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Abstract

Background: The ongoing coronavirus disease 2019 (Covid-19) pandemic has
been rapidly spreading throughout the world with confirmed case numbers
already exceeding 75 million. Although nasopharyngeal swabs are the most
commonly utilized samples for based severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) RNA detection, collecting these specimens requires
healthcare workers and necessitates the use of personal protective equipment
as it presents a nosocomial transmission risk. We aimed to assess the diagnostic
value of saliva samples in mildly symptomatic and asymptomatic patients with
confirmed Covid-19.

Methods: We performed a cohort study to validate the use of saliva for SARS-CoV-
2 detection in mildly symptomatic and asymptomatic patients with a confirmed
diagnosis of Covid-19. Saliva samples of the patients were analyzed by reverse-
transcriptase polymerase chain reaction (RT-PCR).

Results: In May 2020, 28 asymptomatic and 25 mildly symptomatic patients were
enrolled in the study. The median age was 37 years (range 4-70). None of the
patients had a fever on presentation. Among 53 patients with SARS-CoV-2 detected
in the nasopharyngeal sample, the real-time RT-PCR was positive in the saliva
specimens in 48 (90.56%) patients. The mean cycle threshold (CT) values for na-
sopharyngeal and saliva specimens (27.80+ 3.44 and 30.64 + 2.83, respectively)
were significantly correlated between the two sample types (p =.016). The mean CT
values of nasopharyngeal and saliva samples in mildly symptomatic and asympto-
matic patients (27.18+3.53 and 30.24 +3.29 vs. 28.36+3.31 and 30.98 + 2.39,
respectively) were not significantly different (p =.236 and p =.733, respectively).
Conclusions: Saliva specimens can be considered as a reliable and less resource-
intensive alternative to nasopharyngeal specimens for screening asymptomatic
SARS-CoV-2 infections.
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1 | INTRODUCTION

A cluster of patients with pneumonia of unknown cause was re-
ported in Wuhan, China in December 2019. Shortly after, a new
coronavirus, currently known as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was identified as the etiologic
agent.? The infection has spread rapidly worldwide due to the high
transmissibility of SARS-CoV-2.° On March 11, 2020, the WHO
declared coronavirus disease 2019 (Covid-19) a global pandemic. As
of the end of June 2020, more than 10 million confirmed cases of
Covid-19 have been reported worldwide with over 500,000 deaths.”

High attack rate and transmission from even asymptomatic
carriers to others require timely diagnosis of suspected cases and
strict infection control measures and public health interventions to
contain the outbreak.*®

Real-time reverse transcriptase-polymerase chain reaction (RT-
PCR) based SARS-CoV-2 RNA detection in respiratory samples is the
gold standard for Covid-19 diagnosis.® For initial diagnostic testing of
SARS-CoV-2, Centers for Disease Control recommends collecting
and testing an upper respiratory specimen. A nasopharyngeal swab
and/or an oropharyngeal swab are often recommended for screening
or diagnosis of early infection but nasal mid-turbinate or anterior
nares samples are also acceptable.”

On the other hand, it has been demonstrated that saliva has a
high concordance rate with nasopharyngeal specimens for RT-PCR
detection of respiratory pathogens, including two seasonal human
coronaviruses.®”

To date, there are a few studies regarding the possible role of
saliva in the detection of SARS-CoV-2 in hospitalized severe Covid-
19 patients. The purpose of this study was to assess saliva samples'
diagnostic value in mildly symptomatic and asymptomatic patients

with confirmed Covid-19 disease.

2 | METHODS

2.1 | Patient recruitment/ethical approval
Consecutive patients admitted to Kafkas University Faculty of
Medicine Research hospital, Kars, Turkey, in May 2020 who tested
positive by RT-PCR for SARS-CoV-2 in nasopharyngeal specimens
were enrolled in the study. All included patients were tested on the
basis of clinical indications and/or contact tracing.

Saliva samples were collected within 12 h after the diagnosis of
Covid-19 provided by RT-PCR on nasopharyngeal swabs by simply
asking the patient to spit 3-4 ml of saliva into a sterile container.
Patients were instructed and supervised by registered nurses. All
saliva samples were transported to the laboratory in 30 min upon
collection and stored at +4°C until RNA extraction. RNA extracts
were stored at -20°C until RT-PCR was performed.

Age, sex, presenting symptoms, and comorbidities were re-
corded for each patient. Laboratory tests including complete blood
count, coagulation parameters, biochemical analysis were obtained
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on admission, and chest computed tomography was performed if
clinically indicated.

This study was approved by both the Republic of Turkey Ministry
of Health COVID-19 Scientific Research Evaluation Commission
(Approval date: 02/05/2020; number: 2020-05-02T16-07-46) and
the Local Ethics Committee of Kafkas University Faculty of Medicine
(Approval date: 06/05/2020 number: 80576354-050-99/131). The
informed consent form had been obtained from each patient before

the saliva specimens were collected.

2.2 | Nucleic acid extraction and real time RT-PCR
Saliva specimens were resuspended in 2 ml of PBS, 150 pl was sub-
jected to RNA extraction by a Patho Gene-spin Viral DNA/RNA
Extraction Kit (Intron Biotechnology Inc.). RNA extraction was per-
formed according to the manufacturer's instructions. The SARS-CoV-
2 virus in nasopharyngeal swab and saliva specimens was detected
by the real-time RT-PCR technique via using a Roche Lightcycler-96
device (Roche Diagnostic Systems). RT-PCR was performed using a
SARS-CoV-2 (2019-nCoV) gPCR Detection Kit (Bioeksen R&D) that
is targeting a SARS-CoV-2-specific RNA dependent RNA polymerase
(RdRp) gene fragment. The final PCR concentration was 20-pl (10-pl
gPCR master mix, 5-pl primer/probe set, and 5-ul template). The
nucleic acid amplification was performed with the following PCR
steps: Reverse transcription stage (45°C, 15 min, and 1 cycle), initial
activation stage (95°C, 3min, and 1 cycle), and amplification stage
(Denaturation: 95°C, 55, annealing, and extension: 55°C, 35s, and
45 cycles). All samples were run in two replicates, together with a
SARS-Cov-2 positive control, and negative control. For data analysis,
the 2-28C method was used and a cycle threshold (CT) value less
than 40 is interpreted as positive for SARS-CoV-2 RNA.

2.3 | Statistical methods
Statistical analysis was performed with the Statistical Package for
the Social Sciences version 22.0 (SPSS; IBM). The “number,” “per-

»

centage,” “mean,” and “SD” were used for the descriptive statistics of
the continuous variables. The Pearson correlation analysis was used
to evaluate two numerical data (CT values of two different samples).
The independent samples t-test or Mann-Whitney U test were used
to compare two independent groups. The Pearson x* or Fisher's
exact tests were used to analyze categorical data. The results were
evaluated with a confidence interval of 95%, and the level of sig-

nificance, p, was set at 0.05.

3 | RESULTS

The cohort consisted of 53 patients with confirmed Covid-19 infection,
of whom 21 (39.6%) were males. The median age of patients was
37 years, with a range from 4 to 70 years.
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None of the patients had a fever on presentation. The most
common symptom was dry cough in 15 (28.3%) patients, followed by
fatigue in 10 (18.9%) and sore throat in eight (15.1%) patients, and
two (3.8%) patients presented with anosmia. Twenty-eight patients
(52.8%) were considered to have an asymptomatic course and the
remaining 25 (47.2%) patients were mildly symptomatic.

Seven (13.2%) patients had chronic medical illnesses and the
most common underlying disease was hypertension in six (11.3%)
patients and one (1.9%) patient had diabetes.

Nine (%17) patients had patchy ground-glass opacities with
mainly subpleural distribution on chest tomography. Two of these
patients had hypertension and the remaining seven had no under-
lying conditions.

No significant hematological or biochemical abnormal results
were observed in the study group. Demographic and laboratory
findings of asymptomatic and mildly symptomatic patients are shown
in Table 1. There were no significant differences between the two
groups, except asymptomatic patients were younger than those with
mild symptoms (p =.026).

Only 10 patients (18.9%) required supplemental nasal oxygen
for brief periods at the beginning of their hospitalization, none of the
patients required intubation or admitted to the intensive care unit.
None of the patients died in the study period.

Among 53 patients with SARS-CoV-2 detected in the naso-
pharyngeal sample, the real-time RT-PCR for the same virus was
positive in the saliva specimens in 48 (90.56%) patients. The mean
CT values for nasopharyngeal and saliva specimens were
27.80+3.44 and 30.64 +2.83, respectively. The mean CT values
were significantly correlated between the two sample types
(p=.016) (Figure 1).

The mean CT values of nasopharyngeal and saliva samples in

mildly symptomatic and asymptomatic patient groups were

27.18 +3.53 and 30.24 + 3.29 versus 28.36 + 3.31 and 30.98 + 2.39,
respectively. There were no statistically significant differences be-
tween the two groups (p =.236 and p =.733, respectively).

We also evaluated the mean CT values for patients with or
without evidence of pneumonia on tomography. The mean CT values
for nasopharyngeal and saliva specimens in patients with pneumonia
were lower than those without pneumonia (26.23+3.56 and
29.15+3.90 vs. 28.12 + 3.36 and 30.94 + 2.52, respectively) although
(p=.077 and p=.154,

the difference was not significant

respectively).

4 | DISCUSSION

Early and accurate diagnosis of patients with SARS-CoV-2 infection
is the cornerstone to containment of the ongoing Covid-19 pan-
demic. Without the availability of effective vaccines or treatments,
the only way to reduce SARS-CoV-2 transmission is to identify and
isolate persons who are contagious.'®

The current gold standard for Covid-19 diagnosis is real-time
RT-PCR based SARS-CoV-2 detection in respiratory samples. Al-
though other upper and lower respiratory tract samples such as
oropharyngeal, nasal swabs, or sputum are acceptable, the most
utilized specimen type for diagnosis is nasopharyngeal samples.”

However, the nasopharyngeal sample's sensitivity is variable,
partly due to deficiency in sampling technique and requir-
ing experienced healthcare personnel. Furthermore, the collection of
nasopharyngeal specimens causes discomfort to patients due to the
procedure's invasiveness.'’ Moreover, nasopharyngeal sampling re-
quires close contact between the patient and the healthcare worker
and presents a considerable transmission risk to healthcare workers

because it can induce patients to sneeze or cough, generating

TABLE 1 Demographic and laboratory findings of mildly symptomatic and asymptomatic patients
Mildly symptomatic (n = 25) Asymptomatic (n = 28)
Mean £+ SD Mean £ SD p
Age 44.08 + 16.66 31.85+18.9 0.026
Gender, male, n (%) 10 (40%) 11 (39.3%) 0.596
Laboratory findings
Leukocyte count (x10%/L, normal range 3.7-10.4) 479+1.26 5.61+1.52 0.064
Lymphocyte count (x10%/L, normal range 0.9-3.7) 1.36+0.58 1.74+0.53 0.183
Hemoglobin (g/dl, normal range 10.8-15.1) 141+19 144+21 0.288
Platelet count (x10%/L, normal range 149-371) 222 +55 235+ 66 0.362
Alanine aminotransferase (U/L, normal range 0-40) 22.5+14.3 31.5+29.6 0.176
Aspartate aminotransferase (U/L, normal range 0-41) 24895 29.1+12.6 0.052
Urea (mg/dL, normal range 10-50) 30.5+14.0 314+9.1 0.652
Creatinine (mg/dl, normal range 0.7-1.2) 0.89+0.28 0.81+0.36 0.189
Lactate dehydrogenase (U/L, normal range 135-225) 214+53 200+41 0.534
Cycle threshold
Nasopharyngeal swab 27.18+3.53 28.36 +3.31 0.236
Saliva 30.24 +3.29 30.98 £2.39 0.733
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FIGURE 1

aerosols.’>® Therefore, this procedure requires using personal
protective equipment including an N95 respirator, eye protection,
gloves, and a gown when collecting specimens.”

As the pandemic is evolving, global shortages of key equipment
needed to care for patients such as personal protective equipment
and adequate swabs or viral transport medium for sampling proce-
dures becomes a growing problem, especially in resource-limited
settings.'* These challenges are expected to be further exacerbated
as the Covid-19 pandemic intensifies in low-income countries.*®
These limitations related to the nasopharyngeal sampling necessi-
tates the validation of new diagnostic approaches.

Saliva sampling is an appealing alternative to nasopharyngeal
swabs, as collecting saliva is noninvasive, easy to self-administer, and
diminishes the need for personal protective equipment use of
healthcare workers.**

Previous reports indicated that SARS-CoV-2 can be detected
from saliva samples of Covid-19 patients. To et al. demonstrated that
SARS-CoV-2 could be detected in the saliva specimens of 11 of the
12 patients studied.'® Patient characteristics were not identified in
this study. Azzi et al. reported 100% concordance between saliva and
nasopharyngeal samples for RT-PCR detection of SARS-CoV-2 in
severe or very severe Covid-19 patients.’* Similarly, Wyllie et al.
compared SARS-CoV-2 detection from patient-matched nasophar-
yngeal and saliva samples in patients with severe Covid-19 infection
and suggested that saliva may be an appropriate alternative to na-
sopharyngeal swabs for SARS-CoV-2 testing.'® A recent meta-
analysis reported that the sensitivity of RT-PCR in saliva samples
among Covid-19 infected patients was 91%, ranging from 78% to
100%.%¢

Scatter graph for correlation between the mean cycle threshold values for NP and saliva specimens. NP, nasopharyngeal

The aforementioned studies were largely carried out in hospi-
talized patients with severe Covid-19 infection to assess the utility of
saliva samples for RT-PCR diagnosis. Here, we demonstrated the
feasibility and acceptability of using saliva as a diagnostic specimen
for the detection of SARS-CoV-2 in mildly symptomatic and asymp-
tomatic patients.

We have found that RT-PCR positivity was 90.56% in saliva
samples of mildly symptomatic and asymptomatic confirmed Covid-
19 patients. The mean CT values were correlated in both sample
types (p=.016). The mean CT values in nasopharyngeal and saliva
samples of both asymptomatic and mildly symptomatic patients were
not significantly different.

We also have shown that saliva samples were comparably po-
sitive with nasopharyngeal samples in both patient groups with or
without radiologic evidence of lung involvement, although the mean
CT values in patients with lung involvement were lower. As CT va-
lues can be considered as a semiquantitative indicator of viral load,
the higher CT values in both saliva and nasopharyngeal samples of
patients without radiologic evidence of lung involvement suggests
lower viral loads in asymptomatic patients. This finding is in line with
previous reports suggesting higher viral loads in severe cases.’

The findings of our study indicate that consistent RT-PCR posi-
tivity in saliva samples of asymptomatic Covid-19 patients should
draw attention to the transmission potential of this patient group.
To et al. confirmed the presence of live SARS-CoV-2 in saliva by
positive cultures. Consequently, SARS-CoV-2 may be transmitted
through saliva directly or indirectly even from patients without
having any respiratory symptoms.’® Indeed, it has been assumed that
the rapid spread of the coronavirus pandemic results from high
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transmissibility of SARS-CoV-2 from undocumented infections.'®
Therefore recognition of asymptomatic or mildly symptomatic pa-
tients is crucial in regard to optimizing infection control and isolation
practices and implementing effective public health measures.

Nasopharyngeal sampling is not an ideal screening procedure to
be adopted for massive screening practices. Given the high sensi-
tivity and concordance with nasopharyngeal samples, saliva speci-
mens may be considered as a reliable and suitable alternative to
nasopharyngeal specimens, especially in settings where large num-
bers of tests should be carried out.

Saliva samples can easily be provided by patients themselves
without necessitating healthcare workers and is a resource sparing
sample collection method reducing the need for both personal pro-
tective equipment and consumables such as swabs and viral trans-
port media. Accordingly, the use of saliva specimens will reduce the
risk of health-care-associated SARS-CoV-2 transmission.

We have several limitations in our study. First, we could not
measure the viral load in our patients due to the absence of a reliable
positive control in our laboratory. Additionally, although we have
demonstrated RT-PCR positivity in saliva samples, we have not
conducted viral cultures. Also, we included patients with a confirmed
diagnosis of Covid-19 by means of nasopharyngeal sampling. Thus,
we cannot provide data regarding the specificity of saliva specimens
for the Covid-19 diagnosis. Further studies should include patients
prospectively to assess the sensitivity and specificity of using saliva
specimens in larger cohorts.

Previous reports suggested the use of saliva as an alternative
specimen type for diagnosis in severe or very severe cases of Covid-
19. The population analyzed in our study was homogenous, and
mostly comprised of asymptomatic individuals identified through
contact tracing. We have shown that the sensitivity of SARS-CoV-2
detection from saliva is comparable to nasopharyngeal swabs in
mildly symptomatic and asymptomatic patients.

In conclusion, while there are efforts for validation of new di-
agnostic approaches such as rapid antigen tests, our results indicate
that saliva may be considered as an appropriate and reliable alter-
native to nasopharyngeal samples for screening asymptomatic SARS-
CoV-2 infections.
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