
Key words
Drug allergy – 
in vitro tests – 

basophils – 
T-lymphocytes

Cellular in vitro diagnostics of 
adverse drug reactions
CH R IS T I A N MÖ BS,  WO L F G A N G PFÜ T Z N E R

Department of Dermatology and Allergology, Allergy Center Hessen, Philipps University Marburg, Germany

Abstract
Adverse drug reactions (ADR) show very diverse 
clinical manifestations. While the majority can be 
explained by dose-dependent side e� ects, there is a 
group of rather unpredictable ADR, either immuno-
logical or non-immunological, that represent a dia-
gnostic challenge. Skin tests are frequently negative, 
whereas challenge tests are time-consuming and 
potentially hazardous. � us, cellular in vitro tests 
can play an important role in the identi� cation of 
the causative drug. While basophil tests can be uti-
lized in the case of immunoglobulin E (IgE)- as well 

as non-IgE-mediated hypersensitivity reactions, 
 T-cellular assays assist in the diagnosis of drug-in-
duced exanthema. � e reliability of these tests can 
be a� ected by a variety of parameters, such as the 
pathomechanism underlying the drug reaction, the 
causative medication, or the time point of testing. 
Both a sound knowledge of the basic principles of 
the individual assays as well as an awareness of the 
afore-mentioned in� uencing factors represent es-
sential prerequisites for correctly indicating and in-
terpreting these assays.
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In vitro testing for adverse drug reactions
Adverse drug reactions (ADR) represent a frequent 
problem in medical routine. Up to 15 % of all in-pa-
tients and 10 % of all out-patients develop ADR [1]. 
� e majority of these reactions are caused by into-
xication which occurs as a typical pharmacological 
e� ect of a drug and is therefore easy to diagnose. 
However, approximately 25 % of all ADR present as 
unpredictable side e� ects that are either immuno-
logically (as an allergy) or non-immunologically in-
duced [2]. � ese are challenging to diagnose and the 
use of in vitro assays, in addition to classic in vivo 
skin tests (prick, intracutaneous, and patch testing), 
can be helpful here.

� e range of in vitro tests which can be utilized 
for the diagnosis of ADR includes on the one hand 
methods to determine drug-speci� c immunoglobu-
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lin-E (IgE) antibodies; however, these test systems 
are commercially available for only a few drugs and 
can only be employed for the narrow spectrum of 
IgE-mediated ADR. On the other hand, there is a 
variety of di� erent cellular in vitro tests that can be 
used for the diagnosis of drug-induced immune re-
actions, such as immediate- and late-type allergies 
according to Coombs and Gell [3] or drug intoler-
ances. � ese assays are based on the functional 
analysis of peripheral blood cells, i. e. basophil 
granu locytes (also called basophils), and T-lympho-
cytes. � e di� erent cellular test systems will be 
speci� ed in the following sections, including the 
� eld of their application.

Basophil tests
Basophils, alongside mast cells, belong to the main 
e� ector cells of the allergic immediate-type reaction. 
� ey bind allergen-speci� c IgE antibodies on the 
cell surface, which, following cross-linking by the 
relevant allergen, induce the release of granules that 
contain preformed mediators such as histamine. In 
addition, newly synthesized mediators, such as sul-
� doleukotrienes, are released. Since basophils, in 
contrast to tissue-resident mast cells, are an integral 
part of the peripheral blood, drug-induced stimula-
tion of these cells can be detected by appropriate test 
systems taking a simple blood sample. � ese tests 
include:

 —Histamine release test (HRT)
 —Cellular antigen stimulation test (CAST; also 
CAST-ELISA [ELISA: enzyme-linked immuno-
sorbent assay])
 —Basophil activation test (BAT), also known as 
Flow-CAST since antigen-speci� c basophil stim-
ulation is evaluated using � ow cytometry, in con-
trast to the CAST-ELISA (Fig. 1).

For these tests, peripheral blood cells are incubated 
with varying concentrations of the suspected drug 
together with interleukin (IL)-3. � is results in 

“priming“ of the basophils, leading to a stronger cel-
lular response in the case of a positive reaction, ir-
respective of whether this response is IgE-mediated 
or not [4]. In this way, the number of non-respond-
ers is minimized, thereby increasing the sensitivity 
of the assay while only small amounts of blood ba-
sophils are needed [5]. Both HRT and CAST detect 
mediators of basophils stimulated in an allergen-
speci� c manner, i. e. histamine (Fig. 1a) or sulfoleu-
kotrienes (leukotrienes C4, D4 and E4; Fig. 1b), 
whereas the BAT recognizes cell-bound molecules 
that are expressed in increased numbers on the sur-
face during basophil activation (Fig. 1c and 2) [5, 6]. 
� ese molecules include CD63, which is transferred 
to the cell surface during degranulation [7], and 
CD203c, which is constitutively expressed at low 
levels on basophils. Studies have shown that CAST 

and BAT can be of use not only for the diagnosis of 
IgE-mediated but also IgE-independent ADR that 
show the clinical picture of an immediate-type re-
action; these include, for example, intolerance reac-
tions to non-steroidal antirheumatic drugs (NSAR) 
[8, 9].

� e BAT assays have been used primarily to dia-
gnose IgE-mediated reactions to β-lactam anti-
biotics, pyrazolones, and muscle relaxants, as well 
as intolerance reactions to analgesics. Since sensi-
tivity is generally not higher than 50 %, a negative 
test does not necessarily circumvent a challenge test 
(provided this is possible). With a speci� city of 
mostly over 90 %, a positive test has a particularly 
high predictive value in the presence of a positive 
medical history. � e least helpful test is the HRT 
which, with the exception of muscle relaxants, has 
only low sensitivity and speci� city in the diagnosis 
of ADR [10, 11]. Studies into IgE-mediated imme-
diate-type reactions to β-lactam antibiotics and 
pyra zolones found CAST to have sensitivities of 
42 % and 52 %, respectively, and speci� cities of 80 % 
and 90 %, respectively [12, 13]. Since increased leu-
kotriene synthesis is considered an essential 
pathomechanism of intolerance reactions to anal-
gesics [14], it was assumed that CAST is  particularly 
well suited to identify patients a� ected by non-IgE 
mediated ADR via an NSAR-induced increase in 
leukotriene release. However, several studies found 
sensitivities of (sometimes even remarkably) below 
50 % [8, 15, 16]. Attempts to increase leukotriene re-

Fig. 1: Basophil testing. Basophils are stimulated with 
interleukin (IL)-3 and incubated with the suspected 
drug (right). Drug-induced cross-linking of surface-
bound IgE antibodies (allergic immediate-type reac-
tion) or direct cell activation can be detected by 
measuring the release of histamine (a) or leukotrienes 
(b), as well as the expression of activation markers (c). 
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lease in patient samples by adding complement C5a 
and as a consequence increasing sensitivity yielded 
inconsistent results [5, 17, 18]. A further problem is 
presented by the non-speci� c and already substan-
tially increased basal level of leukotriene release in 
many samples [19, 20]. Investigations using BAT 
showed similarly low sensitivities with relatively 
high speci� cities. � us, sensitivities of approxi-
mately 50 %, 42–55 %, and 36–64 % were found for 
IgE-mediated ADR to β-lactam antibiotics, pyrazo-
lones, and muscle relaxants, respectively, at speci-
� cities of over 90 % up to 100 % [5, 13, 21]. BAT also 
yields similar results compared to CAST in the dia-
gnosis of non-IgE mediated intolerance reactions to 
analgesics, although the results of these two assays 
do not always correlate [5, 21, 22]. Moreover, it is un-
clear what diagnostic value should be attributed in 
cases where tests for drugs suspected on the basis of 
medical history are negative, but on the other hand 
positive for other NSAR [23].

In summary, there is evidence that BAT and 
CAST are able to give additional information in the 
ADR to certain drugs such as β-lactam antibiotics, 
analgesics, muscle relaxants, and other distinct 
medications (Fig. 2), particularly in those cases 
where skin tests are inconclusive and challenge tests, 
such as in the case of muscle relaxants, are not fea-
sible. However, diagnostic reliability, as in skin tests, 
appears to depend on the time interval since the 
ADR. � erefore, where possible, tests should not be 

performed later than 6–12 months following ADR, 
but also not earlier than 2 weeks a� er the reaction 
in order to avoid false-positive results due to still 
strongly pre-activated basophils [21]. Additional 
studies on the value of CAST and BAT in the dia-
gnosis of ADR, including other groups of drugs that 
cannot be investigated using challenge tests, e. g., 
X-ray contrast media, would be desirable.

T-lymphocyte tests
T-lymphocytes represent the central players of the 
adaptive immune system in the initiation of anti-
gen-speci� c immune reactions [24]. A number of 
� ndings suggest that T-lymphocytes take on an im-
portant pathophysiological role particularly in the 
development of skin rashes due to ADR, including 
acute generalized exanthematous pustulosis 
(AGEP), drug rash with eosinophilia and systemic 
symptoms (DRESS), and toxic epidermal necrolysis 
(TEN). � us, abundant lesional CD4+ and CD8+ 
T-lymphocytes can be detected and drug-speci� c 
T-cell clones isolated from both a� ected skin and 
peripheral blood of these patients [25, 26, 27]. When 
T-lymphocytes are stimulated by antigen-present-
ing cells, they di� erentiate according to the antigen 
and supporting cytokine milieu into specialized 
subpopulations that persist as memory T-cells. In 
the case of recurrent antigen contact, these memory 
cells are reactivated, causing increased proliferation, 
expression of certain activation markers, and secre-

Fig. 2: . Basophil activation test (BAT): a 46-year-old patient with an anaphylactic reaction to carboplatin infusion. 
The patient reported that urticaria had appeared after starting continuous carboplatin treatment 2 years 
 previously. (Image used with the kind permission of Prof. Dr. Hans Merk, Department of Dermatology, University 
Medical Center, RWTH Aachen, Germany)
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tion of cytokines speci� c for the relevant subpopu-
lation. � ese e� ects can be measured quantitatively 
by employing various test systems and thus used in 
the identi� cation of allergen-speci� c sensitization 
to drugs (Fig. 3) [28].

Drug-induced T-cell proliferation can be detect-
ed using the lymphocyte transformation test (LTT; 
Fig. 3a). Here, T-lymphocytes or mononuclear cells 
from peripheral blood are incubated with the sus-
pected drug and the proportion of proliferating 
T-cells determined by incorporating radioactively 
labeled thymidine (3H-thymidine) [29]. � e ratio of 
cell proliferation following drug administration to 
cell proliferation in the absence of drug exposure 
denotes the drug-speci� c stimulation index (SI) for 
the drug in question. � is should reach a value of at 
least SI > 2 (in the case of β-lactams, SI > 3) before 
drug sensitization can be considered [30]. Since van-
comycin, NSAR (especially paracetamol), and X-ray 
contrast media o� en induce false-positive T-cell 
proliferation, an SI > 4 has been recommended for 
these medications in the detection of a drug- speci� c 
reaction [30]. In addition, comparative investiga-
tions using control individuals with no drug aller-
gies in whom the SI should be around 1 are advis-
able. However, such investigations can also produce 
false-negative results when, for example, a metabo-
lite rather than the drug used is responsible for 
T-cell activation [31]. Feasible yet technically com-
plex methods to identify the causative drug as the 
trigger of an ADR are based on the use of sera from 
non-allergic individuals that have previously re-
ceived and metabolized the drug, or of cultures of 
human liver microsomes to which the drug was 
added [32, 33]. Moreover, the time interval since the 
original clinical reaction occurred may be too great 
for su�  cient drug-sensitized T-cells still be found 
in peripheral blood. Ideally, a diagnostic blood sam-
ple is taken at between 2 and 6 weeks following the 
ADR [34]; however, depending on the magnitude of 
sensitization, positive results may still be detected 
years later, in some cases up to 20 years later [30]. 
Finally, there may be a generally reduced capacity 
to activate T-cells due, for example, to the use of im-
munosuppressive drugs by the tested patient, where-
as glucocorticoids up to a dose of 0.2 mg/kg BW 
should not interfere with testing. � erefore, it is ad-
visable to test a positive control antigen at the same 
time, such as tetanus toxoid, the SI of which should 
be > 5 in individuals vaccinated against tetanus.

� e sensitivity of LTT to detect drug sensitization 
is relatively variable and also depends on the type 
of allergic reaction investigated, the causative drug, 
and the point in time of testing. � us, a number of 
studies found sensitivities of 50–75 %, whereby pos-
itive test results generally were not veri� ed using 
challenge tests [29, 30, 35, 36]. While positive LTT 

results for the suspected drugs were obtained in 
more than 50 % of all analyzed patients who expe-
rienced drug-induced skin rashes (maculopapular, 
AGEP, DRESS) and anaphylaxis, the same was true 
in less than 10 % of patients investigated for TEN, 
vasculitis, or non-cutaneous manifestations of ADR 
[30]. On the other hand, its speci� city seems to be 
high (keeping in mind, that con� rmative challenge 
tests were usually not performed) at almost 100 % 
for antibiotics (especially β-lactam antibiotics and 
sulphonamides) and anticonvulsant agents (espe-
cially carbamazepine and lamotrigene) [37, 38, 39]. 
However, a negative LTT for these preparations by 
no means excludes an ADR. Moreover, the timing 
of testing following an ADR a� ects the LTT out-
come, with results showing disease-speci� c di� er-
ences. � us, compared with other ADR, detection 
of the causative drug by LTT in case of DRESS is 
substantially delayed (weeks to months) following 
the clinical reaction [40, 41].

It is important to note that the level of SI does not 
permit any conclusions to be drawn on the degree 
of severity of the allergic reaction occurring in case 
of re-exposure to the causative drug [42]. In addi-
tion, drug-LTT show marked inter- and intra-indi-
vidual variability that can be a� ected by, among 
others, the time at which blood samples are taken, 

Fig. 3: T-Lymphocyte testing. Drugs are taken up and 
presented to T-lymphocytes directly or following prior 
metabolization (mDrug). Drug-speci� c T-cell activation 
is detected either by increased T-cell proliferation (a), 
increased expression of activation markers (b), or 
 increased secretion of certain cytokines (c). 
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the ratio of monocytes to lymphocytes in the blood 
sample, the plasma composition, blood processing, 
as well as the concentration and formulation of the 
drug added [30]. � us, a patients’ SI can vary
30-fold in parallel assays with the same drug [43]. 
� erefore, performing an LTT in triplicate is recom-
mended, whereby the standard deviation should be 
below 30 %.

A further option for the detection of drug-in-
duced T-cell reactions is to measure activation 
markers on the surface of T-lymphocytes incubated 
with the drug (Fig. 3b). � ese markers include CD25, 
CD69, CD71, and HLA-DR, which are expressed on 
both CD4+ and CD8+ T-cells in drug allergic pa-
tients (on CD8+ T-cells particularly in bullous drug 
eruptions) and can be detected using � ow cytome-
try [43, 44, 45, 46]. One study found a clear correla-
tion between positive LTT results and the expres-
sion of CD69 on drug-stimulated T-cells [46]. � e 
advantage of this test method compared with LTT 
is that it is easier to perform and produces faster test 
results, i.e., a� er 2 rather than 6–7 days. However, 
depending on the surface molecule analyzed, the 
drug used, or the underlying ADR, the proportion 
of cells expressing a particular activation marker 
can vary substantially, making it advisable to mea-
sure several markers in order to detect drug-activat-
ed T-cells. Nevertheless, too few studies have been 
carried out to date to allow any conclusions on the 
reliability of this assay in the diagnosis of ADR.

A third T-lymphocytic approach is based on the 
determination of drug-speci� c T-cells by detecting 
cytokines, or other signal molecules, that are secret-
ed by lymphocytes following stimulation by the rel-
evant medication (Fig. 3c). To this end, peripheral 

blood mononuclear cells are incubated with the sus-
pected drug under T-cell-propagating culture con-
ditions on plates with nitrocellulose membranes. If 
T-cell activation occurs, the mediators released are 
bound to the antibodies (coating the nitrocellulose 
membranes) directed against them. Antibody-me-
diated detection according to ELISA then visualizes, 
by means of an enzyme staining reaction, a drug-
speci� c T-lymphocyte as a spot at every point at 
which an activated T-cell was located, similar to a 
negative image in photography (Fig. 4). Hence this 
method is referred to as an enzyme-linked immu-
nospot (ELISPOT) assay [47].

Numerous di� erent mediators have been investi-
gated in studies as potential markers for ADR, in-
cluding IL-2, -4, -5, -8, -10, -13, -17, interferon 
(IFN)-γ, tumor necrosis factor-α, perforin, and 
granzyme B [48, 49, 50, 51, 52, 53, 54]. In this regard, 
the cytokine IL-5 secreted by CD4+ T-cells repre-
sents a parameter frequently positive in a variety of 
ADR [43, 48], whilst IFN-γ is apparently primarily 
released by CD4+ T-cells in patients with drug-in-
duced maculopapular eruptions and TEN [49, 55]. 
Secretion of IL-8 is characteristic for drug-speci� c 
T-cells in AGEP [56]. Since cytotoxic immune 
mechanisms play an important role in all drug-in-
duced skin rashes (albeit in varying degree), both 
granzyme B and perforin synthesized by CD8+ cy-
totoxic T-lymphocytes and natural killer cells are 
potential parameters for diagnosing ADR. On top, 
their expression pro� le may also give a hint of the 
severity of the experienced ADR [52, 57].

Like LTT, the ELISPOT assay also demonstrates 
high speci� cities of 85–100 %. Moreover, ar a detec-
tion limit of less than 25 secreting cells per 106 of 
peripheral blood mononuclear cells, it also has high 
sensitivities [58] of between 70 % and over 90 %, de-
pending on the parameter analyzed [42, 48, 49]. � e 
ELISPOT assay is also believed to yield positive re-
sults following considerably longer time intervals 
(12 to over 20 years later) [49, 50]. However, also in 
these studies, patient history rather than positive 
challenge testing was considered as clinical readout.

In summary, a number of cellular tests for the de-
tection of T-cell mediated drug sensitization are 
available that can help in the diagnosis of ADR pre-
senting as skin rash (maculopapular, AGEP, DRESS, 
TEN). Compared with patch testing as in vivo test 
method with its sensitivity of approximately 30–40 % 
[59, 60], test systems such as LTT or ELISPOT assay 
appear to have greater sensitivity [42, 48, 49]. It is 
too early to draw � nal conclusions on the value of 
newer methods, such as the ELISPOT assay, com-
pared with the long-established LTT, although com-
parative studies point to a higher reliability with the 
ELISPOT assay [49, 58]. However, cellular assays 
have been insu�  ciently validated by oral drug chal-

Fig. 4: Enzyme-linked immunospot (ELISPOT) assay for 
the detection of drug-speci� c interferon (IFN)-γ- or 
 interleukin (IL)-5-secreting T cells following  stimulation 
with penicillin (PEN), compared with unstimulated 
controls (Ø).
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lenge to be able to adequately evaluate their speci-
� city – which is high with patch testing (81 % posi-
tive oral drug challenge tests following positive pri-
or patch testing compared with only 10 % positive 
challenge following negative skin testing). Never-
theless, since drug provocation tests are not permis-
sible in the diagnosis of severe ADR, such as AGEP, 
DRESS, or TEN, it is precisely for these ADR that in 
vitro T-cell tests represent a promising alternative 
to other diagnostic measurements [42, 62]. As with 
basophil testing, T-lymphocyte testing is advisable 
in the � rst 6–12 months following the drug reaction, 
although in some cases positive test results may be 
seen a� er even longer time intervals due to the per-
sistence of drug-speci� c memory T-cells [30, 49].

Conclusion
Cellular in vitro diagnosis comprises basophil and 
T-lymphocyte tests, which can be used for the dia-
gnosis of immediate-type allergies as well as intol-
erance reactions and drug-induced skin rashes, re-
spectively. Due to their technical complexity and 
the sometimes pronounced variations in sensitivity 
and speci� city they are currently not suitable for the 
routine diagnosis of ADR. However, in the hands of 
allergy laboratories with the relevant expertise, they 
constitute important assays in addition to the in 
vivo test methods (skin testing, challenge testing), 
particularly in the diagnosis of severe ADR. 
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