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Methods: This was a three-phase study conducted in Barcelona (Spain) during June to October, 2020.
The three phases were (1) analytical validation against standard RT-qPCR in saliva samples; (2) diag-

KEYWORDS: nostic validation against standard RT-qPCR using paired saliva-nasopharyngeal samples obtained from
SARS-CoV-2 asymptomatic teenagers and adults in a sports academy; and (3) pilot screening of asymptomatic health
COVID-19

workers in a tertiary hospital.
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Surveillance (95% confidence interval 79.0-99.2%) and 100.0% (95% confidence interval 98.6-100.0%), respectively. In

phase 3, only 17 (0.6%) of the saliva samples self-collected by 2709 participants without supervision were
invalid. The rapid analytical workflow with the new method (up to 384 batched samples could be pro-
cessed in less than 2 hours) yielded 24 (0.9%) positive results in the remaining 2692 saliva samples.
Paired nasopharyngeal specimens were all positive by standard RT-qPCR.
Conclusions: Direct RT-qPCR on self-collected raw saliva is a simple, rapid, and accurate method with
potential to be scaled up for enhanced SARS-CoV-2 community-wide screening.
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1. Introduction

The burden and health, educational, and economic implications
of the coronavirus disease 2019 (COVID-19) pandemic have un-
derlined an urgent need for rapid and accurate diagnostics for
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
(ECDC, 2020; CDC, 2021). Early identification of SARS-CoV-2 is
challenging, since a proportion of infected individuals can show
few or no symptoms for an indeterminate period of time (Li et al.,
2020; Furukawa et al., 2020). Noticeable rates of asymptomatic and
pre-symptomatic infection ranging from 3% to 67% have been re-
ported previously (Buitrago-Garcia et al., 2020). Asymptomatic or
pre-symptomatic individuals are nevertheless likely to be infec-
tious (Bai et al., 2020; Tindale et al., 2020).

Upper respiratory tract (URT) samples are the specimens cur-
rently recommended for the diagnosis of COVID-19 (WHO, 2021).
Reverse transcription real-time PCR (RT-qPCR) is the preferred
method for the detection of SARS-CoV-2, given its high sensitivity
and specificity (Tang et al., 2020). The accuracy of RT-qPCR may
vary depending on URT sample quality and the time elapsed since
virus acquisition (Kucirka et al., 2020). Standard RT-qPCR protocols
for SARS-CoV-2 typically follow three sequential phases: (1) URT
sample swabbing and sample transportation in viral inactivation
transport medium (VITM) to the laboratory for analysis or, alter-
natively, sample transportation in viral transport medium (VTM)
and inactivation in the laboratory; (2) RNA extraction, purification,
and concentration with the use of targeted reagents and automated
robots; and (3) viral RNA amplification and detection in thermal
cyclers. RNA extraction, purification, and concentration are slow
and cumbersome activities that take from 40 minutes to 3 hours,
depending on the type of RNA extraction robot utilized and the
number of samples batched together. During the first pandemic
wave, a shortage of personal protective equipment (PPE), swabs,
VITM, and RT-PCR reagent supplies created serious bottlenecks in
the diagnostic workflow of clinical and epidemiological surveil-
lance laboratories (Ranney et al., 2020).

Saliva appears to be a promising URT specimen type for screen-
ing, diagnosis, follow-up, and infection control of SARS-CoV-2. Di-
verse studies have reported consistent detection of SARS-CoV-2
RNA in the saliva of symptomatic COVID-19 patients and sensitiv-
ities of saliva-based RT-qPCR ranging from 84% to100% compared
to paired positive nasopharyngeal (NP) samples (To et al., 2020;
Procop et al., 2020; Pasomsub et al., 2020). While the collection of
NP or oropharyngeal samples is inconvenient for patients and ex-
poses healthcare workers to an infection risk, saliva specimens can
be repeatedly collected or self-collected in a simple, safe, and inex-
pensive manner without specific training or the use of PPE. In ad-
dition, good saliva stability at room temperature can simplify sam-
ple transportation, avoiding the maintenance of cold-chain condi-
tions (Ott et al., 2020). Recently, the US Food and Drug Administra-
tion granted accelerated emergency use authorization for the use
of saliva, in addition to other respiratory specimen types, to facili-
tate mass screening for SARS-CoV-2 (US FDA, 2020). However, evi-
dence on the implementation of saliva-based screening approaches
to identify asymptomatic subjects is scarce.

We have developed a novel screening method for SARS-CoV-
2 that combines the use of self-collected raw saliva samples,
heat-treated virus inactivation, and RNA extraction in a single
step, and RT-qPCR, herein referred to as direct RT-qPCR. This
simple, safe, and rapid method circumvents the use of collec-
tion swabs, VITM, and RNA extraction reagents, as well as RNA
purification and concentration steps, allows the utilization of
different commercial RT-qPCR kits, and minimizes dependence
on the supply chain of reagents and consumables. The objec-
tive of this study was to validate and implement direct RT-
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gPCR on self-collected saliva for first-line screening of SARS-CoV-2
infection.

2. Methods
2.1. Study design and participants

The study was conducted in three successive phases, in the
Molecular Microbiology Department of Sant Joan de Déu Hospital
(SJDH), a university reference maternal and child health medical
centre located in Barcelona (Spain).

2.2. Phase 1: analytical validation

The SARS-CoV-2 RNA detection yield was assessed in saliva
samples by direct RT-qPCR and a standard RT-qPCR protocol.

Samples required for analytical validation were voluntarily pro-
vided by healthy adult researchers involved in the study or ob-
tained from the Biobank of SJDH, a research biorepository inte-
grated into the Spanish Biobank Network of Instituto de Salud Car-
los III. Positive saliva samples with known cycle threshold (Ct) val-
ues were used to produce quantified standard concentrations of
SARS-CoV-2 RNA load for testing by direct and standard RT-qPCR.
Additionally, volumes of 90 w1 of SARS-CoV-2 RNA-negative saliva
samples were spiked with 10 ul of positive NP samples to increase
the range of standard concentrations available for analytical valida-
tion.

The direct RT-qPCR workflow involved saliva incubation in a
block heater for 15 minutes at 96°C to maximize virus inactiva-
tion and RNA extraction. RNA amplification was performed using
two RT-qPCR kits (GeneFinder COVID-19 Plus RealAmp Kkit, Elitech,
France; TaqPath COVID-19 RT-PCR kit, Thermo Fisher, USA) and two
thermal cycler platforms (Applied Biosystems QuantStudio 7 and
Applied Biosystems Prism 7500, Thermo Fisher, USA).

The standard RT-qPCR workflow included viral chemical inac-
tivation and RNA extraction, purification, and concentration using
the NucliSense easyMAG platform and reagents (bioMérieux, The
Netherlands) or viral inactivation with 2 ml of sample preservation
solution (Mole BioScience, China) and RNA extraction, purification,
and concentration using an aliquot robot (Microlab STAR M, Hamil-
ton Robotics, USA) and reagents (MagMAX Viral/Pathogen Nucleic
Acid Isolation kit, Thermo Fisher, USA). RNA amplification was per-
formed following the same procedure as for direct RT-qPCR.

A set of saliva specimens including one sample with a high
SARS-CoV-2 RNA load, one sample with a low RNA load, one nega-
tive sample, and a negative control (water) were tested in triplicate
in the same run to assess intra-assay precision. Three sets of saliva
specimens including each of one SARS-CoV-2 high positive sam-
ple, one low positive sample, one negative sample, and a negative
control were tested in different runs on different days to evaluate
inter-assay precision.

The SARS-CoV-2 RNA detection yield by direct RT-qPCR was de-
termined for different conditions of saliva storage: at room tem-
perature for a maximum period of 24 hours, refrigerated at 4°C for
24 hours, or frozen at —80°C for longer than 24 hours.

2.3. Phase 2: diagnostic validation

The diagnostic validation was conducted using samples col-
lected prospectively from participants in the ongoing “Kids Corona
Study” of SARS-CoV-2 transmission at Football Club Barcelona
Academy “La Masia”, run by SJDH. In brief, the Kids Corona Study
entails the self-collection of saliva by teen and young adult soccer,
basketball, handball, futsal, and roller hockey players, as well as
adult accompanying coaches, teachers, physiotherapists, and staff
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residing at or attending the Football Club Barcelona Academy “La
Masia” (Barcelona, Spain). A team of SJDH research nurses super-
vised the saliva self-collection by participants on site and simul-
taneously collected paired NP swabs from them for comparative
testing.

Inclusion criteria for the diagnostic validation process were par-
ticipant recruitment during August 2020 and follow-up for at least
9 weeks. Collected saliva and NP samples were transferred to ster-
ile Eppendorf tubes (0.5 ml) and NP VITM tubes, respectively, and
then labelled and transported by the nurses at ambient tempera-
ture to the SJDH Biobank for storage or to the SJDH Molecular Mi-
crobiology Department (NP samples) for standard RT-qPCR. Saliva
was self-collected at baseline and on a weekly basis, whereas NP
samples were collected at baseline and every second week. Serum-
based enzyme-linked immunoassays (ELISA) were also performed
at baseline. All baseline saliva, NP, and serum samples were tested
at study start and any saliva and NP samples paired with ELISA-
positive specimens were excluded from the validation. In the case
of a positive RT-qPCR result in a NP sample, both the paired
biobanked saliva sample collected at the same time point and the
series of saliva samples obtained previously from the same partici-
pant were retrieved and analysed retrospectively by direct RT-qPCR
using the GeneFinder COVID-19 Plus RealAmp kit. Results by any
RT-PCR method were interpreted as positive if at least two target
genes of SARS-CoV-2 were detected and the amplification curves
were adequate; results were considered inconclusive if either only
one gene was detected or the amplification curves were unusual.

2.4. Phase 3: pilot screening programme

Once validated, saliva-based direct RT-qPCR was deployed in
SJDH to screen volunteer health workers and other staff. Planned
outcomes were the rate of participation (as a proxy for pilot accep-
tance), identification of positive cases for the prevention of COVID-
19 nosocomial outbreaks in the setting, and rates of inhibition due
to unsupervised saliva self-collection by end-users.

Instructions were disseminated to participants so that they
could collect their own saliva in an unsupervised but safe manner.
Participants were recommended to collect their own saliva in the
first morning hours or after a fasting period of 2 hours to avoid
food remains, according to recent evidence (Hung et al., 2020).
They were instructed to spit their saliva into tube collectors, trans-
fer the samples to sterile Eppendorf tubes with disposable Pasteur
pipettes, close the tubes with screw caps, decontaminate the exter-
nal surfaces of the tubes with a hydroalcoholic solution, and iden-
tify them with heat-resistant barcode labels before delivery to the
SJDH Molecular Microbiology Department. All of the information
about the appropriate pre-analytical procedure was gathered in an
explanatory video and a brochure. This training material was made
accessible online to the participants through the SJDH intranet web
site.

Eppendorf tubes received in the laboratory were not opened
until the virus had been inactivated with heat, for safety reasons. A
high productivity system was put into service for a rapid screening
workflow utilizing an aliquot robot (Microlab STAR M, Hamilton
Robotics, USA) and a thermal cycler (QuantStudio 7, Thermo Fisher,
USA). Up to 384 batched RNA extracts, positive controls, and neg-
ative controls were dispensed by the aliquot robot onto the PCR
plate of the thermal cycler for the performance of the direct RT-
gPCR reaction with the TagPath COVID-19 RT-PCR kit reagents. This
process workflow can be completed in less than 2 hours. In the
case of a positive detection of SARS-CoV-2 RNA in a saliva sample,
a paired nasopharyngeal sample was obtained from the infected
individual and a confirmatory standard RT-qPCR was performed
within 24 hours.
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2.5. Statistical analysis

SARS-CoV-2 detection yields in saliva by direct and standard
RT-qPCR, measured in cycle threshold (Ct) values, were compared
using the Student t-test or the Mann-Whitney U-test. Ct values
obtained for the SARS-CoV-2 genes targeted by the two commer-
cial RT-PCR kits across samples were summarized as the mean and
standard deviation or median and interquartile range (IQR) values.
Differences between Ct values obtained for SARS-CoV-2 targeted
genes in different replicates and runs were analysed to assess pre-
cision and the effect of saliva storage conditions. Diagnostic sen-
sitivity and specificity values were determined as reported else-
where (Altman and Bland, 1994). Statistical significance was set at
a P-value of <0.05 and confidence intervals (CI) at the 95% level.
All statistical analyses were performed using Stata v.15 software
(Stata Corp., Texas, USA).

2.6. Ethics statement

The study was approved by the Ethics Committee of SJDH prior
to the beginning of activities (Ref. PIC-240-20). Use of the sam-
ples collected from the participants in the “Kids Corona Study” of
SARS-CoV-2 transmission at Football Club Barcelona Academy “La
Masia” for the present study and future studies was covered in the
informed consent process and approval of that study (Ref. PIC-200-
20).

3. Results
3.1. Phase 1: analytical validation

A non-significantly higher median SARS-CoV-2 Ct value was ob-
tained in saliva using GeneFinder amplification reagents for di-
rect RT-qPCR (28.3, IQR 26.2-30.2) when compared to standard
RT-qPCR (26.6, IQR 24.3-28.4) (P = 0.14). The median Ct values
yielded by direct RT-qPCR when utilizing TaqPath reagents were
lower for direct RT-qPCR (23.0, IQR 19.7-24.5) than for standard
RT-gqPCR (23.7, IQR 22.1-26.8), but not significantly (P = 0.33). A
significant difference was observed in median Ct values yielded
by direct RT-qPCR depending on the commercial reagents used
(GeneFinder, 28.3; TaqPath, 23.0; P < 0.01). The difference in me-
dian Ct values for standard RT-qPCR did not vary significantly
by commercial kit (GeneFinder, 26.6; TaqPath, 23.7; P = 0.19)
(Table 1). Saliva-based direct RT-qPCR showed differences in Ct
value in a range of —0.99 to 2.84 within a run of replicates
(Table 2) and in a range of —5.57 to 4.28 between different runs
(Table 3).

Minor differences were found between Ct values using
GeneFinder SARS-CoV-2 gene targets for samples stored at room
temperature for 24 hours compared to preserved in the refrigerator
for 24 hours (range —1.11 to 0.78) or frozen at —80°C (range —0.41
to 0.76). Ct value differences using the TaqPath kit were more no-
ticeable (24-hour room temperature vs 24-hour refrigerator preser-
vation, range —2.59 to 3.90; 24-hour room temperature vs freezing
at —80°C, range —2.37 to 1.06) (Table 4).

3.2. Phase 2: diagnostic validation

A total of 183 out of 230 participants in the “Kids Corona Study”
of SARS-CoV-2 transmission at Barca (185 teens and young adults,
45 older adults) met the inclusion criteria and were followed up
from August to October 2020. Ten participants were excluded from
the validation process because they were positive for SARS-CoV-
2 antibodies by ELISA at baseline. The remaining 173 participants
yielded negative results in both paired saliva and NP samples at
baseline and were followed up during 9 to 12 weeks. Seven NP
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Table 1
Cycle threshold values of direct RT-qPCR and standard RT-qPCR in saliva
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GeneFinder COVID-19 Plus RealAmp kit

TagPath COVID-19 RT-PCR kit

SARS-CoV-2 Direct Standard Difference SARS-CoV-2 Direct Standard Difference
gene RT-qPCR (A) RT-qPCR? (B) (A - B) gene RT-qPCR (C) RT-qPCR® (D) (C-D)
Sample 1 IC (RnasaP) 29.30 26.63 2.67 IC (MS2) - 32.57 -
E 20.25 15.09 5.16 S 11.62 11.99 -0.37
N 18.22 15.23 2.99 N 13.36 11.52 1.84
R 20.35 15.58 4.77 ORF1ab (R) 11.23 11.10 0.13
Sample 2 IC (RnasaP) 28.73 25.94 2.79 IC (MS2) 23.95 24.09 -0.14
E 30.15 26.56 3.59 S 23.04 23.74 -0.70
N 28.28 26.21 2.07 N 24.73 24.83 —-0.10
R 29.09 26.83 2.26 ORF1ab (R) 22.71 23.02 -0.31
Sample 3 IC (RnasaP) 27.97 25.35 2.62 IC (MS2) 28.44 24.01 443
E 27.20 24.27 2.93 S 22.46 22.05 0.41
N 26.15 24.25 1.90 N 23.67 23.53 0.14
R 26.60 24.73 1.87 ORFlab (R) 23.75 22.24 1.51
Sample 4 IC (RnasaP) 29.53 25.81 3.72 IC (MS2) 34.70 23.70 11.00
E 28.71 27.58 1.13 S 19.74 26.30 —-6.56
N 27.82 27.18 0.64 N 23.59 26.75 -3.16
R 28.33 28.39 —-0.06 ORFlab (R) 22.17 25.60 -3.43
Sample 5 IC (RnasaP) 26.87 24.76 2.11 IC (MS2) 27.67 23.71 3.96
E 41.24 31.32 9.92 S 24.54 29.97 —5.43
N 34.26 29.18 5.08 N 28.15 30.01 -1.86
R 36.05 31.00 5.05 ORF1ab (R) 26.21 29.28 -3.07

2 SARS-CoV-2 RNA inactivation, extraction, and amplification by NucliSense easyMAG reagents and platform.
b SARS-CoV-2 RNA preservation by Mole Bioscience, RNA extraction by MagMAX Viral/Pathogen Nucleic Acid Isolation and Microlab STAR M platform, and RNA amplifica-

tion by TagPath COVID-19 reagents and Thermo Fisher thermal cycler.

Table 2
Cycle threshold values of direct RT-qPCR in saliva replicates
Direct RT-qPCR SARS-CoV-2 Replicate 1 Replicate 2 Replicate 3 Difference Difference Difference
result®:? gene (A) (B) (©) (A - B) (A-0C) (B-0C)
Negative IC (RnasaP) 23.40 23.35 23.40 0.05 0.00 -0.05
E - - - - - -
N - - - - - -
R - - - - - -
Low positive IC (RnasaP) 23.44 23.45 23.40 —0.01 0.04 0.05
E 37.93 37.10 35.09 0.83 2.84 2.01
N 31.84 32.83 31.58 —-0.99 0.26 1.25
R 32.23 32.89 32.03 —-0.66 0.20 0.86
High positive IC (RnasaP) 23.21 23.31 23.29 —-0.10 —0.08 0.02
E 23.36 23.31 23.67 0.05 -0.31 -0.36
N 23.01 2291 23.23 0.10 -0.22 -0.32
R 23.77 23.58 24.01 0.19 -0.24 -0.43

2 Direct-qPCR was performed after heat treatment using GeneFinder COVID-19 Plus RealAmp reagents and Thermo Fisher thermal cycler.

b The three replicates yielded negative results for the negative controls.

samples had inconclusive results by standard RT-qPCR within the
follow-up period, including six negatives and one positive in paired
saliva, and were excluded from the analysis together with their
saliva pairs. A total of 100 paired serial saliva-NP samples were
found negative during follow-up, whereas a positive NP sample
was detected in 23 participants, in weeks 4 (n = 1), 6 (n = 1),
9(n=4),10(n=7), 11 (n = 2), and 12 (n = 8). SARS-CoV-2 posi-
tivity was confirmed by direct RT-qPCR in 22 paired saliva samples
and one was inconclusive. Of note, viral RNA was detected in the
saliva specimens of three participants 1 week earlier than being
detected for the first time in NP specimens (Figure 1). Sensitivity
and specificity values were 95.7% (95% Cl 79.0-99.2%) and 100.0%
(95% CI 98.6-100.0%), respectively, corresponding to 22 positives
detected in saliva among 23 positives detected in paired NP sam-
ples and to a total of 273 negatives detected in both saliva and NP
sample pairs at baseline and during follow-up (Table 5).

3.3. Phase 3: pilot screening programme

A total of 2709 symptomless participants voluntarily engaged
in the SARS-CoV-2 pilot screening programme in SJDH in the sec-
ond half of October 2020, including 2076 (83.4%) out of 2489 total
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health workers, 203 students, 23 aid volunteers, and another 407
professionals. Seventeen (0.6%) saliva samples provided by partici-
pants yielded invalid results by direct RT-qPCR. Among the remain-
ing 2692 saliva specimens, direct RT-qPCR was positive in 24 (0.9%)
and inconclusive in 27 (1.0%). NP swabs were collected from par-
ticipants with positive or inconclusive saliva results and tested by
standard RT-PCR. All 24 (100.0%) participants with saliva-positive
results were also found positive by standard RT-qPCR in NP swab.
Four (14.8%) out of 27 participants with inconclusive saliva re-
sults were positive by RT-qPCR in NP swab and 23 were negative
(Figure 2).

4. Discussion

There is a lack of evidence on the feasibility and usefulness of
saliva-based RT-qPCR protocols for early SARS-CoV-2 infection. This
study reports the results of validation and subsequent implementa-
tion of a direct RT-qPCR method based on end-user self-collection
of raw saliva. Despite bypassing the use of VITM and RNA ex-
traction reagents, this method achieved high accuracy for screen-
ing asymptomatic individuals. The sensitivity (95.7%) and speci-
ficity values (100.0%) validated in a diverse cohort of teenagers
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Table 3
Cycle threshold values of direct RT-qPCR in saliva runs
Direct RT-qPCR SARS-CoV-2 Run 1 (A) Run 2 (B) Run 3 (C) Difference Difference Difference
result®:? gene (A -B) (A-0Q) (B-0C)
Negative IC (RnasaP) 23.40 24.73 23.44 -1.33 -0.04 1.29
E - - - - - -
N - - - - - -
R - - - - - -
Low positive IC (RnasaP) 23.44 24.89 24.58 —1.45 -1.14 0.31
E 37.93 - - - - -
N 31.84 32.99 31.92 -1.15 —-0.08 1.07
R 32.23 33.78 33.41 -1.55 -1.18 0.37
High positive IC (RnasaP) 23.21 24.82 23.35 -1.61 -0.14 1.47
E 23.36 25.09 26.61 -1.73 -3.25 -1.52
N 23.01 25.45 24.27 —2.44 -1.26 1.18
R 23.77 29.34 25.06 -5.57 -1.29 4,28

@ Direct-qPCR was performed after heat treatment using GeneFinder COVID-19 Plus RealAmp reagents and Thermo Fisher thermal cycler.

b The three replicates yielded negative results for the negative control.

Table 4
Cycle threshold values of direct RT-qPCR in saliva according to storage conditions

GeneFinder COVID-19 Plus RealAmp kit

Ta

gPath COVID-19 RT-PCR kit

SARS- Room Refrigeration Freezing  Difference Difference Difference SARS- Room Refrigeration Freezing  Difference Difference Difference
CoV-2 temperature, at 4°C, at -80°C, (A-B) (A-C) ((B-0 CoV-2 temperature, at 4°C,24 at -80°C, (A-B) (A-C) (B-0)
gene 24 hours 24 hours >24 hours gene 24 hours hours (B) >24 hours
(A) (B) © (A) ©
IC 29.70 31.65 31.68 -1.95 -1.98 —0.03 IC (MS2)* - - - - - -
(RnasaP)
E 20.25 19.57 20.44 0.68 -0.19 -0.87 S 11.62 13.67 13.21 —-2.05 -1.59 0.46
N 18.22 19.33 18.22 -1.11 0.00 1.11 N 13.36 13.66 12.9 -0.30 0.46 0.76
R 20.35 19.57 20.37 0.78 —0.02 —0.80 ORFlab  11.23 13.33 13.11 -2.10 —-1.88 0.22
(R)
IC 28.73 28.03 27.97 0.70 0.76 0.06 IC (MS2)* - - - - - -
(RnasaP)
E 30.15 30.50 30.56 -0.35 -0.41 —0.06 S 23.04 2433 24.6 -1.29 —-1.56 -0.27
N 28.28 28.54 28.51 -0.26 -0.23 0.03 N 24.73 25.47 25.51 -0.74 -0.78 -0.04
R 29.09 29.31 29.33 -0.22 -0.24 —0.02 ORFlab  22.71 253 25.08 -2.59 -2.37 0.22
(R)
IC 27.97 27.77 27.81 0.20 0.16 —-0.04 IC (MS2)* - - - - - -
(RnasaP)
E 27.20 27.57 27.53 -0.37 -0.33 0.04 S 22.46 2297 2217 -0.51 0.29 0.80
N 26.15 26.38 26.42 -0.23 -0.27 -0.04 N 23.67 23.35 22.72 0.32 0.95 0.63
R 26.60 26.90 26.96 -0.30 -0.36 —0.06 ORFlab  23.75 19.85 22.69 3.90 1.06 -2.84
(R)
2 The internal control of the TagPath COVID-19 RT-PCR kit was not tested because it is included directly in the RT-qPCR reagent mix.
Table 5
Diagnostic accuracy of saliva-based direct RT-PCR versus standard RT-PCR on nasopharyngeal swab
Saliva-based direct RT-qPCR
Positive Negative Inconclusive Total
Standard RT-qPCR in NP
Positive 22 0 1 23 (7.6%)
Negative 0 273 0 273 (90.1%)
Inconclusive 1 6 0 7 (2.3%)
Total 23 (7.6%) 279 (92.1%) 1 (0.3%) 303 (100.0%)

and young and older adults without symptoms were comparable to
those of standard RT-qPCR protocols that use NP samples for clini-
cal diagnosis. Of note, the only saliva result discrepant from a posi-
tive result in the NP sample was inconclusive. Thus direct RT-qPCR
in saliva flagged the need for confirmatory testing for the individ-
ual with this inconclusive saliva result and fulfilled its screening
purpose. Interestingly, three subjects in the validation cohort who
were positive in saliva 1 week before giving a positive result in the
NP sample were identified. Since subjects were screened in saliva
weekly and in the nasopharynx every second week, this finding
suggests that serial screening for SARS-CoV-2 should not consider
intervals of longer than 1 week between successive tests to be ef-
fective.

When the method was implemented for pilot screening of
SARS-CoV-2 in a reference hospital, all saliva-positive results (0.9%)
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agreed with positive results in the paired NP samples. In addition,
a few inconclusive results in saliva (1.0%) raised the need for con-
firmatory testing and uncovered a minor proportion of additional
NP positive samples. Overall, these results indicate that the pro-
posed method performs adequately in a real-life scenario for its
intended use of screening. It is worth highlighting that no signif-
icant usability issues occurred during the pre-analytical phase, as
shown by the negligible proportion of invalid results obtained in
saliva (0.6%). Moreover, pilot screening gained high participation
among health workers at the study site, suggesting their willing-
ness to self-collect and dispense saliva samples according to a sim-
ple set of instructions. In operational terms, use of a high produc-
tivity system allowed a fast analytical workflow for close surveil-
lance and timely control of potential SARS-CoV-2 nosocomial in-
fection in the setting. We speculate that method implementation
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Figure 1. Time distribution of the first positive SARS-CoV-2 result by sample type in the diagnostic validation phase.
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Figure 2. Participant flow diagram in the pilot screening phase.

may result in savings both in consumables (swabs, PPE, VITM, RNA
extraction reagents) and health workforce before the RNA amplifi-
cation step.

Research on SARS-CoV-2 RNA detection in pre-heated URT spec-
imens other than saliva has been addressed by diverse groups,
with a primary focus on the diagnosis of symptomatic patients
(Bruce et al., 2020; Alcoba-Florez et al., 2020; Smyrlaki et al.,
2020). A preprint study specifically compared the accuracy of
direct RT-qPCR on saliva against standard RT-PCR on NP or
oropharyngeal swabs of adult patients with SARS-CoV-2 symptoms
(Fernandez-Pittol et al., 2020). While we observed 95.7% sensitiv-
ity and 100% specificity of saliva-based direct RT-qPCR in asymp-

tomatic individuals, the previous group reported sensitivity and
specificity values of 90.0% and 87.5%, respectively, in a cohort of
adults who had experienced symptom onset within the preceding
9 days. As the protocols of heat treatment were identical in the
two studies, our hypothesis is that after SARS-CoV-2 acquisition,
the viral load in saliva may decrease progressively over the pre-
symptomatic stage, a declining trend that could continue after the
onset of symptoms, as already observed in symptomatic patients
(Wyllie et al., 2020; Williams et al., 2020).

Few studies have analysed the performance of saliva-based di-
rect RT-qPCR on individuals without SARS-CoV-2 symptoms. In this
regard, the results of the present study were consistent with those
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of a study of 495 asymptomatic health workers tested with a RT-
qPCR protocol that included the use of VIM and previous RNA
extraction (Wyllie et al., 2020). That study found 13 saliva sam-
ples positive, as well as all of their paired NP samples. In con-
trast, Williams et al., in their study of ambulatory patients attend-
ing a screening clinic, reported a lower saliva performance in 33
(84.6%) out of 39 self-collected saliva samples paired with 39 NP-
positive samples (Williams et al., 2020). They used a RT-qPCR pro-
tocol preceded by RNA extraction from saliva diluted in Amiens
medium and did not specify the proportion of asymptomatic in-
fection in recruited outpatients. Similarly, a preprint study deter-
mined SARS-CoV-2 RNA positivity rates of 79% in saliva and 85%
in NP samples among a group of symptomatic and asymptomatic
individuals (approximate ratio 1:1) who tested positive by at least
one of various URT samples (Kojima et al., 2020). Their RT-qPCR
workflow included saliva collection swabs, VTM use, and RNA ex-
traction. Differences in pre-analytical steps prior to RT-qPCR and in
proportions of asymptomatic individuals studied derived from dif-
ferent epidemiological contexts could explain the different perfor-
mance of saliva-based RT-qPCR reported in our study and in those
of William et al. and Kojima et al.

A number of studies available in preprint have addressed the
development and clinical validation of saliva-based direct RT-PCR
methods for SARS-CoV-2 screening, yet the results of their imple-
mentation are unknown. Ranoa et al. developed a method that in-
cludes heat inactivation at 65°C for 30 minutes and the use of sam-
ple stabilizing buffers (Tris-EDTA and Tris-borate-EDTA) and addi-
tives (Tween 20) to enhance detection (Ranoa et al., 2020). This
group reported high sensitivity (88.9%) and specificity (98.9%) val-
ues in nine paired positive and 91 paired negative saliva-NP sam-
ples. Similarly, Vogels et al. developed a protocol that consists of
mixing saliva without preservative buffers with a proteinase K be-
fore performing heat inactivation at 95°C for 5 minutes and a du-
plex RT-qPCR (Vogels et al., 2020). High positive (97.1%) as well
as negative agreement (100.0%) was found in 37 paired positive
and 91 paired negative saliva-NP samples. Comparatively, our op-
timized method did not require the addition of specific buffers to
saliva for optimal performance while maintaining a process work-
flow as safe and simple as possible.

The main strengths of this study are the diagnostic valida-
tion of the proposed method in a diverse cohort of asymptomatic
teenagers and young and older adults, as well as extensive method
implementation for screening SARS-CoV-2 in a hospital environ-
ment. Some limitations for generalization of the results need to be
noted. First, the number of samples tested for analytical accuracy
was limited. Second, significant differences in Ct values were ob-
served for direct RT-qPCR depending on the use of GeneFinder or
TaqPath amplification reagents in the analytical validation process.
To be noted, the GeneFinder kit is designed for the performance of
45 amplification cycles, whereas the TaqPath kit entails 40 cycles,
and each of them sets different threshold values for a positive re-
sult (GeneFinder, 40; TaqPath, 37). Therefore, we were not able to
provide insights into the significance of saliva viral load or Ct val-
ues obtained from these two commercial reagent kits. Differences
in Ct values between kits may suggest limited usefulness of the
SARS-CoV-2 RNA load as a potential marker of active and trans-
missible infection, since the definition of a cut-off value with ade-
quate discriminatory power appears to be highly dependent on the
specific reagent used for viral detection. Third, the optimal sensi-
tivity (100%) of the direct RT-qPCR in the pilot screening was deter-
mined on a relatively low number of direct saliva positive samples
(n = 24). Fourth, adequate performance of direct RT-qPCR on saliva
was achieved by engaging participants to collect their samples in
the first hours of the morning or after a fasting period of 2 hours.
We cannot assume that similar results would be obtained under
other sampling conditions. Fasting before self-sampling certainly
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represents a minor inconvenience, but in our view this inconve-
nience is clearly outweighed by an improved user experience, as
shown during the pilot implementation.

In conclusion, this study showed that a novel direct RT-qPCR on
self-collected raw saliva is a simple, safe, and accurate method for
first-line screening of SARS-CoV-2. The high throughput pilot im-
plementation proved to be feasible, allowed a fast analytical work-
flow, and gained high levels of voluntary participation in a sen-
sitive hospital scenario. Self-collection of saliva by end-users had
negligible effects on the validity of the results. Evidence gener-
ated by this study supports the potential scale-up of self-collected,
saliva-based direct RT-qPCR for enhanced community-wide screen-
ing of SARS-CoV-2.
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