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1. INTRODUCTION
The coronavirus disease 2019 (COVID-19), is a new global 
public health crisis and the entire world is rapidly suffering 
from its effect. Initially, the new virus was also known as 2019 
novel coronavirus (2019-nCoV). As the new virus is very simi-
lar to the previous one that caused the severe acute respiratory 
syndrome (SARS) outbreak (SARS-CoV), the experts of the 
International Committee on Taxonomy of Viruses first named it 
as the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2).1 On January 15, 2019, this disease was also named by 
Taiwan CDC, the Ministry of Health as Severe Pneumonia with 
Novel Pathogens, which was a notifiable communicable disease 
of the fifth category.2 As of April 20, 2021, there were more 
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than 140 800 263 confirmed cases of COVID-19 and 3 045 849 
deaths reported globally.3 While fever, cough, headache, fatigue, 
and dyspnea were regarded as the most and dominant symp-
toms in the early disease stage of COVID-19, olfactory dysfunc-
tion of COVID-19 has been additionally recognized. Although 
olfactory impairment can occur due to several reasons, such as 
inherited causes, aging process, chronic sinonasal diseases, head 
trauma, upper respiratory infections, and neurodegenerative 
diseases, several kinds of viruses (eg, Epstein-Barr virus, parain-
fluenza, rhinovirus, and some coronavirus) may also affect the 
upper aerodigestive tract and lead to olfactory dysfunction in 
which most of them are related to inflammatory reactions of 
the nasal mucosa. The previous reports stated that the recovery 
rate of short-duration olfactory dysfunction was around 44%, 
of which 72.6% of patients had an average duration of olfac-
tory and gustatory disorders to be 7.5 days. Thus, several cases 
of short-duration olfactory dysfunction were not reported, and 
only patients with long-lasting symptoms sought for medical 
advice.4,5 However, a previous study has indicated that reduced 
olfaction occurred in about 74% of COVID-19 patients, on aver-
age at the fourth day after the first symptoms had been noted.6 
In addition, little is known regarding the pathophysiology of 
COVID-19 on the olfactory system, which may possess the sig-
nificance in early diagnostics. In particular, this may identify the 
disease spread may be majorly driven by asymptomatic carriers.

Although olfactory dysfunction is not a life-threatening 
emergency, it can affect the quality of life significantly. This 
well-known symptom has been discussed robustly in previous 
articles. Anosmia, the inability to smell, which can result from 
many underlying diseases, may afflict 3% to 20% of the popu-
lation.7,8 Up to 40% of anosmia has been caused by post-viral 
infection which is the most likely underlying etiology.9 Walker 
et al10 investigated searches related to loss of smell by using 
Google Trends during the early COVID-19 outbreak and found 
that the incidence of smell-related disorder is strongly correlated 
with the onset of SARS-CoV-2 infection in Europe, the United 
Kingdom, the United States, and the Middle East. Bagheri et al11 
reported that during the COVID-19 epidemic, there is a surge of 
olfactory dysfunction in Iran which correlates with the patient 
numbers of COVID-19 around the country. In South Korea, 
an informal phone survey by the Daegu City Council found 
that 15.3% of a total of 3191 confirmed COVID-19 cases had 
anosmia or dysgeusia.12 In Germany, Hendrik Streeck, a virolo-
gist, reported that clinicians at the University Hospital in Bonn 
found that up to two-thirds of 100 patients with SARS-CoV-2 
described olfactory and taste dysfunction lasting several days.13 
A multicenter European study even showed that olfactory dys-
function appeared before the appearance of general or ear-nose-
throat symptoms of COVID-19 in 11.8% of patients.4

Evidence on the evolutionary changes related with COVID-
19 has been reported. The neurologic manifestations of COVID-
19 such as nausea, headache, and vomiting, and even the 
development of acute respiratory failure have been considered 
to be associated with the role of neurologic damage from the 
virus.14 A previous study has described that coronavirus (human 
strains) have also been shown to invade the central nervous 
system (CNS) and propagate within the olfactory bulb (OB).15 
Angiotensin-converting enzyme 2 (ACE2) is highly expressed in 
olfactory epithelial support cells and nasal respiratory epithelial 
cells and has been adapted as the entry point for SARS-CoV-2 
to infect cells.16 In this cohort of patients, hyposmia or anosmia 
followed fever or occurred solitary (ie, without any systemic dis-
order), and most of them were young patients without gender 
differences.14 Early outcomes showed that patients may recover 
completely or partially in a few weeks (around 80% of patients 
described their sense of smell recovered within a few weeks of 
onset, with a plateau appearing after 3 weeks).14,17

As we continue to face this pandemic, recognizing the early 
representative symptoms of COVID-19 to accelerate timely 
identification of patients who are already infected but transmit 
the virus asymptomatically is crucial due to the shortage of valid 
treatments and vaccine for COVID-19.18 As a consequence, the 
aim of this article is to review the present literature about the 
relationship between gustatory or olfactory dysfunction with 
COVID-19 and to understand the occurrence rate in different 
countries.

2. METHODS
A literature review was performed up to April 10, 2021 by 
searching in the electronic databases, mainly PubMed and Web 
of Science. The search strings used were the following: “COVID-
19 or SARS-CoV-2” with “anosmia or hyposmia or olfactory 
dysfunction or olfactory disorder or dysgeusia.” Variations of 
these terms were also searched. We also considered the “Related 
articles” option on the PubMed Web search homepage. The ref-
erences of those retrieved articles were also searched manually 
to prevent the relevant studies lost in the initial literature search. 
Articles were limited to those having titles and abstracts avail-
able in English and published in peer-reviewed journals were 
screened initially. After deduplication, the identified full-text 
articles were examined for original data, and we also retrieved 
and checked for the related references for further studies.19

Articles having the following criteria were included: (1) 
English was the main published language; (2) full-text articles 
can be obtained on electronic databases; (3) patients enrolled 
in the studies were all laboratory-confirmed positive testing for 
SARS-CoV-2 infection; and (4) articles included studies report-
ing detailed occurrence rates about olfactory or gustatory 
dysfunction.

3. RESULTS
The article search was started on June 20, and the last day 
to search was on April 10, 2021. Fig. 1 shows the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
flow diagram of the literature selection process to identify clini-
cal studies regarding “anosmia or hyposmia or olfactory dys-
function or olfactory disorder or dysgeusia” use in COVID-19 
or SARS-CoV-2. A total of 91 articles were retrieved. Among 
them, 66 articles were excluded after detailed screening due to 
the mismatched inclusion criteria. The remaining 25 articles 
were considered eligible for our reviewing process.

Among 25 included articles, 11 were from Europe (includ-
ing four studies from Italy, two studies from France, one study 
from Germany, one study from Switzerland, two studies from 
Spain, and one study from 12 European hospitals), 10 were 
from Asia (including four studies from Iran, three studies from 
India, one study from Singapore, and two studies from China), 
one was from middle East, one was from Brazil, and two were 
from the United States. The study from China was the only one 
conducted from January to February 2020, and the most studies 
were conducted between March and October 2020.20

In regard to the evaluation of olfactory function, three arti-
cles used objective methods. In the article by Vaira et al, an 
orthonasal olfaction test by Connecticut Chemosensory Clinical 
Research Center was used. This simple test has been validated 
and is the most frequently used. It includes a butanol threshold 
assessment and an odor identification test using common odors 
to evaluate olfactory function.21 Another article by Moein et al, 
the Persian version of the 40-odorant University of Pennsylvania 
Smell Identification Test (UPSIT) was adopted in the research.22 
The UPSIT is a well-validated and trustworthy test that employs 
microencapsulated “scratch and sniff” odorants. The other eight 
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articles retrieved clinical information about olfactory and gusta-
tory function by retrospective electronic medical records review 
or questionnaire.

The number of patients in these articles ranged from 43 to 873 
(one report of 10 069 participants was from Iran, in which 80.38% 
of participants reported concomitant olfactory and gustatory 
dysfunctions).11 These included both outpatient and hospitalized 
patients in eight articles. The other articles only enrolled admitted 
inpatients, but there was no clear information about inpatients or 
outpatients in the rest of the studies. Some articles reported that 
olfactory and gustatory impairment as the first clinical manifesta-
tion, ranging from 4% to 35.5% of their studied patients, respec-
tively.5,13,23 The study conducted by Wee et al reported that 35 out 
of 154 (22.7%) COVID-19 positive patients had concomitant 
olfactory and taste disorders (OTDs). Among these patients with 
OTDs, three patients (8.6%) presented with isolated anosmia 
without any other clinical symptoms.24 The recovery rate of the 
chemosensory dysfunction was mentioned in several articles with 
the percentage of 62% to 100%, respectively.5,13,21,25–27

In addition to the typical symptoms of COVID-19 related to 
respiratory symptoms (include fever, coughing, dyspnea, fatigue, 
shortness of breath, and muscle soreness), gastrointestinal (ano-
rexia, nausea, vomiting, abdominal pain, and/or diarrhea) and 
hepatic manifestations (abnormal liver enzymes) have been indi-
cated in clinical reports.28,29 In the clinical diagnosis, gastrointesti-
nal symptoms in COVID-19 patients have been associated with a 
longer duration of illness,29 in which a few of them (around 5.5%) 
experienced taste or smell impairment. Because some patients only 
had mild fever, mild fatigue, or even no symptoms, fever becomes a 
critical but not the only initial symptom of infection.29 Also, hypo-
geusia and hyposmia were suggested as early signs of infection.

A very wide range of the occurrence rate of olfactory or gus-
tatory dysfunction has been shown. The lowest one is the study 
from Wuhan China in which the frequencies of neurologic mani-
festations were analyzed in 214 patients. They reported that only 
5.1% of patients presented with anosmia and 5.6% of patients 
with ageusia.20 However, Moein et al22 described up to 98% of 
patients exhibited some degree of measured olfactory dysfunc-
tion by using UPSIT. According to the current evidence, subjective 

olfactory dysfunction was reported in up to 80% of patients, 
which suggested high prevalence rate of olfactory dysfunction in 
SARS-CoV-2.30 In addition, higher prevalence may be indicated by 
subjective olfactory dysfunction and objective olfactory testing.

In M. Otte’s report, only 62% of patients recovered from 
olfactory dysfunction. They stated that olfactory dysfunction 
may persist in patients after recovering from SARS-CoV-2.31 
Indeed, their recovery rate is the second-lowest from our study. 
Interestingly, in Paderno’s report, the percentages of patients 
having olfactory or gustatory dysfunction are similar where the 
recovery rates for both dysfunctions are similar, too.32 Although 
the case number is much smaller in the Paderno’s report, this 
Italian report also showed similar recovery rates for olfactory 
dysfunction.33 Unlike Paderno’s report, where data were col-
lected from outpatients, Jalessi’s was collected from inpatients 
and had pretty low occurrence rates of olfactory and gusta-
tory dysfunction.34 Interestingly, two studies from France and 
Switzerland recruited >100 patients and have similar occurrence 
rates of olfactory and gustatory dysfunction (54%-65%).35,36 Li 
and co-workers reported that olfactory dysfunction may last >3 
months, especially in elderly patients.37

In Amanat’s study, the most common non-neurologic manifes-
tations were fever (81.1%), cough (76.1%), fatigue (36.1%), and 
shortness of breath (27.6%). The partial or full recovery of smell 
and taste dysfunctions was found in 95.2% of patients after 8 
weeks and almost all the patients (97.3%) after 16 weeks. Patients 
with confirmed dysgeusia were mainly females (69.7%) and non-
smokers (66.7%).38 However, in Thakur’s study, over 70% of 
patients were diagnosed with olfactory dysfunction in which the 
majority of them were males and above 40 years of age.39 Even 
in children, male patients showed significantly larger disturbances 
than girls.40 The duration of olfactory and taste dysfunction varied 
from 2 to 15 days with an average of 5.7 days.27 Mostly patients 
recovered their sense of smell within 1–2 weeks from the day of 
onset of anosmia.40 Nevertheless, another report indicated that the 
fully recoverable olfactory dysfunction and dysgeusia had a mean 
duration of 2.5 days.26 Olfaction dysfunction was significantly 
more prevalent in patients with mild flu syndrome in COVID-19, 
which may be a predictor of a good prognosis for this infection.41

Fig. 1 The PRISMA flow diagram of the literature selection process regarding this study on “anosmia or hyposmia or olfactory dysfunction or olfactory disorder 
or dysgeusia” use in COVID-19 or SARS-CoV-2. PRISMA = preferred reporting items for systematic reviews and meta-analyses; SARS-CoV-2 = severe acute 
respiratory syndrome coronavirus 2.
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Pooled data regarding study countries, study periods, case 
numbers, inpatient or outpatient medical visits, evaluation 
methods (subjective complaints of dysfunction or objective eval-
uation), and occurrence rate of olfactory or gustatory function 
are reported and listed in Tables 1 and 2.

4. DISCUSSION
Olfactory dysfunction has been classified into three general 
categories.42,45,46 One is a conductive or transport impairment 
due to inflammation of the nasal mucosa since allergic rhinitis 
and rhinosinusitis (chronic or acute) may cause disruption of 
the mechanical function of olfaction. Another is a sensorineural 
impairment which is due to post-viral or drug-induced damage 
to the olfactory epithelium and nerves. The last one is central 
olfactory dysfunction which is common in CNS disorders such 
as head injury or neurodegenerative diseases.43,45,46 Both neuro-
trophic targeting of olfactory neurons and infection on non-neu-
ral olfactory epithelial cells were suggested by previous articles 
investigating the pathophysiology of olfactory loss in COVID-
19.16,47 The COVID-19 may affect oral and nasal nervous sys-
tems and cause olfactory dysfunction. Until now, it is still not 
clear which olfactory mucosa cells are affected by COVID-19 
and whether the virus can attack sensory cells or the OB directly. 
The improvement of the chemosensory function over time was 
reported in many studies.5,13,21,24 This would favor a model that 
the olfactory epithelium may repair and regenerate rapidly after 
the removal of SARS-CoV-2, rather than permanent cell dam-
age. Olfactory and gustatory dysfunctions are closely related to 
SARS-CoV-2 infection. Most cases were characterized as tempo-
rary olfactory dysfunction with restoration of normal olfaction 
within days to weeks after the COVID-19 recovery. However, 
the percentage of cases of permanent olfactory dysfunction is 
unclear.44

The pathophysiology of neuroinvasiveness and neurotropism 
of SARS-CoV-2, other than anosmia and dysgeusia, may be 
related to the CNS. In Freni’s study, 46 of 50 patients had olfactory 
dysfunction.48 They suggested that SARS-CoV-2 is likely having 
neuroinvasiveness and probably affects CNS through intranasal 
inoculation or trans-synaptic pathways because such alterations 
of sense (taste and smell) along with other discomforts point to 
the linkage of neurotropism to the virus.44 Olfactory receptor 
neurons may connect the nasal cavity with the CNS where SARS-
CoV-2 may act similar to other viruses since it has been known 
that several viruses utilize the olfactory nerve as an easy access to 
the CNS.49 The possible mechanisms of transport are infection of 
olfactory receptor neurons or diffusion from channels of olfac-
tory ensheathing cells and the damage may be from infection 
itself or the immune response. The symptoms may include severe 
meningoencephalitis or neurodegenerative diseases. Indeed, mild 
and severe neurologic symptoms, such as hyposmia, hypogeu-
sia, headache, dizziness, acute necrotizing encephalopathy, men-
ingitis and encephalitis, Guillain-Barre Syndrome, and altered 
mental status have been reported.50,51 Galougahi’s study dem-
onstrated that patients with anosmia showed normal magnetic 
resonance imaging (MRI) of the olfactory tract in the early phase 
of COVID-19.52 Thus, to find possible temporal evolution of the 
imaging, OB MRI may be performed both in the acute phase and 
in the follow-up as well as applying hybrid imaging (ex. single-
photon emission computed tomography-MRI).53

Giacomelli et al54 revealed that females were reported with 
OTDs more frequently than males. Klopfenstein et al55 also 
described that younger patients and female patients were more 
likely to suffer from anosmia. Lechien et al revealed that hypos-
mia or anosmia as well as gustatory dysfunction occurred more 
frequently in females compared with males.4 Moreover, patients 
with olfactory or taste disorder were younger. Beltrán-Corbellini 

et al5 reported the age of patients with COVID-19 and new-
onset smell and/or taste disorder were significantly younger 
than those COVID-19 patients without smell and/or taste disor-
der. Also, previous studies have shown that morbidity rate and 
symptoms are usually less severe in children and infants than 
those in adults.29,56 Regarding these results, it will require more 
studies to evaluate the possible gender and age differences in the 
development of chemosensory disorder.

The gender differences in inflammatory reaction processes 
and the expression of the SARS-CoV-2 receptor, that is, ACE2, 
could be the important tracks which need further investigation. 
The high expression of ACE2 in the salivary glands may be the 
main cellular receptor of SARS-CoV-2, which supports viral 
fusion and subsequent inflammation. ACE2 is expressed from 
the type II alveolar cells of the lung and the epithelial cells of 
gastrointestinal tract. This indicates that the symptoms of gas-
trointestinal tract may be from the direct infection by the virus 
instead of being the immune response of the pulmonary infec-
tion. Thus, clinicians should be careful to suspicious symptoms 
(eg, fever, respiratory symptoms, olfactory disorder, or olfactory 
dysfunction) because patients may develop with new symptoms 
of gastrointestinal tract.28,57 The roles of ACE2 and transmem-
brane protease serine 2 were indicated as the major key host-
specific cellular moieties responsible for the cellular entry of the 
virus.58 Previously, the direct infection of sensory neurons by 
SARS-CoV-2 causing the imbalance of angiotensin II has been 
indicated.59 Also, Interleukin-6 may be involved in dysgeusia 
since it could affect the nearby thalamus and eventually both the 
gustatory and olfactory nerve pathways.60 Thus, these reports 
suggest that inflammatory cytokines, angiotensin II accumula-
tion, and even the subsequent dysfunction of supporting non-
neuronal cells in the mucosa due to the cytotoxicity all lead to 
the olfactory dysfunction of COVID-19.58–60

Discrepancy of self-reported and quantitative olfactory dys-
function was reported by Moein et al. They revealed a high 
rate of objective olfactory dysfunction (about 98%) of COVID-
19 patients measuring by UPSIT. However, patients who were 
sensitive to the olfactory deficit before receiving the evaluation 
measured only 35% dysfunction.22 This is considered owing to 
a general unawareness or under-reporting of hyposmia.46 The 
prognostic significance of olfactory dysfunction in COVID-19 
patients is an interesting and to-be-discussed issue. A study by 
Moein et al,22 using the COVID-19 treatment guidance algorithm 
of Massachusetts General Hospital, disclosed that there was no 
correlation of the UPSIT scores with the disease severity. Beltrán-
Corbellini et al5 revealed that, regarding the COVID-19 sever-
ity criterion (needed for mechanical ventilation and tocilizumab 
usage), there was no significant difference between patients who 
presented new-onset smell and/or taste disorder and those who 
did not. However, Yan et al reported that COVID-19 patients 
being anosmic/hyposmic were >10-fold less likely to be admit-
ted than those who were normosmic on multivariable logistic 
regression analysis.61 They also found that anosmia and sputum 
production associated inversely with odds ratio of 0.26 which 
suggested that anosmic COVID-19 patients are not likely to have 
the symptoms presented when a more serious lower respiratory 
tract inflammation occurred.62 We also noticed that the reported 
proportions of chemosensory loss were around half the level in 
the hospital-based survey compared to an outpatient-based sur-
vey.5,25,54 The data collected in the current study are retrospective 
and limited by lack of objective testing for smell and taste distur-
bance. It needs to be evaluated through further clinical studies on 
a global research to discover its pathogenesis, prognosis, and the 
correlation between disease severity and olfactory dysfunction. 
Also, since nasal and gustatory symptoms are early signs, even 
before fever, they can be exploited as criteria for quarantining 
patients in an earlier stage or for performing the swab for virus 
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detection. Future prospective studies with a larger population 
and standardized smell and taste tests are essential to investi-
gate whether ambulatory and hospitalized COVID-19 patients 
present differential clinical course due to diverse viral spread 
routes. Moreover, the need to clarify the relationship between 
anosmia or ageusia and the prognostic potential on the severity 
of COVID-19 is waiting to be fulfilled.

In conclusion, olfactory dysfunction has been recognized as 
a significant COVID-19 symptom and has growingly acquired 
acceptance as a public health means to confirm SARS-CoV-2 
infection. It presents as one of the early clinical symptoms of 
COVID-19, and is associated with better prognosis. The clinical 
evaluation and functional tests of olfactory dysfunction includ-
ing precise grading and duration of the complaints are becom-
ing a high priority. Further study and validation regarding the 
symptom’s severity, gene, age and gender susceptibility, as well 
as prognostic significance should be executed as the pandemic 
progresses. This article is a narrative review with the aim of 
analyzing current literatures on post-viral olfactory dysfunction 
related to COVID-19 and may facilitate future research on the 
diagnosis and treatment of SARS-CoV-2 infection.
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