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Abstract

Purpose of Review Chemosensory dysfunction in the patients with COVID-19 has been reported frequently in the studies from
different regions of the world. However, the prevalence of smell and/or taste disorders presents significant ethnic and geographic
variability. In addition, the pathogenesis of chemosensory dysfunction remains unclarified.

Recent Findings This is a narrative review on the recent state of the prevalence, mechanism, and diagnostic and therapeutic
strategy of chemosensory dysfunction in COVID-19 patients during the global pandemic. The chemosensory dysfunction was
analysis based on recent studies, which either used questionnaires, Likert scales (0—10), or smell tests to estimate the smell and
taste dysfunction. The ethnic and geographic difference of the prevalence of smell and/or taste disorders and the potential
underlying mechanisms have been discussed. Several suggestions on the diagnosis and treatment of COVID-19 patients with
smell and taste disorders were summarized for the physicians.

Summary This review provides a comprehensive overview of the current studies regarding the chemosensory dysfunction during
the COVID-19 worldwide outbreak.

Keywords Chemosensory dysfunction - Coronavirus disease 2019 - Severe acute respiratory syndrome coronavirus 2 - Loss of
smell - Loss or distortion of taste

Introduction

A cluster of viral pneumonia cases named as coronavirus dis-
ease 2019 (COVID-19) has been reported since the end of
2019. Subsequently, severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) has been identified to be the patho-
genic cause of COVID-19 [1, 2]. This newly recognized ill-
ness has spread rapidly and affects tens of millions of people
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all over the world [1-3]. The clinical spectrum of COVID-19
ranges from asymptomatic to severe ill cases [1-3]. Although
the most common symptoms of COVID-19 include fever,
dyspnea, cough, nausea, and vomiting [1—4], loss of smell
and/or taste has been increasingly recognized as prevalent
and early onset symptoms in a considerable number of pa-
tients [3, 5-7]. However, the clinical characteristics and un-
derlying mechanisms of the smell and/or taste disorders re-
main incompletely understood. In fact, the etiopathogenesis of
chemosensory dysfunction is very complicated [8, 9]. Due to
the difficulty in classification of chemosensory disorders, in-
creasing chemosensory researches have evolved to describe
olfactory dysfunction according to putative underlying etiol-
ogies [8]. The common causes of olfactory dysfunction in-
clude olfactory dysfunction secondary to sinonasal diseases,
post-infectious olfactory dysfunction, post-traumatic olfactory
dysfunction, olfactory dysfunction associated with neurologi-
cal disease, and olfactory dysfunction associated with expo-
sure or drugs/toxins [8]. Among these causes contributing to
the clinically presented smell and taste disorders, upper respi-
ratory tract infections are one of the most common causes [8,
9]. Although a variety of pathogens can cause post-infectious
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olfactory dysfunction, including viruses, bacteria, fungi, and
even some rare organisms such as microfilaria [8], the most
common pathogens are respiratory viruses including those
causing common cold and influenza [8]. It is very likely that
SARS-CoV-2 may cause a typical post-infectious olfactory
and smell dysfunction as viruses causing common cold, such
as rhinovirus and adenovirus [10, 11ee, 12¢¢, 13+¢]. However,
as a newly identified disease, many details in the SARS-CoV-
2 induced chemosensory dysfunction including its prevalence,
clinical features, underlying mechanism, and treatment in pa-
tients with COVID-19 remain to be clarified.

The Prevalence of Chemosensory Dysfunction
in COVID-19 Patients with Different Ethnic
Background and in Different Geographic Area

A number of studies have reported the prevalence of smell and
taste dysfunction in COVID-19 patients, however, the results
initially appeared to be confusing [14]. In the first few months
of the COVID-19 pandemic, smell and taste dysfunction have
not been noted as a common symptom of the patients with
COVID-19. Mao and colleagues found that only 5.1% and
5.6% patients with COVID-19 in Wuhan, China reported
smell and taste impairment, respectively [15]. Other early
studies on the clinical characteristics of COVID-19 in China
even did not mentioned the smell or taste dysfunctions [1, 16,
17]. Nevertheless, almost at the same time period, Giacomelli
A etal. in Italy, where is the original epicenter of the COVID-
19 pandemic in Europe, found that 20 (33.9%) of patients had
at least one taste or olfactory disorder based on an interview to
59 hospitalized patients [2]. Later, Gane SB et al. discovered
that the increase in the reported and referred sudden anosmia
correlated with the numbers of diagnosed cases of COVID-19
at the beginning of the outbreak in the UK [6]. Subsequent
further studies in Europe reported that about 75-85% of
COVID-19 patients had olfactory dysfunction [3, 10,
18-20]. In Spain, the incidence of chemosensory dysfunction
in COVID-19 patients reached up to 90% [10, 21]. Similar
prevalence of smell and taste disorder has been found in
COVID-19 patients in the USA [5, 22-26]. Although several
later studies in China reported higher prevalence of
chemosensory dysfunction than that reported by Mao, none
reported a prevalence as high as those reported in Europe and
the USA, without exceeding 50% [27, 28]. Thus, the inci-
dence of chemosensory dysfunction in COVID-19 patients
seems much lower in China compared with those in
Europeans and Americans [3, 5, 15, 19, 22-29]. One of the
potential reasons may be that the symptom of chemosensory
dysfunction was overlooked due to the incomplete medical
recording under urgent admission. During the outbreak of
COVID-19 in Wuhan, China, a lot of physicians in the depart-
ments other than internal medicine and otolaryngology, such
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as those in general surgery department, were recruited to par-
ticipate in dealing with surging patients with COVID-19.
Unlike general symptoms (i.e., fever, dyspnea, and cough),
smell and taste dysfunction were likely to be overlooked by
those physicians. In order to explore the frequencies of
COVID-19 patients with chemosensory dysfunction in
China more accurately, we have conducted telephone
follow-up to rechecked the hospital medical records for
COVID-19 patients discharged from Tongji Hospital, the
largest designated hospital to treat patients with COVID-19,
in Wuhan, China [29]. Nevertheless, even with this effort, we
still found low incidences of smell and taste dysfunction in
Chinese patients with COVID-19, with 11.4 and 20.6% of
them complaining loss of smell and taste, respectively [29].
It should be noted that most studies from China including ours
only investigated the hospitalized patients. Several studies
have indicated that smell loss in COVID-19 patients may as-
sociate with a milder clinical course [5, 30]. Loss of smell and
taste may be more common in mild patients or asymptomatic
patients, who are not hospitalized. Therefore, in order to get an
accurate figure of smell and taste disorder in COVID-19 pa-
tients, both hospitalized and non-hospitalized patients with a
large sample size should be investigated. Notwithstanding,
similar to Chinese data, low incidences of smell and taste
dysfunction have been reported in COVID-19 patients in
Japan and Korea (Fig. 1) [31-33]. The potential ethnic differ-
ence in the prevalence of chemosensory disorders of COVID-
19 patients, especially between the populations in East Asia
and Western countries (Fig. 1), has also been noted by other
researches [14, 34-36]. A meta-analysis including one hun-
dred four studies and over thirty thousand patients revealed
that Caucasians had a three times higher prevalence of
chemosensory dysfunctions than Asians [14]. However, there
are not sufficient data yet on populations in Africa, South
America, or South Asia to compare the prevalence of smell
and taste disorder in these populations with the populations in
East Asia, Europe and North America. In the meta-analysis by
Bartheld and colleagues, the overall prevalence of smell and
taste dysfunction in patients with COVID-19 was calculated
to be about 43-44% globally [12¢e, 14].

Until now, most of studies calculated the prevalence of
smell and taste disorder depending on the patients’ self-
report and subjective impressions without smell function test
[34, 36, 37]. But, Agyeman et al. have discovered a higher
prevalence of olfactory dysfunction with the use of objective
measurements compared with that self-reported [36].
Moreover, a systematic review and meta-analysis indicated
that the frequencies of olfactory dysfunction in COVID-19
patients tended to differ between those generated via smell
testing (76%) and those based on survey/questionnaire report
(53%), which was close to reach statistical significance (P =
0.089) [38]. Therefore, more studies based on objective esti-
mation of chemosensory function are needed to clarify the
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Canada Smell disorder Taste disorder:
Carignan, etal 51.5% 63.4%
Lee, etal 55.4% 57.1%

Lechien, etal 85.6% 88.0%

UsA Smell disorder Taste disorder: Patel, et al 56.7% 63.0%
Yan, et al 67.8% 71.2% Pademo, etal 56.0% 63.0%
Kempker, etal 51.0% 52.9% Villarreal, et al 68.0% 70.0%
Yan, et al 58.6% 54.7% Freni, etal 92.0% 70.0%

Izquierdo- 53.7% 52.2%

Dominguez, etal

Europe Smell disorder Taste disorder:

Chiesa- 81.9% 61.4%

Latin America Smell disorder Taste disorder:
Estomba, et al

The global overall prevalence (Bartheld, et al)
Smell disorder: 43.0%
Taste disorder: 44.6%

Lee,etal  12.2% 11.1%
Noh, etal 26.1% 22.6%

China (Mainland) Smell disorder ~Taste disorder:

[Korea Smell disorder Tastedisorder:]

Japan Smell disorder Taste disorder:
Asai,etal 3% 5%

Ling, etal 5.6% 5.1%
Song, etal 11.4% 20.6%
Hao, et al 8.2% 4.6%
Liang, et al 39.5% 38.4%
Cho, et al 47.0% 43.4%

Fig. 1 The world map of prevalence of chemosensory dysfunction in patients with COVID-19

precise incidences of smell and/or taste dysfunction in
COVID-19 patients.

There are several other possible explanations for the ethnic
and geographic difference of chemosensory dysfunctions in
COVID-19 patients. First, the genetic variation of the virus
may influence the virulence of SARS-CoV-2. Variants of
SARS-CoV-2 show geographic differences, and mutations
in the gene encoding Spike protein are being continuously
reported [39, 40]. Three central variants of SARS-CoV-2 dis-
tinguished by amino acid changes have been found, which are
named as types A, B, and C, with type A being the ancestral
type [41]. Type B is predominant in East Asia, while both
Type A and Type C occur outside of East Asia [41]. In addi-
tion, recent studies demonstrated that a new SARS-CoV-2
strain with one particular mutation or rather SNP variant of
Spike protein (G614) has become the dominant strain in the
pandemic, while the ancestral strain with the Spike protein
variant of D614 was initially dominant in East Asia [40].
The frequency of G614 is increasing in Europe significantly
in a few months after outbreak [40]. In addition, the patients
with G614 variant may have higher upper respiratory tract
viral loads, although it is likely but not yet entirely clear that
it is clinically more infectious than D614 [42]. However, it is
possible that the COVID-19 patients infected by different var-
iants of SARS-CoV-2 may present different severities of
chemosensory dysfunctions, due to the different viral loads

in upper respiratory tract. This possibility requires further at-
tention and in-depth studies to determine.

The second factor that may contribute to the difference in
chemosensory dysfunctions is the variation of the host suscep-
tibility. Similar to the variation of virus, there may be genetic
polymorphisms in the SARS-CoV-2 receptor angiotensin-
converting enzyme 2 (ACE2) and transmembrane serine prote-
ase 2 (TMPRSS2) in humans. Recent evidences have revealed
the genetic differences in ACE2 between East Asians and
Europeans [43—-45]. However, these studies were focused on
the expression of ACE2 variants in lung tissues and their asso-
ciation with the disease severity of COVID-19. There is no
study yet that has explored the expression of ACE2 variants
in the olfactory epithelium and their association with the prev-
alence of chemosensory dysfunction in COVID-19 patients. In
addition to ACE2, a preprinted study demonstrated that
TMPRSS2, which is able to facilitate the entry of SARS-
CoV-2 by cleaving the Spike protein, presented much higher
levels in lung tissues in Europeans than in East Asians [46].
Generally, based on the data to date, there are probably two
main factors causing the different prevalence of chemosensory
dysfunction in different populations. First, the ethnic back-
ground may lead to different susceptibilities and host responses
to the infection of SARS-CoV-2; second, there are different
dominated strains of SARS-CoV-2 in different geographic re-
gions. The specific regional prevalence of chemosensory
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dysfunction in COVID-19 patients potentially depends on the
interaction of these two factors. Apparently, more studies are
needed to clarify the relationship between these two factors.
With the swift spread of COVID-19 cases, development of
reliable, accurate, and simplified methodologies to predict and
diagnose SARS-CoV-2 infection is critical to control its spread.
Since many patients reported chemosensory dysfunctions as their
first or one of the early onset symptoms in Western countries,
several studies assessed the predictive value of chemosensory
dysfunction in the diagnosis of COVID-19 [47-49]. Roland
et al. developed a smell and taste symptom-based model for
COVID-19 diagnosis based on the data in the USA, which pre-
dicted 75% of COVID-19 test results [48]. Similarly, several
European groups also suggested the predictive value of
chemosensory dysfunction in the diagnosis of COVID-19 [47,
49]. Nevertheless, given the lower incidence of smell and/or taste
disorders in East Asians compared with Western populations, the
value of using chemosensory dysfunction as a diagnostic param-
eter of COVID-19 in East Asia patients is questionable (Fig. 1).

The Underlying Mechanism of Chemosensory
Dysfunction in Patients with COVID-19

To date, the exact pathogenesis of chemosensory dysfunction
in patients with COVID-19 remains unclear. The
chemosensory dysfunctions of COVID-19 patients usually
are sudden onset and typically transient, which last for several
days to a few weeks [3, 29, 32]. The timing and duration of the
smell and taste disorders in COVID-19 patients can provide
important clues about their underlying mechanisms. The
COVID-19-related chemosensory dysfunctions seem similar
to those occurred after infection of common upper respiratory
tract viruses such as rhinovirus, adenovirus, and coronavirus
[8, 9, 50]. However, the chemosensory dysfunctions caused
by SARS-CoV-2 show rather distinct clinical features from
those in SARS pandemic, in which few cases of anosmia were
reported [51].

Regarding the mechanisms underlying smell and/or taste
disorders in COVID-19 patients, the first question required to
be answered is the relationship between chemosensory dys-
function and nasal obstruction/congestion and rhinorrhea.
Common respiratory viral infections cause nasal obstruction,
congestion, and rhinorrhea [8, 52, 53]. The physical obstruc-
tion may impede odorant access to the sensory epithelium,
which cause the loss of smell by preventing the binding of
the odorants to olfactory receptors [8]. However, this possibil-
ity in COVID-19 is disfavored by findings that most of the
COVID-19 patients with smell disorder do not have nasal
obstruction or rhinorrhea [3, 47, 54, 55]. We also found that
there was no correlation between the severity scores of the
chemosensory disorders and the upper respiratory symptom
scores including nasal obstruction, rhinorrhea, and sneezing
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[29] in patients with COVID-19. Nevertheless, the localized
edema of the olfactory clefts (OC) has recently been revealed
by magnetic resonance imaging in patients with COVID-19
[56], which may impair odorant access to the sensory epithe-
lium without resulting in obvious nasal obstruction. Another
important mechanism underlying acute respiratory viral-
induced smell disorder is the pathological alteration of olfac-
tory epithelium caused by viral infection, including mucosa
swelling, mucus overproduction, and disruption of olfactory
cells [13¢¢]. Although ACE2 has been found expressed by
nasal ciliated and secretory cells [57, 58], olfactory neurons
have no significant expression of ACE2 and TMPRSS2 [58,
59, 60e¢]. In contrast, support cells in the olfactory epithelium,
such as sustentacular cells, have abundant expression of
ACE2 and TMPRSS2 [12¢¢]. The function of olfactory neu-
rons may be impaired indirectly by the disruption of olfactory
epithelium structure, which is caused by the infection of
supporting cells. A recent murine study demonstrated that
the damages of olfactory nervous system were associated with
infection of a large proportion of sustentacular cells, but no
SARS-CoV-2 was detected in the olfactory bulbs [61].
Regeneration of sustentacular cells occurs much faster than
olfactory neurons [61, 62]; thereby rapid replenishment of
sustentacular cells is consistent with the rapid recovery of
the smell disorder observed in COVID-19 patients.
Nevertheless, long-lasting olfactory dysfunction was reported
in a small portion of COVID-19 cases, which is possible due
to the persistent impairment of olfactory sensory neurons after
the disruption of olfactory epithelium structure. It is also pos-
sible that the dysfunction of olfactory nervous system may be
secondary to the inflammatory response induced by viral in-
fection. Local cytokines such as IL-6 have been found asso-
ciated with the olfactory neuron dysfunction [63, 64]. An au-
topsy study revealed that the olfactory epithelium of COVID-
19 patients had prominent leukocytic infiltration, which is
associated with neuritis and axonal damage of olfactory nerve
[65]. It indicates that the localized inflammation caused by
SARS-CoV-2 can damage the neuron or olfactory nerve.
Besides smell disorder, taste functions are also impaired in
a considerable number of patients with COVID-19 [11ee, 120e,
29]. In some cases, the taste dysfunction was more significant
than smell dysfunction [29, 50]. It suggests that taste distur-
bances in COVID-19 patients appear to reflect an impairment
in gustatory abilities, and not purely a retronasal olfactory
dysfunction [50]. Taste disorder can result from both periph-
eral and central pathological involvement of the pathways of
gustatory. It was shown that inflammatory cytokines induced
by virus infection was able to alter normal taste transduction
and cell turnover in taste buds [63, 66]. Due to the cytokine
storm in patients with COVID-19, it can be proposed that high
levels of inflammatory cytokines, such as IL-6, IL-1f3, and
tumor necrosis factor &, may induce damage of taste receptors
and alters their transduction function. ACE2 and TMPRSS2
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have been found expressed by taste receptor cells [13, 64],
suggesting that the machinery necessary for SARS-CoV-2
infection in taste-relevant cells may be present. Adult taste
stem cells locate in the posterior tongue [67]. A murine study
revealed that murine stem cells also express ACE2 and
TRMPSS2 [68], underling the possibility that taste dysfunc-
tion may be caused or exacerbated by insufficient taste recep-
tor cell renewal due to SARS-CoV-2-induced stem cell dam-
age. In addition, the inflammation response can reduce taste
stem cell output, which in turn leads to depopulated taste buds
and perturbed taste function [13, 69—71]. It has been demon-
strated that the local inflammation induced by SARS-CoV-2
was able to alter stem cell properties and ultimately influence
taste perception [13+¢]. However, the evidence so far is limit-
ed, and obtaining more extensive data regarding SARS-CoV-
2 relevant gene and protein expressions in taste epithelial cells
may provide a better basis from which to propose mechanistic
hypotheses.

The Diagnostic and Therapeutic Strategy
of Chemosensory Dysfunctions in Patients
with COVID-19

The chemosensory dysfunctions in COVID-19 patients pres-
ent several characteristics, including high prevalence, particu-
larly in Western countries, sudden onset, a rapid recovery in
most cases, as well as the fact that the smell or taste dysfunc-
tion can be the only symptom and presents without nasal con-
gestion and rhinorrhea [11ee, 12+, 29]. In patients with mild
diseases or at the early stage of the disease, chemosensory
dysfunction may have certain diagnostic value of COVID-
19 during the pandemic.

To date, the majority of clinical studies on the chemosensory
dysfunction in COVID-19 patients were based on the self-
reported data [3, 12¢e, 13, 29, 43, 45]. These data were
anamnestic-observational and lack of quantitative assessment.
To quantify the severity of smell and taste disorder, a visual
analogue scale (VAS, 0—10 cm) can be used. It is easy to use
and safe to be performed in daily clinical practice without close
contact between health professionals and patients, although it is
also a sort of self-reported information of patients [11¢, 29]. In
addition, subjective tests including olfactometry and chemical
gustometry are more precise with the ability to quantify the
extent of the dysfunction and to monitor the recovery over time
[36, 37]. However, due to the risk of virus transmission, the
objective chemosensory tests used in a face-to-face application
in COVID-19 pandemic must be chosen with extreme caution.
With appropriate training, some of these tests can be performed
by using video consultations via telemedicine, and this would
be safe for both patients and examiners [11ee, 72].

General preventive measures of chemosensory dysfunction
in the COVID-19 pandemic are to avoid the spread of the

virus. Personal hygiene including hand washing, mask wear-
ing, as well as the policies of social distancing, preventive
home isolation, and extensive diagnostic tests are the first
and most important measures [73]. Although several treat-
ments have been recommended for the post-viral loss of smell
and taste, there is no sufficient evidence for any specific phar-
macological option for the virus-caused chemosensory dys-
function including SARS-CoV-2 [74]. The most common em-
pirical treatment for olfactory disorder is corticosteroids, in-
cluding intranasal and/or systemic [8]. However, the benefit of
steroids for the post-virus olfactory dysfunction, especially in
COVID-19 patients, remains unclear. The corticosteroids are
the first-line therapy for a nasal inflammatory diseases such as
allergic rhinitis (AR) and chronic rhinosinusitis (CRS), which
present high prevalence in general population, and the discon-
tinuation of intranasal glucocorticoid treatment is not recom-
mended in the COVID-19 pandemic [11e, 75]. Whether this
strategy may show benefit on limiting the onset or duration of
olfactory dysfunction in COVID-19 patients with concomitant
AR or CRS is interesting to know. Further retrospective or
prospective studies may focus on this issue to promote the
therapeutic strategy for chemosensory dysfunction in
COVID-19 patients with AR or CRS. Of note, most of the
COVID-19 patients with loss of smell and/or taste disorders
may recover within the first month after disease onset, at least
partly [11ee, 12¢¢, 13 29, 50]. For those with unrecovered or
partly recovered smell disorder after I month of disease onset,
olfactory training is the recommended, which is the only
evidence-based therapeutic option for post-viral smell loss
currently [11ee, 74].

Conclusion and Take-Home Messages

The prevalence of chemosensory dysfunction in patients with
COVID-19 show significant geographic and ethnic difference,
with up to 70% in western countries, but much lower in East
Asia. Chemosensory dysfunction may have diagnostic value
for COVID-19 patients during the pandemic, particularly in
the western countries. The possible pathogenesis of smell and
taste disorders after SARS-CoV-2 infection is complicated.
The localized obstruction caused by olfactory cleft edema and
the virus induced damage of olfactory epithelium or olfactory
central nervous system may be involved. Notwithstanding, it is
not too bad that most of the chemosensory dysfunctions in
COVID-19 patients recover spontaneously in a short period
of time after infection and glucocorticoids treatment and olfac-
tory and gustatory training may be considered for the unrecov-
ered patients.
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