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Abstract
Severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) is the causative agent of COVID-19 which was detected 
in late 2019 in Wuhan, China. As of September 2022, there have been over 612 million confirmed cases of COVID-19 with 
over 6.5 million associated deaths. In many cases, anosmia and dysgeusia have been identified as primary symptoms of 
COVID-19 infection in patients. While the loss of smell (anosmia) and loss of taste (dysgeusia) due to COVID-19 infection 
is transient in most patients, many report that these symptoms persist following recovery. Understanding the pathogenesis 
of these symptoms is paramount to early treatment of the infection. We conducted a literature review of Google Scholar 
and PubMed to find and analyze studies discussing anosmia and dysgeusia in the context of COVID-19 to understand the 
progression and management of these symptoms. The mechanism for dysgeusia is largely unknown; however, pathogenesis 
of anosmia includes inflammation and cytokine release resulting from the infection that alters neuronal signaling, thus 
inducing the loss of smell that patients experience. Anosmia may be managed and potentially resolved sooner with a com-
bination therapy of olfactory training and budesonide irrigation of the nasal cavity. It is important to note that the variants 
of SARS-CoV-2 are genetically distinguished from the original virion due to a mutation in their spike proteins, giving them 
a different symptom profile regarding anosmia and dysgeusia. This variability in symptomatology is an area of study that 
needs to be further explored.
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Introduction

COVID-19, caused by the coronavirus known as SARS-
CoV-2, was detected in late 2019 in Wuhan, China [1]. It 
has since rapidly spread across the country and soon to all 
other continents, reaching pandemic classification [2]. (p19) 

80% similar to SARS-CoV-1 genetically, SARS-CoV-2 is an 
enveloped virus consisting of many surface glycoproteins, 
including spike, envelope and membrane proteins [3]. The 
spike protein mediates binding and entry to the host cell via 
the host cell’s angiotensin-converting-enzyme-2 (ACE 2) 
receptor’s peptidase domain [4]. Transmembrane serine pro-
tease 2 (TMPRSS2), a target cell protease, also aids in viral 
entry into host cell as it cleaves part of the spike protein and 
facilitates a stronger connection between the spike protein 
and ACE2 receptor [5]. Thus, relative to other coronavi-
ruses, SARS-CoV-2 has structural differences that enable a 
greater affinity for ACE2 receptors leading to stronger bond-
ing to upper respiratory tract tissue [3].

As of September 2022, there have been over 612 mil-
lion confirmed cases of COVID-19 globally, with over 6.5 
million associated deaths [6]. Typically presenting with flu-
like symptoms, COVID-19 poses varying degrees of health 
hazard and is highly dependent on patients’ comorbidities 
and risk profiles [7]. Patients can range from asymptomatic 
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to having mild-moderate with potential need for hospitaliza-
tion to potentially fatal acute respiratory distress syndrome 
(ARDS), for which many require constant mechanical ven-
tilation [8]. Aside from the common and notable respiratory 
manifestations in symptomatic patients, COVID-19 has also 
been found to commonly engender neurologic symptoms 
[9]. Some transient cardinal neurologic symptoms noted for 
varying severities of COVID-19 manifestations are anosmia, 
absent or diminished sense of smell, and dysgeusia, absent 
or diminished sense of taste [10–12]. In many cases, anos-
mia and dysgeusia have been identified as primary symp-
toms of COVID-19 infection in patients. [13]

Sense of taste and smell are typically regained within 
days to weeks. This sudden onset and recovery period is the 
distinguishing factor between the COVID-19 presentation 
of these symptoms when compared to similar viral illnesses 
[8]. The prevalence of these symptoms, while universally 
common, has shown great regional variation. While East 
Asian countries had about a 22.4% prevalence of anosmia 
in COVID-19 patients, Western countries showed a higher 
prevalence of 48.4%. A similar discrepancy was found in 
dysgeusia, as East Asian countries had a 16.2% prevalence 
in patients with COVID-19 and Western countries held a 
much higher prevalence of 50.3%. Patients with a mix of 
both smell and taste deficits showed a 54.7% prevalence 
in Western and 23.4% prevalence in East Asian COVID-
19 patients [14]. These figures, however, are regarded to be 
underestimated as they depend on patients’ reports of their 
subjective impressions of sensory deficit. Thus, exact preva-
lence statistics of these symptoms are difficult to determine.

Methods

A literature review of Google Scholar and PubMed was con-
ducted between March 2020 and September 2022 to find 
studies related to anosmia and dysgeusia in the setting of 
COVID-19 infection. Search terms included several com-
binations of the following keywords: anosmia, dysgeusia, 
COVID-19, omicron, and delta. Studies were then screened 
by two separate readers to ensure that they met inclusion 
criteria. Included studies must have discussed either anosmia 
or dysgeusia in the setting of COVID-19 in either human or 
animal models. Studies that specifically discussed mecha-
nisms of pathogenesis of anosmia or dysgeusia in COVID-
19 were included. Furthermore, studies that focused on anos-
mia or dysgeusia in different variants of COVID-19 were 
also included.

Pathogenesis of anosmia and dysgeusia

Several different pathophysiologic processes can result in 
anosmia, including head trauma, aging, autoimmunity, and 

toxic exposures [15]. However, in the setting of infection, 
loss of smell may arise either through conductive or sen-
sorineural anosmia [16]. Conductive anosmia results from 
mechanical obstruction and can accompany congestion and 
rhinitis [5]. Sensorineural anosmia, on the other hand, occurs 
due to injury to sensory neurons of the olfactory bulbs [17]. 
Currently, the exact pathogenesis and molecular mechanisms 
of anosmia in COVID-19 is unknown; however, because the 
loss of smell often long survives the duration of respira-
tory symptoms, a sensorineural mechanism is more likely 
to explain the etiology of a COVID-19-associated anosmia. 
The pathophysiology of COVID-19-associated dysgeusia 
is also currently unclear, though many hypotheses exist. In 
general, the most common etiologies of dysgeusia include 
head trauma, infections of the upper respiratory tract, expo-
sure to toxic substances, iatrogenic causes, medicines and 
glossodynia [18]. However, in the setting of a viral infection, 
the most likely cause of transient dysgeusia is postulated to 
be associated with the peripheral neurotropism of SARS-
CoV-2 or direct toxicity to taste buds or olfactory epithelium 
[19]. This explains why dysgeusia often presents in conjunc-
tion with anosmia in patients with COVID-19.

Recalling the need for ACE2 receptors and TMPRSS2 
proteases on the host cell to aid in SARS-CoV-2’s bind-
ing and entry via the spike protein, these proteins are not 
expressed by olfactory sensory neurons nor by the olfac-
tory bulbs. Rather, ACE2 receptors are expressed at very 
high levels by olfactory mucosal supporting cells, such as 
microvillar and sustentacular cells [20]. Damage and infec-
tion of these supporting cells and resultant inflammation 
may induce anosmia. SARS-CoV-2 may also infect the ACE 
2-expressing vascular pericytes, causing inflammation and 
hypoperfusion. In addition, it is important to note that in the 
nasal mucosal microenvironment, ACE2 functions as part 
of inflammatory response mechanisms and is involved in a 
variety of respiratory inflammatory conditions [21]. Thus, 
another hypothesis for the pathogenesis of anosmia includes 
inflammation and cytokine release resulting from the infec-
tion that alters neuronal signaling to cause the anosmia 
patients experience [22]. This was described in a study by 
Netland et al., which studied SARS-CoV infection in trans-
genic mice expressing humane ACE2, as there was a noted 
upregulation of cytokines, especially IL-6, and chemokines 
in the brains of infected mice as part of a proinflammatory 
response [23].

While less is currently understood about the pathogenesis 
of dysgeusia, ACE2 is significantly expressed in tongue epi-
thelial cells, buccal mucosa, and the oral cavity, as was found 
in single cell RNA-sequencing studies [14]. The tongue epi-
thelium may thus be a point of infection for SARS-CoV-2 
with the buccal mucosa serving as an entry point, though 
little data are currently available regarding this theory. ACE2 
has also been found to regulate taste perception and this 
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effect has been exemplified in chemosensitive side effects 
of ACE2 inhibitors (ACEI), with dysgeusia being a com-
mon adverse effect associated with ACEI [24]. Furthermore, 
salivary glands have been identified as potential reservoirs 
for SARS-CoV-2, with localized infection of salivary glands 
being a potential hypothesis to explain asymptomatic infec-
tions [25]. It is likely, still, that either direct or indirect dam-
age of tongue taste receptors through epithelial cell infection 
and local inflammation plays a role in the pathogenesis of 
COVID-19 patient dysgeusia [22].

Symptom profile in COVID‑19 variants

Throughout the progression of the pandemic, the SARS-
CoV-2 has evolved genetically and thus symptomatically 
with the development of new variants, including B.1.1.7 
(Alpha), B.1.351 (Beta), P1 (Gamma), B.1.617.2 (Delta) 
[26]. These variants are distinguished from the original 
SARS-CoV-2 G14 virion and termed G614 viruses, as they 
harbor the D614G mutation of the spike protein, which has 
increased their virulence by enhancing viral entry into the 
host cell [27]. Furthermore, von Bartheld et al. has identified 
variants with the D614G mutation to be contributors to the 
prevalence of anosmia and dysgeusia symptoms in COVID-
19, as compared to the original D614 virus, G614 variants 
are significantly more likely to cause symptoms of anosmia 
and dysgeusia (31.8% vs 5.3% prevalence).

The Omicron variant (B.1.1.529), first detected in Decem-
ber of 2021, carries upward of 50 mutations on the spike pro-
tein alone [28]. Since then, this variant has rapidly replaced 
Delta as the dominant variant of concern globally, further 
producing descendent lineages that include BA.1, BA.2, 

BA.3, BA.4, and BA.5 [29, 30]. The symptomatology of 
this variant also differed drastically from the previous Delta 
variant, with the three cardinal symptoms of fever, cough, 
and loss of smell and taste only being reported in 61.5% 
of Omicron cases compared to 72.2% of Delta cases [31]. 
Furthermore, when analyzing the percent of cases reporting 
anosmia and dysgeusia, these symptoms were found to be 
less common among those with Omicron (13.4%) infections 
compared to Delta (33.7%) infections (p < 0.001). [31]

The decreased olfactory dysfunction seen in Omicron 
may be explained by several hypotheses. Butowt et al. pro-
poses that spike protein mutations in Omicron have changed 
tissue tropism, sparing olfactory and gustatory function [32]. 
Specifically, Omicron virions prefer an endosomal route of 
entry as opposed to the TMPRSS2-mediated membrane 
fusion seen in prior variants. Thus, viral entry into olfac-
tory sustentacular cells that robustly express TMPRESS2 is 
diminished and potentially explains the decreased frequency 
of anosmia seen in the new variant [32]. Another proposed 
mechanism by Rodriguez-Sevilla et al. alludes to the sig-
nificance of previous immunity among those infected by 
Omicron, postulating that re-infection in previously exposed 
populations would lead to a diminished systemic and local 
inflammatory response, causing less cellular damage in the 
olfactory epithelium. [33]

Management of anosmia and dysgeusia

According to a 2021 systematic literature review, COVID-19 
patients commonly reported onset of dysgeusia and anosmia 
4–5 days following the initial onset of symptoms. Whether 
other symptoms are present, abrupt onset of dysgeusia and 

Potential pathogenesis of anos-
mia and dysgeusia in COVID-
19 infections
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anosmia may indicate early signs of possible SARS-CoV-2 
infection. The same review found the smell and taste deficits to 
begin to resolve 1 week following their onset and show signifi-
cant improvement within 2 weeks. However, these symptoms 
tended to persist for at least 1 week following the recovery 
from the COVID-19 infection itself [34]. Furthermore, in a 
phenomenon known as “Long COVID”, referring to a vari-
ety of symptoms affecting different organs reported by people 
following recovery from an SARS-CoV-2 infection, anosmia 
and dysgeusia appear to be two of the predominant symptoms 
that persist [35]. Persistent anosmia after COVID-19 is often 
associated with extensive damage of olfactory epithelium due 
to a cascade of effects that result in persistent immune activa-
tion [36].

Anosmia may be managed and potentially resolved sooner 
with a combination therapy of olfactory training and budeso-
nide irrigation of the nasal cavity. This combination therapy 
helped 43.9% of patients with anosmia improve olfactory 
ability [34]. Dysgeusia management may be more difficult to 
achieve due to lack of evidence and literature of its etiology 
in COVID-19 patients. Despite not identifying an underlying 
cause, 0.5 to 1 mg of oral clonazepam once a day is encour-
aged to treat unspecified dysgeusia [37]. Gustatory dysfunction 
has also been treated with l-carnitine and vitamins. Other treat-
ment modalities for anosmia include saline irrigation, nasal 
corticosteroids, non-corticoid decongestants, and vitamins. 
Given that these neurologic symptoms recover spontaneously, 
supportive and symptomatic treatment for mild sensory defi-
cits may also be appropriate [38].

Conclusion

Anosmia and Dysgeusia symptoms have been highly charac-
teristic of COVID-19 infections thus far in the pandemic. How-
ever, the pathogenesis of these symptoms is still unknown. 
Furthermore, with the development of new variants, the preva-
lence of these symptoms is subject to change, along with their 
molecular mechanisms. Further research is required to eluci-
date the pathogenesis and discrepancies in symptom profiles 
across variants.
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