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when considering other symptoms. COVID-19 patients with 
dyspnea present with altered nasal mucociliary clearance.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was identified in 2019 as the cause of coronavirus 
disease (COVID-19). The disease has shown an important 
impact on global health due to its high degree of transmis-
sibility, which has led to rapid worldwide dispersion. SARS-
CoV-2 is transmitted mainly by respiratory droplets and the 
upper airway mucosa is the first innate immune barrier and 
the main route of viral entry [1].

It is known that this virus targets cells that express 
angiotensin-converting enzyme 2 (ACE2) receptors. ACE2 
receptors are predominantly expressed by epithelial cells 
of the lungs, gastrointestinal tract, kidney, heart, and 
blood vessels; the former being the main organ affected 
by SARS-CoV-2. In addition to pneumonia, loss of smell 
(anosmia) and/or taste (hypogeusia) have been reported as 
common complaints in patients with SARS-CoV-2, often 
without concomitant nasopharyngeal symptoms. Due 
to their high prevalence, changes in smell and taste are 
potential early, and sometimes the only signs of SARS-
CoV-2 infection [2]. These deficiencies modify the abil-
ity to smell odors in food and the environment, affecting 
quality of life, social interactions, and general well-being. 
Recent studies have tried to explain the main cell stages 
that occur in the olfactory epithelium, leading to the dys-
osmia initiated by SARS-CoV-2 infection [3–5]. The cur-
rent theory of the mechanism of olfaction postulates that 
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numerous odor receptors, which accumulate in the sensory 
cilia of the olfactory epithelium, perceive the correspond-
ing odorants and transduce the signal to the olfactory cor-
tex in the brain [4]. Primary cilia are organelles based 
on microtubules projected from the cell surface, acting 
as the cell’s antenna to perceive various environmental 
stimuli [3]. Despite olfaction having a major impact on 
quality of life, pulmonary involvement is, by far, the main 
cause for morbidity and mortality in patients infected by 
SARS-CoV-2 and the first innate barrier that the virus 
faces before reaching the lung is the mucosal covering 
the upper airway (nasal and oral cavity), the nasal muco-
ciliary function of the mucosa and the salivary barrier. It 
has been demonstrated that the salivary immune barrier is 
impaired in SARS-CoV-2 patients, with altered composi-
tion of lactoferrin, IgM, and IgA [6].

Ciliary dysfunction leads to more than 35 types of dis-
eases, which are called ciliopathies [3]. The sense of smell of 
humans and many other species requires the standard struc-
ture and function of olfactory cilia, and anosmia turns out 
to be a common feature of some types of ciliopathies. While 
virus-induced inflammation may disturb the Central Nerv-
ous System (CNS) and cause loss of smell, viral infection 
could disturb the ciliary structure [7], abolishing the ciliary 
location of olfactory receptors, and preventing the percep-
tion of odorous molecules. Therefore, some studies suggest 
that coronavirus infects hair cells on human nasal epithelium 
[8], resulting in deciliation or alteration in ciliary function-
ing [7]. In addition, recent studies on human SARS-CoV-
2-protein–protein interactions [9, 10] suggest that the non-
structural viral protein Nsp13 (a highly conserved protein 
in the coronavirus family with 100% aminoacid sequence 
identity of Nsp13 in SARS-CoV-2 and SARS-CoV) inter-
acts with up to 12 components of the centrosome, provid-
ing a potential molecular bond. Another possibility is that 
Nsp13 is actively located in the centriole and competes with 
endogenous binding partners of the centrosome proteins, 
abolishing physiological interactions within the structure. 
Therefore, ectopic interactions of SARS-CoV-2 protein with 
the host proteins could interrupt the centriole structure or the 
interaction between the centriole and the cilia, which would 
eventually lead to deciliation.

Once mucociliary beating removes inhaled pathogenic 
particles and acts as the first line of protection mechanism 
against viral infection in human airways, understanding the 
effects of SARS-Cov-2 on the upper airway mucosa is essen-
tial, not only because it is the first host barrier that the virus 
encounters, but it may also reflect the function of the lower 
airway mucosa given the upper and lower airway share the 
same pseudostratified ciliated columnar epithelium [11].

The study’s purpose was to determine the mucociliary 
function using the saccharin test in patients infected with 
SARS-CoV-2 in order to evaluate the relationship between 

SARS-CoV-19 infection, the development of symptoms and 
mucociliary function.

Materials and Methods

This is a cross-sectional comparative study carried out 
between April and July, 2020, during the COVID 19 pan-
demic in Brazil. The study was approved by the Research 
Ethics Committee of the Federal University of São Paulo, 
under registration number 34983220.4.0000.5505. All 
patients included agreed to participate voluntarily by sign-
ing an informed consent form, as well as consenting to 
the publication of their data. This study was conducted in 
accordance with the ethical standards set in the Declaration 
of Helsinki and its subsequent amendments or comparable 
ethical standards.

Patients were included if they met the following criteria: 
firefighters with and without COVID-19 between 18 and 
60 years old and who had not received a previous SARS-
CoV-19 vaccine. The study was divided into two groups: 
group 1 (SARS-CoV-2+ patients) and group 2 (controls). 
Group1 consisted of patients infected by SARS-CoV-2 
confirmed by a polymerase chain reaction (PCR) test. For 
group 2, we selected individuals asymptomatic for the last 
3 months and with a negative PCR test for SARS-Cov-2 
(collected 1 day before the saccharin test).

Patients were excluded from the study if they met any 
of the following criteria: chronically impaired ability to 
taste flavors, chronic diseases of the nasal mucosa (chronic 
rhinosinusitis with and without nasal polyposis), disorders 
of ciliary motility (e.g.: Cystic Fibrosis, Kartagener’s syn-
drome), use of systemic immunosuppressant, and severe 
systemic diseases.

During the study period the ancestral strain, without 
accumulated mutations in the Spike (S) protein was found 
in Brazil.

Demographic Data

The following data were collected: age, smoking status, 
presence of rhinitis, presence or absence of symptomatic 
disease, and symptoms (cough, sore throat, nasal obstruc-
tion, runny nose, impaired taste or dysgeusia, loss of smell, 
dyspnea and headache). All individuals, except those who 
had dysgeusia, performed the saccharin test to assess the 
efficiency of mucociliary clearance [12].

Saccharin Test

The saccharin test was carried out to assess the nasal muco-
ciliary clearance (NMC) time. Participants were instructed 
to avoid eating immediately before the test was performed. 
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Patients were instructed to sit on a chair with back support 
and backrest for the upper limbs, maintaining a slight cer-
vical extension, looking at the horizon line. At the time of 
placing the saccharin, without using anesthetic, patients 
were instructed to remain apneic. A small amount of sac-
charin (about 25 µg) was gently introduced to the surface 
close to the edge of the right lower turbinate, using a small 
spatula. After placement, the patients’ head was repositioned 
and they were instructed to return to normal breathing, 
avoiding hyperventilation, coughing, sneezing, blowing, or 
hyper-inhalation. It is important to note that at the time the 
saccharin test was performed, no patient with dyspnea had 
any manipulation or intensive treatment such as nasal tubes, 
intubation, or oxygen therapy that could change the physiol-
ogy of mucociliary transport.

NMC time, in minutes, was analyzed based on the dif-
ference between the time of saccharin placement and the 
time of initial perception of a sweet taste in the pharynx. 
The reference time for healthy individuals is approximately 
10 ± 2 min. If the perception of taste did not occur after 
60 min, the test was interrupted and a small amount of sac-
charin was placed directly on the tongue, to verify the ability 
to taste flavors. The taste was not informed to the participant 
to generate reliability of the test.

The NMC time was compared between groups 1 and 2. 
Within group 1, we analyzed the NMC time among specific 
symptoms between subjects who presented and did not pre-
sent with symptoms.

Statistical Analysis

The normality of continuous variables was verified by the 
Shapiro–Wilk test. When comparing the measures of central 
tendency of NMC time according to the variables tested, the 
Student’s T or Mann–Whitney test were used according to 
the normality of continuous variables, and p values < 0.05 
were considered to be statistically significant.

Results

A total of 99 individuals were included: 64 patients with 
SARS-CoV-2+ and 35 healthy controls. In the SARS-
CoV-2 group, 14 patients (21.8%) were asymptomatic and 
50 (78.2%) reported symptoms, including headache (n = 42, 
84%), cough (n = 34, 68%), runny nose (n = 32, 64%), loss 
of smell (n = 29, 58%), loss of taste (n = 25, 50%), nasal 
obstruction (n = 23, 46%), sore throat (n = 21, 42%), and 
dyspnea (n = 13, 26%). For the analysis, 25 patients in group 
1 were excluded due to impaired taste leaving 39 patients (25 
with symptoms, 14 without symptoms).

The samples of the two groups were comparable (39 
SARS-CoV-2+ and 35 healthy subjects). There was a 

significant age difference between the groups, p < 0.001; 
the mean age of subjects with SARS-CoV-2 was 32 years 
old (from 20 to 48) and of the control group was 39 years 
old (from 18 to 50). There were no significant differences 
in gender, smoking, or the presence of rhinitis between the 
groups p = 0.7, p = 0.49, and p = 0.78, respectively.

There was no statistical difference in the NMC time 
between group 1 (SARS-CoV+) and group 2 (control), 
p = 0.81. When comparing the asymptomatic patients in 
group 1 (14 patients) with the control group (35 subjects), 
we did not find a statistical difference (p = 0.34). When we 
analyzed each symptom separately, we found no statistical 
differences between patients from group 1 and group 2 for 
headache (p = 0.7), cough (p = 0.15), runny nose (p = 0.2), 
loss of smell (p = 0.11), sore throat (p = 0.21), and nasal 
obstruction (p = 0.38).

There was a statistical difference between patients with 
dyspnea in group 1 and controls, (p = 0.032, Fig. 1), and also 
when comparing SARS-CoV-2+ patients with and without 
dyspnea, regardless of other symptoms (p = 0.04, Fig. 2).

Discussion

The results of our study confirmed that patients with dyspnea 
had an increased time of NMC when compared to the control 
group. This suggests involvement of the first innate airway 
protection barrier affecting more severe cases of COVID-19. 
A previous study demonstrated an increased time of NMC 
in patients who were hospitalized in the pandemic ward 
due to Covid-19 [13]. In our study, the patients with SARS-
CoV-2 were not hospitalized, demonstrating mild to moder-
ate symptoms. Worsening NMC time has been previously 

Fig. 1   Nasal mucociliary clearance comparison between SARS-
CoV-2+ patients with dyspnea and non-infected subjects (control 
group)
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reported to be associated with smoking and SARS-CoV-2 
virus infection [14].

The saccharin test is a useful method for scientific 
research, since it is easily reproducible, simple to perform, 
non-invasive, and low cost, making it an interesting alterna-
tive to other methods that depend on more complex equip-
ment, with greater technical requirements and aptitude of 
the examiners [14–16]. It is important to note that in all 
evaluations the air humidity was above 50%. Mucociliary 
transport could be influenced by several other conditions 
such as age, level of physical activity, use of medications, 
and exposure to cigarettes, caffeine, and alcohol. Smoking 
and the presence of rhinitis did not differ between the groups 
in our study. However, there was a statistical difference in 
age between the study groups but we feel this difference 
(32–39 years old) likely does not have clinical relevance.

It has previously been reported that young adults with 
deviated nasal septum and chronic nasal obstruction showed 
compromised mucociliary clearance in both nostrils when 
compared to controls [17]. In the present study, nasal 
obstruction as a SARS-CoV-2 symptom did not significantly 
compromise the nasal mucociliary clearance compared to 
the control group. We found similar results when we com-
pared anosmia between groups. Patients with loss of their 
sense of smell did not show impairment in NMC. This evi-
dence corroborates the hypothesis of neurotropism and an 
affected olfactory nerve and receptors instead of mucosal 
inflammation as a cause for anosmia development [18, 19].

The suspicion that SARS-CoV-2 is able to reach cells 
of the lower respiratory tract and nervous system from the 
upper mucosa epithelium is still not completely clarified. 
There is evidence that the expression of ACE2 receptors 
has a direct relationship with the age group, justifying that 
children have less symptoms and morbidity as they express 
less of these receptors [20]. The presence of ACE2 receptors 

in epithelial cells of the nasal mucosa is well established in 
adults, however, the correlation between this and the devel-
opment of symptoms in COVID-19, including anosmia or 
dyspnea, is not clear. Considering the results of our study, 
we can suggest that cases of dyspnea in COVID-19 might 
be related to greater aggressiveness with the airway mucosa, 
promoting worsening of the disease and resulting in pulmo-
nary impairment and dyspnea. There is still no evidence on 
whether aggressiveness of the infection in the mucosa of the 
upper airway could be associated with the concentration of 
membrane receptors like ACE2 and TMPRSS2.

The importance of the finding in this research is that 
patients presenting dyspnea, a potentially severe symptom 
of COVID-19, could present compromised innate defenses 
for protection of the respiratory system. In addition, the 
NMC could be used as a predictive factor for pulmonary 
involvement and a worse prognosis. In summary, our 
study highlights that the presence of dyspnea, a potentially 
severe symptom in COVID-19, is related to a compromised 
mucoepithelial barrier and its ciliary beat system.
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