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Abstract 

Background Coronavirus was primarily discovered in December 2019, causing pneumonia and severe acute 
respiratory syndrome. It was reported several neurological symptoms associated with COVID‑19. Both the central 
and peripheral nervous systems could be affected which might result in a higher mortality rate in hospitalized 
patients. This study aimed to determine the spectrum of neurological clinical presentations among patients admitted 
to Fayoum University Hospital before, during, and after the COVID‑19 era and to examine the influence of COVID‑19 
vaccines mandated by the Egyptian government on neurological disorders.

Methods This is a historical cohort study that was conducted on patients admitted to the Neurology Department 
at Fayoum University Hospital before, during, and after COVID‑19 outbreaks from January 1st, 2018, to July 31, 2022. 
All participants had undergone thorough history taking and neurological examination and the necessary investiga‑
tions according to the suspected diagnosis. All hospitalized patients during the COVID‑19 pandemic were positive 
for the virus, as determined by either a positive rapid antigen test or a positive real‑time reverse transcription polymer‑
ase chain reaction (RT‑PCR).

Results It was shown that the patients hospitalized during the COVID‑19 era were notably older, smokers, and dia‑
betic in comparison to other groups. Cerebrovascular disorders were more prevalent in the COVID‑19 pandemic. 
Surprisingly, compared to prior times, individuals with autoimmune‑mediated neurological diseases had higher 
hospitalization rates than those with other neurological disorders. Patients who were not vaccinated reported more 
vascular complications than those who got them. However, patients who received vaccination exhibited significantly 
higher neurological complications as regards, exacerbation of paroxysmal disorders.

Conclusion It was concluded that the frequency of hospitalizations with cerebrovascular disorders and autoim‑
mune‑mediated illnesses was significantly influenced during the pandemic era. Although COVID‑19 vaccinations 
have potential adverse effects, they have played a crucial role in preventing serious neurological problems.

Keywords COVID‑19, Neurological presentations, Fayoum University Hospital

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

The Egyptian Journal of Neurology,
         Psychiatry and Neurosurgery

*Correspondence:
Lamiaa I. Daker
lid00@fayoum.edu.eg
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-4086-1708
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41983-024-00831-x&domain=pdf


Page 2 of 9Sayed et al. Egypt J Neurol Psychiatry Neurosurg           (2024) 60:58 

Introduction
A new strain of coronavirus was discovered in Decem-
ber 2019, causing severe acute respiratory syndrome 
in Wuhan, China. Currently known as severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), it has 
spread to over 200 countries, infecting more than 3 mil-
lion patients and leading to the COVID-19 pandemic [1]. 
The World Health Organization broadcast the outbreak 
in March 2020 [2].

COVID-19 can cause symptoms related to the heart, 
kidneys, eyes, skin, and more. Various studies have 
reported a range of neurological symptoms associated 
with COVID-19. Both the central and peripheral nervous 
systems can be affected. It is important to note that the 
presence of neurological symptoms and/or syndromes 
like delirium and coma has been linked to a fivefold 
increase in the probability of death in the hospital [3].

Neurologists face uncertainty as more data and clini-
cal aspects of COVID-19 emerge. However, they accept 
ambiguity and work toward gradual resolution of these 
issues [4]. Brain is often the target organ in various infec-
tious diseases either as a direct injury or as a subsequent 
effect of infection. In addition, the peripheral nervous 
system is vulnerable during immune-mediated illnesses 
as well as the central nervous system [5]. The purpose of 
this study was to determine the spectrum of clinical neu-
rological presentations among patients admitted to Fay-
oum University Hospitals’ Neurology Department during 
the COVID-19 pandemic and compare it to the pre- and 
post-pandemic periods. In addition, the study aimed to 
examine the influence of COVID-19 vaccines mandated 
by the Egyptian government on neurological disorders.

Patients and methods
This is a historical cohort study that was conducted 
on patients admitted to the Neurology Department at 
Fayoum University Hospital before, during, and after 
COVID-19 outbreaks from January 1, 2018, to July 31, 
2022.

The patients were divided into three groups based on 
the periods in which they were admitted to University 
Hospitals’ neurology departments. Group 1 consisted 
of patients admitted in 2018 and 2019, before the Covid 
pandemic. Group 2 included patients admitted in 2020 
and 2021, during the pandemic. And Group 3 included 
patients admitted in the first 7 months of 2022, after the 
pandemic.

According to the Centers for Disease Control and Pre-
vention (CDC), guidelines [6] for confirming COVID-19 
infection, patients with confirmed COVID-19 infection 
had positive real-time reverse transcription polymer-
ase chain reaction (RT-PCR) tests for SARS-CoV-2 via 
naso/oropharyngeal swabs or a positive Rapid antigen 

test. Because nasopharyngeal PCR was unavailable early 
in the COVID-19 era due to its high cost, we relied on 
the Rapid antigen test, which was performed for patients 
presenting with symptoms indicative of COVID-19 infec-
tion during the pandemic. If the test came out negative, it 
was repeated 48 h later to confirm the negative outcome.

The patient was suspected or considered “probable” 
to have COVID-19 infection if exhibited typical clinical 
characteristics such as fever, respiratory symptoms, and 
loss of taste and smell that are consistent with COVID-
19 infection. However, the RT-PCR and/or antigen test 
result was negative. The radiological lesions, if present, 
may show ground-glass opacities (GGO), which is a com-
mon imaging feature of COVID-19 in the lungs and the 
patient may have had contact with a confirmed or sus-
pected COVID-19 case within the last 2 weeks [7].

Post-COVID-19 syndrome, also known as Long 
COVID-19, is defined by the National Institute for 
Health and Care Excellence (NICE) [8] as the persistence 
of neurological symptoms or the development of conse-
quences caused by SARS-CoV-2 infection beyond 3 or 
4 weeks from the onset of acute COVID-19 symptoms. 
This is because the presence of replication-competent 
SARS-CoV-2 becomes almost zero after 3 to 4 weeks, and 
these symptoms cannot be explained by any other diag-
noses. As per the CDC’s report on the Clinical Spectrum 
of SARS-CoV-2 Infection [9], COVID-19 patients in the 
current study were categorized into three groups—mild, 
moderate, and severe. Patients with critical illness, who 
experienced respiratory failure, septic shock, and/or mul-
tiple organ dysfunction, were not included in the study.

All participants underwent a complete neurological 
examination, which included gathering a detailed medi-
cal history, with emphasis on COVID-19 infection, symp-
toms, duration of illness, and comorbidities during the 
pandemic era. Various laboratory tests were conducted, 
including complete blood counts (CBC), erythrocyte 
sedimentation rates (ESR), C-reactive protein (CRP), 
serum ferritin, liver and kidney function tests, fasting and 
postprandial blood sugar levels, lipid and immunological 
profiles, and d-dimer. To confirm the diagnosis of SARS-
COV2 infection, nasopharyngeal swabs from the patients 
were analyzed using RT-PCR during the COVID-19 pan-
demic, or antigen tests were performed that identify the 
presence of certain viral proteins. A positive test result 
indicates a current infection.

The Radiology Department used a Toshiba Aquilion 
Prime 160-slice CT scanner from Japan to perform a 
computed tomography (CT) scan of the chest to check 
for GGO, which could indicate concomitant pneumo-
nia in COVID-19 patients. Individuals who had lesions 
thought to be structural central lesions underwent 
magnetic resonance imaging (MRI). The Radiology 
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Department evaluated the outcomes of 1.5 Tesla MRI 
scans conducted using a Toshiba Scanner Activion 
from Japan, which included the acquisition of axial 
and coronal diffusion, T1, T2, and images with FLAIR 
weighted images. Skilled radiologists evaluated those 
patients, and those with suspected cerebral venous 
sinus thrombosis underwent MR venography, while 
those with suspected arterial ischemic stroke received 
magnetic resonance angiography (MRA).

The Department of Neurology used the Nihon Koden 
device to identify disorders of the peripheral nervous 
system through nerve conduction and electromyogra-
phy studies. Each study was conducted in a standard 
setting. As well, Electroencephalogram (EEG) was also 
conducted on patients presented with seizures using 
32-channel Nihon Kohden equipment from Japan. Dur-
ing the EEG collection, hyperventilation and photic 
stimulation were used as stimuli in a typical environ-
ment. The EEG data were examined for epileptogenic 
and background activity. When encephalopathy was 
suspected, CSF samples were taken from patients to 
check for cell pleocytosis.

Statistical analysis
Data were coded to facilitate data manipulation. The data 
were analyzed using SPSS software version 22, running 
on Windows 7. Simple descriptive analysis was done by 
percentages and numbers for qualitative data, arithmetic 
means for assessing central tendency, and standard devi-
ations for quantifying dispersion for parametric quantita-
tive data. An independent samples test is performed. In 
the case of comparing quantitative measurements across 
more than two distinct sets of quantitative data, the 
one-way ANOVA test is used. For comparing qualitative 
information between two or more groups, the Chi-square 
analysis is implemented. Any p values below 0.05 should 
be considered statistically significant.

Results
This study included 1405 patients enrolled in Fayoum 
University’s neurology department between January 
2018 and July 2022. 441 patients enrolled in the study 
from January 2018 to February 2019 (Group 1). There 
were 679 patients from March 2019 to December 2021 
(Group 2). Furthermore, from January 2022 to July 
2022 (Group 3), 285 patients were included as shown in 

Total included patients
n=1405

Pre- COVID-19 pandemic
(October2018- Febuary2020)

(n=441)

Total included patients
October2018-July2022

(n=1405)

COVID-19pandemic lockdown
(March2020-December 2021)

(n=679)

After COVID-19 pandemic lockdown
(January 2022-July 2022)

(n=285)

Total patients during COVID-19 pandemic
(March2020-July 2022)

(n=964)

Confirmed COVID -19 cases.
(n=433, 44.91%)

Suspected COVID-19 cases
(n=231, 23.9%) Not COVID cases

(n=300,31.12%)

Fig. 1 Diagram showing distribution of cases among the study
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Fig. 1. It was shown that the patients hospitalized dur-
ing the COVID-19 era were notably older, smokers, and 
diabetic in comparison to the other groups. There were 
no significant differences between the groups in terms 
of the severity of early presenting respiratory symp-
toms (p = 0.1) as shown in Table 1.

It was discovered that cerebrovascular disorders were 
more prevalent than other neurological disorders in the 
COVID-19 pandemic lockdown. Surprisingly, individuals 
with autoimmune-mediated neurological diseases in the 
group (2) had higher hospitalization rates than the other 
groups. Moreover, the autoimmune diseases had the 
highest prevalence in those with a confirmed COVID-19 

Table 1 Demographic and clinical data of the patients participated in the study

Bold indicates *p < 0.05 is considered signifcant

*Group (1): before COVID-19 era, Group (2): during COVID-19 era, Group (3): after COVID-19 era

DM: Diabetes mellitus, HTN: Hypertension, HCV: Hepatitis C virus

Demographic and clinical data COVID-19 Era p value

Group (1) (n = 441) Group (2) (n = 679) Group (3) (n = 285)

Age (years) (mean ± SD) 47.7 ± 18.3 50.9 ± 18.1 49.8 ± 17.7 0.01*
Sex

 Male 171 (29.6%) 283 (48.2%) 133 (22.7%) 0.1

 Female 270 (32%) 396 (48.4%) 152 (18.6%)

Risk factors and comorbidities

 DM

  Yes 101 (22.9%) 155 (45.5%) 85 (24.9%) 0.05*
  No 340 (77.1%) 524 (49.2%) 200 (18.8%)

 HTN

  Yes 138 (30.5%) 209 (46.2%) 105 (23.2%) 0.2

  No 303 (31.8%) 470 (49.3%) 180 (18.9%)

 Cardiac

  Yes 68 (28.5%) 119 (49.8%) 52 (21.8%) 0.4

  No 373 (33%) 526 (46.5%) 233 (20.6%)

 HCV

  Yes 77 (33.9%) 107 (47.1%) 43 (18.9%) 0.7

  No 364 (31.9%) 535 (46.9%) 242 (21.2%)

 Smoking

  Yes 101 (26.1%) 204 (52.7%) 82 (21.2%) 0.006*
  No 340 (34.7%) 438 (44.6%) 203 (20.7%)

 Pregnancy

  No 258 (33.9%) 361 (47.5%) 141 (18.6%) 0.09

  Yes 12 (20.7%) 35 (60.3%) 11 (19%)

Initial COVID‑19 presentation

 Fever – 126 (66%) 65 (34%) 0.2

 Respiratory – 33 (71.1%) 13 (28.3%)

 Anosmia and loss of taste – 48 (54.5%) 40 (45.5%)

 Neurological – 23 (57.5%) 17 (42.5%)

 Mixed – 74 (61.7%) 46 (38.3%)

Severity of respiratory symptoms 0.1

 Mild 17 (51.5%) 9 (69.2%)

 Moderate 13 (39.4%) 4 (30.8%)

 Severe 3 (9.1%) 0 (0%)

Mortality

Improvement 47 (33.3%) 69 (48.9%) 25 (17.7%) 0.2

Death 20 (23%) 53 (60.9%) 14 (16.1%)
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diagnosis, 65 (45.5%), compared to those with suspected 
COVID cases, 36 (25.2%), and non-COVID cases, 42 
(29.4%) (p = 0.001). In addition, the majority of neurolog-
ical cases were discovered to be a result of acute COVID-
19 infection rather than a result of a post-COVID-19 
consequence as shown in Table  2. Furthermore, there 
were no significant differences in death rates in compari-
son among the three groups; however, the COVID-19 era 
had the greatest proportion of mortality when compared 
to the other periods, but it did not reach to significant 
level.

In terms of vaccination’s effect, it was demonstrated 
that 283 patients (29.14%) got vaccination. However, 298 
(31%) patients did not receive vaccine. Patients who did 
not get vaccinations reported significantly greater neu-
rological complications in the form of vascular compli-
cations than those who got them. However, it was found 
that it was shown that patients who received vaccination 
exhibited significantly higher neurological complications 
as regards immune-mediated disorders, and exacerbation 

of paroxysmal disorders such as epilepsy and headache 
than those who did not receive any vaccination (p < 0.001)
as shown in Fig. 2. Regarding the neurological complica-
tion of vaccination, there was no significant difference 
between the different vaccinations as shown in Table 3.

Discussion
COVID-19 is a complex disease, affecting various organs 
including the respiratory system, kidneys, liver, heart, 
skin, and brain, with a wide range of clinical symptoms 
including neurological signs caused by SARS-CoV-2 [10], 
which compelled us to investigate the effects of this pan-
demic on patients with neurological presentations hos-
pitalized at Fayoum University Hospital in light of the 
possibility that COVID-19 might increase the frequency 
of cases with neurological complications secondary to 
COVID-19 infection in comparison to the years before 
this era, as well as what are the most common neurologi-
cal complications secondary to COVID-19 vaccinations.

Table 2 The distribution of neurological disorders among the study groups

*Group (1): before COVID-19 era, Group (2): during COVID-19 era, Group (3): after COVID-19 era. GBS: Guilian–Barre Syndrome, CIDP: Chronic Inflammatory 
Demyelinating Polyneuropathy, MS: Multiple Sclerosis, MG: Myasthenia Gravis, IIH: Idiopathic Intracranial Hypertension, NPH: Normal Pressure Hydrocephalus

Neurological disorders COVID-19 era p value

*Group (1) (n = 441) Group (2) (n = 679) Group (3) (n = 285)

Vascular disease 299 (67.8%) 409 (60.2%) 184 (64.6%) 0.01*
 Ischemic stroke 257 (58.3%) 340 (50%) 161 (56.5%)

 Cerebral hemorrhage 10 (2.3%) 14 (2.1%) 4 (1.4%)

 Cerebral sinus thrombosis 17 (3.9%) 33 (4.9%) 10 (3.5%)

 Vasculitis 15 (3.4%) 22 (3.2%) 9 (3.16%)

Autoimmune‑related disorders 67 (15.2%) 232 (34.2%) 52 (18.2%)

 GBS 3 (0.68%) 20 (2.9%) 6 (2.1%)

 CIDP 3 (0.68) 5 (0.73%) 1 (0.35%)

 Encephalitis 2 (0.45%) 8 (1.17%) 1 (0.35%)

 Transverse myelitis 13 (2.9%) 127 (18.7%) 13 (4.6%)

 MS 19 (4.3%) 21 (3.09%) 6 (2.1%)

 Optic neuritis 26 (5.9%) 47 (6.92%) 24 (8.4%)

 MG 1 (0.22%) 2 (0.29%) 1 (0.35%)

 Inflammatory muscle diseases 0 2 (0.29%) 0

Paroxysmal disorders 74 (16.8%) 33 (4.9%) 43 (15.1%)

 IIH 59 (13.4%) 22 (3.2%) 34 (11.9%)

 Status migrainosus 4 (0.9%) 6 (0.88%) 3 (1.1%)

 Epilepsy 11 (2.5%) 5 (0.73%) 6 (2.1%)

Others 1 (0.22%) 5 (0.73%) 6 (2.1%)

 NPH 0 4 (0.58%) 5 (1.8%)

 Periodic hypokalemic paralysis 0 1 (0.15%) 1 (0.35%)

 Leukodystrophy 1 (0.22%) 0 0

Presenting condition

 Acute COVID‑19 – 185 (63.4%) 107 (36.6%) 0.5

 Post COVID‑19 sequel – 108 (60%) 72 (40%)
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The patients with confirmed COVID-19 infection who 
were hospitalized at the Neurology Department of Fay-
oum University Hospital accounted for 44.91% of the 
study’s participants, which was similar to findings from 
earlier multicentric studies conducted in Egypt [11] 
as well as Brazil [12]. Contrary to these findings, a ret-
rospective study of a large group in Northern Italy [13] 
found that the percentage of COVID-19 patients hospi-
talized with neurological problems was approximately 
20%. The difference in percentages might be explained by 
rachial and ethnic susceptibility to SARS-CoV-2 infection 
and its consequences.

Regarding their clinical characteristics, patients hospi-
talized with neurological disorders during the pandemic 
era tended to be middle-aged, diabetic, and smokers in 
comparison to pre- and post-pandemic era, which was 
consistent with earlier findings [3, 11, 14]. Diabetes mel-
litus and smoking were thought to make COVID-19 

infection worse, making patients more likely to require 
hospitalization and develop neurological sequelae. 
SARS-Cov-2 infection was reported to worsen diabetes 
glycemic control by escalating inflammation and chang-
ing the immune system’s response with an increased risk 
of complications, which can result in thromboembolism 
[15]. It is well-known that cigarette smoke causes abnor-
mal inflammatory activation since the production of vari-
ous pro-inflammatory cytokines (such as Il-6, TNF-, and 
KC) is increased and potentiates further morbidity and 
mortality [16].

It is important to note that during the COVID-19 
period, cerebrovascular neurological diseases accounted 
for 60.2% of hospitalizations, making them the most 
common neurological illnesses requiring hospitalization. 
These findings are consistent with [17, 18] who hypoth-
esized that individuals with COVID-19 may experience 
acute cerebrovascular events, including ischemic and 

Fig. 2 Distribution of neurological disorders among vaccinated and non‑vaccinated groups

Table 3 Distribution of neurological disorders among vaccinated groups

Neurological disorders (n = 283) COVID-19 vaccine p value

AstraZeneca (n = 155) Johnson (n = 6) Pfizer (n = 19) Sinovac (n = 37) Sinopharm (n = 66

No. (%) No. (%) No. (%) No. (%) No. (%)

Vascular disease 82 (52.9%) 5 (83.3%) 9 (47.4%) 21 (56.8%) 35 (53%) 0.6

Autoimmune related diseases 26 (16.8%) 1 (16.7%) 3 (15.8%) 6 (16.2%) 10 (15.2%)

Paroxysmal disorders 39 (25.2%) 0 (0%) 6 (31.6%) 10 (27%) 16 (24.2%)

Headache 5 (3.2%) 0 (0%) 1 (5.3%) 0 (0%) 3 (4.5%)

Others 3 (1.9%) 0 (0%) 0 (0%) 0 (0%) 2 (3%)
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hemorrhagic strokes and cerebral venous thrombosis. A 
hypercoagulable condition, cytokine storms and inflam-
mation, endothelial dysfunction, and SARA-CoV-2 bind-
ing to endothelial ACE-2 are possible causes for the 
underlying processes. These disorders ultimately lead 
to vasoconstriction, oxidative stress, inflammation, and 
thrombogenesis [18]. Although cerebrovascular events 
were the most common among our COVID-19 patients, 
they were still less common than prior to the pandemic. 
The COVID-19 outbreak had a significant impact on cer-
ebrovascular care, including particularly hospital care, 
resulting in a substantial decrease in admissions, throm-
bolytic therapy and interventional therapies as well as the 
lack of awareness combined with the terror of the virus 
imposed on patients with vascular disorders much less 
likely to request assistance. The focus on social isolation 
may have excessively conducted acute stroke patients 
to resist getting medical help in person. A patient’s 
increased social isolation may have made it more difficult 
for friends and relatives to notice that they were experi-
encing a stroke [19].

In this study, it was surprising that the individuals with 
autoimmune-related diseases such as transverse myelitis 
and Guillain–Barré syndrome (GBS) were found to have 
a higher rate of hospital admissions during the pandemic 
era compared to before (34.2% versus 15.2%). Moreo-
ver, the confirmed COVID-19 diagnosis had the highest 
prevalence of autoimmune illnesses (45.5%) compared to 
the suspected (25.2%) cases and non-COVID (29.4%) It 
is significant to note that the literature may have under-
estimated the prevalence of this condition in COVID-19 
patients since it is technically challenging to conduct an 
adequate neurological assessment in an intensive-care 
setting [20]. Several mechanisms, including both direct 
viral and immune-mediated pathogenicity, may play a 
role in the development of neurological damage associ-
ated with COVID-19. Evidence suggested the existence 
of immune-mediated inflammatory pathways, as dem-
onstrated by the ongoing presence of CSF markers of 
inflammation [20, 21].

It has been observed that almost 60% of COVID-19 
patients experienced neurological syndromes during the 
active infection, rather than as a post-COVID-19 infec-
tion consequence. The post-COVID-19 syndrome can 
lead to various neurological symptoms, including anos-
mia, ageusia, encephalopathy, encephalitis, myelitis, and 
post-infectious sequelae such as Guillain–Barré Syn-
drome or plexopathies [22]. COVID-19 has four stages, 
namely acute respiratory distress syndrome, cytokine 
storm, acute hypercoagulable state, and autonomic dys-
function [23]. Researchers have suggested that SARS-
CoV-2 may remain dormant in the central nervous 
system of recovered individuals for an extended period, 

making it possible to reactivate and cause neurological 
disorders. Previous studies have shown that the intensity 
and duration of COVID-19 infection can result in various 
neurological complications [24]. On the contrary, recent 
research on COVID-19 has shown no associations with 
the severity of the original infection [25, 26].

Although the pandemic period witnessed a higher 
mortality rate compared to the pre-pandemic period, 
there was no noticeable difference in mortality between 
the durations before and after the outbreak in this study. 
Previous studies [27, 28] suggested that the existence 
of neurological conditions could predict an increased 
COVID-19 mortality rate, but our research findings 
are consistent with studies [12, 13] that showed no cor-
relation between the increase in COVID-19 mortal-
ity and neurological disorders. According to Travi et  al. 
(2021) [13], patients with primary neurological illnesses 
had a lower fatality rate, indicating that such illnesses 
could progress differently than respiratory syndromes. 
Although patients with intermediate COVID-19 severity 
experienced more neurological involvement compared to 
severe or critical patients, their increased mortality rate 
was likely due to respiratory deterioration rather than 
neurological issues. This hypothesis supports the finding 
that only 3 (9.1%) patients experienced severe respiratory 
symptoms during the pandemic era in our study, which 
in turn explained the lower mortality incidence observed 
in our study.

The COVID-19 pandemic prompted the launch of the 
first vaccinations in early 2021. Since then, approximately 
68.2% of the global population has been fully immunized 
against this illness. There are four basic strategies used 
in producing COVID-19 vaccines: nucleic acid-based 
vaccines (DNA–mRNA), viral vectors (replication–non-
replication), live inactivated vaccines and protein (spike 
protein or its subunits). After completing phase 3 clini-
cal trials, the World Health Organization authorized 11 
candidate vaccines for COVID-19 for widespread immu-
nization in November 2021 [29]. In Egypt, the national 
authorities enforced the use of just five candidate vac-
cinations, including Sinopharm, Sinovac, AstraZeneca, 
Johnson, and Pfizer.

In contrast to earlier studies [30, 31], patients who did 
not receive immunization had a higher incidence of cer-
ebrovascular disorders. According to a study by Marckus 
in 2021 [32], the occurrence of vascular adverse effects 
due to immunization is infrequent and less prevalent 
than the incidence of both cerebral venous thrombosis 
and ischemic stroke caused by COVID-19 infection. The 
increased risk of cerebrovascular disorders in COVID-19 
patients is primarily due to a prothrombotic condition 
found in those patients, which activates the coagulation 
system and raises d-dimer and fibrinogen levels. This 
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condition, known as sepsis-induced coagulopathy, is 
linked to infection-induced systemic inflammation [32]. 
There have been reports of vascular complications in the 
brain caused by certain COVID-19 vaccines, particu-
larly those based on adenovirus. These complications are 
thought to be triggered by the immune system’s response 
to the vaccine, which can result in thrombocytopenia 
and cerebral venous sinus thrombosis. It is believed that 
the creation of IgG antibodies against platelet factor 4 
is responsible for activating platelets and causing blood 
clots in large venous arteries, which leads to thrombocy-
topenia [31].

Our study found that the most common adverse effects 
of COVID-19 immunization were headaches, which is 
consistent with findings from previous study [33]. Post-
vaccination headaches can also be caused by stress and 
vascular spasm. Among the different types of vaccines, 
mRNA and adenovirus vaccines were found to be more 
likely to cause headaches [34]. Another common adverse 
effect was the exacerbation of pre-existing neurological 
conditions such as epilepsy. Convulsions triggered by 
COVID-19 vaccination can be attributed to the release 
of spike proteins, which cause acute inflammation and 
hyperthermia. As a result, hyperthermia increases glial 
cell activity and the permeability of the blood–brain bar-
rier. This leads to the entry of peripheral blood cells and 
albumin into the brain, which alters the osmotic equilib-
rium [35].

During the investigation, it was found that COVID-19 
vaccinations might cause immune-mediated neurological 
illnesses such as transverse myelitis and GBS, which have 
been previously reported [36, 37]. The two main mecha-
nisms for vaccine toxicity and how these consequences 
emerge are ectopic immune reactivity and molecular 
mimicry [37]. Moreover, this study did not identify signif-
icant differences between different vaccinations despite 
previously reported negative effects.

Conclusion
Finally, it has been concluded that the COVID-19 pan-
demic is a significant event in modern history that has 
had a major impact on public health, especially for those 
who have suffered from neurological complications. The 
frequency of hospitalizations in neurological depart-
ments with cerebrovascular disorders and autoimmune-
mediated illnesses has greatly increased. Although 
COVID-19 vaccinations have potential adverse effects, 
they have played a crucial role in preventing serious neu-
rological problems.

Limitations
The study had some limitations that should be taken 
into consideration. First, nasopharyngeal PCR tests for 

confirmation of COVID-19 diagnosis were not always 
available due to their high cost in the early months of 
the pandemic. So we relied on Rapid antigen tests and 
clinical, laboratory, and imaging findings that could 
raise suspicion of COVID-19 infection. During the 
period between March and October 2020, as Fayoum 
University Hospital was converted into an isolation 
hospital, there was a shortage of availability of neuro-
logical ICUs. So, cases that required ICU hospitaliza-
tion were missed. In addition, individuals with severe 
and critical respiratory symptoms who required ICU 
admission were discounted, which prevented us from 
studying the influence of respiratory manifestation 
severity on the presentation of neurologic sequelae. 
Finally, this study did not include COVID-19 patients 
who experienced mild neurological symptoms such as 
tiredness, headache, dizziness, anosmia, and ageusia. 
These symptoms were not accompanied by any neuro-
logical syndromes and did not require hospitalization. 
As a result, they were not recorded in the hospital’s 
files.
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