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ABSTRACT

OBJECTIVE:COVID-19 is caused by SARS-CoV-2 virus and turned into a pandemic in a short time, affects
many organs and systems, especially the nervous system. In the present study, it was aimed to determine
the morphological and volumetric changes in cortical and subcortical structures in recovered COVID-19

patients.

BACKGROUND: We think that COVID-19 has a long-term effect on cortical and subcortical structures.
METHODS: In our study, 50 post-COVID-19 patients and 50 healthy volunteers participated. In both groups,
brain parcellations were made with Voxel-Based Morphometry (VBM) and regions showing density changes
in the brain and cerebellum were determined. Gray matter (GM), white matter, cerebrospinal fluid and total

intracranial volume were calculated.

RESULTS: Neurological symptoms developed in 80% of COVID-19 patients. In post-COVID-19 patients,

a decrease in GM density was detected in pons, gyrus frontalis inferior, gyri orbitales, gyrus rectus, gyrus
cinguli, lobus parietalis, gyrus supramarginalis, gyrus angularis, hippocampus, lobulus semilunaris superior of
cerebellum, declive, and Brodmann area 7-11-39-40. There was a significant decrease in GM density in these
regions and an increase in GM density in amygdala (p<0.001). The GM volume of post-COVID-19 group was

found to be less than in the healthy group.

CONCLUSIONS: As a result, it was seen that COVID-19 negatively affected many structures related to the
nervous system. This study is a pioneering study to determine the consequences of COVID-19, especially in
the nervous system, and to determine the etiology of these possible problems (Tab. 4, Fig. 5, Ref. 25). Text

in PDF www.elis.sk
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Introduction

COVID-19 turned into a pandemic in a short time and has
been spreading worldwide since December 2019. As the number
of cases increases, it has been revealed that COVID-19 affects the
respiratory system and many organs and systems, including the
central and peripheral nervous system (1,2). It has been known
that some respiratory viruses cause neurological involvement for
a long time. These neurological symptoms, especially emerging
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in the acute phase, can occur even after mild forms of respiratory
disease (3,4). The first report was declared by Mao et al (1) on neu-
rologic results during the COVID-19 pandemic. In many studies
(1,2,5-7), neurological symptoms such as headaches, dizziness,
unconsciousness, neuropathic pain, seizures, ataxia, speech dis-
orders, loss of taste and smell, memory problems, and brainstem
and cerebellar disorders were observed. While patients with severe
SARS-CoV-2 infection had various neurological symptoms, new
brain changes were seen in those with mild to moderate disease
(8). Except for the olfactory and gustatory dysfunctions in mild-
to-moderate COVID-19 patients recorded by 12 European hospi-
tals, various neurological diseases including stroke, encephalitis,
encephalopathy, micro-hemorrhage, and cerebral venous embolism
were also reported in hospitalized patients (9,10).

The long-term effect of the disease on the cortical and subcor-
tical structures of participants should be further investigated, as
potential damage to the central nervous system (CNS) is unknown
in the post-COVID-19 period. In order to determine whether
SARS-CoV-2 could cause long-term changes in the cortical and
cerebellar regions, we examined the morphological and volumetric
changes in neurological system of individuals with COVID-19.
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Material and methods

Participants

This study was conducted between November 2020 and Febru-
ary 2021 in Kirsehir Ahi Evran University Training and Research
Hospital, 50 participants (25 males and 25 females) between the
ages of 30-60 were diagnosed and recovered with COVID-19, and
50 healthy volunteers (25 males and 25 females) were not diag-
nosed with COVID-19 and within the same age range were included
in the study. Participants without any previous neurological or
systemic disease were included in both groups. In addition, factors
regarding cerebrovascular risk factors such as smoking, alcohol
use, regular drug use, hypertension and diabetes were not present in
the individuals included in the study. The group of COVID-19 was
formed from participants with mild and moderate COVID-19 diag-
noses according to SARS-CoV-2 diagnostic criteria and follow-
up algorithm. Participants recovering from COVID-19 infection
joined our study one week after completing a 10-day quarantine.

MRI protocol

MRI examinations were performed on a 1.5 Tesla GE SIGNA
Explorer (United States) with a 32-channel sense head coil at a
supine position lasting for each subject. T1-weighted 3D magne-
tization-prepared rapid gradient echo (MPRAGE) sequence im-
ages: sagittal, repetition time (TR)/echo time (TE)/flip angle=1900

Tab. 1. COVID-19 symptoms belonging to the group with COVID-19.

Participants with

Symptoms COVID-19
n=50 (100 %)
Neurological Headache 20 (40%)
Symptoms Dizziness 10 (20%)
Memory problems — inability to focus 5 (10%)
Loss of smell (anosmia%) 25 (50%)
Loss of taste (ageusia%) 20 (40%)
Speech disorder 2 (4%)
Defect of vision 2 (4%)
Other Diarrhea 4 (8%)
symptoms Fever 24 (48%)
Cough 11 (22%)
Dyspnea 8 (16%)
Muscle-joint pain 31 (62%)
Muscle weakness-fatigue 14 (28%)
Nausea 8 (16%)
Throat ache 10 (20%)
Chest pain 4 (8%)
Rash and itching on the skin 1(2%)
Chill 2 (4%)
Lung parenchyma involved 6 (12%)

Tab. 2.Mean GM, WM, TIV and CSF volumes of all groups (mm?>).

Participants with COVID-19 Healthy Group p
GM 624.38+46.11 663.04+57.79 0.042
WM 527.30+45.85 534.66+62.86 0.505
TIV 1479.90+135.68 1539.34+157.06 0.182
CSF 328.22+58.07 341.64+64.98 0.279

GM: Gray matter, WM: White matter, TIV: Total intracranial volume, CSF: Cere-
brospinal fluid
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ms/2.67 ms/20°, TI:1100, Field-of-view (FOV)=250 mm, 1 mm
slice thickness, 196 slices, matrix=256x256, voxel size=1x1x1
mm?. No artefacts were observed in their MR images.

VBM analysis

This study used the Computational Anatomy Toolbox (CAT12),
which utilizes and extends the new unified segmentation approach
implemented in Statistical Parametric Mapping (SPM12), executed
in Matlab 7.10.0 (R201a) for whole brain volumetric analysis.
The sagittal T1 Digital Imaging and Communications in Medicine
(DICOM) files were converted to the Neuroimaging Informatics
Technology Initiative (NIFTI-1) format. The converted files were
then segmented into grey and white matter and normalized using
the unified model cited above. Gray matter (GM), white matter
(WM) and cerebrospinal fluid (CSF) were obtained to calculate the
overall tissue volume (GM, WM and CSF volume) and TIV. The
Automated Anatomical Labeling (AAL) atlas is delivered as part
of the SPM toolboxes used to calculate the lobar GM volumes. We
performed brain and cerebellum VBM analyses using the CAT12
toolbox to identify the morphological changes in groups. Initially,
a two-sample t-test was conducted to compare the volume of GM
between the two groups. TIV, age, and gender were included as
covariates in all analyses. These analyses utilized a less uncor-
rected thresholds of p<0.001 and extent threshold (voxels) of 50.

Statistical analysis

In the study, the normality assumption of the data was tested
with the Kolmogorov-Smirnov and Shapiro-Wilk tests. An inde-
pendent t-test was used for group comparisons. Descriptive sta-
tistics of variables providing a normality assumption were given
as mean * standard deviation. The study’s statistics were analyzed
using Statistical Package for Social Sciences for Windows version
25.0 (IBM SPSS Statistics for Windows, Version 25.0, Armonk,
NY: IBM Corp., USA).

Results

The mean age was 38.10+5.85 in the post-COVID-19 group
and 38.78+6.16 in the healthy group. During the SARS-CoV-2
infection, 40 (80%) patients had neurological symptoms. At the
time of the MRI scan, 20 (40%) participants in the post-COVID-19
period had neurological symptoms. Some patients had more than
one neurological symptom. These symptoms are shown in Table 1.

The GM volume of the whole brain was less in a post-CO-
VID-19 group than in the healthy group and the difference was
statistically significant (p<0.05). Although the TIV, WM, and CSF
volume were lower in the post-COVID-19 group than in the healthy
group, it was found to be statistically non-significant (Tab. 2).

To identify the morphological changes in the brain and cerebel-
Ium in post-COVID-19 and healthy groups, we performed VBM
analysis using the CAT12 toolbox. GM volume in the post-CO-
VID-19 group showed a reduction in gyri orbitales, gyrus rectus
and Brodmann area 11, forming the orbitofrontal cortex (Fig. 1),
gyrus cinguli (Fig. 1B), pons (Figs 1B, 2A), gyrus frontalis inferior
(Figs 1B, 2B), lobus parietalis-Brodmann area 7 (Fig. 3), gyrus
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Fig 1. Altered gray matter volume of post-COVID-19 group and healthy group in single T1 images (p<0.001). Blue area shows the decrease
in GM volume of COVID-19 patients. A: BA11: Brodmann area 11, GR: Gyrus rectus, GOM: Gyrus orbitalis medialis, GOS: Gyrus orbitalis

superior, B: GC: Gyrus cinguli, GFI: Gyrus frontalis inferior.

Fig 2. Altered gray matter volume of post-COVID-19 group and healthy group in single T1 images (p<0.001). Blue area shows the decrease in
GM volume of COVID-19 patients. A: Pons. B: GFI: Gyrus frontalis inferior.

supramarginalis-Brodmann area 40 (Figs 3A, 5A), gyrus angularis-
Brodmann area 39 (Fig. 3B), lobulus semilunaris superior-crus 1
(Figs 3, 4A), hippocampus (Fig. 4B), declive (Figs 1A, 5B, Tab.
3) when compared to that in the healthy group. The GM volume
of the amygdala and WM volume of the lobus parietalis increased
compared to the healthy group (Fig. 5, Tab. 4).

444

Discussion

Coronaviruses are not always limited to the respiratory tract
and can invade the CNS and trigger neurological diseases (4,7).
SARS-CoV-2, a neurotropic virus, manifests itself with neuro-
logical symptoms in the majority of diseased individuals. Dur-



Burcu KAMASAK et al. Effects of COVID-19 on brain and cerebellum

Fig 3. Altered gray matter volume of post-COVID-19 group and healthy group in single T1 images (p<0.001). Blue area shows the decrease in
GM volume of COVID-19 patients. A: BA7: Brodmann area 7, BA40: Brodmann area 40. B: GA: Gyrus angularis.

Fig 4. Altered gray matter volume of post-COVID-19 group and healthy group in single T1 images (p<0.001). Blue area shows the decrease in
GM volume of COVID-19 patients. A: Lobulus semilunaris superior-crus 1. B: HIPPO: Hippocampus.

ing the COVID-19 pandemic, neurological symptoms were first
reported by Mao et al (1). These symptoms were observed in 78
(36.4%) of 214 patients infected with COVID-19. From most to
least, in order of frequency; dizziness, headache, confusion, acute
cerebrovascular disease (CVD), ataxia, and seizures. It was also
reported in this study that peripheral nervous system disorders

(taste-smell disorder, visual impairment and neuropathy), muscu-
loskeletal system disorders, level of consciousness (drowsiness,
stupor and coma) and content of consciousness (confusion and
delirium) were changed (1). In our study, the clinical symptoms
of participants who had COVID-19 were, in order of frequency;
muscle-joint pain (62%), loss of smell (50%), loss of taste (40%),
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Fig 5. Altered gray matter volume of post-COVID-19 group and healthy group in single T1 images (p<0.001). Red area shows GM volume
increase, blue area shows GM volume decrease in post-COVID-19 group. A: GSUP: Gyrus supramarginalis, PBM: Lobus parietalis, BA40:
Brodmann area 40. B: AMY: Amygdala.

Tab. 3.Significant gray matter decreases in post-COVID-19 group > healthy group using uncorrected maps at p<0.001 (extent threshold voxels: 50).

Cluster extent

No  Regions i) MNI coordinates (X, y, z) p
1 Pons 246 -9 -30 -31.5 <0.001
2 Gyrus frontalis inferior (pars triangularis) 177 =30 33 4.5 <0.001
Lobus frontalis (Gyrus orbitalis medialis, Gyrus orbitalis
3 superior, Gyrus (recytfll;) + Brodmann area’ 11yru 299 165 39 18 <0.001
4 Gyrus cinguli 55 -6 46 3 <0.001
5 Gyrus parietalis superior (Brodmann area 7) 100 -31.5 =57 49.5 <0.001
6 Gyrus parietalis inferior 68 -35 55 51 <0.001
7 Gyrus supramarginalis (Brodmann area 40) 129 54 -56 33 <0.001
8 Gyrus angularis(Brodmann area 39) 64 39 =57 27 <0.001
9 Cerebellum (Lobulus semilunaris superior — Crus 1) 209 51 -56 —38 <0.001
10 Cerebellum (Declive) 77 19.5 -72 -19.5 <0.001
11 Hippocampus 126 —24 -32 —7 <0.001

MNI: Montreal Neurological Institute

headache (40%), dizziness (20%), memory problems/inability to
focus (10%).

The Angiotensin Converting Enzyme-2 (ACE2) receptor found
in alveolar cells in the lung is also found in cardiorespiratory neu-
rons in the brainstem, motor cortex, and nucleus raphe in experi-
mental animals and has been informative in terms of the way the
virus enters the brain (11, 12). It has been emphasized that CO-
VID-19 may cause serious respiratory symptoms by affecting the
CNS, especially the respiratory center in the brainstem (7,9,13).
Guedjet al (14), while detecting hypometabolism in the pons in
COVID-19 patients, Mancaet al (15) found mild hypermetabo-
lism in the pons. Al-Dalahmahet al (16) found signs of inflam-
mation in the pons region of a COVID-19 patient. In our study,
it was observed that there was a decrease in GM density in pons

446

in a post-COVID-19 group compared to the healthy group. The
decrease in GM density in the pons, which controls the inspira-
tion and expiration mechanisms, may reveal the cause of possible
respiratory problems in COVID-19.

Studies have shown that COVID-19 infection has been charac-
terized by olfactory and gustatory disorders (1,6,17-20). It has
been reported that anosmia in cases of COVID-19 occurs due
to the involvement of the gyrus rectus and/or bulbus olfactorius
(14,20). Politiet al (20) reported a COVID-19 patient with bilateral
hyperintensity in gyrus rectus/orbitofrontal cortex MRI. However,
Galougabhiet al (18) reported that their study showed normal in-
tensity in the bulbus olfactorius of a COVID-19 patient with an-
osmia. On the other hand, Guedjet al (14) found hypometabolism
in the gyrus rectus and bulbus olfactorius in COVID-19 patients



in their study with 35 COVID-19 patients
and 44 healthy participants.
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Tab. 4.Significant gray and white matter increase in post-COVID-19 group > healthy group
using uncorrected maps at p<0.001 (extent threshold voxels: 50).

Luetal (21) reported higher GM volume

Cluster extent

. .. . N Regi MNI dinat

in the bulbus olfactorius in the brain MRI ° o (mm’) coordinates (x, ¥, 2) g
study of the post-COVID-19 group compared 1 Amygdala-GM 63 —26 -3 -19 <0.001
to healthy individuals. In our study, while no 2 Lobus parictalis"WM 85 —22.5 —45 30 0.112

difference was observed in bulbus olfacto-
rius in the post-COVID-19 group compared
to healthy individuals, it was detected that
there was a decrease in GM density in the orbitofrontal cortex/gy-
rusrectus and Brodmann area 11 involving the perception of odors.
The orbitofrontal cortex/gyrus rectus and Brodmann area 11 receive
dense afferent fibers from the bulbus olfactorius. The decrease in
GM density due to neuronal degeneration in these counted regions
can be seen as an explanatory cause of hyposmia and anosmia.

Niesenet al (19), in their Positron Emission Tomography-
Magnetic Resonance (PET-MR) study, they compared COVID-19
patients with olfactory disorders and healthy individuals and found
that there was a significant decrease in regional glucose consump-
tion in the bilateral dorso-lateral prefrontal cortex, gyri orbitales in
lobus frontalis, and anterior part of gyrus cinguli. In our study, a
reduction in GM density in gyrus orbitalis medialis and gyrus orbi-
talis superior, which are thought to represent the decision-making,
taste, and smell centers in the post-COVID-19 group, and gyrus
cinguli, which also belongs to the emotional limbic system, was
observed. The decrease in GM density in this region can explain
the mood change in individuals with COVID-19.

Duanet al (22) compared 58 COVID-19 patients with neuro-
logical symptoms and 62 healthy participants, utilizing Surface-
Based Morphometry (SBM) analysis, a multivariate extension of
VBM. They found that GM volume in the lobus frontalis in the
COVID-19 group was lower than in the control group. The same
study found a significant decrease in GM volume in gyrus fusi-
formis, gyrus temporalis medius, and inferior in 58 COVID-19
patients, in those with fever (29 patients) compared to those with-
out fever (29 patients). In our study, although no findings related
to gyrus temporalis were found in the post-COVID-19 group, a
decrease in GM density was detected in gyri orbitales, gyrus rec-
tus, Brodmann 11th area in gyrus frontalis, and pars triangularis
(which has a role in speech function). Considering that the attention
deficit, disorientation, inability to focus, and memory problems
persist even after recovery of COVID-19 patients, our results and
other findings in the literature show that abnormalities in lobus
frontalis and temporalis occur in COVID-19 patients and that these
abnormalities may be permanent.

Qin et al (23) examined the microstructure of GM and WM
in MR images of mild to severe COVID-19 patients without any
neurological symptoms in the acute phase, 3 months after infec-
tion. In the severe COVID-19 group, cortical thickness and volume
decreased in the insula, hippocampus, and gyrus temporalis superior.
In our study, GM, BM, and CSF volumes of the whole brain and TIV
were lower in the post-COVID-19 group. Our findings support the
literature and show the long-term effects of the disease on the brain.

Analytical neuroimaging studies of COVID-19 are still scarce.
Lu et al (21) used the VBM method to examine the difference in

MNI: Montreal Neurological Institute. GM:Gray matter, WM: White matter

GM and WM volume, and density in 60 recovered COVID-19 pa-
tients and 39 non-COVID-19 controls. In COVID-19 group, gyrus
olfactorius (COVID-19: 1.37 cm?, healthy: 1.29 cm?), hippocampus
(COVID-19: 4.20 cm?, healthy: 3.94 cm?), insula (COVID-19: 7.60
cm?®, healthy: 7.20 cm?®), left gyri temporales transversi (Heschl
gyrus) (COVID-19: 0.71 cm?, healthy: 0.64 cm?), and right gyrus
cinguli (COVID-19: 8.05 cm’, healthy: 7.78 ¢cm?) had higher GM
volume and density than the control group. Contrary to this, our
study detected a decrease in GM density in the orbitofrontal cor-
tex, gyrus rectus, hippocampus, and gyrus cinguli in the post-CO-
VID-19 group. We think that due to the difference in the degree of
illness of COVID-19 patients, Lu et al (21)’s results contradict ours.

People are afraid and anxious because of the global CO-
VID-19 pandemic. The COVID-19 Fear Scale created by Ahorsuet
al (2020) was used in a study to determine COVID-19 fear in the
epidemic process of people with and without chronic disease. In
this study, the mean COVID-19 fear scale score was higher in the
patient group than in the healthy group (24).

Tu et al (25) evaluated the structural and functional changes
related to post-traumatic stress symptoms in COVID-19 patients
in two consecutive periods, 3 months and 6 months after the initial
infection. As a result of this study, they found an increase in the
functional activity of the bilateral hippocampus and amygdala in
COVID-19 patients. Like Tu et al (25), we saw an increase in GM
density in the amygdala in the post-COVID-19 group, which is
involved in processing fear-related emotions and memories. Our
results are similar to those of other studies.

Conclusion

The symptoms related to COVID-19 may differ personally
during the treatment process, and the effect of the disease on the
body after treatment may vary. Despite numerous studies, it re-
mains unclear what kind of complications COVID-19 causes dur-
ing the chronic phase. There are numerous opinions regarding the
permanent complications caused by the virus in patients, and there
is ongoing research in this field. As a result of our study, it was
determined that COVID-19 negatively affects many structures in
the nervous system. Therefore, we believe that our results will be
areference for future studies. In this context, our study is pioneer-
ing to determine what COVID-19 patients may encounter in the
short and long term, what consequences COVID-19 may have,
and the etiology of these possible problems.

Funding: Erciyes University Scientific Research Projects Coor-
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