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Abstract
In drug hypersensitivity, drug provocation testing (DPT), also called drug challenge, 
is the gold standard for investigation. In recent years, risk stratification has become 
an important tool for adjusting the diagnostic strategy to the perceived risk, whilst 
still maintaining a high level of safety for the patient. Skin tests are recommended 
before DPT but may be omitted in low- risk patients. The task force suggests a strict 
definition of such low- risk patients in children and adults. Based on experience and 
evidence from studies of allergy to beta- lactam antibiotics, an algorithm on how to 
adjust DPT to the risk, and when to omit skin tests before DPT, is presented. For 
other antibiotics, non- steroidal anti- inflammatory drugs and other drugs, skin tests 
are poorly validated and DPT is frequently necessary. We recommend performing 
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1  |  INTRODUC TION

Drug hypersensitivity reactions (DHR) account for an increasing 
number of referrals to allergy departments worldwide. Drug prov-
ocation testing (DPT), in other parts of the world, called drug chal-
lenge, is the gold standard of investigation, but only few published 
guidelines specifically address DPT.1,2 Moreover, other guidelines on 
drug hypersensitivity (HS) investigation lack detailed and practical 
recommendations on DPT.3,4

The aim of this task force (TF) was to provide practical recom-
mendations for DPT based on recent literature and expert opinion 
from TF members, who all have significant experience in DPT in 
both immediate and non- immediate drug hypersensitivity (DH). 
The paper comprises a section on general considerations con-
cerning DPT and recommendations about DPT for specific drug 
groups. All the recommendations apply to both children (aged 
18 years and below) and adults unless otherwise specified in the 
respective sections.

2  |  METHODS

A literature search was performed with the key words #drug chal-
lenge, #drug provocation, #drug allergy/hypersensitivity/anaphy-
laxis and the names of the specific drug classes and individual drugs. 
A detailed table providing an overview of DPT protocols from stud-
ies identified from the literature for specific drug groups is provided 
(Table S1). The TF members had one physical meeting and six online 
meetings where recommendations were formulated, and consensus 
was achieved. The TF have applied GRADE- based recommenda-
tions.5 A strong recommendation using the wording “the task force 
recommends” was made when there is confidence that the benefits 
do or do not outweigh harm and burden. A conditional recommen-
dation using the wording “the task force suggests” indicated that 
the magnitude of benefit or not is less certain. Where evidence 
and experience were not sufficient to make a recommendation the 
wording “There is no recommendation for or against” was used. 
Each recommendation was discussed during on line meetings of the 
working group and included in the manuscript only when consensus 
(70%–89% agreement) or strong consensus (≥90% agreement) had 
been reached.

3  |  GENER AL CONSIDER ATIONS

For patients with suspected DHR, a detailed clinical history is crucial 
when planning investigations. In recent years, the concept of risk 
stratification has become an important tool for adapting the diagnos-
tic strategy to the perceived risk and for optimizing investigations in 
terms of efficiency and resources, whilst still maintaining a high level 
of safety for the patient. So far, risk stratification has mainly been 
applied in suspected allergy to beta- lactam (BL) antibiotics.6,7

Investigations in drug hypersensitivity comprises detailed 
history, skin testing (skin prick test [SPT], intradermal test [IDT], 
patch test [PT] and in vitro testing specific immunoglobulins [Ig]
E, basophil activation testing [BAT], lymphocyte transformation 
testing) and DPT. Different combinations of these tests are used 
depending on level of risk, the underlying mechanism, and whether 
an immediate (IR) or non- immediate reaction (NIR) is suspected. In 
mild to moderate maculopapular exanthemas (MPE), IDT with de-
layed reading seems of higher value than PT.8,9 For details of other 
drug hypersensitivity investigations, we refer to the literature on 
the specific tests.10–12

Skin tests, and if negative, DPT should be done minimum 4 weeks 
after symptoms of the index reaction have subsided. The work- up 
can be carried out earlier in the case of emergency therapies such as 
chemotherapy, general anesthetics and antibiotics, but there are no 
large series available to assess the sensitivity and specificity of such 
early work- ups.13 In drug reaction with eosinophilia and systemic 
symptoms (DRESS) a DPT with alternative drug should be done at 
least 6 months later.8

There is no maximum delay for the execution of a DPT. The best 
window of time is the year following the IR. But, even if the reaction 
is very far in the past, an allergy work- up can be carried out, even if 
it is less sensitive. In mild to moderate maculopapular exanthemas 
(MPE), IDT with delayed reading seems of higher value than PT.8,9 
For details of other drug hypersensitivity investigations, we refer to 
the literature on the specific tests.10–12

3.1  |  Indications and contraindications for DPT

Indications, contraindications, and relative contraindications for 
DPT have been summarized in Tables 1 and 2. The TF recommends 

DPT with chemotherapeutics and biologicals to avoid unnecessary desensitization 
procedures and DPT with skin tests negative contrast media. We suggest DPT with 
anesthetics only in highly specialized centers. Specifics of DPT to proton pump inhib-
itors, anticonvulsants and corticosteroids are discussed. This position paper provides 
general recommendations and guidance on optimizing use of DPT, whilst balancing 
benefits with patient safety and optimizing the use of the limited available resources.

K E Y W O R D S
beta- lactam antibiotics, delabeling, drug challenge, drug provocation test, risk stratification
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against DPT with the suspected drug in cases with a clear history 
of a DHR when allergy was proven by skin tests or in vitro tests, 
in cases of anaphylaxis except for highly specialized settings and in 
severe cutaneous adverse drug reactions (SCARs), except in some 
cases described below in the “special considerations” paragraph. 
DPT is relatively contraindicated during pregnancy and in cases of 
severe comorbidities Table 2.1

3.2  |  Factors related to the patient and the 
setting of DPT

The TF recommends that:

1. DPT should be performed under medical supervision in a set-
ting equipped for treating anaphylaxis including resuscitation 
equipment,14 with personnel who are trained in performing 
DPT and in recognizing and treating potential symptoms of 
hypersensitivity including anaphylaxis.

2. DPT in intermediate and high- risk patients and patients with 
immediate- type symptoms should be performed in a hospital set-
ting. Patients with mild MPE may be investigated with DPT in, or 
outside, a hospital setting in collaboration with allergy specialists.

3. The patient should be well on the day of DPT and baseline 
measurements of pulse, blood pressure and peak flow are rec-
ommended before drug administration, depending on risk assess-
ment, and if symptoms arise. Intravenous (IV) access should be 
secured in high- risk patients with immediate reactions.

4. Verbal and written informed consent must be obtained before 
DPT.

The team should be capable of distinguishing stress- induced 
non- allergic symptoms from early signs of a DHR. The TF rec-
ommends that placebo- controlled DPT should be considered in 
patients suspected of having non- specific or subjective symp-
toms only. Depending on half- life, antihistamines and high dose 
systemic corticosteroids (>10 mg prednisolone daily) should 
be stopped before DPT, if possible. The TF suggests that anti-
histamines can be continued, if needed to control symptoms of 
chronic spontaneous urticaria and if DPT is urgently required. In 
cases where drug tolerance is demonstrated under antihistamine 
treatment, antihistamines should be applied before future admin-
istration of that drug. In case of permanent treatment with immu-
nosuppressive or antidepressant drugs, a risk–benefit evaluation 
should be performed before interfering with this, due to the risk 
of other unwanted effects.

The TF can give no recommendation for or against stopping or 
pausing betablockers before DPT. However, the TF agrees that the 
risks of cardiovascular instability by stopping betablockers must be 
balanced against the questionable theoretical benefit of lowering 
risk and severity of anaphylaxis, which is lacking conclusive evi-
dence. The TF does not recommend to stop angiotensin- converting- 
enzyme inhibitors before DPT.

3.3  |  How to perform risk stratification

The planning of allergy investigations and need for DPT should be 
based on risk stratification including factors such as severity, sus-
pected mechanism of the reaction, suspected drug, and clinical char-
acteristics of the patient. See algorithm in Figure 1 and Table 3 for 
details of risk stratification and suggested management of patients. 

TA B L E  1  Indications for drug provocation tests (DPT).1,7

To exclude hypersensitivity to the suspected culprit drug when 
the history is non- specific or considered at low or intermediate 
risk of drug hypersensitivity. Removing the drug allergy label 
(delabeling) is especially indicated in allergy to penicillin as part 
of antibiotic stewardship and reducing antibiotic resistance

Cross- reactivity testing to find a safe alternative drug (from same or 
related drug group): in cases where drug skin tests/IgE/Basophil 
activation tests or DPT with the culprit drug is positive or not 
indicated, for example, due to severe reactions and high risk of 
allergy. Potentially safe alternative drugs should be identified on 
negative skin tests prior to DPT

To establish a robust diagnosis in the event of a history suggestive 
of drug allergy, but where other tests have been inconclusive or 
unavailable

When several drugs have been taken at the same time, to 
demonstrate tolerance to classes of drugs other than the 
identified culprit drug

TA B L E  2  Contraindications and relative contraindications to 
drug provocation test (DPT).1

Contraindications for provocation test with suspected drug

In cases with a clear history of drug hypersensitivity when allergy 
was proven by other means such as skin tests or in vitro tests

With the suspected drug, in severe anaphylaxis (≥Grade 3) except 
in settings equipped for and experienced in performing high- 
risk provocations such as perioperative anaphylaxis

With the suspected drug, in generalized bullous fixed drug 
eruption

With the suspected drug, in toxic epidermal necrolysis (TEN) and 
Stevens–Johnson Syndrome (SJS)

With the suspected drug, in leucocytoclastic vasculitis

With the suspected drug, in Drug reaction with eosinophilia 
and systemic symptoms (DRESS) and acute generalized 
exanthematous pustulosis (AGEP)

Drug- induced specific organ dysfunction: cytopenia, hepatitis, 
nephritis, pneumonitis

Drug- induced autoimmune disease: systemic lupus 
erythematosus, linear IgA bullous dermatosis

Relative contraindications for provocation test with suspected drug

Severe comorbidity, for example, uncontrolled asthma, severe 
chronic obstructive airways disease, severe ischemic heart 
disease

Pregnancy—DPT can be performed when benefit of suspected 
drug outweighs the risk, such as severe infections (e.g., 
syphilis) and suspected penicillin allergy, or suspected local 
anesthetic allergy when spinal anesthesia may be needed for 
caesarean section
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These recommendations are based mainly on experience from the 
literature on allergy to beta- lactam antibiotics,7,15–17 but the TF sug-
gests that it may be applied in other drug groups.

3.4  |  Route of administration and preparation used

When DPT is performed with the suspected culprit drug, it is rec-
ommended to use the exact product and the same route causing 
the initial reaction, if possible, to ensure exposure to the same ex-
cipients. In patients with severe DHRs to more than one drug/drug 
group or to specific drug groups, for example, depot corticosteroid 
preparations, reactions to excipients such as polyethylene glycol, 

carboxymethylcellulose and povidone should be considered.18,19 
When dilutions for DPT are needed, these can be prepared by hospi-
tal pharmacy or in the department. There is limited data on stability 
of drugs after dilution and the use of preservatives.20

The route of administration for DPT should be guided by initial 
reaction severity, patient comorbidity, and the setting where DPT 
is performed. Some advocate the route of administration from the 
initial reaction, and this is usually applied to injectable drugs for 
subcutaneous or intramuscular injection, for example, vaccines or 
local anesthetics. If a different route of administration is selected, 
attention should be paid to variation in excipients. Traditionally, it 
has been suggested that the oral route is the safest due to slower 
absorption and this is still the most used route.1,3 The intravenous 

F I G U R E  1  Algorithm for risk stratification from history and clinical features and recommended strategy for allergy work- up and drug 
provocation DPT.7,15,16 *Not applicable in NSAID hypersensitivity (cross- reactors) – See Figure 2. DPT in intermediate and high- risk 
patients and patients with immediate- type symptoms should be performed in a hospital setting, whereas patients with mild MPE may be 
investigated with DPT in, or outside, a hospital setting in collaboration with allergy specialists. **Some pediatric centers practice 30 min 
observation. ***Unless specific IgE or BAT have confirmed the diagnosis. ****Danger signs in non- immediate reactions, according to 
Romano et al.7: intense facial involvement, atypical target lesions, bullous lesions, dark red erythema, extensive pustulosis, painful skin, 
mucosal involvement, generalized lymphadenopathy, elevated liver enzymes, impaired renal function tests, fever >38.5°C, alterations in 
blood cell counts (i.e., anemia, granulocytopenia, thrombocytopenia, neutrophilia, eosinophilia), hypocomplementemia, hepatitis, nephritis, 
and pneumonitis.BAT, basophil activation test; BL, beta- lactam antibiotics; DPT, drug provocation test; Ig E, immunoglobulin E; MPE, 
maculopapular exanthema; SCARs, severe cutaneous adverse reactions; ST, skin testing. #Full definition of mild MPE: Exanthema that is 
not urticarial, involving less than 50% of the body surface, without danger signs mentioned in **** above, occurring more than 6 h after the 
drug intake, of less than 7- day duration, and not requiring hospitalization or systemic treatment other than antihistamines. ##Comorbidity, 
for example, significant cardiac or pulmonary disease, mastocytosis. The measurement of the affected body surface is defined as follows: 
(1) The area involved typically adheres to the classical rules of calculation commonly used for SCORAD calculation. This includes 4.5% for 
the anterior and posterior sides of the face, anterior and posterior sides of the arms, 1% for each palm, 1% for the genital area, 9% for each 
side of the legs, and 18% for the anterior and posterior sides of the trunk. (2) Then, for each area, the percentage of the involved surface is 
calculated. In case of a MPE, you need to estimate the approximate percentage of red dots and normal skin.

Reaction evoking drug hypersensitivity in adults and children*

Unknown reaction

that clearly did not require 
treatment or emergency 
medical attention 

Low to intermediate risk

Non severe immediate
reaction

(generalized pruritus) 
Moderate MPE 

(duration > 7 days; requiring 
topical/systemic steroids; 
> 50% of body surface; no 
systemic symptoms)

Delayed urticaria
> 1 h after drug exposure

Mild MPE but severe 
comorbidity##

Non hypersensitivity
side effects only 

(e.g. vomiting, diarrhea, 
headache, yeast infection)

Family history of drug 
allergy only

Tolerated same drug after 
initial reaction

Mild MPE# 

(onset > 6 h after drug
exposure, 
duration < 7 days; 
not urticarial, 
involving < 50% of body 
surface; 
no systemic symptoms, 
no systemic treatment or 
antihistamines only)

Skin tests optional

DPT  
Observation ≥ 1-2 h**

Low risk 

Delabel

no need for ST or DPT
(Ensure patient agrees)

Skin tests optional 
depending on individual 

case information

DPT minimum 2 steps
Observation ≥ 1-2 h

Intermediate risk

Skin tests mandatory

DPT 2-3 steps 
Observation ≥ 2 h

Anaphylaxis
(respiratory/circulatory 
symptoms,angioedema)

OR
Urticaria

< 1 h after drug exposure

OR
positive ST

OR
recurrent reactions to 

drug 

Consider IgE/BAT
Skin tests mandatory***

DPT minimum 3 steps
Observation ≥ 2 h

High risk

Severe delayed 
reaction 

Severe MPE
MPE > 50% of body 
surface and danger 
signs****

OR
SCARs 

High risk

Patch tests can be 
done

Avoid drug group in 
question

AND 
Refer to center 

specialized in SCARs

Risk not elevated
compared to general

population
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(IV) route is associated with a risk of rapidly evolving reactions,21 
but in some specialized centers with experience in IV DPT in high- 
risk patients, it is suggested that the IV route, using incremental 
doses, is easier to control, as symptoms are likely to occur earlier 
during IV than oral administration and may appear after a smaller 
dose.22 As the setting for DPT and experiences on safety differ 
between the authors, no recommendation is made concerning oral 
or IV routes for DPT.

3.5  |  Dosing of DPT and observation time

Risk stratification should lead to decisions on starting dose, num-
ber of doses, dosing increments, time interval between doses (not 
less than 30 min intervals), observation time after the last dose and 
whether DPT should be continued over subsequent days. Some 
groups prefer to reach the cumulated daily dose, but the TF sug-
gests that at least the maximum single therapeutic/unit dose should 
be reached. For example, for a drug taken at a dosing frequency of 
500 mg three times a day, the target dose for DPT should be 500 mg 
(see Table S1 for details for specific drugs).

In the case of non- severe IR with skin symptoms only, the TF 
suggests that the starting dose should not exceed 1:10 of the single 
target dose. In cases of anaphylaxis, the TF suggests starting with a 
dose not exceeding 1:100 of the single target dose. In NIR, the TF 
suggests the starting dose is full dose or 1:10.

The observation time should be minimum 1–2 h after the last 
dose, depending on the individual risk for the patient, because se-
vere reactions, such as anaphylaxis, usually occur during this time 
interval.7,13 Longer observation periods may be considered based on 
delay in onset of the initial reaction, the risk to the patient and/or the 
drug kinetics, for example, for non- steroidal anti- inflammatory drugs 
(NSAIDs)23 and proton pump inhibitors (PPIs).24

3.6  |  Outcome assessment: Diagnostic criteria for a 
positive DPT and differential diagnosis

A positive DPT usually reproduces objective signs and symptoms com-
patible with the initial reaction (Table 4).1,2,14 Subjective symptoms 
may precede objective ones. Young children often exhibit agitation or 
withdrawal behavior as initial symptoms prior to objective signs such 

TA B L E  3  Risk stratification and recommendations regarding skin testing and drug provocation tests (DPT) according to risk profile.

Definitions of patient risk profiles Recommendations regarding skin testing and DPT

Non- hypersensitivity reactions

Well- known non- allergic adverse drug effects; full dose of same drug tolerated 
after initial reaction; allergy is only suspected in a close relative

Delabeling without skin testing or DPT

Immediate hypersensitivity reactions

High- risk patient profile comprises: anaphylaxis, hypotension, laryngeal edema, 
bronchospasm, urticaria <1 h of drug exposure and/or angioedema, generalized 
flushing/erythema

Skin testing and, if available in vitro testing, must be 
performed

DPT should only be considered if testing is negative

Intermediate risk: non- severe IRs, for example, generalized pruritus Skin testing must be performed before DPT

Non- immediate hypersensitivity reactions

High- risk patient profile DPT with a suspected drug is contraindicated
In SCARs, drug patch tests can be done, and intradermal 

tests have to be discussed case by case by highly 
specialized teams

Severe cutaneous adverse drug reactions (SCARs): Stevens–Johnson 
syndrome (SJS), toxic epidermal necrolysis (TEN), DRESS, acute generalized 
exanthematous pustulosis (AGEP), generalized bullous fixed drug eruption

High- risk patient profile Drug skin tests are not useful

Non- SCARs: systemic vasculitis, linear IgA bullous dermatosis, specific drug- 
induced organ failures (e.g., hepatic, renal, pulmonary) or drug- induced 
autoimmune diseases

Intermediate risk patient profile comprises:
• moderate MPE (lasting >7 days or requiring topical high potent/systemic 

corticosteroids, >50% of body surface, without systemic symptoms and 
without danger signs)7 (Figure 1).

• delayed urticaria with onset >1 h after drug exposure

Skin testing must be performed before DPT

Low- risk patient profile comprises: an exanthema that is not urticarial, with 
onset >6 h after drug intake, involving less than 50% of the body surface, of 
<7 days duration, without danger signs (no fever, lymphadenopathy, systemic 
involvement, blisters, mucosal involvement or eosinophilia), not requiring 
hospitalization or systemic treatment other than antihistamines

Skin testing is optional before DPT depending on 
individual case information

Unknown reaction

Low- intermediate risk Skin testing is optional before DPT depending on 
individual case information

Note: See also Figure 1.
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as urticaria. Subjective symptoms, without accompanying objective 
symptoms, are more likely stress/anxiety- induced reactions (nocebo re-
actions) and may be difficult to differentiate from DHR.25–27 Examples 
of such subjective non- allergic symptoms are summarized in Table 4. 
Nocebo reactions occur in 3% of patients, mainly females,27 and are 
correlated with known anxiety/depression, history of severe drug re-
actions, multiple drug reactions or previous subjective reactions.15,26

Serum tryptase may be helpful in distinguishing between hyper-
sensitivity and anxiety reactions, especially in severe cases. This is 
provided that the patient does not have a history or clinical features 
suggestive of mast cell activation syndromes or hereditary alpha 
tryptasemia. When compared with a baseline level an elevation of 
the acute tryptase level > (1.2 × baseline tryptase level) + 2 supports 
mast cell degranulation.

3.7  |  Further actions after assessment

The TF recommends:

1. In case of positive allergy work- up:
a. to give a warning card/drug allergy passport28;
b. in addition, electronic drug hypersensitivity/allergy reporting 

systems linked to electronic medical records/decision support 
systems, bracelet with QR code should be updated where 
available;

c. to address potential cross- reactivity and identify safe alterna-
tives to the identified culprit.

2. In case of negative DPT, to explain to the patient that the drug 
can be used and to remove the allergy label from all medical files 
(hospital and general practice).

3.8  |  Special considerations

In patients with DRESS, only for the least suspected drugs, a gradual 
drug rechallenge has been proposed and evaluated through a single 

center study.29 This should only be performed in departments highly 
specialized in managing SCARs. In DRESS induced by antituberculosis 
(anti- TB) drugs, very carefully sequential DPT with minimally neces-
sary basic anti- TB drugs can be done when continuation of treatment is 
urgently needed.30 In fixed drug eruption (FDE), DPT can be diagnostic 
in cases of negative in situ PTs and in situ repeated application tests.4,31

There is a theoretical risk of inducing tolerance during DPT, but 
this is considered low when performing DPT by increasing the dose 
by 10- fold steps, with intervals of 30 min or more.32

4  |  DRUG PROVOC ATION TESTING WITH 
SPECIFIC DRUG GROUPS

4.1  |  Beta- lactam antibiotics

The approach to allergy to beta- lactam antibiotics has evolved com-
pared to the more restrictive approach recommended previously.7 
Many examples of risk stratification and algorithms have been pub-
lished recently.7,33–42 Whilst focus remains on patient safety, indi-
vidual risk stratification means, that in patients considered to be at 
low risk of allergy a diagnosis can be achieved with fewer resources. 
However, in the literature three main areas still lack consensus in the 
adult population:

1. What defines a low- risk patient?

This has been addressed in this position paper in Figure 1, Table 3 
and Table S2.

2. The place of DPT without preceding ST in adults.

The need for investigations before DPT in patients with NIRs and 
a low- risk profile is the subject of much debate (Table 5). Regarding 
children, there is strong evidence based on multiple large studies 
to provide a firm recommendation for direct oral DPT without skin 
testing first in low- risk patients.17,37,43–45

TA B L E  4  Subjective symptoms and signs that may appear during drug provocation testing (DPT) and how to differentiate from allergic 
reaction.

Subjective signs and symptoms Important clinical examination data

Dyspnea with normal auscultation and no skin/mucosal symptoms Changes in respiratory rate, peak flow measurement and oxygen 
saturation may be helpful in identifying early signs of allergic 
reaction, often caused by hyperventilation. Blood gas analysis may 
be helpful in determining low CO2 in hyperventilation

Pruritus or tingling- type paresthesias without skin/mucosal symptoms But pruritus on lips, head and palms maybe the first manifestation of 
anaphylaxis.

Throat discomfort (feeling of swelling in throat or tongue) Examine for edema, swallowing difficulty, hoarseness, stridor. Flexible 
nasoendoscopy may be helpful to rule out edema in pharynx/larynx 
in the acute phase

Isolated abdominal pain/nausea Rarely an allergy symptom

Medicines such as local anesthetics frequently cause stress- related 
symptoms especially vasovagal reaction, hyperventilation, panic 
attack and anxiety which can be misdiagnosed as allergy symptoms

Continuous pulse monitoring may be helpful in identifying low pulse 
associated with low blood pressure in vasovagal reactions



    |  7BARBAUD et al.

In adults, there is increasing evidence that such an approach 
could be safe in targeted populations.15,16,46–48 An overview of re-
cent studies on direct DPT without previous skin testing in non- 
severe NIR in adults is summarized in Table S3. From these studies, 
among 5948 adult patients who had penicillin DPT without ST, 289 
reactions (4.9%) occurred with only 2 cases of anaphylaxis (0.03%).

In adults with NIR where a drug allergy expert has performed 
a risk evaluation and considers the risk of a reaction on DPT to be 
low-  as defined in Table 3 and Figure 1-  the TF suggests that there is 
enough evidence to consider DPT, without skin testing first.

3. The value of prolonged DPT

Prolonged DPT exceeding 1 day for NIR diagnosis is also the sub-
ject of much debate.39,46,49–52 There are many different protocols for 
performing prolonged DPT and there is no consensus on a preferred 
procedure. Details of all analyzed studies and their references are 
reported in Table S4. From 23 articles, including 6484 patients with 

prolonged DPT, reactions occurred in 495/6484 (7.6%); during the 
initial DPT in 147/6484 (2.3%) and during the prolonged DPT in 347/ 
6337 (5.5%). As there is only one study with a washout period50 pres-
ently, it is difficult to conclude if prolonged DPT increases sensitivity. 
Some studies suggest that the patient would be more likely to take the 
drug in the future after a prolonged DPT,16 but others find a higher rate 
of refusal of further intake in the prolonged DPT group.53 Arguments 
for one- day versus prolonged drug provocation test are summarized 
in Table S5. Based on the literature, at the present time the TF cannot 
make a recommendation for or against performing prolonged DPT.

The TF suggests that if prolonged provocation is performed in 
NIR:

• at least the maximum single therapeutic/unit dose should be 
reached;

• a washout period should be introduced between doses, to allow 
the initial dose to potentially elicit a reaction. There is some ev-
idence that the initial dose can elicit reactions up to 48 h–7 days 

TA B L E  5  Arguments for performing drug provocation testing (DPT) with or without preceding skin testing (ST) in adult patients with non- 
immediate drug hypersensitivity reactions (DHR).

In terms of…
Arguments for performing ST before DPT (adults with low- 
risk non- immediate reactions)

Arguments for performing DPT without ST (adults 
with low- risk non- immediate reactions)

Approach At an individual- based level, STs are useful in diagnosing 
non- immediate allergic DHR and thus in avoiding 
renewal of iatrogeny

At a population- based level, most patients who 
declare suspicions of DHR to beta- lactam 
antibiotics (BL) are proven not to be allergic; 
thus, delabeling by direct DPT is rapid and 
pragmatica

Geographical variations 
in epidemiology of 
reported drug allergy

Inclusion criteria and 
recruitment

Regions reporting higher prevalence of allergy (including 
anaphylaxis) and allergic profiles have been historically 
prone to perform stepwise classical allergy work- up 
(e.g., Southern Europe)

Regions reporting lower prevalence of allergy 
(maybe also lower severity) have been 
promoting a more pragmatic approach (e.g., 
Northern America, Northern Europe)a

Resources Classic allergy work- up is a medical intervention aimed at 
being diagnostic, and not only pragmatically turned 
towards therapeutic subsequent interventions. Profiling 
an allergy to BL by ST gives better understanding of 
future tolerances of other BL

Sharing allergists' expertise needs simplification of 
the classic allergy work- up in order for it to be 
accepted and used by other health care workers, 
thus extending the number of patients with 
access to allergy work- up procedures

Health/logistic problems High quality health systems perform more diagnostic tests 
to decrease patient's risk of reacting upon re- exposure

Health systems with lower proportion of allergists 
or resources have more pressure to develop 
simpler procedures. However, it is crucial that 
patient safety is not compromised

Risk stratification Definition of “low- risk” is clinical and does not always 
foresee a positive allergy work- up (see “general 
considerations” paragraph).

A proportion of patients with positive skin test result have 
unknown/poorly defined reactions. According to an 
individual risk–benefit analysis, ST could be favored in 
patients with severe comorbidities even if their history 
is that of a low- risk reaction

There is no strict consensus on risk stratification 
criteria and criteria vary according to different 
studies. Moreover, risk stratification should take 
into consideration factors non- related to the 
reaction itself, such as patient status (pregnancy, 
underlying comorbidities). See Figure 1 and 
Table S2 for suggested criteria and literature 
overview

Safety in preventing a 
severe reaction upon 
rechallenge

In rare cases, IgE sensitization/allergy is revealed by ST or 
specific IgE testing

In most cases/publications, reactions elicited by 
direct DPT are mild /moderatea

Note: See Tables S1 and S2 and general considerations paragraph.
aDifferent inclusion criteria and recruitment bias the reporting and interpretation of prevalence of drug allergies across the world. In studies from 
specialized drug allergy centers, prevalence and severity of reactions is generally higher. However, when a delabeling approach is favored, with 
recruitment in general departments, prevalence and severity are lower.



8  |    BARBAUD et al.

later,42,52 and ideally a minimum 48 h wash out period should be re-
spected. However, to ensure patient compliance and/or assess risk 
of NIR, some groups perform prolonged DPT for 2–4 days16,43 with 
a wash out period between initial dose and the following morning, 
that is, 16–18 h;

• DPT approaching the duration of a full treatment (7–10 days) is 
not recommended.

In the case of antimicrobial allergy, the risk of developing anti-
microbial resistance with prolonged DPT must be weighed against 
the benefits of delabeling inaccurate drug allergy labels. In patients 
with severe IR to BL more than 6 months before investigation, who 
display negative results on IgE, skin tests and DPT, a risk of resensi-
tization should be considered.7 To identify resensitization in remote 
IRs, few highly specialized centers perform prolonged DPTs on this 
indication, on an experimental basis, and advice re- testing with ST or 
IgE tests 4–6 weeks later.54

4.2  |  Non- beta- lactam antibiotics

4.2.1  |  Macrolides

HRs to macrolides are rare. Skin tests are often irritant and badly 
standardized. In most cases DPT is needed to confirm or rule out 
hypersensitivity and to investigate cross- reactivity.55,56

4.2.2  |  Fluoroquinolones

Although older data state that skin tests with fluoroquinolones (FQ) can 
be irritative10 and that up to 50% of case may show cross- reactivity,57,58 
a new method for IDT reading has been recently suggested.59 The au-
thors studied 163 allergic sequential patients with an history of HS to 
FQ. Intradermal tests were performed according to ENDA protocol12 
using histamine as a positive control at a concentration of 0.1 mg/mL. 
For IDT to ciprofloxacin, levofloxacin, and moxifloxacin concentrations 
of 0.025 and 0.005 mg/mL were used. Authors considered negative 
tests those with non- specific wheal without flare which frequently oc-
curs to multiple skin tested patients to FQ. 159 patients were negative 
using this criteria and 82/82 of them underwent single dose DPT to 
the index FQ or other FQ (levofloxacin 250 mg, ciprofloxacin 250 mg, 
moxifloxacin 200 mg).59 Negative oral DPT resulted in the removal of 
FQ allergy or revision to confirm tolerance of an alternative FQ, as it is 
known that FQ may cross- react, Protocols vary in terms of doses and 
steps used, but most achieve full therapeutic dose in 1 or 2 days.58

4.2.3  |  Sulfonamides

Krantz et al.60 challenged 204 patients with low- risk IR and NIR, 
without allergy work- up, in a one-  or two- step single dose procedure 
with tolerance of the drug in 94%.

4.2.4  |  Metronidazole

Literature is based on small case series. Skin tests show low sensitiv-
ity and DPT is needed to confirm the diagnosis.61

4.2.5  |  Tetracyclines

Infrequent use of tetracyclines results in very low rates of hyper-
sensitivity primarily with FDE and photosensitivity, but also cases of 
DRESS.62 Very few graded DPT have been reported.62

4.2.6  |  Lincosamides

IR are rare, and NIR occur from <1% to 10.5%, including SCARs. 
There are only few reports with graded oral DPT.63

4.2.7  |  Glycopeptides

Vancomycin and teicoplanin can induce anaphylaxis, MPE, vas-
culitis and SCARs. Non- allergic reactions to vancomycin (red man 
syndrome, Vancomycin flushing syndrome) occurs in 5%–14% of pa-
tients usually due to rapid infusion. Symptoms are itching and rash 
typically of face, neck and upper body caused by direct release of 
histamine from mast cells and basophils. It can typically be overcome 
by slowing infusion rate and premedication with antihistamine., 
Cross- reactivity between vancomycin and teicoplanin may occur.64 
DPT is rarely needed.65

4.2.8  |  Aminoglycosides

One study reported graded intravenous DPT with gentamicin in skin 
test negative patients with IR.66

4.2.9  |  Antituberculosis drugs (anti- TB drugs)

Data on HSs to anti- TB drugs are limited, but one study reported 
reactions in 3%–4% of patients.67 HSs are usually benign MPEs, 
occurring few weeks after starting therapy. Some patients de-
velop HS to multiple anti- TB drugs. A pragmatic approach to 
standardize the management is needed. When a HS occurs, all 
anti- TB drugs should be withdrawn, and skin testing should be 
performed.68

In NIR, the TF suggest that when skin tests are negative, all nec-
essary anti- TB drugs may be sequentially re- introduced (rechallenge 
or graded escalation procedure) at an interval of 3–4 days, at target 
therapeutic doses, allowing time to detect a severe NIR with minimal 
risk of drug resistance. Details on skin tests and procedures with 
anti- TB drugs are given in Table S6.
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4.3  |  NSAIDs and paracetamol including children

NSAID hypersensitivity can be allergic with selective respond-
ers (SR) or non- allergic with cross- reactive patients (CR). DPT 
is used to confirm sensitization, study cross- reactivities or find 
alternatives.

Different protocols have been suggested.23,69–76 In reviewed 
original studies (17 exclusively in children), 2374 adults, 3363 chil-
dren and 100 not specified cases were included (Tables S7–S9). Most 
subjects (76.9%) were CR. In all patients, 19.7% of DPTs were pos-
itive, with a higher percentage in subjects confirmed as CR (23.3%) 
than in those confirmed as SR (8.6%).

Skin tests were rarely performed and were only carried out with 
culprit NSAID before DPT in 93 cases. In most studies, DPT was 
performed with an alternative NSAID (95%). Only 55.4% were tested 
with the culprit, and 50% were tested with culprit and alternative. 
The culprit drug was tested more frequently in SR (96.3%) than in CR 
(43.2%) and more often in children.

The DPT mainly tested positive for pyrazolones (in 65.7% sub-
jects) and diclofenac (in 42.1%). The results of DPT for other NSAIDs 
are shown in Table S7.

In CR cases, skin tests are not helpful, and DPT with aspirin (ASA) 
or other NSAIDs are recommended to determine tolerance. In CR 
cases, cofactors such as preexisting CSU, asthma, mastocytosis can 
negatively influence the intensity of adverse effects and must be 
considered before DPT. In preexisting CSU, DPT with COX- 2 in-
hibitors or preferential COX- 2 inhibitors (nimesulide, meloxicam) 
can be done under concurrent antihistamine treatment. DPT with 
COX- 1 inhibitors might be done after complete remission of CSU. 
In NSAID- exacerbated respiratory disease there is a risk of severe 
bronchospasm and graded DPT must be conducted cautiously. For 
CR patients, the sequence of NSAIDs given for DPT vary greatly in 
the literature. The test plan should consider the probability of induc-
ing a reaction, which is lowest for selective COX- 2 inhibitors (“cox-
ibs”), and lower for partial COX- 1 inhibitors (e.g., paracetamol)77 than 
for full COX- 1 inhibitors (e.g., ibuprofen, ASA).

The DPT dose increments are shown in Table S9. In 104 cases, 
the NSAID was administered as a single dose. The drug was admin-
istered at 90 min- interval in most cases (1117; 53.2%), followed by 
60 min- intervals (546; 26%) and 120–180 min- interval (375; 17.8%). 
Although they may reduce the intensity of adverse effects of a DPT 
with NSAIDs/paracetamol, in well- controlled CSU patients, the TF 
suggests maintaining treatment with antihistamines or anti- IgE, as 
well as maintaining treatment with leukotriene agonists in patients 
with well- controlled asthma. A decision algorithm for NSAID- 
induced urticaria/angioedema is provided in Figure 2.

4.4  |  Proton pump inhibitors (PPI) and antacids

DHR to proton pump inhibitors (PPIs) and Histamine- 2- receptor an-
tagonist (H2RA) have increased in the last decade. Most reactions 
to PPIs are IR78 and skin test specificity is high, but sensitivity is low 

(22.6%–58.8%) thus DPT is necessary79 when skin tests are negative. 
Single- blind, placebo- controlled DPT has been performed in skin 
test- negative patients, with the culprit in low and intermediate risk 
cases and with an alternative after severe reactions.78–81 Titration 
and dosing were similar in all studies reaching full single dose in 
1 day (Table S10).24,78–80 Time interval between the incremental 
doses ranged from 30 to 60 min.24,79–80 Cross- reactivity is reported 
among different PPI belonging to the same subgroup (Table S10), 
but patterns are variable and inconsistent.24 Rabeprazole is in the 
“lansoprazole” group as esomeprazole and pantoprazole are in the 
“omeprazole group”. Most PPIs are slow release and dose titration is 
challenging due to the formulation and potential loss of drug func-
tion. Due to the slow release, HRs may be delayed. Consequently, 
the TF suggests prolonged observation of ≥3 h after the last step of 
an oral DPT with PPI. IV DPT might be an option, but there is very 
limited experience with this approach.

PPI also induce NIR ranging from mild MPE to SCARS, but data 
on IDT with delayed reading and patch testing are limited. Cross- 
reactions to all PPI have been reported in DRESS.81,82 For H2RA, 
DPT has been performed with 2–6 steps with 30- min intervals 
until the single therapeutic dose was reached in 1 day (Table S11).83 
Cross- reactivity between ranitidine and nizatidine has been found.84 
Data about non- immediate reactions are scarce.

The task force recommends to

1. perform DPT with the culprit PPI in patients with IR and 
negative skin test to the culprit;

2. perform DPT with alternative skin test- negative PPIs in patients 
with positive skin test to the culprit and in patients with a high- 
risk of severe anaphylaxis;

3. extend the observation time for oral DPT due to unpredictable 
absorption with the delay of the initial reaction.

4.5  |  Iodinated and gadolinium- based 
contrast media

A negative skin test to iodinated (radio- )contrast media (ICM) cannot 
exclude hypersensitivity in all patients with ICM reaction. However, 
negative skin tests are associated with less severe non- allergic re-
actions and positive skin tests with more severe (and dangerous) 
allergic reactions.85–99 DPT have been performed by allergists par-
ticularly after more severe reactions, which are often associated 
with positive skin tests, whereas ICM re- exposure conducted by a 
radiologist at the next needed x- ray/CT scan has been the traditional 
option for non- severe reactions (e.g., isolated urticaria or non- severe 
maculopapular exanthema) to confirm tolerability.85 During the last 
decade DPT protocols have also been established85–99 (Table S1).

Protocols for DPT with ICM are neither standardized nor vali-
dated; there is no consensus regarding dose and dose increments.85 
Series including up to 161 adult patients reported various modal-
ities and doses for DPT. Maximum single doses ranged from 10 
to 120 mL, dose increments from 1 to 7 steps, duration from 1 to 
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2 days. The second day in NIR was separated by 1–2 weeks in two 
centers89,95 (Table S12). Intervals between doses were 30–120 min 
for IR and 60–1440 min for NIR. All studies performed DPT with skin 
test negative ICM and most used an alternative ICM, while some 
challenged the culprit ICM when negative in skin tests. One study, 
most likely using re- exposure in combination with premedication, 
re- exposed skin test positive non- culprit ICM and confirmed a high 
positive predictive value.99 There is no evidence to recommend op-
timal doses for ICM DPT.

1. The TF recommends that both ICM re- exposure with an al-
ternative skin test negative ICM by a radiologist, or DPT in 
an allergy department with a skin test negative alternative 
or culprit ICM, are both valid options depending on the risk 
involved for patients needing further ICM examinations. Patients 
with severe anaphylaxis should receive DPT in an allergy de-
partment, whereas for those with non- severe reactions, such 
as urticaria or MPE and negative skin testing an alternative 
ICM can be re- exposed in the radiology department according 
to the recommendations issued by the allergist.

2. ICM can cause acute kidney damage. The TF recommends exclud-
ing contraindications before DPT. Higher risk is seen in patients 
with reduced renal function; therefore, low- osmolality/iso- 
osmolar ICMs should be used, and oral serum bicarbonate, oral 
N- acetylcysteine, and/or intravenous saline solution (0.9%) may 
be given as prophylaxis90 also before DPT.97

For gadolinium- based contrast media, there is only one low- 
dose one- step study performing DPT with 1 mL skin test- negative 

gadoteric acid in 14 patients.100 The risk of inducing other adverse 
effects like nephrogenic fibrosis must be balanced against the 
need for DPT. Evidence is insufficient for recommending a specific 
protocol.

4.6  |  Chemotherapy and biologicals

Rapid drug desensitization (RDD) is presently the main therapeu-
tic approach to HSRs to both monoclonal antibodies (mAbs) and 
chemotherapeutics. However, emerging data suggests DPT might 
prevent a significant number of patients from undergoing unneces-
sary RDD.101–103

For chemotherapeutics, studies report negative DPT in 30%–
56% of patients who could receive treatment without RDD.101,104 
Patients with paclitaxel HSR tolerated rechallenge more often than 
those with platin HSRs.105 When multiple drugs are administered si-
multaneously, they should all be considered and DPT might prevent 
misdiagnosis. Leucovorin was the culprit in up to 11% of “oxaliplatin- 
reactive” patients.106

Limited data on DPT with mAbs have been published. In patients 
with unequivocal history of a DHR to mAbs, 30% showed negative 
DPT and could avoid RDD.101 DPT protocols exist for rituximab, anti- 
TNF agents, trastuzumab and omalizumab. A diagnostic algorithm 
for DHRs to biologicals has been proposed.103

For both chemotherapeutics and biologicals, risk management 
strategies and contraindications follow general recommendations 
(Table 2). A risk stratification approach to rechallenge patients has 
been developed by Picard et al.104 (Table S13).

F I G U R E  2  Decision algorithm for non- steroidal anti- inflammatory drug (NSAID)- induced urticaria or angioedema.

Urticaria/Angioedema (AO) when taking a NSAID/ paracetamol

Single NSAID-induced urticaria/ angioedema or anaphylaxis 
(SNIUAA)

Do you have Chronic spontaneous urticaria? YES NSAIDs exacerbated cutaneous 
disease (NECD ) DPT with the suspected NSAID under CSU treatmentNO

How many episodes of acute urticaria? With or without different NSAIDs?

≥ 2 episodes of urticaria with ≥ 3 different NSAIDs 

NSAID induced urticaria-angioedema (cross-reactor) 
NIUA

No skin test

Successive DPT with Cox2 inhibitors/ paracetamol/ 
Cox1 inhibitors  

1 episode of acute urticaria/AO

DPT with a potent Cox1 inhibitor different from the index NSAID

Positive

Discuss skin tests with the index 
NSAID

DPT with the index NSAID

Tolerate all NSAIDs

Positive

Positive

Negative

Negative

Negative

Contraindicate index NSAID, allow other NSAID subclasses

If NECD relapse

No skin test

Successive DPT with Cox2 inhibitors/ paracetamol/ 
Cox1 inhibitors
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DPT should only be performed if there is therapeutic indication 
for the drug. It is considered a high- risk procedure.101 The patient's 
next scheduled treatment should be used for DPT, avoiding delays 
or overdose. The standard approach involves administering the in-
fusion under normal conditions. Intensified premedication is not 
recommended.102,103

1. The TF recommends following previous guidelines proposed by 
EAACI.102,103 For chemotherapy, the TF recommends performing 
DPT in moderate- low severity IR according to Picard et al.104 
(Table S13) with negative skin tests or negative BAT and normal 
serum tryptase. A RDD is recommended in high- risk patients 
with severe reactions, positive skin tests, or cardiovascular or 
respiratory comorbidities.

2. For biologicals, the TF suggests DPT in expert drug hypersensitiv-
ity centers, if the biological cannot be substituted with other skin 
test-  and/or BAT- negative agents. In practice, the heterogeneity 
of DPT protocols between centers renders data comparison dif-
ficult and a standardized procedure has not yet been agreed.

4.7  |  Perioperative drugs (NMBA, anesthetic 
agents, opiates, blue dyes, local anesthetics)

4.7.1  |  Anesthetic drugs

DPT with potent anesthetic drugs, for example, hypnotics and neu-
romuscular blocking agents should only be performed in highly 
specialized centers in close collaboration between anesthetists and 
allergists.20 Readers with a specific interest in DPT with drugs used 
exclusively in the perioperative setting are referred to literature spe-
cifically addressing this.22,107

4.7.2  |  Opioids

Opioids rarely cause IgE- mediated allergic reactions but may in-
duce direct mast cell histamine release via the opioid receptor or the 
MRGPRX2 receptor.108,109 This is common with natural opioids, for 
example, morphine and codeine, and rare with synthetic opioids, for 
example, tramadol or fentanyl.108 Opioids elicit gastrointestinal ad-
verse effects, itch or rash often misinterpreted as allergy. A risk strati-
fication algorithm for investigation of suspected opioid allergy has 
been suggested.109 Skin testing using non- irritant concentrations20 is 
useful for synthetic opioids, but shows limited usefulness for natural 
opioids.110 Titrated DPT with opioids has been shown to be safe in 
experienced hands.108

4.7.3  |  Local anesthetics

True allergic IR to local anesthetics (LA) are extremely rare. 
Vasovagal reactions, hyperventilation/anxiety attacks or toxicity 

symptoms may mimic hypersensitivity, but skin symptoms are typi-
cally missing.111,112

Skin testing is recommended before DPT when hypersen-
sitivity is likely, or when patients need reassurance. Due to a 
high level of anxiety a placebo- controlled DPT should always be 
considered.112 Cross- reactivity has been reported in both IR and 
NIR to LA and a skin test and DPT- negative alternative LA should 
always be identified,111 ideally for both dental treatment and re-
gional anesthesia.

LA provocation with vasoconstrictor to reproduce symptoms such 
as tachycardia, may reassure patients that such symptoms are benign.112

4.7.4  |  Blue dyes

Most common dyes are patent blue and methylene blue used for 
sentinel node procedures in cancer surgery. Skin testing is gold 
standard and there is currently no provocation model.

4.8  |  Corticosteroids

Provocation tests with corticosteroids (CS) should be performed 
at least 1 week after skin tests, as patch tests and IDT can show 
delayed positivity.113,114 In case of IR to depot corticosteroid 
preparations, reactions to excipients, most commonly polyeth-
ylene glycol or carboxymethylcellulose, must be ruled out.115 
Anaphylaxis to methylprednisolone may be restricted to this cor-
ticosteroid, as cross- reactivity is unpredictable, a skin test-  and 
DPT- negative alternative CS must be found in both IR and NIR.114 
The route of administration depends on patient need, and DPT 
with injectable steroids is usually performed intramuscularly or 
intravenously. Graded administration to reach the full dose or up 
to 1 mg/kg/day has been suggested116 (Table S1).

4.9  |  Anticonvulsants

Anticonvulsants are classified as aromatic and non- aromatic 
(Table S14).117 They mainly induce NIR, with a high frequency of SCARs. 
In NIR, cross- reactivity between anticonvulsants is frequently reported 
between aromatics but cross- reactivity between aromatic anticonvul-
sants and lamotrigine, remains controversial.118,119 Most studies were 
based on cases of DRESS, known for its high risk of multiple sensitiza-
tions without relation to chemical structures. Finally, some severe reac-
tions could be explained by accumulation of toxic metabolites.

Non- aromatic anticonvulsants such as benzodiazepines, gab-
apentin, levetiracetam and sodium valproate117 are frequently pro-
posed as alternatives in case of NIR to aromatic anticonvulsants/
lamotrigine.

1. The TF suggests following DPT protocol with slowly increasing 
doses, as evaluated in the highest number of cases.120 This 
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protocol determines the dose per body weight, with incremental 
dosages week after week (Table S1).

4.10  |  Limitations

DPT can never exhibit 100% sensitivity or specificity; however, 
this is not required for making recommendations. Cofactors 
such as virus infection/reactivation, physical and psychological 
stress and simultaneous intake of other drugs are not repro-
duced during a DPT. It is difficult to standardize the method 
of DPT for drugs with different mechanisms and patterns of 
hypersensitivity. The dose used during provocation may also be 
insufficient to elicit a response in some cases leading to a risk 
of false negative testing.

5  |  CONCLUSIONS

Drug provocation testing is an important tool when used after ap-
propriate risk stratification in combination with the other inves-
tigations available in DH evaluation. We have provided practical 
guidance for selecting the best strategy for DPT with a range of 
different drug groups, balancing the best interest and safety of the 
patient with the constant focus on optimizing use of the available 
resources.
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