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Abstract
Purpose  We assessed the effects of COVID-19 infection on nasal mucociliary activity.
Methods  The study was conducted in the pandemic wards of Adiyaman University Training and Research Hospital dur-
ing April and May 2020. All patients admitted to the COVID-19 pandemic wards during the study period were invited to 
participate in the study. The study included 40 adults who agreed to participate and underwent a mucociliary clearance test 
successfully. The primary outcome was mucociliary clearance time and the secondary variables of interest were age, sex, and 
sino-nasal outcome test-22 scores. The control group included 40 concomitant healthy patients who visited the outpatient 
ear, nose and throat clinic with non-nasal symptoms.
Results  The study included 40 COVID-19-positive patients and 40 healthy controls. The mean mucociliary clearance times 
of the study (15.53 ± 5.57 min) and control (9.50 ± 3.70 min) groups were significantly different (Z = 4.675, p < 0.001). 
However, the mucociliary clearance time was not significantly different between males and females (t = 0.590, p = 0.558).
Conclusions  Nasal mucociliary clearance time was prolonged in COVID-19 patients compared to healthy controls. Thus, we 
conclude that smell and taste are crucial symptoms that should not be overlooked in patients suspected of COVID-19 disease.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic is 
the most serious global health crisis since the Spanish flu 
outbreak of 1917. The first COVID-19 case was reported 
in Wuhan province in China in December 2019 [1]. Due to 
the availability of public transport systems and high inter-
national mobility, the disease has spread rapidly through-
out Europe and the United States. Recent figures published 
by the World Health Organization indicate that the virus 
has caused over 4.82 million cases and resulted in 316,959 
deaths [2].

COVID-19 causes mild to severe acute respiratory 
syndrome (SARS) and is caused by SARS coronavirus-2 
(SARS-CoV-2). The clinical manifestations of COVID-19 
include fever, dry cough, fatigue, sputum production, short-
ness of breath, sore throat and headache. Anecdotal reports 
suggest that losses of smell and taste are potential early 
symptoms or subclinical markers of COVID-19 infection; a 
preliminary study from Iran found a significant increase in 
new-onset anosmia in patients with COVID-19 [3].

An Italian study found that 33% of 59 patients hospital-
ised with COVID-19 reported a chemosensory disorder [3]. 
However, it is unclear whether these findings are unique to 
COVID-19 infections requiring hospitalisation, are causally 
related to COVID-19 disease or merely due to increased 
recognition of post-viral anosmia. Insight into the timing 
and association of loss of smell or taste with COVID-19 is 
crucial because patients with acute anosmia may be asymp-
tomatic carriers of the infection and unwittingly facilitate the 
spread of the disease [3].

Nasal mucociliary clearance is the primary defence mech-
anism of the respiratory system [4]. The mucous membrane 
starts in the nose and extends to the upper and lower airways 

 *	 Mehtap Koparal 
	 drmehtapkoparal@gmail.com

1	 Department of Otolaryngology, Adıyaman University 
Education and Training Hospital, Adıyaman, Turkey

2	 Department of Otolaryngology, Faculty of Medicine, 
Cumhuriyet University, Sivas, Turkey

3	 Department of Plastic, Reconstructive and Aesthetic Surgery, 
Adıyaman University Education and Training Hospital, 
Adıyaman, Turkey

http://orcid.org/0000-0002-0749-0407
http://orcid.org/0000-0003-2595-0873
http://orcid.org/0000-0003-4503-3730
http://orcid.org/0000-0001-8761-9321
http://crossmark.crossref.org/dialog/?doi=10.1007/s00405-020-06457-y&domain=pdf


1864	 European Archives of Oto-Rhino-Laryngology (2021) 278:1863–1868

1 3

[5]. Inhaled particles adhere to the nasal mucosa, which lines 
the nasal cavity in a single a layer [6], and efficient and coor-
dinated ciliary activity transports the mucus towards the 
oropharynx. In this way, mucociliary clearance protects the 
respiratory system against inhaled particles and microorgan-
isms. Ineffective ciliary activity can lead to acute or chronic 
infections in the upper and lower respiratory tract [5].

Both acute and chronic respiratory infections can disrupt 
mucociliary function. Because COVID-19 is an acute res-
piratory condition, we hypothesised that the infection would 
affect nasal function. Because nasal mucociliary activity is a 
good predictor of mucosal function, we used it as an indica-
tor of nasal function.

Materials and methods

Ethics approval

Our cross-sectional study protocol was approved by the 
ethics committee of Adiyaman University (Decision date: 
18/05/2020, IRB number: 2020/5–38). All participants pro-
vided written informed consent before participating in the 
study.

Study design and sample‑size calculation

The study was conducted in the pandemic wards of Adiy-
aman University Training and Research Hospital during 
April and May 2020. The research hospital established six 
inpatient COVID-19 pandemic wards in March 2020 with a 
capacity of 112 beds.

A post hoc sample-size calculation was performed based 
on the primary outcome measure, mucociliary clearance. 
A total sample size of 76 patients (38 study + 38 controls) 
was required to ensure a power of 80% to compare mean 
mucociliary clearance differences between two independent 
groups with an effect size of 0.65 and an alpha error of 5% 
(two tailed) [7]. All of the patients in the pandemic wards 
were assessed by the same physician, and the mucociliary 
clearance assessment was performed by the same researcher. 
All patients hospitalised during the study period were invited 
to participate in the study without sampling.

Participants

In Turkey, real-time polymerase chain reaction is used to 
diagnosis COVID-19. All patients admitted to the COVID-
19 pandemic wards were invited to participate in the study. 
Of those, 40 adults who agreed to participate and under-
went a mucociliary clearance test were included in the study 
group. The exclusion criteria included smell or taste dis-
orders and positive nasal endoscopic findings on ear, nose 

and throat (ENT) examination. The control group included 
40 concomitant healthy ENT outpatients with non-nasal 
symptoms (Fig. 1). All patients underwent an ENT exami-
nation, including nasal endoscopy using a 0-degree, 4-mm 
Hopkins nasal endoscope (Karl Storz, Tuttlingen, Germany). 
The colour of the nasal mucosa (pale-hyperaemic), turbinate 
hypertrophy, runny nose, septum deviation and polyps were 
assessed on ENT examination.

Primary and secondary outcome variables

The primary outcome variable was mucociliary clearance. 
The secondary variables of interest were age, sex, and sino-
nasal outcome test-22 (SNOT-22) scores [8].

Data sources/measurements

Participants were asked to complete a detailed questionnaire 
that contained such items as systemic disease, previous ENT 
surgery, family and self-smoking to assess their symptoms. 
The patients in the study group were asked to complete the 

Fig. 1   Patient flowchart according to the Consolidated Standards of 
Reporting Trials statement



1865European Archives of Oto-Rhino-Laryngology (2021) 278:1863–1868	

1 3

SNOT-22 questionnaire, which reflects nasal congestion, 
runny nose, sneezing, nasal discharge, cough, decreased 
sense of smell, solid nasal discharge, ear fullness, dizziness, 
ear pain, facial pain, difficulty falling asleep, waking up at 
night, lack of good night’s sleep, waking up tired, fatigue, 
reduced productivity, reduced concentration, sadness and 
irritability.

Although several techniques have been used to assess 
nasal mucociliary clearance, the saccharin test is widely 
used because it is inexpensive, easy to perform and reli-
able [9]. The saccharin test was performed on all subjects 
according to the method described by Greenstone and Cole 
[10]. The results are expressed as nasal mucociliary clear-
ance time (NMCT), which reflects the efficiency of muco-
ciliary clearance. A normal NMCT is 20–60 min [10]. A 
normal saccharin clearance time is 7–15 min and a clearance 
time greater than 20 min indicates pathological mucociliary 
clearance.

Quantitative variables

The severity of symptoms was assessed using the SNOT-22 
test, which is a modification of the SNOT-20 questionnaire. 
The test includes symptoms such as nasal obstruction and 
loss of smell and taste. The SNOT-22 has gained popularity 
in a short time and is widely used to follow-up conditions 
like septoplasty, hereditary haemorrhagic telangiectasia and 
Wegener’s granulomatosis, but not chronic rhinosinusitis 
[11]. Hanci et al. [8] translated the SNOT-22 into Turkish 
and performed the cross-cultural adaptation and validation 
in 2015. Details of the questionnaire were explained to all 
participants by the same researcher (MK).

The SNOT-22 items are scored on a six-point Likert scale 
where 0 = “no problem”, 1 = “very mild problem”, 2 = “mild 
or slight problem”, 3 = “moderate problem”, 4 = “severe 
problem” and 5 = “problem as bad as it can be”. The total 
score ranges from 0–110 with low scores indicating a better 
quality of life.

A saccharin test was performed to measure mucociliary 
clearance time. Measurements were made in a room main-
tained between 20 and 23 °C with a relative humidity of 
60–80%. Patients were allowed to rest for 30 min before the 

measurements were made, and the test was performed with 
patients in the upright sitting position. A saccharin tablet 
(1 mm in diameter) was placed in the anterior part of the 
lower concha. The time from the placement of the saccharin 
tablet to the patient reporting the sweet taste of sugar was 
defined as the saccharine clearance time.

Statistical analysis

All statistical tests were performed using the Statistical 
Package for the Social Sciences (version 25; IBM Corp., 
Armonk, NY, USA). The Shapiro–Wilk test was used to 
determine the normality of the data distribution. P val-
ues < 0.05 were considered to indicate statistical signifi-
cance. The chi-square test was used to compare nominal 
variables between groups, and independent samples t tests 
or the Mann–Whitney U test was used to compare numerical 
variables between groups. Pearson or Spearman correlation 
analysis was used to test for relationships between numeri-
cal variables.

Results

The study included 80 participants (40 COVID-19-pos-
itive patients and 40 healthy controls). The study and 
control groups were not significantly different in terms of 
age (42.25 ± 17.24 vs. 49.08 ± 13.80 years, respectively; 
t = 1.954, p = 0.054) or the distribution of males (67.5%, 
n = 27 vs. 60.0%, n = 24, respectively) and females (32.5%, 
n = 13 vs. 40.0%, n = 16, respectively; chi-square = 0.487, 
p = 0.485).

The mean SNOT-22 score of the study group was 
16.63 ± 15.29. The median (min–max) SNOT-22 scores of 
males (9.00 [2–44]) and females (20.00 [2–41]) were not 
significantly different (Z = 0.652, p = 0.514).

The mucociliary clearance time was significantly different 
between the study and control groups, but not significantly 
different between males and females (Table 1).

Furthermore, mucociliary clearance time was signifi-
cantly correlated with age (Spearman r = 0.696, p < 0.001), 

Table 1   Comparison of the 
mean mucociliary clearance 
between different groups

a Mucociliary clearance between males and females in the control group: t = 1.227, p = 0.227
b Mucociliary clearance between males and females in the study group: t = 0.590, p = 0.558
c Difference in mucociliary clearance between the study and control groups: Z = 4.675, p < 0.001)

Control group Study group

N Mean SD n Mean SD

Male 24 10.08 3.64 27 15.89 5.95
Female 16 8.63 3.73 13 14.77 4.81
Total 40 9.50 3.70 40 15.53 5.57
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whereas the SNOT-22 score was not correlated with age in 
the study group (Spearman r = 0.160, p = 0.324).

The relationship between age and mucociliary function 
was significant in the study (r = 0.680, p < 0.001) and control 
(r = 0.781, p < 0.001) groups (Fig. 2).

Discussion

We found that the mucociliary clearance time was sig-
nificantly different between patients with COVID-19 and 
healthy controls. However, the mucociliary clearance time 
was not significantly different between males and females. 
Moreover, we found a significant, positive correlation 
between mucociliary clearance time and age.

A recent literature review found that 87% of patients with 
COVID-19 presented between the ages of 30 and 79 years 
[12]. Although outpatients may be somewhat younger, a 
meta-analysis of 1576 patients found that the median age 
was 49.6 years [13]. Thus, the age of our study participants 
is consistent with that in previous studies.

COVID-19 does not differentially affect males and 
females [13]; however, the proportions of hospitalisation, 
complications and mortality are thought to be higher in 
males. Although there are plausible findings [14], obesity, 
age and male sex have been shown to be independently 
associated with higher mortality and worse outcomes [15]. 
Because our study participants were hospitalised patients, 

the predominance of males is consistent with previous 
reports.

Previous studies of the effects of age and sex on 
mucociliary clearance have yielded conflicting findings. 
Although some authors have concluded that age and sex 
have no influence on mucociliary clearance [16, 17], the 
mucous membrane of the nasal cavity undergoes specific 
age-related changes that may increase mucociliary clear-
ance time [18]. Our findings support age-related physi-
ological changes in mucociliary function.

Various methods have been used to assess mucociliary 
clearance, including radiography using radiopaque materi-
als (Teflon mixed with bismuth trioxide), gamma scintig-
raphy using radioactive materials (Tc99 or Indium111), 
the dye method and saccharin test [19–21]. Gamma 
scintigraphy is accepted as the most effective test but it 
is requires expensive equipments [19]. By contrast, the 
saccharin test is widely used because it is inexpensive, 
easy to perform and provides reliable results [19]. Our 
observation that the respiratory symptoms of COVID-19 
were extremely heterogeneous is consistent with previous 
clinical and research findings.

The characteristic clinical symptoms of COVID-19 dis-
ease include fever, dry cough, tiredness, sputum, shortness 
of breath, sore throat and headache. However, physicians 
should consider COVID-19 infection as a differential diag-
nosis in patients with no common symptoms of the disease, 
but who present with a sudden and serious loss of smell [22].

Fig. 2   Correlations between age 
and mucociliary clearance time 
according to group
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Although the physiology of the sense of smell is not 
fully understood, infections of the neuronal cells located 
in the olfactory epithelium of the nose are known to cause 
anosmia. Moreover, post-viral upper respiratory tract 
infections cause inflammatory changes that can impair 
the sense of smell [23]. Although it is well known that 
viral infections affect the sense of smell, the underlying 
pathophysiology is not fully understood [3, 22]. Viruses 
that cause changes in smell perception include rhinovirus, 
parainfluenza virus, Epstein–Barr virus and some corona-
viruses. Furthermore, the COVID-19 infection may also 
cause inflammation in non-neuronal cells, leading to anos-
mia and changes in smell perception [3, 24].

The large epithelial surface of the respiratory tract 
between the nose and alveoli is exposed to viral and bac-
terial pathogens, particles and gaseous substances with 
potentially harmful effects daily. Under normal conditions, 
mucociliary clearance is the primary defence mechanism 
of the respiratory system [25]. Healthy airway surfaces are 
lined with ciliary epithelial cells. Effective mucociliary 
clearance requires coordinated interaction of the mucus 
and periciliary layers covering the respiratory surface [26].

NMCT may be affected by several factors, including 
allergic rhinitis, sinusitis, nasal polyposis, trauma, sinona-
sal surgery, toxins, drugs, environmental heat, smoking, 
pressure and pH. Furthermore, viral infections have been 
shown to affect NMCT. In 2017, Chinnapaiyan et al. [27] 
reported that HIV infection suppressed tracheobronchial 
mucociliary clearance and predisposed patients to recur-
rent lung infections, pneumonia and chronic bronchitis. 
Similarly, Durmuş et al. [28] found that the NMCT was 
prolonged in adult patients with Crimean–Congo haem-
orrhagic fever compared with healthy individuals in the 
control group.

Similarly, paranasal sinus inflammation due to a com-
mon cold can cause abnormal nasal airflow and mucocili-
ary clearance times in allergic individuals [29]. Moreover, 
the NMCT is prolonged in patients with cystic fibrosis. 
Scambler et al. [30] investigated the overlap in the patho-
physiologies of cystic fibrosis and COVID-19 infection. Fur-
thermore, a previous study found that patients with cystic 
fibrosis and those with COVID-19 exhibited cytokine dys-
function and hyperinflammation [31].

Our findings should be interpreted in light of some limi-
tations. First, only the study group was asked to complete 
the SNOT-22 questionnaire. Although the sample size was 
sufficient to answer our research question with a medium-to-
large effect size, a larger sample would have provided more 
precise findings. Finally, we did not investigate the nasal 
mucosal pathophysiology. The strength of our study is that 
despite being conducted during an outbreak, all measure-
ments were performed by the same researcher to prevent 
bias.

Conclusions

Previous reports that both viral infections and cystic fibro-
sis can change mucociliary clearance times prompted us to 
investigate whether COVID-19 alters the NMCT or nasal 
physiology. Our findings revealed that the NMCT was pro-
longed in patients with COVID-19 compared with healthy 
controls, suggesting that the loss of smell and taste are cru-
cial symptoms that should not be overlooked in patients sus-
pected of having COVID-19 disease. Despite some limita-
tions, we believe our study makes a valuable contribution as 
a preliminary study and warrants further multicentre inves-
tigation as the pandemic progresses. A better understanding 
of the changes to nasal physiology caused by SARS-CoV-2 
may contribute to the development of future treatments and 
improve understanding of the pathogenesis of COVID-19 
infection.
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