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Abstract Anticonvulsant hypersensitivity syndrome (AHS) is a rare and potentially fatal reaction that develops in

susceptible patients following exposure to certain drugs, including aromatic anticonvulsants. Because of its ill-

defined clinical picture and resemblance to other diseases, the diagnosis of AHS is often difficult and requires a

safe and reliable diagnostic test. Other than systemic rechallenge, which is not always ethically permissible and

has its own limitations, no reliable diagnostic test is available for this type of disorder. This systematic review

attempts to evaluate the usefulness of the available in vitro tests in the diagnosis of AHS – namely, the

lymphocyte transformation test (LTT) and the lymphocyte toxicity assay (LTA) – and to examine the different
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technical aspects of these tests that may contribute to their performance.We included studies in which aromatic

anticonvulsant drugs were the likely causes of the hypersensitivity reaction and either the LTT or the LTA was

used to aid the diagnosis of AHS. Analysis of original publications from 1950 to the last week of March 2009

and cited in PubMed,MEDLINEandEMBASEhas revealed that there are numerous factors affecting the final

result of the test, including the following: the timing of the test after exposure; the clinical manifestation of the

reactions; the specific drug; and the test procedure and read-out system. In vitro diagnostic tests have the

advantage over in vivo tests of being safe to use; however, in vitro tests for the diagnosis of AHS are not well

standardized and their sensitivity and specificity are not yet determined. From the reviewed literature, the

sensitivity of the LTT and the LTA seem to be around 70% and 90%, respectively, and the positive and negative

predictive values of the tests in highly imputable cases are quite high. However, the lack of a gold-standard

diagnostic test to prove drug culpability, along with the paucity of large-scale studies, precludes accurate

determination of the epidemiological characteristics of these tests. It appears thatwithout further understanding

of the mechanisms underlying the pathophysiology of AHS, and how specific drugs and metabolites differ-

entially affect these mechanisms, the development of more reliable tools for AHS diagnosis will be compro-

mised. Consequently, in the absence of further research, the predictability of these tests will remain questionable

and they are unlikely to be utilized on a large scale.

1. Background

Anticonvulsant hypersensitivity syndrome (AHS), also

known as drug hypersensitivity syndrome or drug rash with

eosinophilia and systemic symptoms (DRESS), is a type B

(‘bizarre’) adverse drug reaction (ADR) that develops in

susceptible patients following exposure to certain drugs, in-

cluding aromatic anticonvulsants (figure 1).[1,2] Although

lacking a defined clinical picture, AHS is typically associated

with the development of skin rash, fever, and internal organ

dysfunction that may include blood discrasias, hepatitis,

nephritis, myocarditis, thyroditis, and interstitial pneumonitis

and encephalitis.[3] The pathophysiological mechanisms un-

derlyingAHS are not well understood; however, it is believed to

be immunemediated in general and involve generation of electro-

philic reactive metabolites that react covalently with macro-

molecules to form immunogenic adducts able to activate the

immune system.[4,5] The accurate incidence of AHS is unknown

due to underreporting, but it has been estimated to range from 1

in 1000 to 1 in 10 000 in patients newly exposed to aromatic

anticonvulsants.[6] While the disorder is rare, it is potentially

fatal and represents a clinical dilemma to treating doctors.

Diagnosis of AHS is challenging, as a reliable and safe diag-

nostic test is not available to confirm causality or identify the

culprit drug. A number of in vivo and in vitro tests have been

devised and used to aid the diagnosis of AHS.[7,8] These in-

clude skin tests (patch test, prick test, intradermal test), the

lymphocyte transformation test (LTT) and the lymphocyte

toxicity assay (LTA).[9] The use of patch tests in the diagnosis of

AHS has been reviewed recently.[10] This systematic review is an

attempt to evaluate the utility of in vitro tests used for the

purpose of diagnosis of the T-cell-mediated type IV delayed

AHS reactions. Other tests used for other types of allergic

reactions (e.g. IgE measurement, radioallergosorbent test, ba-

sophil activation test) are not reviewed here.

In vitro diagnostic tests have the advantage over in vivo tests

(patch test and rechallenge) of bearing no potential harm to

patients. A number of in vitro diagnostic tests have been used to

aid the diagnosis of delayed-type drug hypersensitivity reac-

tions;[7,8,11-13] however, their true value is yet to be defined.

Among these tests are those that utilize peripheral blood

mononuclear cells (PBMCs) as target cells, including the LTT

and the LTA. Unfortunately, these techniques require ex-

pensive equipment and sophisticated laboratories as well as

specialized experience with biochemical and molecular meth-

ods, so only a few centers are sufficiently equipped to perform

them.Hence, these methods, although successfully employed as

research tools, have not been successfully translated into diag-

nostic tests.[14,15] The specific aims of the current systematic

review are 4-fold: (i) to evaluate the use of LTT and LTA in the

diagnosis of AHS; (ii) to describe the advantages and limita-

tions of these tests; (iii) to discuss different technical aspects of

both tests with the scope of possible improvement; and (iv) to

identify potential future work to increase the diagnostic value

of these tests. The overall objective of this review is to identify

gaps that must be closed to allow these tests to become vali-

dated, mainstream diagnostic tools.

Leukocytes are present in peripheral blood at densities of

5–7 · 103 cells/mm3; 20–50% of these cells are lymphocytes,

whereas 2–10% are monocytes. Lymphocytes are favored as a
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model for investigation of immune-mediated diseases because

of their unique characteristics, which include that (i) they are

easily obtained at adequate density; (ii) they play a key role in

the immune system by orchestrating different elements of the

immune response, and thus represent the state of the immune

system in the specific patient; (iii) they are metabolically active

and express most of the enzymes required for drug detoxica-

tion; and (iv) individual genetically based defects in the

expression or activity of these detoxication enzymes are pheno-

typically expressed in lymphocytes.[1]

1.1 Isolation of Peripheral Blood Mononuclear Cells

Several methods have been used to isolate lymphocytes from

heparinized whole blood, including the gelatine method, pas-

sage through glass wool or beads, and magnetic separation

after cellular ingestion of carbonyl iron.[16] However, the most

successful and currently most used method is that developed by

Böyum.[17] This method involves centrifugation of diluted

blood samples through a gradient of Ficoll�, a synthetic high-

molecular-weight polymer of sucrose that is highly branched

and has low intrinsic viscosity. This method permits recovery of

60%– 20% of lymphocytes from original blood samples, with

cell viability >90%. This technique allowed the use of isolated

PMBCs in tests such as the LTT and LTA.

1.2 The Lymphocyte Transformation Test (LTT)

The in vitro lymphocyte transformation phenomenon was

first described during the late 1950s. In short, human peripheral

blood leukocytes (PBLs) differentiate in short-term primary

cultures, forming plasts. This effect was later attributed to the

presence of a constituent (phytohemagglutinin [PHA]) of a

plant extract from red kidney beans (Phaseolus vulgaris) that is

used to isolate blood peripheral leukocytes.[18] PHA causes

erythrocytes to aggregate and sediment, allowing leukocytes to

separate from whole blood preparations.[19,20] In a later report,

Nowell[21] demonstrated that PHA also initiates mitotic activity

(transformation) in cultured human leukocytes. To show that

lymphocyte behavior in vitro has an immunological basis,

Pearmain et al.[22] exposed PBLs isolated from both tuberculin-

sensitive and -nonsensitive patients to tuberculin in vitro. Only

PBLs from tuberculin-sensitive patients showed mitotic

activity, whereas cells from patients not previously exposed to

the antigen showed no mitosis.
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Fig. 1. Chemical structures of aromatic anticonvulsant drugs.
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One of the first reports of using the LTT for diagnosis of

drug allergy was by Holland and Mauer,[23] who evaluated

the effect of phenytoin on cultured lymphocytes isolated from

patients sensitive to the drug and non-sensitive (control) sub-

jects. In these experiments, PHA used as a positive control

showed non-specific stimulation of all cells sampled, whereas

phenytoin stimulated only the cells from phenytoin-sensitive

patients.[23] When tested with peripheral lymphocytes iso-

lated from a sulfadiazine-sensitive patient and incubated

with the culprit drug in vitro, this effect was found to be con-

centration-dependent.[24] In 1966, Vischer[25] replaced the

lengthy visual counting of mitotic figures from fixed slides

with a faster and less subjective method by measuring radio-

labeled thymidine incorporation into cellular DNA as a

reflection of the rate of cell division. During the late 1960s

and early 1970s, a great deal of work was done by Schellekens

and colleagues[26-30] to optimize the in vitro lymphocyte trans-

formation technique.

The terms ‘lymphocyte transformation test’ (LTT), ‘lympho-

cyte stimulation test’ (LST), and ‘lymphocyte proliferation

test’ (LPT) are interchangeably used to describe this technique.

The procedure includes incubation of PBMCs isolated from

drug-hypersensitive patients with the incriminated agent at

non-toxic concentrations and observation of any increase in the

rate of cell proliferation measured by [3H]thymidine in-

corporation (figure 2). The increase in cell proliferation is ex-

pressed as a ratio between proliferation of cells incubated with

and without the drug (vehicle alone; control). This ratio is

defined as the stimulation index (SI) and it is calculated as

follows (equation 1):

SI ¼ ½3H�thymidine uptake in the presence of the drug

½3H�thymidine uptake in the absence of the drug

where [3H]thymidine uptake is expressed in counts per minute.

Cell cultures from drug-exposed and unexposed non-sensitive

individuals are also used to confirm the specificity of a potential

drug effect. The final result of the test depends on several factors

such as the value of background cell proliferation and the type of

the drug; however, an SI of >3 is always considered indicative of a
positive reaction.[31] Other endpoints for measurement of T-cell

activation, such as elevation of released cytokines (using an en-

zyme-linked immunosorbent assay [ELISA]), have been proposed

and could be a more sensitive method for detection of T-cell ac-

tivation than measurement of the rate of cell proliferation.[31,32] A

recent technique based on staining of intracellular proteins with

carboxyfluorescein succinimidyl ester (CFSE) has been used suc-

cessfully to measure T-cell proliferation in vitro.[33,34] This fluor-

escent dye is used to non-specifically label intracellular proteins. In

cell proliferation, the intensity of the fluorescent signal is progres-

sively decreased as the stained proteins are divided duringmitosis.

An increase in the number of low-fluorescence cells indicates cell

proliferation that can be measured by flow cytometry.[35,36]

The LTT has been used by some investigators for diagnosis

of potential drug allergy cases for more than 20 years.[37]

However, its value in diagnosis and prediction of AHS remains

controversial.
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1.3 The Lymphocyte Toxicity Assay (LTA)

Introduced by Spielberg and colleagues[1,38-41] in the 1980s, the

LTA is an in vitro test that utilizes isolated PBMCs to investigate

themechanistic pathogenesis of idiosyncratic drug reactions. The

test is based on the hypothesis that drug hypersensitivity develops

as a result of imbalance between generation of toxic reactive

metabolites (metabolic activation or toxication) and detoxication

capacity that leads to accumulation of toxic metabolites (the

‘reactive metabolite’ hypothesis).[4,42-44] In this test, lymphocytes

are used not as immunogenic cells but rather as easy-to-obtain

surrogate target cells.[41] The procedure for the test entails in-

cubation of PBMCs isolated from the patient with the culprit

drug in the presence of phenobarbital-induced mouse, rat, or

rabbit liver microsomal 9000· g supernatant fraction (S9), as a

source of cytochrome P450 (CYP) mono-oxygenase activity.

CYP activity in the rodent (or sometimes human) liver pre-

paration is hypothesized to oxidize drug to its active (cytotoxic)

metabolite(s). Lymphocytes contain enzymes that are required

for drug detoxication, including epoxide hydrolases and gluta-

thione S-transferases, and any genetic defect in the function of

these enzymes is phenotypically expressed in these cells. The per-

centage of cell death is then determined using different methods

for assessing cell death (e.g. trypan blue exclusion or with a tetra-

zolium dye; for example, by the MTT [3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide] method [figure 3]). Cell

death is assumed to reflect the vulnerability of the cells to the toxic

effects of the drug, which is hypothesized to indicate the sus-

ceptibility of the patient to develop hypersensitivity reactions to

the parent drug and its reactive metabolite(s), presumably via

differences in detoxication capacity and immune processing.

Aromatic anticonvulsants are excellent examples of meta-

bolically activated cytotoxicants, metabolized primarily by

hepatic CYP isozymes into reactive electrophilic arene oxide

metabolites.[5] These unstable and highly reactive inter-

mediatemetabolites are readily detoxified by epoxide hydrolase

and/or glutathione S-transferase enzymes, usually to non-

electrophilic products (dihydrodiols and S-glutathione con-

jugates, respectively).[45,46]

Although the same cell model (isolated PBMCs) is used in

both types of assay, LTT and LTA are completely different

approaches to the diagnosis of AHS. Whereas the former

detects the in vivo immunological generation of drug-specific

T lymphocytes used as a sign of hypersensitivity, the latter

detects genetic defects that lead to accumulation of toxic meta-

bolites, which are assumed to be a major factor in the etiology

of drug hypersensitivity in addition to possible differences in

cell death. Because the two tests use the same cell model and

have similar nomenclature, it is not uncommon for individuals

to confuse the LTT for the LTA or vice versa,[47] or to use dif-

ferent nomenclature to describe these tests.[2,48,49]

2. Research Methodology

In order to evaluate the clinical usefulness of these tests in

diagnosis of AHS, we performed a systematic literature search
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using three major biomedical citation databases, PubMed,

EMBASE and MEDLINE without any restriction on date

from their commencement to the fourth week of May 2009.

2.1 Search Strategies

Search strategy I: the search was carried out using the key

words ‘anticonvulsant’ and ‘antiepileptic’ in their singular, plural,

and truncated forms. These terms were also mapped to their

medical subject headings (MeSH) terms. We also searched for

individual aromatic anticonvulsant drugs including ‘carbamaze-

pine’, ‘phenytoin’, ‘phenobarbital’, ‘oxcarbazepine’, ‘primidone’,

‘lamotrigine’, ‘felbamate’, and ‘zonisamide’, both as key words

and asMeSH terms when available, and the option ‘explode’ was

used. The obtained results were combined using ‘or’.

Search strategy II: In parallel, we used as key words

‘lymphocyte toxicity assay’, ‘LTA’, ‘lymphocyte toxicity test’,

‘in vitro lymphocyte toxicity assay’, ‘in vitro lymphocyte toxicity

test’, ‘lymphocyte transformation test’, ‘lymphocyte stimula-

tion test’, ‘lymphocyte proliferation test’, ‘LTT’, ‘LST’, ‘LPT’,

‘drug-induced lymphocyte stimulation test’, and ‘DLST’. These

terms were also mapped to their MeSH terms when available,

and the option ‘explode’ was used.

We then combined the results of both searches (search

strategies I and II) using ‘and’.

Retrieved publications were manually reviewed and the

following selection criteria were applied: (i) original article

written in English; (ii) study performed in human subjects;

(iii) LTA or LTT used to diagnose AHS due to one or more

aromatic anticonvulsant drug(s); and (iv) sufficient technical

data for scientific evaluation.

Thirty-one articles from PubMed, 22 articles from MED-

LINE, and 28 from EMBASE were found that met our selec-

tion criteria. The search results from the three databases were

then combined and duplicates were removed. The final number

of included articles from the three databases was 48. Thirty-six

articles used the LTT and 12 used the LTA for the diagnosis of

AHS (figure 4). Although single case reports were included in

the review, none of these reports were used to calculate any of

the tests’ epidemiological characteristics.

3. Results
3.1 The LTT in the Diagnosis of Anticonvulsant

Hypersensitivity Syndrome (AHS)

The use of the LTT in diagnosis of hypersensitivity to anti-

convulsant drugs dates back to the early 1960s, but its use was

almost always confined to experienced technicians in well

equipped research centers, primarily for the purpose of in-

Apply selection criteria:
1) Original article written in English
2) Study performed in human subjects
3) LTA or LTT used to diagnose AHS due to one or more aromatic anticonvulsant drug(s)
4) Sufficient technical data for scientific evaluation

Database:
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31 articles 22 articles
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Fig. 4. Flow chart of literature search and retrieval process. 1 The search strategies ‘Anticonvulsants’ and ‘LTA and LTT’ include all relevant medical subject

headings and key words as described in section 2.1. AHS= anticonvulsant hypersensitivity syndrome; LTA= lymphocyte toxicity assay; LTT= lymphocyte

transformation test.
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vestigating the mechanism of T-cell-mediated reactions rather

than diagnosis of drug allergy.[14,15,50-53] In addition, because

of its low laboratory-to-laboratory reproducibility[31,54] and

difficulty in evaluating results,[31] this test cannot be described

as user friendly and requires a great deal of experience for in-

terpretation of results. For this reason, the test has not been

translated into widespread clinical use. In fact, only a few re-

search groups worldwide use this technique routinely.[31]

Table I summarizes data from original publications where the

LTT has been used to investigate hypersensitivity reactions to

anticonvulsants. Troost et al.[69] directly addressed the issue of

LTT usefulness in AHS diagnosis They collected data from

65 patients who displayed a wide range of adverse effects of

carbamazepine. They compared the performance of the patch test

with the LTT and found that the LTT had a better positive

predictive value than the patch test (40% and 20%, respectively).

However, the inclusion criteria for the AHS cases were not well

described and medical history was the only evidence that in-

criminated the drug. Furthermore, the low positive predictive

value of the patch test for carbamazepine (20%) in this studymay

indicate that some of the cases thatwere includedwere not typical

carbamazepine-induced hypersensitivity reactions. This is sup-

ported by the fact that only 23% of the included patients dis-

played systemic manifestations and that 92% of them had only

some form of mild skin reaction as an adverse event.

In an attempt to determine the sensitivity and specificity of

the LTT in the diagnosis of allergy to different drugs,[37] the files

of 923 patients with possible hypersensitivity reactions to drugs

were studied. These patients were classified based on their

medical history, follow-up, and provocation tests into four

groups where drug allergies were ‘definite,’ ‘probable,’ ‘less

probable,’ or ‘negative’. One hundred cases were considered to

have a very high probability of drug allergy, of which 78 had a

positive LTT. Only 3 of these 100 cases were attributed to an-

ticonvulsants (2 to carbamazepine and 1 to phenytoin). The

two carbamazepine cases exhibited positive LTTs whereas for

the phenytoin case, the LTT was negative. Although the

chemistry of the drug in question appears to play amajor role in

determining the usefulness of the LTT, the overall specificity

and sensitivity of this test in this study were found to be in

the range of 85% and 76%, respectively. It is not knownwhether

or not these numbers can be applied to anticonvulsant drugs.

However, because many different factors are involved in de-

termining the final result of the LTT as discussed below, one

cannot generalize these figures to include all types of drugs

taken under various conditions.

Numerous factors have been found to affect the predictive

value of the LTT in the diagnosis of drug hypersensitivity re-

actions. These factors include the timing of the test in relation to

the beginning of the reaction, the type of clinical manifestations

caused by the drug, the nature of the suspected drug, and the

test procedure itself.

3.1.1 Timing of the Test

Performing the LTT during an ADR may result in a high

incidence of false-negative test results due to the high rate of

spontaneous T-cell proliferation that does not respond to any

additional in vitro stimulation (refractory period).[50,69,70]

Houwerzijl et al.[79] demonstrated the relationship between the

timing of the test and its outcome. Sequentially testing a

number of patients with hypersensitivity reactions to carba-

mazepine, they showed that this refractory period may extend

up to 11 weeks from the time of the adverse reaction. This effect

may be due to impaired T-cell function, as the predominant T-

cell mitogen, PHA, could not stimulate T cells during this

period.[79] In contrast, Zakrzewska and Ivanyi[77] obtained

positive results when performing LTT on six of nine patients

within 2 weeks of the beginning of the adverse reaction. These

authors attributed their results to the mild form of the adverse

reactions (skin rash only) in their patients. In such cases, a

shorter refractory period or no refractory period is expected

because of the moderate degree of activation of T cells.

Although drug-specific T cells have been isolated from pa-

tients decades after the time of the reaction,[15] a positive LTT is

not guaranteed if the test is performed later than 3–4 years after

the reaction.[31] After remission from severe hypersensitivity

drug reactions, the frequencies of circulating drug-specific

T cells was estimated at between 1 : 250 and 1 : 5000 (from

1 : 2000 to 1 : 10 000 for anticonvulsant drugs), and this rate

does not appear to be affected by time. These frequencies were

higher than the frequencies of T cells that recognize a full

antigen such as tetanus toxoid.[15] It is well documented that

circulating drug-specific T cells may last for years or even

decades after the insult,[15,31,82] but the length of this periodmay

vary considerably for reasons not yet understood.

In a recent study designed to investigate the effects of timing

and the type of drug involved in adverse reactions on the utility

of the LTT for diagnosis of drug hypersensitivity, Kano et al.[56]

followed 12 patients experiencing different types of drug-

induced hypersensitivity reactions (i.e. macula-papular eruption,

Stevens-Johnson syndrome [SJS] and AHS or DRESS). Six

patients developed AHS as a result of taking aromatic ring-

containing anticonvulsants (phenytoin, carbamazepine, and

phenobarbital). Only one of six patients showed a positive LTT

when the tests were performed within 1 week of the onset of the

reaction. However, all six patients gave positive LTT results
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when tested at a later time (ranging from 5 weeks to 1 year).

Interestingly, patients with macula-papular eruption and SJS

showed an opposite pattern where the SI levels decreased with

time. In another study of one case of carbamazepine-induced

hypersensitivity that involved pulmonary symptoms, fever, gen-

eralized maculopapular erythmatous skin eruptions, and eosi-

nophilia, the LTT performed during the course of the reaction

was positive (SI= 2.2). However, when the test was repeated

3 months after recovery, a negative result was obtained.[80]

In contrast, Wu et al.[14] did not find any association be-

tween the timing of the test and the strength of the response in a

cohort of cases of hypersensitivity to carbamazepine. Specifi-

cally, testing a patient <1 month after the reaction resulted

in a strongly positive LTT (SI up to 69.4). In the study, similar

results were obtained when testing patients at 84 and

180 months after the event, similar to the results of Beeler

et al.[15] at 4 and 19 months after the reaction. Houwerzijl

et al.[79] showed that maximum SI values are obtained if the test

is performed 10–20 weeks after the beginning of the reaction,

after which the SI values start to decline over time.

It appears that during the course of the adverse reac-

tion, drug-specific T lymphocytes go through three different

stages:

1. A highly reactive stage (very strong response) that shows

spontaneous proliferation during which the cells do not

respond to any additional in vitro stimulation.[31,56] This stage

appears to last for the first 1–4 weeks after the adverse event,

depending on the strength of the initial reaction.[79] Stronger

reactions usually result in longer ‘refractory periods’ than

weaker ones.

2. An apparently long stage where drug-specific T cells can be

detected in peripheral blood and are responsive to an in vitro

stimulation (strong response). This stage starts at the remission

of the reaction and may last for years and sometimes for

decades.[31]

3. A final stage, where no drug-specific T cells can be detected

in peripheral blood (weak response). This does not mean that

the patient is desensitized to the drug or is able to tolerate it.

In fact, a severe reaction may develop again once the patient is

exposed to the culprit agent.[15,31]

The so-called ‘refractory period’ has been attributed to two

mechanisms: (i) the circulating peripheral T lymphocytes are

at their maximum activation and do not respond to any further

stimulation in the presence of the drug; and (ii) drug-specific

T lymphocytes are selectively recruited to the affected target

organs, leading to a deficiency of these cells in peripheral

blood.[58,69,79] It has also been observed that PBMCs isolated

from patients during the hypersensitivity episode are char-

acterized by a high proliferation rate, presumably related

to their recent exposure to the culprit drug (in vivo). These

activated T cells cannot be further stimulated by exposure to

the drug or PHA in vitro.

3.1.2 Clinical Manifestation of the Reactions

Hypersensitivity reactions to drugs can manifest in a wide

range of distinct clinical symptoms, including morbilliforme or

bullous exanthema, urticaria, involvement of other internal

organs, fever, blood cell dyscrasia, hepatitis, nephritis, and

interstitial lung disease.[61,83] Severe forms of AHS include

erythema multiforme, SJS and toxic epidermal necrolysis

(TEN).[84] Some of these reactions cannot be listed under any

known classification of immune-mediated diseases. T-cell-

mediated drug allergy can take different forms and utilize a

variety of mechanisms, including activation of different clones

of T cells and secretion of different types of mediators.[85] In

some cases, such as in patients with drug-induced SJS, the

proliferative response of the drug-specific T cells was found to

be low despite the high level of secreted cytokines.[15] This can

affect the ability of T-cell proliferation tests such as the LTT to

detect low levels of circulating drug-specific T cells; however, in

this particular context, measuring cytokine secretion as a read-

out system for T-cell activation can be more sensitive than the

conventional LTT.[32]

A study by Neukomm et al.[61] did not find any correla-

tion between the strength of the LTT result (SI) and the type

of ADR, but showed positive LTT results for a wide variety

of reactions including IgE-mediated reactions. It is quite

unexpected that an in vitro test such as the LTT can give

positive results in all cases where drug-induced reactions

are attributed to different agents and mediated by distinct

immunological mechanisms. For instance, haptens and

pro-haptens such as b-lactam antibacterials require process-

ing before they are able to activate T cells, whereas other drugs

such as carbamazepine, lamotrigine, sulfamethoxazole, and

their metabolites are thought to directly activate T cells through

other mechanisms.[86-89]

Nevertheless, in most of the clinical syndromes associated

with aromatic anticonvulsant use (e.g. generalized macula-

papular exanthema, bullous reactions, multi-organ DRESS

syndrome, etc.) the LTT is frequently positive.[31] Asmentioned

earlier, severe bullous reactions such as TEN rarely yield a

positive LTT, and the reason behind this is unknown. Romano

et al.[58] tested eight patients with a history of hypersensitivity

reactions to carbamazepine (six patients with macula-papular

exanthema, one with bullous exanthema, and one with SJS). All

six cases with macula-papular exanthema yielded negative LTT
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results despite a positive patch test in four of them. The LTT

was positive in the other two cases (bullous exanthema and

SJS). The six macula-papular exanthema patients were tested

within 2 years of the adverse reaction, whereas the bullous

exanthema and SJS cases were tested 6 and 12 years later,

respectively.[58]

The LTT detects circulating peripheral drug-specific

T lymphocytes. Such aromatic anticonvulsant reactive T cells

have been cloned and characterized in multiple previous

studies.[14,15,51,53,57,90] If, for whatever reason, the pathophy-

siology of the disease does not involve a high frequency of

circulating drug-specific T cells, the LTT will not confirm the

diagnosis. The mediocre sensitivity of the LTT in the diagnosis

of AHS (around 70%) has provoked uncertainty about the

real pathophysiology of this disorder and whether it actually

exists. There is increasing evidence of the heterogeneity of

AHS reactions and that they might be mediated by distinct yet

unidentified pathophysiology mechanisms.[43,44,91,92]

The mechanism or mechanisms by which isolated peripheral

lymphocytes recognize the suspected drug are not well under-

stood, as antigen processing does not seem to be required for

T-cell activation in vitro. This can be partially explained by a

relatively recently introduced paradigm, the ‘p-i’ concept. This

term stands for ‘direct pharmacological interaction of drugs

with immune receptors’ and assumes that a chemically inert

drug can non-covalently interact with receptors on the immune

cells and activate them without being a full antigen.[87] This

interaction, which involves only T cells, may explain why drugs

such as carbamazepine elicit only T-cell-mediated adverse

effects, while haptens (b-lactam antibacterials) are able to cause

all sorts of idiosyncratic reactions, including anaphylaxis.

In fact, some investigators have found the LTT to be useless in

the diagnosis of reactions such as pneumonia caused by mino-

cycline, bucillamine, amoxicillin, and clindamycine[93-95] or

hepatitis due to herbal medicines.[94] This is probably because

these reactions were mediated by other mechanism(s). How-

ever, in cases with multiple organ involvement, including

liver dysfunction, the LTT is more likely to yield positive

results.[66] This suggests that several different immunological

mechanisms underlie the apparent clinical manifestations.

3.1.3 The Specific Drug

The LTT has given positive results with most aromatic anti-

convulsant drugs, including phenytoin, carbamazepine, ox-

carbazepine, phenobarbital, lamotrigine, and zonisamide, with

sensitivity ranging between 25% and 100%.[14,53,57,62,69,96]

However, issues related to the chemistry and pharmacology of

the tested drug may limit the outcome of the LTT. One such

problem may be the solubility of the tested drug in the in-

cubation medium. The majority of the lipophilic aromatic

anticonvulsants are not water soluble and require solubilization

in an organic solvent (e.g. dimethyl sulfoxide, ethanol, or pro-

pylene glycol). It is important to ensure that the final con-

centration of the solvent in the medium is not cytotoxic.

In addition, some researchers have found that it is necessary to

sonicate the drug solution to enhance its solubility.[56]

In addition, some drugsmay cause non-specific activation or

deactivation of PBMCs, resulting in false positive or false ne-

gative LTT results. Higher concentrations of carbamazepine or

phenytoin cause cytotoxicity and kill PBMCs, an effect that

may mask any expansion of lymphocytes, resulting in low SI

levels (false negative). Therefore, it is essential to examine the

effects of the used drug concentration on cells stimulated by

the non-specific mitogen PHA.[31]

The effect of coadminstrated systemic corticosteroids on test

results is controversial. Although some researchers state that

systemic administration of more that 0.2mg/kg of prednisolone
may interferewith theLTT,[31] others have foundno such effect.[56]

3.1.4 Test Procedure and Read-Out System

The most evident pitfalls of this in vitro diagnostic test are its

complicated procedure and lack of standardization.[31] At-

tempts to simplify the test procedure and improve its re-

producibility have been described for decades;[32,34,37,55,77]

however, the long-sought simple and reproducible LTT is not

yet achievable. The common challenge among aromatic anti-

convulsants is their need to be enzymatically activated to more

reactive metabolites to elicit their presumed reactions.[42,49] This

observation has led some researchers to use liver microsomes to

increase the test sensitivity.[97] Others have also used ex vivo

serum from healthy volunteers taking the drug.[74] However,

these approaches did not improve the sensitivity of the test.

Another important aspect of the LTT is the read-out

method. Traditionally, T-cell proliferation is measured by

[3H]thymidine uptake, which has proven to be very re-

producible. Othermethods to detect T-cell activation, including

measuring the synthesis and release of interleukin (IL)-5, IL-10,

interferon-g and CD69, have also been used and shown to

improve the sensitivity of the test.[55,98] Others have also used

increased secretion of soluble Fas ligand as a read-out or bio-

marker and found this protein to be significantly increased

in patients with carbamazepine-induced blistering diseases

(SJS/TEN).[13,99] Granulysin is a cytolytic and proinflam-

matory protein secreted by activated cytotoxic T lymphocytes,

natural killer (NK), and NK T cells.[100] It was shown to be a

key mediator of keratinocyte apoptosis in severe bullous
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reactions and to be present in high concentrations in blister

fluids in patients with carbamazepine- and phenytoin-induced

SJS and TEN.[101] Expression of such mediators can be of

clinical value in diagnosis or determining the prognosis of drug-

induced bullous reactions.

3.2 The LTA in the Diagnosis of AHS

The use of the LTA in diagnosing AHS dates back to the

early 1980s.[40] However, except for four major studies,[1,102-104]

the lack of large-scale application is quite obvious (table II).

Shear and Spielberg[1] studied 53 patients with a medical history

suggesting AHS due to phenytoin, carbamazepine, or phenobar-

bital, as well as 49 unexposed healthy controls and 10 phenytoin-

exposed healthy controls. Symptoms included fever, skin rash

(varying in severity fromgeneralized exanthema toTEN), eosino-

philia, atypical lymphocytosis, and internal organ involvement

(liver, kidney, thyroid, or lung). The performance of the LTA as

a diagnostic test in this cohort of patients was excellent, with

only two false positives and one false negative result in patients

with hypersensitivity reactions to phenobarbital. Naranjo

et al.[104] tested 51 patients with highly likely diagnoses of

AHS due to phenytoin, carbamazepine, or phenobarbital, and

estimated the sensitivity and specificity of the LTA to be 99%
and 75%, respectively. However, only eight drug-tolerant

patients were included in the study, rendering precise determi-

nation of the specificity of the test impossible. On the other

hand, the lack of a gold standard against which results of the

LTA can be validated has always made these numbers merely

an estimate.

In another study by Neuman et al.,[102] the LTA was used to

diagnose AHS in 86 patients, 62 of whom developed an adverse

reaction as a result of taking aromatic anticonvulsants. Al-

though the inclusion criteria for the cases were not well defined,

the sensitivity and specificity of the results of the LTA in the

diagnosis of AHS were estimated to be 98% and 89%, respec-

tively, and the positive and negative predictive values were

found to be 90% and 64%, respectively. To evaluate cross-

reactivity among old aromatic anticonvulsants (phenytoin,

carbamazepine, and phenobarbital) and zonisamide, a new

aromatic anticonvulsant, Neuman et al.[103] tested 20 aromatic

anticonvulsant-hypersensitive patients and 20 aromatic anti-

convulsant-tolerant patients, using the LTA. The tested pa-

tients had exhibited a broad spectrum of AHS manifestations,

including fever, skin rash, internal organ involvement, SJS, and

TEN). The authors estimated the sensitivity and specificity

of the LTA in this cohort of patients to be 92.9% and 99.1,

respectively.

In a technician-blinded, hospital-based controlled study,

Dwivedi et al.[105] tested 11 patients with AHS due to pheny-

toin. Five patients had SJS, four had erythrodermic eruption,

one had morbilliform eruption, and one had lichenoid erup-

tion. The authors also tested 11 healthy and phenytoin-tolerant

volunteers as controls. All 11 patients gave positive LTAs (the

percentage of cell death ranged between 7% and 26% compared

with 2.6% and 3.5% for controls). It is of note that in this study,

cells from patients with a severe form of AHS (SJS) exhibited a

higher percentage of cell death (12–26%) than those from pa-

tients with milder forms (7–13%); this was related to a greater

deficiency in expression or effectiveness of detoxifying enzymes.

The LTA is simpler and has a less complicated procedure

than the LTT, not requiring radioactive reagents. However,

the sensitivity and specificity of the LTA in determining the

culprit drug in AHS have not been extensively evaluated,

mainly due to a lack of strict inclusion criteria in the reported

cases. A systemic rechallenge could be definitive proof of

drug culpability, but this is ethically unacceptable because of

the possibility of danger to the patient.

3.2.1 Technical Considerations for the LTA

As outlined earlier, the basic principle of the LTA is to

generate the presumed cytotoxic metabolite(s) of the suspected

drug in vitro in the presence of the surrogate cell model, and to

measure lymphocyte susceptibility to metabolite-induced cell

death. This process depends largely on the test procedure

and reagents used. Table III summarizes the different steps to

be considered in optimizing the performance of the LTA.

For example, contamination of isolated PBMCswith platelets

can affect lymphocyte function and activity in vitro[109,110] and

mayalsomodify the evaluation of cell death by theMTTmethod.

Platelets have unusually high numbers of mitochondria (the

source of the succinate dehydrogenase enzyme that converts

MTT to blue formazan dye) and their presence in themedium can

compromise the signal. We performed cell counting using flow

cytometry of PBMC preparations freshly isolated using the

Ficoll� method and found the ratio of platelets to lymphocytes

after the second wash to be 100 : 140. These contaminated pla-

telets are likely co-sedimented as a result of attachment to other

cells. A number of methods have been introduced to prepare

platelet-free PBMCs,[109,111-114] although this increases the cost

and complexity of the test. On the other hand, the usage of

platelets as a surrogate model in place of PBMCs could be

advantageous, as platelets are easier to isolate and more

abundant in peripheral blood than PBMCs. Platelets have been

found to respond in the same way as PBMCs to different che-

mical insults, and platelets from drug-hypersensitive patients
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were found to be more susceptible to cell death induced by the

suspected drug than platelets from healthy volunteers who had

never been exposed to the drug (our unpublished data).

In addition, the in vitro metabolic activation system (liver

microsomes) plays an important role in the success of the test,

especially when testing drugs such as those aromatic anti-

convulsants whose toxic metabolites are still unknown. Differ-

ences among species in terms of metabolic activation of drugs

by CYP isozymes[115] and their relative levels of expression in

untreated and induced microsomal systems should be con-

sidered when performing the LTA. The incubation conditions

of the surrogate cells with the suspected drug and liver micro-

somes should be standardized. The pH value of the medium has

a tremendous effect on the viability of PBMCs. We have found

that a small variation in the washing buffer pH can result in a

~40% decrease in cell viability of isolated PBMCs (unpublished

data); therefore, the pH should be adjusted to 7.2–7.4 just prior

to performing the test. Other additives such as fetal bovine

serum are also essential to the viability of the cells and should be

standardized.

Cell death is the ultimate response of vulnerable cells ex-

posed to the offending drug as an insult. However, it is a gross

measure of the cellular and subcellular events that occur and

may vary depending on the tested drug and the incubation

conditions.[116] In this regard, cell death is unlikely to be the best

endpoint to indicate cell response to a toxic insult. Finally,

defining and obtaining the ultimate in vivo toxic metabolite(s)

of the offending drugs and their direct in vitro testing will have

a strong impact on the predictability of the results of the

LTA, as the complicated metabolic activation step(s) will be

eliminated. This has been proven to be true in testing patients

who are hypersensitive to sulfonamides, where the reactive

metabolites can be tested directly to assist in test validation.[117]

4. Discussion

AHS is a rare but potentially lethal disorder. One of themost

challenging aspects of this disease is the difficulty of establish-

ing a solid diagnosis in a timely manner.[2,8,118-121] Lack of a

diagnosis or misdiagnosis may result in increased morbidity,

increased mortality, and extended hospitalization.[122,123] Be-

tween 10% and 27% of patients with epilepsy discontinue their

first antiepileptic drug because of the development of adverse

reactions.[124] Aromatic anticonvulsant drugs such as pheny-

toin, carbamazepine, phenobarbital, and lamotrigine are linked

to a relatively high risk of development of hypersensitivity re-

actions.[125] Carbamazepine was found to be the most common

cause of severe forms of AHS (i.e. SJS and TEN).[126]

The diagnosis of AHS entails two main processes: first,

establishing the diagnosis of the hypersensitivity reaction,

usually from a series of clinically similar differential diagnoses;

and secondly, identifying the culprit drug, potentially among a

number of other concomitantly prescribed, innocent drugs.

Numerous diagnostic tests are available and have been at-

tempted for the diagnosis of drug hypersensitivity reactions;

however, their epidemiological qualities are dependent on the

type of reaction (immediate vs delayed reactions) and type of

drug, and choosing the best test for a specific drug or drug

class can be challenging.[7,8,37]

The LTT and LTA are two different approaches for AHS

diagnosis and may complement each other as a battery of

diagnostic tests that can also include in vivo tests such as the

patch test and systemic rechallenge. The LTA may predict the

susceptibility of patients to develop AHS based on a genetic

deficiency in their cellular defense systems against toxic reactive

drug metabolite(s), whereas the LTT may confirm the devel-

opment of AHS by detecting peripherally circulating drug-

specific T cells. It is evident that these tests lack standardization

and large-scale validation to determine their appropriateness in

terms of sensitivity and specificity in addition to positive and

negative predictive values.[31,37,48]

The sensitivity and specificity of the LTT in the diagnosis of

drug allergy have been estimated to range from 56% to 78% and

from 85% to 93%, respectively, although these estimates are

generally based on cases of allergy to b-lactam antibacterials and

cannot be extended to other types of drugs.[37,82] In the diagnosis

of AHS due to aromatic anticonvulsants, the LTT has frequently

shown a sensitivity of between 71% and 100%[14,51,53,55,57,61,77,79]

but this also ranges as low as 19–40%.[58,59,69,72] Estimates of

Table III. Opportunities for technical improvement of the lymphocyte toxicity

assay (LTA)

Isolation and purification of surrogate model cells (PBMCs)

Reduction of the number of contaminating platelets

Use of platelets as a surrogate model

The metabolic activation system

Species difference in liver microsomes metabolic activity (human vs animals)

Use of induced vs non-induced microsomes

Incubation conditions

Incubation time

Buffers and additives

Endpoint and measurement methods

Method of measurement of cell death

Other endpoints (e.g. expression of other cell injury markers)

PBMCs=peripheral blood mononuclear cells.
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specificity, however, seem to be quite good (close to 100%).[51,53]

Nevertheless, one must always keep in mind that these estimates

have been calculated in the absence of a diagnostic gold standard,

which may explain the considerable variability in these numbers.

AHS has a broad range of clinical manifestations[127] re-

flecting differences in the underlying pathophysiology.[91,128]

If the LTT is able to detect circulating drug-specific T cells, it is

logical to expect that other non-T-cell-mediated reactions

will not be detected using this approach. Ironically, the LTT

gave positive results with IgE-mediated type I reactions, which

also implies a role for T cells in these types of reactions.[61]

In vitro tests detecting antigen-specific IgE antibodies are

also available and might be expected to be more sensitive for

these types of reactions.[8]

Reviewing publications on the use of the LTA as a diagnostic

tool for AHS has revealed a range of sensitivity between

85% and 100% with well documented AHS cases, with sa-

tisfactory negative and positive predictive values. The LTA has

also been shown to possess good sensitivity in cases involving

AHS due to sulfonamides[117,129-131] and valproic acid.[132]

5. Conclusions

Analysis of peripheral blood lymphocytes has been a ‘pro-

mising’ diagnostic tool for AHS for several decades. It appears

that without further understanding of the mechanisms under-

lying the pathophysiology of AHS and how specific drugs

and metabolites differentially affect these mechanisms, the

development of more reliable tools for AHS diagnosis will be

compromised. Consequently, in the absence of further research,

the predictability of these tests will remain questionable and

they are unlikely to be utilized on a large scale.
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