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Abstract
Introduction  COVID-19 infection develops neurologic symptoms such as smell and taste loss. We aimed to determine the 
volumetric changes in the brain and correlation of possible related biochemical parameters and endocannabinoid levels after 
COVID-19 recovery.
Methods  Brain magnetic resonance images of recovered COVID-19 patients and healthy volunteers, whose olfactory and 
gustatory scores were obtained through a questionnaire, were taken, and the volumes of the brain regions associated with 
taste and smell were measured by automatic and semiautomatic methods. Endocannabinoids (EC), which are critical in the 
olfactory system, and vitamin B12, zinc, iron, ferritin, thyroid-stimulating hormone (TSH), and thyroxine (T4) levels, which 
are reported to have possible roles in olfactory disorders, were measured in peripheral blood.
Results  Taste and smell disorder scores and EC levels were found to be higher in recovered COVID-19 patients compared 
to controls. EC levels were negatively correlated with bilateral entorhinal cortex (ENT) volumes in the COVID-19 group. 
Subgenual anterior cingulate cortex volumes showed correlations with gustatory complaints and ferritin in recovered COVID-
19 patients.
Conclusions  The critical finding of our study is the high EC levels and negative correlation between EC levels and left ENT 
volumes in recovered COVID-19 patients.
Implications  It is possible that ECs are potential neuromodulators in many conditions leading to olfactory disorders, includ-
ing COVID-19.
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Introduction

In February 2020, the virus that was initially called 2019-
nCoV and the Wuhan coronavirus was officially named 
the “severe acute respiratory syndrome coronavirus 2” 
(SARS-CoV-2). The World Health Organization (WHO) 
renamed the disease caused by this virus as the novel 
coronavirus disease 2019 (COVID-19) (Lai et al. 2020). 
Although SARS-CoV-2 infection mainly causes respira-
tory tract problems, in some patients, neurological symp-
toms such as headache, loss of taste and smell, ataxia, 
meningitis, cognitive dysfunction, amnesia, seizures, and 
impaired consciousness develop (Bougakov et al. 2020; 
Carod-Artal 2020; Harapan and Yoo 2021). It was thought 
that the virus causes these neuronal symptoms by migrat-
ing to the brain (Bougakov et al. 2020; Carod-Artal 2020; 
Harapan and Yoo 2021). While loss of smell (anosmia) 
and/or loss of taste (ageusia) are now considered to be 
among the main symptoms of several coronavirus vari-
ants that cause COVID 19 disease (Coelho et al. 2022), 
there are also reports of anosmia and/or ageusia cases 
without any other symptom (Hajikhani et al. 2020). Two 
hypotheses have been proposed regarding the formation 
mechanisms of these symptoms. The first hypothesis is 
that the virus migrates to and harms the olfactory bulb 
(OB) or the central olfactory pathways through the olfac-
tory neuroepithelium in the olfactory mucosa (Bougakov 
et al. 2020). The second hypothesis is about hematogenous 
spread. SARS-CoV-2 uses the human cell receptor angio-
tensin-converting enzyme 2 (ACE2) as its cellular receptor 
(Ou et al. 2020). It was argued that SARS-CoV-2 creates 
neuronal damage by causing endothelial ruptures in capil-
laries that carry the ACE2 receptor (Baig et al. 2020). In 
the central nervous system (CNS), ACE2 is expressed in 
many regions of the human brain, especially in the brain 
stem nuclei associated with cardiorespiratory function, the 
amygdala, and the cerebral cortex (Coolen et al. 2020; 
Lukiw et al. 2022). Ageusia may be secondary to olfactory 
dysfunctions, whereas it can also develop as a result of 
the interaction of the SARS-CoV-2 virus with the ACE2 
receptor in the host. This is because the mucosal epithelial 
cells of the oral cavity contain the ACE2 receptor abun-
dantly (Xu et al. 2020).

What is known about changes in cases of loss of sense 
of smell has increased with voxel-based morphometry 
(VBM) analyses (Bitter et al. 2010a). A volumetric reduc-
tion in OB in loss of smell or olfactory dysfunctions is a 
known phenomenon, such that the degree of the reduction 
in the volume of OB is correlated with the severity of loss 
of smell (Bitter et al. 2010b; Mueller et al. 2005). After 
the sensation of smell reaches OB, it is transferred to the 
olfactory cortex (OLC) from there (Bitter et al. 2010b; 

Han et al. 2019). OLC contains a few regions such as the 
piriform cortex (PC), entorhinal cortex (ENT), amygdala, 
anterior olfactory nucleus (AON), and olfactory tubercle 
(OT) (Bitter et al. 2010b). These regions are closely con-
nected to the anterior insular cortex (AIC), orbitofrontal 
cortex (OFC), thalamus, hippocampus (HIPPO), and ante-
rior cingulate cortex (ACC) (Bitter et al. 2010a, 2010b). 
Other than OB, VBM analyses have revealed volumetric 
losses of gray matter in secondary olfactory areas like 
the insular cortex, ACC, OFC, fusiform gyrus, precu-
neus, middle temporal gyrus (MTG), and PC (Bitter et al. 
2010a).

The endocannabinoid system (ECS), which is a neuro-
modulator system that has a critical role in the regulation of 
homeostasis with its receptors that are expressed prevalently 
in many tissues of the body, also takes part in olfactory pro-
cesses (Maccarrone et al. 2015). Studies have shown that 
ECS is not only effective on neurogenesis in the adult OB, 
but it also functionally contributes to the neuronal networks 
of the olfactory system (Bhatia-Dey and Heinbockel 2020). 
Different stimuli on OB lead to ECS activation (Bhatia-Dey 
and Heinbockel 2020). The levels of endocannabinoids 
(ECs) in circulation increase in various cases involving sys-
temic inflammation (Hillard 2018). It is thought that ECS 
activation may be a potential cause of the onset and pro-
gression of olfactory dysfunctions by leading to the forma-
tion of disrupted gene regulation networks (Bhatia-Dey and 
Heinbockel 2020).

Additionally, it has been reported that hypothyroidism 
(Hummel et  al. 2012; Świdziński et  al. 2016), vitamin 
B12 deficiency (Hummel et al. 2012), and iron deficiency 
(Hansen et al. 2017) can lead to olfactory dysfunctions. 
These values are among laboratory tests that are recom-
mended for patients with non-specific causes of their taste 
and smell dysfunctions.

The purpose of this study is to examine volumetric 
changes in the central olfactory and gustatory regions with 
the VBM analysis of magnetic resonance (MR) images and 
investigate the relationship between EC levels, vitamin 
B12, zinc, iron, ferritin, free thyroxine (T4), and thyroid-
stimulating hormone (TSH) in peripheral blood in patients 
recovered from COVID-19 but still express olfactory and 
gustatory complaints.

Materials and Method

Patient Selection

This research was approved at the meeting of Kasta-
monu University Clinical Research Ethics Committee 
on 26/11/2020 (decision no: 2020-KAEK-143–13). The 
COVID-19 group was created from COVID-19 patients 
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who were diagnosed with COVID-19 with a PCR test in the 
Otorhinolaryngology Outpatient Clinic of the Kastamonu 
Research and Training Hospital. Twenty patients who recov-
ered from COVID-19 but still express olfactory and gusta-
tory complaints included. It had been 1 to 3 weeks since the 
patients got over the disease when they were included in 
the study. Twenty healthy individuals who did not have any 
smell and taste dysfunction or loss were included into con-
trol group. Individuals in the COVID-19 group and control 
individuals had no other disease known to affect their chemi-
cal senses. Participation in the study was on a voluntary 
basis, and the participants provided consent.

Smell and Taste Questionnaire

In our study, first, medical history was taken from the par-
ticipants regarding changes they experienced in their senses 
of smell and taste, if any. For this purpose, a modified ver-
sion of the validated Monell-Jefferson Taste–Smell Ques-
tionnaire (the Monell Chemical Senses Center) was created 
with the support of an otorhinolaryngology specialist and 
an expert statistician. The modified questionnaire consisted 
of 9 questions to get feedback on whether there is a disor-
der in the sense of smell and to get the details of it if there 
is and 8 questions to obtain the same information for the 
sense of taste. The questions were about the direction of the 
change in the sense of smell or taste (such as disappearance, 
decrease, increase, phantom smell), in what term the change 
occurred, and whether it was unilateral or bilateral. In addi-
tion, changes in identifying daily odors such as cigarette 
smoke, gasoline, vinegar, rose and sweet, salty, sour, and 
bitter tastes were asked. In addition, people were asked if 
they had taken any medication, surgery, supplements, or any 
dental treatment. Then, the information was quantitatively 
coded, and the scores for the degree of smell and taste loss 
were calculated for each participant.

Voxel‑Based Morphometry and MRICloud Analysis

In order to analyze the volumetric changes in the brain 
regions associated with the senses of smell and taste, 
3-dimensional (3D) cranial MR images of the participants 
were obtained. The volumes of the olfactory cortex, insula, 
hippocampus, amygdala, orbitofrontal cortex, angular 
gyrus, and thalamus were analyzed using the VBM8 tool-
box working in SPM8 in MATLAB 7.12 (R2011a) (the 
Wellcome Trust Centre for Neuroimaging, UK). T1 images 
were normalized, segmented, and smoothed respectively, 
and standard routines and default parameters of the VBM8 
toolbox were applied. For determining the volumes of the 
entorhinal cortex, orbitofrontal gyrus, and anterior cingu-
late cortex, hdr/img files were uploaded to the MRICloud 
website (https://​brain​gps.​mricl​oud.​org/), and automated 

segmentation and volumetric analysis were performed 
(Figs. 1 and 2). OB volume was measured separately by 
an experienced neuroradiologist and an experienced neu-
roanatomist separately using ImageJ Segmentation Editor 
(Fig. 3). Each observer made the measurement twice blindly, 
and the mean of all measurements was recorded.

Endocannabinoid Test Procedure

Blood samples were collected in biochemistry tubes contain-
ing gel for serum separation and were centrifuged and then 
taken into cryovial tubes and stored at − 80 °C. In the sera 
obtained by centrifugation, EC levels were measured with 
the ELISA method based on the manufacturer’s instructions 
(Cayman Chemicals, Michigan, ABD).

Statistical Analysis

In this study, the collected data were analyzed in a 95% con-
fidence interval using the IBM SPSS (Statistical Package 
for the Social Sciences Statistics) version 22 software. As 
n < 30 and the data were not normally distributed, for the 
volumes of smell- and taste-related brain regions, peripheral 
blood levels of ECs and biochemical parameters and the 
Smell and Taste Questionnaire scores were compared by the 
non-parametric Mann–Whitney U test between the groups. 
Spearman’s rank correlation coefficient was used for the cor-
relation analysis. Significance levels were determined for all 
comparisons by applying Bonferroni correction.

Results

The Mean Comparisons Between Groups

Demographic Characteristics  This study included 12 male 
and 8 female patients in the COVID-19 group and 11 male 
and 9 female individuals in the control group. The sex dis-
tributions in the two groups were similar (p = 0.138). The 
mean age of the COVID-19 group was 34.25 ± 13.05, while 
the mean age of the control group was 32.20 ± 9.89. There 
was also no significant difference between the mean ages of 
the two groups (p = 0.375).

Volumes of Brain Regions Associated with Taste and 
Smell  Statistically significant differences were found 
between the COVID-19 and control groups in terms of the 
volumes of two brain regions. While the right angular gyrus 
volume was significantly smaller in the COVID-19 group 
than controls (p = 0.037), the left ENT volume was signifi-
cantly higher (p = 0.046). On the other hand, the left angular 

https://braingps.mricloud.org/
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gyrus and the right ENT volumes, in addition to other 
observed regions, did not differ between groups (Table 1).

Endocannabinoid Levels in Peripheral Blood  The mean 
EC level in the peripheral blood of the COVID-19 group 
(3.74 ± 1.58) was found to be significantly higher than the 
mean EC level of the control group (2.65 ± 0.30) (p = 0.005).

Biochemical Parameters in Peripheral Blood  No significant 
difference was found between the groups in terms of the 
biochemical parameters (B12, zinc, iron, ferritin, T4, TSH) 
examined in their peripheral blood (Table 2).

Smell and Taste Questionnaire Results  The olfactory dis-
order score (1.55 ± 0.89) and gustatory disorder score 
(1.45 ± 1.19) of the COVID-19 patients were significantly 
higher than control individuals’ olfactory disorder score 
(0.00 ± 0.00) and gustatory disorder score (0.00 ± 0.00) 
(p = 0.000 for both). According to the formula created, the 
higher the score, the higher the sensory deterioration. Sen-
sory disorders were scored with a positive number when 
evaluating questionnaires. Since no one in the control group 
had any taste or smell disorders, their scores were found to 
be zero. The highest questionnaire score for the olfaction 
and taste was 3.

Fig. 1   Representative images showing the segmentation of magnetic resonance images of volunteers in the MRICloud system
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Correlation Analysis Within the Group

In the COVID-19 group, gustatory disorder score had 
positive, moderate correlation with left and right subcal-
losal ACC volume (respectively, r = 0.594, p = 0.028; and 
r = 0.412, p = 0.046). In the COVID-19 patients, the left 
subgenual ACC volume had positive, moderate correlation 
with ferritin level (r = 0.448, p = 0.047).

The left and right ENT volumes had negative, moderate 
correlation with the EC levels in COVID-19 group (respec-
tively, r =  − 0.554, p = 0.011; r =  − 0.584, p = 0.007).

Discussion

Anosmia or partial loss of smell, which is usually accom-
panied by changes in taste, is a frequently encountered 
symptom that is helpful in the diagnosis of COVID-19 
(Hopkins et al. 2020; Marinosci et al. 2020). While it is 
generally a temporary phenomenon that lasts for a few 
weeks, cases of long-term loss have also been reported 
(Aragão et al. 2020). This made us think of possible gray 
matter changes. Indeed, for ENT, which is named the sec-
ondary olfactory cortex, the low volumes of the left ENT 

Fig. 2   3D representation of 
structures whose volume is 
measured in the MRICloud 
system

Fig. 3   Olfactory bulb image of 
a COVID 19 patient (viewing 
in the ImageJ Segmentation 
Editor)
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in the COVID-19 group than controls in our study impli-
cated the presence of dominant lateralization. The right 
ENT did not show a significant difference between the 
groups. Previously, Strauss et al. (2020) discovered no sig-
nal anomalies in the orbitofrontal and entorhinal cortices 
and other olfactory pathways, but they reported increased 
entorhinal and orbitofrontal cortex signal anomalies in 
only one COVID-19 patient (Strauss et al. 2020). We can 

speculate that there is a relationship between increased 
signaling and increased volume.

An interesting result we obtained was that the volume of 
the right angular gyrus was significantly smaller in recov-
ered COVID-19 patients. Model studies have shown that 
sensory deprivation alters neuronal populations in multisen-
sory areas (Carriere et al. 2007). Iravani et al. (2021) found 
that in individuals with acquired anosmia, the angular gyrus 

Table 1   Volumes of brain regions associated with smell and taste

COVID-19 Control

Brain region Unit Mean Standard deviation Mean Standard deviation p

Angular gyrus Left cm3 3.54  ± 0.58 3.48  ± 0.47 0.333
Right cm3 5.34  ± 0.84 5.85  ± 0.64 0.037

Entorhinal cortex Left cm3 0.75  ± 0.08 0.69  ± 0.10 0.046
Right cm3 1.01  ± 0.13 1.03  ± 0.12 0,564

Olfactory bulb Left mm3 49.05  ± 9.24 52.95  ± 8.22 0.053
Right mm3 51.40  ± 10.13 53.15  ± 10.12 0.272

Olfactory cortex Left cm3 0.81 1.34 1.05  ± 0.13 0.242
Right cm3 0.96 1.41 1.19  ± 0.13 0.787

Insula Left cm3 7.09  ± 0.79 7.07  ± 0.84 0.952
Right cm3 6.72  ± 0.73 6.95  ± 0.72 0.323

Hippocampus Left cm3 3.50  ± 0.51 3.64  ± 0.45 0.363
Right cm3 3.29  ± 0.71 3.29  ± 0.51 1.000

Amygdala Left cm3 1.07  ± 0.09 1.06  ± 0.09 0.653
Right cm3 1.17  ± 0.09 1.14  ± 0.11 0.403

Thalamus Left cm3 3.60  ± 0.58 3.67  ± 0.48 0.643
Right cm3 3.15  ± 0.60 3.18  ± 0.46 0.395

Lateral fronto-orbital gyrus (LFOG) Left cm3 4.68  ± 0.56 4.91  ± 0.55 0.182
Right cm3 4.63  ± 0.51 4.77  ± 0.42 0.369

Middle fronto-orbital gyrus (MFOG) Left cm3 4.66  ± 0.36 4.75  ± 0.62 0.560
Right cm3 4.32  ± 0.41 4.38  ± 0.58 0.711

Rostral anterior cingulate cortex Left cm3 2.42  ± 0.37 2.51  ± 0.26 0.306
Right cm3 2.76  ± 0.37 2.85  ± 0.27 0.376

Subcallosal anterior cingulate cortex Left cm3 0.35  ± 0.10 0.35  ± 0.04 0.804
Right cm3 0,55  ± 0.13 0.56  ± 0.09 0.739

Subgenual anterior cingulate cortex Left cm3 1.64  ± 0.16 1.78  ± 0.28 0.053
Right cm3 1.52  ± 0.16 1.64  ± 0.25 0.079

Dorsal anterior cingulate cortex Left cm3 10.91  ± 0.92 11.44  ± 1.25 0.124
Right cm3 10.43  ± 0.90 10.81  ± 1.20 0.252

Table 2   Biochemical 
parameters in peripheral blood

COVID-19 Control

Measured parameter Mean Standard deviation Mean Standard deviation p

B12 (pg/ml) 255.45  ± 95.12 207.32  ± 71.78 0.079
Zinc (µg/dl) 97.13  ± 12.50 93.39  ± 14.15 0.385
Iron (µg/dl) 84.46  ± 44.83 88.99  ± 50.73 0.752
Ferritin (ng/ml) 41.72  ± 39.00 46.99  ± 34.98 0.633
T4 (ng/dl) 0.87  ± 0.11 0.89  ± 0.16 0.723
TSH (µIU/ml) 2.09  ± 1.03 1.77  ± 0.99 0.315
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is activated to integrate multisensory information with its 
function of visual-auditory integration, and the nervous sys-
tem tries to compensate for the disrupted olfactory informa-
tion by multisensory integration including visual-auditory 
information (Iravani et al. 2021). However, in our study, the 
right gyrus angularis was seen to have a lower volume in the 
recovered COVID-19 patients than the controls. We think 
that the reduction in the volume of the right angular gyrus, 
which is a heteromodal association area, may be related to 
olfactory and taste dysfunctions.

Due to the potential of the virus to severely disrupt many 
vital organs (Wang et al. 2020), analyzing biochemical fac-
tors is a suitable. Although there is no sufficient evidence, it 
has been reported that deficiencies of copper, zinc, vitamin 
A, vitamin B6, and vitamin B12 can cause olfactory dys-
function (Derin et al. 2006; Doty et al. 2006).

Zinc not only plays an important role in the immune sys-
tem where it works as a signal molecule but also helps the 
synthesis of the protein gustin that is associated with the 
formation of taste buds (Ambaldhage et al. 2014). Tomita 
(1990) found in his study where they administered radioac-
tive zinc to rats with experimentally induced zinc deficiency 
and examined autoradiographs that silver particles mostly 
concentrated in taste buds (Tomita 1990). Additionally, 
Tomita (1990) reported that low serum zinc levels lead to 
gustatory dysfunctions related to zinc deficiency (Tomita 
1990). Jothimani et al. (2020) obtained lower zinc levels in 
COVID-19 patients than healthy controls (Jothimani et al. 
2020). In our study, while the mean serum zinc level of the 
COVID-19 patients was slightly higher than that in the con-
trol group, this difference was not statistically significant. 
This result suggested that many factors such as the stage of 
infection, viral load, and individual variations in the immune 
system may lead to conflicting results by affecting serum 
zinc levels in COVID-19 cases.

Derin et al. (2006) reported that olfactory dysfunction 
may originate from myelin damage in the olfactory nerve 
associated with vitamin B12 deficiency and the toxic effects 
of high homocysteine levels on the nervus olfactorius (Derin 
et al. 2006). They reported in their study that people with 
vitamin B12 deficiency showed significant dysfunctions in 
all smell test parameters. According to the results of our 
study, the olfactory disorders associated with COVID-19 
may not be associated with B12 because no significant dif-
ference was observed between the groups.

Serum ferritin is an iron storage protein that is measured 
as a marker of iron levels, while it is also a well-known 
inflammatory marker (Lin et al. 2020). Pourbagheri-Siga-
roodi et al. (2020) reported the mean rate of increase in the 
ferritin levels of COVID-19 patients after viral infection as 
275% (Pourbagheri-Sigaroodi et al. 2020). Lin et al. (2020) 
stated that serum ferritin levels showed a correlation with 
the severity of systemic and pulmonary inflammation, and 

high serum ferritin levels could predict the risk of increased 
disease severity in COVID-19 patients (Lin et al. 2020). 
Excess intracellular iron creates reactive oxygen species 
(ROS) by interacting with molecular oxygen and causes fer-
roptosis, which is a programmed cell death process (Kell and 
Pretorius 2014). Ferroptosis has been found to be associated 
with neurological disorders including ageusia and anosmia 
(Dinç et al. 2016). We also thought that taste and smell dis-
orders in COVID-19 might be related to ferritin levels, but 
we did not detect such a significance. Measuring ferritin 
levels may be meaningful during the course of the disease, 
and the change in ferritin levels may disappear after recov-
ery. We do not have enough data to comment on whether the 
transient increase in ferritin level will lead to persistent neu-
rological disorders. Although the ferritin levels did not show 
a significant difference between the two groups, the volumes 
of the left subgenual ACC in COVID-19 group were also 
positively and strongly correlated with ferritin levels.

Studies performed by Mackay-Sim and Beard (1987) 
on mice have revealed that thyroxine is required for the 
normal development of the nervous system including the 
growth of new olfactory receptor neurons (Mackay-Sim 
and Beard 1987). Świdziński et al. (2016) determined 
that hypothyroidism affected the sense of smell signifi-
cantly, weakened it, and even suppressed it completely 
(Świdziński et al. 2016). Baskoy et al. (2016) observed 
higher TSH and T3 levels and lower T4 levels in hypo-
thyroidism patients who had olfactory and gustatory 
dysfunctions in comparison to the control group (Baskoy 
et al. 2016). In our study, while the TSH values were 
minimally higher, T4 values were lower in the COVID-19 
patients than the healthy controls; these differences were 
not statistically significant. In this case, it can be thought 
that thyroid hormones do not play a role in COVID-19-re-
lated olfactory disorders.

The most interesting result of our study contains the 
ECS. ECs affect the sense of smell directly or indirectly 
(Czesnik et al. 2007). They show their endogenous effects 
through CB1 and CB2 receptors (Wang et al. 2012). In 
our study, the mean EC level values in the peripheral 
blood samples of the COVID-19 group were found to be 
significantly higher than those in the control group. The 
EC levels were negatively and moderately correlated with 
the left ENT volume. Consistent with our results, pre-
viously cannabis usage was reported to be related with 
reduced ENT thickness (Levar et al. 2018). This result is 
not surprising since one of the areas where CB1 receptors 
diffuse throughout the central nervous system is the ENT 
(Sinclair 2016). However, the lack of such a relationship 
in other areas where EC receptors are located indicates 
that factors other than ECs may also be effective here. 
In a recent study, it was found that EC levels were also 
increased in Alzheimer’s patients (Petekkaya et al. 2022). 
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Recent studies have stated that there are Alzheimer-like 
changes in the brains of COVID-19 patients (Reiken et al. 
2022) and that Alzheimer’s and COVID-19 have common 
genetic risk factors (Magusali et al. 2021). Based on these 
results, we think that the role of ECs in the symptoms of 
COVID-19 can be further investigated.

Conclusions

In this study, the volumetric changes of pathways and pri-
mary brain regions associated with smell/taste and changes 
in smell/taste identification capacities in recovered COVID-
19 patients and healthy controls, as well as the relationships 
of these changes to some biochemical parameters and serum 
EC levels, were investigated. Our results demonstrated that 
short-term acquired anosmia is related to altered GM vol-
umes in both cortical regions associated with olfactory func-
tions and those associated with multisensory integration, 
ECs that have a neuromodulation role step in at the onset of 
olfactory dysfunction, and they may increase the dynamic 
functional connections between these regions. More research 
is necessary to understand whether or not GM volume altera-
tions occurring in cortical regions in COVID-19 cases could 
be the main reason for olfactory dysfunctions that can be 
permanent after COVID-19 infection.

Limitations

Although this study showed changes in the brains of recov-
ered COVID-19 patients in the olfactory-related areas and 
in the multimodal association areas and the possible neu-
romodulatory role of ECS, the fact that smell and taste dis-
orders were evaluated only with the questionnaire method 
is an important limitation for the study.
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