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Abstract

The first case was identified in December 2019, the Human coronavirus disease 2019 (HCOV-
19), caused by the severe acute respiratory syndrome coronavirus 2, spread quickly, resulting
in a global pandemic. As of early 2025, the virus infected over 200 countries, with over 3.5
million cases and an estimated 165,000 to 243,000 fatalities. Largely characterized by
respiratory and cardiovascular complications, recent studies highlight the wide-ranging effect
of the virus on the nervous system. The neurological presentations range from mild
manifestations, such as headache (in about 10-20% of patients), dizziness, and hyposmia—the
most frequent peripheral nervous system symptom—to severe complications, such as
encephalopathy, acute cerebrovascular disease (e.g., ischemic stroke and intracerebral
hemorrhage), Guillain-Barré syndrome, and sporadic cases of acute transverse myelitis or
encephalitis. Importantly, neurological deficits may occur prior to the onset of characteristic
respiratory symptoms (such as fever and cough) in 20-30% of cases, making early diagnosis
challenging and allowing for transmission risks in the healthcare setting.

Pathophysiologic mechanisms remain to be explored but are likely to include direct viral
neuroinvasion through angiotensin-converting enzyme 2 receptors, cytokine storm induction
due to systemic inflammation, and hypercoagulability with subsequent thrombotic events.
Delirium and encephalopathy are more common in critically ill patients and may be due to
hypoxia or multiorgan failure. Chronic neurological sequelae like cognitive impairment and
postexertional fatigue are increasingly observed in "long COVID" patients, and this suggests
that monitoring in the long term may be necessary.

This review consolidates current situation of the neurological spectrum of HCOV-19 and the
need for early detection and multidisciplinary management. Frontline doctors and neurologists
need to remain in increased suspicion of SARS-CoV-2 infection in patients with acute
neurological syndromes, regardless of respiratory symptoms, to facilitate early isolation and
treatment. Research is necessary to unravel the neurotropic capacity of the virus, maximize
therapeutic intervention, and prevent long-term disability burden.
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Introduction

The fast-spreading Human coronavirus disease 2019 pandemic is caused from coronaviridae
(1). Various studies have confirmed neurological complications of HCOV-19-infected patients
including seizures, strokes, and decreased consciousness; such presentations seem to be
occurring more frequently among patients who have experienced a more severe illness course
(2). Other presentations which HCOV-19-infected patients can present with include fever,
colds, sore throat, diarrhea, and other respiratory conditions. Nevertheless, the emerging
evidence does appear to suggest that viral infection can trigger atypical presentations such as
headaches, dizziness, seizures, strokes, anosmia, and changes of consciousness. Unlike the
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requirement for a direct invasion of the central nervous system or peripheral nervous system,
such presentations could be triggered by an intense systemic response to an infection by a virus
outside the neurologic structure. There has been evidence suggesting SARS-CoV-2 in a
position to infect directly nervous system structures, as testified by recent reports of peripheral
nerve involvement, myelitis, encephalitis, and meningitis in relation to HCOV-19. However,
no published systematic review seems to have made the distinction (3).

The SARS-CoV-2 has spike protein can be bound by the host cellular ACE 2 receptor, which
plays a role in cell tropism (4). It has been shown that transmembrane protease serine 2 has to
prime and process the S protein for host & viral cellular membranes to fuse and for entry of
SARS-CoV-2. Based on current research, ACE-2 receptor is found in neurons and glial cells of
different regions of the brain (5). Though no systematic and experimental investigations on
SARS-CoV-2 neurotropism have been carried out, some of the mechanisms under discussion
as possible entry channels for the virus to reach the brain include axonal transport and trans-
synaptic transmission (6), the transcribial pathway and the hematogenous and/or lymphatic
pathway (7).

The transcribial pathway of CNS invasion is marked by an initial infection of the olfactory
epithelium, followed subsequently by extension to the subarachnoid space via the cribriform
plate. Furthermore, axonal transport and trans-synaptic spread cases involve infection of other
PN terminals and extension along the neurons. (8). In keeping with a third hypothesis, it is
suggested that SARS-CoV-2 infects the organism via the lymphatic or circulatory systems, then
disseminates to the CNS (9). Crossing the brain endothelial barrier can be done through either
endocytosis by virally infected leukocytes or disruption of the tight junctions of brain
microvascular endothelial cells or alternatively through direct infection of BMECs resulting in
abluminal release of the virus into the CNS parenchyma (10). Any of these pathways is
potentially capable of causing neurological disorders by directly injuring the nervous system.
Interestingly, all neurological symptoms or diseases do not result from direct infection of
nervous system structures or cells. Indirect neurotoxicity is evoked by immunomodulated
pathogenesis (11), coagulation disorder, cardiovascular comorbidities like hypertension or
diabetes, disrupted glucose and lipid metabolism, lung-brain cross talk disturbances like
hypoxic encephalopathy, or an imbalanced gut-brain axis through gut flora disturbances during
GIT SARS-CoV-2 virulence (12). 36.4% of patients from Wuhan, China, experienced
symptoms associated with the central nervous system, 8.9% with the PNS, and 10.7% with
skeletal muscle symptoms. A previous study on the CNS symptoms of HCOV-19 comprised
six studies with unique data. To slow down the global pandemic and fill in knowledge gaps, it
is required to combine the most recent and evolving research on the neurological involvement
in HCOV-19 virulency (13).

This study consolidates existing literature on neurological presentation and prognosis in
HCOV-19 patients and classes the findings into two broad categories: common neurological
symptoms and unusual neurological complications. In addition, this review highlights the
neurological symptoms, comorbidities, laboratory reports, and their results among HCOV-19-
infected patients, respectively. (14).

FREQUENT NEUROLOGICAL MANIFESTATIONS OF HUMAN CORONAVIRUS-19:

The most important neurological presentations in Human Coronavirus-19 (HCOV-19) patients
were headache, dizziness, taste and smell disturbances, and alterations in consciousness. They
occurred in over five of the included studies and were noted in over 4% of the total studied
populations. (15). The nervous disorders and effects of HCOV-19 can be categorized into two
categories, as indicated in the table below.
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Table 1: Manifestation and complication in Covid-19 patients

Site

Manifestation and complication

PNS

Hypogeusia

Neuralgia

Hyposmia

Skeletal muscle rupture

Guillian Barre syndrome

CNS

Ataxia

Encephalitis

Cerebrovascular dysfunction

Impaired Mental activity

Transverse myelitis

AHNE

Encephalopathy

Headache

Epilepsy

Dizziness

CNS INVASION MECHANISM

Since HCOV-19 is believed mutated, despite the lack of experimental proof (16). The
respiratory epithelium is the main target of coronaviruses, which are not predominantly
neurotropic viruses. The virus RNA enters the cell and is released into the cytoplasm, where
it undergoes translation and replication. The virus enters the bloodstream once the envelope
protein is created and the RNA is integrated into it (17).
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Neurological Impact of SARS-CoV-2

Virus of interest in
neurological studies

Facilitates virus binding and
replication
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Mechanisms

Pathways accessing the
central nervous system

Figure 1: Neurological Impact of SARS-CoV-2

The virus can bind, replicate, and harm the nerve tissue since brain glial cells and spinal neurons
contain ACE 2 receptors. Experiments on mice indicate that the coronavirus enters the nervous
system via the cribriforms bone and enters the brain within 7 days. When the blood-brain
barrier is broken during the disease, the virus enters the brain directly as well. Another
hypothesis is that CoV enters the central nervous system through a synapse-related route
following infection of peripheral nerve terminals. Since it is SARS Cov-related, we can
conclude that HCOV-19 also enters the central nervous system through the above-mentioned
routes. The comprehensive study of the virus and host relationship has been discussed
elsewhere and is not the subject of this article. (18).

CNS INJURY CAUSED BY A NEUROPATHOLOGICAL PROCESS:

The two primary mechanisms by which HCOV-19 damages the nervous system are hypoxic
brain injury and immune-mediated CNS damage.

A. Brain Injury caused by hypoxia
Systemic hypoxia due to acute pneumonia may lead to brain damage. Peripheral vasodilation,
anaerobic metabolism and buildup of toxic substances, hypoxia, and hypercarbia are involved
factors. These lead to swelling of neurons and cerebral edema and damage the nervous system.

(19).

B. Immune-mediated damage
Cytokine storms, i.e., excess IC and activated of T cells, macrophages, and endothelial cells,
are an immediate mechanism of immune-mediated consequences. Moreover, the additional
secretion of Interleukin 6 results in end organ damage, disseminated intravascular coagulation,
activation of the complement and coagulation cascades, and change in vascular permeability.
(20).
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SYMPTOMS OF THE CENTRAL NERVOUS SYSTEM:

1. Encephalopathy

Though the diagnostic criteria and information were not provided, it was discovered that 40%
of Mao et al.'s population presented with encephalopathy and headache (21). A 74years old
male patient in the recent past admitted with fever and cough. He was discharged home after
an initial diagnostic workup, which was unremarkable for any notable health issues. He
returned with progressive symptoms of headache, fever, cough, and deterioration of cognition.
A chest X-ray showed pneumonia; however, brain CT scan was normal except for evidence of
a previous stroke. Cerebrospinal fluid polymerase chain reaction examination was negative for
infection. He was discovered to be HCOV-19 positive and needed intubation for respiratory
failure. The patient was treated with lopinavir/ritonavir and hydroxychloroquine, followed by
broad-spectrum antibiotics (21).

2. Acute hemorrhagic necrotizing encephalopathy
The first reported US case of COVID-19-associated acute hemorrhagic necrotizing
encephalopathy (AHNE) was a woman in late fifties with 3 days of fever, cough, and change
in mental status. SARS-CoV-2 RNA was detected by nasopharyngeal PCR, and CSF was
negative for West Nile, herpes simplex, and varicella zoster viruses. Non-contrast head CT on
initial presentation revealed symmetric hypodensities in the bilateral medial thalami, and
cerebral vasculature was normal on angiography. Follow-up MRI revealed hemorrhagic rim-
enhancing lesions in the thalami, medial temporal lobes, and subinsular regions—a radiologic
pattern consistent with AHNE. Treatment included intravenous immunoglobulins, but outcome
was not mentioned (22). AHNE, a rare viral infection complication such as influenza and
SARS-CoV-2, is postulated to result from cytokine storm-induced disruption of the blood-brain
barrier and direct neurotropism. These mechanisms result in fulminant neuronal damage, as
indicated by increased CSF biomarkers such as neurofilament light and tau proteins in
comparable instances. The lack of CSF pleocytosis and delayed viral RNA detection in CSF
(in other COVID-19-associated ANE instances) highlights the value of serial neurodiagnostic
examinations in encephalopathic presentations. Early immunomodulatory treatment, including
plasma exchange, has been variably successful in altering this rapidly evolving process

Understanding Acute Necrotizing Encephalopathy

Viral Infection % ﬁ? Cytokine Storm

Neurological wh4s

Complications @ Research Needs

(23).
Figure 2: Understanding Acute Necrotizing Encephalopathy
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3. Acute myelitis

Acute myelitis, and acute transverse myelitis (ATM) in specific, is a rare inflammatory disease
of the spinal cord and is defined by an acute onset of motor, sensory, and autonomic
impairment. The illness may be triggered by a broad variety of causes, including infections,
systemic diseases, and post-infectious inflammation; some cases are related to diseases such as
multiple sclerosis and neuromyelitis optica. The latest studies emphasize the absolute
importance of early diagnosis by using MRI imaging and cerebrospinal fluid examination to
differentiate ATM from other diseases, including Guillain-Barré syndrome (24). Treatment
usually involves the use of high-dose corticosteroids, whereas other treatments, such as
intravenous immunoglobulins or plasmapheresis, can be reserved for non-response. The
prognosis is highly heterogeneous, with residual symptoms being the norm and complete
recovery in only a minority of patients (25).

4. Encephalitis

Acute cerebrovascular dysfunction consists of a spectrum of life-threatening states of sudden
disruption of cerebral perfusion with focal cerebral deficits and risk of long-term disability.
The two main mechanisms are ischemic (e.g., thrombotic or embolic) arterial occlusion and
hemorrhagic strokes due to vessel rupture (26). Sudden hemiparesis and aphasia to severe
headache and altered mental status is a typical clinical presentation, depending on the involved
brain regio. Hypertension is the single most crucial modifiable risk factor, responsible for both
atherosclerosis and vessel fragility, and imaging with CT/MRI is extremely useful for
differentiating subtypes of strokes and planning time-dependent intervention. Contemporary
management places greater emphasis on prompt reperfusion by thrombolytic therapy for those
ischemic patients eligible and operative management of hemorrhagic complications and
secondary prevention measures aimed at vascular risk factors (27). Despite advancements in
acute treatment, the prognosis is variable with important dependence on the percentage of
ischemic penumbra salvage and timely institution of therapy. Emerging evidence further
enhances the therapeutic paradigm, particularly within the areas of neuroprotection and
endovascular technology, in an attempt to tackle the immense burden of cerebrovascular
morbidity and mortality worldwide.

5. Headache and dizziness
The percentage of those who reported having a headache ranged from 2.0 to 66.1% (26) with
20.1% participating in the study. Data showed that headaches were more common in mild or
moderate HCOV-19 patients than in severe or critical individuals. Dizziness was examined in
13 studies with 2236 HCOV-19 participants. About 7.0% of HCOV-19 patients had dizziness,
with mild to moderate instances being equally classified as severe or critical cases. The reason
for dizziness and vertigo, as well as for clinical distinctions between them, was not addressed
in research presented. As a result, the causes for dizziness, including overall, impairment of the
8th cranial nerve, or stroke, are unclear of eight studies that made up a sample, 12.1% of 654
patients with the diagnosis of HCOV-19 manifested headache and dizziness, and no differences
between cases of so-called mild and moderate, versus severe or critical, as established by the
history of disease course, were revealed (27). Headache and dizziness are common but mild
symptoms of various conditions. Different studies indicate that the symptoms are mild
presentations that accompany the presentation of HCOV-19. The prevalence of the symptoms
varies from 3.1% to 12.1% (28).

6. Smell and taste dysfunction
The incidence of the reports of taste dysfunctions and smell dysfunctions has considerably
varied. A study showed the following: 88.8% of the patients experienced taste dysfunction, and
85.6% experienced smell dysfunction (29). Another study, however, identified that 5.1% and
5.6% of the patients, respectively, experienced dysfunctions in taste and smell (Mao et al.,
2020). In total, general or ear, nose, and throat symptoms either occurred initially (65.4%) or
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later (22.8%), before smell dysfunction started. Combined in all the studies, 59.2% of the
patients experienced smell dysfunction and 50.8% experienced taste dysfunction. These
dysfunctions were more frequent among HCOV-19 patients with mild or moderate disease
presentations than among those with severe or critical disease courses (30).

Percentage of Patients

59.2%

-B%

Type of
Smell Taste Dysfunction

Dysfunction Dysfunction

Figure 3: Prevalence of sensory dysfunction in Covid-19 patients (30)

7. Impaired consciousness
5.1% of HCOV-19 patients had disturbed consciousness, more generally described as
"confusion" or "agitation," in nine studies involving 2890 patients. The range was between 1.4
(Guan et al., 2020) and 69.0% (31). Disrupted consciousness was more frequently found in
patients with severe or critical HCOV-19 than in those with mild or moderate HCOV-19, as
would be expected.

8. Acute cerebrovascular Dysfunction

Acute cerebrovascular events in HCOV-19 patients were reported in two cohort studies. Out of
214 hospitalized patients, 2.8% of the patients developed acute cerebrovascular events, and the
majority (5 of the 6 reported cases) had severe or critical evolution of the disease, according to
Mao et al. (32). In a retrospective observational study of 221 HCOV-19 patients, Li et al.
reported the occurrence of 11 patients with acute ischemic stroke, 1 patient with cerebral
venous sinus thrombosis, and 1 patient with cerebral hemorrhage. Patients with acute
cerebrovascular events were older (71.6 £ 15.7 years vs. 52.1 £ 15.3 years), more commonly
with severe HCOV-19 (84.6% vs. 39.9%), and had greater frequencies of cardiovascular risk
factors, such as diabetes (46.2% vs. 12.0%), hypertension (69.2% vs. 22.1%), and history of
cardio-cerebrovascular diseases in the past, Li et al. (2020) wrote. In two additional case
reports, cerebral infarctions in HCOV-19 patients were described in detail (33).

9. Seizures
In case reports, one of these patients did not undergo brain MRI and CSF studies, raising doubts
about the diagnosis's accuracy (34). There were no indications of acute symptomatic seizures
or status epilepticus among 304 HCOV-19 patients, according to a thorough retrospective
investigation (35).
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10. Meningitis/encephalitis

Seven distinct cases of meningitis and encephalitis have been ascribed to HCOV-19. Two
patients among them had cerebrospinal fluid that was SARS-CoV-2 positive. Although clinical
details were scarce, one case of viral encephalitis from China has been described. Moreover, a
case of encephalitis was described from Japan with further details. This patient had altered
consciousness, SARS-CoV-2 PCR positivity in the CSF, and pathological cerebral MRI with
right lateral ventriculitis and encephalitis of the predominant right mesial temporal lobe and
hippocampus. However, three other cases lacked detectable SARS-CoV-2 RNA in their CSF
swabs. In one case report from China, encephalitis diagnosis was unclear as a cerebral
computed tomography scan was normal and no MRI scan was reported (36).

11. Oculomotor nerve palsy
It’s reported that one HCOV-19 patient had oculomotor nerve palsy. The cerebral MRI revealed
no evidence of SARS-CoV-2, and the CSF did not contain the virus (40).

PNS MANIFESTATIONS AND COMPLICATIONS

» Chemosensory dysfunction and anosmia

In a survey within the US to evaluate chemosensory dysfunction in 203 HCOV-19 negative
and 59 HCOV-19 positive patients admitted from one hospital. In their research, the HCOV-19
positive group showed significantly greater taste and olfactory function disturbances i.e. loss
of smell: 68% vs. 16%; loss of taste: 71% vs. 17% compared to the negative group. Most
subjects in the current study were ambulatory and did not undergo hospitalization or
mechanical ventilation (41). In addition, they utilized an online survey to validate the results
from a large sample of Iranian 10,069 patients and presented evidence that, whereas in critical
HCOV-19 patients—where transmission of the virus is most probable via the lung—in
ambulatory HCOV-19 patients, transmission of the virus is probable via the nose (42). Reduced
sense of smell has also been a significant problem for subjects during the past four weeks of
the HCOV-19 pandemic in Iran. Of those surveyed, 83.38% reported a reduced sensation of
taste, and 48.23% experienced anosmia and hyposmia. A abrupt development of anosmia
occurred in 76.24% of patients. Additionally, before anosmia, the patients experienced
headaches (48.6%), fever (37.3%), nasal stiffness (43.7%), and flu or cold symptoms (75.5%).
However, among the 214 Chinese patients in the Mao et al. trial, 12 (5.6%) and 11 (5.1%)
exhibited impaired smell and taste, respectively. The French HCOV-19 patient group did not
disclose any cases of anosmia or taste impairment (42).

» Guillain barre syndrome

Up to now, China, Iran, and Italy have reported eight cases of HCOV-19-associated GBS. Zhao
et al. described the first case of GBS in a 61-year-old woman who had visited Wuhan City,
China. Within a single day, she recovered from acute weakness and severe fatigue in both legs.
Demyelinating polyneuropathy was indicated by electromyography. Following IVIG
treatment, she subsequently experienced respiratory difficulty. Her HCOV-19 test was positive.
She contaminated eight individuals, consisting of 2 neurologists and 6 nurses who were isolated
but HCOV-19 PCR-negative, along with two of her relatives.

The author concluded that thrombocytopenia and lymphopenia at admission were in line with
a para-infectious pattern of GBS due to HCOV-19 according to the history of travel. After her
quarantine and antiviral treatment, she recovered completely from her motor functions.

A male patient who presented with quadriplegia and bilateral facial paralysis from ascending
paralysis also presented with fever, cough, and intermittent dyspnea (43). He was treated with
IVIG. In the scientists' opinion, GBS ought to be taken as a neurological consequence of
HCOV-19 because respiratory involvement is prevalent in the virus and might make it possible
to develop GBS. As per Virani and others, a 54-year-old American individual had GBS. As his
paralysis in the ascending manner increased, he had respiratory issues. There was no bowel or
bladder issue. There were no reflexes, and the MRI spine was normal. There was a history of
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diarrhea before the abrupt onset of weakness. His HCOV-19 test was positive. He was treated
with IVIG and antimalarial drugs (44).
In 2020, presented with a co-incidental relationship to a patient with GBS who presented with
HCOV-19 symptoms in the hospital. Miller Fisher syndrome, characterized by positive GD1b-
IgG antibodies, and polyneuritis cranialis were both described by Gutiérrez-Ortiz. CSF SARS-
CoV-2 PCR on both patients was negative (45).

» Other manifestations
Additionally, one person each experienced epilepsy and ataxia, and five others had neuralgia,
however further details were not given (46).

Conclusion

The main organs affected by HCOV-19 are the cardiovascular and respiratory systems.

Neurological involvement is not rare and can have severe consequences if it is not identified

and treated very early. These issues are usually observed in patients who are actually very sick,

and sometimes they can even appear before respiratory symptoms or be the sole symptoms of

HCOV-19 patients. Hence, a high suspicion index is needed to treat and prevent such

occurrences as quickly as possible. Recording the functional outcomes after neurological

problems is also important as well as accurately gathering data on both acute and chronic
neurological problems from across the globe.
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