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Abstract: Altered smell is one of the most prevalent symptoms in acute COVID-19 infection. Al-
though most patients recover normal neurosensory function in a few weeks, approximately one-tenth
of patients report long-term smell dysfunction, including anosmia, hyposmia, parosmia and phan-
tosmia, with a particularly notable impact on quality of life. In this complex scenario, inflammation
and cellular damage may play a key role in the pathogenesis of olfactory dysfunctions and may affect
olfactory signaling from the peripheral to the central nervous system. Appropriate management of
smell disturbances in COVID-19 patients must focus on the underlying mechanisms and the assess-
ment of neurosensorial pathways. This article aims to review the aspects of olfactory impairment,
including its pathophysiology, epidemiology, and clinical management in post-acute COVID-19
syndrome (PACS).
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1. Introduction

Coronavirus 2019 (COVID-19) disease emerged in Wuhan, China, and has subse-
quently spread worldwide. The pathological agent of COVID-19 is severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), an enveloped positive single-stranded RNA virus.
COVID-19 is a highly transmissible illness with a broad spectrum of clinical manifestations
and variable severity degrees depending on age, comorbidities, genetic factors, and basal
metabolic index [1,2]. Individuals may present with a wide range of symptoms, including
fatigue, headache, difficulty breathing, diarrhea, nausea, vomiting, loss of taste and smell,
runny nose, and muscle and body ache, often indistinguishable from most respiratory viral
infections [3].

COVID-19 can induce abnormalities in taste and smell perception, in both the acute
and chronic phases of the disease. Smell disturbances are described as: anosmia—a total
absence of smell; hyposmia—a diminished sense of smell; parosmia—distorted percep-
tion of an existing odor; and phantosmia—perception of smell when no odor source is
present. These neurosensory changes have a pronounced impact on quality of life, as most
experiences are malodorous, particularly in the qualitative dysfunctions (parosmia and
phantosmia) [4].

Angiotensin-converting enzyme-2 receptors (ACE-2) and transmembrane protease
serine 2 (TMPRSS2), expressed in the cells of the nasal epithelium, are known pathways
for SARS-CoV-2 entry to the respiratory system [5]. Inflammation and cellular damage
may play a key role in the pathogenesis of qualitative olfactory dysfunctions. After its
internalization, the virus induces an inflammatory response, undergoing maturation and
replication inside the cell, as well as involving the recruitment of immune cells [6,7]. SARS-
CoV-2 can trigger an unbalanced immune response which overloads the targeted tissues
with cytokines and T-cell mediated inflammation [6,7]. The damage caused by the latter
may affect olfactory signaling from the peripheral to the central nervous system [8,9].
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While most survivors will experience a full recovery, follow-up reveals that a high
proportion of individuals still report symptoms after the clearance of the acute infection.
The terms ‘long COVID’ (>4 weeks) as well as ‘post-acute COVID’ (>3 weeks) and ‘chronic
COVID’ (>12 weeks) have been used to describe these ongoing symptoms [8,10].

2. Epidemiology

Accumulating evidence indicates that altered smell is one of the most prevalent
symptoms in acute COVID-19 infection [11]. In self-report studies, the estimated prevalence
of olfactory disorders in acute COVID-19 ranged from 5% to 85%, depending on disease
severity, and seems to be higher than in other respiratory viral infections. Although most of
the patients recover normal neurosensory function in a few weeks, approximately one-tenth
of patients reported long-term smell dysfunction, including anosmia, hyposmia, parosmia
and phantosmia, with a particularly notable impact on quality of life [12].

Qualitative olfactory dysfunctions are often undervalued in the clinical management of
COVID-19 infection and are generally underestimated in observational self-report studies.
Individuals may experience a range of persistent and prolonged olfactory sequelae in
PACS (Table 1). Continued loss of smell after several weeks was reported in 1.7-29%
of patients with COVID-19 requiring hospitalization [13-16]. Disturbed taste and smell
were also prevalent after 6 months in approximately one quarter of home-isolated young
adults with a milder course of the disease [17]. In a cohort of 467 patients in the United
Kingdom followed up at 4-6 weeks, participants with positive SARS-CoV-2 IgM/IgG
antibodies reported significantly higher prevalence of longstanding smell loss compared
to participants with a negative antibody test, with rates of full resolution of olfactory
impairment of 57.7% and 72.1%, respectively [18]. In addition, female individuals were
almost 2.5 times more likely to experience persistent smell loss compared to participants of
the male sex, and parosmia was also significantly associated with unresolved smell loss at
4 to 6 weeks follow-up [18].

3. Pathophysiogenesis of Olfactory Dysfunction

SARS-CoV-2’s route of infection basically comprises two pathways: through cell entry
factors such as angiotensin-converting enzyme 2 (ACE2), transmembrane protease serine
2 (TMPRSS2), and furin, or through an endosomal route that does not require previous
cleavage of the spike protein (S). ACE2 can act as a primary receptor, and, after virus
attachment, the spike protein in its surface is cleaved and dissociated by furin, after which
the subunit S2 is cleaved by TMPRSS2, changing the structure of the S2 subunit, which
ultimately leads to membrane fusion and viral RNA transferring to host cell cytoplasm. An
alternative pathway can also be initiated by ACE2 binding and the internalization process
involving clathrin and cathepsin L, and, in this case, the virus releases its genetic material
directly after endocytosis, as an alternative independent from TMPRSS2 to invade cells [19].

After entering the mouth through salivary particles, the virus can infect cells in filiform
and vallate papillae, lingual epithelium and taste buds, all cells that express ACE2, starting
its replication, which in turn causes taste impairment [19]. Other potential targets for
cell infection due to ACE2 are vascular endothelial cells and adipocytes in parotid and
salivary glands. The damage in these cells affects both blood and nutritional supplies and,
indirectly, it can change taste perception [19].

Upper airway mucosa has nasal goblet and ciliated cells expressing ACE2 and TM-
PRSS2, and these respiratory epithelium cell types may have a role in facilitating SARS-
CoV-2 infection by storing viral particles [20].

High levels of ACE2 were found in sustentacular cells of the olfactory system, which
are in intimate contact with dendrites of olfactory receptor neurons, and also other olfactory
epithelium cells such as ductal cells of Bowman’s gland, microvillar cells, globose and
horizontal basal cells, and olfactory bulb pericytes [19,21]. It is hypothesized that infection
of mesenchymal stromal and vascular cells in the nose and bulb and their subsequent
inflammation affects the neuronal conduction, reduces nutritional and water supplies and,
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epithelium

therefore, causes the death of olfactory sensory neurons (OSNs) and damage to olfactory
bulb function [20] (Figure 1). Although OSNs are surprisingly not an ACE2 expressing
tissue, it has already been described that the spike protein can bind to neural cell receptors,
possibly due to cell-to-cell transmission through tunneling nanotubes (TNTs), filamentous
cellular projections that form a communication and transportation net between cells [19].
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Figure 1. Pathogenesis of olfactory dysfunction. Infection of mesenchymal stromal and vascular cells in the nose and bulb

and their subsequent inflammation affect the neuronal conduction, reduce nutritional and water supplies and, therefore,

cause the death of olfactory sensory neurons (OSNs) and damage to olfactory bulb function. SARS-COV-2 indicates severe

acute respiratory syndrome coronavirus 2; CNS, central nervous system; OB, olfactory bulb; OSN, olfactory sensory neurons.

Neuropilin-1 represents another host factor that facilitates SARS-CoV-2 entry, and its
presence was detected in mitral cells of the olfactory bulb, but not in the OE, and the virus
may enter the central nervous system (CNS) through retrograde axonal transport from
the nasal cavity in a process mediated by ACE2, TMPRSS2 and nicotinic receptors [22].
SARS-CoV-2 uses olfactory neurons to approach the CNS, and similar mechanisms were
described for SARS-CoV-1, MERS- CoV, and HCoV-OCR43. The neuronal damage in axons,
the death of neurons and microhemorrhages in the bulb may extend the period of smell
disturbances [22].

To sum up, these are the ways through which SARS-CoV-2 may cause olfactory
dysfunction: conductive dysfunction, by mechanically blocking smell from reaching neu-
roepithelium; sensorineural dysfunction by attacking directly or indirectly olfactory neu-
roepithelium or OSNs; and central dysfunction, by affecting bulb neurons [22].

4. Smell Dysfunction in PACS

Smell dysfunction can occur in the context of various infectious viral diseases [23].
Alteration of smell can be categorized into two distinct types: quantitative and qualitative,
and subcategorized in total/complete or partial/incomplete, as well as in unilateral or
bilateral [23]. Quantitative loss is seen in anosmia and hyposmia, while qualitative loss is
noted in parosmia and phantosmia [24].

Anosmia and hyposmia can be assessed by running olfactory tests such as “le nez
du vin” or “scratch and sniff” pads containing variable odorant samples [23,25]. Notably,
hyposmia and anosmia in infectious diseases are distinguished from nasal inflammation
by their lack of seasonal variance, and sometimes permanent length of stay [23].

In contrast to common upper airways infection, rhinorrhea or nasal congestion are less
associated with anosmia in COVID -19; however, it can affect the central nervous system,
as observed in an 18-FDG PET/CT study, in which a reduction in metabolic activity was
reported in the left orbitofrontal cortex, and it can be associated with edema of the olfactory
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bulb in MRI [26-28]. Anosmia can lead to suspicion of COVID-19 diagnosis, as it can be
the only clinical feature present [29].

Hyposmia was reported in a study in Padua as an isolated or more prominent symp-
tom of SARS-CoV-2 infection, often associated with hypogeusia [25]. Hyposmia and
parosmia can be persistent olfactory dysfunctions in PACS [28].

Parosmia and phantosmia are distortions in smell perception. Parosmia is a disorder in
which an odor is perceived as a different smell, either pleasant—euosmia—or unpleasant—
troposmia [25]. Troposmia is often referred to as a burned, foul or rotten smell [27]. In an
18-FDG PET/CT study, the activity in the secondary olfactory cortex was preserved in a
patient presenting parosmia post anosmia after COVID-19 infection [27]. In another study,
reduced olfactory bulb activity was associated with parosmia [27]. Parosmia and anosmia
can be related, and loss of smell can evolve into parosmia in the context of SARS-CoV-2
infection [18].

Parosmia can be related to peripheral and central injuries by SARS-CoV-2, since it
can affect OSNs and olfactory centers in the bulb [27]. The growth of new olfactory axons
can occur in a non-organized manner and, as a consequence, it prolongs parosmia [18].
Data concerning post-infectious parosmia point to a poorer prognostic value towards
the recuperation of smell ability, although olfactory training can help in the recovery of
smell [18].

In phantosmia, the smell sensation is generated even in the absence of odors [24]. Smell
disturbances can affect taste perception [30]. Taste dysfunctions post COVID-19 infection
can also be categorized as qualitative or quantitative. Qualitative taste alterations are
known as dysgeusia, whereas quantitative ones are referred to as hypogeusia, in which taste
is decreased, and ageusia, in which taste sensation is non-existent [20]. The inflammatory
response may cause reparable damage to the taste buds, and as a consequence, a short
recovery time can be expected. An unbalanced immune response may also be an agent
for a bad prognosis in sensory loss, since the T-cell response is present in sialadenitis and
xerostomia [20]. Additionally, distortion in chemosensory perception, such as parosmia or
dysgeusia, may increase the probability of long-term smell and/or taste loss and longer
COVID-19 symptoms [18].

5. Clinical Management Considerations

Despite overcoming systemic inflammation and respiratory distress in the acute
phase of COVID-19 infection, some patients present prolonged inflammation and tissue
damage. Appropriate management of smell disturbances in COVID-19 patients must
focus on the underlying mechanisms and the assessment of neurosensorial pathways.
Although most COVID-19-related acute olfactory dysfunctions improve spontaneously,
treatment for persistent smell symptoms may be reasonable when impairment lingers
beyond 2 weeks [31]. However, the efficacy of available treatment in PACS remains unclear.

Olfactory rehabilitation has been described as an effective method for restoring the
sense of smell in post-infectious olfactory dysfunction (PIOD). Olfactory training is a simple
and safe strategy defined as repeated and conscious sniffing of a set of odorants, for 15-20 s
each, at least twice a day [32]. Additionally, the conscious focus on odors, in addition to hu-
man olfactory ecology including social and physical environment triggers, may effectively
stimulate the neurosensorial system and enhance olfactory performance [33]. A retrospec-
tive German study of 153 patients with PIOD showed clinically relevant improvements
in overall quantitative and qualitative function upon receiving olfactory training (OT).
Additionally, the presence of parosmia was associated with significant improvement of
olfactory performance after OT [34].

Oral and nasal corticosteroids may be used to control a potential inflammatory com-
ponent in PIOD; however, current evidence does not support the routine administration
of systemic corticosteroids in this scenario due to safety concerns. Additionally, unless
inflammatory features in endoscopic or imaging evaluation are detected, it is improbable
that corticosteroids would be helpful. [31]. A recent randomized controlled trial (RCT)
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failed to prove the superiority of mometasone furoate topical nasal therapy over OT in
the treatment of post COVID-19 anosmia. [35]. Notably, intranasal corticosteroid therapy
in patients with allergic rhinitis and concomitant COVID-19 infection have recently been
reviewed in an ARIA-EAACI position paper. These have been shown to be safe and should
be considered, at the recommended dose, on a case-by-case basis [36].

Table 1. Prevalence of olfactory dysfunction in post-acute COVID-19 syndrome.

Prevalence of Ol-

Author Country Setting Time (Days) Population n factory/Gustatory
Dysfunction
Garrigues 2020 [13] France Cr.o ss sectional, 110.9 Hospitalized 120 Anosmia (13.3%)
single center
. Prospective cohort, 1. Loss of taste and/or
Chopra 2020 [14] United States multicenter 60 Hospitalized 488 smell (28%)
. Retrospective
Rosales-Castillo Spain cohort, single 50.8 Hospitalized 118 Anosmia (1.7%)
2020 [15]
center
Jacobs 2020 [16] United States Pros‘pectlve cohort, 35 Hospitalized 183 Lack of smell (9.3%)
single center
Daher 2020 [37] Germany Pros.pectlve cohort, 42 Hospitalized 33 Loss of smell (12%)
single center
. Hospitalized
Klein 2020 [38] Israel Prospective cohort, 180 (5.5%) and 112 Smell changes
single center . (9.8%)
home-isolated
. . Hospitalized . .
Moreno-Pérez Spain Prospect.we cohort, 112-126 (58.2%) and 277 Anosmla-((:)lysgeusm
2021 [39] multicenter . (21%)
home-isolated
Prospective cohort Hospitalized
Seessle 2021 [40] Germany P ! 360 (32.3%) and 96 Anosmia (20.8%)
single center .
home-isolated
Tenford 2020 [41] United States Cross s.ectlonal, 14-21 Home-isolated 270 Loss of smell (27%)
multicenter
. . Altered sense of
Boscolo-Rizzo Italy Cr.o s sectional, 28 Home-isolated 187 smell or taste
2020 [42] single center o
(51.3%)
Prospective cohort, . Olfactory
Paderno 2020 [43] Italy multicenter 30 Home-isolated 151 dysfunction (17.7%)
Valiente-De Santis . Prospective cohort, . . o
2020 [44] Spain single center 84 Home-isolated 108 Anosmia (9.3%)
Otte 2020 [45] Germany Crp ss sectional, 56 Home-isolated 80 Hyposmia (45.1%)
single center
Prospective cohort, . Disturbed
Blomberg 2021 [17] Norway multicenter 168 Home-isolated 247 taste/smell (27%)

COVID-19 indicates coronavirus disease 2019; Time, time to assessment in days; 1, sample size.
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