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Background. Nasopharyngeal (NP) swabs are the standard for SARS-CoV-2 diagnosis. If less invasive alternatives to NP swabs
(eg, oropharyngeal [OP] or nasal swabs [NS]) are comparably sensitive, the use of these techniques may be preferable in terms of
comfort, convenience, and safety.

Methods. This study compared the detection of SARS-CoV-2 in swab samples collected on the same day among participants
with at least one positive PCR test.

Results.  Overall, 755 participants had at least one set of paired swabs. Concordance between NP and other swab types was 75%
(NS), 72% (OP), 54% (rectal swabs [RS]), and 78% (NS/OP combined). Kappa values were moderate for the NS, OP, and NS/OP
comparisons (0.50, 0.45, and 0.54, respectively). Highest sensitivity relative to NP (0.87) was observed with a combination of NS/OP
tests (positive if either NS or OP was positive). Sensitivity of the non-NP swab types was highest in the first week postsymptom onset
and decreased thereafter. Similarly, virus RNA quantity was highest in the NP swabs as compared with NS, OP, and RS within two
weeks postsymptom onset. OP and NS performance decreased as virus RNA quantity decreased. No differences were noted between
NS specimens collected at home or in clinic.

Conclusions. NP swabs detected more SARS-CoV-2 cases than non-NP swabs, and the sensitivity of the non-NP swabs de-
creased with time postsymptom onset. While other swabs may be simpler to collect, NP swabs present the best chance of detecting
SARS-CoV-2 RNA, which is essential for clinical care as well as genomic surveillance.
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The rapid and accurate detection of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is a fundamental aspect
of clinical care and population surveillance to limit its spread.
The Centers for Disease Control and Prevention (CDC) has re-
commended the use of swabs to collect upper respiratory spe-
cimens for the detection of SARS-CoV-2 [1]. Nasopharyngeal
(NP) swabs have been regarded as the preferred collection
device for SARS-CoV-2 detection [2, 3]. However, non-NP

Received 12 November 2021; editorial decision 2 December 2021; accepted 7 December 2021;
published online 8 December 2021.

Correspondence: Stephanie A. Richard, PhD, Henry M. Jackson Foundation for the
Advancement of Military Medicine, Inc., 6720A Rockledge Drive, Suite 250, Bethesda, MD
20817, USA (srichard@idcrp.org).

Open Forum Infectious Diseases®2022

Published by Oxford University Press on behalf of Infectious Diseases Society of America 2021.
This work is written by (a) US Government employee(s) and is in the public domain in the US.
https://doi.org/10.1093/ofid/ofab623

collection routes, such as anterior nasal swabs (NS), may be
preferred based on patient comfort and potential decreased in-
fection risk to the healthcare worker [2, 4]. The existing litera-
ture is mixed regarding the comparability of different sample
collection methods for SARS-CoV-2 detection [2, 5], including
whether such differences change with time postsymptom onset
or may simply be explained by differences in collection ade-
quacy. Moreover, there are limited data on the performance of
rectal swabs (RS) compared with upper respiratory specimens
for detection of SARS-CoV-2 virus [6].

The primary goal of this analysis was to compare NP swabs
for the detection of SARS-CoV-2 with alternative collection
types (NS, oropharyngeal swabs [OP], and RS) using paired
samples collected on the same day from participants enrolled in
the Epidemiology, Immunology, and Clinical Characteristics of
Emerging Infectious Diseases with Pandemic Potential (EPICC)
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cohort study. Second, the study compared time-varying viral ri-
bonucleic acid (RNA) load estimates determined from quan-
titative polymerase chain reaction (qQPCR) cycle threshold
(Ct) values among the different sample types. In addition to
examining how anatomical site, RNA abundance, and illness
time changed PCR sensitivity, we further investigated whether
self-collection of NS specimens changed PCR assay sensitivity.

METHODS

The EPICC study is a longitudinal cohort study investigating the
risk factors associated with and the short- and long-term effects
of SARS-CoV-2 infection in 10 military treatment facilities, 9 of
which provided data and samples for this analysis (Brooke Army
Medical Center, Carl R. Darnall Army Medical Center, Fort
Belvoir Community Hospital, Madigan Army Medical Center,
Naval Medical Center Portsmouth, Naval Medical Center San
Diego, Tripler Army Medical Center, Walter Reed National
Military Medical Center, and William Beaumont Army Medical
Center). The EPICC study is enrolling participants who are
military healthcare beneficiaries (active duty, dependents, or
retirees) who have confirmed SARS-CoV-2 infection, a corona-
virus disease 2019 (COVID-19)-like illness, a high-risk expo-
sure to SARS-CoV-2, or who have been tested for or vaccinated
against SARS-CoV-2 [7]. Participants included in this analysis
were required to have tested positive for SARS-CoV-2 infec-
tion (confirmed case of COVID-19 based on any PCR-positive
test within 7 days presymptom onset to 21 days postsymptom
onset) and have at least 1 pair of swabs from different sites col-
lected on the same day within 30 days of symptom onset.

The EPICC study personnel collected swab specimens
using synthetic flocked swabs from outpatients at day 0 and
14 postenrollment from March 2020 onward. Beginning in
July 2020, participants were offered the option of at-home NS
collection if they were unable to present for in-person collec-
tion. Inpatients had swabs collected on day 0, 3, and 7 and then
weekly thereafter, if they continued to be hospitalized. Nasal
swabs were self-collected, whereas OP and NP were collected
by clinic staff, and RS were either self-collected or clinic staft-
collected. Because concurrent, standardized swab collections
were required for comparison, we excluded results from clinical
specimens collected before enrollment into this study.

The qPCR was performed on study samples using the
SARS-CoV-2 (2019-nCoV) CDC qPCR Probe Assay re-
search use only kit (catalog no. 10006770; Integrated DNA
Technologies, Inc., Coralville, IA). Two regions of the nucleo-
capsid (N) gene are targeted with the assay (N1 and N2), and
an additional primer/probe is included to detect the human
Ribonuclease P gene (RP) in the samples as a quality control
measure. Samples with Ct values of <40 for both N1 and N2
were considered to be SARS-CoV-2 positive consistent with
the instructions for use. Viral RNA load (genome equivalents

[GE]/reaction) were determined using standard curves spe-
cific to each assay plate. Each curve was calculated based on
at least 3 dilutions of known SARS-CoV-2 gene copy num-
bers. These plate-specific curves represent the relationship
between Ct and viral copy number for each plate and then
allowed for conversion of Ct values to GE/reaction for each
swab specimen [8].

To compare SARS-CoV-2 detection among NP, OP, NS, and
RS samples collected on the same day from the same partic-
ipant, we calculated positive result concordance, discordance,
and associated kappa (SE) values for NP/OP, NP/NS, NP/RS,
and NP/OP + NS paired sets. For the OP + NS paired set, par-
ticipants had NP, OP, and NS samples, and results from the OP
and NS swab were combined; if either the OP or the NS sample
was positive, the OP + NS category was positive. We also de-
termined the sensitivity of OP, NS, RS, and OP + NS samples
compared with the NP samples as the reference. For this ini-
tial analysis, we tested only the first paired sample set collected
for each person for the analysis. We also compared the sensi-
tivity in different categories of time since onset of symptoms (<7
days, 7-13 days, and 14-30 days) and age groups (18-44, 45-64,
and 65+); for the time since onset analysis, we retained the first
paired sample collected in each time period for each person.
Viral load quantity (GE/reaction) and RP values (to estimate
collection adequacy [9]) were compared among swab sample
types using paired t tests for paired samples and standard ¢ tests

Table 1. Demographic Characteristics of EPICC Participants With at
Least One Set of Paired Swab Samples

Characteristics N =755
Age Group
<18 14 (1.9%)
18-44 357 (473%)
45-64 269 (35.6%)
65+ 115 (15.2%)
Male 476 (63.0%)
Race
Asian 36 (4.8%)
Black 121 (16.0%)
Hispanic or Latino 189 (25.0%)
Other 34 (4.5%)
White 375 (49.7%)
Military Status
Active duty 321 (42.5%)
Dependent 188 (24.9%)
Retired military 246 (32.6%)
Days Postsymptom Onset Category
<7 DPSO 110 (14.6%)
7-13 DPSO 225 (29.8%)
14-30 DPSO 420 (55.6%)
Research Swab Positive 480 (63.6%)
Positive Test Reported in MDR/Survey 641 (84.9%)

Abbreviations: DPSO, days postsymptom onset; EPICC, Epidemiology, Immunology, and
Clinical Characteristics of Emerging Infectious Diseases with Pandemic Potential; MDR,
Military Health System Data Repository.
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Table 2. Concordance and Discordance Among Swab Types

Swab Pairs Number  Both Positive ~ Both Negative  Discordant, NP*  Discordant, NP~ Overall Concordance ~ Overall Discordance ~ Kappa (SE)  Sensitivity (95% Cl)
NP/NS 634 188 (30%) 287 (45%) 124 (20%) 35 (5%) 475 (75%) 159 (256%) 0.50 (0.03) 0.60 (0.55-0.66)
NP/OP 560 211 (38%) 190 (34%) 129 (23%) 30 (5%) 401 (72%) 159 (28%) 0.45 (0.04) 0.62 (0.57-0.67)
NP/RS 92 10 (11%) 40 (43%) 41 (45%) 1(1%) 50 (54 %) 42 (46%) 0.16 (0.06) 0.20 (0.10-0.33)
NP/OP + NS 427 212 (50%) 120 (28%) 33 (8%) 62 (14%) 332 (78%) 95 (22%) 0.54 (0.04) 0.87 (0.82-0.91)

Abbreviations: Cl, confidence interval; NP nasopharyngeal swab; NS, nasal swab; OF oropharyngeal swab; RS, rectal swab; OP + NS, OP or NS positive; SE, standard error.

for nonpaired samples. Viral load quantity (GE/reaction) for
the N1 and N2 nucleocapsid gene targets was log,  transformed
for the comparisons.

Patient Consent Statement

The EPICC was conducted in accordance with the Declaration
of Helsinki and good clinical practice guidelines. Informed
consent was obtained from all individual participants in the
study and this study was approved by the Uniformed Services
University Institutional Review Board (IDCRP-085).

RESULTS

In total, 755 SARS-CoV-2-positive participants were included
in this analysis (Table 1), among whom 63.6% had both a pos-
itive clinical and research sample PCR test. Six hundred thirty-
four participants had paired NP/NS samples, 560 had paired
NP/OP samples, 92 had paired NP/RS samples, and 427 had
paired NP/OP + NS samples. Among the samples collected in
the first week postsymptom onset, NP detected the greatest per-
centage of cases (75%), followed by NS (66%), OP (62%), and
RS (29%). Overall concordance values ranged from 54% for the
NP/RS pairs to 72% for the NP/OP pairs and 75% for the NP/
NS pairs (Table 2). Likewise, kappa values were moderate for
the OP and NS comparisons (0.45 and 0.50), whereas the kappa
value was quite low for RS (0.16).

When compared with results from NP swabs, NS and OP
swab results had similar sensitivity (NS, 0.60; OP, 0.62) (Table
2). Rectal swabs had very low sensitivity (0.20). Sensitivity
was higher for all non-NP (alternative) types in the first week
after symptom onset and decreased thereafter (Figure 1). A
subanalysis considering performance of the alternative sample
types by age category identified a trend toward lower sensi-
tivity in all alternative sample types in the youngest age group
(18-44) (Supplementary Figure 1), but the differences were not
statistically significant.

When we compared N1 and N2 RNA quantity (GE/reaction)
between NP/OP, NP/NS, and NP/RS sample pairs, we found
that the viral copy number was higher in the NP sample than it
was in the OP samples (N1, mean log  difference = 0.95; 95%
confidence interval [CI], 0.69-1.21 and N2, 0.80; 95% CI, 0.55—
1.05), the NS samples (N1, 0.54; 95% CI, 0.35-0.72 and N2,
0.48; 95% CI, 0.28-0.68), and the RS samples (N1, 2.58; 95% CI,

1.02-4.15 and N2, 2.51; 95% CI, 0.51-4.50) (Figure 2). The RP
gene Ct was higher in the alternative swab types. The majority
of paired samples (N = 420; 55.6%) were collected between 14
and 30 days postsymptom onset, whereas 29.8% (N = 225) were
collected within 7 to 13 days, and 14.6% (N = 110) were col-
lected within 7 days (Table 1). The median days postsymptom
onset for the collections in the first week postsymptom onset
was 4 days. When analyzed separately by days postsymptom
onset category, N1 and N2 quantities were consistently higher

NS/NP swab comparisons, by DPSO
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Figure 1.  Sensitivity of alternative swab types compared with nasopharyngeal
(NP) swabs collected on the same day in the Epidemiology, Immunology, and
Clinical Characteristics of Emerging Infectious Diseases with Pandemic Potential
(EPICC) study, categorized by days postsymptom onset (DPSO). d, days; NS, nasal
swab; OP. oropharyngeal swab; RS, rectal swab.
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Figure 2.  Severe acute respiratory syndrome coronavirus 2 log,; N1 quantity (genome equivalents [GE]/reaction), log,, N2 quantity (GE/reaction), and RNAse P gene (RP)
cycle threshold (Ct) values, by swab type. Paired t tests were used to compare sample types. NP. nasopharyngeal swab; NS, nasal swab; OP. oropharyngeal swab; RS, rectal

swab.

in NP samples compared with OP and NS samples in the first
2 weeks postsymptom onset, but they were not statistically
significantly different in the 14 + day period (Supplementary
Figure 2). When compared by agreement category (concordant
NP*/NS" and discordant NP*/NS"), concordant samples were
found to have higher virus quantity than discordant samples
(Supplementary Figure 3). The results were similar for those
samples that were positive for the alternative types and nega-
tive for the NP swabs (data not shown). The EPICC study intro-
duced the option of self-collection of nasal swabs at home in
July 2020, thus allowing for comparison of the different settings

(clinic vs home collection of nasal swabs), and few differences
were observed in the amount of virus detected in the different
settings (Supplementary Figure 4).

DISCUSSION

This study was a subanalysis within EPICC, enabled by the
robust longitudinal collection of multiple sample types. Our
findings demonstrate that NP swabs routinely yielded better
detection of SARS-CoV-2 nucleic acid in SARS-CoV-2-
positive participants than alternative swab types (OP, NS, RS)
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collected concurrently. Nasal swabs and OP had relatively low
sensitivity compared with NP swabs, whereas kappa scores
ranged from fair to moderate. Rectal swabs had very low sensi-
tivity and kappa, compared with NP swabs, which is consistent
with other studies [10, 11]. In addition, sampling time, but not
age, was a predictor of diagnostic performance of the test with
different sampling techniques in our study, as has been noted
elsewhere [12].

Our findings highlight the importance of early collection, be-
cause the sensitivity of OP and NS swabs compared with NP
swabs was highest when the samples were collected within 7
days postsymptom onset and decreased in later timepoints.
These results are similar to those from a systematic review com-
paring alternative swab types to NP swabs [2], which found that
the alternative swabs identified a lower percentage of positives
than the NP swabs; however, the review noted some degree of
publication bias, ie, the published studies appeared to be biased
toward those that demonstrate that alternative sample types
perform well. Rectal swab samples did not perform well relative
to NP samples, although the numbers were limited.

The quantity of virus detected in the swab samples was sig-
nificantly higher for NP swabs than for NS and OP swabs,
despite higher RP values in the alternative sample types (RP
values suggest adequate collection technique) [9]. These re-
sults would support a hypothesis that differences in detection
for the NP swabs (compared with other swabs) are not ex-
plained by poor collection technique for NS and OP swabs.
Our findings are consistent with prior studies showing a higher
RNA abundance in NP swabs (compared with OP swabs) [3],
although our study also demonstrated this in comparison with
nasal and rectal swabs. All of the EPICC participants included
in this analysis were symptomatic; given that NP swabs are
more sensitive than the alternative sample types, one might
expect that NP would perform better in asymptomatic indi-
viduals with potentially lower viral loads, but further research
is needed.

In some cases, NS samples may be preferred based on the
possibility for at-home collection of samples [9], which has the
potential to increase enrollment in studies and facilitate ex-
panded genomic surveillance. More importantly, no difference
in virus quantity was observed between NS collected at home
or in the clinic for these EPICC participants, indicating that
self-collected NS specimens are a reasonable alternative when
clinic visits are not possible, which is similar to previously pub-
lished studies [4]. A previous study has demonstrated that com-
bined oropharyngeal/nares swabs may be comparable to NP
swabs [13]; when we compared a combined OP + NS value with
NP, sensitivity was much higher, indicating that a combined OP
+ NS strategy may be a good alternative when self-collection at
home is preferred.

EPICC is a large SARS-CoV-2 longitudinal cohort that has
been recruiting since March 2020, and multiple swab types were

collected in EPICC that allow for the exploration of different
SARS-CoV-2 diagnostic testing methods. However, this anal-
ysis has some limitations. First, individuals were identified for
recruitment into the cohort after an interaction with a health-
care system, sometimes weeks after developing symptoms,
which resulted in relatively low sensitivity of all research sample
types, particularly those collected beyond 1 week postsymptom
onset. However, this limitation allowed for the examination of
swab performance across a wide time range relative to symptom
onset. Second, in the absence of a gold standard, the perfor-
mance of alternative swab types was compared with results from
NP swabs, which is an imperfect reference standard. In EPICC,
NP swabs were found to perform best in detecting SARS-CoV-2
in the subset of SARS-CoV-2-positive participants with paired
samples; therefore, NP swabs were used as the reference in this
analysis. The viability of virus that was detected in the swabs
was not determined for this analysis; it is possible that some of
the positive tests detected dead virus particles, and a positive
test in this case does not identify infectivity.

CONCLUSIONS

The results of this study confirm NP swabs as the preferred
collection route for detecting SARS-CoV-2, indicating that
the convenience and comfort of OP and NS samples are offset
by lower sensitivity unless a combined OP + NS strategy is
used. The study also confirms that NS collected at home are of
equivalent quality to clinic-based NS in diagnosing infection.
Nasopharyngeal swabs present the best chance of detecting
SARS-CoV-2 virus for clinical and public health indications,
the latter of which is critical as variants of concern continue to
emerge.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.
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