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Saliva has been proposed as an alternative to upper airway swabs when testing for severe acute res-
piratory syndrome coronavirus 2. Although some studies have suggested higher viral loads and clinical
sensitivity when testing saliva, studies have been relatively small and have given rise to contradictory
results. To better understand the relative performance characteristics of saliva and upper airway
samples, I performed a rapid systematic review (registered on PROSPERO as CRD42020205035), focusing
on studies that included at least 20 subjects who provided diagnostic saliva and upper airway samples
on the same day, which were tested by nucleic acid amplification methods and for which a confusion
matrix could be constructed for based on a composite reference standard. Nineteen studies comprising
21 cohorts that met predetermined acceptance criteria were identified following a search of PubMed,
medRxiv, and bioRxiv. Seven of these cohorts were incorporated into a meta-analysis using a random
effects model, which suggests that nasopharyngeal swabs are somewhat more sensitive than saliva
samples for the diagnosis of early disease in ambulatory patients, such as in drive-through centers or
community health centers. Nevertheless, the difference is modest, and the reduced need for personal
protective equipment for saliva sampling may justify the difference. Conclusions are limited by the
significant heterogeneity of disease prevalence in the study populations and variation in the
approaches to saliva sample collection. (J Mol Diagn 2021, 23: 265e273; https://doi.org/10.1016/
j.jmoldx.2020.12.008)
Disclosures: None declared.
Rapid identification of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) viral infection is important for
treatment of symptomatic individuals, for disrupting trans-
mission by asymptomatic carriers, and for understanding the
dynamics of infection in communities.1 Although the use of
flocked swabs to obtain nasopharyngeal (NP) specimens for
testing has constituted the gold standard for upper respira-
tory system (URS) sampling, uses of specimens obtained by
swabbing the oropharynx, midturbinate, and anterior nares
(AN; alias nasal) have all served as alternatives, both as a
result of supply shortages and because these sites can be
ssociation for Molecular Pathology and Ameri
self-sampled, reducing clinician exposure and the need for
personal protective equipment. Saliva, which can also be
obtained without clinician assistance, has been proposed as
a safe, easy, and comfortable way to obtain samples for
coronavirus disease 2019 (COVID-19) testing,2 but
published studies have been based on heterogeneous study
populations and have given conflicting results.3e8 In this
article, we set out to answer the question.
can Society for Investigative Pathology.
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O’Leary
“When nucleic acid amplification tests for SARS-CoV-2
are employed for initial diagnosis, what is the relative
sensitivity for detection of virus when saliva samples
are used rather than nasopharyngeal, oropharyngeal,
midturbinate, or anterior nares swabs?”

To answer this question, I conducted a rapid systematic
review based on Preferred Reporting Items for Systematic
Reviews and Meta-Analyses principles,9 using analysis that
relies on a composite reference standard (CRS)10 based on
both swabs and saliva samples; this approach is not biased
against either sample type.

Materials and Methods

The study is registered on PROSPERO (https://www.crd.
york.ac.uk/prospero; CRD42020205035), but a complete
protocol has not been published. PubMed, medRxiv, and
bioRxiv were searched over the interval from January 1,
2020, to August 17, 2020. Preliminary searches showed
that a combination of the terms COVID-19 and saliva was
able to capture all or nearly all relevant articles in which
synonymous terms, such as SARS-CoV-2, novel coronavi-
rus, or oral fluid, appeared. For this reason, a simple search
string for saliva COVID-19 sensitivity was used with all three
databases to identify articles for further screening. Several
additional articles were identified after initial peer review.
Following the initial identification of articles, the titles and
abstracts were screened to eliminate articles not meeting the
prespecified inclusion criteria. Articles remaining after this
process were rescreened, particularly because many of the
articles reviewed were in the form of research letters that did
not have an abstract. Ultimately, 19 articles that met inclusion
criteria were available for analysis, as shown in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
flow diagram11 (Supplemental Figure S1).

To be included in this systematic review, studies were
required to include a minimum of 20 individual subjects;
each subject must have had both a saliva specimen and at
least one of several URS swab specimens [nasopharyngeal
swabs (NPSs), oropharyngeal swabs, midturbinate swabs, or
AN (or nasal) swabs] obtained on the same day. Articles that
reported on tongue and cheek swabbing, without a specific
effort to soak up saliva, were not included. Each of these
specimens must have undergone analysis for SARS-CoV-2
sequences using either an isothermal amplification or an
RT-PCRebased method. Results must have been reported
in a manner that allowed construction of a confusion matrix,
based on a single sample-pair per patient, including the
saliva- and upper airwayebased test. If an article reported
patients who were tested multiple times, and a confusion
matrix could not be constructed that reflected results of the
first NPS/saliva pair, that study was excluded. Studies in
which discrepant analysis was used to resolve diagnostic
conflicts between the two sites were not to be included
unless data could be analyzed independently of the
discrepant analysis. In the event that multiple time points
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were included in one of the included studies, only the first
time point was to be used in my analysis. If confusion
matrices could only be constructed from data involving
multiple time points from the same patients, the study was
excluded. No attempt was made to obtain data from the
investigators involved in these published studies.
When articles that were identified on bioRxiv or medRxiv

were compared with those on PubMed, an additional six
duplicate articles were eliminated. Four articles that were
not identified by the search strategy were added.1 The
potential for bias associated with each study was evaluated
using the QUADAS212,13 instrument. The risk of spectrum
bias was assessed from the perspective of testing as an initial
diagnostic method for ambulatory patients; the bias assess-
ment does not constitute a judgement on the quality of the
study, which may have been performed to demonstrate
assay validity, assessment of recovery, or other purposes
different than that for which I evaluated potential bias.
Seven articles with a low risk of bias that were deemed
appropriate to include in a meta-analysis were analyzed
using a diagnostic effects model (der SimioneLaird),14 as
implemented by OpenMetaAnalyst15 software program.
A predetermined data extraction form included study

author, type of study, inclusion and exclusion criteria,
setting, sample types, swab types, transport medium,
manufacturer or description of nucleic acid amplification
assays, as well as space to record study results in the form of
confusion matrices. After initial compilation and tabulation
of data, a second review was undertaken to determine
whether saliva samples involved coughing or in other ways
included sputum in the sample; this step was not part of the
original protocol.
Because the choice of any particular sample type as a

gold standard provides a biased estimate of relative
sensitivity, which compared with all other sample types, a
CRS10 was computed for each study on the basis of all
sample types included in the study, when possible. For
one study in which results were not presented in a manner
that made this possible, a CRS was computed individually
for comparisons of each upper airway sample with the
saliva sample. Equivocal results and assay failures were
not used in the calculation of sensitivity or in the con-
struction of the CRS for each study. Confidence limits for
sensitivity were computed using the Newcombe efficient
score method,16 as implemented in the Vassarstats Clin-
ical Calculator 1 (http://vassarstats.net, last accessed
January 12, 2021) (Table 1).3e8,17e29 Criteria for per-
forming a formal meta-analysis were as follows: i) studies
used the same amplification technology (such as RT-
PCR); ii) studies used the same upper airway sample site
(AN, midturbinate, and NP could be included together, but
not admixed with studies based on oropharynx samples);
iii) studies enrolled a similar patient mix (eg, symptom-
atic, asymptomatic, or hospitalized) and similar clinical
environment (drive-through/community health center or
hospital).
jmdjournal.org - The Journal of Molecular Diagnostics
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Saliva versus Airway Swabs for SARS-CoV-2
Results

A total of 149 articles were considered for inclusion; of these,
19 studies comprising 21 cohorts met inclusion criteria
(Supplemental Figure S1). A brief summary of the studies
included in this review may be found in Table 1, and a brief
discussion of each articles (including the results used in this
review) is presented in the Supplemental Appendix
S1.3e8,17e29 Twelve of the included cohorts involved �100
patients. Two of the studies separately presented data for two
cohorts; one study presented data for a single cohort in which
two approaches were used to collect saliva specimens.25

The risk of spectrum bias associated with the study
population, or method of recruitment, was rated as either
high or unclear for 12 studies. This was the most common
concern raised in the quality assessment. Studies with a high
or unclear risk of bias were characterized by failure to
present patient symptom status (one study), inclusion of
subjects who had previously tested positive or been
hospitalized for SARS-CoV-2 (eight studies), focus on
health care workers (one study), or possibly allowing pro-
vider discretion, rather than sequential or random consent,
for enrollment (two studies). Although the reviewed studies
did not explicitly state that the interpretation of tests based
on saliva samples was conducted without knowledge of
upper airway results (or vice versa), the manner in which
RT-PCR testing for SARS-CoV-2 is conducted in clinical
laboratories makes it highly unlikely that the specimen flow
or the interpretation of RT-PCR tests would experience
significant bias. One study intentionally built in a bias
associated with testing saliva specimens using the ID NOW
assay (Abbott Scarborough, Inc., Scarborough, ME), while
using RT-PCR for testing NP swabs.24 Only seven studies
reported limits of detection for their RT-PCR assays.

In one study, a midturbinate swab served as the sole
upper airway sample; and in one study, an NP/oropharynx
swab was obtained. In all the remainder, an NP swab sample
was evaluated. Four studies also evaluated AN swabs,
and one evaluated oropharynx swabs. The prevalence of
SARS-CoV-2 infection within the cohorts, as measured
using the CRS, varied from 0.02% to 95%. In 15 of the 21
cohorts studied, NP swabs demonstrated a sensitivity
of �90% by comparison with the composite reference
standard. In three of the four studies that also evaluated AN
swabs, NP swabs appeared to be somewhat superior. When
compared with saliva samples, anterior nasal swabs
performed better in one study, equally well in a second, and
less well in a third study associated with a low risk of
spectrum bias, with widely overlapping CIs in all cases.

In 2 of the 21 cohorts represented in Table 1, saliva and
upper airway samples demonstrated identical sensitivity pa-
tient groups, whereas in 7 cohorts, saliva demonstrated
greater sensitivity. In one cohort, supervised saliva collection
was more sensitive than URS swab, and unsupervised saliva
collection was less sensitive.25 In the remaining cohorts,
The Journal of Molecular Diagnostics - jmdjournal.org
saliva samples demonstrated lower sensitivity than URS
swabs in comparison with the CRS. However, most studies
demonstrated wide overlap in the CIs for saliva and URS
specimens. The studies in which overlap was not observed
included a study of hospitalized patients who were moder-
ately to severely ill18 and a study of patients in a quarantine
center who were tested 8 to 10 days after initial confirmation
of SARS-CoV-2 infection.27 One of these studies reported
saliva to be more sensitive, whereas the other reported NP
swabs to be more sensitive. Both studies were rated as having
a high risk of spectrum bias. The third study, which was
thought to have a low risk of spectrum bias, found saliva to
be less sensitive than NP swab.8 More important, five of the
seven cohorts in which saliva provided greater sensitivity
were thought to be associated with a high risk of spectrum
bias with respect to initial diagnostic testing of a community
population.21,22,25,27,29 Of 10 cohorts that included patients
who had previously tested positive for SARS-CoV-2, or
included hospitalized patients, 4 showed higher sensitivity
for saliva specimens,21,25,27,29 2 showed sensitivity identical
to that for NP swabs,23,28 and 4 showed higher sensitivity for
NPSs or midturbinate swabs.17,18,20,26 A single study of
asymptomatic health care workers identified four positives
from saliva samples and none using NP swabs.22 In contrast,
seven of nine cohorts believed to have a low risk of spectrum
bias with respect to diagnosis demonstrated higher sensitivity
for NP swabs than for saliva specimens.3e6,8,19

Three studies suggested similar or greater sensitivity for
saliva sampling than for nasal self-swabs, but CIs are wide
and one study is associated with a significant risk of
spectrum bias.6,7,25

Seven cohorts associated with either drive-through cen-
ters or community health centers, and believed to have a low
risk of spectrum bias (Supplemental Appendix S1), were
included in the initial meta-analysis.3e8 Studies based on
hospitalized patients were excluded from the meta-analysis,
because they tend not to be representative of those in whom
initial diagnostic testing is performed. Results of this meta-
analysis are shown as forest plots in Figure 1.

Figure 1 presents computer output for the meta-
analyses. Sensitivity of NP swabs, compared with the
reference standard, was estimated at 94% (Figure 1A),
with lower and upper bounds of 90% and 97%, respec-
tively. There was no statistical suggestion of heterogeneity
[t2 Z 0.000; Q (df Z 6) Z 2.946; P Z 0.816; I2 Z 0]. In
contrast (Figure 1B), the sensitivity of saliva sampling was
estimated at 82%, with lower and upper bounds of 69%
and 91%, respectively. There was a strong suggestion of
heterogeneity [t2 Z 0.631; Q (df Z 6) Z 20.822;
P Z 0.002; I2 Z 71.184], in spite of the fact that tests of
heterogeneity have relatively low power for analyses that
include small numbers of studies.30 This suggested that it
would be appropriate to conduct an unplanned exploratory
analysis. After inspection of the forest plot (Figure 1B), the
Becker et al8 study and the Albany cohort6 were removed
and the saliva meta-analysis was repeated (Figure 1C).
267
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Table 1 Study Characteristics and Sampling Method Sensitivity

Authors
Patient
characteristics Setting

Potential
for
spectrum
bias* n

Positive,
%

Sensitivity, % (95% CI)

Saliva NP swab OP swab
Nasal
self-swab

Rose3
Not stated Drive-through

testing center
Low 100 9 89

(51e99)
100
(63e100)

Jamal17
Symptomatic
inpatients
with COVID-
19

Hospital High 18 94 88
(66e98)

94
(69e100)

Landry4
Symptomatic
outpatients

Drive-through
testing center

Low 124 28 86
(69e95)

94
(79e99)

Pasomsub5
Symptomatic,
asymptomatic

travelers and
contacts

Hospital
respiratory
infection clinic

Low 200 11 86
(62e96)

90
(68e98)

Dogan18
Hospitalized,
possible
COVID-19,
moderate

to severe
disease

Hospital High 161 37 58
(45e71)

92
(81e97)

93
(83e98)

Yokota19
Asymptomatic Airport Low 1763 0.2 80

(30e99)
100
(46e100)

Yokota19
Asymptomatic Contact tracing Low 161 29 94

(81e98)
87

(74e95)

Byrne20
Symptomatic
patients

Hospital High 110 13 86
(56e97)

Griesemer6
Symptomatic
patients and
asymptomatic
contacts in a
known hot

spot

Drive-through
testing center

Low 227 41 87
(78e93)

98
(92e100)

92
(84e97)

Griesemer6
Symptomatic
and
asymptomatic

Medical center
testing tent

Low 236 5.2 50
(22e78)

100 (70
e100)

42
(16e71)

Miller21
Symptomatic or
asymptomatic
with previous
positive PCR

Physician offices High 91 40 97
(84e100)

94 (80
e99)

Hanson7y
Symptomatic Drive-through

testing center
Low 354 24 94

(86e98)
93 (85
e97)

86
(77e93)

L'Helgouach22
Asymptomatic
health care
workers

Hospital High 92 4.3 100
(40e100)

0 (0e60)

Iwasaki23
Symptomatic,
some
previously
diagnosed

with COVID-19

Hospital High 76 13 90
(54e99)

90 (54
e99)

Becker8
Probably
symptomaticz

Community
testing
environment

Low 77 20 60
(33e83)

100 (93
e100)

SoRelle24x
Symptomatic Not stated Uncertain 83 47 82

(66e92)
100 (89
e100)

(table continues)

O’Leary
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Table 1 (continued )

Authors
Patient
characteristics Setting

Potential
for
spectrum
bias* n

Positive,
%

Sensitivity, % (95% CI)

Saliva NP swab OP swab
Nasal
self-swab

Kojima25
Symptomatic
and
previously
tested at
drive-through
center,

and close
contacts

exposed,
previously

tested

Patient homes High 45 64 90
(72e97){

66
(46e81)k

79 (60
e91)

86
(67e95)

McCormick-Baw26
Symptomatic,
some
hospitalized

Hospital
emergency
department

High 156 32 96
(87e99)

98 (90
e100)

Rao27
Confirmed
positives

Quarantine center High 217 74 93
(87e96)

55 (47
e63)

Wong28**
Confirmed
positive
hospitalized
patients

Hospital High 44 95 95
(83e99)

95 (83
e99)

Güçlü29
Mix of NP swab
positive and
negative
inpatients
and
outpatients

Hospital High 64 44 96
(80e100)

86 (66
e95)

*Potential for spectrum bias was evaluated in terms of the enrolled cohort. Although a group of 200 consecutively enrolled hospital patients would not be
considered as experiencing selection bias, it would be viewed as having a high potential for spectrum bias (with regards to this study) because all patients
were sufficiently ill as to require hospitalization. Similarly, a group of patients selected on the basis of RT-PCR Ct values would be considered biased (no matter
what those values were).

yData are not presented in a way that allows generation of a composite reference that includes all three specimen types. Sensitivity values of saliva samples
and nasal samples are each computed from separate composite references that include saliva/NP and nasal/NP, respectively.

zAlthough the article did not explicitly identify these patients as symptomatic, at the time the work was done symptomatic patients were the focus of most
community testing.

xNP samples were tested using RT-PCR, whereas the saliva samples were tested using ID NOW. Thus, index test bias (from the perspective of this systematic
review) was intentionally built into the design of this study.

{Supervised saliva collection.
kUnsupervised saliva collection.
**Data reflect information from the first test of 44 confirmed positive patients shown in Figure 4 of the article.28

COVID-19, coronavirus disease 2019; ID, identifier; MT, midturbinate; NP, nasopharyngeal; OP, oropharynx.

Saliva versus Airway Swabs for SARS-CoV-2
This procedure gave an estimate of 89% for the sensitivity
of saliva samples, with lower and upper bounds of 84%
and 92%, respectively. Once these studies were removed
from the meta-analysis, there was no suggestion of het-
erogeneity [t2 Z 0.000; Q (df Z 6) Z 3.209; P Z 0.524;
I2 Z 0). In each analysis, the sensitivity estimate for saliva
samples remains lower than that of NP swabs. The upper
and lower bounds for the NP swab sensitivity estimate do
not include the estimate for saliva samples. Also, the
bounds for the saliva sample estimate do not include the
NPS estimate.

It is difficult to ascertain why the study by Becker et al8 is
an outlier. This was one of two studies in this review to use
an RNA stabilizer with saliva (Supplemental Table S1). The
The Journal of Molecular Diagnostics - jmdjournal.org
other study to do this found a higher sensitivity for saliva
samples than NP swabs when saliva sample collection was
supervised, but a lower sensitivity when saliva sample
collection was unsupervised.25 The precise approach used
for saliva collection was different between these two
studies, but hints at a possibility that mixing of stabilizer
with saliva may not have been optimal; it seems unreason-
able to suppose that use of RNA stabilizer is intrinsically
unfavorable to subsequent PCR analysis. There is no
evidence to suggest that use of viral transport medium,
phosphate-buffered saline, or Tris-EDTA during saliva
collection or transport significantly affects subsequent assay
sensitivity. Similarly, it is difficult to understand why the
Albany cohort was an outlier.6
269
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Figure 1 A: OpenMetaAnalyst forest plot for sensitivity of nasopharyngeal swab samples, measured against the composite reference standard.
B: OpenMetaAnalyst forest plot for sensitivity of saliva samples, measured against the composite reference standard. The value for I2 indicates substantial
heterogeneity, which appears to result from inclusion of the study by Becker et al,8 and the Albany cohort from Griesemer et al.6 C: OpenMetaAnalyst forest
plot for sensitivity of saliva samples, measured against the composite reference standard, when the study by Becker et al8 and the Albany cohort from
Griesemer et al6 are not included. This post-hoc analysis was not part of the prespecified analysis plan. FN, false negative; TP, true positive.

O’Leary
Discussion

Nasopharyngeal swabs have been the gold standard for
diagnosis of SARS-CoV-2 infection. The studies examined
give us no reason to question that belief. Only three of the
studies considered herein show a diagnostic sensitivity of
<90% for NP swabs; one of these, a study of hospital
workers, showed no positive results from NP swabbing. My
meta-analysis, based on cohorts undergoing initial diag-
nostic testing, gives an estimate of 94% (range, 91% to
270
97%) sensitivity for NP swabs; estimating the sensitivity by
simply adding the positives for seven cohorts included in the
meta-analysis gives an estimate of 95% (range, 92% to
98%) sensitivity for NP swabs. These estimates are similar
to that obtained by repeated testing,31 and provide a fairly
high degree of confidence regarding NP swab sensitivity for
initial diagnosis of SARS CoV-2 infection when assessed
using the composite reference standard.
The meta-analysis suggests that, when employed for

initial diagnosis of SARS-CoV-2 infection in ambulatory
jmdjournal.org - The Journal of Molecular Diagnostics
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Saliva versus Airway Swabs for SARS-CoV-2
patients, saliva samples are somewhat less likely than NP
swab samples to give a positive nucleic acid amplification
test result when compared with the CRS. Nevertheless, the
performance of saliva-based testing is generally good, and
the reduction of sensitivity may be offset by considerations
of patient comfort (which might promote more frequent
surveillance), as well as reduction in requirements for swabs
and personal protective equipment.

Three cohorts included in this review dealt with testing of
asymptomatic individuals.19,22 Data from two of the three
cohorts suggest superiority for saliva, although only one, a
contact-tracing cohort, includes more than five positive
subjects. Another study by Wyllie et al,2 which did not meet
the formal inclusion criteria for this systematic review,
arrived at the same conclusion. The low numbers of positive
specimens identified in these studies limits confidence in
any conclusion of superiority for saliva, but supports the
conclusion that saliva sampling is sufficiently sensitive for
screening, as does a study that appeared after the inclusion
period for this systematic review.32

The focus of this systematic review was initial diagnosis
of SARS-CoV-2 infection in ambulatory subjects, and our
conclusion regarding the relative sensitivity of saliva versus
NP swabs should not be assumed to apply to patients who
are hospitalized or who present later in the course of disease;
several of the studies included in this review suggest that
saliva sampling may be more sensitive later in disease,
particularly when efforts are made to ensure that sputum is
included in the specimen.27,28 None of the studies included
in this meta-analysis involved attempts to collect lower-
airway secretions together with saliva, and the heterogene-
ity of collection techniques used in studies reported herein
precludes any conclusion regarding the optimal method for
collecting saliva.

This analysis has several limitations. The use of a CRS,
which defines the false-positive rate as zero for all assays,
introduces a downward bias in the estimates of sensitivity.33

This bias varies somewhat based on study size and precise
cell frequencies, but is expected to result in a similar degree
of bias (about 1% to 1.5%) for estimates of both saliva
sample performance and upper airway sample performance;
the conclusions regarding relative sensitivity are not
changed. The use of an abbreviated search strategy may
have missed articles that otherwise met inclusion criteria.
The inclusion criteria excluded small studies (<20 subjects)
that might nevertheless have provided additional informa-
tion regarding relative performance. The design and the
review were the product of a single individual, which may
have introduced bias into both decisions regarding study
design and inclusion of articles in the meta-analysis. Finally,
the studies included in the review demonstrate considerable
heterogeneity in assay design, patient population, and
disease prevalence. Thus, this systematic review and meta-
analysis may provide more insight into the range of
potential results expected for laboratories introducing
The Journal of Molecular Diagnostics - jmdjournal.org
saliva-based testing than they do for the specific perfor-
mance of any detailed sampling and assay strategy.

Despite these weaknesses, this systematic review has
several offsetting strengths. It focuses on sample sets that have
been taken at the same time, thus differing from other sys-
tematic reviews,34e38 as well as a release from the Norwegian
Institute of Public Health (https://www.fhi.no/globalassets/
dokumenterfiler/rapporter/2020/saliva-sample-for-testing-
sars-cov-2-infection-memo-2020.pdf, last accessed December
14, 2020). The total number of samples included in the
meta-analysis is substantially greater than that of any indi-
vidual study, based on simultaneous sample comparison, and
allows for meta-analysisebased sensitivity estimates. This
likely yields a more accurate assessment of performance in
community-based initial testing. Although there is no true
gold standard for diagnosis of COVID-19 infection, the use of
a CRS, a relatively unbiased approach to generation of a
reference standard, is more likely to provide a better sense of
the performance difference associated with saliva sampling
versus upper airway sampling than alternative approaches
based on intrinsically biased comparisons.

The sensitivity difference between tests based on saliva
samples and those based on NPSs is modest and, for broad
community testing, justified by both patient comfort and the
reduced need for personal protective equipment.
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