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Abstract 
Generalized epilepsy with febrile seizures-plus context (GEFS+) refers to a rare heterogeneous familial 
condition, which has been recently described. Its prevalence is not yet established. Patients affected with 
GEFS+ display febrile seizures persisting sometimes beyond the age of 6 years, and/or a variety of 
afebrile seizure types. Disease course and response to antiepileptic treatment show an important 
intrafamilial variation: in some patients, afebrile seizures may either occur rarely, or disappear after some 
years of disease evolution, whereas epilepsy is severe and pharmacoresistant in other members of the 
same family. GEFS+ is transmitted as an autosomal dominant trait with incomplete penetrance (70-80%) 
and is associated with genetic heterogeneity. GEFS+ belongs to the group of channelopathies, as it is 
associated with mutations in genes encoding different subunits of the neuronal voltage-gated sodium 
channel and the gamma-2 subunit of the GABAA receptor. 
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Disease name and synonyms 
Generalized epilepsy with febrile seizures-plus 
context (GEFS+) 

Excluded diseases 
Familial febrile seizures that are not associated 
with afebrile seizures (excepted temporal lobe 
epilepsy mediated by hippocampal sclerosis that 
may complicate of febrile seizures) and with a 
genetic basis different from that of GEFS+ 
context. 

Definition 
GEFS+ refers to a rare heterogeneous familial 
condition, which has been recently described 
(Scheffer and Berkovic, 1997). In this familial 
context, patients affected display febrile seizures 
sometimes persisting beyond the age of 6 years 
(called febrile seizures “plus”), and/or a variety of 
afebrile seizure types. 
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Differential diagnosis 
Other familial epileptic syndrome in which 
afebrile seizures may be fortuitously associated 
with febrile seizures (as febrile seizures are 
frequent events, affecting 3-5% in general 
population). 

Prevalence 
As GEFS+ context has been recently identified, 
its prevalence is currently unknown. 

Clinical description 
GEFS+ is characterized by an heterogeneous 
familial phenotype: some affected members 
have particular febrile seizures persisting beyond 
the age of 6 years and that are often particularly 
repetitive, whereas other members have 
"classic" febrile seizures disappearing before this 
age. Varied forms of afebrile seizures are also 
observed in these families: generalized seizures 
(tonic-clonic, myoclonic, atonic, absence 
seizures) have been described in the first 
reported families. Nevertheless, different types 
of seizures have been later observed in other 
families (hemiconvulsive or tonic seizures, 
temporal or frontal seizures). These afebrile 
seizures may begin in childhood in association 
with febrile seizures, after a seizure-free period, 
or later in life, sometimes in patients without 
history of febrile seizures. Several types of 
seizures can coexist in a given patient showing 
electroclinical features that are more or less 
typical of generalized idiopathic epilepsies, 
myoclono-astatic epilepsy (Doose syndrome) 
(Singh et al., 1999) or severe myoclonic epilepsy 
(Singh et al., 2001; Veggiotti et al., 2001; Harkin 
et al. 2002). However electroclinical patterns that 
do not correspond to the international 
classification of epilepsies can also be observed 
(C.C.T.I.L.A.E, 1989). 

Disease course and treatment 
Disease course and response to antiepileptic 
treatment show an important intrafamilial 
variation: in some patients, afebrile seizures may 
either occur rarely, or disappear after some 
years of disease evolution, whereas epilepsy 
may be severe in others. Within the same 
GEFS+ family, seizures can be controlled in 
some members using an antiepileptic 
monotherapy, whereas epilepsy reveals to be 
pharmacoresistant in other members. 
Additionally, some patients are intellectually 
disabled. When available, neuroimaging of 
epileptic patients is normal. 

Etiology  
It has long been suspected that genetic factors 
play a prevalent role in the etiology of idiopathic 

epilepsies, most of which are characterized by a 
complex inheritance. However, some rare 
idiopathic epilepsies with monogenic inheritance 
have now been identified. GEFS+ context 
belongs to this last group of epileptic diseases.  
GEFS+ is transmitted as an autosomal dominant 
trait with incomplete penetrance (70-80%), and 
is genetically heterogeneous. The first disease 
locus has been mapped to the region 19q13.1, 
and a mutation (Cys121Trp) in the SCN1B gene 
coding for the beta-1 subunit of the neuronal 
voltage-gated sodium channel has been 
identified in one family (Wallace et al., 1998). 
Since then, very few mutations in SCN1B have 
been identified in families with GEFS+ (Wallace 
et al., 2001a, 2002; Audenaert et al., 2003). The 
majority of families with GEFS+ are not linked to 
this locus.  
A second disease locus mapping to region 2q21-
q33 has been reported (Baulac et al., 1999; 
Moulard et al., 1999; Peiffer et al., 1999; Lopes-
Cendes et al., 2000). In two French families, two 
different mutations (Arg1648His and Thr875Met) 
have been first identified in the SCN1A gene, 
which encodes the alpha-1 subunit of the same 
voltage-gated sodium channel (Escayg et al., 
2000). Later, many additional point mutations in 
the SCN1A gene have been described in other 
families with GEFS+ (Escayg et al., 2001; 
Wallace et al., 2001a; Ito et al., 2002; Cossette 
et al., 2003; Annesi et al., 2003) or in families or 
isolated cases presenting with a more 
homogeneous phenotype associating febrile 
seizures and partial epilepsy (Sugawara et al., 
2001a; Abou-Khalil et al., 2001).  
Interestingly, mutations in SCN1A were also 
identified in sporadic severe myoclonic epilepsy 
in infancy (SMEI): they correspond to de novo 
mutations or mutations transmitted by 
asymptomatic (or mildly affected) parents (Claes 
et al., 2001; Nabbout et al., 2003).  
Moreover, GEFS+ has been recently linked to 
mutations in the SCN2A gene, which is also 
located in 2q21-q33 and encodes the alpha-2 
subunit of the voltage-gated sodium channel 
(Sugawara et al., 2001b).  
Electrophysiological studies have demonstrated 
that mutations in the beta-1, alpha-1 and alpha-2 
subunits interfere with the functional properties 
of the sodium channel (Wallace et al., 1998; 
Alekov et al. 2000; 2001; Sugawara et al., 
2001b; Meadows et al., 2002).  
GABAA receptor is also involved in the 
pathophysiology of GEFS+, as mutations in 
GABRG2 gene (located in 5q34) encoding the 
gamma-2 subunit of the GABAA receptor, with 
variable effects on the channel properties, have 
been identified in families with GEFS+ (Baulac et 
al., 2001; Harkin et al., 2002) and in a family with 
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febrile seizures and absence seizures (Wallace 
et al., 2001b; Kananura et al., 2002; Marini et al., 
2003).  
However, other loci are probably involved, as 
numerous families with GEFS+ phenotype are 
not linked with the loci described above.  
As a disease caused by mutations in genes 
encoding voltage-gated ion channels subunits, 
GEFS+ belongs to the group of 
"channelopathies", along with two other familial 
idiopathic epileptic syndromes: the autosomal 
dominant nocturnal frontal lobe epilepsy (in 
which different subunits of the neuronal nicotinic 
acetylcholine receptor are involved) and the 
benign familial neonatal convulsions (mediated 
by mutations of voltage-gated potassium 
channel genes).  

Diagnostic methods 
Diagnosis of GEFS+ is first based on clinical 
criteria. Genetic analysis of families with GEFS+ 
phenotype is under investigation.  

Unresolved questions  
The genetic heterogeneity of GEFS+ has been 
clearly established. Different genes, which are 
either functionally linked (i.e. genes encoding 
different subunits of the voltage-gated sodium 
channel) or not functionally linked (i.e. genes 
encoding subunits of the voltage-gated sodium 
channel and genes encoding subunits of the 
GABAA receptor), and different mutations may 
underlie the same familial epileptic syndrome. In 
addition, significant intrafamilial phenotypic 
heterogeneity is associated with the GEFS+ 
context. It has been suggested that expression 
of the mutated genes differs among family 
members, causing clinical heterogeneity. 
Alternatively, the gene may intervene in 
epileptogenesis at a very general level, affecting 
epileptic susceptibility or modulating the epileptic 
threshold, and additional genetic or 
environmental factors may influence the 
electroclinical profile of the disease in each 
affected subject.  

Perspectives  
In the short term, progress in establishing the 
genetics of GEFS+ will have more important 
implications for the elucidation of the syndrome’s 
pathophysiology than for clinical practice. 
Moreover, predictive diagnosis in 
presymptomatic individuals raises ethical 
problems due to the syndrome’s incomplete 
penetrance and variable expressivity.  
It is however noteworthy, from a 
pathophysiological point of view, that the 
voltage-gated sodium channel and GABAergic 
neurotransmission are already targets of 

numerous antiepileptic drugs. Recent genetic 
discoveries in GEFS+ should help towards the 
understanding of both the pharmacological 
response (or resistance) of some epileptic 
patients to antiepileptic drugs, and the adverse 
effects that are sometimes associated with these 
treatments. These discoveries should also 
facilitate the generation of new antiepileptic 
drugs.  

References  
Abou-Khalil B, Ge Q, Desai R, Ryther R, Bazyk 
A, Bailey R, Haines JL, Sutcliffe JS and George 
ALJ. Partial and generalized epilepsy with febrile 
seizures plus and a novel SCN1A mutation. 
Neurology 2001; 57: 2265-72.  
Alekov A, Rahman MM, Mitrovic N, Lehmann-
Horn F and Lerche H. A sodium channel 
mutation causing epilepsy in man exhibits subtle 
defects in fast inactivation and activation in vitro. 
J Physiol 2000; 3: 533-39.  
Alekov AK, Rahman MM, Mitrovic N, Lehmann-
Horn F, Lerche H. Enhanced inactivation and 
acceleration of activation of the sodium channel 
associated with epilepsy in man. Eur J Neurosci 
2001; 13: 2171-6.  
Annesi G, Gambardella A, Carrideo S, 
Incorpora G, Labate A, Pasqua AA, Civitelli D, 
Polizzi A, Annesi F, Spadafora P, Tarantino P, 
Ciro Candiano IC, Romeo N, De Marco EV, 
Ventura P, LePiane E, Zappia M, Aguglia U, 
Pavone L, Quattrone A. Two novel SCN1A 
missense mutations in generalized epilepsy with 
febrile seizures plus. Epilepsia; 2003; 44: 1257-
8. 
Audenaert D, Claes L, Ceulemans B, Lofgren A, 
Van Broeckhoven C, De Jonghe P. A deletion in 
SCN1B is associated with febrile seizures and 
early-onset absence epilepsy. Neurology; 2003; 
61: 854-6. 
Baulac S, Gourfinkel-An I, Picard F, Rosenberg-
Bourgin M, Prud'homme JF, Baulac M, Brice A 
and LeGuern E. A second locus for familial 
generalized epilepsy with febrile seizures plus 
maps to chromosome 2q21-q33. Am J Hum 
Genet 1999; 65: 1078-85.  
Baulac S, Huberfeld G, Gourfinkel-An I, 
Mitropoulou G, Beranger A, Prud'homme JF, 
Baulac M, Brice A, Bruzzone R and LeGuern E. 
First genetic evidence of GABAA receptor 
dysfunction in epilepsy: a mutation in the 
gamma2 subunit gene. Nat Genet 2001; 28: 46-
8.  
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: 1327-32. 

 
Gourfinkel-An I. Generalized epilepsy with febrile seizures-plus syndrome. Orphanet Encyclopedia. March 2004 
http://www.orpha.net/data/patho/GB/uk-GEFS.pdf 3 

http://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=GB&Expert=309
http://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=GB&Expert=1949
http://www.orpha.net


   

Commission on Classification and 
Terminology of the International League 
Against Epilepsy. Proposal for revised 
classification of epilepsies and epileptic 
syndromes. Epilepsia 1989; 30: 389-99.  
Cossette P, Loukas A, Lafreniere RG, Rochefort 
D, Harvey-Girard E, Ragsdale DS, Dunn RJ, 
Rouleau GA. Functional characterization of the 
D188V mutation in neuronal voltage-gated 
sodium channel causing generalized epilepsy 
with febrile seizures plus (GEFS). Epilepsy Res 
2003; 53: 107-17.  
Escayg A, Heils A, MacDonald BT, Haug K, 
Sander T and Meisler MH. A novel SCN1A 
mutation associated with generalized epilepsy 
with febrile seizures plus-and prevalence of 
variants in patients with epilepsy. Am J Hum 
Genet 2001; 68: 866-73.  
Escayg A, MacDonald BT, Meisler MH, Baulac 
S, Huberfeld G, An-Gourfinkel I, Brice A, 
LeGuern E, Moulard B, Chaigne D, Buresi C, 
Malafosse A. Mutations of SCN1A, encoding a 
neuronal sodium channel, in two families with 
GEFS+2. Nat Genet 2000; 24: 343-5.  
Harkin LA, Bowser DN, Dibbens LM, Singh R, 
Phillips F, Wallace RH, Richards MC, Williams 
DA, Mulley JC, Berkovic SF, Scheffer IE and 
Petrou S. Truncation of the GABAA receptor 
gamma2 subunit in a family with generalized 
epilepsy with febrile seizures plus. Am J Hum 
Genet 2002; 70: 530-36.  
Ito M, Nagafuji H, Okazawa H, Yamakawa K, 
Sugawara T, Mazaki-Miyazaki E, Hirose S, 
Fukuma G, Mitsudome A, Wada K, Kaneko S. 
Autosomal dominant epilepsy with febrile 
seizures plus with missense mutations of the 
(Na+)-channel alpha 1 subunit gene, SCN1A. 
Epilepsy Res 2002; 48: 15-23. 
Kananura C, Haug K, Sander T, Runge U, Gu 
W, Hallmann K, Rebstock J, Heils A, Steinlein 
OK. A splice-site mutation in GABRG2 
associated with childhood absence epilepsy and 
febrile convulsions. Arch Neurol 2002; 59: 1137-
41. 
Lopes-Cendes I, Scheffer IE, Berkovic SF, 
Rousseau M, Andermann E, Rouleau GA. A new 
locus for generalized epilepsy with febrile 
seizures plus maps to chromosome 2. Am J 
Hum Genet 2000; 66: 698-701. 
Marini C, Harkin LA, Wallace RH, Mulley JC, 
Scheffer IE, Berkovic SF. Childhood absence 
epilepsy and febrile seizures: a family with a 
GABA(A) receptor mutation. Brain 2003; 126: 
230-40. 
Meadows LS, Malhotra J, Loukas A, 
Thyagarajan V, Kazen-Gillespie KA, Koopman 
MC, Kriegler S, Isom LL, Ragsdale DS. 
Functional and biochemical analysis of a sodium 
channel beta 1 subunit mutation responsible for 

generalized epilepsy with febrile seizures plus 
type 1. J Neurosci 2002; 22: 10699-709. 
Moulard B, Guipponi M, Chaigne D, Mouthon D, 
Buresi C and Malafosse A. Identification of a 
new locus for generalized epilepsy with febrile 
seizures plus (GEFS+) on chromosome 2q24-
q33. Am J Hum Genet 1999; 65 :1396-400.  
Nabbout R, Gennaro E, Dalla Bernardina B, 
Dulac O, Madia F, Bertini E, Capovilla G, Chiron 
C, Cristofori G, Elia M, Fontana E, Gaggero R, 
Granata T, Guerrini R, Loi M, La Selva L, Lispi 
ML, Matricardi A, Romeo A, Tzolas V, Valseriati 
D, Veggiotti P, Vigevano F, Vallee L, Dagna 
Bricarelli F, Bianchi A, Zara F. Spectrum of 
SCN1A mutations in severe myoclonic epilepsy 
of infancy. Neurology 2003; 60: 1961-7. 
Peiffer A, Thompson J, Charlier C, Otterud B, 
Varvil T, Pappas C, Barnitz C, Gruenthal K, 
Kuhn R, Leppert M. A locus for febrile seizures 
(FEB3) maps to chromosome 2q23-24. Ann 
Neurol 1999; 46: 671-8. 
Scheffer IE and Berkovic SF. Generalized 
epilepsy with febrile seizures plus. A genetic 
disorder with heterogeneous clinical phenotypes. 
Brain 1997; 120: 479-90.  
Singh R, Andermann E, Whitehouse WP, 
Harvey AS, Keene DL, Seni MH, Crossland KM, 
Andermann F, Berkovic SF, Scheffer IE. Severe 
myoclonic epilepsy of infancy: extended 
spectrum of GEFS+? Epilepsia 2001; 42: 837-
44.  
Singh R, Scheffer IE, Crossland K and Berkovic 
SF. Generalized epilepsy with febrile seizures 
plus: a common childhood-onset genetic 
epilepsy syndrome. Ann Neurol 1999; 45: 75-81.  
Sugawara T, Mazaki-Miyazaki E, Ito M, Nagafuji 
H, Fukuma G, Mitsudome A, Wada K, Kanedo S, 
Hirose S and Yamakawa K. Na(v)1.1 mutations 
cause febrile seizures associated with afebrile 
partial seizures. Neurology 2001a; 57: 703-5.  
Sugawara T, Tsurubuchi Y, Agarwala KL, Ito M, 
Fukuma G, Mazaki-Miyazaki E, Nagafuji H, 
Noda M, Imoto K, Wada K, Mitsudome A, 
Kaneko S, Montal M, Nagata K, Hirose S and 
Yamakawa K. A missense mutation of the Na+ 
channel alpha II subunit gene Na(v)1.2 in a 
patient with febrile and afebrile seizures causes 
channel dysfunction. Proc Natl Acad Sci USA 
2001b; 98: 6384-89.  
Veggiotti P, Cardinali S, Montalenti E, Gatti A, 
Lanzi G. Generalized epilepsy with febrile 
seizures plus and severe myoclonic epilepsy in 
infancy: a case report of two Italian families. 
Epileptic Disord 2001; 3 :29-32.  
Wallace RH, Marini C, Petrou S, Harkin LA, 
Bowser DN, Panchal RG, Williams DA, 
Sutherland GR, Mulley JC, Scheffer IE and 
Berkovic SF. Mutant GABAA receptor gamma2-

 
Gourfinkel-An I. Generalized epilepsy with febrile seizures-plus syndrome. Orphanet Encyclopedia. March 2004 
http://www.orpha.net/data/patho/GB/uk-GEFS.pdf 4 

http://www.orpha.net


   

subunit in childhood absence epilepsy and 
febrile seizures. Nat Genet 2001b; 28: 49-52.  
Wallace RH, Scheffer IE, Barnett S, Richards M, 
Dibbens L, Desai RR, Lerman-Sagie T, Lev D, 
Mazarib A, Brand N, Ben-Zeev B, Goikhman I, 
Singh R, Kremmidiotis G, Gardner A, Sutherland 
GR,  George AL Jr,  Mulley JC and Berkovic SF. 
Neuronal Sodium-Channel alpha1-Subunit 
mutations in Generalized Epilepsy with Febrile 
Seizures plus. Am J Hum Genet 2001a; 68: 859-
65.  

Wallace RH, Scheffer IE, Parasivam G, Barnett 
S, Wallace GB, Sutherland GR, Berkovic SF, 
Mulley JC. Generalized epilepsy with febrile 
seizures plus: mutation of the sodium channel 
subunit SCN1B. Neurology 2002; 58: 1426-9. 
Wallace RH, Wang DW, Singh R, Scheffer IE, 
George ALJ, Phillips HA, Saar K, Reis A, 
Johnson EW, Sutherland GR, Berkovic SF and 
Mulley JC. Febrile seizures and generalized 
epilepsy associated with a mutation in the Na+-
channel beta1 subunit gene SCN1B. Nat Genet 
1998; 19: 366-70. 

 
Gourfinkel-An I. Generalized epilepsy with febrile seizures-plus syndrome. Orphanet Encyclopedia. March 2004 
http://www.orpha.net/data/patho/GB/uk-GEFS.pdf 5 

http://www.orpha.net

	Generalized epilepsy with febrile seizures-plus context
	Abstract
	Keywords
	Disease name and synonyms
	Excluded diseases
	Definition
	Differential diagnosis
	Prevalence
	Clinical description
	Disease course and treatment
	Etiology
	Diagnostic methods
	Unresolved questions
	Perspectives
	References

