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Purpose of review

Since its emergence in 2020, the COVID-19 pandemic has created a global surge of survivors
experiencing neurologic effects from SARS-CoV-2 infection. This review aims to provide an updated
synthesis of the acute and chronic neurological manifestations of COVID-19, and to outline the current
therapeutic strategies for these conditions.

Recent findings

Epidemiological studies have shown that COVID-19 patients with neurological symptoms during acute
infection tend to have poorer hospital and functional outcomes. While the risk of adverse neurologic symptoms
including cognitive dysfunction, headache, autonomic dysfunction, and chronic fatigue are thought to be
greatest following infection with the original SARS-CoV-2 strain and its alpha variant, they remain prevalent
after infection with subsequent less virulent strains as well. Some recent work has also found a link between
SARS-CoV-2 and structural brain changes. However, ongoing trials show promising results for pharmacologic
and nonpharmacologic treatments targeting the postacute neurological sequelae of COVID-19.

Summary

Lingering neurological manifestations after COVID-19 still pose considerable individual, healthcare system,
and socioeconomic repercussions. Both preventive and multimodal treatment approaches are necessary to
address these conditions. Further research is required to assess the lasting impacts of SARS-CoV-2 on the
nervous system, particularly its potential contribution to the development of neurodegenerative diseases.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) was declared a
pandemic by the WHO in March 2020. In the sub-
sequent5years, it led tonearly800millionconfirmed
cases and over 7 million deaths [1]. SARS-CoV-2, the
virus responsible for COVID-19 disease, is an RNA
virus that mainly impacts the respiratory system.
However, it has become clear that neurological man-
ifestations of COVID-19 can also occur at all stages of
the illness, including during acute infection, the
postacute phase, and chronic stages. This review
presents the most recent findings related to the neu-
rological symptoms associated with SARS-CoV-2
infection. Additionally, it highlights promising ther-
apeutic strategies for the neurologic postacute seque-
lae of COVID-19 (neuroPASC).

ROUTES OF INFECTION AND
PATHOPHYSIOLOGY OF SARS-CoV-2 IN
THE CENTRAL NERVOUS SYSTEM
considered a classically
me evidence that it has

 2025 Wolters Kluwer H
the potential for neurovirulence and may enter the
central nervous system (CNS) [2,3

&

] via several
paths. In the neuronal route hypothesis, SARS-
CoV-2 is carried to the CNS via retrograde axonal
transport from the peripheral sensory neurons or via
the cranial nerves encountered in the respiratory
tract, such as the olfactory nerve. A second hypothe-
sized route is the hematogenous pathway, in which
viral particles in the systemic circulation traverse the
blood–brain barrier (BBB) via a Trojan horse mech-
anism or directly through a compromised BBB.

Although SARS-CoV-2 viral RNA has been iden-
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KEY POINTS

� SARS-CoV-2 infection has a myriad of neurological
presentations both in the acute and postacute phases.

� These neurological manifestations include
cerebrovascular disorders, immune-mediated disorders,
cognitive dysfunction, constitutional symptoms, and
peripheral and autonomic nerve disorders.

� The mechanisms underlying these conditions are not yet
completely elucidated, but likely involve the interplay of
neuroinflammation, immune dysregulation, endothelial
injury, and viral effects on cellular homeostasis.

� Numerous studies are ongoing regarding
pharmacologic and nonpharmacologic interventions to
treat ongoing neurological symptoms of COVID-19,
which can persist up to years after initial infection.

� The long-term outcomes of SARS-CoV-2 infection and its
role in the pathogenesis of neurodegenerative
conditions are not yet known.

Neurol
failed to provide overt evidence of SARS-CoV-2 in
neuronal cells using electron microscopy [2,4].
Thus, current evidence indicates the neurologic
sequelae seen during COVID-19 infection are less
likely a result of direct viral neuroinvasion. Instead,
other pathophysiologic processes including cyto-
kine storming, immune dysregulation, persistent
neuroinflammation, and endothelial injury, are
thought to play a more significant role in both

the acute and postacute neurological sequelae
resulting from SARS-CoV-2 infection [2] (Table 1).

Table 1. Proposed mechanisms underlying the neurological sequ

Neurological sequelae Related diagnoses P

Cerebrovascular disorders Ischemic stroke
Hemorrhagic stroke
Cerebral venous thrombosis

M
H

Immune-mediated and
demyelinating disorders

Acute disseminated encephalomyelitis
(ADEM) Autoimmune encephalitis

Transverse myelitis
Guillain–Barre syndrome

A

Neurocognitive Disorders Brain fog
Mild cognitive impairment

P
S

Constitutional disorders Fatigue
Headache

P
E
O

Nerve disorders Neuropathy
Autonomic dysfunction

S
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Cerebrovascular disorders

Ischemic and hemorrhagic strokes

Epidemiological data show that there is a two-fold to
three-fold increased riskof ischemicstroke inpatients
with COVID-19, with peak incidence observed
within 1–2weeks postinfection [5–7]. However, a
study leveraging the UK Biobank found that
COVID-19 patients, particularly thosewhowere hos-
pitalized, are at an elevated risk for developingmajor
adverse cardiovascular events, including stroke, even
up to 3years following acute infection [8]. Compared
with prepandemic stroke cohorts, patients with
COVID-19-associated ischemic strokes have been
shown to be younger with a higher number of mod-
ifiable cerebrovascular risk factors, such as diabetes,
hypertension, dyslipidemia, atrial fibrillation, and
congestive heart failure [9].

Concerning treatment, data from the Global
COVID-19 Stroke Registry has shown that COVID-
19 patientswith ischemic strokes have higher rates of
intracranial bleeding complications and worse clin-
ical outcomes after revascularization therapy (intra-
venous thrombolysis and endovascular treatment)
than non-COVID-19 patients [10]. However, there
isno contraindication to revascularization therapy in
patients withCOVID-19 presenting with acute ische-
mic stroke. Inpatient mortality and morbidity of
patients with COVID-19 and stroke are also higher

compared with non-COVID-19 stroke patients or
historical controls [11].

elae of SARS-CoV-2

ossible mechanisms

icrovascular endothelial dysfunction
ypercoagulable state

utoimmune activation due to molecular mimicry

ersistent neuroinflammation,
tructural alterations – decreased brain volume and cortical
thickness in the orbitofrontal cortex, parahippocampal gyrus,
hippocampus, and amygdala

ersistent neuroinflammation
ndothelial dysfunction
xidative stress

mall and large fiber neuropathy
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In contrast, studies have demonstrated a lower
incidence of hemorrhagic strokes in COVID-19
patients [12], though intracerebral hemorrhage
(ICH) patients with COVID-19 have higher odds
of poor functional outcomes, discharge to hospice,
and mortality [13].

Cerebral venous sinus thrombosis

Infection with SARS-CoV-2 can lead to a hyper-
coagulable state, increasing the likelihood of cere-
bral venous sinus thrombosis (CVST) in addition to
arterial ischemic stroke [14]. Although the historical
incidence of CVST is generally low, epidemiological
reports early in the pandemic indicated that there is
an increased risk of CVST amongCOVID-19 patients
[14]. In contrast to classic CVST, which affects
younger female individuals, COVID-19-associated
CVST has a balanced sex distribution and can occur
in individuals without traditional risk factors [15].
One study also found that COVID-19 patients with
CVST have a higher incidence of altered mental
status, higher baseline national institutes of health
stroke scale (NIHSS) score, increased median throm-
bus load, higher rates of ICU admission, and longer
duration of hospital admission [16]. COVID-19-
related CVST is treated similarly to non-COVID-
CVST, with immediate administration of parenteral
unfractionated heparin or low-molecular-weight
heparin, followed by conventional or newer oral
anticoagulants [17]. Mortality and postacute out-

CNS infections
comes are similar compared to pre-COVID CVT

patients [16].
Immune-mediated and demyelinating
disorders

Acute demyelinating encephalomyelitis

Acute demyelinating encephalomyelitis (ADEM) is
an immune-mediated, monophasic, multifocal
demyelinating disorder that affects the CNS. It is
considered a para-infectious or postinfectious syn-
drome, usually occurring several weeks after infec-
tion and diagnosed through typical clinical and
imaging (brain MRI) findings. A systematic review
of ADEM cases secondary to COVID-19 showed a
predominance of adult male cases, with a mean age
of 50 years. The mean time for the development of
ADEM was approximately 3weeks (23days) [18]
from the onset of infection, and no association with
COVID-19 severity was identified [19]. Intravenous
corticosteroids are the recommended first-line treat-
ment while intravenous immunoglobulin (IVIG) or

plasma exchange are utilized in refractory cases [19].
ADEM in the course of COVID-19 contributes to
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higher rates of intensive care admission, long-term
neurological sequelae, and mortality [20].

Autoimmune encephalitis

Autoimmune encephalitis is a rare but significant
neurological sequela of COVID-19. Limited studies
have demonstrated that patients can develop auto-
immune encephalitis within a few days or up to
1month after the onset of SARS-CoV-2 infection
[21]. Clinical presentations vary, and may involve
seizures, psychiatric symptoms, extrapyramidal
movements, altered consciousness, neuromuscular
symptoms, and cerebellar syndromes [22].

Similar to typical autoimmune encephalitis, CSF
may be normal or show mildly elevated protein,
elevated IgG levels, and the presence of oligoclonal
bands [22]. Neuroimaging studies may also be nor-
mal or can demonstrate T2/FLAIR hyperintensities
in several brain regions including the temporal
lobes, white matter, insula, brainstem, cerebellum,
and corpus callosum [23]. A systematic review
found that the specific antibody is unknown in
themajority of SARS-CoV-2-associated autoimmune
encephalitis, though among those with identified
antibodies, anti-NMDAR was the most common,
followed by anti-LGI-1, and anti-MOG [22]. Other
antibodies reported include Caspr-2, GAD-65,
AMPA, CRMP-5, and GABA [22].

Autoimmune encephalitis after COVID-19 gener-
ally responds to immunotherapy.Successful treatment
regimens have included high-dose corticosteroids,
IVIG, plasma exchange, and rituximab [22]. Prognosis
after treatment is favorable, with the majority of
patients achieving complete recovery, although a
small percentage of cases may experience residual
neurological symptoms [22,23].

Guillain–Barre syndrome

Guillain–Barr�e syndrome (GBS) is an immune-medi-
ated postinfectious syndrome that affects the periph-
eral nerves and has been associated with a variety of
infectious agents includingCampylobacter jejuni,Hae-
mophilus influenza, andEpstein–Barr virus [24].Multi-
ple subtypes of GBS including acute inflammatory
demyelinating polyneuropathy (AIDP), acute motor
axonal neuropathy (AMAN), and Miller–Fisher syn-
drome (MFS) have since been reported following
infection with COVID-19 [24,25].

Data indicate COVID-19-associated GBS has a
malepredominancewithmeanageofonset at61years
[24]. Most cases present subacutely, with an average
onset of 19days post-COVID-19 infection [24]. Clin-
ical presentation is similar to GBS due to other causes,

includingdiminished strengthof the distal limbswith
ascending evolution, accompanying sensory changes,
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rol
hyporeflexia, and cranial nerve deficits [26]. Themost
common cerebrospinal fluid finding is albuminocyto-
logical dissociation [27], while electrodiagnostic stud-
ies indicated AIDP is the predominant subtype [27].

The most common treatment method for GBS
following COVID-19 is IVIG, with plasma exchange
also being trialed in case reports. Although there is a
high prevalence of intensive care admissions in the

Neu
context of COVID-19-associated GBS, most patients

agents and nonpharmacological approaches aimed

in published studies improved after treatment [25].

NEUROLOGICAL POSTACUTE SEQUELAE
OF CORONAVIRUS DISEASE 2019

As the COVID-19 pandemic evolved, reports arose
on various symptoms that persisted weeks or
months after acute SARS-CoV-2 infection. Collec-
tively, this group of chronic, debilitating conditions
has been called post-COVID-19 conditions (PCC),
PASC, or long COVID [28]. The detailed proposed
mechanisms of neuroPASC are outside the scope of
this review but include persistent neuroinflamma-
tion, immune dysregulation, autoimmune reac-
tions, reactivation of latent infections, endothelial
dysfunction, and alterations in gut microbiota [29].
Moreover, complex factors including viral biology
(SARS-CoV-2 variants and reinfections), host biol-
ogy (genetics and epigenetics), and external factors

(vaccination and antiviral medications) play a role

habits, caffeine consumption, and hydration,
in the emergence and severity of neuroPASC.

Cognitive dysfunction or ‘brain fog’

Accumulating evidence has shown that some indi-
viduals who previously had COVID-19 will experi-
ence lingering neurocognitive concerns, most
strongly associatedwith original early alpha variants
[30

&&

]. These cognitive symptoms include mental
fatigue, memory impairment, slower processing
speed, impaired attention, and difficulty concen-
trating [31]. Any combination of these symptoms
can lead to ‘brain fog’ or post-COVID cognitive
dysfunction (PCCD) [32]. Meta-analyses estimate
the prevalence of PCCD at 7–59.2% [33]. Risk factors
for PCCD include advanced age, preexisting mood
and anxiety disorders, unemployment, poor base-
line functional status, fewer years of education,
APOE-e4 allele positivity, more severe COVID-19
infection, and pre-COVID cognitive impairment
[30

&&

,33]. Vaccination may provide a slight cogni-
tive benefit, and reinfection may lead to further
cognitive decline; in one study, reinfection led to
an additional decrease of 2 IQ points compared to
those who did not experience reinfection [30

&&

].

Neuroimaging studies have reported structural

and functional alterations in the brains of patients
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following COVID-19, including reduced greymatter
volume in the parahippocampal gyrus, frontal
gyrus, anterior cerebellar, occipital lobe, and bilat-
eral superior temporal lobes [34]. These changes
have been found to correlate with cognitive testing
scores [34,35

&&

]. However, cognitive complaints are
not necessarily associated with structural damage to
the brain and may resolve. While established treat-
ment guidelines are lacking, there are currently
numerous trials investigating pharmacological

ogical manifestations of SARS-CoV-2 Ocampo and Holroyd
at PCCD (Table 2).

Headache

The prevalence of persistent headaches post-
COVID-9 ranges between 10 and 19% [36,37].
Post-COVID-19-associated headaches have a variety
of clinical presentations and may have features of
migraine and/or tension-type headaches [38]. One
study showed that headache during acute infection
was associated with the development of persistent
headache post-COVID [39], though additional data
is needed. Neuroimaging abnormalities in patients
with persistent headache following COVID-19
infection include decreased grey matter and cortical
thickness in the pars orbitalis, right fusiform gyrus,
and frontal pole [40].

At present, there are no established protocols for
managing headaches after COVID-19 and the choice
of medication depends on the specific type of head-
ache that patients exhibit [38]. Nonpharmacologic
therapies, including physical therapy, lifestyle mod-
ifications, and regular exercise, along with identify-
ing potential triggers, such as sleep patterns, dietary
should be included in the treatment approach [38].

Fatigue and myalgic encephalomyelitis/
chronic fatigue syndrome

Fatigue is one of the most commonly reported symp-
toms among patients post-COVID-19 with an esti-
mated prevalence ranging from 40 to 60% [41].
There is evidence that female sex, older age, hospital-
ization or intensive care admission, co-morbidities
suchashypertensionand lungdisease, anddepression
are risk factors for post-COVID-19 fatigue [42]. Inmost
individuals, fatigue gradually improves over time
without specific intervention. However, there is evi-
dence that a subset of individuals with post-COVID
fatigue will meet the standard case definitions of
myalgic encephalomyelitis/chronic fatigue syndrome
(ME/CFS) [43], including prolonged and severe

fatigue, postexertional malaise, unrefreshing sleep,
cognitive impairment, and orthostatic intolerance.
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Table 2. Pharmacologic and nonpharmacologic agents for neurologic postacute sequelae of COVID-19

Neurologic
manifestations Intervention Study details Findings

Cognitive impairment Donepezil 5mg for 12 weeks [55] Randomized controlled trial
Donepezil: n¼10 Control: n¼15

Did not result in a significant overall
increase in memory scales between
the donepezil and control groups

Guanfacine 1–2mg þ N-
acetylcysteine 600mg [56]

Case series
n¼12

Improved working memory,
concentration, and executive function

Palmitoylethanolamide (PEA) þ
Luteolin (LUT) [57]

700mg PEA þ 70mg LUT for at
least 2 months

Retrospective case control
Co-ultraPEALut: n¼26
Controls: n¼15

Significant improvement in the
Prospective Retrospective Memory
Questionnaire (PRMQ) and MoCA
raw scores after 10 months.

Hyperbaric oxygen therapy [58]
40 daily sessions of HBOT

Randomized sham-control trial
HBOT: n¼37
Sham: n¼36

Significant improvement in global
cognitive function, attention,
executive function, energy level, and
neuropsychiatric symptoms

Nirmatrelvir/ritonavir (Paxlovid)
[59]

Nirmatrelvir/Ritonavir 300/100mg
2�/day for 15 days

Randomized controlled trial
Nirmatrelvir/ritonavir: n¼102

Placebo/ritonavir: n¼53

No improvement in brain fog and
fatigue in 155 patients experiencing
moderate to severe long COVID

Meditation, 30min/session for 10
sessions over 5 weeks [60]

Sound therapy and Coach-guided
meditation with light stimulation

Randomized controlled trial

Intervention: n¼17
Control: n¼17

Reduced cognitive impairment and
improved physical and mental
fatigue, pain, mood disturbances,
and anxiety

Photobiomodulation [61]
Transcranial: 1070 nm
Whole-body: 660/850nm

Open-label observational study
Transcranial: n¼7 Whole-body:

n¼7

Significant improvements in MoCA,
Digital Symbol Substitution Test, and
Trails B

Fatigue Low-dose naltrexone [62]
Median 20mg (range: 0.5–6mg)

for a median duration of 143
days

Retrospective cohort
n¼59

Lower number of symptoms and
improvement in the severity of
fatigue, PEM, unrefreshing sleep,
and abnormal sleep pattern

Amantadine for 2 weeks [63&&] Open-label randomized controlled
trial

Amantadine: n¼30 Control: n¼32

Lower fatigue levels as measured by
the visual analog fatigue scale
(VAFS) and Fatigue Severity Scale
(FSS)

1.66g L-arginine þ 500mg
liposomal vitamin C for 28 days
[64]

Single-blind randomized controlled
trial

L¼ArgþVit C: n¼23 Control:
n¼23

Increased 6-minute walk distance and
induced greater improvement in
handgrip strength. Lower incidence
of persistent fatigue in the treatment
group.

ImmunoSEB þ ProbioSEB CSC3
[65] for 14 days

Double-blind randomized control
trial

Intervention: n¼100; control:
n¼100

Resolution of fatigue in a greater
percentage of subjects in the test vs.
the control arm (91 vs. 15%) on day
14.

High-definition transcranial direct
stimulation (HD-tDCS) [66]

10 sessions (two sessions/week �
5 weeks)

Double-blind randomized sham-
control trial

HD-tDCS: n¼35; Sham: n¼354

Significantly greater reduction in
fatigue, as measured by Modified
Fatigue Impact Scale. Significant
reduction in anxiety and
improvement in quality of life.

Transcranial magnetic stimulation
(TMS) [67]

10 rTMS sessions

Retrospective observational study
n¼14

Significant improvement in all WAIS4
sub-items

Rehabilitation Exercise and
psycholoGical support After
covid-19 InfectioN (REGAIN)
[68&]

Randomized controlled trial
Intervention: n¼298; control:

n¼287

Greater improvements in the PROMIS
subscores for fatigue [2.50 (1.19–
3.81), P<0.001], depression, and
pain interference at 3 and 12
months

Postural orthostatic
tachycardia
syndrome (POTS)

Ivabradine [69]
Ivabradine 5mg 2�/day

Prospective observational study
n¼55

Improvement in heart rate and quality
of life in small studies of patients with
hyperadrenergic POTS

CNS infections
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blockers, ivabradine, fluodrocortisone, and mido-

rol
Despite this overlap, a recent study found that the
prevalence of ME/CFS is similar in those who had
COVID-19 vs. those who did not have COVID-19
[44

&

]. In addition, itwas found that SARS-CoV-2 infec-
tion does not confer a higher risk of developing ME/
CFS compared to other infectious agents [44

&

]. In
terms of treatment, both nonpharmacologic and
off-label pharmacologic therapy are being investi-

Neu
gated to address post-COVID fatigue and ME/CFS

(Table 2).

Sensory neuropathy

Sensory symptoms such as paresthesias, numbness,
and pain may be experienced during or after acute
SARS-CoV-2 infection [45] and can be categorized as
sensory neuropathies. COVID-19-associated neuro-
pathy canmanifest as a large fiber neuropathy (LFN)
predominantly affecting fibers responsible for vibra-
tion and proprioception [46] or a small fiber neuro-
pathy (SFN), manifesting as pinprick sensory loss,
hyperesthesia, allodynia, and neuropathic pain [47].
Nerve conduction studies and electromyography are
useful tools to assess these sensory manifestations
and are usually diagnostic in LFN but normal in SFN.
SFNmay be confirmed with a skin biopsy at a center
with experience in this pathologic analysis [48].
Nonetheless, in some cases, these sensory manifes-
tations may be present clinically without evidence
of neuropathy on physical examination or electro-
diagnostic studies [48].

There is a scarcity of clinical trials that evaluate
the efficacy of any particular agent for post-COVID
neuropathic pain. IVIG has been used for treatment

in a few small cohorts [49

&

], though the role of this

trolled trials to validate preliminary findings and
and other immunotherapies remains unclear.

Autonomic dysfunction

Numerous studies have reported a range of auto-
nomic dysfunction in individuals with PASC [50].
This group of symptoms includes lightheadedness,
tachycardia, palpitations, exertional intolerance,
presyncope/syncope, and hyperhidrosis, among
others. Specifically, postural orthostatic tachycardia
syndrome (POTS) is a multisystem disorder charac-
terized by an abnormal autonomic response to
upright posture, resulting in orthostatic intolerance
and tachycardia without hypotension. POTS and
POTS-like symptoms have been reported in some
individuals as soon as weeks or months after acute
SARS-CoV-2 infection [50,54]. Treatment of COVID-
19-related POTS and non-COVID-19-related POTS
are the same, and include nonpharmacological inter-

ventions, such as increased salt and fluid intake,
waist-high compressive garments, and regular and

0951-7375 Copyright © 2025 Wolters Kluwer Health, Inc. All rights rese

Copyright © 2025 Wolters Kluwe
graduate-supervised exercises [51]. When symptoms
are severe, pharmacological agents, such as beta-

ogical manifestations of SARS-CoV-2 Ocampo and Holroyd
drine, can be used [51].

TREATMENT STRATEGIES FOR
NEUROLOGIC POSTACUTE SEQUELAE OF
CORONAVIRUS DISEASE 2019

Managing NeuroPASC remains a substantial chal-
lenge for healthcare providers globally for a variety
of reasons. Firstly, the manifestations and mecha-
nisms of NeuroPASC are extremely diverse. Addi-
tionally, there is currently a paucity of validated,
clinically accessible biomarkers or diagnostic tests
making definitive diagnosis and targeted treatment
more difficult. Finally, clinical trial data is lacking,
with most studies consisting of small, observational
cohorts. Thus, physicians must currently focus on
an individualized and multimodal approach rather
than a ‘one-size-fits-all’ approach to the treatment
of these conditions [52].

Little is known about techniques to prevent the
development of NeuroPASC. There is evidence link-
ing the level of viral activity during early infection
with the subsequent risk of NeuroPASC [53]. Thus,
although vaccination and natural immunity from
prior infections may not completely prevent the
development of NeuroPASC, these measures can
blunt the initial virus spread and may mitigate
the development of both acute and chronic sequelae
of COVID-19 [54].

Ongoing studies and clinical trials are investi-
gating a variety of treatment options for the various
symptoms associated with NeuroPASC, which are
summarized in Table 2. It is important to emphasize
that the limited scale and methodological differ-
ences of these studies restrict the generalizability
of their findings, underscoring the need for larger
and more rigorously designed randomized con-
expedite the development of treatment guidelines.

NEURODEGENERATIVE DISORDERS AS
LONG-TERM SEQUELAE OF SARS-COV-2
INFECTION?

Previous studies have shown that viral infections are
linked to the pathogenesis of neurodegenerative
disorders, including Alzheimer’s disease [70]. There
is accumulating evidence that COVID-19 survivors
are also at increased risk of dementia, including
Alzheimer’s disease [71–73]. It has been hypothe-
sized that SARS-CoV-2-induced neuroinflammation

drives microglial activation, impairs neurogenesis,
and leads to loss of oligodendrocytes and neuronal
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death [71]. The strongest evidence for COVID-19-
related neurodegeneration comes from a UK bio-
bank study, which demonstrated longitudinal cort-
ical volume loss in limbic brain regions functionally
connected to the primary olfactory cortex in
approximately 60% of COVID-19 patients [74].
However, these volume losses were small, with min-
imal correlation to cognitive testing. Thus, the
implications of the persistence of cognitive deficits
and its link to the pathogenesis of neurodegenera-

CNS infections
tive disorders remain unclear and warrant long-

term surveillance.

CONCLUSION

COVID-19 continues to have enormous consequen-
ces in terms of morbidity and mortality worldwide.
Although SARS-CoV-2 is primarily a respiratory
virus, a large body of evidence indicates that it also
affects both the central and peripheral nervous sys-
tems. The mechanisms of neurovirulence of SARS-
CoV-2 appear to be largely due to neuroinflamma-
tion, immune dysregulation, endothelial injury,
and persistent effects on cellular homeostasis, rather
than direct viral invasion. As new SARS-CoV-2 var-
iants emerge and infections occur despite vaccina-
tions, lingering neurological manifestations will
have a significant impact on healthcare systems
and quality of life. Elucidating the underlyingmech-
anisms of these conditions is vital in order to find
the appropriate curative and preventive strategies.
Additional studies are required to determine the
long-term consequences of SARS-CoV-2 infection
in the nervous system.

Acknowledgements

None.

Financial support and sponsorship

None.
Conflicts of interest
There are no conflicts of interest.

REFERENCES AND RECOMMENDED

READING
Papers of particular interest, published w
ithin the annual period of review, have
been highlighted as:
& of special interest
&& of outstanding interest

1. World Health Organization. COVID-19 Cases jWHOCOVID-19 Dashboard.
Datadot, 2024, data.who.int/dashboards/covid19/cases.

2. Meinhardt J, Streit S, Dittmayer C, et al. The neurobiology of SARS-CoV-2
infection. Nat Rev Neurosci 2024; 25:30–42.
3.
&

Lebrun L, Absil L, Remmelink M, et al. SARS-Cov-2 infection and neuro-
pathological findings: a report of 18 cases and review of the literature. Acta
common neuropathol 2023; 11:78.

240 www.co-infectiousdiseases.com

Copyright © 2025 Wolters Kluwer H
This study confirmed the presence of SARS-CoV-2 antigens in brain tissue,
specifically in perivascular macrophages, but confirmed there is no evidence of
neurotropism pathologically for SARS-CoV-2 virus.
4. Matschke J, L€utgehetmann M, Hagel C, et al. Neuropathology of patients with

COVID-19 in Germany: a postmortem case series. Lancet Neurol 2020;
19:919–929.

5. Murala S, Nagarajan E, Bollu PC. Infectious causes of stroke. J Stroke
Cerebrovasc Dis 2022; 31:106274.

6. Libruder C, Hershkovitz Y, Ben-Yaish S, et al. An Increased risk for ischemic
stroke in the short-term period following COVID-19 infection: a nationwide
population-based study. Neuroepidemiology 2023; 57:253–259.

7. Zuin M, Mazzitelli M, Rigatelli G, et al. Risk of ischemic stroke in patients
recovered from COVID-19 infection: a systematic review and meta-analysis.
Eur Stroke J 2023; 8:915–922.

8. Hilser JR, Spencer NJ, Afshari K, et al.COVID-19 Is a coronary artery disease
risk equivalent and exhibits a genetic interaction with ABO blood type. ATVB
2024; 44:2321–2333.

9. Brown RL, Benjamin L, Lunn MP, et al. Pathophysiology, diagnosis, and
management of neuroinflammation in covid-19. BMJ 2023; 382:e073923.

10. Ferrone SR, Sanmartin MX, Ohara J, et al. Acute ischemic stroke outcomes in
patients with COVID-19: a systematic review and meta-analysis. J NeuroIn-
tervent Surg 2024; 16:333–341.

11. Marto JP, Strambo D, Ntaios G, et al. Safety and outcome of revascularization
treatment in patients with acute ischemic stroke and COVID-19. Neurology
2023; 100:e739–e750.

12. Kim Y, Parekh MA, Li X, et al. Age and sex-specific stroke epidemiology in
COVID-19. Front Stroke 2023; 2:1172854.

13. Renedo D, Leasure AC, Young R, et al.COVID-19 infection is associated with
poor outcomes in patients with intracerebral hemorrhage. JAHA 2024; 13:
e030999.

14. Taquet M, Husain M, Geddes JR, et al.Cerebral venous thrombosis and portal
vein thrombosis: a retrospective cohort study of 537,913 COVID-19 cases.
EClinicalMedicine 2021; 39:101061.

15. Nguyen TN, Qureshi MM, Klein P, et al. Global impact of the COVID-19
pandemic on cerebral venous thrombosis and mortality. J Stroke 2022;
24:256–265.

16. Saleem S, Hameed S,Wasay M. COVID and vaccine-related cerebral venous
thrombosis. J Stroke Med 2024; 7:7–21.

17. Patel H, Lunn I, Hameed S, et al. Treatment of cerebral venous thrombosis: a
review. Curr Med Res Opin 2024; 40:2223–2240.

18. Zelada-Ríos L, Pacheco-Barrios K, Galecio-Castillo M, et al. Acute dissemi-
nated encephalomyelitis and COVID-19: a systematic synthesis of worldwide
cases. J Neuroimmunol 2021; 359:577674.

19. Stoian A, Bajko Z, Stoian M, et al. The occurrence of acute disseminated
encephalomyelitis in SARS-CoV-2 infection/vaccination: our experience and
a systematic review of the literature. Vaccines 2023; 11:1225.

20. Etemadifar M, Mansouri AR, Nouri H, et al. Post-COVID-19 acute dissemi-
nated encephalomyelitis: case report and review of the literature. Neuroim-
munol Rep 2022; 2:100066.

21. Stoian A, Stoian M, Bajko Z, et al. Autoimmune encephalitis in COVID-19
infection: our experience and systematic review of the literature. Biomedicines
2022; 10:774.

22. Xue H, Zeng L, He H, et al. Autoimmune encephalitis in COVID-19 patients: a
systematic review of case reports and case series. Front Neurol 2023;
14:1207883.

23. Flanagan EP, Geschwind MD, Lopez-Chiriboga AS, et al. Autoimmune
encephalitis misdiagnosis in adults. JAMA Neurol 2023; 80:30–39.

24. Kurup SV, Patil PM, Atkari SS, et al.Guillain Barre syndrome as a complication
of infections including COVID-19: a review. Curr Pharmacol Rep 2023;
9:563–579.

25. Pimentel V, Luchsinger VW, Carvalho GL, et al. Guillain–Barr�e syndrome
associated with COVID-19: a systematic review. Brain Behav Immun Health
2023; 28:100578.

26. Valaparla VL, Rane SP, Patel C, Li X. Guillain-Barre syndrome and link with
COVID-19 infection and vaccination: a review of literature. Front Neurol 2024;
15:1396642.

27. Aladawi M, Elfil M, Abu-Esheh B, et al. Guillain Barre syndrome as a
complication of COVID-19: a systematic review. Can J Neurol Sci 2022;
49:38–48.

28. Parotto M, Gy€ongy€osi M, Howe K, et al. Postacute sequelae of COVID-19:
understanding and addressing the burden of multisystem manifestations.
Lancet Respir Med 2023; 11:739–754.

29. Mina Y, Enose-Akahata Y, Hammoud DA, et al. Deep phenotyping of neu-
rologic postacute sequelae of SARS-CoV-2 infection. Neurol Neuroimmunol
Neuroinflamm 2023; 10:e200097.

30.
&&

Hampshire A, Azor A, Atchison C, et al.Cognition and memory after Covid-19
in a large community sample. N Engl J Med 2024; 390:806–818.

This study of more than 100000 people showed that people who had recovered
from COVID-19 had greater deficits in cognition than those who did not have
COVID-19 in the past 12weeks. Larger deficits were seen in those who had been

infected by the original SARS-CoV-2 vriant or the B.1.1.7 variant.
31. Li Z, Zhang Z, Zhang Z, et al. Cognitive impairment after long COVID-19:

current evidence and perspectives. Front Neurol 2023; 14:1239182.

Volume 38 � Number 3 � June 2025

ealth, Inc. All rights reserved.



Neurological manifestations of SARS-CoV-2 Ocampo and Holroyd
32. Matias-Guiu JA, Herrera E, Gonz�alez-Nosti M, et al.Development of criteria for
cognitive dysfunction in post-COVID syndrome: the IC-CoDi-COVID ap-
proach. Psychiatry Res 2023; 319:115006.

33. Quan M, Wang X, Gong M, et al. Post-COVID cognitive dysfunction: current
status and research recommendations for high risk population. Lancet Reg
Health West Pac 2023; 38:100836.
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