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Abstract
Molecular diagnosis on nasopharyngeal swabs (NPS) is the current standard for COVID-19 diagnosis, but saliva may be an
alternative specimen to facilitate access to diagnosis. We compared analytic performances, feasibility and acceptability of NPS,
saliva, and oral-self sampling swab for the detection of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). A
prospective, multicenter study was conducted in military hospitals in France among adult outpatients attending COVID-19
diagnosis centers or hospitalized patients. For each patient, all samples were obtained and analyzed simultaneously with RT-
PCR or transcription-mediated amplification method. Clinical signs, feasibility, and acceptability for each type of sample were
collected. A total of 1220 patients were included, corresponding to 1205 NPS and saliva and 771 OS. Compared to NPS, the
sensitivity, specificity, and kappa coefficient for tests performed on saliva were 87.8% (95% CI 83.3–92.3), 97.1% (95% CI
96.1–98.1), and 0.84 (95% CI 0.80–0.88). Analytical performances were better in symptomatic patients. Ct values were signif-
icantly lower in NPS than saliva. For OS, sensitivity was estimated to be 61.1% (95% CI 52.7–69.4) and Kappa coefficient to be
0.69 (95% CI 0.62–0.76). OS was the technique preferred by the patients (44.3%) before saliva (42.4%) and NPS (13.4%).
Instructions were perceived as simple by patients (> 90%) for saliva and OS. Finally, the painful nature was estimated to be 0.9
for OS, on a scale from 0 to 10, and to be 5.3 for NPS. Performances of OS are not sufficient. Saliva is an acceptable alternative to
NPS for symptomatic patient but the process required additional steps to fluidize the sample.
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Introduction

The recent spread of coronavirus disease (COVID-19) caused
by SARS-CoV-2 has become an international concern. Rapid
and accurate diagnosis is important to control the ongoing
COVID-19 pandemic. Nasopharyngeal swabs (NPS), follow-
ed by reverse transcription polymerase chain reaction (RT-
PCR), are recommended by the World Health Organization,
Centers for Disease Control and Prevention, and French
Society of Microbiology for the diagnosis of COVID-19
[1–3]. Although the current standard is NPS, collection re-
quires trained medical personnel wearing full personal protec-
tive equipment to avoid contamination. Additionally, mass
testing requires an increased number of personnel, swabs,
and viral transport media causing logistic burden.
Furthermore, NPS causes discomfort to the patients [4, 5].
Less invasive methods are needed and collection by the
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patient could reduce high exposure of the healthcare worker.
Previous studies have shown that saliva could be an alterna-
tive to NPS. However most studies have a limited number of
patients or are monocentric [6–10]. A recent meta-analysis
showed a sensitivity of saliva to be 91% (95% CI 80–99)
[11]. It highlighted that NPS tests were more sensitive than
saliva, but the difference was not statistically significant.
Other studies testing symptomatic outpatients [9, 12, 13]
showed also that the median cycle threshold (Ct) value was
significantly higher in saliva, suggesting lower viral loads in
saliva. Finally, some authors reported highest viral loads in
posterior oropharyngeal saliva [14–16]. For self-collected oral
fluid specimens with swabs, data are scarce in literature and
sensitivity varies from 66 to 89.8% [17, 18].

Faced to these heterogeneous results and an uncertainty
about the massive screening strategy using saliva in France
[19], we carried out a prospective, multicenter study to eval-
uate the performance, feasibility, and acceptability of saliva
samples and by oral self-swabbing.

Methods

Study design, participants, and setting

This prospective, multicenter study was conducted among
1220 volunteer adult patients attending the COVID-19 diag-
nosis center of 4 military hospitals in France or hospitalized in
these hospitals. The inclusion criteria were participants above
18 years, under investigation for a suspected COVID-19 or
contact of a confirmed COVID-19 case, and able to obey
commands and to give written consent. Patients hospitalized
in intensive care unit were excluded. Reason for consultation,
clinical signs, feasibility, acceptability, and pain for each type
of sample (scale from 0 to 10: 0 no annoyance, 10 extremely
unpleasant) were collected.

Specimen collection

For each participant, oral information was given to explain
collection procedure and sequence with 3 steps. First, pa-
tients should not eat or drink within 30 min before collec-
tion, and then, they were asked to take 2 ml saliva with a
simple drooling technique [20]. To assist the patient, a
container with 2 ml of colored solution was available in
the collection room to indicate the correct collection vol-
ume. Then, oral self-sampling (OS) was performed by
swabbing the internal face of the cheeks, the groove be-
tween the cheeks and gums, and then under the tongue for
30 s in order to obtain a good hydratation of the swab and
to collect saliva and mucous cells. This swab was then
placed in 3 ml of viral medium transport (VMT) (PBS,
Virus stabilization tube, Vacuette®). Finally, NPS were

collected by experienced and trained nurses and placed in
VMT. In this study, NPS was used as reference and this
result was communicated to patients.

Molecular analysis for SARS-CoV-2

Different molecular techniques were used in this multicenter
study according to the routine method implemented in inves-
tigating centers.

The TMA (transcription-mediated amplification) tech-
nique was used by centers 1 and 4. This technique
(Aptima SARS-CoV-2, Hologic®) that amplifies 2 targets
of ORF1ab does not require pretreatment for analysis of
nasopharyngeal samples. No pretreatment was carried out
on the buccal swabs resuspended in VMT. For saliva sam-
ples, pretreatment procedure with 5 μl of proteinase K (PK,
20 mg/mL) into 500 μl of specimen at 65 °C during 10 min
was systematically added to avoid invalid results. Swabs
used in centers 1 and 4 for NPS and oral swabs were sterile
swab with flocked tip (G1022FN, Gongdong Medical
Technology®).

The RT-PCR technique was used by centers 2 and 3.
Center 2 performed chemical inactivation (PK) before RNA
extraction with NucleoMag Pathogen Kit on the Genomic
STARlet (Hamilton®) extractor and performed the amplifica-
tion step with the IDNCOV-2 kit (ID-solutions®) on the
CFX-96 system (Biorad®). This RT-PCR amplifies 2 viral
targets (N1 and N2 gene of the nucleocapsid) and 1 cellular
control.

Center 3 performed chemical (PK) and thermal inactiva-
tion, RNA extraction with the Genoxtract Kit and platform
(Biocentric®), and then the amplification step with the
TaqPathTM COVID-19 CE-IVD RT-PCR Kit on the
QuantStudio 5 system (ThermoFisher®). This RT-PCR am-
plifies 3 viral targets (N gene, S gene and ORF1). Swabs used
in centers 2 and 3 for NPS and oral swabs were sterile swab
(LYFT001, Lemoine®).

Data processing and analysis

For the categorical variables, the chi-square test was used.
Comparisons between quantitative variables were made
using Student’s test. Additionally, sensitivity, specificity,
positive predictive values (PPV), negative predictive
values (NPV), Cohen’s kappa (K coefficient), and their
95% confidence intervals (CI) were calculated to assess
diagnostic performance. A p value < 0.05 was considered
statistically significant. All statistical analyses were per-
formed using R version 3.6.0. Interim analysis was includ-
ed in the study design in order to stop a sample type in the
event of poor performance.
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Results

Patient characteristics

In the study between September 15 and October 19, 2020,
1220 subjects were included with 57.2% male and 42.8%
female (Supplementary Information Table 1). The mean
age was 38.6 ± 14.6 years. Of them 55.4% were symptom-
atic. Outpatients represented over 99% of the included
volunteers.

Comparison of SARS-CoV-2 RNA detection between
saliva and nasopharyngeal swab

Out of 1205 analyses conducted in parallel on saliva and
NPS, 180 were positive and 971 negative in both tests
(Table 1). Saliva samples from 17 patients (1.4%) generat-
ed invalid RT-PCR or TMA results due to internal control
failure or automated sample processing errors. Invalid rates
were, respectively, 1.6%, 1.7%, 0%, and 1.6% for centers 1
(TMA), 2 (RT-PCR), 3 (RT-PCR), and 4 (TMA).

The overall sensitivity and specificity for molecular
tests performed on saliva compared to NPS were 87.8%
(95% CI 83.3–92.3) and 97.1% (95% CI 96 96.1–98.1),
respectively. The positivity rate of NPS was 17% (205/
1205) and 16.2% (195/1205) for saliva with no significant
difference (p = 0.155). Kappa coefficient was 0.84 (95%
CI 0.80–0.88), suggesting excellent agreement.

Among the 56 individuals with concordant results in
centers using RT-PCR providing Ct values, the Ct values
were significantly lower in NPS than saliva for N-gene
(19.5 vs 23.8; p = 0.003), S-gene (18.9 vs 23.5; p =
0.001) and ORF1-gene (19.3 vs 24.1; p = 0,003) for center
3 and N2-gene (25.9 vs 29.4 ; p = 0.023) for center 2. In
center 2, no difference for N1-gene (26.5 vs 28.9; p =
0.145) and cellular control (25.5 vs 25.1; p = 0.327) was
observed (Fig. 1). For centers 1 and 4 using TMA, Ct
values and viral load were not estimated due to end point
reading technique but intensities of the reaction, reflected
by relative light units (RLU) were analyzed. The overall
mean RLU were 1195 (95%, CI 1087–1303) for NPS and

1380 (95%, CI 1243–1517) for saliva with no significant
difference (p = 0.288).

For symptomatic patients (n = 653), sensitivity, specificity,
and kappa coefficient were 89.4 (95% CI 84.9–93.9), 96.2
(95% CI 94.5–97.9), and 0.86 (95% CI 0.82–0.90)
(Table 2). In this group, 293 samples were obtained within
the first 3 days of symptom onset, 147 between days 4 and 7,
and 51 after day 7. Sensitivity was greater than 92% whatever
the date of symptom onset. However, performances were ex-
cellent between the 4th and 7th day with sensitivity to 95.3%
(95% CI 89–100), specificity to 99% (95% CI 97.2–100), and
kappa coefficient to 0.95 (95% CI 0.90–1) (Supplementary
Information Table 2).

For asymptomatic outpatients who represented only 24
NPS positive patients, sensitivity decreased to 79.2% (95%
CI 62.9–95.4) and kappa coefficient to 0.71 (95% CI 0.57–
0.85).

The number of inclusions was different according to the
center and molecular techniques used, with 857 for TMA and
348 for RT-PCR (p = 0.0044). Performance analyses by each
center are shown in Table 3. Center 2 obtained a sensitivity to
66.7% (95% CI [51.9–81.5]) and represented 13 of the 22
(59%) discrepant NPS+/saliva- of the study. The 3 other cen-
ters found sensitivity greater than 90%. The overall sensitivi-
ty, specificity, and kappa coefficient on saliva for these 3
centers (n = 1023) were 92.8% (95% CI 88.8–96.7), 98.7%
(95% CI 96–98.2), and 0.87 (95% CI 0.83–0.91),
respectively.

Comparison of SARS-CoV-2 RNA detection between
oral and nasopharyngeal swabs

Due to the poor performance of OS, this arm of the study was
interrupted at mid-term explaining the lower number of these
specimens. Among 771 paired OS and NPS, 80 were positive
and 633 negative on both tests. Discrepant results were ob-
served for 58 patients: 51 NPS+/OS- and 7 NPS-/OS+. The
detection rate for SARS-CoV-2 was higher in NPS than OS
(17%, 131/771 vs 11.2%, 87/771, p < 0.001)

These data on 771 inclusions revealed an overall sensitivity
for OS of 61.1% (95% CI 52.7–69.4), a specificity of 98.9%
(95% CI 52.7–69.4), a PPV of 91.9%, and a NPV of 92.5%.
The kappa coefficient was 0.69 (95%CI 0.62–0.76) (Table 4).
The Ct values were significantly higher in OS than in NPS for
5 SARS-CoV-2 genes (p < 0.001). For center 2, the mean of
Ct was 26.2 in NPS vs 32 in OS and for center 3, 19.2 in NPS
vs 30.2 in OS (p < 0.001).

For symptomatic patients, sensitivity and kappa coefficient
were 63.2% (95% CI 54.3–72) and 0.70 (95% CI 0.62–0.78)
while they were 46.7 (95% CI 21.4–71.9) and 0.54 (95% CI
0.30–0.78) for asymptomatic patients (Supplementary
Information Table 3).

Table 1 Results from nasopharyngeal specimens and saliva in same-
day matched pairs (n = 1205)

SARS-CoV-2-RNA Nasopharyngeal specimens

Detected Not detected Invalid

Salivary self-sampling Detected 180 15 0

Not detected 22 971 0

Invalid 3 14 0
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Analytical performance was analyzed according to the date
of onset of symptoms and highlighted a sensitivity of 78%
(95% CI 65.4–90.7) in patients with symptoms for less than

3 days and 85.7% (95% CI 72.7–98.7) between 4 and 7 days.
After 7 days, none of the 28 positive patients on NPS was
detected by OS.

Fig. 1 Ct values in nasopharyngeal, saliva, and oral specimens for genes N1, N2 and cellular control for center 2 (A). Ct values in nasopharyngeal, saliva,
and oral specimens for genes N, S, and ORF1 center for center 3 (B). ns not significant, * p < 5%, ** p < 1%, *** p < 0.1%, **** p < 0.01%
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Feasibility and acceptability of nasopharyngeal swab,
saliva collection, and oral swab

The instructions for the saliva self-sampling were perceived as
simple (90%), but 33.6% of patients had difficulty in filling
the collection container. The saliva sample was acceptable for
82.6% of the patients.

For the OS, the instructions were simple for 91% of the
patients; this type of sampling was acceptable for 89.2% of
them. The discomfort caused was estimated at 0.9 ± 1.6 on a
scale from 0 to 10.

Regarding the nasopharyngeal swabs, 13% considered it
painful, 48.3% rather painful, and the discomfort caused was
estimated at 5.3 ± 2.6 on the same scale.

Finally, to the question “among the 3 samples that you have
had (salivary, oral, nasopharyngeal) which would you prefer
to have for a COVID-19 screening?”, 44.3% preferred OS,
42.4% saliva, and 13.4% NPS.

Discussion

NPS is the present gold standard of sampling for COVID-19
screening, as recommended by most international guidelines.
Indeed, NPS showed the best performances in this study re-
garding positive rate and provided the highest viral loads.
However, saliva seems to be a promising alternative that could
simplify and accelerate COVID-19 diagnosis in certain cir-
cumstances. In study, carried out on 1220 patients, we showed
a comparable rate of SARS-CoV-2 detection between NPS
and saliva. When the NPS sample collected by a healthcare
worker was used as the comparator, the estimated sensitivity
of saliva was 87.8% that is consistent with prior literature [11].
The kappa coefficient showed an excellent agreement (> 0.8).
For symptomatic patients, sensitivity was 89.4% (95% CI
84.9–93.9), while it was 79.2% (95% CI 62.9–95.4) for
asymptomatic patients. Despite the large number of inclu-
sions, only 24 positive patients were asymptomatic, which
may explain the low precision in this group.

Analysis according to the date of symptom onset, 0–3rd
day, 4th–7th day, > 7th day, showed sensitivity greater than
92% for each group. The best performances were observed

between the 4th and the 7th day with sensitivity to 95.3% and
kappa coefficient to 0.95 (95% CI 0.90–1). The viral load is
described as high in the first week but could be highest in
saliva between the 4th and 7th day after symptoms onset
[21, 22]. Our results suggest that saliva could be used during
the first week after onset of symptoms for SARS-CoV-2 de-
tection. We showed also good performances after the 7th day
of illness in this study. In this group of 51 patients, the median
time to onset of symptoms was 11 days.

Unlike studies on posterior oropharyngeal saliva [13, 15],
our study revealed that Ct values were significantly lower in
NPS than saliva suggesting highest viral load in NPS.
Posterior oropharyngeal saliva might have a greater viral load
than saliva due to debris from nasopharyngeal epithelium in
this sample.

Our study revealed discrepancies between NPS and saliva
with 22 NPS+/saliva- and 15 NPS-/saliva+.

For NPS+/saliva-, discrepancy rates by center were 4.6%
(3/65), 3.2% (1/31), 6.7% (5/75), and 30.9% (13/42). For the
latter center, sensitivity was estimated to 66.7%. Specific anal-
ysis revealed amplification of cellular control in NPS and
saliva, Ct values to 30.6 for N1 gene, and 29.7 for N2 gene
in NPS but no amplification in saliva. This low sensitivity on
saliva in center 2 does not seem to be related to the limit of
detection (LOD) of the RT-PCR used because it was 12.5
copies/reaction while it was 83 copies/reaction for centers 1
and 4 and 10 copies/reaction for center 3. The final dilution of
saliva sample in extraction buffer or lysis buffer was 0.5 for
centers 2 and 3 and 0.4 for centers 1 and 4. Finally, the prev-
alence of the disease in the centers during the study period was
between 7.4 and 12.5% and does not explain the difference in
performance found in center 2 (Table 3). All these data sug-
gest that extraction technique used in center 2 was probably
unsuitable for saliva.

Examination of 6 patients confirmed a history of a previous
positive RT-PCR from 2 to 28 days earlier. This discrepancy
was previously described for patient later in illness [10].

For NPS-/saliva+ discrepancies, cellular control was sys-
tematically positive in NPS in one center excluding the hy-
pothesis of a poor quality NPS sample. Further investigations
showed low viral load in saliva in few samples and sometimes
negative RT-PCR control in saliva.

Table 2 Overall analytical performances for saliva compared to nasopharyngeal specimens and for symptomatic and asymptomatic patients

Symptomatic and asymptomatic patients Symptomatic patients Asymptomatic patients

Sensitivity (IC95%) 87.8 (83.3–92.3) 89.4 (84.9–93.9) 79.2 (62.9–95.4)

Specificity (IC95%) 97.1 (96.1–98.1) 96.2 (94.5–97.9) 98.0 (96.8–99.2)

PPV (IC95%) 92.3 (88.6–96) 94.7 (91.3–98.1) 76.0 (59.3–92.7)

NPV (IC95%) 97.8 (96.9–98.7) 96.4 (94.7–98.1) 99.2 (98.4–100.0)

Kappa (IC95%) 0.84 (0.80–0.88) 0.86 (0.82–0.90) 0.71 (0.57–0.85)

NP nasopharyngeal; PPV positive predictive value; NPV negative predictive value
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Additional analysis excluding the center with poor sensi-
tivity revealed excellent results on saliva, on 1023 patients,
with an overall sensitivity to 92.8% and Cohen’s kappa to
0.87.

Finally, saliva sampling was perceived as simple for 90%
of patients but a third of patients had difficulty filling the
collection container.

Despite good feasibility and correct analytical perfor-
mances for saliva specimen, results seem to be heterogeneous
according to the technique and according to the status of the
patient (symptomatic/asymptomatic). A major constraint in
the management of saliva samples is linked to a systematic
physical and chemical pretreatment for fluidification. In our
study, 25.6% of saliva samples were not fluid. To our knowl-
edge, this limit was only found in one recent study [23]. This
additional processing causes a workflow modification, a
prolonged time of process, and ergonomic implications for
the clinical laboratory facing increasing number of samples.
A solution, proposed in previous studies, could be the addition
of VTM in saliva by the laboratory staff before RT-PCR or
TMA [13, 24].

The OS was the preferred technique of patients because of
simplicity of implementation and its painless character but
analytical performances were not optimal.

Sensitivity was estimated to 61.1% (95% CI 52.7–69.4) in
our study. Kojima et al. found comparable results in unsuper-
vised self-collection oral fluid specimens (66%) and suggested
that coughing may be critical for the detection of SARS-CoV-
2 in oral fluid [16].

There are several limitations in our study. First, patients
were essentially outpatients (99%) with mild infection and
maybe lower viral loads than severe patients [25]. However,
this homogeneity allows to validate our results regarding mass
screening population. Furthermore, performances remained
good despite patients with low viral loads. Secondly, the num-
ber of infected asymptomatic patients was limited (n = 24) so
that results in this population are difficult to extrapolate.

Thirdly, the fact that saliva sample was taken systematical-
ly before OS could be detrimental for the performance of OS
but our data were very closed to that observed in literature and
suggest that the change in order of sampling, saliva then OS or
OS then saliva, product the same results.

Table 4 Overall analytical performances for oral specimens compared
to nasopharyngeal specimens

SARS-CoV-2-RNA Nasopharyngeal specimens

Detected Not detected Invalid

Oral self-sampling Detected 80 7 0

Not detected 51 633 0

Invalid 0 0 0
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Finally, molecular techniques used were different between
centers and could modify study results. Yet, this constraint
allows to reflect overall performances in real routine situation
and highlights that performances can be impaired with some
techniques, which underlines the need for a systematic evalu-
ation of saliva with the local process before routine
implementation.

In conclusion, although the oral sample is well accepted by
patients, performances are not sufficient. Saliva is an accept-
able specimen for the laboratory-based diagnosis of COVID-
19 in symptomatic patients during the first week after onset of
symptom, but the process requires unfortunately an additional
time-consuming step to fluidize or dilute specimen, generating
impact on workflow.
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