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ABSTRACT

Objective. To determine the diagnostic accuracy of self-collected snorted and spit saliva in detecting COVID-19
using RT-PCR (ssRT-PCR) and lateral flow antigen test (ssLFA) versus nasopharyngeal swab RT-PCR (npRT-PCR).

Methods. One hundred ninety-seven symptomatic subjects for COVID-19 testing in a tertiary hospital underwent
snort-spit saliva self-collection for RT-PCR and antigen testing and nasopharyngeal swab for RT-PCR as reference.
Positivity rates, agreement, sensitivity, specificity, and likelihood ratios were estimated.

Results. Estimated prevalence of COVID-19 using npRT-PCR was 9% (exact 95% Cl of 5.5% - 14.1%). A higher
positivity rate of 13% in the ssRT-PCR assay suggested possible higher viral RNA in the snort-spit samples. There was
92.9% agreement between ssRT-PCR and npRT-PCR (exact 95% Cl of 88.4% to 96.1%; Cohen’s Kappa of 0.6435).
If npRT-PCR will be assumed as reference standard, the estimated Sensitivity was 83.3% (exact 95% Cl of 60.8%
to 94.2%), Specificity 93.9% (exact 95% Cl of 89.3% to 96.5%), Positive predictive value of 57.7% (exact 95% ClI
of 38.9% to 74.5%), Negative predictive value of 98.2% (exact 95% Cl of 95% to 99.4%), positive likelihood ratio
of 3.65 (95% Cl of 7.37 to 24.9), negative likelihood ratio of 0.178 (95% CI of 0.063 to 0.499). There was 84.84%
agreement (95% exact Cl of 79.1% to 89.5%; Cohen’s Kappa of 0.2356) between ssLFAvs npRT-PCR, sensitivity
of 38.9% (exact 95% Cl of 20.3% to 61.4%), specificity of 89.4% (exact 95% Cl of 84.1% to 93.1%), PPV of 26.9%
(95% ClI of 13.7% to 46.1%), NPV of 93.6% (exact 95% Cl of 88.8% to 96.4%), LR+ of 3.67 (95% Cl of 1.79 - 7.51),
LR - of 0.68 (95% Cl of 0.47 - 0.99).

Conclusion. Our data showed that snort-spit saliva RT-PCR testing had acceptable diagnostic performance
characteristics and can potentially be used as an alternative to the standard nasopharyngeal/oropharyngeal swab
RT-PCR test for COVID-19 in certain situations. However, our data also showed that snort-spit saliva antigen
testing using lateral flow assay did not offer acceptable performance.
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INTRODUCTION

In the era of COVID-19 or SARS-CoV-2 pandemic,
determining infection and infectivity by viral RNA reverse
transcription polymerase chain reaction (RT-PCR) has
been the diagnostic method of choice. Studies have tested
different samples- nasopharyngeal (NP) or oropharyngeal
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resulting in coughing in most patients and increasing the risk
of nosocomial spread of respiratory viruses. The process of
obtaining these samples exposes the healthcare professional
to infection such that the process will require a high level
of personal protective equipment (PPE).

Salivary glands have been proven to be reservoirs for
COVID-19 asymptomatic infection.? Saliva or oral fluid
can easily be obtained by asking the patient to cough out
saliva from the throat to container sample for RT-PCR.}
Serial self-collected saliva testing yielded positive in 91.7%
(11/12) patients showing that a self-collected saliva is a
viable option in detecting 2019-nCoV.* In a 2020 study by
Wyllie, saliva and nasopharyngeal samples were compared,
and they detected SARS-CoV-2 in saliva from two subjects
who were negative by nasopharyngeal swabs.” They also
found that saliva yielded higher detection sensitivity and
consistency throughout infection. A meta-analysis by
Czumbel in 2020 found that sensitivity of saliva tests is high
at 91% (CI 80-99%) while sensitivity for nasopharyngeal
swab is at 98% (CI 89-100%) among previously confirmed
COVID-19 patients.®

An affordable, easily deployable, rapid, and accurate
self-collected test for COVID-19 may be a game-changer
in the fight against this pandemic. Rapid antigen tests using
lateral flow immunoassays have been explored as a possible
alternative in settings where RT-PCR may not be readily
available. One operational drawback is that these tests rely
mostly on nasopharyngeal specimens. Thus, professional
sampling and the use of personal protective equipment
during sampling and processing are still necessary. Using
more readily available and easily collected samples such as
saliva may help decrease the need for protective equipment
and decrease the risk of exposure to healthcare workers.
Saliva being used in antigen tests may also be used in large-
scale and point-of-care settings.’

The BIOCREDIT COVID-19 Ag test (RapiGEN
Inc., Gyeonggi-do, 14119, Korea) is a rapid antigen test
already being used in the community. It has a published
product description of having 94.4% sensitivity and 100%
specificity in a population of 134 and a disease prevalence
of 26.5%.% Table 1 shows the pooled results from European
and South American subjects.

This study aimed to validate self-collected snorted
and spit saliva in detecting COVID-19 using RT-PCR
(ssRT-PCR) and lateral flow antigen test (ssLFA) versus
nasopharyngeal swab RT-PCR (npRT-PCR).

Table 1. Biocredit Rapid antigen test product insert results

+ RT PCR - RTPCR Total
Biocredit COVID Ag + 34 0 34
Biocredit COVID Ag- 2 134 136
Total 36 134 136

METHODS

'This was a cross-sectional diagnostic accuracy study, with
prospective recruitment, using the STARD classification’.
'This research was conducted from September to November
2020 at the Philippine General Hospital (PGH). The
study secured approval from the Institutional Biosafety and
Biosecurity Committee and the University of the Philippines
Manila Research Ethics Board before commencing
(Registration: UPMREB 2020-301-01). Data collection was
planned before the index test, and the reference standard
was performed.

Two hundred eight (208) symptomatic adults (19-65
years old) suspected and probable cases of SARS-CoV-2
infections, using the WHO case definitions, were enrolled
in the study.! 'These included health care workers and
individuals who consulted at the outpatient s wabbing station
of the hospital. All were ambulatory. Those who were severely
symptomatic, non-ambulatory, and requiring O, support or
intubation were excluded from the study.

Specimen collection and transport

A designated health care worker (HCW) supervised
the snort-spit saliva sample collection while trained medical
technologists obtained the nasopharyngeal swab sample
according to standard operating procedures. The HCW
instructed subjects to snort and then spit 1-2 mL of the
whole saliva directly into two different sterile tubes: the first
tube contains viral transport medium (VTM) to be processed
for RT-PCR testing, and the second tube contains the assay
diluent for the lateral flow immunoassay.

Following the snort-spit saliva collection, the medical
technologist performed the nasopharyngeal swabbing on
bilateral nostrils using one pledget. The pledget was then
placed in the tube with VTM. Triple-packed VIMs of
both snort-spit saliva and NP swabs were then immediately
transported to the PGH Molecular Laboratory for processing.

Rapid antigen testing of saliva specimens

BIOCREDIT COVID-19 Ag test (RapiGEN Inc.,
Gyeonggi-do, 14119, Korea) was used for the rapid testing
part. It was a lateral flow immunochromatographic assay
intended for the qualitative detection of SARS-CoV-2
antigen.®This assay was designed for use with nasopharyngeal
swab samples but was used in this study on saliva samples.
The HCW performed the rapid test immediately after
saliva collection. Three to four drops of the obtained snort-
spit saliva and assay diluent mixture were squeezed into the
test device's sample well. Results were considered positive
if two bands appear, one red control line and one black
test line, after a standard waiting time and regardless of
color intensity.
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Specimen processing for RT-PCR

The NP swab and snort-spit saliva samples were
aliquoted and heat-inactivated at 65 Celsius for 10 minutes
or chemically inactivated using the lysis buffer before RNA
extraction. SARS-CoV-2 viral RNA amplification and
detection were performed following standard operating
procedures. Viral RNA extraction was done using
GenAmplify™ Viral RNA Purification Kit (The Manila
HealthTek, Inc.). SARS-CoV-2 RT-PCR detection was
then performed using either Novel Coronavirus (2019-
nCoV) Nucleic Acid Diagnostic Kit (Sansure Biotech
Inc.) or Real-Time Fluorescent RT-PCR Kit for Detecting
SARS-CoV-2 (BGI Genomics Co. Ltd.). Given an NP swab
and snort-saliva specimen pair, it was ensured that the same
SARS-CoV-2 RT-PCR detection kit was used. All kits
used were validated before use.

RESULTS

A total of 208 subjects were recruited and were able
to give their informed consent to participate. However,
two participants got swabbed first before snort-spit saliva
collection, one participant had her NP RT-PCR processed
using the automated process, and eight had invalid RT-PCR
results. A total of 11 participants were excluded from the final
set, and the final number was 197. Participants' median age
was 32 years (range 22-64), and 123 participants (62.4%)
were female. The prevalence of COVID-19 infection in the
study cohort, based on the reference method of npRT-PCR,
was 9% (18/197, 95% CI of 5.5% — 14.1%). The snort-spit
saliva RT PCR test (ssRT-PCR) and snort-spit antigen test
(ssLFA), however, showed higher positivity rates, both 13.1%
(26/197), compared to npRT-PCR.

The ssRT-PCR showed a substantial agreement of
92.89% (95% exact CI of 88.4% to 96.1%; Cohen’s Kappa of
0.6435) with npRT-PCR (see Table 2). The ssRT-PCR has
a positive likelihood ratio of 13.66 and a negative likelihood
ratio of 0.178. This means that if the pretest probability of
a case is 9%, and the ssRT-PCR result is positive, the post-

Table 2. Snort-spit saliva RT-PCR vs. Nasopharyngeal swab
RT-PCR for SARS-Cov-2

npRT-PCR + npRT-PCR - Total

ssRT-PCR + 15 11 26
ssRT-PCR - 3 168 171
Total 18 179 197

Table3. Snort-spit saliva antigen test vs. Nasopharyngeal
swab RT-PCR for SARS-Cov-2

npRT-PCR + npRT-PCR - Total

ssLFA + 7 19 26
ssLFA - 11 160 171
Total 18 170 197
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test probability will be 57.7%. If the pre-test probability is
9%, and the ssRT-PCR result is negative, the post-test
probability will be 1.7%. The sensitivity is 83.3% (95% exact
CI 0f 60.8% to 94.2%) and the specificity is 93.9% (95% exact
CI of 89.3% to 96.5%).

The ssLFA showed an only fair agreement of 84.77%
(95% exact CI of 79.1% to 89.5%; Cohen’s Kappa of 0.2356)
with npRT-PCR (see Table 3). The ssLFA has a positive
likelihood ratio of 3.67 and a negative likelihood ratio of
0.68.'This means that if the pretest probability of a case is 9%,
and the ssLFA result is positive, the post-test probability will
be 26.6%. If the pre-test probability is 9%, and the ssLFA
result is negative, the post-test probability will be 6.3%.

Further analysis of the data (Figure 1) shows consi-
derable clustering of ssRT-PCR cycle threshold (Ct-values)
towards the higher Ct-values in samples read as negative by
the reference standard (npRT-PCR), suggesting some form
of systematic error.

Comparison of the distribution of npRT-PCR and
ssRT-PCR Ct-values with positive and negative ssLFA
results shows that ssLIFFA misclassified a considerable
proportion of cases with detectable viral RNA by RT-
PCR in both the npRT-PCR and ssRT-PCR and that the
misclassification error is random as it does not demonstrate
any pattern across the range of Ct-values (number of PCR
cycles to achieve the desired signal). (Figure 2 A and B.)

DISCUSSION

Nasopharyngeal swab RT PCR is currently considered
the diagnostic method of choice for SARS COV 2 testing
by the WHO guidelines." Due to its invasive technique,
high risk for coughing, increased risk of exposure to HCWs,

and higher demand for protective equipment for sample

Comparison of Saliva RT-PCR Ct value between Positive and Negative NPS RT-PCRs
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Figure 1. Comparison of Saliva RT-PCR Ct values between
Positive and Negative NPS RT-PCRs.
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NPS RT-PCR vs Saliva Ag LFA Results
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Figure 2. Comparison of snort-spit saliva rapid antigen testing (ssLFA) with (A) snort-spit saliva RT-PCR (ssRT-PCR)

and (B) nasopharyngeal RT-PCR (npRT-PCR).

collection, several studies have explored saliva- or sputum-
based testing. The current study's difference is that it utilizes
the snort-spit technique of collection, aiming to sample
both the nasopharyngeal mucous and whole saliva.

Snort-spit Whole Saliva RT-PCR

Using the npRT PCR as the reference standard, the
diagnostic sensitivity and specificity of ssRT-PCR in
detecting COVID19 infection is high at 83.3% and 93.9%,
respectively. This is consistent with previous cross-sectional
studies by Pasomsub (2020), with saliva having sensitivity
and specificity of 84.2% and 98.9%, respectively, and a more
recent study by Altawalah (2020) showing sensitivity and
specificity of 83.43 % (95 % CI: 79.07-87.20) and 96.71
% (95 % CI: 94.85-98.04 %), respectively.'®! However,
the presence of a wide variation in the assay performance
based on several more studies results, the WHQO does not
yet recommend using saliva as the sole specimen for routine
clinical diagnostics.!

The positive and negative likelihood ratio estimates in
this study for ssRT-PCR suggest usefulness in an actual
clinical setting. For example, in a patient assigned a pretest
probability of 50%, that is, the clinical decision-maker is at
an equipoise, a positive ssRT-PCR can increase the post-test
probability to 93.2%, and a negative ssRT-PCR can decrease
the post-test probability to 15.1%, enough to be used as the
basis for clinical decisions.

The current study provides some evidence that the
detection rate of SARS-COV-2 could be higher in snort-
spit samples than nasopharyngeal swabs (13.3% vs. 9%
positivity rate, respectively). If cross-contamination at any
point in the processing can be ruled out, a higher positive
test rate will suggest an actual increase in detection rate.
Furthermore, because there was considerable clustering of
the Ct-values towards the higher end of the assay range, in
the group of positive samples by ssRT-PCR but negative by
npRT-PCR, the npRT-PCR assay could be systematically
misclassifying those sample with very low viral copies. Thus
it is very tempting to consider the possibility that ssRT-
PCR could, in reality, be more sensitive than npRT-PCR
in SARS-CoV-2 detection. If indeed this could be true, it
would be easy to see that such will be the case as samples
collected by snorting and spitting collects fluid from a larger
area, including the nasal, nasopharyngeal, oropharyngeal,
and oral cavities, and the total fluid collected is far larger
in volume compared to nasopharyngeal and oropharyngeal
swabbing. Further investigation using carefully designed
experiments is suggested to explore this assertion. The pre-
amplification extraction method and validation of SARS-
CoV-2 RT PCR interpretation criteria specifically for snort-
spit samples may be pursued as a future direction to provide
additional useful information to strengthen the evidence
for the potential of snort-spit as an alternative sample for

SARS-CoV-2 detection.
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Snort-spit Saliva Rapid Antigen Assay (Lateral
Flow Assay)

We explored the possibility of snorting and spitting
mucus and saliva to a collection bottle and testing it on a
lateral flow device for rapid antigen detection using the
BIOCREDIT COVID-19 Ag test (RapiGEN Inc.,
Gyeonggi-do, 14119, Korea). With a snort-spit sample, there
was only fair agreement and poor sensitivity and specificity
when using antigen than what is published in the product
insert, which uses nasopharyngeal swab. The current study
employed a modified sample processing method to perform
the antigen test, which may be a limitation. Hence, the utility
of snort-spit saliva samples using rapid antigen detection
may be further explored in the future when the prevalence
of the disease is higher and when further validation can be
done. Strategizing maneuvers, like spaced repeated self-
testing, can be done in future studies considering the existing
burden of disease.

CONCLUSION

Snort-spit saliva RT-PCR can be an acceptable
alternative to nasopharyngeal RT-PCR, especially in a
setting where nasopharyngeal specimen cannot be obtained.
There is some evidence to suggest that snort-spit saliva RT-
PCR may be a more sensitive method than nasopharyngeal
RT-PCR. Snort-spit rapid antigen testing is not an
acceptable alternative to nasopharyngeal RT-PCR. Further
investigation into the superiority of snort-spit saliva RT-
PCR over nasopharyngeal RT-PCR is recommended.
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