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ABSTRACT

Objective: Tostudy the outcome of subsequent epilepsy followingasingle uncomplicated
febrile seizure in a cohort of children aged six months to six years followed up for a
ten year period.
Design: Observational prospective cohort study
Setting: Mahenge epilepsy clinic, Ulanga District, Morogoro region, Tanzania.
Subjects: Children aged six months to six years living in Ulango District, Morogoro
Region, Tanzania.
Results: A total of 6522 children aged six months to six years lived in the study area. Of
these 213 (3%) had experienced one uncomplicated febrile seizures within six months
of the commencement of the study. At the end of ten years follow-up period 145(65%)
were still living in the study area. Of these 44 (30%) had developed epilepsy giving an
equivalent of cumulative incidence rate of 3.8 per 100 person years. The age of onset of
firstuncomplicated FS between the ages of two to five years was significantly associated
with the development of later epilepsy in comparison to other ages X 26.43; P<0.001.
This difference was significantly accumulative with time of follow-up. The number of
recurrent febrile seizures significantly influenced the development of later epilepsy.
2= 32.3; p =<0.001 with relative risk (odds ratio 5.4, 95% CI 2.6-11.41 P<0.001).
A positive family history of FS significantly influenced the development of later
epilepsy. X? P<0.001 with relative risk (odds ratio 3.2, 95% CI 2.0-5.1; p<0.001. A positive
family history of epilepsy did not significantly influence the development of later
epilepsy X* = 38.1; P <0.212.
Conclusion: Cumulative incidence of epilepsy in rural Tanzanian children following
a single uncomplicated FS was small but higher than that reported in developed
countries. This risk was influenced independently by the number of recurrent FS,
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family history of FS, and the age of onset of the first ever FS.

INTRODUCTION

Febrile seizure (FS) is the most common neurological
disorder among children worldwide. Febrile seizures
occurintwo to four percent of all children between the
age of sixmonths and six years in developed countries
(1-4). Population based studies in developing
countries are scanty, the few available studies report
higher percentage of 15-20% children experience
febrile seizure between the age of six months to seven
years (5, 6). FS account for 20-25% of all childhood
admission in Africa (7-9). Population based studies
in developed countries report children with first
ever febrile seizures will have a recurrence in 23-38%
(2,4,10) and asmall proportion (about 2-10%) of these
children can expect to have one or more subsequent
unprovoked seizures (2, 4, 11, 12). The few studies
conducted in Africanhave reported ahigherincidence

of subsequent epilepsy of 20-40% in children after
FS (6, 13-15). These studies were cross-sectional in
nature and relied on retrospective enquiry into the
previous history of childhood FS and most were
hospital based and only a few were community based.

Childrenwhoexperiencefirstever febrileseizures
with complex symptomatology are more at risk of
experiencing two or more unprovoked seizures than
those withoutcomplex symptomatology (4,11,16,17).

In developed countries childhood simple
febrile seizures are considered benign events and
are rarely followed by subsequent unprovoked
seizures. However, the subsequent risk of
developing epilepsy after first ever-simple febrile
seizure in African children is not well studied.

Hence, we conducted a prospective community
based study in a cohort of children aged one year
to six years for a period of ten years to study the
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outcome of recurrence febrile seizures and subsequent
two or more unprovoked seizures (that is, epilepsy),
following a single simple febrile seizure.

MATERIALS AND METHODS

The study was conducted in Mahenge Division, a
rural area in Tanzania with a total population of
20284 inhabitants.

The designand method usedin thestudyhasbeen
described in previous publications (15, 18). Following
aninformed consent obtained from divisional leader,
village leaders and head of household, a team of
trained health workers conducted a door-to-door
interviews. The interviews identified all children
between the age of one year to six years in each
household and registered those who have had single
febrile seizures in the last six months. These children
were latter seen by a Neurologist and Paediatrician
to characterise the features of the febrile seizure
through a detailed interview of parents or guardian.
If the parent did not witness the seizure, an adult
who witnessed the seizure was contacted and was
interviewed. Duration of the FS was estimated either
less than ten minutes or more. Parents/ guardian or
children with FS estimated the duration during the
interview of ten minute interval and were requested
to recall if the timing was less or more than the ten
minutes. If the estimated duration was less than
ten minutes. These were further characterised by
interview to exclude those with focal signs who
were then excluded the study Duration of the FS
was estimated either less than ten minutes or more.
Parents/guardian children with FS whose duration
less than of ten minutes were further characterised
by interview to exclude those with focal signs
who were then excluded. Medical records of those
children who had been treated at the district hospital
were scrutinised whenever this information was
available. Further information on the family history
of febrile seizures, level of education of the parents
or guardian, history of developmental delay or other
neurological abnormalities was obtained from the
parents or guardian. FS children were also examined
for evidence of neurological dysfunction. The time
interval from the first ever FS to the time of enrolment
into the study was between six months to three years
with an average of one years six months. The study
was carried out from 1* July 1998 to 31* June, 2008.

Definitions: Febrile seizure (FS) was defined as
convulsion with fever in the absence of any hint of
intracranial infection.

Simple or uncomplicated febrile seizure was defined
as a single tonic-clonic convulsion lasting less than
ten minutes per episode of fever.

Recurrent febrile seizures was defined as convulsion
(focal or generalised) in more than one episode of

fevers which could be uncomplicated generalised
tonic clonic seizure or complicated if seizures lasted
for more than ten minutes or was focal or multiple
seizures per episode of fever.

A family history of febrile seizure was defined a
history of convulsive seizures with fever between
the ages of six months to seven years of age in two
or more first degree relatives.

A family history of epilepsy was positive if there
were one or more first degree relative with epilepsy.
Epilepsy was defined as the development of more
than one non-febrile seizures occurring on different
days in the absence of acute medical illness.
Inclusion criteria were children who had single febrile
seizure without focal or multiple episodes and was
estimatedtolastforlessthantenminuteswithoutresidue
neurological deficit and with no previous history of
neurological dysfunction and had no neurological
dysfunctions during examination at the beginning
of the study. Children who had experienced a single
uncomplicated seizures were registered in the study.
A total of 6522 children aged one to six years lived
in the study area. Among these 213 (3%) satisfied
the criteria and were registered for follow-up.

Follow-up: Families with children who were included
in the study were invited to visit the district hospital
twice a year or whenever a FS occurred and were
seen by the Senior Nursing Officer in charge of the
epilepsy clinic who was well trained in obtaining a
detailed description of the type of seizure and referred
the child to the clinical officer for further examination
in the presence of fever.

The neurologist and paediatrician classified
the various seizure episodes as either recurrent
febrile seizure or unprovoked seizure. Recurrent
FS was reclassified into uncomplicated
generalised tonic clonic convulsions,
complex or unclassified by the neurologist.

Follow-up athome was made every six months
for those children who did not report at the health
facility to ascertain whether the child did not
experience further seizures, or had migrated or
had died. Follow-up was terminated by migration
or death or the development of two unprovoked
seizure on separate days (were referred to the
epilepsy clinic) or at the end of ten years. Of the
213 childrenregistered at the beginning of the study
181(85%) were still being followed-up at the end
of four years and 145(65%) at the end of ten years.
Characteristics of FS was obtained from parents/
guardian only in 128(60%) and in 85(36.9%) the
characteristics of FS from parents was supplemented
by scrutinising medical records at the district
hospital.

During detailed interview parents/guardian
were enquired about the use of prophylactic therapy
at the time on enrollment and during the whole
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follow up period. None of the children received
prophylactic anti-convulsants during the whole
period of study. However the use of traditional
interventions was not recorded.

The primary end-point was the development
of two or more unprovoked seizures and secondary
end-point was the number of recurrence of FS at
the end of the ten years follow- up period.

Data analysis : Data coded on a primary data sheet

were entered into the computer using SSPSS and
primarily analysed by the Chi-square test and Chi-
square for trend univariate associations. Logistic
regression was used for multiple variables, which
were significantat 10% level. Kaplan-Meier method
was used. Variables significantby log-rank test were
included in the Cox’s proportional hazard mode for
evaluating their simultaneous effect of the factors
under study.

RESULTS

Table 1
Characteristic of children with first ever simple febrile seizure n=213

Males Females Total N=213
N=97(%) N=116(%) (%)
Age 1- 65 (87) 76 (66) 141 (66)
4-6 32 (34) 40 (34) 72 (24)
+FHFS 33 (34) 47 (40) 80 (37.6)
++FHEp 27 (28) 36 (31) 63 (29.6)

+FHES Family history of febrile seizure
++FHEP Family history of epilepsy
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Figure 1
Number of children with simple FS at enrolment and at follow up
. 6522
Total number of children Population
N =213

At Enrolment Simple FS

At end of the followup 145 (68%) 39 (18%) 29 (13.6%)
Completed Migrated Died
Development of epilepsy YES NO
44 141

Of the 6522 children who live in Mahenge division,
213(3%) had had one uncomplicated febrile seizure.
The majority of whom 141(66% ) were between one and
threeyearsold. Eighty children (37.6%)had a positive
family history of febrile seizures and 63(29.6%) had
a family history of epilepsy. There was no significant
difference between sexes and age distribution, family
history of epilepsy or family history of febrile seizures.

Of the 213 children who had experienced
one uncomplicated febrile seizure, 145(65%)
completed the ten year follow-up and 68 (32%)
were lost to follow-up before they had developed

two or more unprovoked seizures. Of these 39
(18%) had migrated and 29 (13.6%) had died.

Table 2 shows the characteristics of those children
who completed the ten year follow up. Of 145
children 44(30%) had developed at least two or more
unprovoked seizures (Epilepsy). Thisisanequivalent
of cumulative crude incidence of 3.8 per 100 person
years. There was no significant difference in age and
sexes for those who completed the ten year follow
up between those who developed epilepsy and those
who did not develop epilepsy X?=1.94; p<0.164 and
X? =0.62; p<0.43 respectively.
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Table 2
Characteristics of Children at the end of 8 years study
Epilepsy No Epilepsy P-value
N=44 N=101 Univariate analysis

Sex M/F 18/26 48/52 0.29
Age 9<10 20 58 0.16

11+> 24 43 0.16
+RFS 37 34 0.00
2 or>RFS 23 16 0.000
TRFS N=37(%) N=34(%)
UGTC 21 (61.8) 13(38.2) 0.18
CFS 11(57.9) 10(43) 0.18
Uncls 5(35.3) 11(64) 0.02
FHFS 25 17 0.000
FHEP 18 45 0.201
P/G/EDUC
Nil 8 15 0.16
Primary 24 55 0.2
Secondary 12 30 0.17
Higher 0 1
RFS = Recurrent febrile seizure
TRFS = Type of Recurrent febrile Seizure
UGTC = Uncomplicated Generalized tonic-clonic
CFS = Complex febrile seizure
FHFS = Family history of febrile seizure
FHEP = Family history of epilepsy
Uncl = Unclassified febrile seizures
P/G/EDUC = Parents or Guardian level of education

The highest cumulative risk for developing epilepsy
was found in children who had experienced their
firstever-uncomplicated seizure between the ages of
two to five years. This was statically significant than
in children who had their ever first uncomplicated
seizure below two years of age or those who were
above five years log-rank hazard ratioX?=26.43;
p<0.001

Recurrent FS was common in children who
developed epilepsy 37(84%) of 44 than those who did
not develop epilepsy 34 (34%) of 101. Significantly
more children who had recurrent rather than single
febrile seizure developed epilepsy (7/73(9.6%) with
single versus37/72(51.3%) with recurrences; X?=32.3,
p<0.0001, with a significant relative risk (odds ratio
5.4,95%CI 2.6-11.4 p<0.001)

The risk of developing epilepsy of was more
significant in children who had more than one
recurrent febrile seizures and this was cumulatively
significant (log rank X2 = 28.6 p<0.0001.

The type of recurrent FS did not influence the
risk of developing epilepsy. Twenty-one (61.8%)
0f37 of those who had recurrent seizures developed
epilepsy with generalised tonic-clonic febrile seizures
in comparison to 11 (60%) with focal seizures. This
difference wasnotsignificant X?=23.34 p<0.188 (Table
1).

A positive family history of FS was found to be

statically significantin those who developed epilepsy
than those who did not develop epilepsy, 25(56.5%)
of 44 who developed epilepsy in comparison to 17
(68.8%) 0f 101 who did not develop epilepsy X?=23.45
p<0.0200.

Apositive family history of FS was an independently
significant factor and the probability of developing
epilepsy was also significant cumulatively X*=18.34
p<0.000. However, a positive family history of
epilepsy was not significantly different from those
who developed epilepsy and from those who did
not develop epilepsy at end of the study X? = 38.1
p<0.212.

Of the 44 children who developed epilepsy
21 had recurrent uncomplicated FS. Of these eight
(38%) out of twenty one had a febrile complex partial
seizures in comparison four (36%) out of eleven who
had recurrent complex FS. This difference was not
significant X*>= 3.34; p(<0.1889).

The level of education of the parents or
guardian was not significantly different from
children who developed epilepsy than those
who were epilepsy free at the end of the study.

DISCUSSION

Two to five percent of children will experience at
least one febrile seizure before age of five years in
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western world (2-4). It is difficult to compare our
study with others because of the differences in
design and definition in febrile seizures. For instance
our study-included only of children who had one
uncomplicated FS, giving a prevalence rate of 3% of
children in Mahenge had one uncomplicated seizure
before the age of six years. This prevalence is the
same as that reported in western world but studies
inwestern world included all types of febrile seizures
(2-4). Therefore, the prevalence of all types FS must
be higher in Mahenge if all types of FS could have
been included in the study, which would be a true
reflection the situation in Tanzania in general and for
other developing countries.

In this study 44 (30%) children developed
epilepsy at the end of the eight year follow-up giving
a crude cumulative incidence of 3.8 per 100 person
years. This is slightly higher than other populations
based studies in developed countries with incidence
rate of 2.4 to 2.7% although there were differences
in study design (12,17).

Ithasbeenreported that the incidence of epilepsy
following febrile convulsions are higher at age of
seven and ten years (2.0% at seven years, 2.5%, at age
of ten years) (2,12). Although, this was not directly
addressed in our study, however, we found that
the risk of developed epilepsy was independently
associated with first ever-febrile seizure occurring
between the age of two years to five years. Supporting
the finding that younger children at the onset of
febrile seizures are more likely to develop epilepsy
(16). The cumulative risk of a later febrile seizure
increased with age from 3% at the age of ten versus
3.8% at age fourteen. This finding is consistent with
the findings of other studies (10,12).

We found the number of subsequent febrile
seizures following a single uncomplicated seizure
was independent significant risk factor for later
development of epilepsy supporting the hypothesis
that recurrent febrile seizures may lead to brain cell
injury that may be a source of later unprovoked
seizures. We did not, however find significant
differences in the risk of developing epilepsy
between children who had recurrent (more than two)
uncomplicated febrile seizures from those who had
complicated recurrent febrile seizures, negating the
conceptof cause-and-effect relationship. Our finding
is contrary to other studies that reported complex
febrile seizures being significantly associated with
later epilepsy rather than uncomplicated febrile
seizures (2,11,12). It is almost an established fact that
prolonged episodes of febrile seizures in children
can injure brain cells particularly those in the
hippocampus and other medial temporal structures
with apparent source of unprovoked seizures. This
has been reported in animal studies (19) and in
retrospective studies of patients with epilepsy (20-22)
and inimaging studies in children who suffered focal

seizures (23-25). However, the association between
FS and temporal lobe epilepsy although has been
recognised, it is still controversial from quantitative
point of view even in children with febrile seizures
(26).

A family history of epilepsy in children who
had uncomplicated FS was not apparently related
to later epilepsy in our study contrary to other
population based studies where a family history
of epilepsy influenced the later development of
epilepsy (12,17). This difference could be explained
by the differences in study designs, in the definitions
of family history and the inclusion criteria used.
Nevertheless, our study supports the complex
heterogenecity of familial clustering in epilepsy as
has been reported by familial studies (27). In our
study, the population of children was from Mahenge
where genetic analysis had been carried out in
over 1500 members of 20 families of 20 epileptic
pro-bands, which found a strong familial clustering
but there was no evidence for specific gene (28).
Our finding supports the probable complex familial
clustering in epilepsy.

In this study we found the presence of positive
family history of FS tobe significantand independent
risk factor for later epilepsy. Our findings supports
previous family population based studies which
indicated a double sibling when both parents had
FS (55.6%) compared with when only one parent
is affected (21.7%), or when both are unaffected
(5.5%) (29). Also, twin studies have demonstrated a
higher concordance rate in monozygotic twins than
dizygotic twins (30). However, genetic studies by
two-point linkage analysis by assuming dominant
mode of inheritance have revealed possible genetic
heterogenecity for FS (31).

We did not find an association between
occurrence of recurrent complex FS and later
developmentof unprovoked complex partial seizures.
The ratio between children who had had recurrent
febrile seizure was almost the same as thatin children
who had a single uncomplicated febrile seizure.
However, the number of children with previous single
uncomplicated FS was too small (seven of fourty four
children) for statistical analysis. Our findings are
similar to other studies supporting the hypothesis that
FS do not appreciably contribute to the occurrence of
unprovoked partial complex seizures (12, 17, 31).

Limitations of the study: We relied our characterisation
and duration of the firstever FS on parents/ guardian
recall which may havebiased the study. Nevertheless
the duration of the first ever FS was estimated during
the interview by real timing of less or more than ten
minutes.

The follow up interval was rather long which
may have resulted in some further seizures being
unreported by parents/guardian.
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The use of prophylacticanti-convulsants during
the study time could have influenced the frequency
of recurrent FS. Nevertheless the use of prophylactic
anti-convulsant in FS is not a national or policy in
study area

We conclude that the cumulative incidence of
epilepsy in children who had single uncomplicated
febrileseizure may be higherinarural areain Tanzania
thanin developed countries. The number of recurrent
febrile seizures, family history of febrile seizures,
and the age of onset of the first ever-febrile seizure
influenced independently the risk for later epilepsy.
This underscores the need for recognition of recurrent
FS and early interventions that need to be taken in
lowering episodes of fever so as to prevent further
FS in children at risk for later epilepsy in developing
countries.
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