
Clin Biochem Rev Vol 34 February 2013  I  15

 
Review Article
 
Testing for Drug Hypersensitivity Syndromes 

Craig M Rive,1Jack Bourke,2 *Elizabeth J Phillips1-4

1The Institute for Immunology & Infectious Diseases, Murdoch University, Western Australia; 2Department of Clinical 
Immunology & Immunogenetics, Royal Perth Hospital, Western Australia; 3Department of Clinical Immunology & Infectious 
Diseases, Sir Charles Gairdner Hospital, Western Australia; 4Pathology & Laboratory Medicine, University of Western 
Australia, Australia 
*For correspondence: Professor Elizabeth Phillips, e.phillips@iiid.com.au

Introduction 
Adverse drug reactions (ADRs) by definition occur in 
association with a therapeutic dose of the drug. They represent 
a significant global burden and cost to the healthcare system 
and they have been cited as the fourth to sixth most common 
cause of death in some studies.1

Clinically and epidemiologically, ADRs can be classified 
into two broad types. Type A reactions, are common and 
predictable reactions that are largely dose dependent, are 
based on the drug’s pharmacological properties, and they 
are often preventable or reversible (Table 1).2 These Type A 
reactions are often influenced by factors that contribute to 
pharmacokinetic variability, for example organ dysfunction, 
underlying disease state, pregnancy, changes in drug exposure 
due to a genetic polymorphism in a drug metabolism or drug 
transporter gene or a drug-drug or food-drug interaction.

Type B ADRs are less influenced by dosage and 
pharmacological action and are primarily immunologically 
mediated. Many of these types of drug ‘hypersensitivity’ 
reactions (HSRs) have been recently associated with genetic 
variability within the major histocompatibility complex 
(MHC) (Table 1).2 These can be further categorised into four 
types based on broad immunopathogenesis as outlined by 
the Gell-Coombs classification and later refined by Pichler et 
al. (Table 2).3-5 The focus in this review on testing for drug 
hypersensitivity syndromes will be on the more common and 
clinically relevant Type B ADRs of Gell-Coombs Type I and 
IV.

Drug-induced IgE-mediated (Gell-Coombs Type I) HSR 
Type I HSRs are immediate allergic reactions that typically 
occur within one hour of exposure to the allergen, but in 

Abstract 
Adverse drug reactions are a common cause of patient morbidity and mortality. Type B drug reactions comprise only 20% of all 
drug reactions but they tend to be primarily immunologically mediated and less dependent on the drug’s pharmacological action 
and dose. Common Type B reactions seen in clinical practice are those of the immediate, IgE, Gell-Coombs Type I reactions, 
and the delayed, T-cell mediated, Type IV reactions. Management of these types of reactions, once they have occurred, requires 
careful consideration and recognition of the utility of routine diagnostic tests followed by ancillary specialised diagnostic 
testing. For Type I, IgE mediated reactions this includes prick/intradermal skin testing and oral provocation. For Type IV, T-cell 
mediated reactions this includes a variety of in vivo (patch testing) and ex vivo tests, many of which are currently mainly used 
in highly specialised research laboratories. The recent association of many serious delayed (Type IV) hypersensitivity reactions 
to specific drugs with HLA class I and II alleles has created the opportunity for HLA screening to exclude high risk populations 
from exposure to the implicated drug and hence prevent clinical reactions. For example, the 100% negative predictive value of 
HLA-B*5701 for true immunologically mediated abacavir hypersensitivity and the development of feasible, inexpensive DNA-
based molecular tests has led to incorporation of HLA-B*5701 screening in routine HIV clinical practice. The mechanism by 
which drugs specifically interact with HLA has been recently characterised and promises to lead to strategies for pre-clinical 
screening to inform drug development and design. 
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some cases may not manifest for several hours (≤ 6 hours).6,7 
Drugs and/or their metabolites are a frequent cause of Type I 
HSR and are mediated by drug-specific Immunoglobulin E 
antibodies (IgE). Accelerated reactions occurring out to 72 
hours from drug exposure can be IgE mediated, however in 
general the more delayed a drug reaction is, the more likely it 
is to be mediated by an alternative mechanism. Drug-specific 
IgE may develop following exposure to the particular drug 
and once formed, these molecules bind to high affinity Fc 
(fragment, crystallisable) receptors on the surface of mast 
cells and basophils. Re-exposure to the causative drug or 

potentially to a cross-reacting related drug, leads to binding 
of the drug to these IgE molecules. Binding of the drug to two 
or more cell-bound IgE molecules causes cross-linking of the 
receptors and activation of the cell.8

The spectrum of clinical reactions in IgE mediated drug 
allergy ranges from relatively minor skin flushing and 
pruritus, through to more severe reactions with urticaria, 
angioedema, bronchospasm and anaphylaxis.6,7 These clinical 
features are the result of mast cell or basophil degranulation 
following cellular activation. During degranulation, 
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Table 1. Features of pharmacological and hypersensitive ADRs. Adapted from Phillips.2

Properties Type A(Pharmacological ADRs) Type B (Hypersensitivity ADRs)

Predictable  Yes No

Dose dependent +++ +

Host Dependent (Genetic 
factors) 

 
+

 
+++

Immunological Basis - +++

- No known association, + low association, ++ medium association and +++ high association between the ADR (Adverse drug 
reactions) and properties listed. 

Table 2. Revised Gell and Coombs classification of hypersensitivity reactions. Adapted from Pichler.3,4

Type of reaction Immune 
reactant 

Antigen Effector Clinical symptoms

Type I 
-immediate 

IgE Soluble antigen Mast cells, basophils Pruritus 
Angioedema,  
Urticaria,  
Bronchospasm 
 

Type II- cytotoxic IgG Cell or matrix 
associated antigen

FcR positive cells 
(phagocytes, NK cells)

Thrombocytopaenia, Haemolytic 
anaemia 

Type III- immune 
complex 

IgG Soluble antigen FcR positive cells 
complement

Serum sickness

Type IV- delayed T-cell 
mediated 
IVa 
IVb 
IVc 
IVd

 
 
Antigen presented by 
cells, or direct T-cell 
stimulation 

 
 
(IVa)Macrophage 
(IVb) Eosinophils 
(IVc) T-cells 
(IVd) Neutrophils 

 

Contact dermatitis
DRESS/DIHS/HSS
SJS/TEN, DILI
AGEP

Ig: immunoglobulin, FcR: Fc receptor, NK cells: natural killer cells, SJS: Stevens-Johnson syndrome, TEN: toxic epidermal 
necrolysis, DRESS: drug reaction with eosinophilia and systemic symptoms, DIHS: drug-induced hypersensitivity syndrome, 
HSS: Hypersensitivity syndrome, AGEP: acute generalised exanthematous pustulosis, DILI: Drug induced liver injury.
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Table 2. Revised Gell and Coombs classification of hypersensitivity reactions. Adapted from Pichler.3,4

Type of reaction Immune 
reactant 

Antigen Effector Clinical symptoms

Type I 
-immediate 

IgE Soluble antigen Mast cells, basophils Pruritus 
Angioedema,  
Urticaria,  
Bronchospasm 
 

Type II- cytotoxic IgG Cell or matrix 
associated antigen

FcR positive cells 
(phagocytes, NK cells)

Thrombocytopaenia, Haemolytic 
anaemia 

Type III- immune 
complex 

IgG Soluble antigen FcR positive cells 
complement

Serum sickness

Type IV- delayed T-cell 
mediated 
IVa 
IVb 
IVc 
IVd

 
 
Antigen presented by 
cells, or direct T-cell 
stimulation 

 
 
(IVa)Macrophage 
(IVb) Eosinophils 
(IVc) T-cells 
(IVd) Neutrophils 

 

Contact dermatitis
DRESS/DIHS/HSS
SJS/TEN, DILI
AGEP

T
ab

le
 3

. R
ol

e 
of

 d
ia

gn
os

tic
/s

cr
ee

ni
ng

 te
st

s i
n 

im
m

ed
ia

te
 a

nd
 d

el
ay

ed
 d

ru
g 

hy
pe

rs
en

si
tiv

ity
 re

ac
tio

ns
.

In
 V

iv
o

   
   

   
   

   
   

   
   

E
x 

Vi
vo

Ph
en

ot
yp

e
SP

T
/I

D
T

Pa
tc

h 
 

te
st

O
ra

l C
ha

lle
ng

e 
(D

PT
)

LT
T

E
L

IS
po

t 
IC

S/
ot

he
r 

 
ex

 v
iv

o

B
AT

Ig
E

/R
A

ST
H

L
A

 S
cr

ee
n

Ig
E

 m
ed

ia
te

d
Ye

s
N

o
Ye

s
N

o
N

o
N

ot
 ro

ut
in

e 
 

(s
pe

ci
fic

 
no

t 
se

ns
iti

ve
)

Ye
s-

 
sc

re
en

 o
nl

y 
(s

pe
ci

fic
 n

ot
 

se
ns

iti
ve

)

N
o

D
el

ay
ed

 R
as

h 
(M

PE
)

Ye
s -

de
la

ye
d 

ID
T 

re
ad

in
g

Ye
s

Po
ss

ib
le

 
5-

7 
da

y 
ch

al
le

ng
e

Ye
s

Ye
s

N
o

N
o

N
o

D
R

E
SS

/D
IH

S
Ye

s -
 d

el
ay

ed
 ID

T 
re

ad
in

g
Ye

s
N

o
Ye

s
Ye

s
N

o
N

o
Po

ss
ib

le
†

A
ba

ca
vi

r 
H

SS
N

o 
-r

is
k 

se
ve

re
 re

ac
tio

n 
Ye

s
N

o
Ye

s
Ye

s
N

o
N

o
Ye

s H
LA

-B
*5

70
1

SJ
S/

T
E

N
Lo

w
 se

ns
iti

vi
ty

Lo
w

 
se

ns
iti

vi
ty

N
o

Ye
s

Ye
s

N
o

N
o

Po
ss

ib
le

†

A
G

E
P

Ye
s -

de
la

ye
d 

ID
T 

re
ad

in
g

Ye
s

N
o

Po
ss

ib
le

‡
Po

ss
ib

le
N

o
N

o
N

o

FD
E

Ye
s-

 d
el

ay
ed

 ID
T 

re
ad

in
g

Ye
s

N
o

Po
ss

ib
le

‡
Li

m
ite

d 
da

ta
N

o
N

o
N

o

D
IL

I
N

o
N

o
N

o
Po

ss
ib

le
Ye

s
N

o
N

o
Po

ss
ib

le
†

†N
ot

 ro
ut

in
el

y 
us

ed
 g

lo
ba

lly
 in

 c
lin

ic
al

 p
ra

ct
ic

e 
as

 p
os

iti
ve

 p
re

di
ct

iv
e 

va
lu

e,
 n

eg
at

iv
e 

pr
ed

ic
tiv

e 
va

lu
e 

an
d 

nu
m

be
r n

ee
de

d 
to

 te
st

 to
 p

re
ve

nt
 o

ne
 c

as
e 

va
rie

s 
am

on
gs

t 
dr

ug
s a

nd
 p

op
ul

at
io

ns
 (s

ee
 T

ab
le

 4
). 

‡ 
Li

m
ite

d 
da

ta
 o

n 
th

e 
pe

rf
or

m
an

ce
 o

f L
TT

 o
n A

G
EP

 a
nd

 F
D

E.
 H

ow
ev

er
 a

lo
ng

 w
ith

 a
 p

os
iti

ve
 d

el
ay

ed
 ID

T 
an

d 
pa

tc
h 

te
st

 re
su

lt 
as

 w
el

l a
s 

a 
go

od
 c

lin
ic

al
 d

ia
gn

os
is

, a
 

po
si

tiv
e 

LT
T 

ca
n 

he
lp

 in
 th

e 
id

en
tifi

ca
tio

n 
of

 th
e 

cu
lp

rit
 d

ru
g.

13
9 
Ye

t d
ia

gn
os

is
 s

ho
ul

d 
ta

ke
 in

to
 a

cc
ou

nt
 th

e 
po

ss
ib

ili
ty

 fa
ls

e 
po

si
tiv

e 
an

d 
ne

ga
tiv

e 
re

su
lts

, p
ar

tic
ul

ar
ly

 in
 

ca
se

s w
he

re
 m

ul
tip

ly
 d

ru
gs

 a
re

 u
nd

er
 su

sp
ic

io
n.

H
LA

: 
hu

m
an

 l
eu

ko
cy

te
 a

nt
ig

en
, 

LT
T:

 L
ym

ph
oc

yt
e 

tra
ns

fo
rm

at
io

n 
te

st
, 

EL
IS

po
t: 

en
zy

m
e-

lin
ke

d 
im

m
un

os
po

t, 
IC

S:
 i

nt
ra

ce
llu

la
r 

cy
to

ki
ne

 s
ta

in
in

g,
 B

AT
: 

B
as

op
hi

l 
A

ct
iv

at
io

n 
Te

st
in

g,
 Ig

: I
m

m
un

og
lo

bu
lin

, I
D

T:
 in

tra
de

rm
al

 te
st

in
g,

 S
PT

: s
ki

n 
pr

ic
k 

te
st

in
g,

 H
SS

: H
yp

er
se

ns
iti

vi
ty

 s
yn

dr
om

e,
 D

R
ES

S:
 D

ru
g 

re
ac

tio
n 

w
ith

 e
os

in
op

hi
lia

 
an

d 
sy

st
em

ic
 sy

m
pt

om
s, 

D
IH

S:
 D

ru
g-

in
du

ce
d 

H
yp

er
se

ns
iti

vi
ty

 sy
nd

ro
m

e,
 S

JS
/T

EN
: S

te
ve

ns
-J

oh
ns

on
 sy

nd
ro

m
e 

/ T
ox

ic
 e

pi
de

rm
al

 n
ec

ro
ly

si
s, 

A
G

EP
: a

cu
te

 g
en

er
al

is
ed

 
ex

an
th

em
at

ou
s p

us
tu

lo
si

s, 
D

IL
I: 

D
ru

g-
in

du
ce

d 
liv

er
 in

ju
ry

, F
D

E:
 F

ix
ed

 d
ru

g 
er

up
tio

n.



18  I  Clin Biochem Rev Vol 34 February 2013

Rive CM et al.

vasoactive mediators such as histamine, proteases such as 
tryptase, and cytokines such as tumour necrosis factor (TNF) 
are released from preformed granules within the cytoplasm of 
the cell. Non-IgE-mediated immediate reactions, sometimes 
called pseudoallergic or histamine-release reactions, can 
present with similar clinical features to true IgE mediated 
reactions. These are most commonly dose-dependent and 
associated with drugs that directly stimulate the degranulation 
of mast cells and basophils, such as opiates, non-steroidal 
anti-inflammatory drugs (NSAIDs), radiocontrast media and 
vancomycin (‘red-man syndrome’).9-13

 
Diagnostic Testing for Immediate (Gell Coombs Type I, 
IgE-mediated) HSRs
The diagnostic evaluation of suspected IgE mediated drug 
HSR can involve both in vitro and in vivo testing methods. In 
vivo testing usually involves some combination of skin testing 
and oral provocation with the implicated drug. In vitro tests 
detect and quantify drug-specific IgE within the serum. The 
combination of in vivo tests, such as prick and intradermal 
skin testing and oral challenge, is generally considered the 
gold standard for diagnostic testing of immediate drug 
allergy. When skin testing and oral challenge are negative, 
this provides high level evidence that the patient can be 
safely re-exposed to the drug or drug class. Patients with a 
positive immediate skin test and oral challenge reaction, in 
keeping with an IgE mediated reaction, are usually advised to 
permanently avoid the drug or drug class in question, although 
if the drug is indicated, they may undergo a process known as 
rapid oral or intravenous desensitisation to the required drug.  
Unlike desensitisation to environmental allergens and bee 
venom, drug desensitisation is a temporary process, effective 
only while the patient is taking the drug, and which must be 
repeated every time treatment is interrupted. 

In Vivo Testing
The utility of cutaneous testing and drug provocation tests 
(DPT) in the assessment of immediate hypersensitivity 
reactions has been demonstrated for numerous drugs, and 
in particular for beta-lactam antibiotics (Table 3). They can 
rapidly provide evidence of a biologic response to the drug 
in question. Due to the small risk of serious but reversible 
reactions associated with these procedures, patients should 
be evaluated by an experienced clinician prior to proceeding 
with these tests, which must be carried out in an appropriate 
clinical setting.11,12

Cutaneous Testing
Cutaneous testing usually uses a combination of both skin 
prick testing (SPT) and intradermal testing (IDT) using 
dilutions of the drug. Generally SPT is performed first, as this 
carries a very low risk of adverse reaction, and is then followed 

by IDT, which carries a slightly higher risk of serious adverse 
reactions. This process has been well validated for a number of 
different drugs including beta-lactam antibiotics. Some drugs 
can cause a non-specific irritant reaction with a wheal and 
flare response, therefore, a non-irritant testing concentration 
is required to avoid false positive results. Other drugs, such 
as opiates and vancomycin cause direct mast cell activation 
making testing infeasible, and fluoroquinolones must be 
tested at lower concentrations for this same reason. Positive 
(histamine) and negative (normal saline) controls are essential 
to ensure accurate interpretation of results. False negative 
and false positive results may also occur from incorrect 
intradermal skin testing technique. Antihistamines and other 
drugs with antihistaminic effects, such as antidepressants, can 
cause false negative results and are discontinued a minimum 
of two days prior to testing.11

The most extensive evidence-based literature for the use 
of cutaneous testing in immediate drug allergy exists for 
the penicillins. Studies investigating cutaneous testing 
for penicillin allergy have generally involved the use of 
the defined haptens, the major and minor determinants of 
penicillin, although the commercial availability of these 
preparations has been limited in the past. The combined 
use of the major determinant (benzylpenicilloyl poly-
l-lysine or PPL) and the minor determinants mixture 
(MDM, which is a combination of benzylpenicillin, sodium 
benzylpenicillinoate and benzylpenicilloic acid) has a 
reported sensitivity of 70% and specificity of 97-100%.11 
The negative predictive value of cutaneous testing in patients 
with a history suggestive of immediate hypersensitivity 
to penicillin is reported to be 97-99%.14,15 The addition of 
other reagents such as amoxicillin has become increasingly 
important given the high community use of this drug and the 
increasing identification of patients who have selective side-
chain mediated reactions to amoxicillin that can tolerate 
other penicillins and cephalosporins. Prick and intradermal 
skin testing to amoxicillin can detect additional patients that 
would otherwise be missed by the use of PPL and MDM, and 
have also identified patients with isolated positive cutaneous 
tests to amoxicillin. The utility of amoxicillin cutaneous 
testing varies between different studies, which may reflect 
differences in study populations as well as concentration of 
the solution used for testing.15

Testing has also been used for other drugs within the 
beta-lactam family, such as cephalosporins, which are 
structurally similar to penicillin in that they contain the 
four-member beta-lactam ring, but contain a six-member 
dihydrothiazine ring rather than a five-member thiazolidine 
ring. Cephalosporins also have two side chains (R1 and 
R2) compared to a single side chain (R1) in penicillins. 
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Specific IgE may be directed against these side-chains rather 
than the beta-lactam ring, therefore a negative penicillin 
cutaneous test does not exclude cephalosporin reactivity. 
Some cephalosporins share a side-chain with other beta-
lactams, e.g. cephalexin and ampicillin, and therefore may 
cross react.11,16 In patients with penicillin allergy, 5% or less 
will be cross-reactive to first generation cephalosporins 
and the risk for cross reactivity is much lower (<2%) for 
third and fourth generation cephalosporins.16,17 Up to 25% 
of patients with cephalosporin allergy may have evidence 
of sensitisation to penicillin, however in contemporary 
clinical practice this number is much lower, and side chain 
and selective reactivity to cephalosporins, such as the first 
generation cephalosporin, cephazolin, with tolerance of 
other penicillins and cephalosporins is more common.18 
The reported sensitivity of cephalosporin cutaneous testing 
ranges between 30.7% and 69.7%; however as there is 
a lot of structural diversity amongst cephalosporins, the 
sensitivity depends on the implicated drug and which drugs 
are used for testing.19

Neuromuscular blocking agents (NMBA) are the most 
common cause of perioperative anaphylaxis and more than 
50% of reactions are likely to be IgE mediated.11 Cutaneous 
testing for NMBA is a well established part of the assessment 
of suspected drug hypersensitivity reactions occurring in 
the perioperative period, and cutaneous testing for a wide 
range of NMBAs has been investigated. The sensitivity of 
cutaneous testing for NMBA is reported to be approximately 
94-97%.20 

Radiocontrast media can cause immediate hypersensitivity 
reactions as well as delayed reactions. The incidence of 
immediate reactions to ionic radiocontrast media is 1-3%, 
and for non-ionic radiocontrast media 0.5%.21 Immediate 
reactions to radiocontrast media had traditionally been 
thought to be non-IgE mediated reactions and pseudoallergic 
in nature, however the exact mechanisms are still not well 
understood and it is now acknowledged that at least some of 
these reactions are IgE-mediated. This hypothesis is supported 
by the finding that most patients with immediate radiocontrast 
media reactions had isolated positive results on cutaneous 
testing to the particular radiocontrast media responsible for 
their reaction, as well as in vitro evidence of sensitisation. 
Therefore cutaneous testing does appear to have a role in 
both diagnosis of radiocontrast media hypersensitivity and 
also in establishing potentially safe alternative radiocontrast 
media for future use.11,13 The negative predictive value of 
radiocontrast media cutaneous testing has been found to be 
high. In a study of 29 patients who had negative cutaneous 
tests and were rechallenged, the overall negative predictive 
value was 96%.21

Corticosteroids only rarely cause IgE mediated reactions, 
most commonly with injectable forms including methyl- 
prednisolone, hydrocortisone, triamcinolone and beta-
methasone.22 In at least some of these cases, the reactions 
appear to be due to the stabilising agents used in injectable 
corticosteroid preparations, such as carboxymethylcellulose, 
rather than the corticosteroid itself. Cutaneous testing for 
corticosteroids is not well validated, but has been described 
in several case series.11 

Drug Provocation Test (DPT)
Published evidence supports the utility of a controlled 
challenge with the drug suspected of causing an immediate 
hypersensitivity reaction and this approach is often considered 
to be the gold standard or the final step in confirming or 
excluding a drug allergy.23-26 Tests are considered positive 
if the same, or similar, signs and symptoms of the original 
reaction are reproduced by the challenge. The drug may 
be given as a single dose or in divided doses as a graded 
challenge, depending on the suspected drug and the severity 
of the reaction. A placebo may also be used if the symptoms 
of the reaction are very subjective or there is doubt over the 
results of the test. For practical reasons, oral administration 
of the drug is used, however some specialised clinics may 
give the drug by the same route used when the reaction 
occurred, if this is more appropriate. Since any challenge 
carries risk of recurrence of the original hypersensitivity, it 
should be conducted in an appropriately selected population 
by a specialist physician, and in an appropriate outpatient, 
preferably hospitalised, setting, where specific monitoring 
and treatment to rapidly reverse any such reactions can be 
applied.24 

A position paper by the European Network for Drug Allergy 
(ENDA) has outlined four main indications for performing a 
DPT. The first two indications involve a challenge with the 
suspected drug to either exclude drug allergy in patients whose 
history is clearly not suggestive of a drug hypersensitivity 
reaction, or to consolidate the diagnosis in patients with 
a suggestive history but no evidence of sensitisation on 
testing. The other two indications involve challenge with an 
alternative to the responsible drug in patients with proven drug 
allergy, either to provide evidence of tolerance to unrelated 
medications for reassurance, or to exclude cross-reactions 
with structurally similar drugs.25

For assessment of immediate hypersensitivity reactions to 
beta-lactams, DPT is still considered necessary after in vivo 
and in vitro tests have been performed, even if these are both 
negative. In some reported case series, up to 55% of patients 
with negative cutaneous tests and negative specific IgE 
testing, have a positive DPT, although the reported negative 

Drug-induced Hypersensitivity Testing
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predictive value of the in vivo and in vitro tests is much 
higher in other reported series. DPT itself has a high reported 
negative predictive value for beta-lactams of 94-98%.26

For other antibiotics such as sulphonamides, quinolones and 
macrolides, the use of DPT is essential as there are no reliable 
in vivo or in vitro tests available for diagnosis.24 As cutaneous 
testing for aspirin and non-steroidal anti-inflammatory drugs 
(NSAIDs) is not reliable, DPT is a useful tool for the assessment 
of possible immediate hypersensitivity reactions. DPT in this 
setting is used as a means to ascertain whether patients have 
had a generalised COX-1 pharmacological reaction across 
aspirin and NSAIDs or an IgE mediated reaction to a specific 
NSAID. In this way DPT is commonly used to evaluate the 
tolerability of other NSAIDs in patients with a strong history 
of immediate reaction to a single NSAID. Cutaneous testing 
for immediate reactions to corticosteroids has low sensitivity, 
therefore DPT is often required to confirm tolerance after 
negative cutaneous testing.25,26

In Vitro Testing
Detection of specific IgE in the serum provides evidence 
of sensitisation to a particular allergen, and in combination 
with a reliable history of an allergic reaction can support the 
diagnosis of allergy. In vitro testing methods for drug allergy 
have the advantage over in vivo testing methods of posing no 
direct risk to the patient. However, although many have been 
shown to be highly specific, they lack sensitivity compared to 
in vivo testing (Table 3).27 The lack of sensitivity has limited 
the clinical utility of these tests which in some settings have 
been used as a screening tool to select patients appropriate for 
SPT and IDT.

Specific IgE Testing
Drug-specific IgE can be detected in the serum using several 
immunoassay methods. These include radioallergosorbent 
testing (RAST), enzyme linked immunosorbent assay (ELISA) 
or fluoroenzyme immunoassay (FEIA).28 RAST has now been 
largely superseded by the ELISA and FEIA methods. In these 
tests the allergen, which may be bound to a carrier protein, 
is embedded in a solid phase polymer. The patient’s serum is 
then incubated with the allergen and if specific IgE is present 
in the serum, it will bind to allergen. This can then be detected 
using anti-human IgE molecules that have been labelled with 
an enzyme or a radioactive or fluorescent label depending on 
the method used.

Although methods of detecting specific IgE in serum generally 
have high specificity, their main limitation is a lack of 
sensitivity. When used in the appropriate clinical setting, these 
tests can be a very useful tool in diagnosing allergy to various 
foods and airborne allergens, with high reported positive 

predictive values when an appropriate cut-off is used.29 
However, in drug allergy testing, the problem with sensitivity 
is more evident, particularly for beta-lactam antibiotics.30 In 
one study comparing methods in penicillin allergy testing, 
depending on the initial clinical manifestations, the reported 
sensitivity for RAST was 42.9-62.5% and for FEIA was 12.5-
25%.27 For aminopenicillins, the reported sensitivity ranges 
from 28.6-64.3% and specificity 72.7-100%.27 Cefaclor is the 
only cephalosporin that has a commercially available serum 
specific IgE test available. Testing for other cephalosporins has 
been performed using in-house assays for research purposes 
only, but these are not commercially available.31 The reported 
sensitivity of specific IgE testing ranges from 6.7-40% with a 
specificity of 75%.27

Specific IgE can be measured for a limited number of other 
drugs, including muscle relaxants and opiates. The reported 
sensitivity and specificity using FEIA are 68% and 93% for 
rocuronium, 60% and 100% for suxamethonium, 88% and 
100% for morphine and 86% and 100% for pholcodine.30

Basophil Activation Testing
The Basophil Activation Test (BAT) is a method of 
measuring drug-induced activation of basophils. Alterations 
in the cell surface expression of basophil activation markers, 
such as CD63 or CD203c, can be measured using flow 
cytometry.32 The utility of BAT has been shown for a number 
of different IgE-mediated allergies, including airborne 
allergens (pollens, house dust mite, and animal dander), 
various foods and hymenoptera venom. BAT is not routinely 
used in clinical practice at present, but has been investigated 
as an adjunct to cutaneous testing and specific IgE testing 
in assessing drug allergy, especially where equivocal results 
have been obtained. As more than one drug can be tested for 
at one time, it is also possible to examine for potential cross 
reactivity with related drugs.33 However, despite having 
good specificity, the reported sensitivity for BAT in drug 
allergies is low. 

The use of BAT has only been studied in a limited number of 
drugs, primarily NMBA, beta-lactam antibiotics and NSAIDs. 
For NMBA, the reported sensitivity ranges from 36% to 86%, 
with reported specificity from 81% to 100%. For beta-lactam 
antibiotics, the reported sensitivity varies between 22% and 
55%, and specificity between 79% and 100%. NSAIDs have 
an even wider range of reported results, with sensitivities 
ranging from 17% to 70%, and specificities ranging from 40% 
to 100%.32

Drug-Induced Delayed (Gell-Coombs Type IV) HSRs
Type IV delayed HSRs are generally T-cell mediated and can 
manifest as mild skin reactions to more severe and potentially 
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fatal multisystem reactions. Although these reactions can 
occur anywhere from 1-2 days to 8 weeks following drug 
initiation, they are most commonly seen during the second 
week of first drug exposure. At the more severe end of the 
spectrum, delayed HSRs can lead to continuing hospitalisation, 
sometimes requiring intensive care and patients may need to 
use alternative drugs which are less effective and/or more 
expensive.

Clinical Syndromes
Delayed Rash Without Other Clinical Symptoms
Delayed rash or exanthems, without other clinical 
symptoms or systemic features, represent the majority 
of immunologically mediated drug reactions or Type B 
ADRs. They usually appear in the second week of first 
drug exposure and when rechallenged, the response can be 
rapid and more severe. Although a variety of clinical rash 
phenotypes are described, the eruption most commonly 
consists of erythematous macules or papules, sometimes 
referred to as morbilliform which appear first on the face 
and torso, often becoming generalised. These reactions can 
occur in association with any drug, however, they are most 
associated with aminopenicillins, allopurinol, anti-retroviral 
agents (abacavir, non-nucleoside reverse transcriptase 
inhibitors) and antibacterial sulphonamides.34,35 When 
continued treatment with the drug is important, and the 
rash is of mild to moderate severity and not associated with 
fever, internal organ or mucosal involvement, it is safe to 
attempt to treat with symptomatic management such as 
antihistamines and topical corticosteroids. In most cases the 
rash will attenuate and disappear within a few days despite 
continued treatment. Although some evidence suggests 
that this is mediated through immunological tolerance to 
drugs potentially through expansion of suppressive T-cell 
populations such as regulatory T cells, the specific cellular 
mechanisms leading to tolerance have not been elucidated. 
Alternatively, if treatment has already been interrupted, a 
process of desensitisation or graded reintroduction can be 
undertaken where the drug is reintroduced starting with very 
small doses increased over a period of days to weeks. In some 
instances, exanthem reactions have been associated with a 
possible drug-viral interaction, for example, the interaction 
between aminopenicillins and Epstein-Barr Virus (EBV).36 It 
has been well established that viral infections can increase the 
incidences of drug-induced exanthema reactions.36 Patients 
with infectious mononucleosis, an EBV induced disease, 
have a increased risk of developing a severe morbilliform 
reaction when given the antibiotic, ampicillin.36 The majority 
of patients who experience an ampicillin/mononucleosis 
morbilliform reaction can later tolerate ampicillin and other 
aminopenicillins when the mononucleosis has resolved. The 
pathological mechanisms behind this viral-drug interaction 

are largely unknown, therefore, those with mononucleosis 
should avoid ampicillin and other beta-lactam antibiotics of 
the aminopenicillins family.36

Fixed Drug Eruption 
Fixed drug eruption (FDE) usually consists of erythematous 
round lesions, red to dusky purple or brown colour and 
sometimes features blisters. One or more lesions appear and 
the patient may complain of a burning and/or itchy sensation 
in the affected area.36 Occurring days to weeks after taking 
the causative drug, more commonly affected areas include 
specific areas of the skin, like the hands and feet as well as 
mucosal surfaces.36 The site of the eruption is fixed, meaning 
when the patient is re-exposed to the drug, the eruption 
occurs in exactly the same area. The eruption usually heals 
within 7-10 days after the causative drug has been removed, 
although hyperpigmentation may be permanent.36 The 
immunopathogenesis of FDE is thought to be primarily driven 
by resident intraepidermal CD8+ T cells with an effector 
memory phenotype. Weak two digit HLA associations have 
been described, however more contemporary studies utilising 
high resolution four digit HLA typing have not been reported 
(Table 4).54 FDE has been described with several drugs and 
classes of drugs; common medications that cause fixed drug 
eruptions include antibiotics such as sulfamethoxazole and 
tetracyclines as well as  NSAIDs.37,38 Patch testing, applied 
at the site of the original reaction, has been reported to be 
positive in 30-50% of those with FDE, however this is drug 
dependent with patch testing to NSAIDs having a higher 
sensitivity than antibiotics.39,40

Single Organ Involvement HSRs
DILI (drug-induced liver injury) is the major cause of drug 
withdrawal during clinical and pre-clinical development.41 
Although hepatitis can occur as a part of a systemic 
hypersensitive reaction, DILI is distinct from this and 
only incorporates the liver as a single organ HSR. DILI 
frequently manifests without an accompanying rash or 
fever. It is commonly hypothesised that for some drugs, 
DILI is driven by metabolic, immune and genetic factors. 
Medications commonly associated with DILI type single 
organ involvement include the beta-lactam antimicrobials 
flucloxacillin, amoxicillin-clavulanate, tetracycline anti-
microbials and anti-tuberculous agents. Other examples 
of single organ involvement HSR include pancreatitis and 
tubulointerstitial nephritis.

Severe Cutaneous Adverse Reactions (SCARs)
Reactions of most concern in clinical practice include 
drug-reaction, eosinophilia and systemic symptoms 
(DRESS) sometimes referred to as drug-hypersensitivity 
induced syndrome (DHIS) or hypersensitivity syndrome 
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Table 4. Pharmacogenetic HLA-associated drug hypersensitivity and related drug-induced syndromes. Adapted from Pavlos.54 

Syndrome and Drug HLA Allele/genetic associations Populations 

SJS/TEN (SCAR) 

 Allopurinol B*5801 (or B*58 haplotype)   Han Chinese, Thai, European, Italian, Korean98-103

 Carbamazepine B*1502                                                    
B*1511                                                    
B*1518, B*5901 and C*0704                
A*3101  

  Han Chinese, Thai, Malaysian, Indian91,104-108

  Korean, Japanese86,109

  Japanese110

  Japanese, northern European, Korean86-88

 Oxcarbazepine B*1502 and B*1518                                Han Chinese, Taiwanese90,111

 Lamotrigine B*1502                                                    
B*38

  Han Chinese111

  European102

 Phenytoin B*1502,  B*1301, Cw*0801 
and DRB1*1602

  Han Chinese92,111

 Sulfamethoxazole B*38   European102

 Methazolamide B*5901, Cw*0102 alleles 
and B*5901–Cw*0102–A*2402 
haplotype

  Korean and Japanese112,113

 Sulphonamides A*29, B*12 and DR7   European112

 Oxicam B*73, A*2 and B*12   European102

HSS/DIHS/DRESS 

Abacavir B*5701  European, African80

Allopurinol B*5801 (or B*58 haplotype)  Han Chinese, Korean, Japanese, Thai, European99-101,103

Nevirapine  
(hepatitis/low CD4+) 

DRB1*0101  
DRB1*0102 

 Australian, European114,115

 South African116 

Nevirapine (DIHS/DRESS) Cw*8 or CW*8–B*14 haplotype 
Cw*4 and DRB1*15 
B*3505  
B*3501 and B*15/DRB1*15 

 Italian, Japanese117,118

 Han Chinese119 
 Asian115 
 Australian57 

Carbamazepine 8.1 AH (HLA A*0101, Cw*0701, 
B*0801, DRB1*0301, DQA1*0501, 
DQB1*0201) 
A*3101  
A*11 and B*51 (weak) 

 Caucasians 120

 Northern European, Korean and Japanese86-88

DIHS: Drug-induced hypersensitivity syndrome, DILI: Drug-induced liver disease, DRESS: Drug reaction with eosinophilia 
and systemic symptoms, GWAS: Genome-wide association study, HSS: Hypersensitivity syndrome, MPE: Maculopapular 
eruption, SJS: Stevens–Johnson syndrome, TEN: Toxic epidermal necrolysis, SCAR: severe cutaneous adverse reaction, HLA 
human leukocyte antigen A, B, C, DRB1, DQA1, DQA2, DQB1 genes, CD4 (cluster of differentiation 4). 



Clin Biochem Rev Vol 34 February 2013  I  23

Table 4. Pharmacogenetic HLA-associated drug hypersensitivity and related drug-induced syndromes. Adapted from Pavlos.54 

Syndrome and Drug HLA Allele/genetic associations Populations 

SJS/TEN (SCAR) 

 Allopurinol B*5801 (or B*58 haplotype)   Han Chinese, Thai, European, Italian, Korean98-103

 Carbamazepine B*1502                                                    
B*1511                                                    
B*1518, B*5901 and C*0704                
A*3101  

  Han Chinese, Thai, Malaysian, Indian91,104-108

  Korean, Japanese86,109

  Japanese110

  Japanese, northern European, Korean86-88

 Oxcarbazepine B*1502 and B*1518                                Han Chinese, Taiwanese90,111

 Lamotrigine B*1502                                                    
B*38

  Han Chinese111

  European102

 Phenytoin B*1502,  B*1301, Cw*0801 
and DRB1*1602

  Han Chinese92,111

 Sulfamethoxazole B*38   European102

 Methazolamide B*5901, Cw*0102 alleles 
and B*5901–Cw*0102–A*2402 
haplotype

  Korean and Japanese112,113

 Sulphonamides A*29, B*12 and DR7   European112

 Oxicam B*73, A*2 and B*12   European102

HSS/DIHS/DRESS 

Abacavir B*5701  European, African80

Allopurinol B*5801 (or B*58 haplotype)  Han Chinese, Korean, Japanese, Thai, European99-101,103

Nevirapine  
(hepatitis/low CD4+) 

DRB1*0101  
DRB1*0102 

 Australian, European114,115

 South African116 

Nevirapine (DIHS/DRESS) Cw*8 or CW*8–B*14 haplotype 
Cw*4 and DRB1*15 
B*3505  
B*3501 and B*15/DRB1*15 

 Italian, Japanese117,118

 Han Chinese119 
 Asian115 
 Australian57 

Carbamazepine 8.1 AH (HLA A*0101, Cw*0701, 
B*0801, DRB1*0301, DQA1*0501, 
DQB1*0201) 
A*3101  
A*11 and B*51 (weak) 

 Caucasians 120

 Northern European, Korean and Japanese86-88

Delayed Rash (nonsystemic) 

Efavirenz DRB1*01 French121

Nevirapine DRB1*01 
Cw*04, B*3505; 
rs1576*G CCHCR1 
status (GWAS)

French121
 
African, Asian, European, Thai115,122-124

Aminopenicillins A*2 and DR*52 Italian125

Carbamazepine (MPE) A*3101 Han Chinese, northern European88,126

Oxcarbazepine-induced MPE B*1502 Han Chinese127 

Fixed Drug Eruption 
Feprazone B*22 Italian37,128 

Sulfamethoxazole A*30–B*13–Cw*6 haplotype Turkish38 

DILI
Amoxicillin– clavulanate DRB1*1501, DRB107 protective, 

A*0201, DQB1*0602 and rs3135388, 
a tag SNP of DRB1*1501–DQB1*0602 European129-131

Lumiracoxib DRB1*1501–DQB1*0602–DRB5*0101–
DQA1*0102 haplotype

International multicentre132

Ximelagatran DRB1*07 and  DQA1*02 Swedish133

Diclofenac ABCB11, C-24T, 
UGT2B7*2, 
IL-4 C-590-A European134-136

Isoniazid NAT2 slow acetylator, 
CYP2E1*5 and *1B European135,136

Flucloxacillin B*5701, 
DRB1*0107–DQB1*0103 European137

Lapatinib DRB1*0701–DQA2*0201– 
DQB1*0202/0202

International, multicentre138

Ximelagatran DRB1*07 and DQA1*02 European133

Syndrome and Drug HLA Allele/genetic associations Populations 

DIHS: Drug-induced hypersensitivity syndrome, DILI: Drug-induced liver disease, DRESS: Drug reaction with eosinophilia and 
systemic symptoms, GWAS: Genome-wide association study, HSS: Hypersensitivity syndrome, MPE: Maculopapular eruption, 
SJS: Stevens–Johnson syndrome, TEN: Toxic epidermal necrolysis. SCAR: severe cutaneous adverse reaction, HLA human 
leukocyte antigen A, B, C, DRB1, DQA1, DQA2, DQB1 genes, CD4 (cluster of differentiation 4). 
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(HSS), acute generalised exanthematous pustulosis 
(AGEP) and the most severe of the cutaneous adverse 
reactions which comprise a spectrum of severity:  
Stevens-Johnson-syndrome (SJS) and toxic epidermal 
necrolysis (TEN).

DRESS/DHIS/HSS
By definition DRESS/DIHS/HSS is characterised by fever, 
acute widespread maculopapular rash, white cell abnormalities 
and multi-organ involvement. Lymphadenopathy is common 
and DRESS/DIHS/HSS is often mistaken for a viral illness. 
Approximately 80% of DRESS/DIHS cases involve the liver, 
40% involve the kidneys, and 38% cause injury to lungs, heart 
and/or pancreas.42 The reactivation of human herpes viruses 
(HHVs) particularly HHV-6 and cytomegalovirus (CMV), has 
been shown to occur with some, but not all drugs associated 
with DRESS/DIHS/HSS, and a re-emergence of any spectrum 
of the hypersensitivity symptoms can occur up to 2 weeks 
(or longer) after treatment with the drug has been stopped.43,44 
Laboratory evidence of autoimmunity is common with up 
to 30-40% of patients developing anti-thyroglobulin or anti-
thyroid peroxidase antibodies although few develop symptoms 
of thyroiditis or hypothyroidism.45 Less commonly overt 
autoimmune thyroiditis or other autoimmune diseases such 
as systemic lupus erythematosis (SLE) occur, often months 
after the resolution of DIHS/DRESS/HSS symptoms.42,46 
Drugs used in clinical practice that are frequently implicated 
in DIHS/DRESS/HSS type reactions, include allopurinol, 
aromatic amine anticonvulsants, antibacterial sulphonamides 
and the antiretroviral (ART) drugs abacavir and nevirapine.46,47

SJS/TEN
SJS/TEN are a spectrum of severe skin disease with high 
associated morbidity and mortality that is usually drug related. 
The mortality of TEN is highest and can reach 30-50%. SJS 
involves <10% or less of body surface area; SJS/TEN overlap 
10-30% and TEN >30%.48-50 The initial rash of SJS/TEN can 
appear non-specific, however is often characterised by pain, 
rapid progression and associated systemic features such as 
fever and malaise.48,49 Buccal, ocular, and genital mucosal 
surfaces and in some cases, respiratory, and gastrointestinal 
tracts become inflamed with blister formation, and serious 
obstruction and sepsis can ensue. Epidermal necrosis and 
detachment occurs, and in patients with TEN, look similar to 
a serious burn requiring aggressive supportive and intensive 
management, ideally in a dedicated tertiary care burns unit.49,50 
Drugs linked to SJS and TEN overlap with DIHS/DRESS and 
include allopurinol, aromatic anticonvulsants, nevirapine, 
NSAIDs and sulphur antimicrobials.48-51

AGEP
AGEP typically involves an acute fever, above 38°C and the 

cutaneous eruption of small non-follicular pustules, forming 
within an acute, widespread erythema.52-53 AGEP has been 
reported to involve the mucous membranes in up to 25% but 
when it does, the symptoms are generally mild. Patients often 
present with acute fever, neutrophilia and sometimes oedema 
of the face and hands and mild eosinophilia, but internal 
organ involvement such as hepatitis, although reported, is not 
common.52 Drugs commonly associated with AGEP syndrome 
include aminopenicillins and other beta-lactams, NSAIDs, 
quinolones, macrolides, calcium channel blockers as well 
as antimalarial drugs such as chloroquine and (hydroxy-)
chloroquine.52-54 There have been no convincing class I or 
class II HLA allele associations with AGEP.53

Genetic Associations and Delayed HSRs
The interaction between the HLA or MHC cell surface 
proteins and T-cell receptors is central to T-cell mediated 
immune responses. In keeping with this and the transition 
from serologic HLA typing to sequence based typing resolved 
to four digits, there have been numerous associations with 
high odds ratios described between various phenotypes of 
delayed drug HSR and class I and II HLA alleles over the 
past 10 years (Table 4).54 The MHC chromosomal region is an 
approximately 3.6 mega base pair section of DNA, located on 
the short arm of the chromosome 6 in humans (6q21.3). The 
MHC region contains a large number of highly polymorphic 
genes characterised by high linkage disequilibrium; these 
include the HLA class I, II and III genes. The three major 
HLA class I genes include HLA-A, HLA-B, and HLA-C. 
class II includes HLA-DR, HLA-DP and HLA-DQ while 
class III contains many other genes associated with the 
immune system like the Tumour Necrosis Factor (TNF) gene, 
lymphotoxin alpha (LTA), heat shock proteins as well as a 
variety of non-immune related genes.55,56 That there are up to 
5,190 different HLA class I and II alleles, show the highly 
polymorphic nature of this region, HLA-B being the most 
polymorphic, with over 1,800 alleles. HLA alleles are often 
ethnically associated which can correspond with the varying 
prevalence of given delayed HSRs in a specific population. 
Carbamazepine associated SJS/TEN, for instance, has 
increased prevalence in areas such as Southeast Asia where 
the carriage rate of the associated HLA-B*1502 allele is 
high (10-15%) compared to <1% carriage rate in Caucasian 
European populations (Table 5).57,58 This polymorphic nature 
is important in the adaptability of the immune system. 
The HLA class I and II genes encode cell-surface protein 
receptors that present peptides to receptors on the surface of  
T-cells (TCR). MHC class I molecules are expressed by most 
nucleated cells and are responsible for presenting peptides 
to cytotoxic or killer T-cells which positively present the 
co-receptor CD8 (CD8+ T-cells) and in turn which mount a 
cytotoxic T-cell response if the TCR recognises the peptide 
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presented as a foreign peptide i.e. pathogen-derived. MHC 
class II molecules are expressed by antigen presenting cells 
(APCs) only, which are responsible for presenting peptides 
to helper or regulatory T-cells, that positively present the co-
receptor CD4 (CD4+ T-cells), similarly a response is mounted 
if a foreign peptide is presented. Often severe immune diseases 
or responses are a result of the corruption of this process. 

Screening and Diagnostic Testing for Delayed (Gell-Coombs 
Type IV) HSRs
Molecular and genetic sequencing tests have been useful in 
screening for populations at risk and excluding them from 
a specific drug (Table 3). HLA-B*5701 screening, prior to 
abacavir prescription, is the most common example, and 
it is now used in routine HIV clinical practice (Figure 1).54 
It is important to realise that there is no test that has 100% 
sensitivity for the diagnosis of Type IV or delayed HSR. The 
correct clinical diagnosis is typically based on the appropriate 
clinical picture combined with supportive laboratory tests and 
histopathology. Furthermore, in view of the fact that many 
of these syndromes are associated with high morbidity and 
mortality which can worsen on re-exposure, it is often a clinical 
decision to give patients a MedicAlert for the drug in question 
and any other drugs for which there could be immunological 
cross-reactivity based on their chemical structure. Diagnostic 
in vivo and/or ex vivo testing can however provide important 
ancillary information, particularly on the propensity to react 
to structurally related drugs and information on differential 
reactivity when the patient was taking more than one drug at 
the time of development of the hypersensitivity reaction. 

Use of HLA Typing in Screening for Drug Hypersensitivity
Methods for HLA Allele Identification 
Over the past 10 years with the widespread availability of 
full allelic high resolution (four digit) sequence based HLA 
typing, primarily in specialty transplant laboratories, many 
associations have been found between drug-induced severe 
cutaneous adverse reactions (SCARs) and other severe 
immunologically mediated delayed HSRs such as DILI and 
key class I and II HLA alleles (Table 4).54 HLA typing by next 
generation sequencing methods in research settings is further 
improving the ease, accuracy, cost and turn-around-time of 
high resolution HLA typing. Prior to this, HLA molecules, 
even in specialised transplant laboratories, were largely typed 
by serological responses to HLA antigens or other DNA 
based assays that provided lower levels of accuracy and 
resolution.58-59 

Once an association between a specific HLA allele and 
clinical phenotype has been established to have 100% 
negative predictive value, suggesting some clinical utility, 
then an allele specific test can be designed. The experience 

with abacavir and HLA-B*5701 has exemplified the 
development of feasible and rapid allele specific molecular 
and flow cytometric methods that can be used by many 
routine diagnostic laboratories. Laboratory validation of a 
HLA-B*5701 specific molecular test against sequence based 
HLA typing was built into the PREDICT-1 study, a double 
blinded randomised study whose primary aim was to examine 
the clinical utility of HLA-B*5701 to prevent clinical and 
immunologically confirmed abacavir hypersensitivity and 
other similar molecular tests have since been developed 
including an allele-specific PCR and melting curve assay.60 
HLA alleles related to HLA-B*5701 such as HLA-B*5702 
and HLA-B*5703 are distinguishable from B*5701 due 
to the inability to be amplified by either primer set. This 
method provides a cheaper alternative to expensive SBT 
methods as well as a higher specificity compared to standard 
serological typing methods.60,61A simple Taqman assay has 
also been developed based on HCP5 rs2395029 which is a 
HLA-B*5701 haplospecific marker in strong but not complete 
linkage disequilibrium with HLA-B*5701. Cases of patch-test 
positive abacavir hypersensitivity have occurred in patients 
positive for HLA-B*5701 but negative for HCP5 rs2395029 
suggesting some caution for this test which would have 
slightly less than 100% negative predictive value.62,63 Flow 
cytometric based techniques have also been developed based 
on a B17 monoclonal antibody and this has the advantage of 
a quick turnaround time by being performed on fresh cells 
and aligning with other tests routinely performed in the HIV 
population such as CD4+ T cell count.60

In Vivo Testing 
Patch and Intradermal Cutaneous Testing for Delayed (Type 
IV) Reactions
Patch testing has traditionally been the diagnostic procedure 
of choice for delayed hypersensitivity reactions including 
contact dermatitis to non-drug substances such as metals, latex 
and preservatives. The procedure of patch testing involves 
preparing the drug in the appropriate vehicle (typically 
petrolatum) at the highest non-irritating concentration and 
leaving the patch tape affixed to the skin generally for a 
minimum of 48 hours (although 24 hours was sufficient 
for abacavir). Readings are then done at a minimum of 48 
and 96 hours and sometimes 7 days and read according to a 
standardised grading scale. In view of the theoretical risk of 
a false negative reaction during immunological response of 
an acute delayed drug hypersensitivity, reaction performance 
of patch testing is typically delayed for at least 4-6 weeks 
following the onset of the drug reaction. False positive 
patch testing results can also occur and maybe related to an 
excipient of the drug or the vehicle used for testing itself. 
The vehicle (e.g. petrolatum without drug) should always be 
used as a negative control. In general, irritant or false positive 
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reactions are often indicated by erythema without induration 
that appears within 24 hours and rapidly disappears. The 
sensitivity of patch testing varies considerably, based on the 
specific clinical phenotype of the delayed reaction and the 
implicated drug. It is believed for some drugs that active 
metabolism to the implicated metabolite in the skin is needed 
and this would be dependent on the expression of specific 
drug metabolism enzymes such as various cytochrome 
P450 isoforms in the appropriate compartment of the skin. 
Reactions associated with patch testing are limited to the site 
of the drug application and more generalised reactions are very 
rare.61,64 One case reported a patch test induced exfoliative 
dermatitis, however it was reported that the test was 
performed using a solution of crushed tablets in petrolatum 
and therefore the final drug concentration was not adequately 
controlled.61,64,65

The sensitivity of patch testing has varied according to 
phenotype and drug, but is generally <70% with higher 
sensitivities reported for AGEP, abacavir HSS, carbamazepine 
SJS/DRESS and fixed drug eruption (Table 3).65,66 Patch 
testing has been a very useful research tool to identify true 
immunologically-mediated abacavir HSS. Patch testing 
was used as a co-primary endpoint (with clinical diagnosis) 
in the PREDICT-1 and the SHAPE studies to show that 
HLA-B*5701 testing has a 100% negative predictive value 
for true immunologically mediated abacavir HSS.54 From the 
PREDICT-1 study, it could be ascertained that the diagnostic 
sensitivity of patch testing for abacavir HSS was 87%. 
Early studies demonstrated that 100% of patch test positive 
patients carried HLA-B*5701 and cutaneous biopsies from 
the positive patch test showed identical histopathology to 
the rash of acute abacavir HSS patients with an abundance 
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Figure 1.  Abacavir translational roadmap. The abacavir example provides a ‘roadmap’ of how a pharmacogenetic (HLA-B*5701) 
test can be translated into routine clinical practice. Adapted from Pavlos et al.54
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of CD4+ and CD8+ T-cells. This suggests the reproduction 
of a localised HSS in the skin, which is illustrated by local 
erythema and induration (Figures 2a and 2b).67,68 Figure 2b 
illustrates the positive response to an abacavir patch test with 
increasing concentrations from 0.1% to 25% w/w (abacavir/ 
petrolatum).

In the case of fixed drug eruption where resident CD8+ T 
cells may be important in the immunopathogenesis, the patch 
needs to be applied over the exact location where the reaction 
previously occurred. In drug induced SJS/TEN cases however, 
positive patch tests results are rare, depending highly on the 
drug being tested, associated allele and the patient group 
being tested.69 

Intradermal testing with delayed readings has also been studied 
in the diagnosis of delayed cutaneous drug hypersensitivity 
syndromes and in some studies has shown a higher sensitivity 
than patch testing.70 This type of testing is generally limited 
to drugs available parenterally and testing is conducted using 
the same methods as used for intradermal skin testing for 
immediate reactions except that the highest non-irritating 
concentration of the drug is used and readings are performed 
at 24 hours and later. Given the severity of some delayed 
cutaneous hypersensitivity reactions and the less than 100% 
sensitivity of patch and intradermal skin testing for delayed 
reactions, a negative patch test is usually not used as the basis 
for oral provocation with the implicated drug. Patch and 
intradermal testing, however, have the advantage of being 
able to be performed on multiple drugs simultaneously, and/
or, on structurally related medications, that may have been 
given concurrently when the patient developed a delayed 
hypersensitivity reaction.

In Vitro (Ex Vivo)
Lymphocyte Transformation Testing (LTT) 
LTT has been studied for over 20 years, mainly in the diagnosis 
of delayed drug hypersensitivity reactions (Table 3).28 
Lymphocytes isolated from peripheral blood mononuclear 
cells (PBMCs) of a patient with a specific delayed HSR 
are cultured with pharmacologic concentrations of the drug 
in question. After 5-7 days the amount of incorporated 
3H-thymidine is determined and the result is expressed as a 
stimulation index. Enhanced proliferative responses in the 
presence of a drug are interpreted as drug-specific T-cell 
sensitisation. The specificity of the LTT response has been 
confirmed in studies that have generated drug specific T-cell 
lines and clones from LTT culture. The LTT can be performed 
with a variety of different drugs and can produce positive 
results in different clinical manifestations of ADRs.71 Similar 
to patch testing, a positive LTT can support a clinical diagnosis 
and may help but can also help pinpoint the responsible drug 

if the patient is receiving several different medications at the 
time of the original clinical reaction.72 The sensitivity of the 
LTT varies widely between studies, is related to both the drug 
and phenotype of clinical reaction and is still considered a 
research based testing method.73 Some drugs may affect 
T-cell stimulation and transformation of lymphocytes by 
pharmacological and not immunological means. Prostaglandin 
E2 (PGE2), which has a suppressive effect on interleukin-2 
(IL-2), is produced by macrophages in cell cultures. PGE2 

inhibitors therefore reduce the suppression of IL-2 which 
leads to increased T-cell proliferation. Many drugs associated 
with delayed hypersensitivity reactions are oxidised in the 
liver by enzymes of the cytochrome P450 system and, if it is 
the metabolite that is important in mediating the drug reaction, 
these will not be detected by conventional LTT because of 
insufficient production of the metabolites in cell culture.71 
False positives may also occur in patients showing enhanced 
proliferative response in LTT to drugs they have tolerated.74,75 
Similar to patch testing, a negative result does not rule out any 
drug tested but a positive result in the correct clinical context 
provides useful information. The optimal time to perform a 
LTT is somewhat controversial with some studies suggesting, 
for certain clinical phenotypes, such as SJS/TEN, it should be 
performed within the first week after onset of symptoms and 
others suggesting that early testing is associated with false 
positives.73,75 For DRESS/DIHS, many agree that the LTT 
should be performed in the recovery period, five to six weeks 
after onset of cutaneous symptoms.73,75 

ELISpot and Intracellular Cytokine Staining
Similar to LTT, the enzyme-linked immunospot (ELISpot) 
assay and intracellular cytokine staining (ICS) have been 
used in the research setting to study a variety of phenotypes 
of Type IV delayed HSRs (Table 3).76 Both ELISpot and ICS 
are ex vivo assays that are used to measure the production 
and release of a target cytokine(s) by a population of T-cells 
in relation to exposure to pharmacological concentrations 
of the suspected drug or drug metabolite. Although these 
assays provide a potentially promising and rapid means of 
examining ex vivo responses to drugs, they are currently 
research tools since like other in vivo and ex vivo tests used 
for drug hypersensitivity, their sensitivity is less than 100% 
and the expected durability of responses in relation to the 
original drug reaction is unknown for most drugs and clinical 
phenotypes of delayed drug reactions. The ELISpot method 
involves adding PBMCs to a filter-bottom 96-well plate pre-
coated with a specific anti-cytokine antibody and the drug in 
question. The anti-cytokine antibody used depends greatly on 
the cytokine being detected, which in essence serves as an 
immunocorrelate for the T-cell response under analysis, e.g. 
examining CD8+ T-cell mediated reactions, such as abacavir 
HSR, the cytokine output measurement of choice is interferon-
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Figure 2.  A. Proposed mechanism of positive patch test in patients previously systemically exposed. (i) After 
sensitisation and immunological priming, (ii) the patch test requires abacavir from the patch to penetrate into the skin 
(epidermal layer). (iii) Abacavir is then metabolised into a reactive metabolite, by the enzyme alcohol dehydrogenase 
(ADH). (iv) The metabolite then conjugates with host proteins to form an antigen. (v) Once recognised by MHC 
expressing, antigen-presenting epidermal Langerhans cells (LCs), they are processed and presented to effector cells of the 
immune system. (vi)This in turn triggers peptide-specific CD8+ T-cells to migrate into the skin, proliferate, and release 
proinflammatory cytokines and chemokines causing a localised response. B. Abacavir patch test with positive patch tests 
in an HLA-B*5701 positive patient 2 months following abacavir HSS. Documented with increasing concentrations from 
0.1% to 25% w/w (abacavir/petrolatum) and negative petrolatum control (below the 25% abacavir test patch square).  
C. ABC-induced IFN-γ responses by ELISpot assay (shown as spot forming units (SFU)/200,000). Clockwise from top left - 
Incubation of PBMCs from an HLA-B*5701 positive patient 72 months following abacavir HSS. In 4 and 8 µg/mL of abacavir 
(pharmacologically relevant concentrations) produces INF-γ responses in the form of (blue) spots; PBMCs only, no INF-γ 
responses were detected; and lastly the addition of anti-CD3 antibodies to PBMCs acts as a positive control.
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gamma (INF-γ).76-78 Positive drug-free controls, include anti-
CD3 antibodies which can stimulate the release of a variety of 
T cell cytokines, including INF-γ, and/or, a multiple peptide 
construct derived from a variety of cytomegalovirus (CMV), 
Epstein-Bar Virus (EBV) and influenza virus strains. The 
HLA class I restricted epitopes in the CMV-EBV-FLU (CEF) 
control are designed to release IFN-γ from CD8+ T cells in 
individuals with certain highly frequent HLA types. Negative 
drug-free controls are also used to ascertain the effect of 
background immune activation. The plate is then cultured for 
24-48 hours to allow cytokine secretion which are captured 
by the anti-cytokine antibodies. Following incubation, the 
cells are washed off, detector antibody is added followed 
by an enzyme substrate. The cytokine-secreting cells are 
then identified as spots of secreted cytokine.76,78 Figure 2c 
illustrates the abacavir-induced IFN-γ responses by ELISpot 
assay, with responses seen in the form of (blue) spots in the 
PBMCs stimulated with the pharmacological significant 
concentration of 4 µg/mL of abacavir (top left). Nothing is 
seen in the negative control of PBMCs only (top right) and 
responses seen in the positive control of anti-CD3 antibody 
stimulated PBMCs (bottom). 

ICS by flow cytometry allows for the analysis of individual 
cells in a mixed population. ICS relies upon the stimulation 
of T-cells in the presence of an inhibitor of protein transport, 
in order to retain the cytokines inside the cell. Cells are first 
stimulated with pharmacological concentrations of the drug 
in question. An inhibitor of protein transport is added to 
prevent cytokines leaving the cell. After washing the cells, 
membranes are made porous or permeable and anti-cytokine 
antibodies are added. Cells producing a cytokine are measured 
using fluorescent labelled antibodies. ICS by flow cytometry 
incorporates laser-based, biophysical technology to detect 
biomarkers and protein expression. Each fluorophore has a 
characteristic peak excitation and emission wavelength. By 
attaching different fluorophores to several different antibodies, 
a single assay can be designed to target multiply proteins of 
interest, in either an assay to identify cell surface proteins 
of interest, or to assess the production of several cytokines 
within target cells. 

For SJS/TEN, measurement of other outputs in ex vivo 
tests such as granulysin may be useful. Granulysin is a 
15-kDa cytotoxic protein excreted by CD8+ T cells and 
CD56+ NK cells that is now thought to be essential in the 
immunopathogenesis of SJS/TEN. It is also found in the blister 
fluid during the acute reaction which has quantitatively been 
associated with SJS/TEN disease severity and it is a marker 
for NK and T-cell activation.78 Granulysin may be helpful in 
differential diagnosis of bullous skin diseases, as granulysin 
is highly elevated in SJS/TEN, distinctively separating it 

from other bullous skin diseases like bullous pemphigoid. 
The percentages of apoptotic target cells can be assessed by 
fluorescence microscopy or flow cytometry.79 Currently, an 
immunochromatographic test for serum granulysin has shown 
predictability in the early stages of SJS/TEN 2-4 days prior to 
typical mucosal and cutaneous symptoms.79

Impact of Screening and Diagnostic Testing for Immediate 
and Delayed Drug HSRs
Immediate Drug HSRs
Combinations of testing approaches, including prick and 
intradermal skin testing and oral provocation, are useful in 
the clinic for clarification of the nature of the drug reaction, 
and in particular, for either clarifying or removing the label 
of an immediate drug reaction and giving the patient specific 
information on what drugs and classes of drug can be safely 
taken in the future (Table 3). Clinical studies have reinforced 
that most patients labelled with an immediate drug allergy 
can tolerate the drug or class of drugs in question. The most 
common reason for this would be that the initial symptoms 
were not IgE mediated but it is also known that the propensity 
to mount an IgE mediated allergic reaction is not permanent 
and that there is significant attrition with time. For instance, 
approximately 10% of patients per year will lose skin test 
reactivity to penicillin and it is estimated that 80% of patients 
over 5 years will have lost skin test reactivity to amoxicillin. A 
label of drug allergy can be associated with fewer therapeutic 
options which may translate into the need to use more 
expensive and toxic drugs. This has been exemplified in the 
case of penicillin allergy where use of less effective antibiotics 
and adverse clinical outcomes may result. In the case that a 
patient has a positive skin test, a MedicAlert can be issued and 
specific information given with regards to which drugs or class 
of drugs can be taken in the future. If the drug is necessary and 
alternative therapeutic options lacking, patients with positive 
skin tests suggestive of an IgE mediated reaction can still 
receive the drug in question through a procedure called rapid 
oral or intravenous desensitisation whereby increasing doses 
of the drug are administered over several hours. The exact 
mechanism by which desensitisation works is unknown, but 
once successful, the procedure must be repeated every time 
the drug is ceased or dosing is interrupted.

HLA Screening for Delayed Drug Hypersensitivity Reactions
The utility of HLA screening to predict and prevent specific 
drug hypersensitivity syndromes is most clearly highlighted 
by the abacavir example which has provided the practical 
roadmap of how discovery of a specific pharmacogenetic 
test can fully traverse the T1→T4 translational pathway into 
routine use in HIV clinical practice (Figure 1).54 Abacavir is 
a guanosine analogue reverse transcriptase inhibitor currently 
used in combination therapy of HIV. The major treatment 
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limiting side effect of abacavir, identified in the pre-marketing 
phase of drug development, was a drug hypersensitivity 
syndrome characterised by fever, malaise and in 70% of 
patients, a cutaneous rash. Abacavir HSR occurred in 5-8% 
of predominantly Caucasian populations, starting the drug an 
average of 8 days into abacavir treatment with rapid reversal of 
symptoms within 72 hours of drug discontinuation; however 
rechallenge was reported to result in hypotension, shock and 
even death.62,63 A genetic link to abacavir hypersensitivity 
was first highlighted by the observation that HSS occurred 
at a lowered frequency within Asian and African ethnic 
populations and one report of familial association.63,80 The 
discovery of a strong association between HLA-B*5701 and 
abacavir HSS by two independent groups in 2002 raised hopes 
for translation into a screening test, however the identification 
of patients clinically diagnosed with abacavir HSS who did 
not carry HLA-B*5701 raised safety concerns. It was later 
determined that these cases represented false positive clinical 
diagnosis, which was further supported by randomised clinical 
trials demonstrating that abacavir HSS was diagnosed in 2-3% 
of those patients in the study arm not receiving abacavir. Skin 
patch testing was developed and used to identify patients with 
true immunologically-mediated abacavir HSS.80,81 A large 
randomised clinical study helped confirm the clinical utility 
of HLA-B*5701 screening to eliminate true immunologically 
mediated abacavir HSS, whilst other studies confirmed the 
generalisability of HLA-B*5701 testing across ethnicity as 
well as its effectiveness in clinical practice.54,80,82,83 In parallel 
to the clinical studies, a body of scientifically researched 
evidence converged to support abacavir HSS as an exclusively 
HLA-B*5701 restricted CD8+ T cell dependent reaction. 
Abacavir specific CD8+ T-cell responses can be reproduced 
in cell culture, using PBMCs derived from healthy donors 
who are HLA-B*5701 positive and abacavir naive.51,54,84 It 
could be determined from PREDICT-1 study that the positive 
predictive value of HLA-B*5701 for abacavir HSS was 55% 
(Table 5).57,85 Currently the mechanism by which 45% of 
HLA-B*5701 positive individuals would tolerate abacavir 
is not understood but from a safety and cost-effectiveness 
standpoint, it currently makes sense to exclude all 
HLA-B*5701 positive individuals from abacavir treatment. 
HLA-B*5701 screening is now routinely done prior to 
abacavir prescription and in most cases as part of routine 
baseline HIV care in most of the developing world and its use 
has been endorsed by all major HIV guideline bodies.

The translation of HLA-B*5701 from discovery to routine 
use to prevent abacavir HSS is a success story however there 
have been challenges and hurdles to the translation of other 
HLA alleles in routine screening (Table 3). In 2004, SJS/
TEN associated with the aromatic amine anticonvulsant, 
carbamazepine, was found to be strongly associated with the 

HLA-B*1502 allele in the Han Chinese population where 
this allele has a prevalence of 10-15%.51,54 In Southeast Asian 
populations, studies suggest a 100% negative predictive 
value for HLA-B*1502 for carbamazepine associated SJS/
TEN. However, unlike abacavir HSS and HLA-B*5701, 
this does not appear to generalise across ethnicity and in 
Caucasians where HLA-B*1502 carriage is rare (<1%) 
studies have suggested potential associations of other alleles 
with carbamazepine SJS/TEN such as HLA-A*3101.86-88 
Currently the FDA has recommended routine HLA-B*1502 
screening in high risk individuals of Southeast Asian origin. 
HLA-B*1502 has also been associated with SJS/TEN 
related to oxcarbazepine and phenytoin, an aromatic amine 
anticonvulsant, structurally associated with carbamazepine, 
and it would be recommended that all other aromatic amine 
anticonvulsants (phenytoin, phenobarbital, oxcarbazepine 
and probably lamotrigine) be avoided in those who have 
experienced carbamazepine associated SJS/TEN or who carry 
HLA-B*1502.89-92 In predominantly Caucasian populations, 
given the low prevalence of HLA-B*1502, it can be estimated 
that 10,000 or more individuals would need to be screened to 
prevent one case of SJS/TEN. In addition, the less than 100% 
negative predictive value of this allele for development of SJS/
TEN in non-Southeast Asian populations, raises important 
safety considerations. The implications of the prevalence of 
an allele in a given population, the prevalence of the HSR 
disease in question, the positive predictive value of the 
specific HLA allele for the HSR disease and the impact on the 
number needed to test to prevent one case for common HLA 
HSR associations is shown in Table 5.57,85 More recent insights 
which may explain, in part, why most HLA-B*1502 positive 
individuals will tolerate carbamazepine was published by Ko 
et al. who examined the T-cell receptor repertoire in CD8+ T 
cells in patients with SJS/TEN associated with carbamazepine. 
They found that a dominant T-cell clone VB-11-ISGSY was 
present in 84% of patients with SJS/TEN but absent in 100% 
of carbamazepine tolerant patients.93

Current Research and Future Perspectives
It was previously postulated that most delayed hyper-
sensitivity HSRs occurred through the hapten model 
whereby a small molecule such as a drug covalently bound 
to, and permanently altered a host protein which was then 
recognised through an immune response. Despite this widely 
accepted hapten model which was originally proposed several 
decades ago, antibodies to the parent drug and/or metabolite 
were never found for most drugs and Pichler proposed the 
pharmacological-interaction model suggesting that a drug 
could directly interact with the MHC and/or T-cell receptor. 
More recently, the altered peptide repertoire model was 
proposed and postulated, that for many drugs, there is rapid 
and non-covalent binding between the drug and HLA, with 
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the drug occupying anchor sites within the antigen binding 
cleft and altering the repertoire of self-peptide ligands that can 
be bound and presented to T-cells. Thus the drug mediating 
the HSR, in essence, creates a novel HLA type, which in turn 
creates an allograft reaction.94,95 Current studies, recently 
published, suggest that the altered peptide repertoire model 
could explain the immunopathogenesis of abacavir HSS and 
carbamazepine SJS/TEN.95-97 Based on this model, the crystal 
structure of abacavir-HLA-B*5701-peptide has been solved 
and explains the exquisite specificity of HLA-B*5701 for 
abacavir and why other HLA alleles such as HLA-B*5801 
and HLA-B*5703 which differ by only two amino acids in the 
HLA-B F binding pocket do not bind abacavir (Figure 3).95 
This has created a very exciting and important area of future 
research, since understanding the structural and biochemical 
basis of how drugs interact with HLA molecules, the functional 
consequences, and the pathogenesis of the incomplete positive 
predictive value and varying clinical phenotypes, may provide 
a strategy to improve the safety and cost-effectiveness of drug 
development. In particular, this could provide a roadmap for 

the pre-clinical screening to inform the design of drugs which 
do not interact with HLA and hence would be unlikely to 
cause hypersensitivity reactions and exclude high risk drugs 
from development before use in man.

Conclusions
Type B or immunologically mediated drug reactions cause 
significant patient morbidity and mortality that cannot be 
predicted based on the pharmacological structure of the 
drug. Type I (IgE mediated, immediate) and Type IV (T-cell 
mediated, delayed) are the most common Type B reactions 
seen in clinical practice. Careful clinical history and 
phenotyping is the key to diagnosis and risk stratification of 
patients who have experienced potential Type I and Type IV 
allergic drug reactions and help guide choice of diagnostic 
tests, which in turn can be useful in identifying patients with 
true immunologically mediated drug reactions to a specific 
drug and providing important drug safety information. The 
gold standard for diagnostic evaluation of suspected Type 
I, IgE mediated, immediate drug allergy involves primary 
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Figure 3. Crystal structure of the abacavir-MHC-peptide complex solved to resolution of 0.2 nm (nanometres).  A. HLA-B*5701 
is shown in gray and abacavir as spheres with orange for carbon, blue for nitrogen and red for oxygen and peptide V is shown 
in cyan. B. As per the altered peptide repertoire model drug binding influences the peptide backbone conformation by shifting 
the main chain (peptide bound in the absence of abacavir is shown in yellow and that bound to abacavir and HLA-B*5701 is 
shown in cyan). C. H-bond interactions (black dashes) between abacavir and the peptide and HLA-B*5701 are shown. The 
specific residues that distinguish abacavir sensitive HLA-B*5701 from abacavir insensitive HLA-B*5703 are shown in magenta 
(carbon), blue (nitrogen) and red (oxygen). D. Experimental electron density corresponding to abacavir in a Fo-Fc difference 
map with blue mesh showing the final 2Fo-Fc electron density map of abacavir in the antigen-binding cleft of HLA-B*5701 and 
showing H-bond interactions between abacavir and HLA-B*5701 as yellow dashed lines. Adapted from Ostrov et al.95
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in vivo testing such as prick and intradermal skin testing 
with validated reagents and/or oral provocation. Type IV 
delayed HSRs are T-cell mediated with a variety of effector 
cell phenotypes and involve a spectrum of clinical severity 
from mild skin reactions without systemic features to more 
severe and potentially fatal cutaneous disease often with 
multisystem involvement. In vivo tests such as patch testing 
and intradermal testing with delayed readings and ex vivo 
research tests such as LTT and ELISpot are specific tests that 
have been useful to define patients with true immunologically 
mediated delayed reactions to a specific drug. However, the 
diagnostic sensitivity of these tests is significantly less than 
100%, and given the severity of these reactions, patients are 
typically advised to avoid a specific drug, class of drugs or 
multiple drugs that might be implicated by clinical history, 
even if diagnostic testing is negative. More recently, several 
Type IV reactions such as abacavir HSS, DILI, DRESS/DIHS 
and SJS/TEN, have shown strong associations with specific 
HLA class I and II alleles. In the case of the association with 
abacavir and HLA-B*5701 this has led to the translation 
of HLA-B*5701 as a screening test to exclude positive 
patients from treatment with abacavir. Inexpensive DNA-
based molecular tests that could be incorporated into routine 
diagnostic laboratories were instrumental in this translation. 
Recent research implicates the altered peptide model in the 
immunopathogenesis of abacavir HSS and carbamazepine 
SJS/TEN, and future research is focusing on defining specific 
interactions between HLA and drugs that could help define 
pre-clinical strategies to develop safer drugs.
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