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A B S T R A C T   

The unexpected onset smell and taste disability was being recognized as a COVID-19 related symptom. Loss of 
smell might occur alone or be followed by other COVID-19 symptoms, such as a dry cough, fever, headache, and 
shortness of breath. Other virus infections have been linked to anosmia (parainfluenza, rhinovirus, SARS, and 
others), affecting up to 20% of the adult population, which is much less common than SARS-CoV-2 infection. A 
hypothesis about the pathophysiology of post-infectious olfactory loss is that viruses could make an inflamma-
tory response of the nasal mucosa or directly damage the olfactory neuroepithelium. However, in patients with 
COVID-19, loss of smell may occur without other rhino logic symptoms or suggestive nasal inflammation. Ac-
cording to evidence, anosmia-related SARS-CoV-2 could be a new viral syndrome unique to COVID-19. 
Furthermore, through experimental intranasal inoculation in mice, SARS-CoV-2 can be inoculated into the ol-
factory neural circuitry. This disease has not had the required focus, most likely because it is not life-threatening 
in and of itself. Though patients’ quality of living is significantly reduced as their olfactory ability is lost, 
resulting in lowering and inadequate appetite, excessive or unbalanced food consumption, as well as an overall 
sense of insecurity. This review aims to give a quick overview of the latest epidemiological research, pathological 
mechanisms for the dysfunction of smell, and taste in patients infected with SARS-CoV-2. In addition, the initial 
diagnosis and treatment options for dysfunction are also discussed.   

1. Introduction 

On December 31, 2019, a novel coronavirus (COVID-19) was 
discovered in Wuhan, Hubei Province, China, as a severe respiratory 
disease of humans [1,2]. SARS-CoV-2, like SARS-CoV and MERS-CoV, is 
a member of the Coronaviridae family. That has a single-stranded RNA 
genome (a positive-sense single-stranded RNA, enveloped virus). The 
genome size is the largest among RNA viruses [3]. The invasion of 
coronavirus to the target cells is intermediated by a spike glycoproteins’ 

transmembrane (S), which is made up of two subunits: S1, which has 
responsibility for attaching to hosts’ cell receptors, and S2, which is 
responsible for fusion with the hosts’ cell membrane. Since cleavage by a 
particular protease, these subunits will stay in a prefusion conformation. 
The receptor-binding (RBD) domains are found in the distal S1 subunit, 
mainly active in recognition of angiotensin-converting enzyme 2 (ACE2) 
[4,5]. The host protease will further cleave S protein and activate 
membrane fusion. Because of the peripheral site of S proteins, they are a 
primary focus for neutralizing antibodies and emerging new treatments 
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[6,7]. ACE2 receptor is a functional SARS-CoV-2 receptor with a broad 
range in the human body; the higher expression is in the nasal mucosa, 
lung parenchyma of the lung, and gastrointestinal tract. Also, ACE2 
receptors have been found on glial cells and neurons [8]. A mouse model 
showed that SARS-CoV-2 enters via the olfactory bulb [9] (see Table 1). 

Moreover, besides being classified as respiratory viruses, coronavi-
ruses are considered to be neurotropic and neuro-invasive in addition to 
being epitheliotropic [4,10]. As this pandemic in post-viral olfactory 
dysfunction (PVOD) emerges, it necessitates renewed interest and 
evidence-based treatments. It is impossible to predict PVOD’s natural 
history [11]. Although other coronaviruses are shown to cause neuro-
logical invasiveness, the concern is whether SARS-CoV-2 enters the 
brain via the neuroepithelium [12]. In COVID-19, the nasal cavity plays 
a significant part. The nasal cavity is most likely the site of viral entry 
and a hotbed of viral replication [13]. For a long time, olfactory con-
ditions have been linked to viral upper respiratory tract infections such 
as common flu, including influenza and parainfluenza viruses, rhinovi-
ruses, and other coronaviruses found in endemic areas [14,15]. Also, 
taste disturbances have been reported throughout and after a respiratory 
viral infection [16]. Thus, SARS-CoV-2 causes anosmia and ageusia, but 
the precise pathogenesis is unknown. However, central nervous system 
(CNS) involvement and nasal epithelium damage caused by microor-
ganisms might be plausible causes of anosmia [17,18]. There are studies 
presented that coronavirus through olfactory nerves or epithelium of 
olfactory system by neuro invasive mechanism might infect the human 
CNS, COVID-19 may induce dysosmia and dysgeusia by damaging the 
trigeminal and olfactory nerves, SARS-CoV-2 RNA was recently 
discovered in the cerebral fluid, indicating that the virus is neuro 
invasive [19]. An additional effect of COVID-19 infection might be a 
reduction in the sensitivity of sensory neurons [3]. Sinonasal patho-
physiology has been uniquely brought to the forefront with important 
roles in infection, transmission, and pathognomonic symptomatology 
that may identify infected individuals [20]. During the emergence of 
COVID -19, authors have reported a sudden increase in anosmia in pa-
tients infected by this virus. Mao et al. originally recorded this finding in 
2020. 

Meanwhile, in several subjective studies, new-onset olfactory or 
gustatory dysfunction has been identified in combination with other 
well-known symptoms of COVID-19 infection [13]. Moein et al. used the 
University of Pennsylvania Smell Identification Test Moein et al.; 
Hyposmia or anosmia affected 98% of the COVID-19 cohort. Kurdistan 
region of Iraq was not out of this viral pandemic; in March 2020, the first 
case was recorded according to an epidemiological study that also 
indicated infected patients’ symptoms [21]. The most common symp-
toms documented in almost 79% of the cases were patients suffering 
from a dry cough, fever, fatigue, and breathing difficulty were also 
recorded frequently [21]. The Centers for Disease Control and Preven-
tion (CDC) also added a new disability of taste or smell to the list of signs 
that can occur 2–14 days after COVID-19 exposure [1]. 

One of the five primary humans’ senses is olfaction, which performs 
a multitude of vital health-related functions such as the detection of 
health risks such as fire or poisonous gases and the capacity to enjoy 

food does have psychosocial implications [11], which might have a 
detrimental impact on one’s quality of life [22]. It has been reported that 
olfactory disorder is one of the most popular issues post COVID-19 
infection [23]. Numerous pharmacological therapies for olfactory 
dysfunction of various etiologies have been tried, with mixed results, for 
example, zinc gluconate, intranasal insulin, minocycline, vitamin A, 
vitamin B, Ginkgo biloba, caroverine and corticosteroids. Olfactory 
training (OT) is an effective therapy for OD caused by various factors 
and is currently considered the most effective treatment for OD [22]. 
The capacity of the olfactory neuron system to restore damaged olfac-
tory neurons in the olfactory epithelium is well known, and it has offered 
that olfactory training might enhance this regeneration [11,22,24]. The 
present study aims to illustrate the relationship between OD and 
COVID-19. Nevertheless, it enhances our understanding of olfactory 
circuits’ dysfunction physiology and offers additional information on 
the causes of odour issues. 

1.1. Olfactory physiology 

On the rooftop of the nasal cavity, the olfactory epithelium (OE) 
(Fig. 1) is situated. As a result, it is not in the primary airflow stream of 
breathing [16]. The olfactory cleft is a short passageway that allows for 
both ortho-and retronasal airflow; scents can reach the olfactory cleft by 
sniffing via the nose, although it occurs when eating or drinking, via the 
nasopharynx by going retro nasally into the nose [25]. Because of the 
olfactory neuroepithelium’s unique position, the respiratory control the 
effects of the local smell concentration in specific ways [16,26], and 
gives essential environmental information, which it’s the reason behind 
the substantial neural circuitry has been dedicated to processing olfac-
tion and multisensory integration [25]. 

The epithelial layer contains at least five types of cells: olfactory 
sensory neurons (OSNs), sustentacular cells, microvillar cells, duct cells 
of the olfactory Bowman’s glands, and basal cells [27]. Odorant re-
ceptors on the cilia of the olfactory sensory neurons sense the odorants. 
The odorant receptor is composed of coupled G-protein receptors that 
will activate Golf. By Golf activation, adenylyl cyclase will stimulate 
after it comes to the formation of cyclic adenosine monophosphate. 
Adenosine monophosphate results in action potential via the opening of 
chloride channels and then an efflux of chloride ions [28]. OSNs of the 
olfactory bulb are bipolar neurons with axons that form synapses. Also, 
they had many projections called dendrites that protrude out from the 
nasal cavity and are enclosed by sustentacular cells. Each dendritic knob 
has 10–30 cilia that emerge into the mucus layer [29]. Every OSN rep-
resents a distinct OR type and all OR-specific OSNs send their axons to 
the glomeruli, then in the olfactory bulb, they synapse with mitral and 
tufted cells. Second-order olfactory neurons (mitral and tufted cells) 
transmit their axons to a variety of olfactory locations in the central 
nervous system (CNS), which includes the anterior olfactory nucleus 
(AON), the olfactory tubercle, the piriform cortex (area 51), the amyg-
dala, and the entorhinal cortex [28]. During each person’s life, OSNs in 
the OE is constantly changing. Globose and horizontal basal cells are 
polymorphic, meaning they can produce all sorts of OE cells. A study in 
murine models with injured OE by intranasal lipopolysaccharide 
showed that steroids would inhibit regeneration of OSN [30]. Neuro-
blasts from the sub-granular zone of a dentate gyrus are used to regen-
erate neurons in the olfactory bulb [25,31]. 

1.2. Aetiology of the loss of smell 

There are two types of odour loss quantitative; when a person’s ca-
pacity to detect variations in the intensity of an odour is harmed, or 
qualitative, when the capacity to distinguish distinctions in odour 
quality is harmed. The word normosmia refers to the normal function of 
the olfactory; a decrease in smell called hyposmia as a quantitative 
disorder, and a total loss of odour is named anosmia [32]. The way we 
smell changes physiologically as we get older; although the human 

Table 1 
Medicines that may cause smell disorders.  

Group Examples of substances 

Antibiotics Streptomycin 
Antirheumatic drugs Gold 
Antihypertonic drugs Diltiazem, nifedipine 
Antidepressants Amitriptyline 
Chemotherapeutic drugs Methotrexate 
Local anesthetics Cocaine 
Opioids Remifentanil, morphin 
Psychopharmaceuticals Amphetamines, alcohols 
Sympathomimetics Chronic use of local vasoconstrictive substances 
Others Sildenafil  
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capacity to identify odours improves throughout life, it maximizes in the 
fourth decade; after the sixth decade, the ability to recognize and 
identify odours decreases dramatically [33]. OD is linked to various 
diseases, counting congenital causes, post-infectious disorders, sino-
nasal diseases, traumatic brain injuries, and neurodegenerative disor-
ders. Few concrete observations explain the aetiology of smell loss; 
(olfactory bulb hypoplasia or aplasia) as in congenital causes (hypo-
gonadotropic hypogonadism) in Kallmann syndrome and (absence of all 
or part of one X chromosome) as in Turner syndrome, the upper respi-
ratory post-viral infection might be caused by a conductive and sen-
sorineural/inflammatory disease in combination [34]. Like allergic 
"rhinitis and rhinosinusitis", sinonasal diseases might result in conduc-
tive and inflammatory conditions, which serve as anatomical obstacles 
to odorants entering the olfactory epithelium and receptors [35]. 
Hurtful head damages are sensorineural disorders due to the focus on 
initial stabilization and therapy. Patients and their carers frequently 
ignore sensorineural problems [36]. There are several more sources of 
odour problems such as exposure to toxic substances, psychiatric ill-
nesses such as schizophrenia and depression, epilepsy or due to systemic 
diseases, for example, sarcoidosis, lupus erythematosus, as well as 
endocrine disorders like hypothyroidism, diabetes or isolated organ 
deficiencies as in renal failure and liver failure or cancerous growths 
such as esthesioneuroblastoma and other carcinomas of the intranasal 
cavity and brain tumours benign or malignant. Neurosurgical operations 
have been mentioned as untreatable causes of smell problems, radiation, 
medication intake shown in table [1] and, on rare occasions, ENT op-
erations. Usually, the exact source of an odour problem cannot be 
determined [37]. 

1.3. Pathological mechanisms of smell dysfunction in SARS-CoV-2 
infection 

By using spike glycoprotein (S protein), which is the initial target for 
antibody neutralization, coronaviruses connect to the hosts’ receptor 
and promote entry of the virus by membrane fusion. The strong viru-
lence of SARS-CoV-2 S protein, which has significantly greater affinities 
than SARS-CoV and a lower thermostability factor than SARS-CoV, is 
indeed a vital aspect in the fast-rising spread of COVID-19 [38,39]. 
SARS-CoV-2 utilizes the human angiotensin-converting enzyme 2 

(hACE2) as the receptor for host cell entrance; according to research, the 
transmembrane Serine Protease 2 (TMPRSS2) is used for S protein 
priming and activation, primarily by endocytosis. TMPRSS2 has a sig-
nificant role in propagating various viruses, including influenza A and 
coronaviruses [40]. 

Due to various inflammatory reactions, many viruses produce tran-
sitory alterations in smell sense. The impairment of smell has been 
linked to previous coronavirus infections. However, that was a very 
unusual occurrence. Hwang reported a case of permanent anosmia in a 
female patient in 2006. People suffering from COVID-19 have reported 
in a recent study that has significantly recurrent olfactory loss in com-
parison with other influenza patients [41]. Loss of smell was observed in 
COVID-19 individuals who did not have additional coryza symptoms or 
substantial nasal irritation. This discovery is most likely the source of the 
problem. The possible mechanisms are: first, the straight damage of the 
virus on the neurons receptors in the olfactory epithelium will be 
damaged by the virus [42], and secondly, immune cells and cytokines 
are produced in excess or uncontrollably "cytokine storm" that has been 
begun in some patients that disturb the nervous system, including sen-
sory organs of smell [43,44]. However, a different immune response in 
the nasal cavity is the plausible hypothesis: A more robust immune 
response is predicted to impair smell, but it may also avoid transmitting 
pathogens to deeper respiratory organs like the lungs. On the other 
hand, a weaker and more limited immune response may allow virus 
proliferation and migration to the lower respiratory system, with its 
recognized life-threatening implications [45]. Third, the presence of 
both protein receptors ACE2 and TMPRSS2 are essential for effective 
SARS-CoV-2 infection in humans in non-neural cells in the olfactory 
epithelium [39]. 

Respiratory epithelium and sensory olfactory epithelium are two 
types of nasal epithelium, a multilayer structure that continually re-
generates and contains neuronal and non-neuronal cells. In Butowt and 
Bilinska study, ACE2 expression in the non-neuronal olfactory epithe-
lium has been strongly suggested. However, there is no clear evidence 
that could demonstrate the expression of this receptor in the neuronal 
olfactory epithelium [39]. TMPRS2 appears to have a greater expression 
level than ACE2 in both neuronal and non-neuronal cells [46]. A study 
reported that ACE2 and TMPRSS2 are two essential receptors involved 
in SARS-CoV-2 entrance that is expressed across the olfactory mucosa in 

Fig. 1. A sagittal view of the respiratory tract beside olfactory, respiratory, and squamous mucosa is shown in this diagram.  
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both mouse and human species [42]. But these genes are not found in 
olfactory sensory neurons or olfactory bulb neurons, although they are 
found in supporting cells, stem cells, and perivascular cells (Fig. 2). 
Brann et al., 2020 [42] proposed that viruses may not directly invade 
olfactory sensory neurons, but they may infect supportively and stem 
cells in the olfactory epithelium. They suggested that anosmia in 
COVID-19 patients may be caused by initial infection of non-neutral cell 
types through; strong immune reaction result from the site of infection of 
supporting cells and vascular pericytes would results in alteration ol-
factory function, also supporting cells damage might have an indirect 
impact on olfactory sensory neuron transmission to the brain. In animal 
models, injury to sustentacular cells and Bowman’s gland cells causes 
widespread structural injury to the whole olfactory epithelium, dis-
rupting smell function [46]. 

Coronaviruses viruses can pass into the brain directly by arriving at 
the terminal of the peripheral nerves and then utilizing an active 
transport mechanism inside those cells to move toward and pass syn-
apses reaching the CNS [47,48]. Alternatively, it will arrive directly into 
the cerebrospinal fluid through the nose as the nose is in connection with 
the CSF [49]. At the meantime, there are no evidence established 
whether SARS-CoV-2 will reach to the central nervous system or not. 
Alternatively, other coronaviruses, including SARS-CoV-1, have been 
found in human CSF and the brain [50]. SARS-CoV-2 and MERS-CoV 
were shown to enter the brain through olfactory neurons, the thal-
amus, and the brain stem in transnasally infected mice [51]. Coronavi-
ruses might exploit retrograde neuronal transport from the lungs into 
the CNS via the vagal nerve afferents or enter the CNS through the 
gastrointestinal system as part of the brain-gut axis, including the vagus 
nerve [52]. One more possibility is that human coronavirus can enter the 
CNS via passing through the epithelium and entering the blood circu-
lation or lymphatic system. Viruses can infect various myeloid cells to 
alter innate immunity and spread to further organs, including the CNS 
[53,54]. These concerns of entrance and penetration pathways would 
need to be addressed in the future for SARS-CoV-2. The majority of 
COVID-19 patients do not even have a nasal blockage or decreased 

airflow that results from mucosal swelling. According to one study, only 
4% of individuals with documented olfactory dysfunction (OD) have 
nasal blockage [41]. This suggests that smell loss is caused by something 
other than rhinitis (mucosal membrane inflammation or irritation, nasal 
obstacle and discharge), for instance, injury to the olfactory system’s 
peripheral and/or central components, as shown in (Fig. 3). 

1.4. The method used to treat the loss of the sense of smell 

1.4.1. Drugs 
According to a French Society of Otolaryngology paper, patients 

should avoid corticosteroids to treat SARS-CoV-2 infection [55]. On the 
other side, physicians commonly employ empirical oral steroids to 
manage anosmia to reduce swelling and irritation. Given the elevated 
risks of immunosuppression associated with these medicines, they 
believe tailored case management and therapy should be used. When 
intranasal steroids are used, the overall risk appears to be lowered. The 
severity of an upper respiratory tract viral infection is the critical issue in 
this case [56]. Nasal saline irrigations, followed by nasal and oral cor-
ticosteroids, have been the most often utilized therapy for olfactory 
impairment in SARS-CoV-2 affected individuals. According to Lechien 
et al., Doctors employed L-carnitine or essential vitamins and minerals to 
treat taste dysfunction [57]. 

1.4.2. Olfactory training (OT) 
Olfactory training is a potential therapy option for OD caused by 

various factors; OT is now the OD treatment with the most proof of 
effectiveness [58]. The ability of the nasal neuron system to repair 
injured olfactory neurons in the olfactory epithelium has been well 
established through It is thought that OT might help with regeneration. 
It might also have a role in influencing the central structure of the ol-
factory in the olfactory bulb and could make a change in connection 
with the brain [59]. Sniffing four distinct odours two times, a day for a 
suggested length of three months or longer is part of proven OT [22]. 
Throughout the context of smelling recovery in various kinds of smell 

Fig. 2. The expression of ACE-2 and TMPRSS is shown in a schematic showing the essential structure of the respiratory and olfactory epithelium.  
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loss, odour training is a straightforward, secure, and widely obtainable 
therapy [6,51,60]. In ten investigations, OT was found to enhance ol-
factory function. Greater odour concentrations & molecular weights, 
longer OT sessions, and a range of scents utilized for OT were shown to 
be the most effective in enhancing olfactory function [11]. Study results 
in the Medical University of Vienna showed that training enhances 
modifications in functional connectivity of the main olfactory areas 
[24]. 

1.4.3. Zinc 
Zinc (Zn) is a necessary micronutrient and the human body’s second 

most abundant metal. Zn is essential for cell proliferation, differentia-
tion, and survivability. About 10% of the human genome’s Zn-finger 
motifs can bind Zn [61]. Zinc affects the function and structure of 
enzyme and transcriptional factors as it’s a protein cofactor and acts as a 
second messenger [8]. Intracellular Zn has been demonstrated to sup-
press SARS-CoV RNA-dependent RNA polymerase elongation in infected 
cells in previous investigations with SARS-CoV [62]. In 
coronavirus-infected cells, ZN ions were also demonstrated to impede 
the proteolytic processing of replicase polyproteins [8]. 

2. Conclusion 

Olfactory dysfunction could be induced by various factors and can 
occur due to a variety of diseases. In particular, lack of smell and 
weakening of smell are dependable primary signs of various clinical 
conditions, reaching from virus infections involving SARS-CoV-2, to 
neurodegenerative conditions, with Alzheimer’s and Parkinson’s dis-
eases. Even though COVID-19 is essentially a pulmonary illness, many 

other organs in the body may be affected by COVID-19, involving CNS. 
The disease results in a multitude of symptoms such as headaches and a 
lack of taste and smell. Viruses and poisons might also enter the human 
brain throughout the olfactory structure, resulting in infections and se-
vere neuroinflammatory responses in the CNS. Viruses were proven to 
be carried into the CNS via synaptic connections from the peripheral 
olfactory epithelium. They begin by concentrating on olfactory system 
parts, including the olfactory bulb, amygdala and others. It eventually 
reaches other structures that would cause disease-specific symptoms to 
appear. Research with long-term follow-up on individuals with unex-
pected anosmia is critical since this symptom might signal the begin-
nings of neuroinvasion, leading to persistent neurodegenerative disease. 
The pathogenic mechanisms are unknown; however, most probably due 
to the primary infectivity of non-neuronal epithelial cell types of olfac-
tory will lead to damage to olfactory neurons. Because olfactory 
impairment can negatively affect a patient’s quality of life, more clinical 
research is needed to determine the pathophysiology, outcome, and link 
between illness severity and olfactory impairment on a global scale. As a 
therapeutic, olfactory training may benefit some persons suffering from 
permanent smell loss after COVID-19. 
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Fig. 3. The olfactory epithelium serves as a neural path for SARS-CoV-2 infection.  
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