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Adverse drug reactions (ADRs) remain a common and major problem in healthcare. Severe cutaneous adverse drug reactions
(SCARs), such as Stevens–Johnson syndrome (SJS)/toxic epidermal necrolysis (TEN) with mortality rate ranges from 10% to
more than 30%, can be life threatening. A number of recent studies demonstrated that ADRs possess strong genetic
predisposition. ADRs induced by several drugs have been shown to have signiﬁcant associations with speciﬁc alleles of human
leukocyte antigen (HLA) genes. For example, hypersensitivity to abacavir, a drug used for treating of human immunodeﬁciency
virus (HIV) infection, has been proposed to be associated with allele 57:01 of HLA-B gene (terms HLA-B∗ 57:01). The incidences
of abacavir hypersensitivity are much higher in Caucasians compared to other populations due to various allele frequencies in
diﬀerent ethnic populations. The antithyroid drug- (ATDs- ) induced agranulocytosis are strongly associated with two alleles:
HLA-B∗ 38:02 and HLA-DRB1∗ 08:03. In addition, HLA-B∗ 15:02 allele was reported to be related to carbamazepine-induced SJS/
TEN, and HLA-B∗ 57:01 in abacavir hypersensitivity and ﬂucloxacillin induced drug-induced liver injury (DILI). In this review,
we summarized the alleles of HLA genes which have been proposed to have association with ADRs caused by diﬀerent drugs.

1. Introduction
Major histocompatibility complex (MHC) are a group of cell
surface proteins that can bind to foreign molecules in order
to be recognized by corresponding T cells followed by inducting immune systems. MHC is highly conserved and presents
in all vertebrate species. In human, MHC is also known as
human leukocyte antigen (HLA) complex, which consists
more than 200 genes on chromosome 6 and can be categorized into three subgroups: class I, class II, and class III. Class
I MHC, being recognized by CD8+ T cells, consists of three
main genes, that is, HLA-A, HLA-B, and HLA-C. Class II
MHC, being recognized by CD4+ T cells, consists of 6 main
genes, that is, HLA-DPA1, HLA-DPB1, HLA-DQA1, HLADQB1, HLA-DRA, and HLA-DRB1.

HLA class I molecules are expressed in almost all the cells
and are responsible for presenting peptides to immune cells.
Generally, old proteins in the cells will be broken down consistently in order to synthesize new peptides. Some of these
broken peptide pieces attach to the MHC molecules and are
further recognized by immune cells as “self.” In another situation, if a cell is infected by pathogens, pathogenic peptides
attached to MHC molecules will be recognized as “nonself”
and further trigger the downstream immune responses
against the antigens [1]. HLA genes are found to be numerous and highly polymorphic in order to bind various kinds
of peptides originated from self or foreign antigens. A total
of more than 1500 alleles of HLA-B gene have been identiﬁed
[2]. Variations in the HLA genes play an important role in
determining the susceptibility to autoimmune disease and
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infections; they are also critical in the ﬁeld of transplant
surgery where the donors and the recipients must be
HLA-compatible [3].
In rare cases, some drugs are capable of inducing
immune responses through interactions with MHC molecules, known as adverse drug reactions (ADRs). ADRs are
one of the most common causes of hospitalization and mortality in healthcare. The deﬁnition of an ADR has been changed from time to time. In the 1970s, the World Health
Organization (WHO) has ﬁrst deﬁned that an ADR is “a
response to a drug that is noxious and unintended and occurs
at doses normally used in man for the prophylaxis, diagnosis
or therapy of disease, or for modiﬁcation of physiological
function” [4]. However, in most cases, the ADRs might not
result in eﬀects as severe as harms or injuries like the word
“noxious” addressed by WHO. Therefore, Edwards and
Aronson [5] suggested to use an alternative deﬁnition; that
is, an ADR is “an appreciably harmful or unpleasant reaction,
resulting from an intervention related to the use of a medicinal product, which predicts hazard from future administration and warrants prevention or speciﬁc treatment, or
alteration of the dosage regimen, or withdrawal of the product.” It is also deﬁned as “an undesirable eﬀect, reasonably
associated with the use of the drug that may occur as a part
of the pharmacological action of a drug or may be unpredictable in its occurrence.”

2. ADRs Associated with
Immunological Reactions
Several studies showed that ADRs are a major public health
problem worldwide, which account for about 6.5% of all hospitalizations in the United States, Canada, and the United
Kingdom, and it also resulted in a mortality rate approximate
to 0.13% [6–8]. ADRs could be categorized into 6 diﬀerent
types [5]. Among them, type B, also known as non-doserelated or bizarre, is unpredictable and results in a high mortality rate oftentimes. This type of ADRs is usually associated
with immunological reactions involving diﬀerent HLA alleles
and resulted in skin injury, hepatic failure, or dramatically
reduced numbers of white blood cells.
Skin injury includes various kinds of spectrum such as
mild rash maculopapular exanthema (MPE), ﬁxed drug
eruption (FDE), acute generalized exanthematous pustulosis
(AGEP), and life-threatening severe cutaneous adverse drug
reactions (SCARs) including drug reactions with eosinophilia
and systemic symptoms (DRESS), Stevens–Johnson syndrome (SJS), and toxic epidermal necrolysis (TEN) [9].
Patients who developed MPE are usually observed with generalized, widespread mild skin rashes with red macular (not
elevated) or papular (elevated) eruptions. FDE can be diagnosed by observing one or more local annular or oval erythematous patches without hyperpigmentation. The term
“ﬁxed” is considered as its recurrent lesion due to reexposure
of the same culprit drug, and the lesions always occur at the
same locations on the skin. AGEP is a rare, acute eruption
characterized by the rapid development of many numerous
pustules, which are nonfollicular sterile pustules, and is
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located in the epidermis. Fever, leukocytosis, and eosinophilia are usually present in AGEP patients.
SJS, SJS, and TEN overlap (SJS/TEN) and TEN are classiﬁed as the same disease spectrum with increasing severity
and with extent of widespread epidermal detachment, known
as SCARs [10]. All of them usually present with a variety of
skin lesions, including patches, atypical targetoid macules,
and erythematous or violaceous macules. In addition, SJS/
TEN often has mucocutaneous involvement, which is the
characteristic feature of SJS/TEN. In addition, the oral
mucosa is more commonly involved than the ocular, genital,
or anal mucosa. The degree of skin detachments of SJS, SJS/
TEN, and TEN are deﬁned as less than 10%, 10–30%, and
30% of body surface area, respectively. Full-thickness epidermal necrosis is a typical pathological feature of SJS/TEN. The
clinical characteristics of DRESS are diﬀerent from SJS/TEN.
DRESS usually presents less or no skin detachment and no
mucocutaneous involvement but with more internal organ
involvement and hematological abnormalities such as typical
eosinophilia, atypical lymphocytes, hepatitis, and high fever
with frequent reactivation of human herpesvirus. Histopathological characters of DRESS are epidermal spongiosis, dyskeratosis, and interface vacuolization.
Other than skin injury, hepatic failure, such as druginduced liver injury (DILI), is rare but life threatening.
DILI is diﬀerent from drug overdose toxicity in which
the risk and severity of such kind of liver injury usually
increases with the dose taken. DILI accounts for 7–15%
of the cases of acute liver failure in Europe and the United
States [11–13]. Up to 10% of DILI can progress to acute
liver failure in the US and European studies, and the incidence is estimated to be 2.4 per 100,000 person-years (in a
retrospective population-based study of 1.64 million UK subjects) [14] to 13.9 per 100,000 inhabitants (in a prospective
analysis in France) [15].
Agranulocytosis, also known as agranulosis or granulopenia, is an acute condition involving a severe and dramatic
decreasing of white blood cell counts, which is life threatening. It is recently reported to be induced by antithyroid drugs
in rare situations and is associated with HLA alleles [16].

3. Hypothesis of Immune Response
Drugs or its reactive metabolites are considered as foreign
antigens that bind to T cell receptors (TCR) and further
activate immune response. Four hypotheses have been
proposed to explain how the immune system is activated
in a HLA molecule-dependent manner: (i) the “hapten/
prohapten” theory, (ii) the “p-i” concept, (iii) the “altered
peptide repertoire” model, and (iv) the “altered TCR repertoire” model [17, 18].
The “hapten/prohapten” theory proposes that a drug
or its reactive metabolite may bind covalently to an endogenous peptide to form an antigenic hapten-carrier complex. In this model, the covalent bonds are established
among the drug (or its metabolite), self-peptides, and
HLA molecule. It then results in the induction of drugspeciﬁc immune responses.
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The “pharmacological interaction with immune receptors (p-i)” concept postulates that a drug or its reactive
metabolite may directly, reversibly, and noncovalently bind
to the HLA and/or TCR without binding to the antigenic
peptide. In this “p-i” model, the classic antigen-processing
pathway in antigen-presenting cells may be bypassed.
The “altered peptide repertoire” model proposes that a
drug could strongly bind to the self-peptide repertoire and
alter the conformation of this peptide repertoire presented
to HLA and TCR. In the “altered peptide repertoire” model,
the drug may not directly bind to HLA.
Finally, the “altered TCR repertoire” model suggests
that the drug (e.g., sulfamethoxazole) binds to the speciﬁc
TCR and alters the conformation of TCR, which has the
potential to bind a HLA-self peptide complex to elicit
immune reaction. In the “altered TCR repertoire” model,
the TCR serves as an initial drug interaction molecular.
With the binding of an oﬀending drug presented to the
HLA molecule or TCR, the HLA-drug-TCR complex
may trigger a series of activations of cell signaling and
result in an expansion of cytotoxic T lymphocytes (CTL),
cytotoxic protein secretions, and keratinocyte death in
patients with SJS/TEN. A recent study has shown the
importance of TCR in the pathogenic mechanism of SJS/
TEN onset by clarifying the shared and restricted TCR use
in carbamazepine-induced SJS/TEN patients [19]. Additionally, another interesting study demonstrated that the endogenous peptide-bound HLA-B∗ 15:02 molecule presents
carbamazepine to TCR of CTL to initiate the immune reactions in carbamazepine-induced SJS/TEN [20].

4. Drugs and HLA Alleles
A couple of drugs have been proposed to induce HLA-associated ADRs (Table 1). In this section, we summarized some of
the well-known drugs and the HLA alleles associated with
ADRs induced by these drugs. For more detailed information, please see the list in Table 1.
4.1. Abacavir Hypersensitivity and HLA-B∗ 57:01 (Skin).
Abacavir is a nucleotide reverse transcriptase inhibitor
used as part of adjuvant therapy in human immunodeﬁciency virus- (HIV-) infected patients. In 5–8% of treated
patients, abacavir can cause hypersensitivity responses. More
than 90% of the patients with hypersensitive syndrome start
within 6 weeks of treatment and require immediate cessation
of the medication. Re-exposure of the abacavir leads to rapid
appearance of symptoms and higher chance to induce more
severe symptoms [21]. Symptoms reported including fever,
rash, malaise/fatigue, and gastrointestinal symptoms such
as nausea, vomiting, and diarrhea. Respiratory symptoms
occurred in 30% of cases including dyspnea, cough, and
pharyngitis. In very rare cases, abacavir might result in more
severe reaction such as SJS/TEN [22, 23].
In 2002, two publications ﬁrst proposed that abacavir
hypersensitivity was signiﬁcantly associated with the presence of allele HLA-B∗ 57:01 in Australian and British cohorts
[24, 25]. Saag et al. [26] further demonstrated that there is a
higher chance of developing hypersensitivity in Caucasians
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than African-Americans who were treated with abacavir.
Among those suﬀered from abacavir hypersensitivity, 44%
of Caucasians and 100% of African-Americans showed positive of HLA-B∗ 57:01 allele. Recently, HAL-B∗ 57:01 was
screened in other populations (summarized in Martin et al.
[27]). In general, the frequency of HLA-B∗ 57:01 allele is
much higher in Caucasians than in other populations. In
Taiwan, abacavir hypersensitivity is less frequent, as it
occurs in approximately 0.3% of HIV-infected patients
who undergo abacavir-containing combination antiretroviral therapy (a total of 320 patients studied). The possible
reason might be the low frequency of the HLA-B∗ 5701
allele in Taiwanese population [28].
The mechanisms of abacavir hypersensitivity is better
studied compared to other drug-induced ADRs. It is
thought that short peptide fragments, derived from either
the drug or its metabolites, form a peptide-HLA complex
speciﬁcally with HLA-B∗ 57:01. This complex activates
CD8+ T cells, which release inﬂammatory cytokines and start
the hypersensitivity response. More recently, it has been
shown that abacavir might occupy a space below the region
of HLA that presents peptides, which leads to an altered
peptide presentation and trigger an autoimmune reaction
[29]. By using X-ray crystallography and structural analysis, Yerly et al. further proposed that the hypersensitivity
reaction is due to both types of T cells that recognize
self-peptide/HLA-B∗ 57:01 complexes and cross react with
viral peptide/HLA-B∗ 57:01 complexes due to similarity in
drug-speciﬁc T cell receptors contact residues [30].
As genetic screens for HLA-B∗ 57:01 could signiﬁcantly reduce the incidence of abacavir hypersensitivity
in Caucasians, the European Medicines Agency and US Food
and Drug Administration (FDA) recommend prospective
screening for HLA-B∗ 57:01 for patients who are considered
to undergo abacavir treatment [27, 31].
4.2. Carbamazepine and Oxcarbazepine Hypersensitivity and
HLA-B∗ 15:02, HLA-B∗ 15:11, and HLA-A∗ 31:01 (Skin). Carbamazepine is an important drug used in the treatment of
epilepsy, trigeminal neuralgia, and bipolar disorder [32–34].
In 2004, Carbamazepine was ﬁrst reported to be strongly
associated with allele HLA-B∗ 15:02 by studying patients
developed SJS/TEN in Taiwan (OR > 1000) [35]. This association was validated in diﬀerent populations, including those
in Thailand, Malaysia, Singapore, and India [36–38]. A
large scale of prospective study including almost 5000 participants from 23 hospitals in Taiwan showed that 7.7% of
the subjects are HLA-B∗ 15:02 positive. These subjects carrying HLA-B∗ 15:02 were then advised to take alternative drugs
other than carbamazepine [39]. Consequently, taking the
alternative drug greatly reduced the change of developing
SCARs, especially SJS/TEN. Based on the ﬁndings from these
studies, the genetic screening of HLA-B∗ 15:02 prior to the use
of carbamazepine for certain Asian populations are recommended by diﬀerent health regulatory agencies [40].
HLA-B∗ 15:02 association and carbamazepine-induced
SJS/TEN is also proposed to be ethnic speciﬁc. It is likely
due to diﬀerent genetic background as the allele frequency
varies among diﬀerent populations. It is relatively high in
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Table 1: Drug-induced ADRs and HLA allele associations.

Drug

HLA allele

Phenotype

Population

Reference

HSS

Australian
African American
Brazilian
British
Indian
Iranian

[25]
[26]
[79]
[24]
[80]
[81]

SJS/TEN

Taiwanese
Han Chinese
Thai
Malaysian
Asian

[35, 82]
[83]
[37]
[44]
[46]

A 31:01

MPE, HSS, SJS/TEN

Han Chinese
Caucasian
Japanese

[49, 82]
[48]
[50]

B∗ 15:11

SJS/TEN

Japanese

[47, 84]

SJS/TEN

Han Chinese
Caucasian
Thai
Japanese

[53]
[57]
[59]
[59]

SCARS

Taiwanese

[85]
[83]
[37]
[86]
[83]

B∗ 57:01

Abacavir

B∗ 15:02

Carbamazepine

∗

B∗ 58:01

Allopurinol

∗

Dapsone

B 13:01

HSS

[60]

Phenytoin

B∗ 15:02

SJS/TEN

Han Chinese
Thai

Lamotrigine

A∗ 31:01
B∗ 15:02

HSS
SJS/TEN

British
Han Chinese

Nevirapine

DRB1∗ 01:01

DRESS

Hispanics, African

[87]

B∗ 14:02

HSS

Sardinian

[88, 89]

B∗ 38

SJS/TEN

European

[57]

B 59:01, CW∗ 01:02

SJS/TEN

Korean and Japanese

[84]

Sulphamethoxazole
Methazolamide

∗

DRB1∗ 15:01-DQB1∗ 06:02

DILI

Caucasian

[64]

Flucloxacillin

B∗ 57:01

DILI

Caucasian

[65]

Lumiracoxib

DRB1∗ 15:01

DILI

Not available

[90]

Ticlopidine

A∗ 33:03

DILI

Japanese

[91]

B∗ 38:02-DRB1∗ 08:03

Agranulocytosis

Taiwanese

[16]

Amoxicillin-clavulanate

Antithyroid drugs

Han Chinese (0.057–0.145), Malaysians (0.12–0.157), and
Thai (0.085–0.275) compared to Japanese (0.002), Koreans
(0.004), and Europeans (0.01–0.02) [41–47].
In the populations with lower frequency of HLA-B∗ 15:02,
that is, Northern Europeans, Japanese, and Koreans, more
recent genome-wide association studies (GWAS) showed
that HLA-A∗ 31:01 allele has relatively stronger association
with carbamazepine-induced hypersensitivity (OR = 25.93,
10.8, and 7.3 in the three populations, resp.) [41, 48–50]. In
addition, HLA-B∗ 15:11 allele was shown to be associated
with carbamazepine-induced SJS/TEN in Japanese and
Korean populations as well (OR = 9.8 and 18.1 in the
two populations, resp.) [41, 47]. The diﬀerent strength and
speciﬁcity of HLA association with carbamazepine-induced

SCARs further suggest that it is necessary to perform diﬀerent genetic tests for diﬀerent populations.
Oxcarbazepine is also an important drug used in the
treatment of epilepsy. Oxcarbazepine-induced cutaneous
ADRs presented with less clinical severity including limited skin detachment (all ≦ 5%) and no mortality compared to carbamazepine. Therefore, it is commonly used
as an alternative to carbamazepine. A most recent study
which enrolled 50 patients in Taiwan and Thailand from
2006 to 2014 identiﬁed a signiﬁcant association between
HLA-B∗ 15:02 and SJS/TEN (OR = 27.90; P = 1 87 × 10−10 ).
The results of study suggested that although oxcarbazepine
is used as an alternative due to the less severity of drug
reactions, genetic test should also be considered further,
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particularly for the populations with higher frequency of
HLA-B∗ 15:02 [51].

However, the hypersensitivity has not been studied in other
ethnic populations.

4.3. Allopurinol Hypersensitivity and HLA-B∗ 58:01 (Skin).
Allopurinol is a xanthine oxidase inhibitor used in the treatment of gout and hyperuricemia. A study comparing the data
in 2005 and in 2011 from Taiwan’s National Health Insurance Research Database, which belongs to the nationwide
population database with more than 23 million insured
enrollees, demonstrated that allopurinol hypersensitivity
happened in about 0.4% of the new users every year. About
half of them required hospitalization [52]. Patients who
underwent hospitalization had very high mortality rate
(0.39/1000 new users). In 2005, the ﬁrst case-control study
in Taiwan showed that HLA-B∗ 58:01 allele is the genetic
marker of allopurinol-induced SCARs in Han Chinese
(OR = 580.3, P = 4 7 × 10−24 ) [53]. This association was then
validated in diﬀerent populations, such as Thailand, Japan,
South Korea, Hong Kong, Australia, Portugal, and Europe
[54–59]. Currently, HLA-B∗ 58:01 is considered as a useful
genetic marker for allopurinol-SCARs in multiple ethnic
populations worldwide [31]. The American College of Rheumatology guideline thus recommends the HLA-B∗ 58:01
genetic screening for allopurinol new users in Asia populations since 2012.
A most recent study in Taiwan further enrolled a large
number of patients with allopurinol-induced ADRs in order
to investigate the associations between HLA-B∗ 58:01, renal
function, gene dosage, and drug dosage with the risk of
allopurinol-induced ADRs development [58]. The authors
showed that HLA-B∗ 58:01 was strongly associated with
ADRs (OR = 44.0; P = 2 6 × 10−41 ) and was also highly correlated with disease severity. That is, patients carrying
HLA-B∗ 58:01 had much higher chance to develop SCARs
comparing to MPE, particularly those individuals with
homozygous HLA-B∗ 58:01. Furthermore, coexistence of
HLA-B∗ 58:01 and renal impairment increased the risk and
predictive accuracy of allopurinol-induced ADRs. This study
suggests that patients with the coexistence of HLA-B∗ 58:01
and renal impairment should be cautious and avoid to
use allopurinol.

4.5. Amoxicillin-Clavulanate-Induced DILI and HLA
Haplotypes. Amoxicillin-clavulanate (AC) is one of the most
commonly prescribed antimicrobial drugs worldwide.
However, it is a known cause of DILI and accounts for
10–13% of hospitalizations. Hautekeete et al. ﬁrst reported
a strong association between HLA and AC-induced DILI
in Europeans [61]. The authors observed a much higher
frequency of DRB1∗ 15:01-DRB5∗ 01:01-DQB1∗ 06:02 haplotype in patients with AC-induced DILI compared to normal
healthy controls (57.1% in cases versus 11.7% in controls,
P < 10−6 ). The association was further validated in two UK
populations (OR = 2.3 and 9.3 for the two populations, resp.)
[62, 63]. A recent study by performing GWAS in 201 patients
further conﬁrmed the association of AC-induced DILI with
DRB1∗ 15:01 allele (OR = 4.2; P = 4 6 × 10−10 ) [64]. In addition, the study further identiﬁed two novel HLA alleles as risk
factors of AC-induced DILI: HLA-A∗ 02:01 in all patients
(OR = 2.2; P = 1 8 × 10−10 ) and HLA-B∗ 18:01 with nominal
signiﬁcance independently of HLA-A∗ 02:01 and HLADQB1∗ 06:02 in Spanish patients only.

4.4. Dapsone Hypersensitivity and HLA-B∗ 13:01 (Skin).
Dapsone alone or in-combination with other drugs are
eﬀective for the treatment or prevention of infectious diseases
(e.g. leprosy, malaria and pneumocystis pneumonia).
However, about 0.5–3.6% of persons who were treated with
dapsone developed hypersensitivity reactions. A recent
genome-wide association study involving 872 participants
(39 participants showed dapsone hypersensitivity syndrome and 833 controls) identiﬁed that SNP rs2844573,
located between the HLA-B and MICA loci, was signiﬁcantly associated with the dapsone hypersensitivity
(OR = 6.18; P = 3 84 × 10−13 ) [60]. The authors further conﬁrmed that HLA-B∗ 13:01 is associated with the dapsone
hypersensitivity (OR = 20.53; P = 6 84 × 10−25 ). The allele
showed a sensitivity of 85.5% and a speciﬁcity of 85.7%
for dapsone hypersensitivity from this study and thus
can be used as a marker of dapsone hypersensitivity.

4.6. Flucloxacillin-Induced DILI and HLA-B∗ 57:01
Association. Flucloxacillin is an antibiotic belonging to penicillin class and is used widely for the treatment for staphylococcal infection in Europe. Flucloxacillin is a common cause
of DILI and is also reported to be associated with cholestatic
liver disease. A GWAS study enrolling 51 patients showed a
strong association between ﬂucloxacillin-induced DILI and
a marker, rs2395029[G]. This marker is in complete linkage
disequilibrium with HLA-B∗ 5701 (P = 8 7 × 10−33 ) [65].
The authors further performed MHC genotyping and conﬁrmed the association of ﬂucloxacillin induced DILI with
HLA-B∗ 5701 (OR = 80.6, P = 9 0 × 10−19 ). This is an interesting ﬁnding because HLA-B∗ 57:01 is also associated with abacavir hypersensitivity, but these patients were not reported to
develop liver injury. It still remains unclear whether it
resulted from the binding of diﬀerent drugs/metabolites to
the same HLA allele and subsequent initiation of immune
responses or it is merely a coincidental event. As the positive
predictive value of HLA-B∗ 57:01 is as low as 0.12% [31], the
genetic screening for HLA-B∗ 57:01 before the prescription of
ﬂucloxacillin to new users may not be clinically relevant.
4.7. Antithyroid Drug-Induced Agranulocytosis and HLA-B∗
38:02-HLA-DRB1∗ 08:03 Haplotype. Other than skin and liver
injures, drug reactions could also aﬀect the immune system
directly. Antithyroid drugs (ATDs) have been the cornerstones treatment of Graves’ disease (GD), which is the leading cause of hyperthyroidism. It has been reported that
ATDs may induce agranulocytosis resulting in lower number
of white blood cells and is likely to be life threatening. However, the genetic risk factors have not been identiﬁed until
recently. Chen et al. conducted both classic genotyping and
GWAS to elucidate the genetic association between ATDinduced agranulocytosis and HLA genes in Taiwan [16]. First
of all, they performed direct HLA genotyping including 6
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Table 2: Available genetic tests.

Platform

Technology

Speciﬁcity

Advantage

References

Sequence speciﬁc oligonucleotides (SSO)
sequence-speciﬁc primer (SSP) PCR

>95%
>97%

[66, 92]
[66, 68, 69]

Real-time PCR

Hydrolysis probe (TaqMan)

>99%

Commercial kits available
More speciﬁc than SSO
Mismatch in the probe region seems to be
more sensitive than those in the primer region

Flow cytometry
Patch testing

HLA-B17 speciﬁc monoclonal antibody

~80%
60–70%

PCR
PCR

classical loci for a total of 42 agranulocytosis cases and about
1200 GD controls. The results showed strong associations of
ATD-induced agranulocytosis with two alleles: HLA-B∗ 38:02
(P = 6 75 × 10−32 ) and HLA-DRB1∗ 08:03 (P = 1 83 × 10−9 ),
which are in independent LD blocks. From GWAS, two more
markers were further identiﬁed in the genomic region of
HLA genes (6q21): rs17193122 (P = 4 29 × 10−27 ), which is
in LD block with HLA-B∗ 38:02, and rs116869525 (P = 1 27
× 10−8 ). The two markers are in the same LD block with
HLA-DRB1∗ 08:03. The authors further showed that the
patients who carried both alleles have much higher chance
to develop agranulocytosis compared to those who had only
one allele. This is an interesting ﬁnding similar to the observation in amoxicillin-clavulanate-induced DILI: class I and
class II HLA confer genetic susceptibility to the same drug
adverse eﬀect, as we mentioned above.

5. Different Techniques Used to Screen HLA
Alleles or Predict Hypersensitivity
Reactions in New Drug Users
As the association between HLA alleles and the chance of
developing SCARs has been shown in many studies, it is
important and advised to have the genetic test for new users
of the drugs mentioned above. Systematic and large-scale
genetic testing is mostly available for HLA-B∗ 57:01 through
commercial laboratories in the US as this allele has the highest frequency in Caucasians. These kits typically oﬀer single
allele testing with a short turnaround time. The genotype
results are either “positive” (HLA-B∗ 57:01 being present in
one or both copies of the HLA-B gene) or “negative” (no copies of HLA-B∗ 57:01 are present). There are no intermediate
phenotypes because HLA-B is expressed in a codominant
manner [27]. Although most of the technologies were developed based on the purpose of detecting HLA-B∗ 57:01 allele,
the concept can also be applied to test other alleles. Therefore, in the following paragraph, we summarize the technologies developed to genotype HLA on the purpose of
screening new drug users to avoid potential ADRs (Table 2).
5.1. PCR-Based Assays. Sequence-speciﬁc oligonucleotide
(SSO) assays for HLA typing was one of the ﬁrst PCRbased HLA typing methods [66, 67]. The technique ampliﬁes
a particular HLA gene locus such as HLA-A, HLA-B, or
HLA-DRB1. Primers are generally designed in exons 2 and
3 for HLA class I and exon 2 for HLA class II—regions
known to carry the most variations. Ampliﬁcations of all

Safe and inexpensive

[73]
[93]
[75, 76]

the alleles of a particular HLA locus can be performed
in one PCR tube. PCR products of a particular HLA locus
is then hybridized with labelled oligonucleutides speciﬁcally to a particular HLA allele or a group of alleles.
Recently, several commercial kits have been developed
based on SSO but can get the results in a shorter period
of time such as LIFECODES HLA-B SSO Typing Kit
(Immucor Transplant Diagnostics).
However, with the very high number of possible heterozygous HLA allele combinations, SSO is not suﬃcient
to resolve all ambiguities as the method does not distinguish between cis and trans polymorphisms. Therefore,
when the subjects are HLA-B∗ 57 positive, sequence speciﬁc
primer- (SSP-) PCR will be advised to further determine
the speciﬁc genotype [68, 69]. Comparing to SSO, SSPPCR has higher resolution and sensitivity as it uses
sequence-speciﬁc primers.
More recently, new assays were developed for HLAB∗ 57:01 typing on a quantitative polymerase chain reaction
(qPCR) platform [70–72]. This enables detection of primer
speciﬁcity through diﬀerentiating Cq values by SYBR Green
quantitative (q)PCR or analysis of allele-speciﬁc PCR by
high-resolution melting. Implementation of these assays on
a qPCR platform signiﬁcantly decreases the processing and
reaction time as well as reagent costs. Jung et al. further
designed primers and probes based on DNA polymorphisms
using hydrolysis probes (oftentimes referred to TaqMan
technology) [73]. In their study, not only the primers but also
the probes were designed for generating PCR products speciﬁcally from the HLA-B∗ 57:01 allele. Although these
primers may also generate products from other HLA-B alleles
that do not induce hypersensitivity reactions, hydrolysis
probes can diﬀerentiate these products and only give ﬂuorescence signals if the HLA-B∗ 57:01 allele is present. To reduce
false-positive detection, additional probes are incorporated
into a single multiplex reaction. The authors also developed
PCR-restriction fragment length polymorphism (RFLP)
assay for genotyping HLA-B∗ 57:01. In this assay, two pairs
of primers, one speciﬁc to 57:01 allele and another pair is
for control, selectively amplify genomic DNA followed by
digestion with restriction enzymes NlaIII or RsaI. PCR products ampliﬁed from two diﬀerent pairs of primers resulted in
diﬀerent sizes of fragments that can be visualized easily on
the agarose gel.
5.2. Non-PCR-Based Techniques. Using monoclonal antibody
to diﬀerentiate alleles HLA-B∗ 57 and HLA-B∗ 58 was ﬁrst
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proposed by Kostenko et al. [74]. Monoclonal HLA-B17 antibodies (mAb 3E12), which recognized both HLA-B∗ 57 and
HLA-B∗ 58 allotypes (members of the group speciﬁcity,
HLA-B17), was labelled with phycoerythrin while antiCD45 labelled with FITC were incubated with blood from
subjects. Lymphocytes were gated based upon scatter and
CD45 bright expression, and mean ﬂuorescence intensity
for HLA-B17 expression was then measured by ﬂow
cytometry. Although this is an inexpensive and rapid
approach to detect the presence of two allotypes, it is proposed to be less speciﬁc and sensitive than PCR-based
approaches. The subjects who test positive by mAb screening are recommended to proceed with high-resolution
gold-standard typing, such as SSO and SSP-PCR, to ascertain the presence of HLA-B∗ 5701 or HLA-B∗ 5801.
Patch testing is also used to predict hypersensitivity
reaction of abacavir [75] and carbamazepine [76]. Giorgini
and others performed patch testing on 100 subjects
including 20 cases who had experienced a hypersensitivity
reaction when treated with highly active antiretroviral
therapy including abacavir. Among the cases with positive
patch testing results, about 50% of them carry HLA-B∗ 57:01
allele. More recently, Lin et al. proposed to use patch testing
to predict carbamazepine induced hypersensitivity. They
showed that about 60–70% of the cases who developed
SJS/TEN and DRESS to carbamazepine had positive reactions in the patch testing. Although drug patch testing is
a safe and inexpensive method for the identiﬁcation of
hypersensitivity, the sensitivity and speciﬁcity is not as good
as PCR-based approaches.

6. Conclusion
In this review, we summarize the HLA alleles associated with
ADRs induced by diﬀerent drugs. From the literature, we
learned that most of the HLA-associated ADRs have ethnic
speciﬁcity. It is likely due to the diﬀerent allele frequency
between populations. Gonzalez-Galarza et al. summarize
the allele frequencies of all the HLA genes and showed that
the frequencies diﬀer a lot [77]. For example, HLA-B∗ 57:01
has the highest frequency in Ireland, but has the lowest frequency in Cuba (African populations). The frequencies can
of each allele in diﬀerent populations be found in the public
database (http://www.allelefrequencies.net/default.asp) [78].
Other than the HLA-associated ADRs being ethnic
speciﬁc, there are also two interesting questions: (1) why
one locus contributes to diﬀerent ADRs as we have
observed on HLA-B∗ 57:01 in abacavir hypersensitivity and
ﬂucloxacillin-induced DILI. (2) How diﬀerent loci contribute to the same ADRs as we have seen in antithyroid
drug-induced agranulocytosis and amoxicillin-clavulanateinduced DILI. As class I and class II HLA genes have different structures, cell-type distributions, and functional
roles in the immune system, the genetic susceptibility from
both classes for a phenotype are expected to be intriguing.
How both class I and class II HLA genes confer genetic
susceptibility to the same ADR requires further pathophysiological investigations.
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