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ABSTRACT

Background: Provider-collected nasopharyngeal specimens for severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) molecular testing are the standard of care in many clinical settings, but patient-collected saliva and
anterior nares specimens are less invasive and more flexible alternatives. Prior studies comparing specimen types
for SARS-CoV-2 molecular testing have been limited by small sample sizes and low pretest probability. We con-
ducted a large observational study among symptomatic adults at 7 emergency departments of Kaiser
Permanente Southern California to examine sensitivity of SARS-CoV-2 molecular tests by specimen type and pa-
tient characteristics.
Methods: Provider-collected nasopharyngeal/oropharyngeal (NP/OP) specimens and patient-collected saliva and
anterior nares specimens were collected at the same visit and analyzed with the Roche cobas® SARS-CoV-2 assay.
Patients were considered truly positive for SARS-CoV-2 if any of the three specimens was positive and negative if
all three specimens were negative. Factors associated with discordant and missed positive results were examined
with multivariable logistic regression.
Results: Of 2112 patients, 350 (16.6%) were positive for SARS-CoV-2. Sensitivity of NP/OP was 93.7% (95% confi-
dence interval [CI] 90.6%-96.0%), sensitivity of saliva was 87.7% (83.8%-91.0%), and sensitivity of anterior nares
was 85.4% (81.3%-89.0%). Patients ages 18-39 years versus >40 years were more likely to have discordant results
[adjusted odds ratio (aOR) 1.97 (1.12-3.45)], as were patients with <4 symptoms versus >4 [aOR 2.43
(1.39-4.25)]. Cycle threshold values were higher for saliva and anterior nares than NP/OP specimens, as well
as for specimens in discordant versus concordant sets and patients with fewer symptoms.
Conclusion: This study provides robust evidence that patient-collected saliva and anterior nares are sensitive for
SARS-CoV-2 molecular testing in emergency department settings, particularly among adults ages >40 years and
those with multiple symptoms. Higher sensitivity of provider-collected NP/OP specimens must be weighed
against the benefits of patient-collected specimens in tailored strategies for SARS-CoV-2 testing.
© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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List of abbreviations

aOR adjusted odds ratio

Cl confidence interval

COVID-19 coronavirus disease 2019

Ct cycle threshold

ED emergency department

EHR electronic health record

KPSC Kaiser Permanente Southern California

NP nasopharyngeal

NP/OP nasopharyngeal/oropharyngeal

RT-PCR reverse transcription polymerase chain reaction
SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
T1 target gene 1 (ORF1 a/b)

T2 target gene 2 (E gene)

1. Introduction

Widespread testing for severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) continues to be vital to the coronavirus disease
2019 (COVID-19) pandemic response. Individuals who test positive
can be isolated, and their contacts can also be tested and take other pro-
tective measures. Despite repeated calls from healthcare professionals
and community advocates for greater access to SARS-CoV-2 testing,
the United States and other countries have struggled throughout the
pandemic to provide adequate testing [1,2].

One consideration in determining testing strategies has been the
sensitivity of SARS-CoV-2 tests. Sensitivity of real-time reverse tran-
scription polymerase chain reaction (RT-PCR) tests has generally been
higher than rapid molecular or antigen tests [3], though sensitivity
may depend on specimen type and quality of collection [4]. For surveil-
lance purposes, test sensitivity is arguably less critical if individuals are
frequently tested [5]. In contrast, for healthcare organizations mandated
to deliver high quality care, test sensitivity is paramount to avoid miss-
ing infections and putting patients and their contacts at risk.

The standard of care for SARS-CoV-2 testing in many healthcare set-
tings has been nasopharyngeal (NP) swabs collected in transport medium
and tested by RT-PCR. However, invasive NP swabs can be uncomfortable
for patients and may elicit coughing or gagging, increasing potential expo-
sure for the healthcare provider collecting the specimen [6]. Furthermore,
the long, thin swabs required to reach the nasopharynx have periodically
been unavailable due to high global demand. Relying on NP swabs alone
to ramp up SARS-CoV-2 testing has proven infeasible.

Despite prior studies suggesting that saliva or anterior nares swabs
are viable alternatives to NP swabs for SARS-CoV-2 RT-PCR testing
[7-10], evidence remains limited in clinical scenarios where testing is
needed most - among symptomatic emergency department (ED) and
ambulatory patients. Most prior studies of patient-collected specimens
have been conducted among patients hospitalized with COVID-19
with high pretest probability or among asymptomatic groups in which
very few individuals tested positive [10-14]. There is still a critical
need for adequately powered studies comparing sensitivity by patient
demographic and clinical characteristics to inform tailored strategies
for SARS-CoV-2 testing.

To address this need, we conducted a large observational study
among a diverse population of symptomatic ED patients to compare
provider-collected nasopharyngeal/oropharyngeal (NP/OP) specimens
and patient-collected saliva and anterior nares specimens for SARS-
CoV-2 RT-PCR testing.

2. Materials and methods
2.1. Study setting

This cross-sectional study was conducted at 7 EDs at Kaiser
Permanente Southern California (KPSC) from 18 August to 2 November

382

American Journal of Emergency Medicine 50 (2021) 381-387

2020. KPSC is an integrated healthcare system serving over 4.6 million
members with diverse racial/ethnic and socioeconomic backgrounds
similar to the Southern California population [15]. A comprehensive
electronic health record (EHR) captures all aspects of inpatient and out-
patient care, including diagnoses and laboratory tests.

2.2. Patient consent

As the study was conducted as part of real-world care delivery,
research staff were not present at study sites. Information sheets in En-
glish or Spanish were distributed by providers to patients with COVID-
19 symptoms. Patients who decided to participate in the study provided
verbal agreement prior to testing. The KPSC Institutional Review Board
approved the study waiving the requirement for written consent due
to minimal risk to study participants.

2.3. Study design

Adult patients presenting to EDs with acute symptoms concerning
for COVID-19 were eligible to participate in the study if their attending
physician placed an order for a standard NP/OP SARS-CoV-2 test. This
test order triggered an alert in the EHR, prompting test orders for pa-
tient collection of saliva and anterior nares specimens.

During the study period, NP/OP combination specimens were the
standard of care for SARS-CoV-2 RT-PCR testing at KPSC. Per KPSC
guidelines, NP/OP specimens were collected by nurses using a long,
thin swab to swab the back of the throat, avoiding the tongue, followed
by inserting the same swab into one nostril parallel to the palate for a
few seconds to absorb nasopharyngeal secretions, and then placing
the swab in a tube with viral transport media. After collection of the
NP/OP swab, nurses observed and instructed patients to self-collect sa-
liva and anterior nares swabs. Saliva was collected >30 min after eating,
drinking, or chewing gum using a SpectrumDNA™ saliva collection de-
vice (Spectrum Solutions, Draper, UT). This kit was selected based on
suitability for potential future home self-collection and mailing of saliva
specimens for SARS-CoV-2 testing. Per manufacturer instructions, pa-
tients were asked to 1) provide approximately 2 mL of spit into the col-
lection tube measured by a standardized wavy black line, 2) screw on a
separate cap to release a stabilizing solution, and 3) shake for 5 s. Ante-
rior nares swabs were collected by asking the patient to insert a shorter,
thicker swab less than 1 in. into the nostril, rotate the swab against the
nostril wall several times, repeat with the other nostril, and place in a
tube with viral transport media. Specimens were tested within approx-
imately 26 h using the Roche cobas® SARS-CoV-2 assay on the Roche
cobas® 8800 System.

Patient demographic characteristics were ascertained from EHR
data. To identify symptoms at time of testing and time since symptom
onset, trained research associates reviewed medical charts of all pa-
tients with positive results, using a chart abstraction form to record
presence of symptoms including cough, chest pain, dyspnea, chills,
fever, headache, congestion, rhinorrhea, sore throat, anosmia, fatigue,
myalgia, abdominal pain, vomiting, and nausea. A physician investigator
was consulted when symptom descriptions were unclear. Cycle thresh-
old (Ct) values for both targets 1 (T1: ORF1 a/b) and 2 (T2: E gene) were
extracted for all positive samples in the study from the Roche cobas®
8800 System. A Ct value represents the number of cycles needed to am-
plify the SARS-CoV-2 RNA target to a detectable level, with values gen-
erally inversely proportional to the concentration of the viral target
inoculum in the sample. The Roche cobas® 8800 System uses a complex
kinetic algorithm rather than a Ct value cutoff to define results.

2.4. Sample size
The study was powered to assess sensitivity of each of specimen

type (NP/OP, saliva, and anterior nares) compared to a composite mea-
sure in which the result was considered truly positive if any of the three
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specimens were positive and negative if all three of the specimens were
negative. To assess a difference of 5 percentage points between each of
the three specimen types and the composite measure, assuming 80%
power and alpha of 0.05, 341 patients with a positive result were re-
quired. We expected between 15%-20% of patients to test positive
based on trends among ED patients at KPSC, requiring approximately
1705 to 2274 total patients.

2.5. Analyses

We included patients with all three specimens collected in primary
analyses. We compared demographic characteristics of patients who
had all negative specimens and those with at least one positive using
chi-square tests. We assessed sensitivity in comparison to the compos-
ite measure, stratifying by sex, age, days of symptoms prior to testing,
and number of symptoms at testing. For patients with at least one pos-
itive result, we compared characteristics for those with concordant re-
sults (all three specimens positive) and discordant results (one or two
specimens positive) using chi-square tests.

Logistic regression analyses were performed to estimate adjusted
odds ratios (aORs) for the association between patient characteristics
and discordant results overall, and with specimen type resulting in a
missed positive. Factors considered in the logistic regression models in-
cluded age, sex, and number and duration of symptoms at testing. For
parsimony and due to the small number of discordant results, factors
with weak (non-significant) associations were not included in the
final models.

Median Ct values and interquartile ranges for T1 and T2 were de-
scribed for all three specimens for sets with concordant and discordant
results. The distribution of the means of T1 and T2 values were com-
pared using the paired t-test and examined by days of symptoms prior
to testing and number of symptoms at testing.

We conducted several additional analyses to supplement results.
First, we conducted a sensitivity analysis excluding a small proportion
of specimens (5.8%) that were inadvertently tested using the
Aptima® SARS-CoV-2 assay (Hologic Panther® System). In a second
sensitivity analysis, we included individuals who had NP/OP speci-
mens but only one of saliva or anterior nares specimens. Third, to fa-
cilitate comparison with other studies, we conducted a secondary
analysis using NP/OP specimens as a gold standard and assessed sen-
sitivity and specificity of saliva and anterior nares swabs. Specificity
was not assessed in primary analyses, as specificity would be 100%
compared to the composite measure. Although false positives are
possible, usually due to contamination, specificity of SARS-CoV-2
RT-PCR assays is very high [16].
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3. Results
3.1. Patient characteristics

The study included 2112 patients with all three specimens, of whom
1160 patients (54.9%) were female, 864 (40.9%) were ages 18-39 years,
and 1103 (52.2%) were Hispanic (Table 1). There were 350 patients
(16.6%) with a positive result, most of whom were male (191 [54.6%]),
ages 40-59 years (145 [41.4%]), and Hispanic (236 [67.4%]). The major-
ity [279 (79.7%)] were positive by all three specimens, and 26 (7.4%)
were positive by two of the three specimens, 25 (7.1%) were positive
by NP/OP only, 14 (4.0%) were positive by saliva only, and 6 (1.7%)
were positive by anterior nares only (Table S1).

3.2. Sensitivity by specimen type

Compared to the composite measure, sensitivity of NP/OP was 93.7%
(95% confidence interval 90.6%-96.0%), sensitivity of saliva was 87.7%
(83.8%-91.0%), and sensitivity of anterior nares was 85.4% (81.3%-
89.0%) (Table 2). The difference in sensitivity of NP/OP versus saliva
was 6.0% (2.0%-10.0%), while the difference in sensitivity between NP/
OP and anterior nares was 8.3% (4.6%-11.9%). The difference between
saliva and anterior nares was 2.3% (—1.4%-6.0%).

In stratified analyses, test sensitivity varied by patient characteristics
(Table 2 and Fig. 1). Sensitivity was higher among women than men for
NP/OP [95.6% (91.1%-98.2%)] and saliva [89.9% (84.2% -94.1%)], but sim-
ilar among women and men for anterior nares. Sensitivity of all three
specimens was lower among individuals ages 18-39 years compared
to those ages >40 years; sensitivity was highest among those ages
40-59 years for NP/OP [95.2% (90.3%-98.0%)] and anterior nares
[89.7% (83.5%-94.1%)] and those ages 260 years for saliva [90.2%
(82.2%-95.4%)]. Sensitivity peaked 3-6 days after symptom onset for sa-
liva [89.5% (83.6%-93.9%)] and anterior nares [88.9% (82.8%-93.4%)],
but for NP/OP was higher >7 days after symptom onset [89.5% (83.6%—
93.9%)]. For all specimen types, sensitivity increased with number of
symptoms.

3.3. Factors associated with discordant results

In multivariable analyses, patients ages 18-39 years were twice as
likely to have a discordant result [aOR 1.97 (1.12-3.45)] and have posi-
tive results missed by each of the specimen types (aOR range 1.55 to
2.14) (Table 3). Patients with <4 symptoms versus >4 symptoms were
more than twice as likely to have discordant results [aOR 2.43
(1.39-4.25)] and have a positive missed by all three specimens (aOR

Table 1
Characteristics of emergency department patients with three specimens tested for SARS-CoV-2.
All specimens negative Any specimen positive Total P-value
n (%) n (%) n (%)
Sex <0.001
Female 1001 (56.8) 159 (45.4) 1160 (54.9)
Male 761 (43.2) 191 (54.6) 952 (45.1)
Age at test (years) <0.001
18-39 751 (42.6) 113 (32.3) 864 (40.9)
40-59 502 (28.5) 145 (41.4) 647 (30.6)
>60 509 (28.9) 92 (26.3) 601 (28.5)
Race/ethnicity <0.001
Asian 114 (6.5) 10 (2.9) 124 (5.9)
Black 174 (9.9) 14 (4.0) 188 (8.9)
Hispanic 867 (49.2) 236 (67.4) 1103 (52.2)
Other/Unknown 209 (11.9) 47 (13.4) 256 (12.1)
Pacific Islander 16 (0.9) 4(1.1) 20(0.9)
White 382 (21.7) 39 (11.1) 421 (19.9)
Total 1762 (83.4) 350 (16.6) 2112 (100)

Abbreviations: RT-PCR, reverse transcription polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
Patients were included in the primary analysis if they had a provider-collected nasopharyngeal/oropharyngeal specimen and patient-collected saliva and anterior nares specimens tested

with RT-PCR for SARS-CoV-2.
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Table 2
Sensitivity of specimen types for SARS-CoV-2 testing by patient characteristics.*

American Journal of Emergency Medicine 50 (2021) 381-387

Total positive patients ~ NP/OP

Saliva Anterior nares

Positive by test

Sensitivity
% (95% CI)

Positive by test  Sensitivity

% (95% CI)

Positive by test  Sensitivity

% (95% Cl)

Total 350 328
Sex
Female 159 152
Male 191 176
Age (years)
18-39 113 103
40-59 145 138
>60 92 87
Days of symptoms prior to test
0-2 100 92
3-6 153 143
>7 97 93
Number of symptoms
1-3 100 90
4-5 112 104
6-15 138 134

93.7 (90.6-96.0) 307

956 (91.1-982) 143
92.1(87.4-955) 164

91.2(843-957) 96
95.2(90.3-98.0) 128
946 (87.8-982) 83

92,0 (84.8-965) 87
93.5(88.3-96.8) 137
959 (89.8-98.9) 83

90.0 (82.4-95.1) 81
92,9 (86.4-969) 100
97.1(92.7-992) 126

87.7(83.8-91.0) 299 85.4 (81.3-89.0)

89.9 (84.2-94.1) 135
85.9 (80.1-90.5) 164

84.9 (78.4-90.1)
85.9 (80.1-90.5)

85.0 (77.0-91.0) 90
88.3(81.9-93.0) 130
90.2 (822-954) 79

79.6 (71.0-86.6)
89.7 (83.5-94.1)
85.9 (77.0-92.3)

87.0(78.8-92.9) 84
89.5(83.6-939) 136
85.6 (77.0-91.9) 79

84.0 (75.3-90.6)
88.9 (82.8-93.4)
81.4 (72.3-88.6)

81.0 (71.9-882) 77
89.3 (82.0-943) 94
91.3(853-954) 128

77.0 (67.5-84.8)
83.9 (75.8-90.2)
92.8 (87.1-96.5)

Abbreviations: Cl, confidence interval; NP/OP, nasopharyngeal/oropharyngeal; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
2 Sensitivity as assessed in comparison to a composite measure, in which patients were considered truly positive if any of the three specimens was positive and truly negative if all three

specimens were negative.

range 2.21 to 2.63). Days of symptoms prior to testing was not signifi-
cantly associated with discordant results.

3.4. Ct values

Ct values varied by specimen type (Fig. 2A and Table S2). Median
(interquartile range) values for T1 and T2 were significantly higher for
saliva [T1, 28.2 (25.0-30.6); T2, 29.3 (25.6-32.7)] and anterior nares
[T1,27.2 (22.1-31.2); T2, 27.9 (22.4-32.5)] than for NP/OP specimens
[T1, 25.3 (20.5-29.3); T2, 26.1 (20.9-30.5)]. For patients with discor-
dant results, the Ct values for each of the three specimens were signifi-
cantly higher than for patients who had concordant positive results
(Table S2). Ctvalues were higher for all three specimens among patients

A
100%
95% ]
o 90%
0
(0]
= N
%5 85%
2
; 0,
= 80%
C
A
75%
70% — NP/OP
Nares
65% Saliva
0-2 3-6 7+

Days of Symptoms

tested after 3-6 days of symptoms compared to 0-2 days, and higher for
NP/OP and anterior nares, but not saliva, for patients tested >7 days of
symptoms (Fig. 2B). Ct values were also higher for all three specimens
for patients with <4 symptoms compared to those with >4 symptoms
(Fig. 2C).

3.5. Additional analyses

Results of additional analyses were consistent with primary analy-
ses. In a sensitivity analysis excluding 19 patients positive by the
Aptima® SARS-CoV-2 assay instead of the Roche cobas® SARS-CoV-2
assay, results were similar to the primary analysis (Table S3). In a sensi-
tivity analysis including 81 patients with NP/OP specimens and either

B
100%
95% /‘
~ 90% 7
[} P
(0] P
|_ .
‘5 85%
2
; 0,
= 80%
[ o
]
75%
70% — NP/OP
""" Nares
65% Saliva
1-3 4-5 6+

Number of Symptoms

Fig. 1. Sensitivity of specimen types for SARS-CoV-2 RT-PCR Testing by days of symptoms prior to test and number of symptoms.
Abbreviations: NP/OP, nasopharyngeal/oropharyngeal; RT-PCR, reverse-transcriptase polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
Sensitivity of NP/OP, anterior nares, and saliva specimens for SARS-CoV-2 testing by (Fig. 1A) days of symptoms prior to test and (Fig. 1B) number of symptoms.
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Table 3
Factors associated with discordant results between specimen types or, for each specimen type, missing a positive result?®

Discordant OR (95% CI)  Missed by NP/OP OR (95% CI)  Missed by saliva OR (95% CI)  Missed by nares OR (95% CI)

Age < 40 years versus 240 years 1.97 (1.12-3.45) 1.81(0.74-4.43) 1.55 (0.79-3.06) 2.14 (1.14-4.03)
3-6 of symptoms prior to testing versus 0-2 days 0.95 (0.49-1.84) 0.91 (0.34-2.45) 0.87 (0.39-1.93) 0.76 (0.36-1.62)
>7 of symptoms prior to testing versus 0-2 days 1.82 (0.90-3.67) 0.61 (0.17-2.16) 1.38 (0.59-3.20) 1.60 (0.73-3.49)
<4 symptoms present at testing versus >4 symptoms  2.43 (1.39-4.25) 2.21 (0.92-5.36) 2.34 (1.20-4.53) 2.63 (1.40-4.93)

Abbreviations: Cl, confidence interval; NP/OP, nasopharyngeal/oropharyngeal; OR, odds ratio.
All models adjusted for other variables shown in table.
2 Patients were considered truly positive if any of the three specimens were positive and truly negative if all three specimens were negative.

saliva or anterior nares specimens, results were also similar to the 4. Discussion

primary analysis (Table S4). In analyses considering NP/OP as the

gold standard, sensitivity was 88.7% (95% CI 84.8%-91.9%) for both In this large study of symptomatic ED patients, sensitivity of SARS-
saliva and anterior nares specimens, while specificity was 99.1% CoV-2 RT-PCR testing was moderately high for all three specimen

(98.5%-99.5%) for saliva and 99.6% (99.1%-99.8%) for anterior nares types, but higher for provider-collected NP/OP specimens (93.7%) than
(Table S5). patient-collected saliva (87.7%) or anterior nares (85.4%) specimens.

A

45
40
35

30

20

NP/OP T1 NP/OP T2 Nares T1 NaresT2 SalivaT1 SalivaT2

45 45

40 40

35 35
o~ (o]
= =
o =
30 ‘ . 30 [ |
N — —
© - Ea| ) ; =1
 ~1 [
3 25 ’ 2 25 M &l
1S ; g T £
-~ . oy i =
O T O

20 | 20

| .
15 15
10 10
0-2, NP/OP 0-2, Nares 0-2, Saliva 3-6, NP/OP 3-6, Nares 3-6, Saliva 7+, NP/OP 7+ Nares 7+, Saliva 1-3, NP/OP 1-3, Nares 1-3, Saliva 4-5, NP/OP 4-5 Nares 4-5 Saliva 6+, NP/OP 6+ Nares 6+, Saliva
Days of Symptoms Number of Symptoms

Fig. 2. Ct values for SARS-CoV-2 RT-PCR testing by specimen type, days of symptoms prior to test, and number of symptoms.

Abbreviations: Ct, cycle threshold; NP/OP, nasopharyngeal/oropharyngeal; RT-PCR, reverse-transcriptase polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2; T1, Target 1 (ORF1 a/b); T2, Target 2 (E gene).

Fig. 2A shows the distribution of Ct values (median, interquartile range, maximum and minimum) in box plots for each specimen type and target. The distribution of the mean of T1 and T2
Ct values (median, interquartile range, maximum and minimum) are shown in box plots for each specimen type by (Fig. 2B) days of symptoms prior to test and (Fig. 2C) number of
symptoms. The + indicates the mean value and O indicates outliers.
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Positive results were missed by all three specimen types, but less fre-
quently by NP/OP specimens. Our study suggests that patient-
collected saliva and anterior nares are sensitive for SARS-CoV-2 molec-
ular testing in ED settings, particularly among adults ages >40 years and
those with multiple symptoms. However, NP/OP specimens may be pre-
ferred when the risks of missing positives outweigh the benefits of pa-
tient self-collection.

Our results are within range of prior studies comparing specimen
types for SARS-CoV-2 RT-PCR testing. Many of these studies were con-
ducted in populations other than ambulatory patients, such as hospital-
ized COVID-19 patients with high pretest probability [10,12,17,18],
health care workers [10,19], or asymptomatic populations with few
positives [20,21]. In ambulatory settings similar to our study, several
studies reported high sensitivity of saliva (eg, >90%) [7,9,22], while
other studies found moderate sensitivity of saliva (eg, 81.4%) [23] or an-
terior nares (e.g., 86.3%) [7], or low sensitivity of saliva (e.g., 68.6%) [24].
Differences in sensitivity between studies could be due to variation in
specimen collection methods and quality of collection [25], SARS-CoV-
2 assays and their molecular targets, or clinical characteristics of pa-
tients, all of which merit additional study.

Our study included 2112 patients, of whom 350 (16.6%) were posi-
tive by at least one of the three specimen types evaluated, allowing for
more precise estimates than other studies and facilitating stratified
and multivariable analyses. We found that younger adults and those
with fewer symptoms were more likely to have discordant results and
missed positives. Ct values for both targets were higher among discor-
dant versus concordant specimen sets. Ct values were also higher
among specimens from patients tested later after symptom onset
(3-6 days versus 1-2 days) and those with fewer symptoms (<4 versus
4-15). These data are aligned with several other reports of lower test
sensitivity or higher Ct values among asymptomatic versus symptom-
atic patients [23,26-28], but are in contrast to other studies reporting
no significant differences [18,29].

These results have implications for prioritizing NP/OP, saliva, and
anterior nares specimens in different clinical scenarios. NP/OP speci-
mens had the highest sensitivity, suggesting that these specimens are
preferred when possible, particularly for scenarios in which there may
be severe consequences if positives are missed. However, saliva and an-
terior nares specimens detected some positives that were missed by
NP/OP specimens. In addition, the slightly lower sensitivity of saliva
and anterior nares specimens should be weighed against the benefits
of patient self-collection, including lower risk to health care providers,
potential for reducing testing burden in ambulatory settings, facilitating
home self-collection testing programs, and less reliance on swab and
transport media availability.

Our study had additional strengths and limitations. The large sample
size across 7 EDs in Southern California enabled robust characterization
of specimen sensitivity for SARS-CoV-2 RT-PCR testing by demographic
and clinical characteristics. We used a composite measure as a gold
standard so that sensitivity of the three specimens could be directly
compared. However, there may have been variation in specimen collec-
tion practices across and within EDs, despite efforts to provide clear and
standardized instructions. NP specimens were collected in combination
with oropharyngeal specimens, which may increase sensitivity com-
pared to NP specimens alone [30]. Saliva was collected using saliva col-
lection kits with stabilizer, an approach that is more feasible for high
throughput testing and home collection than plain saliva [31], but sen-
sitivity could differ using plain saliva or other SARS-CoV-2 assays with
different gene targets. In addition, symptoms and symptom onset
were ascertained by chart review and may be subject to bias if provider
notes were incomplete or inaccurate, or if patients did not accurately re-
call symptom onset.

In conclusion, in this large study among ED patients, sensitivity of
SARS-CoV-2 RT-PCR testing was highest for provider-collected NP/OP
specimens, followed by patient-collected saliva and anterior nares spec-
imens. As pandemic dynamics continue to evolve, further work is
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needed to tailor SARS-CoV-2 testing strategies for different clinical and
public health scenarios.
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