Original article

Paediatrics Today 2015;11(2):136-143
DOI 10.5457/[32005-1 14.119

THE SEASONAL DISTRIBUTION OF FEBRILE SEIZURES DOES NOT
FOLLOW THE SEASONAL DISTRIBUTION OF FEBRILE ILLNESSES IN

INFANTS AND TODDLERS

Smail ZUBCEVIC", Tajma DELMO?

'Pediatric Hospital, University Clinical
Center Sarajevo, Bosnia and Herzegovina
’Klinikum Oberberg Kreiskrankenhaus
Gummersbach, Klinik fiir Neurologie
Deutschland

*Corresponding author:
smail.zubcevic@gmail.com
Tel.: + 387 33 566402
Fax.: + 387 33566525

Received: August 13, 2015
Accepted: September 3, 2015

Key words: Febrile seizures = Seasons
= Infection.

Introduction

Objective — The aim of the study was to determine whether the febrile
seizures occur more often in the cold period of the year (winter) when
there are significantly more viral infections with fever in infants and
toddlers, compared to the rest of the year. Patients and methods — A
study was conducted at the Pediatric Clinic, University Clinical Cen-
tre in Sarajevo, and included all patients admitted for febrile seizures
in two year period, 2011-2012. The data collected as possible predic-
tors were: the time of the year when the febrile seizure was manifested,
the season, and infectious causes of fever. Results — There were more
male children, and the first febrile seizure occurred at an average age
of 20.82+02.14 months. The most common diagnosis for which the
subjects were hospitalized was acute tonsillopharyngitis, and febrile
illnesses with respiratory tract infections were present in 88.9% of
children with febrile seizures. There was no statistically significant
difference in the incidence of these diseases as an associated factor
throughout the surveyed years, and no difference in the incidence of
febrile seizures on a seasonal and monthly basis (¥*=0.210; p=0.976
and ¥?=0.658; p=0.417 respectively). Conclusion — The increased in-
cidence of diseases with fever in young children in the winter months
does not result in more frequent febrile seizures, which suggests that
increased body temperature may not be the only factor which is linked
to febrile seizures, and emphasizes genetic factors.
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Febrile seizures are the most common neu-
rological disorder in childhood. They are de-
fined as a seizure accompanied by fever (tem-
perature >38°C by any method), without
central nervous system infection, that occurs
in infants and children from 6 to 60 months
of age (1). The incidence differs around the
world, from 2-5% in the USA in children of
North American or European background to
6-9% of children in Japan (2). Simple febrile

seizures are defined as brief (<15-minute)

are prolonged (>15 minutes), or focal, or oc-
cur more than once in 24 hours (1). About
70-80% children have only simple febrile
seizures, and 20-25% have complex febrile
seizures.

The underlying pathophysiology is not
known. Febrile seizures tend to occur in fam-
ilies. When a child has febrile seizures, the
risk of febrile seizure is 10% for a sibling and
almost 50% for a sibling if a parent had fe-
brile seizures as well. Although clear evidence
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exists for the genetic basis of febrile seizures,
the mode of inheritance is unclear (3). Poly-
genic inheritance is thought to be prominent.
However, in certain families, an autosomal
dominant pattern of inheritance of febrile
seizures has been identified. Some authors
have described a “febrile seizure susceptibility
trait” with an autosomal dominant pattern of
inheritance with reduced penetrance. It is not
clear whether the fever itself triggers febrile
seizures, which some genetic studies are find-
ing (4). The genes that are now connected
with febrile seizures (like SCN1A, SCN2A,
SCN1B, GABRG2 and GABRD) are those
that encode the sodium channel and the
gamma amino-butyric acid A receptor (5).

Febrile illnesses caused by viruses are very
often associated with febrile seizures (6, 7).
Various viruses are present in children with
febrile seizures, and recent literature has in-
dicated the presence of human herpes sim-
plex virus 6 (HHSV-6) as the etiologic agent
in roseola in about 20-30% of a group of
patients presenting with their first febrile
seizures (8). The influenza A virus has been
seen in many children with recurrent febrile
seizures (9). Gastroenteritis caused by Ro-
tavirus doubles the odds of having febrile
seizures, when compared with other viruses
causing viral gastroenteritis. Gastroenteritis
caused by Shigella is also associated with fe-
brile seizures (10).

It has been proven that an increased risk
of febrile seizures is present after immuniza-
tion. Most studies showed a higher incidence
of seizures after receiving the MMR (Measles,
Mumps, Rubella) and DTPer (Diphtheria,
Tetanus Pertussis) vaccines. Davis and Bar-
low demonstrated a four times higher risk of
febrile seizures within 1-3 days of receiving
the DTPer vaccine. After the MMR vaccina-
tion, the risk of febrile seizures increases be-
tween 1.5 and 3 times, where the occurrence
of seizures peaked 1-2 weeks after vaccina-
tion (11). Similar results have been shown in
more recent studies 12).
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Viruses are the most common cause of fe-
brile illnesses in children and seasonality is a
long-recognized attribute of many viral infec-
tions in humans. The existing evidence sug-
gests that the seasonality of some enteric and
respiratory viral pathogens may be driven by
the enhanced wintertime survival of patho-
gens, and also by increased host susceptibility
resulting from relative “wintertime immune
suppression” (13), it would be logical to as-
sume that febrile seizures should have sea-
sonal pattern in appearance.

This study tested the hypothesis that fe-
brile seizures appear more frequently during
the winter season.

Materials and methods

This cross-sectional study was carried out at
the Pediatric Clinic of the University Clini-
cal Centre in Sarajevo. The study included
patients who were admitted to the Pediatric
Clinic with the diagnosis of febrile seizures
in a two-year period, 2011-2012. There were
210 children with febrile seizures in this peri-
od. All participants met the inclusion criteria
for the study: aged 6 months to 5 years, di-
agnosis of febrile seizures, no clinical or other
signs of infection of the central nervous sys-
tem, and no previous seizures without febrile
illness. No specific level of fever was required
to diagnose febrile seizures. The data collect-
ed as possible predictors were: the time of the
year when the febrile seizure was manifested,
the season, and infectious causes of fever.
Children with seizures due to central ner-
vous system infections (meningitis, encepha-
litis, meningoencephalitis), and children
with a previous medical history of seizures
without fever or epilepsy were excluded from
our study. Outcome measure were febrile sei-
zures. Upon completion of the survey, data
were analyzed with standard statistical meth-
ods, using MS Excel (Microsoft Office Excel
2010) and SPSS for statistical analysis (Statis-
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tical Package for Social Sciences, SPSS Inc.,
Chicago, Illinois, USA), version 20.0.

Ethics statement

The survey was conducted in full compliance
with the ethical requirements. The research
was performed in accordance with the prin-
ciples of good clinical practice and in accor-
dance with the Helsinki Declaration and its
recommendations for doctors who conduct
biomedical research.

Statistical analyses

Basic demographic data are presented. We
analyzed the arithmetic mean (X), stan-
dard deviation (SD) and standard error of
arithmetic mean (SEM). For analysis of the
results in normal distribution variables we
used the parametric t-test, while the vari-
ables with skewed distribution were as-
sessed by the nonparametric Mann-Whit-
ney test. The y2-test was used for non-quan-
titative variables. Values of p <0.05 were
taken as statistically significant.

Results

We studied a total of 210 children who
were admitted to hospital in the given pe-
riod. There were 118 (56.2%) male and 92
(43.8%) female children. The Chi-square test
showed a statistically significant predomi-
nance of male children (¥*=3.219; p=0.047).
The distribution of children admitted due to
febrile seizures was similar on a yearly level
(101 and 109).

The age range for the first febrile seizure
was 20.82+14.02 months. 21 (10%) had a
family history of febrile seizures, while 5
(2.38%) had a family history of epilepsies.
Upon admission to hospital, the patients
were treated for their febrile illness under

different diagnosis, as shown in Table 1.

For 57 children no clear diagnosis of the
febrile illness was established.

Table 1 Diagnosis of febrile illness on admission
to hospital

Febrile illness n %
Bronchitis acuta 10 4.8
Gastroenterocolitis acuta 10 4.8
Infectio tractus urinarii 5 2.4
Status post vaccinationem 2 1.0
Tonsillopharyngitis acuta 123 58.6
Virosis 3 1.4

Total 153 72.9
No data 57 27.1

Total 210 100.0

Incidence of the above diagnoses was in-
vestigated on a monthly level, and the results
are shown in Table 2.

The Chi-square test did not find any sig-
nificant difference in the incidence of febrile
illnesses diagnosed monthly during one year,
respiratory tract infections as the most com-
mon find in fever in children with febrile sei-
zures had equal incidence in all months, and
there was no statistically significant differ-
ence between the surveyed months (p=0.09).

When we analyzed the frequency of dif-
ferent infections on a seasonal level (winter,
spring, summer, autumn) we obtained the
results shown in Table 3.

There was no statistically significant
difference between the surveyed months
(p=0.9). When we analyzed the frequency
of febrile seizures on a seasonal level (winter,
spring, summer, autumn) we obtained the
results shown in Fig. 1. The Chi-square test
showed no statistically significant difference
in the incidence of febrile seizures in relation
to seasons: ¥*=0.210; p=0.976.

Since we did not find any statistically sig-
nificant difference in the incidence of febrile
seizures, we wanted to see whether there were
monthly differences. The results are shown in

Tables 4 and 5.
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Table 2 Incidence febrile illnesses that led to febrile seizures on a monthly level

Febrile illnesses

Total

Months i}iefserc) iézt:ry fract i(r}l;:z?(i)r:cstinal fract Urinary tract infection ~ Postvaccinal seizures

n (%) n (%) n (%) n (%) n (%)
Jan 14 (100) - - - 14 (100)
Feb 10 (90.9) 19.1) - - 11 (100)
Mart 11 (68.7) 2 (12.5) 3 (100) - 16 (100)
April 12 (73.3 1(6.7) 1(6.7) 1(6.7) 15 (100)
May 7 (100) - - - 7 (100)
June 18 (81.8) 1 (5.0) 1(5.0) - 20 (100)
July 22 (90.9) 1 (4.5) - 1 (4.5)) 22 (100)
Aug 6(85.7) 1(14.3) - - 7 (100)
Sept 7 (87.5) 1(12.5) - - 8 (100)
Oct 11 (84.6) 2 (15.4) 13 (100)
Nov 9 (100) - - - 14 (100)
Dec 11 (100) - - - 11 (100)
Total 136 (88.9) 10 (6.5) 5(3.3) 2 (1.3) 153 (100)

Season Respiratory tract infection ~ Gastrointestinal tract infection ~ Urinary tract infection ~ Postvaccinal seizures
Winter 35 3 3 0
Spring 37 2 2 1
Summer 33 3 0 1
Autumn 31 2 0 0
Total 136 10 5 2

® Winter

zﬂ ‘
B Spring
O Summer
O Autumn

0,

o7% 24%

Fig. 1 Frequency of febrile seizures on a seasonal level.

The monthly incidence of febrile sei- -14.9% in 2011, and from 5.5% - 12.8% in
zures in the surveyed period ranged from 4 2012. The months with the highest number
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Table 4 Monthly distribution of febrile seizures
in 2011

Table 5 Monthly distribution of febrile seizures

in 2012

Months n % Valid %  Cumulative % Months n % Valid %  Cumulative %
January 6 5.9 5.9 5.9 January 10 9.2 92 92
February 5 5.0 5.0 10.9 February 8 7.3 7.3 16.5
March 16 158 15.8 26.7 March 6 5.5 5.5 22.0
April 10 99 99 36.6 April 7 64 G4 28.4
May 5 5.0 5.0 41.6 May 8 7.3 7.3 35.8
June 11 109 10.9 52.5 June 10 9.2 92 45.0
July 15 149 149 673 July 14 128 128 578
August 5 5.0 5.0 72.3 August 8 7.3 7.3 65.1
September 4 4.0 4.0 76.2 September 9 8.3 8.3 73.4
October 7 6.9 6.9 83.2 October 10 9.2 9.2 82.6
November 9 8.9 8.9 92.1 November 10 9.2 9.2 91.7
December 8 7.9 7.9 100 December 9 8.3 8.3 100

Total 101 1000 100 - Total 109 100 100 -

of febrile seizures in 2011 were March, with
15.8% and July with 14.9%, while in 2012
it was July with 12.8%. The Chi-square test
showed no statistically significant differences
in the monthly incidence of febrile seizures:

x*=0.658; p=0.417.

Discussion

Since the seasonal occurrence of viral diseases
has been well established, we wanted to find
out whether febrile seizures follow the same
pattern, or whether other factors are involved.
Our study was the first assessment of this
question in our population, since the previous
large study of the clinical characteristics of the
first febrile convulsions in children in Bosnia
(14) did not address seasonal occurrence.

In our study almost 90% of children with
an identified cause of their febrile illness had
respiratory tract infection. Pathogens peak at
characteristic times in all seasons of the year:
winter: influenza, pheumococcus, rotavirus;
spring: RSV, measles; summer: polio, other
enteroviruses; fall: parainfluenza virus type
1 (15). In a study from Finland, cold tem-
perature and low humidity were associated

with the increased occurrence of respiratory
tract infections, and a decrease in tempera-
ture and humidity preceded the onset of the
infections (16). Since infections of the respi-
ratory tract are the most common reason for
febrile illness in small children, it would be
expected that in colder months, during win-
ter in Northern hemisphere, we should have
more cases of febrile seizures. However in this
study, in our sample we did not find any sta-
tistically significant seasonal difference in the
incidence of diagnosis of respiratory tract in-
fections among children with febrile seizures.
The percentage of patients having a febrile
illness with acute respiratory tract infection
and febrile seizures varied from 68.7% in
March (which is a winter month) to 100%
in May (which is a spring month), but also in
January (winter) and November (autumn).
In fact, we had the highest incidence of respi-
ratory infections among children with febrile
seizures in the spring, but it was not statisti-
cally significant. It must also be noted that
May and August were the months with the
least febrile seizures. We also did not find any
seasonal difference in the incidence of febrile
seizures. They appeared quite uniformly dur-




ing the four seasons in the two-year survey
period.

Some studies in different parts of the
world have shown a different trend. Mik-
konen et al. (17), in his study of 461 chil-
dren with febrile seizures, found that febrile
seizures occurred irregularly throughout the
year, most frequently in winter, concurrently
with the febrile episodes, and least frequently
in summer; this seasonal variation in the oc-
currence of febrile seizures disappeared, how-
ever, when adjusted for the number of febrile
events. It is not clear whether this can be at-
tributed to the increased occurrence of febrile
seizures with the seasonal influenza vaccine,
which was reported by WHO in 2014 (18),
since children in Finland, unlike those in
Bosnia, receive seasonal influenza vaccines.
The seasonal occurrence of febrile seizures
was also reported in Japan, in the November-
January period and in June-August (19), and
in Italy in January (20).

Most of the studies on the epidemiology
of febrile seizures, as well as child neurology
textbooks, do not mention the seasonal oc-
currence of febrile seizures.

In discussing the different results from
these studies and our data, we also looked to
see whether a greater incidence of gastroin-
testinal (predominantly viral) infections can
have an impact on the overall results, creat-
ing a balance between the colder and warmer
seasons.

Enteroviruses (polioviruses, echoviruses,
coxsackieviruses group A and group B, and
enteroviruses) are responsible for significant
and frequent human illness, including vari-
ous neurological manifestations. The most
common neurologic illness is aseptic menin-
gitis. Encephalitis and other manifestations,
such as paralysis, Guillain-Barré syndrome,
transverse myelitis, cerebellar ataxia, and pe-
ripheral neuritis, also occur (21). For a long
period of time, however, the association of
enteroviral infection in the central nervous
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system (CNS) with febrile seizures has not
been demonstrated, because the causative
agent of the infection has not been detected
in the CNS of patients with febrile seizures
using standard techniques. Hosoya et al. (22)
showed that the causative agents of febrile ill-
ness associated with seizures in the summer
were primarily enteroviruses, especially the
coxsackie viruses group A, and that febrile
seizures might be caused by enteroviral infec-
tion in the central nervous system. But when
we analyzed the percentage of patients with
gastrointestinal infection and febrile seizures,
we saw that it was only 5%-14% in the sum-
mer months, and the biphasic curve of the
monthly incidence of febrile seizures seen in
study by Hosoya et al. (22) was not seen in
our study. Clearly, the more or less balanced
diagnosis of acute respiratory tract infections
throughout the year was linked to our results
showing the rather uniform incidence of fe-
brile seizures over the year. Besides this, the
seasonal association of gastrointestinal infec-
tions with the incidence of febrile seizures
was not shown to be a significant factor in
our results.

All of this may suggest that increased
body temperature as a result of infectious dis-
eases is not the only factor linked to febrile
seizures. The role of genetic factors is em-
phasized by the results of this study. It would
be interesting to study the genetics of our
patients regarding known genes for febrile
seizures. Multiple factors are involved in the
genesis of febrile seizures, and genetics may
be responsible for their characteristics. In our
study, the age range for the first febrile seizure
was a little older, 20.82+14.02 months, but
generally within the expected range. Genetic
susceptibility is present with a common fam-
ily history of the condition, but in our study
we obtained data about a positive family his-
tory in 10% of patients, which is rather low,
but it must be considered in concordance
with previous experience in history taking in
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children with neurological conditions in our
population, where the parents are unwilling
to discuss this issue.

We believe that it would be difficult to
draw far stretching conclusions on this sub-
ject without large, multicentric studies, with
a much greater number of children. The
drawbacks of this observational study, as is
the case for a large number of similar studies,
were that, since it dealt with quite a benign
condition, an insufficient number of micro-
biological studies have been undertaken in
routine practice in these patients, and for ma-
jority of them the diagnosis of the febrile ill-
ness was made on clinical presentation. More
precise virological and bacteriological find-
ings would probably lead to a slightly differ-
ent distributional picture of febrile seizures.
Another shortcoming of this study was that
it surveyed only a two-year period, and the
epidemiological situation throughout that
period need not be the same as it is over a
longer period. Also, we would like to point
out that we need more studies on the season-
al incidence of respiratory tract infections in
our population, since the standard presump-
tion that these are more common during the
colder part of the year were not verified in
this study.

Conclusions

Our study did not demonstrate any seasonal
difference in the incidence of febrile seizures,
as had been noted in some other studies. The
increased incidence of diseases with fever in
the winter months in young children was
not associated with more frequent febrile
seizures, which suggests that increased body
temperature is only one of the complex fac-
tors that trigger febrile seizures.
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