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Abstract
Background: This study represents an additional case of a rare entity and complication of COVID-19. Purpose: To further
describe COVID’s association with acute hemorrhagic leukoencephalopathy (AHL), a variant of acute disseminated en-
cephalomyelitis. Besides, subsequent neuropsychological evaluation is described.Methods: The present case report describes
clinical, laboratory, radiological, and electroencephalographic characteristics of AHL triggered by COVID-19, in addition to
outcomes in the neuropsychological findings. Results: Radiologic findings of demyelinating lesions in supratentorial white
matter permeated by multiple hemorrhagic foci supported the diagnostic of AHL, reinforced by clinical improvement after
corticosteroid therapy. Conclusions: There are few similar cases previously reported, and this case highlights the early
diagnosis and prompt treatment looking forward to better outcomes in AHL. Further studies are needed to elucidate the
involved pathophysiological mechanisms.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) generates a multiorgan inflammatory response and
endothelial dysfunction that might lead to a wide range of
neurological disorders.1 Thus far, case reports have shown
COVID-19 patients presenting with encephalopathies, acute
disseminated encephalomyelitis (ADEM), Guillain-Barré
syndrome, strokes, and posterior reversible encephalopathy
syndrome (PRES).2 The mechanisms are still unclear;
however, some hypotheses have been considered, such as
SARS-CoV-2 invasion in CNS cells, epithelial–endothelial
barrier disruption, inflammation, coagulopathy, and post-
infectious manifestations due to various immune-mediated
processes.2 This study represents an additional case of a rare
entity and complication of COVID-19, and aims to further
describe COVID’s association with acute hemorrhagic leu-
koencephalopathy (AHL), a variant of ADEM. Besides,
subsequent neuropsychological evaluation is described.

Case Description

A previously healthy 50-year-old Caucasian woman, an el-
ementary school teacher, presented to the emergency

department with two episodes of focal to bilateral tonic-clonic
seizures separated by less than 24 h. Over the previous 3 days,
she had been presenting with myalgia, fever, nausea, vom-
iting, and severe headache. She did not have respiratory
symptoms or hypoxemia. On neurological examination, she
was confused and disorientated, alternating periods of psy-
chomotor agitation and apathy. She had no cranial nerve,
sensorial, and muscular function impairments. Deep tendon
reflexes were normal, and pathologic reflexes were absent.
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Coordination and gait were normal. Neck rigidity was
present, but Kernig and Brudzinski’s signs were absent.
Multiorgan clinical evaluation was unremarkable.

On laboratory assessment, she presented with slight ele-
vation of transaminases, lymphocytopenia, elevated D-dimer,
and ferritin. Serological tests for human immunodeficiency
virus (HIV), hepatitis C and B, and syphilis were negative.
There was no clinical evidence of systemic vasculitis, and the
antinuclear antibody was negative. Reverse transcription real-
time quantitative polymerase chain reaction (RT-qPCR) for
SARS-CoV-2 was positive on nasopharyngeal specimens,
and rapid immunoglobulin G and M serological tests were
negative. Cerebrospinal fluid (CSF) analysis showed 8 cells/
mm3, with neutrophil predominance (60%), 768 erythrocytes/
mm³, proteins were 150 mg/dL, glucose was 67 mg/dL (blood
glucose 120 mg/dL), lactic dehydrogenase was increased (43
U/L), and cultures for bacteria and fungi were negative.
Xanthochromia was not observed; CSF was initially slightly
cloudy but clarified after centrifugation. Besides, erythrocyte
count was not persistently elevated. A control CSF analysis,
with a 4-day interval, showed 277 erythrocytes/mm3. RT-qPCR

for SARS-CoV-2 on CSF was negative. Herpes panel was
also negative, including Herpes simplex 1 and 2, Varicella
zoster virus, Epstein-Barr virus, and cytomegalovirus. Im-
munoglobulin, IgG index, IL-6, and anti-MOG were not
available and not tested since resources have been limited
during pandemic.

Brain magnetic resonance imaging (MRI) at 1,5-tesla unit
showed hypointense lesions on the right temporal lobe, left
parietal lobe, and both occipital lobes in susceptibility-
weighted imaging (SWI) suggesting hemorrhagic lesions.
Fluid-attenuated inversion recovery (FLAIR) demonstrated
hyperintense surroundings, reflecting significant edema.
Thalami were spared, but hippocampal formations were al-
tered (Figure 1). There was no contrast enhancement. No
vessel abnormality was observed on CT angiography.

Scalp electroencephalogram (EEG) was also performed
and showed generalized rhythmic delta activity (GRDA) with
low voltage rhythmic background activity.

The clinical, laboratory, and imaging characteristics
suggested the diagnosis of AHL, a clinical subtype of ADEM.
Intravenous methylprednisolone (IVMP) 1 g per day was

Figure 1. 1.5 Tesla MRI axial fluid-attenuated inversion recovery (FLAIR) images of the patient at the onset of symptoms demonstrate
bilateral diffuse, asymmetric, poorly marginated, subcortical hyperintensity lesions on the white matter (A, B). Axial T2-weighted image
shows bilateral diffuse hyperintensity lesions of the white matter (C). The axial susceptibility-weighted imaging (SWI) shows hypointense
lesions in the right temporal lobe, left temporal lobe, and both occipital lobes (D, E). Coronal FLAIR image demonstrates bilateral hippocampi
involvement, predominantly on the right side, and thalami are spared (F).

Benevides et al. 525



prescribed on the third day of admission, for 5 days. After
treatment, the patient progressed with remarkable clinical and
consciousness improvement.

On one-month follow-up evaluation, she was submitted to a
complete neuropsychological evaluation, which encompassed
several cognitive tests. The results showed subtle working
memory, arithmetic, attention, and fluency deficits. Those scores
reached the low average. Besides, she was diagnosed with severe
anxiety. A new brain MRI revealed a significant improvement in
cerebral lesions (Figure 2); and the EEG also improved.

Discussion

The present study describes a case of a previously healthy
woman presenting with acute neurological manifestations and
radiologic findings compatible with an inflammatory demy-
elinating disease of supratentorial white matter, permeated by
hemorrhagic foci, favoring the diagnosis of AHL, an ADEM
variant. Considering the chronologic relation between SARS-
CoV-2 infection and the onset of symptoms, the possibility of

SARS-CoV-2 as a trigger of the inflammatory process is re-
inforced. There are few similar cases reported in the literature,
most of them manifesting without hemorrhagic features.2-3

ADEM is a demyelinating disease of the central nervous
system (CNS) often preceded by a viral infection, charac-
terized by an acute or subacute encephalopathy.4 ADEM is
histologically defined by perivenular inflammatory infiltrates
and adjacent demyelination, with the presence of T cells and
macrophages.3-4 The hemorrhagic variants have a pro-
nounced neutrophilic infiltrate,3 which might explain the
predominance of neutrophils in CSF analysis in the presented
case. Those alterations are believed to be associated with an
immunological process related to molecular mimicry.4

The present case makes that hypothesis reasonable since
RT-qPCR for SARS-CoV-2 in CSF was negative, and con-
sidering other inflammatory disruptions caused by COVID-
19.1-2 Moreover, it might be possible that an early viral
parenchymal invasion had preceded an immune response.
Interestingly, AHL may be reported more frequently with
COVID-19 than other viral illnesses.4

Figure 2. 1.5 Tesla MRI axial fluid-attenuated inversion recovery (FLAIR) images of the patient one-month-later of the onset of symptoms
demonstrate residual hyperintensity lesion on the right temporal lobe (A) and resolution of the other lesions (B). On the axial T2-weighted
image, no lesions are detectable. (C). Axial susceptibility-weighted imaging (SWI) shows slightly hypointense lesions in the left
temporooccipital region and hyperintense lesions in the right temporooccipital region, and both occipital lobes (D, E). Coronal FLAIR image
demonstrates residual right hippocampi involvement (F).
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Besides, considering the physiopathology of the AHL
variant of ADEM, the elevation of CSF cytokines, such as
interleukins (IL), is related to lymphocytes, neutrophils, and
innate immune cells recruitment.5 Those findings suggest
how the SARS-CoV-2 might disrupt the immunological
system and lead to neurological impairments, since T lym-
phocytes, neutrophils, and IL-6 are known to play an im-
portant role in COVID-19.1

In differential diagnosis, regarding the spectrum of de-
myelinating diseases, the Marburg variant was considered
due to the acute onset of diffuse demyelinating lesions, but
due to the excellent clinical outcome was thought to be an
unlikely diagnosis.4 Secondly, viral encephalitis caused by
SARS-CoV-2 is unlikely since the RT-qPCR in CSF was
negative; however, the sensitivity of this test is questionable
since the diagnostic assays are still emerging and the accuracy
of tests varies widely.

Moreover, Acute Necrotizing Encephalopathy (ANE)
should be considered as another differential diagnosis. ANE
is a post-viral inflammatory disease, characterized by sym-
metric lesions in grey and white matter, and bilateral thalamic
involvement.4 In addition, the CSF usually shows an in-
creased protein without pleocytosis.4 The present case dis-
favors that diagnosis since the radiological cerebral lesions
were asymmetric and thalami were spared, and CSF analysis
demonstrated neutrophilic pleocytosis and increased
erythrocytes.3-4

This study is an additional case of a rare complication of
COVID-19. Previous systematic-review studies have iden-
tified a total of 14 cases of AHL,4-5 until November 2021.
Based on the physiopathology, and previous AHL cases
associated with other viral triggers, most patients with AHL
triggered by COVID-19 were treated with IVMP, frequently
followed, or concomitant to intravenous immunoglobulin.2-3

Plasmapheresis and azithromycin combined with hydroxy-
chloroquine have been administered to two AHL patients.3

Other immunotherapies, such as rituximab, ocrelizumab, and
cyclophosphamide, have been used in a few patients diag-
nosed with ADEM, not AHL.2 Outcomes varied: four of them
were ongoing at the time of the studies, four deceased, one
data was not shown, and others partially improved, requiring
rehabilitation.3

The present case differs from previous cases reported in
the literature2,3,6-14 since it describes neuropsychological
features after 1 month, and showed an excellent outcome,
except for some residual working memory, arithmetic, at-
tention, and fluency deficits. Some characteristics might
explain this outcome, such as early treatment and not pre-
senting with respiratory symptoms.

This case illustrates the clinical, laboratory, radiological,
and electroencephalographic characteristics that supported
the diagnostic of AHL variant of ADEM triggered by
COVID-19, which was reinforced by clinical improvement

after corticosteroid therapy. There are a few cases reported in
the literature2,3,6-14, and the present case highlights the im-
portance of the early diagnosis for prompt treatment to better
outcomes. Further studies are needed to elucidate the
mechanisms involved in ADEM variants when triggered by
SARS-CoV-2.
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