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Background

Seizures and status epilepticus can occur
within 14 days following administration of
inactivated and live-attenuated vaccines.
These vaccine-proximate seizures can
undermine parental confidence in vaccine
safety and affect further vaccination
decisions. Vaccine-proximate status
epilepticus (VP-SE) is uncommon but
may be the first manifestation of genetic
developmental epileptic encephalopathies,
including Dravet syndrome.

Objective

The aim of this article is to review current
literature on the risks and outcomes of
vaccine-proximate seizures and, using two
clinical scenarios, outline management of
subsequent revaccination.

Discussion

Vaccine-proximate seizures require careful
evaluation of the vaccine(s) involved,
seizure type and duration to determine

a safe course for revaccination. Vaccine-
proximate febrile seizures (VP-FSs) have
similar outcomes to other febrile seizures
and are not associated with increased
developmental or behavioural concerns.
Vaccination for children with VP-FSs can
occur safely in the community. However,
VP-SE cases warrant prompt specialist
review, consideration of genetic epilepsy
testing and referral to a specialist
immunisation clinic for subsequent
vaccination under medical supervision.

As THE INCIDENCE of vaccine-preventable
diseases and their consequences declines
with successful vaccination programs, the
public’s focus has shifted to vaccine safety
and potential adverse events following
immunisation (AEFIs). AEFIs, particularly
neurological events with risk of
developmental sequelae, can particularly
affect parental confidence in vaccine
safety and influence further vaccination
decisions. Seizures following vaccination
are one such AEFI. While the child’s initial
seizure will most likely be managed in

an emergency department, parents of
these children often present to general
practitioners (GPs) seeking advice about
their child’s subsequent vaccinations.

In this article, the authors present a
review of what is known about seizures
that occur following vaccination, known
as vaccine-proximate seizures, in children.
This is followed by two illustrative cases
to highlight the clinical differences and
management implications in relation to
planning further vaccination in each case.

Vaccine-proximate febrile seizures
Febrile seizures are the most common
type of childhood seizure, and they occur
in association with a febrile illness.*

They occur in 2-5% of children aged
between six months and six years, with
approximately half first occurring between
12 and 30 months of age.? Fever following
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vaccination usually occurs within 48 hours
following administration of inactivated
vaccines (eg diphtheria/tetanus/
pertussis [DTP] or influenza vaccines)

or 5-14 days following live-attenuated
vaccines (eg measles/mumps/rubella
[MMR], varicella or measles/mumps/
rubella/varicella [MMRV] vaccines).
During these defined periods, when fever
is more likely following vaccination,
vaccine-proximate febrile seizures
(VP-FSs) can occur.’ In this article, the
authors present the known risk of febrile
seizures following specific vaccines.

Live-attenuated vaccines

Measles-containing vaccines
The risk of febrile seizure 5-14 days
following MMR vaccination®’is double
the risk of febrile seizure outside this
period, with the peak incidence on day nine
post-vaccination.® When a narrower risk
period of 6-11 days post-vaccination
was examined, an attributable risk of
one febrile seizure per 1150-3000
vaccinations was reported.*1°

Febrile seizure risk is also elevated with
MMRYV vaccine when the vaccine is given
as the first dose of measles-containing
vaccine; however, this risk is not seen
when the MMRYV vaccine is given as the
second dose. Studies have shown a twofold
increased risk of febrile seizure 5-12 days
following vaccination in children receiving
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MMRYV as their first dose of measles-
containing vaccine when compared with
children receiving MMR and varicella
separately, equating to an additional

one febrile seizure per 2600 children
vaccinated.®!! This increased risk was not
seen for MMRV or MMR plus varicella
given to children aged 4-6 years,'? and it
was also not seen when MMRV was given
as the second dose of measles-containing
vaccine at 18 months of age.® As such,
the Australian National Immunisation
Program only recommends MMRYV at

18 months of age as the second dose of
measles-containing vaccine, and for use
as the first dose of measles-containing
vaccine only in children aged >4 years.

Inactivated vaccines

Pertussis vaccines

Acellular pertussis-containing vaccine
(DTPa) has been in use in Australia, in
replacement of the more reactogenic
whole-cell pertussis vaccine, from 1997.

A large population-based Danish study
identified a small risk of febrile seizure

on the day of vaccination for the first and
second dose of DTPa only, at three and
five months of age, of <1 febrile seizure per
28,000 vaccinations. There was no overall
increased risk of febrile seizure within

0-7 days of vaccination across the three
primary doses.* Importantly, the study

found no increased risk of recurrent febrile
seizures or subsequent epilepsy in children
whose first febrile seizure occurred within
0-7 days of vaccination. Other studies
have reported no attributable risk of
febrile seizure on the day of, or 0-3 days
following, DTPa vaccination.!®#

Influenza vaccines

Febrile seizure risk following influenza
vaccination was first identified when the
2010 Southern Hemisphere seasonal
trivalent influenza vaccine (TIV) of a
single brand in Australia was associated
with one febrile seizure per 300 vaccine
doses administered,® which led to a
temporary suspension of influenza
vaccine for children in Australia for that
season. Prior to this, a US study found
one febrile seizure in 70,000 TIV doses in
children aged <2 years in 2003-04.1 In
Northern Hemisphere influenza seasons
subsequent to 2010, a fivefold increased
risk was identified of febrile seizure

0-1 day following concomitant TIV and
13-valent pneumococcal conjugate vaccine
(PCV13) administration in children when
compared with receiving either vaccine
separately.’” Following the unexpected
increase in febrile seizures associated
with TIV in 2010, Australia established

a national sentinel vaccine safety active
surveillance system, AusVaxSafety (http://
ausvaxsafety.org.au), to monitor the safety

of vaccines in Australia. By analysing
de-identified data reported directly from
people receiving vaccines (or their parents
or carers), AusVaxSafety monitors AEFIs
and facilitates early detection of potential
vaccine safety issues. There has been
no increased risk of febrile seizure with
influenza vaccines in Australia identified
since. In 2015 and 2016, only six (0.08%)
of 7198 responders reported seizures within
three days of influenza vaccination, five of
whom had a prior history of seizures.®
Table 1 summarises the timing and risk
of febrile seizures following vaccination.
Seizures occurring outside of these
biologically plausible timeframes are not
considered to be related to vaccination, and
an alternative cause should be considered.

Clinical outcomes of
vaccine-proximate febrile seizures
Most febrile seizures are simple, defined as
a generalised tonic-clonic seizure lasting
<15 minutes with no recurrence within
24 hours of the initial seizure or postictal
pathology such as Todd’s paresis.'®
Approximately 20-30% of febrile seizures
have one or more complex features, with
4-16% having focal features.?°22

VP-FSs were found to be no different
in seizure severity to febrile seizures
of another cause (ie non-vaccine
proximate febrile seizures [NVP-FSs]).

Table 1. Biologically plausible risk intervals for vaccine-proximate seizures

Risk interval (days

Vaccine type Vaccines after vaccination) Febrile seizure risk
Live-attenuated MMR 5-14 One febrile seizure per 1,150-3,000 vaccinations®™
MMRV 5-14 One additional febrile seizure per 2,600 MMRV vaccinations when
compared with MMR+V/61!
No increased risk if administered as dose two'
Inactivated DTPa 0-2 No increased risk**
TIV 0-2 One febrile seizure per 70,000 vaccinations (2003-04)'®
One febrile seizure per 300 vaccinations (2010)"®
No increased risk with current formulation®
TIV + PCV13 0-2 Fivefold increased risk of febrile seizure compared to having the

vaccines separately"”

DTPa, diphtheria/tetanus/acellular pertussis vaccine; MMR, measles/mumps/rubella vaccine; MMR+V, MMR vaccine given concomitantly with varicella zoster
virus vaccine; MMRV, measles/mumps/rubella/varicella vaccine; PCV13, 13-valent conjugate pneumococcal vaccine; TIV, trivalent influenza vaccine
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In a prospective Australian cohort

study of 1022 children aged <6 years
presenting to hospitals with their first
febrile seizure, there was no increased
risk found of prolonged febrile seizure or
seizure recurrence in the first 24 hours
following VP-FS when compared with
NVP-FS. VP-FS and NVP-FS cases also
had similar hospitalisation duration. In
addition, the study found 12% of children
with VP-FS had a laboratory-confirmed
concomitant infection. Children who had
both an infection and recent vaccination
had a longer hospitalisation for infection
treatment, compared with those with no
coinfection. A US retrospective cohort
study of children aged six months to three
years supported these findings, identifying
no difference in the risk of hospitalisation
between first VP-FS and NVP-FS.2 Both
studies reported no difference in the risk of
febrile seizure recurrence in the follow-up
period of their cohorts.

Population-based studies show that
most children aged 6-12 years with a
history of febrile seizure have normal
cognitive and academic performance.??°
Developmental and behavioural outcomes
of children following their first VP-FS were
assessed and compared with children with
NVP-FS and those with no seizure history,
12-18 months following the initial febrile
seizures, in a recent Australian prospective
multicentre case-control study. The study
found no difference between the three
groups in their cognitive, motor, language,
social-emotional or general adaptive
functions on formal developmental
assessment.?® There was also no difference
in executive function and behaviour of
children with VP-FS or NVP-FS when
compared with controls on parent-rated
behaviour questionnaires.

Vaccine-proximate afebrile
seizures and status epilepticus

In addition to febrile seizures, afebrile
seizures and status epilepticus, a seizure
lasting =30 minutes or multiple seizures
over a 30-minute period with no return
to normal level of consciousness between
each seizure, have also been reported
following vaccinations, though the risk

is not as clearly defined. A retrospective

review of the AEFI database in Germany
from 2006-082 identified 247 seizure
reports following vaccination, of which
there were 21 cases of status epilepticus
and 44 single afebrile seizures.

An Australian study identified that 11
of 14 children with epilepsy whose first
seizure was vaccine-proximate (two febrile
seizures, three afebrile seizures, six cases
of status epilepticus, three unclear) had
SCN1A-associated Dravet syndrome.?®
A further study of 40 children with Dravet
syndrome found 12 had their first seizure
within two days of DTP vaccination, five
of which were status epilepticus, and all
occurred in children aged <12 months
(mean age 4.5 months).?’ A study of
1729 Dutch children with seizures
following vaccination reported over a
10-year period identified that six of the
15 SCN1A-associated Dravet syndrome
cases presented with status epilepticus.3°
In the abovementioned case-control study,
two VP-FS cases were identified to have
a pathogenic SCN1A variant on genetic
testing, and both presented with status
epilepticus following DTP vaccination
aged <12 months.3!

Dravet syndrome is a form of severe
epilepsy in which 80% of patients have
an SCN1A variant.’**¢ Features of Dravet
syndrome are outlined in Box 1. Seizures
typically present in the first year of life,
often as prolonged seizures triggered by
fever. Patients progress to have various
seizure types, with common triggers being
fever, heat and sunlight. Developmental
stagnation and regression occur between
the ages of one and four years, resulting
in cognitive, motor and behavioural
impairment, with some children displaying
autistic and hyperactive traits.>”*° Seizures
in patients with Dravet syndrome are
usually refractory to standard antiepileptic
medication. As a result, screening for
SCN1A variants in infants with vaccine-
proximate status epilepticus (VP-SE)
should be considered for early diagnosis
and optimal management of subsequent
vaccinations, especially to prevent
recurrent VP-SE.

Children with VP-SE should be
referred to the specialist immunisation
clinic in their respective state or territory
for assessment in conjunction with a
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paediatric neurologist to determine
future vaccination plans. If vaccination
can proceed and parents are agreeable,

a vaccination protocol for children with
VP-SE can be followed. The protocol,
developed by The Royal Children’s
Hospital Melbourne’s immunisation
service together with expert neurologists,
involves vaccination under medical
supervision in hospital with prophylactic
antiepileptic and antipyretic medication.

There are few data on clinical
outcomes and the risk of seizure
recurrence in children with afebrile
seizures post-vaccination. Therefore,
these children should also be referred
to a specialist immunisation clinic
for assessment for vaccination under
medical supervision.

Children with neurological conditions,
including epilepsy, are at increased risk of
complications from vaccine-preventable
diseases including influenza. Where
possible, it is important to facilitate timely
vaccination of these children by early
referral to specialist immunisation services.

Table 2 summarises the features of
the different types of vaccine-proximate
seizures, recommended investigations and
subsequent vaccination management.

CASE 1

Mary, a healthy infant aged 12 months,
had a five-minute generalised
tonic-clonic seizure with no focal signs
athome. She was febrile to 39 °C at the
time of the seizure. On review in the
emergency department, Mary had a
normal examination with no clear focus
of infection. She had no significant
medical or family history, though it

was noted that she had received her
12-month vaccines (MMR, quadrivalent
meningococcal conjugate vaccine
[MenACWY] and PCV13) nine days
prior. She was discharged home after a
period of observation in the emergency
department with a diagnosis of a simple
febrile seizure.

This is an example of a simple febrile
seizure nine days post-MMR vaccination,
where the vaccine is a biologically
plausible cause or trigger of the febrile
seizure. On review at 18 months, Mary
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had had no further febrile seizures and
remained developmentally normal. Her
GP reassured her parents regarding the
long-term outcomes following a VP-FS,
and she proceeded to have her 18-month
MMRY vaccination in the clinic with no
adverse reactions.

CASE 2

John, a boy aged four months, was
brought in by ambulance to the
emergency department in status
epilepticus. Fifteen hours prior, he had
received his four-month vaccinations
(diphtheria, tetanus, acellular pertussis,
Haemophilus influenzae type b, hepatitis

B and inactivated polio combination
vaccine; PCV13; and oral rotavirus
vaccine). The status was terminated after
40 minutes with four doses of midazolam
(0.3 mg/kg/dose) and levetiracetam

(20 mg/kg). John was a healthy infant

with no previous seizures and no family
history of febrile seizures or epilepsy. He
was discharged with buccal midazolam
for emergency seizure management out
of hospital.

This is an example of status epilepticus

following DTPa vaccination, where the
vaccine is again a biologically plausible
cause of the seizure. John had further
febrile and afebrile seizures, unrelated
to vaccination, and was referred to a
neurologist for further assessment. He
was diagnosed with Dravet syndrome
after showing signs of developmental
regression and genetic testing that
confirmed an SCN1A variant. Through
a specialist immunisation clinic and

in consultation with his treating
neurologist, his six-month scheduled

vaccinations were safely administered as

an inpatient under medical supervision
using a hospital revaccination protocol
that included additional prophylactic

anti-epileptic therapy. He also safely
received the influenza vaccine at the same
time to ensure he was protected against
influenza disease.

Box 1. Features of Dravet syndrome

.

Frequent febrile and afebrile seizures in
the first year of life, often prolonged
Seizure triggers including fever, heat
and sunlight

High risk of vaccine-proximate seizures,
particularly vaccine-proximate status
epilepticus

Other seizure types, including myoclonic
and absence seizures, appearing between
one and four years of age
Developmental plateau or regression
starting from the second year of life
Cognitive, motor and behavioural
impairment

Movement and balance impairment
Autistic and hyperactive traits

Table 2. Post-vaccination seizures

Seizure Features Investigations Vaccination management
Simple febrile Documented fever Nil required Continue vaccination in usual
seizure' . setting - general practice or

infection

No evidence of central nervous system

No previous neonatal or unprovoked seizure

+ Generalised tonic-clonic seizure

<15 minutes’ duration

+ No recurrence within 24 hours of

initial seizure
+ No postictal pathology

community clinic

Complex febrile
; 20 . ' ;
seizure + >15 minutes’ duration

focal features

One or more of the following:

Exclude other causes
(electrolyte abnormality,
CNS infection, structural

Where no other cause is found
through investigation, can
continue vaccination in usual

o o abnormality) setting - general practice or
repurrence within 24 hours of the initial . EEG community clinic
seizure ) .
presence of postictal pathology such as CNS imaging
Todd's paresis
Afebrile seizure Seizure (generalised or focal onset) in the As above Referral to specialist
absence of a fever immunisation clinic for review
and vaccination under medical
supervision
Status epilepticus! + Seizure lasting >30 minutes OR - As above Referral to specialist

Multiple seizures over a 30-minute
period with no return to normal level of
consciousness between each seizure

If aged <12 months, consider
referral to neurologist for
genetic epilepsy panel

immunisation clinic and
vaccination under medical
supervision as an inpatient
using a revaccination protocol

CNS, central nervous system; EEG, electroencephalogram
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Conclusion

These case studies highlight two types

of seizures following vaccination.

Where a simple VP-FS has occurred,
immunisation providers and parents can
be reassured that the clinical severity and
neurodevelopmental outcomes following
VP-FSs are no different to febrile seizures
due to another cause. Further vaccinations
can be safely administered for these
children in their usual setting, either
general practice or community clinic,

and should not be delayed.

Children presenting with VP-SE or
vaccine-proximate afebrile seizures
should be referred for specialist review
and consideration of investigations
for an underlying genetic epileptic
encephalopathy. It is important that
subsequent vaccination occurs under
medical supervision. Children diagnosed
with Dravet syndrome or other genetic
epilepsies are ideally vaccinated as an
inpatient using a revaccination protocol.

In all instances, further vaccination
should be prioritised if possible and can
usually be safely achieved in consultation
with immunisation specialists and
neurologists through specialist clinics
in each state and territory in Australia
if required.

Key points

 Both live-attenuated and inactivated
vaccines are associated with febrile
seizures and, rarely, status epilepticus.

* Revaccination management of children
with vaccine-proximate seizures is
dependent on the seizure type.

¢ Clinical and neurodevelopmental
outcomes of children with VP-FSs are
no different to those of children with
febrile seizures from another cause or
children with no history of seizures.

« Children with febrile seizures can safely
continue vaccination in the community.

 Young infants (particularly those
aged <12 months) with febrile status
epilepticus following vaccination could
have an underlying genetic epilepsy,
such as Dravet syndrome, and should
be referred to a specialist immunisation
clinic or neurologist for further
investigations.

 Itisimportant to refer children
with afebrile seizures to a specialist
immunisation clinic for review and
vaccination under medical supervision.

Authors

Lucy Deng MBBS, FRACP, Staff Specialist, National
Centre for Immunisation Research and Surveillance,
The Children’s Hospital at Westmead, NSW; Clinical
Lecturer, The University of Sydney Children’s
Hospital Westmead Clinical School, NSW.
lucy.deng@health.nsw.gov.au

Nicholas Wood MBBS, PhD, FRACP, Senior Staff
Specialist, National Centre for Immunisation
Research and Surveillance, The Children’s Hospital at
Westmead, NSW; Associate Professor, The University
of Sydney Children’s Hospital Westmead Clinical
School, NSW

Margie Danchin MBBS, PhD, FRACP, Paediatrician,
Department of General Medicine, The Royal
Children’s Hospital, Vic; Group Leader, Vaccine
Uptake, Murdoch Children’s Research Institute, Vic;
Associate Professor and David Bickart Clinician
Scientist Fellow, Department of Paediatrics, School
of Population and Global Health, The University of
Melbourne, Vic

Competing interests: LD reports grants from The
University of Sydney Research Training Program
scholarship, outside the submitted work. NW reports
grants from Australian National Health and Medical
Research Council Career Development Fellowship
(APP1063629), outside the submitted work.

Funding: None.

Provenance and peer review: Commissioned,
externally peer reviewed.

References

1. Guidelines for epidemiologic studies on epilepsy.
Commission on epidemiology and prognosis,
international league against epilepsy. Epilepsia
1993;34(4):592-96. doi: 10.1111/}.1528-11571993.
tb00433.x.

2. Offringa M, Bossuyt PM, Lubsen J, et al. Risk
factors for seizure recurrence in children with febrile
seizures: A pooled analysis of individual patient
data from five studies. J Pediatr 1994;124(4):574-84.
doi: 10.1016/s0022-3476(05)83136-1.

3. Barlow WE, Davis RL, Glasser JW, et al. The risk
of seizures after receipt of whole-cell pertussis
or measles, mumps, and rubella vaccine. N Engl
J Med 2001;345(9):656-61. doi: 10.1056/
NEJMo0a003077.

4. SunY, Christensen J, Hviid A, et al. Risk of
febrile seizures and epilepsy after vaccination
with diphtheria, tetanus, acellular pertussis,
inactivated poliovirus, and haemophilus influenzae
type B. JAMA 2012;307(8):823-31. doi: 10.1001/
jama.2012.165.

5. Macartney K, Gidding HF, Trinh L, et al.
Evaluation of combination measles-mumps-
rubella-varicella vaccine introduction in Australia.
JAMA Pediatr 2017;171(10):992-98. doi: 10.1001/
jamapediatrics.2017.1965.

6. Klein NP, Fireman B, Yih WK, et al. Measles-
mumps-rubella-varicella combination vaccine
and the risk of febrile seizures. Pediatrics
2010;126(1):e1-€8. doi: 10.1542/peds.2010-0665.

7. Macartney KK, Gidding HF, Trinh L, et al.
Febrile seizures following measles and varicella
vaccines in young children in Australia.
Vaccine 2015;33(11):1412-17. doi: 10.1016/j.
vaccine.2014.10.071.

648 | REPRINTED FROM AJGP VOL. 49, NO. 10, OCTOBER 2020

8. Deng L, Gidding H, Macartney K, et al.
Postvaccination febrile seizure severity and
outcome. Pediatrics 2019;143(5)e20182120.
doi: 10.1542/peds.2018-2120.

9. Farrington P, Rush M, Colville A. A new
method for active surveillance of adverse
events from diphtheria/tetanus/pertussis and
measles/mumps/rubella vaccines. Lancet
1995;345(8949):567-69. doi: 10.1016/s0140-
6736(95)90471-9.

10. Miller E, Andrews N, Stowe J, Grant A, Waight P,
Taylor B. Risks of convulsion and aseptic
meningitis following measles-mumps-rubella
vaccination in the United Kingdom. Am J Epidemiol
2007;165(6):704-09. doi: 10.1093/aje/kwk045.

11. Schink T, Holstiege J, Kowalzik F, Zepp F,
Garbe E. Risk of febrile convulsions after MMRV
vaccination in comparison to MMR or MMR+V
vaccination. Vaccine 2014;32(6):645-50.
doi: 10.1016/jvaccine.2013.12.011.

12. Klein NP, Lewis E, Baxter R, et al. Measles-
containing vaccines and febrile seizures in children
age 4 to 6 years. Pediatrics 2012;129(5):809-14.
doi: 10.1542/peds.2011-3198.

13. Andrews N, Stowe J, Wise L, Miller E. Post-
licensure comparison of the safety profile
of diphtheria/tetanus/whole cell pertussis/
haemophilus influenza type b vaccine and a
5-in-1 diphtheria/tetanus/acellular pertussis/
haemophilus influenzae type b/polio vaccine in the
United Kingdom. Vaccine 2010;28(44):7215-20.
doi: 10.1016/j.vaccine.2010.08.062.

14. Huang WT, Gargiullo PM, Broder KR, et al.
Lack of association between acellular pertussis
vaccine and seizures in early childhood. Pediatrics
2010;126(2):263-9. doi: 10.1542/peds.2009-1496.

15. Armstrong PK, Dowse GK, Effler PV, et al.
Epidemiological study of severe febrile reactions
in young children in Western Australia caused
by a 2010 trivalent inactivated influenza vaccine.
BMJ Open 2011;1(1):e000016. doi: 10.1136/
bmjopen-2010-000016.

16. Hambidge SJ, Glanz JM, France EK, et al. Safety of
trivalent inactivated influenza vaccine in children
6 to 23 months old. JAMA 2006;296(16):1990-97.
doi: 10.1001/jama.296.16.1990.

17. Li R, Stewart B, McNeil MM, et al. Post licensure
surveillance of influenza vaccines in the vaccine
safety datalink in the 2013-2014 and 2014-2015
seasons. Pharmacoepidemiology Drug Saf
2016;25(8):928-34. doi: 10.1002/pds.3996.

18. Pillsbury A, Quinn H, Cashman P, Leeb A,
Macartney K. Active SMS-based influenza
vaccine safety surveillance in Australian children.
Vaccine 2017;35(51):7101-06. doi: 10.1016/].
vaccine.2017.10.091.

19. Nelson KB, Ellenberg JH. Predictors of epilepsy
in children who have experienced febrile seizures.
N Engl J Med 1976;295(19):1029-33. doi: 10.1056/
NEJM197611042951901.

20. Berg AT, Shinnar S. Complex febrile seizures.
Epilepsia 1996;37(2):126-33. doi: 10.1111/j.1528-
1157.1996.tb00003.x.

21. Annegers JF, Hauser WA, Shirts SB,

Kurland LT. Factors prognostic of unprovoked
seizures after febrile convulsions. N Engl

J Med 1987;316(9):493-98. doi: 10.1056/
NEJM198702263160901.

22. Verity CM, Butler NR, Golding J. Febrile
convulsions in a national cohort followed up
from birth. | - Prevalence and recurrence in
the first five years of life. Br Med J (Clin Res
Ed) 1985;290(6478):1307-10. doi: 10.1136/
bmj.290.6478.1307.

© The Royal Australian College of General Practitioners 2020



SEIZURES FOLLOWING VACCINATION IN CHILDREN FOCUS | CLINICAL

23. Tartof SY, Tseng HF, Liu IL, et al. Inpatient Dravet C, Genton P, Tassinari CA, Wolf P, editors.
admission for febrile seizure and subsequent Epileptic syndromes in infancy, childhood and
outcomes do not differ in children with vaccine- adolescence. 3rd edn. Montrouge, FR: John Libbey
associated versus non-vaccine associated Eurotext, 2002; p. 89-113.
febrile seizures. Vaccine 2014;32(48):6408-14. 38. Nabbout R, Chemaly N, Chipaux M, et al.
doi: 10.1016/jvaccine.2014.09.055. Encephalopathy in children with Dravet syndrome

24. Verity CM, Greenwood R, Golding J. Long- is not a pure consequence of epilepsy. Orphanet
term intellectual and behavioral outcomes J Rare Dis 2013;8:176. doi: 10.1186/1750-1172-8-176.
of children with febrile convulsions. N Engl 39. Wakai S, Ito N, Sueoka H, Kawamoto Y,

J Med 1998;338(24):1723-28. doi: 10.1056/

Hayasaka H, Chiba S. Severe myoclonic epilepsy
NEJM199806113382403. in infancy and carbamazepine. Eur J Pediatr
25. Chang YC, Guo NW, Huang CC, Wang ST, 1996;155(8):724. doi: 10.1007/BF01957165.
Tsai JJ. Neurocognitive attention and behavior
outcome of school-age children with a history of
febrile convulsions: A population study. Epilepsia
2000;41(4):412-20. doi: 10.1111/}.1528-1157.2000.
tb00182.x.

26. Deng L, Wood N, Macartney K, et al.
Developmental outcomes following vaccine-
proximate febrile seizures in children. Neurology
2020;10.1212/WNL.0000000000009876.
doi: 10.1212/WNL.0000000000009876.

27. von Spiczak S, Helbig |, Drechsel-Baeuerle U,
et al. A retrospective population-based study
on seizures related to childhood vaccination.
Epilepsia 2011:52(8):1506-12. doi: 10.1111/}1528-
1167.2011.03134.x.

28. Berkovic SF, Harkin L, McMahon JM, et al.
De-novo mutations of the sodium channel gene
SCN1A in alleged vaccine encephalopathy:

A retrospective study. Lancet Neurology
2006;5(6):488-92. doi: 10.1016/S1474-
4422(06)70446-X.

29. Mclntosh AM, McMahon J, Dibbens LM, et al.
Effects of vaccination on onset and outcome of
Dravet syndrome: A retrospective study. Lancet
Neurol 2010;9(6):592-98. doi: 101016/S1474-
4422(10)70107-1.

30. Verbeek NE, van der Maas NA, Jansen FE,
van Kempen MJA, Lindhout D, Brilstra EH.
Prevalence of SCN1A-related Dravet syndrome
among children reported with seizures following
vaccination: A population-based ten-year cohort
study. PloS One 2013;8(6):65758. doi: 10.1371/
journal.pone.0065758.

31. Damiano JA, Deng L, Li W, et al. SCN1A Variants
in vaccine-related febrile seizures: A prospective
study. Ann Neurol 2020;87(2):281-88.
doi: 10.1002/ana.25650.

32. Depienne C, Trouillard O, Saint-Martin C, et al.
Spectrum of SCN1A gene mutations associated
with Dravet syndrome: Analysis of 333 patients.
J M Genet 2009;46(3):183-91. doi: 101136/
jmg.2008.062323.

33. Korff C, Laux L, Kelley K, Goldstein J, Koh S,
Nordli D Jr. Dravet syndrome (severe myoclonic
epilepsy in infancy): A retrospective study of
16 patients. J Child Neurol 2007;22(2):185-94.
doi: 10.1177/0883073807300294.

34. Claes L, Del-Favero J, Ceulemans B, Lagae L,
Van Broeckhoven C, De Jonghe P. De novo
mutations in the sodium-channel gene
SCN1A cause severe myoclonic epilepsy of
infancy. Am J Hum Genet 2001;68(6):1327-32.
doi: 10.1086,/3206009.

35. Harkin LA, McMahon JM, lona X, et al. The
spectrum of SCN1A-related infantile epileptic
encephalopathies. Brain 2007;130(Pt 3):843-52.
doi: 101093/brain/awm002.

36. Mulley JC, Scheffer IE, Petrou S, Dibbens LM,
Berkovic SF, Harkin LA. SCN1A mutations and
epilepsy. Human Mutat 2005;25(6):535-42.
doi: 10.1002/humu.20178.

37. Dravet C, Bureau M, Oguni H, Fukuyama'Y,
Cokar O. Severe myoclonic epilepsy in infants
(Dravet syndrome). In: Roger J, Bureau M, correspondence ajgp@racgp.org.au

© The Royal Australian College of General Practitioners 2020 REPRINTED FROM AJGP VOL. 49, NO. 10, OCTOBER 2020 | 649



