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Abstract

Acute Necrotizing Encephalitis (ANE) is a rare but unique clinical
presentation that is associated with morbidity and mortality. A
virus-associated febrile illness commonly occurs prior to the
onset of ANE, which is then followed by a fast decline in condition.
The majority of ANE-reported cases are sporadic. However,
there is still a lack of studies focusing on rare familial cases. A
strong effort was undertaken to increase public awareness of
this condition, as early detection and effective patient care largely
depend on significant clinical judgment.

Abbreviations

ANE: ADEM:  Acute
Disseminated Encephalomyelitis; OD: Autosomal Dominant; MOG:
Myelin Oligodendrocyte Glycoprotein Anti-Bodies; PICU: Pediatric
Intensive Care Unit; LP: Lumbar Puncture; IVIG: Intravenous

Acute Necrotizing Encephalopathy;

Immunoglobulin

Introduction

Acute Necrotizing Encephalopathy (ANE) is a rare but distinctive
type of medical condition, first proposed by Mizguchi et al. in
1995 [1]. Itis generally considered a parainfectious disease as the
diseaseappears precedingaviralinfection, including parainfluenza,
influenza A/B, human herpesvirus, varicella, and enterovirus,
but direct involvement of the central nervous system by these
agents is rare [2,3]. It also rarely occurs in bacterial infections,
including Mycoplasma pneumoniae, tetanus, and pneumoniae
[4]. For children, it is a rapidly deteriorating encephalopathy
that is observed after acute infections between 6 years and 18
years of age. The disease presents with early-onset seizures,
fever, focal neurological deficits, personality changes, and rapid
deterioration of consciousness, which may ultimately progress
into a coma. The majority of the first reported ANE cases were in
children from Japan and Taiwan, raising the possibility that racial
characteristics were involved in the condition. However, more
cases—including adult cases—were subsequently documented in
Western nations, demonstrating that ANE has spread globally and
has no racial preference. ANE has not been recognized primarily
as a clinicopathologic disorder with unknown etiology [3,5]. In line
with this, recent studies have demonstrated that both genetic and
environmental factors play a role in acquiring ANE.

A pathogenic variation in the RANBP2 gene causes infection-
induced acute encephalopathy 3 (IIAE3, MIM #608033), an
autosomal dominant condition with decreased penetrance. ANET,
which often manifests as bilateral symmetric thalamic, midbrain,
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and hindbrain lesions and typically occurs between 1 day—4 days
post-acute viral infection, is more likely to occur before the age of
6 in those with IIAE3 [6]. The majority of cases go through distinct
prodromal, acute, and recovery phases. At the prodromal stage,
a non-specific febrile viral-like sickness that lasts up to 5 days is
frequently observed. Following the first infection, there is an acute
phase that includes seizures, localized neurological dysfunction,
worsening consciousness, and coma. The ultimate stage of
recovery can include complete resolution of the brain lesions,
atrophy, hemosiderin deposition, or white matter cyst formation.
Most cases of ANEC are nonrecurrent and sporadic [6,7]. However,
the RAN-binding protein 2 (RANBP2)-associated type (ANECT) is
therarer, genetic, and familial type. In a study by Neilson et al. 2003,
11 individuals from the same family were diagnosed with ANEC.
It was stated that this disease could be inherited as autosomal
dominant. Among ten unrelated individuals with ANEC who were
diagnosed in 2009, the RANBP2 gene mutation was discovered for
the first time. All tissues generate RANBP2, a nuclear protein with
a wide range of intracellular functions. The autosomal dominant
(OD) gene ANECT has incomplete penetrance. As a result, a
RANBP2 mutation increases a person'’s lifetime risk of developing
ANEC1 by 40%.

It should be noted that these patients have relatives who were
followed up with diagnoses such as Leigh's disease, acute
disseminated encephalomyelitis (ADEM), encephalitis, or aseptic
meningitis. The RANBP2 gene has several functions, including
those related to mitochondrial, metabolic, and nuclear signals, and
based on the underlying kind of mutation, its alterations result in
various clinical symptoms [6-8]. Blood-brain barrier dysfunction
may be observed if the nuclear signal function is disrupted by
mutation. A RANBP2 mutation that results in mitochondrial
malfunction can also result in cell death due to a lack of energy.
As a result, the disease’s involvement pattern mimics that of
disorders that deplete energy, such as Wernicke's encephalopathy
and Leigh syndrome [9]. Considering the rarity of ANE as well as
the lack of sufficient data on familial cases, we gathered data on
one patient case of familial ANE associated with RANBP2 gene

Case Presentation

This is a case of a 3-year-old patient, full-term, delivered via
Caesarian Section (C/S) with normal development. The patient
was free of symptoms two weeks ago but experienced a high
fever, sore throat, and ear pain three days before admission. The
patient then presented with vomiting and bilateral leg pain on the
day prior to admission. On the third day, the patient was unable
to move his upper limbs and was not able to sit, stand, or walk
(+) for squint. No reports of dysphagia, facial weakness, a history
of falls or loss of consciousness, or abnormal movement or
seizures were reported. He was then referred to the King Fahad
Medical City, Riyadh, where he was provided with the necessary
examinations. Further workup, CSF analysis, genetic testing, and
follow-up MRI were done.

Upon examination, the patient presented as encephalopathic,

irritable, non-cooperative, and with a decreased level of
consciousness (Glasgow Coma Scale =
assessment, the patient showed no abnormalities except that

he had increased muscle tone in his left upper limbs and bilateral

11). On physical

legs after stimulation. For laboratory tests, Culture, Myelin
Oligodendrocyte Glycoprotein Anti-Bodies (MOG), Anti-NMO, and
Aquaporin 4 Anti-Bodies were negative, and glucose and protein
tests were normal. CSF Analysis and WBC revealed no count due
to clotting (Figure 1A Figure 1B,Figure 1C).

The parents denied a history of autoimmune disease in the family;
however, detailed a pertinent family history where the patient’s
older brother, 11-year-old old has a history of febrile illness (HTN1)
followed by aphasia and weakness with similar presentations
when he was 5-year-old; admitted to PICU and required ventilation,
LP was negative, MRI showed Necrotizing Encephalitis (Figure
2A,Figure 2B,Figure 2C,Figure 2D).

In addition, a genetic workup and Whole Exome Sequencing
(WES) were done and showed: a familial pathogenic variant in the
RANPBP2 gene in the heterozygous state. The genetic diagnosis
of autosomal dominant susceptibility to acute, infection-induced
encephalopathy type 3 is confirmed (Figure 3).

mutation.
- 1
Name : YAHYA ZAIN SAFWAT Sample Date :25/01/2022 17:17 PM
Lab. No. : 4322723015 Report Date :06/02/2022 15:29 PM
Contract. : King Fahad Medical City
Patient No. : 126-443069243
File No. 3
Branch : AL ﬁi};iﬁ-};ﬁ;da - Age :2 Year 755); e Male I
S O Unit
Test Result Unit Ref. Range
Myelin Oligodendrocyte Glycoprotein ABS <1:10 Titer <1:10
(MOG) '
q /

Figure 1: Myelin Oligodendrocyte Glycoprotein Anti-Bodies (MOG).
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Figure 1B: Anti-NMO, and Aquaporin 4 Anti-Bodies.
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Figure 1C: CSF Analysis Aquaporin 4 Anti-Bodies.

Figure 2: Brain MRI. Axial T2 (A-D) showing swelling and abnormal high signal intensity of pons, bilateral external capsule, and sub-insular cortex.
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POSITIVE RESULT
Pathogenic variant identified

@

INTERPRETATION

confirmed.

The familial pathogenic variant was identified in the RANBP2 gene in heterozygous state. The genetic
diagnosis of autosomal dominant susceptibility to acute, infection-induced encephalopathy type 3 is

RECOMMENDATIONS

= Genetic counselling is recommended.

&

« |If possible, parental targeted testing is recommended as establishing the origin of the variant, inherited
or de novo, is important for familial genetic counselling. Given the family history, especially maternal
targeted testing is recommended as incomplete penetrance has been described for this disease.
Additionally, targeted testing for all affected and at-risk family members, if any, is recommended.

Figure 3: RANBP2 Testing Results.

The patient received IVIG, pulse steroid, and antibiotics with
clinical improvement of motor function, and a tapering dose of
prednisolone.

Discussion

Acute Necrotizing Encephalopathy of Childhood (ANEC) is a
medical condition commonly seen in young, previously healthy
children. Our case was a previously healthy child whose condition
initiated with high fever and fast neurologic disturbances [10].

The clinical course of ANE can be categorized as the prodromal
stage, acute encephalopathy, and recovery stage. ANE in its
prodromal stage is diverse due to and non-specific to viral
infections, including fever, vomiting, diarrhea, upper respiratory
tract infection, chest infection, and headache. With progressing
ANE, seizure, focal neurologic deficits, and disturbance of
consciousness may present as brain dysfunctions. The clinical
course of ANE is also diverse, from a mild form of encephalopathy
to a debilitating form leading to death [2]. The RANBP2 mutation is
autosomal dominantly inherited, yet incomplete penetrance with a
40% rate has been noted. Even among family members with the
same RANBP2 gene mutations, including a set of identical twins
[6], the onset, presentation, and features of the disease can differ.
A number of theories have explained the incomplete penetrance.
According to Neilson et al. dietary status, viral infection routes, and
various viralinoculums can all affect an individual's susceptibility to
illness presentation. They postulated that changes in temperature
sensitivity and altered protein function could occur from amino
acid substitutions brought on by RANBP2 mutation. As a result,
the length and severity of the fever may be a factor in inadequate
penetration. As described earlier, clinical manifestations vary in the
family. The patient is part of twins, but his other twin is reported
to be healthy. One relative showed a pathogenic variant in the
RANPB2 gene, and an older brother had similar presentations.
However, the parents did not have clinically apparent neurologic

symptoms. Due to the complexity and rarity of the medical
disease, the pathophysiology is poorly known. However, the
predominant theory holds that a trigger in genetically vulnerable
populations with RANBP2 mutations results in abnormal nuclear
signaling, which in turn causes a cytokine storm, which allows
cytokines into the central nervous system, disrupts the blood-brain
barrier, and results in encephalopathy [6,11]. The triggering event
is most commonly viral, such as influenza A and B, parainfluenza,
varicella, herpes simplex virus, enterovirus, rotavirus, rubella, and
measles [2].

Critical care management is necessary for the treatment of ANE.
Immune-mediated CNS cell damage in ANE has been reduced
with the administration of methylprednisolone, IVIG, and other
immunosuppressants. According to earlier studies, children
with  ANE had better outcomes when corticosteroids were
administered within 24 hours after the onset of symptoms. There
are few experiences with therapeutic interventions and patient
follow-up for those with ANEC1, and these experiences are often
case series. An improved prognosis may be associated with early
steroid therapy, most likely as a result of decreasing increased
cytokines and reducing inflammation. High-dose steroids can also
reduce neuroinflammation-related edema. A complete recovery,
chronic sequelae, or death can be the result of ANECT. 30% of
ANEC1 suffer mortality [5,12].

Key Results

In this case study, a 3-year-old patient presented with several
triggers of Acute Necrotizing Encephalopathy (ANE) that have
responded well to IVIG, pulse steroids, and antibiotics. MRI
revealed necrotizing encephalitis, while genetic workup (whole
exome sequencing) showed a familial pathogenic variant in the
RANBP2 gene in the heterozygous state. No reports of dysphagia,
facial weakness, a history of falls or loss of consciousness, or
abnormal movement or seizures were reported.
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Summary Statement

The RANBP2 gene can be considered a major cause of familial
and recurrent ANE; therefore, RABNP2 mutation testing should
be highly explored to improve clinical outcomes and prognosis
further.
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