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Immunologic Evaluation in the Patients
with Infantile Spasm

AABBSSTTRRAACCTT  OObbjjeeccttiivvee::  The aim of the present study was to investigate the etiologic factors and im-
munological findings in the patients with infantile spasm (IS). MMaatteerriiaall  aanndd  MMeetthhooddss::  Twenty-five
infants (17 boys, 8 girls) with IS were included in the study. The clinical characteristics and un-
derlying etiologic factors were analyzed. Neurometabolic and immunologic tests, neuroimaging
and electroencephalography were performed. Twenty healthy infants  were chosen as the control
group. The groups were compared regarding serum immunoglobulin levels, complement proteins
and T lymphocyte subgroups. RReessuullttss:: The male/female ratio was 2/1 and mean age was 8.6±3.5
months in patients with IS. Most (88%) of the patients with IS were classified as structural/meta-
bolic, the most frequent etiological factor being hypoxic-ischemic encephalopathy. Cerebral in-
farct, tuberous sclerosis, cortical dysplasia  and metabolic diseases were other causative factors. All
patients received adrenocorticotrophic hormone as first line treatment except two patients with
tuberous sclerosis treated with vigabatrin. The patients with IS had lower median IgA, IgM, IgG,
C3 and C4 levels compared to healthy control group. The distribution of lymphocyte subgroups
CD3+,CD4+,CD8+ and CD19+  were not different between two groups.  CCoonncclluussiioonn::  Humoral and
cell-mediated components of the immune system can be affected in IS. This may be due to the un-
derlying brain disorder or to seizures, and may suggest inflammatory mechanisms taking part in IS.
Immune dysregulation should be taken into consideration when treating IS.

KKeeyy  WWoorrddss::  Spasms, infantile; lymphocyte subsets; immunoglobulin A; immunoglobulin G;
immunoglobulin M; complement C3; complement C4 

ÖÖZZEETT  AAmmaaçç::  Bu çalışmanın amacı infantile spazmlı hastalarda etiolojik faktörleri ve immünolojik
bulguları araştırmaktır. GGeerreeçç  vvee  YYöönntteemmlleerr:: Çalışmaya infantile spazmlı 25 süt çocuğu (17 erkek, 8
kız) dahil edildi. Klinik özellikleri ve altta yatan etiolojileri analiz edildi. Nörometabolik, immüno-
lojik, nörogörüntüleme testleri ve elektroensefalografi uygulandı. Yirmi sağlıklı infant kontrol grubu
olarak seçildi. Gruplar serum immünoglobulin,kompleman düzeyleri ve T lenfosit alt gruplarına göre
karşılaştırıldı. BBuullgguullaarr::  Erkek/kız oranı 2/1 ve hastaların ortalama yaşı 8,6±3,5 aydı. Hastaların (%88)
çoğu yapısal/metabolik olarak sınıflandırıldı, en sık etiyolojik faktör hipoksik iskemik ensefalopatiydi.
Serebral infarkt, tuberoskleroz, kortikal displazi ve metabolik hastalıklar diğer sebep olan faktör-
lerdi. Vigabatrinle tedavi edilen iki tuberosklerozlu hasta dışında bütün hastalar ilk basamak olarak
adrenokortikotrofik hormon tedavisi aldılar. İnfantil spazmlı hastalar kontrol grubundan daha düşük
ortalama IgG, IgM, IgA, C3 ve C4 değerlerine sahipti. CD3+, CD4+, CD8+ ve CD19+ lenfosit alt grup-
ları dağılımı iki grup arasında farklılık göstermemekteydi. SSoonnuuçç::  Humoral ve hücresel immün sis-
tem, infantil spazmda etkilenmektedir. Bu altta yatan beyin bozukluklarına veya nöbetlere bağlı
olabilmekte, ve infantil spazmda yer alan inflamatuar mekanizmaları akla getirmektedir. İmmün
disregülasyon infantil spazmlı hastaların tedavisinde dikkate alınmalıdır.

AAnnaahhttaarr  KKeelliimmeelleerr:: Spazm, bebek; lenfosit alt grupları; immünoglobulin A; immünoglobulin G; 
immünglobulin M; kompleman 3; kompleman C4  

TTuurrkkiiyyee  KKlliinniikklleerrii  JJ  MMeedd  SSccii  22001133;;3333((44))::11115511--77

Eda ÖZAYDIN,a

Hatice Belkıs GÖKDAĞ,b

Alev GÜVEN,c

Ayşe METİN,d

Gülşen KÖSEe

aInfant Service,
Clinics of 
bPediatrics,
cPediatric Neurology,
dPediatric Immunology,
Ankara Pediatric&Pediatric 
Hematology Oncology Training and 
Research Hospital, Ankara
eInfant Service,
Şişli Hamidiye Etfal Training and 
Research Hospital, İstanbul

Ge liş Ta ri hi/Re ce i ved: 26.12.2012 
Ka bul Ta ri hi/Ac cep ted: 05.06.2013

This study was presented as poster at 18th National
Allergy and Clinical Immunology Congress, 
03-07 November 2010,  Antalya, Turkey and 
abstract was published in the Abstract Book.
This study was presented as poster at 9th European
Congress of Pediatric Neurology Society, 11-14 May
2011, Croatia,  and abstract was published in 
‘European Journal of Paediatric Neurology’ 
Abstract Book.

Ya zış ma Ad re si/Cor res pon den ce:
Eda ÖZAYDIN
Ankara Pediatric&Pediatric Hematology
Oncology Training and 
Research Hospital, 
Infant Service, Ankara,
TÜRKİYE/TURKEY
eozaydin2001@yahoo.com

doi: 10.5336/medsci.2012-33192 

Cop yright © 2013 by Tür ki ye Kli nik le ri

ORİJİNAL ARAŞTIRMA   



nfantile spasm (IS) is an epileptic syndrome of
infancy with the typical symptom of flexor or
extensor spasms occurring in clusters and start-

ing under 2 years of age. The interictal electroen-
cephalography (EEG) demonstrates hypsarrhyth-
mia or ‘modified’ hypsarrhythmia.1

This syndrome was classified into two groups:
symptomatic and cryptogenic. Symptomatic IS is
characterized by the presence of previous signs of
brain damage (psychomotor retardation, neurolog-
ical signs, radiological signs or other types of
seizures) or by a known etiology. The cryptogenic
group has normal development until the beginning
of spasms, and no etiology can be demonstrated.
However, International League Against Epilepsy
(ILAE) recommended a new classification system
with the following terms ‘Genetic’, ‘Structural/
metabolic’ and ‘Unknown’ instead of the terms id-
iopathic, symptomatic and cryptogenic in 2010.
The concept of genetic epilepsy is the direct result
of a known or presumed genetic defect in which
seizures are the  core symptom of the disorder. In
the structural/metabolic group, there is a distinct
structural (acquired disorders such as stroke,
trauma and infection) or metabolic condition or
disease (tuberous sclerosis, malformation of cortical
development) that has been demonstrated to be as-
sociated with an increased risk of developing
epilepsy. ‘Unknown’ is meant to designate that the
nature of the underlying cause is yet unknown.2

The pathophysiological mechanisms of IS re-
main poorly understood. Significant progress has
been made towards the identification of specific
genes: ARX, CDKL5, PAFAH1B1/LIS1, DCX,
FOXG1, GRIN1, GRIN2A, MEF2C, TSC1 and
TSC2.3 Beside genetic factors and structural anom-
alies, various perinatal central nervous system
(CNS) problems like hypoxic-ischemic injury, in-
trauterine or postnatal infections, stroke or trauma
have been demonstrated as causative factors for IS.
The common clinical and EEG features resulting
from these various factors suggest that their patho-
genesis involves a final common pathway which
may involve immunological mechanisms.4 A bidi-
rectional modulation exists between the nervous
and immune systems: neural and immune cells in-

teract to regulate inflammation and function in the
CNS.5 Immune mechanisms may underlie or aggra-
vate certain types of epilepsy, as supported by ele-
vated levels of proinflammatory agents in children
with epilepsy, the presence of chronic inflamma-
tion in Rasmussen encephalitis (RE), the high inci-
dence of seizures in autoimmune diseases, the
recently described group of autoantibody-mediated
epileptic encephalopathies and the beneficial effects
of steroids and other anti-inflammatory treatments
in some drug-resistant epilepsies.6-11 The latter has
classically been considered as supportive of in-
flammatory or immune-mediated pathogenesis. In-
dependent of etiology, IS patients benefit from
steroid and adrenocorticotrophic hormone (ACTH)
treatment. Immunologic mechanisms in IS are sup-
ported by increased IL-2, TNF-α and INF-α in
cryptogenic and symptomatic IS, altered levels of
immunoglobulins, presence of immature thymo-
cytes in peripheral blood, functional impairment of
T lymphocytes induced by plasma inhibitory fac-
tors, and increased levels of serum interleukin-1 re-
ceptor antagonist subsequent to resolution in
clinical and EEG findings.12-14

From this point of view, we simply hypothe-
sized that; if there is a final common pathway in-
volving immunological processes, we should find
immunologic alterations in our patients with IS.
Thus, we investigated the immunologic and clini-
cal characteristics of a group of patients with IS. 

MATERIAL AND METHODS

Twenty-five infants (17 boys and 8 girls) newly ad-
mitted with IS to Ankara Children’s Health and
Diseases Hematology-Oncology Education and Re-
search Hospital between January 2008 and January
2010 were included. The structural/metabolic or
unknown groups were determined after the diag-
nostic work-up.  Gender, age at onset, systemic and
neurological examinations, prenatal, natal and post-
natal history, family history of epilepsy and febrile
seizure were analyzed. All patients underwent mag-
netic resonance imaging (MRI).  Neurometabolic
investigations including serum and urine amino
acids, urine organic acids, serum acylcarnitine pro-
file, pyruvate, lactate and ammonia levels, bio-
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tinidase activity, and routine karyotyping was per-
formed. Repeated ictal and interictal EEG record-
ings were obtained. Serum immunoglobulins (IgG,
IgM, IgA) and complement components C3, C4
were analyzed quantitatively by nephelometry
(IMMAGE 800, Beckman Coulter Nephelometer,
USA), and lymphocyte subpopulation CD3+, CD4+,
CD8+, CD19+ percentages were analyzed by flow
cytometry (FACScalibur, Beckton-Dickinson,
USA). All blood samples were collected before start-
ing ACTH treatment. The control groups consisted
of 20 patients with afebrile convulsions (AC) (12 id-
iopathic, 8 symptomatic) and 20 healthy infants
(HC) followed in the Well Child Clinic of the same
hospital and who underwent blood sampling for
other reasons. The study was approved by the insti-
tutional ethical committee.

Immunological variables in the patient and
control groups were compared using Mann-Whit-
ney U test.  Continuous variables were expressed
as median (min-max) and mean ± standard devia-
tion. The frequencies were shown as percentage. A
p value<0.05 was considered statistically signifi-
cant. Statistical comparisons were made using SPSS
for Windows 15 package program. 

RESULTS

CLINICAL CHARACTERISTICS

The male-to-female ratio was 2:1 and mean age of
onset was 8.6±3.5 months in the IS group. The
mean age  in HC group was 10.1±4.0 months. There
was no significant difference regarding age and
gender between two groups.

The mean value of delay between the onset of
IS and admission was 39 days. Twenty-two patients
(88%) had structural/metabolic diseases and 3
(12%) patients were in the unknown group. The
most frequent etiological factor was hypoxic-is-
chemic encephalopathy (n=15, 60%). Two infants
suffered from tuberous sclerosis. Cerebral infarct
(2), cortical dysplasia (1) and metabolic diseases (2)
were other causative factors. Five patients had been
receiving antiepileptic drugs (phenobarbital, car-
bamazepine, or valproate) for the diagnosis of
seizures before the onset of the IS.   

Two IS patients had a first-degree relative with
a history of epilepsy, and one had a first-degree rel-
ative with a history of febrile seizure. Three infants
were products of a consanguineous marriage. Neu-
rometabolic investigations allowed the diagnosis of
mitochondrial cytopathy and neurotransmitter dis-
ease in two patients. In one patient, two mutations
in the SCN1B gene were found.

EEG recordings were performed in all patients
at the time of diagnosis. Typical or modified hyp-
sarrhythmia was seen in 22 and 3 patients respec-
tively.

Cranial MRI revealed various findings in the
structural/metabolic group: encephalomalacia,
cerebral atrophy, infarcts, cortical tubers, dyspla-
sia, periventricular leukomalacia, corpus callosum
dysgenesis, or symmetrical signal changes in basal
ganglia. Cranial MRI findings were normal in un-
known group.Visual evoked potentials were ab-
normal in 18/25 and brainstem auditory evoked
potentials in 3/25 patients.

The first-line medication for 23 patients was
synthetic ACTH 50 U/day, intramuscular, two
times a week (tetracosactide, Synachten Depot
1mg/mL) and pyridoxine (125mg/day, oral). Pa-
tients with tuberous sclerosis were treated with vi-
gabatrin only. Vigabatrin was added as a
second-line therapy in four infants who did not re-
spond to ACTH. Spasms subsided completely after
treatment in all 25 children. A repeat EEG was per-
formed after eight doses of ACTH and disappear-
ance of hypsarrhythmia was observed in all
patients.

IMMUNOLOGICAL VARIABLES (TABLES 1, 2):

Patients with IS had lower IgG, IgM and IgA levels
compared to HC (p=0.077,,  0.015 and 0.014, respec-
tively). The complement protein C3 and C4 levels
were significantly lower than HC group (p<0.001).
The mean percentage of CD3+ and CD4+ lympho-
cyte subsets were lower than control groups ( CD3+
56.2 % vs 66.1%, CD4+ 34.7% vs 41.2% ). Among
lymphocyte subgroups, total CD3+ and CD4+ lym-
phocyte counts in IS were lower than  HC, but
there was no significant difference statistically. The
distribution of lymphocyte subgroups CD8+ and
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CD19+ were not different between two groups.
The median, minimum and maximum levels of Ig,
complement and  T lymphocyte subgroups with p
value are shown in Tables 1, 2. 

DISCUSSION

Interest in the relationship between epilepsy and
the immune system has been increasing in recent
years. Most studies concentrated on inflammatory
mediators and particularly cytokines as contribu-
tors to seizure predisposition and seizure-related
brain injury.15 We investigated immunoglobulins,
complement and cell-mediated immune response
in IS. We found median IgG, IgM and IgA levels
lower in IS supporting the idea that IS is associated
with disturbances in humoral immunity. Six pa-
tients with IS had hypogammaglobulinemia (three
with low IgG, one with low IgA and two with low
IgA, IgG, IgM). The low levels in IS seem to be due
to transient hypogammaglobulinemia of infancy,
but this diagnosis can only be confirmed by reso-
lution by 30-40 months of life.16 Low serum con-
centrations of IgA have been reported due to
antiepileptic treatment but a few studies found low
IgA levels in epileptic patients. Eeg-Olofsson et al.
found low serum IgA in patients with focal,
mainly temporal lobe epilepsy and lower levels of

IgA (23.9%) were detected in another study con-
sisting of the patients with IS and  Lennox-Gastaut
syndrome.17-19 Because most of our IS cases were
in the structural/metabolic, the etiological condi-
tion; hospitalization and nutritional deficiency due
to hypoxic-ischemic encephalopathy, prematurity,
and metabolic disorders could have resulted in im-
mune disturbances (Table 1). The previous
antiepileptic treatment of our 5 IS cases consisted
of phenobarbital (3), carbamazepine (1) and val-
proic acid (1). The use of carbamazepine and val-
proic may be associated with a significant decrease
in IgA levels, but no relationship has been re-
ported between phenobarbital and immunoglob-
ulin levels.18 Several patients in the structural IS
group had infectious diseases such as sepsis, neona-
tal pneumonia, viral encephalitis, acute
pyelonephritis, and thismight be associated with
low Ig levels: 7 patients had gram (-) infections
with E.coli and Klebsiella recovered in blood and
urine cultures before the occurrence of the spasms.
Bacterial lipopolysac- charides (LPS) can activate
Toll-like receptor 4 (TLR4), whose signaling has
been reported to promote epileptogenesis.20 Galic
et al. showed that a single LPS injection during a
critical postnatal period causes a long-lasting in-
crease in seizure susceptibility in rats.21 Brief sys-
temic inflammation during critical periods of
development, even when not associated with ob-
vious CNS injury, may result in vulnerability of
the CNS.21

The complement proteins C3 and C4 have
been examined in relation with epilepsy but not
with IS. The complement system plays a protective
role in inflammation by clearing cell debris after
injury, but may have potential adverse effects: the
complement cascade has been involved in the
pathogenesis of both experimental and human
temporal lobe epilepsy and in Rasmussen’s syn-
drome.22-24 The progressive neurologic deteriora-
tion, complement activation and the efficacy of
anti-inflammatory treatment are common findings
observed in IS and RE. In our study, C3 and C4 lev-
els tended to be low in IS. This may be due to con-
sumption after activation of the complement
cascade, to immunosuppression due to stress re-
sponse or to the etiological factors in IS leading to
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Ig levels (mg/dL) IS (n=25) Control (n=20) p value

Ig G 517 (217-1290) 652 (471-991) 0.077 

Ig A 25 (12-158) 44.5 (16-104) 0.014 

Ig M 64 (19-139) 90 (34-243) 0.015 

C3 98 (47-169) 137 (96-176) <0.001 

C4 18 (14-31) 38 (22-52) <0.001

TABLE 1: Serum immunoglobulin (Ig) and
complement protein levels in patient and control group

(median, min-max value).

Lymphocyte subsets IS (n=25) Control (n=20) p  value 

CD 3+ 2160 (450-8036) 2388 (1012-5076) 0.819 

CD  4+ 1260 (288-6199) 1354 (298-3672) 1.000 

CD  8+ 768(126-1900) 786 (529-3672) 0.591 

CD19+ 1001(356-4936) 1005(428-2300) 0.784

TABLE 2: Total T  lymphocyte subset counts in the
patient and the control groups (median, min-max). 



hypocomplementemia as well as hypogammaglob-
ulinemia. Prematurity, malnutrition, acute bacter-
ial infections, specifically Gram (-) infections,
inflammatory diseases are known to be associated
with hypocomplementemia. Stress and corti-
cotropin releasing hormone (CRH) influence TH1
and TH2 immune responses by stimulating gluco-
corticoid, catecholamine and peripheral (immune)
CRH secretion and by altering the production of
key regulatory cytokines and histamine. Stress hor-
mones selectively suppress TH1 responses and
favor TH2 responses.25 Taken together, reduced im-
munoglobulins and complement activation might
be related to an inflammatory process resulting in
epileptogenesis in IS. 

CD3+ and CD4+ T cells were low in our IS
group. Montelli et al. reported a significant reduc-
tion in the proportion of CD3+ and CD4+ T cells
and an increase in CD8+ cells patients with IS but
also with Lennox-Gastaut syndrome and epilepsy
with multifocal independent spikes: the
CD4+/CD8+ ratio was below 2 SD of the control
group in 81% of the patients.13 A low CD4+/CD8+
ratio has been reported in focal and generalized
epilepsies.19 Liu et al. found significantly higher IL-
2, TNF-α and IFN-α levels in both cryptogenic and
symptomatic WS patients compared to the control
group.12 Yamanaka et al. evaluated whether pro-
convulsive interleukin-1β (IL-1β) and anticonvul-
sive IL-1 receptor antagonist (IL-1Ra) were
markers of the effectiveness of treatment in pa-
tients with West syndrome (WS).14 They showed
that serum IL-1Ra levels were elevated subsequent
to resolution of clinical and EEG findings in WS
patients. These studies support the idea that an im-
balance in cytokine levels may be involved in the
immunopathology of  WS. 

These findings may be secondary to the etio-
logical condition or to the seizures themselves, as
for other immunological parameters, neurotrans-
mitters, cytokines or hormones, may affect lym-
phocyte subgroups. In our study, the IS group had
altered lymphocyte counts. This may be an effect
specific for this type of epilepsy in this age group.

Because the immunologic abnormalities were
observed more prominently in the symptomatic

group, the alterations in the immune system are
likely to be related to the underlying brain lesions
or injury. Bilateral brain lesions modulate the im-
mune responses in rodents. Cellular immune re-
sponses, CD4+ helper lymphocyte population, and
antibody synthesis are impaired in animals lesioned
in the locus ceruleus.26 Lesions of right or left neo-
cortex induce opposite effects on various immune
parameters including lymphocyte proliferation to
mitogens, production of interleukin-2, macrophage
activation, and natural killer cell activity.27 IS is
usually a CNS dysfunction associated with gener-
alized EEG abnormalities and  disturbance of cen-
trencephalic regions may affect immunomodu-
lation. 

A genetic abnormality causing simultaneous
dysregulation of the immune and the nervous sys-
tems is unlikely because of the various etiologies
included in our series and various types of epilepsy
included in reports from the literature. One patient
with IS had mutation in the SCN1B gene (Thr35Ser
aa in exon 2 and Leu210Pro aa in exon 3). The
SCN1B gene does not have any known interaction
with the immune system genes.  One of our IS pa-
tients had been treated with interferon-α (IF-α) for
hemangioma at 2 months of age but treatment was
withdrawn because of fever resistant to antipyret-
ics. Generalized tonic-clonic convulsions and IS de-
veloped at 6 and 11 months of age, respectively.
Seizures during treatment with IF-α have been re-
ported, possibly due to lowered epileptic threshold
by the drug.28 Interestingly, we did not find any re-
port on a relationship between IF-α and occur-
rence of IS. We included these patients into
‘unknown’ group as any report has not been pub-
lished showing the relationship between SCN1B-
IS or IFα-IS.  

The abnormalities in humoral and cell medi-
ated immune responses observed in IS might be of
importance in terms of further treatment. The ef-
fect of ACTH in IS has been explained by the
epileptogenic effect of CRH being inhibited by ex-
ogenous ACTH.29 Two studies in our country sup-
ported that ACTH is the most effective therapy in
the treatment of IS.30-31 ACTH and steroids may ac-
celerate brain maturation and this may explain

Turkiye Klinikleri J Med Sci 2013;33(4) 1155

Neurology Özaydın et al.



their efficacy in an age-related syndrome such as
IS. However ACTH affects the immune system.
Shiihara et al.measured peripheral lymphocyte
subset and serum cytokine profiles and compared
the results between before (pre-ACTH) and after
(post-ACTH) ACTH and also compared these re-
sults with control group.32 They showed that
CD3+,CD25+cells,CD19+ cells and CD19+cells and
CD19+CD95+ cells decreased in the pre-ACTH
group as compared to the controls. CD3+CD25+
cells comprehend regulatory T-cells (Tregs) which
are essential for maintaining peripheral tolerance,
preventing autoimmune diseases and  limiting
chronic inflammatory diseases. The reduced levels
of CD19+CD95+ cells could indicate reduced B-cell
apoptosis in the pre-ACTH group. B-cell apoptosis
plays an important role in the elimination of self-
reactive B-cells, and also B cells play a pivotal role
in some autoimmune disorders such as rheumatoid
arthritis and multiple sclerosis. The elevations of
IL-5 and IL-6 also indicated T cell activation. They
suggested that T-cell and B-cell activation have
some role in WS, and ACTH therapy might associ-
ate with T-cell inactivation. ACTH and other
melanocortin peptides reduce production of proin-
flammatory cytokines and chemokines (IL-1, IL-8,
TNF-α) and other mediators of inflammatory
processes (NO, adhesion molecules).33 ACTH exerts
immunomodulatory effects by affecting T cell
functions inducing expression of Treg cells, in-
creased secretion of immunoregulatory IL-4 and
decreasing IL-17, IL-2 and IFN-γ in CNS lympho-
cytes in studies on experimental autoimmune en-

cephalomyelitis (EAE,a mouse model for MS).34

The similar mechanisms might play a role in the
treatment of the patients with IS by ACTH. 

ACTH therapy may cause severe lymphopenia
especially in the CD3+ and CD4+ lymphocyte sub-
groups.35 Patients with low counts in the beginning
of treatment would require closer follow-up for in-
fections. In our experience, two patients (not in-
cluded in the current study) who had recurrent
infections in the presence of low CD3+ counts were
treated successfully with ACTH administered with
prophylactic trimetoprim-sulfamethaxazole and
fluconazole to prevent infections.

In conclusion, immune system alteration
seems to be involved in the pathophysiology of IS.   

Our results provide further support to humoral
and cell-mediated immune response changes oc-
curring in IS and hypocomplementemia is a new
finding in IS patients which has not been men-
tioned in the literature before. This may support
the idea that complement activation might be re-
lated to an inflammatory process resulting in
epileptogenesis in IS. The associations of SCN1B-
IS and IFα-IS are also interesting findings which
have not been published in the literature. The ge-
netic factors or environmental influences seem to
trigger immunologic mechanisms and result with
a ‘final common pathway’ causing common clinical
and EEG features. Care and follow-up of immuno-
logic parameters are required during administra-
tion of immunosuppressive treatments and certain
antiepileptic drugs in the patients with IS.
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