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A B S T R A C T

Coronavirus Disease 2019 (COVID-19) is well documented as a cause of respiratory tract infection. Increasingly,
multi-systemic effects, including COVID-19-related neurologic features, are being reported. Here we report, what
we believe to be, the first reported case of acute haemorrhagic leukoencephalitis (AHLE) with presence of oli-
goclonal bands in the cerebrospinal fluid. AHLE is a rare fulminant demyelinating disease, associated with severe
COVID-19 infection.
1. Introduction

By January 2021, more than 89 million cases of Covid-19 have been
reported worldwide resulting in more than 1 million death (D-19 Dash-
board by the, 2020). Various clinical manifestations of the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) have been reported
including neurologic sequalae. Helms J. et al. reported several syndromes
including agitation and confusion following withdrawal of sedation,
diffuse corticospinal tract signs, and dysexecutive syndrome (Helms
et al., 2020). Others have described COVID-19 related headache, dizzi-
ness, myalgia, anosmia, encephalopathy, encephalitis, necrotising hae-
morrhagic encephalopathy, stroke, epileptic seizures, rhabdomyolysis
and Guillain-Barre syndrome (Carod-Artal, 2020).

This report describes a rare case of acute haemorrhagic leukoence-
phalitis (AHLE), also known as Hurst disease in a patient with severe
COVID-19 requiring invasive ventilation. Oligoclonal bands were iden-
tified on cerebrospinal fluid analysis suggesting intra-thecal immune
response.

2. Case report

A 56-year-old male presented to the emergency department with a 7-
day history of flu-like symptoms. He was active and worked full time. His
past medical history included hypertension, chronic kidney disease,
hypercholesterolaemia, asthma, and pre-obesity (BodyMass Index (BMI):
29.72 kg/m2). He had no known neurological condition. The patient was
are Medicine, East Surrey Hospita

m 10 January 2021; Accepted 12

evier Inc. This is an open access a
admitted to critical care for mechanical ventilation within 24 h. A Po-
lymerase Chain Reaction (PCR) test for 2019 SARS-CoV-2 Ribonucleic
Acid (RNA) from the nasopharyngeal swab confirmed the diagnosis of
COVID-19.

During the course of the admission, he developed an acute kidney
injury (AKI), and required continuous veno-venous haemofiltration
(CVVH) which was started on day 5 of his admission. On day 7 of the
admission, D-dimer was >19.0 μg/mL (normal range in our centre:
0.27–0.5 μg/mL), fibrinogen of>10 g/L (normal range: 1.7–4.5 g/L), and
platelets remained in normal limits during admission (ranging from 194
to 353 � 109/L). On day 10, in accordance with a change in local
guidelines, he was commenced on therapeutic dose heparin infusion to
reduce the risk of clot formation (he had received prophylactic dose prior
to this). The APTT ratio remained within the target range of 1.5–2.5. No
other anticoagulation or antiplatelet therapy medications were
commenced during his ICU admission. No clinical trial medication was
trialled in this case and his management mainly remained supportive. He
also developed persistent hypertension on a background of known
essential hypertension. This was controlled with multiple antihyperten-
sive medications. His regular antihypertensive medications were gradu-
ally reintroduced when systolic blood pressure (SBP) ranged between
140 and 190 mmHg (these medicines had been held on admission since
he required low dose vasopressors until day 10). His antihypertensive
medications included doxazocin, amlodipine, bendroflumethiazide, and
lisinopril. Hypertension peaked between days 20 and 23 when the SBP
reached 220 mmHg and labetalol infusion was commenced. The high BP
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was controlled, and labetolol was converted to regular bisoprolol on day
28.

Initially, he was difficult to ventilate and oxygenate, but was unre-
sponsive to prone positioning. Apart from initial hypoxia on admission
that required urgent intubation and ventilation (89% O2 saturation on
60% oxygen via face mask), his oxygen saturation ranged between 91%
and 100%. By the third week in critical care, his respiratory and renal
function improved and CVVH was discontinued on day 21.

By day 15, sedative medications were reduced, and attempts were
made to reduce ventilatory support. However, on stopping sedation, the
patient’s Richmond Agitation-Sedation Scale (RASS) remained at �2. By
day 24 all sedative infusions had stopped yet maximum Glasgow Coma
Scale (GCS) was E4VTM1. No obvious focal neurological signs were
noted on physical examination.

2.1. Investigations

Computed tomography (CT) scan of the brain was performed on day
26 to investigate his persistently reduced GCS. This demonstrated
probable Acute Haemorrhagic Leukoencephalitis (AHLE) (Fig. 1). Mag-
netic resonance imaging (MRI) brain (on day 27) and cerebrospinal fluid
(CSF) analysis on day 30 were undertaken and neurosurgical and
neurology opinions were sought.

2.2. Management

Due to slow weaning from respiratory support and a persistently
reduced GCS, tracheostomy was performed on day 20. Anticoagulation
was continued. There was no neurosurgical treatment available in this
case and no specific treatments were trialled during management.
Overall clinical management strategy remained supportive and the pa-
tient developed no new problems. By day 49, his GCS remained around 7
(E4VTM3), and he was discharged from ICU to a general respiratory
ward. The tracheostomy remained in situ to aid with respiratory secre-
tion management with no supplemental oxygen required.

2.3. Follow-up and outcome

A repeat unenhanced CT brain on day 47 of admission showed no
evidence of acute infarction, or intra-axial or extra-axial haemorrhage.
Mild generalised involutional changes and small vessel disease were
present on the scan. A repeatMRI of his brain was performed on day 60 (5
weeks after the initial imaging scan) to assess for changes and improve-
ment. The MRI findings were still compatible with haemorrhagic leu-
koencephalitis. The appearanceswere lessmarked in comparisonwith the
initial MRI. It also illustrated evidence of leukoencephalitis involving the
Fig. 1. First Computed Tomography (CT) scan of the head. (diffuse white mat
multiple bilateral white matter haemorrhagic foci involving the corpus callosum wi
matter venules).
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cerebellum and the pons, with no evidence of haemorrhage within them
(Fig. 2). An electroencephalography (EEG) as follow-up on day 65 was
performed. EEGwas diffusely slow and poorly responsive in keeping with
a diffuse encephalopathy or encephalitis with no epileptiform discharge.

Following discharge from ICU, his neurological condition has
remained stable with no obvious progression of AHLE. He was also
decannulated prior to his discharge from the hospital and remained
stable with no oxygen requirement. Despite his prognosis remaining
uncertain, the patient was discharged to a neurorehabilitation centre.

3. Methods

3.1. Specimen collection

Nasopharyngeal swabs were collected according to the Public Health
England (PHE) guideline. The samples were stored at 2–8 �C prior to
transfer to the main laboratory for testing. Lumbar puncture (LP) was
performed using full sterile technique in ICU, and local anaesthetic was
used. The procedure was atraumatic and successful at the first attempt.
The samples for culture, PCR, protein, and glucose were collected in
sterile specimen containers. A paired serum glucose was also sent to the
laboratory. The CSF sample was shipped to PHE for diagnostic testing.
3.2. Diagnostic testing

3.2.1. Nasopharyngeal testing
The platform was Brighton-m2000 Realtime System (Abbott). The

COVID assay detects RdRp and N genes with an internal control running
alongside to ensure amplification of the target genes occurs.

3.2.2. CSF testing
This specimen was tested in Viasure NCO2 assay to detect ORF1ab

and N-gene, and also in parallel WHO E-gene assay.

3.2.3. MRI imaging
The patient was escorted by the anaesthetics team to the MRI scanner

room. Following the imaging scan, the MRI scanner is decontaminated
according to the trust guideline. The scans were reported by the trust
radiologists.

4. Results

Findings at MRI brain were suggestive of underlying acute haemor-
rhagic leukoencephalitis (AHLE) (Fig. 2).

Lumbar puncture demonstrated opening pressure of >40 mmH2O
(exceeding the capacity of the manometer), white blood cells of less than
ter hypodensity which possibly due to oedema or demyelination process, and
th fluid blood level in some of them, with most of the blood is along the white



(caption on next column)

Fig. 2. Magnetic Resonance Imaging (MRI) of the brain.
Left Column, Initial brain MRI:(a) Axial fluid-attenuated inversion recovery
(FLAIR), (b) Susceptible-weighted imaging (SWI), (c) Diffusion-weighted imaging
(DWI), (d) Apparent Diffusion Coefficient (ADC) sequences, and (e) view of cere-
bellum involvement in Axial T2 fluid-attenuated inversion recovery (FLAIR) are
demonstrated here.
Increased symmetrical FLAIR signal throughout the white matter. Diffuse hae-
mosiderin staining throughout the white matter and the genu of the corpus
callosum. There are also some cystic haemorrhagic areas containing a fluid-
blood level within both cerebral hemispheres. There are some areas of
restricted diffusion within the white matter, but this signal change is unreliable
owing to the presence of acute haemorrhage.
Right Column, Repeat Follow-Up MRI on Day 60. (a’) Axial fluid-attenuated
inversion recovery (FLAIR), (b’) Susceptible-weighted imaging (SWI), (c’)
Diffusion-weighted imaging (DWI), (d’) Apparent Diffusion Coefficient (ADC) se-
quences, and (e’) view of cerebellum involvement in Axial T2 fluid-attenuated
inversion recovery (FLAIR) are demonstrated here.
Extensive abnormal signal throughout the white matter bilaterally with hae-
morrhage compatible with haemorrhagic leukoencephalitis. the appearances are
slightly less marked compared with the previous examination. There is evidence
of leukoencephalitis involving the cerebellum and the pons, though there is no
evidence of haemorrhage within the pons or cerebellum.
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1.0 per uL, red blood cells of 6 per uL, CSF protein of 0.71 g/L (normal
limit of 0.15–0.45 g/L), and CSF glucose of 4.3 mmol/L with serum
glucose of 8.6 mmol/L (normal limit of 3.0–6.0 mmol/L). No organisms
were seen on gram stain of the CSF sample. CSF culture had no growth
after two days. 2019 n-CoV SARS-CoV-2 RNA was not detected on the
CSF sample. Herpes Simplex Virus-1 (HSV-1) Deoxyribonucleic Acid
(DNA), HSV-2 DNA, Varicella zoster virus DNA, Enterovirus (group)
RNA, and Parechovirus RNA were not detected on the CSF sample. West
Nile virus serum IgM was negative.

The CSF sample tested positive for Oligoclonal Bands. These were
found in both the CSF and serumwith additional bands in the CSF. Serum
Galactomannan (Aspergillus Antigen), and Beta Glucan antigen were also
negative. He was also screened for Cytomegalovirus (CMV), Epstein-Barr
virus (EBV), Hepatitis A, hepatitis B, hepatitis C, and Human Immuno-
deficiency Viruses (HIV) which were all negative.

5. Discussion

Disturbance of consciousness has been reported in around 15% of
severe COVID-19 cases according to Mao et al. (Mao et al., 2020).
However, direct infection of the brain is an unusual feature of Covid-19 5.
Possible aetiologies for the neurological manifestations of COVID-19
infection include a direct neurotropic element of the disease or the sec-
ondary consequence of cytokine storm (Kandemirli et al., 2020). In our
case, AHLE is presumed to be the direct complication of severe COVID-19
infection. AHLE is a rare demyelinating condition with significant asso-
ciated mortality (Fontoura et al., 2002). It has previously been reported
as a complication of other viral illnesses (Solis et al., 2017). AHLE is
thought to be the most fulminant variant of acute disseminated
encephalomyelitis (ADEM) with rapid progression of white matter
inflammation (Rawal et al., 2019). In our case, the distribution of the
white matter disease on imaging scan matches the ADEM distribution, as
it usually involves the subcortical and deep white matter. In severe cases,
the brainstem and cerebellum could be involved. Although the haemor-
rhagic component of AHLE is usually small, we believe in our case, this
was severe enough to be depicted by CT due to possible aggravation ef-
fects of anticoagulation and hypertension. The pathophysiology of AHLE
is not known but cross reactivation of host myelin and viral antigens is
thought to be one possible mechanism (Fontoura et al., 2002; Solis et al.,
2017; Duggal et al., 2014). Moreover, reported cases of COVID-19 related
diffuse leukoencephalopathy and microhaemorrhages have been thought
to be likely in association with hypoxaemia (Radmanesh et al., 2020a).
Although, there has been a report of presumed diagnosis of delayed
post-hypoxic leukoencephalopathy (DPHL) (Radmanesh et al., 2020b)
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following acute respiratory failure in a COVID-19 patient, after the initial
period, our patient’s oxygenation remained stable during his ICU
admission and his MRI findings were in keeping with AHLE.

Intracranial haemorrhage (ICH) has been observed in COVID-19
infection, especially in patients with risk factors (such as hypertension)
(Cheruiyot et al., 2020). However, ICH incidence in COVID-19 is lower
than ischemic stroke, with only 0.7% incidence (Cheruiyot et al., 2020).
It has been shown that ICH in COVID-19 could be linked with anti-
coagulation treatment. More than half of these patients were on anti-
coagulation due to significantly high D-dimer levels, and a larger number
of ICH patients were on heparin (treatment dose) (Melmed et al., 2020).
It is speculated that could be rather a sign of severity of the illness than
the increased risk of ICHwhile on heparin infusion (Melmed et al., 2020).

In addition, a reduced 28-day mortality in severe COVID-19 patients
(with a significant D-dimer elevation) who were on anticoagulation
therapy has been illustrated (Tang et al., 2020). It is postulated that
anticoagulation treatment of severe COVID-19 patients with significant
rise in D-dimer could be beneficial (Tang et al., 2020). The use of anti-
coagulation therapy in severe COVID-19 patients remains controversial.
Further studies are required, and individual risk-benefit assessment
should be considered. In our case, in view of considerable raised D-dimer
and fibrinogen (maximum of 19.23 μg/mL in D-dimer prior to the start of
heparin infusion), treatment dose anticoagulation was started as per local
guideline. ICH could be thought as a differential diagnosis for such pa-
tient population with risk factors (including hypertension, and anti-
coagulation). However, there were signs of altered mental status in this
case, since day 15 (during sedation withdrawal). This was before sig-
nificant hypertensive episodes occurred. Within 72 h of the first imaging
scan, the D-dimer and fibrinogen were still high (D-dimer mean: 6.23
μg/mL, Fibrinogen mean: 6.02 g/L), with APTT ratio in target range
between 1.5 and 2.5, and normal platelet level during his admission.

The small vessel white matter disease is usually evident in hyper-
tensive cerebrovascular disease imaging, and if the haemorrhage occurs,
it is most frequently seen in basal ganglia followed by thalamus, brain
stem and cerebellum (all are spared in our case). 10% of hypertensive
haemorrhage can be lobar, but this incidence is controversial, because
older hypertension patients may also have amyloid angiopathy. Hyper-
tension and anticoagulation in our case, are thought to have aggravated
the bleeding rather than caused it. Furthermore, hypertensive micro-
bleeds are encountered in the deep grey matter and posterior fossa
more than subcortically. Other differential diagnosis could be posterior
reversible encephalopathy syndrome, which usually involves the cortex
and subcortical white matter with no preservation of the subcortical U-
fibres.

In our case, the radiological findings are suggestive of the diagnosis of
AHLE with diffuse white matter involvement, foci of haemorrhages,
surrounding oedema, subcortical U-fibres, and cortical sparing. In
contrast, in one study looking at haemorrhagic stroke in Covid-19, the
punctuate haemorrhages of parenchymal bleeding were usually found to
involve the cortices (Dogra et al., 2020). Imaging scans play a crucial role
in the early identification of AHLE. MRI could also differentiate AHLE
from ADEM through demonstrating the presence of petechial haemor-
rhages and extensive white matter lesions in AHLE (Grzonka et al., 2020).
Another differential diagnosis of AHLE could be infectious encephalitis.
In HSV-1, brain involvement is often in temporal and limbic areas
(Grzonka et al., 2020). Infectious encephalitis was excluded with nega-
tive CSF PCR and serology results.

Poyiadji et al. reported a case of acute haemorrhagic necrotizing
encephalopathy (ANE) linked with SARS-COV-218 where the patient
presented with altered conscious level and no abnormal findings on CSF
analysis (Poyiadji et al., 2020). In our case, no focal neurological features
were noted at presentation but high opening pressure at lumbar punc-
ture, high CSF protein, and serum and CSF oligoclonal bands with
additional bands in CSF were identified. Furthermore, a fatal case of ANE
in COVID-19 has been reported. However, no oligoclonal bands were
identified in their CSF analysis. The CT head showed brain oedema,
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whereas our case’s CT head showed multiple bilateral white matter
demyelination, and haemorrhagic foci involving the corpus callosum as
well as oedema (Elkady and Rabinstein, 2020)..(Needham et al., 2020)

Although the AHLE diagnosis is usually confirmed at autopsy and
biopsy (Solis et al., 2017), MRI characteristics are useful in early detec-
tion of the condition. MRI findings show multifocal lesions (Solis et al.,
2017; Poyiadji et al., 2020). Susceptibility weighted sequences demon-
strate haemorrhage. There is white matter signal alteration with sparing
of the grey matter and subcortical U-fibers, in a predominantly fronto-
parietal distribution. The Basal ganglia, brain stem and spinal cord may
also be affected (Solis et al., 2017). Some have suggested a potential role
for corticosteroids or intravenous immunoglobulin as treatment (Poyiadji
et al., 2020; Bridwell et al., 2020; Pilotto et al., 2020). These were not
considered viable options in this case due to the risks of ongoing
infection.

Oligoclonal bands which are common to both CSF and serum imply a
systemic inflammatory response, whilst bands which are restricted to the
CSF suggest an additional specific central nervous system (CNS)
response. Drouet et al. reported a case of borrelia burgdorferi infection
related leukoencephalopathy with oligoclonal Immunoglobulin (Ig)
appearance (Drouet et al., 2003). The SARS-CoV-2 RNA was not detected
in the CSF. Due to temporary distribution of SARS-CoV-2 virus in CSF,
isolating the virus is challenging (Ye et al., 2020). It is postulated that
significant immune response could cause damage in the blood brain
barrier (BBB) and this may result in CNS inflammation (Ye et al., 2020;
De Felice et al., 2020). Oligoclonal IgG in CSF could present in the sub-
acute phase of an infective encephalitis (Sindic et al., 2003). In our case,
although the SARS-CoV-2 PCR was negative in CSF, the presence of
additional oligoclonal bands in the CSF may be an indication of an
immunologic response to the infection.

Repeat MRI head performed at day 60 suggested possible slight
improvement of AHLE appearances. This raises the question of whether
AHLE in COVID-19 could be self-limiting in the subacute phase.

6. Conclusion

To the best of our knowledge this is the first reported case of AHLE
with positive oligoclonal bands associated with SARS-CoV-2 infection to
date with follow-up MRI scan and EEG. Further data is essential to
establish the causative mechanism, optimal management, and to eluci-
date the prognosis of this condition associated with COVID-19.
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