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ABSTRACT

Background: Olfactory and gustatory dysfunction has been reported as characteristic 
symptoms of coronavirus disease 2019 (COVID-19). This study evaluated olfactory and 
gustatory dysfunction in mild COVID-19 patients using validated assessment methods.
Methods: A prospective surveillance study was conducted for mild COVID-19 patients who were 
isolated at the Gyeonggi International Living and Treatment Support Center (LTSC), Korea. 
Olfactory function was assessed using the Korean version of the Questionnaire of Olfactory 
Disorders (QOD) and Cross-Cultural Smell Identification Test (CC-SIT). Gustatory function 
was assessed using an 11-point Likert scale and 6-n-propylthiouracil, phenylthiocarbamide, and 
control strips. All patients underwent nasal and oral cavity endoscopic examination.
Results: Of the 62 patients at the LTSC, 15 patients (24.2%) complained of olfactory or 
gustatory dysfunction on admission. Four of 10 patients who underwent functional evaluation 
did not have general symptoms and 2 were asymptomatic. The mean short version of 
QOD-negative statements and QOD-visual analogue scale scores were 13 ± 6 and 4.7 ± 3.6, 
respectively. The mean CC-SIT score was 8 ± 2. No patients showed anatomical abnormalities 
associated with olfactory dysfunction on endoscopic examination. The mean Likert scale score 
for function was 8 ± 2, and there were no abnormal lesions in the oral cavity of any patient.
Conclusions: The prevalence of olfactory and gustatory dysfunction was 24.2% in mild 
COVID-19 patients. All patients had hyposmia due to sensorineural olfactory dysfunction, 
which was confirmed using validated olfactory and gustatory evaluation methods and 
endoscopic examination. Olfactory and gustatory dysfunction may be characteristic 
indicators of mild COVID-19.
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INTRODUCTION

Since the first report of coronavirus disease 2019 (COVID-19) in Wuhan, China in December 
2019, the disease has become widespread and global threat.1 During this ongoing 
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COVID-19 pandemic situation, several studies regarding virology, clinical characteristics, 
and transmission have been reported. The main clinical manifestations of COVID-19 are 
symptoms of upper and lower respiratory infection, including fever, cough, sputum, and 
fatigue, and range in severity, from asymptomatic to severe respiratory failure.2 Severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is different from other viruses in 
Coronaviridae because it can cause asymptomatic infections and show high viral loads during 
the early phase, which leads difficulty in controlling the disease.3,4 This led us to consider 
methods for the early diagnosis of asymptomatic or mild infection, which account for the 
majority of COVID-19 infections.

Other characteristic symptoms of COVID-19 infection are olfactory and gustatory 
dysfunction. Although olfactory and gustatory dysfunction were initially not recognized as 
symptoms of COVID-19, they were seen in a case series of confirmed patients and data from 
Korea have reported anosmia or ageusia in 30% of 2,000 patients.5,6 Subsequent studies 
have reported that olfactory and gustatory dysfunction may be characteristic symptoms of 
COVID-19 infection, but there are limitations in assessments by validated methods.6-11 In 
a study by Moein et al.,12 the University of Pennsylvania Smell Identification Test (UPSIT) 
was used in the assessment of smell dysfunction, and olfactory and gustatory dysfunction 
were identified in 90% (59/60) and 25% (15/60) of COVID-19 patients, respectively. However, 
the olfactory test was performed in the recovery period and the severity of the disease 
was heterogeneous. Therefore, this study was designed to assess olfactory and gustatory 
dysfunction in mild COVID-19 patients using validated olfactory and gustatory evaluation 
methods and endoscopic examination.

METHODS

Study design, study population, and data collection
This prospective surveillance study included mild COVID-19 patients who were isolated 
at Gyeonggi International Living and Treatment Support Center (LTSC) after confirmed 
diagnosis of COVID-19 by SARS-CoV-2 real-time reverse transcription polymerase chain 
reaction (RT-PCR) using respiratory samples; all patients were interviewed daily regarding 
changes in olfactory and gustatory symptoms and their medical records were reviewed. All 
patients were Korean nationals who had returned from foreign countries and quarantined 
on arrival at the airport in April 2020. The LTSC is a Korean community-based isolation 
and treatment facility for mild COVID-19 patients. All patients were assessed for symptoms 
including olfactory and gustatory dysfunction at the time of LTSC admission. Olfactory and 
gustatory evaluations and nasal endoscopic evaluation via portable endoscopic smartphone 
systems were performed in patients complaining of olfactory and taste disorders. The 
olfactory and gustatory function tests and nasal endoscopic examinations were performed by 
one rhinologist who was wearing personal protective equipment.

Olfactory and gustatory function evaluation
Subjective olfactory function was evaluated using the Korean version of the Questionnaire of 
Olfactory Disorders (QOD).13 The QOD was originally developed by Thomas Hummel and 
Johannes Frasnelli in 2005, and the Korean version was validated by Choi et al. in 2018.13,14 
For subdomains of the QOD, we performed assessments using the QOD-visual analogue 
scale (QOD-VAS) and the short version of QOD-negative statements (sQOD-NS). The QOD-
VAS, composed of five questions, is a measure to record the severity of symptoms using the 
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VAS scale for each question, and the validated Korean version uses an 11-point Likert scale 
instead of the VAS scale. The sQOD-NS is composed of seven questions including social, 
eating, annoyance, and anxiety and assessed using a 4-point Likert scale (0–3). A higher 
score means better olfactory specific QOL.9 Additionally, we performed the Cross-Cultural 
Smell Identification Test (CC-SIT; Sensonics International, Haddon Heights, NJ, USA) for 
odor identification as an objective measurement of olfactory function.15 The CC-SIT is 
composed of 12 items (banana, chocolate, cinnamon, gasoline, lemon, onion, paint thinner, 
pineapple, rose, soap, smoke, and turpentine) based on items from the UPSIT, with the 
answer for each question chosen from a possible of four answers. According to the criteria, 
anosmia was defined as a score of 0–4, hyposmia as a score of 5–10, and normosmia as a 
score of 11–12.13 Subjective gustatory function was evaluated using an 11-point Likert scale 
(0–10), and objective gustatory function was evaluated using 6-n-propylthiouracil (PROP), 
phenylthiocarbamide (PTC), and control strips (Sensonics International). PROP and PTC 
showed a significant positive relationship with other bitter compounds used for detecting 
bitter compounds in screening for ageusia.16-18

Endoscopic examination of nasal cavity
Endoscopic nasal and oral cavity examinations were performed using a 4-mm 30° endoscope, 
which was connected to a Galaxy S8 smartphone (Samsung Electronics, Suwon, Korea) 
using the Smart Scope system (Karl Storz, Tuttlingen, Germany). During the endoscopic 
examination, we checked for sinonasal diseases such as chronic rhinosinusitis with or 
without nasal polyps, deviated nasal septum, nasal turbinate hypertrophy, and any tumorous 
condition. The olfactory fissure area was also specifically examined.

Ethics statement
This study protocol was approved by the Institutional Review Board of the Korea University 
Ansan Hospital (2020AS0122). Written informed consent was obtained from each study 
participant.

RESULTS

Sixty-two mild COVID-19 patients were assessed on April 28, 2020. At the time of admission, 
cough, sore throat, sputum, and headache were identified in 20 (32.3%), 19 (30.6%), 
9 (14.5%), and 9 (14.5%) patients, respectively. Rhinorrhea and nasal congestion were 
identified 10 (16.1%) and 7 (11.2%) patients, respectively. Fever was identified in 3 patients, 
and 16 patients were asymptomatic. Fifteen patients (24.2%) complained of acute olfactory 
dysfunction. A total of 10 patients participated in this study, except for 5 patients whose 
symptoms improved after admission. The demographic and clinical characteristics of the 
study population are shown in Table 1. The mean patient age was 33 ± 12 years (interquartile 
range [IQR], 20–62 years), and 7 of 10 patients were female (70%). At initial surveillance, 
all the 10 patients reported no fever and 2 patients had no symptoms, except olfactory or 
gustatory symptoms. Six patients complained of respiratory symptoms including cough, 
sputum, and sore throat. Of the 10 patients, 4 patients complained of both subjective 
olfactory and gustatory symptoms, and 6 patients had only olfactory symptoms without 
gustatory dysfunction. The mean time between the diagnosis of COVID-19 and the olfactory 
evaluation was 12 ± 9 days (IQR, 7–19 days). All patients had no previously experienced 
olfactory or gustatory dysfunction before COVID-19, although 4 patients had a history of 
allergic rhinitis and 1 patient had chronic rhinosinusitis.
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The mean sQOD-NS and QOD-VAS scores were 13 ± 6 (IQR, 9–18) and 4.7 ± 3.6 (range, 
1.5–7.9), respectively. The mean CC-SIT score was 8 ± 10 (IQR, 7–9), and all patients were 
classified as having hyposmia according to the CC-SIT. No patients had signs of suspicious 
sinusitis or nasal polyps in nasal endoscopic findings. A large septal perforation was 
observed in 1 patient (patient number 10) and the olfactory fissure area could not be 
examined in 1 patient (patient number 8) because of high septal deviation. Nine patients 
who underwent endoscopic evaluation of the olfactory fissure area showed no anatomical 
abnormalities (Fig. 1).

The mean Likert scale score for gustatory function was 8 ± 2 (IQR, 8–10). In the initial 
questionnaire, 4 patients reported gustatory dysfunction, but an objective gustatory function 
test showed abnormal findings in 6 patients. No patients showed abnormal lesions of the 
oral cavity or tongue in the oral endoscopic examinations.

DISCUSSION

To our knowledge, this study is the first to assess both olfactory and gustatory function 
with validated methods, with simultaneous nasal and oral endoscopic examination in mild 
COVID-19 patients. We were able to evaluate whether olfactory and gustatory dysfunction 
were associated with anatomical abnormality using endoscopy. In our study, the prevalence 
of olfactory dysfunction was 24.2% in mild COVID-19 patients and all patients were classified 
as having hyposmia. In the recent studies by Yan et al.,10 Moein et al.,12 and Lee et al.,19 smell 
disturbances were reported in 16% (367/2,342), 68% (40/59), and 90% (59/90) of COVID-19 
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Fig. 1. Smart portable nasal endoscopic system findings. (A) Large septal perforation prior to septal cartilage harvest for rhinoplasty. (B) Olfactory fissure is 
obscured by high septal deviation. (C) Right olfactory fissure area is well observed. 
IT = inferior turbinate, OFA = olfactory fissure area, MT = middle turbinate.
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patients, respectively. In our study, the prevalence of olfactory dysfunction was markedly 
low, probably because the study population consisted of only mild COVID-19 patients. 
Further, 4 of 10 patients who complained of olfactory or gustatory dysfunction had no 
systemic symptoms and 2 patients were asymptomatic, which suggests olfactory or gustatory 
dysfunction may be possible indicators of COVID-19.

The perception of smell requires stimulation of olfactory neurons in the olfactory epithelium, 
which are located in the olfactory fissure. Olfactory disorders are largely divided into two 
types—quantitative and qualitative disorders.18 Quantitative disorders refer to decreases in 
the degree of smell and are subdivided according to severity into hyposmia (reduced olfaction) 
and anosmia (absent olfaction). Qualitative olfactory disorders refer to distortion in odor 
quality and are subdivided into parosmia (distortion of an odor perception) and phantosmia 
(perception of an odor in the absence of a stimulus).20 Currently, the olfactory disorders in 
COVID-19 have been reported to be quantitative disorders. Quantitative olfactory disorders 
have two etiologies, which show either conductive or sensorineural olfactory dysfunction. 
Conductive olfactory dysfunction occurs when the smell cannot reach the olfactory epithelium 
because of nasal mucosal edema after viral infection or underlying chronic rhinosinusitis, 
with or without nasal polyps. In our study, we were able to exclude conductive olfactory 
dysfunction by examining the olfactory fissure area using nasal endoscopy in all patients, 
except 1 patient who could not be tested because of high septal deviation. Thus, we concluded 
that all patients had the sensorineural type of olfactory dysfunction. Sensorineural olfactory 
dysfunction is a common form of post-infectious olfactory dysfunction (PIOD), which occurs 
after viral infection of the upper respiratory tract, including infection by coronaviruses.21 It may 
involve the olfactory neurons related to the central nervous system or non-neuronal olfactory 
epithelial cells.10,22 When the viral infection occurs in olfactory neurons, permanent olfactory 
dysfunction may occur and even if there is recovery, it may take a long time. Therefore, the 
location of olfactory neurons with sensorineural olfactory dysfunction can be inferred through 
the clinical course. Yan et al.10 have suggested that SARS-CoV-2 invades the non-neuronal 
olfactory epithelium because the majority of patients recover rapidly. However, they assessed 
olfaction with a non-objective method without long-term follow-up. Our study complemented 
previous studies by performing objective assessment using both olfactory and gustatory 
function tests. Further studies and long-term follow-up observations are needed.

The limitations of our study are as follows. First, the study population was small; hence, the 
results might be biased. Anosmia was not identified by the CC-SIT in this study. When we 
consider random responding, the expected minimum score is only 3 (multiple choice from 
4 answers means that 25% of all answers should be correct).15 Currently, the most validated 
olfactory function test is to assess the odor threshold, discrimination, and identification and 
then sum the results of the 3 tests to give the threshold-discrimination-identification (TDI) 
score. However, this test kit is too bulky and non-disposable; hence, it is difficult to use for 
isolated COVID-19 patients. Thus, the CC-SIT was optimal for testing COVID-19 patients as 
it can be disposed and quickly performed. Second, we assessed objective gustatory function 
using PTC and PROP strips. Although these strips were used for screening tests for gustatory 
function, approximately 15%–30% of normal people are genetically non-tasters for these 
compounds.23-25 The possibility of underestimation must be considered. Furthermore, we 
could only detect patients did not have the sense of taste with this test; hence, we could not 
evaluate the mildly deteriorated patients. Third, the study population was composed of mild 
COVID-19 patients and has limitations in the application of the results. Further research is 
needed to reflect the disease severity.
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In conclusion, the prevalence of olfactory dysfunction was 24.2% in mild COVID-19 patients 
and all patients had hyposmia due to sensorineural olfactory dysfunction, which was 
confirmed using validated olfactory and gustatory evaluation methods and endoscopic 
examination. Of the patients who complained of olfactory and taste dysfunction, 20% had 
no symptoms other than olfactory and taste disorders, and 40% had no systemic symptoms; 
this means that olfactory and gustatory dysfunction may be characteristic indicators of 
asymptomatic or mild COVID-19. Further studies are needed on the association of disease 
severity and long-term outcomes in COVID-19 patients with olfactory and gustatory 
dysfunction in more patients.
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