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Abstract

Background: Cases of pneumonia of unknown aetiology were reported in Wuhan, China in December 2019. The disease was
identified to be caused by Severe Acute Respiratory Syndrome Corona Virus-2 (SARS-CoV-2) and was named Corona Virus Disease
2019 (COVID-19).

Methods: The samples (salivary and NPS) were randomly collected from 60 adults, who were clinically suspected of COVID-19
infection and reported to the hospital. Both samples were collected on day 0 and repeat sampling was done between day 7 — day 14
for all the participants. All the samples were run for rRT-PCR. A Visual Analog Score form was used to evaluate patient comfort with the
procedure.

Results: Sixty participants were enrolled in this study which included 35 males and 25 females. The median age was 32 years (IQR:
25-51 years). A positive test by either sample route (saliva/NPS) tested by rRT-PCR was considered as true positive and considered as
reference standard. The 19 participants whose NPS tested negative for COVID-19, also tested negative with saliva (True negatives).
Out of 41 positive cases (True positives), 40(97.5%) were accurately diagnosed as SARS Co-V-2 positive with saliva and 37(90.2%) with
NPS. With saliva samples the sensitivity was 97.56%, specificity was 100%, positive predictive value was 100%, negative predictive value
was 95% and accuracy was 98.33%. Whereas with NPS the sensitivity was 90.24%, specificity was 100%, positive predictive value was
100%, negative predictive value was 82.61% and accuracy was 93.33%. The Ct values of both the sampling methods were comparable.
Saliva was also found to be more consistent. 70% of the participants found saliva as the preferred method of sampling.

Conclusion: Saliva is a viable, more sensitive, consistent and non-invasive method of sampling for COVID-19. It can be further

L

evaluated as a valid frontline non-invasive diagnostic test for detection of COVID-19.
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Introduction

The World Health Organization (WHO) reported cases of
pneumonia of unknown aetiology in Wuhan city, China in December
2019. The disease was identified to be caused by a novel corona virus
which was later named as Severe Acute Respiratory Syndrome Corona
Virus-2 (SARS-CoV-2) and the disease was named Corona Virus
Disease 2019 (COVID-19). It has been declared as a pandemic by the
WHO [1].

The Severe Acute Respiratory Syndrome Corona Virus (SARS-
CoV), responsible for the 2003 epidemic and SARS CoV-2 share 80%
sequence homology, but SARS CoV-2 is much more contagious [2]. The
novel corona virus also employs the host cell angiotensin-converting
enzyme-2 (ACE-2) as the main host receptor for cellular entry, like
SARS- CoV [3]. Studies have shown higher levels of ACE 2 expression

in salivary glands compared with that in the lungs [4]. SARS-CoV was
also detected in saliva samples [5]. This suggested that the salivary
glands could be a potential target for SAR-CoV-2 infection, and hence
saliva could be a potential sample for SARS-CoV-2 detection [6].

Accurate and rapid diagnostic testing is a key factor to control
the spread of pandemic caused by the novel corona virus [7]. Real
Time Reverse Transcriptase Polymerase Chain Reaction (rRT-
PCR) on respiratory specimens like Oropharyngeal Swab (OPS),
Nasopharyngeal Swab (NPS), bronchoalveolar lavage and tracheal
aspirates, is the current gold standard test for detection of SARS Co-
V-2. The most commonly used sample type is NPS which has been
found to be inconsistent during serial testing and has relatively poor
sensitivity in early infection [7].

The collection of NPS has various disadvantages like it requires
close contact between the healthcare worker performing the collection
and the patient. This exposes the healthcare workers to aerosols
generated due to sneezing and coughing by the patient during sample
collection, putting them at high risk. The other disadvantages are due
to invasiveness of the procedure, which include the discomfort caused
and risk of bleeding in thrombocytopenic patients. Also in this state of
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health emergency, where we are facing challenges with the supply of
swabs and Personal Protective Equipment (PPE) for healthcare workers
this method further limits us to perform large scale testing [7]. Thus,
keeping in view all these points and overburdened testing centres there
is a need to explore other sample types for detecting the virus.

With this prospective observational study we aimed to compare the
sensitivity and specificity of paired salivary and NPS, rRT-PCR with
total rRT-PCR as the reference standard for diagnosis of COVID-19
infection.

The study was approved by the Institutional Review Board and
Ethics Committee of Medanta-The Medicity. All authors vouch for
correctness of data.

Materials and Methods

It is a prospective observational study conducted at a tertiary care
1500 bedded hospital, in the National Capital Region, Delhi over a
period of 40 days (21.05.2020-30.06.2020). The samples (salivary and
NPS) were randomly collected from 60 adults, who reported at the
Out Patient Department (OPD) and In Patient Department (IPD) of
the hospital and were clinically suspected of COVID-19 infection. A
written informed consent was taken from all participants. The patients
who were on drugs affecting saliva production like anticholinergics,
had xerostomia or any active oral disease or injury and mechanically
ventilated or critically ill patients were excluded from the study. The
samples were collected at the baseline (day 0) and positives were
repeated between 7-14 days.

All the samples were run for rRt-PCR for SARS CoV-2 at the same
Indian Council of Medical Research (ICMR) approved laboratory and
their Cycle Threshold (Ct) values were recorded. Ct value is defined as
the number of cycles when the sample fluorescence exceeds a chosen
threshold above the calculated background fluorescence [8].

A Visual Analog Score form (scale 1-5, with 1 as very uncomfortable
and 5 as comfortable) was used to evaluate patient comfort with the
sample collection procedure (both NPS and saliva).

Sample collection and processing

The samples were collected with all aseptic precautionsin accordance
with the current institutional Standard Operating Procedures (SOP).
NPS was collected by a trained health care professional using a flexible,
flocked swab which was passed through the patient’s nostril until the
posterior nasopharynx was reached. It was left for 10 seconds in place
to absorb secretions and removed slowly while rotating. The swab was
put in 3 ml sterile Viral Transport Medium (VTM) and sealed securely.

The participant was requested not to eat, drink, smoke or chew gum
for at least 30 minutes before giving saliva sample. Prior to spitting,
participant was asked to relax and rub cheeks gently for 30 seconds to
make saliva. The sample of 2-3 ml saliva (minus any bubbles that form
on the top of the vial) took around 5 minutes to collect. Participants
self-collected the saliva sample using the drooling technique, in a sterile
vial containing 3ml of VTM, which was sealed and shared with the
laboratory personnel. No special saliva collection devices were used.
Both sample types were processed within 4 hours of collection.

Processing of samples

Total nucleic acid was extracted from 200 pl of inoculated VIM
from the NP swab or saliva samples using the Maxwell Total Nucleic
Acid (TNA) extraction kit on Promega automated extraction system
following the manufacturer’s protocol. From each sample processed, 5

ul of elute was used for reaction set up using TagPath COVID-19 combo
kit. One negative control, 1 positive control and 1 internal control (MS2
phage as an extraction control) was processed with each run. After
Polymerase Chain Reaction (PCR) reaction is set up, the reaction plate
is run in Thermofisher Quantstudio-5X for analysis of results. The kit
provided 3 genes for detection-ORF1lab, N and S.

Samples were classified as positive for SARS-CoV-2 when all or any
2 of the 3 (ORFlab, N and S) genes detected with<40 Ct value.

Statistical methods

The analysis included profiling of patients on different
demographic, clinical and laboratory parameter. Distribution of
quantitative parameters were assessed using the Kolmogorov-Smirnov
test. Descriptive analysis of quantitative parameters were expressed
as median and Inter Quartile Range (IQR). Categorical data were
expressed as absolute number and percentage. Wilcoxon Signed Ranks
Test was used for testing of median. The diagnostic accuracy of NPS
and saliva were evaluated in terms of sensitivity, specificity, negative
predictive value, positive predictive value and accuracy with respect to
the reference standard total rRT-PCR. Agreement between NPS rRT-
PCR and salivary rRT-PCR with total rRT-PCR was assessed by Cohen’s
kappa statistics. P-value<0.05 was considered statistically significant.
All analysis was done using SPSS software, version 24.0.

Sample size

Assuming the agreement between paired NPS rRT-PCR and
salivary rRT-PCR with total rRT-PCR test is about 90%. Under these
assumptions the minimum sample size calculated was 60 with 99%
confidence level and 10% precision.

Results

A total of 60 participants were included in this study. In all, 210
samples were collected from 60 participants including the follow-up
sampling done between day 7-day 14 for positives. (Table 1) depicts the
characteristics of participants enrolled in the study. The median age of
the participants was 32 years (IQR: 25-51 years) with 35(58.3%) males
and 25(41.7%) females.

Characteristics Number, (n=60) Percentage (%)
Age (years), median

(IgR()y ) 32(25-51)

Gender

Male, n 35 58.30%
Female, n 25 41.70%
Onset of symptoms

before the test (days), 2(1-2)

median (IQR)

Symptoms at presentation

Dysguesia 3 5%
Anosmia 4 6.67%
Fever 37 61.67%
Cough 16 26.67%
Running Nose 8 13.33%
Bodyache 10 16.67%
Sore throat 12 20%
Shortness of breath 6 10%
Headache 3 5%

Table 1: Characteristics of participants enrolled in the study.
The median number of days for onset of symptoms before the
first test was 2 days (IQR:1-2 days). The most common symptom
being fever seen in 37(61.67%) followed by cough-16 (26.67%), sore
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throat - 12(20%), bodyache-10(16.67%), running nose - 8(13.33%),
breathlessness-6 (10%), anosmia-4(6.67%, dysguesia - 3(5%) and
headache -3(5%).

Co-morbidities were seen in 14(23.3%) cases. The most common
co-morbidities were hypertension and Diabetes Mellitus seen in
7(11.7%) cases.

A positive test by either sample route (saliva/NPS) tested by rRT-
PCR was considered as true positive and the numerical sum of positive
results with both sampling methods was used as the reference standard.
The 19 patients whose NPS tested negative for COVID-19 also tested
negative with saliva. These were considered as true negatives. Out of
41 positive cases (true positives), 40(97.5%) were accurately diagnosed
as COVID-19 positive with saliva and 37 (90.2%) with NPS. Thus, 4
COVID-19 cases were missed with NPS while only 1 was missed with
saliva.

Thus, salivary samples identified 3(7.3%) additional COVID
positive cases as compared to NP samples (Tables 2 and 3).

Reference standard

Saliva rRT-PCR (Total rRT-PCR)

Test Positive Test Negative Total
Test Positive 40 0 40(66.7%)
Test Negative 1 19 20(33.3%)
Total 41(68.3%) 19(31.7%) 60(100.0%)

Table 2: Detection of SARS Co-V-2 using saliva rrt-PCR.Out of the 41

NPS rRT-PCR g‘::;er";f P é‘;)"dard

Test Positive Test Negative Total
Test Positive 37 0 37(61.7%)
Test Negative 4 19 23(38.3%)
Total 41(68.3%) 19(31.7%) 60(100.0%)

Table 3: Detection of SARS Co-V-2 using NPS rrt-PCR.

positive cases, 40 had mild/moderate disease while one patient, 72
years old male developed Severe Acute Respiratory Infection (SARI)
and required Intensive Care Unit (ICU) admission during the course of
disease. None of the study participants required mechanical ventilation
and no death was reported.

To determine the diagnostic performance of saliva and NPS tests,
the cumulative positive rRT-PCR results of both samples were used as
the reference standard and the sensitivity and specificity of saliva and
NPS, rRT-PCR were calculated separately. Tables 2 and 3 depict the
diagnostic performance of salivary rRT-PCR and NPS rRT-PCR.

The sensitivity of salivary rRT-PCR samples was 97.56% (95%ClI:
87.14% to 99.94%), specificity was 100.00% (95%CI: 82.35% to
100.00%), positive predictive value was 100.00%, negative predictive
value was 95.00% (95%CI: 73.27% to 99.25%) and accuracy was
98.33%(95%CI: 91.06% to 99.96%). The overall agreement for virus
detection between the two methods salivary rRT PCR and total rRT
PCR was 96.2%(95%CI: 88.8-100.0).

Whereas the sensitivity of NPS rRT-PCR was 90.24%(95%CI:
76.87% to 97.28%), specificity was 100.00%(95%CI: 82.35% to
100.00%), positive predictive value was 100.00%, negative predictive
value was 82.61%(95%CI: 65.18% to 92.34%) and accuracy was
93.33%(95%CI: 83.80% to 98.15%). The overall agreement for the virus
detection between the two methods NPS rRT PCR and total rRt-PCR
was 85.4%(95%CI: 71.8-99.1) (Table 4).

Page 3 of 4
i::f:;:'r Saliva rRT-PCR NPS rRT-PCR
Value 95% ClI Value 95% CI
e 87.14% to 76.87% to
Sensitivity | 0.9756 99.94% 0.9024 97.28%
Specificit 1 82.35% to 1 82.35% to
P y 100.00% 100.00%
Positive
Predictive 1 1
Value
Negative
L 73.27% to 65.18% to
\F;;tls:i;ctlve 0.95 99.95% 0.8261 92.34%
91.06% to 83.80% to
Accuracy 0.9833 99.96% 0.9333 98.15%
kappa
coefiicient 0.962 0.888 to 1.000 0.854 0.718 to 0.991

Table 4: Diagnostic Test evaluation parameters.

Thus, the sensitivity, negative predictive value and accuracy of
saliva samples were higher than NPS. Hence, we can say that salivary
rRT-PCR is more sensitive and accurate as compared to NPS. Salivary
method also showed better agreement with total rRT-PCR than NPS.

With NPS, the median (IQR) Ct values of the N gene was 22.8(IQR:
19.8-24.6), ORFlab gene was 21.6(IQR: 17.6-25.6) and S gene was
21.7(IQR: 18.8-24.7 at the time of diagnosis while in saliva specimens
the median (IQR) Ct values of the N gene was 20.6(IQR: 18.4 - 25.2),
of ORFlab gene was 22.5(IQR: 18.4-24.2) and of S gene was 21.2(IQR:
17.6-25.9). At follow-up testing, with NPS the median (IQR) Ct values
of the N gene was 29.6(26.9-30.8), ORF lab gene was 30.6(28.6-31.7)
and S gene was 30.4(27.3-32.0) while in saliva specimens the median
(IQR) Ct values of the N gene was 30.4(24.6-32.4), ORF lab gene
was 30.3(26.8-32.3) and S gene was 31.2(26.0-32.4). No statistically
significant difference was seen in the median Ct values of N, ORFlab
and S genes at the time of diagnosis and follow up testing for both NPS
and saliva, rRT-PCR (Tables 5 and 6).

Table 5 and 6 depict the median (IQR) Ct values of positive cases
for NPS and saliva, rRT-PCR for N, ORFlab and S genes at the time of
diagnosis and at follow-up testing.

Out of 36 positive cases with both NPS and salivary samples on
day 0, 8 tested positive on follow up testing with both NPS and saliva
samples and 27 tested negative. One patient tested positive with saliva
on the same day of follow up testing, when his NPS showed conversion
to negative.

Ct value NPS Ct value saliva
Type of sample (n=36) (n=39) Type of sample
and gene Median (IQR) Median (IQR) and gene
N gene 22.8(19.8-24.6) 20.6(18.4-25.2) 0.118
ORF1ab gene 21.6(17.6-25.6) 22.5(18.4-24.2) 0.975
S gene 21.7(18.8-24.7) 21.2(17.6-25.9) 0.307
*p-value<0.05, statistically significant

Table 5: Mean Ct values of cases for NPS and saliva, rrt-PCR for N, ORF1ab

and S genes at the time of diagnosis.

Ct value NPS/Ct value saliva I
Type of sample (n=8) (n=8) p-value
and gene . .

Median (IQR) Median (IQR) Value
N gene 29.6(26.9-30.8) 30.4(24.6-32.4) 0.401
ORF1ab gene 30.6(28.6-31.7) 30.3(26.8-32.3) 0.889
S gene 30.4(27.3-32.0) 31.2(26.0-32.4) 0.917
*p-value<0.05, statistically significant

Table 6: Mean Ct values for NPS and saliva, rrt-PCR for N, ORF1ab and S

genes at follow up testing.
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Discussion

This is a prospective observational study which compared paired
NPS and salivary rRT-PCR with total rRT-PCR as the reference
standard for detecting SARS CoV-2 in 60 participants.

In the present study, salivary samples had a higher sensitivity and
accuracy as compared to NPS for detecting SARS CoV-2. The sensitivity
of salivary rRT-PCR was 97.56% as compared to 90.24% for NPS rRT-
PCR while the accuracy of saliva samples was 98.33% and only 93.33%
for NPS.

In a pionner study from Hong Kong by To et al., SARS-CoV-2 was
detected in 11 out 12 laboratory confirmed COVID-19 patients’ saliva,
and the 33 participants who were negative with NPS were also negative
with salivary samples [9]. Similar, findings were also seen in our study
where the virus was identified in all but 1 participant who was positive
only with NPS. The patient tested negative with saliva even on repeat
testing 2 days later. Also there were 4 instances where saliva could
detect the SARS Co-V-2 virus and the NPS could not. The researchers
at Yale University, USA also detected SARS Co-V-2 virus from saliva
and not in NPS from 8 participants. Pasomsub et al. and Azzi et al. also
demonstrated similar results in their study [2,6,7].

Of the 4 patients who tested positive only with saliva in this study,
2 patients tested negative with NPS on day 0 of testing while positive
with saliva on the same day. Both patients were again tested on day
2 and the results were consistent. The Ct values of salivary samples
were also similar on both occasions. Interestingly, in other 2 patients
on repeat sampling 2 days later NPS also turned positive. This proves
NPS to be a less consistent sample type in comparison to saliva due
to differing quality of NPS collection. The Yale researchers also found
NPS to be inconsistent for detection of the virus [7]. All 4 participants
were treated as COVID-19 patients according to the standard hospital
protocol. All of them recovered and were discharged in stable condition.
It is important for a sample type to be consistent for correct and early
diagnosis of COVID-19 to contain the pandemic.

Moreover, one case was still positive with saliva on day 12 of testing
when his NPS showed conversion to negative. Azzi et al. also reported a
similar scenario in their study [2].

Mean Ct values in NP and salivary samples were comparable on
both the occasions i.e. at day 0 and on follow up testing between day 7
day 14. Similar results have also been seen by Pasomsub et al. in their
study, while the researchers at Yale University reported 5 times higher
viral load in saliva [6,7]. In our study, Ct values were higher on follow
up testing in all the cases which indicates that the viral load declined
from baseline.

70%(42) of the study participants found salivary sampling method
as a more comfortable, convenient and easy for compliance method of
sampling as it is non-invasive and also they had a shorter waiting time
at the collection centre.

Collection of saliva samples for testing has several advantages.
Firstly, it is better accepted by the participant due to the simplicity
of acquiring samples, secondly it can be self collected by the patient
at the comfort of their home and hence reducing the waiting time
and preventing overcrowding of testing centres. This is particularly
important for busy clinical settings where a larger population is to
be screened. Third and major advantage is it minimizes nosocomial
spread of infection due to minimal contact between health care worker
and individual. Finally, its cheaper since it alleviates the use of PPE
and swabs [10]. Saliva as a valid sample type has been approved by

the United States Food and Drug Administration (US-FDA) and an
emergency use authorisation has been issued by them [11].

Conclusion

The present study proves saliva to be a viable, more sensitive,
accurate, consistent and non-invasive method of sampling for
diagnosing COVID-19. In resource limited setting like ours, where the
cost of PPE and swabs are putting an extra burden on the health care
system, we should consider alternate sample types like saliva which are
also cost-effective, safer and more sensitive for detecting SARS Co-V-2
virus. We assert that saliva can be further evaluated as a valid frontline
non-invasive diagnostic test for detection of COVID-19.

Limitation

Only symptomatic mild and moderate cases were included in the
study. It needs further validation for severe and asymptomatic cases as
well on a larger sample size.
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