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Importance: The newly emerged coronavirus disease 19 (COVID-19), is threatening the world.
Olfactory or gustatory dysfunction is reported as one of the symptoms worldwide. As reported
so far, different clinical features have been reported according to outbreak sites and gender; most
of the patients, who complained of anosmia or hyposmia, were Europeans. We had a fast review
for novel articles about COVID-19 infection and olfactory function.

Observations: Rapid reviews for COVID-19 or other viral infection and olfactory and/or gusta-
tory dysfunctions were done in this review. Up to date, a lot of reports have shown that olfactory
dysfunction is related to viral infections but no exact mechanism, clinical course, and definite
treatment have been discovered, which is also same in COVID-19. In general, intranasal steroid
(INS) and oral steroid for short time help improve the recovery of the olfactory function in case
of olfactory dysfunction after virus infection. Considering severe respiratory complications and
immunocompromised state of COVID-19, the use of steroid should be limited and cautious be-
cause we do not have enough data to support the usage of steroid to treat olfactory dysfunction
in the clinical course of COVID-19.

Conclusions and relevance: In the days of pandemic COVID-19, we should keep in mind
that olfactory dysfunctions, even without other upper respiratory infection or otolaryngologic
symptoms, might be the early signs of COVID-19.

© 2020 Oto-Rhino-Laryngological Society of Japan Inc. Published by Elsevier B.V. All rights
reserved.

1. Introduction

Organization (WHO). SARS-CoV-2 is also included in the
coronavirus family along with SARS-CoV and Middle East

All over the world, severe Acute Respiratory Syndrome
coronavirus-2 (SARS-CoV-2) has been the most important
public health issue this year; recently this was re-named as
coronavirus disease 2019 (COVID-19) by the World Health

* Corresponding author.
E-mail address: pcsO112@catholic.ac.kr (C.-S. Park).
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Respiratory Syndrome (MERS)-CoV [1]. COVID-19 was first
reported in Wuhan, China [2,3] in December 2019. Since
then, COVID-19 has spread rapidly all over the world [4] and
has killed more than 226,000 people worldwide so far. This
rapid spread is suspected via not only human-to-human but
also interspecies transmissions [5]. The WHO declared “a
pandemic” on March 11.

0385-8146/© 2020 Oto-Rhino-Laryngological Society of Japan Inc. Published by Elsevier B.V. All rights reserved.
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Table 1
Full search strategy.

#1 Coronavirus[Title/Abstract]
#2 Viral infection [Title/Abstract]
#3 Rhinovirus [Title/Abstract]

#4 Influenza [Title/Abstract]

#5 COVID-19 [Title/Abstract]

#6 SARS [Title/Abstract]

#7 MERS [Title/Abstract]

#3 Search #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7
#9 Anosmia [Title/Abstract]

#10  Smell [Title/Abstract]

#11  Olfactory [Title/Abstract]

#12  Search #9 OR #10 OR #11
#13  Search #8 AND #12

According to the early studies, the most common symp-
toms are known as fever, cough, difficulty in breathing, spu-
tum and sore throat [6,7]. In fact, however, many patients are
asymptomatic or have mild symptoms in early stages, and
so they do not realize being infected. Since COVID-19 is
highly contagious in early stages, such lack of recognition
can cause serious problems for the prevention of the spread
of COVID-19. Therefore, detection of COVID-19 in early,
even asymptomatic, stages will help us reduce transmission.

Recently, olfactory or gustatory dysfunction is often re-
ported as a symptom [8,9]. We need to pay more attention
because the symptom might be easily overlooked in clinical
field and so the diagnosis could be delayed. In this review,
we reviewed recent findings of the viral infection-related ol-
factory or gustatory dysfunctions to identify a correlation be-
tween the olfactory or gustatory symptoms and corona virus,
and the values of olfactory dysfunction as an early sign of
COVID-19, even in asymptomatic patients.

2. Methods

We searched the articles using PubMed and Embase. The
first keyword was viral infection, coronavirus, rhinovirus, in-
fluenza, COVID, SARS or MERS. The second keyword was
anosmia, smell, or olfactory. The full search strategy has been
reported in table (Table 1).

The articles that could not be obtained in the full text,
did not mention relationship between viral infection and ol-
factory function directly, were not written in English, and
were the duplicated papers by the same author were excluded
using endnote X9 software. To date (23th, April 2020), we
could find 85 papers which mentioned viral infection and ol-
factory function. Among them, 26 papers described relation-
ship between olfactory symptoms and coronavirus infection
including SARS. 40 papers described a relationship between
olfactory symptoms and other viral infection including cy-
tomegalovirus, herpes virus, influenza and others.

Finally, we could find 21 papers that directly described
COVID-19 and olfactory symptoms; some of them also men-
tioned gustatory dysfunction or ageusia. From these 21 pa-
pers, 7 papers were clinical studies and others were com-
mentary, letters, and editorial review (Fig. 1). The details
of these 7 articles were demonstrated in table (Table 2). A

study reported patients who initially complained of acute on-
set anosmia (not COVID-19 infection) but finally diagnosed
with COVID-19 infection [10].

There were no restrictions for gender, age and national-
ity. The studies with inclusion criteria were checked inde-
pendently by 2 reviewers. Reviewers apply inclusion criteria
based on the title and abstracts. If the title and abstract were
adequate, the full text was checked by the same reviewers.

3. Clinical presentation

The common symptoms in COVID-19 patients were cough,
fever, myalgia, dyspnea, headache and loss of appetite. The
most common ENT symptoms were facial pain and nasal con-
gestion [9].

However, it has been recently reported that 33.9% of 59
COVID-19 patients in Italy complained of olfactory and/or
gustatory dysfunction and 11% complained of both dysfunc-
tions [11]. 47% of 114 COVID-19 patients in France com-
plained anosmia [12]. 31.65% and 35.44% of 79 COVID-19
patients in Spain complained olfactory and gustatory dysfunc-
tions. These proportions were more prominent in COVID-19
patients than influenza patients [13]. According to the paper
from USA reported that 68% and 71% of 59 patients had ol-
factory and gustatory dysfunction, respectively [14]. 98% of
60 patients from Iran were confirmed smell dysfunction by
University of Pennsylvania smell identification test (UPSIT)
[15]. And few articles said that COVID-19 patients without
severe symptoms complained these olfactory and/or gustatory
dysfunctions. According to the larger-scale research from Eu-
rope, 85.6% of the 417 mild-to-moderate COVID-19 patients
had olfactory dysfunctions and 88.8% gustatory dysfunctions.
Phantosmia and parosmia were 12.6% and 32.4%, respec-
tively. Among the patients who did not complain of nasal
stuffiness and rhinorrhea, the rates of anosmia and hyposmia
were 606.2% and 13.5% [9]. From the other Italian article,
64.4% of 202 mild symptomatic COVID-19 patients were
reported alternations in smell or taste. About 37% of them
complained severe alternations. 68.3% of COVID-19 patients
with smell or taste alternations reported fatigue and 34.6%
reported nasal stuffiness [16].

Contrary to the above papers, only 5.1% of 214 patients
complained of hyposmia and 5.6% hypogeusia in China [8].
Considering the papers, the rate of olfactory or gustatory dys-
function is supposed to be different between Europe/USA and
China (or Asia).

Another issue is the onset of olfactory dysfunction, which
varied among many papers. The onset of olfactory or gusta-
tory dysfunction in the clinical course of COVID-19 might be
important. A multicenter study in Europe showed that 85.6%
and 88% of total patients (n = 417) reported olfactory and
gustatory dysfunctions, respectively, and 11.8% of COVID-
19 patients with olfactory dysfunction appeared before other
general symptoms, 65.4% after the general symptoms, and
22.8% at the same time [9]. In Italy, 20.3% of COVID-19
patients reported olfactory dysfunction before other general
symptoms and 13.5% during hospitalization [11]. From the
other study of Italy, 11.9% of COVID-19 patients (n = 130)



Table 2

Overview the results of review the articles about relationship among COVID-19 infection, olfactory and gustatory dysfunction.

General information Patients (country ; Sample size Outcomes
(author, title, journal) age ; gender ; (patients with Diagnostic The ratio patient The ratio patient Early onset of Gender Isolated  Treatments Prognosis
severity of disease ; laboratory comfi tool with olfactory with gustatory olfactory association symp- (Early
comorbidity) rmed COVID-19) dysfunction ; dysf unction ; dysfunction (before tom recovery
Association Association other symptoms or rate)
with olfactor y  with gustatory d hospitalization)
dysfunction and  ysfunction and
COVID-19 COVID-19
infection infection
Yan CH, et al.; USA; 18-79 ; 35% 59 (among 1480 Survey 68% ; adjusted  71% ; adjusted  22% (anosmia as Not mentioned Not men- Not 74% (with
Association of men and 65% patients with odds ratio with  odds ratio with  initial symptom) tioned mentioned clinical
Chemosensory female ; mild ; not influenza like anosmia 10.9 ageusia 10.2 resolution)

Dysfunction and
Covid-19 in Patients
Present ing with
Influenza-like Symptoms
; Int Forum Allergy
Rhinolology [14]
Lechien JR. et al.;
Olfactory and gustatory
dysfunctions as a clinical
presentation of
mild-to-moderate forms
of the coronavirus
disease (COVID-19): a
multicenter European
study ; Eur Arch
Otorhinolaryngology [9]

Hopkins C, et al.;
Presentation of new
onset anosmia during the
COVID-19 pandemic ;
Rliinology [10] *

Giacomelli A, et al.;
Self-reported olfactory
and taste disorders in
SARS-CoV-2 patients: a
cross-sectional study ;
Clin. Infect Dis. [11]

mentioned symptoms) (95%CI:5.08—
23.5)

European (93.3%); 417 Survey 85.6%

mean age

36.9 + 11.4(19-

77); 37% men and

63% female ; mild

to moderate ;

allergy rhinitis

(20%), asthma,

high blood

pressure,

hypothyroidism
United Kingdom ; 2428 of acute Survey Not mentioned

64% were under 40 anosmia

3 73% female ; (However, only

mild ; not 80 patient got

mentioned COVID-19 test

and 74% were
positive)

Italy ; median age 60 59 Survey 11.9% anosmia

11.9%
hyposmia

; 67.8% male ; not
mentioned ; not
mentioned

&0% 88.8%

Not mentioned

13.6% ageusia

(95%CI:4.74—
22.1)

11.8% olfactory
dysfunction

13% (early anosmia

among 2428 (among 2428

patients with acute  patients with

anosmia) acute
anosmia)

20.3% olfactory

15.3% dysfunction 91% (p = 0.036)
dysgeusia gustatoiy
dysfunction

Female > Male 18.2%

Male > Female 17%

Female > Male Not men-

70% nothing

(without  11% saline
nasal irrigation
stuffi- 8% nasal
ness and  corticos-
rhinor- teroid
rhea)

Not
(among mentioned
2428
patients
with
acute
anosmia)

Not
tioned mentioned

44% (within 2
weeks)

Not
mentioned

None

(continued on next page)
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Table 2 (continued)

General information Patients (country ; Sample size Outcomes
(author, title, journal) age ; gender ; (patients with ~ Diagnostic The ratio patient The ratio patient Early onset of Gender Isolated  Treatments Prognosis
severity of disease  laboratory tool with olfactory with gustatory olfactory association symp- (Early
; comorbidity) comfi rmed dysfunction ; dysf unction ; dysfunction (before tom recovery
COVID-19) Association Association other symptoms or rate)
with olfactor y  with gustatory d hospitalization)
dysfunction and  ysfunction and
COVID-19 COVID-19
infection infection
Moein ST, et al.; Smell Iran ; mean age 60 University of 98% (58% 23% (not checked None (among 21 Male = Female None Not Not
Dysfunction: A 46.55 + 12.17 ; Pennsylva- anosmia, 33% by UPSIT) patients complained (among mentioned mentioned
biomarker for COVID-19  66.7% men and nia Smell severe smell loss - not 21
; Int Forum Allergy 33.3% women ; Identifica- microsmia, 27% checked by UPSIT) patients
Rliinology [15] mild to severe ; tion Test moderate com-
diabetes, (UPSIT) microsmia, 8% plained
hypertension, mild smell
hypothyroidism microsmia) loss -
(p>0.005) not
checked
by
UPSIT)
Klopfenstein T, et al.; France ; mean age 114 Medical files 47% 85% dysgeusia None (The third Female > Male None Not 55% (24/44,
Features of anosmia in 47 £16 ; 33% review (among symptom in 38% mentioned after 1
COVID-19 ; Med Mai men and 67% COVID-19 (22/52)cases) week)
Infect. [12] women ; not patients with 20% (9/44,
mentioned; anosmia) after 2
hypertension, weeks)
cardiovascular
disease, asthma
Beltran-Corbellini A, Spain ; mean age 79 Questionnaire 31.65% (45.7%  35.44% (45.2%  35.5% (smell and/or No significant Not men- Not 40%
et al.; Acute-onset smell  61.6 &= 174 ; anosmia, 29% ageusia, 22.6% taste disorders differences tioned mentioned (complete
and taste disorders in the 60.8% men and hyposmia, 6.5% hypogeusia, among 31 COVID- recovery
context of Covid-19: a 39.2% women ; not dysosmia 25.8% 19 patients) after
pilot multicenter mentioned ; not among 31 dysgeusia 74 £23
PCR-based case-control mentioned COVID-19 among 31 days) 16.7%
study ; Eur J Neurol. patients with COVID-19 (partial
[13] smell and/or patients with recovery
taste disorders) smell and/or after
taste disorders) 9.1 £ 3.6
days)

* Total sample size was 2428 patients with new onset anosmia including laboratory confirmed, not confirmed COVID-19 infected patients and not tested.
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Studies identified through database searching (n=232)
(viral infection, coronavirus, rhinovirus, influenza, COVID,

SARS, or MERS) and (anosmia, smell, or olfactory)

'

Excluded studies (n=145)

Included studies with adequacy (n=85)

| ‘

I

Coronaviral family (n=26)

General information for

viral infection (n=19)

Other viral infection (n=40)
(Cytomegalovirus, herpes virus, and

other viruses)

!

Other coronaviral infection (n=5)

l associated studies (n=21)

COVID-19 infection

Influenza infection (n=28)

SARS infection (n=2)

I

| |

Clinical review

(n=7)

Review/case

report (n=4)

Editorial/commentary/Method

Letter (n=7) (@=3)
e

Fig. 1. Flowchart of studies inclusion and exclusion criteria.

complained of smell or taste alternations prior to other symp-
toms and 26.7% after other symptoms [16]. In Iran, 83%
of 23 COVID-19 patients with anosmia complained of anos-
mia as their primary symptom [17]. In Spain, 35.5% among
31 COVID-19 patients complained early and 67.7% showed
acute onset of olfactory dysfunction [13].

However, according to another study from Iran, all of 21
COVID-19 patients reported olfactory dysfunction with or im-
mediately after the other general symptoms [15]. In case of
SARS-CoV infection, complete anosmia was usually reported
3 weeks after the first symptom [18].

The other issue is the correlation of olfactory dysfunctions
with otolaryngologic symptoms. The olfactory dysfunction is
not closely correlated with nasal stuffiness and rhinorrhea, but
it is supposed to be related to fever [9]. In China, only 4% of
patients with olfactory dysfunction complained of rhinorrhea
[19] and only 5% nasal stuffiness [20]. From the recent survey
study of 2428 patients with new onset anosmia in United
Kingdom, 17% of anosmia patients had only anosmia without
any other otolaryngologic symptoms. However, this survey
has limited value because only 80 patients had been tested

for COVID-19 infection; only 74% of the tested patients were
positive and most of the responders were young [10].

From a case report, olfactory dysfunction was described as
‘isolated sudden onset anosmia’ because a patient with con-
firmed COVID-19 complained of sudden onset anosmia with-
out any other symptoms [21]. According to the other study
from Italy, 3% of COVID-19 patients (n = 130) reported
smell or taste alternations as the sole symptom [16]. How-
ever, there is also an article reporting that ENT symptoms
can be accompanied by anosmia [12].

In Korea, Korean center for disease control (KCDC) re-
cently (on 6 April 2020) announced in a press release that
proportion of asymptomatic case was 33.3% based on the
presence or absence of symptoms at the time of confirmation
of COVID-19 (10,284 confirmed as positive among 466,804
tested, in republic of Korea until 6, April 2020) [22].

There is a study showing that most of gustatory dysfunc-
tion appeared as an early symptom before hospitalization [11].
Besides, there might be close correlation between olfactory
and gustatory dysfunction (p<0.001) [9]. Considering above,
around 20-30% COVID-19 patients may present olfactory
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dysfunction (and/or gustatory dysfunction) as early or some-
times isolated symptom of COVID-19.

Curiously, many studies showed that women had olfactory
dysfunction more frequently than men [9,11,12,17], though
the reason is hard to be explained at this time. According
to a recent study, Toll-like receptor (TLR) activation with
cytokine production and protein phosphorylation is related to
X chromosomes. This might explain different inflammatory
conditions and clinical courses after infection between men
and women [23]. However, from another study, the results of
UPSIT checked olfactory function were same between men
and women [15]. Further investigations of gender difference
are needed.

4. Pathophysiology

Globally, particularly in Europe, the olfactory and/or gus-
tatory dysfunctions of COVID-19 patients were reported as
new symptoms. However, to date, many papers have reported
that the olfactory dysfunction has also occurred by other viral
infections, over 200 different viruses [24-26]. Furthermore,
coronavirus family, including SARS, is also related to post-
viral anosmia [18]. Although the exact mechanism is not yet
known, 2 basic mechanisms have been suggested.

First, conductive olfactory dysfunction can be induced if
there are some problems on olfactory cleft mucosa, such as
mucosa inflammation or rhinorrhea [27]. Olfactory dysfunc-
tion in viral infection with rhinovirus, Parainfluenza Epstein-
Barr viruses and some other coronavirus can be explained.
However, in some cases, even if the acoustic rhinometry re-
sult was normal, the olfactory function did not recover [28].
Olfactory dysfunction of COVID-19 patients is also thought
to be less related to rhinorrhea or nasal congestion.

Second, if there are direct effects by virus on olfactory cleft
mucosa, sensorineural olfactory dysfunction can be consid-
ered [29]. Direct mucosal infection by virus can cause severe
injury of peripheral olfactory neuron, which might have fe-
tal effects on olfactory receptors [30]. Also, both SARS-CoV
and SARS-CoV-2 might have the potential of microinvasion
to the target receptor, human angiotensin converting enzyme 2
(ACE2) receptor, which is expressed on the olfactory bulb and
the epithelial cell of oral mucosa [31]. However the effects
of virus on sensorineural olfactory dysfunction are controver-
sial. From one study, it claims that SARS-CoV might affect
neurons in the olfactory bulb of mice and spread to the cor-
tex, basal ganglia and midbrain [32]. On the other hand, there
is another case report of the SARS-CoV patients presenting
with anosmia showed normal on brain magnetic resonance
imaging (MRI) scan [18]. There is also a case of COVID-
19 patient who showed the bilateral inflammatory mucosal
obstruction of the olfactory cleft without other abnormalities
in nasal cavity and olfactory bulb on computed tomographic
scan (CT) and MRI scan [33].

As mentioned earlier, there are differences in the olfactory
and otolaryngologic symptoms of Chinese and European pa-
tients [19] and it might be due to the diversity and mutation
of ACE2 phenotypes [34,35].

5. Diagnosis

The validated tests which could quickly and accurately
diagnose the olfactory dysfunction in the highly suspicious
COVID-19 patients are needed. The short version of the Ques-
tionnaire of Olfactory Disorders Negative Statements (sQOD-
NS) can be used to assess the quality of life of the COVID-19
patients with anosmia or hyposmia [9]. The score was sig-
nificantly lower in patients with anosmia than hyposmia or
normosmia.

Besides subjective questionnaires, commonly used olfac-
tory tests are as follows: UPSIT, Cross-cultural Smell Identi-
fication Test (CC-SIT; Sensonic, Inc, Haddon Heights, NJ),
T&T Olfactometry test (Daiichi Yakuhin Sangyo, Tokyo,
Japan), and other olfactory threshold tests [36]. Recently, few
cases of COVID-19 patients with olfactory dysfunction were
confirmed by UPSIT. There was no correlation between UP-
SIT result and awareness of olfactory dysfunction in COVID-
19 patients [15].

Also, acoustic rhinometry, thinomanometry, CT, or MRI
could identify the mechanism of olfactory dysfunction mainly
due to conductive problems and identify other causes. How-
ever, the usage of nasal endoscopy is not recommended in the
highly suspicious COVID-19 patients because it may provide
other people unnecessary virus exposure [37].

6. Treatments

In general, spontaneous recovery rates have been reported
higher in post-viral patients than post-traumatic patients, and
there are no definite treatment guidelines in the post-viral
patients presenting with olfactory or gustatory dysfunction,
including COVID-19. There are 2 issues on anosmia treatment
in COVID-19 patients.

The first issue is that early anomia treatment in COVID-19
patients can change clinical course of COVID-19. But due to
lack of information, this issue is hard to be answered but early
detection appears more likely to be meaningful rather than
early treatment for COVID-19. The second one is whether
empirical oral steroid treatment for acute anosmia can do
harm to COVID-19 patients without any other symptom or
with mild symptoms

Up to date, several studies have shown that oral steroid
treatment for anosmia by viral infection may be effective
through reducing mucosal inflammation and edema [38].
There is a controversy over the effectiveness of the use of
empirical systemic corticosteroids because oral steroids may
aggravate immunosuppressive state in the COVID-19 patients
with severe symptoms and there are studies showing that use
of corticosteroids in MERS patients may have affected the
delay of RNA reduction in MERS coronavirus [39].

Moreover, in cases of the COVID-19 patients with severe
lung complications, the use of corticosteroids is not recom-
mended by WHO guideline [40]. In China, however, limited
use of low dose corticosteroid during short-term can be per-
mitted when absolutely necessary [41].

According to the recently released ARIA EAACI state-
ment, it is recommended to keep using intranasal steroid
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(INS) in the COVID-19 patients with allergic rhinitis [40].
Although it may be revised later with new studies, it is also
recommended to maintain the use of local intranasal corticos-
teroids because sneezing could get worse and the virus could
spread easily if the patients stop using INS.

INS is supposed to have relatively less risky than systemic
steroids because the rate of systemic bioavailability of INS is
less than 1% [42]. But further studies are needed to confirm if
INS may be effective for the treatment of olfactory dysfunc-
tion and for the change of clinical course in the COVID-19
patients.

It was reported that the treatments used for olfactory dys-
function were nasal saline irrigations (16.7%), nasal corticos-
teroids (8.1%), oral corticosteroids (2.5%), and others (2.5%).
However, in actual clinical field, most of the patients with ol-
factory dysfunction did not receive any treatment [9].

Olfactory training, simple and easy, can bring positive re-
sults on the recovery for anosmia by viral infection, but there
is no definite guideline for olfactory training in the COVID-
19 patients. But a few papers recommend that early olfactory
training before 12 months from the onset of anosmia could
have positive results in the patients with anosmia and viral
infection, including COVID-19 [37,43].

Besides steroid and olfactory training, Zinc sulfate, theo-
phylline, Ginkgo biloba, vitamins, nasal decongestants, or
other medicine could also be considered to treat olfactory
dysfunction. Saline washing/ nasal saline irrigation should be
considered carefully, because it could make virus more con-
tagious [9]. However, except for the corticosteroid, the effects
of other medicine have not been proven [37].

Most of the patients with gustatory dysfunction did not
have any special treatment, either using L-carnitine or vita-
mins [9].

7. Prognosis

The recovery of olfactory function is relatively slower in
sensorineural dysfunction than conductive olfactory dysfunc-
tion, and permanent functional loss might be caused [21].

There are a few studies for the recovery of olfactory func-
tion in COVID-19 infected patients yet. In USA, 74% of 38
cured patients from COVID-19 were reported to show the
recovery of anosmia [14]. In France, mean duration of anos-
mia was within 2 weeks and 55% of 44 patients recovered
more after 1week and 20% recovered more after 2 weeks. In
Spain, mean duration of anosmia was also within 2 weeks and
40% of 30 patients recovered completely around 1 week later
(7.4 £ 2.3 days) [13]. According to the study from Europe, a
total of 357 patients (85.6%) had olfactory dysfunction from
a total of 417 COVID-19 infected patients. But among 59
clinically cured patients, only 44% is reported to show the
recovery of olfactory function in short term period (within 14
days), most of whom (72.6% of patients with recovered ol-
factory dysfunction) showed a recovery within 8 days; only a
small number of patients (3.4%) showed a recovery more than
15 days after the COVID-19 resolution. Among the clinically
cured patients who had residual olfactory and/or gustatory
dysfunction, 53.9% complained of only olfactory dysfunction,

22.5% only gustatory dysfunction and 23.6% both remaining
olfactory and gustatory dysfunctions [9].

The time to decide the recovery of olfactory function was
suggested to be 2 weeks, because the viral loading signifi-
cantly reduces in about 14 days [9,44]. But the further study
requires to decide the time to recovery and follow up long
term later.

Considering from the other viral infections, the partial or
complete recovery of olfactory function could take several
months [45]. And in case of anosmia after SARS, the patient
was reported to suffer from anosmia continuously more than
2 years [18].

8. Discussion

The ongoing COVID-19 epidemic is still rapidly spreading
all over the world. So it is very important to notice the early
sign of COVID-19 and get the information about progression
as soon as possible. Most of COVID-19 patients complain
of no symptoms or mild symptoms in early stages though
coughing, fever and difficulty breathing are main symptoms.

Up to date, the number of the COVID-19 patients with ol-
factory and/or gustatory symptoms is rapidly increasing and,
though the onset of olfactory and/or gustatory symptoms in
the COVID-19 patients was reported varied, in general, most
of these 2 symptoms might precede or be accompanied by
other main mild general symptoms or no other symptoms
[16]. Moreover, many cases (18.2%) have been reported for
the COVID-19 patients to complain of these 2 symptoms sud-
denly without any other otolaryngologic symptoms, like rhi-
norrhea or nasal obstructions [9].

Based on the previous paper, the rates of asymptomatic
cases out of all SARS-CoV positive cases were reported 13%
among Singaporean health care workers [46]. Furthermore,
according to WHO report for MERS-CoV, 21% of the 2228
cases from all over the world were reported to have no or
mild symptoms [47].

Asymptomatic case proportion of COVID-19 was 33.3%
based on the presence or absence of symptoms at the time of
confirmation, which was higher than SARS-CoV and MERS-
CoV, according to KCDC report (on 6 April 2020) [22].

Therefore, we should pay more attention to olfactory
and/or gustatory symptoms in the suspicious COVID-19 pa-
tients with or without the main COVID-19 symptoms because
asymptomatic COVID-19 infection (and/or transmission) is a
major public health issue at present. However, the exact rate
of asymptomatic COVID-19 all over the world has not known
and further analysis should be done.

Even though the pathophysiologic mechanism of olfactory
or gustatory dysfunctions in COVID-19 patients has not been
clearly identified yet, it is also very interesting that the clini-
cal manifestations of olfactory or gustatory dysfunctions were
different according to gender or races.

Moreover, it is necessary to follow the clinical course and
the long-term results of olfactory and/or gustatory dysfunc-
tions in the cured COVID-19 patients.
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9. Conclusion

Although there is still a lack of our understanding of
COVID-19, the number of COVID-19 patients is rapidly in-
creasing all over the world. Based on the recent reports and
studies, sudden olfactory and/or gustatory dysfunctions may
be the early signs of COVID-19, though all olfactory and/or
gustatory dysfunctions are not caused only by COVID-19,
even at present. Therefore, if there are any persons complain-
ing of olfactory and/or gustatory dysfunctions in COVID —19
pandemic areas, it is suggested that accurate and urgent di-
agnostic test for COVID-19 should be applied; by doing so
health providers can get an opportunity to prepare personal
protective equipment in advance, and isolate the suspected
asymptomatic patients (or with mild symptom) to prevent the
further spread of COVID-19.
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