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Emerging viral infections are a ceaseless challenge and remain a global public health

concern. The world has not yet come back to normal from the devastating effects of

the highly contagious and pathogenic novel coronavirus, or Severe Acute Respiratory

Syndrome Coronavirus 2 (SARS-CoV-2). Olfactory and taste dysfunction is common

in patients infected by the novel coronavirus. In light of the emergence of different

coronavirus variants, it is important to update the prevalence and pathophysiology

of these side effects. In this review, articles published on the prevalence of olfactory

and taste dysfunction from coronavirus disease (COVID-19) and their possible

pathophysiologic mechanisms have been reviewed and reported. The modulatory role

of different SARS-CoV-2 variants on the chemical senses is then described. The clinical

relevance of chemical sense disorder and its long-term morbidity and management is

also discussed.

Keywords: novel coronavirus disease (COVID-19), angiotensin-converting enzyme 2 receptor (ACE-2), chemical

senses, olfactory dysfunction, taste dysfunction

INTRODUCTION

Emerging viral infections are a ceaseless challenge and remain a global public health concern.
Coronaviruses (CoVs) are a highly diverse family of RNA viruses that can infect humans, wild
or domestic mammals, and birds (1). The novel coronavirus, Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2), is an enveloped, positive-sense single-stranded RNA (ssRNA) virus
with a genomic size of 29.9 kb that is contagious and pathogenic (2). The coronavirus disease
(COVID-19) caused by SARS-CoV-2 has spread globally and is still spreading exponentially.
On 11 March 2020, the World Health Organization (WHO) declared COVID-19 a pandemic.
Of the approximately 359 million confirmed COVID-19 cases worldwide, a large number had
nervous system complications, including chemosensory dysfunction, visual impairment, distal
weakness, headache, dizziness, insomnia, and delirium (3). Particular concerns have been raised
about chemosensory dysfunction from COVID-19 infection because of its link with a wide range
of neurodegenerative diseases (4).
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Chemosensation involves the transduction of a chemical
stimulus from the environment into a neurological signal
interpreted by the organism. Chemosensory systems directly
interact with environmental chemical cues and regulate
behaviors essential for survival (5). In humans, olfaction
represents an evolutionarily critical physiologic system and plays
a significant role in mood, emotion, pleasure sensation, memory,
and many other processes of the central nervous system (6).
The sense of taste is responsible for the detection and ingestion
of food to satisfy energy requirements in a healthy or disease
state. Altered taste perception can affect the patient’s appetite,
body weight, and psychological wellbeing, thereby reducing
their quality of life (7). Loss of taste perception may also lead
to malnutrition, which is usually one of the most frequent
causes of morbidity and mortality in patients with chronic
diseases. Although there have been studies on olfactory and taste
dysfunction caused by COVID-19, it is important to update the
prevalence of this dysfunction and its possible pathophysiology.
Because SARS-CoV-2 is mutating at a much faster rate, the
impact of these variants on chemosensory function is poorly
understood and has not been well documented. This review
focuses on articles published on the prevalence of COVID-19
olfactory and taste dysfunction, attempts to identify the possible
pathophysiological mechanisms for these adverse events, and
defines the modulatory roles of different coronavirus variants on
the chemical senses. Finally, the clinical relevance of chemical
sense disorder, its long-term morbidity and the management
of patients with COVID-19 who present with chemical sense
disorder is discussed.

METHODS

Major electronic databases such as MEDLINE/PubMed/
SCOPUS/Web of Science/Embase and Google Scholar were
searched for this study. Key search terms included: “COVID-19,”
“Novel coronavirus,” “Novel coronavirus” AND “COVID-19”
“Coronavirus disease”/“SARS-CoV-2”/“COVID-19” AND
“ACE2 receptor”/“Neurological symptoms”/“Olfaction”/
“Olfactory epithelium”/“ACE2 expression on olfactory
epithelium”/“Anosmia”/“Anosmia prevalence”/“Anosmia
mechanisms”/“Gustation”/“Taste buds”/“ACE2 expression in
oral mucosa”/“Ageusia”/“Dysgeusia”/“Dysgeusia prevalence”/
“Dysgeusia mechanisms”, “Novel coronavirus”/“SARS-CoV-2”/
“COVID-19” AND “Mutation”/“Variants,” “Novel coronavirus”/
“SARS-CoV-2”/“COVID-19” AND “Chemical sense dysfunction
significance”/“Long-term morbidity”/“Management”. Several
publicly available sources from regulatory authorities such as
the World Health Organization (WHO) and the U.S. Centers
for Disease Control and Prevention (CDC) were also used if
they contained information about the review. All titles and
abstracts identified via the MEDLINE/PubMed/SCOPUS search
that were relevant to the topic of this review were vetted. Those
works that were not relevant to the specific topic of this review
were excluded. Every article that discussed any of the above
endpoints/parameters was retained. Non-English articles were

excluded. The full texts of the articles that meet our inclusion
criteria were obtained, reviewed, analyzed, and summarized.
Chemical sensory dysfunction prevalence data from all reports
were pooled and the mean prevalence for Europe, the Americas,
the Middle East, Asia, and Africa was calculated.

Olfactory Dysfunction Caused by
COVID-19
Physiology of Olfaction, ACE2 Expression in the

Olfactory Epithelium, and Infection Mechanism
The olfactory system is one of the few central nervous system
structures that has direct access to the external environment.
Olfactory sensory neurons are bipolar cells that connect the
receptors with the olfactory bulb on the ventral aspect of
the frontal lobe through the cribriform plate of the ethmoid
bone. The olfactory epithelium consists of four primary cell
types: olfactory sensory neurons, supporting cells, basal cells,
and brush cells (Figure 1). The chemical interactions between
volatile compounds and the chemoreceptors present on olfactory
sensory neurons result in the sense of smell. Inhaled molecules
enter the nose and reach the olfactory epithelium, where they
dissolve into mucus. Some proteins keep the odorant molecules
soluble in the mucus and transport them to the olfactory
receptors. Receptor stimulation initiates electric potentials that
transmit through the olfactory nerve to the olfactory bulb,
then to the olfactory cortex in the temporal lobe, and to other
associated brain structures (6). Olfactory projections help in
the formation of long-term memories, emotional responses,
and visceral responses via its diffused connections through the
reticular formation, hippocampus, and amygdala (8).

The nasal epithelium is the first point of contact of SARS-CoV-
2 with the human body. Reports demonstrate an age-dependent
expression of ACE2 on the nasal epithelium (9). Airway epithelial
cells contain motile cilia, that is the primary location where
the ACE2 receptor protein is localized, and this seems to be
the initial subcellular site of SARS-CoV-2 viral entry during
host respiratory transmission (10). Immunolabeling for ACE2
in sagittal sections of the human nose revealed evidence of the
presence of ACE2 in the olfactory epithelium and the respiratory
epithelium of the nasal conchae, nasal septum, paranasal sinuses,
and olfactory bulb. ACE2 was also detected in sustentacular cells,
glandular cells of the olfactory epithelium, as well as in the
basal cells, glandular cells, and epithelial cells of the respiratory
epithelium. ACE2 is also expressed on the olfactory bulb but not
in mature or immature olfactory receptor neurons and basal cells
of the olfactory epithelium (11).

The entry of the virus into the host is the primary stage
of viral infection. The receptor-binding domain of the spike
protein on the surface of the COVID-19 virus binds to the
top of sub-domain I of the angiotensin-converting enzyme 2
(ACE2) receptor on the host cell to enter it. The ACE2 receptor
can mediate the entry of the virus into the host either via cell
membrane fusion or macrophage phagocytosis. Transmembrane
proteinases such as TNF-converting enzyme, transmembrane
protease serine-2 (TMPRSS2), disintegrin and metallopeptidase

Frontiers in Public Health | www.frontiersin.org 2 June 2022 | Volume 10 | Article 839182

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Narayanan et al. Chemical Sense Disorder in Coronavirus Disease

FIGURE 1 | Schematic representation of normal olfactory epithelium and its associated structures.

domain 17 (ADAM17), and other proteins such as clathrin and
vimentin promote the binding and membrane fusion process.
Viral RNA is then released into the cytoplasm. The COVID-19
virus then translates its RNA replicase (RNA-dependent RNA
polymerase) and makes an RNA replicase–transcriptase complex
using its RNA template. During replication, the RNA replicase–
transcriptase complex forms a complex strand of negative RNA
that will be translated to form the viral structural proteins. New
viral particles form in the cytoplasm of the infected cell along with
its structural proteins and RNA, which are released from the host
cell to infect the surrounding cells (12).

Prevalence of Olfactory Dysfunction in
Patients With COVID-19
Europe
A cross-sectional study (n = 59) performed in Italy showed
that 33.9% of COVID-19 patients had olfactory dysfunction
(13). Vaira et al. (14) conducted a retrospective study in Italy
on 138 patients with COVID-19 and reported that 50% of
patients had both olfactory and taste dysfunction, while 18.8%

had isolated olfactory dysfunction. In another study, Vaira et
al. (15) reported that 75.8% of COVID-19 patients self-reported
olfactory dysfunction. In a multicenter study carried out in
European countries (Belgium, France, Spain, and Italy), 85.6%
of 417 patients had olfactory dysfunction (16). Menni et al.
(17) conducted a cross-sectional study in the United Kingdom,
reporting that 59.41% of 579 patients had olfactory dysfunction.
Another cross-sectional study (n = 202) by Spinato et al. (18)
in the United Kingdom found that 64.4% of COVID-19 patients
had olfactory dysfunction. An observational cohort study by
Makaronidis et al. (19) observed a loss of smell in 93.4% of
patients with SARS-CoV-2 antibodies. Klopfenstein et al. (20)
performed a retrospective evaluation of olfactory dysfunction
among 114 patients with COVID-19, observing that 47% of
patients had olfactory dysfunction. Tudrej et al. (21) conducted
a cross-sectional study of 816 patients, of whom 19.1% had
olfactory dysfunction. In Spain, Beltran-Corbellini et al. (22)
carried out a case–control study including 79 patients with
COVID-19 documented an olfactory dysfunction prevalence of
31.65%. A case–control study of COVID-19 patients (n = 355)
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found subjective hyposmia in 64.1% of cases (23). Villarreal
et al. (24) conducted a descriptive observational study of 256
healthcare workers with COVID-19 that reported olfactory
dysfunction in 68% of subjects. A study from Turkey recorded
a prevalence of anosmia of 51.2% (25), while another study
from Turkey documented an anosmia prevalence of 31.8%
(26). Özçelik Korkmaz et al. (27) reported a hyposmia/anosmia
prevalence of 37.9% (27). A cross-sectional study including
1,942 patients with COVID-19 from Poland observed olfactory
dysfunction in 49.2% (28). Finally, a study from Switzerland
documented an olfactory dysfunction in 61.2% of COVID-19
patients (29).

Americas
Yan et al. (30) carried out a cross-sectional study on 59 patients,
of whom 68% had olfactory dysfunction. Dawson et al. (31)
documented that of the 90 participants enrolled in their study,
62% reported anosmia. A study from Georgia, United States,
observed anosmia in 51% of COVID-19 positive cases (32), while
another study from the United States recorded a loss of smell
in 30% of patients (33). Laws et al. (34) performed a cohort
study of pediatric patients and detected a loss of smell in 32%
of COVID-19-positive cases (34). A cross-sectional study from
Canada reported an anosmia prevalence of 41.1% (35), while
a prospective survey from Brazil demonstrated a prevalence
of olfactory disturbances of 82.4% in COVID-19 patients (36).
Another study among Latin American ethnic patients reported
olfactory dysfunction in 81.9%, of whom 67.5% had a partial loss
of smell and 14.4% had a total loss of smell (37).

Middle East
Bagheri et al. (38) performed a cross-sectional survey of 10,069
Iranians, reporting that 60.90% of responders had anosmia.
In another case–control study (n = 60), Moein et al. (39)
documented that 98.33% of COVID-19-positive patients had
olfactory dysfunction. Alshami et al. (40) studied 128 COVID-
19 patients at a quarantine facility in Saudi Arabia and recorded a
prevalence of olfactory dysfunction of 47.5%. Al-Rawi et al. (41)
carried out telephone interviews with 500 COVID-19 patients,
of whom 44% had anosmia. A retrospective study from Qatar
documented anosmia in 13.47% of COVID-19-positive cases
(42), whereas a case series study from Israel (n = 140) reported
impaired smell in 38.3% of COVID-19 patients (43).

Asia
A cross-sectional study by Jain et al. (44) (n = 410) found
that 21.1% of COVID-19 patients had anosmia. Another cross-
sectional study (n = 230) by Rajkumar et al. (45) documented
anosmia prevalence of 41.3%. Bidkar et al. (46) evaluated the
odor sensing of 76 COVID-19 patients, finding that 81.6% were
anosmic. Panda et al. (47) performed a study on 225 COVID-
19 patients, of whom 12.5% self-reported anosmia. Similarly,
Krishnasamy et al. (48) reported that 9.4% of 1,263 COVID-
19 patients self-reported anosmia. In another case–control study
on 261 patients, Dev et al. (49) observed that 21.1% had
anosmia during the time that they were COVID-19 positive.
In a prospective observational study conducted by Yadav et al.

(50), 18.4% of patients had anosmia. Similarly, Thakur et al.
(51) carried out a prospective study on 250 COVID-19-positive
patients, of whom 71.6% had anosmia.

A retrospective cross-sectional study by Tham et al. (52)
observed that 15.7% of COVID-19 patients had an olfactory
loss. Kim et al. (53) performed a study on 213 individuals with
COVID-19 and found that 39.5% had hyposmia. Mao et al. (54)
in their retrospective multicenter study (n = 214, hospitalized
patients) found that 5.1% of patients had an impaired sense of
smell. In an observational cohort study on 199 patients, Noh et al.
(55) documented an anosmia prevalence of 26.1%. Song et al. (56)
performed a retrospective study on 1,206 COVID-19 patients,
observing that 11.4% had lost their sense of smell.

Africa
An observational study from Tunisia reported smell impairment
in 37.9% of patients. Of these, 65.3% had anosmia, 26.6% patients
had parosmia, and 10.9% patients had olfactory hallucinations
(57). A retrospective cohort study from Nigeria documented
anosmia in 1.6% of COVID-19 patients (58), while another
retrospective double center study from Somalia reported anosmia
in 40% of patients (59). Olfactory dysfunction prevalence data
from all of these individual studies were pooled and mean
olfactory dysfunction prevalence was calculated (Table 1).

Gustatory Dysfunction Caused by
COVID-19
Physiology of Gustation and ACE2 Expression in the

Gustatory Apparatus
The perception of flavors is complex and involves the senses
of taste, smell, and chemesthesis. Taste buds are clusters of
epithelial cells that form compact, columnar pseudostratified
islands distributed on the tongue, palate, and to a lesser extent
the epiglottis, pharynx, and larynx (Figure 2). Taste buds in all
regions respond to sweet, salty, sour, bitter, and umami, but there
may be differences in their sensitivities to different tastes (60).
There are four types of taste bud cells. Type I taste cells are the
glia of the taste bud and play a role in detecting salty tastes.
Type II taste cells are responsible for the detection of sweet,
umami, and bitter compounds. Type III taste cells are thought
to detect sour tastes, and type IV cells are basal cells that are
presumably undifferentiated, and their significance is unknown
(60). G-protein-coupled receptors (GPCRs) and channel-type
receptors are expressed in taste bud cells, and their activation
creates a taste sensation. Taste sensations are carried by cranial
nerves VII, IX, and X to the nucleus of the tractus solitarius,
then to the thalamus, and terminates in the antero-inferior part
of sensorimotor cortex and insula (Figure 2). Taste information
is also relayed to numerous hypothalamic nuclei and the limbic
system (61).

ACE2 is expressed by the basal layer of the non-keratinizing
squamous epithelium of the oral mucosa and is not found on the
surface of the epithelium (62). ACE2 expression is significantly
higher at the oral tongue compared with the base of the tongue
and the mouth floor gingival and buccal tissues (63). ACE2
is expressed in the nuclei and cytoplasm of the spinous and
basal cell layers of the dorsum of the tongue (64). TMPRSS2 is
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TABLE 1 | Prevalence of olfactory dysfunction.

Region/Country References Study design Sample size Prevalence (%)

Europe

Italy Giocomelli et al. (13) Cross sectional study 59 33.9

Italy Vaira et al. (14) Prospective study 138 68.8

Italy Vaira et al. (15) Prospective study 106 75.8

Belgium, France, Spain, Italy Lechien et al. (16) Multicenter study 417 85.6

UK Menni et al. (17) Community survey 1,702 59.41

UK Spinato et al. (18) Prevalence study 202 64.4

UK Makaronidis et al. (19) Observational cohort study 567 93.4

France Klopfenstein et al. (20) Retrospective observational study 114 47

France Tudrej et al. (21) Cross sectional study 816 19.1

Spain Beltran-Corbellini et al. (22) Case- control study 119 31.65

Spain Martin-Sanz et al. (23) Prospective study 355 64.1

Spain Villarreal et al. (24) Observational study 256 68

Turkey Sakalli et al. (25) Cross sectional study 172 51.2

Turkey Salepsci et al. (26) Cross sectional study 223 31.8

Turkey Özçelik Korkmaz et al. (27) Prospective observational cohort study 116 37.9

Poland Sierpiński et al. (28) Cross sectional study 1,942 49.2

Switzerland Speth et al. (29) Prospective cross-sectional study 103 61.2

Prevalence of olfactory dysfunction in Europe Mean - 55.44%

Americas

USA Yan et al. (30) Cross sectional study 1,480 68

USA Dawson et al. (31) Household study 90 62

USA Kempker et al. (32) Screening 283 51

USA Smith et al. (33) Retrospective cohort 240 30

USA Laws et al. (34) Cohort study 188 32

Canada Lee et al. (35) Cross sectional study 127 41.1

Brazil Brandão Neto et al. (36) Prospective survey 655 82.4

Latin America Chiesa-Estomba et al. (37) Cross sectional study 542 81.9

Prevalence of olfactory dysfunction in Americas Mean - 56.05%

Middle East

Iran Bagheri et al. (38) Cross sectional study 10,069 60.90

Iran Moein et al. (39) Case control study 120 98.33

Saudi Arabia Alshami et al. (40) Cross-sectional study 128 47.5

UAE Al-Rawi et al. (41) Cross-sectional study 500 44

Qatar Al-Ani and Acharya (42) Retrospective study 141 13.47

Israel Biadsee et al. (43) Case series study 128 38.3

Prevalence of olfactory dysfunction in the Middle East Mean - 50.42%

Asia

India Jain et al. (44) Cross sectional study 410 21.1

India Rajkumar et al. (45) Cross sectional study 230 41.3

India Bidkar et al. (46) Cross sectional study 836 81.6

India Panda et al. (47) Prospective cohort study 225 12.5

India Krishnasamy et al. (48) Cross sectional study 1,263 9.4

India Dev et al. (49) Case control study 110 21.1

India Yadav et al. (50) Prospective observational study 152 18.4

India Thakur et al. (51) Prospective study 250 71.6

Singapore Tham et al. (52) Retrospective cross sectional study 1,065 15.7

Republic of Korea Kim et al. (53) Cross sectional study 172 39.5

China Mao et al. (54) Observational study 214 5.1

Republic of Korea Noh et al. (55) Observational cohort study 199 26.1

(Continued)
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TABLE 1 | Continued

Region/Country References Study design Sample size Prevalence (%)

China Song et al. (56) Retrospective study 1,172 11.4

Prevalence of olfactory dysfunction in Asia Mean - 28.83%

Africa

Tunisia Kacem et al. (57) Retrospective observational study 646 37.9

Nigeria Elimian et al. (58) Retrospective cohort study 10,517 1.6

Somalia Farah Yusuf Mohamud et al. (59) Retrospective study 60 40

Prevalence of olfactory dysfunction in Africa Mean - 26.50%

Prevalence of olfactory dysfunction (Europe,
Americas, Middle East, Asia and Africa)

Pooled Mean -
45.69%, 95% CI
(38.35, 53.04)

FIGURE 2 | Schematic representation of the normal gustatory apparatus, its nerve supply, and its associated structures.

primarily expressed by the cell membrane of the horny layer of
the tongue. Furin is expressed in the spinous-basal cell layers (64).
Human fungiform papillae taste cells express ACE2, TMPRSS2,
and furin.While ACE2 is seen in the nucleus, TMPRSS2 is weakly
expressed and furin intensely expressed in the cytoplasm (63, 64).

Prevalence of Gustatory Dysfunction in
Patients With COVID-19
Europe
A multicenter European study on mild-to-moderate COVID
patients reported a prevalence of gustatory dysfunction of
88% (16). The prevalence of taste dysfunction was 54.2% (65)

and 56.4% (66) in two other European cohorts of mild-to-
moderate COVID-19 patients. Vaira et al. (14) studied gustatory
dysfunction in 138 patients with COVID-19, observing that
15.9% had isolated taste dysfunction and 50% had both olfactory
and taste dysfunction. Amulticenter prospective study from Italy
by Vaira et al. (15) reported gustatory impairment in 65.6%
of COVID-19 patients. Another multicenter study carried out
by Vaira et al. (67) found that the prevalence of gustatory
disturbance in COVID-19 patients was 67.8%, with 10.4% having
ageusia and 34.5% having mild, moderate, or severe hypogeusia.
An observational multicenter study reported a prevalence of
taste disorder of 59.2% (68), while a study from Northern Italy
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found partial taste loss in 26.5% of home-quarantined COVID-19
patients and complete taste loss in 62.9% (69). Another study by
Paderno et al. (70) in Brescia, Italy, observed overall gustatory
dysfunction in 63% of cases, while taste abnormalities were more
prevalent among home quarantined COVID-19 patients with
less severe disease (72%) than hospitalized COVID-19 patients
(52%). In a prospective study, in Bologna, Italy, Paolo et al. (71)
found that all COVID-19 patients had dysgeusia (71).

A multicenter study from Madrid, Spain, showed that taste
abnormalities were present in 90.3% of COVID-19 patients and
45.2% had ageusia. The onset of a taste disorder was acute
and mostly seen in younger patients, but they recovered from
it within 1–2 weeks (22). Also in Madrid, Martin-Sanz et al.
(23) observed hypogeusia in 53% of COVID-19 positive health
care workers (23). An observational study in Madrid on health
care workers with COVID-19 reported altered taste in 70% (24)
and the mean recovery time was 11 days, although in 26%
of the health care workers the symptoms persisted for longer
than 1 month. Another multicenter study from Spain reported
a prevalence of taste abnormalities among COVID-19 patients
of 52.2% (72). Researchers in Istanbul, Turkey, observed that
47.1% of COVID-19 patients lost their sense of taste (25). A cross-
sectional study from Istanbul, Turkey, documented that 34.5% of
COVID-19 patients had ageusia (26), while another prospective
observational cohort study from Sakarya, Turkey, reported
hypogeusia and ageusia in 41.3% of COVID-19 patients (27).

A retrospective cross-sectional study from Lyon, France,
observed ageusia and hypogeusia in 23% of COVID-19 patients
(21), while a study on COVID-19 patients from Strasbourg,
France, documented an ageusia prevalence of 35.1% (73).

A cross-sectional study from Poland observed that 47.5% of
patients self-reported taste dysfunction and that taste dysfunction
was more frequent in women (28). Another prospective cross-
sectional study from Switzerland documented a loss of taste
in 65% of COVID-19 patients (29). In a seroprevalence
study from the United Kingdom, loss of taste was seen in
90.2% of patients with SARS-CoV-2 antibodies (19). In a
study conducted in Belgium, Le Bon et al. (74) observed
dysgeusia in 7% of patients 5 weeks after COVID-19. Another
cross-sectional study from the Faroe Islands showed loss
of taste in 40.6% of COVID-19 patients during the acute
infection phase, which improved to 16.1% during follow-
up (75).

Americas
In a study from La Jolla, United States Yan et al. (30)
documented impaired taste in 71% of COVID-19 patients.
In another study from the United States, 57% of COVID-
19 patients reported the loss of taste sensation and 33%
had a complete loss of taste (31). A screening study from
Atlanta, Georgia, United States, reported that 53% of health care
workers with COVID-19 lost their sense of taste (32). Another
retrospective cohort study from New Haven, Connecticut,
United States, reported an ageusia prevalence of 34.2% (33).
Laws et al. (34) observed that 21% of children with COVID-
19 lost their sense of taste. Lee et al. (35) carried out a cross-
sectional study in Canada documented a prevalence of 46.4%

for dysgeusia and ageusia in patients with COVID-19 (35).
A prospective survey from Brazil found general taste loss in
76.2% of COVID-19 patients and specific taste loss (sweet,
sour, salty, and bitter) in 52.2% (36). A cross-sectional study
on Latin-American COVID-19 patients from Spain, Uruguay,
Venezuela, and Argentina reported a taste disorder prevalence of
61.4% (37).

Middle East
Al-Ani and Acharya (42) reported that ageusia was seen in 19.8%
of COVID-19 patients in Qatar (42), while taste impairment was
seen in 16.3% of COVID-19 patients in Iran (76). A case–control
study from Iran observed taste loss in 24% of COVID-19 patients
(39). A case series study from Israel documented that 32.8% of
COVID-19 patients reported an impaired sense of taste, most of
whom were women (43).

Asia
A study from Hong Kong showed taste dysfunction in 43.4%
of COVID-19 patients and found no correlation between taste
dysfunction and viral load (77). According to a report by Lv et
al. (78) in Wuhan, China, taste impairment was seen in 11.73%
of COVID-19 patients. In a retrospective analysis from Japan,
taste dysfunction was seen in 56.3% of COVID-19 patients (79).
A study from Faridabad, India, reported a prevalence of taste
dysfunction in 22.4% of COVID-19 patients (44). Bidkar et al.
(46) performed a cross-sectional study inNagpur, India, observed
ageusia in 84.2% of COVID-19 patients. In a study carried out
by Panda et al. (47), dysgeusia was seen in 17.33% of COVID-
19 patients in New Delhi, India. Rajkumar et al. (45) reported
taste dysfunction in 10.9% of COVID-19 patients in Chennai,
India, while a prospective observational study from Patiala,
India, reported gustatory dysfunction in 13.15% of patients (50).
Makda et al. (80) performed a cross-sectional study in Pakistan
that reported taste impairment in 7.8% of COVID-19 patients.
According to a retrospective cross-sectional, study by Tham et
al. (52), taste disorder was seen in 8.5% of COVID-19 patients
in Singapore (52), while a study from Malaysia showed gustatory
dysfunction in 23.4% of COVID-19 patients (81).

Africa
Kacem et al. (57) performed a retrospective observational study
on COVID-19 patients in Tunisia reported a taste impairment
prevalence of 36.8%. A study carried out by Elimian et al. (58)
in Nigeria observed ageusia in 1.2% of COVID-19 patients, while
another retrospective study from Somalia found ageusia in 28.3%
of COVID-19 patients (59). Gustatory dysfunction prevalence
data from these reports were pooled, and a mean gustatory
dysfunction prevalence was calculated (Table 2).

Pathophysiology of Olfactory and
Gustatory Dysfunction Caused by
COVID-19
Pathophysiological Mechanisms of Olfactory

Dysfunction
Anosmia and hyposmia can result from disease processes,
viral infections, environmental exposure, or aging. Olfactory
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TABLE 2 | Prevalence of gustatory dysfunction.

Region/Country References Study design Sample size Prevalence (%)

Europe

Italy, Belgium, France Lechien et al. (16) Multicenter study 417 88

Multicenter Lechien et al. (65) Cross sectional study 1,420 54.2

Multicenter Lechien et al. (66) Cross sectional study 2,013 56.4

Italy Vaira et al. (14) Prospective study 138 65.9

Italy Vaira et al. (15) Prospective study 106 65.6

Italy Vaira et al. (67) Multicenter cohort study 345 67.8

Italy Barillari et al. (68) Observational study 249 59.2

Northern Italy Paderno et al. (69) Prospective cohort study 151 89.4

Italy Paderno et al. (70) Cross sectional study 508 63

Italy Paolo et al. (71) Prospective study 75 100

Spain Beltrán-Corbellini et al. (22) Case- control study 119 90.3

Spain Martin-Sanz et al. (23) Prospective study 355 53

Spain Villarreal et al. (24) Observational study 256 70

Spain Izquierdo-Domínguez et al. (72) Multicenter cross sectional study 846 52.2

Turkey Sakalli et al. (25) Cross sectional study 172 47.1

Turkey Salepci et al. (26) Cross sectional study 223 34.5

Turkey Özçelik Korkmaz et al. (27) Prospective observational cohort study 116 41.3

France Tudrej et al. (21) Cross sectional study 816 23

France Renaud et al. (73) Retrospective cross sectional study 97 35.1

Poland Sierpiński et al. (28) Cross sectional study 1,942 47.5

Switzerland Speth et al. (29) Prospective cross-sectional study 103 65

UK Makaronidis et al. (19) Observational cohort study 567 90.2

Belgium Le Bon et al. (74) Prospective cohort study 72 7

Faroe Island Petersen et al. (75) Cross sectional study 180 40.6

Prevalence of gustatory dysfunction in Europe Mean - 58.60%

Americas

USA Yan et al. (30) Cross sectional study 1,480 71

USA Dawson et al. (31) Household study 90 57

USA Kempker et al. (32) Screening 283 53

USA Smith et al. (33) Retrospective cohort 240 34.2

USA Laws et al. (34) Cohort study 188 21

Canada Lee et al. (35) Cross sectional study 127 46.4

Brazil Brandão Neto et al. (36) Prospective survey 655 76.2

Latin America Chiesa-Estomba et al. (37) Cross sectional study 542 61.4

Prevalence of gustatory dysfunction in Americas Mean - 52.53%

Middle East

Qatar Al-Ani and Acharya (42) Retrospective study 141 19.8

Iran Jalessi et al. (76) Prospective descriptive study 92 16.3

Iran Moein et al. (39) Case control study 120 24

Israel Biadsee et al. (43) Case series study 128 32.8

Prevalence of gustatory dysfunction in the Middle
East

Mean - 23.23%

Asia

Hong Kong Cho et al. (77) Prospective cross sectional cohort study 143 43.4

China Lv et al. (78) Retrospective cross sectional study 196 11.73

Japan Nakanishi et al. (79) Retrospective study 160 56.3

India Jain et al. (44) Cross sectional study 410 22.4

India Bidkar et al. (46) Cross sectional study 836 84.2

India Panda et al. (47) Prospective cohort study 225 17.3

(Continued)
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TABLE 2 | Continued

Region/Country References Study design Sample size Prevalence (%)

India Rajkumar et al. (45) Cross sectional study 230 10.9

India Yadav et al. (50) Prospective observational study 152 13.15

Pakistan Makda et al. (80) Cross sectional study 114 7.8

Singapore Tham et al. (52) Retrospective cross sectional study 1,065 8.5

Malaysia Ramasamy et al. (81) Cross sectional study 145 23.4

Prevalence of gustatory dysfunction in Asia Mean - 27.19%

Africa

Tunisia Kacem et al. (57) Retrospective observational study 646 36.8

Nigeria Elimian et al. (58) Retrospective cohort study 10,517 1.2

Somalia Farah Yusuf Mohamud et al. (59) Retrospective study 60 28.3

Prevalence of gustatory dysfunction in Africa Mean - 22.10%

Prevalence of gustatory dysfunction (Europe,
Americas, Middle East, Asia and Africa)

Pooled Mean -
45.70%, 95% CI
(38.33, 53.06)

dysfunction is highly suggestive of SARS-CoV-2 infection, even
among asymptomatic subjects (48). The sense of smell is
acutely lost in COVID-19 patients. There may be multiple
reasons for decreased or lost smell sensitivity in humans. There
is a consensus that smell loss from COVID-19 is not the
result of virus-induced nasal congestion. Different mechanisms
leading to olfactory dysfunction are discussed in brief in the
proceeding sections.

Role of Inflammation of Nasal Mucosa
Many viruses (rhinovirus, parainfluenza, Epstein–Barr virus, and
some coronaviruses) cause inflammation within the olfactory
epithelium that results in olfactory dysfunction. However, the
CT/MRI scans of COVID-19 patients with anosmia show
inflamed olfactory clefts without nasal obstruction or rhinorrhea
(82). Although the possibility of a physical obstruction
(conductive olfactory loss) was initially considered a likely
explanation for anosmia in COVID-19, it has now been
questioned (82). The reason for this is that nearly 60% of
the patients with anosmia do not have nasal congestion or
rhinorrhea, and these patients lack any significant mucosal
swelling of the nasal cleft or sinuses in imaging studies (66).

Damage to Supporting Cells in the Olfactory Epithelium
Emerging evidence suggests that the loss of smell from
coronavirus disease is a result of damage to the supporting
cells rather than the neurons themselves. Post-mortem studies
of people who had coronavirus disease found that the virus
rarely reaches the brain (83). Recent evidence points to the
possibility that the virus directly attacks the sustentacular cells of
the olfactory epithelium, which have plenty of ACE2 receptors.
Once the virus attaches to ACE2 receptors on sustentacular cells
it induces cell death, leaving the sensory neurons vulnerable
and deprived of nutrients and ultimately leading to olfactory
dysfunction (84) (Figure 3).

Possible Death of Olfactory Neurons
The death of olfactory neurons following a viral attack is
another explanation for the sensory neuron anosmia caused by
coronavirus disease. To understand this, researchers have studied
the expression of ACE2 receptors in the neuron. Based on in-
silico data, it was shown that mature olfactory receptor neurons
do not express ACE2 and TMPRSS2, and therefore are not likely
to be infected by coronavirus (85). However, it was found that the
other distinct cell types in the olfactory epithelium (sustentacular
cells) have virus entry proteins, suggesting that olfactory neurons
are not the primary target of the virus (86). Nonetheless, olfactory
neuron death is reported in patients with prolonged cases of
anosmia (Figure 3).

Possible Damage to the Olfactory Bulb and Cortex
Another possibility for olfactory dysfunction is brain infiltration
by the virus, leading to changes in the olfactory centers that
causes a reduced or complete loss of smell (87). At present, no
study has demonstrated acute viral accumulation in olfactory
receptor neurons or olfactory bulb neurons within the first 2
weeks of COVID-19 infection (88). There is also no evidence
of coronavirus transmission to the brain through the olfactory
route during the acute phase of anosmia. Brain tissue alterations
observed on magnetic resonance imaging in COVID-19 patients
were not consistent and may have been caused by virus-induced
inflammation or by vascular transmission (89).

Pathophysiological Mechanisms of Gustatory

Dysfunction

Role of Direct Infection on Taste Buds
Direct infection and subsequent death of taste cells is one
possible mechanism for the transient loss of taste sensation from
COVID-19 (90). Reduced secretion of neurotransmitters such as
dopamine or serotonin by the infected taste cells or damage to
stem cells by SARS-CoV-2 infection is another possibility (89).
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FIGURE 3 | Schematic representation of different probable scenarios by which SARS-CoV-2 causes olfactory dysfunction.

Role of Renin–Angiotensin Aldosterone System
The local Renin–Angiotensin Aldosterone System (RAAS) is
reported to be involved in the cleaving of gustatorymolecules and
the perception of taste (91). Viral binding to ACE2 could cause
internalization of ACE2 and other components of the local RAAS
system, leading to taste dysfunction. Since RAAS components are
co-expressed with the salt and sweet receptors in the taste buds,
modification of this system affects the host’s perception of salty
and sweet tastes (92).

Role of the Salivary Glands
Salivary gland infection by SARS-CoV-2 and the subsequent
reduction in salivary flow is another possible mechanism for
taste dysfunction in patients with COVID-19 (93). Altered saliva
composition due to infection of salivary glands by SARS-CoV-2
is also a plausible cause for taste dysfunction (94).

Role of Sialic Acid
Sialic acid prevents the degradation of gustatory molecules that
are bound to glycoproteins. The binding of SARS-CoV-2 to sialic

acid residues in salivary mucin could cause gustatory molecule
degradation and taste dysfunction (95).

Role of Interleukin-6
Taste dysfunction has been correlated with the levels of IL-6 in
the blood of patients with COVID-19, and the recovery from taste
dysfunction was correlated with a decline in the levels of IL-6. It
has been hypothesized that IL-6 could exert a transient effect on
taste cells rather than neuronal dysfunction, which would take
longer to recover (96).

SARS-CoV-2 Mutations, Variants, and Their
Impact on Chemosensory Functions
Mutations in SARS-CoV-2 that resulted in new variants are
another concern during this pandemic. Many SARS-CoV-2
mutations have been documented due to its high recombination
rate, and are primarily noted in the spike protein, furin cleavage
site, nucleocapsid protein, ORF genes (ORF1ab, ORF8, ORF1a,
ORF3b, ORF6), NSP3, NSP12, NSP14, and the M gene (97).
Butowt et al. (98) hypothesized that the D614G spike protein
variant is a significant viral genetic factor that accelerates
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infection of the chemosensory epithelia. The D614G spike
protein mutation in SARS-CoV-2 viruses may result in the
increased prevalence of chemosensory dysfunction observed in
East Asian and Western countries. The effects of mutations on
disease phenotype are critical and may be due to the increased
affinity of the G614 spike variant to ACE2 receptors or increased
cell entry efficacy by spike protein stabilization and reduced
cleavage. The G614 virus is capable of infecting the upper
respiratory tract, which contains more nasal epithelial cells than
lung epithelial cells. This contributes to a high viral load in the
olfactory epithelium compared with the lower respiratory tract. A
systematic review and meta-analysis performed by von Bartheld
et al. (99) in South Asian populations reported a high prevalence
of anosmia (31.8%) in populations infected predominantly with
the G614 variant over the D614 virus strain (5.3%). It also
concluded that the D614G mutation is a major contributing
factor to the increased prevalence of anosmia in COVID-19.
Following the observation of these mutations, both the WHO
and the CDC independently classified multiple variants of SARS-
CoV-2. The WHO classified the emerging variants into variants
of concern (VOCs), variants of interest (VOIs), and variants
under monitoring (VUM) (100).

SARS-CoV-2 Variants of Concern
Variants of concern are variants that demonstrate evidence of
enhanced transmissibility, more severe disease, reduction in
neutralization by antibodies generated through natural infection
or vaccination, reduced effectiveness of treatments or vaccines,
or diagnostic detection failures. VOCs include the alpha, beta,
gamma, and delta variants (101). Although these variants harbor
the D614G spike protein mutation, the prevalence of olfactory
dysfunction varies between them.

B.1.1.7 (Alpha)
B.1.1.7, also referred to as VOC 202012/01 or GRY, was the
first COVID-19 variant of concern. It was identified in the
United Kingdom in late December 2020 and has spread to
192 countries (102). There are 17 reported mutations in the
viral genome of the B.1.1.7 variant, which includes 14 non-
synonymous mutations and three deletion mutations. Eight
mutations (169–70 deletion, 1144 deletion, N501Y, A570D,
P681H, T716I, S982A, D1118H) are in the spike (S) protein
(102). A REACT-1 study conducted by over 1 million people
in the United Kingdom to identify symptoms predictive of
COVID-19 in the community found that anosmia and an altered
sense of taste were less predictive of B.1.1.7 compared with
the wild type. In contrast, a sore throat and persistent cough
were found to be more predictive of B.1.1.7 (103). Another
report from Germany showed a negative association between
anosmia/ageusia in patients infected with B.1.1.7 compared with
the wild-type virus. A sore throat was more often a symptom
in patients with the B.1.1.7 variant than the wild-type virus
(54 vs. 42%, respectively) but anosmia or ageusia were less
frequently associated with B.1.1.7 than the wild type (24 vs. 38%,
respectively) (104). A sore throat, fatigue, and myalgias were
more frequent symptoms of the alpha variant compared with
olfactory dysfunction (105).

B.1.351 (Beta)
B.1.351, also referred to as the Beta variant or 20H501Y.V2,
was initially detected in South Africa by the Center for the
AIDS Programme of Research in December 2020 and has
since spread to 141 countries. The beta variant emerged with
21 mutations, nine of which (L18F, D80A, D215G, R246I,
K417N, E484K, N501Y, D614G, and A701V) were identified
in the spike protein that enhance its strong binding to the
ACE2 receptor and thereby increased its transmissibility (106).
Literature mentioning chemosensory dysfunction caused by this
variant is not available.

P.1 (Gamma)
The National Institute of Infectious Diseases in Japan first
reported the P.1 variant in January 2021 during a routine
airport screening of four travelers from Brazil (107). This variant
includes 21 mutations, four synonymous mutations, 15 non-
synonymous mutations, one insertion, and one deletion. A total
of 10 mutations are in the spike protein, of which three (K417T,
E484K, and N501Y) are in the receptor-binding domain (RBD),
which increases its binding affinity to the ACE2 receptor (108).
A prospective cohort study from Brazil showed a decreased
incidence of anosmia/hyposmia and dysgeusia in Gamma variant
cases (25 and 21%, respectively) compared with non-VOCs
(46 and 38%, respectively). However, in a multivariate analysis
anosmia/hyposmia (OR = 0.304, adj P < 0.001) and dysgeusia
(OR= 0.385, adj P= 0.011) were the only symptoms significantly
associated with the Gamma variant. There was no association
between symptoms and age or gender (109).

B.1.617.2 (Delta)
The B.1.617.2 initially identified in India in December 2020 that
is responsible for the second COVID-19 wave in India rapidly
spread to more than 163 countries. The Delta variant has 13
mutations of which two are in the RBD (E484Q and L452R)
(110). The Delta virus is more contagious (40%−60%) than
the B.1.1.7 variant and twice as transmissible as the original
SARS-CoV-2 Wuhan strain (101). No literature has evaluated
chemosensory dysfunction caused by this variant, SARS-CoV-2
VOIs and VUM.

Clinical Relevance of Chemical Sense
Disorder in the Management of Patients
With COVID-19
Both olfactory and taste dysfunction significantly affect the
quality of life of patients with COVID-19, even if other
symptoms are not severe. Anosmia and dysgeusia are early
clinical symptoms of COVID-19 and have a prognostic value
(111). A report also suggests that the presence of anosmia is
fundamental to the diagnosis of novel coronavirus infection
and is important for classifying patients and making therapeutic
decisions (111). Studies have found a strong association between
anosmia and a positive COVID-19 test. It, therefore, serves as
a preliminary tool for identifying and isolating suspected cases.
Olfactory and gustatory functional impairment are important
predictors of clinical outcomes. Relatively rapid recovery of
olfactory and gustatory functions can indicate the resolution of
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viral infection (71). However, permanent loss of olfaction in
COVID-19 patients is an emerging concern. Ways to support or
manage these patients need to be identified.

Long-Term Morbidity and Management of
Chemical Sense Disorder in COVID-19
A retrospective questionnaire study by Nguyen et al. (112)
reported persistent olfactory and taste dysfunction 7 months
after the onset of symptoms in 24% patients, of whom 23.3%
of patients had a complete olfactory loss and 11.5% patients
had complete loss of gustatory sense. Persistent symptoms
were more common in women (73.3%) than men (26.7%).
In another study, Le Bon et al. (74) observed persistent
olfactory dysfunction in 37% of patients and dysgeusia in 7%
of patients 37 days of symptom onset. A multicenter study
reported that 24.1% of patients did not subjectively recover
their olfactory function and 15.3% did not objectively recover
olfactory function even 60 days after symptom onset (100).
Lu et al. (113) observed that the bilateral gray matter volume
(GMV) of the central olfactory system was smaller in patients
with persistent olfactory loss compared with those without in
COVID-19 recovered patients. It was proposed that altered
epithelial homeostasis secondary to COVID-19 induces dysbiosis
and chronic inflammation. This causes increased exfoliation,
and the reduced number of taste receptors could be attributed
to persistent dysgeusia in patients with COVID-19 (114).
Persistent olfactory and taste dysfunction significantly worsens
patient wellbeing and may cause psychiatric disorders such
as depression, anxiety, and cognitive impairment. Accurate
diagnosis and management of long-term olfactory and taste
dysfunction is, therefore, essential.

Different measures such as olfactory training, oral or
intranasal glucocorticoids, and zinc have been used to treat
anosmia associated with COVID-19. Olfactory training is
a disease-specific intervention that consists of a set of
odorants such as lemon, rose, cloves, and eucalyptus that
are repeatedly sniffed for 20 s each two times a day for at
least 3 months. It is thought that the regenerative ability and
the neuroplastic potential of olfactory neurons are increased
with repeated stimulation by clearly defined odorants (115).
Denis et al. (116) demonstrated that olfactory training and
visual stimulation for an average of 4 weeks (28 days)
significantly improved the olfaction of patients who received
training for more than 28 days (73.3%) compared to a group
who trained for <28 days (59%). The subjective olfactory
dysfunction of patients with post-COVID-19 anosmia was
significantly improved in both the mometasone furoate nasal
spray group and the olfactory training group by the end of
the third week (117). Systemic administration of prednisone
and nasal irrigation with betamethasone, ambroxol, and rinazine
for 15 days significantly improved the olfactory function
of COVID-19 patients (118). The olfactory and gustatory
recovery time was significantly shorter in COVID-19 patients
treated with zinc therapy compared with controls (119).
Triamcinolone oral paste significantly improved the gustatory

dysfunction of patients with COVID-19 after 5 days of
treatment (120).

CONCLUSIONS AND FUTURE RESEARCH
DIRECTIONS

The cardinal early symptoms of coronavirus disease are the
loss of smell and taste. The pooled prevalence of olfactory
and taste dysfunction from coronavirus disease was 45.69 and
45.70%, respectively. The prevalence of olfactory dysfunction was
55.44, 56.05, 50.42, 28.83, and 26.50% in Europe, the Americas,
the Middle East, Asia, and Africa, respectively. Similarly, the
prevalence of gustatory dysfunction was 58.60, 52.53, 23.23,
27.19, and 22.10% in Europe, the Americas, theMiddle East, Asia,
and Africa, respectively. Several mechanisms may contribute
to the loss of smell and taste. Many factors can be involved,
and there may be a possible combined effect that finally leads
to anosmia or dysgeusia. Strong evidence suggests that sensory
neurons are not the primary target of the coronavirus, but rather
that the supporting cells are primarily involved in the cascade
of events that lead to anosmia. Viral cytotoxicity to the taste
buds, direct viral invasion of the gustatory nerves, altered RAAS
system, and increased pro-inflammatory cytokine expression
were also possible contributors to dysgeusia from coronavirus
disease. Further studies are required to understand the impact of
coronavirus on chemosensory function. Future research needs to
focus on how long COVID-19 affects sensations such as olfaction
and gustation, and what could be done to effectively treat it. It is
also important to understand the mechanisms behind the slow
return or permanent loss of these senses even after the other
symptoms of COVID-19 subside and the patient tests negative.
Further studies may provide clarity on these poorly understood
phenomena. Moreover, different variants of coronaviruses and
their role in modulating chemosensory function is an emerging
global concern. The primary reason for this is that the olfactory
neurons are directly connected to the CNS, and if the newer
variants get into the olfactory neurons easily, the virus can
rapidly invade the brain through this pathway. This may further
increase the chances that patients with COVID-19 will develop
neurologic abnormalities or symptoms. Although this seems to
be an unlikely possibility, we cannot completely exclude this as
emerging evidence identifies the presence of viruses in the brains
of patients with chronic anosmia and other symptoms. The
mechanisms that underlie these findings are poorly understood.
Further analysis is warranted to discern the pathophysiology of
these neurologic disorders.
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M, et al. Sex differences in the frequency of gastrointestinal symptoms
and olfactory or taste disorders in 1942 nonhospitalized patients with
coronavirus disease 2019 (COVID-19). Pol Arch InternMed. (2020) 130:501–
5. doi: 10.20452/pamw.15414

29. SpethMM, Singer-Cornelius T, OberleM, Gengler I, Brockmeier SJ, Sedaghat
AR. Olfactory dysfunction and sinonasal symptomatology in COVID-19:
prevalence, severity, timing, and associated characteristics.Otolaryngol Head
Neck Surg. (2020) 163:114–20. doi: 10.1177/0194599820929185

30. Yan CH, Faraji F, Prajapati DP, Boone CE, DeConde AS. Association
of chemosensory dysfunction and COVID-19 in patients presenting
with influenza-like symptoms. Int Forum Allergy Rhinol. (2020) 10:806–
13. doi: 10.1002/alr.22579

31. Dawson P, Rabold EM, Laws RL, Conners EE, Gharpure R, Yin S, et al. Loss
of taste and smell as distinguishing symptoms of coronavirus disease 2019.
Clin Infect Dis. (2021) 72:682–5. doi: 10.1093/cid/ciaa799

32. Kempker RR, Kempker JA, Peters M, Rebolledo PA, Carroll K, Toomer
L, et al. Loss of smell and taste among healthcare personnel screened for
coronavirus 2019. Clin Infect Dis. (2021) 72:1244–6. doi: 10.1093/cid/ciaa877

33. Smith DS, Richey EA, Brunetto WL. A symptom-based rule
for diagnosis of COVID-19. SN Compr Clin Med. (2020)
2:1947–84. doi: 10.1007/s42399-020-00603-7

34. Laws RL, Chancey RJ, Rabold EM, Chu VT, Lewis NM,
Fajans M, et al. Symptoms and transmission of SARS-CoV-
2 among children - Utah and Wisconsin. Pediatrics. (2020)
147:e2020027268. doi: 10.1542/peds.2020-027268

35. Lee DJ, Lockwood J, Das P, Wang R, Grinspun E, Lee JM. Self-reported
anosmia and dysgeusia as key symptoms of coronavirus disease 2019. CJEM.

(2020) 22:595–602. doi: 10.1017/cem.2020.420
36. Brandão Neto D, Fornazieri MA, Dib C, Di Francesco RC, Doty RL, Voegels

RL, et al. Chemosensory dysfunction in COVID-19: prevalences, recovery
rates, and clinical associations on a large brazilian sample. Otolaryngol Head
Neck Surg. (2021) 164:512–8. doi: 10.1177/0194599820954825

Frontiers in Public Health | www.frontiersin.org 13 June 2022 | Volume 10 | Article 839182

https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1186/s12879-021-06185-6
https://doi.org/10.1016/B978-0-444-63855-7.00020-4
https://doi.org/10.1093/cz/zoy048
https://doi.org/10.1513/pats.201005-035RN
https://doi.org/10.1001/archotol.1991.01870170065015
https://doi.org/10.3389/fnana.2017.00032
https://doi.org/10.1001/jama.2020.8707
https://doi.org/10.1038/s41467-020-19145-6
https://doi.org/10.1159/000513040
https://doi.org/10.1186/s13054-020-03120-0
https://doi.org/10.1093/cid/ciaa330
https://doi.org/10.1017/S0022215120001826
https://doi.org/10.1186/s40463-020-00449-y
https://doi.org/10.1007/s00405-020-05965-1
https://doi.org/10.1101/2020.04.05.20048421
https://doi.org/10.1001/jama.2020.6771
https://doi.org/10.1371/journal.pmed.1003358
https://doi.org/10.1016/j.medmal.2020.04.006
https://doi.org/10.1007/s11606-020-05933-9
https://doi.org/10.1111/ene.14273
https://doi.org/10.1002/lary.28999
https://doi.org/10.1007/s00405-020-06237-8
https://doi.org/10.1016/j.amjoto.2020.102622
https://doi.org/10.1007/s00405-020-06284-1
https://doi.org/10.1007/s00405-020-06396-8
https://doi.org/10.20452/pamw.15414
https://doi.org/10.1177/0194599820929185
https://doi.org/10.1002/alr.22579
https://doi.org/10.1093/cid/ciaa799
https://doi.org/10.1093/cid/ciaa877
https://doi.org/10.1007/s42399-020-00603-7
https://doi.org/10.1542/peds.2020-027268
https://doi.org/10.1017/cem.2020.420
https://doi.org/10.1177/0194599820954825
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Narayanan et al. Chemical Sense Disorder in Coronavirus Disease

37. Chiesa-Estomba CM, Lechien JR, Portillo-Mazal P, Martínez F, Cuauro-
Sanchez J, Calvo-Henriquez C, et al. Olfactory and gustatory dysfunctions
in COVID-19. First reports of Latin-American ethnic patients. Am J

Otolaryngol. (2020) 41:102605. doi: 10.1016/j.amjoto.2020.102605
38. Bagheri SH, Asghari A, Farhadi M, Shamshiri AR, Kabir A, Kamrava

SK, et al. Coincidence of COVID-19 epidemic and olfactory
dysfunction outbreak in Iran. Med J Islam Repub Iran. (2020)
34:62. doi: 10.1101/2020.03.23.20041889

39. Moein ST, Hashemian SM, Mansourafshar B, Khorram-Tousi A, Tabarsi P,
Doty RL. Smell dysfunction: a biomarker for COVID-19. Int Forum Allergy

Rhinol. (2020) 10:944–50. doi: 10.1002/alr.22587
40. Alshami A, Alattas R, Anan H, Alhalimi A, Alfaraj A, Al Qahtani H. Silent

disease and loss of taste and smell are common manifestations of SARS-
COV-2 infection in a quarantine facility: Saudi Arabia. PLoS ONE. (2020)
15:e0241258. doi: 10.1371/journal.pone.0241258

41. Al-Rawi NH, Sammouda AR, AlRahin EA, Ali FAA, Arayedh GSA,
Daryanavard HA, et al. Prevalence of anosmia or ageusia in patients with
COVID-19 among United Arab Emirates population. Int Dent J. (2022)
72:249–56. doi: 10.1016/j.identj.2021.05.006

42. Al-Ani RM, Acharya D. Prevalence of anosmia and ageusia in patients with
COVID-19 at a Primary Health Center, Doha, Qatar. Indian J Otolaryngol

Head Neck Surg. (2020). doi: 10.1007/s12070-020-02064-9. [Epub ahead
of print].

43. Biadsee A, Biadsee A, Kassem F, Dagan O,Masarwa S, Ormianer Z. Olfactory
and oral manifestations of COVID-19: sex-related symptoms-a potential
pathway to early diagnosis. Otolaryngol Head Neck Surg. (2020) 163:722–
8. doi: 10.1177/0194599820934380

44. Jain A, Kumar L, Kaur J, Baisla T, Goyal P, Pandey AK, et al. Olfactory and
taste dysfunction in coronavirus disease 2019 patients: its prevalence and
outcomes. J Laryngol Otol. (2020) 16:1–5. doi: 10.1017/S0022215120002467

45. Rajkumar I, Anand KH, Revathishree K, Shoba K, Srinivasan K.
Contemporary analysis of olfactory dysfunction in mild to moderate COVID
19 patients in a tertiary health care centre. Indian J Otolaryngol Head Neck

Surg. (2020) 30:1–5. doi: 10.1007/s12070-020-02175-3
46. Bidkar V, Mishra M, Selvaraj K, Joshi P, Shrikrishna BH, Dabhekar S,

et al. Testing olfactory and gustatory dysfunctions among quarantine
COVID-19 suspects. Indian J Otolaryngol Head Neck Surg. (2020) 73:1–
6. doi: 10.1007/s12070-020-02210-3

47. Panda S, Mohamed A, Sikka K, Kanodia A, Sakthivel P, Thakar A, et al.
Otolaryngologic manifestation and long-term outcome in mild COVID-19:
experience from a tertiary care centre in India Indian. J Otolaryngol Head
Neck Surg. (2020) 73:1–6. doi: 10.1007/s12070-020-02217-w

48. Krishnasamy N, Natarajan M, Ramachandran A, Vivian Thangaraj JW,
Etherajan T, Rengarajan J, et al. Clinical outcomes among asymptomatic or
mildly symptomatic COVID-19 patients in an isolation facility in Chennai,
India. Am J Trop Med Hyg. (2021) 104:85–90. doi: 10.4269/ajtmh.20-1096

49. Dev N, Sankar J, Gupta N, Meena RC, Singh C, Gupta DK, et al. COVID-19
with and without anosmia or dysgeusia: a case-control study. J Med Virol.

(2021) 93:2499–504. doi: 10.1002/jmv.26784
50. Yadav V, Bhagat S, Sharma DK, Sibia RPS, Pandav R, Sandhu VP. Olfactory

and gustatory dysfunction in COVID-19 Patients: a tertiary care institute
experience in India. Indian J Otolaryngol Head Neck Surg. (2021) 3:1–
8. doi: 10.1007/s12070-020-02295-w

51. Thakur K, Sagayaraj A, Prasad KC, Gupta A. Olfactory
dysfunction in COVID-19 patients: findings from a tertiary
rural centre. Indian J Otolaryngol Head Neck Surg. (2021)
18:1–7. doi: 10.1007/s12070-021-02364-8

52. Tham AC, Thein TL, Lee CS, Tan GSE, Manauis CM, Siow JK, et al.
Olfactory taste disorder as a presenting symptom of COVID-19: a large
single-center Singapore study. Eur Arch Otorhinolaryngol. (2021) 278:1853–
62. doi: 10.1007/s00405-020-06455-0

53. KimGU, KimMJ, Ra SH, Lee J, Bae S, Jung J Kim et al. Clinical characteristics
of asymptomatic and symptomatic patients with mild COVID-19. Clin
Microbiol Infect. (2020) 26:948.e1–948.e3. doi: 10.1016/j.cmi.2020.04.040

54. Mao L, Jin H,WangM, Hu Y, Chen S, He Q, et al. Neurologic manifestations
of hospitalized patients with coronavirus disease 2019 in Wuhan,
China. JAMA Neurol. (2020) 77:683–90. doi: 10.1001/jamaneurol.2020.
1127

55. Noh JY, Yoon JG, Seong H, Choi WS, Sohn JW, Cheong HJ, et
al. Asymptomatic infection and atypical manifestations of COVID-
19: comparison of viral shedding duration. J Infect. (2020) 81:816–
46. doi: 10.1016/j.jinf.2020.05.035

56. Song J, Deng YK, Wang H, Wang ZC, Liao B, Ma J, et al. Self-reported taste
and smell disorders in patients with COVID-19: distinct features in China.
Curr Med Sci. (2021) 41:14–23. doi: 10.1007/s11596-021-2312-7

57. Kacem I, Gharbi A, Harizi C, Souissi E, Safer M, Nasri A,
et al. Characteristics, onset, and evolution of neurological
symptoms in patients with COVID-19. Neurol Sci. (2021)
42:39–46. doi: 10.1007/s10072-020-04866-9

58. Elimian KO, Ochu CL, Ebhodaghe B, Myles P, Crawford EE, Igumbor E, et
al. Patient characteristics associated with COVID-19 positivity and fatality in
Nigeria: retrospective cohort study. BMJ Open. (2020) 10:e044079.

59. Farah Yusuf Mohamud M, Garad Mohamed Y, Mohamed Ali A, Ali Adam
B. Loss of taste and smell are common clinical characteristics of patients with
covid-19 in Somalia: a retrospective Double Centre Study. Infect Drug Resist.
(2020) 13:2631–5. doi: 10.2147/IDR.S263632

60. Fábián TK, Beck A, Fejérdy P, Hermann P, Fábián G. Molecular mechanisms
of taste recognition: considerations about the role of saliva. Int J Mol Sci.

(2015) 16:5945–74. doi: 10.3390/ijms16035945
61. Williams PL, Warwick R. Gray’s Anatomy. 36th ed. New York, NY: Churchill

and Livingstone (1980), p. 1054–86, 1138–40.
62. Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van Goor H. Tissue

distribution of ACE2 protein, the functional receptor for SARS coronavirus.
A first step in understanding SARS pathogenesis. J Pathol. (2004) 203:631–
7. doi: 10.1002/path.1570

63. Xu H, Zhong L, Deng J, Peng J, Dan H, Zeng X, et al. High expression of
ACE2 receptor of 2019-nCoV on the epithelial cells of oral mucosa. Int J
Oral Sci. (2020) 12:8. doi: 10.1038/s41368-020-0074-x

64. Sakaguchi W, Kubota N, Shimizu T, Saruta J, Fuchida S, Kawata A, et al.
Existence of SARS-CoV-2 entry molecules in the oral cavity. Int J Mol Sci.

(2020) 21:6000. doi: 10.3390/ijms21176000
65. Lechien JR, Chiesa-Estomba CM, Place S, Van Laethem Y, Cabaraux P,

Mat Q, et al. Clinical and epidemiological characteristics of 1420 European
patients with mild-to-moderate coronavirus disease 2019. J Intern Med.
(2020) 288:335–44. doi: 10.1111/joim.13089

66. Lechien JR, Chiesa-Estomba CM, Hans S, Barillari MR, Jouffe L, Saussez S.
Loss of smell and taste in 2013 European patients with mild to moderate
COVID-19. Ann Intern Med. (2020) 173:672–5. doi: 10.7326/M20-2428

67. Vaira LA, Salzano G, Petrocelli M, Deiana G, Salzano FA, De Riu G.
Validation of a self-administered olfactory and gustatory test for the remotely
evaluation of COVID-19 patients in home quarantine. Head Neck. (2020)
42:1570–6. doi: 10.1002/hed.26228

68. Barillari MR, Bastiani L, Lechien JR, Mannelli G, Molteni G, Cantarella G,
et al. A structural equation model to examine the clinical features of mild-
to-moderate COVID-19: a multicenter Italian study. J Med Virol. (2021)
93:983–94. doi: 10.1002/jmv.26354

69. Paderno A, Mattavelli D, Rampinelli V, Grammatica A, Raffetti E, Tomasoni
M, et al. Olfactory and gustatory outcomes in COVID-19: a prospective
evaluation in nonhospitalized subjects. Otolaryngol Head Neck Surg. (2020)
163:1144–9. doi: 10.1177/0194599820939538

70. Paderno A, Schreiber A, Grammatica A, Raffetti E, Tomasoni M, Gualtieri
T, et al. Smell and taste alterations in COVID-19: a cross-sectional
analysis of different cohorts. Int Forum Allergy Rhinol. (2020) 10:955–
62. doi: 10.1002/alr.22610

71. Paolo G. Does COVID-19 cause permanent damage to
olfactory and gustatory function? Med Hypotheses. (2020)
143:110086. doi: 10.1016/j.mehy.2020.110086

72. Izquierdo-Domínguez A, Rojas-Lechuga MJ, Chiesa-Estomba C, Calvo-
Henríquez C, Ninchritz-Becerra E, Soriano-Reixach M, et al. Smell and taste
dysfunction in COVID-19 is associated with younger age in ambulatory
settings: a multicenter cross-sectional study. J Investig Allergol Clin Immunol.

(2020) 30:346–57. doi: 10.18176/jiaci.0595
73. Renaud M, Leon A, Trau G, Fath L, Ciftci S, Bensimon Y, et

al. Acute smell and taste loss in outpatients: all infected with
SARS-CoV-2? Rhinology. (2020) 58:406–9. doi: 10.4193/Rhin
20.199

Frontiers in Public Health | www.frontiersin.org 14 June 2022 | Volume 10 | Article 839182

https://doi.org/10.1016/j.amjoto.2020.102605
https://doi.org/10.1101/2020.03.23.20041889
https://doi.org/10.1002/alr.22587
https://doi.org/10.1371/journal.pone.0241258
https://doi.org/10.1016/j.identj.2021.05.006
https://doi.org/10.1007/s12070-020-02064-9
https://doi.org/10.1177/0194599820934380
https://doi.org/10.1017/S0022215120002467
https://doi.org/10.1007/s12070-020-02175-3
https://doi.org/10.1007/s12070-020-02210-3
https://doi.org/10.1007/s12070-020-02217-w
https://doi.org/10.4269/ajtmh.20-1096
https://doi.org/10.1002/jmv.26784
https://doi.org/10.1007/s12070-020-02295-w
https://doi.org/10.1007/s12070-021-02364-8
https://doi.org/10.1007/s00405-020-06455-0
https://doi.org/10.1016/j.cmi.2020.04.040
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1016/j.jinf.2020.05.035
https://doi.org/10.1007/s11596-021-2312-7
https://doi.org/10.1007/s10072-020-04866-9
https://doi.org/10.2147/IDR.S263632
https://doi.org/10.3390/ijms16035945
https://doi.org/10.1002/path.1570
https://doi.org/10.1038/s41368-020-0074-x
https://doi.org/10.3390/ijms21176000
https://doi.org/10.1111/joim.13089
https://doi.org/10.7326/M20-2428
https://doi.org/10.1002/hed.26228
https://doi.org/10.1002/jmv.26354
https://doi.org/10.1177/0194599820939538
https://doi.org/10.1002/alr.22610
https://doi.org/10.1016/j.mehy.2020.110086
https://doi.org/10.18176/jiaci.0595
https://doi.org/10.4193/Rhin20.199
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Narayanan et al. Chemical Sense Disorder in Coronavirus Disease

74. Le Bon SD, Pisarski N, Verbeke J, Prunier L, Cavelier G, Thill MP, et al.
Psychophysical evaluation of chemosensory functions 5 weeks after olfactory
loss due to COVID-19: a prospective cohort study on 72 patients. Eur Arch
Otorhinolaryngol. (2021) 278:101–8. doi: 10.1007/s00405-020-06267-2

75. Petersen MS, Kristiansen MF, Hanusson KD, Danielsen ME, Á Steig
B, Gaini S, et al. Long COVID in the Faroe Islands – a longitudinal
study among non-hospitalized patients. Clin Infect Dis. (2021) 73:e4058–
63. doi: 10.1093/cid/ciaa1792

76. Jalessi M, Barati M, Rohani M, Amini E, Ourang A, Azad Z, et al.
Frequency and outcome of olfactory impairment and sinonasal involvement
in hospitalized patients with COVID-19. Neurol Sci. (2020) 41:2331–
8. doi: 10.1007/s10072-020-04590-4

77. Cho RHW, To ZWH, Yeung ZWC, Tso EYK, Fung KSC, Chau SKY,
et al. COVID-19 viral load in the severity of and recovery from
olfactory and gustatory dysfunction. Laryngoscope. (2020) 130:2680–
5. doi: 10.1002/lary.29056

78. Lv H, Zhang W, Zhu Z, Xiong Q, Xiang R, Wang Y, et al. Prevalence
and recovery time of olfactory and gustatory dysfunction in hospitalized
patients with COVID-19 in Wuhan, China. Int J Infect Dis. (2020) 100:507–
12. doi: 10.1016/j.ijid.2020.09.039

79. Nakanishi H, Suzuki M, Maeda H, Nakamura Y, Ikegami Y, Takenaka Y,
et al. Differential diagnosis of COVID-19: importance of measuring blood
lymphocytes, serum electrolytes, and olfactory and taste functions. Tohoku J

Exp Med. (2020) 252:109–19. doi: 10.1620/tjem.252.109
80. Makda A, Kumar S, Kumar A, Kumar V, Rizwan A. The frequency of

neurological symptoms in COVID-19 patients at a tertiary care hospital in
Pakistan. Cureus. (2020) 12:e10360. doi: 10.7759/cureus.10360

81. Ramasamy K, Saniasiaya J, Abdul Gani N. Olfactory and gustatory
dysfunctions as a clinical manifestation of coronavirus disease 2019 in
a Malaysian Tertiary Center. Ann Otol Rhinol Laryngol. (2021) 130:513–
9. doi: 10.1177/0003489420963165

82. Eliezer M, Hautefort C, Hamel AL, Verillaud B, Herman P, Houdart
E, et al. Sudden and complete olfactory loss of function as a possible
symptom of COVID-19. JAMAOtolaryngol HeadNeck Surg. (2020) 146:674–
5. doi: 10.1001/jamaoto.2020.0832

83. Meinhardt J, Radke J, Dittmayer C, Franz J, Thomas C, Mothes R, et al.
Olfactory transmucosal SARS-CoV-2 invasion as a port of central nervous
system entry in individuals with COVID-19. Nat Neurosci. (2021) 24:168–
75. doi: 10.1101/2020.06.04.135012

84. Brann DH, Tsukahara T, Weinreb C, Lipovsek M, Van den Berge K, Gong B,
et al. Non-neuronal expression of SARS-CoV-2 entry genes in the olfactory
system suggests mechanisms underlying COVID-19-associated anosmia. Sci
Adv. (2020) 6:eabc5801. doi: 10.1126/sciadv.abc5801

85. Butowt R, Bilinska K. SARS-CoV-2: olfaction, brain infection and the
urgent need for clinical samples allowing earlier virus detection. ACS Chem
Neurosci. (2020) 11:1200–3. doi: 10.1021/acschemneuro.0c00172

86. Bilinska K, Jakubowska P, Von Bartheld CS, Butowt R. Expression of the
SARS-CoV-2 entry proteins, ACE2 and TMPRSS2, in cells of the olfactory
epithelium: identification of cell types and trends with age. ACS Chem

Neurosci. (2020) 11:1555–62. doi: 10.1021/acschemneuro.0c00210
87. Aragão MFVV, Leal MC, Cartaxo Filho OQ, Fonseca TM, Valença MM.

Anosmia in COVID-19 associated with injury to the olfactory bulbs evident
on MRI. AJNR Am J Neuroradiol. (2020) 41:1703–6. doi: 10.3174/ajnr.A6675

88. Bryche B, St Albin A,Murri S, Lacôte S, Pulido C, Ar GouilhM, et al. Massive
transient damage of the olfactory epithelium associated with infection of
sustentacular cells by SARS-CoV-2 in golden Syrian hamsters. Brain Behav

Immun. (2020) 89:579–86. doi: 10.1016/j.bbi.2020.06.032
89. Cooper KW, Brann DH, Farruggia MC, Bhutani S, Pellegrino R, Tsukahara

T, et al. COVID-19 and the chemical senses: supporting players take center
stage. Neuron. (2020) 107:219–33. doi: 10.1016/j.neuron.2020.06.032

90. Finsterer J, Stollberger C. Causes of hypogeusia/hyposmia in SARS-
CoV2 infected patients. J Med Virol. (2020) 92:1793–4. doi: 10.1002/jmv.
25903

91. Luchiari HR, Giordano RJ, Sidman RL, Pasqualini R, Arap W. Does the
RAAS play a role in loss of taste and smell during COVID-19 infections?
Pharmacogenomics J. (2021) 21:109–15. doi: 10.1038/s41397-020-00202-8

92. Parma V, Ohla K, Veldhuizen MG, Niv MY, Kelly CE, Bakke AJ, et
al. More than smell-COVID-19 is associated with severe impairment

of smell, taste, and chemesthesis. Chem Senses. (2020) 45:609–22.
doi: 10.1093/chemse/bjaa041

93. da Silva Pedrosa M, Sipert CR, Nogueira FN. Altered taste in patients with
COVID-19: the potential role of salivary glands. Oral Dis. (2021) 27(Suppl
3):798–800. doi: 10.1111/odi.13496

94. Abduljabbar T, Alhamdan RS, Al Deeb M, AlAali KA, Vohra F. Association
of salivary content alteration and early ageusia symptoms in COVID-
19 infections: a systematic review. Eur J Dent. (2020) 14(S 01):S152–
8. doi: 10.1055/s-0040-1716986

95. Vaira LA, Salzano G, Fois AG, Piombino P, De Riu G. Potential pathogenesis
of ageusia and anosmia in COVID-19 patients. Int Forum Allergy Rhinol.

(2020) 10:1103–4. doi: 10.1002/alr.22593
96. Cazzolla AP, Lovero R, Lo Muzio L, Testa NF, Schirinzi A, Palmieri G, et al.

Taste and smell disorders in COVID-19 patients: role of interleukin-6. ACS
Chem Neurosci. (2020) 11:2774–81. doi: 10.1021/acschemneuro.0c00447

97. Prajapat M, Handa V, Sarma P, Prakash A, Kaur H, Sharma S, et al. Update
on geographical variation and distribution of SARS-nCoV-2: a systematic
review. Indian J Pharmacol. (2021) 53:310–6. doi: 10.4103/ijp.ijp_483_21

98. Butowt R, Bilinska K, Von Bartheld CS. Chemosensory dysfunction in
COVID-19: integration of genetic and epidemiological data points to D614G
spike protein variant as a contributing factor. ACS Chem Neurosci. (2020)
11:3180–4. doi: 10.1021/acschemneuro.0c00596

99. von Bartheld CS, Hagen MM, Butowt R. The D614G virus mutation
enhances anosmia in covid-19 patients: evidence from a systematic review
and meta-analysis of studies from South Asia. ACS Chem Neurosci. (2021)
12:3535–49. doi: 10.1021/acschemneuro.1c00542

100. Lechien JR, Chiesa-Estomba CM, Beckers E, Mustin V, Ducarme M, Journe
F, et al. Prevalence and 6-month recovery of olfactory dysfunction: a
multicentre study of 1363 COVID-19 patients. J InternMed. (2021) 290:451–
61. doi: 10.1111/joim.13209

101. WHO. SARS-CoV-2 variants. Available online at: www.who.int/csr/don/31-
december-2020-sarscov2–variants/en (accessed December 31, 2020).

102. Public Health England. Investigation of novel SARS-CoV-2 variant:

variant of concern 202012/01, technical briefing 3. London: Public Health
England (2020). Available online at: https://assets.publishing.service.gov.
uk/government/uploads/system/uploads/attachment_data/file/959360/
Variant_of_Concern_VOC_202012_01_Technical_Briefing_3.pdf (accessed
18 October, 2021).

103. Elliott J, Whitaker M, Bodinier B, Eales O, Riley S, Ward H,
et al. Predictive symptoms for COVID-19 in the community:
REACT-1 study of over 1 million people. PLoS Med. (2021)
18:e1003777. doi: 10.1371/journal.pmed.1003777

104. van Loon W, Rössig H, Burock S, Hofmann J, Bernhard J, Linzbach E,
et al. Emergence of SARS-CoV-2 B.1.1.7 lineage at outpatient testing site,
Berlin, Germany, January-March 2021. Emerg Infect Dis. (2021) 27:1931–
34. doi: 10.3201/eid2707.210845

105. Mahase E. Covid-19: sore throat, fatigue, and myalgia are more
common with new UK variant. BMJ. (2021) 372:n288. doi: 10.1136/bmj.
n288

106. Tegally H, Wilkinson E, Lessells RJ, Giandhari J, Pillay S, Msomi N, et al.
Sixteen novel lineages of SARS-CoV-2 in South Africa. Nat Med. (2021)
27:440–6. doi: 10.1038/s41591-021-01255-3

107. National Institute of Infectious Diseases, Japan. Brief report: new

variant strain of SARS-CoV-2 identified in travelers from Brazil. Tokyo:
National Institute of Infectious Diseases, Japan (2021). Available online
at: https://www.niid.go.jp/niid/en/2019-ncov-e/10108-COVID-19COVID-
19-33-en.htmlexternalicon (accessed 21 October, 2021).

108. Imai M, Halfmann PJ, Yamayoshi S, Iwatsuki-Horimoto K, Chiba
S, Watanabe T, et al. Characterization of a new SARS-CoV-2
variant that emerged in Brazil. Proc Natl Acad Sci USA. (2021)
118:e2106535118. doi: 10.1073/pnas.2106535118

109. Luna-Muschi A, Borges IC, de Faria E, Barboza AS, Maia FL, Leme
MD, et al. Clinical features of COVID-19 by SARS-CoV-2 Gamma
variant: a prospective cohort study of vaccinated and unvaccinated
healthcare workers. J Infect. (2022) 84:248–88. doi: 10.1016/j.jinf.2021.
09.005

110. Moelling K. Within-host and between-host evolution in SARS-CoV-2-new
variant’s source. Viruses. (2021) 13:751. doi: 10.3390/v13050751

Frontiers in Public Health | www.frontiersin.org 15 June 2022 | Volume 10 | Article 839182

https://doi.org/10.1007/s00405-020-06267-2
https://doi.org/10.1093/cid/ciaa1792
https://doi.org/10.1007/s10072-020-04590-4
https://doi.org/10.1002/lary.29056
https://doi.org/10.1016/j.ijid.2020.09.039
https://doi.org/10.1620/tjem.252.109
https://doi.org/10.7759/cureus.10360
https://doi.org/10.1177/0003489420963165
https://doi.org/10.1001/jamaoto.2020.0832
https://doi.org/10.1101/2020.06.04.135012
https://doi.org/10.1126/sciadv.abc5801
https://doi.org/10.1021/acschemneuro.0c00172
https://doi.org/10.1021/acschemneuro.0c00210
https://doi.org/10.3174/ajnr.A6675
https://doi.org/10.1016/j.bbi.2020.06.032
https://doi.org/10.1016/j.neuron.2020.06.032
https://doi.org/10.1002/jmv.25903
https://doi.org/10.1038/s41397-020-00202-8
https://doi.org/10.1093/chemse/bjaa041
https://doi.org/10.1111/odi.13496
https://doi.org/10.1055/s-0040-1716986
https://doi.org/10.1002/alr.22593
https://doi.org/10.1021/acschemneuro.0c00447
https://doi.org/10.4103/ijp.ijp_483_21
https://doi.org/10.1021/acschemneuro.0c00596
https://doi.org/10.1021/acschemneuro.1c00542
https://doi.org/10.1111/joim.13209
http://www.who.int/csr/don/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/959360/Variant_of_Concern_VOC_202012_01_Technical_Briefing_3.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/959360/Variant_of_Concern_VOC_202012_01_Technical_Briefing_3.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/959360/Variant_of_Concern_VOC_202012_01_Technical_Briefing_3.pdf
https://doi.org/10.1371/journal.pmed.1003777
https://doi.org/10.3201/eid2707.210845
https://doi.org/10.1136/bmj.n288
https://doi.org/10.1038/s41591-021-01255-3
https://www.niid.go.jp/niid/en/2019-ncov-e/10108-COVID-19COVID-19-33-en.htmlexternalicon
https://www.niid.go.jp/niid/en/2019-ncov-e/10108-COVID-19COVID-19-33-en.htmlexternalicon
https://doi.org/10.1073/pnas.2106535118
https://doi.org/10.1016/j.jinf.2021.09.005
https://doi.org/10.3390/v13050751
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Narayanan et al. Chemical Sense Disorder in Coronavirus Disease

111. Porta-Etessam J, Núñez-Gil IJ, González García N, Fernandez-Perez C,
Viana-Llamas MC, Eid CM, et al. COVID-19 anosmia and gustatory
symptoms as a prognosis factor: a subanalysis of the HOPE COVID-19
(Health Outcome Predictive Evaluation for COVID-19) registry. Infection.
(2021) 49:677–84. doi: 10.1007/s15010-021-01587-9

112. Nguyen NN, Hoang VT, Lagier JC, Raoult D, Gautret P. Long-term
persistence of olfactory and gustatory disorders in COVID-19 patients. Clin
Microbiol Infect. (2021) 27:931–2. doi: 10.1016/j.cmi.2020.12.021

113. Lu Y, Li X, Geng D, Mei N, Wu PY, Huang CC, et al.
Cerebral micro-structural changes in COVID-19 patients - an
MRI-based 3-month follow-up study. EClinicalMedicine. (2020)
25:100484. doi: 10.1016/j.eclinm.2020.100484

114. Srinivasan M. Taste dysfunction and long COVID-19. Front Cell Infect

Microbiol. (2021) 11:716563. doi: 10.3389/fcimb.2021.716563
115. Levy JM. Treatment recommendations for persistent smell and taste

dysfunction following COVID-19-The coming deluge. JAMA Otolaryngol

Head Neck Surg. (2020) 146:733. doi: 10.1001/jamaoto.2020.1378
116. Denis F, Septans AL, Periers L, Maillard JM, Legoff F, Gurden H,

et al. Olfactory training and visual stimulation assisted by a web
application for patients with persistent olfactory dysfunction after SARS-
CoV-2 infection: Observational Study. J Med Internet Res. (2021)
23:e29583. doi: 10.2196/29583

117. Abdelalim AA, Mohamady AA, Elsayed RA, Elawady MA, Ghallab AF.
Corticosteroid nasal spray for recovery of smell sensation in COVID-
19 patients: a randomized controlled trial. Am J Otolaryngol. (2021)
42:102884. doi: 10.1016/j.amjoto.2020.102884

118. Vaira LA, Hopkins C, Petrocelli M, Lechien JR, Cutrupi S, Salzano G,
et al. Efficacy of corticosteroid therapy in the treatment of long-lasting

olfactory disorders in COVID-19 patients. Rhinology. (2021) 59:21–
5. doi: 10.4193/Rhin20.515

119. Abdelmaksoud AA, Ghweil AA, Hassan MH, Rashad A, Khodeary A, Aref
ZF, et al. Olfactory disturbances as presenting manifestation among Egyptian
patients with COVID-19: possible role of zinc. Biol Trace Elem Res. (2021)
199:1–8. doi: 10.1007/s12011-020-02546-5

120. Singh CV, Jain S, Parveen S. The outcome of fluticasone nasal spray
on anosmia and triamcinolone oral paste in dysgeusia in COVID-19
patients. Am J Otolaryngol. (2021) 42:102892. doi: 10.1016/j.amjoto.2020.
102892

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Narayanan, Shivappa, Padiyath, Bhaskar, Li and Merghani.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Public Health | www.frontiersin.org 16 June 2022 | Volume 10 | Article 839182

https://doi.org/10.1007/s15010-021-01587-9
https://doi.org/10.1016/j.cmi.2020.12.021
https://doi.org/10.1016/j.eclinm.2020.100484
https://doi.org/10.3389/fcimb.2021.716563
https://doi.org/10.1001/jamaoto.2020.1378
https://doi.org/10.2196/29583
https://doi.org/10.1016/j.amjoto.2020.102884
https://doi.org/10.4193/Rhin20.515
https://doi.org/10.1007/s12011-020-02546-5
https://doi.org/10.1016/j.amjoto.2020.102892
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	The Prevalence and Pathophysiology of Chemical Sense Disorder Caused by the Novel Coronavirus
	Introduction
	Methods
	Olfactory Dysfunction Caused by COVID-19 
	Physiology of Olfaction, ACE2 Expression in the Olfactory Epithelium, and Infection Mechanism

	Prevalence of Olfactory Dysfunction in Patients With COVID-19
	Europe
	Americas
	Middle East
	Asia
	Africa

	Gustatory Dysfunction Caused by COVID-19
	Physiology of Gustation and ACE2 Expression in the Gustatory Apparatus

	Prevalence of Gustatory Dysfunction in Patients With COVID-19 
	Europe
	Americas
	Middle East
	Asia
	Africa

	Pathophysiology of Olfactory and Gustatory Dysfunction Caused by COVID-19
	Pathophysiological Mechanisms of Olfactory Dysfunction
	Role of Inflammation of Nasal Mucosa
	Damage to Supporting Cells in the Olfactory Epithelium
	Possible Death of Olfactory Neurons
	Possible Damage to the Olfactory Bulb and Cortex

	Pathophysiological Mechanisms of Gustatory Dysfunction
	Role of Direct Infection on Taste Buds
	Role of Renin–Angiotensin Aldosterone System
	Role of the Salivary Glands
	Role of Sialic Acid
	Role of Interleukin-6


	SARS-CoV-2 Mutations, Variants, and Their Impact on Chemosensory Functions 
	SARS-CoV-2 Variants of Concern
	B.1.1.7 (Alpha)
	B.1.351 (Beta)
	P.1 (Gamma)
	B.1.617.2 (Delta)

	Clinical Relevance of Chemical Sense Disorder in the Management of Patients With COVID-19
	Long-Term Morbidity and Management of Chemical Sense Disorder in COVID-19

	Conclusions and Future Research Directions
	Author Contributions
	References


