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Abstract

Background: Coronaviruses may lead to invasion of the central nervous system.

Purpose: To investigate the effects of COVID-19 infection on smell using cranial magnetic resonance imaging (MRI).
Material and Methods: Cranial MRI scans of 23 patients with COVID-19 (patient group [PG]) and 23 healthy controls
(HCs) were evaluated. Peripheric (olfactory bulb [OB] volume and olfactory sulcus [OS] depth) and central (insular
gyrus and corpus amygdala areas) smell regions were measured.

Results: Smell loss was present in nine patients (39.1%) in the PG. The means of the disease duration and antiviral
treatment were 3.00 4= 2.35 and 5.65 £ |.72 days, respectively. OB volumes of the PG were significantly lower than
those of the HC:s bilaterally. However, no significant differences were observed between the OS depth, insular gyrus, and
corpus amygdala areas of both groups. The left corpus amygdala areas were both increased with the increased disease
(P=0.035, r =0.442) and treatment durations (P=0.037, r =0.438). In the PG, longer treatment duration, increase in
C-reactive protein (CRP), lymphocyte count decrease, and positive thoracic computed tomography (CT) involvement
were related to OS depth decrease. Right corpus amygdala areas increased in patients with COVID-19 with increased
D-dimer values, and thoracic CT involvement was detected.

Conclusion: COVID-19 disease affects the peripheric smell region of OBs and does not affect the central
smell regions of the insular gyrus and corpus amygdala areas. The importance of our study is to detect MRI
findings in patients with COVID-19 leading to odor disorders. These findings may help in diagnosing the disease at
an early stage.
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Intr ion . : . . .
troductio In patients with COVID-19, respiratory distress is

Coronaviruses are large-enveloped RNA viruses that
often cause respiratory and enteric diseases in animals
and humans (1). High pathogenic coronavirus, called
SARS-CoV-2 (formerly known as 2019-nCoV),
appeared in Wuhan, China, in December 2019, after
“severe acute respiratory syndrome coronavirus”
(SARS-CoV) and “Middle Eastern respiratory syn-
drome coronavirus” (MERS-CoV). This virus spread
rapidly around the world and has a homological
sequence with SARS-CoV, causing acute, highly
lethal pneumonia. This virus, called coronavirus dis-
ease 2019 (COVID-19), has clinical symptoms like
those of SARS-CoV and MERS-CoV (2).

the most characteristic symptom, and most patients
admitted to intensive care units lacked spontancous
breathing. In addition, some patients with COVID-19
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also showed neurological symptoms, such as head-
aches, nausea, and vomiting. Coronaviruses do not
always invade the respiratory tract, and invasion of
the central nervous system induces neurological dis-
eases (2).

Loss of smell is a significant symptom in patients
with mild-to-moderate COVID-19 and is not associat-
ed with rhinorrhea and nasal obstruction. In 37.5% of
patients, the loss of smell persists for at least seven days
after treating the disease (3). It was reported that acute
anosmia or ageusia was observed in 15.3% of patients
in the early stage of COVID-19, which seems as impor-
tant for the diagnosis (4). Mullol et al. (5) reported that
without upper airway inflammatory disease, isolated
loss of smell and/or taste (sudden and severe) may
alert the physicians for COVID-19.

The aim of the present study was to investigate the
effect of COVID-19 infection on the peripheral (olfac-
tory bulb [OB] volume and olfactory sulcus [OS] depth)
and central (insular gyrus and corpus amygdala) smell
regions of the patients. Patients with COVID-19
(the patient group [PG] were compared with healthy
controls (HCs) using cranial magnetic resonance imag-
ing (MRI).

Material and Methods

This retrospective study was conducted at the Van
Training and Research Hospital, Infectious Diseases
and Radiology Departments, alongside Kirikkale
University Faculty of Medicine, Otolaryngology
Department, following the principles of the
Declaration of Helsinki. Cranial MRI value images
were obtained from a database at the Van Training
and Research Hospital Radiology Department.
Approval was obtained first from the TR Ministry of
Health, COVID-19 Scientific Research Evaluation
Commission (2020-05-04T06_41 _57), followed by
Ethics Committee approval from the Van Training
and Research Hospital, Clinical Research Ethics
Committee (Date: 22 May 2020, Number: 2020/09).
Informed consent was not required due to the retro-
spective nature of the study.

Participants

The present study was performed retrospectively.
Cranial MRI scans of 46 adult patients were screened
and selected from the database of Van Training and
Research Hospital. The PG comprised 23 patients (13
men, 10 women; mean age=37.08 4+ 14.41 years; age
range = 19-73 years) with a positive COVID-19 real-
time polymerase chain reaction (RT-PCR) assay. The
diagnosis of COVID-19 was detected by SARS-CoV-
2RT-PCR (Qiagen Rotor GeneQ) using examples of

the oropharyngeal and nasopharyngeal sweep.
Cranial MRI was taken because of headaches in the
patients who tested positive for COVID-19. The
mean duration of the disease was 3.0042.35 days
(range = 1-10 days), while the mean duration of treat-
ment was 5.65 4+ 1.72 days (range = 5-10 days).

Inclusion criteria were as follows: patients with a
positive COVID-19 real-time polymerase chain reac-
tion (RT-PCR) assay; and age >18 years of age.
Individuals were excluded from the study if they had
previous trauma, sinonasal or cranial surgery, sino-
nasal polyposis, sinonasal CSF leak, marked facial
and/or nasal septal deformity, multiple sclerosis,
Alzheimer’s disease, Parkinson’s disease, or epilepsy.

In the PG, loss of smell, nasal obstruction, and the
presence of nasal discharge were evaluated from the
hospital data. A thoracic computed tomography (CT)
scan was obtained from all patients with COVID-19
and involvement was evaluated. Durations of disease
and treatment were also noted. Leukocyte count and
lymphocyte count were measured for all patients, and
lymphopenia (lymphocyte count <800/mm?) was eval-
uated. Moreover, CRP (mg/L), D-dimer (ng/mL), and
ferritin (ng/mL) values were also detected.

The HCs comprised 23 patients without COVID-19
(14 men, 9 women; mean age = 36.82 + 13.10 years; age
range = 1871 years) with normal cranial MRI results.
They were selected from the Van Training and
Research Hospital’s database of Radiology Clinics.

Data acquisition

Cranial MRI measurements. MRI examinations were per-
formed using 1.5-T MRI (General Electric MRI
Systems, Signa 12/2010; General Electric Company,
Milwaukee, WI, USA) with a cranial coil (eight-
channel array head coil). Fluid-attenuated inversion
recovery (FLAIR) images in the axial plane (TR/
TE=9002/155ms, field of view [FOV]=190 x
190mm, and matrix=192x160mm) and T2-
weighted (T2W) fast spin echo (FSE) images in the
coronal plane (TR/TE=4680/95ms, FOV =190
x 190 mm, and matrix 384 x 256 mm) were obtained
using a slice thickness of 5Smm and intersection gap
of 1 mm; a total of 20-25 sections were obtained.

Measurement results were obtained from coronal
T2W FSE images for OB volume and OS depth, and
axial FLAIR images for the insular gyrus area and the
corpus amygdala area (Fig. 1) (3). All measurements
were evaluated by a single radiologist (V.B.).

Peripheral regions of smell. Measurement of OB volume
was performed at the coronal T2W FSE sequence.
From anterior to posterior screening, as the OB
image was seen clearly, the surface of the OB was
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Fig. 1. (a) On coronal T2W FSE MRI images, OB volume measurements are shown. (b) On coronal T2W FSE MRI scans, OS depth
measurements are shown. (c) On axial FLAIR MRI scans, insular gyrus area measurements are shown. (d) On axial FLAIR MRI scans,
corpus amygdala area measurements are shown. FLAIR, fluid-attenuated inversion recovery; FSE, fast spin echo; MRI, magnetic
resonance imaging; OB, olfactory bulb; OS, olfactory sulcus; T2W, T2-weighted.

measured manually by an electronic cursor (asmm?)
and the volume was calculated by multiplying this
value with the slice thickness (as mm?) (3,6,7).

For the measurement of OS depth, in the coronal T2W
FSE sequence, a virtual tangent line was drawn from the
inferior orbital gyrus to the gyrus recti in the posterior
plane of the orbit. The new perpendicular line was
drawn from this tangent line to the deepest point of OS.
The depth of this line gives the OS depth (as mm) (6-8).

Central regions of the smell. The insular gyrus area (mm?)
was measured in the sections in which it was observed
as the maximum. Measurements were performed on
images in which the head of the caudate nucleus and
the putamen were seen (9,10).

The corpus amygdala area (mm?®) was measured
in the sections in which it was observed as the maxi-
mum (9,10).

Statistical analysis

SPSS version 16.0 (SPSS Inc, IBM Corp., Chicago, 1L,
USA) was used. Chi-square test, Mann—Whitney U
test, Wilcoxon-Signed Ranks test, and Spearman’s cor-
relation rho efficient test were used.

A chi-square test was used to analyze the difference
in the genders of the PG and HCs.

Mann—Whitney U test was used for the analysis of
the difference (for OB volume, OS depth, insular
gyrus area, and corpus amygdala area) between the
PG and HCs.

In each of the PG and HCs, the difference between
right and left sides (for OB volume, OS depth, insular
gyrus area, and corpus amygdala area) was analyzed by
the Wilcoxon-Signed Rank test.

Correlation analysis was performed by Spearman’s
correlation rho efficient test.

A P <0.05 was considered statistically significant.

Results

There were 13 men (56.5%) and 10 women (43.5%) in
the PG, and 14 men (60.9%) and 9 women (39.1%) in
the HCs (P=0.765, y*=0.090). No significant differ-
ences existed between the ages of the groups (P > 0.05)
(Table 1).

The mean age of the PG was 37.08 & 14.41 years
(age range =19-73 years). The mean age of the HCs
was 36.82 +13.10 years (age range = 18-71 years).

Features of the COVID-19 group

Loss of smell was present in nine patients (39.1%) and
absent in 14 patients (60.9%) in the PG. None of the
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Table 1. Measurement results for OB volume, OS depth, insular gyrus area, and corpus amygdala area.

Patient group (COVID-19 group) (n=23)

Healthy controls (n =23)

Mean Median SD Mean Median SD P*

Age (years) 37.08 38.00 14.41 36.82 38.00 13.10 0.974

Measurement results

OB volume (mm3) R 33.72 33.15 4.18 35.58 36.94 4.74 0.040
L 33.29 3243 4.84 35.94 36.61 4.21 0.030
pt 0.574 0.563

OS depth (mm) R 7.48 741 0.72 7.33 7.10 0.89 0.448
L 7.15 7.22 0.69 7.17 7.09 0.72 0.852
Pt 0.003 0.346

Insular gyrus area (mmz) R 349.13 349.00 48.16 341.91 336.00 46.71 0.583
L 347.04 347.00 4731 340.73 342.00 55.07 0.575
pt 0.456 0.749

Corpus amygdala area (mm?) R 235.39 233.00 3341 232.17 227.00 37.56 0.758
L 23682 241.00 33.44 231.34 224.00 38.96 0.455
pt 0.484 0.659

*P value shows the results of Mann—-Whitney U test.

fP value shows the results of Wilcoxon Signed Rank test.

OB, olfactory bulb; OS, olfactory sulcus.

patients in the PG experienced nasal obstruction or QS depth

nasal discharge.

Thoracic CT involvement was detected in 10
patients (43.5%) and absent in 13 (56.5%) of the
patients with COVID-19.

The mean leukocyte count was 5605.65+ 1656.73/
mm® (range = 1380-7990/mm?), while the mean lym-
phocyte count was 1404.34+720.51/mm’ (range =
450-3350/mm’). Lymphopenia was present in five
patients (21.7%) and absent in 18 patients (78.3%) in
the PG. The mean level of CRP was 7.24 +9.32 mg/L
(range =0.21-43.10 mg/L). The mean level of D-dimer
was 119.34+102.55ng/mL (range=11-346 ng/mL).
The mean ferritin level was 174.46 +220.87 ng/mL
(range = 18.94-1094.00 ng/mL).

A signal increase was not detected in the olfactory
regions we examined in the FLAIR and FSE T2W
MRI sequences.

Table 1 shows the measurement results for OB
volume, OS depth, insular gyrus area, and corpus
amygdala area.

OB volume

The OB volume of the PG was significantly lower than
that in HCs bilaterally (P <0.05). In the PG, the OB
volumes were 33.72mm’ and 33.29mm? on the right
and left sides, respectively. However, in HCs, these
values were 35.58mm’ and 35.94mm?, respectively.
In both groups separately, no significant differences
existed between OB volumes of the right and left
sides (P> 0.05) (Table 1).

No significant differences existed between the OS depth
of both groups bilaterally (P > 0.05). In the PG, the OS
depth of the left side was significantly lower than that
of the right side (P < 0.05). In HCs, significant differ-
ences were unobserved between OS depth values of the
right and left sides (P > 0.05) (Table 1).

Insular gyrus area

No significant differences existed between the insular
gyrus areas of the two groups bilaterally (P> 0.05).
Considering the PG and HCs separately, no significant
differences were observed between the insular gyrus
areas of the right and left sides (P > 0.05) (Table 1).

Corpus amygdala area

Significant differences were unobserved between the
corpus amygdala areas of both groups bilaterally
(P>0.05). Considering the PG and HCs separately,
no significant differences were observed between
corpus amygdala areas of the right and left sides
(P>0.05) (Table 1).

Table 2 shows the correlation test results in the PG.
Positive correlations existed between OB volumes
(Fig. 2), OS depths, insular gyrus areas, and corpus
amygdala areas (Fig. 3) bilaterally (P <0.05). As the
left insular gyrus areas decreased, OB volumes
increased bilaterally (P < 0.05). As the duration of the
disease increased, the area of the left corpus amygdala
increased (Fig. 4) (P <0.05). As the duration of treat-
ment increased, the depth of the left OS decreased and
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Table 2. Continued.

Corpus amygdala area (mm2)

Insular gyrus area (mm?2)

OS depth (mm)

OB volume (mm3)

0.325

0.425 0.072 0.086 0.383 0.539 0.491

0.829

P

Lymphopenia (Lymphocyte count < 800/mm?)

(Code I: Present; Code 0: Absent

Thoracic CT involvement

0.384
0.071

—0.185 —0.165 0.437

—-0.357 -0.516

—-0.231

—0.264

r
P

0451 0.037

0.094 0.012 0.397

0.288

0.223

(Code I: Present; Code 0: Absent)

*P value shows the results of Spearman’s correlation rho efficient test

CRP, C-reactive protein; CT, computed tomography; OB, olfactory bulb; OS, olfactory sulcus

the area of the left corpus amygdala increased
(P<0.05). As CRP increased, OS depth values
decreased bilaterally (P <0.05). As D-dimer values
increased, right corpus amygdala values increased
(P <0.05). As lymphocyte count decreased, right OS
depth values decreased (P <0.05). In patients with
COVID-19 with thoracic CT involvement detected,
left OS depth values decreased and right corpus amyg-
dala areas increased (P < 0.05).

Discussion

The main symptoms of COVID-19 are dry cough,
fever, and fatigue. However, in Shandong, China, a
subset of patients experienced neurological symptoms
and lacked respiratory symptoms (11). The most
common symptoms of COVID-19 are headaches in
70.3% of patients, loss of smell in 70.2% of patients,
nasal obstruction in 67.8% of patients, and cough in
63.2% of patients. In female patients, “smell loss,
headache, nasal obstruction, and fatigue” are more
common (3).

Viruses access host cells through the angiotensin-
converting enzyme (ACE) 2. This enzyme is mostly
located in type II alveolar cells. However, in the central
nervous system, glial cells and neurons have been
reported to express ACE 2 receptors. Therefore, the
brain is also a potential target of the virus (12).
Information about the transneuronal transport of
SARS-CoV with an OB supports this hypothesis (13).
However, viral invasion of OB should be evaluated as a
neurobiological background in infected patients for
smell and taste disorders (11,14). Anosmia is not one
of the possible symptoms of COVID-19 (15,16).

In the present study, the effects of COVID-19 infec-
tion on peripheral (OB volume and OS depth) and cen-
tral (insular gyrus and corpus amygdala) smell regions
of the patients were investigated. Nasal obstruction or
nasal discharge was lacking regarding patients with
COVID-19 and loss of smell was present in 9 (39.1%)
of them. The mean durations of the disease and treat-
ment were 3.004+2.35 days and 5.65+1.72 days,
respectively.

Our measurements showed that OB volumes in the
PG were significantly lower than those in HCs bilater-
ally. However, significant differences were unobserved
between the OS depth, insular gyrus, and corpus amyg-
dala areas of both groups. In PG, the OS depth of the
left side was significantly lower than that of the right
side. COVID-19-related inflammation and edema (17)
and neuropathic damage in the olfactory pathway
(18-20) may cause a decrease in OB volume.
Olfactory and taste disorders may be associated with
the neuroinvasive potential of SARS-CoV-2 (1), which
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Correlation between OB volume R and OB volume L in COVID 19 patients
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OB_Volume_R
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=0.921, p=0.000

Fig. 2. Scatter plots of correlation between OB volume R and OB volume L in patients with COVID-19. OB, olfactory bulb.

Correlation between corpus amygdala area R and corpus amygdala area L in
COVID 19 patients
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=0.874, p=0.000

Fig. 3. Scatter plots of correlation between corpus amygdala area R and corpus amygdala area L in patients with COVID-19.

may be more common in European patients due to
higher ACE-2 expression in the nasal mucosa (21).

In the PG, positive correlations existed between OB
volumes, OS depths, insular gyrus areas, and corpus
amygdala areas bilaterally. As disease and treatment

durations increased, the left corpus amygdala area
increased. OS depth decreased in patients with
COVID-19 with longer treatment, with increased
CRP values, decreased lymphocyte count, and thoracic
CT involvement was detected. Right corpus amygdala
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Correlation between disease duration ta_ndtcorpus amygdala area L in COVID 19
patients
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Fig. 4. Scatter plots of correlation between duration of the disease and corpus amygdala area L in patients with COVID-19.

areas increased in patients with COVID-19 with
increased D-dimer values and thoracic CT involvement
was detected.

Postviral anosmia is the most common underlying
cause of anosmia, comprising up to 40% of cases. The
underlying cause is primarily mucosal congestion,
which induces nasal obstruction and conductive olfac-
tory loss (22). While anosmia in the majority of cases
resolves once the clinical symptoms and obstruction
subside, some patients are left with permanent anosmia
due to virus-induced sensory neuronal damage, known
as postviral olfactory loss (23). Cellular factors for
introducing SARS-CoV-2 (i.e. ACE 2 receptors and
transmembrane serine protease 2) are expressed in the
olfactory epithelium and olfactory sensory neurons.
This indicates that the olfactory epithelium is an
entry place for SARS-CoV-2 (24).

Galougahi et al. (25) reported the findings on OB
MRI in a patient presenting with isolated anosmia sec-
ondary to COVID-19, which was confirmed by RT-—
PCR assay. From the sudden onset of complete loss
of olfactory function, they found OB volume as
normal. Abnormal signal density in the OB and tract
was not detected, and signs of nasal congestion were
unobserved.

Gilani et al. (26) reported that, with the onset of
COVID-19, they noticed an increase in the number of
patients admitted with a new beginning of full smell
loss. They identified patients with complete loss of
sense of smell over a two-week period after the

COVID-19 outbreak. They hypothesized that the
injury mechanism is like other coronavirus infections,
causing peripheral and central neurological deficits.
SARS-CoV-2 is mainly effective on lymphocytes,
especially T lymphocytes. In most patients, the abso-
lute value of lymphocytes has decreased. Virus particles
emitted from the respiratory mucosa and transmitted
to other cells form a cytokine storm in the body and
generate an immune response. It causes changes in
peripheral white blood cells and immune cells, such
as lymphocytes. Also, lymphopenia increases the risk
of mortality in an early stage of COVID-19 disease
(27). In the present study, lymphopenia was present
in five patients (21.7%) in the PG. In the PG, the
mean level of CRP was 7.24+9.32 mg/L, the mean
D-dimer level was 119.34 +102.55 mL, and the mean
level of ferritin was 174.46+220.87ng/mL. While
inflammatory biomarkers such as CRP and erythrocyte
sedimentation rate have increased, neutrophils and
procalcitonin have not changed significantly in mild
forms of the COVID-19 disease. The pathogenesis of
severe SARS-CoV-2 infection is associated with inflam-
matory response disorders. D-dimer increases signifi-
cantly at the critical stage of the disease. However,
not all these biomarkers are specific to SARS-CoV-2
and can similarly be seen in other viral infections (28).
A significant reduction in lymphocyte count causes
SARS-CoV-2 to consume immune cells and inhibit
the body’s cellular immune function (27). An increase
in CRP and lymphopenia is also detected in the critical
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group of patients (29). In our patients, lymphopenia
may be attributed to endothelial damage related to an
increase in CRP and D-dimer levels.

It has been reported that women are less prone to
complications related to viral infections due to factors
related to different innate immunity, steroid hormones,
and sex chromosome-related factors (30). In particular,
immune-regulating genes encoded by the female X
chromosome can cause lower viral load levels and
less inflammation in women than men (28). However,
Lechien et al. (3) said that women are more susceptible
to developing post-infectious odor dysfunctions in viral
infections (i.e. Epstein—Barr virus, parainfluenza, or a
previous form of coronavirus) (31).

In the present study, we investigated peripheric and
central smell regions in patients with COVID-19. In the
literature, we could not find any studies on the central
smell regions of the insular gyrus and corpus amygdala
in patients with COVID-19. In addition, no studies
exist for OS depth in patients with COVID-19. Our
study is the first report of all smell regions in patients
with COVID-19 by MRI. In the literature, normal OB
volume size and abnormal signal intensity have been
reported in patients with COVID-19 (24). The signal
increase was not detected in the olfactory regions we
examined in the FLAIR and FSE T2W MRI
sequences.

The present results showed that OB volumes were
bilaterally lower in the PG. Moreover, OS depth was
lower in the left side of the PG compared to the right
side. OS depth, insular gyrus, and corpus amygdala
areas did not differ in both groups. We concluded
that COVID-19 disease affects the peripheric smell
region of OBs and does not affect the central smell
regions of the insular gyrus and corpus amygdala. In
cases of longer treatment, increased CRP wvalues,
decreased lymphocyte count, and thoracic CT involve-
ment, doctors should be aware of the possibility of
decreased OS depth values.

The present study has some limitations. First, there
was a small number of individuals in both groups as the
number of patients in the PG was not high; therefore,
the HCs were selected retrospectively and there were no
clinical data for the HCs. In addition, the measure-
ments are performed by a single radiologist three
times to achieve the most accurate results in all meas-
urements and their average values were taken.

In conclusion, the importance of the present study
was to detect MRI findings in patients with COVID-19
leading to odor disorders. These findings may help in
diagnosing the disease. Early recognition of the disease
will help clinicians with early isolation and treatment.
Early diagnosis will also significantly reduce the
patient’s risk of virus insemination.
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