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ABSTRACT While influenza and other respiratory pathogens cause significant mor-
bidity and mortality, the community-based burden of these infections remains incom-
pletely understood. The development of novel methods to detect respiratory infec-
tions is essential for mitigating epidemics and developing pandemic-preparedness
infrastructure. From October 2019 to March 2020, we conducted a home-based cross-
sectional study in the greater Seattle, WA, area, utilizing electronic consent and data
collection instruments. Participants received nasal swab collection kits via rapid deliv-
ery within 24 hours of self-reporting respiratory symptoms. Samples were returned to
the laboratory and were screened for 26 respiratory pathogens and a housekeeping
gene. Participant data were recorded via online survey at the time of sample collec-
tion and 1 week later. Of the 4,572 consented participants, 4,359 (95.3%) received a
home swab kit and 3,648 (83.7%) returned a nasal specimen for respiratory pathogen
screening. The 3,638 testable samples had a mean RNase P relative cycle threshold
(C,) value of 19.0 (SD, 3.4), and 1,232 (33.9%) samples had positive results for one or
more pathogens, including 645 (17.7%) influenza-positive specimens. Among the testa-
ble samples, the median time between shipment of the home swab kit and comple-
tion of laboratory testing was 8.0 days (interquartile range [IQR], 7.0 to 14.0). A single
adverse event occurred and did not cause long-term effects or require medical atten-
tion. Home-based surveillance using online participant enrollment and specimen self-
collection is a safe and feasible method for community-level monitoring of influenza
and other respiratory pathogens, which can readily be adapted for use during
pandemics.

KEYWORDS influenza, respiratory pathogens, rapid diagnosis, nasal swab, pandemic
preparedness

cute respiratory illnesses (ARIs) constitute a significant burden on the health care
system in the United States and represent an important cause of morbidity and
mortality worldwide (1-4). In the United States, influenza causes 140,000 to 810,000
hospitalizations and 12,000 to 67,000 deaths annually (1-4). Additionally, respiratory
syncytial virus (RSV) leads to approximately 2 million outpatient visits each year for
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children under the age of 5 (https://www.cdc.gov/flu/about/burden/index.html) (5).
Estimates of the prevalence of ARI-causing pathogens generally rely on in-person health
care visits or aggregate counts from hospitalized individuals (https://www.cdc.gov/flu/
weekly/overview.htm) (5-8). Thus, these estimates likely omit cases of mild to moderate
ARI in community-dwelling individuals who may not seek care for their illness (9-11).

Active, community-level monitoring of respiratory infections is essential to assess the
seasonal activity of ARI-causing pathogens and can be used to inform public health preven-
tion strategies and influence treatment decisions made at the community level. Previous re-
spiratory pathogen surveillance studies evaluated specific subsets of the population, such
as households with children, or used labor-intensive, coordinated efforts to capture a repre-
sentative sample of the community, which makes such approaches difficult to replicate
(12-14). Additionally, similar to traditional respiratory surveillance networks, some of these
studies relied on health care facility visits which have the potential to result in the nosoco-
mial spread of respiratory pathogens (15, 16). Despite the limitations of earlier analyses,
community-wide surveillance studies remain of vital importance, as they provide opportuni-
ties to better understand the epidemiology of respiratory illness among symptomatic indi-
viduals with variable disease severities and health care-seeking behaviors.

The Seattle Flu Study (SFS) “Swab and Send” is a novel, city-wide, cross-sectional
study of home-based detection of respiratory pathogens. This study demonstrates the
feasibility of using a home-based surveillance approach to assess the epidemiology of
influenza and other respiratory pathogens in a community-based setting.

MATERIALS AND METHODS

Study design. The Swab and Send study was nested within the Seattle Flu Study (SFS), a multiarmed
influenza surveillance system (17). This study aimed to assess the feasibility of city-wide home-based
cross-sectional respiratory pathogen surveillance, utilizing rapid delivery systems for at-home collection
of a nasal swab from individuals experiencing ARIs with return of specimens to the laboratory for respi-
ratory pathogen detection. Individuals residing within the greater Seattle, WA, area with ARI symptoms
were prospectively enrolled from October 2019 to March 2020. Participants resided in 89 different zip
codes within King County in and around Seattle, WA. This study was approved by the University of
Washington Institutional Review Board.

Recruitment. Study recruitment occurred through (i) referrals from health care providers, clinics,
Seattle Flu Study community kiosks (an in-person enrollment center), schools, and workplaces; (ii) dis-
semination of printed flyers posted at community locations; and (iii) posting of targeted online adver-
tisements (e.g., Facebook, Instagram, Twitter, and Google). Recruitment materials directed potential par-
ticipants to the study website (www.seattleflu.org, henceforth referenced as the “study website”). To
determine their eligibility, individuals completed a screening survey on the study website by providing
their age, home zip code, and information about the presence and duration of respiratory symptoms
and by verifying their access to the Internet.

Individuals were eligible to participate in the study if they lived within the specified zip codes, had
experienced new or worsening cough and/or two ARI symptoms (subjective fever, headache, sore throat
or itchy/scratchy throat, nausea or vomiting, runny/stuffy nose or sneezing, fatigue, muscle or body
aches, increased trouble with breathing, diarrhea, ear pain/discharge, or rash) within 7 days of enroll-
ment (see Table SA1 in the supplemental material), were English speaking, had a valid email address,
and had access to the Internet at home. All individuals consented to participate in the research study
electronically, with consent by a parent or legally authorized representative for individuals under
18 years and concurrent assent for those between 7 and 18 years.

Data collection. Upon consenting, participants completed an online enrollment questionnaire to
provide their home address and contact information, such as an email address or phone number.
Participants were mailed a home swab kit within 48 hours of submitting the enroliment questionnaire,
which included a Quick Start Instruction Card (see Fig. SA1 in the supplemental material), a universal vi-
ral transport medium (UTM) tube (Becton, Dickinson and Company, Sparks, MD), a nylon flocked midtur-
binate swab (Copan Diagnostics Inc., Murietta, CA), a return box with an affixed category B UN3373 label
(as required by International Air Transport Association [IATA] guidelines; https://www.un3373.com/
category-biological-substances/category-b/), and a prepaid return shipping label. Pediatric nasal swabs
(Copan Diagnostics Inc.) were available for participants 5 years of age or younger. Various couriers were
used to deliver home swab kits to participants across King County, depending on geographical location
as determined by zip code. For the 2,398 of participants who resided within Seattle, WA, FedEx Same
Day City was used to deliver kits with a target delivery time of 2 hours.

Upon kit receipt, participants completed an online iliness questionnaire to ascertain demographics,
iliness characteristics, and health behaviors. Education level was only asked of participants 18 and older.
Additionally, participants were asked to rate the impact of their current iliness on regular activities at the
time of their enrollment using a five-point Likert scale with the following levels: not at all, a little bit,
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somewhat, quite a bit, or very much. These categories were transformed into none, low (a little bit,
somewhat), and high (quite a bit, very much).

At the end of the illness questionnaire, participants were prompted to self-collect a midnasal swab
using instructions on the Quick Start Instruction Card (see Fig. S1 in the supplemental material) included
in the swab kit box. Participants were instructed to place their self-collected nasal swabs directly into
the UTM tube which was prelabeled with a unique sample barcode. Next, participants were instructed
to place the UTM tube containing the self-collected nasal swab into a specimen bag, prepackaged with
an absorbent sheet, and then to put the specimen bag into the provided return shipping box. United
States Postal Service (USPS) return postage and category B UN3373 stickers were affixed to outside the
return box. Although previous testing has demonstrated that respiratory viral RNA is stable at room tem-
perature in UTM for up to 1 week (18), participants were encouraged to return their nasal specimen
within 24 hours or as soon as possible. For the subset of participants where detailed courier data were
available, median delivery times were determined through the use of proof-of-delivery (POD) data on
scheduled shipment times, completed delivery times, and mileage.

Seven days after nasal swab collection, participants were recontacted to complete a 1 week follow-
up questionnaire to assess the impact of their illness on health care-seeking behaviors. Care seeking was
marked as “any care” if the participant indicated they had sought care in the illness questionnaire or 1
week follow-up questionnaire. Any care seeking included doctor’s office or urgent care, pharmacy, hos-
pital or emergency department, or other.

Laboratory testing. When kits arrived in the study laboratory, the contents of the box and devia-
tions from return mail instructions were recorded. A total of 200 ul of UTM was removed and subjected
to RNA extraction using a MagNA Pure 96 system (Roche), and the remainder was banked at —80°C. The
extracted nucleic acids were screened for respiratory pathogens using a custom, TagMan-based Open
Array panel (Thermo Fisher) and an additional severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) reverse transcriptase PCR (RT-PCR) research assay (https://assets.thermofisher.com/TFS-Assets/
LSG/manuals/MAN0017952_RespiratoryTractMicrobiotaProfiling_OA_AG.pdf). Samples were subjected
to the SARS-CoV-2 assay in real time if they were collected after 25 February 2020 and retrospectively if
collected between 1 January 2020 and 24 February 2020 (see Table SA2 in the supplemental material)
(19). Samples with RNase P relative cycle threshold (C,) values of =28 for the Open Array assay, as rec-
ommended by Thermo Fisher, which has a preamplification step, and =36 for the SARS-CoV-2 assay
were considered to contain sufficient material for pathogen detection (https://assets.thermofisher.com/
TFS-Assets/LSG/manuals/MAN0017952_RespiratoryTractMicrobiotaProfiling_OA_AG.pdf). The RNase P
Ct cutoff for the SARS-CoV-2 laboratory-developed test was determined by repeat testing of contrived posi-
tive samples near the limit of detection. Unlike the threshold cycle (C;) method which considers all the ampli-
fication curves for a specific target to determine the threshold, the C,, method sets a threshold for each curve
individually that is determined by the shape of the amplification curve regardless of the height or variability
of the curve in its early baseline fluorescence. Samples were screened for influenza A H3N2 and H1N1; pan
influenza A, influenza B, and influenza C; respiratory syncytial viruses (RSVs) A and B; human coronaviruses
(hCoVs) 229E, NL63, OC43, and HKU1; SARS-CoV-2; adenovirus (AdV); human rhinovirus (hRV); human meta-
pneumovirus (hMPV); human parechovirus (hPeV); enteroviruses A, B, C, D, D68, and G; human bocavirus
(hBoV); Streptococcus pneumoniae; Mycoplasma pneumoniae; and Chlamydia pneumoniae (Table SA2). Ct val-
ues for RNase P, influenza, hCoV, RSV, and hRV from 11,984 nasal samples collected between October 2019
and March 2020 at Seattle Children’s Hospital were analyzed as a contemporary control of health care
worker-collected specimens and compared with the self-collected specimens in this study.

Data analyses. Descriptive statistics were performed for categorical and continuous covariates.
Bivariate analyses were conducted using parametric and nonparametric tests as appropriate, with statis-
tical significance defined as a P value of <0.05. The Kruskal-Wallis test was used to determine P values
for study procedure compliance categories, comparing each of the three nasal swab error types to those
with no errors. Analysis of variance (ANOVA) was used to calculate an overall P value for RNase P values
across confidence and discomfort levels. Respiratory pathogen prevalence is defined as the total number
of cases detected out of the total number of tested samples.

RESULTS

Participant characteristics. A total of 4,572 participants consented and were en-
rolled in the SFS Swab and Send study from 16 October 2019 to 9 March 2020. The ma-
jority of participants were recruited into the study through online or social media
advertisements (53.9%) or through referrals from friends or family (19.3%). Of the 4,572
participants who completed the electronic consent form, 4,359 (95.3%) participants
also completed the enrollment questionnaire and provided a valid home address,
which was required to receive a home swab kit. Participant characteristics, including
age, sex, race, Hispanic ethnicity, income, education level, influenza vaccination status,
health care-seeking status, test results, baseline impact of illness on regular activities,
and recruitment method are shown in Table 1. The mean age of study participants was
36.6 (SD, 15.0) years old. Most participants (73.7%) were 18 to 49 years old. On average,
the study population was more highly educated and had a higher household income
than the general population of King County. A total of 31.4% of participants had a
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TABLE 1 Clinical and sociodemographic characteristics of enrolled participants from 16

October 2019 to 9 March 2020

Characteristic

No. (%) of
participants?

Age (yrs)
<5
5-17
18-49
50-64
=65

Sex
Male
Female
Other

Race
American Indian/Alaska Native
Asian
Native Hawaiian/Pacific Islander
Black/African American
White
Other
Multiple

Hispanic ethnicity (n = 2,856)

Income
=$25,000
$25,000-50,000
$50,000-100,000
$100,000-150,000
=$150,000

Education level
Graduated high school/obtained GED or less
Some college (including vocational training, associate’s degree)
Bachelor’s degree
Advanced degree

Care-seeking
Any care prior to enrollment or during study period
No care prior to enrollment or during study period

lliness impact on regular activities at enroliment
None
Low
High

How participant heard about the study
Saw an ad on Facebook/Instagram/Twitter
Referral from a friend/family member
Other online
Saw an ad on Google
Referral from my place of work
Other
Saw a Seattle Flu Study kiosk
Email/Seattle Community Pulse
Referral from a healthcare provider, travel clinic, or immigrant/refugee health
screening
Referral from my child’s school

128 (2.9)
208 (4.8)
3,212(73.7)
614 (14.1)
192 (4.4)

1,191 (27.3)
2,451 (56.2)
19(0.4)

17 (0.4)
724 (16.6)
7(0.2)
37(0.8)
2,542 (58.3)
92 (2.1)
188 (4.3)

183 (4.2)

196 (4.5)
367 (8.4)
860 (19.7)
738(16.9)
1,160 (26.6)

109 (2.5)
492 (11.3)
1,371 (31.5)
1,377 (31.6)

1,182 (27.1)
2,183 (50.1)

243 (5.6)
1,597 (36.6)
1,831 (42.0)

1,369 (31.4)
841 (19.3)
667 (15.3)
314 (7.2)
280 (6.4)
172 (3.9)
86 (2.0)
86 (2.0)
60 (1.4)

29(0.7)

aTotal n=4,359.
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Consent Form
N=4,572
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Enrollment
Questionnaire
N=173

96.2% =000 femememmmmmmm—--

Enrollment
Questionnaire
N=4,399

Unsent Home Swab
Kit due to missing or
invalid address
N=40

00:486 000 heeemsesmes s »

Home Swab Kit +
liness Questionnaire

Incomplete lliness
Questionnaire
N=849

80.5%

lliness Questionnaire

83.7% N=3,510

Mail Packaging Error
N=205

Unreturned Home
Swab Kit
N=711

Sample Tube Use
_________________________ Error
N=24

Home Swab Kit
Returned
N=3,648

Untestable Nasal

------------- N=10

Sample Tube
Labeling Error
N=205

1
1
:
!
99.7% Specimen :
'
1
1
1
'

Nasal Sepcimen
Tested By Laboratory
N=3,638

Incomplete One
Week Follow-Up
Questionnaire
N=296

883% 0 femmmmmmmmmeo-

One Week
Follow-Up
Questionnaire
N=3,214

FIG 1 Study procedure completion rates. Mail packaging errors included a damaged box, a different
box used than the one provided, an improperly closed box, or an improperly used specimen
transport bag or lack thereof. Sample tube use errors included damaged or broken UTM tube, an
absent swab, or leakage. Sample tube labeling errors included a missing written full name or date of
collection on the UTM tube.

bachelor's degree as their highest degree, while 31.6% had an advanced degree. A
total of 26.6% had a household income of =$150,000 per year (Table 1).

At the time of enrollment, 42.0% of participants who were sent a nasal swab rated
the impact of their current illness on their regular activities as high, although 67.5%
had not sought clinical care. The majority of study participants did not seek clinical
care for their illness during the study period. A total of 27.1% of participants sought
clinical care for their current illness prior to enrollment or during the study period,
whereas 50.1% never sought clinical care during this time frame (Table 1). In general,
participants who sought care were more likely to do so after enrolling and completing
their home swab kits. Among those who sought care (n=1,178), 727 (61.7%) partici-
pants sought care prior to enrollment and 989 (84.0%) sought care within 1 week after
enrollment, although these categories are not mutually exclusive.

Of the 4,359 participants who received a home swab kit, 3,648 (83.7%) returned a
nasal specimen to the laboratory and 3,638 (99.7%) of returned specimens contained
sufficient UTM in the tube and RNase P levels for respiratory pathogen screening (Fig.
1). Influenza A (10.8%), hRV (10.4%), hCoV (8.6%), and influenza B (6.9%) were the most
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Total Delivery Time (Hours)*
S

N

0-5 6-10 11-15 16-35
(N=1,270) (N=670) (N=412) (N=46)
Distance From Study Laboratory (Miles)
* Time between scheduling the delivery and arrival at the participant’s residence

FIG 3 Median delivery times of home swab kits to participants by distance from study laboratory
(n=2,398).

commonly detected pathogens (see Table SA3 in the supplemental material; Fig. 2).
Samples collected on or after 1 January 2020 were tested for SARS-CoV-2, of which 36
out of 2,843 (1.2%) were positive for the novel coronavirus. The 3,629 self-collected
nasal specimens with available RNase P data yielded a mean RNase P relative cycle
threshold (C,,) value of 19.0 (SD, 3.4) (Table SA3). A contemporary comparison of C,, val-
ues from health care worker-collected nasal specimens to self-collected nasal speci-
mens is shown in Table SA4 in the supplemental material. The average C,, values of
health care worker-collected nasal samples were lower than those of the self-collected
nasal samples for RNase P, influenza, and RSV. In contrast, the average C, values of
self-collected nasal samples were lower than those of the health care worker-collected
nasal samples for hCoV and hRV (Table SA4).

Study logistics. For the 4,359 participants who received a home swab kit, the me-
dian time between participant completion of enrollment and scheduling of the ship-
ment was 7.2 hours (interquartile range [IQR], 0.45 to 19.6]. The total median delivery
transit time to participants who received their home swab kit via FedEx Same Day City
was 2.2 (IQR, 1.7 to 3.0) hours, with 79% of deliveries meeting the 2-hour target deliv-
ery time. A subset of the delivery time data was reported previously (22). The median
delivery time via FedEx Same Day City to participants’ homes by distance from the
study laboratory is shown in Fig. 3. Of the 2,398 FedEx Same Day City deliveries, there
were a total of 78 (3.3%) redelivery attempts. The estimated median time between
nasal swab collection to receipt at the study laboratory was 3.0 (IQR, 2.0, 4.0) days for
the 3,648 participants who returned specimens. Of the 3,638 testable samples, the me-
dian time between shipment and completed laboratory testing was 8.0 (IQR, 7.0 to
14.0) days.

Study procedure completion and compliance. Study procedure completion rates
are shown in Fig. 1. Of the 4,359 participants who completed the enroliment question-
naire and received a home swab kit, 3,214 (73.9%) completed all study procedures.
Study procedure completion and compliance by age, sex, income, education, care-
seeking status, and baseline illness impact are shown in Table 2. None of these varia-
bles were significantly associated with study procedure compliance (Table 2).

The majority of participants correctly followed instructions to package their col-
lected nasal swab for return to the laboratory. Of the 3,648 returned nasal specimens,
3,208 (88.1%) home swab kits were returned correctly packaged. A total of 205 (5.6%)
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FIG 4 Average RNase P C, values by discomfort of and confidence in home swab collection. Participants (n=1,796) who enrolled from 6 January
2020 to 9 March 2020 were asked to rate their confidence in the correct completion of the home swab (not confidence at all, somewhat
confident, or very confident) and their discomfort in the collection of the home swab (no discomfort, mild discomfort, or strong discomfort).

contained a sample tube labeling error, such as a missing written name or collection
date, and 205 (5.6%) were mispackaged. Criteria for mispackaged samples included
improper use of the provided return box, specimen transport bag, or lack thereof.
Additionally, 24 (0.66%) returned specimens had a sample tube use error, such as a
damaged UTM tube, a missing or misused nasal swab, or leakage. Four out of 3,648
(0.11%) returned home swab kits contained leakage, and these samples were immedi-
ately disposed of upon unpackaging (Table 2).

Participants who enrolled between 6 January 2020 and 9 March 2020 were asked to
rate their confidence in correctly self-collecting their nasal swab and their discomfort
level while doing so. Higher confidence and discomfort levels were significantly associ-
ated with lower RNase P C,, values (P <<0.001 and P=0.04, respectively). The average
RNase P C,, value for participants who experienced strong discomfort was 1.4 lower
than the average value for those who had no discomfort. The average RNase P C,, value
for those who were very confident was 1.2 lower than those who were not confident
at all (Fig. 4). Among the 4,359 participants who received a home swab kit, there was
one (<0.01%) who reported adverse event related to strong discomfort while collect-
ing the nasal swab. The affected participant’s discomfort resolved within 2 min. The
participant suffered no long-term effects and did not require medical attention. Results
suggest that nonmedically trained individuals can safely and adequately collect a nasal
sample from themselves or their family members.

DISCUSSION

Over the 2019 to 2020 influenza season, we enrolled a large cohort of participants
with acute respiratory illness in a study of home-based swab collection for detection of
respiratory pathogens. The majority of participants completed all study procedures
and returned their nasal specimens to the study laboratory in a timely manner and in
compliance with federal transport guidelines for biohazards. The majority of returned
nasal specimens were adequately self-collected as quantified by RNase P C,, values.

May 2021 Volume 59 Issue 5 €02934-20

jcmasm.org 9

1san6 Aq TZ0zZ ‘0z |1udy uo /610 wse wal//:dny wol) papeojumoq


https://jcm.asm.org
http://jcm.asm.org/

Kim et al.

These results support the feasibility of using online enrollment and self-collected nasal
swabs for community surveillance of respiratory pathogens.

Existing methods to estimate the community-level prevalence of influenza rely on
estimator models based on laboratory-confirmed cases and adjusted for various con-
founding factors, including medical care seeking, collection and testing of specimens, and
reporting of cases. These methods are limited to medically attended ilinesses and require
relatively comprehensive data for accuracy, which leads to long periods of time between
data collection and the availability of results (21). In this study, we directly surveyed for
influenza and other respiratory pathogens in the community, allowing for a rapid assess-
ment of pathogen characteristics and the associated clinical presentations among both
care-seeking and non-care-seeking study populations. When combined with estimator
models, on-the-ground surveillance of community-dwelling individuals with less severe ill-
ness and a wider range of demographic backgrounds may enhance our understanding of
the burden of various respiratory pathogens in a community.

Similarly, estimator models with complete reliance on laboratory-confirmed cases
can be limiting, especially during epidemics or pandemics in heavily affected regions
where outbreak dynamics are rapidly evolving and the capacity of the health care sys-
tem to adequately test cases has been exceeded (22). The benefits of direct, home-
based surveillance among community-dwelling individuals can be seen in the context
of the current COVID-19 pandemic. From 1 January 2020 to 9 March 2020, the Seattle
Flu Study detected 78 cases of SARS-CoV-2 through direct sampling of community
members, including the first documented case of community transmission in the
United States, with 36 cases identified through the Swab and Send study (22, 23). This
study enrolled and tested a large cohort of individuals with ARI symptoms across a
large geographical area, of which half did not seek clinical care prior to or during the
study period. The at-home study design proved to be an effective means of studying
individuals infected with influenza and other respiratory pathogens, of whom many
may not have been captured by traditional clinic or hospital surveillance. This design
demonstrates that when faced with an emerging infectious disease, home-based test-
ing can identify cases among non-care-seeking individuals, providing essential infor-
mation for pandemic identification, spread, and management.

Limitations of this study include the enrollment of a study population that was not repre-
sentative of the greater Seattle, WA, area. King County demographic data from the 2010 cen-
sus shows that 49.8% of residents were male and 21.4% were 17 years of age and under,
whereas our study population included 27.3% males and 7.7% minors. Additionally, the King
County population is 6.0% black or African American and 8.9% Hispanic, whereas our study
cohort was only 0.8% black or African American and 4.2% Hispanic. The median King County
household income in 2016 was $78,800 per year, whereas the largest proportion (26.6%) of
participants had a household income of greater than $150,000 per year (https://www
kingcounty.gov/~/media/depts/executive/performance-strategy-budget/regional-planning/
Demographics/Dec-2018-Update/KC-Profile2018.ashx?la=en). We hypothesize that factors
related to a lack of Internet access and unfamiliarity with online systems may have contrib-
uted to lack of representativeness among certain groups in our study population. The utili-
zation of targeted recruitment strategies aimed at enrolling a larger proportion of partici-
pants who were underrepresented in this cohort, including males, children, minorities, and
individuals of lower socioeconomic statuses, could be implemented to yield a more repre-
sentative study population. To encourage greater participation across the population, a
stronger focus may be placed on recruitment measures, such as engagement with com-
munity-based organizations, that target a variety of demographic groups within the com-
munity rather than relying on untargeted social media and Internet advertisements for
future implementations of this methodology.

Additionally, while most participants returned their home swab kits with no packag-
ing or sample tube use errors at a rate concordant with a previous study (24), improve-
ments to instructions (e.g., inclusion of instructional videos) may decrease these
error rates. Further limitations of this study include use of self-collected midnasal
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swabs, which are not the gold standard for respiratory pathogen detection.
However, our group has previously demonstrated that self-collected midnasal
swabs are highly concordant with health care worker-collected nasopharyngeal
swabs for the detection of SARS-CoV-2 (25), with results comparable to those of
previous studies on the detection of viral pathogens by patient-collected midnasal
swabs (20, 26-28). In addition, the contemporary control analysis included in this
study shows that C,, values for pathogen-positive samples collected by health care
workers are comparable to those of self-collected samples, with C,, values for health
care-collected swabs lower for some targets but higher for others than self-col-
lected swabs. Finally, the requirement of Internet access and delivery addresses
that are easily accessible by standard shipping couriers may limit the scalability of
this method in low resource or rural settings.

Our method for home-based respiratory pathogen surveillance can be scaled up
to span larger geographic regions. When scaling up home-based surveillance, it will
be important to ensure that individuals can receive a home swab kit within days of
symptom onset and that nasal specimens can be returned to the laboratory in a
timely manner. Depending on the geographic reach of the surveillance system,
scaling up the study may require utilizing multiple fulfillment centers and laborato-
ries, making logistics more complex. Quality-control measures to ensure consis-
tency of test results across laboratories will then also be necessary. Another barrier
to scale up this method lies in the challenges of obtaining the supplies needed to
test more samples, as the availability of such supplies may be limited during
pandemics.

Home surveillance of SARS-CoV-2 can be utilized to assist with the COVID-19
pandemic by scaling up the study methodology presented in this paper, collaborat-
ing with local public health departments, translating home swab kit instructions
and online surveys into multiple languages, and obtaining Clinical Laboratory
Improvement Amendments of 1988 (CLIA) certification, which is required to return
COVID-19 test results. The use of home surveillance provides individuals with addi-
tional options for COVID-19 testing while reducing the risks associated with gather-
ing at in-person testing centers. The Seattle Flu Study research group utilized these
methods to assist with the COVID-19 pandemic by launching the Greater Seattle
Coronavirus Assessment Network (SCAN) in partnership with Public Health—Seattle
& King County in March 2020 (https://scanpublichealth.org).

In conclusion, at-home surveillance with self-collected nasal swabs is a feasible
method to study the community-based prevalence of influenza during seasonal epi-
demics on a city-wide scale. This methodology can be adapted to study a variety of re-
spiratory pathogens affecting diverse study populations with the ability to scale up to
larger sample sizes. In particular, this approach allows for the inclusion of non-care-
seeking individuals in respiratory pathogen surveillance studies and may be especially
useful during epidemics or pandemics when quarantine and social distancing meas-
ures are in place to reduce transmission risks.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.2 MB.

ACKNOWLEDGMENTS

The Seattle Flu Study is funded by Gates Ventures. The funder was not involved in
the design of the study and does not have any ownership over the management and
conduct of the study, the data, or the rights to publish.

H.Y.C,JAE, MB, MJR, M.T, BR.L, D.AN., LM.S., and T.B. designed the study, including
the laboratory and data informatics procedures. A.E.K. wrote the manuscript, developed the
data collection instruments and logistics infrastructure for study implementation, and
managed day-to-day responsibilities of the study. N.W. performed the data analysis for the
manuscript. C.G. developed the logistics infrastructure of the study. E.B. managed the IRB

May 2021 Volume 59 Issue 5 €02934-20

Journal of Clinical Microbiology

jcm.asm.org

1

1san6 Aq TZ0zZ ‘0z |1udy uo /610 wse wal//:dny wol) papeojumoq


https://scanpublichealth.org
https://jcm.asm.org
http://jcm.asm.org/

Kim et al.

and assisted with quality assurance of the study. D.J.M. contributed to the implementation
and quality assurance of the study. J.H. wrote the background section of the manuscript and
critically revised the manuscript. V.L. and RE.G. contributed to the design of the home-
collection kits, including the Quickstart Instructions Card, as well as managing the kit
fabrication procedures. P.D.H. managed laboratory procedures of the study. M.I, KAF. JL,
and T.RS. contributed to the databasing, informatics, and data preparation of the study.
M.M.V.L. and J.M. contributed to the recruitment procedures of the study. AM.C. helped to
edit the manuscript.

We also acknowledge Lincoln Pothan, Mariah Anyakora, Grace Kim, and Miguel
Martinez for their assistance in the day-to-day shipping responsibilities for the study; Sarah
Sohlberg for assisting with participant communication and overall study support; Jack
Henry Kotnik, Kara De Leon, Angel Wong, Rose Marzan, Eshin Ang, Regina Garvey, Peiyu Yi,
Ashley Bender, Ashley Song, and Kendall Escene for their role in home swab kit fabrication;
and Audrey Obsterbind for her support in study implementation.

H.Y.C. receives research support from Sanofi, Cepheid, and Genentech/Roche and is
a consultant for Merck and GlaxoSmithKline. J.A.E. receives research support from
GlaxoSmithKline, AstraZeneca, Merck, and Novavax and is a consultant for Sanofi
Pasteur and Meissa Vaccines. M.B. receives research support and serves as a consultant
for Ansun Biopharma, Gilead Sciences, Janssen, and Vir Biotechnology and serves as a
consultant to GSK, ReViral, ADMA, Allovir, Pulmocdie, and Moderna. A.EK, E.B,, CG.,, D.J.M,,
JH, AMC, PDH, LMS, D.AN, MMVL, JM, MJR, MI, KAF, JL, TRS, and T.B. declare
no competing interests.

Seattle Flu Study investigators from Seattle, Washington, are listed in the following
paragraphs. Principal investigators included Helen Y. Chu, MD, MPH, Department of
Medicine, University of Washington, Brotman Baty Institute; Michael Boeckh, MD, PhD,
Department of Medicine, University of Washington Brotman Baty Institute, Vaccine and
Infectious Disease Division, Fred Hutchinson Cancer Research Center; Janet A. Englund, MD,
Seattle Children’s Research Institute, Brotman Baty Institute; Michael Famulare, PhD, Institute
for Disease Modeling; Barry R. Lutz, PhD, Department of Bioengineering, University of
Washington, Brotman Baty Institute; Deborah A. Nickerson, PhD, Department of Genome
Sciences, University of Washington, Brotman Baty Institute; Mark J. Rieder, PhD, Brotman
Baty Institute; Lea M. Starita, PhD, Department of Genome Sciences, University of
Washington, Brotman Baty Institute; Matthew Thompson, MBChB, MPH, DPhil, Department
of Family Medicine, University of Washington; Jay Shendure, MD, PhD Department of
Genome Sciences, University of Washington, Brotman Baty Institute, Howard Hughes
Medical Institute; and Trevor Bedford, PhD, Vaccine and Infectious Disease Division, Fred
Hutchinson Cancer Research Center, Department of Genome Sciences, University of
Washington, Brotman Baty Institute.

Coinvestigators included Amanda Adler, MS, Seattle Children’s Research Institute;
Elisabeth Brandstetter, MPH, Department of Medicine, University of Washington; Roy
Burstein, PhD, Institute for Disease Modeling; Amanda M. Casto, MD, PhD, Department of
Medicine, University of Washington, Vaccine and Infectious Disease Division, Fred Hutchinson
Cancer Research Center; Shari Cho, MS, Brotman Baty Institute; Anne Emanuels, MPH,
Department of Medicine, University of Washington; Chris D. Frazar, MS, Department of
Genome Sciences, University of Washington; Rachel E. Geyer, MPH, Department of Family
Medicine, University of Washington; Peter D. Han, MS, Brotman Baty Institute; James Hadfield,
PhD, Department of Medicine, University of Washington; Jessica Heimonen, MPH,
Department of Medicine, University of Washington; Michael L. Jackson, PhD, MPH, Kaiser
Permanente Washington Health Research Institute; Anahita Kiavand, MS, Brotman Baty
Institute; Ashley E. Kim, BS, Department of Medicine, University of Washington; Louise E.
Kimball, PhD, Vaccine and Infectious Disease Division, Fred Hutchinson Cancer Research
Center; Jack Henry Kotnik, BA, Department of Family Medicine, University of Washington;
Kirsten Lacombe, RN, MSN, Seattle Children’s Research Institute; Jennifer K. Logue, BS,
Department of Medicine, University of Washington; Victoria Lyon, MPH, Department of
Family Medicine, University of Washington; Denise McCulloch, MD, MPH, Department of

May 2021 Volume 59 Issue 5 €02934-20

Journal of Clinical Microbiology

jcm.asm.org

12

1san6 Aq TZ0zZ ‘0z |1udy uo /610 wse wal//:dny wol) papeojumoq


https://jcm.asm.org
http://jcm.asm.org/

Evaluating Home-Based Respiratory Surveillance

Journal of Clinical Microbiology

Medicine, University of Washington; Jessica O'Hanlon, BS, Department of Medicine, University
of Washington; Matthew Richardson BA, Department of Genome Sciences, University of
Washington; Julia Rogers, MPH, Department of Medicine, University of Washington; Thomas
R. Sibley, BA, Vaccine and Infectious Disease Division, Fred Hutchinson Cancer Research
Center; Monica L. Zigman Suchsland, MPH, Department of Family Medicine, University of
Washington; Melissa Truong, BS, Brotman Baty Institute; Caitlin R. Wolf, BS, Department of
Medicine, University of Washington; and Weizhi Zhong, BS, Brotman Baty Institute.

REFERENCES

1.

May 2021

GBD 2017 Influenza Collaborators. 2019. Mortality, morbidity, and hospi-
talizations due to influenza lower respiratory tract infections, 2017: an
analysis for the Global Burden of Disease Study 2017. Lancet Respir Med
7:69-89. https://doi.org/10.1016/52213-2600(18)30496-X.

. GBD 2015 LRI Collaborators. 2017. Estimates of the global, regional, and

national morbidity, mortality, and aetiologies of lower respiratory tract
infections in 195 countries: a systematic analysis for the Global Burden of
Disease Study 2015. Lancet Infect Dis 17:1133-1161. https://doi.org/10
.1016/51473-3099(17)30396-1.

. Putri WCWS, Muscatello DJ, Stockwell MS, Newall AT. 2018. Economic bur-

den of seasonal influenza in the United States. Vaccine 36:3960-3966.
https://doi.org/10.1016/j.vaccine.2018.05.057.

. Fendrick AM, Monto AS, Nightengale B, Sarnes M. 2003. The economic burden

of non-influenza-related viral respiratory tract infection in the United States.
Arch Intern Med 163:487-494. https://doi.org/10.1001/archinte.163.4.487.

. Hall CB, Weinberg GA, Iwane MK, Blumkin AK, Edwards KM, Staat MA,

Auinger P, Griffin MR, Poehling KA, Erdman D, Grijalva CG, Zhu Y, Szilagyi P.
2009. The burden of respiratory syncytial virus infection in young children. N
EnglJ Med 360:588-598. https://doi.org/10.1056/NEJM0a0804877.

. Rolfes MA, Foppa IM, Garg S, Flannery B, Brammer L, Singleton JA, Burns

E, Jernigan D, Olsen SJ, Bresee J, Reed C. 2018. Annual estimates of the
burden of seasonal influenza in the United States: a tool for strengthen-
ing influenza surveillance and preparedness. Influenza Other Respir
Viruses 12:132-137. https://doi.org/10.1111/irv.12486.

. Zhou H, Thompson WW, Viboud CG, Ringholz CM, Cheng P, Steiner C,

Abedi GR, A LJ, Brammer L, Shay DK. 2012. Hospitalizations associated
with influenza and respiratory syncytial virus in the United States, 1993-
2008. Clin Infect Dis 54:1427-1436. https://doi.org/10.1093/cid/cis211.

. Reed C, Chaves SS, Daily Kirley P, Emerson R, Aragon D, Hancock EB,

Butler L, Baumbach J, Hollick G, Bennett NM, Laidler MR, Thomas A,
Meltzer MI, Finelli L. 2015. Estimating influenza disease burden form pop-
ulation-based surveillance data in the United States. PLoS One 10:
e0118369. https://doi.org/10.1371/journal.pone.0118369.

. Hayward AC, Fragaszy EB, Bermingham A, Wang L, Copas A, Edmunds WJ,

Ferguson N, Goonetilleke N, Harvey G, Kovar J, Lim MSC, McMichael A,
Millett ERC, Nguyen-Van-Tam JS, Nazareth |, Pebody R, Tabassum F,
Watson JM, Wurie FB, Johnson AM, Zambon M, Flu Watch Group. 2014,
Comparative community burden and severity of seasonal pandemic influ-
enza: results of the Flu Watch cohort study. Lancet Respir Med 2:445-454,
https://doi.org/10.1016/52213-2600(14)70034-7.

. Garske T, Legrand J, Donnelly CA, Ward H, Cauchemez S, Fraser C, Ferguson

NM, Ghani AC. 2009. Assessing the severity of the novel influenza A/HIN1
pandemic. BMJ 339:b2840. https://doi.org/10.1136/bm;j.b2840.

. Brooks-Pollock E, Tilston N, Edmunds WJ, Eames KTD. 2011. Using an

online survey of healthcare-seeking behaviour to estimate the magnitude
and severity of the 2009 H1N1v influenza epidemic in England. BMC
Infect Dis 11:68. https://doi.org/10.1186/1471-2334-11-68.

. Monto AS. 1994. Studies of the community and family: acute respiratory

iliness and infection. Epidemiol Rev 16:351-373. https://doi.org/10.1093/
oxfordjournals.epirev.a036158.

. Petrie JG, Ohmit SE, Cowling BJ, Johnson E, Cross RT, Malosh RE,

Thompson MG, Monto AS. 2013. Influenza transmission in a cohort of
households with children: 2010-2011. PLoS One 8:e753339. https://doi
.org/10.1371/journal.pone.0075339.

. Monto AS, Kioumehr F. 1975. The Tecumseh study of respiratory illness.

IX. Occurrence of influenza in the community, 1966-1971. Am J Epidemiol
102:553-563. https://doi.org/10.1093/oxfordjournals.aje.a112193.

. Aitken C, Jeffries DJ. 2001. Nosocomial spread of viral disease. Clin Micro-

biol Rev 14:528-546. https://doi.org/10.1128/CMR.14.3.528-546.2001.

Volume 59 Issue5 €02934-20

20.

21.

22.

23.

24,

25.

26.

. Salgado CD, Farr BM, Hall KK, Hayden FG. 2002. Influenza in the acute hos-

pital setting. Lancet Infect Dis 2:145-155. https://doi.org/10.1016/s1473
-3099(02)00221-9.

. Chu HY, Boeckh M, Englund JA, Famulare M, Lutz BR, Nickerson DA,

Rieder M, Starita L, Thompson M, Shendure J, Bedford T, Adler A,
Brandstetter E, Bosua J, Frazar CD, Han PD, Gulati R, Hadfield J, Huang S,
Jackson ML, Kiavand A, Kimball LE, Lacombe K, Logue J, Lyon V, Sibley TR,
Zigman Suchsland ML, Wolf CR. 2019. The Seattle Flu study: a commu-
nity-based study of influenza. Open Forum Infect Dis 6:51002. https://doi
.0rg/10.1093/ofid/0fz415.2504.

. Druce J, Garcia K, Tran T, Papadakis G, Birch C. 2012. Evaluation of swabs,

transport media, and specimen transport conditions for optimal detec-
tion of viruses by PCR. J Clin Microbiol 50:1064-1065. https://doi.org/10
.1128/JCM.06551-11.

. Rogers JH, Link AC, McCulloch D, Brandstetter E, Newman KL, Jackson ML,

Hughes JP, Englund JA, Boeckh M, Sugg N, licisin M, Sibley TR, Fay K, Lee
J, Han P, Truong M, Richardson M, Nickerson DA, Starita LM, Bedford T,
Chu HY. 2021. Characteristics of COVID-19 in homeless shelters: a com-
munity-based surveillance study. Ann Intern Med 174:42-49. https://doi
.org/10.7326/M20-3799.

Dhiman N, Miller RM, Finley JL, Sztajnkrycer MD, Nestler DM, Boggust AJ,
Jenkins SM, Smith TF, Wilson JW, Cockerill FR, Pritt BS. 2012. Effectiveness
of patient-collected swabs for influenza testing. Mayo Clin Proc
87:548-554. https://doi.org/10.1016/j.mayocp.2012.02.011.

Reed C, Angulo FJ, Swerdlow DL, Lipsitch M, Meltzer MI, Jernigan DN,
Finelli L. 2009. Estimates of the prevalence of pandemic (H1N1) 2009,
United States, April-July 2009. Emerg Infect Dis 15:2004-2007. https://doi
.org/10.3201/eid1512.091413.

Chu HY, Englund JA, Starita LM, Famulare M, Brandstetter E, Nickerson
DA, Rieder MJ, Adler A, Lacombe K, Kim AE, Graham C, Logue J, Wolf CR,
Heimonen J, McCulloch DJ, Han PD, Sibley TR, Lee J, licisin M, Fay K,
Burstein R, Martin B, Lockwood CM, Thompson M, Lutz B, Jackson M,
Hughes JP, Boeckh M, Shendure J, Bedford T. 2020. Early detection of
Covid-19 through a citywide pandemic surveillance platform. N Engl J
Med 383:185-187. https://doi.org/10.1056/NEJMc2008646.

Bedford T, Greninger AL, Roychoudhury P, Starita LM, Famulare M, Huang
M-L, Nalla A, Pepper G, Reinhardt A, Xie H, Shrestha L, Nguyen TN, Adler
A, Brandstetter E, Cho S, Giroux D, Han PD, Fay K, Frazar CD, llcisin M,
Lacombe K, Lee J, Kiavand A, Richardson M, Sibley TR, Truong M, Wolf CR,
Nickerson DA, Rieder MJ, Englund JA, Seattle Flu Study Investigators,
Hadfield J, Hodcroft EB, Huddleston J, Moncla LH, Miller NF, Neher RA,
Deng X, Gu W, Federman S, Chiu C, Duchin JS, Gautom R, Melly G, Hiatt B,
Dykema P, Lindquist S, Queen K, Tao Y, Uehara A, Tong S, MacCannell D,
Armstrong GL, Baird GS, Chu HY, Shendure J, Jerome KR. 2020. Cryptic
transmission of SARS-CoV-2 in Washington State. Science 370:571-575.
https://doi.org/10.1126/science.abc0523.

Jackson ML, Nguyen M, Kirlin B, Madziwa L. 2015. Self-collected nasal
swabs for respiratory virus surveillance. Open Forum Infect Dis 2:0fv152.
https://doi.org/10.1093/ofid/ofv152.

McCulloch DJ, Kim AE, Wilcox NC, Logue JK, Greninger AL, Englund JA,
Chu HY. 2020. Comparison of unsupervised home self-collected midnasal
swabs with clinican-collected nasopharyngeal swabs for detection of
SARS-CoV-2 infection. JAMA Netw Open 3:e2016382. https://doi.org/10
.1001/jamanetworkopen.2020.16382.

Wenham C, Gray ER, Keane CE, Donati M, Paolotti D, Pebody R, Fragaszy
E, McKendry RA, Edmunds WJ. 2018. Home swabbing for virological con-
firmation of influenza-like illness among an internet-based cohort in the
UK during the 2014-2015 flu season: pilot study. J Med Internet Res 20:
e71. https://doi.org/10.2196/jmir.9084.

jcm.asm.org 13

1san6 Aq TZ0zZ ‘0z |1udy uo /610 wse wal//:dny wol) papeojumoq


https://doi.org/10.1016/S2213-2600(18)30496-X
https://doi.org/10.1016/S1473-3099(17)30396-1
https://doi.org/10.1016/S1473-3099(17)30396-1
https://doi.org/10.1016/j.vaccine.2018.05.057
https://doi.org/10.1001/archinte.163.4.487
https://doi.org/10.1056/NEJMoa0804877
https://doi.org/10.1111/irv.12486
https://doi.org/10.1093/cid/cis211
https://doi.org/10.1371/journal.pone.0118369
https://doi.org/10.1016/S2213-2600(14)70034-7
https://doi.org/10.1136/bmj.b2840
https://doi.org/10.1186/1471-2334-11-68
https://doi.org/10.1093/oxfordjournals.epirev.a036158
https://doi.org/10.1093/oxfordjournals.epirev.a036158
https://doi.org/10.1371/journal.pone.0075339
https://doi.org/10.1371/journal.pone.0075339
https://doi.org/10.1093/oxfordjournals.aje.a112193
https://doi.org/10.1128/CMR.14.3.528-546.2001
https://doi.org/10.1016/s1473-3099(02)00221-9
https://doi.org/10.1016/s1473-3099(02)00221-9
https://doi.org/10.1093/ofid/ofz415.2504
https://doi.org/10.1093/ofid/ofz415.2504
https://doi.org/10.1128/JCM.06551-11
https://doi.org/10.1128/JCM.06551-11
https://doi.org/10.7326/M20-3799
https://doi.org/10.7326/M20-3799
https://doi.org/10.1016/j.mayocp.2012.02.011
https://doi.org/10.3201/eid1512.091413
https://doi.org/10.3201/eid1512.091413
https://doi.org/10.1056/NEJMc2008646
https://doi.org/10.1126/science.abc0523
https://doi.org/10.1093/ofid/ofv152
https://doi.org/10.1001/jamanetworkopen.2020.16382
https://doi.org/10.1001/jamanetworkopen.2020.16382
https://doi.org/10.2196/jmir.9084
https://jcm.asm.org
http://jcm.asm.org/

Kim et al. Journal of Clinical Microbiology

27. Wehrhahn M, Robson J, Brown S, Bursle E, Byrne S, New D, Chong S, 28. Seaman C, Tran LTT, Cowling BJ, Sullivan SG. 2019. Self-collected com-

Newcombe JP, Siversten T, Hadlow N. 2020. Self-collection: an appropri- pared with professional-collected swabbing in the diagnosis of influenza
ate alternative during the SARS-CoV-2 pandemic. J Clin Virol 128:104417. in symptomatic individuals: a meta-analysis and assessment of validity. J
https://doi.org/10.1016/j.jcv.2020.104417. Clin Virol 118:28-35. https://doi.org/10.1016/j.jcv.2019.07.010.

May 2021 Volume 59 Issue5 €02934-20 jem.asm.org 14

1san6 Aq TZ0zZ ‘0z |1udy uo /610 wse wal//:dny wol) papeojumoq


https://doi.org/10.1016/j.jcv.2020.104417
https://doi.org/10.1016/j.jcv.2019.07.010
https://jcm.asm.org
http://jcm.asm.org/

	MATERIALS AND METHODS
	Study design.
	Recruitment.
	Data collection.
	Laboratory testing.
	Data analyses.

	RESULTS
	Participant characteristics.
	Study logistics.
	Study procedure completion and compliance.

	DISCUSSION
	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

