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Multiplatform Assessment of Saliva for
SARS-CoV-2 Molecular Detection in Symptomatic
Healthcare Personnel and Patients Presenting
to the Emergency Department
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Background: Saliva has garnered great interest as an alternative specimen type for molecular detection of se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Data are limited on the relative performance of dif-
ferent molecular methods using saliva specimens and the relative sensitivity of saliva to nasopharyngeal (NP)
swabs.

Methods: To address the gap in knowledge, we enrolled symptomatic healthcare personnel (n=250) from
Barnes-Jewish Hospital/Washington University Medical Center and patients presenting to the Emergency
Department with clinical symptoms compatible with coronavirus disease 2019 (COVID-19; n=292). We collected
paired saliva specimens and NP swabs. The Lyra SARS-CoV-2 assay (Quidel) was evaluated on paired saliva and NP
samples. Subsequently we compared the Simplexa COVID-19 Direct Kit (Diasorin) and a modified SalivaDirect
(Yale) assay on a subset of positive and negative saliva specimens.

Results: The positive percent agreement (PPA) between saliva and NP samples using the Lyra SARS-CoV-2 assay
was 63.2%. Saliva samples had higher SARS-CoV-2 cycle threshold values compared to NP swabs (P < 0.0001). We
found a 76.47% (26/34) PPA for Simplexa COVID-19 Direct Kit on saliva and a 67.6% (23/34) PPA for SalivaDirect
compared to NP swab results.

Conclusion: These data demonstrate molecular assays have variability in performance for detection of SARS-
CoV-2 in saliva.
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IMPACT STATEMENT

Detection of SARS-CoV-2 from Saliva

This study will benefit patient populations who need molecular testing for severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) but cannot or do not wish to undergo nasopharyngeal sampling. The

evidence presented in this manuscript contributes to knowledge on molecular detection of SARS-CoV-2 by

demonstrating interassay variability in performance characteristics when saliva is used as a specimen type.

BACKGROUND

Diagnostic testing for the detection of respira-
tory viruses is typically performed on a nasopha-
ryngeal (NP) or oropharyngeal swab specimen
placed into viral transport medium (1). The surge
in demand for respiratory virus testing early in the
coronavirus disease 2019 (COVID-19) pandemic
resulted in a critical shortage of NP swabs and vi-
ral transport mediums in the United States and
around the world (2). As a result, there is great in-
terest in the availability of alternative specimen
types with favorable analytical performance char-
acteristics for the diagnosis of COVID-19 (1). Initial
studies with other respiratory viruses suggest that
saliva could be a useful specimen in this context
(3, 4). Research groups across the globe have simi-
larly applied this technique toward molecular de-
tection of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (5, 6).

In the COVID-19 pandemic, diagnostic testing
for SARS-CoV-2 is an important part of workforce
management (7). Understanding the positivity rate
in healthcare personnel (HCP), and access to accu-
rate and timely testing is necessary to guide HCP
furlough and minimize transmission to other HCP
and patients (8). In many clinical microbiology lab-
oratories, specimens from symptomatic HCP
make up a large specimen volume for SARS-CoV-2
testing. Most of these specimens come from am-
bulatory patients. This is in contrast to patients in
the Emergency Department (ED) or hospitalized
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patients, who may have higher
presentation.

Here, our objective was to evaluate the analyti-
cal performance of saliva specimens for the detec-
tion of SARS-CoV-2 in symptomatic HCP and in
patients presenting to the ED with COVID-19
symptoms at a tertiary care, academic medical
center.

acuity at

MATERIALS AND METHODS

Study Subjects

Following Institutional Review Board approval
by the Washington University Human Research
Protection Office (#202004289 and #202004030),
2 patient cohorts were evaluated: symptomatic
HCP (n=250) and patients symptomatic for
COVID-19 presenting to the Barnes-ewish
Hospital ED (n=292). For the HCP cohort, symp-
tomatic HCP in the BJC Healthcare system con-
tacted an employee hotline via telephone and
were directed to a specimen collection site if clini-
cal criteria were met. For the ED cohort, symptom-
atic patients who met clinical criteria for SARS-
CoV-2 testing were approached by study coordi-
nators for participation in the study. Subjects
were excluded if they were not able to produce a
saliva specimen or if they declined to participate.
Specimens in the HCP cohort were collected from
April 27 to May 20, 2020, and the specimens from
the ED cohort were collected from May 4 to May
31, 2020.
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Specimen Collection

For both cohorts, a flocked NP swab was col-
lected as part of standard of care and placed into
universal transport medium or ESwab liquid
Amies transport medium. For both the HCP co-
hort and the ED cohort, a flyer was distributed to
the study subject describing specimen collection
and the rationale for the study/specimen collec-
tion. For the HCP cohort, a flyer was provided to
patients while they were in their car waiting for NP
swab collection at the employee specimen collec-
tion site. The flyer indicated that if they wished to
participate in the study, a small amount of saliva
(approximately 1 mL) should be placed in a 50 mL
conical tube, put into a plastic bag, and given to
the HCP collecting the NP swab. The 50 mL conical
tube was transported to the laboratory with the
NP swab specimen. In the ED, following standard
of care NP swab collection (swab placed into uni-
versal transport medium) if subjects agreed to
participate, they were instructed to “spit” into a
50 mL conical tube. No specific exclusions related
to food/drink consumption prior to specimen col-
lection were provided to either cohort. All saliva
specimens were collected and transported to the
laboratory within 1h of the NP swab collection.
The sterile 50 mL conical tubes that were used for
specimen collection included Nunc 50 mL conical
(Thermo Fisher Scientific), CellPro 50 mL conical
(Alkali Scientific), and Corning Self Standing 50 mL
conical (Corning).

Specimen Processing

The collection time and processing time were
recorded for all specimens. For saliva processing,
if >250uL of specimen could be observed in the
bottom of the conical tube, the specimens was
not centrifuged. If <250 pL was present in the bot-
tom of the conical tube, the saliva specimens were
centrifuged at 3000 rpm with a GLC-2B centrifuge
(Dupont) for 3min. Each specimen was vortexed
for 10s, and then 250 uL of saliva was placed into

750 plL of PBS (Sigma Aldrich). If enough saliva was
available, 250 uL was also placed into 750 uL viral
transport medium (BD). The tubes were vortexed
for 10s, and frozen at —80 °C until analysis. The
remnant universal transport medium from the NP
swab was also frozen at —80 °C and was analyzed
concurrently with the saliva specimen.

SARS-CoV-2 RT-PCR

RNA extraction and quantification were done
using the Quidel Lyra SARS-CoV-2 assay (Lyra) in
accordance with manufacturer's instructions; the
target of this assay is pp7ab. Initially, RNA from sa-
liva and concurrent NP swabs were extracted with
the NUCLISENS-easyMAG automated extraction
system along with processing control RNA (PRC).
An amount of 135 uL of rehydration solution was
added to the lyophilized master mix for 8 reac-
tions. Five microliters of extract was added to
15ul reconstituted Lyra assay master mix, and
then levels of PRC and SARS-CoV-2 were assayed
on the Rotor-Gene Q (Qiagen). The manufacturer’s
stated limit of detection is 0.8 copies/uL for NP
swabs (9). Cycle threshold (Cy) values for SARS-
CoV-2 and PRC were obtained. The reported Lyra
RT-PCR quantification does not include the first 10
cycles of amplification in the C; readout, so 10
cycles were added to all values for reporting
herein. Simplexa® COVID-19 Direct (Diasorin) was
used following manufacturer's instructions with
the only alteration being the use of saliva as the
specimen type. The Simplexa COVID-19 Direct as-
say has a 3.2 log10 copies/mL limit of detection
for NP swabs (10). A modified version of the Yale
SalivaDirect assay was performed, following the
instructions in the Emergency Use Authorization
from the Food and Drug Administration/Yale
School of Public Health using the 7500 Fast Dx
(Applied BioSystems) except that saliva specimens
were initially diluted in PBS prior to analysis (9).
The limit of detection for YaleSaliva Direct on saliva
varied by amplification platform but was reported
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nostic NP gRT-PCR using this assay.

Table 1. Categorical agreement between Lyra saliva qRT-PCR assay and comparison with original diag-

Original NP positive

Saliva positive 31
Saliva negative 18
Total 49

Original NP negative Total
0 31
262 280
262 311

as 6 copies/uL for the 7500 Fast Dx (11). Fifty
microliters of saliva was used for the Simplexa
COVID-19 Direct assay, and 5 uL of saliva was used
for SalivaDirect.

Original NP swab refers to the original clinical
specimen used for detection of SARS-CoV-2 RNA
for routine clinical care. Given that multiple plat-
forms are used for routine clinical operations, this
initial identification occurred using either the Lyra
SARS-CoV-2 assay, COVID-19 Test (Biofire), cobas
6800 SARS-CoV-2 Test (Roche), or the Xpert
Xpress SARS-CoV-2 (Cepheid).

Analysis

Data analysis and visualization were performed
in GraphPad Prism v8.4.2. One-way ANOVA was
used to identify overall differences between ED
and HCP groupings when separated out for saliva
and NP specimens. Intragroup comparisons were
done using an unpaired parametric 2-tailed t test.

RESULTS

Agreement between Original and Paired NP
Swab with Saliva

Of the NP swab/saliva pairs, 49 had an original
positive NP swab for SARS-CoV-2 (Table 1). Since
specimens were originally tested using a variety
of assays and platforms, some of which do not
produce a Cy value, we performed qualitative
analysis between the results of quantitative RT-
PCR on saliva and this original diagnostic NP
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swab. A total of 63.2% (31/49) patients were posi-
tive by both saliva and the original NP swab. All
saliva specimens that were positive (n=31) also
had a positive NP swab. The positive percent
agreement (PPA) between the original NP swab
and the saliva specimen was 63.2% (31/49), and
the negative percent agreement (NPA) between
the original NP swab and saliva specimen was
100% (262/262) (Table 1).

We then compared the performance of saliva
when run concurrently with a paired NP swab that
was frozen. Both the saliva and NP were tested
using the Lyra assay. Given that some patients did
not produce a saliva specimen with adequate vol-
ume, the total number of subjects included was
lower. A total of 68.4% (26/38) of specimens were
positive by both methods. Unlike the original NP
comparison, 10.3% (3/29) of the positive speci-
mens were positive by saliva but negative by NP
(the original NP swab for these 3 specimens was
positive). The PPA between the concurrently run
NP swab and saliva specimen was 68.4% (26/38),
and the NPA between the concurrently ran NP
swab and saliva specimen was 98.8% (263/266)
(Table 2).

The AC; between Lyra saliva and retest NP
specimen ranged between —3.77 and 18.85 with
a median ACy of 8.76. For 3 of 18 comparisons,
the ACt indicated a higher viral load in the saliva
compared to the NP specimen. Of these 3, 1 sub-
ject was HCP and 2 were from the ED cohort. All 3
subjects were males.
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Table 2. Categorical agreement between Lyra saliva qRT-PCR and the concurrently run paired Lyra NP
gRT-PCR.

Paired NP positive Paired NP negative Total
Saliva positive 26 3 29
Saliva negative 12 263 275
Total 38 266 304
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Fig. 1. SARS-CoV-2 Cy values differ significantly between saliva and concurrently run paired NP swab.
(A) XY plot depicting the correlation between C; values for saliva and paired NP swab. (B) Dot plot
depicting SARS-CoV-2 C; values for saliva and paired NP swab specimens using the Lyra Saliva Assay. (C)
Dot plot showing differences in C; values between saliva and paired NP swab when broken up by study

site. ****P<(0.0001; *P = 0.0132.

C: Value between Paired NP Swab and Lyra
Saliva

The Lyra SARS-CoV-2 assay produces a Cr value
for the SARS-CoV-2 and extraction processing
control that we can use to compare between
specimen types. The correlation matrix between
saliva and NP Cs values generally indicates that a
higher saliva Cy value occurs with a higher paired
NP Cy value but with a weak correlation (R? value
= 0.22) (Fig. 1, A). We found that the Cy values for
the SARS-CoV-2 target in NP swabs were signifi-
cantly lower (P < 0.0001) compared to saliva speci-
mens (Fig. 1, B). The median Cy value for saliva was

30.40 (range 17.33-38.41) while the median Cy
value for the concurrently ran NP swab was 22.17
(range 13.32-35.00). The saliva samples were di-
luted in PBS for ease of pipetting;, however, the 4-
fold dilution does not completely account for this
difference. We then divided the values by cohort
and specimen type to find that the ANOVA was sig-
nificant (P < 0.0001) for all groups (Fig. 1, C). The me-
dian Gy for NP was lower than for saliva in both the
ED and HCP cohorts, but the difference was not sig-
nificant for ED patients (P=0.25). Interestingly we
also found that the paired NP C values were lower
for the HCP compared to the ED cohort.
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Fig. 2. Processing control PRC values differ sig-
nificantly between saliva and concurrently run
paired NP swab. (A) Dot plots demonstrating
that overall there is a statistically significant
decrease in the PRC C; values for saliva com-
pared to the paired NP swab but no difference
(B) when just the specimens that are positive
for SARS-CoV-2 target are examined.
****P <0.0001. Red line represents the median
value. The median value for saliva is 28.62 and
29.57 for (A) and (B), respectively. The median
value for paired NP is 29.62 and 29.13 for (A)
and (B), respectively.

The differences in Cy value could be explained
due to biological differences in the burden of
SARS-CoV-2 RNA in the different specimen types
or from extraction efficiency of these specimens.
To investigate extraction efficiency we investigated
the PRC C; values. We found that the median PRC
Cr value for saliva (28.62) was significantly lower
than the median C; value (29.62) for the paired
NP (P < 0.0001), although the magnitude of these
differences and the probable clinical significance
is minimal (Fig. 2, A). However, when we only inves-
tigated the SARS-CoV-2-positive specimens, there
was no difference in the PRC Cy values (Fig. 2, B).
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Analytical Performance Characteristics of
Simplexa COVID-19 Direct Assay and
SalivaDirect

Given the availability of commercial options for
molecular detection of SARS-CoV-2 and the need
for a modular testing pipeline, we next investi-
gated the utility of the Simplexa COVID-19 Direct
assay and the SalivaDirect assay. Due to limita-
tions with the available specimen volume, we
tested these 2 assays on a subset of the total
specimen collection, including 34 original NP-posi-
tive specimens and 10 original NP-negative speci-
mens. On the same subset of specimens, the
Simplexa COVID-19 Direct assay had a PPA of
7647% (26/34), outperforming both  the
SalivaDirect and the Lyra saliva assay (Table 3).

Given that the Lyra saliva assay was our initial
assessment of the original NP results, we were in-
terested in examining scenarios when the Lyra as-
say was negative but the original NP result was
positive. The Simplexa COVID-19 Direct assay
identified 6/14 of these specimens with 1/14 as in-
valid while the Yale SalivaDirect assay had 3/14
positives and 3/14 invalids. Two of the 3 positives
were shared between the Simplexa COVID-19
Direct test and SalivaDirect. We were also inter-
ested in the performance of these saliva assays
for the specimens that were positive by the origi-
nal NP swab but negative by a retest of the NP
swab. Seven out of 8 of these specimens were
originally identified using the GeneXpert platform,
and 1/8 was on the Lyra test. The Cy values for all
specimens were close to the upper limit of cycling
for the assay, suggesting a low viral load, with 4/7
of the GeneXpert specimens lacking detection of
the E gene target (i.e, only the N gene target was
detected). Lyra saliva and SalivaDirect identified
the same 2/8 of these specimens, but the
SalivaDirect had an invalid on 1/8. The Simplexa
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Table 3. Categorical agreement between subset of 34 original NP-positive specimens and 10 original
NP-negative specimens using the Simplexa COVID-19 Direct and Yale SalivaDirect methods.

Original positive

Retest NP
Positive 26
Negative 8
Lyra saliva
Positive 20
Negative 14
Simplexa saliva
Positive 26
Negative 7
Invalid 1

Yale SalivaDirect
Positive 23
Negative
Invalid

Original negative PPA, % NPA, %
0 76.47 100
10
0 58.82 100
10
0 76.47 90
9
1
0
10 67.6 100
0

COVID-19 Direct bested the other 2 assays by
identifying 3/8 of these specimens and also having
an invalid on the same specimen as the
SalivaDirect (see Supplemental Table 1 on the on-
line Data Supplement).

Finally we were interested in assessing the rela-
tionship between the Cy values obtained from the
Simplexa COVID-19 Direct assay and the
SalivaDirect assay compared against the Lyra sa-
liva assay. We found that the greatest correlation
occurred from the orf1ab target on the Simplexa
COVID-19 Direct test (R = 0.57) (Fig. 3, A). The S
gene target from the Simplexa COVID-19 Direct
test (R* = 047) and the N gene from the
SalivaDirect (R* = 0.49) had similar goodness of fit
to one another (Fig. 3, B and C). A limitation of this
analysis is that it relies on the assumption that all
primers have equal efficiency.

DISCUSSION

Here, we evaluated the accuracy of saliva as a
diagnostic specimen for detection of SARS-CoV-2.

Overall, our findings suggest that saliva specimens
may be useful in some cases but will fail to detect
some instances where an NP swab was positive.
Given supply chain challenges surrounding pro-
duction of NP swabs, especially early in the pan-
demic, the desire for less invasive specimen
collection, and applicability in high volume test
settings, the utility of saliva as a specimen type for
molecular SARS-CoV-2 testing has been a focus
for groups around the world (6). Additionally, clini-
cal laboratories often are using multiple platforms
including specimen-to-answer and manual extrac-
tion/quantification systems for molecular testing
of SARS-CoV-2, necessitating an investigation into
how different platforms may use saliva as a speci-
men type (12). Several variables differ between
published studies, including type of saliva speci-
men (i.e, basal salivary production vs enhanced
saliva product), additive in the collection devices
(universal transport media, viral transport media,
PBS, etc), extraction mechanism or extraction
free, primers used for quantitative RT-PCR (gRT-
PCR) detection, and patient characteristics (12).
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Fig. 3. Cross platform correlation between C; values on saliva. Correlation was highest between Lyra
saliva and the (A) Simplexa orf1ab target (R*> = 0.57) and comparable between Lyra saliva and (B)
Simplexa S gene target (R* = 0.47) and (C) SalivaDirect N gene (R” = 0.48). Values depicted in gray repre-
sent specimens that were not identified by Lyra saliva but were identified by the other platform; the
Lyra Cy value was designated 40, the manufacturer cutoff.

These nuances can have a large impact on the effi-
cacy of saliva as a diagnostic specimen for SARS-
CoV-2, with groups reporting both in favor and
against its use (13, 14).

A published investigation of 161 asymptomatic
individuals in a contract tracing cohort found 38
to be positive by NP swab and saliva, 3 negative by
saliva but positive by NP, 6 positive by saliva but
negative by NP, and 114 negative by both meth-
ods, yielding a PPA of 92% and a NPA of 95% (15).
Similar to our initial investigation, the authors of
that investigation used separate RNA extraction
(via Qlamp Viral RNA mini kit) and gRT-PCR based
detection (THUNDERBIRD® Probe One-step gRT-
PCR kit). Their PPA was higher than our PPA for
paired NP result (68.4%) and originally run NP and
saliva result (63.2%). The NPA of 95% was compa-
rable to our results of 98.8% in concurrently evalu-
ated NP specimens and our result of originally
evaluated NP swab, 100%. This study had a much
higher percentage 86.3% (38/44) of cases with
positive saliva and NP swab compared to our
68.4% (26/38) study. The major difference was
their use of N2 primers against the nucleocapsid
gene while the Lyra assay uses primers against

pplab.
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Initial reports of the SalivaDirect assay found its
analytical performance to be comparable to NP
swab for identification of SARS-CoV-2 in patients
symptomatic with COVID-19 (11). Notably, saliva
had less intrapatient variability compared to NP
swab when serially sampling patients close to the
limit of detection (11). Our modification of the Yale
SalivaDirect assay demonstrated lower PPA than
obtained by the original authors. Further investi-
gation found that 13/495 HCP without COVID-19
symptoms were positive by saliva (11). Seven out
of 9 of the healthy HCP were further positive by
NP swab at time of collection, demonstrating high
concordance between both methods (11). The
Simplexa COVID-19 Direct assay was found previ-
ously to have high concordance with NP swab,
with 21/41 patients positive by Simplexa COVID-
19 Direct assay run on oral fluid and reference NP
swab, 4/41 positive only by Simplexa COVID-19
Direct assay on oral fluid, and 16/41 negative by
both assays (16). Similar to our results, the
authors found comparable Cy values obtained be-
tween the NP swab and saliva specimens (16).
They also discussed the ease of use of Simplexa
as a specimen-to-answer platform compelling
their interest, although in other settings
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production of a saliva specimen is not always
straightforward. The major differences between
our 2 studies are that the authors investigated
asymptomatic, subclinical, and symptomatic pop-
ulations while we focused only on symptomatic
individuals and that we had an additional speci-
men preparation step of dilution of our specimens

in the Simplexa COVID-19 test compared to a
modification of the Yale SalivaDirect assay and the
Lyra saliva assay but a lower NPA. This work dem-
onstrates that multiple platforms using saliva for
molecular detection of SARS-CoV-2 had low per-
centage agreement with an NP swab assay in
symptomatic individuals. This may in part be due

in PBS (16).

A limitation of our study is that since our clinical
testing algorithm relies on multiple platforms for
diagnosis, we are unable to match Cr values be-
tween retested NP specimens, saliva, and original
results. An additional limitation of our study is that
we focused only on testing symptomatic individu-
als. This is an important distinction as other inves-
tigations have queried the use of saliva for
screening asymptomatic patients, which is compli-
cated by the fact that these individuals have low
concentrations of SARS-CoV-2 in their specimens
in some cases.

We wused 2 sample-to-answer assays, the
Simplexa COVID-19 Direct and SalivaDirect, on a
subsection of clinical positive and negative saliva
specimens. Our results demonstrate superior PPA

to highly variable sample quality, which the CDC
cites for its recommendation of an upper respira-
tory sample (e.g., NP swab) compared to an oral
sample (e.g., saliva) (17); indeed, the CDC recom-
mends that saliva samples are not appropriate for
use in confirmatory SARS-CoV-2 testing. Further
studies evaluating this specimen type may expand
on the role of saliva in asymptomatic screening,
pooling of saliva for widespread community sur-
veillance, or efficacy in rapid antigen testing (18).

SUPPLEMENTAL MATERIAL

Supplemental material is available at The journal
of Applied Laboratory Medicine online.

Nonstandard Abbreviations: NP, nasopharyngeal; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2; HCP, healthcare personnel; ED, Emergency Department; Cy, cycle threshold; PPA, positive percent
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