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A B S T R A C T

Purpose: SCN1A variants cause a spectrum of epilepsy syndromes from Dravet Syndrome, a severe epileptic
encephalopathy of early infancy to the milder disorder of genetic epilepsy with febrile seizures plus (GEFS+).
These genetic epilepsies are associated with increased risk of poor outcome including complications of status
epilepticus and early mortality. Individualised management of young children known to be at increased risk
should be considered, such as around vaccination management.
Methods: We describe two siblings with a novel pathogenic SCN1A variant, their management and clinical
outcomes following routine childhood vaccinations.
Results: The index case who had a family history of epilepsy of unknown genetic aetiology, died from hypoxic
ischemic encephalopathy following his 12-month vaccinations, in the context of status epilepticus and en-
terovirus 71 infection. The sibling of the index case with the same SCN1A variant was subsequently managed
with prophylactic regular sodium valproate and additional clobazam post vaccination to reduce the risk of
seizure. She has successfully completed the childhood immunisations to 18 months with no seizures and normal
neurodevelopmental progress.
Conclusion: As the aetiology of genetic epilepsies is increasingly known in early childhood, opportunities to
personalise care, minimise risks and optimise outcomes are changing. Further research is needed on the risks and
benefits of symptomatic and preventative management of seizures around vaccinations in young children with
genetic epilepsies.

1. Introduction

Pathogenic variants in SCN1A, a sodium channel alpha-1 subunit
gene, cause a range of epilepsy syndromes from generalised epilepsy
with febrile seizures plus (GEFS+) to the more severe developmental
and epileptic encephalopathy, Dravet Syndrome. [1] Approximately 80
% of children with Dravet syndrome have a SCN1A variant, of which 95

% are de novo variants. [2] Those with familial variants often have the
milder phenotype of GEFS + and generally follow an autosomal
dominant inheritance pattern with some showing reduced penetrance
[3].

Vaccinations have been implicated in triggering an earlier onset of
seizures in children with underlying genetic epilepsy, including SCN1A-
related Dravet syndrome. [4] Here, we report of two siblings with a
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novel SCN1A variant, their clinical management and outcomes, with
focus on their vaccinations.

2. Case 1

The first patient (index case, III:1 in Figure) was a 12-month-old
boy, born at full-term via spontaneous vaginal delivery to non-con-
sanguineous Caucasian parents (first pregnancy via in-vitro fertilisa-
tion).

His mother (II:2) had epilepsy from infancy, with her first febrile
seizure (FS) before 12 months old. She progressed to have both febrile
and afebrile bilateral tonic clonic seizures, but no focal seizures or
status epilepticus. Her seizures were managed with sodium valproate
only. Seizure frequency decreased from once every two months from
infancy to puberty, to being seizure free for 4 years before ceasing
medication for 5 years before the patient’s birth. There was no sig-
nificant neurodevelopmental impact from the seizures, and she com-
pleted high school studies with no assistance. There was a history of
epilepsy in her older sister (II:1) and her father’s family (I:1). No family
members had prolonged seizures or developmental concerns. (Fig. 1).

The patient was a healthy infant with normal growth and devel-
opment and no significant medical history aside from omphalitis as a
neonate. He received his first three sets of infant vaccinations (DTPa-
Hib-HepB-IPV, PCV13 and rotavirus vaccines at 6 weeks and 4 months
and DTPa-Hib-HepB-IPV and PCV13 at 6 months) with no adverse
events following immunisation.

At 12 months old, he had a mild febrile illness with rhinorrhoea
lasting 1–2 weeks and had been afebrile for 3–4 days at the time of Hib-
MenC and MMR vaccinations. Approximately 27 h later, his first seizure
occurred. The child’s mother saw him sitting up in bed on the baby
video monitor, and went into the room to find him staring, un-
responsive with lip smacking, followed by bilateral tonic clonic move-
ments. Fever to 38.5 °C was recorded on arrival to emergency. Four
doses of midazolam were given before status epilepticus terminated at
approximately 40 min. He went into cardiopulmonary arrest during
intubation and had 40 min of down time before return of spontaneous
circulation on an adrenalin infusion. A loading dose of levetiracetam
(30 mg/kg) was given and he was transferred to paediatric intensive
care unit on morphine and adrenaline infusion. Antibiotics were com-
menced, CSF collection was deferred. CT brain showed severe global
hypoxic ischemic brain injury with cerebral oedema. The admission
was complicated by pulmonary oedema, secondary pneumonia,

diabetes insipidus, hyperglycaemia, hyperthermia and hypertension.
EEG showed electrocerebral silence, and MRI re-demonstrated ex-
tensive changes with cerebellar tonsillar herniation and absence of flow
in the intracranial arteries on MRA consistent with brain death; medical
support was withdrawn, and he died.

Autopsy found severe cerebral oedema with diffuse hypoxic is-
chemic encephalopathy changes and cerebellar tonsillar herniation.
There was also extensive bronchopneumonia. Enterovirus 71 was found
on tracheal and rectal swab. There were no signs of meningitis or en-
cephalitis on neuropathological exam of brain and spinal cord.

Genomic testing was not performed at the time of autopsy. Instead,
the mother was referred for genetic review during her subsequent
pregnancy (Case 2). Whole exome sequencing was arranged on a stored
liver-derived DNA sample from Case 1, focussing on a panel of SUDEP
(sudden unexpected death in epilepsy), long QT syndrome and hypo-
ventilation-associated genes.

The detected heterozygous missense variant in SCN1A
(NM_001165963.1: c.2866A>G;p.(Met956Val)) was novel and classi-
fied as likely pathogenic by American College of Medical Genetics
guidelines (Class 4: PM2, PM5, PP2, PP3). [5] While this was a novel
amino acid change, other pathogenic missense changes affecting the
same residue, including p.Met956Thr, have been reported where in
vitro studies demonstrate reduced cell surface SCN1A expression,
highlighting the functional importance of this particular highly con-
served methionine. [6,7] The absence of variants in this position in
population databases including Genome Aggregation Database
(gnomAD) [8] and in silico predictions support this missense variant as
being likely pathogenic. This variant was also subsequently found in the
mother.

3. Case 2

The second patient (III:2), is the younger sister of the index case,
born 12 months after the index case’s death. Given the history of vac-
cine-proximate status epilepticus in Case 1, though genetic results were
unknown then, she was reviewed by an immunisation specialist and a
neurologist prior to her vaccinations. She was admitted for 6-week and
4-month vaccinations (DTPa-HiB-IPV-HepB, PCV13 and rotavirus vac-
cine) and given prophylactic paracetamol. There were no adverse
events.

She was also reviewed by clinical genetics soon after birth. The
parents were counselled on predictive genetic testing for the SCN1A
variant given her 50 % inheritance risk from her mother, identified
when Case 2 was 5 months old, and genetic testing was performed with
consent. She was found to also harbour the same variant. After careful
consideration and consultation with neurology colleagues, she was
commenced on prophylactic sodium valproate (20 mg/kg/day) to re-
duce the risk of seizures, with no side effects reported. In addition,
prophylactic paracetamol and clobazam (0.3 mg/kg/day) was given
following her 6-, 12- and 18-month vaccinations for the period where a
fever post-vaccination was expected (2 days following inactivated
vaccine; 14 days following live-attenuated vaccine). Inactivated vac-
cines (4vMenCV, PCV13 at 12 months and DTPa, HiB at 18 months)
were given separate to live-attenuated vaccines (MMR and VZV re-
spectively) to reduce any added risk of FS in concomitant vaccine ad-
ministration. Currently, at 18 months’ old, she has remained seizure
free with normal development on prophylactic valproate, with weaning
off medication planned from age 2 years.

4. Discussion

Knowledge of the genetic aetiology of epilepsy syndromes offers
potential to inform risk stratification and personalised patient care in
early childhood, including immunisation management. We report a
novel missense SCN1A variant in a 12-month-old child who suffered a
catastrophic outcome from status epilepticus with cardiac arrest

Fig. 1. Pedigree of family.
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following vaccination, in the context of recent febrile illness likely as-
sociated with enterovirus 71. A subsequent asymptomatic sibling was
identified with the same variant, raising the question of optimal man-
agement in this case.

Multiple factors may have contributed to the death of Case 1 in-
cluding vaccination, status epilepticus, pathogenic SCN1A variant and
enterovirus infection. Although it is not possible to predict an in-
dividual’s phenotype based on their genotype alone, the pattern in this
family is more consistent with GEFS + syndrome, and missense var-
iants more commonly occur with the milder GEFS + phenotype. [1]

Post-vaccination seizures occur in a small number of individuals and
are well documented in children with Dravet syndrome. [4]] SCN1A
variants predispose individuals, particularly those with Dravet syn-
drome, to status epilepticus and to an increased risk of SUDEP. [9]
Optimal acute management of status epilepticus is essential, with em-
phasis on timely and appropriate emergent benzodiazepine treatment
(2 adequate doses) followed promptly by second line medication, as per
best practice guidelines [10].

Enterovirus 71 infection can cause FSs, aseptic meningitis, and en-
cephalitis following a prodromal illness as in Case 1 and does not ty-
pically have evidence of cerebritis at autopsy. [11,12] The presence of
CNS infection was unclear due to lack of CSF sampling in this acutely ill
infant. In this case, where cardiac arrest followed status epilepticus,
enterovirus 71 also predisposes to pulmonary oedema and myocarditis,
with young children more severely affected [12]. This underscores the
importance of deferring vaccination in children with an acute febrile
illness.

Genetic testing in this case had important ethical and counselling
implications. Pursuing extended genetic testing at autopsy would have
provided the family timely information for reproductive planning, in-
cluding pre-implantation genetic diagnosis with in-vitro fertilisation. As
massively parallel sequencing and genetic diagnosis becomes more
prevalent in childhood epilepsy, issues arise about predictive testing for
asymptomatic siblings and parents, and optimal evidence-based man-
agement for asymptomatic individuals carrying pathogenic variants.

Pre-symptomatic treatment is not our standard management of FSs
or risk of seizures in families with genetic epilepsy, as antiepileptic
medications may be associated with side effects including on neuro-
development and cognition. Risk of seizures and poor outcome in Case
2 was considered high given the significant family history, previous
infant death, and familial SCN1A variant.

Valproic acid and clobazam are considered first line medications in
Dravet syndrome with treatment aimed at avoidance of status epi-
lepticus and its impact on neurodevelopment, and are rational choices
for epilepsy management in GEFS+. [13] Given the tragic outcome of
status epilepticus in the index case, the parents were terrified by the
risk of any potential seizure triggers, including febrile illnesses, for Case
2. Therefore, prophylactic treatment with a single first line antiepileptic
medication with close monitoring for potential side effects was re-
commended to reduce the risk of seizure and was provided safely.

Intermittent clobazam use has also been shown to be effective
compared to placebo in preventing FSs in children, [14] and was
therefore prescribed in addition in the period following vaccination
where FS risk is highest. Strategies to reduce seizure triggers in children
with Dravet syndrome, recommended by expert consensus panel, in-
clude the use of prophylactic antipyretics with vaccination and illness,
and prophylactic benzodiazepines with febrile illnesses [13]. While
avoidance of or selective immunisation is not recommended in children
with epilepsy or epileptic encephalopathy, there are no guidelines on
risk management around vaccination of these patients [13,15]. Im-
portant principles include deferring vaccination until febrile illness has
fully resolved, considering administering vaccines separately, educating
families about seizure appearances and first aid, ensuring optimal
emergency seizure management, and considering the potential risks
and benefits of prophylactic antiepileptic treatment in selected high risk
cases.

These cases highlight the challenges of managing young children
with genetic epilepsies, including asymptomatic infants with novel
pathogenic variants. A conservative approach using antiepileptic med-
ication (daily monotherapy with additional clobazam during a period
where fever was likely following vaccination) and prophylactic anti-
pyretics was associated with absence of seizures or significant compli-
cations in the second child. The extent to which pre-symptomatic
management should be considered in other cases must be carefully
assessed on an individual basis. There is not currently adequate evi-
dence to recommend this approach for all children.

5. Conclusion

This is the first report of this novel pathogenic SCN1A variant as-
sociated with status epilepticus, viral infection and infant death fol-
lowing vaccination. We have described an approach to personalised
management around vaccination of an asymptomatic younger sibling
with the same variant. Establishing genetic aetiology as early as pos-
sible in familial epilepsies has the potential to change management and
outcomes for affected children. In future, through cooperative inter-
national efforts using well-designed natural history and treatment
trials, it should be possible to predict risks and benefits of pre-symp-
tomatic treatment with greater certainty in similar cases, with a view to
optimising personalised management of vaccination for children with
genetic epilepsies.
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