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Cutaneous adverse drug reactions are attributed usually to the 
intake of a single culprit drug, although many patients report 
the consumption of multiple medications. There are only a small 
number of reports on multiple drug allergy syndrome (also known 
as multiple drug hypersensitivity or multiple drug intolerance 
syndrome), a clinical condition characterized by an adverse reac-

tion against more than one different class of pharmacologically 
and structurally unrelated drugs (antibiotics or non-antibiotics) 
[1-12]. MDA has been associated mainly with antibiotics (multiple 
antibiotic syndrome) and the diagnosis is based mainly on the 
patient’s history. Possible mechanisms that have been suggested 
include immediate-type hypersensitivity with the presence of 
circulating histamine-releasing factors [3,9,12] and delayed-type 
hypersensitivity to the responsible drugs via distinct T cell popu-
lations [4,8,10]. The entity of MDA should be elucidated further 
and safe alternative drugs should be identified for patients with 
this syndrome [6,11].

We present a case series of patients with MDA manifested by 
CADRs. Following previous studies, which implied a diagnostic 
role for in vitro drug-induced interferon-gamma release in the 
identification of the offending drugs in patients with CADRs 
[13-21], the diagnosis of MDA in the present series was based 
on in vitro drug-induced IFNγ release to multiple drugs.

Patients and Methods
The in vitro drug-induced IFNγ release test, which we use as a 
diagnostic test in patients with CADRs [20], detected a subgroup 
of 15 patients with in vitro drug-induced IFNγ release for multiple 
drugs, suggesting MDA. In 12 of the patients information on in 
vivo tests (withdrawal and/or challenge tests) with the offending 
drugs was available, based on medical files and/or medical his-
tory. A positive withdrawal test was defined as drug withdrawal 
followed by improvement or resolution of the reaction. A positive 
challenge test was defined as a challenge with the drug followed 
by aggravation or reappearance of the reaction.

The aim of this patient series presentation is to further char-
acterize patients with MDA in terms of the type of CADR, drug 
intake and clinical drug suspicion (high, possible, low), which was 
determined based on the timing of drug exposure (latent period), 
guide tables and a literature search.

In all 12 patients an in vitro drug-induced IFNγ release test 
was performed after the acute stage of the cutaneous adverse 
reaction (mean time 124 days). The IFNγ test technique has been 
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described previously [15,20]. In brief, it involves incubation (24 
hours, 37°C, 5% CO2) of peripheral blood lymphocytes (2x106/
ml) in M-199 medium containing fetal calf serum (5%), PHA-P 
(200 µg/ml), and glutamine (2 mM), with or without the tested 
drugs (parent drug compounds), dissolved in the appropriate 
solvent. Following incubation the supernatants are 
collected by centrifugation (4ºC). The human IFNγ 
level (pg/ml) in culture supernatants is determined 
with a commercial enzyme-linked immunosorbent 
essay kit (Quantikine R&D Systems, Minneapolis, 
MN, USA). For each drug the relative percentage 
increase in IFNγ release, with and without the 
tested drug, is calculated. A threshold level is 
defined as the mean relative increase of IFNγ in 
controls + 2 standard deviations. Threshold levels 
are determined for a general pool of drugs as well 
as for specific pools of drugs (non-steroidal anti-
inflammatory drugs, paracetamol, and others). A 
positive IFNγ release test is defined as a relative 
increase of IFNγ higher than the threshold level.

The mean IFNγ release for drugs taken by 
the 12 patients was compared to the mean IFNγ 
release for drugs taken by 11 controls, individuals 
exposed to two or more drugs who did not de-
velop an adverse reaction. The agreement between 
the in vitro IFNγ release tests and the in vivo tests 
(withdrawal and/or challenge tests) performed in 
the patients was analyzed. 

Results
This case series of 12 patients with suspected 
MDA comprised six males and six females with 
a mean age of 49.2 years (range 5–84). They were 
exposed to 42 drugs, 2–5 per patient. The clinical 
and laboratory data of the patients are presented 
in Table 1. The patients manifested a variety of 
CADRs including vasculitis (3 patients), urticaria 
(2 patients), exanthematous eruption (2 patients), 
and other rashes (5 patients) such as toxic 
epidermal necrolysis, erythema multiforme-like 
eruption, fixed drug eruption, Sweet's syndrome 
and psoriasiform eruption.

The mean IFNγ release recorded for the 42 
drugs taken by the 12 patients (101.8 ± 94.8) was 
significantly higher (P < 0.0001) than the mean 
IFNγ release (26.3 ± 25.5) recorded for drugs taken 
by the 11 controls (6 males, 5 females, mean age 
55.8 years, range 10–78 years) who were exposed 
to a total of 32 drugs (2–4 per patient) without 
developing adverse drug reactions.

Based on the threshold levels cited above, the 
IFNγ release test was interpreted as positive in 32 
of 42 drugs (76.2%) taken by the patients. Positive 

NSAIDs = non-steroidal anti-inflammatory drugs

IFNγ release tests were recorded for two drugs, three drugs, and 
four drugs. Drug categories with positive IFNγ test results (in 
order of frequency) were: NSAIDs (8 patients), antibiotics (8 pa-
tients), analgesics (7 patients), cardiovascular drugs (5 patients), 
and others (4 patients). Common drug combinations with positive 

Table 1. Clinical and laboratory data in 12 patients with multiple drug allergy

Patient

Age/  

Gender CADR Drug intake

Clinical 

suspicion

IFNγ 
test

Challenge 

test

Withdrawal 

test

1 59/M Vasculitis Acetylsalicylic a.

Atenolol

Resprim®

Cefuroxime

High

High

High

High

+

+

+

+

+

+

2 60/M Vasculitis Acetylsalicylic a.

Atenolol

Rokal ®

Pravastatin

Codeine phos.

High

High

High

Low

Low

+

+

–

–

–

+

–

+

+

+

3 51/M Vasculitis Atenolol

Amlodipine

Loratadine

High

High

Low

+

+

+

+

+

+

4 31/F Urticaria Minocycline

Rafatricin®

High

Low

+

+

+

5 68/F Urticaria Amoxycillin

Augmentin®

Naproxen

High

High

High

+

+

+

+

+

+

6 53/F Exanthematous

eruption

Clindamycin

Amoxycillin

Ibuprofen

Paracetamol

Lignocaine HCl

High

Low

Low

Low

Low

+

+

+

+

–

–

+

–

–

+

7 84/M Exanthematous

eruption

Acetylsalicylic a.

Diclofenac sod.

Atenolol

Warfarin sodium

High

Possible

Low

Low

+

+

–

–

–

–

+

+

8 5/M Toxic

epidermal

necrolysis

Paracetamol

Histafed®

Ibuprofen

Dipyrone

High

High

Low

Low

+

+

+

+

–

–

9 29/F Erythema

multiforme-

like

Lignocaine HCl

Fentanyl

Bupivacaine

High

High

Low

+

+

– –

+

+

10 43/F Fixed drug

eruption

Naproxen

Paracetamol

High

High

+

+

+

+

11 70/M Psoriasiform

eruption

Atenolol

Propranolol

Acetylsalicylic a.

Felodipine

High

High

Possible

Low

–

+

+

–

–

–

–

+

12 38/F Sweet’s

syndrome

Amoxycillin

Paracetamol

Dipyrone

High

High

High

–

+

+

–

+

+

Total 42 drugs 26 High

2 Possible

14 Low

32 +

10 –

5 +

13 –

19 +

M = male, F = female, CADR= cutaneous adverse drug reaction, Rafatricin® = tyrothricin + benzocaine,  

Resprim® = trimethoprim + sulfamethoxazole, Rokal® = acetylsalicylic a + caffeine + codein phosphate,  

Histafed® = triprolidine + pseudoephedrine, Augmentin® = amoxycillin + clavulanic acid
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IFNγ tests were: NSAIDs and antibiotics (patients 1, 5 and 6), 
NSAIDs and beta blockers (patients 1, 2 and 11), and NSAIDs 
and analgesics (patients 6, 8 and 10).

The rate of positive IFNγ responses within the three groups of 
drug suspicion was 23/26 (88.5%) for drugs with a high level of 
suspicion, 2/2 (100%) for drugs with possible suspicion, and 7/14 
(50%) for drugs with low suspicion. The occurrence of positive 
IFNγ responses for the high suspicion drugs (23/26, 88.5%) was 
significantly higher (P = 0.018, two-tailed Fisher's exact test) than 
that recorded for the low suspicion drugs (7/14, 50%).

A total of 37 in vivo tests (18 challenge tests, 19 withdrawal 
tests) were conducted. Positive in vivo tests were recorded for 
20/26 (76.9%) of the high suspicion drugs, for 1/2 (50%) of the 
possible drugs, and for 3/14 (21.4%) of the low suspicion drugs. 
Positive in vivo tests for the high suspicion drugs (20/26, 76.9%) 
were significantly higher (P < 0.0023, Yates corrected) than for 
the low suspicion drugs (3/14, 21.4%). A comparison between 
the results of in vitro IFNγ release tests and the results of in vivo 
tests revealed 85.7% agreement, kappa 0.560, which implies an 
intermediate to good degree of agreement.

A comparison between the results of the 18 challenge tests 
(considered the "gold standard" in adverse drug reactions) and 
the results of the 18 IFNγ release tests revealed the following 
values: sensitivity 80%, specificity 62%, positive predictive value 
44%, negative predictive value 89%.

Discussion
The mechanisms underlying multiple drug reactivity are still 
unclear. Based on the wheal-and-flare reaction and the in vitro 
basophil histamine release assay, the involvement of immediate-
type hypersensitivity, with the presence of circulating histamine-
releasing factors, is possible [3,9,12]. Another possible mecha-
nism is delayed-type hypersensitivity driven by distinct T cell 
populations (CD4+ and CD8+ cells), showing a heterogeneous 
pattern of cytokine production [4,8,10].

Drug-specific T cells are also involved in distinct clinical mani-
festations of CADRs, and may orchestrate the inflammatory skin 
reaction through the release and induction of different cytokines 
[22]. Furthermore, the drug-induced release of the Th1 cytokine 
IFNγ from patients’ peripheral blood lymphocytes following in 
vitro challenge with drugs points to a drug-specific cellular im-
mune response (delayed-type hypersensitivity or cell-mediated 
immunity) and may facilitate the identification of the offending 
drugs in CADR [13-21].

In the present series of 12 patients with CADRs, MDA was 
diagnosed by the in vitro drug-induced release of the Th1-type 
cytokine IFNγ towards multiple drugs. Clinical relevance was at-
tributed to in vitro drug-induced IFNγ release towards multiple 
drugs based on the following data: a) the mean IFNγ release 
in the patients was significantly higher than in controls, b) the 
distribution of positive IFNγ release tests was significantly higher 
for high suspicion compared to low suspicion drugs, and c) a 
good to intermediate degree of agreement was found between 
the in vitro IFNγ release tests and the in vivo tests. The sensitiv-
ity, specificity, positive predictive value and negative predictive 

value that were obtained for the IFNγ release test may reflect its 
usefulness as a diagnostic test in MDA. However, in the present 
study the values obtained may have been influenced by the small 
number of patients. 

The results of the present study are consistent with a recent 
study of seven patients in whom multiple drug sensitivity was 
diagnosed in vitro by the lymphocyte transformation test and 
confirmed in vivo by patch tests towards the offending drugs [4]. 
Both studies imply that a T cell-mediated mechanism plays a 
role in MDA.

The relevant medical literature contains reports of a variety 
of clinical manifestations associated with this syndrome, includ-
ing acute urticaria and/or angioedema (the majority of cases), 
anaphylaxis, serum sickness-like reaction, erythema multiforme/
Stevens-Johnson syndrome, immune cytopenia [1,5,7,9], and a 
maculopapular rash [4,10]. Acute generalized exanthematous 
pustulosis, fixed drug eruption, and erythema multiforme have 
also been associated with polysensitivity to drugs [16,23,24]. 
In the present series of MDA the clinical manifestations were 
cutaneous adverse reactions including urticaria, toxic epidermal 
necrolysis, erythema multiforme-like eruption and fixed drug 
eruption, manifestations that were previously associated with 
MDA or polysensitivity. However, to the best of our knowledge, 
vasculitis, which was recorded in three of the patients, has not 
been reported as a manifestation of MDA.

Antibiotics are often involved in this syndrome. Sensitization 
or intolerance to other drugs, such as antiepileptics, local an-
esthetics and NSAIDs has also been reported in MDA [4,10,12]. 
NSAIDs have been implicated as a risk factor for multiple an-
tibiotic sensitivity [1,6]. In the present series the main culprit 
drugs, based on positive IFNγ test results, were antibiotics (8 
patients) and NSAIDs (8 patients). The simultaneous occurrence 
of positive IFNγ tests for NSAIDs and antibiotics, observed in 3 
of 12 patients, may support the role of NSAIDs as a risk factor 
for multiple antibiotic sensitivity.

In the present series, evaluation of the culprit drugs in terms 
of the type of CADR was consistent with reported associations 
in the literature, such as vasculitis associated with beta-blockers 
and NSAIDs, urticaria associated with antibiotics, exanthematous 
eruption associated with antibiotics, fixed drug eruption associ-
ated with naproxen and paracetamol, and psoriasiform eruption 
associated with propranolol and acetylsalicylic acid [25], suggest-
ing causality.

In light of the above, it appears that in the present series of 
patients with CADRs, the positive IFNγ responses recorded for 
multiple drugs imply MDA rather than false positive IFNγ test 
results. Female predominance, which has been reported to be a 
risk factor for multiple antibiotic sensitivity [1,6], was not seen in 
the present series probably due to the small sample size or the 
profile of the offending drugs.

In conclusion, the present study supports the concept that 
some individuals are likely to develop an adverse drug reaction 
to more than one drug, the so-called MDA syndrome. In vitro 
drug-induced IFNγ release may serve as a laboratory tool for the 
identification of the drugs responsible for MDA.
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Identification of the genes altered in cancer cells is critical 
for understanding how the disease arises and for designing 
more effective diagnostic tests and therapies. Parsons et al. 
(Science 2008;321:1807) and Jones et al. (p. 1801) cataloged the 
numerous genomic alterations that help turn normal cells into 
two of the deadliest human cancers: glioblastoma multiforme 
(the most common type of brain cancer) and pancreatic cancer. 
Although for each cancer type, the specific genomic alterations 
varied from tumor to tumor, the altered genes affected a limited 

number of cellular signaling pathways and regulatory processes, 
suggesting that these are the pathways that go awry and lead 
to the disease. Of particular interest in the glioblastoma study 
was the discovery of recurrent mutations in the active site of 
isocitrate dehydrogenase 1, encoded by the IDH1 gene. In this 
small study, IDH1 mutations were more prevalent in glioblas-
tomas from younger patients and in "secondary" glioblastomas, 
and they were associated with a better prognosis.

Eitan Israeli
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Cataloging the numerous genomic alterations that help turn normal cells 
into cancer cells
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