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Abstract
Objective: The coronavirus (COVID-19) has been spreading around the world since December 2019.
Neurological symptoms have been reported as a part of the clinical spectrum of the disease. This study
aimed to determine the frequency of neurological complications in hospitalized patients with COVID-19.

Methods: Electronic medical records in the hospital information system, laboratory �ndings, and
radiological examinations were evaluated for all patients with laboratory-con�rmed SARS-CoV-2
infection. The cases were referred to Shahid Beheshti Hospital a�liated to Hamadan University of
Medical Sciences from February 20, 2020 to the end of the same year.

Results: A total of 477 hospitalized COVID-19 patients were included in the analyses. Based on our
results, 105 (22.02%) patients showed neurological manifestations. Ischemic stroke, decreased
consciousness, and headache were the most frequent reported neurological symptoms with the rate of 34
(7.13%), 28 (5.88%), and13 (2.72%), respectively. Moreover, 54 (51.43%) cases were male, and the vast
majority of the patients (66; 62.86%) had more than 60 years of age.

Conclusions: SARS-CoV-2 may involve nervous system and cause brain tissue damage. The �ndings of
this study provide more information on coronavirus disease, contributing to effective interventions for the
control of the disease

Introduction
In December 2019, people in China began falling ill with an unknown virus, which the World Health
Organization (WHO) announced the outbreak of COVID-19. The disease was �rst appeared in Wuhan and
then spread rapidly to other cities of China and Asian countries, as well as to Europe and North
America[1]. COVID-19 is caused by infection with severe acute respiratory syndrome coronavirus 2 (SARC-
CoV-2) originated from animals and animal host; therefore, there is de�nitely a contaminated animal
source for the infection[2].

In the late December of 2019, the number of COVID-19 cases was increasingly raising. As of August 1,
2020, the number of COVID-19 patients identi�ed worldwide was 17,902,949, among which 685802 cases
were died, accounting for the mortality rate of 6%. However, among 306,752 cases identi�ed in Iran to
date, virtually 16,982 cases have led to death. National and global statistics of coronavirus pandemic
have revealed a very high percentage of COVID-19 patients with a critical situation in Iran, which is due to
the speci�c sampling of critically ill and hospitalized cases in the country[3].

Many investigations have been conducted to evaluate the clinical aspects of the COVID-19 disease, and
the results have indicated that the patients have modi�ed the degree of clinical symptoms, from mild
fever or cough to pneumonia and extensive involvement of various organ functions with a mortality rate
of 2% to 4%. In addition, an increasing number of COVID-19 patients has been reported with the sudden
loss of smell and taste[4]. According to some recent reports, besides systemic and respiratory symptoms,
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36.4% of the patients has shown neurological signs, including headache, parasthesia, impaired
consciousness, and encephalitis. Moreover, patients with severe forms of the disease have displayed
more neurological symptoms than those with mild to moderate disease[5]. Autopsy reports have
suggested brain tissue edema and partial nerve degeneration in deceased patients[6].

COVID-19 infection has been widely reported as a cause of cytokine storm syndrome, probably one of the
factors causing acute brain disease[7]. Patients with COVID-19 infection and nervous manifestations ften
show the high levels of D-dimer and severe platelet depletion, which may expose these patients to acute
cerebrovascular events[8]. By genome sequencing, researchers have veri�ed the presence of SARS-CoV-2
in cerebrospinal �uid (CSF), re�ecting that COVID-19 infection has the potential to damage the nervous
system[9]. Owing to the COVID-19 epidemic and rapid transmission, physicians need to be aware of the
effects of this disease on various body organs, particularly the brain. Considering the above-mentioned
evidence, this study was designed to assess the incidence of neurological disorders in patients with
COVID-19.

Materials And Methods
The present registry-based observational study was conducted on 477 hospitalized COVID-19 cases
referred to Shahid Beheshti Hospital a�liated to Hamadan University of Medical Sciences from February
20, 2020 to the end of 2020. This hospital was designated by the government to treat patients with
neurological disorders during the course of COVID-19. Diagnosis of the disease was performed based on
the results of real-time reverse-transcriptase polymerase chain reaction (RT-PCR) of nasopharyngeal and
oropharyngeal (NP/OP) swabs. Radiologic assessments included chest and head computed tomography
(CT), laboratory testing (such as plt, white blood cell count), which was carried out with regard to the
clinical care needs of each patient.

Data collection

We reviewed electronic medical records in the hospital information system, laboratory �ndings, and
radiologic examinations (head and chest CT) for all patients with laboratory-con�rmed SARS-CoV-2
infection. Demographic information collected comprises of gender, age, education level, and history of
smoking and comorbidities (hypertension, diabetes, cardiac or cerebrovascular, and other underlying
diseases). Therefore, accurate history of the patients was obtained by an assistant neurologist, and the
subjective and objective data were recorded. Neurological manifestations were reviewed and con�rmed
by a neurologist and classi�ed into two categories: central nervous system (CNS) and peripheral nervous
system (PNS) manifestations.

Classi�cation of CNS disorder

Acute cerebrovascular diseases, ischemic stroke, and intracerebral hemorrhage are acute vascular lesions
that occur in the blood vessels of the brain and can be diagnosed by clinical symptoms and head CT or
resonance imaging (MRI)[10]. Seizures cause an unpleasant sensation and stimulation of brain cells that
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may be re�ected in the whole or part of the body, which is based on the clinical symptoms at the time of
presentation[11]. Multiple sclerosis (MS) is an autoimmune chronic in�ammatory demyelinating disease
of CNS detectable by MRI and clinical signs[12,13]. Encephalitis is a serious in�ammation and the
swelling of the brain. The etiology of the disease is viral, though it is di�cult to identify the main cause.
Often, it is diagnosed by CT, MRI, and clinical and laboratory methods[14].

Classi�cation of PNS disorder

Guillain-Barre syndrome (GBS) is an autoimmune and acute polyneuropathy disorder related to the PNS.
The clinical characteristics of GBS are variable degree of limb weakness and decline in or loss of tendon
re�exes[15]. Anosmia is known as the complete loss of smell sensation[16]. Polyneuropathy is primarily a
distal axonopathy in which distal degeneration of both motor and sensory axons, without in�ammation,
occurs. The underlying cause of the axonal degeneration may relate to the lack of vascular
autoregulation and increased microvascular permeability, resulting in endoneurial edema and capillary
occlusion[17,18]. Myopathy, a disease of muscle, is the loss of myosin �laments[19]. Other neurologic
manifestations that did not meet any of these criteria were categorized as others.

Statistical analysis

Descriptive statistics were reported as number for categorical variables and mean (SD) for continuous
variables across the patient’s background. The relationship between neurological symptoms in the
patients (gender and age groups) was assessed by chi-squared and exact �sher’s tests. All the statistical
analyses were conducted in STATA version 14 software. Signi�cant level of less than 5% was considered
as statistically signi�cant.

Ethics

The protocol of the study was approved by the Ethics Committee of Hamadan University of Medical
Sciences (ethical code: IR.UMSHA.REC.1399.511). All participants received oral and written information
about the purpose of the study. It became clear to them that their participation was voluntary and that the
data remained con�dential.

Results
A total of 477 hospitalized COVID-19 patients were included in the analyses. Their demographic
characteristics based on the occurrence of CNS symptoms are shown in Table HYPERLINK
"https://jamanetwork.com/journals/jamaneurology/fullarticle/2764549"1. The number of patients with
neurological manifestations was 105 (22.02%). Among the patients, 54 (51.43%) were males, and 66
(62.86%) had more than 60 years of age. Only 16 (3.35%) cases were unmarried, and the rest was
married. Besides, 52 (11.32%) cases were smoker. The patients with CNS, compared to those without CNS
symptoms, were homogenous regarding gender, age group, and marital status (P>0.05). However, the
proportion of CNS symptoms were signi�cantly higher in smokers than non-smokers (21.9% vs. 8.33%;

https://jamanetwork.com/journals/jamaneurology/fullarticle/2764549
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P<0.001). In both groups of patients with and without neurological symptoms, no signi�cant difference
was observed ((P=0.66). The rate of COVID-19-related death was signi�cantly higher in patients with than
without neurological symptoms (30.47% vs. 19.62%, P=0.012).

In Table 2, we compared the occurrence of neurological symptoms based on the patients’ gender. Overall,
ischemic stroke (7.13%), decreased consciousness (5.88%), and convulsion (2.31%) were the most
common reported neurological symptoms. However, encephalitis, ischemic stroke, venous thrombosis,
and hyposmia were more observed in females, and others were more found in males (P>0.05). The
occurrence of neurological symptoms based on the age groups of patients is presented in Table 3. As it is
apparent from the Table,  these  symptoms are uncommon among cases below 30 years of age, and the
greater neurological symptoms are associated with the patients over 60 years.

In Table 4, Laboratory results showed that the platelet count in patients with neurological manifestation
was in the normal range and in WBC count the lymphocyte was below the normal range and neutrophile
was slightly above the normal range.

Discussion
This study shows the prevalence of neurological manifestations in 105 (22.02%) hospitalized patients
with COVID-19. CNS failure was the main form of neurological symptoms in these patients. Neurological
manifestations of patients with COVID-19 have been reported to be 36.4% in China and 57.4% in
Europe[20,21]. CT �ndings of the brain of most COVID-19 patients, particularly those with severe
respiratory failure, have indicated cerebral hemisphere infarction or matter abnormalities and acute
cerebrovascular disease, including intracranial hemorrhage, large-vessel occlusion, and acute or subacute
ischemic stroke. In our study, cerebrovascular disease and impaired consciousness were predominantly
the most common neurological manifestations observed in the patients who were referred to the hospital
as an emergency case with decreased level of consciousness and often with unusual symptoms of
COVID-19, including fever and cough. Their pulmonary lesions were found by immediate lung CT. Besides,
using a positive RT-PCR detection, the patients were diagnosed as having COVID-19. Laboratory �ndings
have also demonstrated that the mean lymphocyte level in patients was slightly lower, and neutrophils
were higher than normal, suggestive of an immune response, especially T cells, to the virus. Similarly,
American Thoracic Society guidelines for community-acquired pneumonia has reported that nervous
system disorders are signi�cantly more frequent in severe than non-severe infections (45.5% vs. 30.2%).
The highest frequency of neurological manifestations was detected in COVID-19 patients with severe
respiratory failure disease, acute cerebrovascular disease (5.7%), impaired consciousness (14.8%), and
skeletal muscle injury (19.3%). Cerebrovascular disease and impaired consciousness were acute and
asymptomatic in the early stages of the disease (median time: 1-2 days). Based on laboratory �ndings,
patients with severe compared to no-severe respiratory infection displayed higher in�ammatory
responses, including high white blood cells and neutrophil counts, lower lymphocyte counts, and
increased levels of C-reactive protein compared to patients[22]. In the present study, ischemic stroke,
decreased consciousness, and headache were the most frequent reported neurological symptoms, with
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the rates of 34 (7.13%), 28 (5.88%), and 13 (2.72%), respectively. However, GBS and encephalitis, with the
rates of 2 (0.42%) and 5 (1.05%), respectively, were uncommon. In a number of former investigations,
acute ischemic strokes occurred in 31% of 108 COVID-19 hospitalized patients, and 3 out of 15 patients
with neurological manifestations had stroke and GBS the least.[23-25]. In an observational study of 219
COVID-19 patients with cerebrovascular disease, 10 (4.6%) patients had acute ischemic stroke, and only
one (0.5%) suffered from cerebral hemorrhage[26]. However, in another investigation on 214 COVID-19
patients in Wuhan of China, headaches (17%) and dizziness (13%) were the highest CNS symptoms, but
cerebrovascular (0.3%) and seizures (0.5%) were the lowest[20]. These results were slightly different from
those of our study. In a study of neurological symptoms in patients with COVID-19, the most common
neurological symptom was headache[27,28]. Claudio et al. have reported 103 patients hospitalized with
SARS-CoV-2 infection, and 91.3% cases indicated at least one neurological disorder. Besides, sleep
disturbance was the most common symptom, followed by dysgeusia, headache, hyposmia, and
depression[29]. In the study by Eric et al., the most frequent neurological signs included myalgia (228;
44.8%), headache (192; 37.7%), encephalopathy (162; 31.8%), dizziness (151; 29.7%), dysgeusia (81;
15.9%), and anosmia (58; 11.4%)[30]. In the study of David et al. on 576 patients with COVID-19, 130
(22.6%) patients complained of headache[31]. Following our study, similar surveys conducted on the
frequency of neurological disorders associated with COVID-19 were acute ischemic stroke[32], GBS[33,34]
, intracranial hemorrhage[35], encephalitis[36,37] , multiple sclerosis[38], and altered consciousness[39]. 

The present study reported the prevalence of CNS disorders among age groups and found that the
neurological symptoms are uncommon in patients below 30 years of age, but higher in cases over 60
years. Moreover, 54 patients were male. Similar studies have reported different results. For instance, Wu
et al., according to a recent report by the China Centers for Disease Control and Prevention, reported a
total of 965 infected patients under the age of 19 nationwide[40]. Carlos et al. displayed that the majority
of patients had a mean age of 66.4 years, and 56.2% of cases were male[41], which supports our study. In
Moran et al. survey, 53.6% of patients was male, and their median age was 42 years old[42]. In this
regard, different studies have reported varied mean age in relation to neurological symptoms, e.g.
ischemic stroke, Encephalitis[43], and intracranial hemorrhage (with 65.6, 45, and 38 years of age,
respectively)[44]. In our study, the mortality rate of patients with and without neurological symptoms were
30.4% and 19.62%, respectively. In a research work on 814 patients admitted to the hospital with
con�rmed SARS-CoV-2 infection, 329 (39.1%) had severe neurologic complications, of which 4.1%
died[23]. In another work, there were 48 (27.6%) deaths, of which 22 were attributed to COVID-19 and 26
to stroke[45].indicating that the effect of the virus on the brain is greater and needs further investigation.
A limitation of our study was mainly the small number of patients studied. Due to the prevalence of
coronavirus, we were unable to have a direct communication with infected patients and reviewed only the
records of hospitalized patients. Furthermore, some diagnostic methods, such as lumbar puncture and
CSF examination, were performed to prevent the transmission of disease. For future studies, we propose
more examples of patients with neurological symptoms in different populations. Moreover, we
recommend the investigation of genetic differences and the role of the genome in response of patients to
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COVID-19. More research is required to investigate whether neurological symptoms occur as a direct
effect of the virus on the brain or on other organs.

Conclusion
SARS-CoV-2 may involve nervous system and cause brain tissue damage. The results of this study assist
neurologists in better understanding the occurrence, progression, and prognosis of neurological
symptoms associated with COVID-19 disease. Our research work also helps other health care providers
more precisely assess coronavirus disease and its symptoms for effective interventions to control the
disease.
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Table 1 . Demographic characteristics of COVID-19 patients based on their CNS involvement
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Variables Patients with CNS
symptoms (%)

Patients without CNS
symptoms (%)

P
value

Total
cases (%)

Gender        

Male 54 (51.43) 197 (52.96) 0.78 251
(52.62)

Female 51 (48.57) 175 (47.04) 226
(47.38)

         

Age group (year)        

<30 4 (3.81) 8 (2.12) 0.18 12 (2.52)

30-45 19 (18.10) 62 (16.7) 81
(16.98)

46-60 16 (15.24) 92 (24.73) 108
(22.64)

60+ 66 (62.86) 210 (56.45) 276
(57.86)

         

Marital status        

Single 4 (3.81) 12 (3.33) 0.77 16 (3.35)

Married 101 (96.19) 360 (96.77) 461
(96.65)

         

Smoking        

Yes 23 (21.90) 31 (8.33) <0.001 54
(11.32)

No 82(78.10) 341 (91.67) 423
(88.68)

         

Underlying
disease

       

HTN 32 (30.47) 135 (36.29) 0.66 184
(38.57)

Cardiovascular
disease

17 (16.19) 67 (18.01) 96
(20.12)

Diabetes 24 (22.86) 90 (24.19) 136
(28.51)
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Cancer 11 (10.48) 28 (7.53) 46 (9.64)

         

Disease outcome        

Death 32 (30.47) 73 (19.62) 0.012 105
(22.01)

Remission 73 (69.52) 299 (80.37) 372
(77.99)

         

Total 105 (22.02) 372 (78.98)   477

Table 2. The occurrence of neurological symptoms based on the patients’ gender

Neurologic symptoms Total (%) Gend'er P value

Males (%)

(n=251)

Females (%)

(n=226)

Headache 13 (2.72) 6 (2.39) 7 (3.1) 0.68

Encephalitis 5 (1.05) 1 (0.4) 4 (1.77) 0.19

Ischemic stroke 34 (7.13) 15 (5.98) 19 (8.41) 0.37

Convulsions 11 (2.31) 7 (2.8) 4 (1.77) 0.55

Cerebral hemorrhage 6 (1.26) 4 (1.59) 2 (0.88) 0.69

Venous thrombosis 3 (0.63) 0 3 (1.33) 0.11

Decreased consciousness 28 (5.88) 15 (5.98) 13 (5.75) 1

Guillain-Barre syndrome 2 (0.42) 2 (0.8) 0 0.5

Hyposmia 6 (1.26) 2 (0.8) 4 (1.77) 0.43

Other neuropathies 17 (3.56) 10 (3.98) 7 (3.10) 0.63

 

Table 3. The occurrence of neurologic symptoms based on the patients’ age group 
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Neurological symptoms Age group (year)

<30 (%)

(n=12)

30-45 (%)

(n=81)

46-60 (%)

(n=108)

+60 (%)

(n=276)

Headache 1 (8.33) 5 (6.15) 2 (1.85) 5 (1.81)

Encephalitis 0 0 2 (1.85) 3 (1.09)

Ischemic stroke 1 (8.33) 1 (1.23) 2 (1.85) 30 (10.87)

Convulsions 1 (8.33) 3 (3.69) 0 7 (2.54)

Cerebral hemorrhage 0 1 (1.23) 2 (1.85) 3 (1.09)

Venous thrombosis 0 0 1 (0.93) 2 (0.72)

Decreased consciousness 0 2 (2.46) 3 (2.78) 23 (8.33)

Guillain-Barre syndrom 0 1 (1.23) 1 (0.93) 0

Hyposmia 1 (8.33) 1 (1.23) 4 (3.7) 0

Other neuropathies 1 (8.33) 5 (6.15) 4 (3.7) 7 (2.54)

 

Table 4. Laboratory Findings of patients with neurological manifestation                                              

Biomarker Median (IQR) Standard
range

Lower than

standard
range

In
range

Higher than standard
range

WBC 7700 (5900, 10900) 4000-10000 27 60 11

Palates 188000 (152000,
247000)

150000-
450000

3 73 24

Neutrophil 75 (65, 85) 55-73 53 13 30

Lymphocyte 16 (10, 23) 20-40 1
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Figures
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Figure 1

CT images of a COVID-19 patient with acute symptoms of ischemic stroke

Figure 2

CT images of a COVID-19 patient with acute symptoms of ischemic stroke


