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Abstract

Human saliva is a complex mixture of various organic and inorganic compounds and host-derived
molecules. Performs numerous functions. This comprehensive review will discuss the roles played by
saliva in defence against the SARS-CoV-2 virus and the use of saliva as a diagnostic fluid in COVID-
19 screening will be discussed along with a brief note on SARS-CoV-2 transmission through saliva.
Saliva and SARS Cov 2: The antimicrobial and antiviral properties of saliva are conferred by the
salivary peptides such as defensins, cathelicidins, and LL 37. Antiviral activity against the herpes
virus, hepatitis C virus, ebola virus and to an extent HIV has been documented. Since the COVID-19
pandemic has now occurred as a new global threat, it is being investigated if saliva has certain
properties that could defend against this infection. Studies have found the regular presence of the
SARS-CoV-2 virus, the aetiological agent of the COVID-19 disease in saliva, hence saliva could be
used as a diagnostic tool. Some interesting findings have highlighted the presence of the virus in
salivary samples but documented its absence in throat swabs which is intriguing. Despite having
multifaceted roles, the drawback of saliva also lies in its contribution to the transmission of the SARS-
CoV-2 virus. Studies have shown that viable viruses can be transmitted through saliva from person to
person through coughing and sneezing. Hence saliva could be regarded as a double-edged sword in
the COVID-19 pandemic.
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Introduction functions such as mastication, deglutition and
speech. During mastication, the ingested food
contents are dissolved in saliva and
transported to the taste receptors present in the
tongue for taste perception. The process of
digestion begins in the oral cavity and is
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A critical and pivotal dynamic fluid of the
oral environment is saliva, which is comprised
of inorganic and organic substances. Saliva
plays a vital role in major physiologic




initiated by salivary amylase responsible for
starch and glycogen breakdown, and lipase
secreted by lingual salivary glands (Von
Ebner’s glands) plays for the digestion of fat.
The functions of saliva include the protection
of oral tissues by lubrication, maintenance of
pH, speech, taste perception, mastication,
deglutition and  enzymatic  digestion.
Decreased secretion of saliva has been shown
to increase the risk of oral diseases such as
dental caries, and oral candidiasis [1]. Recent
studies have uncovered additional functions of
salivary glands and saliva. Salivary glands
contain and possibly secrete several vital
physiologic substances such as growth factors,
vasoactive peptides, and regulatory peptides.
Thus, in addition to the alimentary function,
the salivary glands may a role in other
functions [2, 3].

Saliva is a mucoserous exocrine secretion.
Whole saliva is a combination of secretions
from major salivary glands such as parotid,
submandibular and sublingual glands and
minor salivary glands found in the lower lip,
tongue, palate, cheeks, and pharynx., gingival
crevicular fluid containing oral bacteria and
food debris [4, 5]. The terms major and minor
salivary glands refer to the glands' anatomic
size and quantity of salivary secretion.
However, minor salivary glands secrete more
protective components [6].

Salivary flow rate per day varies between 1
and 1.5 L in a healthy individual. During an
unstimulated salivary flow, 20% of saliva is
contributed by the parotid gland 65% from
submandibular, 7% to 8% from the sublingual,
and less than 10% from numerous minor
glands. During stimulated salivary flow rates
parotid gland contributes to the majority of the
total salivary secretion of 50% [6].

It has been recognized that other than
digestion, lubrication and aid in mastication,
saliva is a storehouse of many protective
molecules that make it a defence fluid. Saliva
protects against a spectrum of bacterial, viral
and fungal infections. Saliva has also been

explored as a diagnostic and prognostic tool by
several researchers [7, 8, 9, 10]. Further
sections of this article will highlight the
antiviral properties of saliva and the relevance
of saliva in the COVID-19 pandemic.

Antiviral Properties of Saliva

Like other mucosal surfaces, the oral cavity
is continuously exposed to several microbes
and toxic chemical substances through
ingestion. The oral cavity is an open system to
facilitates several important biological
functions such as speech, mastication and
assistance for respiration. However, it is
bathed by the flow of copious amounts of
saliva from the salivary glands that maintain
the dynamicity and bring in a variety of
protective substances to defend against
infections and assaults. The salivary defence
system is predominantly innate. In other
words, it is nonspecific and quick and is an
important first-line defence against infections
caused by bacteria and viruses. Salivary flow
aids in rigorous cleaning of the oral cavity, a
continuous process [11]. The focus of this
section is to elucidate the antiviral properties
of saliva. The salivary constituents that
possess both antibacterial and antiviral
properties include Cathelcidin  (LL-37),
Lactoferrin, Lysozyme, Mucins, Peroxidase,
Salivary agglutinin (gp340, DMBT1), slgA,
SLPI, a, B Defensins [12].

Active Viral Activity and Isolation of
Viable Viruses from Saliva

The viruses that have been found in active
forms in human saliva include HSV, HIV,
VZV, EBV, HPV, hepatitis A, hepatitis C,
Ebola, Norwalk virus, HHV 6 and 8, measles,
rabies, adenoviruses, and prions [12].
Although numerous antiviral components are
present in saliva, it is surprising that saliva is
still inhabited by the above viruses. The
predominant reason for this phenomenon
could be that these antiviral proteins may be in
a free form in solution or may be bound to the



hard and soft tissue components thereby being
unavailable for action [12]. Also, the
concentrations of the proteins could vary with
the salivary flow rate complicating the concept
of an ideal antiviral concentration.

There have been some focused studies on
antiviral proteins such as salivary agglutinin
also called gp340 or DMBT-1. It has been
found that this protein has activity against HIV
1 and Influenza A [13, 14]. However, the same
substance has limited activity or no significant
activity against HSV, adenovirus, SIV and
HIV 2. Studies have reported that salivary
agglutinin could bind with gp120 on the
surface of the virus and could inhibit HIV
infectivity [15].

The antiviral proteins present in saliva
possess very limited antiviral potency. Hence
it can be understood that several infectious
viruses are present in the oral cavity despite
the presence of antiviral proteins in the oral
cavity. For instance, the salivary protein gp340
interacts with bacteria and 2 viruses (HIV-1
and influenza). However, there is a variation in
the concentration of this salivary protein in
different individuals wherein some individuals
possess increased levels of proteins with
antibacterial effects while others possess
proteins with antiviral activity.

The above section deals with the antiviral
activity of saliva against various viruses.
However today the globe is facing severe
threats from the SARS-CoV-2 virus which has
caused the COVID-19 pandemic. The future
sections will deal with the relationship
between saliva and the COVID-19 pandemic.

The Sars Cov 2 Entry into the Oral
Cavity and Plausible Interactions with
Saliva

Coronavirus disease 2019 (COVID-19) was
first reported in the city of Wuhan, Hubei
Province, Central China, and has then created
havoc, spreading to many developing and
developed nations of the world. COVID-19 is
caused by a novel coronavirus also referred to

as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Considering,
the mammoth destruction caused by the
disease, the World Health Organization
(WHO) has announced COVID-19 as a public
health emergency of international concern
(PHEIC). Currently, scores of humans are
being afflicted by this disease which causes
severe respiratory distress and multi-organ
failure in a few leading to severe morbidity
and mortality. Social distancing has been
followed worldwide to prevent disease spread
as this condition is predominantly spread by
droplet transmission.

Coronaviruses (CoVs) belongs to the Ortho
coronavirinae subfamily of the family
Coronaviridae. The four genera of viruses in
Ortho coronavirinae include Alphacoronavirus
(a-CoV), Beta coronavirus (B-CoV), Gamma
coronavirus (y-CoV) and Delta coronavirus (3-
CoV). The alpha and beta subgenera affect
humans and other mammals [16, 17]. SARS-
CoV-2 is the 7" member of coronaviruses
infects humans. Upper respiratory tract
infections such as the common cold are caused
by HCoV-229E, HCoV-NL63, HCoV-OC43
and HCoV-HKUL1 and atypical pneumonia is
caused by SARS-CoV and MERS-CoV. An
insight into the virological aspects of the
disease reveals that the size of the SARS-CoV-
2 genome is 30 kb which encodes a large, non-
structural polyprotein (ORF1la/b). Several
proteins are formed as a result of proteolysis
of this non-structural protein including
proteins necessary for SARS-CoV-2 assembly
and infection such as spike surface
glycoprotein(S), the membrane protein (M),
the envelope protein (E) and the nucleocapsid
protein (N) and five accessory proteins such as
ORF3a, ORF6, ORF7, ORF8 and ORF9 [18,
19, 20]. The spike surface glycoprotein is
responsible for host cell attachment and is
cleaved into the N-terminal S1 subunit and a
membrane-bound  C-terminal S2  region
cleaved by proteases of the host [21]. The S1
subunit binds to the host receptor and causes



destabilization of the prefusion trimer. This
causes the shedding of the S1 subunit and S2
subunit to transition into a highly stable post-
fusion conformation [22].

The angiotensin-converting enzyme 2
(ACEZ2) present in the lower respiratory tract is
the receptor for the surface spike (S)
glycoprotein of SARS-CoV, which explains
the site specificity of the infection. SARS-
CoV-2 enters the respiratory epithelial cells
and replicates rapidly. This in turn triggers a
strong immune response, leading to cytokine
storm syndromes and pulmonary tissue
damage [23].

The oral cavity is one of the portals of entry
of SARS Cov 2 as there is an abundance of
ACE 2 expressing cells in the buccal mucosa,
gingiva, palate and tongue [24]. After entry
into the oral cavity, there is a definite plausible
role played by saliva mediated by its antiviral
properties to fight the SARS-CoV-2 entry and
further infection. This has been elucidated by
researchers who have hypothesized that
hyposalivation could lead to acute respiratory
infection. Hyposalivation may impair the
protective mechanisms of the oral and
respiratory mucosa as a physical barrier
thereby facilitating viral adhesion and
colonization. Also, hyposalivation may be
associated with a decreased secretion of
antimicrobial proteins [25].

As previously mentioned, saliva possesses
several antiviral proteins and peptides that
include Cathelcidin  (LL-37), lysozyme,
lactoferrin, mucins, salivary agglutinin (gp340,
DMBTI), peroxidase, sIgA SLPI, o, f
defensins, and cystatins, cystatin type 11 [26].

Salivary cystatins interfere with viral
replication and thereby could play an
important role in the host's defence against
virus infections. Studies have reported the
anti-viral activity of cystatin C against herpes
and coronavirus is documented. Moreover, at a
physiologic concentration cystatin D has been
reported to inhibit the replication of
coronavirus [26]. Thus, the presence of

cystatin D in saliva may play a protective
anti-viral role [27].

The salivary microvesicles contain several
microRNAs (miRNAs) that prevent viral
replication [28, 29]. The antiviral activity of
miRNAs in saliva has been well established
and saliva has been used for the management
of  ophthalmic  herpes  zoster.  Also,
unstimulated saliva from the submandibular
gland at several-fold dilutions has been
reported to inhibit the HIV-1 virus [28].

Considering the presence of many proteins
with established anti-viral properties in saliva
it could be hypothesized that saliva plays a
pivotal role in innate defence against the
SARS-CoV-2 virus. However, due to certain
limitations like the presence of underlying
systemic disease, the diurnal variation in
salivary flow and variation in concentrations
of antiviral proteins from person to person,
there is always an absence of total protection
from SARS-CoV-2.

Transmission of SARS Cov 2 Through
Saliva

Salivary droplets are produced during
speech, respiration, coughing and sneezing and
they combine with moisture and droplet nuclei
of microorganisms. However, the infectious
and transmission intensity of the same
pathogen differs with every individual. It
could be attributed to the variations in
guantity, distance, and size of saliva droplets
in individuals. Around 3000 saliva droplets
nuclei are produced during a cough which is
comparable to the quantity generated during 5
minutes of speech. Approximately 40,000
salivary droplets are produced during a sneeze
and cover several meters of air. During
exhalation saliva droplets are produced more
than one meter in the air. Considering the size
of salivary droplets, smaller droplets travel for
longer distances and larger droplets with
higher mass fall to the ground [30].

The above-mentioned  dynamics  of
coughing and sneezing have a very important



bearing on person-to-person transmission of
SARS-CoV-2. SARS-CoV-2 infections are
transmitted through contact or droplets [31].
SARS-CoV-2 could become airborne and
infect individuals near an infected individual
during coughing and sneezing. Hence social
distancing has been strongly recommended to
minimize community spread of the disease.
Touching the surface of SARS-CoV-2 droplets
on inanimate objects near the infected
individuals is also an important mode route of
transmission [31]. Also, the presence of
SARS-CoV-2 in the saliva samples of the
infected patients has been demonstrated by
several studies [32]. Hence it could be inferred
that SARS-CoV-2 could be transmitted from
person to person through saliva.

Saliva as a Diagnostic Fluid in Covid 19

Currently, the Gold standard for diagnosis
of SARS-CoV-2 infection is Real-time reverse
transcription Polymerase Chain Reaction
(rRT-PCR) obtained from nasopharyngeal and
respiratory specimens [33]. The biggest
disadvantage  of  nasopharyngeal  swab
sampling is the risk of virus transmission to
the nurses and physicians who perform sample
collection due to the close contact [34]. Also,
the collection of samples poses discomfort to
the patients. Hence non-invasive fluids like
saliva are being investigated for SARS Cov 2
presence to confirm the disease. The
advantages of saliva as a diagnostic sample
include ease of sample collection, and
decreased discomfort to the patient [35]. A
few studies have reported the presence of the
SARS-CoV-2 virus in saliva.

In two recent studies saliva samples were
collected when the patients were instructed to
cough out saliva and transported with a viral
transport medium and the presence of SARS
CoV-2 was assessed by real-time reverse
transcription-quantitative polymerase chain
reaction (rRT-PCR). [36, 37]. The samples
collected wusing this technique contain
secretions from the salivary gland,

tracheobronchial tree and nasopharynx. SARS
CoV- 2 was detected in the saliva of 20 out of
the 23 infected individuals. Negative salivary
SARS CoV 2 was reported in 33 individuals
who were previously reported negative from
nasopharyngeal or sputum specimens Thus the
overall diagnostic specificity was reported to
be 87%.

In another study collection of saliva was
done through passive drool. Salivary samples
possibly containing respiratory secretions were
collected intraorally using a pipette during
endotracheal intubation and mechanical
ventilation and SARS CoV 2 viral load was
assessed using rRT-PCR that detected.
Quantification was not performed. Salivary
SARS CoV 2 was detected in 25 patients
previously diagnosed with COVID-19 from
pharyngeal or bronchoalveolar swabs. Another
important finding in the study was the
presence of SARS CoV 2 in the saliva of 2
patients on the same days that their pharyngeal
or bronchoalveolar swabs were reported
negative for the virus. Thus, there could be a
possibility that individuals could be contagious
through their saliva even when tested negative
for the virus from pharyngeal swabs [38].

Han et al. [39] reported a salivary viral load
of 105 copies/mL that was similar to that of
pharyngeal swabs and lesser than from
bronchoalveolar swabs in a 27-day-old
COVID-positive neonate

Thus, saliva could be a diagnostic tool for
COVID-19. The variations and alterations in
serum during COVID-19 infection could
reflect in the saliva. During severe infection,
elevated levels of acute phase proteins (APPs)
like C-reactive protein (CRP) and ferritin in
serum have been reported. [40, 41]. These
markers are elevated earlier to the appearance
of clinical signs and hence could be early
biomarkers [42, 43]. Several interleukins IL-6
and IL-10, the mediators of acute phase
protein response, are elevated in COVID-19
infection. Studies have demonstrated the
correlation between serum and salivary levels



of CRP in human and animal models [44, 45].
Also, ferritin, haptoglobin, serum amyloid A,
different  interleukins, and  adenosine
deaminase (ADA) can be measured in salivary
samples [44]. Thus, these inflammatory
markers could potentially serve as salivary

biomarkers for the assessment of the severity
and prognosis of the disease.

Also, there have been a few studies that
have assessed the diagnostic use of saliva in
COVID-19 infection. They are presented in
Table 1 as shown below.

Table 1. Studies that have Demonstrated Presence of SARS Cov 2 in Saliva

S No | Author Name Year | Sample | Source of Saliva | Method of | Result
Size Detection
1. Azzi et al [38] 2020 | 25 Drooling saliva RTPCR 25/25
positive
2. To et al [32] 2020 | 12 self-collection by | Real time reverse | 11/12
coughing transcriptase positive
PCR
3. Chen et al [46] 2020 | 31 Oropharyngeal RT PCR 13/31
swab and saliva positive
4, To et al [37] 2020 | 23 Oropharyngeal reverse 20/23
saliva transcriptase
quantitative PCR
(RT-gPCR)
5. Williams et al [47] | 2020 | 39 Saliva Reverse 33/39
unstimulated transcriptase
pooled and | PCR (RT-PCR)
collected
Conclusion also one of the methods of disease

The usefulness of saliva as an innate host
defence mechanism has been highlighted in
this review. Saliva has many protective
molecules with anti-viral activity against a
spectrum of viruses. In the same fashion, it
could defend the host from the deadly
COVID-19 infection also. However, many
factors contribute to a potent and robust anti-
viral activity including salivary flow, the
concentration of anti-viral peptides and so on.
Saliva in addition to its protective role could
also serve as a diagnostic tool in COVID-19
screening. It is one of the most non-invasive
fluids to collect and use for screening bacteria
and viruses. Finally, it could also be
worthwhile mentioning that saliva is a double-
edged sword in the COVID-19 scenario as it is

transmission. Saliva has also been explored as
a diagnostic tool for various diseases [48.49].
In the same way, saliva also could be explored
as a diagnostic tool for COVID-19. Hence, it
lies in the hands of every health professional
and patient whether to exploit the usefulness
of saliva or to fall prey to its ill effects in
transmitting disease. Hence, awareness of the
role of Saliva and COVID is vital for dental
professionals [50].
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