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This review discusses current data on CNS lesions in infections with the new coronavirus that causes
COVID-19. The pathogenetic mechanisms leading to infection of the brain and spinal cord are present-
ed. Published studies and meta-analyses published by autumn 2020 are assessed. The authors present re-
sults from their own clinical observations of various types of CNS infection in COVID-19 virus disease.
Particular attention is paid to certain common forms of CNS lesion such as encephalitis, cerebrovascular pa-
thology, and headache. A form of acute hemorrhagic necrotic encephalopathy is identified, which is a quite
rare but fatal pathology comorbid with COVID-19. A description of our own clinical observation of acute
necrotic encephalopathy is presented. The importance of further studies of the effects of the coronavirus on
the CNS and possible approaches to treatment and rehabilitation of this category of patients is emphasized.
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In March 2020, the WHO declared a pandemic caused
by the COVID-19 virus. From this point in time it became
evident that the population had encountered a novel threat
with unknown outcomes and sequelae despite the fact that
this type of virus is known to investigators and had already
manifested a number of spikes of severe acute respiratory
syndrome (SARS) and middle east respiratory syndrome
(MERS) in 2002-2003 and 2012. The new variant, SARS-
CoV-2, was first detected in Wuhan, China, in November
2019 [1-3]. Even at the beginning of the pandemic, it be-
came apparent to investigators that despite the name of the
respiratory syndrome, infection with the novel type of coro-
navirus was not limited to the respiratory system but is in
fact a multiorgan and multisystem infection. Central ner-
vous system lesions are not the first manifesting symptoms,
but often account for the severity of the patient’s condition,
the long-term sequelae, and sometimes lethal outcomes.

Studies indicate that more than 35% of patients with
COVID-19 develop neurological symptoms [4,5]. However,
there are as yet no systematic data on the distribution and
spectrum of neurological manifestations in the new corona-
virus infection. Some studies have emphasized that the
prevalence of neurological signs and symptoms is greater in
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patients with severe COVID-19 infection, which may be the
result of cerebral hypoxia due to respiratory failure [6, 7].
However, the pathogenesis of neurological symptoms in
this diseases may not be limited to this mechanism.

A whole series of pathogenetic variants have now been
proposed to explain the possible involvement of SARS-
CoV-2 in the nervous system, including direct invasion of the
virus through impairments to the blood-brain barrier (BBB)
due to release of cytokines and retro- and anterograde neu-
ronal transport involving dynein and kinesin proteins [8]. In
addition, possible nerve damage may be mediated by the im-
mune system, hypoxia due to pneumonia, and/or binding to
angiotensin-converting enzyme 2 (ACE2) receptors [9-11].
Studies indicate that the surface spike glycoprotein of SARS-
CoV-2 may interact with ACE2 receptors, leading to endo-
thelial dysfunction and secondary neurological impairments
due to damage to the microcirculation. Steardo et al. showed
that coronavirus has a direct damaging action on the brain-
stem neurons responsible for cardiorespiratory regulation,
which leads to respiratory failure and hypoxia [12].

On the one hand, SARS-CoV-2 appears to lead to both
pneumonia and dysfunction of the brainstem cardiorespi-
ratory center, exacerbating pneumonia. Severe pneumonia
can lead to systemic hypoxia, producing brain damage.
Hypoxia arising as a result of severe respiratory distress
syndrome and pneumonia due to COVID-19 primarily af-
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fects the brain via various physiological and compensatory
changes leading to neurological manifestations and pathol-
ogy [13]. Hypoxia leads to metabolic acidosis, intracellular
accumulation of lactic acid, increases in the quantity of free
radicals, and decreases in ATP production [14]. Decreased
blood saturation induces dilation of the intracranial vascu-
lar bed and neuron membrane damage, promoting neuron
swelling, interstitial cerebral edema, and ultimately the de-
velopment of irreversible damage [15].

On the other hand, hypoxia can exacerbate CNS dam-
age, leading to the formation of a vicious circle resulting in
lethal outcome. This supports the wider distribution of neu-
rological symptoms in severe patients [16].

Other mechanisms for the development of CNS dam-
age must also be considered, particularly immune and auto-
immune lesions. Immunologically mediated damage occur-
ring mainly because of cytokine storms, with increases in
the levels of inflammatory cytokines and activation of the
T-lymphocytes, macrophages, and endothelial cells. Further
interleukin-6 release induces excessive leakage from blood
vessels, activation of the complement and coagulation cas-
cades, disseminated intravascular coagulation, and damage
to target organs, including the brain and spinal cord [17, 18].

Considering the lack of evidence and the importance
of the possible role of CNS and peripheral nervous system
damage in the clinical picture and outcomes of the new coro-
navirus infection, further research in this direction is needed.

Clinical Forms of Nervous System Damage. A retro-
spective series of cases from January 16, 2020 to February
18, 2020 in Wuhan, China, showed that 36.4% of patients
showed neurological symptoms, of which 24.8% were CNS
lesions and 8.9% were peripheral lesions. The incidence of
neurological symptoms correlated with the severity of re-
spiratory dysfunction on the background of SARS-CoV-2
infection, and neurological symptoms were seen more fre-
quently in elderly patients, in whom comorbid diseases,
particularly arterial hypertension, were more common [19].

Another group of investigators ran a single-center ret-
rospective analysis of all COVID-19 patients presenting to
one of the repurposed departments of intensive respiratory
therapy at an academic center in New Orleans (Louisiana,
USA) on April 22, 2020. A total of 76 patients were hospi-
talized, of whom 27 patients (35.5%) had signs of new neu-
rological disease, which varied from mild headache and
dysgeusia to severe focal neurological deficit. All but one
patient with neurological manifestations displayed changes
in psychoemotional status during admission (96.3%) [20].

It must be noted that attempts have been made to pro-
duce systematic reviews and meta-analyses of almost 4700
patients from more than 41 published articles on the neuro-
logical manifestations of COVID-19. Common symptoms
included asthenia (33.2%), anorexia (30.0%), malaise
(26.7%), breathlessness (26.9%), myalgia (16.0%), vertigo
(10.0%), headache (9.2%), depressed consciousness (5.2%),
and nausea and vomiting (5.1%) [21].
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A number of investigators in different countries be-
lieve that the commonest signs of CNS damage are acute
hemorrhagic encephalopathy, encephalitis, cerebrovascular
disease, headache, and vertigo [22].

Acute Hemorrhagic Necrotic Encephalopathy.
Acute hemorrhagic necrotic encephalopathy (AHNE) is a
rare progressive neurodegenerative disease characterized
by multiple symmetrical areas of edema and necrosis in
the CNS developing during or after virus infection. AHNE
has previously been described as a complication of vi-
ral invasion, particularly with influenza virus, and is most
commonly found in children. To date only occasional cases
of this encephalopathy have been described in adults. The
main damaging factor in AHNE is believed to be a cytokine
storm, which leads to disruption of the BBB without direct
viral invasion [23, 24]. The clinical signs of AHNE are
nonspecific, changes in mental state being the most com-
mon, particularly quantitative and qualitative impairments
to consciousness (from suppression to delirium and coma)
and convulsions. Virus is not found in the cerebrospinal
fluid (CSF) or brain matter and analysis of CSF shows no
significant changes. Endothelial damage to brain vessels is
detected microscopically, confirming the view that cytokine
damage to the BBB occurs, the most typical feature being
symmetrical foci of petechial hemorrhages and necrosis in
the brain matter, with areas of edema around the foci. These
changes are seen on neuroimaging on CT and MRI scans
and provide grounds for confirming diagnoses of AHNE.

The first report of the possible occurrence of AHNE on
the background of SARS-CoV-2 infection appeared in spring
2020, when a case history of a female patient aged 50 years
was published. The initial signs included fever, cough, and
changes in mental status; results from tests for influenza virus
were negative, while nasopharyngeal smears were positive
for SARS-CoV-2, confirming the diagnosis. Brain CT and
MRI imaging demonstrated symmetrical hemorrhagic foci in
the medial parts of the thalamus and temporal lobes [25].

We observed patient S., age 20 years, who, on a back-
ground of extensive tuberculosis infection of the lungs, was
confirmed to have additional infection with SARS-CoV-2
virus. Neurological symptoms arose in the first week of ill-
ness, the first being mild changes in psychoemotional state,
including anxiety, mild cognitive deficiency, insomnia, and
nightmares. Considering the severity of the somatic illness,
these symptoms were detected retrospectively. Neurological
examination was conducted in the second week of the in-
fectious disease, when the patient developed a tonic-clonic
seizure without loss of consciousness in the evening, with-
out any obvious cause. Neurological assessment showed
no focal neurological pathology; standard electroencepha-
lography performed outside the seizure period revealed no
changes. The patient was given antiepileptic therapy though,
despite high drug doses, brief seizures continued and cogni-
tive impairments increased. The patient underwent an MRI
scan, which demonstrated pathological increases in signal
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Fig. 2. MRI scan of patient Kh with a diagnosis of “encephalitis on the
background of infection with SARS-CoV-2.”

intensity on T2/TIRM and DWI from the cortical matter of
the brain, with symmetrical changes in signal from the basal
ganglia with hemorrhagic transformation, symmetrical in-
creases in signal from the medial parts of the thalamus and
periaqueductal gray matter on T2-TIRM images (Fig. 1).
Patient S was diagnosed with AHNE on the basis of the neu-
roimaging data and the clinical picture and was prescribed
methylprednisolone. However, the patient’s impairment to
consciousness increased despite treatment, and after a few
days severe multiorgan failure led to death.

Encephalitis on the Background of SARS-CoV-2
Infection. Symptoms of encephalitis in SARS-CoV-2 infec-
tion include fever, headache, convulsions, behavioral disor-
ders, and changes in the level of consciousness. Early diag-
nosis is a key factor in decreasing mortality in this category
of patients, as the symptoms may initially be masked by the
clinical picture of pneumonia and severe hypoxia. A case of
encephalitis in a 56-year-old woman from Wuhan, who was
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diagnosed with COVID-19 in January 2020, was described
[26]. A second case of meningoencephalitis was described
in a 24-year-old Japanese with symptoms of COVID-19
who showed generalized convulsions and impairment of
consciousness. CSF analysis revealed minor pleocytosis at
12 cells/pl. A brain MRI scan revealed hyperintense areas in
the right periventricular area, the mesial area of the tempo-
ral lobe, and hippocampus. The patient required mechanical
ventilation of the lungs because of pneumonia and repeated
generalized convulsions [27].

In our practice, the case of patient Kh (59 years old, fe-
male) was indicative. This patient was admitted to a special-
ist hospital where on the background of confirmed pneumo-
nia due to the new coronavirus infection, headache, vertigo,
severe general weakness, distractibility of attention, and
sleep disturbances arose in the second week of illness. The
decision was made to transport the patient to the urgent care
hospital or neuroimaging and neurology consultation. On
examination, the neurological status of patient Kh included
mild anisoreflexia, widespread muscle weakness with im-
pairments to coordination, and mild lethargy. Neuroimaging
results revealed foci of unilateral signal enhancement, con-
firming the diagnosis of encephalitis (Fig. 2). CSF exam-
ination revealed an increase in pressure to 220 mm water,
lymphocytic pleocytosis (18 cells/ul), and no growth of
microorganisms on culture. PCR investigations for viruses
was not performed for technical reasons. The patient is cur-
rently receiving treatment in the neurology hospital.

Cerebrovascular Disease. Investigations of patients
with COVID-19 in Italy showed that despite admission of
patients with confirmed infection and prophylaxis against ve-
nous thromboembolism, the incidence of ischemic stroke in-
creased by 2.5% [28]. Furthermore, patients with COVID-19
hospitalized in an intensive care department with confirmed
infection in China showed an increase in the incidence of
ischemic stroke by 5%, while a study in the Netherlands
showed an increase by 3.7% [29]. In addition, signs of isch-
emic stroke were seen in younger patients infected with
COVID-19. Finally, any comorbid disease in elderly pa-
tients, such as infection and the state of hypercoagulation,
can increase the risk of ischemic stroke [30].

The fact that SARS-CoV-2 binds to ACE2 receptors
on endothelial cells, inducing a massive inflammatory re-
sponse, which increases blood vessel constriction, has been
actively discussed in relation to acute circulatory compro-
mise in target organs. The resultant process of inflammatory
changes can lead to vasculitis or thrombosis, and thus to
cerebral ischemia, as well as to altered BBB permeability,
which may be the basis of intracerebral hemorrhages. The
widespread introduction into the clinical recommendations
of drugs preventing excessive thrombus formation empha-
sizes the importance of preventing the thrombotic compli-
cations of the new coronavirus infection. Another mecha-
nism for the exacerbating or initiating cerebrovascular pa-
thology has also been discussed [31]. Decreased expression
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of ACE receptors can evidently have adverse effects on the
renin-angiotensin system, complicating control of vascular
tone in the brain and spinal cord system and affecting the
regulation of arterial blood pressure overall, which can po-
tentially lead to acute cerebrovascular accidents [32, 33].

Unfortunately, the real influence of the new virus in-
fection SARS-CoV-2 on the course of existing cerebrovas-
cular pathology and the occurrence of new cerebrovascular
lesions cannot be evaluated fully. On the background of a
constant increase in the incidence of the disease in the cur-
rent world, due to features including widespread risk factors
and comorbid pathologies, it is not possible to identify or, in
particular, confirm the role of virus invasion. Nonetheless,
the fact that SARS-CoV-2 has influences on the circulatory
system as a whole and on increases in cerebrovascular pa-
thology and its long-term sequelae is beyond discussion.

Acute Transverse Myelitis. The proposed pathogene-
sis of acute transverse myelitis associated with SARS-CoV-2
infection is probably linked with the cytokine storm mech-
anism [34]; this induces an inflammatory reaction with re-
lease of macrophages, interleukins, interferons, and chemo-
kines [34-36].

Munz et al. [36] reported acute transverse myelitis
associated with COVID-19. A 60-year-old patient present-
ing with respiratory illness confirmed as SARS-CoV-2 by
a positive RT-PCR test on an oropharyngeal smear was
described, in which the patient received support therapy.
Progressive neurological deficit appeared three days after
discharge from hospital and included urinary bladder dys-
function and bilateral lower limb weakness. After a few
days the symptoms progressed to include the upper limbs
and signs of central motoneuron involvement appeared.
Neuroimaging of the spinal cord yielded data confirming
acute transverse myelitis. In this report the authors noted
that the course of illness was notably improved after admin-
istration of methylprednisolone [37].

We observed patient A (22 years old, female) who at-
tended the clinic complaining of acute urinary retention and
increasing lower limb weakness. Two weeks previously the
patient had fallen ill with pulmonary SARS-CoV-2 disease
but had not sought medical advice. After recovery, the pa-
tient developed acute urinary retention assessed by a local
urologist as a functional impairment in an emotionally labile
young woman. Nonetheless, the treatment provided did not
produce the desired effect, and after three days of deterio-
ration in the patient’s condition, with daily catheterization
and mild weakness in the limbs, she was referred to the de-
partment of neurology. Neurological status at assessment
of the patient showed: lower peripheral paraparesis, absent
Achilles reflexes, sharply reduced patellar reflexes, impair-
ment to deep and superficial sensation to the T6/7 level, and
the absence of the sensation of bladder fullness. The patient
had been catheterized the day before with positioning of a
permanent catheter. During hospitalization, the patient’s
condition deteriorated over the first three days despite treat-
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ment with methylprednisolone, with increasing weakness in
the legs to the level of plegia, anesthesia of superficial sen-
sation in the distal areas, and lack of sensations from the pel-
vic organs. This was paralleled by increases in psychoemo-
tional disturbance: severe emotional lability appeared, with
tearfulness and insomnia. A spinal cord MRI scan demon-
strated a focus of inflammatory change, hyperintense, at the
T4-T8 level in T2-weighted mode. On contrasting, a focus
of uneven contrast accumulation was seen. Analysis for
aquaporin-4 antigen was negative. Patient A received hos-
pital treatment for three weeks, with gradual improvement.
She was discharged with residual signs in the form of mild
hypesthesia and decreased muscle strength in the distal parts
of the legs to 4 points. Out-patient treatment continues.

Headache and Vertigo. These symptoms are believed
to be the commonest among all the neurological manifes-
tations of the new coronavirus infection. A meta-analysis
based on the clinical, laboratory, and imaging characteris-
tics of COVID-19 from January 1, 2020 to February 23,
2020 showed that headache is the dominant CNS symptom,
with a mean incidence of 8% [38].

Another study — of a series of cases involving 1099
patients with confirmed COVID-19 — showed that 13.6%
reported headache and 14.9% had myalgia [39]. Headache
is believed to be secondary to hypoxia induced by decreased
blood flow in the vascular bed of the brain and the body’s
response to inflammatory mediators and cytokines [40].

All respiratory viruses, of which SARS-CoV-2 is one,
are known to be able to induce headache. In fact, headache
is a generally recognized symptom of systemic viral infec-
tion in the International Classification of Headache. The
exact mechanisms producing headache associated with this
type of infection remain incompletely studied, though it has
been shown that the possible causes are linked with fever
and exogenous or endogenous pyrogens, the direct actions
of microorganisms themselves, and activation of various
immunoinflammatory mediators [40]. We also cannot avoid
considering the fact that primary forms of headache are
also clinically transformed by the new coronavirus infec-
tion. The pandemic situation will undoubtedly impose its
limitations on standard treatment protocols for both patho-
physiological and organizational-social reasons. This will
undoubtedly prompt further studies of this question.

Conclusions. Thus, the spectrum of neurological im-
pairments arising in infections with SARS-CoV-2 is ex-
tremely wide and diverse, because of the multiple mecha-
nisms of damage to the systems and organs in this infection.
Studies of these mechanisms and means for restoring the
CNS after SARS-CoV-2 disease constitute an immediate
task for applied and theoretical neurology.
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