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ABSTRACT 
OBJECTIVE: To compare the olfactory function using the TDI criteria (Olfactory Threshold, 
Discrimination and Identification olfactory) sniffing stick test in COVID-19 patient’s pre and post using 
isotonic saline solution and hypertonic solution nasal wash.  
METHODS: All patients with positive results of RT-PCR for COVID 19 who experienced olfactory 
disorders were examined for a sniffing stick test with TDI criteria (Threshold, Identification and 
Discrimination), samples were given nasal washing with isotonic saline solution and some samples 
were hypertonic saline, smell function was evaluated again on 7th day and 14th day after giving of nasal 
wash. 
RESULTS: A total of 50 samples with COVID-19 who experienced olfactory function problems, 25 
samples were given isotonic saline nasal washing and 25 samples were given hypertonic solutions. 
The improvement in olfactory function on the 7th day after giving nasal wash in the hypertonic solution 
group was better when compared to the isotonic saline solution group, while on the 14th day after giving 
of nasal wash, both isotonic saline and hypertonic solution were not significantly different in the two 
groups. 
CONCLUSION: Olfactory function impairment is one of the early symptoms of COVID-19, nasal 
washing with isotonic saline solution and hypertonic solution can be suggested as an additional therapy 
in COVID-19 patients with olfactory disorders. 
Keywords: Corona Virus, COVID-19, Anosmia, Hyposmia, Sniffing stick test. 

 
INTRODUCTION 
At the beginning of 2020, the world was shocked by the outbreak of a new type of 
corona virus which changed most of the patterns of life in the world and created 
complex problems from social, economic, education, defense and health. It is known, 
the origin of this virus came from a fish market in the city of Wuhan, Huebai Province, 
China at the end of December 2019(1). The number of COVID-19 cases is increasing 
and it has been observed that sudden anosmia as part of the symptoms associated 
with COVID-19. Prof. C. Hopkins as president of the British Rhinological Society 
published "the loss of sense odor as a marker of COVID-19 Infection"(2). 

 
The American Academy of Otorlaryngology – Head and Neck Surgery (AAO - NHS) 
proposes “that anosmia can be added to the list for screening patients with COVID-19 
infection”, and requires more serious consideration of self-isolation and testing of 
these patients(3). Sniffin' sticks test is one of the nasal chemosensory examination 
techniques that uses a device such as a pen. Previous studies have measured the 
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reliability and validity of this tool in quantitatively measuring olfactory sensitivity, and 
concluded that sniffing sticks can be used for routine examination of olfactory 
function(5). The advantage of the "Sniffing Stick" test compared to other chemosensory 
smell tests is that this test is simple, it can determine three subtests, namely olfactory 
threshold (T), olfactory discrimination (D), and olfactory identification (I)(5). 
 
The Edinburgh and Lothians Viral Intervention Study (ELVIS) conducted a randomized 
controlled trial (RCT) indicating that hypertonic nasal irrigation can reduce average 2-
3 days the duration of upper respiratory tract coronavirus infection, reducing severity, 
length of stay, and viral load shedding. Hypertonic solution for nasal washing may 
prevent disease transmission and can reduce viral load in the nasopharynx and reduce 
symptoms of COVID-19(6). 
 
The purpose of this study was to compare the olfactory function using the TDI criteria 
(smell threshold value, olfactory discrimination and olfactory identification) in COVID-
19 patients pre and post using nasal wash hypertonic solution and isotonic saline 
solution.  
 
METHOD 
DESIGN 
This study is a double blind randomized clinical trial, which is analytic observational, 
all sample with olfactory disorders and include inclusion criteria, the sample is 
examined by a nasopharyngeal swab. In a double blind randomized clinical trial, 
samples with olfactory disorders were divided into two groups and given isotonic saline 
solution and hypertonic solutions regardless of the sample. Then the subject is 
followed for a certain period to find out whether there is an effect. Case criteria were 
all patients with olfactory disorders who were confirmed by a nasopharyngeal swab 
test and a sniffing stick test was performed. 
 
PLACE AND TIME OF RESEARCH 
This research was conducted at the Hasanddin University Teaching Hospital (RS. 
UNHAS) and the Dr. Wahidin Sudirohusodo Hospital (RSWS). The research was 
conducted from November 2020 to June 2021. 
 
RESEARCH POPULATION AND SAMPLE 
The population is patients with complaints of olfactory disorders confirmed by COVID-
19 with a nasopharyngeal swab test include in inclusion criteria. 
The sample of the study was patients with complaints of olfactory disorders confirmed 
by COVID-19 with a nasopharyngeal swab test who came to the Hasanuddin 
University Hospital and Wahidin Sudirohusodo Hospital, and was willing to undergo 
the nasal washing procedure with isotonic saline solutions and hypertonic solution, 
and willing to do sniffing stick test. The number of samples in this study was 25 
samples each group to be given isotonic saline solution and hypertonic solution. 
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INCLUSION CRITERIA 

1. Patients with olfactory disorders and confirmed by COVID-19 with a 
nasopharyngeal swab test through RT-PCR examination. 

2. Age 15 years and over. 
3. Willing to undergo nasal irrigation procedure with hypertonic and isotonic 

solutions and sniffing test 
4. Willing to participate in research and provide written informed consent (informed 

consent) 
5. Not limited by race, ethnicity and gender. 

 
EXCLUSION CRITERIA 

1. Patients with decreased consciousness, shortness of breath and not cooperative 
for nasal irrigation. 

2. Have severe systemic disease/comorbid disease (heart, hypertension, diabetes 
mellitus, kidney failure). 

3. Patients with sinonasal tumors, congenital abnormalities, endocrine disorders, 
history of trauma and post-brain surgery, taking systemic and inhaled drugs. 

 
RESEARCH SUBJECT PERMISSION 
Every action is carried out with the permission and knowledge of the patient who is 
used as a research participant through an informed consent sheet and is declared to 
meet the ethical requirements to be carried out from the Research Ethics Commission 
of the Hasanuddin University Hospital (RS. UNHAS) or Dr. Wahidin Sudirohusodo 
Hospital (RSWS) with the number: 411/UN4.3.4.4.5.31/PP36/2021. 
 
PROCEDURE 
The research was conducted in the following stages: 

1. Recording patients suspected of COVID-19 with olfactory disorders, including 
patient identification, history taking, physical examination to collect samples 
include in inclusion criteria and provide a complete explanation of the objectives 
and benefits of the study. 

2. The patient/guardian fills out and signs the informed consent as a sign of 
consent. 

3. Perform a nasopharyngeal swab test. 
4. Inspection of olfactory function with a sniffing test. 
5. Some patients were given nasal wash with hypertonic solution and some patients 

were given an isotonic saline solution. The solution was administered randomly. 
Giving nasal wash  50 cc, twice a day, using a positive pressure device. 

6. On the 7th day and 14th day after giving of the nasal wash, the olfactory function 
was re-evaluated with the sniffing stick test.  

 
RESULT 
The study was conducted at Hasanuddin University Hospital and Wahidin 
Sudirohusodo Hospital with a sample of 50 people consisting of 25 samples for the 
isotonic saline nasal washing group and 25 samples for hypertonic nasal washing 
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solution. Patients with positive COVID-19 by RT-PCR examination and experiencing 
olfactory disorder, either anosmia or hyposmia, were tested for olfactory function using 
a sniffing stick test and given nasal washing with isotonic and hypertonic solutions, 
then examined of olfactory function on day 7 and day 14 after administration of nasal 
wash solution. TDI score of sniffing stick test tabel 4.1 
 
Based on table 4.1, TDI score with the minimum value, maximum value, and the 
average value of the right nasal and left nasal on the first day, 7th day and 14th day 
of examination. On the first day, the TDI value on the right nasal, obtained a minimum 
value of 0, a maximum value of 17 and an average value of 4.12 while for the left 
nasal, a minimum value of 0, a maximum value of 15, and an average value of 4.66. 
On the seventh day of examination, the TDI value on the right nasal was obtained with 
a minimum value of 5, a maximum value of 31, and an average value of 16.56 while 
on the left nasal a minimum value of 5 was obtained, a maximum value of 31, and an 
average value of 17.26. 
On the 14th day of examination, the TDI value of the right nasal was obtained with a 
minimum value of 9, a maximum value of 42, and an average value of 31.14, while on 
the examination of the left nasal, the TDI value of a minimum of 10 was obtained, a 
maximum value of 43 and an value average 31.96. 
 
 

Table 4.1 Overview of TDI scores by sniffin stick test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Day Score 
Nasal 

n 
Right Left 

 
Day 1 

Min 0 0 

50 Max 17 15 

Mean 4,12 4,66 

 
Day 7 

Min 5 5 
 

50 
Max 31 31 

Mean 16,56 17,26 

Day 14 

Min 9 10 
 

50 
Max 42 43 

Mean 31,14 31,96 
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Table 4.2 Distribution of categorical variables 

Day 
Olfactory 
Disorder 

Nasal 

          Right            Left 

N % n % 

Day 1 

Hyposmia 2 4,0 0 0 
Anosmia 48 96,0 50 100 

Total 50 100 50 100 

Day 7 

Normosmia 2 4,0 1 2,0 
Hyposmia 22 44,0 22 44,0 

Anosmia 26 52,0 27 56,0 

Total 50 100 50 100 

Day 14 

Normosmia 35 70,0 35 70,0 

Hyposmia 9 18,0 11 22,0 

Anosmia 6 12,0 4 8,0 

Total 50 100 50 100 

 
 

 
 

 
 
 
 
 
 
 
 
 

 
 

Graph 4.1. Overview of changes in olfactory function in the right nasal.  
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Graph 4.2. Overview of changes in olfactory function in the left nasal. 
 
Table 4.2, Graph 4.1 and Graph 4.2, provides an overview of the number of samples 
who experienced changes in olfactory function in the left nasal and right nasal, on first 
day, 7th day and 14th day. On the first day, the number of samples experiencing 
hyposmia in the right nasal was 2 people and 48 people anosmia, there was no 
normosmia patient, while on the left nasal all samples had anosmia. 
 
On the 7th day of examination, on the right nasal, the sample who experienced 
normosmia was 2 people, hyposmia was increased by 22 people and anosmia was 
decreased to 26 people, on the left nasal sample experienced normosmia was 1 
person, hyposmia was increased by 22 people and samples experienced anosmia 
was decreased to 27 people. 
 
On the 14th day of examination, on the right nasal, the sample with normosmia was 
increased to 35 people, hyposmia was decreased to 9 people and anosmia was 6 
people, on the left nasal the sample experienced normosia was 35 people, the sample 
experienced hyposmia was decreased to 11 people and anosmia the remaining 4 
people. 
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Comparison of changes in olfactory function 
Table 4.3 Comparison of changes in TDI scores for the right nasal. 

 
*Data tested by Independent t-test 
 
Table 4.3 describes the comparison of changes in the TDI score on the right nasal on 
the 7th and 1st day examination, 14th day and first day and 14th and 7th day in each 
group. 
 
Comparison of changes in TDI scores on 7th day and first day in the sample group 
who given isotonic saline solution and hypertonic solution nasal wash, The data shown 
in isotonic saline solution with an average value of 10.5 with a standard deviation of 
4.5, while in the group who given hypertonic nasal wash solution with an average value 
15.4 and standard deviation 4.6. This data was tested by independent t-test with a 
value (p = 0.005) which means that the change in TDI score between day 7 and day 
1 showed statistically significant results in the group given the hypertonic nasal wash 
solution than the group given the isotonic nasal wash solution. 
 
Comparison of changes in TDI scores on the 14th day and the first in the sample group 
who given isotonic saline solution and hypertonic solution nasal wash. The data shown 
in isotonic saline solution with an average value of 25.0 with a standard deviation of 
8.2, while in the sample group given a hypertonic solution nasal wash with an average 
value 29.1 with a standard deviation of 6.0. This data was tested by independent t-test 
with a value (p = 0.048) which means that the change in the TDI score between day-
14 and the first day was found to be statistically significant in the group given nasal 
wash with hypertonic solution than in the group given nasal wash solution. Isotonic. 
Comparison of changes in the TDI score on day 14 and day 7 in the sample group 
who given isotonic saline solution and hypertonic solution nasal wash,  the data shown 
in isotonic nasal washing with an average value of 14.4 with a standard deviation of 
6.0 while in the sample group given a hypertonic solution nasal wash with an average 
value a mean of 14.7 with a standard deviation of 3.8. This data was tested by 
independent t-test with a value (p = 0.845) which means that the change in TDI value 
between day-14 and day-7 was not significantly different between the two groups, but 
the average value of the change in TDI score was higher in the group that was given 
washing. nasal with a hypertonic solution. 

 

Variable Group n Mean SD p* 

Difference between H-7 
and H-1 Right Nasal 

Isotonic 25 10,5 4,5 
0,005* 

Hypertonic 25 15,4 4,6 

Difference between H-14 
and H-1 Right Nasal 

Isotonic 25 25,0 8,2 
0,048 

Hypertonic 25 29,1 6,0 

Difference between H-14 
and H-1 Right Nasal 

Isotonic 25 14,4 6,0 
0,845 

Hypertonic 25 14,7 3,8 
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Table 4.4 Comparison of changes in TDI scores for the left nasal. 

 
*Data tested by Independent t-test 

 
Table 4.4 describes the comparison of changes in left nasal TDI scores on the 7th and 
1st day examination, 14th day and 1st day and 14th and 7th day in each group. 

 
Comparison of changes in TDI scores on the 7th day and first day 7 in the sample 
group who given isotonic saline solution and hypertonic solution nasal wash, the data 
shown in isotonic saline nasal wash solution with an average value of 11.1 with a 
standard deviation of 4.8 while in the group given hypertonic nasal wash solution with 
an average value 15.1 and a standard deviation of 4.8. This data was tested with an 
independent t-test with a value (p = 0.030) which means that the change in TDI score 
between day 7 and day 1 was found to be statistically significant in the group given 
the hypertonic solution nasal wash compared to the group given the nasal wash 
solution. isotonic. 

 
Comparison of changes in TDI scores on the 14th day and the first day 7 in the sample 
group who given isotonic saline solution and hypertonic solution nasal wash,   the data 
shown in isotonic saline nasal washing with an average value of 25.7 with a standard 
deviation of 7.9 while in the sample group that was given a hypertonic solution nasal 
wash with an average value 28.9 with a standard deviation of 6.2. These data were 
tested by independent t-test with a value (p = 0.123) which means that the change in 
TDI score between day-14 and day one was found to be not significantly different 
between the two groups, but the change in TDI score was higher in the group given 
nasal wash with hypertonic solution. 
 
Comparison of changes in the TDI score on day 14 and day 7 7 in the sample group 
who given isotonic saline solution and hypertonic solution nasal wash,  the data shown 
in isotonic saline nasal washing with an average value of 14.6 with a standard 
deviation of 6.2 while in the sample group given a hypertonic solution nasal wash with 
an average value averaging 14.8 with a standard deviation of 4.2. These data were 
tested by independent t-test with a value (p=0.936) which means that the change in 

 

Variable Group n Mean SD p* 

Difference between H-7 
and H-1 Left Nasal 

Isotonic 25 11,1 4,8 
0,030* 

Hypertonic 25 15,1 4,8 

Difference between H-
14 and H-1 Left Nasal 

Isotonic 25 25,7 7,9 
0,123 

Hypertonic 25 28,9 6,2 

Difference between H-
14 and H-1 Left Nasal 

Isotonic 25 14,6 6,2 
0,936 

Hypertonic 25 14,8 4,2 
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TDI score between day-14 and day-7 was not significantly different between the two 
groups, but the change in TDI score was high in the group given nasal wash with 
hypertonic solution. 
 
DISCUSSION 
Comparison of changes in ADI scores on the first day and the 7th day after giving of 
isotonic and hypertonic nasal washing solutions on the right and left nasals, there was 
a significant difference. Changes in olfactory function on the first and 14th days after 
giving of isotonic saline solutions and hypertonic solutions nasal washing were found 
not significant in both right and left nasal, but samples with normosmia were found 
more in the group with hypertonic solution nasal wash (21 samples of the right nasal 
and 20 samples of the left nasal).  
 
Huijhjebaert E, et al (2021) in their journal entitled the pharmacology of washing the 
nose and airways during the COVID-19 period, explained that there are 4 roles of 
nasal washing 1). Flushing effect of Alveolar lining fluid (AFL) and suppression of viral 
shedding, 2). The role of nasal washing on Mucociliary clearance (MCC), 3). 
Interaction of nasal wash with SARS-CoV-2 and 4). Myeloperoxidase (MPO) 
activation(7). 
 
Flushing effect of Alveolar lining fluid (AFL) and suppression of viral shedding 
In general, this effect is called the “Wetting Properties” effect of NaCl, two relevant 
phenomena underlying this process are: 1) better Alveolar Lining fluid (ALF) and 2). 
There is suppression of viral shedding formation(8). 
 
Isotonic solutions have been shown to overcome this problem with their alveolar 
rinsing properties and can save lives by increasing airway compliance(7). Nasal 
washing also has the effect of reducing viral shedding, by giving a good nasal wash 
with a 0.9% - 3% NaCl solution to reduce viral titers after 5 days of nasal washing(7). 
 
The role of nasal washing on mucociliary clearance. 
Talbot R.A, et al (2009); Bennet W, et al (2015) explained that hypertonic solutions 
can increase MCC in healthy and sick research subjects, using of hypertonic solutions 
once a day. Hypertonic solutions have also been described to affect osmotic pressure 
and can affect the permeability of the airways(9).  
 
Using isotonic solution, namely NaCl 0.9% with an osmolarity of 308 mOsm/L, sodium 
154 mEq/L, chloride 154 mEq/L, is a solution with the same solute concentration as 
the solvent, which makes isotonic solution as a nasal wash only functions in cleaning 
debris, both irritants and allergens in the nasal cavity so that it can suppress existing 
inflammatory mediators but does not cause the effect of active transport into cells. 
Meanwhile, a hypertonic solution of 3% NaCl, with an osmolarity of 1026 mOsm/L, 
sodium 513 mM/L and chloride 513 mM/L, is a liquid with a higher concentration level 
than inside the cell, thus allowing active transport to occur which can accelerate the 
stability of the state. intracellular, can reduce the viscosity of the mucus layer which 
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can accelerate the improvement of mucociliary transport, and is able to reduce edema 
through osmolarity diffusion so that the nasal conduction system is better(10). 
Daviskas E, et al (2010) in their research using hypertonic solutions and isotonic 
solutions, concluded that using hypertonic solutions could increase nasal osmolarity 
and could improve MCC(11). 
 
Nasal washing using 0.9% NaCl improved ciliary movement and MCC, while nasal 
washing using hypertonic nasal wash solution found various effects of changes in 
electrical conduction on epithelial cell membranes, permeability and cell 
deformation(7).  
 
Nasal washing provides several changes in the nature of mucus, including better 
disffusibility of pathogens into mucus, increased ability of the gel layer to capture 
pathogens, reduced adhesion of mucus to the epithelium, increased transportability 
and clearance of cilia so that it is easier to cough or better cough clearance, some this 
large effect is obtained with isotonic solutions, but in cases of upper respiratory tract 
pathologies, higher saline concentrations (hypertonic) are needed to balance the 
properties of mucus by adding water(12). The effect of this change can be observed 
starting from giving of nasal wash with a concentration of 0.6% NaCl, giving with a 
concentration of 0.9% found a better cough clearing effect(7).  
 
Interaction of nasal wash solution and SARS-CoV-2 
The minimum effect of viral replication on nasal washing was found in NaCl with a 
concentration of 0.6%, while a minimum inhibitory effect of 50% was found at a 
concentration of 0.9%, and a 100% inhibitory effect was found in NaCl with a 
concentration of 1.5%(7). This effect makes hypertonic solutions better at reducing 
pain, reducing symptoms and speeding healing. 
 
Rosati P, et al (2020) described that nasal wash using a hypertonic solution several 
times a day gave a very good response in patients with COVID-19, after using nasal 
wash solution for several days, respiratory symptoms began to improve and on the 
test Nasopharyngeal RT-PCR was negative on day 3 and day 10 of examination(13). 

 
The conformation of ACE-2 is sensitive to chloride and pH. This minimum inhibitory 
effect began to occur in NaCl with a concentration of 0.6% while a 50% inhibitory effect 
was found in NaCl with a concentration of 1.4%(7). 
 
Viral 3CLpro protease inhibition Higher NaCl concentration of 0.9% showed 80% 
3CLpro inhibition, significant inhibition occurred when 1.8% NaCl concentration was 
90% inhibited, in humans, coronaviruses such as SARS-CoV and SARS-CoV-2, 
typically harbor and utilize 3CLPpro, a cysteine protease similar to chymotrypsin that 
regulates the viral replication machinery(14,15). 
Inhibition of host cell furin protease The proteolytic activity of furin was inhibited by 
NaCl, from a concentration of (0.4%) 75 mM onwards, and reached 80% inhibition at 
a concentration (0.9%) 150 mM, and complete inhibition at a concentration of (1, 2%) 
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200 mM(16), Furin and TMPRSS2 are involved in the proteolytic activation (priming) of 
the SARS-CoV-2 spike protein. 
 
Myeloperoxidase (MPO) activation 

The virucidal action of HOCl was observed in NaCl at a concentration of 0.09-1.7%. 
Pathogenic phagocytosis requires a continuous supply of chloride (Cl-) to maintain 
HOCl generation(17). The mechanism of the success of nasal wash against viruses in 
the upper respiratory tract is by increasing the availability of chloride ions on the airway 
surface (from NaCl) and helping to produce hypoclaric acid (which is the active 
ingredient in bleach), which is a potential innate immunity in epithelial cells(18).  

In a journal that discussed the use of oral and intranasal antiseptics during the 
pandemic, one of which was the use of nasal washing with hypertonic solutions, it was 
explained that hypertonic solutions stopped the replication of the virus by increasing 
hypochlorous acid(19).  

Tatzber F, et al (2021) described that hypertonic conditions facilitate protein 
denaturation of microorganisms, consequently reducing the replication of pathogens. 
In addition, chloride ion is used by cells to increase antiviral activity through the 
production of hypochlorous acid, they also observed that the inhibition of the growth 
of microorganisms depends on the concentration of the saline solution, the higher the 
concentration of the salt solution, the better the inhibitory effect of the growth of 
microorganisms(20). 

The four effects above explain how the pharmacology and interactions of nasal 
washing and the concentration that can cause a minimum effect, 50% inhibition, and 
90%-100% inhibition. NaCl solution with a high concentration gave a better inhibitory 
effect, but at a low concentration NaCl solution the same effect was also found even 
with a slight effect or minimal inhibitory effect, this is what explains why hypertonic 
solutions give an earlier effect of improving olfactory function and faster when 
compared to isotonic solutions. Improvements in olfactory function were found in the 
first week of using hypertonic nasal wash solution, after the second week of nasal 
washing, there was no significant difference in olfactory function improvements in the 
two groups. 

Hypertonic nasal wash solution improves olfactory function earlier and faster than 
isotonic nasal wash, but hypertonic nasal wash solution as a nasal wash has some 
side effects, such as burning, dryness and pain in the nose after using nasal wash 
solution. The use of hypertonic nasal wash solution in postoperative patients, found a 
dry feeling and a burning feeling in the nose, after the 7th day of nasal wash(21). Some 
side effects of nasal washing with hypertonic solution after several days of use such 
as stiffness in the nose were found on the 5th day after use, while nasal obstruction 
and irritation of the nose were found from the 6th day of use(22). 

To date, hypertonic nasal rinses are the only intervention that has been shown to 
reduce the duration of coronavirus symptoms in randomized controlled trials and in 
the common cold(18).  
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Conclusion 

The use of hypertonic nasal wash solution should be given early and in the short term 
(1st day to 7th day), while isotonic nasal wash solution should be given after 7th day 
to 14th day, to get optimal olfactory function improvement and reduce the risk of side 
effects caused by hypertonic nasal wash solutions.  
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