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Abstract

The SARS-CoV-2 virus pandemic that originated from the Wuhan region of China continues to cause major disruptions glob-
ally. Loss of smell and taste sensation is reported to be an early indicators of SARS-CoV-2 infection. We provide here an
anatomical perspective highlighting the anatomical regions, epithelial cell types and receptors categories involved in facili-
tating SARS-CoV-2 virus entry into host organism to rationalize the early loss of smell and taste sensation observed in
patients infected with SARS-CoV-2 virus. We believe the anatomical perspective on anatomical regions, epithelial cell types
and receptors categories presented here will be helpful in developing functional anatomy based effective strategies for early

detection of SARS-CoV-2 virus positive patients.
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Introduction

The SARS-CoV-2 virus pandemic which originated from
the Wuhan region of China continues to spread at rapid
rate globally."” This rapid spread is due to lack of a early
detection and isolation measures which are necessary for
efficient containment of the virus especially when effective
therapeutics and immunity against the virus are lacking.
Epidemiological data indicates that a lower number of
COVID-19 cases (https://www.worldometers.info/coron-
avirus/) are observed across nations that took early meas-
ures to enforce either voluntary or regulated lockdown."”
Any breach in the lockdown rapidly resulted in increase in
active cases of COVID-19, which reflects the extensive con-
tagious nature of SARS-CoV-2 virus (https://www.worl-
dometers.info/coronavirus/). Although the pathobiology of
the SARS-CoV-2 virus is not well known, it appears that
the virulence of the virus is relatively lower compared to
previously reported strains of coronavirus.”” For the virus-
es which are more contagious than virulent, the strategies to
target the virus host cell attachment and entry pathways
become extremely important (Figure 1). Hence, under-
standing the anatomical regions involved in facilitating
virus access into the host system is necessary to develop
effective strategies to improve virus containment.

Several anatomical structures in the face provide viable
access routes for the SARS-CoV-2 virus. It is feasible for
the virus to enter the host system via the eyes, ear, nose
and/or mouth by attaching to the host epithelial cell recep-
tors and overriding the biodefence systems present at each
of these anatomical access routes. The interaction of the
SARS-CoV-2 virus with the host epithelial cell receptors
will result in a functional response similar to that evinced
by activation of these receptors by specific ligands. For
instance involvement of receptor systems in the nose,
mouth, eyes and ears will impact the sensation of smell,
taste, vision and hearing respectively.” " Loss of smell and
taste sensation together with fever are reported as early
symptoms in patients testing positive for SARS-CoV-
2."" Loss of smell and taste sensation is referred to as
anosmia and ageusia respectively."*” We describe here an
anatomical perspective on the loss of smell and taste sen-
sation in patients infected with SARS-CoV-2 virus and
how this may be helpful in developing the disease man-
agement strategy.

Anatomy of Smell and Taste Sensation

The sensation of smell and taste is regulated by sensory
receptors on the epithelium of nasal cavity and phar-
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Figure 1. Classification of virus. Based on the virulence and contagious
parameters, virus can be classified into four categories. These four cate-
gories should be therapeutically targeted differently. The aim of all the
therapeutic strategy should be to push the virus into the category where
the immune system should be able to effectively overcome the virus.

ynx.”"* Respiratory epithelium lining the nasal cavity is
innervated by branches of the trigeminal nerve (cranial
nerve V). The nasal septum and the epithelium lining the
lateral nasal wall are supplied by the ethmoidal nerves.”"*”
The sphenopalatine ganglion, located near the middle
turbinate, innervates the posterior nasal cavity and con-
tributes to the sensory supply to the nasal septum via its
nasopalatine branch. Sensory innervation of the anterior
region of pharynx is by the palatine nerves, which are
derived from the maxillary nerve (branch of cranial nerve
V). Pharyngeal branches of the glossopharyngeal nerve
(cranial nerve IX) and the vagus nerve (cranial nerve X)
innervate the posterior pharynx, while the laryngopharynx
is supplied by the superior, middle and inferior laryngeal
branches of the vagus nerve (cranial nerve X)."”

Olfactory nerve (cranial nerve I) transmits the sensation
of smell to the brain. Olfaction begins by the binding of
odoriferous molecules to specific G protein-coupled odor-
ant receptors which leads to their identification.”**” Species
with a well-developed sense of olfaction, such as rats, have
about 1400 olfactory receptor (OR) genes, whereas other
mammals have fewer OR genes (cows 1000; dogs 800) but
have a more extensive olfactory epithelium.”" Humans
have approximately 350 OR genes but have a dense net-
work of receptors within the olfactory bulb.””*" Olfactory
pathways arise in the two olfactory regions of the nasal cav-

ity which contains receptor neurons, supporting cells, basal
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cells and microvillus cells. Olfactory neurons convey the
sensory information from the nasal cavity to the olfactory
cortex of brain. The dendrites of olfactory neurons inner-
vate the deeper layer of the olfactory epithelium. The
axons of the bipolar olfactory neurons tunnel through the
cribriform plate of the ethmoid bone and piriform lobes
and eventually terminate on mitral cells in the olfactory
bulbs. Other axons project to the hypothalamus and amyg-
dala, components of the limbic system and regulate the
influence of smell on behaviour and memory. The regen-
erative capacity of the olfactory neurons is very high i.e.,
every 3—4 weeks and is regulated by their direct and fre-
quent contact with antigens.”” ™"

Taste receptors are specialised epithelial cells found in
taste buds which are most numerous on the papillae (cir-
cumvallate and fungiform) of the dorsal surface of the
tongue.""”"***! Smaller numbers of receptors which sense
taste are present on the soft palate, the pharynx and the
upper part of the oesophagus.”*" These receptors synapse
with dendrites of following three cranial nerves: (1) the
chorda tympani of the facial nerve (cranial nerve VII) con-
veys the stimulus of taste from the rostral two thirds of the
tongue; (2) the lingual branch of the glossopharyngeal
nerve (cranial nerve IX) carries taste sensation from the
caudal one third of the tongue; and (3) the superior laryn-
geal branch of the vagus nerve (cranial nerve X) innervates
the soft palate, epiglottis and oesophagus."**' The axons of
these bipolar sensory neurons project to the nucleus of the
solitary tract in the medulla oblongata which conveys
information to the thalamus and then to the insular cortex.
The taste receptors present in the tongue are limited by
their range of perception (salt, sweet, sour, bitter, umami).
"Taste sensation is often supplemented by additional infor-
mation from the olfactory system, which perhaps is the
reason for synergy observed between anosmia (loss of sen-
sation of smell) and ageusia (loss of taste sensation).

The exclusive observation of anosmia and ageusia in
COVID-19 patients suggests that the nose and mouth are
the predominant anatomical regions for the SARS-CoV-2
virus to access the host system (Figure 2). Interestingly the
recovery of smell and taste sensation was reported to be
very rapid in COVID-19 patients. About 80% of the
patients recovered smell sensation within 8 days following
resolution of the COVID-19."*" The rapid recovery may
be attributed to the high regenerative activity of nasal and
oral epithelium. The rapid recovery from anosmia and
ageusia may also suggests that the interaction of SARS-
CoV-2 virus with the nasal and oral epithelium is only tran-
sient, with the speculation of neurotropic and neuroinva-
sive nature of SARS-CoV-2 reported in the literature being
unlikely.*""
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Anatomical Rationale for Differences in
Symptoms of Anosmia and Ageusia

Compared to all the reported symptoms observed in
COVID-19 infection, anosmia and/or ageusia was report-
ed to have the highest association with a COVID-19 posi-
tive diagnosis."*"”" Approximately 70% of the patients with
SARS-CoV-2 infection are reported to be asymptomatic,
while 68-88% of COVID-19 patients are reported to have
anosmia and/or ageusia."*"*" Differences in the incidence
of anosmia and ageusia among the COVID-19 patients are
also described. Consistent with reported sex differences in
the physiology of smell and taste sensation, female patients
were reported to be significantly more affected by anosmia
and/or ageusia than males."""*" The majority of patients
were reported to have severe anosmia rather than ageusia.
Understanding the biological basis of this differential
symptomology for the containment will be helpful in devel-
oping effective strategies for containment of SARS-CoV-2
virus. One possible reason for difference in the symptoms
of anosmia and ageusia may be the anatomical differences
in olfactory versus taste receptors in the path of virus entry
and replication. The olfactory receptors are exclusively on
the nasal epithelium, while the taste receptors are predom-
inantly on the tongue rather than the pharyngeal epitheli-

m."**** SARS-CoV-2 virus is reported to predominant-
ly replicate in the pharyngeal epithelium prior to migrating
into the lung parenchyma.”” In contrast symptom of sore
throat is negatively associated with the COVID-19, sug-
gesting that SARS-CoV-2 virus doesn’t infect laryngeal or
tracheal epithelium. Deciphering the biological basis for
the preferential replication of the SARS-CoV-2 virus in the
pharyngeal epithelium rather than other regions of the res-
piratory tract will be interesting and necessary to explore
effective strategies to contain SARS-CoV-2 virus.

Anosmia and ageusia are symptoms commonly associ-
ated with a wide range of viral infections including
COVID-19.* However the mechanisms responsible for
the sensory suppression by SARS-CoV-2 are not well
known. Besides the impairment of the sensory receptors on
the epithelium, trans-neural penetration through the crib-
riform plate to reach and functionally impair the olfactory
bulb is also reported.”” Some studies have also suggested
the role of inflammation of the supporting cells and vascu-
lar pericytes of the olfactory epithelium at the olfactory
region triggering symptoms of anosmia.”**"” However,
considering the rapid recovery from anosmia in COVID-
19 patients and lack of significant nasal inflammatory
symptoms, the involvement of the olfactory bulb and/or
inflammatory process seems to be unlikely. Over 380
human olfactory receptors are known"" and as COVID-19
patients are reported to experience a generalised loss of

147

SARS-CoV-2

Figure 2. Entry and exit route of SARS-CoV-2 virus. Nose and mouth
are the major access routes for SARS-CoV-2 virus. The virus has tempo-
rary niche in the nasal cavity and primarily replicates in the epithelial cells
of pharynx before distributing to rest of the body.

smell, it is also unlikely that SARS-CoV-2 virus may show
any selectivity for specific type of human olfactory recep-
tors. This non-selectivity together with the transient
nature of anosmia suggests that the anosmia experienced
by COVID-19 patients is a consequence to the SARS-
CoV-2 virus transiently interacting with the epithelial cells
during its passage via the nasal cavity to the pharynx. The
angiotensin-converting enzyme 2 (ACE2) receptor and its
network proteins, which are used by SARS-CoV-2 virus to
attach and enter into the host cells, are widely expressed on
the epithelial cells lining the nasal cavity and pharynx.”"*"
Hence as the SARS-CoV-2 enters the nose it finds a red
carpet welcome in the epithelial lining of the nose, as these
cells are rich in surface receptors (ACE2 network proteins)
which provide anchorage to the virus surface proteins
eventually leading to the entry of the virus into the host
cell (epithelium). Once inside the host cell, the virus
hijacks the cell’s biochemical machinery to make multiple
copies of itself, increasing its potential to invade new cells.
This predominantly happens in the epithelial cells of phar-
ynx in case of SARS-CoV-2 virus. The increased virus load
in the pharynx has a two way choice (Figure 2); (1) allow-
ing the virus to either exit (potentially infecting other
hosts) and/or (2) enter deeper into the host body leading
to subsequent pathogenesis.” Nevertheless it will be nec-
essary to further validate the underlying pathology of
SARS-CoV-2 infection including the anosmia and ageusia
in suitable experimental models.
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Conclusion

Cough, fever, myalgia, and loss of appetite are the most
prevalent general symptoms reported among COVID-19
patients."*"” The loss of appetite may be a secondary con-
sequence to anosmia and/or ageusia. Considering the con-
sistency in the COVID-19 symptoms observed, fever
together with chemosensory impairment (anosmia and/or
ageusia) can be used as an early detection parameters to
rapidly and reliably identify and isolate patients with
COVID-19. The recovery of chemosensation may be
additionally used as a prognostic marker. The merit of
using anosmia and/or ageusia as a primary screening or
prognostic tool may have an advantage especially in over-
stretched health care systems. We believe our report giv-
ing an anatomical perspective highlighting the role of
anatomical regions, epithelial cell types and receptors cat-
egories in the loss of smell and taste sensation in SARS-
CoV-2 positive patients based on the current knowledge
on pathobiology of the virus merits its application for
optimal clinical management of COVID-19.
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