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A B S T R A C T

Background: Early and accurate detection of respiratory viruses (RV) is important for patient management. We
have previously shown that self-collected nasal swabs (NS) are feasible and as sensitive as clinician-collected
nasal washes for detection of RV, but the additive benefit of self-collected throat swabs is unknown.
Objectives: To evaluate the added yield of self-collected nasal to throat swabs for detection of RV by PCR in
patients with upper respiratory tract infection (URTI) symptoms.
Study design: Patients with URTI symptoms self-collected paired polyurethane foam NS and nylon flocked throat
swabs and completed a symptom survey. Swabs were tested for 12 RV by real-time reverse transcription (RT)-
PCR. Descriptive, McNemar's, and Wilcoxon signed rank statistical tests were used.
Results: 115 paired nasal and throat swabs were collected from 63 individuals, with 71/115 (62%) positive for a
RV by at least one specimen, including 51 positive by both, 17 positive by NS only, and 3 positive by throat swab
only. The sensitivity of NS was 96% (95%CI: 88-99) versus 76% (95% CI: 65-85) in throat swabs, p< 0.001. The
median PCR cycle threshold (Ct) in 51 concordant samples was lower (indicating higher viral concentration) in
NS (25.1) versus throat swabs (32.0). The three samples positive only by throat swab had high Ct values (33.8,
36.2, and 38.8, all rhinovirus).
Conclusion: Self-collection of NS was significantly more sensitive than self collection of throat swabs for de-
tection of RV by RT-PCR. The addition of throat sampling does not appear to increase the diagnostic load in the
self-testing setting.

1. Background

A non-invasive, patient-accepted, and sensitive method for diag-
nosis of respiratory virus infection (RVI) can have important implica-
tions for patient care, epidemiologic studies, and clinical research.
Diagnosis of RVI is often limited by the need to get a clinician-collected
respiratory sample. However, it may be difficult for ill patients to go to
a healthcare facility, and if they do, time to diagnosis may be delayed
[1] and they may expose other patients or staff to infection. Identifi-
cation of sensitive methods for self-collection would address these is-
sues, as well as provide options for community-based assessments of
RVI epidemiology and longitudinal monitoring.

Previous studies have demonstrated that self-collected nasal swabs
(NS) are feasible, highly accepted by patients, and/or as sensitive as
nasal washes collected by clinicians [2–8]. The role of other self-

collected respiratory specimens, either alone or in combination with
NS, is unclear. Our prior study comparing self-collected oral gargles to
NS in lung transplant recipients with symptomatic RVI demonstrated
lower sensitivity of oral gargles [9]. While Ip et al. included both self-
collected NS and throat swabs in a community-based influenza study,
they did not compare the two specimen types [10]. To our knowledge,
the additive benefit of self-collected throat swabs have not been eval-
uated.

2. Objectives

We hypothesized that throat swabs would not significantly add to
the diagnosis of RVI by evaluating self-collected NS and throat swabs in
immunocompetent patients with upper respiratory tract infection
(URTI) symptoms using reverse-transcription polymerase chain
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reaction (RT-PCR).

3. Study Design

3.1. Patients

Immunocompetent employees or affiliates of the Fred Hutchinson
Cancer Research Center with three days or less of URTI symptoms were
prospectively enrolled between September 2012 and April 2015.
Participants were allowed to participate more than once if their
symptoms were>4 weeks apart. The Fred Hutchinson Institutional
Review Board approved this study.

3.2. Materials and methods

After informed consent, participants were provided with written
instructions and materials for the self-collection of NS and throat swabs.
Participants collected nasal specimens using a polyurethane foam nasal
swab (Puritan Medical Products Co., LLC; no. 25-1805-1PF-SC2 Arrow)
after instillation of 0.5 mL of normal saline into one nostril and rotating
the swab five seconds in the anterior naris as previously described [8].
Throat swabs were collected by swabbing the back of the throat and
each tonsil area 2–3 times using a nylon flocked swab (Copan Diag-
nostics, no.502CS01) and placed in universal transport media. The
swabs were transferred to the laboratory by study personnel per man-
ufacturer recommendations, and we have previously shown both spe-
cimen types to be stable for 7 days at room temperature [8]. Partici-
pants also filled out a comprehensive symptom survey as previously
described [3].

3.3. Respiratory virus detection

Samples were processed in the laboratory as previously described
[3]. Twelve RV were tested for using the laboratory-developed real-
time RT-PCR assays: Respiratory syncytial virus, parainfluenza 1–4,
influenza A and B, adenovirus, coronavirus, rhinovirus (HRV), me-
tapneumovirus, and bocavirus [11–15]. Samples were considered po-
sitive if the PCR cycle threshold (Ct) value was less than 40 based on
established cut-offs for laboratory-developed tests.

3.4. Statistical analysis

Identification of a RV from either specimen type was considered a
true positive. Descriptive and summary statistics were used for demo-
graphics, symptoms, and RV details. McNemar’s (categorical) and
Wilcoxon signed rank test (paired Ct values) were used to calculate
significance.

4. Results

One-hundred fifteen paired NS and throat swabs were prospectively
collected from 63 individuals (68.2% female). The median time be-
tween swab collection and processing was 1 day (IQR 0–1). Twenty-one
(33.3%) participants provided specimens for more than one episode of
URTI symptoms. A total of 86 symptom surveys were completed (74.8%
of 115 episodes).

4.1. Symptoms

The median number of symptomatic days at time of specimen col-
lection was 2 days (IQR 1–3). Table 1 shows the number of respondents
with different symptoms and the percentage with each symptom who
had RV detected versus not detected. The presence of rhinorrhea, nasal/
sinus congestion, and sneezing were all significantly associated with RV
detection.

4.2. Respiratory virus detection

Seventy-one (61.7%) of the 115 paired specimens were positive for
any RV in one or both specimens. Only one RV was detected in all cases.
Table 2 shows the distribution of individual RV and the breakdown of
RV detection and sensitivities by specimen type and specific virus. NS
were positive in 68 (59.1%) and throat swabs were positive in 44
(38.3%) of the pairs (p < 0.001). Although the numbers of individual
RVs were low making statistical analysis difficult, NS had the same
(adenovirus) or higher sensitivity (all other RV) compared to throat
swabs. There were no significant differences between patients with
specific symptoms, such as sore throat or rhinorrhea, and the sensitivity
of the specimen type (data not shown).

Within the RV positive samples, the median Ct value for NS was
25.9 (IQR 22.5–31.3) versus 32.5 (IQR 26.9–36.2) for throat swabs
(p < 0.0001). Seventeen pairs were only positive by NS versus three
only positive by throat swabs. In the latter case, the viruses detected
were all HRV and had high Ct values (33.8, 36.2, and 38.8) and all had
both nasal and throat symptoms. The median Ct values varied based on
whether the specimens were concordant: The median Ct for NS was
lower (higher viral concentration) within concordant pairs compared to
when NS was the only sample positive, and findings were similar for
throat swabs (Fig. 1). The median Ct in NS versus throat swabs did not
differ in patients with sore throats versus patients with rhinorrhea (NS:
26 [IQR 22.8–32.7] and 27 [IQR 23.6–32.2]; throat swabs: 32.8 [IQR
27.8–36] and 33.1 [IQR 27–36.6] for sore throat and rhinorrhea, re-
spectively). There was no correlation between Ct values in NS versus
throat swabs (correlation coefficient: 0.214, p=0.13).

5. Discussion

In this prospective study of 115 paired self-collected polyurethane
foam nasal and nylon flocked throat specimens in patients with re-
spiratory symptoms, we found that throat swabs did not substantially
add to the detection of RV by RT-PCR. We also determined that the Ct
values in NS were significantly lower, indicating higher viral con-
centrations. Specific symptoms (nasal congestion, sore throat, etc.)
were not associated with increased likelihood of detection by one
method versus the other, although nasal symptoms and sneezing were
more common in those with RV detected versus not. There were lim-
itations to this study. There were only small numbers of episodes for

Table 1
Reported symptoms and assosciation with respiratory virus detection.

Symptom Total,
N(%)a

RV+, N(%)b RV-, N(%)b p-value

Respiratory
Rhinorrhea 71 (82.6) 51 (94.4) 20 (62.5) <0.001c

Nasal/Sinus
congestion

67 (77.9) 46 (85.2) 21 (65.6) 0.035

Sore Throat 65 (75.6) 42 (77.8) 23 (71.9) 0.54
Cough 60 (69.8) 41 (75.9) 19 (59.4) 0.11
Sneezing 57 (66.3) 44 (81.5) 13 (40.6) <0.001
Sputum 55 (64.0) 35 (64.8) 20 (62.5) 0.83

Any Systemic 77 (89.5) 48 (88.9) 29 (90.6) 1.0c

Headache 55 (64.0) 38 (70.4) 17 (53.1) 0.11
Fatigue 54 (62.8) 35 (64.8) 19 (59.4) 0.61
Myalgias 38 (44.2) 26 (48.1) 12 (37.5) 0.34
Fever 30 (34.9) 19 (35.2) 11 (34.4) 0.94
Diarrhea 8 (9.3) 3 (5.6) 5 (15.6) 0.14c

p-values calculated using chi-square unless otherwise noted.
RV: Respiratory virus.

a % of 86 surveys.
b % of total number of participants with RV detected (RV+, n= 54) or no

RV detected (RV-, n= 32) with specific symptoms.
c Fisher’s exact.
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several specific viruses, making it difficult to generalize results to all
viruses. In a study of H5N1, De Jong, et al reported that provider-col-
lected pharyngeal specimens were positive more frequently, and had
higher viral loads, than nasal swabs [16]. We only had 7, non-typed,
influenza cases, and so could not assess this finding. Second, while prior
data shows our self-collected NS are equivalent to provider-collected
samples, we have not evaluated this for throat swabs. However, this
study focuses on the real-world application of self-collected samples,
and our findings provide insight regarding viral load and detection in
two separate respiratory sites. Third, we used different swabs for nasal
(polyurethane foam) and throat (nylon flocked). The nasal swabs were
chosen based on increased comfort and patient acceptability and our
prior studies demonstrating comparability to provider-collected nasal
washes [8], and flocked throat swabs were the standard at the time;
however, different swab types may yield different results.

Overall, we found that collection of throat swabs in addition to NS
provided minimal added RVI detection. Our findings, along with the
added burden of collecting a second sample and the additional costs
associated with testing, support the use of self-collected NS only for
outpatient and community-based RV testing.
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