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ABSTRACT

SARS-CoV-2, which causes the disease known as Coronavirus Disease 2019
(COVID-19), is a novel coronavirus that arose in Wuhan, China in 2019. Within a short time, it
rapidly spread across the world and has been declared a global pandemic by the World Health
Organization (WHO) due to its severe morbidity and mortality rate. This virus left many
scientists and biomedical engineers perplexed due to the various uncertainties about its infection
rate as new COVID-19 variants arise. However, attempts to contain the virus are ongoing all
over the world. Some of the most common symptoms of COVID- 19 include fever, dry cough,
and fatigue. However, some physicians in affected areas have discovered that some patients that
were diagnosed with COVID-19 did not exhibit these expected respiratory symptoms at the time
of diagnosis, but rather these patients displayed only neurological symptoms as their initial
symptoms. For instance, the symptoms range from non-specific to more particular, such as
headaches or dizziness which were one of the more common symptoms, to more complicated

symptom onset such as convulsions, cerebrovascular and peripheral diseases.
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INTRODUCTION

In December 2019, the Novel Coronavirus disease 2019 (COVID-19) epidemic began in
Wuhan [1],[2]. Initially, all of the cases were linked to the Huanan wholesale seafood market. On
March 11, 2020, the World Health Organization (WHO) designated it a worldwide pandemic
[3],[4]. As of March 25, 2022, there have been more than 478.8 million confirmed cases of
COVID-19 worldwide, where over 6.1 million deaths have been recorded with the United States
seeming to be the leading country with over 43 million cases reported [5]. COVID-19 is one of
the most common viruses that predominantly affects the respiratory system, but it also has
neuroinvasive capabilities and may spread from the respiratory system to the central nervous
system (CNS) [6].

In most cases, the symptoms of COVID-19 generally manifest after a five-day incubation
period. For instance, fever, cough, and exhaustion are the most prevalent symptoms of

COVID-19; additional common symptoms that were reported include headache, hemoptysis, and



dyspnea, among others. Patients may develop pneumonia, acute respiratory distress syndrome,
abrupt heart difficulties, and multi - organ failure in the most severe situations [6][7]. Only a few
cases of cranial neuropathies have been linked to COVID-19 pneumonia. A case of acute
oculomotor nerve palsy in a 62-year-old severely ill patient was first described by Wei et al. [51].
In SARS-CoV-2-infected patients with ophthalmoparesis, only a few cases of abducens nerve
palsy have been reported [52]. Even though COVID-19 is noted to primarily affect the
respiratory and cardiovascular systems, other neurological symptoms such as headache,
hypogeusia, stroke, seizure, and neuralgia have been observed as well as other manifestations
such as encephalopathy, acute cerebrovascular diseases, impaired consciousness, and skeletal
muscular injury are common observed in COVID-19 patients [1],[8],[9]. The way COVID-19
can enter the brain can be directly or indirectly through different pathways. For instance, the
virus can directly infect the nervous system via the olfactory nerve, blood circulation, ACE2 in
the brainstem, immunological damage, and neuronal pathways, causing neurological problems.
The enteric nervous system (ENS) and sympathetic afferent neurons can also be used by
COVID-19 infection in the gastrointestinal tract to reach the Central Nervous System (CNS) as
seen in the figure below [10],[11].



Figure 1. lllustrations of the direct and indirect pathways that SARS-CoV-2 enter the nervous
system. (P.G) [10]

The most common reported symptoms in patients with CNS manifestations were
dizziness and headache, whereas the most common reported symptoms in patients with
Peripheral Nervous System (PNS) symptoms were taste impairment and smell impairment [11].
After the virus infects the nasal cells, it can directly invade the brain, presumably via the
olfactory bulbs, and quickly spread to specific brain locations such as the thalamus and
brainstem, producing inflammation and demyelinating reactions. It was mentioned that a viral
infection might invade the nasal passage, disrupting smell and taste sensations. According to
increasing data, COVID-19 may also infiltrate the CNS via a synapse-connected pathway after

infiltrating the respiratory network's peripheral nerve terminals [10, 46].



METHODS

This review was conducted through online relevant studies and reviews that were mostly
found on PubMed, Google Scholar, GMU library as well as medRxiv and bioRxiv. In order to
find possibly related papers, different search strategies were taken to search the bibliographies of
the obtained references below. For instance, articles that were published within one year of April
2020 were examined and other articles that were before 2018 were filtered out. Also, different
keywords such as SARS-CoV-2, Covid-19, Neurological manifestations or complication, and
other relevant words were used to maximize the finding output of literature review.

In general only a few articles regarding COVID-19's neurological involvement using the
search method were found. Some of these articles were sololy a narrative review, while the
others were literature reviews. Moreover, on the relevant articles that were collected and had
useful information, a thorough search on the reference lists of these papers was done and other
relevant references were found and collected for further review. For instance, one interesting
study that was looked at was the neurological signs of COVID-19 and on that paper it was
mentioned that about 25 percent of the individuals had CNS abnormalities that were said to be
related to COVID-19 [6,18]. However, the majority of other papers that were looked into
mentioned only COVID-19's symptoms and general common neurological manifestations.

After reading the abstract and scanning through the articles found, specific studies were
chosen according to some criterias. Editorials, commentary, and narrative reviews with no
reports on case outcomes or proposed treatments methods were excluded from the review, but if
they had reported any neurological manifestation in relation to COVID-19, then they would be
chosen. Also if a paper is reporting on many aspects of COVID-19 and neural aspects, then the

results have been shared and saved for diftferent parts of the review.

RESULTS

The most common symptom observed in COVID-19 patients is respiratory distress which
was reported by Huang et al. About 55% of patients had respiratory disturbance [19]. In
additions, are three types of neurological findings: central nervous system manifestations

(headaches dizziness, impaired consciousness, acute cerebrovascular illness, and seizures),



peripheral nervous system manifestation (hypogeusia, hyposmia), and skeletal muscle

manifestations (hypogeusia, hyposmia) [21, 22].

CNS MANIFESTATIONS

SARS-CoV-2 is primarily a respiratory virus that mostly spreads through the air and
affects the respiratory system as a result, however it was discovered that it can potentially infect
the brain in many ways. Numerous studies show that SARS-CoV-2 has been reported to localize
in the brain and Cerebrospinal fluid (CSF) of infected individuals [23, 25], signifying a
pathogenic impact on the CNS. It can also have an indirect effect on the CNS through
immunological and inflammatory pathways. Headache, dizziness, encephalopathy, acute
myelitis, cerebrovascular accident, and encephalitis are all other major CNS symptoms [24, 25].
As there 1s no specific treatment for headaches caused by SARS-CoV-2 infection, pain
management is essential. Pain is also linked to myalgia and peripheral neuropathies in
COVID-19 patients. COVID-19 patients are resuscitated using high-dose intravenous opioid
infusions for an extended period due to a lack of nursing and physiotherapy [50]. In COVID-19
patients with peripheral neuropathies, gabapentinoids like gabapentin and pregabalin may be
required for pain management [50].The most frequent CNS signs in COVID-19 patients are
dizziness and headache, followed by encephalopathy [24, 25]. In adult and senior COVID-19
patients, encephalopathy has been identified as the leading cause of morbidity and death,
regardless of the degree of respiratory problems [25, 26].

In COVID-19 patients, altered sensorium has been linked to an increased risk of death
[25, 27]. COVID-19 has been shown to promote the inflammatory response, which leads to
hypoxic and metabolic alterations [25, 59]. The hypoxic and metabolic insult causes a cytokine
storm, which is thought to be the primary cause of encephalopathy in COVID-19 patients [25,
27]. According to a study done by Umapathi, et al. demonstrated three COVID-19 patients who
acquired acute encephalopathy during the disease phase, and one patient died after three months
[28]. Encephalopathy is one of the most prevalent CNS signs in COVID-19 patients, according
to several other studies as well [29]. It was also stated in a new study done by Delamarre et al.
which shows that SARS-CoV-2 can also cause acute hemorrhagic necrotizing encephalopathy

[25, 30].



COVID-19-associated encephalopathy, on the other hand, is not limited to just the
elderly. A study that was done by Kinikar et al. described a case of COVID-19-provoked acute
encephalopathy in an 11-year-old boy who had abnormal sensorium and seizures in a case report
[31]. A severe encephalopathy was also reported in COVID-19-positive children in other studies
that are attached to this report [32, 33]. Clinical characteristics of COVID-19-manifested
encephalopathy include altered awareness, anxiety, delirium, and profound coma were also noted
[34, 25]. Another study that was done by Kihira et al. discussed different imaging results of
COVID-19 patients such as leukoencephalopathy, reduced diffusion of both gray and white
matter, microhemorrhages, and leptomeningitis [35,44]. Encephalitis is another CNS
manifestation in COVID-19 patients of various ages, according to new findings [36]. The
presence of SARS-CoV-2-specific RNA in the CSF of a patient with COVID-19-associated

encephalitis confirmed the virus's direct pathogenic role in the development of encephalitis.
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Figure 2. A Histogram illustrating the Percentage of Patients with and without Encephalopathy
in a Study Done by Vishank et al. [44]



PNS MANIFESTATIONS

COVID-19 also causes PNS symptoms that are however less severe in comparison to
CNS, such as chemosensory dysfunctions, muscular pain, and Guillain-Barré syndrome (GBS)
[37]. The most common chemosensory dysfunctions found in SARS-CoV-2-infected individuals
are hyposmia, anosmia and hypogeusia and ageusia, which account for 5-98 percents of cases,
depending on the country the research, and methods involved [34]. These olfactory and gustatory
abnormalities were usually observed in asymptomatic people or as the first stage of
SARS-CoV-2 infection [25, 38]. Hyposmia and anosmia as well as hypogeusia and ageusia on
the other hand are both common symptoms of SARS-CoV-2 infection in mild-moderate cases;
however, hyposmia and anosmia is more severe than hypogeusia and ageusia [25, 34]. According
to statistics from Iran, Europe, and the United States, 64.5 percent and 54.0 percent of
COVID-19 patients, respectively, had smell and taste disruptions before the onset of the other
common disease symptoms [25, 39].

A study by Moein et al. demonstrated 60 COVID-19 positive patients at Masih
Daneshvari Hospital in Iran were given a smell identification test by the University of
Pennsylvania, and 98 percent of them had smell loss that was said linked to the complication of
COVID-19. On that study these patient were said to be diagnosed as anosmic which was about
25% of the patients, severely microsmic about 33% of patients, moderately microsmic 27% of
patients, light microsmic 13% of patients, and lastly normosmic was 2 % of patients [40] and this
data is better seen in figure 3. A different investigation that was done by Yan et al. included 262
ambulatory patients with influenza-like symptoms, with 59 of them being diagnosed with
COVID-19 [25, 41]. In comparison to COVID-19-negative patients, SARS-CoV-2-infected
individuals are more prone to hyposmia and anosmia which was said to be roughly about 68

percent vs. 16 percent and hypogeusia and ageusia around 71 percent vs. 17 percent [25, 41].
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Figure 3. A graph illustrating the results of the smell identification test done by University of

Pennsylvania.
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Figure 4. A Histogram illustrating the Percentage of Hyposmia vs. Anosmia and Hypogeusia vs.
Ageusia obtained from the study done by Yan et al.



SKELETAL MUSCLE MANIFESTATIONS

According to Mao et al. when a patient had skeletal muscular pain and a blood creatine
kinase level more than 200 u/L, it was considered skeletal muscle damage. According to a study
they conducted their findings showed that muscular ache also known as myalgia, muscle
soreness, and fatigue are all common symptoms among COVID-19 patients, where they stated
that the frequencies of muscular damage in severely and moderately sick COVID-19 patients,
respectively, were 19.3 percent and 4.8 percent [48]. In the same review Mao et al. stated that in
an experiment that had a total of 214 hospitalized patients with proven SARS-CoV-2 infection
were included in the study, with roughly 23 individuals suffering from skeletal muscle injuries
(10.7 percent ). [8, 25]. Myalgia might be the first symptom in 36% of COVID-19 patients,
according to a different study that was done by Lippi et al. [49, 42]. Zhu et al. discovered that 33
percent of COVID-19 patients had muscular pain in a meta-analysis encompassing 38 studies
that covered 3062 COVID-19 patients [2, 25]. Cao et al found that 35.5 percent of 46,959
COVID-19 patients (in 31 trials) had muscular pain and fatigue in another meta-analysis [25,
44]. In addition to CNS, PNS, and skeletal muscle Manifestations discussed above, and other

major manifestations were also noted in other studies.

A study that was done in Harvard Medical School shows that among patients who visit
their cognitive clinic, an estimate of about 22 percent to 32 percent of COVID-19 patients who
completely recovered still seem to suffer from brain fog as a result of their extended COVID, or
post-acute sequelae of SARS CoV-2 infection (PASC), as specialists refer to it. Fong et al. also
described brain fog in this study as a slow or sluggish thinking that can occur in a variety of
situations, such as when someone is sleep deprived or sick, or as a side effect of
drowsiness-caused by medications. Or in many cases following chemotherapy or a concussion,
brain fog can also be developed [18]. In addition, a study that was published on PubMED Central
had a study on the COVID-19 proportion which included 22,063 women (55 percent) and 18,364
men (45 percent). A large majority of these patients, 19,709 (48.7%), were between the ages of
18 and 50, while a small but significant group of patients, 3830 (9.5%), were over the age of 80.



The racial breakdown was 15,113 Caucasians (37%), 8350 African Americans (21%), 797
Asians (2%), and 16,000 people of unknown race (40%). Overall, 30,589 people (76%) lived in
the United States (US), while 9880 people (24%) did not. Within the United States, the Northeast
had 8951 (22 percent), the Midwest had 7375 (18 percent), the South had 7228 (18 percent), and
the West had 7035 (17 percent) (figure 5 ). Patients from both outpatient (73.7%) and inpatient
(10.63%) settings were included in the COVID-19 population study [47].
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Figure 5. A Histogram illustrating the Percentage of COVID-19 Patients vs. COVID-19 patients

with Neuropsychiatric Manifestations.



CONCLUSION

SARS-CoV-2 can infect the brain system, skeletal muscle system, and respiratory tract.
Neurologic involvement is more common in patients with a severe infection, including acute
cerebrovascular disorders, reduced consciousness, and skeletal muscle damage. Patients' clinical
conditions may deteriorate, and they may die sooner. This research might provide critical new
clinical information on COVID-19, allowing doctors to better understand its role in neurologic
symptoms. It's especially interesting to note that quick clinical deterioration or worsening in
people with severe COVID-19 might be linked to a neurologic catastrophe like stroke, which
would add to the pandemic's high death rate [17].

COVID-19's specific neurotoxic mechanism is yet to be to be discovered, although a
significant body of clinical and experimental evidence suggests that neuroinvasion, endothelial
dysfunction, neuroinflammation, immune-pathogenicity, and hypoxemia may all play a role in
the development of these CNS symptoms. Existing neurodegenerative or inflammation-mediated
neurological conditions may enhance the likelihood of neurologic symptoms in COVID-19
patients, although the exact link and post-infective impact have yet to be discovered. COVID-19
patients' neurological complications are not limited to acute consequences; they can also have a
long-term influence on the nervous system. Despite the fact that neurologic manifestation is
linked to the severity of the disease and the existence of comorbidities, it may also emerge in
individuals before COVID-19 pneumonic and respiratory symptoms. As a result, neurologic
patients, as well as COVID-19 individuals without neurologic symptoms, require specific
monitoring. COVID-19 patients may also be given preventive treatment to prevent or postpone
neurologic symptoms. Ultimately, COVID-19-related neurological manifestations are a major

problem that requires immediate attention until a remedy is developed [25].
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