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To determine whether complicated febrile seizures occur more often in children
with a proven viral infection, we performed viral examinations on 1444 children
with febrile convulsions, of whom 4412 had simple and 32 had complicated sei-
zures. A diagnosis of virus infection was verified in 46% of the former patients and
53% of the latter. Three adenoviruses, one parainfluenza virus type 2 and one
type 3, onerespiratory syncytial virus, one echovirus type 14, one herpes simplex
virus type 2, and one influenza B virus were isolated from the cerebrospinal fluid.
A simple febrile convulsion occurred in seven children with a positive cere-
brospinal fluid viral isolation, and two had a complex febrile seizure. In a
follow-up of 2 to 4 years (mean 3.3 years), 21 of the 107 children with simple sei-
zures (19.6%) and 3 of the 32 children with complicated seizures (9.4%) had re-
current febrile seizures. The children with positive evidence for a viral infection,
even with a virus isolated from the cerebrospinal fluid, had no more recurrences
than those without any proven viral infection. We conclude that children with a
proven viral infection have no worse prognosis than those without. (J PebiatR

1990;146:195-9)

The diagnosis of febrile seizures is based on the presence of
fever, age of the child, nature of the seizures, and exclusion
of other causes such as central nervous system infections.!-3
It hase been suggested that complicated febrile seizures oc-
cur more often in children with positive evidence of viral
infection.# Some authors have postulated that febrile con-
vulsions are, in fact, a manifestation of viral invasion of the
brain tissue.> ¢ A virus has been found in the cerebrospinal
fluid of some children with febrile convulsions, but the out-
come for these children has not been reported.5-$

We performed a prospective study to evaluate further the
role of viral infections in children with febrile convulsions.

METHODS

All children admitted to the University of Qulu Depart-
ment of Pediatrics between Jan. 1, 1985, and Dec. 31, 1986,
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after their first febrile convulsion, irrespective of the age of
the child, were included in the series, except for children
with earlier nonfebrile seizures, bacterial or aseptic menin-
gitis, encephalitis, or metabolic encephalopathies. Children
with a stable neurologic deficit, such as cerebral palsy or
mental retardation, were included. Sixty-eight boys and 76
girls fulfilled the inclusion criteria, their mean age being 1.9
years (range 0.3 to 8.2 years).

CSF  Cerebrospinal fluid

EEG  Electroencephalogram
EIA  Enzyme immunoassay
NPS  Nasopharyngeal secretions

A single seizure of less than 15 minutes’ duration in the
presence of a fever without focal features was defined as a
simple febrile convulsion. Febrile seizures were defined as
complicated if they lasted more than 15 minutes, had focal
features, or occurred more than once in 24 hours. A similar
classification has been used previously.!-s

Samples of CSF (143 children), stools (130 children),
and nasopharyngeal aspirates (134 children) were collected
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Tabie 1. Clinical diagnoses of infections in 144 children
with febrile convulsions.

Seizure

Clinical diagnosis Simple Complicated Total

Upper respiratory 58 20 78
tract infection
Otitis media
Lymphadenitis colli
Pneumonia
Exanthem subitum
Gastroenteritis
Urinary tract
infection
Meningococcal sepsis
Pneumococcal sepsis
Measles vaccination
Fever
TotaL
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Table Il. Viral cause of infections in 144 children with
febrile convulsions

Seizure
Virus Simple Complicated Total

Adenovirus 10 8 18
RSV 6 3 9
Parainfluenza virus

Type 1 2 1 3

Type 2 2 0 2

Type 3 3 3 6
Influenza A virus 6 0 6
Influenza B virus 2 0 2
Herpes simplex virus 2 1 3
Measles virus 5 0 5
Enteroviruses 11 0 11
Cytomegalovirus 1 0 1
Rotavirus 1 1 2
No virus 61 15 _76
ToTAL 112 32 144

RSV, Respiratory syncytial virus.

for virologic examinations. Serum samples for serologic
tests were taken on admission to the hospital and 1 and 2
months after the onset of the symptoms (114 children). The
following laboratory tests were performed to exclude non-
infectious causes of acute seizures: blood glucose; serum
potassium, sodium, and calcium; serum creatinine; liver en-
zymes; and serum ammonia,

Electroencephalograms of 121 children (93 with simple
and 28 with complicated seizures) were obtained within 4
days of the onset of symptoms. Repeat EEGs were obtained
after 2 to 4 weeks in 89 cases and after 8 to 12 months in
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86 cases. The differences in EEG findings between the chil-
dren with simple and those with complicated seizures, and
the virologic findings, were evaluated and then tested with
a chi-square test.

The frequency of recurrences of febrile infections and feb-
rile seizures and manifestations of nonfebrile seizures were
evaluated with a mailed questionnaire 2 to 4 years (mean
3.3 years) after the first febrile seizure. The differences in
these frequencies between the groups were tested with a
chi-square test.

Virologic methods. The nasopharyngeal secretions for
rapid diagnosis of respiratory virus antigens were tested by
an enzyme immunoassay method capable of detecting ad-
enovirus, respiratory syncytial virus, influenza A and B vi-
ruses, and parainfluenza 1, 2, and 3 viruses.’?

The NPS, CSF, and stool specimens were inoculated onto
monolayer cell cultures of human embryonic fibroblasts,
Vero cells, Nbl cells (kidney cells of a spaniel), and LLC-
MKj cells for virus isolation.'® The respiratory viruses
yielded by this isolation technique were demonstrated by
means of the same EIA method as for virus antigens in the
NPS. Herpes simplex viruses were detected with a fluores-
cent assay employing monoclonal type-specific antibodies
(Microtrak, Syva Co., Palo Alto, Calif.). Enteroviruses
were verified from their characteristic cytopathogenic ef-
fects or by neutralization, or both.!9 Rotaviruses were de-
tected with a modified EIA.!!

Complement fixation tests were carried out on paired
sera. These tests consisted of panels for viruses (adenovirus;
respiratory syncytial virus; influenza A and B viruses;
parainfluenza 1, 2, and 3 viruses; cytomegalovirus; herpes
simplex virus; varicella-zoster virus; measles virus; coxsack-
ieviruses) and also for bacteria (Mycoplasma pneumoniae
and Chlamydia psittaci).!> Rubella antibodies were mea-
sured by means of the hemagglutination inhibition test and
hemolysis in the gel test.! 14 Cytomegalovirus and rubella
virus IgM antibodies were tested by a modified EIA
method.!S Chlamydia trachomatis IgG antibodies were
demonstrated by means of a commercially available EIA kit
(Labsystems Oy, Helsinki, Finland).

RESULTS

Of the 144 patients in our study, 112 had simple and 32
had complicated febrile seizures, their mean ages being 1.9
(range 0.3 to 7.0) and 2.2 (range 0.4 to 8.2) years, respec-
tively. The most common clinical diagnosis was upper res-
piratory tract infection (Table I).

A viral cause was verified in 47% of the patients (Table
1I), a virus being detected by various methods in 101 sam-
ples from these 68 cases. In five patients, two different vi-
ruses were found, the illness being attributed to the virus to
which the patient had a positive antibody response. If two
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Table lll. Clinical and virologic findings in nine children with a virus isolated from the CSF

Clinical Febrile Virus isolation Antibody Virus isolation
diagnosis seizure from CSF response from stool
+ URI Complicated Adenovirus Adenovirus
URI Complicated Adenovirus
URI Simple Herpes simplex virus type 2
URI Simple Echovirus 11 Echovirus 11
URI Simple Parainfluenza 2 virus
URI Simple Parainfluenza 3 virus
Exanthem subitum Simple RSV Poliovirus type 3
Diarrhea Simple Influenza B virus
Fever Simple Adenovirus

URI, Upper respiratory tract infection; RSV, respiratory syncytial virus.

different viruses were isolated from the NPS and stool in
patients with respiratory symptoms, the disease was attrib-
uted to that from the NPS, because respiratory tract viruses
usually relate to the illness in such patients.!®

A virus was identified in the NPS from 30 of the 134 pa-
tients. Antigen detection and viral culture yielded the same
virus in two patients, the viral culture alone was positive in
13, and the antigen alone was found in 14 patients. Echo-
virus 11 was isolated from the NPS of one child who also
had a positive antigen for parainfluenza type 3 virus. Viral
culture or antigen detection was positive in 19 fecal speci-
mens. In one patient, both adenovirus and enterovirus were
isolated from the stool.

There was a significant rise (fourfold or greater) in the
antibody titer in 39 of 114 patients. In addition to viral an-
tibodies, significant antibody responses were found to M.
pneumoniae in two children and C. trachomatis in one. A
virus of the same type as that found by the antibody tests
was identified from 13 of the patients, either by isolation or
by antigen determination. Two patients had a significant
rise in two antibodies.

The viral cultures from the CSF samples of nine patients
were positive (Table I11); seven of these patients had had a
simple and two a complicated febrile seizure. The CSF leu-
kocyte counts (range O to 2 cells/ymm?) and the protein
concentrations (range 14.3 to 27.5 mg/dl) and glucose con-
centrations (range 40 to 91 mg/dl) were within normal
limits in all the patients.

Exanthem subitum occurred in nine children with simple
and two with complicated febrile seizures. Bacterial infec-
tion was confirmed in 13 patients, four of whom had an in-
tercurrent viral infection; 10 of these patients had had a
simple and three a complicated febrile seizure.

The parents of 139 of the 144 children replied to the
questionnaire; 102 of the 107 children with simple and 29
of the 32 with complicated febrile seizures had had further
febrile infections. Febrile seizures had recurred in 21 of the

107 children with simple (19.6%) and 3 of the 32 with com-
plicated febrile seizures (9.4%). The recurrences occurred
in 11 of the 67 children with proven viral infection and 13
of the 72 with no viral infection. Of the nine children with
a virus isolated from the CSF, one had a recurrent febrile
seizure. All these differences between the groups were sta-
tistically insignificant. All the recurrent febrile seizures
were simple ones. Only one child with an initial simple feb-
rile seizure had had nonfebrile seizures during the follow-
up period.

Of the 121 children, 40 (33%) had EEG abnormalities
consisting of high-voltage focal slow waves, increased delta
activity, irritative spikes with sharp waves, and paroxysmal
discharges in the first EEG recording; 15 (17%) of 89 had
these abnormalities in the second recording and 9 (10%) of
86 in the third recording. The differences in EEG findings
between the children with simple and those with compli-
cated febrile seizures were not statistically significant. The
EEG abnormalities did not differ between the children with
a virus isolated from the CSF and those without such
viruses. All children were clinically healthy by the time of
the third EEG recording.

DISCUSSION

Detection of a virus from a CSF sample provides the most
convincing evidence of viral diseases of the central nervous
system.!” In our series, the nine patients with such an iso-
lation had clinically typical febrile seizures. Familusi et al.”
were able to isolate a virus from the CSF in 2 of 105 chil-
dren with febrile convulsions and Lewis et al.6 in 4 of 73 such
children. In one report from Italy, an exceptionally high
frequency of herpes viruscs was found in the CSF (i.e., in
10% of patients with febrile convulsions®). In our series the
nine children with a positive virus isolation from the CSF
did not have any more severe EEG abnormalities than those
without, and they were clinically healthy by the time of the
third EEG recording. All these findings suggest that febrile
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convulsions may be the sole manifestations of viral central
nervous system infections.

The overall recurrence rate for febrile convulsions of 17%
was relatively low compared with previously published fig-
ures of 33% to 47% recurrences, and was no higher after an
initial complicated seizure.l'!®* Moreover, the follow-up
time for our patients was longer than in Wallace’s series, !
in which there were 47% recurrences. One explanation for
the difference may be that our patients were enrolled in our
study on a less selective basis, because nearly all children in
Finland are admitted to the hospital after their first febrile
seizure.

Febrile convulsions have been found to be the most com-
mon reason for hospitalization among children with influ-
enza A virus infections.!® 20 These findings support the view
that influenza viruses are more neurovirulent than other
viruses.2! In one of our patients with simple febrile seizure,
an influenza B virus was isolated from the CSF.

The proportion of patients with a verified viral cause
(47%) was similar to that in earlier studies of febrile con-
vulsions (18% to 63%).57-22 If one accepts a clinical diag-
nosis of exanthem subitum as a viral disease, then 55% of
the children had a viral infection. In the series of Lewis et
al.,% a viral cause was suggested in a further 21% of the
children by the detection of interferon in their serum,
increasing the proportion to 84%. It may be that viral inva-
sion of the central nervous system is always present in pa-
tients with febrile convulsions, but because of the limita-
tions in our diagnostic methods we are unable to identify it.
Common respiratory viruses, such as rhinovirus and coro-
naviruses, were not included in our virologic battery of
tests. 2324 ’

Bacterial infection as the sole cause was apparent in only
nine of the 144 patients; in addition, there were two exam-
ples of pneumococcal and one of meningococcal sepsis,
three patients with mycoplasma infection, and three with
urinary tract infection. The other patients with bacterio-
logic findings also had an intercurrent viral infection. This
supports the importance of viral infections as a cause of feb-
rile convulsions. '

There was no difference in the viruses found, nor in the
frequency of recurrences, between the children with simple
and those with complicated febrile seizures, nor did the
EEG findings in the children with a proven viral infection
differ from those in the cases without a viral infection. The
changes in the first EEG recordings were similar to those in
children with artificially induced hyperthermia.?’ This con-
tradicts Wallace’s suggestion* that complicated seizures
occur more often in children with positive evidence of viral
infection; even in that series, the difference was statistically
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insignificant. Qur patients with a positive viral finding, even
with a virus isolated from the CSF, had a good prognosis
and had no more recurrences than those without any proven
viral infection.

The valuable help given by Anna-Liisa Saukkonen, MD, with the
EEG recordings is gratefully acknowledged.
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