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ABSTRACT - The aim of the present investigation was to study the distribution of T-cell subsets in peripheral blood 
defined by monoclonal antibodies and by the lymphocyte proliferative response to phytohemagglutinin (PH A) in 30 
children with febrile seizures and in 14 age-matched control subjects. Frequent respiratory, urinary and dermatologic 
infections were observed in 22 patients. The immunologic parameters showed that 64% of the patients presented an 
increased number of CD8+ cells and a low helper/suppressor ratio was observed in 60% of the patients. In addition, 
the proliferative response of lymphocytes to PHA was impaired in the patients. It was observed the presence of 
inhibitory activity on lymphocyte function in the plasma of 3 3 % of children with febrile seizures. These results 
suggest that patients with febrile seizures have an impairment of cellular immunity that may be connected with this 
epileptic syndrome and explain the infections observed. 
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Alterações da resposta imune celular em crianças portadoras de convulsão febril 

RESUMO - O objetivo da presente investigação foi estudar a distribuição das subpopulações de células T por meio 
de anticorpos monoclonais e a resposta proliferativa de linfócitos em resposta a fito-hemaglutinina (PHA) em 30 
crianças portadoras de convulsão febril e em 14 crianças saudáveis de mesma faixa etária dos pacientes. Infecções 
respiratórias, urinárias e dermatológicas frequentes foram observadas em 22 pacientes. Os parâmetros imunológicos 
demonstraram que 64% dos pacientes apresentaram valores elevados de células CD8+. Diminuição da relação de 
células CD4/CD8 foi observada em 60% dos pacientes. Além disso, a resposta proliferativa de linfócitos frente a 
PHA apresentou-se deprimida nos pacientes. Foi observada a presença de atividade inibidora da função de linfócitos 
no plasma de 3 3 % das crianças com convulsão febril. Esses resultados sugerem que pacientes com convulsão febril 
apresentam depressão da resposta imune celular que poderia implicar em associação patogênica com esta síndrome 
epiléptica e explicar as infeções observadas. 

PALAVRAS-CHAVE: convulsão febril, infecções, subpopulações de linfócitos T, resposta proliferativa de 
linfócitos. 

A febri le se izure is the mos t c o m m o n convu l s ive d i sorder of ear ly ch i ldhood . It m a y occur 

b e t w e e n 3 m o n t h s and 6 years of age , associa ted with fever but wi thou t e v i d e n c e of intracranial 

i n fec t ion or de f ined c a u s e s . Feb r i l e s e i z u r e s a re to be d i s t i n g u i s h e d f rom e p i l e p s y w h i c h is 

charac te r ized by recur ren t nonfebr i le se i zu res 3 . Febr i le se izures usual ly occu r in chi ldren w h o are 

d e v e l o p m e n t a l l y n o r m a l bu t m a y be a l so p r e s e n t in c h i l d r e n wi th p r e e x i s t i n g n e u r o l o g i c or 

d e v e l o p m e n t a l abnorma l i t i e s 7 . T h e mos t f requent cause of i l lnesses in ch i ld ren p resen t ing the first 
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febrile se izure is viral i n fec t ion" . T h e s e infect ions usua l ly affect the uppe r resp i ra tory a i r w a y s , the 

middle ear, and the gas t ro in tes t ina l tract. Se izures that occu r after D P T or meas le s i m m u n i z a t i o n , 

may be related in r e s p o n s e to t empera tu re elevat ion". 

Reduced se rum IgA levels have been obse rved in ch i ldren wi th febri le se izures p resen t ing 

recurrent infect ions d u e to an immunode f i c i en t s ta tus 2 " ' 2 2 . I m m u n o l o g i c a l d i s tu rbances such as low 

levels of i m m u n o g l o b u l i n s in s e rum and al terat ions in T cell subsets of per iphera l b lood such as 

d imin i shed n u m b e r of C D 4 + cells and inc reased C D 8 + cells has been obse rved in pa t ients wi th 

c o m p l e x partial se izures and p r imary genera l i zed ton ic -c lon ic seizures 5 '* . Assoc ia t ion wi th in t ense 

immuno log ica l dysfunct ion has been desc r ibed in ser ious epi lept ic encepha lopa t i e s of ch i l dhood 

such as West and L e n n o x - G a s t a u t s y n d r o m e s , wi th def ic iency of ce l l -media ted i m m u n e r e s p o n s e 

and altered levels of se rum i m m u n o g l o b u l i n s 1 2 , 1 4 . In addi t ion, pat ients with West s y n d r o m e presen ted 

decreased C D 3 + , C D 4 + subse t and C D 4 / C D 8 rat io whi le C D 8 + cells w e r e e l e v a t e d 1 3 . 

These results sugges t that s o m e abnormal i t i e s of the i m m u n e re sponse m a y be assoc ia ted 

with s y n d r o m e s and ep i l ep t i c ep i sodes . T h u s , the objec t ive of the present inves t iga t ion w a s to 

study ce l l -med ia ted i m m u n i t y in ch i ldren wi th febri le se izures , cons ide red to be a ben ign form of 

ch i ldhood special ep i lep t ic s y n d r o m e of usual ly t rans i tory course . A l so , to in t roduce the ques t ion 

about a poss ib le phys iopa tho log i c l inkage b e t w e e n ce l lu lar i m m u n i t y with febrile convu l s ions . 

MATERIAL AND METHODS 

Patients and controls. A group of 30 children, 19 male and 11 female, with diagnosis of febrile seizures, 

seen at Hospital das Clínicas, UNESP, Botucatu, State University of São Paulo, were included in the study. The 

criteria for include children with febrile seizures in this study were: 1. to have been attended in the outpatient clinic 

since the fust convulsion; 2. to have regular follow-up, in order to permit a carefull prospective study; 3. to have 

good nutrition condition. There was no selective procedure about characteristics of febrile seizures, neither frequency 

of infections. Age at the first febrile seizure ranged from 3 months to 5 years (median age 1.3 years). The seizure 

episodes were short in 27 patients, with a duration of less than 10 minutes, and prolonged in three of the children. 

Generalized crisis were observed in 29 patients and a hemigeneralized crisis was observed in one child. The control 

group included 14 healthy subjects (8 males and 6 females) whose age range was similar to that of the patients. 

Immunity was evaluated out of periods of infections, during the follow-up of the patients, six or more months 

after convulsive episodes. Informed consent was obtained from the parents of patients and controls. The authors had 

approval from Hospital Ethics Commission to study immunocompetence in children with convulsive disorders. 

Antecedents. Recurrence of febrile seizures was reported by 20 children, and 10 had presented only one 

seizure episode before the present immunological evaluation. A family history of febrile seizures was verified in 4 

children and was absent in 14 patients. Family history of epilepsy was observed in 9 children, and association of 

epilepsy plus febrile seizures was present in 3 patients. Seventeen children were submitted to continuous treatment 

with phenobarbital, and one was treated with valproate. Twelve patients were left untreated. 

Reagents. Monoclonal antibodies directed against human CD3+ and CD4+ and CD8+ were obtained from 

Ortho Diagnostics Systems (Raritan, NJ, USA) and were employed throughout this study. For the indirect 

immunofluorescence assay, biotinylated horse anti-mouse IgG and fluorescein-labelled avidin-D (Vector Laboratories, 

Burlingame, PA, USA) were used. 

Enumeration of lymphocyte subsets. Peripheral blood mononulear cells were isolated from heparinized 

venous blood by Ficoll-Hypaque density centrifugation and resuspended in RPMI1640 medium (Gibco Laboratories, 

Grand Island, NY, USA) supplemented with 10% (v:v) fetal calf serum. Approximately 2x10^ cells were centrifuged 

onto a poly-l-Iysine-coated coverslip and staining reactions earned out at 4°C as described previously 2 3. Briefly, after 

reacting with the monoclonal antibody, the cells were treated with biotinylated horse anti-mouse IgG and fluoresceinated 

avidin-D and fixed in formaldehyde. At least 500 cells per sample were examined and scored under phase and 

fluorescence microscopy. 

Lymphocyte proliferative response. Lymphocyte cultures were prepared according to Musatti et al."\ 

Peripheral heparinized blood was obtained from patients and normal control subjects. After separation of mononuclear 



cells by Ficoll-Hypaque density centrifugation, the concentration of the cells was adjusted to 5x 1 0 s cells/ml in RPMI 
medium containing 20% homologous AB or autologous heat-inactivated plasma. Each culture test tube received 2.5 
ml of this suspension and triplicates were prepared receiving 40 ug of phytohemagglutinin-P (PHA). Control tubes 
did not receive any stimulus. Tritiated thymidine, 2uCi specific activity 6.7 Ci/mM (New England Nuclear, Boston, 
MA, USA), was added to each tube for eight hours before termination of the culture. The cultures were harvested 
after 72h of incubation. Isotope incorporation by harvested cell cultures was counted in a Beckman liquid scintillation 
espectrometer. The results are expressed as counts of radiation emission per minute (cpm) and defined as "blastogenic 
index" (BI) which is the ratio: cpm of stimulated tubes/cpm of control tubes. Based on the response of healthy 
controls, BI > 20 were considered to be positive. 

Statistical analysis. The results from patients and control groups were analysed by Students t test. 
Significant values are considered to occur at p < 0.05. Altered results were considered when exceeded ± 2 SD 
mean values of controls. 

RESULTS 

Frequen t infect ious ep i sodes w e r e de tec ted in 2 2 of the 30 chi ldren with febrile se izures 
s tudied. Recur ren t upper respi ra tory infect ions were obse rved in 17 pat ients , more than two ep i sodes 
of p n e u m o n i a s in 8, ur inary infect ions in 4 and myco t i c infect ion of the skin was present in 4 
ch i ldren . P r imary tuberculos is infection was obse rved in o n e chi ld after B C G vacc ine (at tenuated 
agent ) , requi r ing t rea tment with hydraz ide . Clinical manifes ta t ion w a s regional axil lar lymphadeni t i s 
and fever. Also , o n e chi ld presen ted flaccid para lys is of the lower ex t remi t i e s with no sensory loss, 
and wi th c o m p l e t e recovery. On ly 8 of 30 pat ients s tudied did not p resen t f requent infect ions. 

Table 1 s h o w s the pe rcen tage of total T cells ( C D 3 + ) , he lper inducer ( C D 4 + ) , cy to toxic / 
suppres so r ( C D 8 + ) T-ccll subsets and the C D 4 : C D 8 ratio de tec ted in per iphera l b lood of patients 
and heal thy cont ro ls . A l though the mean values of the p e r c e n t a g e s of C D 3 + and C D 4 + cells were 
c o m p a r a b l e to that of the cont ro ls , a dec reased p ropor t ion of these cells was obse rved in 5 and 11 
ch i ld ren , respect ively . A signif icant increase in p ropor t ion of C D 8 + T cel ls was de tec ted in 6 4 % of 
the pa t ien ts , and a c o n s e q u e n t reduct ion in C D 4 : C D 8 rat io w a s obse rved in 6 0 % of the chi ldren 
wi th febri le se izures . 

T h e l y m p h o c y t e prol i ferat ive r e s p o n s e to P H A w a s impa i r ed in the pat ients w h e n compared 
to the control g r o u p (Table 2) . Th i s depress ion of ce l l -med ia ted i m m u n e re sponse w a s obse rved to 
the s a m e ex ten t w h e n the cells of the pat ients w e r e cu l t iva ted in p resence of h u m a n A B p lasma 
( h o m o l o g o u s p lasma) or in pa t i en t s p l a sma (auto logous p lasma) . M o r e o v e r it was detected a presence 
of an inhib i tory act ivi ty of the pa t i en t s p l a s m a on l y m p h o c y t e function in 6 out 18 ( 3 3 % ) of the 
pa t ients as obse rved by the analys is of b las togen ic index presen ted in F igure 1. 

T h e inhibi tory effect of p a t i e n t s p lasma 
on l y m p h o c y t e pro l i fera t ive r e s p o n s e of cells 
ob ta ined from heal thy cont ro l s s t imula ted with 
P H A was observed by the impai red response of 
t hese ce l l s . P o o l e d p l a s m a of 4 pa t ien t s that 
presented an inhibitory effect of their p lasma on 
their o w n cells, also inhibited the lymphoprol i -
f e r a t i ve r e s p o n s e of 4 h e a l t h y p e o p l e ce l l s 
s t imulated by P H A . T h e level of the lymphopro-
l iferat ive inhib i t ion w a s abou t 7 4 % when the 
pa t ien ts p lasma was added to the culture (cpm 
with A B plasma = 29 ,159.37 ± 4 ,521.0; cpm with 
pooled pa t ien t s p lasma = 7,678.25 ± 1,673.72). 

I n t h e p r e s e n t s t u d y , t h e r e w a s n o 
association be tween cellular immuni ty alterations 



and therapy, age at the first febrile seizure, number of seizure episodes, or frequency of infectious 
diseases . 

DISCUSSION 

Thi s s tudy d e m o n s t r a t e d that ch i ld ren with febri le se izure ep i sodes exh ib i t ed abnorma l i t i e s 
in the ce l l -media ted i m m u n e response . O n e re levant observa t ion is that n o n e of the chi ldren p resen ted 
abnormal i t i e s in all pa rame te r s s tudied, but all of t h e m s h o w e d al tered r e sponses , to at least o n e o r 
more of the tests e m p l o y e d to eva lua te i m m u n o c o m p e t e n c e . 

T h e low C D 4 : C D 8 rat io obse rved m a y h a v e been re la ted to the inc rease p ropor t ion of C D 8 + 
T cells obse rved in 6 4 % of the pat ients . Eeg -Olo f s son et al. f i desc r ibed i m m u n o l o g i c a l a l te ra t ions 
in 2 4 adul t pat ients with partial se izures such as : low levels of IgA, and small p ropor t ions of C D 4 + 
cells and high p ropor t ions of C D 8 + cel ls . It is in teres t ing to no t ice that 7 out of 24 pa t ients had 
febri le seizures du r ing infancy. T h e s e a u t h o r s 5 a lso s tudied 50 pat ients with partial c o m p l e x and 
general ized pr imary tonic-c lonic seizures and descr ibed low C D 4 + propor t ion , high C D 8 + propor t ion 



and low C D 4 : C D 8 rat io. T h e y did not find assoc ia t ion of these i m m u n e a l tera t ions with therapy, 
and cons ide red that these type of ep i l epsy migh t b e assoc ia ted wi th a def ic ient gene t i c regulat ion 
that a l so affects the i m m u n e sys t em. T h u s , the va r i ab le in tens i ty of the a l t e ra t ions in ce l lu lar 
i m m u n i t y obse rved in ep i lepsy may be accoun ted for by heredi ty wi th the s a m e gene t i c de te rminan t s 
invo lved , but pe rhaps in a mult i factor ia l m a n n e r 5 . 

T h e impor t ance of the gene t ic m e c h a n i s m s invo lved in ep i l epsy has been emphas i zed . T h e 
p resence of a family history of nonfebri le epi lepsy is a well k n o w n factor that enhances the probabil i ty 
of future p rogress ion to epi lepsy. In febri le se izures there is a gene t i c p red ispos i t ion , but the exact 
pat tern of heredi ty is u n k n o w n . If the paren ts had a p rev ious child w h o had febri le convu l s ions , the 
risk of ano the r chi ld to be affected is o n e in f ive 2 . Moreover , a family his tory of febri le se izures also 
plays a role in the r isk of r e c u r r e n c e 1 7 . 

T h e imp a i r men t in l y m p h o c y t e prol i ferat ive r e s p o n s e to P H A obse rved in the ch i ldren with 
febr i le s e i zu re s , sugges t s a d e p r e s s i o n of this ce l lu la r i m m u n e react ivi ty . B e s i d e s , the p l a s m a 
inhib i tory factors de tec ted in 3 3 % of the pat ients r educed T - l y m p h o c y t e prol i ferat ion of patients-
l y m p h o c y t e s and of l y m p h o c y t e s f rom hea l thy cont ro ls cu l tured wi th the p l a sma of pat ients with 
febri le se izures , sugges t ing that these factors migh t inhibi t ce l lu lar immuni ty . In fact, 2 2 ( 7 3 % ) of 
the pa t i en t s p r e sen t ed f requent infec t ious e p i s o d e s , i nd i ca t ing suscep t ib i l i ty to r ecur rence and 
res i s tance to t rea tment , as obse rved in myco t i c skin infect ions . T h e s e resul ts sugges t that there 
m a y be an assoc ia t ion be tween cel lu lar i m m u n e dysfunct ion and the p a t h o p h y s i o l o g y of febrile 
se izures . If this is conf i rmed , the t rea tment of infect ions in ch i ldren with febrile se izure ep i sodes 
should be re-evaluated. C a r e should be taken to prevent infection by specific therapeut ic or prevent ive 
m e a s u r e s and wi th i m m u n i z a t i o n main ly with a t tenua ted m i c r o o r g a n i s m s such as pol io and meas les 
vi rus . T h e occu r r ence of para lys is i n d u c e d by the vaccinal po l iov i rus in i m m u n o d e f i c i e n t chi ldren 
has been repor ted 1 " ' 1 9 ' 2 4 . W e obse rved a p r imary tubercu los i s infect ion after B C G vacc ina t ion in 
o n e chi ld with febri le se izures , p resent ing suppress ion of ce l l -med ia t ed i m m u n e function. T h u s , 
i m m u n o t h e r a p y could be e m p l o y e d as an adjuvant m e a s u r e in t r ea tmen t of febri le se izures . Fur ther 
r e sea rches may lead to conc lude for a t rue s y n d r o m e of ce l l -med ia t ed i m m u n e dysfunct ion and 
febri le se izures , or to an incidental and in t r iguing f inding of ou r s tudy. 

S o m e obse rva t ions have sugges ted a control of the i m m u n e re sponse by the central ne rvous 
sys t em. T h e i m m u n e sys tem rece ives s ignals f rom the bra in and n e u r o e n d o c r i n e sys tem via the 
a u t o n o m i c ne rvous sys tem and h o r m o n e s and sends in format ion to the brain, via cy tok ines . T h e 
regu la to ry reciprocal inf luences that exis t b e t w e e n the brain and the i m m u n e sys tem appea r to be 
necessa ry for coord ina t ion of behaviora l and phys io logica l r esponses to infection and in f l ammat ion 4 . 

Speci f ic recep tors for m a n y neu roendoc r ine and ne rvous sys tem media t ing factors h a v e been 
identif ied in i m m u n o c o m p e t e n t cel ls 1 " ' 2 1 and these factors m a y also m o d u l a t e the i m m u n e response 
indi rec t ly by affecting the p roduc t ion or act ivi ty of l y m p h o k i n e s and cytokines'-'- 1 5. In addi t ion , the 
effects of cond i t ion ing p rocedures or stress on the suppress ion of humora l and ce l l -media ted i m m u n e 
r e s p o n s e h a v e been conf i rmed in recent s tud ies ' . 

If the r ec ip roca l i n f luences b e t w e e n cen t ra l n e r v o u s s y s t e m and i m m u n e r e s p o n s e arc 
conf i rmed , the re la t ionship be tween epi lept ic d iseases and i m m u n o l o g i c a l dys func t ions may be 
bet ter unders tood , l ead ing to impor tan t changes in the m a n a g e m e n t of ep i lepsy . 
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