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Hypersensitivity reactions including anaphylaxis have been reported for nearly all classes of therapeutic reagents and these reactions
can occur within minutes to hours of exposure. These reactions are unpredictable, not directly related to dose or the pharmacological
action of the drug and have a relatively high mortality risk. This review will focus on the clinical presentation, immune mechanisms,
diagnosis and prevention of the most serious form of immediate onset drug hypersensitivity reaction, anaphylaxis. The incidence of
drug-induced anaphylaxis deaths appears to be increasing and our understanding of the multiple and complex reasons for the
unpredictable nature of anaphylaxis to drugs is also expanding. This review highlights the importance of enhancing our understanding
of the biology of the patient (i.e. immune response, genetics) as well as the pharmacology and chemistry of the drug when
investigating, diagnosing and treating drug hypersensitivity. Misdiagnosis of drug hypersensitivity leads to substantial patient risk and
cost. Although oral provocation is often considered the gold standard of diagnosis, it can pose a potential risk to the patient. There is
an urgent need to improve and standardize diagnostic testing and desensitization protocols as other diagnostic tests currently
available for assessment of immediate drug allergy are not highly predictive.

Introduction

A variety of adverse reactions can occur within minutes to
hours of exposure to a drug. Some can be related to the
pharmacological action of the drug (WHO Adverse Reac-
tion Terminology type ‘A’ for ‘augmented’) and usually
have a low mortality [1]. Others are not readily predictable
based on the structure and pharmacological action of the
drug and have a relatively high mortality risk (Type ‘B’
for ‘bizarre’). Type B reactions include immunologically-
mediated reactions and a variety of idiosyncratic reactions
such as acute porphyria and malignant hyperthermia.
Hypersensitivity is broadly defined as ‘objectively repro-
ducible symptoms or signs, initiated by exposure to a defined
stimulus at a dose tolerated by normal subjects’ and may be
caused by immunologic (allergic) and non-immunologic
mechanisms [2]. Immunological mechanisms can be
dependent on the presence of IgE, in which case reactions

tend to start rapidly after exposure. Alternatively they
may be independent of IgE, in which case they can occur
either rapidly or after many hours, particularly if the
mechanism is T-cell-mediated. Anaphylaxis is a severe,
life-threatening, generalized (systemic) hypersensitivity
reaction that has a rapid onset after exposure [3]. In
the same way as hypersensitivity reactions, anaphylaxis
may be attributed to immunologic mechanisms (either
IgE-dependent or IgE-independent), or non-immuno-
logic mechanisms [4]. The terms ‘anaphylactoid’ and
‘pseudoallergic’, referring to reactions that are not IgE-
dependent, are discouraged in favour of the above aetio-
logical classification, which is more descriptive and avoids
the impression that non-IgE mediated reactions might be
less serious (which they are not).

Late onset hypersensitivity reactions are often defined
as those occurring >72 h after drug administration and
these are usually T-cell-mediated and generally lack the
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rapidly evolving life-threatening features that are typical
of anaphylaxis [5, 6]. However, timing from exposure to
reaction onset is variable and it is becoming apparent that
T-cell and other cellular mechanisms may be important for
accelerated reactions (within 1-72 h) and immediate onset
(within 1 h) hypersensitivity.

Immediate onset hypersensitivity including anaphy-
laxis has been reported for nearly all classes of therapeutic
reagents, including antibiotics, anticonvulsants, anaes-
thetics, neuromuscular blocking drugs (NMBD), chemo-
therapeutic drugs and non-steroidal anti-inflammatory
drugs (NSAIDs). This review will focus on the clinical pres-
entation, immune mechanisms, diagnosis and prevention
of the most serious form of immediate onset drug hyper-
sensitivity reaction, anaphylaxis.

Clinical presentation and
management of the acute episode

Initial assessment

Immediate hypersensitivity drug reactions are dynamic in
nature and can rapidly progress under observation,
ranging in severity from trivial to lethal. Different reaction
patterns are summarized in Table 1 [7, 8]. Observation for
at least 1 his required to ensure that a mild reaction is not
progressing. Skin features may be absent in around 20% of
cases [7, 9] and sudden cardiovascular collapse or even
cardiac arrest can occur without any apparent skin fea-
tures. Therefore, a provisional diagnosis and treatment as
anaphylaxis is warranted if there is acute life-threatening
bronchospasm or hypotension in the right context, i.e. no
other diagnosis to explain the hypotension.

Diagnosis

In most cases the diagnosis of immediate-type hypersen-
sitivity can be made clinically (Table 1), but where typical
features are not present the collection of serial blood
samples to measure mast cell tryptase (MCT) can help to

Table 1

Clinical patterns of acute drug hypersensitivity reactions [7, 8]

confirm diagnosis. Changes in MCT levels over time are
more predictive for anaphylaxis than single measure-
ments and a persistently high MCT concentration will
prompt investigation for an underlying mast cell disorder
(i.e. mastocytosis) [10, 11]. Serial MCT testing is specific
but not sensitive (50-80%), although sensitivity is higher
for more severe reactions. Given this low negative predic-
tive value, a negative MCT cannot be used to exclude
anaphylaxis.

Management

Anaphylaxis is an uncommon emergency that often has to
be treated by doctors with limited resuscitation skills and
experience. All clinical practices that may be called on to
treat anaphylaxis should have immediate access to a resus-
citation trolley and written management prompts, for
example the Australian Prescriber Anaphylaxis Wallchart
(http://www.australianprescriber.com/magazine/34/4/
artid/1210). The mainstays of immediate treatment of a
severe reaction are to stop administration of the causative
drug, call for assistance, place patient in a supine posture,
administer intramuscular adrenaline and provide airway
support. For reactions with hypotension, additional meas-
ures may be needed including aggressive fluid resuscita-
tion with up to 5| of normal saline in the first 30 min [12],
intravenous infusion of adrenaline, and other potent vaso-
constrictors such as metaraminol or vasopressin if the
response to adrenaline is inadequate [13]. National guide-
lines for anaphylaxis treatment should be followed in
these situations. Steroids have no proven role and are
therefore not recommended for routine use [14]. However
they may be considered for reactions with severe pro-
tracted wheeze or for skin reactions where a T-cell mecha-
nism is thought likely (see below). There is likewise little
evidence to support the use of antihistamines [15] and
indeed parenteral antihistamines can themselves induce
hypotension in previously stable patients [16]. Oral antihis-
tamines are often used to provide symptomatic relief
from itch.

Subjective reaction
Skin only reaction

Anaphylaxis

Itch, dizziness/light-headedness, nausea, chest discomfort but without any objective skin features, physical signs or physiological compromise.
Generalized erythema, urticaria or angioedema without any sentinel features (see below) of other organ involvement

Typical anaphylaxis: Any skin feature listed above plus at least one sentinel feature from either the respiratory or cardiovascular system:

® Respiratory; dyspnoea, wheeze, stridor, hypoxaemia (cyanosis or SpO; < 92%)

¢ Cardiovascular; hypotension (SBP < 90 mmHg in an adult), collapse, altered conscious state, incontinence

Atypical anaphylaxis: Severe gastrointestinal features are commonly associated with, or may precede, anaphylactic shock. Also, skin features may be absent
in up to 20% of anaphylaxis cases. Therefore, a sudden onset of symptoms affecting skin plus gastrointestinal tract (cramping abdominal pain, vomiting),
or features affecting two or more organ systems (any two of gastrointestinal, respiratory, cardiovascular) or even severe bronchospasm or hypotension alone
without any other features may justify a provisional diagnosis of anaphylaxis in the right context (see text).

Severe anaphylaxis: Anaphylaxis as defined above is classified as ‘severe’ if there is hypoxaemia, hypotension, collapse, altered consciousness or incontinence.
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Epidemiology

Data on the incidence of drug-induced anaphylaxis are
limited, with most studies referring to specific drugs,
special patient conditions or reporting a series of case
studies. Under-reporting is an issue for most countries. In
an Australian study of anaphylaxis fatalities between 1997
and 2005, drug-induced anaphylaxis deaths appeared to
be increasing, in contrast to anaphylaxis deaths due to
other causes [17]. In a study of 315 anaphylactic reactions
presenting to Australian Emergency Departments, 29.5%
were due to oral medication, injected medication or
injected diagnostic contrast [8]. Severe reactions charac-
terized by hypotension, hypoxia or both, were associated
with older age, pre-existing lung disease and drug causa-
tion [8]. The incidence of IgE-mediated hypersensitivity
reactions during anaesthesia has been estimated at 100.6
(95% Cl 76.2, 125.3) per million procedures [18]. Intra- and
peri-operative anaphylaxis is associated with significant
morbidity and a reported mortality of between 3.5% and
10%, with NMBDs most commonly implicated [19, 20]. In
a study of 14.5 million Dutch individuals conducted over 2
years, the incidence of drug-induced anaphylaxis was
3.7 per million persons annually [21]. A review of 16 157
adverse drug reactions (ADRs) reported to the Portuguese
Pharmacovigilence System between 2000-2010, identi-
fied 918 cases of anaphylaxis of which 24 (3%) were fatal
[22]. Antibiotics were responsible for the majority of
cases, followed by NSAIDs/paracetamol (acetaminophen),
antineoplastic/cytotoxic drugs and immune-modulators
[23]. Vaccines and radiographic contrast mediators
were also important triggers of reactions classified as
anaphylaxis.

Immune mechanisms

To understand the reasons for the unpredictable nature of
anaphylaxis to drugs, it is important to have an under-
standing of the biology of the patient (i.e. immune
response, genetics) as well as the pharmacology and
chemistry of the drug. Most clinically relevant immune-
mediated immediate-type reactions to drugs are thought
to be either IgE-mediated or T-cell mediated [24, 25]. Gen-
erally, the more delayed the reaction is, the more likely it is
to be T-cell mediated [26], with some notable exceptions
being abacavir hypersensitivity in human immunodefi-
ciency virus (HIV) patients and piperacillin reactions in
cystic fibrosis patients. However, there may be consider-
able overlap in the timing of symptoms according to
cause, and a significant proportion of IgE-mediated hyper-
sensitivity reactions start >1 h after exposure [26, 27].

IgE-mediated adverse drug reactions
Upon first exposure, free or conjugated drug is taken up by
dendritic cells, processed and presented to T and B-cells

Immediate-type hypersensitivity drug reactions BJCP

within the context of a Th2 response, resulting in produc-
tion of allergen-specific IgE antibodies to the drug or a
drug-protein complex. On subsequent exposure, the drug
or drug—protein complex is recognized by IgE antibodies
bound to their high affinity receptor on the surface of mast
cells and basophils. Cross-linking of IgE leads to activation
of a calcium-dependent protein kinase cascade and the
subsequent release of inflammatory mediators such as his-
tamine, prostaglandin D,, sulfidoleukotrines, MCT and
various cytokines [8, 28].

It is noteworthy that for a number of (presumed)
immediate hypersensitivity reactions, drug-specific IgE is
not detected. In penicillin allergy just 25-54% of patients
with a positive skin test or oral challenge have detectable
specific IgE [29, 30]. This is probably due to a lack of sen-
sitivity of available assays for allergen-specific IgE and as
such, many drug-mediated immediate hypersensitivity
reactions are presumed to be IgE-mediated on the
basis of clinical presentation and/or skin test findings
without IgE being definitively identified. The debate
about whether IgE has a significant role in radiocontrast
reactions continues, with an emerging recognition that
many radiocontrast media reactions may in fact be IgE
mediated [31].

Direct cross-linking, haptenation and pro-haptens A few
drugs with large molecular weights have multiple recur-
rences of a single epitope and thus are able to cross-link
IgE molecules directly [32-34]. The best studied example
of this is quaternary ammonium epitopes, which render
some NMBDs multivalent.

Smaller molecular weight drugs (i.e. <1000 Da) are
unable to directly cross-link IgE on their own. The hapten
hypothesis is that chemically reactive small molecules
called haptens are able to undergo a stable covalent
binding to larger proteins. Haptenation thus results in an
alteration of autologous proteins by drug epitopes and a
drug-specific immune response can ensue. The best-
described examples are penicillin antibiotics, which are
chemically reactive and conjugate primarily to lysine resi-
dues on autologous proteins. Whilst there was evidence
over 50 years ago for benzylpenicillin binding to human
serum albumin (HSA) at pH 7.5 to 8.0 [35], it has only
recently become apparent that various penicillin anti-
biotics (flucloxacillin, benzylpenicillin and piperacillin)
preferentially react with different lysine residues on HSA.
There are differences between individuals with respect to
which lysine residues of HSA are modified and the
binding is both concentration and time dependent [36-
38]. Additional studies have identified that amoxicillin
also binds to ferritin and other unidentified plasma pro-
teins [39], and in mice, benzylpenicillin binds to a number
of autologous spleen and plasma proteins [40]. It has
also been hypothesized that penicillins can directly con-
jugate to the MHC molecules on antigen presenting cells
[41]. The hapten that is thought to be predominantly
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Chemical conjugation of penicillins to endogenous proteins. Penicillins undergo chemical rearrangement to form various covalent conjugates with
endogenous proteins. The most common reaction is the formation of the penicilloyl determinant (also known as the major determinant), where the
beta-lactam ring opens and attaches to the free amine group within lysine residues. Other less common products are collectively referred to as minor
determinants and include the formation of the penicillanyl determinant, which typically involves attachment of the free carboxylic acid (attached to the
thiazolidine ring) to the free amine group on lysine residues and the penicillenate determinant, which typically involves conjugation to the thiol group
of cysteine residues within proteins. R penicillin side chain, R1 and R2 refer to the remainder of the autologous protein to which the penicillin has

attached

responsible for penicillin allergy is the penicilloyl epitope
(the major determinant, comprising about 95% of penicil-
lin conjugated to autologous proteins, which is formed
following opening of the B-lactam ring and acetylation of
amine groups on target proteins), although other chemi-
cal modifications (referred to as minor determinants),
such as penicillenate and penicillanyl have been
described (Figure 1) [42].

While the hapten hypothesis adequately explains con-
jugation of penicillins to autologous proteins, most drugs
are chemically inert. The prohapten hypothesis states that
some form of metabolism, typically via cytochrome P450
(CYP450) enzymes in the liver or skin is required in order
to bind covalently to autologous proteins [43]. In some
cases, the metabolite is so reactive that it spontaneously
reacts with the CYP450 enzyme that catalyzed its forma-
tion [44]. The drug that has been most studied in this
regard is sulfamethoxazole, although it has primarily been
investigated in the context of T-cell mediated hyper-
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sensitivity reactions. Sulfamethoxazole is metabolized
via CYP450 enzymes (CYP2C9) to sulfamethoxazole
hydroxylamine [45], which spontaneously oxidizes to a
nitroso intermediate (sulphamethoxazole-nitroso) [46],
which is able to conjugate with cysteine residues on
autologous proteins [47].

NSAID  hypersensitivity Shared aspirin  and  NSAID
hypersensitivity, including aspirin-exacerbated respiratory
disease (AERD) and urticaria-angioedema without respira-
tory features, have long been thought of as a pharmaco-
logical reaction, mediated via cyclo-oxygenase | (COX-1)
inhibition by aspirin and non-selective NSAIDs and
reduction in production of prostaglandin E,, thereby
increasing synthesis of cysteinyl-leukotrienes and release
of various mast cell mediators such as histamine and
prostaglandin D, (so called leukotriene shunt) [48]. These
reactions present shortly after drug exposure as rhini-
tis, angioedema, urticaria and bronchoconstriction, and



often occur after first exposure to an aspirin or NSAID
(i.e prior sensitization is not required) in individuals
with asthma, nasal polyposis or a history of chronic urti-
caria [49]. Approximately 10% of adult patients with
asthma and 40% of patients with nasal polyps demon-
strate this hypersensitivity to aspirin/NSAIDs. When
given at high enough doses, all inhibitors of COX-1 (i.e.
aspirin, non-selective NSAIDs) will precipitate these reac-
tions [48], and the COX-2 selective inhibitors do not cross
react, although there have been occasional reports to the
contrary [50]. Paracetamol (acetominophen) inhibits
COX-1 in high doses (i.e. >1000 mg/dose or >4 g day™),
and have also been reported in association with this
syndrome [51].

More recently, individuals who experience selective
and immediate hypersensitivity reactions to a single
NSAID, most commonly diclofenac, have been recognized
[49]. These reactions present similarly to IgE mediated
immediate hypersensitivity reactions, but the search for
drug-specific IgE has proven to be largely elusive. Excep-
tions include the demonstration of specific IgE in 58% of
individuals with a strong clinical history of anaphylaxis to
propyphenazone [52], and the detection of IgE in 17 of 19
patients who were allergic to metamizole [53]. Diclofenac-
specific IgE has been detected in a single patient [54], but
another group could not detect specific IgE to diclofenac
or five phase | metabolites that were bound to HSA in 59
patients (41 of whom were considered selective reactors to
diclofenac) [55].

Given that drug specific IgE has rarely been identified,
the possibility of non-IgE mediated mechanisms should be
considered. However, NSAID-specific IgE may be present,
yet undetectable by current assays. Unlike penicillins,
NSAIDs are not inherently chemically reactive, and require
some form of metabolism before they are able to conju-
gate with endogenous proteins. Zomepirac and tolmetin
are NSAIDs that both require metabolism to protein reac-
tive acyl glucuronides (phase Il metabolites), and further
oxidative metabolism prior to haptenization with autolo-
gous proteins [56]. Acyl glucuronide formation is also
a metabolic pathway of diclofenac, and subsequent
oxidative metabolism produces 4’-hydroxydiclofenac
acyl glucuronide [57]. Conjugation of diclofenac acyl
glucuronide to proteins in rat hepatocytes [58] and
HSA [59] has also been demonstrated, indicating that
diclofenac-specific IgE may be directed against additional
metabolites and/or target proteins. The role of metabolism
in mediating NSAID reactions is also supported by the
observation of longer times from exposure to reaction
onset in NSAID reactions compared with antibiotic reac-
tions [8].

Is prior exposure required for the development of trigger-
ing IgE antibodies? Recent data suggest that previous
exposure to the causative drug may not be an obligatory
prerequisite for immune-mediated drug hypersensitivity.

Immediate-type hypersensitivity drug reactions BJCP

In patients treated for cetuximab-induced anaphylaxis,
drug-specific IgE was found in pretreatment samples [60].
The antibodies were specific for the oligosaccharide
galactose-o-1,3-galactose (alpha-gal), which is present on
the Fab portion of the cetuximab heavy chain and is also
very similar to substances in the ABO blood group. IgE
mediated reactions and this type of cross-reactivity do not
occur with infliximab or other large molecules where the
alpha-gal moiety is in the Fc portion rather than the Fab
portion. Allergic reactions to NMBAs are almost exclusively
IgE-mediated. However, up to 75% of reactions have been
reported upon first known contact with an NMBA [61, 62].
This suggests a possible cross-reaction with IgE antibodies
generated by previous contact with apparently unrelated
chemicals. Several studies support the hypothesis that
pholcodine exposure could either lead to IgE-sensitization
to this drug and other quaternary ammonium ions or
increase the titre of specific IgE to quaternary ammonium
ions, thereby increasing the risk of allergic reaction to
NMBAs [63, 64].

T-cell mediated adverse drug reactions

All IgE-mediated ADRs require T-cell help, with T-cells
contributing to immediate reactions through production
of pro-inflammatory mediators and cytotoxicity. In specific
patient populations, such as cystic fibrosis patients
exposed to repeated courses of antibiotics, many immedi-
ate reactions (i.e. to piperacillin) are T-cell mediated [65,
66]. Currently, three different models have been proposed
to account for the stimulation of T-cells by drugs, the
hapten model, the pharmacological-interaction (p-i)
model and the altered peptide repertoire model.

In the hapten model, compounds bind to certain
amino acids via covalent bonds, with or without previous
metabolism of the drug. These hapten-modified proteins
are then processed into antigenic peptides and loaded
onto MHC molecules on antigen presenting cells and acti-
vate T-cells [67]. The second model for drug interactions
with T-cells, the p-i concept, has been proposed whereby a
chemically inert drug in its native form without binding to
a carrier molecule or being otherwise processed can non-
covalently and processing-independently bind directly to
HLA molecules or T-cell receptors (TCR) [68]. If the drug fits
with a sufficient affinity into such molecules, the interac-
tion via non-covalent bonds with proteins is strong
enough to transmit a stimulatory signal via TCR leading to
a stimulation of T-cells resulting in cytokine production,
proliferation and/or cytotoxicity [69]. T-cell mediated reac-
tions to drugs also do not require previous exposure to the
drug [70].

More recently, strong evidence has supported an
altered peptide repertoire model for abacavir hypersensi-
tivity [71-73] and additional evidence suggests that this
model may also apply for severe cutaneous ADRs such
as carbamazepine-induced Stevens-Johnson syndrome/
toxic epidermal necroylsis (SJS/TEN) [72, 74]. In this model,
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as per the p-i model, rapid and non-covalent binding
occurs between the drug and HLA. However, in the altered
peptide repertoire model, the drug occupies key anchor
sites within the antigen binding cleft and hence alters the
repertoire of self-peptide ligands that are subsequently
bound and presented to T-cells, creating an allograft
reaction.

Non-immune-mediated drug hypersensitivity
Non-immune-mediated drug hypersensitivity may be
caused by the non-specific and non-allergic release of his-
tamine from mast cells. This is not well understood
although there are many putative mechanisms for a direct
effect on mast cells. Example of drugs causing this effect
include vancomycin (‘red-man syndrome’) and narcotic
analgesics. Radiocontrast media and NSAIDs may have
direct effects on mast cells, but also have other clinical
reaction phenotypes and immunopathogeneses as dis-
cussed above.

Snake antivenom reactions

Complement activation has been proposed as the princi-
pal mechanism underlying immediate onset reactions to
snake antivenom on the basis of in vitro studies [75-77].
However, in a recent study of Sri Lankan snake bite victims,
patients experiencing anaphylaxis to antivenom had rapid
increases in plasma concentrations of MCT and histamine
but not complement breakdown products C3a, C4a or C5a
[78]. These data suggest anaphylaxis to antivenom is not
triggered by complement activation, with possible alter-
native triggering mechanisms including immunogolublin
or protein complexes binding to IgG receptors or non-
specifically crosslinking IgE on the surface of mast cells.
Shivering, sweating and fever may also occur at the onset
of antivenom reactions, with or without other features of
anaphylaxis. The mechanism behind these pyrogenic reac-
tions is unknown.

Pharmacogenomics of anaphylaxis
and drug allergy

Although it is assumed that there will be genetic determi-
nants driving predisposition to drug-induced anaphylaxis
and other IgE mediated immediate drug reactions, sup-
porting data are scarce. Cytokine variants such as TNF-o
308 A—G, IL-13 and IL-4RA, have been entertained, as
have variants in expression of IgE receptors on target cells
[79]. A single Chinese study postulated that alleles in the
HLA-DRB region may be involved in penicillin allergy
through modulation of development of penicillin-specific
serum IgE [80]. HLA associations using high resolution
HLA typing in well phenotyped populations of patients
with IgE type, immediate beta-lactam and other immedi-
ate and possible IgE mediated drug allergies have not
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been adequately studied. Other drug-induced reactions
may be important to rule out in patients presenting with
a potential IgE mediated reaction. This would include
angiotensin-converting enzyme inhibitor (ACEl) associ-
ated angioedema, which can be sporadic and become
apparent several years after these drugs are started. ACEI
associated angioedema is likely mediated, at least in part,
by decreased breakdown of vasoactive peptides such as
bradykinin which is mainly inactivated by aminopeptidase
P (APP). A recent meta-analysis of pharmacogenetic
studies suggested the gene region encoding XPNPEPE?2,
an X-linked gene encoding membraneous APP, may be
important in ACEl associated angioedema [81, 82]. AERD
has been associated with the class 2 HLA allele HLA-
DPB1*0301 in European and Asian populations, which
was supported by a recent genome wide association
study [83, 84]. Part of the challenge in studying the
pharmacogenomics of true IgE-mediated reactions is that
many of these reactions are not static over the lifetime of
an individual. For instance approximately 10% of individu-
als who have positive skin tests and have experienced
immediate reactions to penicillin and other beta-lactams
will lose their skin test reactivity each year. In addition, of
the 10-15% of hospitalized patients labelled as penicillin
allergic, more than 90% will tolerate penicillins [25].
Although the vast majority of these may never have been
truly beta-lactam or penicillin allergy, it has been clearly
documented that IgE mediated reactions dissipate in
some patients over time, making the study of genetic
determinants difficult.

In contrast to IgE mediated drug reactions, several
recent studies have implicated the major histocompatibil-
ity complex (MHC) as a major genetic determinant of T-cell
mediated drug hypersensitivity syndromes. This has par-
ticularly reference to T-cell mediated and delayed drug
hypersensitivities such as drug induced hypersensitivity
syndrome (DIHS) or drug reaction with eosinophilia and
systemic symptoms (DRESS) and the severe skin syn-
dromes such as SJS/TEN [25]. As described above, the
immunopathogenesis of HLA class | restricted drug hyper-
sensitivity reactions such as abacavir hypersensitivity
(HLA-B*57:01) or carbamazepine (HLA-B*15:02) associated
SJS/TEN has been elegantly elucidated [85]. Unlike drug-
related IgE mediated reactions where the risk of a repeat
reaction to the same drug may decrease with time, the risk
for these T-cell mediated and specifically HLA class |
restricted reactions appears to be primarily genetically
determined and associated with memory T-cell responses
that lead to not only a sustained risk but the potential for a
more severe reaction on re-exposure. Therefore lifelong
avoidance of the drug in question and all structurally
related drugs is recommended. Understanding the basis
for HLA-drug interactions shows promise for being able to
predict the potential for severe T-cell mediated drug reac-
tions either before drugs are used in man, or in the early
pre-marketing phase of drug development.



Clinical history and diagnosis of
immediate drug reactions

Several guidelines for the investigation of suspected ana-
phylaxis have been recently published by anesthesiology
and/or allergy societies [86-89]. Accurate diagnosis is
essential to prevent future reactions and assess cross-
reactivity to predict which drugs from the same class
should also be avoided, or which may be used as an alter-
native. Diagnostic tests for drug allergy are imperfect, so
clinical assessment always takes precedent in decision
making. This requires a combination of careful history,
obtaining all medical records, outlining drug history and
ancillary in vivo and ex vivo/in vitro testing as indicated.
The timing of drug administration in relation to develop-
ment of symptoms can provide invaluable information. In
addition, de-challenge and rechallenge information is
helpful. Probability scores such as the Naranjo score have
been developed in an attempt to ascertain the likelihood
that a specific drug is related to a specific ADR and other
Bayesian approaches have also been advocated [90].
Several studies have demonstrated that the actual inci-
dence of drug allergy is lower than patients’ histories
suggest [91-94], and that many patients are labelled with
drug allergy, but few actually have a drug allergy on more
careful history and testing [25]. Misdiagnosis of drug
hypersensitivity leads to substantial unnecessary costs
and put patients at risk. Oral provocation is often consid-
ered the gold standard diagnostic test, but poses a poten-
tial risk to the patient and is contra-indicated in patients
with severe T-cell mediated syndromes such as DRESS
and TEN [95]. Of the other diagnostic tests currently avail-
able for assessment of immediate drug allergy, none is
highly predictive.

Skin tests

Standards for prick and intradermal skin testing have not
been universally accepted, and a significant variability in
specificity and sensitivity has been reported. However, skin
tests remain the mainstay of diagnosis of IgE-mediated
reactions. Skin prick and intradermal testing (SPT/IDT) may
be useful in cases where patients have received multiple
drugs and the causative agent of the allergic reaction
is unclear [96]. SPT/IDT is the preferred diagnostic
test for penicillin allergy. The major (benzylpenicilloyl
polylysine (PLL)) and minor (benzylpenicillin, sodium
benzylpenilloate and benzylpenicilloic acid) determinants
of benzyl penicillin have been validated for use in skin
testing, and with appropriate use, there is a negative pre-
dictive value of >95% and a positive predictive value of
40-60% [97, 98]. With increasing exposure to other types
of penicillins in the community such as amoxicillin and
ampicillin, the incidence of side chain specific penicillin
reactions to these drugs has increased and utilizing multi-
ple reagents in penicillin skin testing could be recom-
mended [89]. Many patients lose their penicillin allergy
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over time with less than 30% maintaining their positive
skin test for 10 years. Skin testing with antibiotics other
than penicillin is not standardized and both the negative
and positive predictive value is unknown. Also, drug
metabolites or haptens that have been defined for benzyl
penicillin have not been defined for most other drugs, and
hence skin testing may result in false negative results
through lack of sensitivity and appropriate reagents or
false positives through irritant reactions (e.g. macrolides
and quinolones) [99, 100].

In vitro testing

In vitro tests have a high potential utility in the diagnosis of
ADRs. However the sensitivity of currently available tests is
low. Allergen-specific IgE assays (i.e. ImmunoCAP) are
commercially available for the major determinants of peni-
cillin G, penicillin V, ampicillin, amoxicillin and cefaclor and
many other drugs including morphine and NMBDs. These
have a very low sensitivity compared with SPT/IDT and
since SPT/IDT for drugs such as penicillin has proven to be
a safe procedure with a high negative predictive value, it is
not clear the role these tests would have in routine clinical
practice. In view of their very low sensitivity, allergen-
specific IgE assays should never be used as a means to
rule out drug allergy but may help avoid unnecessary
or dangerous oral challenges due to their high specificity
[30, 101].

Upon stimulation with specific-allergens that cross-link
IgE bound to its high affinity receptor, basophils rapidly
express surface activation markers such as CD63 and
CD203c. Basophil Activation Tests (BAT) using in vitro cell
stimulation and flow cytometry assays have been used
as a tool to predict in vivo responses to allergen [102,
103]. The sensitivity of the BAT for the diagnosis of
drug allergy has been reported: beta-lactams 33-67%
[104-106], quinolones 71.1% [107] and rocuonium 80%
[108]. Assessment of noraminophenazone-induced CD63
expression on basophils has been shown sensitive to
detect hypersensitivity to pyrazolones, but testing early
after the reactions seems to be critical for the test positivity
[109, 110]. Again, these tests lack the sensitivity and nega-
tive predictive value needed to be useful as routine diag-
nostic tests for immediate drug reactions.

Drug provocation testing

As the sensitivity of other tests to diagnose drug allergy are
quite low, drug provocation testing (DPT) can be consid-
ered for those patients who have tested negative via skin
and in vitro tests, who have no risk factors and for whom
diagnosis is mandatory [111]. The general guidelines for
performing a DPT are under strict hospital surveillance
with emergency room facilities [89]. It should also be
remembered that single drug challenges may be effective
in ruling outimmediate life-threatening IgE mediated type
reactions but will not rule out the presence of a delayed or
T-cell mediated reaction which may take more than one
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dose of the drug to become clinically apparent, even on
re-exposure. DPT should not be used for more dangerous
T-cell mediated reactions (DRESS, SJS/TEN).

Secondary prevention/
desensitization

Desensitization can be used when there is a strong clinical
indication for choice of a drug over available alternatives in
the context of suspected or confirmed allergy to the drug,
especially if the previous reaction was an immediate onset
reaction. Desensitization should never be attempted in
patients who have experienced severe drug related symp-
toms such as fever, internal organ involvement, mucosal
involvement or severe cutaneous involvement such as
DRESS or SJS/TEN [112]. Figure 2 provides an outline of the
management and treatment of a potential immediate
onset drug allergy from diagnosis to desensitization using
penicillin as an example. Unfortunately, many in vitro and
in vivo tests available for diagnosing penicillin allergy are
not available or feasible as point of care testing or not
standardized for other drugs. Although penicillins and
other beta-lactams are the most commonly used drugs for

which rapid desensitization protocols are currently used,
rapid desensitization protocols have been published for
other classes of drugs such as chemotherapeutic and small
and large molecule biological agents [113-117]. Whenever
possible, rapid oral desensitization is preferable to intrave-
nous desensitization since the cost is much lower and the
procedure has equivalent efficacy [118]. Desensitization to
penicillin and other drugs may be useful in those docu-
mented to be skin test positive, although up to 30% of
patients may experience adverse effects and this may
prolong the time and number of doses over which the
desensitisation occurs [119-121]. Desensitization is typi-
cally a low risk procedure and may be carried out in the
hospital setting with close monitoring, however occasion-
ally in patients with positive immediate prick or intrader-
mal skin tests and a history of severe reactions (e.g. to
platinum based chemotherapeutic agents) ICU admission,
pre-medication and significant nursing and clinician time
is needed because of the high risk of anaphylaxis.
However, once desensitization is complete, patients are
usually able to tolerate full doses of the drug in question
for full treatment length with minimal side effects [119].
The immune mechanisms of successful desensitiza-
tion remain unclear and unlike airborne allergens and

Suspected immediate penicillin hypersensitivity reaction

A

If very urgent treatment necessary or delays to access

Immediate treatment with presumed causative agent

of medications for skin testing

necessary 1
l No .
?T ?T In vitro test (e.g. drug E
§ § Yes specific IgE)* E
FIR Negative Positive E
oa EREEEE R H
2z 1 y ' :
?r. ~ | Skin prick test ' Positive '
< Negative i . Diagnostic for 1
< v i Positive causative drug E
| Intradermal skin test 1 !
I / H
N ti Tt N '
, cgative Y Positive Immediate ,
| Graded drug challenge treatment with !
causative agent i
Negative necessary E
| Unlikely allergic | |
No l l i
Yes v
A Identify safe Commence
| Commence treatment with causative agent if necessary | alternative desensitisation
Figure 2

Pathway for diagnosis and treatment of suspected immediate penicillin hypersensitivity reactions. *Potential pathway in children where skin testing is
poorly tolerated, in older adults with particularly thin skin or in others if interpretation of skin testing is likely to be limited by skin rash or inherent irritability
of suspect medication. tBasophil activation test is available at some centres and has similar risk to other in vitro tests and increased sensitivity, but the test

is not standardized between laboratories
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Hymenoptera venom, desensitization to drugs is a tempo-
rary process and must be repeated each time there is treat-
ment interruption [122]. Patients desensitized based on
history should generally be referred for follow-up skin
testing and oral challenge following completion of their
treatment as many will be negative on testing and able to
tolerate the drug in the future. More protracted desensiti-
zation protocols performed over a longer period of time
from several hours to days or weeks also exist for patients
who have experienced more delayed and likely T-cell
mediated reactions (e.g. trimethoprim-sulfamethoxazole,
allopurinol) and the mechanism by which these protocols
are successful are similarly unknown.
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