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ABSTRACT

Background: The aim of this study was to evaluate the subjective and objective olfactory
function in coronavirus disease 2019 (COVID-19) patients and the effect of olfactory training.
Methods: A prospective cohort study was performed in 53 patients who recovered from
COVID-19 and visited our tertiary hospital. Subjective olfactory function was evaluated using the
11-point Likert scale (0-10) and the Korean version of the Questionnaire of Olfactory Disorders
(QOD). Objective olfactory function was evaluated using Cross-Cultural Smell Identification Test
(CC-SIT). Confirmed patients were followed up after 2 months of olfactory training.

Results: The median, interquartile range (Q1-Q3) score of subjective olfactory function
significantly deteriorated in patients with olfactory dysfunction (OD) than in those without
OD, even after 3 months of onset (11-point Likert scale, 8, 6-9 vs. 10, 10-10; short version of
QOD-negative statements, 19, 1621 vs. 21, 21-21; QOD-visual analogue scale, 7, 1-13 vs. O,
0-0; all P < 0.001). However, the objective olfactory function was not significantly different
between the two groups (median, interquartile range; 11, 9-11 vs. 11, 9-11, P= 0.887). The
percentage of patients with objective hyposmia (CC-SIT < 10) was also not significantly
different (47.4% vs. 40%, P =0.762). OD in COVID-19 was normalized after 2 months of
olfactory training in 70% of patients even after 3 months of olfactory impairment.
Conclusion: Although subjective olfactory function is significantly decreased in the OD
group, the objective olfactory function was not significantly different. Moreover, olfactory
training is effective in COVID-19 patients with OD.

Keywords: COVID-19; SARS-CoV-2; Olfaction Disorders

INTRODUCTION

After several pneumonia patients were reported to be positive for the severe acute
respiratory syndrome coronavirus 2 in December 2019, it rapidly spread all over the
world. Until now, more than 120 million patients have been confirmed to have contracted
the coronavirus disease 2019 (COVID-19), and approximately 3.0 million patients have
succumbed to this disease.! This novel coronavirus is different from other members of the
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Coronaviridae family. The virus responsible for COVID-19 could show high viral load without
symptoms in the disease's early phase.2:3 Therefore, control of the disease is very difficult
due to its clinical characteristics. Several studies have reported that COVID-19 infection
could induce symptoms associated with upper and lower respiratory infection such as
cough, rhinorrhea, sputum, and dyspnea and general symptoms of fever and fatigue.
Moreover, it has also been reported to cause mild to severe acute respiratory distress
syndrome and even death has been reported.45 Although olfactory dysfunction (OD) was
not considered an important symptom in the early days of the COVID-19 outbreak, recently
published studies have suggested that OD must be considered an important symptom in

the early stages of COVID-19 disease. Borsetto et al.® reported that the overall prevalence

of OD was 47%, as reflected from the findings of a systematic review of patients which
mentioned about OD. This symptom preceded other symptoms in 20% of patients and

was a concomitant manifestation in 28% of patients.6 Also, the American Academy of
Otolaryngology-Head and Neck surgery included OD as a screening tool for the detection of
COVID-19 infection.” We also recently published an article about OD, which was evaluated as
an objective test (Cross-Cultural Smell Identification Test [CC-SIT]; Sensonics International,
Haddon Heights, NJ, USA) in COVID-19 patients who were isolated in a quarantine facility
(Gyeonggi International Living and Treatment Support Center). We observed that 24.2% of
patients complained of OD with a mean CC-SIT score of 8 + 2.8

Several studies have reported on the pattern of recovery of OD which showed considerable
variability. Chiesa-Estomba et al.9 reported that among the 751 patients, 367 (49%) patients
reported complete recovery, and 107 (14%) patients reported partial recovery of olfaction
after a mean follow-up of 47 + 7 days. Additionally, Chary et al.10 reported that 64% of
patients reported complete recovery and 33% reported incomplete recovery. To date, no
treatment has been clearly established for OD associated with COVID-19 infection. Olfactory
training is a validated treatment modality in patients with OD, as suggested by Hummel

et al.11 Moreover, Damm et al.12 reported that olfactory training is a successful therapy
regimen in patients with post-infectious OD (PIOD). PIOD occasionally occurs after upper
airway viral infection, in which olfactory impairment persists even after the resolution of
other respiratory symptoms. In our previous report, COVID-19 infection-associated OD was
regarded as a quantitative disorder (reduced or absence of olfaction) with sensory neural
cause, such as PIOD.8 Therefore, we consider that olfactory training is also effective in
COVID-19 associated OD.

To assess the clinical characteristics of OD in COVID-19 patients, we compared the subjective
and objective olfactory function using questionnaires and CC-SIT as per the experience of the
patients during COVID-19 infection. Moreover, we assessed the effect of olfactory training in
patients with OD who were confirmed by CC-SIT objectively.

METHODS

Study design, study population, and data collection

This prospective cohort study included 53 adult patients who were diagnosed with
COVID-19 by reverse transcriptase-polymerase chain reaction from respiratory samples. The
diagnosis was confirmed, and the recovery period was between April 2020 and September
2020. Patients who had experienced OD before confirmation of COVID-19 diagnosis were
excluded from the present study. Nasal endoscopic examination and olfactory evaluation
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were performed by a single rhinologist at our tertiary hospital's outpatient clinic. When the
patients visited the clinic, we interviewed the participants about general and rhinological
symptoms, and history of underlying disease. The study participants were asked to fill out
questionnaires about their current state of olfactory function. Thereafter, we performed

an objective olfactory function test using CC-SIT.12 If the CC-SIT score indicated that the
participant had OD, we recommended the olfactory training for two months and performed
the follow-up test to evaluate olfactory function improvement. All study participants did not
take any oral or topical steroids before and during study periods.

Evaluation of subjective and objective olfactory function

Subjective olfactory function was evaluated using the 11-point Likert scale (0-10), and

the Korean version of the Questionnaire of Olfactory Disorders (QOD).14 Among QOD
questionnaire subdomains, we used the QOD-visual analog scale (QOD-VAS) and the

short version of QOD-negative statements (sQOD-NS). The Korean version of the QOD-

VAS comprises five questions with an 11-point scale (0-10), and a higher score indicates

poor subjective olfactory function. On the other hand, the Korean version of sQOD-NS
consists of seven questions with a 4-point scale (0-3) and a higher score indicates better
subjective olfactory function. The CC-SIT comprises 12 multicultural odorants items
(banana, chocolate, cinnamon, gasoline, lemon, onion, paint thinner, pineapple, rose,

soap, smoke, and turpentine) based on items from the University of Pennsylvania Smell
Identification Test.13 The patients underwent the “scratch-and-sniff” protocol that involved
12 microencapsulated odorants strips with enveloped pencil and forced-choice of one answer
among the four choices. Although, Doty et al.13 suggested normative data according to age
and sex, we used our country criteria according to previously published data, anosmia as 0—4,
hyposmia as 5-10 and normosmia as 11-12.14,15

Olfactory training using odorants

Olfactory training is a treatment for patients with OD that was first suggested by Hummel

et al.11 using eucalyptus, clove, lemon, and rose. In Korea, Kim et al.16 suggested the four
familiar odorant regimens as pine, cinnamon, lemon, and peppermint. They reported
successful results on olfactory function improvement in PIOD patients using these odorants.
Thus, we also used the same regimen. The patients had to sniff each odorant for 10 seconds
with a rest period 30 seconds to prevent olfactory fatigue twice a day (morning and evening)
for 2 months.16

Statistical analysis

Statistical analysis was performed using the Statistical Package for the Social Science version
21 (IBM Corporation, Armonk, NY, USA). To compare the participant's demographics,

the subjective and objective olfactory function between patients' group according to the
experience of olfactory impairment, categorical variables were compared using the y? test
and continuous variables were compared using the Mann-Whitney U test. We also performed
an independent t-test and Fisher's exact test to assess the subjective and objective olfactory
function changes after olfactory training.

Ethics statement

The study protocol was approved by the Institutional Review Board of Korea University Ansan
Hospital (2020AS0122). Informed consent was submitted by all subjects when they were enrolled.
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RESULTS

Among the 53 study subjects, 35 were female. A total of 38 subjects reported the experience
of OD during COVID-19 infected periods. The mean + standard deviation age of the study
participants was 36.51 + 13.59 years. The mean number of days after diagnosis of COVID-19
was 89.06 + 40.89 days, and in the 38 subjects who experienced OD, the mean follow-up
period after the initiation of OD was 88.50 * 39.44 days. The demographics of the study
participants are described in Table 1. When we assessed the timeline for the manifestation
of general or rhinologic symptoms to the onset of OD, six patients developed OD without
other general or rhinologic symptoms. Besides, four patients developed OD before the onset
of other symptoms, while seven patients developed OD simultaneously. Also, 21 patients
developed OD after development of other symptoms (Fig. 1).

Subjective and objective olfactory function

As mentioned above, 38 subjects reported that they experienced subjective OD (with OD
group), and 15 subjects did not (without OD group). Among the 38 subjects in the OD group,
92.1% (35/38) patients stated that their olfactory function improved, and 52.6% (20/38)
patients were regarded as normosmia according to the CC-SIT score. When we compared the
olfactory function status between these two groups, we found that the subjective olfactory
function was significantly impaired in the with OD group even after three months of OD
onset. Moreover, the number of patients with subjective hyposmia was also significantly
higher in the with OD group than in another group. However, according to CC-SIT score

and the number of patients with objective hyposmia (CC-SIT < 10), the objective olfactory

Table 1. Demographics of study subjects

Variables Total (n = 53) With OD (n = 38) Without OD (n =15) P value
Age 36.51 +13.59 (32, 27-42) 33.08 £10.32 (31, 25-40) 45.20 +17.08 (49, 31-57) 0.015°
Sex (male:female) 18:35 11:27 7:8 0.334°
Smoking (current) 5 5 0 0.305°
Underlying disease
AR 25 22 3 0.016°
CRS 6 6 0 0.167¢
DM 1 0.283¢
HTN 0 2 1 >0.999°¢
Symptom
Sore throat 19 16 3 0.203°
Cough 18 14 4 0.532°
Sputum 12 10 2 0.470°¢
Dyspnea 7 6 1 0.658¢
Chest pain 7 6 1 0.658°
Fever 30 20 10 0.539°¢
Rhinologic symptom
Rhinorrhea 9 9 0 0.046°
Nasal obstruction 10 10 0 0.046°
Sneezing 3 3 (0] 0.548°
Nasal itching 4 3 1 > 0.999¢
Facial fullness/pain 1 1 0 >0.999¢
PND 6 5! 1 0.659¢
Days after confirmation of 89.06 + 40.89 (77, 60-103) 84.47 + 41.26 (73, 58-99) 100.67 + 38.85 (100, 72-116) 0.085°
COVID-19 diagnosis
Days after development of OD 88.50 + 39.44 (80, 65-97)

Values are presented as mean + standard deviation or median (interquartile range).

Bold values indicate statistically significant.

0D = olfactory dysfunction, AR = allergic rhinitis, CRS = chronic rhinosinusitis, DM = diabetes mellitus, HTN = hypertension, PND = post nasal drip, COVID-19 =
coronavirus disease 2019.

aMann-Whitney U test; °x* test; °Fisher's exact test.
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Fig. 1. Time from the onset of general or rhinologic symptoms to the onset of olfactory dysfunction.

Table 2. Comparison of subjective and objective olfactory function between patients group with and without OD
after COVID-19 diagnosis

Variables With OD (n = 38) Without OD (n =15) P value
Subjective olfactory function scale (0-10) 6.98 +2.86 (8, 6-9) 9.80 + 0.41(10,10-10) < 0.001
SQOD-NS (0-21) 16.95 +5.90 (19,16-21)  20.93 +0.26 (21, 21-21) < 0.001
QOD-VAS (0-50) 11.82 + 13.88 (7, 1-13) 2.00 + 4.96 (0, 0-0) <0.001
CC-SIT (0-12) 10.34 = 1.36 (11, 9-11) 10.20 +1.57 (11, 9-11) 0.887
Number of patients with subjective hyposmia 12 0 <0.001
Number of patients with objective hyposmia 18 6 0.762
(CC-SIT <10)

Values are presented as mean + standard deviation or median (interquartile range).

Bold values indicate statistically significant.

Mann-Whitney U test and * test.

OD = olfactory dysfunction, COVID-19 = coronavirus disease 2019, sSQOD-NS = short version of Questionnaire of
Olfactory Disorders-negative statements, QOD-VAS = Questionnaire of Olfactory Disorders-visual analog scale,
CC-SIT = Cross-Cultural Smell Identification Test.

function was not significantly different between the two groups (Table 2). Additionally, we
also found that six patients were diagnosed as hyposmic status objectively even though they
had not experienced any OD.

Effects of olfactory training

Olfactory training was introduced among 24 patients. However, only 10 patients revisited

the outpatient clinic after the 2-months duration of olfactory training. Therefore, we could
perform the assessment only in these 10 patients. In our study subjects with olfactory
training, seven out of 10 patients recovered to normal olfactory function. The mean CC-SIT
score was significantly increased after 2 months of olfactory training (9.20 + 0.79 to 10.60 *
1.26, P=0.008). However, subjective olfactory function according to the 11-point Likert scale,
sQOD-NS, QOD-VAS only showed an improved tendency without statistical significance after
2 months of olfactory training (Fig. 2).

DISCUSSION

In the present study, we found that subjective olfactory function was significantly impaired
in patients who experienced olfactory impairment during COVID-19 infection even after
3 months of symptom onset. However, an objectively measured olfactory function was
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Fig. 2. Changes of subjective and objective olfactory function after 2 months of olfactory training.

sQOD-NS = short version of Questionnaire of Olfactory Disorders-negative statements, QOD-VAS = Questionnaire
of Olfactory Disorders-visual analog scale, CC-SIT = Cross-Cultural Smell Identification Test, OD = olfactory
dysfunction, OT = olfactory training.

3Independent t-test; PFisher's exact test.

not significantly different in the presence or absence of a history of OD in the context

of COVID-19 infection. To date, several studies have evaluated the clinical features and
pathophysiology of COVID-19 infection-associated OD. Mastrangelo et al.17 reported that
COVID-19 infection-associated OD occurred without nasal congestion or discharge. These
clinical features suggest that OD might be caused by sensorineural damage. Moreover, they
suggested that phagocytes infection and vascular damage in olfactory bulb, and infection
and death of supporting cells due to COVID-19 lead to inflammatory cytokine release and
causes neuronal dysfunction.l” Lv et al.18 performed the telephone survey in 196 patients
and reported that impaired olfaction in the COVID-19 patients was restored in 89.7% of

the patients within 3 months of their discharge from hospital. Brandio Neto et al.19 also
performed a telephone survey using 11-point category rating scale in 655 patients who
recovered from COVID-19 infection. This study also reported that the total and partial
olfaction recovery rate was 53.8% and 44.7%, respectively.19 Besides, Cho et al.” performed
the prospective cohort study in 83 COVID-19 patients and 60 controls using the 11-point
Likert scale to evaluate of olfactory function. They reported a complete recovery of olfaction
in 71.8% of COVID-19 patients within 10 days of symptom onset.” Moreover, Kosugi et

al.20 and Chary et al.10 also reported the short-term recovery rate of olfaction as 86.8% and
97% using subjective questionnaires. In our study subjects, about 92.1% (35/38) of patients
reported that their olfaction improved, and 68.4% (26/38) reported that their olfaction
totally recovered based on subjective evaluation. These results were similar to the above
mentioned earlier studies. However, we found that objective olfaction using validated CC-SIT
was normalized in only about 52.6% (20/38) of the patients with OD group. Also, six of the
patients who stated that they had no experience of OD were identified as hyposmic state.
Considering the reasons for the inconsistency between subjective and objective olfactory
outcomes, we presumed that if patients experienced OD, they would be extremely concerned
about OD and constantly worried about it. Therefore, the patients with OD group showed
negative results for the sQOD-NS and QOD-VAS questionnaires than patients without OD
group. Based on these results we suggest that, although subjective olfaction is important,
there might be an error when the improvement in olfactory function is gauged by using only
subjective parameters.
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Recently, Le Bon et al.21 reported the clinical outcome of olfactory training in 18 dysosmic
patients after COVID-19 infection. They reported that a 10-week course of olfactory training
had improved their olfactory function score.2! In our study, we found that the subjective
olfactory function showed an improved tendency after olfactory training without any
statistical significance. Furthermore, the objective olfactory function was significantly
improved, and 70% of patients were normalized after olfactory training. In the present study,
the mean duration of olfactory impairment in patients who underwent olfactory training
was approximately 3 months. Kim et al.22 reported that better treatment outcomes were
achieved in PIOD patients who started olfactory training less than 1 month after olfactory
loss. Therefore, we concluded that immediate olfactory training might show better results in
COVID-19 infection-associated OD.

Our study has several limitations. First, we performed CC-SIT to confirm objective olfactory
function. Although CC-SIT is a validated study, it can only evaluate the identification

of olfactory function. Therefore, the patients with subjective OD might have decreased
threshold or discrimination of olfactory function, and these aspects could affect the results
of this study. The most validated objective olfactory function test is to assess the threshold,
discrimination and identification (TDI) of olfaction. Moreover, CC-SIT consists of only

12 questions. So, it is difficult to distinguish between malingering and anosmia because

the expected minimum score for random answers is 3 and the criteria for anosmia is 4.
Therefore, if we evaluated the objective olfaction using TDI score, we could suggest more
valuable data than the present study. However, when we initiated this study, the Food and
Drug Administration of South Korea withdrew the olfactory test's approval using TDI. Thus,
it was impossible to use it for objective evaluation of olfactory function. Also, Konstantinidis
et al.23 reported that olfactory function mainly increased olfactory identification score with
olfactory training in PIOD patients. Therefore, we regarded that olfactory improvement using
only identification tests could also show meaningful clinical results. Second, only 41.7%
(10/24) of patients with olfactory training visited our outpatient clinic to assess olfactory
improvement, and the number of study subjects was relatively small. Thus, it might have
caused selection bias. Third, in our demographics of study subjects, initial nasal symptom
and history of nasal disease was significantly different between with OD and without OD
group. Therefore, it might have affected the results of this study. Lastly, we did not perform a
randomized controlled study to assess the effect of olfactory training. Therefore, we thought
that well-designed study with a sufficient sample size is required, and we plan to conduct
such a follow-up study in the future.

In the present study, we found that subjective olfactory function significantly decreased in
COVID-19 patients who had experienced OD within 3 months of the disease course. However,
the objective olfactory function was not significantly different in COVID-19 patients, even
when these patients had an OD history. Therefore, olfactory function assessment using
subjective questionnaires only might not reflect the real status of olfactory function in
COVID-19 patients.

The two-month duration of olfactory training significantly improved olfactory function, and

70% of patients became normal after treatment. Therefore, olfactory training is an effective
treatment modality for COVID-19 infection-associated OD.

https://doi.org/10.3346/jkms.2021.36.e161 7/9



Olfactory Dysfunction in COVID-19

JKMS

https://jkms.org

ACKNOWLEDGMENTS

We would like to thank Editage (www.editage.co.kr) for English language editing.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

World Health Organization. Coronavirus disease (COVID-19) pandemic. https://www.who.int/
emergencies/diseases/novel-coronavirus-2019. Updated 2021.

Arons MM, Hatfield KM, Reddy SC, Kimball A, James A, Jacobs JR, et al. Presymptomatic SARS-CoV-2
infections and transmission in a skilled nursing facility. N Engl ] Med 2020;382(22):2081-90.

PUBMED | CROSSREF

Rothe C, Schunk M, Sothmann P, Bretzel G, Froeschl G, Wallrauch C, et al. Transmission of 2019-nCoV
infection from an asymptomatic contact in Germany. N Engl ] Med 2020;382(10):970-1.

PUBMED | CROSSREF

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical characteristics of coronavirus disease 2019
in China. N Engl | Med 2020;382(18):1708-20.

PUBMED | CROSSREF

Chen N, Zhou M, Dong X, QuJ, Gong F, Han Y, et al. Epidemiological and clinical characteristics

0f 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet
2020;395(10223):50713.

PUBMED | CROSSREF

Borsetto D, Hopkins C, Philips V, Obholzer R, Tirelli G, Polesel J, et al. Self-reported alteration of sense
of smell or taste in patients with COVID-19: a systematic review and meta-analysis on 3563 patients.
Rhinology 2020;58(5):430-6.

PUBMED | CROSSREF

Cho RHW, To ZWH, Yeung ZWC, Tso EYK, Fung KSC, Chau SK, et al. COVID-19 viral load in the severity
of and recovery from olfactory and gustatory dysfunction. Laryngoscope 2020;130(11):2680-5.

PUBMED | CROSSREF

Seo MY, Seok H, Hwang SJ, Choi HK, Jeon JH, Sohn JW, et al. Trend of olfactory and gustatory
dysfunction in COVID-19 patients in a quarantine facility. | Korean Med Sci 2020;35(41):€375.

PUBMED | CROSSREF

Chiesa-Estomba CM, Lechien JR, Radulesco T, Michel J, Sowerby LJ, Hopkins C, et al. Patterns of smell
recovery in 751 patients affected by the COVID-19 outbreak. Eur | Neurol 2020;27(11):2318-21.
PUBMED | CROSSREF

Chary E, Carsuzaa F, Trijolet JP, Capitaine AL, Roncato-Saberan M, Fouet K, et al. Prevalence and recovery
from olfactory and gustatory dysfunctions in COVID-19 infection: a prospective multicenter study. Am J
Rhinol Allergy 2020;34(5):686-93.

PUBMED | CROSSREF

Hummel T, Rissom K, Reden J, Hihner A, Weidenbecher M, Hiittenbrink KB. Effects of olfactory training
in patients with olfactory loss. Laryngoscope 2009;119(3):496-9.

PUBMED | CROSSREF

Damm M, Pikart LK, Reimann H, Burkert S, Goktas O, Haxel B, et al. Olfactory training is helpful in
postinfectious olfactory loss: a randomized, controlled, multicenter study. Laryngoscope 2014;124(4):826-31.
PUBMED | CROSSREF

Doty RL, Marcus A, Lee WW. Development of the 12-item Cross-Cultural Smell Identification Test (CC-
SIT). Laryngoscope 1996;106(3 Pt 1):353-6.

PUBMED | CROSSREF

Choi WR, Jeong HY, Kim JH. Reliability and validity of the Korean version of the Questionnaire of
Olfactory Disorders. Int Forum Allergy Rhinol 2018;8(12):1481-5.

PUBMED | CROSSREF

Kim DW, Kim JY, Kim SW, Jeon SY. Postoperative olfactory results in chronic rhinosinusitis with nasal
polyposis according to wound healing status. Clin Exp Otorhinolaryngol 2013;6(3):146-51.

PUBMED | CROSSREF

Kim BG, Kim BY, Shin JH, Kim SW, Kim SW. The effect of olfactory training using Korean version
odorants: a preliminary study. Korean J Otorhinolaryngol-Head Neck Surg 2018;61(10):522-7.

CROSSREF

https://doi.org/10.3346/jkms.2021.36.e161 8/9


http://www.editage.co.kr
http://www.ncbi.nlm.nih.gov/pubmed/32329971
https://doi.org/10.1056/NEJMoa2008457
http://www.ncbi.nlm.nih.gov/pubmed/32003551
https://doi.org/10.1056/NEJMc2001468
http://www.ncbi.nlm.nih.gov/pubmed/32109013
https://doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32007143
https://doi.org/10.1016/S0140-6736(20)30211-7
http://www.ncbi.nlm.nih.gov/pubmed/32626853
https://doi.org/10.4193/Rhin20.185
http://www.ncbi.nlm.nih.gov/pubmed/32794209
https://doi.org/10.1002/lary.29056
http://www.ncbi.nlm.nih.gov/pubmed/33107232
https://doi.org/10.3346/jkms.2020.35.e375
http://www.ncbi.nlm.nih.gov/pubmed/32677329
https://doi.org/10.1111/ene.14440
http://www.ncbi.nlm.nih.gov/pubmed/32527141
https://doi.org/10.1177/1945892420930954
http://www.ncbi.nlm.nih.gov/pubmed/19235739
https://doi.org/10.1002/lary.20101
http://www.ncbi.nlm.nih.gov/pubmed/23929687
https://doi.org/10.1002/lary.24340
http://www.ncbi.nlm.nih.gov/pubmed/8614203
https://doi.org/10.1097/00005537-199603000-00021
http://www.ncbi.nlm.nih.gov/pubmed/30039926
https://doi.org/10.1002/alr.22186
http://www.ncbi.nlm.nih.gov/pubmed/24069517
https://doi.org/10.3342/ceo.2013.6.3.146
https://doi.org/10.3342/kjorl-hns.2018.00465

Olfactory Dysfunction in COVID-19

JKMS

17.

18.

19.

20.

21.

22.

23.

Mastrangelo A, Bonato M, Cinque P. Smell and taste disorders in COVID-19: from pathogenesis to clinical
features and outcomes. Neurosci Lett 2021;748:135694.

PUBMED | CROSSREF

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 ] Infect Dis
2020;100:507-12.

PUBMED | CROSSREF

Brandi 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(3):512-8.

PUBMED | CROSSREF

Kosugi EM, Lavinsky J, Romano FR, Fornazieri MA, Luz-Matsumoto GR, Lessa MM, et al. Incomplete and
late recovery of sudden olfactory dysfunction in COVID-19. Braz ] Otorhinolaryngol 2020;86(4):490-6.
PUBMED | CROSSREF

Le Bon SD, Konopnicki D, Pisarski N, Prunier L, Lechien JR, Horoi M. Efficacy and safety of oral
corticosteroids and olfactory training in the management of COVID-19-related loss of smell. Eur Arch
Otorhinolaryngol. Forthcoming 2021. DOI: 10.1007/s00405-020-06520-8.

PUBMED | CROSSREF

Kim DH, Kim SW, Hwang SH, Kim BG, KangJM, Cho JH, et al. Prognosis of olfactory dysfunction
according to etiology and timing of treatment. Otolaryngol Head Neck Surg 2017;156(2):371-7.

PUBMED | CROSSREF

Konstantinidis I, Tsakiropoulou E, Bekiaridou P, Kazantzidou C, Constantinidis J. Use of olfactory
training in post-traumatic and postinfectious olfactory dysfunction. Laryngoscope 2013;123(12):E85-90.
PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2021.36.e161 9/9


http://www.ncbi.nlm.nih.gov/pubmed/33600902
https://doi.org/10.1016/j.neulet.2021.135694
http://www.ncbi.nlm.nih.gov/pubmed/32950734
https://doi.org/10.1016/j.ijid.2020.09.039
http://www.ncbi.nlm.nih.gov/pubmed/32867582
https://doi.org/10.1177/0194599820954825
http://www.ncbi.nlm.nih.gov/pubmed/32534982
https://doi.org/10.1016/j.bjorl.2020.05.001
http://www.ncbi.nlm.nih.gov/pubmed/33423106
https://doi.org/10.1007/s00405-020-06520-8
http://www.ncbi.nlm.nih.gov/pubmed/28145844
https://doi.org/10.1177/0194599816679952
http://www.ncbi.nlm.nih.gov/pubmed/24114690
https://doi.org/10.1002/lary.24390

	Clinical Features of Olfactory Dysfunction in COVID-19 Patients
	INTRODUCTION
	METHODS
	Evaluation of subjective and objective olfactory function
	Olfactory training using odorants
	Statistical analysis
	Ethics statement

	RESULTS
	Subjective and objective olfactory function
	Effects of olfactory training

	DISCUSSION
	REFERENCES


