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ABSTRACT
Objectives When the COVID-19 pandemic was
declared, Governments responded with lockdown and
isolation measures to combat viral spread, including
the closure of many schools. More than a year later,
widespread screening for SARS-CoV-2 is critical to
allow schools and other institutions to remain open.
Here, we describe the acceptability of a minimally
invasive COVID-19 screening protocol trialled by the
Western Australian Government to mitigate the risks of
and boost public confidence in schools remaining open.
To minimise discomfort, and optimise recruitment and
tolerability in unaccompanied children, a combined
throat and nasal (OP/Na) swab was chosen over the
nasopharyngeal swab commonly used, despite slightly
reduced test performance.
Design, setting and participants Trialling of OP/
Na swabbing took place as part of a prospective
observational cohort surveillance study in 79 schools
across Western Australia. Swabs were collected from
5903 asymptomatic students and 1036 asymptomatic
staff in 40 schools monthly between June and
September 2020.
Outcome measures PCR testing was performed with a
two-step diagnostic and independent confirmatory PCR
for any diagnostic PCR positives. Concurrent surveys,
collected online through the REDCap platform, evaluated
participant experiences of in-school swabbing.
Results 13 988 swabs were collected from students
and staff. There were zero positive test results for
SARS-CoV-2, including no false positives. Participants
reported high acceptability: 71% of students reported
no or minimal discomfort and most were willing to be
reswabbed (4% refusal rate).
Conclusions OP/Na swabbing is acceptable and
repeatable in schoolchildren as young as 4 years old
and may combat noncompliance rates by significantly
increasing the acceptability of testing. This kind of
minimally-invasive testing will be key to the success of
ongoing, voluntary mass screening as society adjusts to
a new ‘normal’ in the face of COVID-19.
Trial registration number Australian New Zealand
Clinical Trials Registry—ACTRN12620000922976.

Strengths and limitations of this study
► Participation of 40 Western Australian schools, with

broad representation across geography, socioeconomic demographics and school type.
► Minimally invasive SARS-CoV-2 swabbing method,
likely to enhance rates of active consent and participation in COVID-19 screening.
► The sample size of this study is dictated by pragmatic, budgetary and logistical considerations.
► School selection was purposeful, not random, to ensure inclusion of a diverse sample.

INTRODUCTION
In late 2019, the SARS-CoV-2 virus emerged,
and shortly thereafter, a global pandemic was
declared.1 Governments responded with lockdown and isolation measures to combat the
spread of COVID-19, including the closure of
many schools.2 Quickly, it became clear that
building capacity to test for COVID-19 rapidly
and accurately would be critical for public
safety and confidence in the reopening of
schools. Here, we describe the results of
the DETECT Schools Study, launched in
Western Australia (WA), Australia, to trial a
minimally invasive method for asymptomatic SARS-CoV-2 virus screening in primary
and secondary schools across the state where
children were swabbed unaccompanied by
parents or caregivers.
The mandate of the DETECT Schools
Study was simple: to screen asymptomatic
students and staff swiftly and effectively for
SARS-CoV-2 without causing discomfort. This
speaks to a broader global need for transformative approaches to SARS-
CoV-
2 testing,
as screening for the new virus becomes a
part of daily life. As society grapples with a
new ‘normal’, individuals with respiratory
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METHODS
The state of WA is vast, covering one-third the landmass
of Australia. The population is concentrated in the capital
city of Perth (2.1 million), with the remaining 400 000
people spread across the State’s 2.6 million square kilometres. There are 1131 schools across the state: 818 of
these are public (Government) schools, at which a total
of 315 148 students were enrolled in 2020.24
The study protocol is published.25 Briefly, 40 public
schools (28 331 enrolled students and 4023 employed
2

staff) were purposefully selected by the WA Department
of Education for participation in the study, ensuring
representative inclusion of education support schools,
residential colleges and regional schools. Students aged
4–18 years were eligible, with two-thirds at metropolitan
schools and one-third at regional schools from across the
state (figure 1).
Prior to study commencement, written and video study
and consent information were distributed by the schools
to staff and parents, including study information and
consent forms developed in consultation with a consumer
advisory group and the Telethon Kids Institute Kulunga
Aboriginal Research Development Unit. Staff and parents
provided active informed consent through an online
portal supported by the REDCap platform.26 Randomly
selected consenting participants (n=150; 90% students,
10% staff) were swabbed at each school in each round
unless the school was not large enough to facilitate, in
which case as many participants as possible were swabbed.
Consented participants could subsequently refuse swabbing or withdraw from the study at any time.
SARS-CoV-2 swabbing of consented students and staff
was carried out in the schools over three rounds between
June and September 2020. We employed a combined OP
and Na flocked swab (OP/Na).22 23 During study development, swab comfort was investigated with a group of
paediatric volunteers: the CITOSWAB flocked swab (Gaia
Science, Singapore) was selected as the preferred swab
for OP/Na sampling.
Nurses received training in personal protective equipment (masks, gowns, eyewear and gloves) donning and
doffing and swabbing technique before commencing the
swabbing study in schools. Using a side-to-side motion,
the swab was first swept across the back of the pharynx at
least once in each direction, including both tonsils. The
same swab was then inserted into one nostril (chosen by
the child) along the floor of the Na cavity parallel to the
palate until resistance was encountered, rotated gently
five times, withdrawn, and placed in the sheath containing
viral transport medium (CITOSWAB, Gaia Science,
Singapore). Swabs were transported to the WA public
laboratory service provider in Perth, WA, and tested for
SARS-CoV-2 using an in-house PCR platform modified
from the WHO recommended assay27 to include an inhibitor control, which detects the pan-sarbecovirus E gene.
Validation studies of the PCR were performed early in
the pandemic and confirmed a high analytical sensitivity
and specificity with appropriate positive and negative
controls. Any swab returning an in-house PCR positive
result (CT value <45) was subject to confirmatory testing
with the Xpert Xpress SARS-CoV-2 assay (Cepheid, California, USA). In-house and confirmatory PCR detections
were reported as positive.
Surveys were administered to a subset of swabbing
participants in the 2 weeks following the first round of
swabbing in each school, and again a month after the
completion of all swabbing rounds. Surveys asked about
participant experiences of swabbing, including the level
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symptoms, those working in high-risk environments and
those returning from travel are being swabbed regularly
for SARS-CoV-2 in an effort to protect their communities.
At the onset of the COVID-19 pandemic, nasopharyngeal (NP) swabbing for PCR detection of SARS-CoV-2
was rapidly adopted globally as the gold standard for
COVID-19 diagnosis;3 however, the validation of less invasive methods for virus detection is necessary to optimise
compliance and increase the reach of mass screening
programmes moving forwards.
At the time of this study, antigen tests were not yet available. Saliva sample PCR testing had emerged as a practical
and non-invasive sampling method for the detection of
SARS-CoV-2 in symptomatic4 and asymptomatic people,5
but there are conflicting studies concerning sensitivity,
with some reporting similar detection rates to NP swabbing6–8 while others indicate low sensitivity9 and caution
against reliance on saliva samples alone for SARS-CoV-2
screening.10 Similarly, oropharyngeal (OP) swabbing is
supported by some studies11 but displays inferior performance to NP swabbing in others.12 Nasal (Na) swabs offer
another minimally invasive alternative with reasonable
sensitivity,13 14 which are found to be more sensitive than
throat swabs for SARS-CoV-2 detection in children15 and
are suited to high volume screening with a confirmatory
NP swab. However, Na swabs collected late in the disease
course are less sensitive than NP samples,16 and modelling
suggests that this sampling technique in isolation does
not effectively capture patients with a low viral load.17
Na swabbing has previously been found to be more
comfortable and only marginally less sensitive than NP
sampling for the detection of influenza.18 Pairing a Na
swab with an OP swab offers a minimally invasive method
for SARS-CoV-2 detection, with studies indicating specificity equivalent to and sensitivity marginally reduced
(~3%) from that of NP swabbing.19–21 This sensitivity is
reportedly retained when allowing self-
collection22 or
23
varying the swab type used. Harnessing the sensitivity
of both sampling techniques may maximise the chances
of viral detection while remaining minimally invasive. So,
does the use of OP/Na swabbing minimise discomfort
enough to justify this small sacrifice in sensitivity? Here
we report the use of OP/Na swabbing to rapidly screen
for SARS-CoV-2 in a large school-based cohort of volunteers, with an aim to optimise comfort and acceptability
without losing sensitivity and specificity.

Open access

Geographical distribution of schools participating in DETECT Schools Study swabbing.

of discomfort, concern and disruption associated with
in-school testing. Parents were also surveyed about their
child’s swabbing experience. The surveys were administered during school classes for students and through
personal email for staff and parents. Complete survey
tools have been published previously.25
Patient and public involvement
Community involvement and advice was actively sought
in the design and preparation of this study. Procedures
and resources were reviewed and approved by a National
Community Advisory Group for COVID-
19 Research,
convened by the Telethon Kids Institute and comprising
community members from across Australia, including

Aboriginal members. The Telethon Kids Institute Kulunga
Aboriginal Research Development Unit consulted on
study resource development, including culturally-secure
and informed consent processes and measures to support
Aboriginal families.

RESULTS
One thousand four hundred fifty-
eight school staff
members and the parents of 7386 students engaged
with the online consent platform. Seven thousand two
hundred eight-one of these students (98.6%) and 1321
staff (90.6%) consented to be swabbed. Over the three

Table 1 Demographics of school students and staff participating in swabbing
Students

Staff

 
Female

5903
2636 (44.7%)

1036
563 (54.3%)

Male

3255 (55.1%)

473 (45.7%)

Other

12 (0.2%)

0 (0%)

Yes

328 (5.6%)

11 (1.1%)

No

5006 (84.8%)

1022 (98.6%)

Not identified

569 (9.6%)

3 (0.3%)

Area

Metropolitan

4479 (75.9%)

812 (78.4%)

Median age (years)

Regional
 

1424 (24.1%)
12

224 (21.6%)
48

Total participants
Gender

Aboriginal and/or Torres Strait Islander
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Figure 1
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DISCUSSION
Efficient, accurate SARS-CoV-2 screening will be key to
ameliorating the progression of the COVID-19 pandemic.
As epidemiological evidence suggests that asymptomatic and presymptomatic individuals play a significant
role in propagating the transmission of the virus,28–30 in
low prevalence settings like WA the screening of asymptomatic populations will continue to be important to
prevent a rise in cases. Without the indication of symptoms, this mode of screening requires good will and
4

voluntary participation and must therefore strike a
balance between optimising both testing sensitivity and
participant comfort. As the discomfort associated with NP
SARS-CoV-2 swabbing techniques risks poor adherence to
mass screening campaigns,31 alternative approaches will
be necessary to cultivate the consistency and reliability of
public swabbing adherence necessary moving forwards.
For school-aged children, closing schools to combat the
spread of COVID-19 must be balanced against the very
real challenges in mental health and inequality likely
associated with missing out on the educational and social
benefits of school attendance.32 33 Consequently, countries around the world have mobilised to implement mass
testing in an effort to support the reopening of schools
and other establishments. COVID-19 molecular surveillance will be important moving forwards to ensure the
safety of schools and individuals, especially in high prevalence countries in which cases continue to climb. Refinement of a robust and well-accepted screening mechanism
is required to support the continuation of education;
however very little data has been available on the acceptability of various swabbing procedures and how this may
impact adherence to screening programmes.
Through the DETECT Schools Study we have evaluated
the acceptability of OP/Na sampling, reported to facilitate SARS-CoV-2 detection with limited or no sacrifice in
sensitivity compared with the standard NP procedure,18 34
in a school setting. Sampling was conducted with a flocked
nylon swab: while evidence suggests that cotton, synthetic,
flocked and non-
flocked swabs all exhibit comparable
performance for SARS-CoV-2 detection,35 flocked swabs
have previously been shown to deliver a higher yield when
swabbing for other respiratory viruses.36
In a large, representative cohort of school students and
staff, our findings indicate that the vast majority of participants experienced minimal or no discomfort during an
OP/Na swab. Almost all of those who were asked to participate a second time agreed, illustrating the high tolerance
for repeat procedures which is desirable for optimised
respiratory screening programmes. This also suggests
that individuals may be open to completing self-collected
sampling, which has been shown to deliver adequate sensitivity for SARS-CoV-2 detection.37 Decreased discomfort is
also likely to be associated with a reduced possibility of
coughing, gagging or sneezing during sampling, in turn
decreasing the risk of viral exposure for healthcare staff.
While potentially not acceptable in specific settings with
vulnerable groups for which sensitivity is paramount, such
as entry screening for nursing homes,38 we argue that in
schools and other similar settings this small decrease in
sensitivity is far outweighed by high rates of consent and
compliance which will allow for widespread testing.
This study was part of WA’s jurisdictional response to
the COVID-19 pandemic in April 2020. At the time of
design, the state had been in a complete lockdown for 5
weeks, and schools were closed. The study was designed
and implemented to reassure families and the public that
schools could reopen, and to inform the level of risk of
Thomas HM, et al. BMJ Open 2022;12:e055217. doi:10.1136/bmjopen-2021-055217
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rounds, 13 988 swabs were collected from 5903 students
and 1036 staff (table 1).
Swabs were collected from across the state, and results
provided by text message to all participating families and
staff within 72 hours of sample collection. All but one
sample returned negative results on the in-house PCR
platform, and confirmatory Xpert testing of the in-house
PCR detection returned a negative result. As such, none
of the 13 988 samples collected were positive for SARS-
CoV-2. This was consistent with no cases of local SARS-
CoV-2 transmission reported in WA throughout the study
period.
Five thousand three hundred forty-nine students and
911 staff were randomised to be swabbed more than
once across the three rounds. Of these participants, 214
students (4%) and 12 staff (1.3%) declined to be swabbed
again (declined on the day or withdrew from the study).
After the first round of swabbing, the majority of
student respondents indicated on a five-
point scale
(none, mild, moderate, painful, very painful) no more
than mild discomfort (no discomfort: 19.7%; mild
discomfort: 51.0%) (figure 2A). Most of the remaining
students reported moderate discomfort (20.5%), with few
indicating that the swabbing was painful (painful: 6.5%;
very painful: 2.3%). The majority of staff who had been
swabbed also indicated only mild (59.4%) or no (19.6%)
discomfort during the procedure.
Most students reported feeling only a little (37.2%)
or not at all (47.3%) concerned about participating in
testing (figure 2B). The parents of participating students
also reported on their child’s levels of concern, with the
majority of parents observing little (28.4%) or no (60.8%)
concern in their children.
Participating students were also asked whether they had
been concerned about swabbing nurses wearing personal
protective equipment at their school. For the most part,
students reported only a little or no concern about this.
Primary school students were slightly more likely to be
at least moderately concerned (10%) than secondary
students (5%) (figure 2C).
After three rounds of swabbing, surveys were administered again to an unmatched subset of swabbing participants. Response distributions were comparable to those
described for the first survey cycle, with the majority of
those surveyed still indicating mild levels of discomfort
and concern after ongoing testing.

Open access

transmission in a school setting. However, during this
period of time, transmission of SARS-CoV-2 was so well
controlled with public health measures that there were
no detected community cases of COVID-19 for almost 10
months and as such there were also no confirmed cases in
Thomas HM, et al. BMJ Open 2022;12:e055217. doi:10.1136/bmjopen-2021-055217

the study. While this could be considered a methodological limitation, we have demonstrated the acceptability
and ease of implementing a molecular based swabbing
programme in a school context with minimal disruption
to students or educational outcomes.
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Figure 2 Distribution of survey responses regarding (A) self-reported discomfort (student and staff); (B) students’ concern
about being swabbed (self-reported and parent-reported); and (C) students’ concern regarding swabbing staff use of PPE.
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