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Abstract

Background: The SARS-CoV-2 pandemic has underscored the need for field specimen collection and transport to diagnostic
and public health laboratories. Self-collected nasal swabs transported without dependency on a cold chain have the potential to
remove critical barriers to testing, expand testing capacity, and reduce opportunities for exposure of health professionalsin the
context of a pandemic.

Objective: We compared nasal swab collection by study participants from themselves and their children at home to collection
by trained research staff.

Methods: Each adult participant collected 1 nasal swab, sampling both nares with the single swab, after which they collected
1 nasal swab from 1 child. After all the participant samples were collected for the household, the research staff member collected
aseparate single duplicate sample from each individual . Immediately after the sample collection, the adult parti cipants compl eted
a questionnaire about the acceptability of the sampling procedures. Swabs were placed in temperature-stable preservative and
respiratory viruses were detected by shotgun RNA sequencing, enabling viral genome analysis.

Results: In total, 21 households participated in the study, each with 1 adult and 1 child, yielding 42 individuals with paired
samples. Study participants reported that self-coll ection was acceptable. Agreement between identified respiratory virusesin both
swabs by RNA sequencing demonstrated that adequate collection technique was achieved by brief instructions.

Conclusions: Our results support the feasibility of a scalable and convenient means for the identification of respiratory viruses
and implementation in pandemic preparedness for novel respiratory pathogens.
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Introduction

Challengesto global control of SARS-CoV-2 have underscored
the need for accurate, safe, and rapidly scalable laboratory
testing to inform rapid diagnosis and implementation of
appropriate clinical and public health measures. Furthermore,
early detection of emerging infectious disease threatsiscritical
to limit spread. Over the last 4 decades, 1-3 newly emerging
pathogens have been identified annually [1]. The risk of
emerging infectionsisincreasing, in part dueto closer proximity
of humansto wildlife and expanding geographic ranges of insect
and arthropod vectors [2,3]. Outbreaks of diseases caused by
respiratory tract infections, such as COVID-19, severe acute
respiratory syndrome (SARS), Middle East respiratory syndrome
(MERS), pandemic HIN1 influenza, and avian influenza, have
specifically illustrated the global health burden posed by
respiratory viruses with RNA genomes, prompting the
implementation of public health policies and efforts to monitor
and contain outbreaks [4,5]. Due to the genetic diversity of
respiratory viral pathogens and the overlap between syndromes
associated with distinct viruses, contemporary disease control
efforts generally rely on a combination of methods, including
rapid identification of emerging vira strains through targeted
polymerase chain reaction (PCR)—based methods coupled with
sequencing-based methods to enable molecular epidemiologic
tracking of transmission. These activities can be streamlined
by new methods of viral detection, such as metagenomic
next-generation sequencing (NGS), to ssimultaneously detect
and sequence respiratory viruses from human specimens [6].

Lower per-sample sequencing costs, accessible results through
user-friendly analysistools, and rapid turnaround of sequencing
data have led to a growing number of diagnostic and public
health |aboratories applying NGS-based pathogen detection and
profiling, which has enhanced and accel erated the detection and
surveillance of emerging viruses [7-9]. Reliable detection of
respiratory viruses requiresrobust methodsfor sample collection
and preservation of viral RNA during transport because poor
sample quality can lead to missed identification of significant
pathogenic viruses [10]. Traditionally, laboratory diagnosis of
respiratory viral infections has relied on collection of
nasopharyngeal swabs by heath care providers and
uninterrupted cold chain transport to testing laboratories. In a
previous study, evaluation of nasopharyngeal swabs from
individualswith aknown respiratory infection by metagenomic
RNA sequencing showed high diagnostic agreement with a
commercialy available reverse transcription—PCR (RT-PCR)
viral respiratory panel inaclinical laboratory setting, generated
partial or full-length sequences in 86% of known positive
samples, and detected additional viruses compared to the
commercial panel [11].

However, community- and household-based sampling strategies
offer potential advantages over sampling by health care workers
in preparation for and during an outbreak. Specifically, anterior
nasal swabs represent a noninvasive means for the detection
and profiling of respiratory viruses via molecular diagnostic
methods, provided appropriate measures to maintain sample
integrity are taken [12-14]. Furthermore, nasal swabs can be
collected at home by patients or their family members, limiting
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opportunitiesfor further transmission from exposed individuals
within health carefacilities. Recent work has demonstrated high
percent positive agreement in the detection of SARS-CoV-2 by
targeted RT-PCR from self-collected nasal swabs compared to
health care provider—collected nasopharyngeal swabs [15-17].
The feasibility of self-collected nasal swabs for detection of
pathogen carriage and infection has also been previously
demonstrated in an outpatient clinic setting for PCR-based
detection of influenza from symptomatic patients [12,14].
Studiesto date have focused on PCR-based detection of specific
pathogens, and relatively few studies have directly compared
the yield from participants to trained researchers or clinical
workers.

In this feasibility study, we assessed detection of respiratory
viruses by shotgun RNA sequencing using a room
temperature—stable at-home nasal swab sampling kit, comparing
swabs collected by participants to swabs collected by trained
research staff. We also determined the acceptability to
participants of collecting nasal swabs from their children and
potential barriersto collection at home.

Methods

Study Participants

Theinclusion criteriawere familieswith children younger than
7 yearswho lived in Salt L ake County (to facilitate the required
home visits) and in which the parent was able to read English.
Invitation letters were sent to 34 families that were currently
part of an ongoing cohort study (the Utah Children’s Project).
In addition, a request for volunteers was posted on the Utah
Children’s Project Facebook page. In total, 32 families
responded, of which 4 declined to participate, 4 were not
eligible, and 3 were eligible but not able to schedule avisit in
the time window of the study. Thus, 21 families were enrolled
over a period of 7 weeks from February to April 2018. This
number of families was based on logistical considerations,
without any power calculations. Study surveys were collected
by paper questionnaire during the scheduled home visit to collect
participants' age, gender, ethnicity, race, household composition,
and feedback on the sample collection process. The
guestionnaire was not pilot-tested or otherwise validated.

Ethical Considerations

All aspects of this study were approved and carried out in
accordance with the University of Utah Institutional Review
Board (IRB_00086963).

Nasal Swab Collection

After the enrollment questionnaire was compl eted, participants
were given a packet containing the necessary instructions and
materials to collect the nasal swab samples from 1 adult and 1
childin each home. Swab collection kits containing DNA/RNA
Shield HydraFlock swabs and 1-mL collection vias with
self-centering caps (Puritan) were used for collection of nasal
swab samples. The research staff member also provided alink
to an existing video demonstrating collection procedures and
access to an iPad (Apple) to view the video immediately prior
to sample collection. Participants were given the opportunity
and time to independently review the instructions, collect the
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nasal swab samples, and package them for mailing. Adult
parents collected their own sample and separately collected the
sample for their child. During this time, research staff were
present but did not aid or guide in self-collection. Each
participant collected 1 nasal swab and sampled both nares with
the single swab. Once all the participant sampleswere collected
for the household, the research staff member collected a separate
single duplicate sample from each individual, again sampling
both nares. Samples collected by research staff were transported
at ambient temperature and transferred to a—80 °C freezer on
the same day. Samples were |abeled with 1Ds corresponding to
the following information: family ID (FO1-F21), participant
type (A: adult; C: child), and collection type (S: self-collected;
R: research staff—collected).

Questionnaires

At the beginning of the home study visit, adult participants
completed a pen and paper enrollment questionnaire about
demographics and household characteristics. Questions were
taken from the National Children’s Study enrollment
guestionnaire [18]. At the end of the home study visit, adult
participants completed a brief pen and paper experience
guestionnaire about the collection of the sample, whichincluded
questions previously used in the National Children’s Study.
Questions regarding nasal swab self-collection were generated
specifically for this study and were not otherwise validated prior
to this study.

RNA Extraction, Next-Generation Sequencing, and
Data Analysis

RNA was extracted using the ZymoBIOMICS DNA/RNA
Miniprep kit (Zymo Research). cDNA libraries were prepared
using the Trio RNA-Seqg kit (NUGEN Technologies), quantified

Table 1. Demographics of enrolled participants.
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by quantitative-PCR using the KAPA library quantification kit
(Roche), and sequenced on aNextSeq500 instrument (11lumina)
to adepth of approximately 15 million 150-base-pair reads per
sample. Sequencing data were demultiplexed allowing for no
mismatchesin the barcode sequences. Adapter sequences were
trimmed, and the datawere quality-filtered. Respiratory viruses
were detected and vira genome sequences were assembled
using the Explify Platform (v2, IDbyDNA). For phylogenetic
analyses, complete human metapneumovirus (HMPV) genome
seguences were obtained from GenBank. Multiple sequence
alignmentswere performed with Geneious, and neighbor-joining
trees were constructed with the Tamura-Nei method and
bootstrapped using 500 replicates (Geneious v11.1.5).

Statistical Analysis

Proportions and 95% Clswere calculated. Agreement between
self-collected and staff-coll ected sampl eswas assessed by Cohen
K statistic, which was estimated using Prism version 8.3.0
(GraphPad).

Results

Description of Study Participants

The demographics of the study participants are presented in
Table 1. Of the adult participants, 85.7% (18/21) were female,
while 52.4% (11/21) of children were female. The mean age
was 32 (SD 3) yearsfor adultsand 3 (SD 2) yearsfor children.
The majority of participants self-identified as White (38/42,
90.5%) and of non-Hispanic/Latino ethnicity (41/42, 97.6%).
Most adult participants (17/21, 80.9%) indicated they had a
bachelor’s degree or higher. Of the 21 families, 10 (47.6%)
reported a recent upper respiratory illness, but the exact time
frame was not defined.

Adults (n=21) Children (n=21)

Sex, n

Female

Male
Age (years), mean (SD)
Ethnicity, n

Non-Hispanic/Latino

Hispanic/Latino
Race, n

Asian

White

White and Asian
Education, n

Some college

Bachelor’s degree
Graduate degree

18 11
3 10
32(3) 3(2)
21 20

0 1

1 1

19 19

1 1

4 N/AZ
7 N/A
10 N/A

3N/A: not applicable.
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Feedback on the Self-Collection Experience

Most adult participants (18/21, 85.5%) collected nasal swab
samples with no (11/21, 52.4%) or little (7/21, 33.3%)
self-reported difficulty (Table 2). All enrolled adult participants
indicated that they would feel comfortable collecting nasal swab

Table 2. Adults responses to the collection experience survey.
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samples based on the provided instructions, and 95.2% (20/21)
reported that felt they could mail the collected samples back
without problems (Table 2). However, in this study, samples
were transported by research staff. Most adult participants
(18/21, 86%) preferred both video and written instructions.

Question

Responses (n=21), n

Did you experience any difficultiesin collecting the sample today?
Not at all
A little
Some
Alot

11
7
3
0

Could you have collected this sampleif there were no study staff present, using only theinstruction materials provided?

Yes

No

21
0

Could participant have followed instructions to mail samples back without problems:

Yes
Unsure
If it were available, would participant have preferred:
Video and written instructions
Written instructions only

Video instructions only

20

16
3
2

In your opinion, in areal pandemic influenza study that involved nasal swabs, which household member s would be willing to participate?

Myself
Other adults
Children

19
20
17

RNA-seq Data Quality and RNA Composition

A median of 9.05 (IQR 8.21-10.2) million sequencing reads
were generated per sample. Respiratory viruses were detected
in members of 52% (11/21) of families, including 6/10 (60%)
families that had reported recent illness (Figure 1). Children
tested positive in 10 families and adults tested positive in 6
families. In total, 9 different respiratory viruses were detected:
human metapneumovirus type B (HMPV-B; detected in FO2,
FO7, F09, and F21); respiratory syncytial virustype A (RSV-A;
detected in F15); respiratory syncytial virus type B (RSV-B;
detected in F13); human rhinovirus (HRV) types A40 (detected
in FO6), A80 (detected in FO4), C42 (detected in FO3 and F21),
C45 (detected in FO2 and F18), and C54 (detected in FO6); and
a diverse HRV-C most similar to HRV-C36 (detected in F19).
In 2 children, 2 different respiratory viruses were detected
(HRV-A40 and HRV-C54 in F06-C and HMPV-B and
HRV-C56in F21-C). Similarly, in 1 adult, 2 different respiratory
viruseswere detected (HMPV-B and HRV-C45in F02-A). With
3 exceptions, the same vira status (including the status of
absence of any virus) was identified in the staff- and
self-collected swabs from the same participant (39/42, 93%

https://formative.jmir.org/2023/1/e32848

agreement; K=0.84, 95% Cl 0.66-1.00). In 2 participants (F13-C
and F21-A), RSV-B and HRV-C42 were detected only in the
staff-collected swabs (Figure 1). In both cases, low
concentrations of viruswere detected and attemptsto detect the
same virus in the matching self-collected swabs by RT-PCR
failed, consistent with the absence of viral detection in those
self-collected samples. In athird participant (FO2-A), 2 viruses
(HMPV-B and HRV-C45) were detected only in the
self-collected swab.

Partial or full-length viral genome sequences with >80%
coverage could be determined in 63% (22/35) of total detections.
Among the samples for which depth of coverage could be
calculated, the median depth of coverage was 89-fold (IQR
21-222; Figure 2). Concordance in viral subtype was evaluated
in those cases where NGS detected the same vira pathogen
with sufficient coverage of viral genomesfrom paired staff- and
self-collected swabs. Results were consistent with the
identification of the same strain in all cases with sufficient
genome coverage. In sample pairs from 2 adult study
participants (FO9-A and F21-A), there wasinsufficient coverage
tomakeafull comparison, despite agreement in virus detection
between staff- and self-collected samples.
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Figurel. Detection of respiratory viruses by RNA sequencing. The color codeindicates the number of normalized viral reads. Rows represent different
samples and columns represent the viruses detected. Sample IDs convey the following information: family 1D (FO1-F21), participant type (A: adult; C:
child), and collection type (S: self-collected; R: research staff—collected). HMPV: human metapneumovirus; HRV: human rhinovirus; RSV: respiratory
syncytial virus.
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Figure2. Summary of RNA sequencing depth of coverage. (A) Percentage of full-length assembly achieved for viral genomes. (B) Depth of coverage
for each detected viral sample. HMPV: human metapneumovirus; HRV: human rhinovirus; RSV: respiratory syncytial virus.
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In onefamily (F14), the putative detection of an additional virus did not meet previoudy established criteria for positive
(human parainfluenza virus 4b) was suggested by sequencing diagnostic identification.

reads that mapped to an identical reference genome in the

self-collected adult swab (F14-AS) and in the staff-collected

child swab (F14-CR); however, in both cases, genome coverage
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Discussion

In this pilot, proof-of-concept study, we found that respiratory
samples (anterior nasal swabs) self-collected from adults and
children who were trained via online video and written
instructions had comparable detection of respiratory virusesto
samples concurrently collected by trained research personnel,
with transport at ambient temperatures, as assessed by unbiased
detection of respiratory virusesby NGS. All participants found
the home collection procedures acceptable, and 85% reported
minimal or no difficulty collecting the samples.

Our findings are consistent with prior studies that have found
home collection of anterior nasal swabs to be acceptable in
genera populations, with high levels of good-quality samples
[13,19-24]. Our results are also consistent with a growing body
of studies indicating high agreement between self-collected
swabs in adults and children (by parents) and swabs collected
by health care workers or research personnel; k >0.85 has been
reported for the detection of severa respiratory viruses,
including  influenza  viruses, SARS-CoV-2, and
metapneumovirus [12,13,17,25-30]. To our knowledge, this
study isthefirst to evaluate agreement in self-collected versus
researcher-collected nasal swabs specifically for shotgun RNA

sequencing.

We considered any risk of nasal injury by self-collection to be
minimal and outweighed by the potential benefit of
understanding the feasibility and acceptability of self-collection
of nasal samples for future research and public health
surveillance. In onelarge, community-based study of over 4000
individuals given home collection kits with nasal swabs to be
used on themselves or family members, there was one mild
adverse event that did not require any medical attention and had
no long-term impacts [31].

This method could be applied to test exposed or symptomatic
individuals without the need for visits to a health care facility
during outbreaks of emerging respiratory viruses[24,30,32]. In
addition, it could streamline surveillance for known or emerging
infectious disease threats by application to sentinels. Prior
studies have supported the contributions of self-collected swab
submission for molecular testing as a supplement to passive
and syndromic surveillance for acute respiratory infections
[11,14,19,20,32,33]. Guidance from the United States Food and
Drug Administration (FDA) to permit the submission of
self-collected swabs for SARS-CoV-2 testing illustrates the
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advantages of this strategy to reduce opportunities for
transmission from infected individuals to health care workers
and vulnerable populations and to mitigate bottlenecks
associated with sample collection by providers [34]. The nasal
swab collection kits used in this study have a shelf life of 3
years and stabilize samples at ambient temperature for up to 30
days. This allows for economical stocking and transport of
collection kits during an outbreak or in support of surveillance
efforts.

This study had several limitations. The sample size was small
in this pilot study. Recent respiratory illness was self-reported
and no information was collected about the duration of
symptoms or the time between onset of symptoms and sample
collection. It istherefore possible that individual s may no longer
have been shedding virus at the time of sampling. Diagnostic
performance of metagenomic sequencing was not compared to
a reference method (eg, FDA-cleared PCR panels for the
detection of respiratory pathogens), athough high agreement
has been previously reported [11].

We detected a diverse range of respiratory viruses, determined
viral genome sequences in the majority of cases, and showed
that viral genomes were identical in staff- and self-collected
swabs. Our identification of a divergent strain of HRV-C with
only 74% nucleotide sequence identity with the most similar
known strain demonstrates the power of unbiased pathogen
detection by metagenomicsin the context of the well-described
diversity of rhinoviruses [35,36]. This suggests an advantage
of sequencing-based surveillance for generating viral genomes
for high-resolution molecular typing. Studies in hospitalized
patients have shown that this genotypic information can assist
in efforts to contain transmission [37-39].

In summary, our findings support a growing body of evidence
that at-home nasal swab kits for viral detection can be reliably
used, are well-tolerated, and provide a scalable solution for the
detection and profiling of respiratory viruses. In addition to
prior work showing the reliability of self-collected nasal swabs
with PCR-based diagnostic tests, our findings suggest that
self-collected nasal swabs can be reliable for shotgun RNA
sequencing. As metagenomics is integrated into routine
diagnostic workflows in a rapidly growing number of
laboratories, pathogen genotypic information generated as part
of diagnostic testing can be more easily shared and islikely to
prove valuable in support of surveillance research and public
health applications.
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