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Due to the abundance of ACE2 receptors in nervous system cells, the SARS-
CoV-2 virus can cause damage to this system. This study aims to examine the
prevalence of neurological symptoms in COVID-19 patients. In this cross-
sectional observational study, 75 COVID-19 positive patients admitted to
Golestan Hospital's neurology department in Ahvaz, Iran, from March 2020
to March 2023, were investigated. Neurological clinical symptoms were
categorized into three groups: central nervous system, peripheral, and muscular
symptoms. The relevant information was collected from patient files, including
medical history, imaging data, and laboratory test results. Statistical analysis
was performed using SPSS software, employing the rank-biserial correlation
coefficient (r), Mann-Whitney U tests, Phi correlation, Cramer’s V, and Kendall's
Tau to evaluate the prevalence and significance of neurological symptoms.
The most common clinical symptoms observed were hemiparesis, dysarthria,
Central Facial Palsy (CFP), ataxia, and nausea, respectively. Among these
symptoms, headaches (p = 0.001), seizures (p =0.024), and nausea (p = 0.046)
were found to be more prevalent in younger patients. Additionally, a significant
relationship was identified between the level of serum Creatine phosphokinase
(CPK) and seizures (p=0.024), with lower levels observed in individuals
with vomiting (p = 0.024), and higher levels observed in individuals with CFP
(p =0.040). This study highlights that patients with COVID-19 may experience
serious neurological symptoms. The clinical spectrum and range of neurological
symptoms associated with COVID-19 were found to be diverse and extensive,
emphasizing the importance of considering this infection as a potential cause
of neurological disorders.
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Introduction

Coronaviruses (CoVs) are a type of enveloped positive-sense
RNA viruses. They
alphacoronavirus, betacoronavirus, gammacoronavirus, and
deltacoronavirus (1). The COVID-19 pandemic, which is caused
by the SARS-CoV-2 virus, originated in Wuhan, China, and has
since spread worldwide, affecting nearly every country (2). This

are classified into four genera:

disease exhibits a wide range of symptoms that impact almost all

physiological systems, with a particular focus on the
respiratory system.

The expression of ACE2, a critical factor in SARS-CoV-2 infection,
is significant in cells of the respiratory, renal excretory, reproductive,
and digestive systems. It is also present in the cerebral cortex,
brainstem, and amygdala (3). As a result, COVID-19 patients may
experience various neurological symptoms (Figure 1), which can
be categorized into three groups. The first group includes symptoms
related to the central nervous system, such as headaches, dizziness,
altered mental state, and disorientation. The second group comprises
symptoms associated with the peripheral nervous system, such as
decreased sense of taste and smell. The third group involves
musculoskeletal symptoms. Although myalgia is a commonly reported

symptom of COVID-19, there is limited literature on other

10.3389/fneur.2024.1413628

musculoskeletal manifestations during the early stages of the
pandemic (4, 5).

The objective of this study is to conduct a comprehensive analysis
of the neurological symptoms associated with COVID-19, covering
the period from March 2020 to March 2023. The aim of this research
is to provide an overview of the diverse range of neurological
complications observed in a cohort of hospitalized COVID-19
patients who underwent neurological evaluation. By doing so, this
study seeks to enhance our understanding of the neurological
symptoms induced by COVID-19, including those affecting the
central nervous system, peripheral nervous system, and muscles, as
well as their prevalence. Numerous studies have investigated the
prevalence and types of neurological symptoms in COVID-19
patients, reporting a wide range of findings. For instance, research by
Paterson et al. documented cases of encephalopathy, stroke, and
peripheral neuropathies in hospitalized patients (6), while Mao et al.
identified frequent occurrences of headache, dizziness, and altered
mental status (7). These studies utilized various methodologies, from
observational cohorts to case series, and highlighted different
limitations, such as small sample sizes and lack of longitudinal
follow-up. By reviewing these key studies, our research not only
contextualizes its findings within a broader framework but also
addresses specific gaps, such as the extended study period and
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comprehensive symptom analysis, thereby contributing significant
new insights into the neurological impact of COVID-19. The findings
of this study will offer valuable insights that can contribute to the
improvement of management and rehabilitation approaches for
individuals suffering from neurological disorders associated with
COVID-19.

Materials and methods

The current study is a cross-sectional descriptive observational
study based on hospital and laboratory data obtained from the
archived files of patients participating in the research project with
code U-01045. The study was conducted with the permission of the
ethics committee, and it adhered to the ethics code “IR.AJUMS.
REC.1401.095” The study population comprises the medical records
of all patients admitted to the neurology department of Golestan
Ahvaz Hospital during the COVID-19 pandemic, spanning from
March 2020 to March 2023. Inclusion criteria for the study required
patients to have tested positive for COVID-19 through Real-time PCR
(RT PCR, gPCR).

In this case—control study, the researchers examined the files of
patients referred to and admitted to the neurology department at
Golestan Ahvaz Hospital due to neurological problems and
complications affecting the central nervous system, peripheral nerves,
and musculoskeletal system, all of which were caused by COVID-19.
The study focused on patients who tested positive for COVID-19
through RT PCR during their hospitalization. Various clinical
neurological symptoms such as headache, vertigo, decreased level of
consciousness, vomiting, seizures, neuralgia, hypogeusia, ataxia, etc.,
were analyzed. Additionally, laboratory findings (CBC, CRP, serum
Creatine phosphokinase (CPK)) and medical imaging (CT scans of
the chest and brain) were extracted from the electronic and archived
medical records of the patients for further analysis.

A total of 75 out of 139 hospitalized cases during the specified
period were examined according to the criteria outlined in Table 1.

For statistical analysis of the data, SPSS version 27 software was
utilized. The researchers employed various tests, including standard

TABLE 1 The inclusion and exclusion criteria employed for the study
were as follows.

Inclusion criteria Exclusion criteria

Having neurological symptoms Having a history of neurological

disease prior to contracting Covid-19

Referred to the neurology department Hospitalization in other departments of

the hospital

Having a positive RT PCR test for Not having a positive RT PCR test for

Covid-19 during hospitalization Covid-19 during hospitalization

Having a brain CT scan for individuals | The absence of a brain CT scan in

with acute cerebrovascular disease individuals referred with acute

cerebrovascular disease

An increase in serum CPK level above

200IU/L*

Having a CPK level less than 200TU/L

for individuals with muscle damage

Myalgia for individuals with muscle The absence of myalgia in individuals

damage with muscle damage

*The reference range for CPK levels is between 20 to 200 international units per liter (IU/L).
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deviation, Mann-Whitney test, Phi correlation coefficient, Cramer’s
V coeflicient, agreement table test, and Kendall’s Tau. To assess the
correlation between clinical symptoms and gender variables, the
Cramer’s V test was employed. Furthermore, the Mann-Whitney test
was utilized to compare the average age across different levels of
clinical symptoms, thereby examining the relationship between age
and clinical symptoms. These findings are presented in Table 2.
Kendall’'s Tau was employed to determine the correlation between the
CRP variable and CT variable. The significance level (p-value) for all
tests was set at 0.05. Lastly, the rank-biserial correlation coeflicient (1)
was calculated for each symptom to quantitatively measure the
strength of the observed phenomenon.

Results

According to the data obtained from this study, which aimed to
investigate the prevalence of neurological symptoms in COVID-19
patients admitted to the neurology department of Golestan Hospital
in Ahvaz, a total of 75 patients met the inclusion criteria and had no
exclusion criteria.

Out of the 75 patients included in the study, 38 cases (50.7%) were
male. The youngest patient was 17 years old, the oldest was 99 years
old, and the mean age of the patients was 61.39+17.59.

Among the patients included in the study, central nervous system
involvement symptoms were observed in 10 patients (13.3%) (Table 2),
with headaches in 11 patients (16.4%), and dizziness in 15 patients
(22.4%), with nausea. Further information related to patients with
COVID-19 with neurological manifestations is given in Table 2.

A review of laboratory criteria and clinical symptoms showed that
approximately 21% (16 patients) had leukocytosis and 53% (39
patients) had lymphopenia. Neutrophilia was observed in 77% (58
patients), and neutropenia in 2.6% (2 patients) of the patients studied.
Of the patients tested for CPK, 63% (39 patients) had values above the
normal range. 53% (39 patients) had a lower-than-normal red blood
cell count, and 2.6% (2 patients) had a higher amount than the normal
red blood cell count. Platelet counts were lower than normal in 6% (5
patients) and higher than normal in about 10% (8 patients) of patients.
There was no significant relationship between the differential white
blood cell count, including lymphocyte-to-neutrophil ratio and total
white blood cell count, and clinical symptoms. Although neutrophilia
was clearly observed in patients, there was no significant correlation
with neurological clinical symptoms. There was also no significant
correlation between the red blood cell count and clinical symptoms.
The platelet count was not significantly related to clinical
symptoms either.

Among the inflammatory factors, qualitative CRP and quantitative
CPXK tests were performed for the patients. A significant correlation
was observed between a lower incidence of vomiting and CPK levels
(Z=-2.252, p=0.024). The occurrence of seizures was also
significantly related to CPK levels (Z=—2.263, p=0.024). In addition,
CPK levels were significantly increased in individuals with myalgia
(Z=2.593, p=0.010). There was no significant correlation between
CRP levels and clinical symptoms, but CRP levels had a significant
correlation with the degree of lung involvement seen on chest CT scan
(p=0.004).

In order to enhance the study’s reliability and obtain a more
comprehensive understanding of the probability of Type II errors, a
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TABLE 2 Characteristics and demography of patients.

Patients [male/female]

10.3389/fneur.2024.1413628

p-value {age/gender}

*Z (age)/**Phi (gender)

Mean 61.39 [62.13/60.62]

Range 17-99[22-93/17-99]

Neurological manifestations

Headache, 1 (%) 10 (13.3) [4 (5.3)/6 (8.0)] 0.001/0.493 3.379/0.083
Vertigo, n (%) 11 (15.5) [5 (6.6)/6 (8.0)] 0.066/0.867 1.383/0.200
Nausea, 1 (%) 15 (22.4) [8 (10.6)/7 (9.3)] 0.045/0.720 2.009/0.440
Vomiting, n (%) 11 (15.5) [6 (8.0)/5 (6.6)] 0.450/0.782 0.755/0.330
Decreased level of consciousness, 1 (%) 23(30) [13(17.3)/10 (13.3)] 0.115/0.500 1.575/0.078
seizure, n (%) 10 (13.3) [4 (5.3)/6 (8.0)] 0.024/0.469 2.261/0.084
Acute encephalomyelitis, 7 (%) 2(2.7) [1(1.3)/1(1.3)]

Ataxia, n (%) 23 (30.7) [8 (10.6)/15 (20)] 0.968/0.067 0.040/0.211
CFP, n (%) 24 (32) [17 (22)/7 (9.3)] 0.085/0.017 1.722/0.277
Hemiparesis, 7 (%) 47 (62.7) [26 (34.7)/21 (28)] 0.116/0.296 1.573/0.230
Dysarthria, n (%) 34 (45.3) [21 (28)/12 (16)] 0.029/0.046 2.185/0.050
Blurred vision, 7 (%) 2(2.7) [1(1.3)/1 (1.3)]

Hyposmia, n (%) 1(1.3) [0/1 (1.3)]

PFP, 1 (%) 1(1.3) [0/1 (1.3)]

DTR impairment, n (%) 1(1.3) [0/1(1.3)]

Hypogeusia, 1 (%) 2(2.7) [1(1.3)/1(1.3)]

Quadriparesis, 7 (%) 7(9.3) [3 (4)/4 (5.3)] 0.330/0.664 0.975/0.230
Myoclonus, 1 (%) 2(2.7) [1(1.3)/1(1.3)]

Myalgia, n (%) 4(5.3) [1(1.3)/3 (4)] 0.329/0.291 0.955/0.122

*The absolute value of Z in the Mann-Whitney test is considered significant at values above 1.961. **The Phi coefficients in the Cramer’s V test indicate the relationship between variables and
their value ranges between 1 and —1 the coefficient. If the value is closer to 1 or —1 the coefficient, it indicates a stronger relationship. While if it is closer to zero, it indicates a weak or no

relationship. Bold values denote statistical significance at the p <0.05 level.

power analysis was conducted. The rank-biserial correlation
coefficient (r) was used as the effect size measure, which is appropriate
for the non-parametric Mann-Whitney U tests employed in this study.

Regarding headaches, the analysis revealed an effect size of
r=0.39, which is considered to be of medium effect. With this effect
size and the sample size of the study, the power to detect this effect is
approximately 78%. For seizures, the calculated effect size was r=0.26,
indicating a small to medium effect. The power to detect this effect
with the given sample size is about 52%. In the case of nausea, the
effect size was calculated as r=0.23, also indicating a small to medium
effect. The power to detect this effect is approximately 45%.

These findings indicate that the study has moderate power for
detecting the effect on headaches, but lower power for seizures and
nausea. This suggests a higher risk of Type II errors for the latter
two symptoms.

Discussion

Amidst a growing body of literature highlighting the neurological
sequelae of COVID-19, our study presents a unique contribution by
focusing on the prevalence of neurological symptoms specifically
among COVID-19 patients admitted to our neurology department.

Frontiers in Neurology 04

While existing research provides valuable insights into the broad
spectrum of neurological impairments associated with the virus, our
study offers a specialized perspective, emphasizing the manifestations
observed within a clinical neurology setting. By examining a cohort
of patients receiving care within this specialized context, we provide
nuanced insights into the frequency and nature of neurological
symptoms in a subset of COVID-19 cases, thereby enhancing our
understanding of the virus’s impact on the nervous system in a clinical
setting. This focused approach not only complements existing research
but also facilitates targeted clinical interventions and management
strategies tailored to the unique needs of COVID-19 patients
presenting with neurological manifestations.

In a study by Romero-Sanchez et al. (8) in 2020, which included
841 hospitalized patients in Spain, symptoms such as myalgia
(17.2%), headache (14.1%), and dizziness (6.1%) were more
common in the early stages of infection. Olfactory (4.9%) and
gustatory (6.2%) disturbances were less frequent and milder, while
neuromuscular abnormalities (3.1%), cerebrovascular disease
(1.7%), (0.7%), (0.7%),
encephalopathy (one case), GBS (one case), and visual neuritis (one

seizures movement  disorders
case) were also reported. Neurological complications were the main
cause of death in 4.1% of all study participants. The study suggests
that some neurological symptoms, such as myalgia, may decrease

after the onset of neurological symptoms, and it was not possible to
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obtain a history of myalgia from people who were unconscious
during admission to the emergency department. Additionally,
patients were not routinely assessed for smell and taste in A&E
departments, resulting in missing data in this area. Based on the
present study in the neurology department, the occurrence of
symptoms related to the nervous system is naturally higher, while
general symptoms are less prevalent, compared to a study with a
random sample regardless of neurological focus.

In a study by Elodie Meppiel et al. (9) in 2021, which included 222
COVID-19 patients with neurological symptoms from 46 centers in
France, the most frequent neurological diseases associated with
COVID-19 were (30.2%),
cerebrovascular syndrome (25.7%), encephalitis (9.5%), and GBS
(6.8%). CSF was analyzed in 97 patients (43.7%), and 18 patients
(18.6%) had pleocytosis, while two patients with encephalitis had
positive PCR results for COVID-19. Although many cases of
encephalopathy were observed during the study, these patients were

encephalopathy acute ischemic

not included in the study due to exclusion criteria. In a comprehensive
study by Cervantes et al. (10) in 2022, conducted in 179 hospitals in
24 countries, out of 16,225 patients who were available for registry
with hospital discharge status, 2,092 individuals (12.9%) had serious
neurological symptoms, including 1,656 patients (10.2%) with
encephalopathy during hospitalization, 331 patients (2.0%) with
stroke, 243 patients (1.5%) with seizures, and 73 patients (0.5%) with
meningitis/encephalopathy during hospitalization or at the time of
discharge. Excluding patients with encephalopathy who were excluded
due to neurological exclusion criteria, and focusing on the study
population (neurology patients), given that stroke symptoms are
typically among the specific symptoms of neurology, the prevalence
of neurological symptoms in this study is similar to that of the
present study.

In a study conducted by Shen et al. (11) in Shanghai, China in
2023 on patients hospitalized with mild to moderate COVID-19 and
diagnosed with the Omicron strain, 169 out of 351 patients (48.1%)
presented with neurological symptoms, the most common being
(25.1%)
cerebrovascular disease (0.9%), impaired consciousness (0.6%), and

fatigue/weakness and muscle pain (20.7%), while
seizures (0.6%) were rare. Younger age (p=0.001) and female gender
(p=0.026) were associated with a higher proportion of neurological
symptoms. Patients with neurological symptoms had lower creatine
kinase levels, with fatigue/weakness (25.1%) being the most common
neurological sign. Other CNS symptoms (38.5%) included headache
(13.7%), (13.4%), (4.9%),
cerebrovascular disease (0.9%), impaired consciousness (0.6%), and
seizures (0.6%), while 105 patients (29.9%) had PNS symptoms such
as muscle pain (20.7%), taste disturbance (5.7%), smell disturbance
(6.3%), visual disturbance (5.4%), and neuralgia (0.4%). The results of
this study differed significantly from a previous study, where

dizziness emotional disturbance

significant differences in dizziness and Central Facial Palsy (CFP)
symptoms were found in favor of males (p=0.017 and p=0.046,
respectively). However, like the previous study, the neurological
complications that had a significant correlation with age were more
common in younger ages (headache, seizures, nausea). The prevalence
of seizure symptoms and other neurological symptoms in this study
differed significantly from the Shanghai study. The reason for this
difference may be due to differences in the description of symptoms,
genetic factors in the study populations, or geographic and regional
differences in underlying diseases. It should also be noted that the

Frontiers in Neurology

10.3389/fneur.2024.1413628

Shanghai study was conducted on individuals infected with the
Omicron variant, while the current study did not differentiate between
COVID-19 variants. Further research and studies are needed to
identify the main cause of these differences.

The power analysis conducted using the rank-biserial correlation
coeflicient (r) has demonstrated that our study exhibits satisfactory
power (78%) to detect a medium effect (r=0.39) in relation to
headaches. However, in the case of seizures and nausea, the power is
comparatively lower (52 and 45% respectively), thereby indicating an
elevated risk of Type II errors for these symptoms. The effect sizes for
all three symptoms range from small to medium, with headaches
exhibiting the most pronounced effect. These findings emphasize the
importance of exercising caution when interpreting the results,
particularly with regards to seizures and nausea, as the diminished
power heightens the likelihood of failing to identify true effects.
Future studies incorporating larger sample sizes would
be advantageous in enhancing the power to consistently detect these
more subtle effects.

In a study of 62 adult COVID-19 patients in Wuhan, China by
Xiao et al. (12), laboratory results showed leucopenia (31%) and
lymphopenia (42%) which is consistent with the current study. Two
studies published in Frontiers in Immunology highlight that
elevated CRP levels are strongly associated with severe forms of
COVID-19. These findings indicate that high CRP levels are linked
to increased mortality, the requirement for ventilators, and
admissions to the intensive care unit (ICU). Specifically, CRP values
above 100 mg/L are found to significantly correlate with unfavorable
outcomes, including higher mortality rates and the progression of
severe disease, which also has a relatively high consistency with the
current study (13, 14).

Marco Meglio et al. conducted a study to examine the role of
elevated CPK levels in encephalopathic COVID-19 patients. The study
revealed that although many patients exhibited elevated CPK levels,
these levels were not found to be a significant prognostic factor for the
development of post-acute sequelae of COVID-19. Furthermore, the
study’s findings emphasized that increased CPK levels were associated
with severe COVID-19 cases and higher mortality rates, particularly
among male and diabetic patients (15). However, a separate study by
Friedman et al., published in the Neurohospitalist, demonstrated that
elevated CPK levels did not consistently correlate with poorer
outcomes. Instead, myalgia and mild disease were often observed in
conjunction with higher CPK levels, suggesting that elevated CPK
levels may not always indicate a severe disease or a higher risk of
mortality (16). These studies offer various perspectives on the
importance of CPK levels in COVID-19, thereby substantiating the
intricate correlation between CPK elevation and the severity of
COVID-19.

Based on the results of this study and similar studies, and
considering the relatively short intervals between viral outbreaks such
as SARS and MERS that have occurred in recent decades, and the
possibility of new outbreaks in the near future, with the occurrence of
multiple symptoms including involvement of various systems in the
nervous system, it is suggested that COVID-19 and the coronavirus
family, in general, be considered as a possible cause of disease, along
with other possible contributing factors, during the diagnosis and
treatment of neurological diseases. Accordingly, diagnostic and
therapeutic strategies, including necessary evaluations such as
laboratory measurement of inflammatory factors, should be adopted.
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It is recommended that careful evaluation of neurological
symptoms be conducted during the history taking process in
emergency and neurology departments. Additionally, the assessment
should include respiratory symptoms and the involvement of the
olfactory and gustatory systems, excluding cases with impaired
consciousness or dysarthria. This is imperative, as patients or their
companions may overlook these symptoms.

The study emphasizes the significant neurological impact of
COVID-19 on patients, emphasizing the wide range and extensive
nature of symptoms that encompass central nervous system
complications such as headaches, dizziness, altered mental state,
and disorientation, as well as peripheral symptoms such as
decreased sense of taste and smell, and musculoskeletal issues.
Recognizing these symptoms is imperative for enhancing patient
management and treatment strategies. By comprehending the
these
manifestations, healthcare providers can improve diagnostic

prevalence and characteristics of neurological
accuracy, customize rehabilitation approaches, and implement
more effective management protocols for patients with COVID-
19-induced neurological disorders. This comprehensive analysis
not only contributes to the broader comprehension of COVID-
19’ neurological effects but also facilitates targeted clinical
interventions, ensuring improved patient outcomes and mitigating
long-term complications.

Clinical implications and specific recommendations for healthcare
practitioners can enhance the management of COVID-19-related
neurological complications. These recommendations include
enhanced screening, early interventions, regular monitoring,
education, policy updates, and support for research. By implementing
these measures, healthcare practitioners can improve patient outcomes
and the overall quality of care.

Despite the valuable insights gleaned from our study, it is
important to acknowledge several limitations that may affect the
interpretation and generalizability of our findings.

Potential biases in data collection can arise from several factors,
including single-center study design, documentation variability,
sample size limitations, patient selection bias, and temporal factors.
The single-center nature of our study restricts the extrapolation of our
results to broader populations, highlighting the need for multi-center
studies to validate our findings across diverse settings. Additionally,
the retrospective design of our study introduces inherent biases and
limitations associated with data collection and documentation
practices. Variability in reporting and documentation of neurological
symptoms among healthcare providers may have led to
underestimation or misclassification of certain symptoms, potentially
influencing the observed prevalence rates. Moreover, the relatively
modest sample size of our cohort may limit the statistical power to
detect associations or trends, warranting cautious interpretation of the
results. While the present study provides valuable information on the
neurological manifestations of COVID-19, the small sample size
requires cautious interpretation of the results. Comparisons with
larger studies and future research with larger and more diverse groups
are necessary to confirm and extend these findings. This approach will
ultimately increase our understanding of the neurological effects of
COVID-19 and improve patient care. Future prospective studies with
larger, more diverse cohorts are warranted to address these limitations
and provide further insights into the neurological manifestations of
COVID-19.
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Conclusion

To enhance the management of COVID-19 patients with
neurological symptoms, it is recommended that clinical practice
guidelines be updated to include a comprehensive neurological
assessment for all patients. This should involve regular screening for
common neurological symptoms such as headaches, dizziness, and
changes in mental state, as well as peripheral manifestations such as
loss of smell and muscle pain. Additionally, healthcare facilities should
have the necessary resources to conduct thorough diagnostic tests,
including brain imaging and measurement of serum CPK levels, in
order to promptly identify and address acute cerebrovascular diseases
and neuromuscular complications.

From a policy perspective, it is essential to ensure that all
healthcare providers receive training on the neurological
implications of COVID-19, enabling them to effectively recognize
and manage these symptoms. Policymakers should also consider
incorporating these guidelines into national health protocols to
standardize care and improve outcomes for patients with COVID-
19-related neurological issues. Furthermore, support for continued
research and data collection on the neurological effects of
COVID-19 is crucial in order to refine treatment approaches and
develop targeted interventions.

By implementing these recommendations, healthcare systems can
enhance diagnostic accuracy, tailor treatments more effectively, and
ultimately improve patient care for individuals affected by the
neurological impacts of COVID-19.
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