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Abstract. Introduction The upper respiratory tract is affected in the early stage of COVID-19. Moreover, it has
been studied that the cellular tropism of SARS-CoV-2 is limited to the nose ciliated epithelium and the oral cavity
epithelium squamous. Initially, olfactory disorders, such as anosmia (complete loss of smell) or hyposmia (partial
loss of smell), were not considered as specific symptoms.

The aim was to investigate and analyze information sources of thematic direction, which included pathologi-
cal patterns of viral etiology and reactions of the upper respiratory tract mucosa in coronavirus infection.

Materials and methods. A systematic literature review was analised, including publications by the past ten
years in the databases PubMed, Scopus and Web of Science, Cochrane Library, Embase, Clinical Trials.gov., UpTo-
Date/DynaMed, National Library named by Vernadsky, professional Ukrainian journals (according to the require-
ments of the Supreme Attestation Commission, Ministry of Education and Science of Ukraine). The selection of
articles was made according to keywords.

The results of the studies showed that the olfactory nasal cavity epithelium is an area of enhanced binding,
new coronavirus replication and accumulation, which is carried out by the active expression of two “host” recep-
tors ( ACE2 receptor blockers and TMPSZ2 inhibitors) and by numerously olfactory epithelium non-neuronal cells.
The exact mechanism by which the virus leads to this symptom is still unclear. The proposed mechanism is that
in “immunely balanced” individuals. The coronavirus damages the olfactory epithelium and causes acute local
inflammation with edema and development of anosmia are which recovered after the acute phase. However, in
individuals with a genetic predisposition to develop autoimmunity. The immune response to the any virus can
create a parallel adequate autoimmune response, generating autoantibodies directed to olfactory receptors and
related peptides (G-protein-coupled receptors), allowing the inflammatory process to access the central nervous
system by the olfactory bulb. The inflammation is induced with the neurological symptom sprogress, including
persistent anosmia, fatigue, brain fog, etc. The definitive clinical and pathophysiological of olfactory symptoms
significance remains to be elucidated.

Conclusions. COVID-19 olfactory disorder in patients is an early symptom of the disease, usually severe with
complete loss of olfactory function, but reversible in most cases. The clinical picture represents a specific lesion of
the respiratory system, uncharacteristic for other respiratory viruses, with preservation of conditions for normal
transnasal airflow in the presence or slight severity of edema, hyperemia of the nasal mucosa and/or rhinorrhea.

Key words: upper respiratory tract, nasopharyngeal mucosa, nasopharyngitis, dysosmia, SARS-CoV-2.

Oco61uBOCTi AU30CcMili Ipu Ha3odapuHriTi kopoHaBipycHoro (SARS-CoV-2) reHesy
Taman I0.B.

Pe3tome. Bcmyn BepxHi AuxasbHI HIJIAXU YpaXkaloThbcA Ha paHHiN ctazii COVID-19. [lo Toro x focaifpkeHo,
10 KJITUHHUH Tpomi3sM SARS-CoV-2 o6MeXeHUH BiHYacTUM eliTesiEM HOca Ta MJIOCKOKJIITUHHUM eMiTeslieM
poToBoi nopoxkHWHU. CIOYATKY MOPYIIeHHsI HIOXY, TaKi Ik aHOCMisl (IOBHA BTpaTa HIOXY) a6o rinocMis (4acTko-
Ba BTpaTa HIOXY), HE BBOKAJIKCS ClIeUPIYHUMU CUMITOMaMH,

poTe JlesiKi [0C/TiPKEHHS BKa3yBaJId HAa MOXKJIMBUH 3B’ 130K Mi>K 10 C/Ti/PKyBaHUMU po3JiagamMu Ta COVID-19.

Mema docaidxcenns. Jlocniautu Ta npoaHasisyBaTH iHpopManiiiHi [pKepesa TEMaTUYHOTO CIIPSIMYBaHHS,
sIKi BKJIIOYAJIW TATOJIOTiYHI TaTepHU BipycHoOI eTioJiorii Ta peaknii c;1M30B0i 060JI0HKU BEepPXHIX BiAainiB pecmi-
PaTOpPHOro TPAKTY NP KOPOHaBipycHil iHpeKIjil

Mamepiaau ma memodu. Bysno mpoBe/leHO CUCTEeMAaTUYHUI aHaJli3 JiTepaTypH, BKJIOYaYU ny6Jrikanii 3a
OCTaHHI IecsThb PoKiB y 6a3ax ganux PubMed, Scopus Ta Web of Science, Cochrane Library, Embase, Clinical Tri-
als. gov., UpToDate/DynaMed, HanionasibHoi 6i61ioTexku iM. BepHacbkoro, y ¢paxoBUX YKpalHChKHUX KYypHaIax
(3a Bumoramu BAK, MOH). Big6ip crare# 3aiiicHIOBaBCS 32 KJIIOYOBUMHU CJIOBAMHU.

Pezyremamu docaidxceHb. BUsIBJIeHO, 1110 HIOXOBUH eMNiTesiil MOPOXKHUHU HOcCa — AiAsHKA MOCUJIEHOTO
3B’13yBaHHs, perJIiKalil Ta HAaKONWYeHHsI HOBOT'0 KOPOHABIipyCy, 1110 00YMOBJIEHO aKTUBHOI €KCIPECIEI0 ABOX
peuenTopiB «rocnogapsi» (mpotea3 AII®2 i TMIIC2), uncieHHUMU HeHPOHAJIbHUMH KJIITUHAMH HIOXOBOTO elli-
TeJsiito. TOUHUHM MeXaHi3M, 4epe3 SAKUW Bipyc NPU3BOAUTH A0 LbOTO CUMITOMY, 0Ci HE3PO3YMiJIMKI. 3anpomno-
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HOBaHUW MeXaHi3M INOJIATAE B TOMY, 1[0 ¥ «IMyHITETHO 36a/JaHCOBaHUX» 0Ci6 KOPOHABipyC NMOLIKO/XKY€E HIOXO-
BUH eniTeJi}l Ta BUKJIMKAE TOCTPe MiclieBe 3aMajieHHsl 3 HAOPSAKOM Ta pO3BUTKOM aHOCMIl, ke BiZJHOBJIIOETHCS
nicast roctpoi ¢pa3u. OHAK Yy 0Cib i3 reHETUYHOI0 CXUJIBHICTIO 10 PO3BUTKY ayTOIMyHiTETY iMyHHa BiZjmOBiJb
Ha BIpyC MOXXe CTBOPMTH Iapajie/ibHy ayTOIMyHHY BIiJIOBi/b, CTBOPIOIOYMU AyTOAHTUTLIA, CIIPAMOBaHiI Ha
HIOXOBIi pelenTopu Ta NoAi6Hi nenTuAu (penentopy, NoB’s3aHi 3 G-6isKoM), 1[0 103BOJISIE 3aMaJbHOMY TPO-
LleCy B LleHTpa/bHI HepBOBIiH cUCTeMi Yyepe3 HIOXOBY LIUOY/NHHY, Jie IHAYKYETbCA 3alaJeHHs 3 PO3BUTKOM
HEBPOJIOTYHUX CHMITOMIB, BK/JII0YalOUU CTilIKy aHOCMil0, BTOMY, TYMaH Y MO3Ky To1110. OcTaTO4YHY KJIiHiYHY Ta
natodiziosoTiyHy BaXK/IMBiCTh HIOXOBUX CHMIITOMIB I1[e HAJIEXKUTh 3'sicyBaTH [32].

BucHosgku. Posnap Hioxy y nanieHTiB i3 COVID-19 € paHHIiM CHMOTOMOM 3aXBOPIOBaHHS, 3a3BUYall BaXKKO-
ro CTymneHs 3 MOBHOI0 BTPaTO QYHKIi BiAUyTTs 3amnaxiB, ase 3/e6isbiioro 3sopoTHui. Kiiniuna kaptuHa
NpeJCcTaBJIsSIE 0COOIMBe, HeXapaKTepHe [/ IHIIMX peclipaTOPHUX BipyciB ypaXkeHHs pecnipaTOpHOI CUCTEMHU
i3 30epexxeHHSAM YMOB /iJ11 HOPMaJIbHOTO TPaHCHA3aJIbHOTO MOTOKY MOBITPsl NPU MPUCYTHOCTI a60 HE3HAYHOI

BUPA3HOCTI HAGPSKY, rinepemii ciM30Boi Hoca Ta/abo puHopei.
KiouoBi cioBa: BepxHi JiMxasbHI HIJISIXY, CIM30Ba 060JIOHKA Ha3zodapeHTialbHOI 30HH, Ha30(aAPUHTIT,

nausocMmii, SARS-CoV-2.

Introduction

The upper respiratory tract is affected early
in COVID-19. Moreover, it has been studied that
the cellular tropism of SARS-CoV-2 is limited to
the nose ciliated epithelium and the oral cavity
squamous epithelium [1]. Initially, olfactory
disorders, such as anosmia (complete loss of
smell) or hyposmia (partial loss of smell), were
not considered specific symptoms, however, some
studies have indicated a possible link between the
disorders under study and COVID-19. After the
spread of the virus in Europe, it became apparent
that anosmia and hyposmia are important criteria
for diagnosing the disease. Therefore, the WHO
recognized olfactory disorders as one of the
main symptoms of COVID-19. At the same time,
chemosensory insufficiency is most often an early,
and sometimes the only manifestation of infection
incarriersofthe SARS-CoV-2virus,whodonothave
other symptoms [2,3]. There has been increasing
interest in the possible causes of early and
specific chemosensory deviation in COVID-2019.
We reviewed recent studies that have shown that
the prevalence of symptoms such as olfactory and
gustatory dysfunction in patients with COVID-19
is not the same in different populations. This is
likely due to differences in the S-protein of several
viral strains, or interpopulation differences in
human proteins. These used by the virus for cell
entry, which alters the infectious properties of
the virus, respectively, the cellular and molecular
mechanisms underlying virus-induced anosmia,
especially highlighting new evidence of the key
role of olfactory epithelium supporting cells of
the [4].

The obtained data indicates brain damage
in COVID-19, which interpreted the possibility
of infection and pathways of SARS-CoV-2 to
penetrated into the brain through the nasal cavity
olfactory epithelium. The prospects of using

symptoms of chemosensory dysfunction for
rapid screening diagnostics of COVID-19 in the
early stages of the disease were also analyzed [5].
Anosmia and hyposmia significantly affect the
patients quality of life and have many etiological
factors, including trauma, inflammatory
conditions, in particular, chronic rhinosinusitis,
neoplasms and viral infections (rhinovirus and
SARS-CoV-2 too) [6].

Olfactory disorders are one of the main
manifestations of COVID-19, but studies are
still needed to clarify the mechanism associated
with the development of anosmia and hyposmia
caused by SARS-CoV-2 [3]. The main route of
entry of SARS-CoV-2 into the body is the nasal
mucosa. Conductive anosmia occurs due to
nasal congestion, which is common with many
viruses, and may be accompanied by symptoms
of rhinorrhea and rhinitis. However, studies
show that loss of smell in COVID-19 occurs in
most cases independently of these symptoms|[7].
Olfactory epithelial damage is the mechanism
identified as the most likely cause of olfactory
dysfunction caused by SARS-CoV-2, which may
be exacerbated by central nervous system (CNS)
damage [8,9]. The COVID-19 Access Accelerator
has become an unexpected global effort to rapid
development and expand diagnostics, treatments,
and ensure equitable global access to COVID-19
vaccines, initiated by WHO and partners [10].

Since the WHO Director-General’s declaration
of a public health emergency of international
concern in May 2023 and the emergency final phase.
WHO has continued to lead the global response
to COVID-19, semi-working with partners and
governments, to transition by long-term, integrated
management of COVID-19 and other coronavirus
dangers. Current activities in this leading have
included regular reporting, supporting ongoing
research, updating recommendations and attitudes,
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virus trends monitoring and vaccine formulations
improving according to needing [2].

WHO has developed a strategical and
operational plan about the help many countries
address in COVID-19 as part of their current health
systems, to conduct this transition. The plan assists
the sustainable, evidence-based management
of the significants coronavirus dangers, aligning
COVID-19 responses with broader strategies for
Respiratory tract disease control and public health
stability. Strains of Omicron virus have a shorter
incubation period than pre-Omicron virus strains,
which now constitute the vast majority of virus
strains circulating in humans [11,12].

The aim was to investigate and analyze in-
formation sources of thematic direction, which
included pathological patterns of viral etiology
and reactions of the upper respiratory tract mu-
cosa in coronavirus infection.

Materials and methods

A systematic literature review was analised,
including publications by the past ten years in the
databases PubMed, Scopus and Web of Science,
Cochrane Library, Embase, Clinical Trials.gov.,
UpToDate/DynaMed, National Library named by
Vernadsky, professional Ukrainian journals (ac-
cording to the requirements of the Supreme At-
testation Commission, Ministry of Education and
Science of Ukraine). The selection of articles was
made according to keywords.

Results

The researchers sequenced the RNA in each
cell, one cell at a time. (To put all the work into
perspective, each patient’s swab yielded an
average of 562 cells.) for the getting a detailed
picture of what's happening in the nasopharynx
during coronavirus infection. The RNA data
allowed the team to pinpoint which cells were
present, which contained virus-derived RNA—a
hallmark of infection—and which genes the cells
were turning on and off in response [13,14].

[t soon became clear that the nose and throat
epithelial cells covering undergo significant
changes in the presence of coronavirus infection.
The cells generally became more diverse in type.
There was an increasing in the level of secretory
and goblet cells, which produced by mucus. At
the same time, there was a striking loss of mature
ciliated cells that line the airways, along with
immature ciliated cells increasing in (which may
have been trying to compensate) [15].

The researchers found SARS-CoV-2 RNA in a
variety of cell types, including immature ciliated
cells and secretory cells specific subtypes,
squamous cells, and goblet cells. Infected cells,
compared with uninfected “witness” cells, had
more activated genes involved in the productive
response to infection. The mucous membrane is
a component of the nasal airways. In particular,
the COVID-19 pandemic has demonstrated
that the olfactory mucosa is an integral part
of a heterogeneous barrier critical for upper
respiratory tract immunity. However, insufficient
knowledge about olfactory mucosal immunity
hinders attempts to protect this tissue from
infections and other diseases [16]. Upper
respiratory tract infection caused by SARS-CoV-2
can lead to smell and taste loss, in prolonged
COVID [20] and potential systemic spread of the
virus [17]. Perhaps most importantly, this not
only poses a risk to immunocompromised and
unvaccinated individuals, but also creates an
opportunity for the virus to evolve to evade the
immune response. Experimental data indicate
that nasal tissues are less protected from SARS-
CoV-2 reinfection than the lungs [18]. Indeed, in
models of airborne infectious disease, the nasal
mucosa is typically unprotected even in the
presence of systemic immunity [19]. Protection of
the upper respiratory tract from infection should
be a key correlate of protective responses, both
against SARS-CoV-2 and against other respiratory
infections. The nasal airway is a point of entry
for many pathogens, and the establishment of
protective immunity in this tissue is an important
way to break the chain of infection transmission
[20,21].

Many approaches have been proposed
to establish local protective immunity, the
effectiveness of which is currently limited by two
considerations: what immune parameters are
required to protect the nasal passages(?) and how
can this tissue-specific immunity be generated?
[22]. Among the complicating factors is that
the nasal mucosa contains at least two different
types of tissues that require protection, namely
the olfactory mucosa (or olfactory epithelium)
and the airway mucosa, each of which has unique
immune features [23].

[t is generally accepted that a tissue-
specific mucosal immune response is required
to protect the upper airways more than the
lower airways [24].

Numerous hypotheses have been proposed
as to what constitutes this mucosal response:



secretory IgA antibodies, resident T cells
and mucosal cytokines are often mentioned
[4]. Olfactory epithelial damage may also be
exacerbated by an inflammatory response
leading to cell death known as pyroptosis. The
immune system is activated upon recognition
of a pathogen, which causes to an increase in
the secretion of proinflammatory cytokines
and chemokines: interleukin (IL)-6, interferon
gamma (IFN-y), chemoattractant proteins from
monocyte chemoattractant protein-1, and
interferon-induced protein 10 (IP-10). These
cytokines indicate a response more focused on
the recruitment of monocytes and T lymphocytes.
Chemosensory deficits are often the first, and
sometimes the only, signs in asymptomatic
carriers of SARS-CoV-2 [25].

The studies have demonstrated a possible
correlation between anosmia and IL-6 levels in
addition. IL-6 induces the expression of several
acute phase proteins, including C-reactive
protein, serum amyloid A, al-antiquimotrypsin,
haptoglobin, fibrinogen, and complement
components. Therefore, patients with higher
[L-6 levels have more severe olfactory disorders.
High cytokine production may to triggered the
death of olfactory neurons. Replacement of
olfactory epithelial neurons by basal stem cells
requires a longer recovery time, which explains
cases of persistent anosmia [26]. Secreted
immunoglobulins play a critical role in protecting
the mucosal surfaces of the respiratory tract [27].
Testing for antibodies in the oral or nasal mucosa
may be a low-cost and less invasive alternative to
testing for antibodies in serum. Further studies
are needed to studying and understanding of
the duration of antibody detection in the naso-
pharengial zone mucosa and how antibody
concentrations change will have over time. SARS-
CoV has the ability to infect the CNS via synapses,
using olfactory nerve afferent fibers to reach the
olfactory bulb, which increases the likeli hood that
the virus will use this route of infection [27,28].

Comparisons of nasopharyngeal swabs from
individuals with varying degrees of COVID-19
disease severity have demonstrated a viola-
tion of the early immune response. Epitheli-
al cells showed increased activation of genes
involved in antiviral responses in patients with
mild to moderate COVID-19, particularly, genes
stimulated by type I interferon are a very early
alarm signal about the broader immune system
activation [ 22,29,30 ].
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In people who have developed severe
COVID-19 requiring mechanical ventilation in the
majority cases. Most notably, their epithelial cells
had a significant muted response to interferon,
despite the presence of large amounts of virus.
At the same time, their smears showed increased
numbers of immune cells,macrophages that pro-
mote inflammatory responses. “All people with
severe COVID-19 had a suppressed response
to interferon in epithelial cells early on, and
they were never able to mount a defense,” says
Ordovas-Montafiez. “Having the right amount of
interferon at the right time may be a crucial factor
in fighting SARS-CoV-2 and other viruses” [31,32].

Conclusions

Olfactory disorder in patients with COVID-19
is an early significant symptom of the disease,
usually severe duration with complete loss of
olfactory function, but reversible in majority
cases. The clinical picture represented a specific
lesion of the respiratory tract, uncharacteristic for
other respiratory viruses, with conditions safe-
keeping for normal transnasal airflow or slight
severity of edema, nasal mucosa hyperemia and/
or rhinorrhea. The results of the studies present-
ed that the nasal cavity olfactory epithelium is an
area of increased conjunctiving, replication and
accumulation of the new coronavirus, which is by
to the active expression of two «host» receptors
(ACE2 receptor blockers and TMPSZ inhibitors)
by olfactory epithelium numerous non-neuronal
cells. [31,32]. The exact mechanism how virus
leads to this symptom is still unclear. The
proposed mechanism is that in “immunely
balanced” individuals, the coronavirus damages
the olfactory epithelium and causes acute local
inflammation with edema and development
of anosmia, which recovers after the acute
phase. However, in individuals with a genetic
predisposition to develop autoimmunity, the
immune response to the virus can create a parallel
autoimmune response, generating autoantibodies
targeting olfactory receptors and related peptides
(G-protein coupled receptors), which allows the
inflammatory process to enter the central nervous
system via the olfactory bulb, where inflammation
is induced with the development of neurological
symptoms, including persistent anosmia, fatigue,
brain fog, etc. The clinical and pathophysiological
significance definitive of olfactory symptoms
remains to be elucidated [32].
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