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Abstract: Drug provocation test (DPT) is the controlled administration of a drug to diagnose immune-
or non-immune-mediated drug hypersensitivity and the last step for accurate recognition of drug
hypersensitivity reactions when the previous diagnostic evaluations are negative or unavailable. A
DPT is performed only if other conventional tests fail to yield conclusive results. In each clinical
presentation, “to provoke or not to provoke” a patient should be decided after careful assessment
of the risk-benefit ratio. Well-defined benefits of DPT include confirmative exclusion of diagnoses
of drug hypersensitivity and provision of safe alternatives. However, disadvantages such as safety,
difficulty in interpretations of results, lack of objective biomarkers, risks of resensitization, efficiency
in daily practice, and lack of standardized protocols, are poorly debated. This review summarizes
the current published research concerning DPT, with particular emphasis on the advantages and
disadvantages of DPT in an evidence-based manner.
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1. Introduction

Drug provocation test (DPT) is the controlled administration of a drug to diagnose immune-
or non-immune-mediated drug hypersensitivity and the last step for accurate recognition of drug
hypersensitivity reactions in the absence of informative alternative diagnostic tests (Table 1). DPT has
the advantage of reproducing the allergic symptoms and any other adverse clinical manifestations
regardless of the underlying mechanism. According to the European perspective, DPT is generally
accepted as the “gold standard” investigation for the diagnosis of drug hypersensitivity [1]. However,
from the American perspective, this approach is regarded as graded challenge (or test dosing), defined
as the introduction of a medication cautiously so as not to induce a severe reaction [2].

Table 1. Drug provocation tests.

Definition: Controlled administration of a drug to diagnose drug hypersensitivity and the last step for accurate
recognition of drug hypersensitivity reactions if the previous diagnostic evaluations are negative or unavailable.

Requirements:
° Trained personnel, who know how to perform tests, are ready to recognize and treat symptoms and signs of
a hypersensitivity reaction
. Equipment for emergency resuscitations
Methods
. Informed consent
. Commercial agents are usually used
° Route of administration: Oral, parenteral, cutaneous, bronchial, etc.
. Starting dose depends on severity and immediate /non-immediate timing of index reaction (1/10000-1/10)
. Interval: 30-90 min
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Precision medicine is a developing field of medicine, based on disease endotypes, which are
phenotypic subclasses associated with specific mechanisms underlying the disease. This approach
requires the evaluation of a patient with a suspected drug hypersensitivity reaction from various
perspectives including pharmacogenetics, diagnostics or therapeutic levels. Patients who are
inappropriately classified as allergic to certain drugs can be shown to be tolerant in response to
these drugs primarily via skin testing and drug provocations, revealing the precise diagnoses thereby
reducing the expenses and side-effects of alternative therapies [3].

The provocative drug is either an alternative, a structurally /pharmacologically related drug or
the culprit drug itself [4]. A DPT is performed if other less critical or less difficult tests fail to yield
conclusive decisions. In each clinical presentation, “to provoke or not to provoke” a patient should
be decided after balancing the risk-benefit ratio. Several factors may influence not only the decision
but also the protocol for a DPT, such as the chronology of the index clinical reaction (immediate vs.
non-immediate), the severity of the clinical reaction (anaphylaxis vs. mild reactions), the population
involved (children vs. adults) and the facilities of the medical center (including intensive care unit) [5].
A definite diagnosis of drug hypersensitivity reaction, in fact, may become a clinical necessity that
many drug courses may be required over a lifetime, usually as an emergency. The advantages and the
disadvantages of DPT are summarized below (Table 2).

Table 2. Advantages and disadvantages of Drug provocation tests.

Advantages Disadvantages

Confirmation or exclusion of diagnosis of

drug hypersensitivity Potentially dangerous

DPT protocol is chosen based on patients’ /parents’ report about

Less use of more expensive alternatives .
P the reaction suffered

Less use of broad spectrum antibiotics,

. M . Fal iti d fal ti 1t
decreased risk of antibiotic resistance alse postive and lalse negative resulls may occur

Reduced cost of drug allergy algorithm Cofactors may be absent

Generally good safety profile Potential risk of resensitization

Although gold standard, many contraindications to perform DPT

Acceptable for most patients may be present

Lack of standardized protocols, especially for

Avoidance of unnecessary desensitizations . . .
non-immediate reactions

Provision of safe alternative Subjective symptoms could be difficult to interpret

Decreased social burden of drug allergy Lack of objective and reliable biomarkers (e.g., serum tryptase)

Negative results may not be sufficient to reuse the culprit drug

Need experienced personnel and well-established clinical settings

2. Pro: The Tip of the Iceberg

An accurate history and description of clinical symptoms, as well as potential cofactors, provide
hints for the underlying pathogenetic mechanisms and the selection of appropriate test procedures
(Figure 1). However, there are many limitations during diagnostic work up, such as the obscure
pathogenesis of certain reactions and the lack of optimal skin tests and validated in vitro tests for
some drugs. In the case of a positive skin or an in vitro test, a relation between the drug and the
hypersensitivity reaction can be established based on the clinical relevance. If the tests are negative or
not available, it would be the time for application of DPTs. The clinician should decide on the aim
of the DPT, whether it is to confirm or exclude the diagnosis of drug hypersensitivity or to find an
alternative medication. The indications introduced by the European Academy of Allergy and Clinical
Immunology (EAACI) will aid in decision making to plan and perform a DPT in different clinical
situations [1].



Int. ]. Mol. Sci. 2017, 18, 1437 3 0f 20

Clinical history ; index reaction
<1hr,1-6h,>6h?
Urticaria, maculopapular eruption, bullous
reaction, etc?

Do chronic diseases exist?

&
Immediate " Non-immediate
reaction reaction
In vitro tests avalaible?
v
No/ negative Mild eruption Moderate{severe
eruption
Skin tests avalaible? ' 1
Skin tests avalaible?
No/ negative /

4 No/ negative

[ Contraindications ? ]

Drug Provocation
Test

Figure 1. Diagnostic algorithm of drug hypersensitivity reactions.

2.1. Confirmation of Diagnosis

“To establish a firm diagnosis in suggestive history of drug hypersensitivity with negative,
non-conclusive or non-available allergologic tests”

The history of drug hypersensitivity reactions should be evaluated on the basis of the underlying
pathogenetic mechanisms. A definite history and characterization of the physical examination findings
guide the selection of precise diagnostic test procedures. Drug provocation tests provide the valid
evidence for the diagnosis of drug allergy, which is essential to determine the therapeutic future of the
patients. In an initial study by Messaad et al., 1372 DPTs with a variety of drugs, including 3-lactams,
non-steroidal anti-inflammatory drugs (NSAID), macrolides and quinolones, were performed in
898 patients with suspected immediate drug allergy. Drug allergy was confirmed in 17.6% of patients
who demonstrated similar symptoms during DPT, although milder and of shorter duration [6].
Dona et al. confirmed the drug allergy in 1683 of 4460 patients by clinical history (44%), skin tests
(14.6%), in vitro testing (10.4%), and by DPT (30.8%). Thus, DPT was required to establish a diagnosis
in one out of every three patients [7]. Overall, patients with drug hypersensitivity reactions (DHR)
worth testing with a standardized workup including DPTs, which result in definitive advice concerning
future tolerability, avoidance of certain drugs, and recommendations for alternative medications in
majority of patients [8]. Drug hypersensitivity reactions also had social impact on patients’ life. They
were fearful of recurrence of the previous reactions and/or permanent impairment of the body, their
health, and thereby limitation of their social activities. Precise diagnosis of DHR would simply decrease
the social and medical burden of drug allergy [9].

Initial skin testing with the culprit drug prior to the provocation test is considered a safe,
reliable, and practical approach for the assessment of suspected DHRs. Well-defined nonirritating
concentrations are currently in use during skin prick tests and intradermal tests (IDTs) for specific drugs,
such as 3-lactam antibiotics, chemotherapeutic drugs, and some of the biological agents. However,
there is still a lack of information regarding the standardized concentrations of non-3-lactam antibiotics
including macrolides used in skin tests [10]. In a pediatric study, using the IDT concentrations
of clarithromycin which were verified in an adult population [11], nine out of twenty children
showed false positive IDT who had negative DPTs. However, two patients with negative skin tests
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developed urticaria during DPTs. Younger age might contribute to false-positive IDT results, and the
irritating effect of drugs appears to be more pronounced in children, which would in turn increase the
requirement for performing DPTs [12]. Most of the hypersensitivity reactions with iodinated contrast
media are associated with the histamine release from basophils and mast cells and the IgE-mediated
allergic mechanism can be demonstrated only in a minority of cases [13,14]. Provocation tests with
progressive increase of the injected dose of the radiocontrast media over several days are effective to
exclude a drug hypersensitivity diagnosis [15,16]. Recently, it was shown that, when the results of
skin tests and intravenous provocation with low-dose radiocontrast media were negative, the risk and
severity of reaction was low in the case of contrast media re-exposure [17].

Drug provocation test results are particularly crucial for diagnosis of NSAID hypersensitivity
because of the insufficiency of diagnostic skin and in vitro tests (except for IgE-mediated reaction
to dipyrone), the significant potential to induce anaphylaxis and the increased prevalence
of hypersensitivity reactions in certain risk groups, such as chronic urticaria [18-22]. NSAID
hypersensitivity was shown in 7.6-68.2% of children and 10.7-83.2% of adults as they had positive
DPT results to the culprit NSAID [23-29]. In addition, DPTs are also important in the diagnosis of
hypersensitivity reactions of other drugs including proton pump inhibitors, fluoroquinolones, and
local anesthetics [30-32]. The implementation of DPT with antineoplastic and biological agents not
only aid in the diagnosis of DHR, but also prevents unnecessary desensitizations in non-hypersensitive
patients (30-56% of patients, depending on the culprit-drug) [33].

In children with a history of 3-lactam hypersensitivity reaction, the evaluation of drug allergy led
to the confirmation of drug hypersensitivity in 6.8-15.9% of patients [34-37]. In children with chronic
diseases such as cystic fibrosis, this ratio increased to 47.3% [38]. Skin test positivity is 22.2-79.1%
in patients with immediate 3-lactam hypersensitivity [36,39]. The specificity of the measurement of
-lactam specific IgE was high (71.4-97%), but the sensitivity (25-42%) was low [40,41], whereas the
sensitivity increased (75%) in a group of patients with a clinical history of anaphylactic shock and
negative skin test results. In non-immediate reactions such as maculopapular eruptions, the prevalence
of true B-lactam hypersensitivity declines particularly in children [42]. The diagnostic yield of tests
including patch tests and delayed readings of IDT are low [43]. Caubet et al. assessed 88 children
with a history of late onset urticarial and maculopapular rashes due to 3-lactam use, eleven (13%) of
whom demonstrated positive ID testing. Six children (6.8%) had positive oral DPT with 3-lactams
presenting as mild cutaneous rashes, mostly as late reactions (7—12 h later). Four of the six children
who had positive DPT also showed positive ID test results with -lactams. They concluded that
DPTs should be considered in all children, who develop a delayed-onset benign rash as urticarial
or maculopapular during treatment with a 3-lactam antibiotic [34]. In the absence of antecedent
skin testing, Vezir et al. implemented direct oral provocation with culprit antibiotics for five days to
patients with non-immediate mild cutaneous reactions without systemic symptoms caused by (3-lactam
antibiotics [42]. Four patients (3.4%) developed urticaria, revealing positive DPT results beyond any
severe reactions [42]. The age of the patient also contributes to the decision of a diagnostic pathway,
such as the preference of direct drug provocation in younger children, where skin testing could be
painful and difficult to perform [44]. Recently, the Pediatric Task Force of the EAACI Drug Allergy
Interest Group suggested the use of DPT without prior skin testing in the cases of non-immediate mild
cutaneous reactions [45]. This approach may also reduce the cost of drug allergy algorithm, up to 35%
per patient [46].

The misclassification of particularly hospitalized patients as “drug hypersensitive” leads to the
unnecessary use of alternative medications that are often more expensive and less effective. In a group
of hospitalized patients, the suspicion of drug allergy resulted in the substitution of 3-lactam antibiotics
with quinolones, or vancomycin and NSAIDs with coxibs, or that paracetamol and iodinated contrast
media were not used despite indications. These changes in the use of drugs led to a fourfold increase
in the mean of the costs of treatment. However, the allergologic work up revealed that in 32% patients,
the original diagnosis of drug hypersensitivity was correct [47]. The ambiguous penicillin allergy has
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higher burden on patients’ health in terms of the microbial resistance patterns, and the treatment costs.
Solensky et al. reported that physicians usually preferred cephalosporins, macrolides, quinolones,
tetracyclines, nitrofurantoin to manage the patients having penicillin allergy documented in their
medical records. The type of the penicillin allergy history and the severity of the disease process
influenced the choice of antibiotics [48]. Alternative antibiotics usually have broader spectrum, have
potential for inducing antibiotic resistance, are more expensive and may be associated with higher rate
of clinical failure [49-53].

2.2. Exclusion of Cross-Reactivity

“To exclude cross-reactivity of related drugs in proven hypersensitivity”

Drug provocation tests are essential to characterize cross-reactivity in drug hypersensitive patients.
A search for well tolerated alternative 3-lactam is advised in cases of diagnosed (3-lactam allergy [54].
The in vitro tests, such as basophil activation test, are not sufficient to differentiate selective reactors
and cross-reactors in patients with immediate allergic reactions to 3-lactams [55]. Blanca-Lopez
et al. defined a group of patients who were selective responders to amoxicillin but could tolerate
penicillin G and penicillin V [56]. In an adult population with a proven (3-lactam allergy, 11.9%
of patients were sensitized to both penicillins and cephalosporins. The prevalence of cefuroxime
allergy was 6.3% (4.2% diagnosed by DPT) in patients sensitized to 3-lactams [57]. Zambanino et al.
demonstrated by using DPT in a group of children with immediate or non-immediate hypersensitivity
to amoxicillin or amoxicillin clavulanic acid, that cefuroxime was tolerated by all patients [36].
Cross-reactivity seems higher in immediate reactions when penicillins and cephalosporins are identical
or similar in the R1 side chain [58]. However, in a comprehensive study including 102 patients (89
of subjects had an anaphylactic reaction with a cephalosporin in their medical history) with at least
one cephalosporin hypersensitivity confirmed by positive skin test responses, it was shown that
cephalosporin hypersensitivity was unlikely to be a class hypersensitivity. They performed 326 DPTs
with alternative cephalosporins in the case of negative skin test results, which were all tolerated.
The two subclasses of cephalosporins were identified: those with a methoxyimino group in their
R1 side chains plus ceftazidime, and aminocephalosporins. Nevertheless, pretreatment skin tests
with alternative cephalosporins and DPTs were needed [59]. The observed cross-reactivity between
penicillins, carbapenems, and/or aztreonam was low therefore, skin tests and DPTs showed negative
results in majority of the cases to exclude cross-reactivity [60-63].

Drug provocation tests are specifically important to classify patients with NSAID hypersensitivity.
NSAID hypersensitive subjects mainly exhibit cross reactivity to other NSAIDs, thus are designated
as cross intolerant whereas, single NSAID hypersensitivity is termed as selective responder [64,65].
In a multicenter study where DPTs were applied to various NSAID hypersensitivity cases, a mean of
1.71 £ 0.73 oral challenges were performed in the cross intolerant group and 2.93 4= 1.11 in the selective
responder group for diagnosis. Cutaneous symptoms were observed more frequently by the cross
intolerants, whereas anaphylaxis by the selective responders [64]. When the patients demonstrated
typical presentations such as asthmatic reaction, multiple reactions to multiple NSAIDs, or anaphylaxis
to a single NSAID, DPT was needed to confirm the tolerability to alternative compounds. Corzo et
al. reported that all children with positive DPT results with aspirin and the culprit NSAID tolerated
paracetamol and etoricoxib (a selective cyclooxygenase 2 inhibitor), 4.9% developed a reaction to
meloxicam (preferential cyclooxygenase 2 inhibitor) during DPT [66]. Among 30 children with NSAID
hypersensitivity, two children reacted to aspirin, ibuprofen, and paracetamol, as well as one to
nimesulid during DPT [23]. Celik et al. demonstrated in 309 adults with NSAID hypersensitivity
that cyclooxygenase 2 inhibitors were well tolerated in the majority of the patients (nimesulide:
91.9%; meloxicam: 90.2%; rofecoxib: 94.9%; and celecoxib: 94.9%). Twenty-five patients reacted to
cyclooxygenase 2 inhibitors during DPT, of which eight cases developed bronchospasm and one
case exhibited anaphylaxis [67]. Meloxicam and etoricoxib were found to be safe alternatives for the
aspirin-hypersensitive patients with asthma and/or nasal polyps [68,69].
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Time-saving and cost-effective approaches to find safe alternatives during diagnostic work
up of DHR were proposed. Kalyoncu et al. tested three alternative drugs (meloxicam, rofecoxib,
paracetamol) a day in NSAID hypersensitive patients and the time required to perform these tests
decreased by 56% [70]. Likewise, triple tests performed with antibiotic and NSAID on the same day
for multidrug hypersensitive patients with non-life-threatening allergic reactions seems to be safe and
time-saving [71].

2.3. Safe Alternative

“To provide pharmacologically and/or structurally non-related safe drugs in
proven hypersensitivity”

In the case of 3-lactam hypersensitivity, a physician might choose alternatives like macrolides or
quinolones as structurally distinct from the agent that had caused the reaction during the course of
management of patients. Due to the limited data on the sensitivity and the specificity of skin tests and
in vitro tests of non-{ lactam antibiotics, DPTs are usually performed to prove tolerance [12,31,72,73].
Multiple drug allergy syndrome (MDAS) is defined as adverse reactions to two or more structurally
unrelated drugs with an underlying immune-mediated mechanism causing the reaction [74]. MDAS is
further divided into two subtypes: the development of hypersensitivity reactions with different drugs
given simultaneously and the progression of drug sensitizations in a sequential manner [75]. Although
some of these patients with MDAS exhibited severe cutaneous drug adverse drug reactions, a drug
allergy work up including DPT might be needed not only to confirm the diagnosis but also to find
unrelated alternatives as indicated under close supervision [76,77]. Albeit meticulous, this approach
might relieve the anxiety of subjects who would refuse to take the indicated drug without a proof
of tolerance.

2.4. Exclusion of Diagnosis

“To exclude hypersensitivity in non-suggestive history of drug hypersensitivity and in patients
with non-specific symptoms”

The most common indication of DPT reported in the survey of World Allergy Organization
concerning clinical practices in drug hypersensitivity was to exclude hypersensitivity where the history
was not suggestive [78]. The majority of patients are over diagnosed as drug hypersensitive based on
a suggestive history without proof by appropriate tests. In a community-based drug hypersensitivity
prevalence study in children, the rate of the parent-reported immediate type drug hypersensitivity
was 7.87%. The clinical history suggestive of drug allergy was for 1.16% of the cases after a phone
survey, whereas the true frequency of immediate type drug hypersensitivity was demonstrated to be
0.11% [79]. Drugs such as local anesthetics may cause psychomotor symptoms frequently concerning
vasovagal response, hyperventilation and panic attack and anxiety which can be misdiagnosed as a
hypersensitivity reaction [80]. The IgE-mediated reactions to local anesthetics are unusual nevertheless
many patients are identified as hypersensitive to local anesthetics [81,82]. In order to exclude the
diagnosis of hypersensitivity to local anesthetics, skin testing followed by graded challenge tests can
be performed with the same local anesthetic that is intended to be used [83].

2.5. Natural Course

Drug provocation tests may be required in the assessment of natural course of drug
hypersensitivity reactions. In studies concerning patients with immediate hypersensitivity to
penicillins or cephalosporins, skin tests are more likely to show negative results due to the time
elapsed between the clinical reaction and the application of the skin test [84,85]. In the case of in vitro
methods, drug specific IgE measurements show negative results later than drug specific basophil
activation tests [86]. However, in these studies DPTs were not performed to evaluate the development
of clinical tolerance. Recently, Dona et al. reported that 63% of patients who exhibited NSAID induced
urticaria and angioedema established tolerance 72 months after the last reaction, confirmed by NSAID



Int. ]. Mol. Sci. 2017, 18, 1437 7 of 20

DPT [87]. There is no single study that followed the natural course of a DPT-proven antibiotic allergy
with further investigations [88].

3. Contra: Bottom of the Iceberg

It cannot be disputed that DPTs represent a potential risk to the patient, are time consuming and
need appropriate medical facilities (including access to an intensive care unit) and trained personnel [1].
The person undergoing the DPT should be healthy on the day of testing, with no sign of allergy,
infection, exacerbation of a disease that can stimulate an immune response, preferably not use of any
other medication. These conditions might be difficult to attain in chronically ill patients. A negative
DPT result does not confirm tolerance to the drug in the future, instead indicates that there is no drug
hypersensitivity reaction at the time of the provocation and to the maximum doses used during the
provocation [89].

The classification of DHRs is challenging because for many drugs and clinical manifestations of
these reactions, the underlying mechanisms are poorly understood. Clinically, DHRs are classified
as “immediate” with typical symptoms of IgE mediated reactions such as urticaria, angioedema,
rhinitis, bronchospasm, anaphylaxis, etc. which occur within 1-6 h after the last drug administration,
and as “non-immediate” with clinical involvement of the skin (i.e., delayed urticaria, maculopapular
eruptions, vasculitis, bullous eruptions, etc.) and/or internal organs (hepatitis, renal failure, anemia,
neutropenia, etc.), which occur 1 h to some days after the initial drug administration [90]. The choice
among the skin tests, in vitro tests and DPTs to achieve a definitive diagnosis is mainly based on the
clinical classification of the index reaction. The DHR history should include the symptomatology;,
the route of the administration of the drug in consideration, the timing of the symptoms (previous
exposure, period between the last dose and the onset of symptoms and days of the treatment, effect of
the cessation of drug, medications to treat DHR and the response to them), and other medications taken
(both at the time of the reaction and other drugs of the same class used ever since), [90]. Physicians are
obliged to rely on the clinical history recalled by their patients, or parents in the case of children. It
is also difficult for patients to remember all the important details/issues. The physician sometimes
may not differentiate an immediate from a non-immediate reaction if the subject cannot remind the
chronology of the reaction with mild presentation or only urticaria; likewise the physician cannot
discriminate between a maculopapular eruption and cutaneous vasculitis from the recalled history
(Box 1). Hjortlund et al. demonstrated that a significant number of patients could not remember
the time interval between the drug intake and reaction (15.7%) or even the name of culprit drug
(18.4%) [91].

Studies featuring the negative predictive value (NPV) of DPTs are encouraging. In a multicenter
study concerning NPV of DPTs with (3-lactams, 457 patients with either immediate or non-immediate
reactions to 3-lactams were accessed at least six months after a negative drug allergy workup, including
DPTs. One hundred eighteen (25.8%) of a total of 457 patients underwent a DPT with the previously
suspected -lactam or one of the same class. Only nine patients (7.6%) experienced a mild reaction
after more than 1 h of drug intake. In addition, five urticaria, three exanthema and one undefined
cutaneous reaction cases were observed. Only four of the patients consented to a consecutive DPT.
However, two of these four patients displayed a rash upon the second exposition, resulting in a NPV of
DPTs with 3-lactams of 94.1%. Two of the patients displayed negative results in allergy re-evaluations,
so that the NPV of DPTs with (3-lactams was 94.1%. None of the patients showing false negative results
experienced a life-threatening reaction [92]. In children, Capanoglu et al. performed DPTs four weeks
after the first evaluation in 71 patients who had negative results of initial DPTs with 3-lactams (71.8%,
non-immediate reaction) and only 2 patients (2.8%) reacted with maculopapular eruptions [93]. In
another study of the same group, NPV of DPTs with diverse drugs was found to be 95.6% [94]. The
NPV of DPT with NSAIDs was higher (97.8%) [95].
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Box 1. Patient with a history of pink eruption.

A seven-year-old girl was admitted to our pediatric allergy outpatient department with a history of DHR. One
year ago, she developed a pink, itchy rash on trunk and extremities on the ninth day of amoxicillin-clavulanic
acid treatment. The therapy was discontinued, however, the family could not remember how long the resolution
period was and the medications used. In our department, prick and intradermal skin tests were performed on
the forearm skin, with penicilloyl polylysine (PPL) and the minor determinant mixture (MDM) (Diater, Madrid,
Spain), as well as amoxicillin-clavulanic acid (20 mg/mL). Both immediate and delayed readings (48 and 72 h)
of intradermal tests were negative. The patch test with amoxicillin-clavulanic acid (10% petrolatum, occlusion
time 48 h) also revealed a negative result. We performed an extended oral DPT with amoxicillin-clavulanic acid
and on the fifth day, the parents noticed the onset of an eruption on her legs. The physical examination revealed
multiple purpuric plaques on the posterior of both legs compatible with cutaneous vasculitis. All laboratory
tests (complete blood cell count, C reactive protein, sedimentation rate, renal and liver function panel, urine
analysis, antinuclear antibody, ANCA, complement levels (C3 and C4)) were unremarkable. The parents did
not consent for a skin biopsy. The drug was withdrawn, methylprednisolone (2 mg/kg/day) was administered
for three days and the skin lesions resolved within 10 days (The subjects gave informed consent for inclusion.
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the
Ethical Committee of Hacettepe University; HEK 12/50-12 (11 May 2012))

The resensitizations, the presence of cofactors, drug interactions and false-negative test results are
among the possible explanations for a positive reaction after a DPT with negative results. Hershkovich
et al. repeated skin tests and DPTs 1-5 months after the first negative diagnostic work up for 3-lactam
hypersensitivity. Two patients (2%) had positive intradermal test results with penicillin, and one
patient developed a maculopapular rash by DPT [96]. A similar outcome was observed by Mendelson
et al. who re-evaluated 219 children with prior negative workup results 4 weeks later, and the
frequency of positive skin test results was 0.9% [97]. Children and adolescents with suspected 3-lactam
hypersensitivity were evaluated with a two-step protocol; 247 subjects underwent skin tests with
culprit drugs. Fifty-three (21.5%) of the 247 skin tested children had an initial positive reaction.
Extended DPTs for 10 days were performed on the remaining 194 patients, five of whom revealed
positive results. After completion of the oral challenge, 189 children returned for a second skin testing;
26 of which turned to show positive results, leading to a resensitization rate of 13.7%, which was 10.5%
for the overall study population [98].

There are many limitations which prevent DPT to be a part of the routine clinical practice.
Although DPT is considered as the “gold standard” for the diagnosis of drug hypersensitivity reactions,
such tests are interfered by the risk of life-threatening reactions and contraindicated in severe drug
reactions (i.e., bullous drug eruptions, systemic vasculitis, blood cytopenia, nephritis, etc.) [1] in
patients using (3-blockers or ACE-inhibitors or, are troublesome for patients with hypersensitivity to
neuromuscular blocking agents [99] (Table 3). In the case of perioperative anaphylaxis, DPT with
general anesthetics cannot normally be performed because of the pharmacological effects of these
drugs [100].
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Table 3. Circumstances in which DPTs are contraindicated or not preferred.

Patient related factors

e  Uncontrolled asthma

Uncontrolled underlying chronic disease

Pregnancy

Use of B-blockers

If underlying heart disease is a contraindication for the use of adrenaline

Index drug hypersensitivity reaction

Vasculitis syndromes

Bullous exanthemas (Steven Johnson syndrome, toxic epidermal necrolysis, bullous fixed drug eruptions, etc.)
Acute generalized exanthematous pustulosis

Drug-induced autoimmune disease (systemic lupus erythematosus, pemphigus vulgaris, etc.)

Drug induced hypersensitivity syndromes (DRESS)

Involvement of specific organ systems (hepatitis, nephritis, blood dyscrasias, etc.)

Severe anaphylaxis

Culprit drug
e Unlikely to be needed and several structurally unrelated alternatives exist

The accurate diagnosis of the drug hypersensitivity reactions is essentially important in patients
with chronic diseases or other clinical conditions, which require the use of medications for survival
or the improvement of the quality of life. Nevertheless, these circumstances (such as heart and lung
diseases, infections, psychiatric disorders) might represent the contraindications in one out of ten
patients for diagnostic work up including DPT [7]. DPT is not indicated when the culprit drug is
unlikely to be needed and structurally unrelated alternatives exist or in the case of a severe concurrent
disease or pregnancy [101].

3.1. Safety Issues

The severity of a future reaction after drug hypersensitivity reactions cannot be precisely
anticipated so a careful evaluation of the requirement for a DPT and the determination of the dosage
of the drug is essential. A DPT due to a history of drug induced urticaria may end up with severe
anaphylaxis (Box 2).

Box 2. Patient with a history of urticaria exacerbation.

A ten-year-old boy was admitted to our pediatric allergy outpatient department with a history of chronic
urticaria. Six months ago, within two hours of ibuprofen use due to high fever, he had an exacerbation of
urticaria without any symptom of other system involvement. His condition improved upon the administration
of antihistamines and systemic corticosteroids in the emergency department. Because of the concomitant
disease of chronic urticaria, and that infections might exacerbate urticarial rashes, we planned an aspirin
provocation test with doses of 10, 17, 44 and 117 mg every 1.5 h [102]. Within ten minutes of taking 44
mg aspirin, the patient developed an immediate generalized urticaria and angioedema. Since the reaction
progressed so quickly, adrenaline (0.01 mg/kg/dose, im) was administered. Afterwards, the patient presented
with severe anaphylaxis with a chronology of stridor, wheezing and diarrhea and was treated with high
flow oxygen, nebulized adrenaline, and a second dose of intramuscular adrenaline, methyl-prednisolone and
parenteral antihistamines. The patient was transferred to the intensive care unit. His stridor recovered after 4 h.
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Many studies concerning drug provocation tests did not report the clinical presentations of
positive results in detail [7,25,64,103-106]. Some of them declare the findings did not underline the
diagnosis of anaphylaxis. In a study dealing with cross reactivity of penicillin derivatives, 11 patients
(20%) had positive DPT with amoxicillin or amoxicillin-clavulanic acid and eight of them exhibited at
least two system involvements such as generalized cutaneous pruritus, wheals and throat tightness or
cough or hypotension [56].

The prevalence of anaphylaxis during a DPT may differ between studies. According to the
largest study of DPT, including 1913 episodes and prolonged provocations with culprit drugs, only
one patient demonstrated severe circulatory and respiratory symptoms fulfilling the criteria for
anaphylaxis requiring adrenaline [107]. The rate of anaphylaxis that exhibited in the course of NSAID
provocations was 3.2-12.3% in childhood [24,108,109]. Zambonino et al. reported nine cases of
anaphylaxis treated with adrenaline in 73 positive NSAID provocation tests [24]. As a result of
39 positive NSAID provocation tests, we experienced two cases of anaphylaxis that required the
administration of adrenaline and both patients responded quickly to the injection. Spirometry was
used periodically during OPTs to monitor patients. The fall in FEV1 was a warning sign (even in the
absence of respiratory symptoms) to stop the DPT to avoid severe and long-lasting reactions in four
additional patients, who otherwise would receive extra doses to complete the provocation test. A close
monitoring with spirometry is a complementing method to prevent severe hypersensitivity reactions
when performing DPTs with NSAIDs [23]. In a previous study, the involvement of the respiratory
system was reported with a higher frequency. Among the clinical presentation of 19 positive DPT with
NSAID periorbital angioedema (100%), wheezing (38%), urticaria (38%) and rhinorrhea (23%) were
observed in children. The respiratory symptoms of tachypnea, wheezing, and coughing developed in
three of eight patients with prior diagnoses of asthma [110].

The severity of the positive reaction during DPT seems to be affected by the type of drug
used for provocation. In a 20-year period, among the 1431 children assessed as showing (3-lactam
hypersensitivity, 130 (48.9%) of 227 DPTs revealed positive results. However, in 88 reactions that were
reported, challenge tests were performed at home. All reactions were mild to moderately severe;
responded well to medication, except for one urticaria with asthma exacerbation and two severe
serum sickness-like reactions [35]. Anaphylaxis is rarely reported upon DPTs in patients with 3-lactam
hypersensitivity [57,111-113]. Skin tests as a prior step contribute to the increased safety of diagnostic
work up of DHR. However, recently, in a large cohort of positive DPT with -lactams (n = 182),
anaphylaxis with or without shock were observed in 4 (2.2%) and 21 cases (11.5%), respectively [5].

In some studies, no anaphylaxis or severe hypersensitivity reaction were observed upon
DPT [36,66,114-117]. There is limited number of studies with the aim to evaluate the safety of
DPT. In a study concerning a diverse group of the drug hypersensitivity reactions (HSR), two out of
243 DPTs caused severe reactions: cephalexin-induced anaphylactic shock and bupivacaine-induced
anaphylaxis without shock [118]. Jammatteo et al. compared the safety and outcomes of one- and
two-step test doses with multistep provocations among patients with low risk history of the drug
HSR [119]. The test dose protocol was implied such that patients would receive one-tenth of the full
dose for a parenteral medication or one-fourth of a pill for an oral medication followed by the full
dose after 60 min of observation. The adverse drug reaction rates were similar; 11% for test doses and
12% for multistep provocations. The conclusion was that one- and two-step test doses were safe and
multistep provocations did not provide additional safety in appropriately selected patients [119].

3.2. Standardization of DPT

There is usually a lack of uniformity not only in selection of the diagnostic tests but also in
management of drug allergy in daily practice of clinicians around the world. In a survey study,
distributed through the International Allergy Societies, it was stated that 64% of respondents considered
DPT extremely useful for both the exclusion and the confirmation of 3-lactam allergy. Nevertheless,
the methodology of how to conduct challenges, for example, the dosing of the antibiotic during a
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challenge on the first day, how to choose alternative drug in the case of amoxicillin allergy, and the
location of DPT were not consistent [120].

Regardless of the increasing number of studies supporting the role of DPTs as a diagnostic method,
very few emphasize the necessity of the standardization of the protocols; rather consensus reports
recommend the algorithms [1,2,65,121]. This leads to a variety of protocols from different centers and
sometimes with different test results [6,35,91,106,122]. One of the main discrepancies involves the
duration of provocation tests in non-immediate drug hypersensitivity reactions, particularly related to
B-lactams as to whether one-day DPT protocol is sensitive enough (vs. several-day DPT). Chiriac and
colleagues tested the safety of a one-day protocol for immediate and mild non-immediate reactors of
(-lactams, for both children and adults and followed the subjects for 48 h. Ninety-one cases (50%) had
reacted during Day 1 while 57% of these cases were immediate reactors that reacted within one hour of
drug administration. When reactive time points were set as 24 h, 48 h, and 72 h, the percentage of the
match of index reaction with the chronology of the DPT was over 95% for all case groups. However,
there are also many reports contradicting this approach. Borch et al. performed 10-day penicillin
provocations for histories of non-immediate reactions and found that 50% experienced a cutaneous
reaction on Day 6 on average [123]. In another study, seven-day protocol improved the diagnosis
in the 11.7% (13 of 111) of those having a positive outcome on penicillin challenge [91], while 2.3%
were improved by a five-day protocol [124]. A large population of patients that were subjected to
prolonged DPTs showed 11% positive test results and only one of five patients tested positive on the
first dose [108]. In addition, more patients who underwent the extended DPT (78%) used the drug
after diagnostic workup again compared to patients with a short DPT (61%) [125].

3.3. Interpretation of DPT

Drug provocation test results should be assessed based on objective parameters; nevertheless,
subjective symptoms should also be recorded. Clinical presentation, as well as the progress of a
reaction over time, should be documented and, where possible, quantitative parameters should also
be measured (e.g., blood pressure, respiratory parameters, and serum tryptase levels) [126]. Patients
who exhibited previous pseudoallergic reactions and underwent double blind placebo controlled DPTs
developed similar symptoms, including increase blood pressure, tachycardia, shortness of breath,
restlessness mainly due to increased anxiety during the provocations of drug and placebo [127].

The nocebo effect is characterized as a negative and troublesome response to the placebo, which
is an inactive substance or a procedure. Nocebo responses might be classified as subjective (e.g.,
sensation of dyspnea, nausea, headache, and itching) and objective (vomiting, tachycardia, changes
in blood pressure, skin rashes, and wheezing) [128]. A placebo controlled DPT in 600 adult patients
revealed that the administration of placebo provoked untoward reactions in 27% of patients. The
majority of these reactions were subjective symptoms regarded as disturbing by all subjects [129].
Bavbek et al. reported that non-atopy, high education level and older drug hypersensitivity reaction
histories were associated with nocebo effect during DPTs [128]. In open DPTs, nocebo-like responses
might lead to the misinterpretation of mainly subjective symptoms as a positive DPT result. These
findings underline the necessity to perform a placebo controlled DPT, especially in adult subjects,
particularly in females and in patients with multiple drug allergies [130].

The difficulty of the assessment of adverse reactions during DPT creates the requirement of
biomarkers to make a firm decision. Sala-Cunill et al. demonstrated that serum tryptase levels were
more frequently elevated in severe anaphylaxis, with a positive correlation between the grades of
severity and the levels of tryptase. In patients with drug induced anaphylaxis, the serum tryptase
levels were higher than in patients with food induced anaphylaxis. However, in the 36.3% of patients
with clinically defined anaphylaxis, the tryptase levels remained low during an acute episode [131].
The investigation of anaphylaxis during general anesthesia is challenging. The measurement of serial
serum tryptase is a valuable tool in the evaluation of anaphylaxis in operating rooms and >33.6 ug/L
or a five-fold increase from the baseline derives a positive predictive value (PPV) >85% [132]. These
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findings implied tryptase as a potential biomarker for monitoring of DPTs. However, Komericki et al.
showed in 34 patients with positive DPT results that the serum tryptase increased in seven (20.5%),
remained similar in 11 (32.3%), and decreased in 16 (47%) of the patients. Thus, serum tryptase was not
useful to differentiate mild allergic reactions from the conversion symptoms [133]. In addition, serum
basal tryptase is not a risk factor for immediate-type drug hypersensitivity during childhood [134].

3.4. Efficiency of DPT

Patients with drug hypersensitivities exhibited a certain level of anxiety and depression attributed
to their past experience of reactions after consumption of drugs [135]. In addition, most patients who
underwent DPTs have a significant amount of anxiety before the tests, which gradually decreased
after receiving negative test results [136]. Gomes et al. reported that most patients accepted DPTs for
diagnostic purpose regardless of the test results, and 95% of them believed that DPTs were useful
and they would recommend DPT to others [137]. However, the exclusion of NSAID hypersensitivity
diagnosis by DPT was not sufficient to convince the patients that the majority of patients with a history
of urticaria/angioedema avoided the intake of the tested NSAIDs due to the fear of possible new
reactions [138]. In a multicenter study including patients who exhibited DHR with NSAID, antibiotics
or neuromuscular blocking agents, 22.8% of the participants avoided not only the use of the culprit
drug but also other drugs [9]. General practitioners might also refuse repetitive prescription of the
drug even after exclusion of hypersensitivity [139].

In summary, drug allergy is increasing in the 21st century and we are encountered with numerous
challenges during the management of patients with drug hypersensitivity reactions [140]. DPT is
still required for the accurate diagnosis of many drug HSRs, as well as to evaluate the tolerability
of alternative medications. The DPT will preserve its valuable contribution in the drug allergy
management until better alternatives are proposed due to the risks it poses, costs, the time required,
and the need for experienced healthcare personnel and service (Figure 2). There is still a gap in the
standardization of procedures of DPT and interpretation of test results. Despite negative DPT results,
implementation of the culprit drug in routine clinical practice is sometimes lacking. As experience
grows, the development of shorter, inexpensive and less risky DPT methods will lead to a better quality
of the health service and thus the established application of these methods.

* Conformation of diagnosis

* Exclusion of cross-reactivity ;

+ Safealternative £ / = |
* Exclusion of diagnosis

* Safe?
* Standart ?
* Risk of resensitization ?

* Objective interpretation?

* Efficiency?

Figure 2. The tip and the bottom of the iceberg in drug provocation tests.

Conflicts of Interest: All authors declare no conflict of interest.



Int. ]. Mol. Sci. 2017, 18, 1437 13 of 20

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Aberer, W.; Bircher, A.; Romano, A.; Blanca, M.; Campi, P; Fernandez, J.; Brockow, K.; Pichler, W.].; Demoly, P,;
European Network for Drug Allergy (ENDA); et al. Drug provocation testing in the diagnosis of drug
hypersensitivity reactions: General considerations. Allergy 2003, 58, 854-863. [CrossRef] [PubMed]

Joint Task Force on Practice Parameters; American Academy of Allergy, Asthma and Immunology; American
College of Allergy, Asthma and Immunology; Joint Council of Allergy, Asthma and Immunology. Drug
allergy: An updated practice parameter. Ann. Allergy Asthma Immunol. 2010, 105, 259-273. [CrossRef]
Muraro, A.; Lemanske, R.F, Jr.; Castells, M.; Torres, M.].; Khan, D.; Simon, H.U.; Bindslev-Jensen, C.;
Burks, W.; Poulsen, L.K.; Sampson, H.A.; et al. Precision medicine in allergic disease-food allergy,
drug allergy, and anaphylaxis-PRACTALL document of the European Academy of Allergy and Clinical
Immunology and the American Academy of Allergy, Asthma and Immunology. Allergy 2017. [CrossRef]
[PubMed]

Demoly, P. Anaphylactic reactions—Value of skin and provocation tests. Toxicology 2005, 209, 221-223.
[CrossRef] [PubMed]

Chiriac, A.M.; Rerkpattanapipat, T.; Bousquet, PJ.; Molinari, N.; Demoly, P. Optimal step doses for drug
provocation tests to prove 3-lactam hypersensitivity. Allergy 2017, 72, 552-561. [CrossRef] [PubMed]
Messaad, D.; Sahla, H.; Benahmed, S.; Godard, P.; Bousquet, J.; Demoly, P. Drug provocation tests in patients
with a history suggesting an immediate drug hypersensitivity reaction. Ann. Intern. Med. 2004, 140,
1001-1006. [CrossRef] [PubMed]

Dona, I.; Blanca-Lopez, N.; Torres, M.].; Garcia-Campos, J.; Garcia-Nunez, I.; Gomez, F,; Salas, M.; Rondon, C.;
Canto, M.G,; Blanca, M. Drug hypersensitivity reactions: Response patterns, drug involved, and temporal
variations in a large series of patients. J. Investig. Allergol. Clin. Immunol. 2012, 22, 363-371. [PubMed]
Wohrl, S.; Vigl, K,; Stingl, G. Patients with drug reactions—Is it worth testing? Allergy 2006, 61, 928-934.
[CrossRef] [PubMed]

Celik, G.E.; Karakaya, G.; Ozturk, A.B.; Gelincik, A.; Abadoglu, O.; Sin, A.; Damadoglu, E.; Yilmaz, I;
Demirturk, M.; Dursun, B.; et al. Drug allergy in tertiary care in Turkey: Results of a national survey. The
ADAPT study: Adult drug allergy perception in Turkey. Allergol. Immunopathol. 2014, 42, 573-579. [CrossRef]
[PubMed]

Brockow, K.; Garvey, L.H.; Aberer, W.; Atanaskovic-Markovic, M.; Barbaud, A.; Bilo, M.B.; Bircher, A.;
Blanca, M.; Bonadonna, B.; Campi, P; et al. Skin test concentrations for systemically administered drugs-An
ENDA /EAACI Drug Allergy Interest Group position paper. Allergy 2013, 68, 702-712. [CrossRef] [PubMed]
Broz, P; Harr, T.; Hecking, C.; Grize, L.; Scherer, K.; Jaeger, K.A.; Bircher, A.J. Nonirritant intradermal skin
test concentrations of ciprofloxacin, clarithromycin, and rifampicin. Allergy 2012, 67, 647-652. [CrossRef]
[PubMed]

Cavkaytar, O.; Karaatmaca, B.; Yilmaz, E.A.; Sekerel, B.E.; Soyer, O. Testing for clarithromycin
hypersensitivity: A diagnostic challenge in childhood. J. Allergy Clin. Immunol. Pract. 2016, 4, 330-332.el.
[CrossRef] [PubMed]

Brockow, K.; Sanchez-Borges, M. Hypersensitivity to contrast media and dyes. Immunol. Allergy Clin. N. Am.
2014, 34, 547-564. [CrossRef] [PubMed]

Salas, M.; Gomez, E; Fernandez, T.D.; Dona, I.; Aranda, A.; Ariza, A.; Blanca-Lopez, N.; Mayorga, C.;
Blanca, M.; Torres, M.]. Diagnosis of immediate hypersensitivity reactions to radiocontrast media. Allergy
2013, 68, 1203-1206. [CrossRef] [PubMed]

Torres, M.].; Gomez, E; Dona, I.; Rosado, A.; Mayorga, C.; Garcia, I.; Blanca-Lopez, N.; Canto, G.; Blanca, M.
Diagnostic evaluation of patients with nonimmediate cutaneous hypersensitivity reactions to iodinated
contrast media. Allergy 2012, 67, 929-935. [CrossRef] [PubMed]

Caimmi, S.; Benyahia, B.; Suau, D.; Bousquet-Rouanet, L.; Caimmi, D.; Bousquet, P.J.; Demoly, P. Clinical
value of negative skin tests to iodinated contrast media. Clin. Exp. Allergy 2010, 40, 805-810. [CrossRef]
[PubMed]

Sese, L.; Gaouar, H.; Autegarden, ].E.; Alari, A.; Amsler, E.; Vial-Dupuy, A.; Pecquet, C.; Frances, C.; Soria, A.
Immediate hypersensitivity to iodinated contrast media: Diagnostic accuracy of skin tests and intravenous
provocation test with low dose. Clin. Exp. Allergy 2016, 46, 472-478. [CrossRef] [PubMed]


http://dx.doi.org/10.1034/j.1398-9995.2003.00279.x
http://www.ncbi.nlm.nih.gov/pubmed/12911412
http://dx.doi.org/10.1016/j.anai.2010.08.002
http://dx.doi.org/10.1111/all.13132
http://www.ncbi.nlm.nih.gov/pubmed/28122115
http://dx.doi.org/10.1016/j.tox.2004.12.027
http://www.ncbi.nlm.nih.gov/pubmed/15767040
http://dx.doi.org/10.1111/all.13037
http://www.ncbi.nlm.nih.gov/pubmed/27569064
http://dx.doi.org/10.7326/0003-4819-140-12-200406150-00009
http://www.ncbi.nlm.nih.gov/pubmed/15197017
http://www.ncbi.nlm.nih.gov/pubmed/23101312
http://dx.doi.org/10.1111/j.1398-9995.2006.01148.x
http://www.ncbi.nlm.nih.gov/pubmed/16867044
http://dx.doi.org/10.1016/j.aller.2013.07.007
http://www.ncbi.nlm.nih.gov/pubmed/24269184
http://dx.doi.org/10.1111/all.12142
http://www.ncbi.nlm.nih.gov/pubmed/23617635
http://dx.doi.org/10.1111/j.1398-9995.2012.02807.x
http://www.ncbi.nlm.nih.gov/pubmed/22435670
http://dx.doi.org/10.1016/j.jaip.2015.09.015
http://www.ncbi.nlm.nih.gov/pubmed/26489714
http://dx.doi.org/10.1016/j.iac.2014.04.002
http://www.ncbi.nlm.nih.gov/pubmed/25017677
http://dx.doi.org/10.1111/all.12214
http://www.ncbi.nlm.nih.gov/pubmed/23991759
http://dx.doi.org/10.1111/j.1398-9995.2012.02840.x
http://www.ncbi.nlm.nih.gov/pubmed/22583135
http://dx.doi.org/10.1111/j.1365-2222.2010.03493.x
http://www.ncbi.nlm.nih.gov/pubmed/20337646
http://dx.doi.org/10.1111/cea.12703
http://www.ncbi.nlm.nih.gov/pubmed/26750091

Int. ]. Mol. Sci. 2017, 18, 1437 14 of 20

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kowalski, M.L.; Asero, R.; Bavbek, S.; Blanca, M.; Blanca-Lopez, N.; Bochenek, G.; Brockow, K.; Campo, P;
Celik, G.; Cernadas, J.; et al. Classification and practical approach to the diagnosis and management of
hypersensitivity to nonsteroidal anti-inflammatory drugs. Allergy 2013, 68, 1219-1232. [CrossRef] [PubMed]
Aun, M.V.; Blanca, M.; Garro, L.S.; Ribeiro, M.R.; Kalil, J.; Motta, A.A.; Castells, M.; Giavina-Bianchi, P.
Nonsteroidal anti-inflammatory drugs are major causes of drug-induced anaphylaxis. J. Allergy Clin.
Immunol. Pract. 2014, 2, 414-420. [CrossRef] [PubMed]

Bavbek, S.; Ikinciogullari, A.; Dursun, A.B.; Guloglu, D.; Arikan, M.; Elhan, A.H.; Misirligil, Z. Upregulation
of CD63 or CD203c alone or in combination is not sensitive in the diagnosis of nonsteroidal anti-inflammatory
drug intolerance. Int. Arch. Allergy Immunol. 2009, 150, 261-270. [CrossRef] [PubMed]

Cavkaytar, O.; Arik Yilmaz, E.; Buyuktiryaki, B.; Sekerel, B.E.; Sackesen, C.; Soyer, O.U. Challenge-proven
aspirin hypersensitivity in children with chronic spontaneous urticaria. Allergy 2015, 70, 153-160. [CrossRef]
[PubMed]

Asero, R. Multiple nonsteroidal anti-inflammatory drug-induced cutaneous disease: What differentiates
patients with and without underlying chronic spontaneous urticaria? Int. Arch. Allergy Immunol. 2014, 163,
114-118. [CrossRef] [PubMed]

Cavkaytar, O.; Arik Yilmaz, E.; Karaatmaca, B.; Buyuktiryaki, B.; Sackesen, C.; Sekerel, B.E.; Soyer, O.
Different Phenotypes of Non-Steroidal Anti-Inflammatory Drug Hypersensitivity during Childhood.
Int. Arch. Allergy Immunol. 2015, 167, 211-221. [CrossRef] [PubMed]

Zambonino, M. A ; Torres, M.].; Munoz, C.; Requena, G.; Mayorga, C.; Posadas, T.; Urda, A.; Blanca, M.;
Corzo, J.L. Drug provocation tests in the diagnosis of hypersensitivity reactions to non-steroidal
anti-inflammatory drugs in children. Pediatr. Allerqy Immunol. 2013, 24, 151-159. [CrossRef] [PubMed]
Viola, M.; Rumi, G.; Valluzzi, R.L.; Gaeta, F; Caruso, C.; Romano, A. Assessing potential determinants
of positive provocation tests in subjects with NSAID hypersensitivity. Clin. Exp. Allergy 2011, 41, 96-103.
[CrossRef] [PubMed]

Rebelo Gomes, E.; Geraldes, L.; Gaspar, A.; Malheiro, D.; Cadinha, S.; Abreu, C.; Chambel, M.; Almeida, E.;
Faria, E.; Portuguese Society of Allergology and Clinical Immunology (SPAIC) Drug Allergy Interest Group.
Hypersensitivity Reactions to Nonsteroidal Anti-Inflammatory Drugs among Adults: Clinical Features
and Risk Factors for Diagnosis Confirmation. Int. Arch. Allergy Immunol. 2016, 171, 269-275. [CrossRef]
[PubMed]

Demir, S.; Olgac, M.; Unal, D.; Gelincik, A.; Colakoglu, B.; Buyukozturk, S. Evaluation of hypersensitivity
reactions to nonsteroidal anti-inflammatory drugs according to the latest classification. Allergy 2015, 70,
1461-1467. [CrossRef] [PubMed]

Alves, C.; Romeira, A.M.; Abreu, C.; Carreiro-Martins, P.; Gomes, E.; Leiria-Pinto, P. Non-steroidal
anti-inflammatory drug hypersensitivity in children. Allergol. Immunopathol. 2017, 45, 40—47. [CrossRef]
[PubMed]

Zisa, G.; Riccobono, F.; Bommarito, L.; D’Antonio, C.; Calamari, A.M.; Poppa, M.; Moschella, M.A.; Di
Pietrantonj, C.; Galimberti, M. Provocation tests with the offending nonsteroidal anti-inflammatory drugs in
patients with urticaria/angioedema reactions. Allergy Asthma Proc. 2012, 33, 421-426. [CrossRef] [PubMed]
Kepil Ozdemir, S.; Oner Erkekol, F; Unal, D.; Buyukozturk, S.; Gelincik, A.; Dursun, A.B.; Karakaya, G.;
Bavbek, S. Management of Hypersensitivity Reactions to Proton Pump Inhibitors: A Retrospective
Experience. Int. Arch. Allergy Immunol. 2016, 171, 54—60. [CrossRef] [PubMed]

Blanca-Lopez, N.; Ariza, A.; Dona, I.; Mayorga, C.; Montanez, M.1.; Garcia-Campos, J.; Gomez, F.; Rondon, C.;
Blanca, M.; Torres, M.]. Hypersensitivity reactions to fluoroquinolones: Analysis of the factors involved.
Clin. Exp. Allergy 2013, 43, 560-567. [CrossRef] [PubMed]

Ring, J.; Franz, R.; Brockow, K. Anaphylactic reactions to local anesthetics. Chem. Immunol. Allergy 2010, 95,
190-200. [CrossRef] [PubMed]

Alvarez-Cuesta, E.; Madrigal-Burgaleta, R.; Angel-Pereira, D.; Urena-Tavera, A.; Zamora-Verduga, M.;
Lopez-Gonzalez, P.; Berges-Gimeno, M.P. Delving into cornerstones of hypersensitivity to antineoplastic and
biological agents: Value of diagnostic tools prior to desensitization. Allergy 2015, 70, 784-794. [CrossRef]
[PubMed]

Caubet, J.C.; Kaiser, L.; Lemaitre, B.; Fellay, B.; Gervaix, A.; Eigenmann, P.A. The role of penicillin in benign
skin rashes in childhood: A prospective study based on drug rechallenge. J. Allergy Clin. Immunol. 2011, 127,
218-222. [CrossRef] [PubMed]


http://dx.doi.org/10.1111/all.12260
http://www.ncbi.nlm.nih.gov/pubmed/24117484
http://dx.doi.org/10.1016/j.jaip.2014.03.014
http://www.ncbi.nlm.nih.gov/pubmed/25017529
http://dx.doi.org/10.1159/000222678
http://www.ncbi.nlm.nih.gov/pubmed/19494523
http://dx.doi.org/10.1111/all.12539
http://www.ncbi.nlm.nih.gov/pubmed/25353369
http://dx.doi.org/10.1159/000356702
http://www.ncbi.nlm.nih.gov/pubmed/24335235
http://dx.doi.org/10.1159/000438992
http://www.ncbi.nlm.nih.gov/pubmed/26315297
http://dx.doi.org/10.1111/pai.12039
http://www.ncbi.nlm.nih.gov/pubmed/23506290
http://dx.doi.org/10.1111/j.1365-2222.2010.03648.x
http://www.ncbi.nlm.nih.gov/pubmed/21155909
http://dx.doi.org/10.1159/000452627
http://www.ncbi.nlm.nih.gov/pubmed/28049210
http://dx.doi.org/10.1111/all.12689
http://www.ncbi.nlm.nih.gov/pubmed/26173603
http://dx.doi.org/10.1016/j.aller.2016.04.004
http://www.ncbi.nlm.nih.gov/pubmed/27475775
http://dx.doi.org/10.2500/aap.2012.33.3590
http://www.ncbi.nlm.nih.gov/pubmed/23026184
http://dx.doi.org/10.1159/000450952
http://www.ncbi.nlm.nih.gov/pubmed/27838693
http://dx.doi.org/10.1111/cea.12099
http://www.ncbi.nlm.nih.gov/pubmed/23600547
http://dx.doi.org/10.1159/000315952
http://www.ncbi.nlm.nih.gov/pubmed/20519891
http://dx.doi.org/10.1111/all.12620
http://www.ncbi.nlm.nih.gov/pubmed/25832325
http://dx.doi.org/10.1016/j.jaci.2010.08.025
http://www.ncbi.nlm.nih.gov/pubmed/21035175

Int. ]. Mol. Sci. 2017, 18, 1437 15 of 20

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Ponvert, C.; Perrin, Y.; Bados-Albiero, A.; Le Bourgeois, M.; Karila, C.; Delacourt, C.; Scheinmann, P.; De
Blic, J. Allergy to 3-lactam antibiotics in children: Results of a 20-year study based on clinical history, skin
and challenge tests. Pediatr. Allergy Immunol. 2011, 22, 411-418. [CrossRef] [PubMed]

Zambonino, M.A.; Corzo, ].L.; Munoz, C.; Requena, G.; Ariza, A.; Mayorga, C.; Urda, A.; Blanca, M.;
Torres, M.]J. Diagnostic evaluation of hypersensitivity reactions to 3-lactam antibiotics in a large population
of children. Pediatr. Allergy Immunol. 2014, 25, 80-87. [CrossRef] [PubMed]

Atanaskovic-Markovic, M.; Gaeta, F.; Medjo, B.; Gavrovic-Jankulovic, M.; Cirkovic Velickovic, T.; Tmusic, V.;
Romano, A. Non-immediate hypersensitivity reactions to 3-lactam antibiotics in children—Our 10-year
experience in allergy work-up. Pediatr. Allergy Immunol. 2016, 27, 533-538. [CrossRef] [PubMed]

Matar, R.; Le Bourgeois, M.; Scheinmann, P; de Blic, J.; Ponvert, C. B-lactam hypersensitivity in children with
cystic fibrosis: A study in a specialized pediatric center for cystic fibrosis and drug allergy. Pediatr. Allergy
Immunol. 2014, 25, 88-93. [CrossRef] [PubMed]

Moreno, E.; Laffond, E.; Munoz-Bellido, F.; Gracia, M.T.; Macias, E.; Moreno, A.; Davila, I. Performance in
real life of the European Network on Drug Allergy algorithm in immediate reactions to 3-lactam antibiotics.
Allergy 2016, 71, 1787-1790. [CrossRef] [PubMed]

Fontaine, C.; Mayorga, C.; Bousquet, PJ.; Arnoux, B.; Torres, M.].; Blanca, M.; Demoly, P. Relevance of the
determination of serum-specific IgE antibodies in the diagnosis of immediate 3-lactam allergy. Allergy 2007,
62,47-52. [CrossRef] [PubMed]

Blanca, M.; Mayorga, C.; Perez, E.; Suau, R.; Juarez, C.; Vega, ] M.; Carmona, M.].; Perez-Estrada, M.; Garcia, J.
Determination of IgE antibodies to the benzyl penicilloyl determinant. A comparison between poly-L-lysine
and human serum albumin as carriers. J. Immunol. Methods 1992, 153, 99-105. [CrossRef]

Vezir, E.; Dibek Misirlioglu, E.; Civelek, E.; Capanoglu, M.; Guvenir, H.; Ginis, T.; Toyran, M.; Kocabas, C.N.
Direct oral provocation tests in non-immediate mild cutaneous reactions related to -lactam antibiotics.
Pediatr. Allergy Immunol. 2016, 27, 50-54. [CrossRef] [PubMed]

Blanca-Lopez, N.; Zapatero, L.; Alonso, E.; Torres, M.].; Fuentes, V.; Martinez-Molero, M.L; Blanca, M. Skin
testing and drug provocation in the diagnosis of nonimmediate reactions to aminopenicillins in children.
Allergy 2009, 64, 229-233. [CrossRef] [PubMed]

Chambel, M.; Martins, P; Silva, I.; Palma-Carlos, S.; Romeira, A.M.; Leiria Pinto, P. Drug provocation tests to
(-lactam antibiotics: Experience in a paediatric setting. Allergol. Immunopathol. 2010, 38, 300-306. [CrossRef]
[PubMed]

Gomes, E.R.; Brockow, K.; Kuyucu, S.; Saretta, F.; Mori, E; Blanca-Lopez, N.; Ott, H.; Atanaskovic-Markovic, M.;
Kidon, M.; Caubet, ].C.; et al. Drug hypersensitivity in children: Report from the pediatric task force of the
EAACI Drug Allergy Interest Group. Allergy 2016, 71, 149-161. [CrossRef] [PubMed]

Ferre-Ybarz, L.; Salinas Argente, R.; Gomez Galan, C.; Duocastella Selvas, P.; Nevot Falco, S. Analysis of
profitability in the diagnosis of allergy to 3-lactam antibiotics. Allergol. Immunopathol. 2015, 43, 369-375.
[CrossRef] [PubMed]

Sastre, ].; Manso, L.; Sanchez-Garcia, S.; Fernandez-Nieto, M. Medical and economic impact of misdiagnosis
of drug hypersensitivity in hospitalized patients. J. Allergy Clin. Immunol. 2012, 129, 566-567. [CrossRef]
[PubMed]

Solensky, R.; Earl, H.S.; Gruchalla, R.S. Clinical approach to penicillin-allergic patients: A survey.
Ann. Allergy Asthma Immunol. 2000, 84, 329-333. [CrossRef]

MacLaughlin, E.J.; Saseen, ].J.; Malone, D.C. Costs of 3-lactam allergies: Selection and costs of antibiotics for
patients with a reported (3-lactam allergy. Arch. Fam. Med. 2000, 9, 722-726. [CrossRef] [PubMed]

Borch, ].E.; Andersen, K.E.; Bindslev-Jensen, C. The prevalence of suspected and challenge-verified penicillin
allergy in a university hospital population. Basic Clin. Pharmacol. Toxicol. 2006, 98, 357-362. [CrossRef]
[PubMed]

Jeffres, M.N.; Narayanan, P.P; Shuster, ].E.; Schramm, G.E. Consequences of avoiding -lactams in patients
with B-lactam allergies. J. Allergy Clin. Immunol. 2016, 137, 1148-1153. [CrossRef] [PubMed]

Li, M.; Krishna, M.T.; Razagq, S.; Pillay, D. A real-time prospective evaluation of clinical pharmaco-economic
impact of diagnostic label of “penicillin allergy” in a UK teaching hospital. J. Clin. Pathol. 2014, 67, 1088-1092.
[CrossRef] [PubMed]

Sacco, K.A.; Bates, A.; Brigham, T.].; Saadi Imam, J.; Caroline Burton, M. Clinical outcomes following inpatient
penicillin allergy testing: A systematic review and meta-analysis. Allergy 2017. [CrossRef] [PubMed]


http://dx.doi.org/10.1111/j.1399-3038.2011.01169.x
http://www.ncbi.nlm.nih.gov/pubmed/21535179
http://dx.doi.org/10.1111/pai.12155
http://www.ncbi.nlm.nih.gov/pubmed/24329898
http://dx.doi.org/10.1111/pai.12565
http://www.ncbi.nlm.nih.gov/pubmed/26999792
http://dx.doi.org/10.1111/pai.12154
http://www.ncbi.nlm.nih.gov/pubmed/24237053
http://dx.doi.org/10.1111/all.13032
http://www.ncbi.nlm.nih.gov/pubmed/27543745
http://dx.doi.org/10.1111/j.1398-9995.2006.01268.x
http://www.ncbi.nlm.nih.gov/pubmed/17156341
http://dx.doi.org/10.1016/0022-1759(92)90311-G
http://dx.doi.org/10.1111/pai.12493
http://www.ncbi.nlm.nih.gov/pubmed/26619970
http://dx.doi.org/10.1111/j.1398-9995.2008.01903.x
http://www.ncbi.nlm.nih.gov/pubmed/19178402
http://dx.doi.org/10.1016/j.aller.2010.01.005
http://www.ncbi.nlm.nih.gov/pubmed/20478649
http://dx.doi.org/10.1111/all.12774
http://www.ncbi.nlm.nih.gov/pubmed/26416157
http://dx.doi.org/10.1016/j.aller.2014.04.009
http://www.ncbi.nlm.nih.gov/pubmed/25087091
http://dx.doi.org/10.1016/j.jaci.2011.09.028
http://www.ncbi.nlm.nih.gov/pubmed/22035657
http://dx.doi.org/10.1016/S1081-1206(10)62782-2
http://dx.doi.org/10.1001/archfami.9.8.722
http://www.ncbi.nlm.nih.gov/pubmed/10927711
http://dx.doi.org/10.1111/j.1742-7843.2006.pto_230.x
http://www.ncbi.nlm.nih.gov/pubmed/16623858
http://dx.doi.org/10.1016/j.jaci.2015.10.026
http://www.ncbi.nlm.nih.gov/pubmed/26688516
http://dx.doi.org/10.1136/jclinpath-2014-202438
http://www.ncbi.nlm.nih.gov/pubmed/25185139
http://dx.doi.org/10.1111/all.13168
http://www.ncbi.nlm.nih.gov/pubmed/28370003

Int. ]. Mol. Sci. 2017, 18, 1437 16 of 20

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Blanca, M.; Romano, A.; Torres, M.].; Fernandez, J.; Mayorga, C.; Rodriguez, J.; Demoly, P.; Bousquet, PJ.;
Merk, H.F,; Sanz, M.L,; et al. Update on the evaluation of hypersensitivity reactions to 3-lactams. Allergy
2009, 64, 183-193. [CrossRef] [PubMed]

Torres, M.].; Padial, A.; Mayorga, C.; Fernandez, T.; Sanchez-Sabate, E.; Cornejo-Garcia, J.A.; Antunez, C.;
Blanca, M. The diagnostic interpretation of basophil activation test in immediate allergic reactions to
B-lactams. Clin. Exp. Allergy 2004, 34, 1768-1775. [CrossRef] [PubMed]

Blanca-Lopez, N.; Perez-Alzate, D.; Ruano, F.; Garcimartin, M.; de la Torre, V.; Mayorga, C.; Somoza, M.L.;
Perkins, J.; Blanca, M.; Canto, M.G.; et al. Selective immediate responders to amoxicillin and clavulanic
acid tolerate penicillin derivative administration after confirming the diagnosis. Allergy 2015, 70, 1013-1019.
[CrossRef] [PubMed]

Caimmi, S.; Galera, C.; Bousquet-Rouanet, L.; Arnoux, B.; Demoly, P.; Bousquet, PJ. Safety of cefuroxime as
an alternative in patients with a proven hypersensitivity to penicillins: A DAHD cohort survey. Int. Arch.
Allergy Immunol. 2010, 153, 53—60. [CrossRef] [PubMed]

Fernandez, T.D.; Mayorga, C.; Ariza, A.; Corzo, ].L.; Torres, M.]. Allergic reactions to antibiotics in children.
Curr. Opin. Allergy Clin. Immunol. 2014, 14, 278-285. [CrossRef] [PubMed]

Romano, A.; Gaeta, F,; Valluzzi, R.L.; Maggioletti, M.; Zaffiro, A.; Caruso, C.; Quaratino, D. IgE-mediated
hypersensitivity to cephalosporins: Cross-reactivity and tolerability of alternative cephalosporins. . Allergy
Clin. Immunol. 2015, 136, 685-691.e3. [CrossRef] [PubMed]

Romano, A.; Gaeta, F,; Valluzzi, R.L.; Caruso, C.; Rumi, G.; Bousquet, PJ. IgE-mediated hypersensitivity to
cephalosporins: Cross-reactivity and tolerability of penicillins, monobactams, and carbapenems. J. Allergy
Clin. Immunol. 2010, 126, 994-999. [CrossRef] [PubMed]

Atanaskovic-Markovic, M.; Gaeta, F.; Medjo, B.; Viola, M.; Nestorovic, B.; Romano, A. Tolerability of
meropenem in children with IgE-mediated hypersensitivity to penicillins. Allergy 2008, 63, 237-240.
[CrossRef] [PubMed]

Gaeta, F.; Valluzzi, R.L.; Alonzi, C.; Maggioletti, M.; Caruso, C.; Romano, A. Tolerability of aztreonam and
carbapenems in patients with IgE-mediated hypersensitivity to penicillins. J. Allergy Clin. Immunol. 2015,
135,972-976. [CrossRef] [PubMed]

Atanaskovic-Markovic, M.; Gaeta, E.; Gavrovic-Jankulovic, M.; Velickovic, T.C.; Valluzzi, R.L.; Romano, A.
Tolerability of imipenem in children with IgE-mediated hypersensitivity to penicillins. J. Allergy
Clin. Immunol. 2009, 124, 167-169. [CrossRef] [PubMed]

Dona, I.; Blanca-Lopez, N.; Cornejo-Garcia, J.A.; Torres, M.].; Laguna, ].J.; Fernandez, J.; Rosado, A.;
Rondon, C.; Campo, P; Agundez, ]J.A.; et al. Characteristics of subjects experiencing hypersensitivity
to non-steroidal anti-inflammatory drugs: Patterns of response. Clin. Exp. Allergy 2011, 41, 86-95. [CrossRef]
[PubMed]

Kowalski, M.L.; Makowska, J.S.; Blanca, M.; Bavbek, S.; Bochenek, G.; Bousquet, J.; Bousquet, P;
Celik, G.; Demoly, P; Gomes, ER,; et al. Hypersensitivity to nonsteroidal anti-inflammatory
drugs (NSAIDs)—Classification, diagnosis and management: Review of the EAACI/ENDA and
GA2LEN/HANNA. Allergy 2011, 66, 818-829. [CrossRef] [PubMed]

Corzo, J.L.; Zambonino, M.A.; Munoz, C.; Mayorga, C.; Requena, G.; Urda, A.; Gallego, C.; Blanca, M.;
Torres, M.]. Tolerance to COX-2 inhibitors in children with hypersensitivity to nonsteroidal anti-inflammatory
drugs. Br. J. Dermatol. 2014, 170, 725-729. [CrossRef] [PubMed]

Celik, G.E.; Erkekol, FO.; Aydin, O.; Demirel, Y.S.; Misirligil, Z. Are drug provocation tests still
necessary to test the safety of COX-2 inhibitors in patients with cross-reactive NSAID hypersensitivity?
Allergol. Immunopathol. 2013, 41, 181-188. [CrossRef] [PubMed]

Bavbek, S.; Dursun, A.B.; Dursun, E.; Eryilmaz, A.; Misirligil, Z. Safety of meloxicam in aspirin-hypersensitive
patients with asthma and/or nasal polyps. A challenge-proven study. Int. Arch. Allergy Immunol. 2007, 142,
64-69. [CrossRef]| [PubMed]

El Miedany, Y.; Youssef, S.; Ahmed, I.; El Gaafary, M. Safety of etoricoxib, a specific cyclooxygenase-2
inhibitor, in asthmatic patients with aspirin-exacerbated respiratory disease. Ann. Allergy Asthma Immunol.
2006, 97, 105-109. [CrossRef]

Kalyoncu, A.E; Karakaya, G.; Bozkurt, B.; Artvinli, M. A new method of oral drug provocation testing for
determining safe alternatives for patients with non-steroidal anti-inflammatory drug intolerance: The triple
test. Int. Arch. Allergy Immunol. 2005, 138, 319-323. [CrossRef] [PubMed]


http://dx.doi.org/10.1111/j.1398-9995.2008.01924.x
http://www.ncbi.nlm.nih.gov/pubmed/19133923
http://dx.doi.org/10.1111/j.1365-2222.2004.02110.x
http://www.ncbi.nlm.nih.gov/pubmed/15544603
http://dx.doi.org/10.1111/all.12636
http://www.ncbi.nlm.nih.gov/pubmed/25913298
http://dx.doi.org/10.1159/000301579
http://www.ncbi.nlm.nih.gov/pubmed/20357485
http://dx.doi.org/10.1097/ACI.0000000000000069
http://www.ncbi.nlm.nih.gov/pubmed/24848090
http://dx.doi.org/10.1016/j.jaci.2015.03.012
http://www.ncbi.nlm.nih.gov/pubmed/25930196
http://dx.doi.org/10.1016/j.jaci.2010.06.052
http://www.ncbi.nlm.nih.gov/pubmed/20888035
http://dx.doi.org/10.1111/j.1398-9995.2007.01532.x
http://www.ncbi.nlm.nih.gov/pubmed/18186815
http://dx.doi.org/10.1016/j.jaci.2014.10.011
http://www.ncbi.nlm.nih.gov/pubmed/25457154
http://dx.doi.org/10.1016/j.jaci.2009.02.031
http://www.ncbi.nlm.nih.gov/pubmed/19368966
http://dx.doi.org/10.1111/j.1365-2222.2010.03651.x
http://www.ncbi.nlm.nih.gov/pubmed/21155908
http://dx.doi.org/10.1111/j.1398-9995.2011.02557.x
http://www.ncbi.nlm.nih.gov/pubmed/21631520
http://dx.doi.org/10.1111/bjd.12674
http://www.ncbi.nlm.nih.gov/pubmed/24116718
http://dx.doi.org/10.1016/j.aller.2012.03.006
http://www.ncbi.nlm.nih.gov/pubmed/23031659
http://dx.doi.org/10.1159/000096000
http://www.ncbi.nlm.nih.gov/pubmed/17016059
http://dx.doi.org/10.1016/S1081-1206(10)61378-6
http://dx.doi.org/10.1159/000088870
http://www.ncbi.nlm.nih.gov/pubmed/16224191

Int. ]. Mol. Sci. 2017, 18, 1437 17 of 20

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Ozturk, A.B.; Celebioglu, E.; Karakaya, G.; Kalyoncu, A.F. Determining safe alternatives for multidrug
hypersensitive patients with the alternative triple antibiotic-analgesic test. Allergol. Immunopathol. 2013, 41,
189-193. [CrossRef] [PubMed]

Mori, E; Barni, S.; Pucci, N.; Rossi, E.; Azzari, C.; de Martino, M.; Novembre, E. Sensitivity and specificity
of skin tests in the diagnosis of clarithromycin allergy. Ann. Allergy Asthma Immunol. 2010, 104, 417-419.
[CrossRef] [PubMed]

Uyttebroek, A.P.; Sabato, V.; Bridts, C.H.; De Clerck, L.S.; Ebo, D.G. Moxifloxacin hypersensitivity:
Uselessness of skin testing. J. Allergy Clin. Immunol. Pract. 2015, 3, 443-445. [CrossRef] [PubMed]
Blumenthal, K.G.; Saff, R.R.; Banerji, A. Evaluation and management of a patient with multiple drug allergies.
Allergy Asthma Proc. 2014, 35, 197-203. [CrossRef] [PubMed]

Gex-Collet, C.; Helbling, A.; Pichler, W.J. Multiple drug hypersensitivity—Proof of multiple drug
hypersensitivity by patch and lymphocyte transformation tests. J. Investig. Allergol. Clin. Immunol. 2005, 15,
293-296. [PubMed]

Atanaskovic-Markovic, M.; Gaeta, F.; Gavrovic-Jankulovic, M.; Cirkovic Velickovic, T.; Valluzzi, R.L.;
Romano, A. Diagnosing multiple drug hypersensitivity in children. Pediatr. Allergy Immunol. 2012, 23,
785-791. [CrossRef] [PubMed]

Chiriac, A.M.; Demoly, P. Multiple drug hypersensitivity syndrome. Curr. Opin. Allergy Clin. Immunol. 2013,
13, 323-329. [CrossRef] [PubMed]

Thong, B.Y.; Mirakian, R.; Castells, M.; Pichler, W.; Romano, A.; Bonadonna, P.; Diana, D.; Kowalski, M.;
Yanez, A.; Lleonart, R.; et al. A world allergy organization international survey on diagnostic procedures and
therapies in drug allergy /hypersensitivity. World Allerqy Organ. ]. 2011, 4, 257-270. [CrossRef] [PubMed]
Erkocoglu, M.; Kaya, A.; Civelek, E.; Ozcan, C.; Cakir, B.; Akan, A.; Toyran, M.; Ginis, T.; Kocabas, C.N.
Prevalence of confirmed immediate type drug hypersensitivity reactions among school children.
Pediatr. Allergy Immunol. 2013, 24, 160-167. [CrossRef] [PubMed]

Bhole, M.V.; Manson, A.L.; Seneviratne, S.L.; Misbah, S.A. IgE-mediated allergy to local anaesthetics:
Separating fact from perception: A UK perspective. Br. J. Anaesth 2012, 108, 903-911. [CrossRef] [PubMed]
Venemalm, L.; Degerbeck, F; Smith, W. IgE-mediated reaction to mepivacaine. J. Allergy Clin. Immunol. 2008,
121, 1058-1059. [CrossRef] [PubMed]

Batinac, T.; Sotosek Tokmadzic, V.; Peharda, V.; Brajac, I. Adverse reactions and alleged allergy to local
anesthetics: Analysis of 331 patients. J. Dermatol. 2013, 40, 522-527. [CrossRef] [PubMed]

Khan, D.A; Solensky, R. Drug allergy. J. Allergy Clin. Immunol. 2010, 125, S126-5137. [CrossRef] [PubMed]
Romano, A.; Gaeta, F.; Valluzzi, R.L.; Zaffiro, A.; Caruso, C.; Quaratino, D. Natural evolution of skin-test
sensitivity in patients with IgE-mediated hypersensitivity to cephalosporins. Allergy 2014, 69, 806-809.
[CrossRef] [PubMed]

Blanca, M.; Torres, M.J.; Garcia, J.J.; Romano, A.; Mayorga, C.; de Ramon, E.; Vega, ].M.; Miranda, A.;
Juarez, C. Natural evolution of skin test sensitivity in patients allergic to f-lactam antibiotics. J. Allergy
Clin. Immunol. 1999, 103, 918-924. [CrossRef]

Fernandez, T.D.; Torres, M.].; Blanca-Lopez, N.; Rodriguez-Bada, J.L.; Gomez, E.; Canto, G.; Mayorga, C.;
Blanca, M. Negativization rates of IgE radioimmunoassay and basophil activation test in immediate reactions
to penicillins. Allergy 2009, 64, 242-248. [CrossRef] [PubMed]

Dona, I.; Barrionuevo, E.; Salas, M.; Cornejo-Garcia, J.A.; Perkins, ].R.; Bogas, G.; Prieto, A.; Torres, M.]J.
Natural evolution in patients with nonsteroidal anti-inflammatory drug-induced urticaria/angioedema.
Allergy 2017. [CrossRef]

Marrs, T.; Fox, A.T.; Lack, G.; du Toit, G. The diagnosis and management of antibiotic allergy in children:
Systematic review to inform a contemporary approach. Arch. Dis. Child. 2015, 100, 583-588. [CrossRef]
[PubMed]

Chiriac, A.M.; Demoly, P. Drug provocation tests: Up-date and novel approaches. Allerqy Asthma
Clin. Immunol. 2013, 9, 12. [CrossRef] [PubMed]

Demoly, P.; Adkinson, N.E; Brockow, K.; Castells, M.; Chiriac, A.M.; Greenberger, P.A.; Khan, D.A;
Lang, D.M.; Park, H.S.; Pichler, W.; et al. International Consensus on drug allergy. Allerqy 2014, 69,
420-437. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.aller.2012.01.007
http://www.ncbi.nlm.nih.gov/pubmed/22559997
http://dx.doi.org/10.1016/j.anai.2010.03.010
http://www.ncbi.nlm.nih.gov/pubmed/20486332
http://dx.doi.org/10.1016/j.jaip.2014.12.012
http://www.ncbi.nlm.nih.gov/pubmed/25956316
http://dx.doi.org/10.2500/aap.2014.35.3739
http://www.ncbi.nlm.nih.gov/pubmed/24801461
http://www.ncbi.nlm.nih.gov/pubmed/16433211
http://dx.doi.org/10.1111/pai.12020
http://www.ncbi.nlm.nih.gov/pubmed/23194294
http://dx.doi.org/10.1097/ACI.0b013e3283630c36
http://www.ncbi.nlm.nih.gov/pubmed/23799329
http://dx.doi.org/10.1097/WOX.0b013e31823dc02c
http://www.ncbi.nlm.nih.gov/pubmed/23268453
http://dx.doi.org/10.1111/pai.12047
http://www.ncbi.nlm.nih.gov/pubmed/23373964
http://dx.doi.org/10.1093/bja/aes162
http://www.ncbi.nlm.nih.gov/pubmed/22593127
http://dx.doi.org/10.1016/j.jaci.2007.12.1154
http://www.ncbi.nlm.nih.gov/pubmed/18234312
http://dx.doi.org/10.1111/1346-8138.12168
http://www.ncbi.nlm.nih.gov/pubmed/23682746
http://dx.doi.org/10.1016/j.jaci.2009.10.028
http://www.ncbi.nlm.nih.gov/pubmed/20176256
http://dx.doi.org/10.1111/all.12390
http://www.ncbi.nlm.nih.gov/pubmed/24673580
http://dx.doi.org/10.1016/S0091-6749(99)70439-2
http://dx.doi.org/10.1111/j.1398-9995.2008.01713.x
http://www.ncbi.nlm.nih.gov/pubmed/19178404
http://dx.doi.org/10.1111/all.13147
http://dx.doi.org/10.1136/archdischild-2014-306280
http://www.ncbi.nlm.nih.gov/pubmed/25527519
http://dx.doi.org/10.1186/1710-1492-9-12
http://www.ncbi.nlm.nih.gov/pubmed/23551800
http://dx.doi.org/10.1111/all.12350
http://www.ncbi.nlm.nih.gov/pubmed/24697291

Int. ]. Mol. Sci. 2017, 18, 1437 18 of 20

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Hjortlund, J.; Mortz, C.G.; Skov, P.S; Bindslev-Jensen, C. Diagnosis of penicillin allergy revisited: The value
of case history, skin testing, specific IgE and prolonged challenge. Allergy 2013, 68, 1057-1064. [CrossRef]
[PubMed]

Demoly, P; Romano, A.; Botelho, C.; Bousquet-Rouanet, L.; Gaeta, F; Silva, R; Rumi, G;
Rodrigues Cernadas, J.; Bousquet, PJ. Determining the negative predictive value of provocation tests
with B-lactams. Allergy 2010, 65, 327-332. [CrossRef] [PubMed]

Capanoglu, M.; Vezir, E.; Misirlioglu, E.D.; Guvenir, H.; Buyuktiryaki, B.; Toyran, M.; Kocabas, C.N.
Additional provocation testing in patients with negative provocation test results with (3-lactam antibiotics.
Ann. Allergy Asthma Immunol. 2016, 116, 82-83. [CrossRef] [PubMed]

Misirlioglu, E.D.; Toyran, M.; Capanoglu, M.; Kaya, A.; Civelek, E.; Kocabas, C.N. Negative predictive value
of drug provocation tests in children. Pediatr. Allergy Immunol. 2014, 25, 685-690. [CrossRef] [PubMed]
Defrance, C.; Bousquet, PJ.; Demoly, P. Evaluating the negative predictive value of provocation tests with
nonsteroidal anti-inflammatory drugs. Allergy 2011, 66, 1410-1414. [CrossRef] [PubMed]

Hershkovich, J.; Broides, A.; Kirjner, L.; Smith, H.; Gorodischer, R. 3-lactam allergy and resensitization in
children with suspected (3 lactam allergy. Clin. Exp. Allergy 2009, 39, 726-730. [CrossRef] [PubMed]
Mendelson, L.M.; Ressler, C.; Rosen, J.P.; Selcow, J.E. Routine elective penicillin allergy skin testing in
children and adolescents: Study of sensitization. J. Allergy Clin. Immunol. 1984, 73, 76-81. [CrossRef]
Pichichero, M.E.; Pichichero, D.M. Diagnosis of penicillin, amoxicillin, and cephalosporin allergy: Reliability
of examination assessed by skin testing and oral challenge. J. Pediatr. 1998, 132, 137-143. [CrossRef]
Mangodt, E.A.; Van Gasse, A.L.; Decuyper, I.; Uyttebroek, A.; Faber, M.A.; Sabato, V.; Bridts, C.H.;
Hagendorens, M.M.; Ebo, D.G. In vitro Diagnosis of Immediate Drug Hypersensitivity: Should We Go
with the Flow. Int. Arch. Allergy Immunol. 2015, 168, 3—12. [CrossRef] [PubMed]

Mertes, PM.; Malinovsky, ] M.; Jouffroy, L.; Working Group of the SFAR and SFA; Aberer, W.; Terreehorst, I.;
Brockow, K.; Demoly, P.; Demoly, P.; ENDA; et al. Reducing the risk of anaphylaxis during anesthesia: 2011
Updated guidelines for clinical practice. J. Investig. Allergol. Clin. Immunol. 2011, 21, 442-453. [PubMed]
Torres, M.J.; Romano, A.; Celik, G.; Demoly, P; Khan, D.A.; Macy, E.; Park, M.; Blumenthal, K.; Aberer, W.;
Castells, M.; et al. Approach to the diagnosis of drug hypersensitivity reactions: Similarities and differences
between Europe and North America. Clin. Transl. Allergy 2017, 7, 7. [CrossRef] [PubMed]
Nizankowska-Mogilnicka, E.; Bochenek, G.; Mastalerz, L.; Swierczynska, M.; Picado, C.; Scadding, G.;
Kowalski, M.L.; Setkowicz, M.; Ring, ].; Brockow, K; et al. EAACI/GA2LEN guideline: Aspirin provocation
tests for diagnosis of aspirin hypersensitivity. Allergy 2007, 62, 1111-1118. [CrossRef] [PubMed]

Celik, G.E.; Aydin, O.; Dogu, E; Cipe, F.; Boyvat, A.; Ikinciogullari, A.; Akyol, A.; Demirel, Y.S. Diagnosis of
immediate hypersensitivity to 3-lactam antibiotics can be made safely with current approaches. Int. Arch.
Allergy Immunol. 2012, 157, 311-317. [CrossRef] [PubMed]

Bonadonna, P; Lombardo, C.; Bortolami, O.; Bircher, A.; Scherer, K.; Barbaud, A.; Passalacqua, G.; Pagani, M.
Hypersensitivity to proton pump inhibitors: Diagnostic accuracy of skin tests compared to oral provocation
test. . Allergy Clin. Immunol. 2012, 130, 547-549. [CrossRef] [PubMed]

Bousquet, PJ.; Pipet, A.; Bousquet-Rouanet, L.; Demoly, P. Oral challenges are needed in the diagnosis of
B-lactam hypersensitivity. Clin. Exp. Allergy 2008, 38, 185-190. [CrossRef] [PubMed]

Bousquet, PJ.; Kvedariene, V.; Co-Minh, H.B.; Martins, P.; Rongier, M.; Arnoux, B.; Demoly, P. Clinical
presentation and time course in hypersensitivity reactions to 3-lactams. Allergy 2007, 62, 872-876. [CrossRef]
[PubMed]

Fransson, S.; Mosbech, H.; Kappel, M.; Hjortlund, J.; Poulsen, L.K.; Kvisselgaard, A.D.; Garvey, L.H. The
Importance of Prolonged Provocation in Drug Allergy—Results From a Danish Allergy Clinic. J. Allergy Clin.
Immunol. Pract. 2017. [CrossRef] [PubMed]

Arikoglu, T.; Aslan, G.; Yildirim, D.D.; Batmaz, S.B.; Kuyucu, S. Discrepancies in the diagnosis and
classification of nonsteroidal anti-inflammatory drug hypersensitivity reactions in children. Allergol. Int. 2016.
[CrossRef] [PubMed]

Yilmaz, O.; Ertoy Karagol, L.H.; Bakirtas, A.; Topal, E.; Celik, G.E.; Demirsoy, M.S.; Turktas, I
Challenge-proven nonsteroidal anti-inflammatory drug hypersensitivity in children. Allergy 2013, 68,
1555-1561. [CrossRef] [PubMed]


http://dx.doi.org/10.1111/all.12195
http://www.ncbi.nlm.nih.gov/pubmed/23889703
http://dx.doi.org/10.1111/j.1398-9995.2009.02228.x
http://www.ncbi.nlm.nih.gov/pubmed/19860790
http://dx.doi.org/10.1016/j.anai.2015.10.010
http://www.ncbi.nlm.nih.gov/pubmed/26522258
http://dx.doi.org/10.1111/pai.12286
http://www.ncbi.nlm.nih.gov/pubmed/25283219
http://dx.doi.org/10.1111/j.1398-9995.2011.02671.x
http://www.ncbi.nlm.nih.gov/pubmed/21722141
http://dx.doi.org/10.1111/j.1365-2222.2008.03180.x
http://www.ncbi.nlm.nih.gov/pubmed/19178535
http://dx.doi.org/10.1016/0091-6749(84)90487-1
http://dx.doi.org/10.1016/S0022-3476(98)70499-8
http://dx.doi.org/10.1159/000440663
http://www.ncbi.nlm.nih.gov/pubmed/26524156
http://www.ncbi.nlm.nih.gov/pubmed/21995177
http://dx.doi.org/10.1186/s13601-017-0144-0
http://www.ncbi.nlm.nih.gov/pubmed/28293415
http://dx.doi.org/10.1111/j.1398-9995.2007.01409.x
http://www.ncbi.nlm.nih.gov/pubmed/17521312
http://dx.doi.org/10.1159/000328212
http://www.ncbi.nlm.nih.gov/pubmed/22056615
http://dx.doi.org/10.1016/j.jaci.2012.04.048
http://www.ncbi.nlm.nih.gov/pubmed/22728084
http://dx.doi.org/10.1111/j.1365-2222.2007.02867.x
http://www.ncbi.nlm.nih.gov/pubmed/17976216
http://dx.doi.org/10.1111/j.1398-9995.2007.01463.x
http://www.ncbi.nlm.nih.gov/pubmed/17620063
http://dx.doi.org/10.1016/j.jaip.2017.02.024
http://www.ncbi.nlm.nih.gov/pubmed/28454683
http://dx.doi.org/10.1016/j.alit.2016.10.004
http://www.ncbi.nlm.nih.gov/pubmed/27865769
http://dx.doi.org/10.1111/all.12266
http://www.ncbi.nlm.nih.gov/pubmed/24117618

Int. ]. Mol. Sci. 2017, 18, 1437 19 of 20

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Kidon, M.I;; Kang, L.W.; Chin, CW.; Hoon, L.S.; See, Y.; Goh, A.; Lin, ].T.; Chay, O.M. Early presentation
with angioedema and urticaria in cross-reactive hypersensitivity to nonsteroidal antiinflammatory drugs
among young, Asian, atopic children. Pediatrics 2005, 116, e675-e680. [CrossRef] [PubMed]

Romano, A.; Gaeta, F; Valluzzi, R.L.; Alonzi, C.; Viola, M.; Bousquet, P.J. Diagnosing hypersensitivity
reactions to cephalosporins in children. Pediatrics 2008, 122, 521-527. [CrossRef] [PubMed]

Goldberg, A.; Confino-Cohen, R. Skin testing and oral penicillin challenge in patients with a history of
remote penicillin allergy. Ann. Allergy Asthma Immunol. 2008, 100, 37-43. [CrossRef]
Atanaskovic-Markovic, M.; Velickovic, T.C.; Gavrovic-Jankulovic, M.; Vuckovic, O.; Nestorovic, B. Immediate
allergic reactions to cephalosporins and penicillins and their cross-reactivity in children. Pediatr. Allergy
Immunol. 2005, 16, 341-347. [CrossRef] [PubMed]

Blanca-Lopez, N.; Perez-Sanchez, N.; Agundez, J.A.; Garcia-Martin, E.; Torres, M.].; Cornejo-Garcia, J.A.;
Perkins, ]J.R.; Miranda, M.A.; Andreu, I.; Mayorga, C.; et al. Allergic Reactions to Metamizole: Immediate
and Delayed Responses. Int. Arch. Allergy Immunol. 2016, 169, 223-230. [CrossRef] [PubMed]

Mill, C.; Primeau, M.N.; Medoff, E.; Lejtenyi, C.; O’Keefe, A.; Netchiporouk, E.; Dery, A.; Ben-Shoshan, M.
Assessing the Diagnostic Properties of a Graded Oral Provocation Challenge for the Diagnosis of Immediate
and Nonimmediate Reactions to Amoxicillin in Children. JAMA Pediatr. 2016, 170, €160033. [CrossRef]
[PubMed]

Dona, I.; Blanca-Lopez, N.; Jagemann, L.R.; Torres, M.]J.; Rondon, C.; Campo, P.; Gomez, A.IL; Fernandez, J.;
Laguna, J.J.; Rosado, A.; et al. Response to a selective COX-2 inhibitor in patients with urticaria/angioedema
induced by nonsteroidal anti-inflammatory drugs. Allergy 2011, 66, 1428-1433. [CrossRef] [PubMed]
Torres, M.J.; Ariza, A.; Mayorga, C.; Dona, I; Blanca-Lopez, N.; Rondon, C.; Blanca, M. Clavulanic acid
can be the component in amoxicillin-clavulanic acid responsible for immediate hypersensitivity reactions.
J. Allergy Clin. Immunol. 2010, 125, 502-505.€2. [CrossRef] [PubMed]

Aun, M.V,; Bisaccioni, C.; Garro, L.S.; Rodrigues, A.T.,; Tanno, L.K.; Ensina, L.E; Kalil, J.; Motta, A.A.;
Giavina-Bianchi, P. Outcomes and safety of drug provocation tests. Allergy Asthma Proc. 2011, 32, 301-306.
[CrossRef] [PubMed]

Iammatteo, M.; Blumenthal, K.G; Saff, R.; Long, A.A_; Banerji, A. Safety and outcomes of test doses for the
evaluation of adverse drug reactions: A 5-year retrospective review. J. Allergy Clin. Immunol. Pract. 2014, 2,
768-774. [CrossRef] [PubMed]

Foong, RX,; Logan, K.; Perkin, M.R,; du Toit, G. Lack of uniformity in the investigation and management of
suspected (-lactam allergy in children. Pediatr. Allergy Immunol. 2016, 27, 527-532. [CrossRef] [PubMed]
Mirakian, R.; Leech, S.C.; Krishna, M.T.; Richter, A.G.; Huber, P.A.; Farooque, S.; Khan, N.; Pirmohamed, M.;
Clark, A.T.; Nasser, S.M.; et al. Management of allergy to penicillins and other (3-lactams. Clin. Exp. Allergy
2015, 45, 300-327. [CrossRef] [PubMed]

Rerkpattanapipat, T.; Chiriac, A.M.; Demoly, P. Drug provocation tests in hypersensitivity drug reactions.
Curr. Opin. Allergy Clin. Immunol. 2011, 11, 299-304. [CrossRef] [PubMed]

Borch, J.E.; Bindslev-Jensen, C. Full-course drug challenge test in the diagnosis of delayed allergic reactions
to penicillin. Int. Arch. Allergy Immunol. 2011, 155, 271-274. [CrossRef] [PubMed]

Mori, E; Cianferoni, A.; Barni, S.; Pucci, N.; Rossi, M.E.; Novembre, E. Amoxicillin allergy in children:
Five-day drug provocation test in the diagnosis of nonimmediate reactions. J. Allergy Clin. Immunol. Pract.
2015, 3, 375-380.1. [CrossRef] [PubMed]

Ratzon, R.; Reshef, A.; Efrati, O.; Deutch, M.; Forschmidt, R.; Cukierman-Yaffe, T.; Kenett, R.; Kidon, M.I.
Impact of an extended challenge on the effectiveness of 3-lactam hypersensitivity investigation. Ann. Allergy
Asthma Immunol. 2016, 116, 329-333. [CrossRef] [PubMed]

Brockow, K.; Przybilla, B.; Aberer, W.; Bircher, A.].; Brehler, R.; Dickel, H.; Fuchs, T.; Jakob, T.; Lange, L.;
Pfutzner, W.; et al. Guideline for the diagnosis of drug hypersensitivity reactions: S2K-Guideline of the
German Society for Allergology and Clinical Immunology (DGAKI) and the German Dermatological Society
(DDG) in collaboration with the Association of German Allergologists (AeDA), the German Society for
Pediatric Allergology and Environmental Medicine (GPA), the German Contact Dermatitis Research Group
(DKG), the Swiss Society for Allergy and Immunology (SGAI), the Austrian Society for Allergology and
Immunology (OGAI), the German Academy of Allergology and Environmental Medicine (DAAU), the
German Center for Documentation of Severe Skin Reactions and the German Federal Institute for Drugs and
Medical Products (BfArM). Allergo |. Int. 2015, 24, 94-105. [CrossRef] [PubMed]


http://dx.doi.org/10.1542/peds.2005-0969
http://www.ncbi.nlm.nih.gov/pubmed/16230465
http://dx.doi.org/10.1542/peds.2007-3178
http://www.ncbi.nlm.nih.gov/pubmed/18762521
http://dx.doi.org/10.1016/S1081-1206(10)60402-4
http://dx.doi.org/10.1111/j.1399-3038.2005.00280.x
http://www.ncbi.nlm.nih.gov/pubmed/15943598
http://dx.doi.org/10.1159/000444798
http://www.ncbi.nlm.nih.gov/pubmed/27224978
http://dx.doi.org/10.1001/jamapediatrics.2016.0033
http://www.ncbi.nlm.nih.gov/pubmed/27043788
http://dx.doi.org/10.1111/j.1398-9995.2011.02684.x
http://www.ncbi.nlm.nih.gov/pubmed/21834936
http://dx.doi.org/10.1016/j.jaci.2009.11.032
http://www.ncbi.nlm.nih.gov/pubmed/20159266
http://dx.doi.org/10.2500/aap.2011.32.3450
http://www.ncbi.nlm.nih.gov/pubmed/21781406
http://dx.doi.org/10.1016/j.jaip.2014.08.001
http://www.ncbi.nlm.nih.gov/pubmed/25439369
http://dx.doi.org/10.1111/pai.12557
http://www.ncbi.nlm.nih.gov/pubmed/26920651
http://dx.doi.org/10.1111/cea.12468
http://www.ncbi.nlm.nih.gov/pubmed/25623506
http://dx.doi.org/10.1097/ACI.0b013e328348a4e9
http://www.ncbi.nlm.nih.gov/pubmed/21659856
http://dx.doi.org/10.1159/000320384
http://www.ncbi.nlm.nih.gov/pubmed/21293146
http://dx.doi.org/10.1016/j.jaip.2014.11.001
http://www.ncbi.nlm.nih.gov/pubmed/25609343
http://dx.doi.org/10.1016/j.anai.2016.01.018
http://www.ncbi.nlm.nih.gov/pubmed/26922211
http://dx.doi.org/10.1007/s40629-015-0052-6
http://www.ncbi.nlm.nih.gov/pubmed/26120552

Int. ]. Mol. Sci. 2017, 18, 1437 20 of 20

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Hermes, B.; Hein, U.R.; Henz, B.M. Assessment of psychological aspects during systemic provocation tests
in patients with pseudoallergic drug reactions. J. Eur. Acad. Dermatol. Venereol. 2006, 20, 800-803. [CrossRef]
[PubMed]

Bavbek, S.; Aydin, O.; Sozener, Z.C.; Yuksel, S. Determinants of nocebo effect during oral drug provocation
tests. Allergol. Immunopathol. 2015, 43, 339-345. [CrossRef] [PubMed]

Liccardi, G.; Senna, G.; Russo, M.; Bonadonna, P,; Crivellaro, M.; Dama, A.; D’ Amato, M.; D’ Amato, G.;
Canonica, G.W,; Passalacqua, G. Evaluation of the nocebo effect during oral challenge in patients with
adverse drug reactions. J. Investig. Allergol. Clin. Immunol. 2004, 14, 104-107. [PubMed]

Iammatteo, M.; Ferastraoaru, D.; Koransky, R.; Alvarez-Arango, S.; Thota, N.; Akenroye, A.; Jerschow, E.
Identifying Allergic Drug Reactions Through Placebo-Controlled Graded Challenges. ]. Allergy Clin.
Immunol. Pract. 2017, 5, 711-717.e2. [CrossRef] [PubMed]

Sala-Cunill, A.; Cardona, V.; Labrador-Horrillo, M.; Luengo, O.; Esteso, O.; Garriga, T.; Vicario, M.;
Guilarte, M. Usefulness and limitations of sequential serum tryptase for the diagnosis of anaphylaxis
in 102 patients. Int. Arch. Allergy Immunol. 2013, 160, 192-199. [CrossRef] [PubMed]

Krishna, M.T.; York, M.; Chin, T.; Gnanakumaran, G.; Heslegrave, J.; Derbridge, C.; Huissoon, A.; Diwakar, L.;
Eren, E.; Crossman, R.J.; et al. Multi-centre retrospective analysis of anaphylaxis during general anaesthesia
in the United Kingdom: Aetiology and diagnostic performance of acute serum tryptase. Clin. Exp. Immunol.
2014, 178, 399-404. [CrossRef] [PubMed]

Komericki, P.; Arbab, E.; Grims, R.; Kranke, B.; Aberer, W. Tryptase as severity marker in drug provocation
tests. Int. Arch. Allergy Immunol. 2006, 140, 164-169. [CrossRef] [PubMed]

Cavkaytar, O.; Karaatmaca, B.; Arik Yilmaz, E.; Sahiner, U.M.; Sackesen, C.; Sekerel, B.E.; Soyer, O. Basal
serum tryptase is not a risk factor for immediate-type drug hypersensitivity during childhood. Pediatr. Allergy
Immunol. 2016, 27, 736-742. [CrossRef] [PubMed]

De Pasquale, T.; Nucera, E.; Boccascino, R.; Romeo, P,; Biagini, G.; Buonomo, A.; Colagiovanni, A.; Pecora, V.;
Aruanno, A; Rizzi, A.; et al. Allergy and psychologic evaluations of patients with multiple drug intolerance
syndrome. Intern. Emerg. Med. 2012, 7, 41-47. [CrossRef] [PubMed]

Soyyigit, S.; Aydin, O.; Yilmaz, I.; Ozdemir, S.K.; Cankorur, V.S.; Atbasoglu, C.; Celik, G.E. Evaluation of
drug provocation test-related anxiety in patients with drug hypersensitivity. Ann. Allergy Asthma Immunol.
2016, 117, 280-284. [CrossRef] [PubMed]

Gomes, E.R.; Kvedariene, V.; Demoly, P.; Bousquet, PJ. Patients” satisfaction with diagnostic drug provocation
tests and perception of its usefulness. Int. Arch. Allergy Immunol. 2011, 156, 333-338. [CrossRef] [PubMed]
Bommarito, L.; Zisa, G.; Riccobono, F; Villa, E.; D’ Antonio, C.; Calamari, A.M.; Poppa, M.; Moschella, A.; Di
Pietrantonj, C.; Galimberti, M. Avoidance of nonsteroidal anti-inflammatory drugs after negative provocation
tests in urticaria/angioedema reactions: Real-world experience. Allergy Asthma Proc. 2014, 35, 303-306.
[CrossRef] [PubMed]

Waton, J.; Pouget-Jasson, C.; Loos-Ayav, C.; Trechot, P; Bursztejn, A.C.; Schmutz, J.L.; Barbaud, A.
Drug re-challenges in cutaneous adverse drug reactions: Information and effectiveness in the long-term
management of patients. Allergy 2011, 66, 941-947. [CrossRef] [PubMed]

Wheatley, L.M.; Plaut, M.; Schwaninger, ].M.; Banerji, A.; Castells, M.; Finkelman, ED.; Gleich, G.J.;
Guttman-Yassky, E.; Mallal, S.A.; Naisbitt, D.J.; et al. Report from the National Institute of Allergy and
Infectious Diseases workshop on drug allergy. J. Allergy Clin. Immunol. 2015, 136, 262-271.€2. [CrossRef]
[PubMed]

® © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1111/j.1468-3083.2006.01634.x
http://www.ncbi.nlm.nih.gov/pubmed/16898901
http://dx.doi.org/10.1016/j.aller.2014.04.008
http://www.ncbi.nlm.nih.gov/pubmed/25088674
http://www.ncbi.nlm.nih.gov/pubmed/15301298
http://dx.doi.org/10.1016/j.jaip.2016.09.041
http://www.ncbi.nlm.nih.gov/pubmed/27888028
http://dx.doi.org/10.1159/000339749
http://www.ncbi.nlm.nih.gov/pubmed/23018683
http://dx.doi.org/10.1111/cei.12424
http://www.ncbi.nlm.nih.gov/pubmed/25070464
http://dx.doi.org/10.1159/000092556
http://www.ncbi.nlm.nih.gov/pubmed/16601354
http://dx.doi.org/10.1111/pai.12604
http://www.ncbi.nlm.nih.gov/pubmed/27288661
http://dx.doi.org/10.1007/s11739-011-0510-1
http://www.ncbi.nlm.nih.gov/pubmed/21259055
http://dx.doi.org/10.1016/j.anai.2016.06.016
http://www.ncbi.nlm.nih.gov/pubmed/27374929
http://dx.doi.org/10.1159/000323898
http://www.ncbi.nlm.nih.gov/pubmed/21720180
http://dx.doi.org/10.2500/aap.2014.35.3765
http://www.ncbi.nlm.nih.gov/pubmed/24992549
http://dx.doi.org/10.1111/j.1398-9995.2011.02554.x
http://www.ncbi.nlm.nih.gov/pubmed/21303375
http://dx.doi.org/10.1016/j.jaci.2015.05.027
http://www.ncbi.nlm.nih.gov/pubmed/26254053
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Pro: The Tip of the Iceberg 
	Confirmation of Diagnosis 
	Exclusion of Cross-Reactivity 
	Safe Alternative 
	Exclusion of Diagnosis 
	Natural Course 

	Contra: Bottom of the Iceberg 
	Safety Issues 
	Standardization of DPT 
	Interpretation of DPT 
	Efficiency of DPT 


