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The rotavirus is a major pathogen of viral gas-
troenteritis in infancy and early childhood and is

especially prevalent during the winter.  The disease
is usually self-limiting.  However, afebrile seizures
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Background: The purpose of this study was to evaluate the clinical manifestations and out-
comes of hospitalized children with afebrile seizures following rotavirus gas-
troenteritis.

Methods: We conducted a retrospective study enrolling patients under 18 years old
who were admitted to our hospital during a 10-year period with the diagnosis
of rotavirus gastroenteritis. We identified and further analyzed patients who
presented with afebrile seizures, without previous seizure disorders, elec-
trolyte imbalances or hypoglycemia. The statistical methods used were the
Chi-square test, the Kruskal-Wallis test and the Mann-Whitney test.

Results: Of 1937 patients, 40 patients (24 female and 16 male patients) met the inclu-
sion criteria. The incidence of afebrile seizures following rotavirus gastroen-
teritis was 2.06%. The age of the patients ranged from 6 months old to 6
years old (mean, 1.9 years). The highest incidence of afebrile seizures was
4.67% in children 1 to 2 years of age ( p < 0.001). Twenty-seven patients
(67.5%) had two or more seizures, which usually were in clusters within a
24-hour period. No status epilepticus was observed. More than half of the
patients (52.5%) suffered from seizures on the third day of diarrhea. Only
five of 35 patients showed abnormal electroencephalogram (EEG) findings,
which reverted to normal in four of the patients during the follow-up period.
Most patients did not require long-term anticonvulsant treatment. During the
follow-up period, all patients displayed normal psychomotor development
without the recurrence of seizures, except in one patient who had a febrile
convulsion.

Conclusion: We found that the course of afebrile seizures following rotavirus gastroen-
teritis was benign with satisfactory outcomes.
(Chang Gung Med J 2003;26:654-9)
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occur in a subgroup of children with rotavirus gas-
troenteritis even without severe electrolyte imbalance
or hypoglycemia.  Its etiology remains unclear.
Benign convulsions with mild gastroenteritis were
first reported in Japan in 1982.(1) Several reports
have described the disease in recent years and some
of the subjects were shown to have rotavirus infec-
tion.(2,3) Some researchers suggested that the rotaviral
infections may cause serious damage to the central
nervous system (CNS) of affected children.(4-6)

Others described good outcomes in the majority of
children who had recurrent episodes of afebrile
seizures associated with rotavirus gastroenteritis.(7,8)

We conducted a retrospective study to evaluate the
clinical manifestations and outcomes of hospitalized
children with rotavirus gastroenteritis associated
with afebrile seizures. 

METHODS

This retrospective study included patients under
the age of 18 years who were admitted to our hospi-
tal from September 1991 through August 2001 with
the diagnosis of rotavirus gastroenteritis, as demon-
strated by positive rotavirus antigens in their stools.
Rotavirus antigens in fecal specimens were detected
using latex agglutination (LA) from 1991 through
1995, while specimens from 1996 through 2001 were
analyzed using enzyme-linked immunosorbent assay
(ELISA).  Patients who developed afebrile seizures
associated with rotavirus gastroenteritis were identi-
fied and further analyzed.

If patients had at least one of the following, they
were excluded from the study: 1) fever occurring 24
hours before, during or after seizures; 2) history of
underlying epilepsy or other intracranial organic dis-
eases; 3) remarkable electrolyte imbalance or hypo-
glycemia; or 4) bacteria growth in the stool culture.
We reviewed and analyzed the clinical data, labora-
tory results, seasonal distribution, seizure type and
frequency, electroencephalogram (EEG) features and
prognosis of the patients who were enrolled.  The
incidence of afebrile seizures and seizure frequency
among the different age groups were compared.  The
Chi-square test was used to compare the incidence of
afebrile seizures in the different age groups and dur-
ing different months.  The frequency of seizure
episodes in the different age groups was evaluated
with the Kruskal-Wallis test and the Mann-Whitney

test.  A p-value less than 0.05 was considered statis-
tically significant.

RESULTS

A total of 1937 patients with rotavirus gastroen-
teritis were observed during a 10-year period, includ-
ing 40 patients with afebrile seizures who were
included for analysis.  The incidence of afebrile
seizures in children following rotavirus gastroenteri-
tis was 2.06%.  There were 24 girls and 16 boys
(male:female = 5:4) and the age distribution ranged
from 6 months to 6 years (mean standard deviation
[SD], 1.9 0.8 years).  The age-of-onset and inci-
dence of afebrile seizures in the four different age
groups are shown in Fig. 1.  The highest incidence of
afebrile seizures was 4.67% in the children 1 to 2
years of age and the incidence was significantly dif-
ferent among the four groups ( p < 0.001, Chi-square
test).

The seasonal distribution of rotavirus gastroen-
teritis and associated afebrile seizures is shown in
Fig. 2.  Rotavirus gastroenteritis was the most preva-
lent from February to May, and the prevalence of
cases with afebrile seizures was the highest from
January to June.  However, the incidences of afebrile
seizures during different months were not signifi-
cantly different from one another ( p = 0.142, Chi-
square test).

Fig. 1 The incidence of afebrile seizures following rotarirus
gastroenteritis in four different age groups. 
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The laboratory results for the 40 patients,
including range, mean values and standard devia-
tions of leukocyte count, serum electrolytes, and
blood sugar were: leukocyte count from 3800 to
15000/mm3 (mean SD: 8373 2332/mm3); serum
sodium concentration from 131 to 159 meq/L (138.3

5.4 meq/L); serum potassium concentration from
3.2 to 5.4meq/L (4.3 0.5 meq/L) and serum calci-
um level from 8.1 to 10.0 mg/dL (9.2 0.5 mg/dL,);
serum sugar from 61 to 117 mg/dL (82.1 16.2
mg/dL).

Cerebrospinal fluid (CSF) studies were per-
formed in five patients, and we had no abnormal
findings for cell counts, biochemistry and bacterial
and viral cultures.  A brain echo was performed in
six patients and a brain computed tomography (CT)
in two.  The results of these image studies showed no
abnormalities. 

All patients experienced generalized seizures.
The seizure episodes ranged from 1 to 7 times per
day and 27 patients (67.5%) had two or more
seizures.  The seizures of these 27 patients were in
clusters within a 24-hour period and no status epilep-
ticus was observed.  The mean numbers of seizure
episodes in each age group were 1.5 in two patients
younger than 1 year old, 2.0 in 28 patients 1 to 2
years old, 3.0 in nine patients 2 to 3 years old, and
seven in one patient older than 3 years old.  The fre-
quencies of seizure episodes were significantly dif-
ferent among the different age groups ( p = 0.036,
Kruskal-Wallis test).  The frequency of seizure in
patients older than 2 years was higher than that in
patients younger than two years ( p = 0.008, Mann-
Whitney test).

The timing of afebrile seizures associated with
the onset of diarrhea was analyzed.  Seizures
occurred from the first to the seventh day after the
onset of diarrhea and most occurred on the third day.
Two (5%) of the 40 patients suffered from seizure
episodes on the first day, six (15%) on the second
day, 21 (52.5%) on the third day, eight (20%) on the
fourth day, two (5%) on the fifth day, and one (2.5%)
on the seventh day. 

EEG examinations performed 1 to 28 days after
seizures in 35 of the patients displayed abnormal
epileptiform discharge in five patients, which is
shown in Table 1.  Follow-up EEG examinations per-
formed from 1 to 25 months after the onset of
seizures revealed normal results in four patients, and
only one had persistent abnormal epileptiform dis-
charges at 1 year after the onset of illness.
Intravenous phenobarbital infusion was administered
to 10 patients during hospitalization.  No long-term
anticonvulsants were administered, except for two
patients who received oral phenobarbital therapy for

Table 1. Abnormal EEG Findings and Anti-convulsant Treatment in 5 Patients
Case  Age   EEG Features (days after seizure) EEG follow-up Anti-convulsant 

(months after seizure) treatment 
1 1Y10M Focal epileptiform activity over left parietal and Normal (1) No

middle temporal area (1)
2  1Y2M   Focal epileptiform activity over left parieto-temporal area (5) Normal (2) No
3  1Y10M  Focal epileptiform activity over right temporal area (3)      Normal (5)        Yes
4  10M    Focal epileptiform activity over left temporal area (18)      Normal (25)          Yes
5  1Y11M  Focal epileptiform activity over left middle Focal epileptiform activity over No

temporal-frontal area (2)                                       left temporal-frontal area (12)
Abbreviation: Y: year; M: month.

Fig. 2 The seasonal distribution of rotavirus gastroenteritis
and afebrile seizures associated with rotavirus gastroenteritis
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5 months and 28 months, respectively, due to abnor-
mal EEGs after discharge.  The periods of follow-up
for patients with afebrile seizures ranged from 5 to
94 months (mean, 39.1 months).  The psychomotor
development was normal in all 40 patients during the
follow-up.  None developed epilepsy.  Only one
patient with normal EEG experienced febrile convul-
sions 2 months after discharge.

DISCUSSION

The Rotavirus is an important agent of viral gas-
troenteritis in children.(9) Rapid diagnosis can be
made by detecting the rotavirus antigen in fecal spec-
imens.  LA or ELISA confirmed the diagnosis of
rotavirus gastroenteritis in this study.  Both methods
are reliable.  LA is a highly specific and rapid
method for detecting the rotavirus antigen in fecal
specimens.(10) However, indeterminate results were
found in 9.5% of the samples by LA in one series
that needed to be confirmed using other methods,
such as ELISA or electron microscopy.(10) Therefore,
the ELISA is the more sensitive method and has
been in our hospital since 1996.  Because LA and
ELISA are highly specific for detecting the rotavirus
antigen, we assumed that the diagnosis of rotavirus
gastroenteritis in this study was reliable.

Rotavirus gastroenteritis is usually self-limited
and complications such as severe dehydration, shock
and death are rare.  However, afebrile seizures have
been observed in some patients with rotavirus infec-
tions.  Whether such seizures are related to mild
encephalitis from direct viral invasion or enterotoxin
is not clear.(11) Our retrospective study was limited in
determining the pathogenesis of afebrile seizure, but
some studies have shown that the rotavirus might
directly invade the CNS.(12-17) Rotavirus particles
were detected in the CSF and stool specimens using
immunoelectron microscopy in 1984.(12) In recent
years, several studies have detected rotavirus genom-
ic RNA in the CSF or blood of patients with convul-
sions and gastroenteritis by means of reverse tran-
scription polymerase chain reaction (RT-PCR).(13-17)

These reports provided evidence that the rotavirus
might directly invade the CNS through the blood
stream.  More studies are needed to further confirm
this hypothesis and to exclude other possible under-
lying mechanisms. 

The incidence of afebrile seizures following

rotavirus gastroenteritis was 2.06% and most
occurred between 1 and 2 years of age in this study.
Other researchers in Taiwan reported that 6.4% of
125 patients with rotavirus gastroenteritis had seizure
episodes.(18) The difference from our results may be
because febrile seizures were not excluded in the lat-
ter study.(18) In Hong Kong, Wong reported that the
incidence of convulsions in patients with rotavirus
gastroenteritis was 5.7%.(19) In Japan, seizures
occurred in 2.6% of patients with rotavirus infec-
tion.(20) The incidence found in our study is similar to
that reported in Japan. 

With regard to the timing of the seizure
episodes, two previous reports described the seizures
usually occurred within the first three days of the
onset of diarrhea.(3,8) The authors did not discuss or
explain this interesting phenomena. In this study, we
found that most seizure episodes occurred on the
third day after the onset of diarrhea, but not on the
first day.  It is postulated that the virus may invade
and replicate in the intestine initially, afterwards
transient viremia might occur.  Finally, the virus
migrates from the original infectious focus to the
CNS through the blood stream.  This process might
take several days to occur, such that seizures would
not appear until 3 days after the onset of diarrhea. 

Investigators previously reported that seizures
tended to occur repetitively.(2,3) In our experience,
67.5% of our patients had two or more seizures,
which all occurred in clusters within a 24-hour
period.  The seizure types were generalized and sym-
metric in our study, as well as other studies.(3,7,8)

We found that most of the patients had normal
EEGs.  Although five patients initially had abnormal
EEGs, the EEGs became normal in four (80%) of
them during the follow-up period.  Furthermore,
three of them had no recurrent seizures even without
protective anticonvulsant therapy during the follow-
up period.  This suggests that abnormal EEGs in
patients with rotavirus gastroenteritis are transient
and are not absolute indicators for initiating long-
term anticonvulsant therapy.  A report by Lin et al.(8)

showed that EEGs were abnormal in six of eight
patients.  These EEGs returned to normal 4 to 11
months after the onset of seizures.  Clinically, these
patients did not have any recurrent seizures.  It has
been suggested, therefore, that the administration of
long-term anticonvulsant therapy in such patients is
not needed. 
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Image studies of the CNS and CSF tests seemed
to be unnecessary when patients presented with only
afebrile seizures without other signs of encephalitis
or meningitis.  Two patients in this study received
brain CT examinations with normal results.  Other
researchers had similar findings.(4,6,7,13) The CSF
examinations, performed in five patients in this study
and 10 patients in other studies, showed no abnormal
findings for cell counts, biochemistry and bacterial
cultures.(7,8)

The prognoses for our patients are excellent.
The majority did not need long-term anticonvulsant
treatment.  During the follow-up period, all 40
patients had normal psychomotor development with-
out recurrence of seizures, except for one patient that
had a febrile convulsion.  Other studies also showed
that the course of afebrile seizures following
rotavirus gastroenteritis is usually benign and
patients exhibit favorable outcomes.(3,7,8)

We concluded that good outcomes were
observed in the majority of the children with afebrile
seizures associated with rotavirus gastroenteritis.
When the patients do not have signs of meningitis or
encephalitis after seizures, CSF and image studies
are unnecessary.  When patients present with severe
encephalitis, more aggressive treatment should be
initiated.  Further studies are needed to clarify the
underlying pathogenesis of afebrile seizures in
patients with rotavirus gastroenteritis.
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