
Clinical Commentary Review
Delabeling Delayed Drug Hypersensitivity: How Far
Can You Safely Go?
Rannakoe J. Lehloenya, MD
a
, Jonny G. Peter, MD, PhD

b
, Ana Copascu, MD

c
, Jason A. Trubiano, MBBS, PhD

c,d,e
, and

Elizabeth J. Phillips, MD
f,g,h Cape Town, South Africa; Heidelberg and Melbourne, Victoria, and Murdoch, Western Australia,

Australia; and Nashville, Tenn
aD

bD

cC

dD

eT

fC

gV
hC

R.

28
INFORMATION FOR CATEGORY 1 CME CREDIT

Credit can now be obtained, free for a limited time, by reading the
review articles in this issue. Please note the following instructions.

Method of Physician Participation in Learning Process: The core
material for these activities can be read in this issue of the Journal or
online at the JACI: In Practice Web site: www.jaci-inpractice.org/. The
accompanying tests may only be submitted online at www.jaci-
inpractice.org/. Fax or other copies will not be accepted.

Date of Original Release: October 1, 2020. Credit may be obtained for
these courses until September 30, 2021.

Copyright Statement: Copyright � 2020-2022. All rights reserved.

Overall Purpose/Goal: To provide excellent reviews on key aspects of
allergic disease to those who research, treat, or manage allergic disease.

Target Audience: Physicians and researchers within the field of
allergic disease.

Accreditation/Provider Statements and Credit Designation: The
American Academy of Allergy, Asthma & Immunology (AAAAI) is
accredited by the Accreditation Council for Continuing Medical Edu-
cation (ACCME) to provide continuing medical education for physi-
cians. The AAAAI designates this journal-based CME activity for 1.00
AMA PRA Category 1 Credit�. Physicians should claim only the credit
commensurate with the extent of their participation in the activity.

List of Design Committee Members: Rannakoe J. Lehloenya, MD,
Jonny G. Peter, MD, PhD, Ana Copascu, MD, FRCPC, Jason A.
Trubiano, BBiomedSci, MBBS, FRACP, PhD, and Elizabeth J. Phillips,
MD (authors); David A. Khan, MD (editor)
ivision of Dermatology, Department of Medicine, University of Cape Town, Cape
Town, South Africa
ivision of Allergy and Clinical Immunology, Department of Medicine, University
of Cape Town, Cape Town, South Africa
entre for Antibiotic Allergy and Research, Department of Infectious Diseases,
Austin Health, Heidelberg, Victoria, Australia
epartment of Medicine (Austin Health), The University of Melbourne, Heidelberg,
Victoria, Australia
he National Centre for Infections in Cancer, Peter MacCallum Cancer Centre,
Melbourne, Victoria, Australia
enter for Drug Safety and Immunology, Department of Medicine, Vanderbilt
University Medical Centre, Nashville, Tenn
anderbilt University School of Medicine, Vanderbilt University, Nashville, Tenn
entre for Clinical Pharmacology and Infectious Diseases, Institute for Immunology
and Infectious Diseases, Murdoch University, Murdoch,Western Australia, Australia
J. Lehloenya receives funding from the South African Medical Research Council.
J. G. Peter receives funding from National Institutes of Health (NIH)
K43TW011178 and EDCTP2 programme supported by the European Union, the
South African Medical Research Council, and the National Research Foundation.
A. Copascu declares no relevant conflicts of interest. J. A. Trubiano is supported
by a National Health and Medical Research Council of Australia (NHMRC) Early

78
Learning objectives:

1. To define delayed drug reactions based on current knowledge of
clinical presentation immunopathogenesis

2. To discuss the literature-based knowledge for patch and intradermal
skin testing for delayed reactions based on the drug (including the cross-
reactivity pattern) and clinical phenotype

3. To describe the role of ancillary testing such as genetic screening or
ex vivo testing in the prevention and management of delayed hyper-
sensitivity reactions

4. To develop a framework for making risk-based decisions for drug
rechallenge in the context of delayed drug hypersensitivity reactions

Recognition of Commercial Support: This CME has not received
external commercial support.

Disclosure of Relevant Financial Relationships with Commercial
Interests: R. J. Lehloenya receives funding from the South African
Medical Research Council. J. G. Peter receives funding from National
Institutes of Health (NIH) K43TW011178 and EDCTP2 programme
supported by the European Union, the South African Medical Research
Council, and the National Research Foundation. A. Copascu declares no
relevant conflicts of interest. J. A. Trubiano is supported by a National
Health and Medical Research Council of Australia (NHMRC) Early
Career Research Grant (GNT 1139902) and Royal Australasian College
of Physicians (RACP) Research Establishment Fellowship. E. J. Phillips
receives funding from NIH (P50GM115305, R21AI139021,
R34AI136815, R01HG010863, and U01AI154659) and the NHMRC.
E. J. Phillips and J. G. Peter receive funding from NIH (RO1AI152183).
D. A. Khan declares no relevant conflicts of interest.
Career Research Grant (GNT 1139902) and Royal Australasian College of Phy-
sicians (RACP) Research Establishment Fellowship. E. J. Phillips receives
funding from NIH (P50GM115305, R21AI139021, R34AI136815,
R01HG010863, and U01AI154659) and the NHMRC. E. J. Phillips and J. G.
Peter receive funding from NIH (RO1AI152183).

Conflicts of interest: E. J. Phillips holds a patent for a method of detecting a human
leukocyte antigen (HLA)-A*32:01 allele, which has utility for assessing
vancomycin-induced drug reaction with eosinophilia and systemic symptoms
(DRESS). E. J. Phillips is co-director for IIID Pty Ltd that holds a patent for HLA-
B*57:01 testing for abacavir hypersensitivity. The rest of the authors declare that
they have no relevant conflicts of interest.

Received for publication May 27, 2020; revised July 1, 2020; accepted for publi-
cation July 8, 2020.

Corresponding author: Elizabeth J. Phillips, MD, Center for Drug Safety and
Immunology, Vanderbilt University Medical Center, 1161 - 21st Avenue, Medical
Center North, Nashville, TN 37232. E-mail: elizabeth.j.phillips@vumc.org.

2213-2198
� 2020 American Academy of Allergy, Asthma & Immunology
https://doi.org/10.1016/j.jaip.2020.07.005

http://www.jaci-inpractice.org/
http://www.jaci-inpractice.org/
http://www.jaci-inpractice.org/
mailto:elizabeth.j.phillips@vumc.org
https://doi.org/10.1016/j.jaip.2020.07.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaip.2020.07.005&domain=pdf


J ALLERGY CLIN IMMUNOL PRACT
VOLUME 8, NUMBER 9

LEHLOENYA ETAL 2879
Abbreviations used

AGEP- A
cute generalized exanthematous pustulosis

DRESS- D
rug reaction with eosinophilia and systemic symptom

ELISpot- E
nzyme linked ImmunoSpot
FDE- F
ixed drug eruption

GrB- G
ranzyme B

HLA- H
uman leukocyte antigen

IDT- In
tradermal testing
IM-ADR- Im
mune-mediated adverse drug reaction

LDE- L
ichenoid drug eruption

LTT- L
ymphocyte transformation test

MPE-M
aculopapular exanthema

NPV- N
egative predictive value
NSAID- N
onsteroidal anti-inflammatory drug

PBMC- P
eripheral blood mononuclear cell

PPV- P
ositive predictive value

PT- P
atch testing
SCAR- S
evere cutaneous adverse reaction

SJS- S
tevens-Johnson syndrome

SLE- S
ystemic lupus erythematosus

TB- T
uberculosis
TCR- T
-cell receptor

TEN- T
oxic epidermal necrolysis
Delayed immune-mediated adverse drug reactions (IM-ADRs)
are defined as reactions occurring more than 6 hours after
dosing. They include heterogeneous clinical phenotypes that are
typically T-cell-mediated reactions with distinct mechanisms
across a wide spectrum of severity from benign exanthems
through to life-threatening cutaneous or organ-specific diseases.
For mild reactions such as benign exanthem, considerations for
delabeling are similar to immediate reactions and may include a
graded or single-dose drug challenge with or without preceding
skin or patch testing. Evaluation of challenging cases such as the
patient who is on multiple drugs at the time a severe delayed IM-
ADR occurs should prioritize clinical ascertainment of the most
likely phenotype and implicated drug(s). Although not widely
available and validated, procedures such as patch testing, delayed
intradermal skin testing, and laboratory-based functional drug
assays or genetic (human leukocyte antigen) testing may provide
valuable information to further help risk stratify patients and
identify the likely implicated and/or cross-reactive drug(s). The
decision to use a drug challenge as a diagnostic or delabeling tool
in a patient with a severe delayed IM-ADR should weigh the
risk-benefit ratio, balancing the severity and priority for the
treatment of the underlying, and the availability of alternative
efficacious and safe treatments. � 2020 American Academy of
Allergy, Asthma & Immunology (J Allergy Clin Immunol Pract
2020;8:2878-95)

Key words: Delabel; Delayed hypersensitivity; In vivo; Ex vivo;
ELISpot; Lymphocyte transformation; HLA; Phenotype; Drug
timeline; Drug challenge

CASE
A 48-year-old woman with known systemic lupus erythema-

tosus (SLE) presents to our clinic with a 10-day history of a
blistering eruption (Figure 1). She had been diagnosed with
drug-susceptible pulmonary tuberculosis (TB) 5 weeks earlier,
and a fixed-dose combination antituberculous (anti-TB) treat-
ment comprising rifampicin, isoniazid, pyrazinamide, and
ethambutol was initiated the same day. She had been on SLE
treatment for at least 10 years, and the disease was stable on
chloroquine and low-dose oral prednisone. She reported that the
diagnosis of SLE followed the first episode of TB, for which she
had uneventfully completed treatment.

Two weeks after initiating anti-TB treatment she had devel-
oped a malar rash, joint pains, and marked hepatitis. She was
diagnosed as a flare-up of SLE at a secondary hospital and anti-
TB treatment was stopped. The laboratory and clinical param-
eters returned to baseline, and rifampin, isoniazid, and etham-
butol were reinitiated at 20 days. Pyrazinamide was omitted on
the assumption that it was the cause of hepatitis. However, 9
days after reinitiating anti-TB treatment with rifampin, isoniazid,
and ethambutol, she developed a photodistributed eruption with
epidermal necrosis that progressed to affect photoprotected skin
and 1 mucosal surface. Liver function tests were normal. A dif-
ferential diagnosis of Stevens-Johnson syndrome/toxic epidermal
necrolysis (SJS/TEN) or SJS/TEN-like acute cutaneous lupus
erythematosus was made. A skin biopsy was compatible with
SJS/TEN (Figure 1). She is referred to us for the identification of
the offending drug to facilitate optimization of her anti-TB
treatment because there are few other alternatives.
INTRODUCTION AND CLASSIFICATION OF

DELAYED DRUG HYPERSENSITIVITY REACTIONS
Delayed immune-mediated adverse drug reactions (IM-ADRs)

are simply defined by the time from drug intake to onset of ADR.
Currently accepted criteria for designation as a delayed reaction
include any reaction that occurs more than 6 hours after dosing.1

Thus, delayed IM-ADRs compromise a very large and heteroge-
neous group of clinical phenotypes and underlying immune
mechanisms. The most benign delayed exanthems may be mac-
ulopapular or urticarial in quality and occur in approximately 5%
of all treatment courses with common drugs such as antibiotics.1

The acute management of a delayed IM-ADR is guided by the
identification of the clinical phenotype that is based on historical
features such as the time from initiation of the drug to clinical
presentation, quality of rash or systemic features (eg, fever), he-
matological abnormalities (eg, eosinophilia or atypical lympho-
cytosis), organ involvement, and ancillary diagnostic tests such as
biopsy of the skin or affected organ (Table I, Figure 1).2 The
diagnosis and management of delayed hypersensitivity reactions
has been met with challenges and controversies based on a narrow
evidence base, absence of multicenter controlled studies, and lack
of availability of validated diagnostics and therapeutics. For mild-
to-moderate rashes where definitive treatment is required with the
implicated drug, a decision may be made to “treat through.”3-5 In
more complex cases such as the case under discussion, the clini-
cian is faced with the most difficult task of attempting to provide a
drug causality for a specific severe clinical drug hypersensitivity
reaction in the face of urgent need for treatment of a life-
threatening infection or other disease. The most common and
the most severe delayed hypersensitivity reactions encountered in
clinical practice are T-cell mediated that are associated with het-
erogeneous mechanisms and both ecological and genetic risk
factors.6 Unquestionably, as our mechanistic understanding of
specific drug and immune phenotypes continues to expand, the
management of delayed drug hypersensitivity reactions will



FIGURE 1. A case of an SJS/TEN-like illness in a 48-year-old woman on antituberculous therapy. A, Photograph showing skin necrosis
and separation over nonesun-exposed areas. The reaction initially was photodistributed but then progressed to affect photoprotected
skin and genital mucosa 9 days after reinitiating rifampin (R), isoniazid (H), and ethambutol (E). B, H&E stain of punch biopsy of affected
skin showing interface dermatitis with basal vaculolar degeneration, scattered Civatte bodies in the superficial dermis with melanin
incontinence, mild lymphocyte infiltrate, and perivascular lymphocyte inflammation in keeping with SJS/TEN. C, Drug timeline showing
the course of the patient from the initial lupus-like reaction through recommencement of treatment with RHE, development of SJS/TEN-
type illness, termination of all treatment, recovery, and sequential drug challenges (DC) with rifampin (R), ethambutol (E), pyrazinamide
(Z), and subsequently isoniazid (H). D, Drug challenge reaction to isoniazid consisting of tender palmoplantar erythema with blisters 2
hours after the drug challenge with isoniazid. This reaction was successfully aborted with administration of methylprednisolone 120 mg
intravenously. H&E, Hematoxylin and eosin; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
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become precise and personalized, matching specific drug and
clinical phenotype to a host with specific genetic risk factors.
Currently, small molecules or drugs are thought to activate T cells
through 3 models that are non-mutually exclusive.6 In the
hapten/prohapten model, the drug covalently binds to a peptide,
either intracellularly in the endoplasmic reticulum before peptide
processing and presentation or at the cell surface. In the other 2
models—the pharmacological-interaction and altered peptide
repertoire model—drugs noncovalently interact with immune
receptors in a dose-dependent fashion simulating what we see
when drugs are dosed in clinical practice and result in delayed and
presumed T-cell-mediated reactions.6-8 Examples include the
higher risk of allopurinol hypersensitivity reactions in patients
with chronic renal failure where oxypurinol, the active metabolite
that has been shown to activate T cells in vitro, accumulates, and
the higher risk of severe cutaneous T-cell-mediated reactions



TABLE I. Delayed hypersensitivity reactions: presentation and in vivo testing*

Type of delayed reaction Average latency Clinical presentation Patch testing utility

Delayed

intradermal

utility

Drug challenge

recommendation

Maculopapular eruption
(MPE)/benign delayed
exanthema

4-12 d Morbilliform rash may have mild eosinophilia Moderate Moderate Consider if need for treatment

Contact reaction (generalized
eczema)

Days to weeks Erythema and edema with vesicles and bullae High High Consider after negative skin/
patch test

Serum sickness-like reaction 4-10 d Fever, rash (urticarial or MPE) with arthralgia e Unknown Consider if need for treatment

Photosensitivity
(photoallergic drug
eruption)

Hours to days Eczematous, edema or blistering rash in
photodistribution

Moderate (photopatch) e Consider with avoidance of
UVA

Fixed drug eruption (FDE) Days to weeks (within hours
of second exposure)

Erythematous and/or indurated plaque recurring
at same location. Commonly lip, tongue, face,
or genitalia. Can be multifocal, bullous, and
severe

Low to moderate
(previously affected
skin)

Unknown Consider (not recommended
for generalized bullous
FDE)

Acute generalized
exanthematous pustulosis
(AGEP)

Hours to 2
d (aminopenicillins)

Up to 2 wk or longer
(hydroxychloroquine and
other drugs)

Pustular eruption widespread but more
prominent on flexures

Moderate (reaction
mimics acute pustular
reaction)

Moderate Not recommended unless
benefit >>> risk

Systemic drugerelated
intertriginous and flexural
exanthema (SDRIFE)

Hours to days Sharply demarcated gluteal or perianal erythema,
involvement of at least one other flexure.
Systemic symptoms absent

High High þ
Consider after negative skin/

patch test

Abacavir hypersensitivity 8 d Fever, malaise, gastrointestinal symptoms. Rash
late, occurs in 70%

High No In select cases with
nonsuggestive history
where HLA-B*57:01 and
patch test negative

Drug eosinophilia and
systemic symptoms
(DRESS)

2-8 wk Fever, extensive rash, facial swelling,
eosinophilia, atypical lymphocytosis, organ
involvement

Moderate Moderate Not recommended unless
benefit >>> risk

Stevens-Johnson syndrome/
toxic epidermal necrolysis
(SJS/TEN)

4-28 d Rash with skin detachment, �2 mucosae
involved. Body surface area detached SJS
�10%; SJS/TEN overlap 10%-30%; TEN
�30%. Positive Nikolsky sign

Low e Not recommended unless
benefit >>> risk

Drug-induced liver disease
(DILI)

5-90 d (average >4 wk) Hepatocellular, cholestatic or mixed. Some may
have mild rash, fever, or eosinophilia

e e Not recommended unless
benefit >>> risk

Drug-induced interstitial
nephritis

2-3 wk or later Acute kidney injury, eosinophilia,
eosinophiluria, white cell casts, may have mild
rash

e e Not recommended unless
benefit >>> risk

Drug-induced vasculitis Months Fever, myalgia, arthralgia, rash
Evidence of positive serology (eg, ANCA)

e e þ
If low pretest probability for

drug only

(continued)
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associated with phenytoin and nevirapine conferred through the
poor metabolism states of CYP2C9 (CY2C9*3) and CYP2B6,
respectively.9-12

Single-cell approaches that integrate T-cell receptors (TCR),
proteome, and transcriptome, especially using site-of disease
sampling, for example, tissue biopsies or blister fluid, are already
transforming our knowledge of mechanisms and will continue to
reclassify traditional clinical phenotypes.13,14 For instance, gene
expression profiling of peripheral blood mononuclear cells
(PBMCs) during the acute and resolution phase of severe delayed
IM-ADRs demonstrated that nonbullous and bullous reactions
clustered separately.15 Kim et al16 recently described the suc-
cessful use of tofacitinib in steroid and immunosuppressant
recalcitrant trimethoprim-sulfamethoxazole drug reaction with
eosinophilia and systemic symptom (DRESS) based on single-
cell RNA sequencing from peripheral blood and skin that
showed upregulation of JAK and STAT signaling pathways.
Epigenomics and exposome will likely also be important con-
siderations in precision classification of delayed IM-ADRs. Epi-
genomics may influence site-specific variabilities in drug
disposition, toxicity, and host response; helping to explain how
the same drug can result in different systemic and organ IM-
ADRs.17 The process of defining the immunopathogenesis of
these reactions at a single-cell level and defining the human
leukocyte antigen (HLA) restriction and TCR and drug antigen
specificity will lead to a heightened understanding and potential
re-taxonomization of delayed hypersensitivity reactions as we
currently know them.13,14,16 Indeed many delayed hypersensi-
tivity reactions that are seen clinically that involve various
combinations of fever with or without cutaneous and hemato-
logical manifestations, occurring within the first 2 weeks of
treatment, do not fit into any currently described severe delayed
IM-ADR classification. These approaches will also lead to tar-
geted diagnostic and therapeutic approaches. However, with our
current state of knowledge, a more general approach is required
that needs to gather all available information for risk stratification
and decision making. Figure 2 provides our conceptual frame-
work for this global approach to delayed IM-ADRs where cu-
mulative information from all levels, where available, contributes
to the ultimate causality and phenotype assessments and allows
for optimal clinical decision making despite knowledge gaps.

The majority of delayed IM-ADRs are considered to be T-cell
mediated, and traditional classifications such as the modified Gell
and Coombs, considering type IVa-d hypersensitivity, help in a
broad understanding of the relative importance of particular
immune effectors and cytokines.1,18 However, in building a
comprehensive risk stratification to attribute drug causality or
consider different treatment options, this classification offers
little. HLA typing for screening and/or risk stratification for
delayed IM-ADRs may offer clinical utility particularly where
the positive predictive value (PPV) is high.9 Strong associations
with other risk alleles in drug metabolizing pathways also high-
light the importance of considering parent drug, metabolites, and
drug concentrations in pathogenesis, and several of these are
already in use to avoid specific drug toxicities in at-risk patients
(Table II).9,26 Although the evidence base and availability of
specific in vivo (eg, patch or intradermal skin testing) and ex vivo/
in vitro (eg, enzyme linked ImmunoSpot [ELISpot], lymphocyte
transformation test [LTT]) testing is lacking on a global basis,
and there are significant geographic differences in their use pat-
terns, they can contribute useful adjunctive information to help
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with drug causality and cross-reactivity in extremely complex
cases.1,27

The clinical history and physical examination when the pa-
tient is seen acutely are very important in formulating a diagnosis
and management plan (Table I, Figure 1). Remote and proximal
drug and infection exposures are also key considerations in
phenotype and classification of delayed IM-ADRs. One of the
commonest delayed IM-ADRs is a delayed exanthem after
antibiotic exposure in the context of an acute infection. It is still
not clear the extent to which these mild-to-moderate rashes are
parainfectious events to viral or bacterial antigens or immune
stimulation with secondary cutaneous reactions to drug.6,28,29 In
the heterologous immunity model of an IM-ADR, pathogen-
specific T-cell responses generate either migratory or resident
memory T cells that cross-react with drug-modified self-peptide
epitopes when the drug is introduced later in life.6 This has the
potential to induce pathology at the anatomic site of the resident
memory T cells but not elsewhere. The presence of a shared
dominant TCR clonotype for some severe delayed IM-ADRs
such as HLA-B*15:02-associated carbamazepine SJS/TEN that
is absent in HLA-B*15:02 carbamazepine-tolerant controls
supports this model.14 Many of these remote and benign re-
actions result in a lifelong label of a drug allergy, and many
patients with such histories have not had reproducible reactions
on drug rechallenge.18,29 The time from first treatment to pre-
sentation of the delayed IM-ADR (latency), the clinical or
pathological features of the rash or organ involvement, the
accompanying clinical features such as fever, lymphadenopathy,
organ involvement, and laboratory features all provide valuable
information that contributes to the clinical phenotype (Table I,
Figure 1).18
GENETIC TESTING AND PREDICTORS FOR

DELAYED DRUG HYPERSENSITIVITY
After the discovery of the association between HLA-B27 and

ankylosing spondylitis, there were several small studies using
older serological techniques for HLA that hinted at associations
between class I HLA haplotypes and allopurinol and sulfonamide
antibiotic hypersensitivities.30-32 However, it was not until the
advent of sequence-based typing that sequential strong discov-
eries between HLA and specific drug hypersensitivity syndromes
FIGURE 2. A conceptual approach to the patient with a delayed imm
outlines strategies to prioritize and obtain as feasible all levels of info
offending drugs, and make decisions around future drug(s) avoidance o
considered as a screening test where testing is available, where the n
when time allows for testing to be done before initiation of therapy. R
delayed hypersensitivity with stratification of mild-to-severe IM-ADRs;
adjunctive laboratory testing. A detailed history including drug exposur
causality assessments; for example, Naranjo should be performed for
develops toxic epidermal necrolysis (TEN) is key to identifying the mos
be ruled out as implicated as both are started after the onset of TEN s
average for SJS/TEN (4-28 weeks), making drug C the most likely im
known diagnostic accuracy data in specific phenotype or population,
diagnostic testing should be applied. All preceding cumulative informat
of effective alternative drugs, and depending on this risk-benefit stra
lifelong avoidance (implicated and cross-reactive drugs) or one of s
treatment. AGEP, Acute generalized exanthematous pustulosis; DRES
fixed drug eruption; SJS, Stevens-Johnson syndrome.
have been made over the last 18 years.21-25,33,34 This includes the
association between HLA-B*57:01 and abacavir hypersensitivity
that provided a translational roadmap from discovery through to
routine clinical implementation.35 The first randomized clinical
controlled trial to examine the utility of a specific genetic test to
prevent a defined toxicity was performed randomizing in-
dividuals starting abacavir treatment to real-time HLA-B*57:01
testing versus nongenetic guided treatment.19 This study that
enrolled almost 1956 patients of primary European ancestry over
6 months demonstrated that HLA-B*57:01 screening eliminated
immunologically mediated (patch test positive) abacavir hyper-
sensitivity and showed 100% negative predictive value (NPV) of
HLA-B*57:01 screening for abacavir hypersensitivity. The
SHAPE study was a case control study that demonstrated
generalizability of the 100% NPV of HLA-B*57:01 for patch
test positive abacavir hypersensitivity to non-white ancestry.
These studies were the licensing studies and formed the basis on
which HLA-B*57:01 screening became part of routine guideline-
based HIV care before abacavir prescription in most of the
developing world.19,20 A number of strong genetic associations
between primarily HLA class I alleles and severe delayed IM-
ADRs have been described since 2002 with varying success in
translation into clinical practice (Table II). For abacavir, the
PREDICT-1 study demonstrated that 55% of those carrying
HLA-B*57:01 developed abacavir hypersensitivity, meaning only
13 would need to be tested to prevent 1 case of clinically diag-
nosed abacavir hypersensitivity. For other drugs, the lower PPV
and NPV make the cost-effectiveness of screening highly
dependent on the prevalence of a given HLA risk allele in a given
population (Table II).9 For some drugs such as flucloxacillin, an
anti-Staphylococcal penicillin, the low prevalence of toxicity
(hepatitis), and the low PPV (0.14%) mean that even in Euro-
pean populations where HLA-B*57:01 is prevalent, almost
14,000 would need to be screened for HLA-B*57:01 to prevent
1 case of flucloxacillin-associated hepatitis (Table II). Recent
work suggests that genetic factors outside of the major histo-
compatibility complex may be important in explaining this
positive predictive gap for drugs such as abacavir and nevira-
pine.36 The association between an HLA risk allele and an
antibiotic that typically needs to be started expeditiously without
delay and time to do genetic screening is a good example where
HLA testing may have high utility as a pre-emptive or diagnostic
une-mediated adverse drug reaction (IM-ADR) history. This figure
rmation required to diagnose delayed IM-ADRs, correctly identify
r rechallenge. Genetic testing, for example, HLA typing, should be
umber needed to treat to prevent a given IM-ADR is favorable and
ecognition of the clinical phenotype is the usual starting point in
for severe IM-ADRs, this often requires in-patient monitoring and

e timelines allows consideration of all possible offending drugs and
all possible offenders. The drug timeline shown for a patient who
t likely drug. For instance in the timeline above, drugs D and E can
ymptoms. The latency period for drug A (35 days) is longer than
plicated drug associated with TEN. The particular offending drug,
and local availability and experience determine which adjunctive
ion is then weighed against the need for treatment and availability
tification, an informed decision can be made about the need for
everal strategies of drug re-exposure and a repeated attempt at
S, drug reaction with eosinophilia and systemic symptoms; FDE,



TABLE II. HLA and delayed immune-mediated adverse drug reactions: role in screening and diagnosis

Drug phenotype HLA allele

HLA risk allele

prevalence NPV PPV NNT Screening test Diagnosis

Abacavir
Hypersensitivity

syndrome19,20,*

B*57:01 5%-8% Caucasian
<1% African/Asia
2.5% African American

100% for patch test
confirmed

55% 13 Routine Not recommended

Allopurinol
SJS/TEN and

DRESS21

B*58:01 9%-11% Han Chinese
1%-6% European ancestry

100% (Han Chinese)† 3% 250 Selectively (incomplete NPV
in Africans and European
ancestry)

Potentially useful†

Carbamazepine
SJS/TEN22,*

B*15:02 10%-15% Han Chinese
<1% Koreans, Japanese
<0.1% European Ancestry

100% (Han Chinese) 3% 1000 Consider (low allele
prevalence in non-SE
Asian ancestry)

Potentially useful†

Dapsone
DRESS23

B*13:01 2%-20% Chinese
28% Papuans/Australian Aboriginals
0% European/African
1.5% Japanese
<2% African and African American

99.8% 7.8% 84 Screening programs
implemented in China and
Southeast Asia where
leprosy prevalent

Potentially useful†

Flucloxacillin24 B*57:01 5%-8% European ancestry
<1% African/Asia
2.5% African American

99.99 0.14% 13,819 No Potentially useful†

Vancomycin25 A*32:01 6%-8% European
3%-4% African
<2% Asian

Unknown in Africans
and Asian ancestry

20% 75 Unlikely in nonelective
situations

Potentially useful for pre-emptive
management and diagnosis†

DRESS, Drug reaction with eosinophilia and systemic symptoms; FDA, Food and Drug Administration; IM-ADR, immune-mediated adverse drug reaction; NNT, number needed to test to prevent 1 case; NPV, negative predictive value; PPV,
positive predictive value; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
*Part of FDA drug label.26

†Particularly in settings where multiple drugs used concurrently could be implicated in an IM-ADR.
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test rather than a screening test. This is exemplified by the recent
association between HLA-A*32:01 and vancomycin DRESS.25

With a prevalence of HLA-A*32:01 of approximately 6.3% in
most mixed ancestry populations, approximately 75 patients
would need to be tested to prevent 1 case of vancomycin DRESS.
However, because vancomycin DRESS has an average latency of
2 or more weeks, this affords a time window to do HLA testing
and risk stratify patients without withholding necessary empiric
antibiotic treatment. This risk stratification and the availability of
single allele typing with a rapid turnaround time would allow for
rational decisions for continued treatment to be based on need
for the antibiotic and the availability of equally efficacious
alternative options.37 This also facilitates informed decisions to
discontinue vancomycin at the earliest sign of any potential
adverse reaction. It is anticipated that as more genetic associa-
tions are discovered with delayed IM-ADRs and as typing for
specific HLA alleles becomes more cost-effective and available,
this could provide widely accessible and useful ancillary diag-
nostic information relevant to many delayed IM-ADR
phenotypes.

ADJUNCTIVE APPROACHES TO AID IN THE

DIAGNOSIS OF DELAYED HYPERSENSITIVITY

REACTIONS

Delayed hypersensitivities, a group of presumed T-cell-medi-
ated disorders,18,38 have become an increasing focus of drug al-
lergy delabeling programs internationally and are of interest to
allergists and immunologists as well as infectious diseases experts
as tools to integrate into stewardship programs. Although drug
allergy programs, in particular antibiotic allergy testing, have
historically focused on specific testing for immediate (IgE-
mediated) hypersensitivities,18 the evidence base to support
delabeling in T-cell-mediated reactions has been slower to evolve.
This has primarily been due to an absence of high-sensitivity
diagnostics and availability of trained specialists.38-40 Com-
pounding this is the concern of disease relapse related to both
performing skin testing and oral challenge in the setting of dis-
ease phenotypes with associated high mortality.41-44 Many pa-
tients with nonspecific delayed reactions, such as a mild
exanthem associated with antibiotics in the face of a viral
infection, have been labeled in childhood, and an increasing
evidence base supports an ingestion challenge in this setting.45-47

For more severe delayed and likely T-cell-mediated reactions
(Table I) including DRESS, acute generalized exanthematous
pustulosis (AGEP), fixed drug eruption (FDE), and SJS/TEN in
particular, specialized testing may have an important role to
provide supportive information for a causative drug and potential
for cross-reactivity.1

IN VIVO APPROACHES (PATCH AND

INTRADERMAL TESTING)

Patch testing
By applying drug allergens in a soluble vehicle under occlusion

on intact skin, patch testing (PT) aims to safely reproduce in the
confined area of the test the original delayed IM-ADR. Most PTs
in allergy practice involve the use of chamber PTs that were
developed to test multiple substances at the same time. Finn
Chambers are available as loose chambers that allow selection of
the overlying tape or premounted on Scanpor tape. Finn
Chambers are also now available mounted as a molded paper
chamber on a polyurethane tape that has the advance of elimi-
nating the need to add filter paper for liquid allergens. For the
most part, PT in delayed IM-ADRs has relied on pharmacy or in
clinic preparation of the reagents without widespread standard-
ization. However, some antibiotics, nonsteroidal anti-
inflammatory drugs (NSAIDs), and anticonvulsants are now
commercially available although mainly in Europe with very
limited availability in the United States.48 A negative (petrolatum
or vehicle) but not positive control is used with PT. With the
exception of FDE, which requires application of the test to
previously affected skin, the upper back is the preferred site.48,49

The readings should be at 48 hours when the PT is removed,
although the reaction may occur more quickly with abacavir
hypersensitivity and FDE.48 Follow-up readings should occur at
96 hours and 1 week if the original reading is negative. The
results are interpreted as per standard guidelines and comparison
with untested skin.50,51 Please see the delayed hypersensitivity
video (https://youtu.be/-KmMF_X5g4g) for a detailed illustra-
tion of drug PT procedures.

The optimal PT timing has not been established for all phe-
notypes of delayed hypersensitivity reactions and drugs. The
general consensus is that PTs, like other in vivo tests, should not
be performed sooner than 4 to 6 weeks and preferably at least 6
months after the reaction. Although PT has been shown to be
safe by several groups even in DRESS and SJS/TEN, this also
avoids the confusion with relapse of reactions such as DRESS,
which is common in their natural evolution and flare-ups due to
corticosteroid withdrawal all making the risk of false-positive or
-negative results unacceptable.52 Systemic immunosuppressants
such as corticosteroids should have been discontinued for at least
1 month before PT.1 In certain circumstances, exemplified by
anti-TB drug-associated severe cutaneous adverse reaction
(SCAR) in resource-limited settings, the risks associated with
early PT are outweighed by the need to continue other drugs in
the multidrug regimen except the offender.53 However, patch
testing is associated with significant systemic symptoms reactions
in predominantly HIV-co-infected patients which has only been
rarely associated with PT otherwise.54-56 In this setting, it also
has implications on whether PTs in multiple drug exposures
should be conducted simultaneously or sequentially.

PTs in delayed hypersensitivity reactions have high specificity.
On the other hand, their sensitivity varies with the clinical
phenotype, offending drug, drug concentrations, and the PT
vehicle used amongst others.48 The sensitivity is highest for
systemic drugerelated intertriginous and flexural exanthema
(52%-82%), AGEP (58%), DRESS (32%-64%), FDE (up to
40%), lichenoid drug eruption (LDE) (30%-50%), and mac-
ulopapular exanthema (MPE) (10.8%-38.4%).48,57-60 There is
general consensus that PT, with the exception of antiepileptic
drugs such as carbamazepine, have minimal utility in SJS/
TEN.48,56,61,62 In vivo testing in LDE is likely to increase with
increasing incidence due to new treatments such as TNF-alpha
antagonists, tyrosine kinase inhibitors, programmed cell death
ligand antagonists, cytotoxic T lymphocyteeassociated antigen-4
blockers, and other checkpoint inhibitors.63-68 PT sensitivity is
also drug-specific, highest with drugs such as antiepileptics,
contrast media, beta-lactams, tetrazepam, and pristinamy-
cin.48,52,69,70 PT for allopurinol or its active metabolite oxy-
purinol appears to completely lack sensitivity for both allopurinol
DRESS and SJS/TEN. Interestingly, PT in children also seems
to have lower sensitivity, although there is paucity of data.71,72

https://youtu.be/-KmMF_X5g4g


J ALLERGY CLIN IMMUNOL PRACT
VOLUME 8, NUMBER 9

LEHLOENYA ETAL 2887
Persistence of PT positivity in antibiotic-associated delayed
hypersensitivity reactions was investigated by Pinho et al in 20
patients with MPE (n ¼ 18), DRESS (n ¼ 1), and AGEP (n ¼
1). PTs were reproducibly positive in 89% after median 6 years
(range, 2.0-14.7 years), and a majority had reaction intensity to
PT similar to the original as found in other studies.73-75

Overall, the lack of PT sensitivity for many phenotypes as well
as the clinical severity of SCAR means that the decision to
attempt delabeling through a drug challenge would not be based
solely on a negative PT result.

Intradermal testing

Consensus on performance of intradermal testing (IDT) in-
volves injection of 0.02 to 0.05 mL of the highest nonirritating
drug concentration in a tuberculin syringe (0.5-1 mL) and needle
gauge 25, 27, or 30 with reagent applied bevel-up, to the volar
forearm of skin.1 Using saline control and amoxicillin 20 mg/mL
as their standard, the European Network for Drug Allergy
recently performed a multicenter study of 11 sites in attempts to
produce reproducible approaches that would reduce variability
and standardize IDT to allow more reliable comparison between
centers performing either immediate or delayed IDT.76 The
definition of a positive delayed IDT has varied but in general is
defined as an erythematous induration or swelling at the IDT
injection site at 24, 48, and out to 72 hours if negative at 48
hours.77,78 Current guidelines recommend the use of IDT only
with drugs available in sterile parenteral commercially manu-
factured preparations.76 In a recent consensus guideline, there
was agreement amongst international experts that delayed IDT
using sterile preparations of drugs can aid drug allergy assessment
and that similar to PT should not be performed sooner than 4 to
6 weeks after an acute reaction.1 The use of IDT in SCAR has
predominately been in the setting of hypersensitivity associated
with anti-infective drugs that are commonly available as sterile
preparations and for which the greatest delabeling need exists.79

Prior studies have indicated that IDT has increased sensitivity
over PT and this appears particularly true for antibiotic-
associated DRESS and MPE.80,81 Torres et al81 performed PT
and IDT in a cohort of 21 patients and 30 controls with delayed
hypersensitivities to penicillins and no allergy history, respec-
tively. They demonstrated no false positives in the controls, and
20 of 21 were positive to penicillins by IDT compared with 18
by PT.81 A number of other earlier reports of IDT being per-
formed safely have been extensively demonstrated in Europe,
although the specifics of phenotypic severity for which testing
was undertaken are often limited.81-86 On review of the litera-
ture, we believe that IDT can be safely employed by specialists in
the outpatient setting, predominantly for beta-lactam antibiotics
and syndromes such as MPE, DRESS, and AGEP. The utility in
FDE (intralesional) and SJS/TEN (concern for low sensitivity
and safety) still remains ill-defined. Reactions to IDT are rare in
general drug allergy testing.87 There have been only infrequent
reported systemic reactions after IDT even in severe delayed-type
hypersensitivity.81,88-91 Konvinse et al38 reviewed the sensitivity
of delayed IDT for antimicrobials— ranging from 6.6% to
36.3% for MPE and 64% to 100% for DRESS. What remains
uncertain is both the specificity and false-positive rate in this
context. In ambiguous settings, concordance of PT and delayed
IDT adds more certainty; however, the higher sensitivity of
delayed IDT for many reactions including MPE and DRESS
means that negative PT will legitimately occur in the setting of
positive IDT.52 Because of the life-threatening nature of these
SCAR reactions, and without an appropriate reference standard
to accurately determine the specificity and sensitivity of IDT,
drug challenges of patients with positive tests cannot be justified;
however, the identification of a likely implicated drug through a
combination of clinical causality assessment and positive testing
opens a pathway for potential challenge to drugs that test
negative and are less likely to be implicated.

Although the specific antigens that activate T cells remain
elusive for most delayed IM-ADRs, recent data demonstrate the
importance of the parent drug for delayed reactions to penicillins.
In these cases, the implicated drug can be identified through IDT
without the use of a minor determinant mixture and penicilloyl-
polylysine.81,92,93 Outside of antibiotics, a recent work from
Trautman et al94 also demonstrates the utility of IDT in delayed
IM-ADRs (n ¼ 13) to iodinated radiocontrast media, similar to
other authors95,96 yet not supported by earlier studies.97 Utility
has also been demonstrated in delayed IM-ADRs to chemo-
therapeutics, proton pump inhibitors, NSAID-induced re-
actions, and analgesics.98-100 In regard to NSAIDS, IDT should
be used when sterile intravenous preparations are available.100

PT still remains the preferred methodology for corticosteroid
reactions over IDT as it allows a broader range of drugs and
cross-reactivity patterns to be studied.101 Use of IDT for corti-
costeroids, however, has the advantage of testing for delayed
reactions to excipients such as polyethylene glycol 3350, poly-
sorbate 80, carboxymethylcellulose, and benzalkonium chloride
that are present in the injectable forms of methylprednisolone
acetate, triamcinolone, and betamethasone, respectively.102

Furthermore, the utility of testing for some drugs remains
limited, including macrolides, sulfonamides, and allopurinol.103

The apparent lack of sensitivity of IDT for some drugs may be
due to the use of nonirritating concentrations established for
immediate drug reactions that may be insufficient for IDT.
Recent work for drugs associated with noneIgE-mediated mast
cell activation demonstrated that concentrations elucidating im-
mediate histamine release in the skin (eg, above the nonirritating
concentration for immediate reactions) appear to be necessary for
improved sensitivity for delayed reactions. Examples include
drugs such as vancomycin and fluoroquinolones that are com-
mon causes of noneIgE-mediated mast cell activation through
their interaction with MRGPRX2.25,104-106 The difficulty in
interpreting skin testing for antibiotics such as fluoroquinolones
and sulfonamide antibiotics107 means that a drug challenge
maybe preferable in individuals with remote or low-risk
histories.108

The use of delayed IDT in pediatrics, particularly in children
less than 3, is further limited due to logistical difficulties and
higher rates of negative testing in children with mild delayed
hypersensitivities that are presumed to be due to viral infection or
drug-viral interactions in the majority of cases.109-111 However,
Atanaskovic et al71 demonstrated that from a cohort of 76 pa-
tients with nonimmediate hypersensitivity, 57 (75%) had a
positive delayed IDT highlighting potential utility in carefully
selected populations. Unlike immediate reactions where several
studies have demonstrated that a positive IDT to penicillins and
cephalosporins will wane over time, the persistence of delayed
IDT remains ill-defined, with few studies that have followed
patients longitudinally. Rodriguez-Alvarez et al82 reported on 23
patients with mild delayed hypersensitivities and demonstrated
reproducibility in only 1 patient 4 years after initial testing. The
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barriers that still remain for widespread implementation of IDT
for delayed hypersensitivities include: (1) absence of commer-
cially available sterile preparations for all drugs; (2) overall low or
unknown NPV; (3) absence of knowledge as to whether the
highest nonirritating concentration relevant to performance and
interpretation of immediate IDT is relevant to delayed IDT; and
(4) limited data in specific phenotypes such as FDE and SJS/
TEN. Of great interest is recent evidence noting strong IDT
responses in patients with severe delayed reactions with the
absence of T-cell responses in peripheral blood.112
IN VITRO AND EX VIVO DIAGNOSTICS
Currently, laboratory-based in vitro and ex vivo diagnostics,

such as LTT, ELISpot assay, and flow cytometry, are not avail-
able for use as routine diagnostics in most centers and are still
primarily employed in a research only setting (Table E1, available
in this article’s Online Repository at www.jaci-inpractice.org).
The reported sensitivity of the LTT in delayed hypersensitivity
reactions ranges from 27%113 to 74%114 and specificity quoted
as 85%114,115 to 100%.113,116-126 False positives existing for
some drugs such as NSAIDs and glycopeptides preclude against
the use of the LTT in these settings. Putting aside the demanding
and time-consuming laboratory manipulations, the LTT can
provide useful adjunctive information toward drug causality and
drug hypersensitivity diagnosis.127 The largest study describes the
LTT in 923 patients with suspected hypersensitivity, among
whom only 100 patients were positive (58 of 78 penicillin
allergyelabeled patients were positive).114 In the last 10 years,
aside from case reports or small cases series,128-131 very few
studies have focused solely on the LTT method for diagnosis
(Table E1, available in this article’s Online Repository at www.
jaci-inpractice.org).

The ELISpot technique was initially developed to quantify
secretion and activation of T-cell responses to specific viral
peptides.132 For T-cell-mediated drug hypersensitivity, the assay
has been adapted to quantify secretion and activation of re-
sponses to T cells stimulated by varying concentrations of sus-
pected implicated drugs or metabolites. The number of spot-
forming units or spot-forming cells that release cytokine
markers or cytolytic molecules, such as IFN-g and granzyme B
(GrB), are quantified after the patient’s PBMCs are stimulated
with pharmacologically relevant concentrations of the suspected
drug(s). As the incubation time is shorter and T-cell activation
occurs after 24 to 48 hours, this has clinical appeal. In a recent
study of IFN-g ELISpot in SCAR, the sensitivity was reported as
52% (10 of 19) and the specificity 100%.133 In a study of
amoxicillin MPE and piperacillin delayed hypersensitivity, the
sensitivity was reported as 91% (15 of 22) and 87.5% (7 of 8),
respectively.115,134-136 The GrB ELISpot has a lower reported
sensitivity (33%-55%) from smaller cases series,113,116 with
similar specificity. Although a commonly defined threshold for
ELISpot assays performed in triplicate has been 50 spots per
million, there remains variability in the definition of a positive
ELISpot assay, as outlined in Table E1 (available in this article’s
Online Repository at www.jaci-inpractice.org),116,137-147 likely
impacting reported sensitivities.

The flow cytometry technique is used to determine various
phenotypic parameters such as T-cell surface activation markers
that could indicate drug-specific T-cell populations and T-cell
proliferative responses.148-150 Different cell surface receptors and
markers have been described in the delayed hypersensitivity
setting such as a decrease in Tim3 and Gal9 in patients with
MPE151 and an increase in CD137152 and granulysin in patients
with SJS/TEN,113 and a-defensin 1-3 peptides153 as well as
CD69154 in patients with MPE and SCAR. At present, there
remains no large cohort of clinical studies using flow cytometry
as a clinical diagnostic.

Although there are emerging data for use of ex vivo and in vitro
diagnostics to aid in the delabeling of delayed hypersensitivities,
they have to date been the province of specific research envi-
ronments making scalable approaches difficult. Similar to in vivo
testing, the lack of a 100% NPV means that their utility relies on
the presence of other clinical and laboratory information to help
make decisions in an individual patient about the risk and benefit
of future drug therapy. Moreover, implementation is still
hampered by an absence of routinely used cutoffs and variable
diagnostic sensitivity. Used in combination with clinical infor-
mation and delayed IDT and PT, these novel diagnostics provide
a pathway for utilization of class-related drugs in severe delayed
IM-ADRs.
CROSS-REACTIVITY IN DELAYED

HYPERSENSITIVITY AND ROLE OF ADJUNCTIVE

TESTING

For some drug classes, cross-reactivity is a myth and patients
can be delabeled based on history alone. The absence of cross-
reactivity between sulfonamide antibiotics (eg, sulfamethoxa-
zole) and nonantibiotic sulfonamides (eg, furosemide) for both
immediate and delayed hypersensitivity reactions is an evidence-
based example of this.155,156 Reports of PT or IDT being used to
demonstrate the presence or absence of cross-reactivity in delayed
hypersensitivities are largely related to antibiotics, radiocontrast
dye,95 chemotherapeutics, antiepileptic drugs, and corticoste-
roids. The vast majority of data exist for beta-lactams.18 Cross-
reactivity has been demonstrated in delayed hypersensitivity be-
tween aminopenicillins and aminocephalosporins that share the
same R1 group—noted in 18.7% to 31.2% of those tested.157-
160 Beta-lactam delayed IDT has been useful in demonstrating
tolerance of cephalosporins,92,161 carbapenems,161,162 and
monobactams163 in those reporting a primary penicillin delayed
phenotype, with infrequent reports demonstrating cross-
reactivity rates greater than 2%.164 Further data demonstrating
the absence of cross-reactivity in beta-lactam cross-reactivity
between beta-lactams with nonshared R1 or R2 side chains in
delayed IM-ADRs are demonstrated in Table III.

Data evaluating cross-reactivity for other drugs include the
absence of cross-reactivity in a cohort of vancomycin DRESS
between vancomycin and other available glycopeptides (13%; 2
of 15). Cross-reactivity was predicted by IFN-g ELISpot, IDT,
and a shared class II HLA haplotype.105 This lack of consistent
cross-reactivity is supported by earlier clinical data reporting an
absence of cross-reactivity between vancomycin and teicopla-
nin.105 An absence of cross-reactivity has also been reported
between drugs within the rifamycin class (eg, rifampin, rifabu-
tin). Lehloenya et al165 demonstrated the tolerance of rifabutin in
6 cases of rifampicin DRESS. Cross-reactivity can also be pre-
dicted for IM-ADRs to antiepileptic drugs, especially among
aromatic antiepileptic drugs where cross-reactivity has been
extensively reported (phenobarbital, phenytoin, oxcarbazepine,
and carbamazepine).166,167 In this setting, nonaromatic
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TABLE III. Use of intradermal testing and cross-reactivity in antibiotic severe cutaneous adverse reactions

Author (year)

Country N Phenotypes Implicated drugs Testing

Test positive

N (%)

Adverse

events* Cross-reactivity

Proposed cross

reactivity pattern

Post testing

tolerance†

Trubiano (2020)
Australia92

32 DRESS, AGEP, severe
MPE

Penicillins IDT 18 (56) Nil 37% (penicillins) Penicillin ring—
thiazolidine

Cephalosporinsz

Nakkam (2020)105 15 DRESS Vancomycin IDT NP Nil 2 (13%) Unknown NP

Konvinse (2019)
United States25

23 DRESS Vancomycin IDT 1 (33) Nil NP NP NP

Trubiano (2019)
Australia79

31 SJS/TEN, DRESS,
AGEP, FDE

Antibiotics IDT þ PT 13 (42) Nil NP NP NP

Watts (2018)
United Kingdom160

1 DRESS Penicillin G IDT
PT

1 (100)
1 (100)

Nil Penicillin G, amoxicillin Penicillin ring—
thiazolidine

Oral
cephalosporin

Romano (2016)
Italy158

11 TEN, AGEP, Bullous
exanthema

Penicillins IDT
PT

NA Nil NP NP NPx

Buonomo (2014)
Italy157

97 Delayed unspecified
(MPE, urticaria)

Aminopenicillins PT
IDT

97 (100)-inclusion
criteria

92 (95)

MPE
(N ¼ 4)

17% (amino-cephalosporins)
10.9% 1st-gen cephalosporins
1.1% 3rd-gen cephalosporins

Amino-penicillins/
amino-cephalosporin

Unknown

Cabanas (2014)
Spain131

8 DRESS Antibiotics;
piperacillin
tazobactam

IDT
PT

IDT: 3 (40)
PT: 1 (25)

Nil NP NP Meropenemk

Barbaud (2013)
France52

134 SJS/TEN, DRESS, AGEP Beta-lactams
Pristinamycin
PPI{

PT
IDT (4)

76 (56.7)
3 (75)

1 case of
AGEP
relapse

Ciprofloxacin
Norfloxacin and pefloxacin

(N ¼ 1)

NP Unknown

Romano (2010)
Italy93

214 Delayed unspecified
TEN (5), AGEP (3)

Aminopenicillin IDT
PT

40 (18.7) Nil 37.5% (amino-cephalosporins) Amino-penicillins/
amino-cephalosporin

NP

Torres (2004)
Spain81

8 TEN/SJS (4), EM (1),
MPE (3)#

Penicillin/
aminopenicillins

PT 4 (50) 1 (16) NP NP NP

Phillips (2001)
Canada159

16 Delayed unspecified Aminopenicillin PT 14 (87.5) Nil 32% (amino-cephalosporins) Amino-penicillins/
amino-cephalosporin

68% tolerated
cephalexin

Romano (1993)
Italy62

2 TEN Penicillins IDT
PT

2 (100) Nil NP Amoxicillin/ampicillin NP

Osawa (1990)
Japan80

197 MPE, EM, erythrodermic
reactions

All drugs IDT
PT

105 (89.7)
62 (31.5)

Nil NP NP NP

AGEP, Acute generalized exanthematous pustulosis; DRESS, drug reaction with eosinophilia and systemic symptoms; EM, erythema multiforme; FDE, fixed drug eruption; IDT, intradermal testing; MPE, severe maculopapular exanthema;
NA, not applicable (all known test positive); NP, not provided; PPI, pump proton inhibitors; PT, patch testing; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
*Reaction after intradermal testing requiring systemic therapies (ie, steroids or other immunosuppression) or admission to hospital for management.
†In those who were intradermal test positive.
zAll patients positive to penicillin (n ¼ 12) tolerated an oral cephalosporin (ie, cephalexin or cefuroxime).
x3 patients with TEN not challenged to cephalosporin, intradermal testing not performed in the patient with TEN/AGEP.
kMeropenem given in 1 of 8 patients.
{This study included multiple drugs: allopurinol, salazopyrin, glycopeptides, quinolones, amikacin, minocycline, pyrimethamine, celecoxib, acyclovir, ramipril, olanzapine, citalopram, lamotrigine, and so on.
#Desquamating exanthema.
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antiepileptic drugs and benzodiazepines were well tolerated.168

Cross-reactivity for common delayed reactions associated with
corticosteroids such as contact hypersensitivity has been pre-
dicted by the Coopman classification that groups corticosteroids
according to their side chain substitutions and patch test cross-
reactivity patterns.169
DRUG CHALLENGES AND DELABELING OF

DELAYED IM-ADRS
In situations where the patient has experienced a mild-to-

moderate delayed exanthem and the drug is needed, consider-
ation should be given to “treat through” the reaction that is
presumed to induce tolerance although the mechanism is un-
known.3,4 Similarly, where the drug is urgently needed without
time to consider diagnostic drug challenge(s), the graded intro-
duction of one of multiple drugs can be considered.170

Drug challenges are still considered the diagnostic gold stan-
dard for proving tolerance to a drug and in allergy practice are
considered to be the ideal final testing step before therapeutic
dosing. Lower single-dose oral challenges that will adequately
exclude IgE-mediated reactions (eg, amoxicillin 250 mg) may not
adequately exclude delayed T-cell-mediated reactions. In addi-
tion, several studies, particularly in the context of antibiotics,
have suggested that single-dose challenges with the treatment
dose of a drug will not exclude a delayed reaction and that
multiple-day (3- to 10-day) challenges will pick up an additional
5% to 15% of reactions.171-176 Other reports largely from the
United States have suggested that less than 2% will have delayed
reactions after negative penicillin skin testing and graded or
single-dose challenge even after prolonged therapeutic dosing.177-
182 Particularly for remote delayed reactions or where the history
suggests a mild-to-moderate delayed rash, current consensus
suggests that given the low probability of recurrence and the mild
nature of rash if there is recurrence, a graded or single observed
drug challenge may be adequate to delabel a patient. A common
office procedure for drug challenges includes a full-dose drug
challenge followed by 1 to 2 hours of observation or a graded
challenge including one-tenth to one-quarter of a dose followed
either 30 to 60 minutes later or 3 to 7 days later by the full
dose.84 For diagnostic purposes for delayed reactions, rechal-
lenges involving greater than 2 steps have been avoided because
of the concern that multistep multidose challenges may lead to
desensitization.

Drug challenges should always be considered in the context of
a risk-benefit ratio (Figure 2) and should generally be contra-
indicated in severe delayed IM-ADRs particularly where the
treatment is not necessary or where there are efficacious and safe
treatment alternatives. For a serum-sicknesselike reaction that is
more prevalent in children, accumulating evidence suggests that
many patients will tolerate a future drug challenge with the
originally implicated drug, particularly for more remote re-
actions.45 For severe well-documented T-cell-mediated reactions
such as DRESS, SJS/TEN, and drug-induced organ involve-
ment, this generally means avoidance of all possible implicated
drugs and all likely cross-reactive drugs. Where treatment is
necessary, ancillary information such as skin testing or PT,
ex vivo or in vitro testing, or genetic testing may be helpful to
narrow down the most likely implicated drug and risk stratify
patients for selective drug challenges (Figure 2).1,86,92,133 In
South Africa, rechallenges have been studied with anti-TB drugs
and 1 study showed that 50% of patients with a history of SCAR
on anti-TB drugs developed reactions on observed drug chal-
lenges.183 Furthermore, in this study, the majority of rechallenge
reactions were mild to moderate (71%) although 26% were se-
vere. Rifampin was the most commonly offending drug overall
(57%), followed by isoniazid, pyrazinamide, and ethambutol.
Both rifampin rechallenge and lack of previous anti-TB treat-
ment were independently associated with the likelihood of a
rechallenge reaction.183 This provided a useful strategy to resume
efficacious therapy in most patients. Although reactions were
usually mild to moderate in most patients, the occurrence of
severe rechallenge reactions has now led to further study and
implementation of immediate intervention with high-dose ste-
roids to successfully abort severe reactions. This South African
experience illustrates that when treatment is necessary and
sequential rechallenges are considered because of lack of alter-
native drugs, working with a collaborative specialist team to
determine the optimal need for therapy and the optimal therapy
is essential. A detailed construct of how to approach multiple
drug challenges in this setting is shown in Figure E1 (available in
this article’s Online Repository at www.jaci-inpractice.org).

Delabeling of the patient with a delayed hypersensitivity re-
action requires special care as test results are generally not
available at the in-clinic appointment and may only be defini-
tively determined after sequential therapeutic drug rechallenge.
Care should be taken to ensure that documentation in the
electronic health record is accurate and widely disseminated to all
members of the health care team. Furthermore, results should be
documented even when testing is still in process to give
interim recommendations. See the delayed hypersensitivity video
(https://youtu.be/-KmMF_X5g4g) for demonstration.
MANAGEMENT OF THE CASE
In resource-poor settings, where comorbidities such as TB

ideally require effective combination therapy with first-line drugs
for 6 months or longer particularly in the context of the high
prevalence of HIV coinfection, management decisions for IM-
ADRs can be extremely complicated. In this situation, the risk
of morbidity, mortality, and the significant negative public health
consequences of inadequately treated or recurrent infection
outweigh the risk of rechallenge morbidity and mortality. In the
case of our 48-year-old woman with pulmonary TB that we
previously described, a decision of sequential rechallenge for the
purpose of completing life-saving therapy had to be made in the
setting of an SJS/TEN-like illness (Figure 1). Had it been
possible to conduct patch testing and/or ex vivo testing such as
IFN-g ELISpot, these may have provided useful adjunctive in-
formation, particularly for risk assessment and the specific order
of the drug challenges; however, their lack of 100% NPV would
have still necessitated an oral challenge as the gold standard. Her
situation was unusual in that it seems likely that she may have
developed drug-induced lupus related to isoniazid with her
original course of anti-TB therapy, and on rechallenge with
isoniazid, rifampin, ethambutol, and pyrazinamide, she devel-
oped an SJS/TEN-like illness. In this setting, once her clinical
status had stabilized and laboratory parameters had returned to
baseline, she underwent sequential drug challenges with all of the
4 possible implicated drugs from least likely to most likely based
on initial clinical presentation and literature probability. The
drugs were initiated sequentially and additively 4 days apart in

http://www.jaci-inpractice.org
https://youtu.be/-KmMF_X5g4g
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the order rifampin, ethambutol, pyrazinamide, and isoniazid.
Within 20 minutes of exposure to isoniazid, she developed
photophobia, rigors, tachycardia, fever, pruritus, painful skin
including palms and soles, indurated erythema of the skin, and
injected conjunctiva. She was given 120 mg infusion of meth-
ylprednisolone within 3 hours. Her symptoms resolved within 45
minutes, and the skin healed over the following days. Isoniazid
was stopped, and she completed 9 months of rifampin, etham-
butol, and pyrazinamide uneventfully.

CONCLUSIONS AND FUTURE CONSIDERATIONS
Considerations for delabeling delayed IM-ADRs must take

into account the severity of the original reaction and the evidence
for the likely implicated drug as provided by clinical history,
phenotype ascertainment, drug causality assessment, and
adjunctive diagnostic information (Figure 2). For mild reactions,
the considerations for delabeling are similar to immediate re-
actions, and a drug challenge preceded by IDT or PT where
available is a reasonable approach to guide future drug therapy.
For severe delayed IM-ADRs, the recommended approach is to
avoid future use of all potentially implicated drugs and cross-
reactive drugs without attempts at delabeling unless safe and
efficacious alternative treatment options are limited and the
benefit of treatment outweighs any risk of a rechallenge reaction.
Advancement in our understanding of clinical phenotypes,
mechanisms, genetic risk, and development of highly sensitive
and specific drug-specific functional assays will drive precision
medicine approaches that help progress delabeling strategies for
delayed IM-ADRs, and this ultimately will improve both indi-
vidual and public health.
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FIGURE E1. Recommended drug challenge protocol approach for patients with SCAR on antituberculous therapy. CR, Challenge
response; DPT, drug provocation testing; IM-ADR, immune-mediated adverse drug reaction; IVI, intravenous corticosteroids; MDH,
multiple drug hypersensitivity; SCAR, severe cutaneous adverse reaction.



TABLE E1. Ex vivo and in vitro diagnostics in delayed hypersensitivity

Author Phenotypes Platform Output Controls Sensitivity Specificity Outcomes

Trubiano et al (2020)E1 DRESS (N ¼ 3)
AGEP (N ¼ 3)
MPE (N ¼ 6)

ELISpot IFN-g n/a n/a n/a IFN-g positive in 5/12 (>50 SFU/
106)

Klaewsongkram et al
(2019)E2

DRESS (N ¼ 61)
AGEP (N ¼ 22)
SJS/TEN (N ¼ 77)

ELISpot IFN-g Nonallergic control
drugs from 62
Patients with SCAR

n/a n/a IFN-g positive in 19/50 DRESS,
4/16 AGEP, and 18/50 SJS/
TEN (>95% CI controls SFUs)

Konvinse et al (2019)E3 DRESS
Vancomycin

ELISpot IFN-g 46 matched drug-
tolerant controls

n/a n/a IFN-g positive in 12/14 (>50
SFU/106)

Fernandez-Satamaria et al
(2019)E4

MPE Flow cytometry Tim3*
Gal9†

10 sex- and age-
matched with
confirmed tolerance
to drugs tested

n/a n/a Tim3 and Gal9 reduced (P < .05)
in MPE vs controls

Suthumchai et al (2018)E5 DRESS (N ¼ 9)
AGEP (N ¼ 4)
SJS/TEN (N ¼ 10)

LTT
ELISpot

IFN-g 20 nonallergic
individuals

IFN-g: 69.6% n/a LTT positive in 12/23 (SI �2)
IFN-g positive in 17/23 (>18

SFU/106)

Trubiano et al (2018)E6 SCAR ELISpot IFN-g 16 antibiotic-tolerant
controls

52% 100% IFN-g positive in 10/19 patients
and 0/16 controls (>50 SFU/
106)

Castagna et al (2018)E7 Drug-induced aseptic
meningitis

LTT
ELISpot

IFN-g
GrB

One irrelevant drug
(ceftriaxone)

n/a n/a LTT positive (SI >2)
IFN-g and GrB positive (>0

SFU/106)

Xiong et al (2018)E8 SJS
Sulfapyridine

ELISpot IFN-g n/a n/a n/a IFN-g positive (300 spots/106)

Trubiano et al (2017)E9 TEN
Teicoplanin

ELISpot
Flow cytometry

IFN-g
CD137

n/a n/a n/a IFN-g positive (>50 SFU/106)
Upregulation CD137 (0.47% of

CD8þ T cells)

Ye et al (2017)E10 MPE (N ¼ 4), DRESS
(N ¼ 4)

LTT
ELISpot

IFN-g
GrB

n/a n/a n/a LTT positive to INH (6/8), EMB
(2/8), PZA (3/8), RFP (5/8);
(SI >2)

ELISpot positive (>0 spots/104

cells) for T-cell clones with
reactivity for INH/RFP (N ¼ 5)

Usui et al (2017)E11 Delayed-onset ATD-
related liver (N ¼ 4) or
skin injury (N ¼ 2)

LTT
ELISpot

INF-g 3 tolerant controls
8 healthy donors

n/a n/a LTT positive in 6/6
INF-g positive in 3/6 (LTT or

IFN-g ELISpot SI >1.8)

Haw et al (2016)E12 MPE (N ¼ 7)
DRESS (N ¼ 5)
SJS/TEN (N ¼ 4)

LPA
ELISpot

ELISpot IL-4 n/a n/a n/a LPA acute: 77.8% (7/9) and LPA
postrecovery: 33.3% (3/9)

IFN-g: 66.7%
IL-4: 66.7%

Klaewsongkram et al
(2016)E13

DRESS (N ¼ 13)
SJS/TEN (N ¼ 11)

ELISpot INF-g 21 control 70.8% 95.2% IFN-g positive in 15/24 (>16
SFU/106) and 1/21 controls
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TABLE E1. (Continued)

Author Phenotypes Platform Output Controls Sensitivity Specificity Outcomes

Porebski et al (2015)E14 MPE
Antiepileptic drugs

LTT
ELISpot

Flow cytometry

GrB
Grl

24 tolerant controls LTT:30.4%
GrB: 55%
Grl: 39.1%

95.8%-100% LTT positive in 7/23 (SI >2)
GrB positive in 12/22 (SFU >50)
Grl positive in 9/22
LTT, GrB, and Grl were higher (P

< .05) in patients vs controls

Onodi-Nagy et al (2015)E15 MPE
Amoxicillin (EBV)

LTT n/a n/a n/a n/a LTT negative results with
amoxicillin (SI <2)

Lucas et al (2015)E16 Abacavir HSR
HLA-B*57:01 positive

ELISpot INF-g HLA-B*57:01 þ
Abacavir naive
(N ¼ 3), HLA
B*57: 01 tolerant
(N ¼ 15) or
abacavir naïve
(N ¼ 9)

n/a n/a IFN-g positive in 12/12 (>10
SFU106) and 0/3, 1/15 and 0/9
controls

Dias de Castro et al (2015)E17 Generalized MPE, fever,
and OML

LTT n/a n/a n/a n/a LTT positive to ceftriaxone
(SI >2)

Keane et al (2014)E18 HIV þ Nevirapine
hypersensitivityz

ELISpot INF-g n/a n/a n/a Nevirapine-specific responses
were detected in 4/12 (>100
SFU/106)

Cabanas et al (2014)E19 DRESS
Pip/Taz

LTT n/a n/a n/a n/a LTT positive in 8/8 patients
(SI >6)

Trautman et al (2014)E20 MPE
Ampicillin

LTT classic vs
LTT revisedx

n/a n/a 54.5% (C)
72.7% (R)

92.3% (C)
76.9%. (R)

LTT positive in 11/37 and
definitely ruled out in 26/37 (SI
>2)

Gomez et al (2013)E21 Accelerated reaction
(erythema, AO)

Amoxicillin

LTT n/a 2 controls for each
case (N ¼ 6)

n/a n/a LTT positive in 3/3 patients
(SI >2)

Tanvarasethee et al (2013)E22 MPE
Cephalosporins

ELISpot INF-g
IL-5

20 nonallergic
controls

24% (IFN-g or IL-5)
40% (IFN-g and IL-5)

n/a IFN-g and IL-5 positive in 10/25
(mean >20 SFU/106 in
patients, no cut-off)

Porebski et al (2013)E23 SJS/TEN
ALDENk score �6

LTT
ELISpot

Flow cytometry

GrB
Grl

18 drug-exposed
controls

LTT: 27% GrB: 33%
Grl:40% (NKp46þ)

Grl: 53% (CD3þCD4þ)

95-100% LTT positive in 4/15 and 0/18
controls (SI >2)

GrB positive in 5/15 patients
Grl positive in 6/15 (NKp46þ)

patients and
8/15 (CD3þCD4þ)

Phatharacharukul et al
(2013)E24

DRESS
Sulfasalazine

ELISpot INF-g Other drugs
administered
concurrently

n/a n/a IFN-g positive (1 048 SFU/106)

Kim et al (2013)E25 DRESS LTT n/a n/a n/a n/a LTT positive (SI >2.5)

Daubner et al (2012)E26 MDH
Initial DRESS (N ¼ 5)

Flow cytometry n/a Monoallergic (N ¼ 6)
Healthy controls

(N ¼ 6)

n/a n/a MDH enhanced CD38 and PD-1
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El-Ghaiesh et al (2012)E27 Piperacillin LTT
ELISpot

INF-g 5 tolerant controls n/a n/a LTT positive in 8/8 (SI >2, 1
mM) and 0/5 controls

IFN-g positive in 8/8 (>10 SFU/
106); 7/8 (>30 SFU/106)

Mayorga et al (2012)E28 MPE
MS
Glatiramer acetate

LTT
Flow cytometry

n/a 10 controls with MS
treated with
glatiramer acetate

n/a n/a LTT positive (SI ¼ 3.5 and
SI ¼ 3.59)

Increase in CD8 T (>50%) and
CLA (>70%), CCR4 and
CXCR3

Bensaid et al (2012)E29 DRESS
Amikacin

ELISpot INF-g n/a n/a n/a IFN-g positive (213 SFU/106)

Torres et al (2011)E30 MPE infliximab Flow cytometry n/a 5 controls with
rheumatoid arthritis
and tolerance to
infliximab

n/a n/a Increase in CD41 and NK cells
(CD56þ), HLA-DR1þ and
CLA

Morel et al (2011)E31 SJS/TEN (N ¼ 14)
MPE (N ¼ 14)
EM (N ¼ 2)

Flow cytometry a-Defensin
1-3 peptides

3 healthy donors n/a n/a Increased in SJS/TEN vs MPE
and healthy donors (P < .05)

Rozieres et al (2009)E32 MPE
Amoxicillin

LTT
ELISpot

Amox-specific
LTT

INF-g

46 control patients LTT: 68%
IFN-g: 91%

LTT: 85%
IFN-g: 95%

LTT positive in 15/22 (SI >2.5)
and 0/46 controls

IFN-g positive in 20/22 (>30
SFU/106)

Beeler et al (2008)E33 MPE (N ¼ 7)
SJS (N ¼ 2)
AGEP (N ¼ 2)
DRESS (N ¼ 3)
DLI (N ¼ 1)

Flow cytometry CD69 5 healthy blood
donors

n/a n/a All 15 LTT-positive (SI >2)
patients showed a significant
increase of CD69 on T cells

Khalil et al (2008)E34 MPE
Amoxicillin

ELISpot INF-g 12 controls tolerant to
Amoxicillin

n/a n/a Amoxicillin-treated cells
displayed weak signals (3-5
SFU/106)

Beeler et al (2006)E35 SCAR
DRESS (2)
AGEP (1), SJS (1)
MPE (1)

LTT
ELISpot

INF-g 5 healthy individuals n/a n/a LTT positive in 5/5 patients and
0/5 controls (SI >0)

IFN-g positive in 4/5 and 0/3
controls (>70 SFU/106)

Girardi et al (2005)E36 AGEP LTT n/a 1 healthy control n/a n/a LTT positive in 2/2 (SI >2)

Naisbitt et al (2003)E37 SJS/TEN (N ¼ 2)
DRESS (N ¼ 1)
MPE, fever (N ¼ 1)
Lamotrigine

LTT n/a 4 tolerant and 4
unexposed

n/a n/a LTT positive in 4/5 (SI >2) and
0/8 controls

Hari et al (2001)E38 MPE (N ¼ 17)
BE (N ¼ 4)
Urticaria (N ¼ 1)

LTT n/a 10 tolerant controls n/a n/a LTT positive 14/31 (SI >2)

Luque et al (2001)E39 MPE
Beta-lactams

LTT n/a 28 penicillin-tolerant
controls

57.9% 92.8% LTT positive 11/19 (SI >3)

(continued)
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TABLE E1. (Continued)

Author Phenotypes Platform Output Controls Sensitivity Specificity Outcomes

Schnyder et al (2000)E40 Penicillin or amoxicillin
MPE (N ¼ 12)

LTT n/a 6 controls tested
before and 2 mo
after exposure
amoxicillin 2 � 750
mg/d for 2 wk

PPV ¼ 100% NPV ¼ 75% LTT positive in 10/12 and 0/6
controls

Nyfeler et al (1997)E41 All drug reactions LTT n/a n/a 74% (beta-lactams)
78%

85% LTT positive in 393/923 (43%)
and 78/100 (78%) drug allergy

AGEP, Acute generalized exanthematous pustulosis; AO, angioedema; ATD, anti-tuberculosis drugs; BE, bullous exanthema; CI, confidence interval; CLA, cutaneous lymphocyteeassociated antigen (a skin-homing receptor); DLI, drug liver
injury; DRESS, drug rash with eosinophilia and systemic symptoms; ELISpot, enzyme linked ImmunoSpot; EM, erythema multiforme; EMB, ethambutol; GrB, granzyme B; Grl, granulysin; HSR, hypersensitivity reaction; INH, isoniazid;
LPA, lymphocyte proliferation assay; LTT, lymphocyte transformation test; MDH, multiple drug hypersensitivities; MPE, maculopapular exanthema; MS, multiple sclerosis; NPV, negative predictive value; OML, oral mucosal lesions;
PBMC, peripheral blood mononuclear cell; Pip/Taz, piperacillin-tazobactam; PPV, positive predictive value; PZA, pyrazinamide; RFP, rifampicin; SCAR, severe cutaneous adverse reactions; SFU, spot-forming unit; SI, stimulation index;
SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
*Tim3: type I membrane glycoprotein expressed on Th1 cells with the role of the homeostasis checkpoint inhibitor.
†Gal9: physiological ligand galectin-9 for Tim3 expressed in PBMCs and dendritic cells.
zDefined by fever and hepatitis and/or rash.
xAdditional stimulation with a combination of activating anti-CD3 and anti-CD28 mAb to enhance in vitro antigen-driven T-cell proliferation.
kALDEN score: a specific algorithm for causality assessment in SJS or TEN.
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