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Saliva in the Diagnosis of COVID-19
COVID-19°un Tamisinda Tiikiirik
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Abstract

The use of saliva samples for the diagnosis of severe acute respiratory syndrome-Coronavirus-2 (SARS-CoV-2) provides several advantages over the
use of nasopharyngeal (NP) swabs, such as comfort, ease of self-collection, less use of personal protective equipment, and protection of healthcare
personnel from transmission. This review included current studies using saliva samples for the detection of SARS-CoV-2, comparing its sensitivity,
cycle threshold, and specificity with those of NP swab. In the literature, the sensitivity rates of saliva samples in the diagnosis of SARS-CoV-2 ranged
from 70% to 98%. Despite different opinions, we concluded that saliva is a reliable sample for the detection of SARS-CoV-2. However, studies with
large samples and comparing different diagnostic methods are needed to reach precise and reliable results and include saliva collection in diagnostic
guidelines.
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Siddetli akut solunum yolu sendromu Koronaviriis-2'nin (SARS-CoV-2) teshisi icin tiikiiriik 6rneklerinin kullanimi, nazofaringeal siirintiilere kiyasla
daha konforlu toplanmasi, kendi kendine toplama kolayldi ve kisisel koruyucu ekipmanin daha az kullanimi ve saglik personelinin kontaminasyondan
korunmasi gibi cesitli avantajlar saglar. Calismamiza, SARS-CoV-2'nin saptanmasi icin tiikliriik drneklerinin duyarlihk, dongii esigi ve dzgdlliiklerini
nazofaringeal siirlintliyle karsilastiran glincel calismalari dahil ettik. Literattirdeki calismalarda tikirik 6rneklerinin SARS-CoV-2 tanisinda duyarhlik
oranlarinin %70 ile %98 arasinda oldugu bildirilmistir. Bircok farkli gorise ragmen, tiikiirtiglin SARS-CoV-2"nin tespiti icin glivenilir bir drnek oldugu
sonucuna vardik. Ancak, kesin ve giivenilir sonuclara ulasmak ve tani kilavuzlarina COVID-19 tanisinda tiikiirik numunelerini dahil etmek icin genis
orneklemlerle ve farkli tani ydontemlerini karsilastiran calismalara ihtiyac vardir.

Anahtar Kelimeler: Tikirik, COVID-19, SARS-CoV-2, kendi kendine 6rnek alma, pandemi

. It has caused major disruptions in the daily life of the majorit
Introduction J p y jority

of the world's population by seriously threatening public health
COVID-19 Pandemic and society socially and economically. It was first detected in
The Coronavirus disease-2019 (COVID-19) is a fairly common Wuhan, China, in December 2019 and later became a pandemic.
acute infectious respiratory illness caused by with the novel As of November 23, 2020, 58,229,138 new confirmed cases and

severe acute respiratory syndrome-Coronavirus-2 (SARS-CoV-2). 1,382,106 deaths were reported!".
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According to current clinical studies, some infected individuals
may be asymptomatic at all, some people have mild symptoms,
and others require hospital treatment. The most common
symptoms of COVID-19 are high fever, cough, sore throat,
headache, muscle pain, and shortness of breath, although
recent reports include diarrhea, conjunctivitis, loss of sense of
taste or smell, skin rash, or discoloration of the fingers or toes.
Chest pain or feeling of compression in the chest and loss of
speech or movement have also been reported!"?. Patients who
are asymptomatic are not considered in the present diagnostic
criteria of countries. These patients can act as reservoirs and
contribute to the interpersonal spread of the disease.

COVID-19 Diagnosis

The classical diagnosis of COVID-19 is normally made by
qualitative reverse transcription-quantitative polymerase chain
reaction (RT-gqPCR) to detect virus ribonucleic acid (RNA) from
nasopharyngeal (NP) and oropharyngeal (OP) swabs or sputum.
Moreover, chest X-ray imaging, showing multilobar ground-
glass opacities with peripheral, asymmetric, and posterior
distribution, may be a practical diagnostic tool for detecting
bilateral pneumoniaP,

Worryingly, the viral RNA remains positive and relapses in some
patients even 13 days after hospital discharge, suggesting that
some patients may not develop immunity to SARS-CoV-2.
On March 19, 2020, the US. Food and Drug Administration
approved a serology antibody test as a point of care test for the
detection of immunoglobulin G (IgG) and IgM.

Saliva in COVID-19 Diagnosis

In one study, although SARS-CoV-2 RNA was identified in 32%
of OP swabs, it was used more often than NP swabs in China
to detect COVID-19 infection®. On March 19, 2020, the World
Health Organization (WHO) recommended the use of both upper
(i.e., NP and OP swabs) and lower [i.e., sputum, bronchoalveolar
lavage (BAL), or endotracheal aspirate] respiratory samples for
COVID-19 diagnosis. Additionally, upper respiratory tract samples
may not detect early-stage viral infections, and collection of
lower respiratory tract samples improves the biosecurity risk of
aerosol-droplet-borne infections to healthcare professionals.
However, SARS-CoV-2 RNA was found in the serum of only 15%
of patients hospitalized for pneumonia, and SARS-CoV-2 RNA
was detected in the feces of 55% of patients!®”. Various clinical
studies have stated that 87%, 91.6%, and 100% of patients
with COVID-19 were positive for virus RNA in the salival®'%, This
suggests that saliva can serve as an exemplary source for the
diagnosis of a potent SARS-CoV-2.

Saliva is an appealing secretion for the detection of SARS-CoV-2
because it is noninvasive, accessible, and inexpensive, enables

self-collection, and has the ability to "reflect” systemic and
local diseases!". Saliva may contain proinflammatory cytokines,
chemokines, matrix metalloproteinases, mitochondrial and
genomic deoxyribonucleic acid, bacteria, SARS-CoV and
SARS-CoV-2, SARS-CoV antibodies, miRNA, and extracellular
vesicles'2131 |n addition, saliva can be stored at -80>°C for a
few years without deterioration'¥. Therefore, it may be valuable
to collect saliva samples throughout the disease course in
COVID-19 patients. Saliva can be useful both to diagnose the
presence of COVID-19 infection and to identify and monitor
immune development against the virus.

Saliva samples have significant logistical advantages over
commonly used NP swabs in the detection of COVID-19. It is
argued that saliva self-collection is painless for individuals
and, more importantly, reduces the risk of viral exposure by
eliminating close contact with examiners(™.

This review aimed to evaluate studies using saliva to detect
SARS-CoV-2 during the COVID-19 outbreak.

To clarify information about saliva samples used in the diagnosis
of COVID-19, articles indexed in the NCBI database, WHO
COVID-19 global database, and Centers for Disease Control and
Prevention COVID-19 transmission web pages were reviewed.
This review included articles that provide basic literature on the
diagnostic accuracy and sensitivity of saliva samples used in the
diagnosis of COVID-19. For the literature search, the following
terms and syntax were used: “"SARS Coronavirus,” “COVID-19",
and "saliva in COVID-19 diagnosis" Pre-print and full-text
articles were also included. The citation chain for each article
to be included was also examined. Publications that did not
compare saliva sample results with RT-PCR analysis of NP swabs
and articles with unavailable full text were excluded.

Literature Review

In the past years, among RNA viruses, saliva diagnostic tests for
Zika are well designeds'. A series of saliva-based detection
methods was reported for the detection of Ebola virus!'®.
The presence of significant amounts of viral RNA in the
saliva of 17 patients infected with SARS was also definitively
demonstrated!"?.

In Hong Kong, saliva samples were collected in an average of two
days after hospitalization from a total of 12 patients with PCR-
confirmed COVID-19 infection on February 2020. COVID-19 was
detected in the first saliva sample of 11 patients (91.7%). In 33
patients whose NP swabs were negative for COVID-19, all saliva
samples also tested negativel®.
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A meta-analysis study that included five studies published in
April 2020 reported 919% sensitivity for saliva tests and 98% for
NP swab tests in patients with confirmed COVID-19%,

Yokota et al."™ reported that NP swabs and saliva samples have
869% and 92% sensitivity and 99.93% and 99.96% specificity to
detect COVID-19, respectively (Figure 1).

In November 2020, Aita et al.2"conducted rRT-PCR of NP swabs
and saliva samples and reported that these samples were both
positive in seven and negative in 35 of 43 patients. In one
patient, the saliva sample was positive and the NP swab was
negative.

Byrne et al.?? reported that 12 (10.9%) saliva and 14 (12.7%)
nasal and throat swab samples of 110 patients were positive
for SARS-CoV-2 RNA, and the viral load for all samples ranged
from 36 to 3.3 x 10° copies/ml, with no significant difference
between them (Figure 2a). Wyllie et al.®®investigated the mean
virus titers in 46 NP swabs and 37 saliva samples and found that
the mean virus titers of saliva samples were approximately five
times higher than those of NP swabs (Figure 2b). In general,
higher SARS-CoV-2 titers were found in saliva samples than in
NP swabs from patients hospitalized for COVID-19.

In November 2020, Altawalah et al.24 found that 38.61% of 891
patients had positive and 61.39% had negative NP swabs, but
saliva samples of 34.23% were positive and those of 65.77% were
negative for SARS-CoV-2. In addition, the diagnostic sensitivity
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Figure 1. Nasopharyngeal swab and saliva testing showed
sensitivity and specificity to the detection of severe acute
respiratory syndrome-Coronavirus-2 (Yokota et al.l'¥)

Cl: Confidence interval

and specificity of RT-PCR for the diagnosis of COVID-19 in the
saliva were 83.43% and 96.710%, respectively.

Vogels et al.’® developed Saliva Direct, which received an
emergency use permit from the US Food and Drug Administration
on August 15, 2020. In this method, samples were tested by
RT-qPCR by replacing the nucleic acid extraction with a simple
proteinase K and heat treatment step. Saliva Direct is reported to
have high sensitivity with a detection limit of 6-12 SARS-CoV-2
copies/pl. In this study conducted with 3,779 NBA players, there
were 89.5% positive and >99.9% negative test agreements in
saliva samples.

Zhu et al.?® reported that saliva has sensitivity and specificity
of 86.4% and 97.0%, respectively, when compared with NP and
OP swabs.

In the current diagnostic tests for SARS-CoV-2, NP swab
sampling requires the use of personal protective equipment
that is limited, inconvenient for the patient, and reduces clinical
efficacy; therefore, certain studies used different specimens.
Table 1 shows some of the studies that have evaluated the
diagnostic performance of sputum, nasal, BAL, saliva, OP, NP,
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Figure 2. Comparison of the viral load between saliva samples
and nasal, nasopharyngeal, and throat swab samples. (a) Byrne et
al.?2: b) Wyllie et al.l2

SARS-CoV-2: Severe acute respiratory syndrome-Coronavirus-2
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and tongue samples. As shown in the table, the sensitivities of
saliva, sputum, nasal, and middle turbinate (MT) samples are
>900%, and saliva samples showed high specificity.

In April 2020, Tu et al.?”! compared tongue, anterior nose, and
MT samples collected by the patient for the diagnosis of SARS-
CoV-2 with NP swabs collected by healthcare professionals.
The sensitivities of patient-collected tongue, nasal, and MT
samples to detect SARS-CoV-2 were 89.8%, 94.0%, and 96.2%,
respectively, and the corresponding correlation coefficients
were 0.48, 0.78, and 0.86, respectively, compared with NP swab
at the cycle threshold values of these samples. It would be
beneficial to carry out such studies on saliva samples collected
by the patient at their homes. However, disadvantages such as
incorrect collection of samples by the patient and higher risk of
contamination should be considered (Table 2).

Saliva Sample Collection

Collecting saliva samples and using it in the diagnosis of
COVID-19 may enable more accessible and comfortable tests,

especially for children. The application of this collection method
requires a consistent supply of an acceptable sample collection
device that can be included in laboratory workflows. In this
regard, containers and funnels were developed by various
manufacturers for collecting saliva.

This method allows patients to easily obtain samples at home
and deliver them to healthcare personnel without going to
hospitals, which are high-risk areas. It also allows reduction of
workload and transmission risk for healthcare personnel.

However, this method will require a sufficient number of assays
and laboratory validation as a diagnostic test. In addition,
SARS-CoV was reported to infect epithelial cells in the salivary
gland duct of Rhesus monkeys®. Therefore, the presence of
COVID-19 in the saliva of patients suggests the possibility of
salivary gland infection. However, saliva samples contain not
only secretion from the salivary glands but also secretions from
the lungs through the cilia descending from the NP or covering
the airwaysP3L More studies with larger samples are needed to
detect COVID-19 in saliva.

Table 1. Sensitivity and specificity of different clinical samples used in the diagnosis of Coronavirus disease-2019

Study Sample characteristics Specimen type Sensitivity Specificity
Altawalah et al.?4 891 patients with suspected Saliva 83.43% 96.71%
COVID-19
Zhu et al.?8l 944 patients Saliva 86.4% 97.0%
Tu et al.?” Patients aged 15 months to 94 years  Nasal, NP, tongue Tongue 89.8%, nasal 94%, and MT -
old, 96.2%
501 patients with tongue and NP
samples,
498 patients with nasal and NP
samples, and
504 patients with MT and NP samples
Wang et al.?®! 353 patients (192 outpatients; 161 NP and OP OP 32% and NP 63% -
inpatients)
Boger et al.?! 388 patients (meta-analysis study) Sputum 97.2% -

COVID-19: Coronavirus disease-2019, MT: Middle turbinate, NP: Nasopharyngeal, OP: Oropharyngeal

Table 2. Sensitivity and specificity of saliva samples used in the diagnosis of Coronavirus disease-2019

Study Population Intervention Comparison Outcomes

Yokota et al.l'¥ 1924 patients with suspected  Saliva RT-PCR NP specimens vs RT-PCR Sensitivity, 92%; specificity,
COVID-19 99.96%

Altawalah et al.?4 891 patients with suspected  Saliva RT-PCR NP specimens vs RT-PCR Sensitivity, 83.43%;
COVID-19 specificity, 96.71%

Zhu et al.?8 944 patients Saliva RT-PCR NP or OP specimens vs Sensitivity, 86.4%;

RT-PCR specificity, 97.0%

Dogan et al.k 200 patients with suspected  Saliva RT-PCR NP or OP specimens vs Sensitivity, 60%; specificity,
COVID-19 RT-PCR 98.8%

Hanson et al.B" 354 patients with suspected  Saliva RT-PCR Anterior nasal and NP Sensitivity, 87.3%;
COVID-19 specimens specificity, 99.2%

Miller et al.’ 91 patients with suspected Saliva RT-PCR NP specimens vs RT-PCR Sensitivity, 86.7%;
COVID-19 specificity, 99.2%

COVID-19: Coronavirus disease-2019, RT-PCR: Reverse transcription-quantitative polymerase chain reaction, NP: Nasopharyngeal, OP: Oropharyngeal
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Saliva collection is a noninvasive procedure that does not cause
discomfort to the patient and allows patients to easily apply
low-cost self-sampling techniques at home and thereby prevent
healthcare personnel from having close contact with the patient
and exposure to the pathogen. However, saliva collection needs
to be optimized appropriately to reduce test errors4,

For the detection of SARS-CoV-2 infection using saliva samples,
the time period that allows detection of SARS-CoV-2 in the
saliva should be well defined, as the viral load in the saliva
is reported to be high during the first few days of infection,
followed by a decrease in the viral load®.

For further investigation, studies should be conducted with a
large number of NP, OP, and saliva samples that are molecularly
confirmed. Considering the positive and negative aspects of
saliva samples in the diagnosis of COVID-19, each country and
organization should develop unique screening methods. Saliva
samples can be helpful during a pandemic because speed in
diagnosis is important and tests may be repeated.
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