the south pole. Nature.
1981;289(5794):187-189. doi:10.1038/289187a0

Frank AL, Taber LH, Wells CR, Wells JM, Glezen WP, Paredes A. Pat-
terns of shedding of myxoviruses and paramyxoviruses in children.
J Infect Dis. 1981;144(5):433-441. doi:10.1093/infdis/144.5.433
Peck AJ, Englund JA, Kuypers J, et al. Respiratory virus infection
among hematopoietic cell transplant recipients: evidence for asymp-
tomatic parainfluenza virus infection. Blood. 2007;110(5):1681-1688.
doi:10.1182/blood-2006-12-060343

Baker MG, Durrheim D, Hsu LY, Wilson N. COVID-19 and other pan-
demics require a coherent response strategy. Lancet. 2023;
401(10373):265-266. doi:10.1016/50140-6736(22)02489-8

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Huang QS, Turner N, Wood T, et al.
Impact of the COVID-19 related border restrictions on
influenza and other common respiratory viral infections in
New Zealand. Influenza Other Respi Viruses. 2024;18(2):
e13247.doi:10.1111/irv.13247.

85U8017 SUOWIWIOD BANEaID 3|t jdde sy Aq peusenob afe sejone YO ‘88N Jo sa|ni 1oy Aiq1T8UlUQ AB]1/MW UO (SUOTPUOD-PUe-SULBYW0D™AS | 1M Ale1q | Bu [UO//:SANY) SUONIPUOD PUe SWIs 1 8y} 89S *[y202/20/ST] Uo ARiqiauliuo /8|1 ‘YeeH JO AISIUIN AQ 42€T AIITTTT 0T/10p/w00 A8 | Arelq1jeuljuo//sdiy Wwiolj pepeojumod ‘2 ‘720z ‘659205.LT


info:doi/10.1093/cid/ciaa1475
info:doi/10.1093/cid/ciaa1475
info:doi/10.1002/jmv.26964
info:doi/10.1002/jmv.26964
info:doi/10.2807/1560-7917.ES.2020.25.47.2001847
info:doi/10.2807/1560-7917.ES.2020.25.47.2001847
info:doi/10.15585/mmwr.mm6937a6
info:doi/10.2807/1560-7917.ES.2021.26.29.2001600
info:doi/10.2807/1560-7917.ES.2021.26.29.2001600
info:doi/10.1093/cid/ciaa1906
info:doi/10.1093/cid/ciaa1906
info:doi/10.2807/1560-7917.ES.2021.26.29.2100639
info:doi/10.2807/1560-7917.ES.2021.26.29.2100639
info:doi/10.1016/S2352-4642(20)30307-2
info:doi/10.1002/jmv.20956
info:doi/10.1086/525542
info:doi/10.1038/289187a0
info:doi/10.1093/infdis/144.5.433
info:doi/10.1182/blood-2006-12-060343
info:doi/10.1016/S0140-6736(22)02489-8
info:doi/10.1111/irv.13247

	Impact of the COVID-19 related border restrictions on influenza and other common respiratory viral infections in New Zealand
	1  INTRODUCTION
	2  METHODS
	2.1  Hospital-based severe acute respiratory infection (SARI) surveillance
	2.2  SHIVERS-II, -III and -IV community cohorts for acute respiratory infection (ARI) surveillance
	2.3  HealthStat's sentinel general practice (GP)-based ILI surveillance and SHIVERS-V sentinel GP-based ARI surveillance
	2.4  SHIVERS-V traveller ARI surveillance
	2.5  Laboratory-based surveillance
	2.6  Data analyses
	2.7  Ethics statement

	3  RESULTS
	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	PEER REVIEW
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


