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1. Introduction
Corona virus disease 2019 (COVID-19) is a pandemic that 
emerged from East Asia in late 2019 and rapidly spread to 
the rest of the world and caused by severe acute respiratory 
syndrome Coronavirus 2 (SARS-CoV-2) [1]. The disease is 
held responsible for more than 2 million deaths worldwide 
and still poses a threat to the public health in most of the 
countries. The most common manifestations of the disease 
are fever, coughing, sore throat, and dyspnea [1,2]. 

Smell and taste dysfunctions have been frequently 
reported since the onset of the disease. In one of the very 
first reports of the neurologic manifestation of the disease, 
Mao et al. reported anosmia and ageusia in 5.1% and 5.6% 
of the cases, respectively [3]. Although incidences of taste 
and smell dysfunctions vary among the reports, Lechien et 
al. reported that 85.6% of the patients in Europe suffered 

from olfactory dysfunction and 88.8% had gustatory 
dysfunction [4]. Early reports claimed chemosensory 
disorders may be the initial signs of the disease, especially 
in the asymptomatic patients [4–7]. Sudden onset of 
anosmia and ageusia within 24–48 h is reported to be 
highly predictive for the disease and these symptoms often 
occur within 5 days from the onset of disease [8].

Alternation of chemosensory functions due to a viral 
infection is not a new phenomenon for otolaryngologists. 
In adults, 40% of anosmia cases are caused by a viral 
upper respiratory tract infection [9]. Common pathogens 
of upper respiratory tract, rhinovirus, parainfluenza, 
Epstein-Barr virus, and coronavirus are known to cause 
olfactory and gustatory dysfunctions [10,11]. On the other 
hand, olfactory dysfunction pathogenesis in COVID-19 
seems to be on a different aspect since anosmia may occur 
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without rhinorrhea or any other findings related to upper 
respiratory tract infection [4,8]. Lechien et al. reported 
the occurrence of anosmia or hyposmia in the absence of 
rhinorrhea and nasal congestion in 79.7% of the patients 
[4]. To explain mechanism of chemosensory disorders in 
COVID-19 several hypotheses were raised. SARS-Cov-2 
binds directly the angiotensin converting enzyme 2 (ACE 
2) cell receptors. ACE2 receptors take place frequently 
on olfactory epithelium and on oral cavity mucosa 
particularly on the tongue but may also be detected on 
glial cells and neurons of central nervous system as well 
[12–14]. Epithelial damage of nasal and oral mucosa 
may have a role in olfactory and gustatory dysfunctions 
[15,16]. SARS-CoV-2 is shown to be neuro-invasive and 
invasion of the olfactory nerve and trigeminal nerve may 
cause olfactory and gustatory dysfunctions [17]. Another 
hypothesis claims that central nervous system involvement 
with focal encephalitis in olfactory and gustatory cortex 
may be the cause of olfactory and gustatory dysfunctions. 
The detection of viral RNA in cerebrospinal fluid of the 
patients may support this hypothesis [3].

Even though the mechanism of olfactory and gustatory 
dysfunctions in COVID-19 patients is not fully discovered, 
these symptoms keep importance for suspecting of disease 
and early diagnosis. In this study, we aim to evaluate 
olfactory and gustatory dysfunctions of COVID-19 
patients with a subjective self-reported questionnaire. We 
also investigated the long-term effects of COVID-19 on 
olfaction with an objective psychophysical test. 

2. Material and methods 
2.1. Study design
This cross-sectional study was approved by Gazi University 
Ethical committee of clinical research. The study included 
adult patients who diagnosed with COVID-19 in Gazi 
University Hospital between April 2020 and June 2020. 
The diagnosis was made with a positive SARS-Cov-2 PCR 
test. The patients were invited to this study by phone. All 
participants provided informed consent. In the survey, 
each patient was interviewed about basic demographic 
info, the time of diagnosis, hospitalization time, presence 
of olfactory and gustatory dysfunctions, onset of these 
symptoms (days before or days after diagnosis), recovery 
of olfactory and gustatory dysfunctions, history of any 
rhinologic surgery. Sinonasal Outcome Test-22 (SNOT-
22) was also administrated to all patients. Patients with the 
history of smell or taste dysfunctions prior to COVID-19 
and history of previous rhinologic surgery were excluded 
from the study. Two hundred and ninety-eight patients 
had been diagnosed with COVID-19 between April 2020 
and June 2020. Ninety-six patients refused to participate 
in the study. Five patients with olfactory dysfunction prior 
to COVID-19 and 26 patients with a history of rhinologic 

surgery were excluded from the study. A hundred and 
seventy-one patients met the inclusion criteria.

Information on disease severity and treatment 
modality was obtained from the patients’ files. The patients 
were divided into groups according to disease severity. 
Patients without any symptom other than smell and taste 
dysfunction were clustered as group 1 and patients who 
are clinically symptomatic were clustered as group 2. 
Group 2 was further divided in two groups as the patients 
with pneumonia were clustered as group 2b and the others 
were clustered as group 2a.
2.2. Psychophysical olfactory evaluation
Patients whose recovery of the disease was shown with 
two consecutive negative SARS-CoV2 tests were invited 
to the clinic for objective assessment of olfaction with 
Sniffin’ stick test battery (Sniffin’ Sticks, Burghart GmbH, 
Wedel, Germany). Twenty-five patients volunteered 
to participate. The test was performed within 45 days 
and at least 30 days after the diagnosis of COVID-19. 
No participant had a history of head trauma or another 
episode of upper respiratory tract infection after the 
diagnosis of COVID-19. The tests were performed as 
previously described by Rumeau et al. [18]. All the tests 
were performed in a well-ventilated, odor-free room. 
The investigator who performed the test used personal 
protective equipment during the procedure. An interval of 
at least 8 h took place between tests to prevent spread of the 
disease. Threshold (T), Discrimination (D), Identification 
(I), and global scores (TDI) were recorded for each patient. 
Patients with a TDI score lower than 15 are considered 
anosmic, patients with a score between 15 and 30 are 
considered as hyposmic, and patients with a score equal to 
or higher than 30 are considered normosmic. 
2.3. Statistical analysis
Statistical analysis was performed with IBM SPSS v 22.0 
(IBM Corp, Armonk, New York). The Shapiro–Wilk test 
was used for assessing normality. To display demographic 
information, mean ± standard deviation (SD) was used 
for normally distributed variables and median (min–
max) for nonnormally distributed variables. Chi-square 
was used for categorical data. The Student t-test and the 
Mann–Whitney U test were used to compare the normal 
and nonnormally distributed data between two groups, 
respectively. Spearman’s rank correlation coefficient was 
used for correlation of nonnormally distributed data. The 
level of statistical significance was set at p ≤ 0.05 with a 
95% confidence interval.

3. Results
3.1. Demographic findings and the survey
A hundred and seventy-one patients participated in this 
study. Of the participants, 58.5% (n: 100) were female and 
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41.5% (n: 71) were male. The median age of the participants 
was 36 (min–max: 18–71). Of the patients, 35.7% (n: 61) 
were smokers and 12.9% (n: 22) were previously diagnosed 
with allergic rhinitis. Participants’ demographic and clinic 
information is summarized on Table 1. 

The patients were clustered in three groups according 
to disease severity, 73.1% of the patients (n: 125) were 
in group 1 (asymptomatic other than smell or taste 
dysfunction), 20.5% (n: 35) were in group 2a (symptomatic 
disease without pneumonia), and 6.4% (n: 11) were in 
group 2b (with pneumonia). In total, 26.9% of the patients 
(n: 46) were clinically symptomatic (group 2). 

Patients who suffered from olfactory dysfunction 
and gustatory dysfunction comprised 10.5% (n: 18) and 
10.5 (n: 18) of all the patients, respectively. Olfactory and 
gustatory dysfunctions were present together in 6.4% of 
the patients (n: 11). Clinical information of patients with 
and without olfactory dysfunction is summarized in Table 
2, and clinical information of patients with and without 
gustatory dysfunction is summarized in Table 3. Olfactory 
dysfunction occurred before diagnosis in 8 patients. The 
median time between onset of olfactory dysfunction 
and diagnosis was 2.5 days (min–max: 1–5). In 10 of the 
patients, olfactory dysfunction occurred after diagnosis 
with a median interval of 1 day (min–max: 1–7). All but 
one patient recovered from olfactory dysfunction in a 
median time of 7 days (min–max: 0–30). One patient 
was still suffering from olfactory dysfunction 45 days 
after diagnosis. Gustatory dysfunction occurred before 
diagnosis in 8 participants within a median time of 2 days 
(min–max: 1–5) and after diagnosis in 10 participants 
within a median time of 1 day (min–max: 1–3). Gustatory 
dysfunction resolved in 16 of the patients within a median 
time of 8.5 days (min–max: 1–30). 

Olfactory dysfunction occurred in 8% of group 1 and 
17.4% of group 2. Olfactory dysfunction rate in group 1 
was lower than that in group 2 but that was not statistically 
significant (p = 0.072). Olfactory dysfunction rates in 
groups 2a and 2b were 17.1% and 18.2%, respectively. 
Gustatory dysfunction occurred in 8% of group 1 and in 
17.4% of group 2 and that was not statistically significant 
(p = 0.072). Gustatory dysfunction rates in group 2a and 
2b were 17.1% and 18.2%, respectively. 

The median ages of the patients who suffered from 
olfactory dysfunction and who did not were 39.5 years 
(min–max: 18–55) and 36 years (min–max: 19–71), 
respectively (p > 0.005).

Patients with a previous diagnosis of allergic rhinitis 
had a higher olfactory dysfunction rate compared to the 
other patients (22.7% and 8.7%, respectively) but that 
was not statistically significant (p > 0.05). Gustatory 
dysfunction rates were also higher in the patients with 
allergic rhinitis (22.7% vs 8.7%) (p > 0.05). 

Olfactory dysfunction rates in smokers and nonsmokers 
were 13.1% and 9.1%, respectively. Gustatory dysfunction 
rate of smokers was 19.7% and significantly higher than 
gustatory dysfunction rate of nonsmokers (5.5%) (p = 
0.007).

Olfactory dysfunction occurred in 7.0% of the male 
patients and 13.0% of the female patients but the difference 
was not significant (p = 0.16).

Mean recovery time of olfactory dysfunction was 17.3 
± 12.3 days in group 2 and 9.2 ± 8.2 days in group 1. The 
difference was insignificant (p > 0.05). The mean recovery 
time of olfactory dysfunction of smokers was 12.6 ± 11.5 
days and was similar with the mean recovery time of 
nonsmokers (12.4 ± 10.3 days). 
3.2. SNOT-22 questionnaire
The mean SNOT-22 score of all the patients was 11.6 ± 13.2 
(min–max: 0–59). In groups 1, 2a, and 2b, the mean scores 
were 10.3 ± 11.7, 17.9 ± 17.2, 6.73 ± 9.9, respectively. There 
was not statistically significant difference between SNOT-
22 scores of groups 1 and 2 (p = 0.19). 

The mean SNOT-22 score of patients who suffered from 
olfactory dysfunction was 20 ± 13.4 and the mean score of 
patients who did not was 10.6 ± 12.9. The difference was 
statistically significant. (p = 0.001) (Table 4). The mean 
SNOT 22 scores of patients who had gustatory dysfunction 
and who did not were 27.2 ± 14.9 and 9.8 ± 11.8, 
respectively. The difference was also statistically significant 
p < 0.001). Analysis of the correlation between SNOT-22 
scores and recovery times (days) of olfactory and gustatory 
dysfunctions did not show significance (p > 0.05 R: 0.315). 
3.3. Psychophysical olfactory evaluation
Objective olfactory evaluation with Sniffin’ sticks test 
battery was performed to 25 volunteered patients, 52% 

Table 1. Demographic and clinical information of patient 
participated in survey.

n %

Sex
Male 71 41.5
Female 100 58.5
Disease Groups
Group 1 125 73.1
Group 2a 35 20.5
Group 2b 11 6.4
Allergic rhinitis 22 12.9
Smoking 61 35.7
Olfactory dysfunction 18 10.5
Gustatory dysfunction 18 10.5
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of whom (n: 13) were female and 48% of whom (n: 12) 
were male. The median age of the patients was 38 years 
(min–max: 23–52). Twenty-two patients were in group 1 
and three patients were in group 2a. Twenty-four percent 
of the patients had a previous diagnosis of allergic rhinitis 
and 48% were smokers. None of the participants had self-
reported olfactory dysfunction at the time of Sniffin’ sticks 
test. Only 2 patients reported olfactory dysfunction due to 
COVID-19 and both claimed to be totally recovered. 

The median SNOT-22 score of these 25 patients was 9 
(min–max: 0–59). The median T, D, I, and TDI scores were 
10.33 (min–max: 1–16), 10 (min–max: 6–16), 11 (min–
max: 8–15), and 32 (min–max: 19.33–43), respectively. 
Sixty-four percent of the patients (n: 16) were normosmic 
and 36% (n: 9) were hyposmic. Eleven-point-one percent 
(n: 1) of the hyposmic patients had self-reported olfactory 
dysfunction due to COVID-19. Eighty-one-point-three 
percent of normosmic patients were in group 1. All the 
hyposmic patients were in group 1. Sixty-three-point-
six percent of the hyposmic patients and 42.1% of tne 
normosmic patients were smokers. Twenty-five percent of 
normosmic patients and 22.2% of normosmic patients were 
diagnosed with allergic rhinitis. Smoking habit and previous 
diagnosis of allergic rhinitis did not differ significantly 
between hyposmic and normosmic patients. Demographic 
and clinical information of the patients participated in 
Sniffin’ Stick Test was summarized in Table 5.

4. Discussion 
Anosmia is a well-known symptom of viral upper 
respiratory tract infections. A viral infection is the 
reason of anosmia in 40% of the cases in adult patients 
[9]. Many viruses such as rhinovirus, Epstein-Barr virus, 
and parainfluenza may cause mechanical obstruction 
with mucosal inflammation and rhinorrhea, resulting in 
olfactory dysfunction [10,11]. However, the smell disorder 
associated with COVID-19 has a different pathogenesis 
that can occur without rhinorrhea and nasal obstruction 
[4,8]. Lechien et al. claimed that 79.7% of COVID-19 
patients with anosmia or hyposmia did not complain 
about rhinorrhea and nasal obstruction [4]. On the other 
hand, in our study, the mean score of “nasal obstruction” 
(question-2 of SNOT-22) of the patients with self-reported 
olfactory dysfunction was significantly higher than the 
patients without. 

In the literature, rates of olfactory dysfunction vary 
among studies between 3.2% and 98.3% [19,20] and 
gustatory dysfunction varies between 5.6% and 88% [3,4]. 
In a metaanalysis reported by Agyeman et al., olfactory 
dysfunction and gustatory dysfunction rates were found 
to be 41.0% (95% CI, 28.5% to 53.9%) and 38.2% (95% 
CI, 24.0% to 53.6%) respectively [21]. In our study we 
found that rates of olfactory and gustatory dysfunctions 
were both 10.5%. We attribute our low rates of olfactory 
and gustatory dysfunctions to the fact that most of the 

Table 2. Comparison of patients with and without olfactory dysfunction.

With olfactory
dysfunction (18)

Without olfactory
dysfunction (153) p

Age median (min–max) 39.5 (18–55) 36 (19–71) 0.772
Sex
Male 27.8% (5) 43.1% (66) 0.159
Female 72.2% (13) 56.9% (87)
Allergic rhinitis 27.8% (5) 11.1% (17) 0.061
Smoking habit 44.4% (8) 34.6% (53) 0.411

Table 3. Comparison of patients with and without gustatory dysfunction.

With gustatory
dysfunction (18)

Without gustatory
dysfunction (153) p

Age median (min-max) 41 (18–59) 35 (19–71) 0.199
Sex
Male 27.8% (5) 43.1% (66) 0.159
Female 72.2% (13) 56.9% (87)
Allergic rhinitis 27.8% (5) 11.1% (17) 0.061
Smoking habit 66.7% (12) 32.0% (49) 0.007
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Table 4. SNOT-22 questionnaire and mean scores for each question.

Question All With olfactory 
Dysfunction

Without olfactory 
Dysfunction p

1. Need to blow nose 0.36 ± 0.9 0.83 ± 1.2 0.31 ± 0.8 0.02*

2. Nasal Obstruction 0.56 ± 1 1.39 ± 1.3 0.46 ± 0.9 0.001*

3. Sneezing 0.63 ± 1 1.28 ± 1.4 0.55 ± 1 0.007*

4. Runny nose 0.46 ± 0.9 0.61 ± 1.2 0.44 ± 0.9 >0.05

5. Cough 0.61 ± 1 0.61 ± 1 0.61 ± 1 >0.05

6. Postnasal discharge 0.50 ± 1 0.83 ± 1.3 0.46 ± 0.9 >0.05

7. Thick nasal discharge 0.15 ± 0.5 0.50 ± 0.9 0.10 ± 0.4 0.005*

8. Ear fullness 0.19 ± 0.6 0.44 ± 0.9 0.16 ± 0.5 >0.05

9. Dizziness 0.31 ± 0.7 0.28 ± 0.8 0.31 ± 0.7 >0.05

10. Ear pain 0.08 ± 0.3 0.00 ± 0 0.08 ± 0.4 >0.05

11. Facial pain/pressure 0.40 ± 1 0.28 ± 1 0.42 ± 1 >0.05

12. Loss of smell or taste 0.42 ± 1.1 2.78 ± 0.9 0.14 ± 0.7 0.000*

13. Difficulty falling asleep 0.55 ± 1.1 0.94 ± 1.3 0.50 ± 1.1 >0.05

14. Waking up at night 0.63 ± 1.2 1.06 ± 1.3 0.58 ± 1.2 0.029*

15. Lack of a good night’s sleep 0.74 ± 1.3 1.17 ± 1.5 0.68 ± 1.3 >0.05

16. Waking up tired 0.88 ± 1.4 1.22 ± 1.4 0.84 ± 1.3 >0.05

17. Fatigue 0.91 ± 1.4 1.39 ± 1.5 0.85 ± 1.3 >0.05

18. Reduced productivity 0.49 ± 1 0.61 ± 1 0.47 ± 1 >0.05

19. Reduced concentration 0.48 ± 1 0.78 ± 1.3 0.44 ± 1 >0.05

20. Frustrated/restless/irritable 0.47 ± 1 0.78 ± 1.3 0.44 ± 0.9 >0.05

21. Sad 0.87 ± 1.3 1.11 ± 1.4 0.84 ± 1.3 >0.05

22. Embarrassed 0.95 ± 1.3 1.11 ± 1.4 0.93 ± 1.3 >0.05

TOTAL 11.61 ± 13.2 20.0 ± 13.4 10.62 ± 13 0.001*

Table 5. Demographic and clinical information of the patients participated in Sniffin’ 
stick test.

Normosmic
(n:16)

Hyposmic
(n:9)

Age median (min–max) 38 (25–52) 40 (23–50)
Sex
Male 43.8% 55.6%
Female 56.3% 44.4%
Smoking 42.1% 63.6%
Allergic rhinitis 25% 22.2%
Disease group 
Group 1 81.3% 100%
Group 2 18.8% –
Self-reported olfactory dysfunction 6.3% 11.1%
SNOT-22-median (min–max) 8.5 (0–59) 13 (0–22)
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participants in the study were asymptomatic patients 
diagnosed during contact tracing.

COVID-19 may present in a wide clinical spectrum, 
from asymptomatic cases to severe illness, with or without 
pneumonia [22]. In our study, the patients were clustered 
in three groups according to disease severity, 73.1% of the 
patients were in group 1 (asymptomatic other than smell or 
taste dysfunction), 20.5% were in group 2a (symptomatic 
disease without pneumonia) and 6.4% were in group 2b 
(presented with pneumonia). The patients in group 1 
had a lower rate of olfactory dysfunction compared to 
group 2 but that was not statistically significant. Several 
authors reported lower olfactory disorder rates in severe 
COVID-19 [23–26]. However, in the studies that used 
psychophysical olfactory tests, no relationship between 
disease severity and olfactory dysfunction was found 
[8,20,26,27].

Some studies reported significantly higher olfactory 
dysfunction rates in females than in males [4,28,29]. In 
our study, the rate of self-reported olfactory dysfunction 
was higher in females (13% vs. 7%) but that was not 
statistically significant. The relation between smoking and 
self-reported olfactory dysfunction varies among studies 
[24,30]. In our study, the rate of olfactory dysfunction of 
smokers was similar to that of nonsmokers. The mean ages 
of the patients with and without self-reported olfactory 
dysfunction were 39.5 (min–max: 18–55) and 36 (min–
max: 19–71) respectively. Vaira et al. evaluated a large 
group of patients with psychophysical olfactory tests and 
did not find a relationship between age, sex, smoking, and 
olfactory dysfunction [31].

In our study, gustatory dysfunction rate of smokers 
was significantly higher than that of nonsmokers. No 
information was found in the literature on how smoking 
affects the susceptibility to gustatory dysfunction in 
COVID-19 patients. On the other hand, smoking is known 
to cause alternations of gustatory function [32]. 

All but one patient recovered from olfactory 
dysfunction in median time of 7 days (min–max: 0–30). 
One patient was still suffering from olfactory dysfunction 
45 days after diagnosis. Gustatory dysfunction resolved in 
16 of the patients within a median time of 8.5 days (min–
max: 1–30). These findings were in line with the literature. 
In the study by Lechien et al. 96.7% of the patients recovered 
in two weeks [4]. Klepfenstein et al. pointed out that the 
average duration of anosmia was 8.9 days and ≥14 days for 
20% of individuals [33]. Lee et al. reported that patients 
with olfactory or gustatory dysfunctions recovered within 
3 weeks; with the average recovery time of 7 days [29].

SNOT-22 score of group 2a was higher than the others. 
Lechien et al. also reported higher SNOT-22 scores in the 
patients with moderate disease than patients with mild or 
severe disease [34]. Since the first 12 questions of SNOT-

22 mostly cover the symptoms of upper respiratory tract 
infection, it was not surprising to have higher SNOT-
22 scores in patients with moderate symptoms without 
pulmonary disease. Samaranayake et al. pointed out that 
“nasal blockage” (question 2) and “runny nose” (question 
4) were more prevalent in patients with mild or moderate 
disease than patients with severe disease [35]. 

In the second step of our study, we aimed to evaluate 
olfactory function of recovered patients with sniffin’ sticks 
test battery. All the tests were performed at least 30 days 
after the diagnosis. No participant reported olfactory 
dysfunction at the time of test. According to TDI scores, 
64% of the patients were normosmic and 36% were 
hyposmic. Moein et al. reported that nearly 65% of the 
patients were unaware of their olfactory dysfunction [20]. 
Vaira et al. reported that 14.5% of the patients without self-
reported olfactory dysfunction were actually hyposmic 
[31]. On the other hand, being unaware of olfactory 
dysfunction is not rare with a prevalence of %22 in normal 
population [36]. According to this information, it may 
be wrong to say that hyposmia in our patients is caused 
by COVID-19, but it could be speculated that olfactory 
dysfunction is more common in COVID patients than 
patients’ self-report. 

There was not any significant difference of age, sex, 
severity of disease, and diagnosis of allergic rhinitis 
between normosmic and hyposmic patients. The median 
SNOT-22 score was higher in hyposmic patients. 

This study has several limitations. Firstly, both the 
survey and psychophysical olfactory tests were performed 
after the patients’ recovery. The survey was based on 
patients’ self-reported data. This posed a risk for recall 
bias. Secondly, almost all the patients who participated 
in psychophysical olfactory tests were those who did 
not report olfactory dysfunction during COVID-19. 
Therefore, no comment could be made on the permanence 
of the olfactory dysfunction caused by COVID-19. A third 
limitation was that the olfactory functions of the patients 
who underwent psychophysical olfactory tests were not 
objectively known prior to disease. Therefore, it could not 
be clarified whether the hyposmia in our patients was due 
to COVID or not.

5. Conclusion
Olfactory and gustatory dysfunctions have been a 
remarkable issue for physicians since the beginning of the 
COVID-19 outbreak. These symptoms occur in the early 
period of the disease. Olfactory and gustatory dysfunctions 
are more common in patients who are clinically 
symptomatic than those diagnosed during contact tracing. 
Olfactory dysfunction is not related to the severity of 
the disease. Objective tests may show that frequency of 
olfactory dysfunction is greater than frequency of self-
reported olfactory dysfunction.



ŞAHİN et al. / Turk J Med Sci

2302

Conflicts of interest
All the authors meet the criteria for authorship. The authors 
have no funding, financial relationships, or conflicts of 
interest to report. 

Informed consent
The study was approved by the local ethical committee of 
Gazi University. All the participants provided informed 
consent.

References

1.	 Guan W, Ni Z, Hu Y, Liang W, Ou C et al. Clinical 
Characteristics of Coronavirus Disease 2019 in China. New 
England Journal of Medicine 2020; 382 (18): 1708-1720. doi: 
10.1056/NEJMoa2002032

2.	 Wang D, Hu B, Hu C, Zhu F, Liu X et al. Clinical Characteristics 
of 138 Hospitalized Patients With 2019 Novel Coronavirus–
Infected Pneumonia in Wuhan, China. JAMA 2020; 323 (11): 
1061-1069. doi: 10.1001/jama.2020.1585

3.	 Mao L, Jin H, Wang M, Hu Y, Chen S et al. Neurologic 
Manifestations of Hospitalized Patients With Coronavirus 
Disease 2019 in Wuhan, China. JAMA Neurology 2020; 77 
(6):683-690. doi: 10.1001/jamaneurol.2020.1127

4.	 Lechien JR, Chiesa-Estomba CM, De Siati DR, Horoi M, Le 
Bon SD 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. European 
Archives of Otorhinolaryngology 2020; 277 (8):2251-2261. doi: 
10.1007/s00405-020-05965-1

5.	 Vaira LA, Salzano G, Deiana G, De Riu G. Anosmia and 
Ageusia: Common Findings in COVID-19 Patients. 
Laryngoscope 2020; 130 (7):1787. doi: 10.1002/lary.28692

6.	 Gane SB, Kelly C, Hopkins C. Isolated sudden onset anosmia in 
COVID-19 infection. A novel syndrome? Rhinology 2020; 58 
(3): 299-301. doi:10.4193/Rhin20.114

7.	 Giacomelli A, Pezzati L, Conti F, Bernacchia D, Siano M et al. 
Self-reported Olfactory and Taste Disorders in Patients With 
Severe Acute Respiratory Coronavirus 2 Infection: A Cross-
sectional Study. Clinical Infectious Diseases 2020; 71 (15): 889-
890. doi: 10.1093/cid/ciaa330

8.	 Vaira LA, Deiana G, Fois AG, Pirina P, Madeddu G et al. 
Objective evaluation of anosmia and ageusia in COVID-19 
patients: Single-center experience on 72 cases. Head and Neck 
2020; 42 (6): 1252-1258. doi: 10.1002/hed.26204

9.	 Welge-Lüssen A, Wolfensberger M. Olfactory disorders 
following upper respiratory tract infections. Advances in Oto-
Rhino-Laryngology 2006; 63:125-132. doi: 10.1159/000093758

10.	 Suzuki M, Saito K, Min WP, Vladau C, Toida K et al. 
Identification of viruses in patients with postviral olfactory 
dysfunction. Laryngoscope 2007; 117 (2): 272-277. doi: 
10.1097/01.mlg.0000249922.37381.1e

11.	 van Riel D, Verdijk R, Kuiken T. The olfactory nerve: a shortcut 
for influenza and other viral diseases into the central nervous 
system. The Journal of Pathology 2015; 235 (2): 277-287. doi: 
10.1002/path.4461

12. Xu H, Zhong L, Deng J, Peng J, Dan H et al. High expression 
of ACE2 receptor of 2019-nCoV on the epithelial cells of oral 
mucosa. International Journal of Oral Science 2020; 12 (1):8. 
doi: 10.1038/s41368-020-0074-x

13.	 Chen M, Shen W, Rowan NR, Kulaga H, Hillel A et al. Elevated 
ACE2 expression in the olfactory neuroepithelium: implications 
for anosmia and upper respiratory SARS-CoV-2 entry and 
replication. bioRxiv 2020. doi: 10.1101/2020.05.08.084996

14.	 Miners S, Kehoe PG, Love S. Cognitive impact of COVID-19: 
looking beyond the short term. Alzheimer’s Research and 
Therapy 2020; 12 (1): 170. doi: 10.1186/s13195-020-00744-w

15.	 Brann DH, Tsukahara T, Weinreb C, Lipovsek M, Van den Berge 
K et al. Non-neuronal expression of SARS-CoV-2 entry genes in 
the olfactory system suggests mechanisms underlying COVID-
19-associated anosmia. bioRxiv 2020:2020.2003.2025.009084. 
doi: 10.1101/2020.03.25.009084

16.	 Finsterer J, Stollberger C. Causes of hypogeusia/hyposmia in 
SARS-CoV2 infected patients. Journal of Medical Virology 
2020; 92 (10):1793-1794. doi: 10.1002/jmv.25903

17.	 Baig AM, Sanders EC. Potential neuroinvasive pathways of 
SARS-CoV-2: Deciphering the spectrum of neurological 
deficit seen in coronavirus disease-2019 (COVID-19). Journal 
of Medical Virology 2020; 92 (10): 1845-1857. doi: 10.1002/
jmv.26105

18.	 Rumeau C, Nguyen DT, Jankowski R. How to assess olfactory 
performance with the Sniffin’ Sticks test(®). European Annals 
of Otorhinolaryngology, Head and Neck Diseases 2016; 133 
(3): 203-206. doi: 10.1016/j.anorl.2015.08.004

19.	 Tomlins J, Hamilton F, Gunning S, Sheehy C, Moran E et 
al. Clinical features of 95 sequential hospitalised patients 
with novel coronavirus 2019 disease (COVID-19), the first 
UK cohort. Journal of Infection 2020; 81 (2): e59-e61. doi: 
10.1016/j.jinf.2020.04.020

20.	 Moein ST, Hashemian SM, Mansourafshar B, Khorram-
Tousi A, Tabarsi P et al. Smell dysfunction: a biomarker for 
COVID-19. International Forum of Allergy and Rhinology 
2020; 10 (8): 944-950. doi: 10.1002/alr.22587

21.	 Agyeman AA, Chin KL, Landersdorfer CB, Liew D, Ofori-
Asenso R. Smell and Taste Dysfunction in Patients With 
COVID-19: A Systematic Review and Meta-analysis. Mayo 
Clinic proceedings 2020; 95 (8): 1621-1631. doi: 10.1016/j.
mayocp.2020.05.030

22.	 Dong X, Cao Y, Lu X, Zhang J, Du H et al. Eleven faces of 
coronavirus disease 2019. Allergy 2020; 75 (7): 1699-1709. doi: 
10.1111/all.14289



ŞAHİN et al. / Turk J Med Sci

2303

23.	 Lechien JR, Ducarme M, Place S, Chiesa-Estomba CM, Khalife 
M et al. Objective Olfactory Findings in Hospitalized Severe 
COVID-19 Patients. Pathogens 2020; 9 (8): 627. 

24.	 Paderno A, Schreiber A, Grammatica A, Raffetti E, Tomasoni 
M et al. Smell and taste alterations in COVID-19: a cross-
sectional analysis of different cohorts. International Forum of 
Allergy Rhinology 2020; 10 (8):955-962. doi: 10.1002/alr.22610

25.	 Yan CH, Faraji F, Prajapati DP, Ostrander BT, DeConde 
AS. Self-reported olfactory loss associates with outpatient 
clinical course in COVID-19. International Forum of Allergy 
Rhinology 2020; 10 (7):821-831. doi: 10.1002/alr.22592

26.	 Hopkins C, Vaira LA, De Riu G. Self-reported olfactory 
loss in COVID-19: is it really a favorable prognostic factor? 
International Forum of Allergy and Rhinology 2020; 10 (7): 
926. doi: 10.1002/alr.22608

27.	 D’Ascanio L, Pandolfini M, Cingolani C, Latini G, Gradoni 
P et al. Olfactory Dysfunction in COVID-19 Patients: 
Prevalence and Prognosis for Recovering Sense of Smell. 
Otolaryngology, Head and Neck Surgery 2021; 164 (1): 82-86. 
doi: 10.1177/0194599820943530

28.	 Hopkins C, Surda P, Vaira LA, Lechien JR, Safarian M et al. 
Six month follow-up of self-reported loss of smell during the 
COVID-19 pandemic. Rhinology 2021; 59 (1): 26-31. doi: 
10.4193/Rhin20.544

29.	 Lee Y, Min P, Lee S, Kim SW. Prevalence and Duration of 
Acute Loss of Smell or Taste in COVID-19 Patients. Journal 
of Korean Medical Science 2020; 35 (18): e174. 1 doi: 0.3346/
jkms.2020.35.e174

30.	 Al-Ani RM, Acharya D. Prevalence of Anosmia and Ageusia 
in Patients with COVID-19 at a Primary Health Center, Doha, 
Qatar. Indian journal of otolaryngology and head and neck 
surgery 2020;1-7. doi: 10.1007/s12070-020-02064-9

31.	 Vaira LA, Lechien JR, Khalife M, Petrocelli M, Hans S et al. 
Psychophysical Evaluation of the Olfactory Function: European 
Multicenter Study on 774 COVID-19 Patients. Pathogens 2021; 
10 (1):62. doi: 10.3390/pathogens10010062

32.	 Chéruel F, Jarlier M, Sancho-Garnier H. Effect of cigarette 
smoke on gustatory sensitivity, evaluation of the deficit and 
of the recovery time-course after smoking cessation. Tobacco 
Induced Diseases 2017; 15:15. doi: 10.1186/s12971-017-0120-4

33.	 Klopfenstein T, Kadiane-Oussou NJ, Toko L, Royer PY, 
Lepiller Q et al. Features of anosmia in COVID-19. Médecine 
et Maladies Infectieuses 2020; 50 (5): 436-439. doi: 10.1016/j.
medmal.2020.04.006

34.	 Lechien JR, Chiesa-Estomba CM, Vaira LA, De Riu G, 
Cammaroto G et al. Epidemiological, otolaryngological, 
olfactory and gustatory outcomes according to the severity 
of COVID-19: a study of 2579 patients. European Archives 
of Otorhinolaryngology 2021; 1-9. doi: 10.1007/s00405-020-
06548-w

35.	 Samaranayake LP, Fakhruddin KS, Mohammad OE, 
Panduwawala C, Bandara N et al. Attributes of dysgeusia 
and anosmia of coronavirus disease 2019 (COVID-19) in 
hospitalized patients. Oral Diseases 2020. doi: 10.1111/
odi.13713

36.	 Wehling E, Nordin S, Espeseth T, Reinvang I, Lundervold AJ. 
Unawareness of olfactory dysfunction and its association with 
cognitive functioning in middle aged and old adults. Archives 
of Clinical Neuropsychology 2011; 26 (3): 260-269. doi: 
10.1093/arclin/acr019


