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Introduction

Novel coronavirus disease 2019 (COVID-19) outbreak has termed as a controllable
pandemic, and the entire world has come to a standstill trying to mitigate the disease
with health systems. Health care providers, around the globe, are fighting day and
night. Currently, rapid testing is taking place with the help of nasopharyngeal, oropha-
ryngeal swab, bronchoalveolar lavage, sputum, urine, and blood. All these approaches
are invasive or embarrassing to the infected person. It is observed that salivary glands
are hosting severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) because
of angiotensin-converting enzyme 2 and the detection of high viral loads in the saliva
and is playing a crucial role in virus transmission, especially from individuals showing
absolutely no symptomes. Saliva is proving to be a promising noninvasive sample speci-
men for the diagnosis of COVID-19, thus helping to monitor the infection and prevent
it from further spreading by prompt isolation.

flu-like respiratory infections in humans before the SARS-
CoV-2 outbreak in 2003, making it the novel infectious dis-

Coronaviruses, hailing from the family of Coronaviridae,
nonsegmented positive-sense enveloped RNA viruses,'?
are primarily distributed within humans and other
mammals, with a suspected gigantic reservoir of zoo-
notic origin.! Coronaviruses were not typically associ-
ated with being pathogenic in humans in the past.®> The
two significant outbreaks prior to novel coronavirus dis-
ease 2019 (COVID-19) include the severe acute respira-
tory syndrome-coronavirus-2 (SARS-CoV-2) and Middle
East respiratory syndrome-coronavirus (MERS-CoV).
Coronaviruses were thought to cause mild, self-limiting

DOI https://doi.org/
10.1055/s-0040-1713020
ISSN 1305-7456.

ease of the new century. The ultrastructural morphology
of SARS-CoV-2 is illustrated in =Fig. 1 from the Centers for
Disease Control and Prevention (CDC) image library. This
illustration represents the proteins (S, spike; E, envelop;
and M, membrane) locating on outside surface of virus. It
highlights the potential transfer of the virus from animals to
humans, proving to be fatal in the process when crossing the
species barrier. A suspected large reservoir of SARS-CoV-2
like viruses present in horseshoe bats still appears to be a
risk illustrative of a ticking time-bomb, as there is a possi-
bility of humans getting infected, with a resurgence of epic
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Fig. 1 Illustration representing the ultrastructural morphology of SARS-
CoV-2 (adapted from CDC Image library: Alissa Eckert, MS; Dan Higgins,
MAMS, https://phil.cdc.gov/Details.aspx?pid=23313). E, envelop; M,
membrane; S, spike; SARS-CoV-2, severe acute respiratory syndrome-
coronavirus-2.

proportions.* Almost a decade later in 2012, MERS-CoV was
isolated from the sputum of a male patient in Saudi Arabia
who had succumbed to acute pneumonia accompanied
with renal failure, resulting in an epidemic due to the iso-
lated highly pathogenic coronavirus. This further wreaked
another havoc around the world with a MERS-CoV outbreak
in South Korea in 2015 due to a person returning from the
Middle East to that region.*> Transmission of SARS-CoV-2
and MERS-CoV occurred mainly due to familial contacts
and nosocomial-acquired infections, with the two epidem-
ics causing a cumulative 10,000 cases, with a mortality rate
of 10 and 37%, respectively, some even reporting up to 50%
mortality rate for MERS-CoV."6

In December 2019, pneumonia of unknown cause or eti-
ology was reported in the city of Wuhan, Hubei province of
China, causing panic and widespread uncertainty in a rela-
tively short period. These initial clusters found in China, as
reported by Wu et al, claimed the respiratory illness caused
due to SARS-CoV-2, the causative organism for the dis-
ease named COVID-19,” was very similar to that caused by
SARS-CoV. Affected patients required immediate hospital-
ization and intensive care, along with a high mortality rate,
especially in those presenting with comorbid and old age.!
Chinese Center for Disease Control and Prevention (CCDCP),
along with the relevant health authorities in China, immedi-
ately started to act on isolating and investigating the virus.
The viral genome sequence published in data banks, such as
Global Initiative on Sharing All Influenza Data (GISAID) and
GenBank, on January 11, 2020.8 Despite sharing a sequence
homology of 80% with the causative microorganism for the
SARS-CoV-2 outbreak,” SARS-CoV-2 exhibits a high level of
person-to-person transmission and infectivity.*'°

World Health Organization (WHO) labeled the COVID-19
infections emerging in China as a Public Health Emergency
of International Concern (PHEIC) on January 30, 2020, fur-
ther characterizing the disease as a pandemic on March
11, 2020, when cases were increasing tremendously by the
hour."" Huang et al' presented the “epidemiological, clini-
cal, laboratory, and radiological characteristics” in their
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published article on a total of 41 laboratory-confirmed
cases infected with SARS-CoV-2, including a comparison
of characteristics between patients admitted to the inten-
sive care unit (ICU), and non-ICU patients. The majority
from the sample of infected individuals were males (30/41),
13 of them had underlying health conditions, including
hypertension, diabetes, and cardiovascular disease. The
most common symptoms reported included fever (40/41),
cough (31/41), and myalgia/fatigue/lethargy (18/41). In
another retrospective single-center study reported by
Chen et al conducted on 99 patients, 82 of the 99 patients
had a fever, 81 patients had a cough, 31 had shortness of
breath, 11 had myalgia, and 1 patient had nausea and vom-
iting, among other less common signs and symptoms.'
Significant transmission is seen due to family clustering and
health care professionals acquiring the disease either from
their families or through hospital-acquired infections while
coming in contact with other COVID-19 patients,'* further
enhancing spread with an exponential increase. Majority
of the transmissions reported being through direct contact
or fomites in the surrounding environment in close quar-
ters with the infected. At the beginning of the epidemic, the
initial 138 patients that were hospitalized due to COVID-19
in China, 29% were health care workers who contracted the
disease from proximity to the infected patients.' The virus
was isolated on January 7, 2020, commencing the speedy
development of diagnostic tests for the disease that was
highly sensitive and reliable. The gold-standard test for
diagnosing COVID-19 is the real-time reverse transcription
quantitative-polymerase chain reaction (RT-qPCR) assay
which entails nucleic acid amplification of viral RNA for
which a moderately invasive specimen collection is per-
formed. Sample specimens can be collected from the upper
respiratory tract in the form of nasopharyngeal or oropha-
ryngeal swabs. They can also be collected from the lower
respiratory tract in the form of expectorated sputum, endo-
tracheal aspirate, or bronchoalveolar lavage, specifically for
patients presenting with pneumonia.'>!® As reported in sev-
eral articles, the collection of nasopharyngeal and oropha-
ryngeal specimens has resulted in discomfort and bleeding
in patients, especially in those with thrombocytopenia. This
collection procedure also puts the health care personnel at
risk of transmission of the virus during sample collection
coming in direct contact with the patients, making it an
undesirable method.®3'” In addition to that, Zheng et al'®
in their diagnostic validity study demonstrated that naso-
pharyngeal and oropharyngeal swab detection rates are less
as compared with other samples of sputum and saliva. The
collection of sputum is a noninvasive specimen, but a rela-
tively less number of patients, around 28%, have reported
adequate production of sputum for diagnosis.! Along with
the exhaustive process of sample collection and waiting
for the results of RT-qPCR, a negative diagnosis still doesn’t
rule out the possibility of an infection, coupled with the
provision of epidemiologic information and travel/contact
history.!® These tests rendering false-negative results can
prove to be of huge risk by letting undiagnosed positive
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cases go by amid a pandemic.'®2*?' This was observed in
a familial cluster setting as well consisting of a total of six
members. The patient-1, who had travelled from epicen-
ter Wuhan back home to Anyang, China, was presumably
asymptomatic with her laboratory parameters within nor-
mal ranges and her first RT-PCR test negative. But in the pro-
cess going onward to infect patients-2 to 6 reported in the
study which showed symptoms and was hospitalized when
their conditions worsened. This proves to be a challenge in
containing and mitigating the virus in the light of asymp-
tomatic carriers and lack of mass screening and testing
facilities.?!

Saliva, a noninvasive dynamic biofluid, is currently a bio-
marker for screening and diagnosing several diseases and
conditions because of its ease of access and connection to
systemic diseases.???* Saliva is already being used to diag-
nose infections of bacterial, viral, or fungal origins, cardio-
vascular diseases, several types of cancers such as breast and
lung cancer, and developmental and genetic diseases.?*2°
Saliva contains a significant number of biomarkers and com-
ponents such as RNA and DNA, various immunoglobulins,
microorganisms, and metabolites.?” Saliva sample collection
is also considered to be cheap, easy, and of minimal risk of
transmitting the disease to health care personnel as self-
collection involving only the patient is possible.?? Human
salivary glands are reservoir for the viruses and most likely
cell receptor for SARS-CoV-2 investigated in the serological
examinations of patient samples concurred to be the angio-
tensin-converting enzyme 2 (ACE-2) receptor expression.?
Hence, those cells expressing ACE-2 have been intimated
of being susceptible to the virus. As the functional receptor
for SARS-CoV-2 is the ACE-2 receptor,? significantly lower
expression of it has been found in the pharyngeal cells as
opposed to salivary glands and the lower respiratory tract.!s
This makes saliva a relatively better diagnostic specimen for
COVID-19 as opposed to pharyngeal specimens. Also, this
noninvasive biofluid can be easily collected from the symp-
tomatic and asymptomatic patients without the waste of
gloves and personal protection equipments (PPEs). In this
pandemic situation, the world is facing shortage of these
PPE’s due to lockdown protocols.

Developing point-of-care (POC) testing for the diagnoses
of COVID-19 remains to be explored and subsequently eval-
uated for their sensitivity and timely provision of reliable
results. POC technology has been defined in the literature as,
“medical device used to conduct testing outside the labora-
tory at or near the site of patient care, including the patient’s
bedside, the doctor’s office, and the patient’s home.”*° Marked
infectivity, high pathogenicity, and rapid transmission of
COVID-19 have the world on total lockdown with fear and
panic in the air. In a time like this, the enforcement of devel-
oping POC diagnostics is of utmost importance due to the
limited infrastructure and exhausted front liners. It would
be able to diagnose cases on site with minimal involvement
of already overburdened laboratories, enabling immediate
treatment, and prompt containment of the disease during
infectious epidemics and pandemics.?'*? According to The
New York Times,** the health care professionals most liable

to contracting COVID-19 from carriers and asymptomatic
patients are dentists and associated consultants within the
said field because of the proximity to the patients and analo-
gous aerosol-generating procedures being done in the dental
clinical setting.!® As a considerable viral load was consistently
detected in the saliva of patients diagnosed with the infec-
tion by up to 91.7%,° adequate precautionary measures must
be taken by dentists, and only emergent dental procedures
with the due protocol are performed.>* The POC technology,
in addition to be an efficient method of diagnosis, also can
be made relatively easy to use, if guidelines directed by WHO
are followed known as “ASSURED.” This abbreviation spells
“affordability, sensitivity, specific, user-friendly, robust and
rapid, equipment-free, and deliverable to those who need
them.”*>3¢ These guidelines “assure” that the tests being
developed thus deliver quick and reliable results, preferably
under 30 minutes under resource-constrained settings.

As COVID-19 is mainly spread through droplet infection
and contact transmission, potential airborne dissemination
has been ruled out except for surroundings where aero-
sol generation is of concern, including but not limited to
endotracheal intubation, bronchoscopy, the patient being
disconnected from a ventilator.?’° The use of high-speed
handpiece, ultrasonic scaler and instruments, air/water
syringe, contaminated surfaces resulting from routine dental
procedures, and concomitant aerosolization is of major con-
cern as well.’® The difficulty being faced by not being able
to diagnose, and effectively asymptomatic quarantine carri-
ers of the infection which may potentially be shedding the
virus in their surroundings. So POC diagnostic technology
could play a crucial role in this situation. Bringing into con-
text, the use of POC diagnostic technology with saliva to be
used as a biomarker for diagnosing COVID-19 in suspected
patients seems to be the critical point of demand in health
care because of the alarming contagiousness requiring fast
diagnostic results. Moreover, the confirmation of significant
viral load in the salivary fluid by researchers in Hong Kong?®
has proven to be a breakthrough in the detection and subse-
quent diagnosis of SARS-CoV-2 (=Table 1). This proves the
potentially budding implementation of widespread salivary
point-of-care diagnostics. Added to that, the imminent peril
of subsequent spread of the virus through simple acts such
as talking, even breathing, to people in the vicinity.?® As Azzi
et al found in their study® (~Table 1), even after serocon-
version of two patients who tested positive for SARS-CoV-2,
their salivary specimens still tested positive. This raises con-
cern over discharging patients showing negative pharyngeal
respiratory samples but still harboring significant viral loads
in their saliva. In turn, proving to be a source of dissemination
to their unsuspecting family members and friends. A study
reported on detection of salivary pepsin by immunochro-
matographic strip sensors for the laryngopharyngeal reflux
(LPR) patient.?® This study revealed the proof of concept
for the use of antibody conjugation can help in detection
rapidly. There are many other experiments reported for
salivary microfluidic paper-based analytical devices (uPAD)
for detecting salivary nitrite, glucose, lactate, phosphate, and
a-amylase. 4043
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Table 1 Description of reported papers on COVID-19 and saliva used as a diagnostic fluid

callyill type). 15
male, 16 female
patients. Median
age: 60.6 years.
Age range:
18-86 years

midstream saliva
collected with
cotton swabs
as samples.
Swabs depos-
ited in sterile
dry containers.
Oropharyngeal
swabbing done
as well simul-
taneously with
saliva specimen
collection

Study Document Targeted sam- | Saliva collection | Saliva sample | Tests Results reported
type ple details method preparation | conducted on
saliva
Toetal® Brief report 11 patients Self-collection of | 2 mL of viral Total nucleic SARS-CoV-2 (2019-nCoV)
(total): saliva. Specimens | transport acid extraction. | detected in the initial saliva
5 females, collected after medium RT-gPCR. Viral | samples of 11 out of the
7 males. Median | 2 days (median) | added to the | culture of 12 patients (91.7%). Median
age: 62.5 years. | of hospitali- specimens SARS-CoV-2 viral load in first available
Age range: zation (range: (level-3 specimens: 3.3 x 10° copies/
37-75 years. 0-7 days). biosafety mL. Viral load found to be
12 patients with | Patient was facility) highest in earliest available
laboratory con- | asked to cough saliva specimens (83.3%). Viral
firmed COVID-19 | the saliva out culture showed the presence of
infection which was then live virus in saliva of 3 patients.
depositedin a 1 patient had a slightly higher
sterile container viral load in the saliva on day 1
after being hospitalized than
on the day of hospitalization. 1
patient found to be shedding
the virus in saliva at day 11
after hospitalization
Toetal” Observational | 23 patients Patients pro- Viral transport | RT-qPCR which | 2 patients died. Median viral
cohort study (total): 13 males, | duced a saliva medium targeted the load at presentation: 5.2 log, ,
10 females. sample by cough- | added to the | SARS-CoV-2 copies per mL (IQR: 4.1-7.0;
Patients were ing and clearing | specimens RNA- undetectable viral load in
laboratory-con- | the throat early dependent- samples given a value of 1 log,
firmed COVID-19 | morning before RNA- copies per mL). SAR-CoV-2
affected. breakfast. In polymerase- RNA not found in saliva of 3
10 patients case of intubated helicase gene patients. Viral load highest in
suffering from patients, region. EIAs for | salivary specimens during first
severe COVID-19 | endotracheal SARS-CoV-2 week of symptom manifesta-
requiring supple- | aspirate was NP and spike tion. Load gradually declined.
mental oxygen. | obtained protein RBD Viral load in endotracheal aspi-
13 patients had rate highest from day 8 after
mild disease. onset of symptoms. Showed
Median age: nonsignificant decline. Any
62 years. remaining serum was retrieved
Age range: for antibody testing from the
35-75 years blood specimens taken for
biochemical testing. IgG and
IgM antibodies against NP/RBD
increased during first 10 days
after symptom manifestation
Chen et al®® | Prospective 31 patients Stimulated N/A Nucleic acid 13 cases tested positive for
study (total): salivary collec- extraction. nucleic acid extraction. Out of
26 ordinary tion by gentle RT-gPCR the 13 cases, 4 tested positive
or heavy type, massage of for nucleic acid extraction of
5 on ventilator salivary gland. saliva; 3 were of critically ill
support (criti- 1.5 mL of type with ventilatory support,

1 was of ordinary/heavy type
without ventilatory support

An observational cohort study conducted in Hong Kong!’
concluded with findings of high viral loads in posterior oro-
pharyngeal saliva samples in laboratory-confirmed patients

European Journal of Dentistry Vol. 14 No.S1/2020 © 2020. European Journal of Dentistry.
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of COVID-19 (Table-1). The authors reported that serum
immunoglobulin (Ig)-G and IgM antibodies were detected
after 10 or more days from symptom manifestation and
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Study Document Targeted sam- | Saliva collection | Saliva sample | Tests Results reported
type ple details method preparation | conducted on
saliva
Zheng et al'® | Prospective 65 patients Patients pro- N/A Extraction of 37 out of 42 (88.09%) salivary
diagnostic (total): 40 males, | duced saliva by viral RNAs, samples detected SARS-
validity study 25 females. coughing three RT-gPCR CoV-2 as compared with
23 patients with | to five times the detection rates of throat
mild disease, (wearing a mask) swabs (45.24%, 19/24), and
42 patients with | and spitting nasal swabs (76.19%, 32/42).
severe disease. into a sterile Significantly higher viral loads
8 patients container were detected in saliva samples
admitted in as compared with throat swabs
ICU, 2 received
mechanical
ventilation.
Patients were
laboratory-con-
firmed COVID-19
affected.
Median age:
54 years. IQR:
39.5-62 years
Azzi et al° Research article | 25 patients: Drooling tech- Saliva Nucleic acid SARS-CoV-2 detected in all
17 males, 8 nique used for suspended in | extraction, 25 patients’ first salivary
females. Average | saliva collec- 2 mL PBS RT-gPCR sample. Second salivary swab
age:61.5+ tion. In case of after 4 days duration on 8
11.2 years. patients with patients yielded consistent
Age range: endotracheal results with first saliva inves-
39-85 years. intubation or tigation. 2 patients exhibited
Laboratory con- | on mechanical positive salivary diagnosis even
firmed COVID-19 | ventilators, saliva when their pharyngeal + bron-
patients with was collected choalveolar samples tested
severe/very by healthcare negative
severe disease professionals
were included with the use of
pipettes

Abbreviations: COVID-19, novel coronavirus disease 2019; EIA, enzyme immunoassays; ICU, intensive care unit; Ig, immunoglobulin; IQR,
interquartile range; N/A, not available; NP, nucleoprotein; RBD, receptor binding domain; RT-qPCR, real-time reverse transcription-quantitative
polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome-coronavirus-2.

viral RNA was still evident in saliva samples. This is of major
concern in those displaying almost mild to no symptoms
at all and still can be spreading the virus at an alarming
rate.'” Not only is saliva proving to be a dynamic biofluid
to diagnose COVID-19, but also is substantive in provid-
ing information on the course of the infectious disease.’
The expression of ACE-2 is relatively higher in the salivary
glands when compared with that of lungs,*4> ascertain-
ing that COVID-19 could potentially target these glands,
with saliva exhibiting viral RNA even before lung injury
manifests.*

Notwithstanding the limitations in the studies being
conducted in uncertain times like these in the midst of the
ongoing pandemic. Recently, Ahmed et al reported anxiety
and fear among dentists around the world due to COVID-19
pandemic outbreak.” They concluded that majority of the
dentist have either modified or limited their practices to
emergency treatment only, while others have closed their

practices until life get back to normal. As already understood,
COVID-19 is an emerging novel infection with something
new to learn with every passing day. Saliva is looking to be
a promising biofluid for the effective diagnosis of COVID-19,
but further studies need to be conducted on asymptomatic
individuals to understand the disease process better.”® As
many studies are being held on patients presenting at hospi-
tals for intensive care with severe disease, high viral loads are
understandably being found.®'7?® As opposed to that, com-
munity-wise detection of saliva in patients with mild infec-
tions not requiring hospitalization needs to be conducted.'®
Recently, Rutgers Clinical Genomic Laboratory in the United
States got approval from the Food and Drug Administration
(FDA) for testing human saliva, as the primary test bioma-
terial for the SARS-CoV-2 coronavirus. According to Prof.
Andrew Brooks, “The impact of this approval is significant.”
Prof. Brooks is currently leading this project with other
collaborators.*
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Conclusion and Future Remarks

As demonstrated by studies reviewed in this article, high viral
loads of SARS-CoV-2 RNA are being found in salivary gland
and saliva, potentially illustrating the importance of this bio-
fluid for testing the disease in asymptomatic condition. It is
of utmost importance that in the current situation of the pan-
demic and astonishing transmissibility of the virus, a mass
screening tool be developed using saliva POC technology.
POC technology using saliva as a form of liquid biopsy for
diagnosing COVID-19 patients on the spot can be a pivotal
turning point in rapid detection. This would effectively help
in identifying and isolating potential carriers and contacts in
hopes of containing and mitigating the disease.
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