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ORIGINAL PAPER

A study of childhood febrile
convulsions with particular reference

to HHV-6 infection:

pathogenic considerations

Abstract Most febrile convulsions
(FC) in infants occur during a viral
infection, particularly in children of
less than 3 years of age; human her-
pesvirus 6 (HHV-6) has an important
pathogenic role. To evaluate the link
between this and other viruses and
FC, a group of 65 children (mean
age 18.46 months, SD+9.19) with a
first episode of simple FC (G1) was
compared with 24 children (mean
age 19.29 months, SD+13.17) with a
febrile syndrome but without FC
(G2). Virological study showed the
following infections: HHV-6 in
23/65 of G1 and in 12/24 of G2,
adenoviruses (ADV) in 9/65 of G1
and in 0/24 of G2, syncytial respira-
tory virus (SRV) in 3/28 of G1 and
in 072 of G2, HSV-1 in 6/65 of G1
and in 1/24 of G2, cytomegalovirus
(CMV) in 2/65 of G1 and in 0/24 of
G2 and HHV-7 in 1/42 of G1 and in
1/13 of G2. Children in G1, statisti-
cally compared with G2, were signif-
icantly more likely to have a family
history of FC and circulating granu-
locytes, while IgM and «2-globulin
were less probable. Some cytokines
(IL18, TNFJ and GM-CSF) were
found in 24 children in G1 and 12 in
G?2; no differences were found
between the two groups. In the light

Introduction

During childhood, particularly from 6 months to 3 years
of age, 3-5 children in every 100 have at least one episode

of our data and of the recent litera-
ture, the possibility that the cyto-
kines may act on the nervous system
cannot be excluded. Among the
HHV-6-infected children, those suf-
fering from convulsions were statis-
tically more likely to have a family
history of FC and IgM, while IgA
were less likely. In G1, 57 cases
were followed up over 2 years: 9 of
them had a second episode of FC.
Virological diagnosis at the first epi-
sode of FC revealed HHV-6 infec-
tion in 3 cases, 2 of these being due
to viral reactivation. We underline
the important role of HHV-6 infec-
tion in FC and postulate a relation-
ship between family history and the
immunity of the patient; this is con-
firmed by the loss of statistical sig-
nificance in the reduction of IgM in
G1 compared with G2 with no fam-
ily history of FC. The reactivation of
FC by HHV-6 is a possibility to be
borne in mind; an increased number
of cases would be needed to confirm
this hypothesis.
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of febrile convulsions (FC). Most childhood FC may be

defined as the simple type (a duration of less than 15 min,
no signs of focal activity, no pre-existing neurological pa-

thology), with critical manifestations of the generalized
clonic type in most cases. Only a small number can be clas-
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sified as the complex type (in general, all cases that do not
have the above characteristics) that can lead to a state of
febrile convulsions; these can be considered rather serious
epileptic events [4].

Although the etiopathogenesis of FC has never been de-
fined, many studies have suggested various risk factors:
age (the child’s brain is more susceptible to irritative stim-
uli owing to the chemical-structural characteristics of the
immature organ), heredity (there is an 8-18% greater
chance of FC if they have occurred in other family mem-
bers) [10, 19] and, to a lesser extent, the degree of fever.
A second episode of FC may recur in 30-40% of cases [6].

It is well known that most FC occur with respiratory
and digestive symptoms and that 86% of cases may be at-
tributed to viral infections; bacteriemia tests are positive
in approx. 5% for Streptococcus pneumoniae [5]. They are
relatively frequent in the course of exanthem subitum (ES)
and shigella infections [8]; in African countries, 50% of
FC occur in children with malarial parasitemia [7].

It is thus legitimate to ask whether the etiological agent
involved, in particular the type of virus, may play a direct
or indirect role in the convulsive phenomena. The viruses
most often found in children with FC appear to be the en-
teroviruses [16], but in the light of more recent studies the
human herpesvirus 6 (HHV-6) has attracted attention, hav-
ing recently been recognized as the etiological agent of ES
[1]. This lymphotropic virus is quite diffuse in the envi-
ronment; it has also been isolated from the saliva and bio-
logical fluids of adults as well. It infects humans at an early
age (approximately 90% of children are immune at 2 years
of age) with a sudden, high fever which has in itself always
been considered the cause of the association with FC. In
our experience, exanthema appears in about a quarter of
the cases, whereas there are aspecific symptoms of upper
respiratory tract inflammation in most [2]. The virus has
also been isolated in cases of encephalitis [13, 23}.
HHV-6 can induce high-level production of some cyto-
kines (powerful proteins responsible for numerous effects,
such as induction of pyrogenicity and activation of T-cells
and granulocytes), including interleukin-1 8 (IL1 ), tumor
necrosis factor (TNF) and interferon-¢ (INF-¢) by circu-
lating monocytes [9, 14], in addition to inhibition of the
proliferative response to the mitogen of the circulating
mononucleate cells [12]. Owing to these effects on the im-
mune system, HHV-6 — like other herpetic viruses — may
persist in the CNS and in other tissues and be reactivated
with the onset of other pathologies after marrow transplant
and also with recurring FC [3, 15, 17].

Accordingly, we set out to identify which viruses are
mainly involved in FC and to discover whether there are ele-
ments differentiating children who develop FC from those
who do not during viral infections in general and in the case
of HHV-6 infection in particular, whether different amounts
of cytokines are present in children with FC than in other,
nonconvulsive, children, and finally, whether different types
of viruses pose different levels of risk of recurrent FC.

Patients and methods

The study group consisted of 89 children (38 boys, 58.5%, and 27
girls, 41.5%) with high fever associated with respiratory and/or di-
gestive symptoms, 65 (73%) of whom had been affected by a first
simple FC (G1). Of these, 36 (55.4%) were admitted to the Section
of Pediatrics in Modena and 29 (44.6%) to the Section of Pediatrics
at the Civil Hospital in Sassuolo. Ages ranged from 2 to 48 months
(mean=18.6, SD+9.19). Most of these patients (57 children, 87.7%)
were followed up for at least 12 months.

The control group consisted of 24 subjects (12 boys and 12 girls)
with ages ranging from 4 to 48 months (mean=19.29, SD+13.17) who
were admitted to the Section of Pediatrics in Modena following an
episode of fever without FC (G2).

Virological study was conducted in all the patients by various
methods. The following tests were performed on a peripheral blood
sample with the addition of heparin and on an oropharyngeal culture
swab, taken within 24 h of the FC or time of admission.

Isolation of lymphotropic viral agents

The lymphocytes were separated from the peripheral blood samples
by centrifugation with Fycoll-Hypaque gradients. The mononucle-
ate cells, stimulated with phytohemagglutinin, were placed in a cul-
ture with RPMI 1640 medium supplemented with inactivated bovine
serum and a 5% IL, solution, in incubation at 37°C in CO,. The
oropharyngeal secretions on the swab were diluted in RPMI 1640
medium to which antimicrobial and antifungal solutions had been
added. Each preparation was inoculated into umbilical cord blood
lymphocyte cultures prepared in the same way as peripheral blood
lymphocyte cultures. The cultures, provided with fresh medium,
were observed daily under a microscope for 3040 days to test for
any cytopathic effect. The cytopathogenic agents isolated were rec-
ognized as HHV-6 and human herpesvirus 7 (HHV-7) if there was
specific reactivity with the monoclonal antibody to HHV-6 protein
41 and to a HHV-7 human hyperimmune serum in an indirect immu-
nofluorescent assay (IFA).

Isolation of nonlymphotropic viral agents

Every oropharyngeal secretion was inoculated on a single layer of
VERO cells and human fibroblasts. The cell cultures were observed
daily under a microscope for 30-40 days to detect any cytopathic ef-
fect. The isolated cytopathogenic agents were recognized as belong-
ing to the adenovirus (ADV) group if there was specific reactivity
to the rabbit serum immunized against the ADV group antigen in an
IFA reaction.

The following tests were performed on acute and convalescent
sera, the former collected on the first or second day of illness, the
latter from a minimum of 5 to a maximum of 10 days thereafter.

Serological studies

The acute and convalescent sera of each patient were tested for the
presence of antibodies for the following viruses: HHV-6, HHV-7,
ADV, herpes simplex virus 1 (HSV-1), cytomegalovirus (CMV) and
syncytial respiratory virus (SRV). With the exception of the HHV-6
and HHV-7 antigens, consisting of strains which we have isolated
[21], the other antigens were supplied by commercial sources (Pas-
teur Diagnostics). The following immunological reactions were ap-
plied: IFA for HHV-6 and HHV-7 antibody testing, enzyme-linked
immunosorbent assay (ELISA) for CMV antibodies, complement
fixation test for HSV-1 antibodies and the ADV group antigen.
Some of the acute sera of FC and nonconvulsive cases were test-
ed for serum cytokines IL1J, TNF1f and granulocyte-macrophage
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Table 1 Comparison of viral

infections in children with and Gl G2 P GIR GINR
without convulsions with statis- (65 cases) (24 cases) (9 cases) (48 cases)
tical significance of differen-

ces, and in children with recur- HHV-6 23/65 (35.4%) 13/24 (54.2%) 0.452 3/9 (33.3%) 16/48 (33.3%)
rent and nonrecurrent disease HHV-6 reactivation 5165 (7.7%) 4724 (16.7%)  0.472 2/9 (22.2%) 3/48 (6.2%)
(GI children with, G2 children ADV 9/65 (13.8%) 0/24 0.166 2/9 (22.2%) 7/48 (14.6%)
without convulsions, GIR chil- RSV 3/28 (10.7%) 072 - 1/5 (20%) 1122 (4.5%)
dren with recurrent disease, HSV-1 6/65 (9.2%) 1724 (4.2%) 0.773 1/9 (11.1%) 5/48 (10.4%)
GINR children with nonrecur- CMV 2/65 (3.1%) 0/24 0.964 1/9 (11.1%) 1/48 (2.1%)
rent disease) HHV-7 1/42 (2.4%) 1/13 (7.7%) 0.988 1/7 (14.3%) 0/31 (0%)

Table 2 Comparison of the characteristics, clinical signs and symptoms in G1 and G2 overall and in G1 and G2 children infected with hu-
man herpesvirus 6 (GIHHV-6 and G2ZHHV-6) with statistical significance of differences, and in GIR and GINR

G1 G2 P GIHHV-6 G2HHV-6 P GIR G2NR

(65 cases) (24 cases) (23 cases) (13 cases) (9 cases) (48 cases)
Male 38 (58.5%) 12 (50%) 0.856 15(65.2%) 7 (53.8%) 0.961 7(77.8%) 29 (60.4%)
Female 27 (41.5%) 12 (50%) 0.820 8 (34.8%) 6(46.2%) 0.907 2(22.2%) 19(39.6%)
Age (months) 18.5+92 193x132 0.739 16.6 £+£7.5 18.4+12.4 0.605 153+44 189+9.8
FC family history 47 (62.6%) 1 (4.2%) 0.000 15 (65.2%) 1 (7.7%) 0.057 8 (88.9%) 32(66.7%)
FC 1st degree 16 (24.6%) 1 4.2%) - - - - 4 (44.4%) 11 (22.9%)
Fever (°C) 389+0.8 389x0.6 0733 380+09 39.1£05 079 385209 389+0.7
Exanthema 9(13.8%) 9(37.5%) 0.099 5(21.7%) 8(61.5%) 0.207 1(11.1%) 4 (8.3%)
ES diagnosis 4 (6.1%) 2 (8.3%) 0.893 3 (13%) 2(154%) 0.744 1(11.1%) 2 (4.2%)
High respiratory symptomatology 56 (86.1%) 14 (58.3%) 0.404 20 (87%) 6(46.2%) 0.413 7(77.8%) 41 (85.4%)
Low respiratory symptomatology 4 (6.1%) 8 (33.3%) 0.015 0 3(23.1%) 0.121 1(11.1%) 3 (6.3%)
Digestive symptomatology 7 (10.8%) 7(0292%) 0.152 2 (8.7%) 3(23.1%) 0.591 0 5 (10.4%)

colony-stimulating factor (GM-CSF) with an ELISA test using com-
mercially supplied kits, viz. Endogen, Dupont and RD systems, re-
spectively.

Clinical and case-history data were used to analyze: a family his-
tory of FC, body temperature immediately before the FC in G1 and
the maximum fever in G2, presence of exanthema, clinical diagno-
sis of ES, presence of respiratory symptoms compatible with high-
or low-tract inflammation and digestive symptoms.

The following hematological tests were also evaluated: leuko-
cytes/mm?, neutrophils/mm”, lymphocytes/mm?®, immunoglobulins
mg/dl (IgG, IgA, IgM), erythrocyte sedimentation rate (ERS), o2-
globulin%, C-reactive protein (CRP).

The results obtained were processed statistically using the
Student’s r-test and Chi-square test, with significance set at P<0.05.

Resulis

Virological studies revealed a viral etiology in 44 out of
65 (67.7%) cases with FC (G1) and in 14 out of 24 (58.3%)
without FC (G2). HHV6 was found in 23 (35.4%) cases in
G1andin 13 (54.2%) in G2 (P=0.425), including 5 (7.7%)
in G1 and 4 (16.7%) in G2 who were diagnosed as having
viral reactivation (P=0.472). The HHV-6 reactivations
have an incidence of 5/23 (21.7%) in G1 and of 4/13
(30.8%) in G2 (P=0.939). The incidence of other viruses
was: ADV in9/65 (13.8%)in G1 and 0/24 in G2 (P=0.166);
RSV in 3/28 (10.7%) in G1 and 0/2 in G2; HSV-1 in 6/65

(9.2%) in G1 and 1/24 (4.2%) in G2 (P=0.773); CMV in
2/65 (3.1%) in G1 and 0/24 in G2 (P=0.964); HHV-7 in
1/42 (2.4%) in G1 and 1/13 (7.7%) in G2 (Table 1). The
convulsion risk for each virus, calculated as the number of
FC attributable to a virus out of the total number of diag-
noses for that infection, was: 9/9 ADV infections (100%),
2/2 CMV (100%), 6/7 HSV-1 (85.7%), 23/35 HHV-6
(65.7%), 18/26 (69.2%) being first infections and 5/9
(55.5%), reactivations, 5/9 HHV-7 (50%).

The ages in G1 and G2 were similar (P=0.739) (Table
2). In G1, a family history of first-degree FC was seen in
16/65 (24.6%) of cases and of first- and second-degree FC
combined in 47/65 (62.6%); in G2, a family history was
present only in 1/24 (4.2%), FC being of the first degree;
the difference was highly significant (P=0.000). Clinical
signs and symptoms evaluated in the two groups are re-
ported in Table 2, and the statistical processing showed no
difference between febrile levels (P=0.733), exanthem
(P=0.099), diagnosis of ES (P=0.893), infection of the
upper respiratory (P=0.404) and digestive (P=0.152)
tracts; a significant difference was seen in the signs and
symptoms of lower respiratory tract infection (P=0.015).

Hematological tests (Table 3) showed the following sta-
tistical differences between G1 and G2: leukocytes
P=0.031, neutrophils P=0.011 (higher levels in G1), lym-
phocytes P=0.418, 1gG P=0.649, IgA P=0.389, IgM
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Table 3 Statistical comparison of hematological values (mean+SD) between G1 and G2 and various subgroups (GIwf, G2wf G1, G2 without a family history of febrile con-

vulsions)

GINR

GIR

G2wf

Glwf

P

G2HHV-6

(13 cases)

G1HHV-6

(23 cases)

G2 P

Gl

(48 cases)

(9 cases)

(23 cases)

(18 cases)

(24 cases)

(65 cases)

7+7061.9
9+5648.4
7£1764.3
8+280.3
24293
7+54.8
8+2.7

26
12
3

1+2.5

12864
7751
4091

663
44

029
022
162
562
121
242
536
006
744

3+56.5
4+23.6

904
87
188
30
15
2

65422 8
160.4+67.7
26.117.8

3.323.8

4516.9+1956.1 3710
970.5+298.1

13532.8+7380.8 9566
7926.9+6179.6 4292

353
205
633
354
011
059
188
134
660

4£58.5
5+20.8

977

12461.7+£6929.4 10503

7427.6+5549.9 5126

4108.5£2007.6 3807
886+239.4

031
011
418
649
389
028
380
003
651

4+42.6
3+56.5
1£23.1

7701
866
75
148
25

1

Lymphocytes 4010
o2-Globulin

Leukocytes
Neutrophils
CRP

IgG
IgA
IgM
ESR

P=0.028 (lower levels in G1), ERS P=0.380, a2-globulin
P=0.003 (lower levels in G1), CRP P=0.651.

Statistical processing showed no difference between
convulsive (G1IHHV-6) and non-convulsive (G2HHV-6)
HHYV-6 infected children in age (P=0.605), family history
(P=0.057), degree of fever (P=0.796), exanthema
(P=0.207) or diagnosis of exanthem subitum (P=0.744),
or in the signs and symptoms of infection of the upper
(P=0.413) and the lower respiratory tracts (P=0.121) or of
the digestive tract (P=0.591) (Table 2). Hematological tests
(mean values are reported in Table 3) revealed the follow-
ing statistical differences: leukocytes P=0.353, neutroph-
ils P=0.205, lymphocytes P=0.633, IgG P=0.354, IgA
P=0.011 (with lower levels in GIHHV-6), IgM P=0.059,
ERS P=0.188, a2-globulin P=0.134, CRP P=0.660.

Statistical processing of data obtained from children
without a family history (wf) of FC showed no difference
between G1lwf and G2wf as regards age (21 months -
SD+8.49 -in Glwfand 19.57 months —SD+13.39in G2wf;
P=0.695) or hematological tests (Table 3), except for leu-
kocytes and neutrophils (higher levels in Glwf) and 02-
globulin (lower levels in G1wf).

Of the 57 children followed up for 2 years, 9 (15.8%)
suffered a second episode 5-20 months (mean 13.89,
SD+5.4) after the first FC. The diagnoses of viral infection
at the time of the first episode in the two groups of chil-
dren with recurrent (R) and with nonrecurrent (NR) con-
vulsions are reported in Table 1. In particular, the incidence
of HHV-6 reactivations is 2/3 (66.6%) in R and 3/16
(18.75%) in NR (P=0.083). In R, a family history of first-
degree FC is present in 4/9 cases (44.4%) and of first- plus
second-degree FC in 8/9 (88.8%); in NR, there is a family
history of first-degree FC in 11/48 children (22.9%) and
of first- plus second-degree FC in 32/48 (66.7%). The other
characteristics of the first episode of FC in these children
are reported in Tables 2 and 3.

The following cytokines were tested for in 24 children
in G1 and in 12 children in G2, and found in measurable
quantities: IL1S in 0/24 in G1 and 1/12 (8.3%) of control
cases, TNF1f in 5/24 (20.8%) in G1 and 2/12 (16.7%) of
control cases; GM-CSF was not found in any child in
either of the two groups. No statistical processing was car-
ried out given the small number of cases.

Discussion

The children in our study group were affected by simple
FC; in particular, no signs of serious neurological disor-
ders or paroxysmal EEG alterations were detected.

The most recent clinical studies have confirmed that
childhood FC occur during a viral infection in most cases
(67.7% according to our study group), although tests for
isolating the virus in various biological fluids are not al-
ways positive. The virus most frequently responsible is cer-
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tainly HHV-6 (35.4% of the cases included in this study,
although only 17% presented the typical exanthema).
Other viruses are obviously capable of inducing a febrile
process in which convulsions are generated; in particular,
ADVs, which are less infective than HHV-6, seem closely
correlated to FC (100% of the subjects found to be in-
fected), followed by CMV, HSV-1 and HHV-7. An etio-
logical study extended to other viruses, such as the enter-
oviruses [16], could further increase the number of diag-
noses of viral infection, leaving less room for other types
of etiology. As such, HHV-6 seems numerically important,
while a greater risk of FC exists for the ADVs. HHV-6
could be acting directly, as demonstrated by the presence
of viral DNA in the cerebrospinal fluid, especially in com-
plex FC, or indirectly. The latter mechanism could repre-
sent a mechanism common to other convulsive events in
the course of different infections, such as bacterial infec-
tions without meningitis or malaria.

As suggested by this study, one factor distinguishing
children who develop FC from those in the control group
proves to be a family history of FC. These data are con-
firmed in the most homogeneous group of children infected
by HHV-6. But the precise mechanism implicated in the
family history is not clear even today. Is the CNS more sus-
ceptible to infective or metabolic stimuli? Is it a question
of an irregular immune system response to infection?

Of the clinical and hematological data taken into ac-
count in our study (Tables 2, 3), few afforded significant
results worthy of interest; in particular, the level of body
temperature seemed to play no role in FC. Children with
FC have higher numbers of leukocytes and circulating neu-
trophils. Regarding HHV-6, there is a marked, though sta-
tistically nonsignificant, level of granulocytosis in the con-
vulsive children, the lack of significance probably being
due to the small sample size; inflammation tests reveal no
differences. More indicative are the levels of immunoglob-
ulins, which are lower in the children with FC, although
statistical analysis is significant for IgM only. In the
HHV6-infected group, the children who develop FC have
lower total Immunoglobulins but, above all, significantly
lower TgA and IgM at the limit of significance. The non-
significance of lower IgA and IgM in children without a
family history of FC demonstrates a certain correlation
between family history and immunological factors, while
leukocytosis, granulocytosis and o2-globulin remain dif-
ferent. Children with recurrent FC have lower IgG, IgA
and IgM values at the first episode than those with nonre-
current FC. IgA and IgM play an important role at the on-
set of a viral infection. The lowered response of these anti-
bodies could favor viral diffusion, probably extending to
the CNS. This may be interpreted as an impaired immune
system response, which may even be hereditary, in sub-
jects who develop FC. It is well known that these phenom-
ena are partly modulated by cytokines and are correlated
with CNS diseases [18]. An increase in IL1f production,
obtained by culturing mononucleate blood cells of children

with FC, has been observed with the normalization of cell
function after the FC episode [11]. However IL15, TNFq
and INF-¢ are induced by HHV-6 in peripheral blood lym-
phocyte cultures [9, 14]. In our experience, IL1 § and TNFf
were measurable only in a few cases of convulsive chil-
dren and GM-CSF was not found in any of their serum sam-
ples. Given the extreme difficulty in demonstrating these
cytokines, it may be useful to test for them at different
times, particularly during the convulsive crisis, or in the
cerebrospinal fluid. In our opinion, cytokines could be in-
volved through an unregulated secretion by producer cells
and/or an anomalous distribution or functioning of the ap-
propriate receptors on the membrane of the neural target
cells.

Some (15%) of the patients followed up over a long pe-
riod suffered a second FC episode. In these patients, the
incidence of family history for FC in general, and of first-
degree FC in particular, increased considerably. Regard-
ing recurrent FC, a recent multi-center study [20] stresses
the importance of age less than 18 months at the first sei-
zure crisis, a family history of FC and nonfebrile convul-
sions. In our experience, age does not seem to be a signif-
icant factor; the importance of a family history of FC is,
however, confirmed.

All the children with recurrent FC had undergone viro-
logical diagnosis at the time of the first FC. In all but 3
cases, the diagnosis was infection by a herpetic virus. We
feel we must point out that HHV-6 reactivations (at the first
FC) are three times more frequent in the children with re-
current FC in our study. However, given the limited num-
ber of cases reviewed, we do not feel justified in confirm-
ing the hypothesis of other authors, who emphasize the role
of HHV-6 reactivation in the recurrence of FC [15]. Un-
fortunately, it was not possible to carry out a virological
study at the time of the second FC episode.

On the basis of our observations, a speculative hy-
pothesis may be advanced: several viruses, in particular
HHV-6, may act at the time of the first infection, or may
remain latent (typical of herpetic viruses) and be reacti-
vated to induce seizures. Indeed, the presence of viral
DNA, detected with a polymerase chain reaction tech-
nique, has been reported in the cerebrospinal fluid of ap-
proximately half the children with ES and FC (of both sim-
ple and complex types) [22]. The presence of HHV-6 DNA
does not, however, correspond to the cerebrospinal fluid
alterations typical of an encephalic inflammatory process
[22]. The positive PCR is known to be as sensitive as ser-
oconversion, which confirms the validity of the techniques
utilized by us for the diagnosis of HHV-6 infection. More-
over, HHV-6 DNA has been more frequently demonstrated
in children with recurrent FC [15]; the virus could there-
fore be reactivated at the time of further FC episodes. The
pathogenic role of the virus remains uncertain, however.

In conclusion, the existence of a relationship between
viruses and FC seems to be confirmed by our study, as is
the role of heredity both in the first FC and in recurring
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episodes. Children who develop FC during the course of
an HHV-6 infection differ from those who do not in their
marked granulocytosis and reduced levels of IgA and IgM.
The heredity factor could be represented by a reduced im-
mune response to the viral infection. HHV-6 could also in-
fluence the CNS through reactivation, even some time af-

these hypotheses.

ter the original infection, thus fostering certain types of re-
curring seizures. Finally, we cannot exclude the possibil-
ity of an indirect mechanism involving high cytokine pro-
duction or enhanced receptor sensitivity. Further virolog-
ical and immunological studies are necessary to confirm
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