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Objective: To alert physicians about the peculiar adverse effects of antiepilepsy drugs (AEDs) on the immune
system.
Data Sources: PubMed literature during the past 25 years.
Study Selections: Reports and review articles on the hypersensitivities of AEDs and their effect on immunity.
Results: AEDs have significant effects on the immune system in the form of hypersensitivity or
immune suppression. IgE-mediated reactions can be urticaria, angioedema, bronchospasm, or anaphylaxis.
Non—IgE-mediated reactions, more commonly associated with aromatic AEDs, can be in the form of
nonspecific rashes or serious reactions, such as Stevens-Johnson syndrome, toxic epidermal necrolysis, drug
rash with eosinophilia and systemic symptom syndrome, and acute generalized exanthematous pustulosis.
Because of strong genetic predispositions for certain AEDs in causing severe reactions, HLA analysis before
initiation of the drug is advised in certain populations. Immunoglobulin levels can be reduced to various
degrees, particularly by carbamazepine, valproate, phenytoin, levetiracetam, zonisamide, and lamotrigine.
Spontaneous return to normal levels can be rapid or take months to a few years, and intravenous immu-
noglobulin supplementation may be needed. Cellular effects can be in the form of cytopenias, inhibition of
lymphocyte function, or cytokine dysregulation.
Conclusion: When prescribing AEDs, physicians should pay special attention to their potential adverse
effects on immunity or hypersensitivity, which can be severe and even fatal. For early recognition and
intervention, monitoring such patients is necessary. The cornerstone of management is discontinued use of
the suspected medication and avoidance of drugs of similar structure, particularly among members of the
aromatic group.

© 2016 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction In this review, we summarize the published information rele-
vant to the effect of the AEDs and the immune system. We searched
the English literature of the past 25 years (January 1991 to June
2016) using PubMed and combinations of each of the medication
terms anticonvulsants, antiepileptics, seizure medications, and AEDs
with each of the following terms: allergy, hypersensitivity, immunity,
immune function, immune dysfunction, immune effects, and

hypogammaglobulinemia.

Many antiepilepsy drugs (AEDs) have been developed and are
the treatment of choice for seizures. A seizure results from
disruption in brain electrical activity that can be transient or
recurrent. According to the Institute of Medicine,' epilepsy is
defined as 2 or more unprovoked seizures at least 24 hours apart.
Epilepsy is one of the most common neurologic disorders in the
United States,' affecting approximately 2.2 million people.” Infre-
quent febrile seizures are not considered epilepsy. According to a
recent report by the World Health Organization, 50 million people
have epilepsy worldwide.? In 40% of cases, epilepsy has an under-
lying prenatal or postnatal central nervous system origin, and in

Classification of AEDs

AEDs are classified by generation (Table 1). The older (or first)
generation includes phenobarbital, which was first available in

60% there is no identifiable cause.> All patients with epilepsy
require AEDs, and approximately one-third require more than 1
AED.* AEDs are being increasingly used for prophylaxis in patients
with seizure tendency.
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1912 It was followed by many others, including phenytoin,
primidone, ethosuximide, carbamazepine, valproate, and benzo-
diazepines. This group is primarily metabolized by the liver via
cytochrome P450 and associated isotypes, with potential adverse
effects on liver function.®

The second-generation medications have been available for
more than 20 years and have fewer adverse effects.* This group
includes felbamate, lamotrigine, levetiracetam, gabapentin,
pregabalin, tiagabine, topiramate, vigabatrin, and zonisamide. They
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Table 1
Common Seizure Medications Classified by Generation

Generation Duration,y Medications

First Almost Benzodiazepines, carbamazepine, ethosuximide,
100 phenobarbital, phenytoin, primidone, valproate

Second >20 Felbamate, gabapentin, lamotrigine, levetiracetam,
oxcarbazepine pregabalin, tiagabine, topiramate,
vigabatrin, zonisamide

Third <10 Eslicarbazepine, lacosamide, perampanel, retigabine,

rufinamide, stiripentol

are mostly eliminated by the kidney and have decreased risk of
interaction with other medications metabolized by the liver.*

The newest or third-generation group includes rufinamide,
stiripentol, lacosamide, eslicarbazepine, retigabine, and per-
ampanel. Because of their relatively recent availability, the data on
their adverse effects are limited.

Certain AEDs, across the 3 generations, are metabolized by
aromatic hydroxylation (eg, phenytoin, primidone, zonisamide,
carbamazepine, lamotrigine, phenobarbital, felbamate, and
oxcarbazepine) and, hence, are called aromatic AEDs. In a small
percentage of individuals, the metabolism of these compounds
leads to the accumulation of toxic metabolites known as arene
oxides. In a small number of individuals (16 of 100,000), aromatic
AEDs have the potential to cause severe immune-mediated
hepatotoxicity.* They are also more implicated in causing drug
rash with eosinophilia and systemic symptoms (DRESS) syndrome,
which is also called antiepileptic hypersensitivity syndrome or
drug-induced hypersensitivity syndrome.

Factors That Influence Adverse AED Reactions

Predisposition to adverse drug reactions, in general, involves
drug factors, route of administration, and host factors.” Drug factors
include its molecular weight, chemical structure, metabolism,
generated metabolites, and drug interaction. Regarding the route of
administration, oral is generally the least sensitizing and topical is
the most sensitizing, particularly for T-cell-mediated reactions.
Parenteral administration is moderately sensitizing but is the most
provocative, with intravenous (IV) being more than intramuscular
or subcutaneous. Host factors include age, genetic background, and
organ-disease—altering drug metabolism or excretion.” In general,
children have less exposure and possibly lower degrees of immu-
nologic reactivity. Immunosuppression, by disease or therapeutics,
can cause increased drug hypersensitivity.®

As a group, AEDs are associated with more pharmacokinetic
interactions than other drug classes and are probably the most
responsible for severe drug reactions. Hence, it would be prudent
before initiating AEDs to document that the results of a complete
blood cell count and chemistry profile are normal. Periodic
follow-up can be approximately every 3 months but can be spaced

to every 6 to 12 months as determined by the clinician and the
patient’s response.

Genetic Effects on Drug Metabolism

The patient’s genetic background is evolving as a major factor in
predisposing patients to adverse reactions to seizure medications.
Listed in Table 2 are certain HLA alleles reported to have high
association with adverse reactions to certain AEDs.” ' Some
authors recommend HLA analysis before initiating therapy with
such drugs in high-risk populations.” ! Phenytoin’s clearance relies
on CYP2C9 and, therefore, decreased activity of the CYP2C9*3
variant lead to decreased clearance and higher levels in the circu-
lation and consequent increased risk for skin reactions.'”

Hypersensitivity Reactions

Like any medication, AEDs can cause a variety of hypersensitivity
reactions (Table 3).!” They may be mediated by IgE or non—IgE
mechanisms and often by a combination of multiple mechanisms.

IgE-Mediated Reactions

Immediate-type (IgE) reactions usually develop within minutes
to a couple of hours, are easily recognized, and vary in severity.
Their frequency depends on the reporting, hence the importance of
disclosing adverse drug reactions to the US Food and Drug
Administration.

Urticaria and/or angioedema to oxcarbazepine has been reported
in 9 pediatric patients'* and to carbamazepine in an adult.>® The 2
drugs are structurally similar. Angioedema of the tongue to
phenytoin was reported in an 8-year-old child."® Levetiracetam-
induced angioedema was described in a young woman who
previously had drug rash to lamotrigine and phenytoin."

Bronchospasm alone seems to be uncommon. It was reported in
a woman after rapid infusion of IV phenytoin.'®

Anaphylaxis was reported in some cases, mostly young children.
A 9-month-old infant who was taking phenytoin for 4 months
developed anaphylaxis 30 minutes after IV administration of a
normal dose.'” Anaphylaxis occurred in a full-term neonate after
IV levetiracetam.'®

Non—IgE-Mediated Cutaneous Reactions

Non—IgE-mediated hypersensitivity reactions to AEDs can
manifest in various types of rashes, some of which are benign, but
others can be serious and associated with organ dysfunction.

Nonspecific maculopapular rashes

In addition to the immediate-type reactions referred to above,
nonspecific maculopapular rashes occur in 5% to 15% of patients
taking AEDs.* These rashes are benign, may be associated with
eosinophilia, and disappear within a few days of discontinued use
of the drug, often without any symptomatic medications.

Table 2
Reported HLA Associations With Adverse Drug Reaction to Certain Antiepilepsy Drugs
Drug HLA allele Population at risk Reaction type Reference(s)
Carbamazepine HLA-B*15:02 Thai, Han Chinese, SJS/TEN 9,10
Malay, North Indian
Carbamazepine HLA-A*31:01 DRESS syndrome, maculopapular 10
rashes, SJS/TEN
Lamotrigine HLA-A*68:01 10
Lamotrigine HLA-A*02:01:01; HLA-B*35:01:01; Mexican Mestizo Maculopapular rashes, SJS 11
HLA-C*04:01:01
Phenytoin HLA-B*15:02 10
Phenytoin HLA-B*56:02 10

Abbreviations: DRESS, drug rash with eosinophilia and systemic symptoms; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
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Table 3
Manifestations of Hypersensitivity Reactions to Antiepilepsy Drugs

Manifestation Most likely causative agent

Carbamazepine,'? lamotrigine,'” levetiracetam,'®
oxcarbazepine,'# phenobarbital,'? phenytoin'>

Levetiracetam,'® phenytoin'’

Phenytoin'®

Carbamazepine,'? phenobarbital,'? valproic acid'?

Carbamazepine,'? fospheyntoin,'? lamotrigine,'?
phenobarbital,'? phenytoin,'? valproic acid'?

Urticaria/angioedema

Anaphylaxis
Bronchospasm
Photosensitivity
EM, SJS, or TEN

112

AGEP Carbamazepine,'® phenytoin'®
DRESS Carbazepine,?’ % lamotrigine, %23
phenytoin,”'~?* zonisamide?'

Abbreviations: AGEP, acute generalized exanthematous pustulosis; DRESS, drug
rash with eosinophilia and systemic symptoms; EM, erythema multiforme; SJS,
Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.

Nonspecific rashes are more commonly caused by aromatic AEDs,
such as phenobarbital, phenytoin, and carbamazepine.* Switching
to another aromatic agent can cause recurrence in 40% to 60%. The
risk of skin eruptions correlates with high doses of phenytoin or
lamotrigine.'” The risk of lamotrigine-induced rash is enhanced by
concomitant administration of sodium valproate, which decreases
the hepatic glucuronidation of lamotrigine.

DRESS syndrome

A serious syndrome of DRESS syndrome was first described in
relation to AEDs.?® The rash is generalized and is usually in the form
of morbilliform eruption, exfoliative dermatitis, tense bullae, and
occasionally target lesions.?®?’ In addition, there is fever, atypical
lymphocytosis, multiorgan involvement (most commonly hepatic
dysfunction), lymphadenopathy, and arthralgia. AEDs, particularly
phenytoin and carbamazepine, are probably the most common
cause of DRESS syndrome, affecting 1 in 1500 patients taking these
medications for the first time.”* Several cases of DRESS have also
been reported with lamotrigine.?’ The onset can be within 1 to 12
weeks after initiation of therapy, usually 2 to 4 weeks for phenytoin
and carbamazepine.*

Early recognition and discontinued use of the specific causative
drug are associated with a good prognosis. Discontinued use of
multiple suspected drugs can be a challenging decision based on
the most likely causative drug and the necessity of the medications
for the patient. Hence, the discontinued use of AEDs carries the risk
of seizure. Patch testing or lymphocyte transformation testing by
experienced laboratories might be of help.?’ Drug cross-reactivity
should be taken into consideration in selecting alternate thera-
pies, as mentioned later.

In addition to discontinued use of the suspected drug(s) and
supportive therapy, systemic corticosteroids are necessary,
contrary to the case with Stevens-Johnson Syndrome (S]JS) and
toxic epidermal necrolysis (TEN). The starting dose is usually 1 to
1.5 mg/kg daily of prednisone until improvement, then slow
tapering for a long duration that can be 3 to 6 months.?’ The skin
lesions may be severe enough to require specialized care to prevent
infection and maintenance of the fluid and electrolyte balance.
DRESS syndrome is associated with approximately 10% mortality
mainly secondary to hepatic and/or renal dysfunction.?’

One study suggested that decreased B-cell number and low
serum IgG level may be signs of impending development of DRESS
syndrome in patients on AEDs.”! Of 10 patients with AED-induced
DRESS syndrome, 6 were taking carbamazepine, 2 phenobarbital, 1
phenytoin, and 1 zonisamide. In some patients, the culprit may be
human herpesvirus 6 reactivation secondary to suppression of
humoral immunity induced by AEDs.?!

A man with tuberous sclerosis developed DRESS syndrome
associated with carbamazepine and 16 months later with

olanzapine (antipsychotic).?® The chemical structures of these 2
medications were similar and reflect potential cross-reactivity. The
rash in DRESS syndrome may look pustular as reported in a man
who was taking carbamazepine for 3 months whose skin lesions
were similar to that in acute generalized exanthematous pustulosis
(AGEP).?>? The same authors reviewed 12 reported cases of DRESS
syndrome with pustular lesions; 9 related to carbamazepine and 3
to phenytoin.

Because DRESS syndrome is more likely to be precipitated by an
aromatic AED, physicians should be aware of their cross-reactivity
within this group: phenytoin, carbamazepine, oxcarbazepine,
phenobarbital, and primidone.?> One study examined 35 patients
in whom phenytoin- and carbamazepine-induced DRESS syndrome
had occurred; these patients tolerated structurally different com-
pounds, including clobazam, gabapentin, and valproic acid. Of the
23 patients who had DRESS syndrome associated with carbamaz-
epine, 3 reacted to amitriptyline and 2 to doxepin.”®

Acute generalized exanthematous pustulosis

AGERP is rare, often occurs 24 to 48 hours after drug exposure,
and initially manifests with erythema and edema in body folds and
the face before developing diffuse nonfollicular sterile pustules
(often containing eosinophils) that favor the torso and inter-
triginous areas.”® Generally, there is associated fever, leukocytosis,
mild eosinophilia, and occasionally systemic involvement; 20%
have hepatic, renal, or pulmonary involvement. AGEP seems to be
T-cell mediated.>®

Although it is mostly linked to antifungal and antibacterial
agents,”® few cases were to carbamazepine®” and phenytoin.'” In
addition to discontinued use of the offending agent, patients should
be monitored for systemic involvement or bacterial infections.
Corticosteroid therapy does not seem to be of additional benefit.
The rash generally remits after 2 weeks with some remaining
desquamation.'® It may be fatal in 5% secondary to infection.’®

Erythema multiforme, SJS, and TEN

Erythema multiforme (EM) is an acute eruption in the form of
large erythematous lesions with a central necrotic epidermis
(target-like). It is commonly caused by infection, particularly with
Herpes simplex and mycoplasma, and less commonly by drugs,
including AEDs such as lamotrigine.>’ In most EM cases, the course
is benign and resolves within 1 to 4 weeks. In some patients, skin
lesions become generalized with bullous formation and mucous
membrane involvement (ie, SJS). Severe cases may advance to
sloughing of the epidermis, and if this affects greater than 30% of
the body surface area, it is called TEN. During the first 2 months of
therapy with lamotrigine, carbamazepine, phenytoin, and pheno-
barbital, the incidence of SJS/TEN is approximately 1 to 10 per
10,000 population.* The reaction can be associated with high
morbidity and mortality. The management usually requires
admission to a burn unit for specialized skin and mucous mem-
brane care, fluid or electrolyte therapy, and prevention of infection.
IV immunoglobulin therapy is the recommended treatment at 1 to
2 g/kg, which may be repeated every 24 hours for up to 3 to 4
doses.?! Corticosteroid therapy is controversial and is likely to lead
to worsening.

Seizure Medications and Immunity
Immune Dysfunction in Patients With Epilepsy

A few studies reported certain immune defects in patients with
epilepsy.®>>3 It is not clear whether such defects are primarily
related to the disease or developed secondary to the medication or
both.

Few studies examined the immune status of patients with epi-
lepsy before initiation of medication. Abnormalities in cytokine,
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Summary of Reported Immune Effects of AEDs
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AEDs

Humoral

Cell mediated

Cytokines

First generation
Valproic acid

Carbamazepine

Phenytoin

Diazepam

Second generation

Panhypogammaglobulinemia,*®
decreased IgA, increased 1gG1°°

Decreased IgG and IgM,>® decreased IgG
in male patients,*° no change in IgG,
IgA, IgM*!

Decreased or deficient IgA,*®
panhypogammaglobulinemia®*

Toxic to myeloid progenitor cells,
aplastic anemia, decreased
neutrophil counts®’

Increased PMN/NK cell cytotoxic
activity*!

Decreased T-suppressor cell activity**
Inhibited T-cell function,”’ alveolar
macrophages and blood monocytes

inhibited*®

Decreased lymphocyte counts,””

Decreased IL-10 and IL-12p70°®

Increased IL-1e, IL-16, IL-2, and IL-6*

Increased IL-6 and IL-8,** increased
fibroblast growth factor®

Decreased interferon vy by
CD4%/CD8* T cells*’

Decreased IL-16,>> no alteration®*

decreased CD8" T-cell ]
degranulation,’’ pancytopenia®”

Lymphopenia®’

NK cells/T-cytotoxic suppressor

lymphocytes®®

Strongest inhibitory effect on mitogen

induced proliferation in mouse
splenocytes®®

Levetiracetam Panhypogammaglobulinemia*’

Lamotrigine IgA deficiency,”” ‘
hypogammaglobulinemia®®;
decreased IgG; decreased IgG2 and
IgG4 in females, decreased IgA and
IgM in males*’

Vigabatrin No change”®

Felbamate

Zonisamide Decreased IgG, IgG2, and IgA®°

Third generation
Stiripentol

Inhibited mitogen induced proliferation

of mouse splenocytes®

Abbreviations: AED, antiepilepsy drug; NK, natural killer; PMN, polymorphonuclear.

cellular, and humoral immunity have been reported. According to
Mlodzikowska-Albrecht et al>’ seizures promote synthesis of
proinflammatory (interleukin [IL] 1¢«, IL-6, tumor necrosis factor
[TNF] «) and epileptogenic cytokines (IL-2). Interaction of cerebral
antigens with one’s immune system initiates the inflammatory
cascade. In turn, generation of specific antibodies to antigens
located on nerve cells and neuroglia can cause dysfunction of these
cells.>® Nowak et al>* found that patients with active epilepsy had
increased natural killer (NK) cells and monocytes, and those with
focal epilepsy had lower B-cell counts. One Dutch study of 282
children with seizure activity found that humoral immunity is
already altered early at the initial presentation with seizure.>> The
authors noted that serum IgA, IgG1, IgG2, and IgG4 levels were
much higher in patients than in healthy controls, whereas the IgM
level was normal. On the other hand, in a later study on children
with epilepsy younger than 12 years, serum IgA, IgM, C3 and C4
levels were low, whereas IgG levels were high.>*

Immune Dysfunction in Patients Taking AEDs

Patients taking AEDs were noted to have some abnormalities
that can be related to humoral, cellular, or cytokine production
(Table 4). We briefly summarize the data on the commonly asso-
ciated drugs of the 3 AED generations. More data were available on
the adverse effects of the first generation related to their long
period of use.

First-Generation AEDs

Valproic acid (valproate)

Effect on cytokines. Valproate inhibited nuclear factor—«B trans-
location to the nucleus, causing decreased TNF-« and IL-6 pro-
duction by glia cells and monocytes®' IL-6 promotes B-cell
differentiation, T-cell differentiation, leukocyte activation, and
synthesis of acute-phase proteins in the liver. A pediatric case series
revealed increased levels of IL-1«, IL-18, and IL-6, whereas IL-2

production remained unchanged.*” IL-1« and IL-18 are important
in generation of proinflammatory proteins and differentiation of
Tyl7 cells. In another study, 10 healthy individuals were
given valproate, and by day 7, all had significantly higher serum
IL-6 levels.5?

Effect on humoral immunity. A 6-month-old infant>® taking
valproate, 30 mg/kg daily for 3 months, was noted to have pan-
hypogammaglobulinemia (IgG, 125 mg/dL; IgA, <23 mg/dL; and
IgM, 9.5 mg/dL) and thrombocytopenia (thrombocyte count,
17,000/uL) without antiplatelet antibodies. Discontinuation of val-
proate therapy was followed within 1 week by a platelet count
increase to 80,000/uL and an IgG level increase to 176 mg/dL. She
was given supplemental monthly IVIG for a year. It is not clear
whether the hypogammaglobulinemia was secondary to valproate
or was a transient hypogammaglobulinemia of infancy. In 60 Dutch
children aged 1 month to 16 years, serum IgA level was significantly
decreased after valproate monotherapy for 9 to 18 months
compared with pretreatment.*”

Effect on cellular immunity. Valproate treatment is known to have
an increased risk of aplastic anemia secondary to toxicity to
myeloid progenitor cells. Regarding neutrophils, in a study of 221
adult and pediatric patients, Bartels et al’*’ noted that valproate
plasma levels had a significant but weak negative correlation
(r = —0.32) with the neutrophil count and a significant but weak
positive correlation (r = 0.26) with the lymphocyte count. As a
histone deacetylase inhibitor, valproate had in vitro and in vivo
immunomodulatory and anti-inflammatory properties.>® In an
in vitro study, valproate down-regulated dendritic cells function
and reduced the production of IL-10 and IL-12p70.

Carbamazepine
Effect on cytokines. Verrotti et al*”> reported an increase in certain
cytokines in children who were taking carbamazepine for 1 year
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compared with pretreatment. IL-1« increased by a mean of 3.2-fold,
IL-16 by 2.39-fold, IL-2 by 2.6-fold, and IL-6 by 2.5-fold.

Effect on humoral immunity. Suppression of humoral and cellular
immunity was observed in 49% of carbamazepine-treated hospital
patients.>® Carbamazepine seems to cause some impairment of
immunoglobulin synthesis or B-cell immunoglobulin class
switching, causing hypogammaglobulinemia that can be mild or
severe enough to cause recurrent infections. It is prudent to
monitor immunoglobulin levels in such patients. Recovery of
immunoglobulin levels may take 4 months to 6 years after
discontinued use of the drug.>® The authors described the case of a
37-year-old man taking carbamazepine for 6 years who developed
recurrent urinary tract infections and petechiae with mild throm-
bocytopenia (thrombocyte count, 135,000/uL) that normalized 10
days after cessation of the drug therapy. He had low levels of IgM
(31 mg/dL) and IgG (275 mg/dL) that required IVIG supplementa-
tion. Carbamazepine-induced thrombocytopenia is rare. It often
develops within 2 weeks of drug therapy initiation and improves
1-week after discontinuation.®

In a group of 90 adult patients taking carbamazepine for at least
6 months compared with 80 healthy controls, there was a signifi-
cant decrease in IgG level, averaging 11% and in IgG1 averaging
9%.4° On the other hand, in a study of 39 adults treated with car-
bamazepine for 2 years, there was no significant difference in IgA,
IgG, and IgM levels compared with healthy controls.”!

Effect on cellular immunity. The intake of carbamazepine for 2 years
was associated with suppressed lymphocyte response to the
mitogen phytohemagglutinin but enhanced stimulation of phago-
cytosis and cytotoxic activity of both neutrophils and NK cells.*!

Phenytoin

Effect on cytokines. Phenytoin increases IL-6 and IL-8, which can be
an underlying factor for the gingival overgrowth that often
develops in such patients.*> An additional factor can be increased
production of fibroblast growth factor.*®

Effect on humoral immunity. Studies have found that phenytoin
causes various degrees of IgA decrease or deficiency.”’ It is hy-
pothesized that phenytoin boosts suppressor T cells, which in turn
decreases IgA-producing B-cell activity.** In certain individuals,
HLA-A2 haplotype seems to be a predisposing factor.** In most
cases, the decrease in IgA is not severe and causes no clinical
problems. It also tends to be reversible after discontinued use of the
drug.

Immunoglobulin levels in a Finnish group of 958 adults taking
various AEDs were compared with 581 healthy controls.*> No dif-
ference was found between the 2 groups regarding IgG and IgM
levels. However, severe IgA deficiency (<6 mg/dL) was present in 3
of the AED group and in none of the controls. In patients receiving
phenytoin, the mean IgA level tended to be lower than in controls,
but the authors did not mention the clinical effect of low IgA in
those patients. Patients with prior or current phenytoin therapy
had a 2.8 times increased likelihood of low IgA, and in some pa-
tients, this level remained low for long durations after drug
cessation.

Panhypogammaglobulinemia in patients taking phenytoin is
rare. Pereira and Sanchez** described a 24-year-old-woman
receiving phenytoin, 100 mg 3 times daily for 2 months, before
onset of recurrent otitis media during a 3-month period. She had
low numbers of B cells (83/uL), low serum levels of IgG (473 mg/dL)
and IgM (39.3 mg/dL), and undetectable IgA. Phenytoin therapy
was gradually discontinued, and 6 months later, the immuno-
globulin levels normalized.

Diazepam

Effect on cytokines. Benzodiazepines are usually the first line in
treating acute seizure episodes. Wei et al*’ noted that in vitro
diazepam reduced interferon y production by CD4" and CDS*
human T cells. Interferon y is an important proinflammatory
cytokine in fighting infections.

Effect on cellular immunity. In vitro studies by Sanders et al*® found
that diazepam is an agonist of the aj-subunit GABAa receptor
signaling, a receptor expressed on human alveolar macrophages
and blood monocytes. Diazepam’s role in enhancing this signaling
in the presence of infection is thought to induce immunosuppres-
sion. This might explain the higher incidence and mortality of
pneumonia in patients on benzodiazepines.®* Hence, it would be
prudent to avoid benzodiazepines in patients with sepsis.

Second-Generation AEDs

Levetiracetam
Levetiracetam is one of the newer and more commonly pre-
scribed AEDs because of its better safety profile.

Effect on cytokines. One study found that levetiracetam in rats with
chronic epilepsy reduced the expression of IL-16 in the hippo-
campus and pyriform cortex, thereby decreasing reactive gliosis.”*
This finding suggests an anti-inflammatory role of the drug in the
brain. Another study, however, found no alteration in cytokine
production in humans taking this drug.>*

Effect on cellular immunity. Levetiracetam acts by binding to the
synaptic vesicle protein (SV2A) in the brain, which is the same
binding site on CD8™ T cells and may explain why degranulation of
these cells causes disruption of their antiviral immune function.”!
This binding might explain the increased occurrence of upper
respiratory tract infections in patients treated with levetiracetam.

Another study found that levetiracetam therapy was associated
with decreased lymphocyte count regardless of the dose.”® Such
patients had increased incidence of upper respiratory tract in-
fections. On the other hand, a study found no change in lymphocyte
counts after a 6-month treatment with levetiracetam.®®

Alzahrani et al®” reported the case of a 79-year-old woman who
developed melena and anemia 5 days after initiation of levetir-
acetam therapy. She had pancytopenia. Thrombocytopenia
improved 24 hours after discontinued use of the drug, whereas
lymphopenia and anemia resolved 4 days later. Bone marrow
suppression was assumed the most likely underlying mechanism.
The authors reviewed 3 additional cases of levetiracetam-induced
pancytopenia that resolved within 4 to 9 days of medication
cessation.”?
Effect on humoral immunity. Azar et al* described the case of a
young adult whose IgG level was 509 mg/dL 1 month after initia-
tion of levetiracetam therapy. The following month she developed
panhypogammaglobulinemia (IgG, 374 mg/dL; IgA, 36 mg/dL; IgM,
32 mg/dL) and low specific antibody titers. All immunoglobulin
levels became normal 25 months after discontinued use of the
drug, and by 29 months the patient had an appropriate specific
antibody response to pneumococcal immunization.

Lamotrigine

Effect on humoral immunity. Lamotrigine was released in the
United States in 1994 to treat epilepsy and certain psychiatric dis-
orders. The first reported case of IgA deficiency attributed to
lamotrigine was recently published.”® The patient was prescribed
lamotrigine at the age of 16 years. After 4 months, her immuno-
globulin levels were normal. Six months later, the dose was
increased to 200 mg/d because of breakthrough seizure activity.
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One month later, she had a transient rash and hypogammaglobu-
linemia (IgG, 430 mg/dL; IgA, 68 mg/dL; IgM, 107 mg/dL). Two
months later, she presented with acute pyelonephritis, and her
immunoglobulin levels were even lower (IgG, 203 mg/dL; IgA,
4 mg/dL; IgM, 29 mg/dL). Her liver function test results were
normal. Lamotrigine therapy was discontinued, and she was
treated with antibiotics and IVIG. IgG and IgM levels normalized
within 19 months, but IgA and IgG4 levels remained low at the
2-year follow-up.

A patient who was taking lamotrigine for 13 months developed
recurrent upper and lower respiratory tract infections.”® He was
found to have hypogammaglobulinemia (IgG, 430 mg/dL, IgM,
20 mg/dL, IgA, 30 mg/dL) and impaired antibody response. Monthly
IVIG therapy was given for 2 months. Nine months later, lamo-
trigine therapy was discontinued, and within 2 months IgG and IgM
levels normalized (800 and 50 mg/dL, respectively), but the IgA
level increased only to 40 mg/dL. In a group of 74 adults taking
lamotrigine for at least 6 months compared with 80 healthy con-
trols, there was a significant decrease in immunoglobulin levels:
IgG by 18% to 19%, IgG1 by 14% to 18%, IgG2 by 19%, IgG4 by 49%, IgA
by 20%, and IgM by 29%.%°

Furukori et al®’ described a 19-year-old woman who developed
SJS with leukopenia 10 days after the initiation of lamotrigine.
Although use of the drug was discontinued, the white blood cell
count decreased further from 1,240/uL to 840/ulL. The count
increased back to 3,170/uL 5 days after discontinued use of the drug.

Vigabatrin

A series of 29 pediatric patients was studied before vigabatrin
therapy, followed by 1 and 3 months of treatment.® No significant
change was noted in the levels of serum IgG, IgA, or IgM. However,
the numbers of T-suppressor lymphocytes and NK cells, as well as
NK cell activity, significantly increased after 1 and 3 months of
treatment. The clinical relevance of this finding is not clear.

Felbamate

In an experimental animal study of 7 AEDs (carbamazepine,
valproate, tiagabine, stiripentol, felbamate, lamotrigine, and lor-
eclezole), felbamate had the strongest inhibitory effect on mouse
splenocytes’ response to mitogens.”® Felbamate is not recom-
mended as a first-line agent because of some serious adverse
effects, including bone marrow and hepatic toxic effects.

Zonisamide

Hypogammaglobulinemia (IgG, 379 mg/dL; IgG2, 21 mg/dL; IgA,
<5 mg/dL) was reported in a toddler 4 months after starting
zonisamide therapy.’® His IgA level normalized 3 weeks after
discontinuation of therapy, but IgG and IgG2 levels remained low
for 7 months.

Third-generation AEDs

The newest AEDs (eslicarbazepine, lacosamide, perampanel,
retigabine, rufinamide, and stiripentol) have been available for less
than 10 years. To the best of our knowledge, their effect on im-
munity has not been studied in humans. In an experimental animal
study, stiripentol inhibited mitogen-induced proliferation of mouse
splenocytes.>”

Conclusion

AEDs constitute an important group of medications yet are
associated with significant adverse effects. Apart from toxic effects
caused by overdosage, they can cause a variety of hypersensitivity
reactions. Some reactions are associated with severe morbidity and
risk of fatality, such as SJS/TEN, DRESS syndrome, and AGEP. Strong
genetic predispositions exist with certain AEDs, which prompted
the recommendation of HLA testing in certain ethnic populations

before initiation of treatment with those drugs. AEDs can also affect
the patient’s immunity to a degree varying from being subclinical
to causing recurrent infections. These effects can cause cytokine
dysregulation, cytopenias, various degrees of hypogammaglobu-
linemia (particularly of IgA), or suppression of T-cell function.
Resolution may take weeks to a few years after discontinuation of
the drug therapy. Close monitoring of patients taking AEDs is
essential for early recognition and intervention.
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