Table 2

Clinical data of published patients with recurrent or familial ANE with genetic studies.

Patients and episodes of ANE Trigger infection Therapy Clinical course Familiarity for RANBP2 mutation
and age at onset encephalopathy (found: Y; not
- found: N)
Neilson DE, 2003 (1) F at 2y (seizures, coma) Not reported Not reported Death after 12h Another 11 cases in

(2) M (brother of pt 1) at 9m Not reported Not reported Death after 12h the family (clinical

(status epilepticus) data not reported)

{3) M 1st episode at 18 m Not reported Not reported Residual abducens Heterozygous

(hallucination, unresponsive) palsy ¢.1880C>T;
p.Thr585Met

Lopez-Laso E, 2009

Gika AD, 2010

2nd episode at 4 y (coma)

(4) M 1st episode at 3 y (coma,
decorticated posture, focal
seizures)

2nd episode at 4 y 8 m (coma)

(5) M (twin of pt 4) at 3 y (coma,
decorticated posture, focal
seizures)

(1) M 1st episode at 3m
(generalized seizures, coma)

2nd episode at 7 m (focal
seizures, coma, decerebration)
(2) M at 3 y (obnubilation,
ataxia, miyoclonic seizures)
(3) F at 10 m (status epilepticus,
coma)
F 1st episode at 9m
(encephalopathy with seizures;
ventilated for 10 days)

2nd episode at 2y (VI nerve
palsy)

3rd episode at 9 y (decreased
consciousness: coma with
intubation and ventilation)

Influenza A

Not found

Parainfluenza

type II

Not found

Not found
Not found
Not found
Not found

Not found

Not found

Influenza A

Not reported

Not reported

Not reported

Not reported

Vitamins, carnitine
Not reported
Not reported
Not reported

No

No

Antiviral, antibiotic,
immunomodulatory (high-
dose of steroids after 24 h of
disease onset and IVIG)

Severe mental
retardation and

spastic quadriplegia

Full recovery after
1m

Residual ataxia,

aphasia, tremor and

disconjugate gaze
Full recovery after
3m

Full recovery after
1 week
Death after 2 days

Full recovery after
17 days
Death

Slow but complete
recovery

Recovery

Neurological and
cognitive sequelae

Another 1 case in
the family at 15 mo
with fatal course
{clinical data not
reported)

Her mother
presented an episode
of encephalitis/
polyneuritis after a
viral infection at
19y

mutation (Genetic
testing in 2009)

Heterozygous
c.1880C>T;
p.Thr585Met
mutation (Genetic
testing in 2009)

Heterozygous
c.1880C>T;
p.Thr585Met
mutation (Genetic
testing in 2009)
Genetic testing in
cases 1 and 2 and in
another 4 family
members: N

Heterozygous
c.1880C>T;
p.Thr585Met
mutation in the
patient and her
mother

(continued on next page)
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Table 2

{continued)
Patients and episodes of ANE Trigger infection ~ Therapy Clinical course Familiarity for RANBP2 mutation (found:
and age at onset encephalopathy Y; not found: N)
Marco EJ, 2010 3 brothers (parents first cousins) Genetic testing in case 31 N
(1) M at 11 m (intermittently Serum IgM for Case 1 and 2: antiviral Fatal after 3 days
responsive, focal seizures with Enterovirus (acyclovir), antibiotic,
secondary generalization) positive antipyretic, anticonvulsant,
(2) M at 23 m (focal seizures; Influenza A intracranial pressure Fatal after 16 h
after 16 h unresponsive) management, hemodynamic
support i
(3) M (twinof pt 2) Istepisode  Not found No Apparent full
at 18 m (ataxia, myoclonic jerks) recovery
2nd episode at 23 m(decreased Not found Antiviral (oseltamivir), Severe neurological
consciousness with decorticated antibiotic, antipyretic, sequelae

Loh NR, 2010

Gilson C, 2010

posturing)

M 1st episode at 18 m (reduction
of consciousness, admission to
ICU)

2nd episode 3y 11m
{confusion, lethargy)
F at 5y (GCS 7/15: intubation
and ventilation, decerebrated
posture)

Adenovirus in
stool positive

Influenza A
(H3N2)
Not found

anticonvulsant, vitamins,
coenzyme Q10, zinc,
intracranial pressure
management, hemodynamic
support, immunomodulatory
{dexamethasone,
plasmapheresis)

Antibiotic, antiviral
(acyclovir), anticonvulsant

Antibiotic and antiviral

Anticonvulsant and
antibiotic

Death at 8 y for
status epilepticus

Discharged at day
19 with full recovery

Discharged at day
12 with full recovery
Dysarthria and
severe motor deficit;
after one year she
presented bilateral
hemiparesis but
speech and language
improvement

Heterozygous 3238 C>T
mutation

The same mutation was
found in his apparently
healthy brother and mother
Heterozygous

¢1754C > T:p.Thr585Met
mutation. The same
mutation was found in her
asymptomatic mother,
brother and maternal
grandmother.

In the patient was found
c.833T > C; p.1278T
mutation in CBS gene
associated to
homocysteinuria.
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continuing a monthly IVIG infusion and oral dexamet-
hazone (0.033 mg/kg/day) without any negative effects
on his stature and ponderal growth, while he is starting
again the vaccination regime.

Due to the recurrent encephalopathic episodes,
ANE1 was suspected and molecular analysis of the
RANBP2 gene was performed after recruiting the
informed consent. So we were able to identify a hetero-
zygous missense mutation (c.1880C > T; p.Thr585Met).
The genetic testing of his mother resulted negative for
the RANBP2 mutation, while his apparently healthy
father and uncle (brother of his father) were carrying
the same ¢.1880C > T; p. Thr585Met mutation on RAN-
BP2 gene. No other cases of encephalitis/encephalopa-
thy were reported in the family.

3. Discussion

‘We report a new combined steroid and immunoglob-
ulin therapy in the first Italian ANE1 case. The steroid
therapy associated with YVIG was administered during
the acute encephalopathy events, while the maintenance
therapy was applied, using a very low steroid dosage,
and a further monthly IVIG therapy for prevention of
viral infections. ANE1 onset appears mainly in the ear-
lier childhood, but rare cases have been reported in the
adolescence or even in adult age (7] In particular, this
child presented the first ANE episode at 5months of
age, the youngest onset ever reported in ANE1 patients
(Table 2). ANE1 must be always considered as differen-
tial diagnosis in any patient presenting with ANE and
one of the following characteristics: (1) family history
of neurological symptoms, occurring during an infec-
tion; (2) recurrent encephalopathy following fever, with
or without findings of ANE; (3) MRI changes of ANE
with additional lesions in any of the following areas:
medial temporal lobe, insular cortices, claustrum, exter-
nal capsule, amygdale, hippocampi, mammilary bodies,
spinal cord [3,7,8].

In this reported case, due to the manifestation of
recurrent ANE events assoclated to the presence of
MRI lesions in the subcortical cerebral white matter,
in the cerebellum and in the hippocampi, suggested us
to hypothesize ANE! diagnosis, so genetic analysis of
RANBP2 gene was performed [8].

This child was carrying the already reported most fre-
quent ¢.1830C > T mutation in the RANBP2 gene [7],
that was transmitted by his healthy father, who he still
never presented episodes of encephalitis/encephalopa-
thy. ANE1 is an autosomal dominant disease with an
incomplete penetrance [7]. The RANBP2 mutation pre-
disposes to ANE1, but additional factors are required
to make the phenotype fully penetrant like other still
unknown genes, type of virus, dose of inoculum, route
of infection, nutritional status, priory infection and
inflammatory state [8]. Since some familiar cases

resulted being negative to RANBP? mutational screen-
ing, it is likely that other genetic loci could be involved
in the pathogenesis of ANE [7-10],

Some authors previously proposed an empiric treat-
ment with high dose of steroids in ANE patients [4,11].
Okumura et al. retrospectively evaluated the clinical
course and the outcome of 34 children with isolated
ANE, treated with steroids and gammaglobulin. They
observed that steroid therapy within 24 h from the
symptoms’ onset was associated with a better outcome
in children without brainstem lesions. They further
reported that the outcome was not correlated with
gammaglobulin treatment at the dose of 1-2 g/kg [12].

In 88% of ANEL1 cases brainstem lesions are present
and they are less predictive as they produce a full range
of outcomes, independently from the steroid therapy [8].
In a recent paper Loh et al. [13], reported a patient with
ANEI who presented two recurrent encephalopathy epi-
sodes and a good clinical outcome without immuno-
modulatory therapy after one year follow-up.

Differently from the already published cases [14,15],
the presently reported child showed a less severe clin-
ical and neuroradiological course. We could then
hypothesize that this mild clinical course might be cor-
related to the very low steroid maintenance therapy
that was administered to the child after the 2nd epi-
sode or that the patient grew older. We could then
suggest that a monthly IVIG therapy might be used
for prevention of viral infections. Despite there is no
evidence to support that ANE! is an immune-medi-
ated disease, immunomodulatory therapy might be
considered in the management of ANE1 cases espe-
cially in early childhood in which fatal course has
been frequently reported.

Further studies will be necessary to define the clinical
presentation, the immunological and genetic aspects, the
outcome of immunomodulatory therapy in the acute
episodes of ANEL.
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