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Abstract
Introduction: In this research, we compared nasal mucosal clearance (NMC) time in COVID-19 patients and control subjects. We also investigated 

the correlation between NMC and chest CT disease severity scores.

Objective: We thought that patients had more frequent pulmonary involvement in cases where mucociliary clearance is reduced, that is, the 
duration of mucociliary clearance is prolonged.

Material And methods: The NMC results of 40 patients hospitalised for COVID-19 were compared with 40 control patients. In addition, 
patients’ chest CTs were scored in terms of disease severity (0-20 points). The correlation between NMC and chest CT scores were investigated.

Results: The mean NMC time was found longer in the patient group. A moderate positive correlation was found between NMC times and chest 
CT disease severity scores in the patient group.

Conclusion: The prolongotion of NMC in COVID- 19 patients may be due to infection and inflammation involving the nasal mucosa. Moreover, 
the positive correlation between NMC and chest CT scores may indicate a relationship between the severity of lung disease and tracheobronchial 
and nasal clearence.
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Introduction

The Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS 
-Cov-2) is a novel RNA beta-coronavirus of probable zoonotic 
origin that is currently causing an unprecedented pandemic [1]. 
The nose is not only the mere entry site but also the main target 
of SARS-Cov-2 1. The Covid 19 virus has so far been detected in the 
nasopharynx, oropharynx, blood, sputum and stool [2]. Classical 
symptoms of the infection are fever, dry cough and shortness of 
breath [3]. Recent reports from around the world have shown that  

 
anosmia and dygeusia are significant symptoms associated with the 
COVID-19 pandemic [3]. 

The nasal mucociliary clearance (NMC), a vital key defense 
mechanism, is especially important in the upper airways and 
sinuses, as it protects the body against noxious inhaled materials 
[4]. Prolonged clearance time has been observed in subjects with 
rhinosinusitis, deviated nasal septum, nasal poliposis, inferior 
turbinate hypertrophy, chronic obstructive pulmonary disease, 
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cystic fibrosis or defects in ciliary function [5, 6]. The saccharin 
transit time (STT) test is a useful method for scientific research, 
widely used in NMC studies, as it is a reproductible, simple to 
perform and noninvasive technique [7].

During this COVID-19 pandemics, a research has been published 
reporting that NMC time is prolonged in COVID-19 patients [8]. In 
addition, correlation between chest computed tomography (CT) 
disease severity scores and laboratory parameters (neutrophil 
count, white blood cell count, C-reactive protein, procalcitonin and 
lactose dehydrogenase) in COVID-19 patients was reported in a 
recently published study [9].

In this study, our primary aim was to investigate the relationship 
between the NMC time and chest CT disease severity scores in 
COVID 19 patients. In addition we aimed to compare the NMC times 
of the COVID 19 patients and the control group.

Material and Methods

This study was carried out between September and November 
2020 in the Ankara City Hospital. Covid-19 patients who were 
hospitalized for pneumonia or accompanying comorbid diseases 
were included in the study. The control group was selected from 
those who applied to the Ear Nose Throat (ENT) outpatient clinic 
due to non-covid diseases. The control group was selected from 
individuals of similar age and gender to the patient group. The 
patients requiring intensive care treatment or high flow oxygen 
therapy were not included in the study. Also, participants with 
watery rhinorrhea, sinusitis, taste, and smell disturbances that 
could impair mucociliary clearance were excluded from the study.

Local ethical commitee approval and written informed 
consents of the patients were obtained. The study approval was 
obtained from the ethics committee. (E2-20-98). The demographic 
characteristics of both the COVID 19 and the control group were 
recorded. NMC time was measured in both groups. Chest CT was 
taken for all of the COVID 19 group. 

Nasal mucocilliary clearance was measured with saccharine 
method as described by Anderson et al. in 1974 and modified 
by Ruthland and Cole in 1980 [7-10]. A quarter of commercially 
available 60mg saccharin tablet particle, was gently placed on the 
medial surface of the inferior turbinate at least 7mm behind the 
turbinate’s anterior end to avoid the area of mucosa where cilia beat 
in an anterior direction. The time from particle placement until the 
subject reported the first sensation of a sweet taste were recorded.

Mucociliary transport times of patient and control groups 

were compared. Chest CT scores of all participants in the patient 
group were scored according to the severity scoring defined by 
Cheng, et al. [11] In line with this scoring system, findings of five 
lung lobes were assessed individually and degree of involvement 
was classified as none (0%), minimal (1%-25%), mild (26%-50%), 
moderate (51%-75%), or severe (76%-100%). Overall severity 
score was calculated by summation of the five lobe scores (ranging 
between 0-20) [11]. All chest CT scans were evaluated by the same 
radiologist, who is experienced in this regard. Correlation between 
NMC and chest CT scores were investigated.

Local ethical commitee approval and written informed consents 
of the patients were obtained.

Statistics

The data were analysed using the SPSS 23.0 package 
programme (SPSS Inc., Chicago, IL). The Shapiro- Wilk test was 
used to determine the normality of data distribution. Descriptive 
statistics are presented as mean±standard deviation for normally 
distributed data, and as numbers and percentages for categorical 
data. Student’s t-test for independent samples was used to compare 
the means of numeric variables. The χ2 test was used to compare 
the frequencies of categorical variables. Spearman’s correlation 
analysis was used to show the relationship between NMC time and 
other continuous variables. P<0.05 was considered statistically 
significant.

Results

Study group consisted of 80 patients (40 COVID-19 and 40 
control patients). The mean age of the patient and control groups 
were 60.8±13.8 and 58.1±14.0 years, respectively. Sixty percent of 
the participants in both groups were male. There was no statistically 
significant difference between the groups in terms of age and 
gender (p>0.05). The mean NMC time was significantly longer in 
the patient group (18.0±6.2 and 11.0±2.6 minutes, respectively, 
p<0.001) (Table 1).

Chest tomography disease severity scores of the patients 
varied between 0 and 18 (mean 6.65±4.6). A moderate positive 
correlation was found between NMC times and chest CT scores 
in the patient group (r:0,314, p:0,049)(Figure 1). However, there 
was no significant correlation between age and NMT time in both 
groups (patient group: r=-0,023, p=0.889, control group: r=0,093, 
p=0.567).

Smoking rates were similar in both groups and it was not 
statistically significant between the two groups (p>0.05).

Table 1: comparison of patient and control groups.

Variables Patient Group (n=40) Control Group (n=40) P value

Age (yr, Mean±SD) 60.8±13.8 58.1±14.0 0.393

NMC time (min, Mean±SD) 18.0±6.2 11.0±2.6 <0.001

Gender (male, %) 60% 60% 1
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Figure 1: The correlation between NMC time and CT scores.

Discussion

NMC is an important defence mechanism of the upper and 
lower airways, helps the expulsion of harmful substances from 
the respiratory tract [12]. Since NMC is fundamental in lung 
defense, several methods have been described to evaluate it. STT 
is one of the most commonly used methods due to its price, easy 
applicability, non-invasiveness and reproducibility. The factors that 
can interfere with the results obtained by the STT test are worth 
highlighting: age, temperature, circadian cycle, infections, drugs, 
caffeine, alcohol, smoking and physical activity. A normal NMC time 
is defined as less than 20 minutes. Thirty minutes is considered as 
the cut-off point that discriminates normal subjects from subjects 
with impaired NMC [3, 4]. Although these cut-off points are 
widely accepted, values between 4 and 54min are also reported. 
Because of these variable values, each study uses its own control 
group. Although the classical symptoms of infection are fever, dry 
cough, and the shortness of breath, rhinnorhea, nasal congestion, 
anosmia and dysguesia are among the significant symptoms that 
can be observed [3]. Moreover, according to Zou, et al. [13] higher 
viral loads are detected in the nasal cavity than in the oral cavity. 
Prolongation of NMC in COVID-19 patients may be related to 
infection and inflammation involving the nasal mucosa.

In addition, Millar AB [14] reported that there is a close 
correlation between tracheobronchial and nasal clerance in normal 
subjects, indicating that factors influencing tracheobronchial 
clerance seem to exert the same influence on nasal clerance.

As is known, mucociliary clearance may be impaired in 
diseases affecting the respiratory system. A recent study has shown 
that the NMC time due to COVID 19 disease can be extended. In 
our study based on this literature information and investigating 
the relationship between the prolongation in NMC time and CT 

scores, we found a moderate positive correlation between the 
two parameters. When we look at the literature, there is no other 
study examining the relationship between NMC time and CT 
score. However, Zhang, et al. [9] conducted a study investigating 
the relationship between the laboratory findings and CT scores 
of COVID 19 patients and found that the CT score correlated with 
some laboratory findings.

Koparal, et al. [8] found that NMC time was longer in covid 19 
patients than in control patients. Similarly, in our study, we found 
the NMC time longer in the patient group. In the same study, it was 
observed that age and NMC time were correlated. We did not find 
any correlation in our study.

Our study has some limitations. The most important limitation 
is the limited number of people included in the study. Still, our 
sample size was sufficient to show the correlation between NMC 
time and CT scores and the difference in NMC time between the 
patient and control groups. Studies with more participants may 
show a stronger correlation between NMC time and CT scores, or 
the relationship between age and NMC time. In our cross-sectional 
study, the CT findings at the time of admission and NMC time were 
evaluated. In future studies, the relationship between the change in 
CT score and the change in NMC time can be investigated.

The strength of our study is that it is the first study in the 
literature that investigates the relationship between NMC time and 
CT score and shows this relationship. In the light of this information, 
we suggest that there is a correlation between the severity of the 
CT findings and tracheobroncial clearence; which is also correlated 
with NMC. This study will form the basis for many future studies. 
According to the results of new studies to be conducted, NMC time 
can give an idea about the severity of lung involvement in patients 
in whom CT cannot be taken. 
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Conclusion

In conclusion, we found that the severity of chest CT findings 
was correlated with the prolongation of NMC time. Moreover, the 
NMC time is longer in COVID 19 patients.

Limitations of the study

Prolongation of the clearance time depending on age and 
protection of the upper respiratory tract is a situation that can 
always be seen.
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