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ARTICLE INFO ABSTRACT

Keywords: Acute necrotizing encephalopathy (ANE) is a rare disease not yet described in children with Covid-19. RANBP2
ANEL gene variations are implicated in recurrences in the genetic form of ANE, the so called ANE1. We report the first
Sars-CoV-2 case of pediatric ANE1 following Sars-CoV-2 infection. She had a first episode at 2 years of age following
Pediatric . . . . . 1k X .

Bp2 influenza type A with full recovery, many other respiratory and non-respiratory febrile viral infections without

Mitochondrial homeostasis

recurrences and a severe recurrence following Sars-CoV-2 infection, suggesting a potentiation effect on cytokine

cascade. Her MRI showed the typical pattern of injury resembling that of mitochondrial disorders, and supported
the role of RANBP2 in mitochondrial homeostasis.

This case rises attention on diagnostic challenges and offers several interesting tips for discussion about new
perspectives in pathogenesis and targeted treatments.

1. Introduction

In 1995 Mizuguchi [1] firstly described a case of acute necrotizing
encephalopathy (ANE) as a sporadic, non-familial, non-recurrent rapidly
progressing encephalopathy triggered by viral infections. In 2009,
Neilson et al. [2] reported on familial recurrent ANE linked to missense
heterozygous mutations in the RANBP2 gene, coding for a ubiquitously
expressed nuclear pore protein with a role in regulation of proteostasis,
chemokine signaling, intracellular metabolism, and mitochondrial dis-
tribution [3]. To date, 96 ANE1 cases (children and adults) triggered by
viral infections have been reported in literature [3].

In December 2019, an outbreak of novel coronavirus infection (Sars-
CoV-2) started to spread worldwide causing severe acute respiratory
syndrome (COVID-19). A number of neurological disorders have been
found in association with both Sars-CoV-2 infection and COVID-19 [4],
and among these, severe cases of sporadic acute necrotizing

encephalopathy (ANE) have been reported [5]. Patients with ANE are
otherwise healthy children who develop a cytokine storm primary in the
central nervous system in response to (viral) infection, e.g., Influenza
[6].

The genetic form of ANE is referred to as ANE1, a rare disease pre-
senting with encephalopathy following a viral febrile illness in carriers
of a missense mutation in the gene encoding RAN Binding Protein 2
(RANBP2) [3]. RANBP2 has been implicated in several cellular pro-
cesses, and ANEl pathophysiology could be related to
RANBP2-promoted cytokines storm or mitochondrial dysfunction [3,7].

We report the first case of pediatric ANE1 following Sars-CoV-2
infection.

2. Case presentation

A 10-year-old girl accessed the Ferrara University Hospital Pediatric
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Emergency Department with acute onset of decreased level of con-
sciousness (Glasgow Coma Scale:8 E2, V2, M4) and fever. Her vital signs
were stable, in particular she had no signs of shock (heart rate 85 bpm,
she had normal breathing with oxygen saturation 97% without respi-
ratory support, blood pressure 125/80 mmHg). She had generalized
hypotonia with no posture changes. She had no meningeal clinical signs,
no rash. Her pupils were miotic and sluggish. The knee and ankle re-
flexes were reduced, extensor plantar reflex was present bilaterally,
without other neurological signs of corticospinal tract dysfunction. She
had absence of gag, oculo-cephalic and corneal reflexes. Family history
was unremarkable.

Complete blood count revealed leukopenia and lymphopenia,
normal platelet count, with normal levels of C-reactive protein and
procalcitonin. Basic metabolic panel, including ammonia, lactic acid
and arterial blood gas analysis, was normal. Sars-CoV-2 nasopharyngeal
(NP) swab tested positive. Cerebrospinal fluid (CSF) analysis showed an
increased protein level (95 mg/dl) without pleocytosis, PCR panel for
neurotropic pathogens and for Sars-CoV-2 were negative in CSF. In
serum, interleukin (IL)-6 level was in the normal range, CNS auto anti-
bodies including anti-MOG and anti-AQP4 were absent. The search for
oligoclonal IgG bands on CSF and serum was negative.

In the acute phase brain and spinal cord magnetic resonance imaging
(MRI) confirmed extensive areas of cytotoxic edema in the bilateral
thalami, brainstem (pons and midbrain), cerebellar cortex, cervical
spinal cord (C3-C4, C5-C6), chiasm and optic tracts (Fig. 1). MRI
spectroscopy pattern was suggestive for necrosis. An electroencephalo-
gram (EEG) revealed a slow-wave pattern (delta/theta) with minimal
and inconsistent reactivity to noxious stimuli.

Based on clinical presentation, neuroimaging, and CSF findings, a
diagnosis of ANE associated with Sars-CoV-2 was made. The score ANE-
SS, described in the literature [8] suggested high risk (brain stem le-
sions, age over 48 months and CSF protein above 60 mg/dl), the prog-
nostic value is not generally agreed [9].

Already in day 1 the patient was admitted to the intensive care unit
(ICU), intubated and mechanically ventilated. As soon as she was

European Journal of Paediatric Neurology 42 (2023) 117-121

admitted to the ICU, she started treatment with Remdesivir and Meth-
ylprednisolone (1 gr/day) for 5 days. Following the corticosteroids
course the clinical presentation did not improve and imaging worsened
with deterioration of the existing lesions and occurrence of new lesions
in the cervical spinal cord (Fig. 1). She therefore underwent 5 sessions of
plasmapheresis and finally IVIG (2 g/kg/day) for 2 days with no further
deterioration.

Subsequent MRI examinations (day 9, day 22, and day 35) docu-
mented an improvement of the neuro-radiological picture with marked
numerical and dimensional reduction of the hyperintensity areas in
FLAIR sequences (Fig. 2).

On day 23, her Sars-Cov-2 NP swab test was negative, the patient was
transferred to the neurorehabilitation ward still comatose (GCS 7: E1,
V1, M5) with spontaneous breathing via tracheostomy. Unfortunately,
more standardized outcome measures are not available.

Of note, at age 2 years, the patient was admitted to pediatric inten-
sive care unit (PICU) with fever, flu symptoms and mental confusion. In
that occasion, CSF analysis showed only a slight hyperproteinorrachia
(60 mg/dl) and brain MRI revealed hyperintensity of external capsules,
cerebellar cortex, hypothalamus and pons on fluid attenuated inversion
recovery (FLAIR) sequences with restricted diffusion on diffusion-
weighted images (DWI) and without contrast enhancement (CE)
(Fig. 3, a-f). At that time NP swab tested positive for Influenza A. She was
treated with methylprednisolone (20 mg/kg/day) for 3 days and intra-
venous immunoglobulin (IVIG) (2 g/kg/day) for 2 days with clinical-
radiological improvement (Fig. 3, g-j). She was then discharged home
on day 30 after admission with mild dysarthria and walking impairment
and diagnosis of atypical acute disseminated encephalomyelitis
(ADEM). After 8 months from admission the neurological examination
was reported to be normal. Since then she has had other febrile upper
respiratory tract viral infections, without neurological symptoms. Her
development was reported to be normal. The patient never underwent
anti-Sars-CoV-2 vaccination because her parents feared possible ADEM
relapses.

Due to recurrent episodes of infection-related encephalopathy

Fig. 1. FLAIR hyperintense areas (a, b, d) in the thalami, pons, midbrain, cerebellar cortex, chiasm and optic tracts (red arrows). T2 hyperintense lesions in the
cervical spinal cord (c, blue arrows). Bilateral thalamic involvement with central necrosis and hemosiderin deposit (FLAIR, d; ADC, e; DWI, f; SWI, g). (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 2. MRI at day 35 after symptoms onset. Sharp reduction of FLAIR hyperintensities in the brain stem, thalami and cerebellar cortex (a, b); disappearance of
cervical spinal cord lesion (c); residual hemosiderin deposition in necrotic areas in both thalami (d).

Fig. 3. MRI study at patient’s first episode (age 2 years). FLAIR-STIR areas (a,b,c) of hyperintensity involving external capsules, cerebellar cortex and pons with
restricted diffusion on DWI (d,e,f); MRI hyperintensity reduction in FLAIR-STIR (g, h), without restricted diffusion on DWI (i,j) at day 22 after symptoms onset.
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suggestive of ANE, a whole-exome sequencing of patient and parent
DNA targeted on ANE1 phenotype was performed, which revealed
¢.1754C > T p.(Thr585Met) de novo mutation in heterozygous state on
RANBP2 gene, already known in literature as pathogenic.

3. Discussion

We report on the first case of genetically confirmed ANE1 after
infection with Sars-CoV-2 in a child.

The diagnosis in ANE and ANE1 is suggested by MRI typically
showing symmetric and diffusion restricted hyperintense T2 signal
prolongation in the thalami, brainstem and cerebellum, sometimes
associated with lesions in the cervical spinal cord, medial temporal lobes
or insular cortex, and in other subcortical regions including mammillary
bodies, hippocampus, amygdala, claustrum, and external capsule [6,
10]. The differential diagnosis between ADEM and ANE needs imple-
mentation of standard MRI sequences with apparent diffusion coeffi-
cient calculation and susceptibility weighted imaging, in order to
distinguish cytotoxic from vasogenic edema and to detect micro-
haemorrages, as demonstrated by the reported case. Moreover, differ-
ently from isolated ANE, patients with ANE1 could present involvement
of additional CNS structures, including the external capsule and claus-
trum, medial temporal lobes and limbic structures including amygdalae,
hippocampi and spinal cord. It is noteworthy to mention that, during the
episode occurring at the age of two years, our patient presented MRI
lesions typically involving the external capsules and at that time ANE1
could be suspected [11]. Interestingly, our case also featured an
involvement of the optic chiasm and the optic tract bilaterally, which, to
the best of our knowledge has never been reported in literature before.
This peculiar radiological feature could depict an even rarer variant of
ANEI1 overlapping with other CNS leucoencephalopathies such as neu-
romyelitis optica spectrum disorders (NMOSD). However, in our patient
anti-AQP4 antibodies were absent.

Due to the inflammatory pathogenesis of ANE, immunotherapy with
corticosteroids and intravenous immunoglobulins is usually the first line
therapy [6]. Sometimes plasma exchange or interleukin-6 receptor
blockage could be employed. Considering the severity of ANE, plasma-
pheresis was preferentially performed. Since IL-6 level was normal we
did not treat the patient with IL-6 receptor blockage, considering also
that treatment used already stabilized the clinical and neuroradiological
progression. However, the treatment with Tocilizumab, a recombinant
humanized monoclonal blocking the IL-6 receptor should be considered
since it has been successfully used in some cases even in the absence of
raised IL-6 levels [12].

There is still lack of consensus on the best second line therapeutic
strategy, particularly in ANE1 [6]. In these patients, immunoprophy-
lactic treatment to prevent ANE recurrences is suggested [6].

One other issue raised by our case is the role of vaccination in gen-
eral. Our patient had completed the standard vaccination schedule
without complications, but she had not been vaccinated for Sars-CoV-2.
Despite controversial reports, some vaccines, such as the flu vaccine,
appear to be safe in ANE1 and can even prevent disease recurrence
triggered by viral infections [7]. What consequences the Sars-CoV-2
vaccine may lead to in patients with RANBP2 gene mutation remains
to be elucidated.

More caution is needed in these children, since occasional case re-
ports suggest that vaccine against COVID could allow to an aberrant
immune response mechanisms and ANE [13,14]. However, the disas-
trous course of disease in our patient suggest that vaccination should not
be discouraged. An issue for future research should be the possible
protective role of drugs supporting the mitochondrial function in the
para-vaccination period. There are several neurotrophic viruses that had
been reported to trigger ANE and ANE] in the literature such as influ-
enza A, dengue, rotavirus, syncytial respiratory virus and many others.
In our patient the recurrence of ANE1 only after specific viral infections
(eg., influenza A and Sars-CoV-2), besides having had many other
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respiratory and non-respiratory febrile viral infections is intriguing.
Moreover, she showed increased severity of recurrence following
Sars-CoV-2 infection. These findings suggest the possibility of potenti-
ation of different mechanisms, in line with recent studies showing that
ORF6, a Sars-CoV-2 protein downregulates the expression of RANBP2,
by acting on the nucleus-cytoplasmic transport of cytokine mRNA,
possibly leading to potentiation of the cytokine storm during COVID-19
[15]. Moreover, RANBP2 shows in vitro anti-retroviral activity [16] and
its loss of function seems to be related also to susceptibility to infection
itself [6].

In our patient, MRI patterns of lesions shared similarities with those
of metabolic and/or mitochondrial disorders such as Leigh syndrome,
supporting the role of RANBP2 in mitochondrial homeostasis and
opening future directions for ANE1 therapy.

Genetic tests are recommended in recurrent ANE, and also for ther-
apeutic implications. ANE1 treatment should include prophylaxis of
severe recurrences (eg., with adequate energy support and antioxidants
during intercurrent viral infections).
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