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ARTICLE INFO ABSTRACT

Keywords: Background: Geographic isolates are the ideal setting to study the genetic background and the epidemiology of
Pediatric epilepsy epilepsy. There are only few published reports on the epidemiology of pediatric epilepsy in geographic isolates.
Prevalence Methods: This study was performed in the Ischia island, district of Napoli (Southern Italy). The local population
Incidence includes 61,086 individuals, 8381 of them aged from 0 to 14 years. We included children with two or more
g:zg:fczhlc isolate unprovoked seizures or one unprovoked seizure associated to a high risk of relapse, observed from 2004 to 2017.

Neonatal, febrile and acute symptomatic seizures were excluded. Eligible patients were identified through the
local pediatricians’ medical records. All probands and their parents underwent a face-to-face interview. Clinical
charts were reviewed and electroclinical diagnoses were confirmed by two authors (AC, VB).

Results: Thirty-six children and adolescents were included. Overall, the prevalence of epilepsy in the Ischia
island was 4.3 per 1,000 (95% CI 3.0-5.9). Incidence was 51.7 per 100,000 person-years (95% CI 36.2-71.6).
Sixteen (44.4%) patients had a genetic (idiopathic) origin and 20 (55.6%) a symptomatic (structural/metabolic)
etiology. Nine probands (25%) had at least one family member with epilepsy (including third-degree relatives).
Their pedigrees were suggestive of dominant inheritance in six and of recessive inheritance in three families.
Conclusions: The epidemiological features of pediatric epilepsy in this geographic isolate are similar to the
general population. A family history was reported in one fourth of the patients with a wide clinical hetero-
geneity, likely reflecting genetic heterogeneity in this population.

1. Introduction

Epilepsy is a chronic disease with a fairly complex etiology in which
environmental and genetic factors act independently or in various
combinations. A genetic component has been increasingly documented
in the last decades, leading to the discovery, in addition to classic
Mendelian disorders, of clinical entities with complex inheritance
(Nolan and Fink (2018)). So far, genetic epilepsies account for up to
30% of all epilepsy syndromes (Orsini et al., 2018).

Children represent a population at high risk of epilepsy because the
incidence of the disease peaks in this age group (Berg et al., 2003).
Geographic isolates represent an ideal setting to calculate the frequency
of a disease in the area of interest and, at the same time, to assess the

role of genetic background because consanguineous marriages are fa-
vored. In this context, the collection of family trees is easier when
probands are children because many of their relatives are still alive and
able to recollect the history of diseases, including epilepsy, in the fa-
mily.

There are only few studies on pediatric epilepsy in geographic iso-
lates. In these areas, there is indication of a higher than expected fre-
quency of the disease. In the Avalon region of Newfounland, Canada,
the incidence of epilepsy in children was threefold greater than that
reported in high-income countries (Mahoney et al., 2012). Family his-
tory of epilepsy (including second-degree relatives) was reported in
64% of local families. In Italy, the prevalence and characteristics of all
epilepsies were assessed in the Eolian islands (Gallitto et al., 2005). In
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Fig. 1. Map of the Ischia island.

that study, the point prevalence of active epilepsy was 3.13 per 1000 in
the entire population and 5.05 in children aged 5-14 years. Family
history of epilepsy was present in 17% of cases (including second-de-
gree relatives). However, in that study there was no detailed in-
vestigation of the patients’ pedigrees. Therefore, we investigated the
frequency and characteristics of pediatric epilepsy in a typical geo-
graphic isolate, with a twofold purpose: 1) to calculate the incidence
and prevalence of the disease; 2) to investigate the genetic component
through family history, concordance of epilepsy type and drawings of
the family pedigrees.

2. Patients and methods
2.1. Study population

The island of Ischia is located in the northern part of the gulf of
Naples, in Southern Italy (Fig. 1). The surface area is 46.3km?. The total
population is 61,086 (2011 ISTAT census; http://demo.istat.it/), in-
cluding 8381 children and adolescents aged 0-14 years. The island
includes six municipalities. The pediatric population is assisted by
seven family pediatricians (FPs), who participated in the study identi-
fying the eligible patients in their medical records between 2004 and
2017. Only children and adolescents aged from 0 to 14 years in 2017
were eligible for investigation.

2.2. Epilepsy definition and diagnosis

Epilepsy was diagnosed according to the definition recently issued
by the International League Against Epilepsy (ILAE) that includes two
or more unprovoked seizures 24 + hours apart, one unprovoked seizure
associated to a high risk of relapse, or a well-defined electroclinical
syndrome (Fisher et al., 2014). Patients with neonatal seizures at the
time of the study were excluded as well as subjects with febrile seizures
and acute symptomatic seizures (Beghi et al. (2010)). Epilepsy diag-
nosis was confirmed by two authors (VB, PS) through consultation of
the FPs’ records and, for children judged to have idiopathic epilepsy,
through direct interview with the patient and the family. The response
rate was 100%.
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2.3. Data collection

From the FPs’ medical records and direct interviews, the following
data were obtained: date of probands’ birth, gender, date of onset of
seizures, seizure types, date of diagnosis, epilepsy syndrome, interictal
EEG findings, brain imaging (CT, MRI) findings, comorbidities, psy-
chomotor development, history of perinatal complications and other
diseases with epileptogenic potential (i.e. traumatic brain injury, in-
fections, metabolic disorders, immune disorders), current treatments.
All probands and their parents were invited for an interview aimed to
building a detailed pedigree (up to the third degree) and obtaining
blood samples for future genetic studies. The diagnosis evidence of the
family members who reported having epilepsy was supported by review
of available clinical data, including seizure descriptions, EEG/neuroi-
maging examinations, and additional medical history.

An informed consent approved by the IRB of University of Genova
was signed by participants.

2.4. Statistical analysis

Data collected were anonymized and uploaded in a password-pro-
tected web-database and used to tabulate the general characteristics of
the sample and calculate prevalence and incidence of epilepsy and
correlate each pedigree to the clinical, laboratory and instrumental
findings of the proband. Life-time prevalence and cumulative incidence
in the cohort of subjects born between 2003 and 2017, were calculated
during the period 2004-2017, with 95% confidence intervals (CI) ac-
cording to the binomial and Poisson distribution respectively. Crude
ratios and rates were calculated on the entire sample and by sex.

3. Results
3.1. Epidemiology

A total of 36 children and adolescents (17 girls, 19 boys) were af-
fected by epilepsy, sixteen with a presumed genetic etiology and 20
with symptomatic origin. Their main features are summarized in
Table 1. Age at epilepsy onset ranged from 3 months to 13 years
(median 1; interquartile range 0-6). The etiology was symptomatic in
20 and idiopathic in 16 patients. Eleven patients out of the seventeen
(61.1%), whose we obtained information, showed mild to severe
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Table 1

General features of the study cohort.

Feature(s) Genetic/idiopathic Symptomatic/metabolic
etiology etiology
N (%) N (%)

Gender

F 7 (43.8) 10 (50)

M 9 (56.3) 10 (50)

Age at onset

0-6months - 7 (35)

7-12 months 3(18.7) 6 (30)

1-4 years 8 (50) 2 (10)

5-9 years 5(31.3) 4 (20)

10 +years - 1)

Family history of epilepsy

Yes 10 (62.5) 1(5)

No 1 (6.3) 5 (25)

NA 5(31.3) 13 (65)

Epilepsy type

Generalized 10 (62.5) 15 (75)

Focal 6 (37.5) 5 (25)

Number of AEDs

No treatment 2 (12.5) -

1 12 (75) 16 (80)

2+ 2 (12.5) 4 (20)

Drug treatment

Valproate 11 (68.7) 15 (75)

Ethosuximide 2 (12.5) -

Phenobarbital - 2 (105)

Carbamazepine - 2 (10)

Levetiracetam 2 (12.5) 4 (20)

Other drug(s) 1(6.3) 2 (10)

N. indigenous

grandparents

4 of 4 2 (12.5) 2 (10)

3of 4 3(18.7) 1(5)

2 of 4 4 (25) -

1of 4 - 1(5)

0 of 4 - 1(5)

ND 7 (43.8) 15 (75)

intellectual disability. Nine out of the 16 patients with idiopathic epi-
lepsy and 6 out of the 20 patients with symptomatic epilepsy partici-
pated with their family members to the direct interview. None of the
patients diagnosed with epilepsy died during the study. The prevalence
was 4.3 per 1,000 (95% CI 3.0-5.9). Prevalence in girls and boys was,
respectively, 4.2 (95% CI 2.5-6.8) and 4.4 (95% 2.6-6.8). The in-
cidence, calculated during the 14-year period, was 51.7 per 100,000
person-years (95% CI 36.2-71.6). Incidence in girls and boys were,
respectively, 50.2 (95% CI 29.2-80.3) and 53.2(95% CI 32.0-83.1) per
100,000 person-years. Given the small sample size, age-specific in-
cidence and prevalence were not calculated.

3.2. Familial clustering

The pedigrees of probands interviewed with presumed genetic
etiology are shown in Supplementary Figures 1-9. Nine patients (60% of
the interviewed individuals) had at least one family member with
epilepsy. The disease was present in a first-degree relative in 4/15
probands (26.6%). No consanguinity was reported from parents fa-
milies of the probands whose pedigrees were built. Five of out 9 pro-
bands interviewed (55.6%) with at least one family member with epi-
lepsy showed a clinical concordance, defined as the presence of the
same epilepsy type (generalized or focal) among family members.

4. Discussion

This study investigated the frequency of epilepsy in a geographic
isolate, including details on the genetic components in patients in
whom a genetic basis could be identified. The prevalence of the disease
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was 4.3 per 1000 and the incidence was 51.7 per 100,000 person-years.

Unlike other reports from geographic isolates, our findings do not
confirm a higher than expected incidence and prevalence of epilepsy.
The prevalence of active epilepsy in children in our study was even
lower than in the Eolian islands that included in the diagnosis only
patients with two or more unprovoked seizures (Gallitto et al., 2005).
The difference could be explained by the use, in our study, of only one
source of cases, ie the FPs’ records. However, the event that children
with epilepsy were followed by doctors other than the local FPs is un-
likely. Another possibility is that some patients escaped notice because
they did not receive treatment. Some epilepsy syndromes, like idio-
pathic focal epilepsy with centrotemporal spikes, can be left untreated.
However, the number of missing cases, if present, should be negligible.

Analysis of familial risk according to proband and relative pheno-
types can be helpful to identify the clinical features with the greatest
genetic influences, and clarify the shared versus distinct genetic influ-
ences on different clinical features or syndromes (Peljto et al., 2014). In
our cohort, 60% of children whose family trees were investigated re-
ported at least one member (including third-degree relatives) affected
by epilepsy, 46.7% had an affected first or second degree relative. Our
findings are in keeping with the Canadian report (Mahoney et al.,
2012). The proportion of probands with first-degree relatives reported
to have epilepsy was 26.6%. This proportion is even higher than in
other reports (Lennox, 1951; Harvald, 1951; Tsuboi and Endo, 1977;
Ottman et al., 1996; Bianchi et al., 2003; Hemminki et al., 2006) in
which it ranged from 2.2%-9.1%. The differences can be explained in
part by the source of the study cohorts (population-based, clinic-based),
the age of the probands (children, all ages), the type of epilepsy
(overall, idiopathic), and the type of family members (parents, siblings,
offspring). Our findings confirm a higher than expected frequency of
the disease among family members of patients from a geographic iso-
late.

Our study has some strengths and several limitations. The main
strength is the population base. This is one of the few studies on the
epidemiology and genetics of epilepsy in a well-defined population.
Another strength of the study is the accuracy of the diagnosis and the
genetic epidemiology approach. The first limitation is the small sample
size, which makes our frequency estimates inaccurate. An additional
limitation lies in the reliance to the FPs’ records as the only source of
cases. Epilepsy is still a stigmatizing disease and we cannot exclude that
some children with epilepsy were assisted by other physicians outside
the study area to conceal the disease. Moreover, the information ob-
tained by family members who reported having epilepsy could be af-
fected by recall bias and lack of details on seizure types and number
(isolated unprovoked, febrile, and other acute symptomatic seizures)
(Ottman et al., 2011). Then, we cannot say if the prevalence of relatives
with epilepsy in our sample is higher than expected in the general
population. At present, we do not have the resources to investigate the
percentage of first/second degree relatives with epilepsy in a re-
presentative sample of people without epilepsy from the study area.
Finally, the inclusion of patients treated with antiepileptic drugs could
have led to the exclusion of children in remission who withdrew
treatment. Nevertheless, our study aimed to focus on children with
active epilepsy. Further work on this cohort, including results of genetic
mapping and next-generation studies, will provide additional data on
the genetics of epilepsy in this geographic isolate.

5. Conclusions

The epidemiological features of pediatric epilepsy in this geographic
isolate are similar to the general population. A family history was
documented in one fourth of patients with a wide clinical hetero-
geneity, reflecting genetic heterogeneity. A large genetic study is war-
ranted in this population.
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