
Outcomes and safety of drug provocation tests

Marcelo Vivolo Aun, M.D., Carla Bisaccioni, M.D., Laila Sabino Garro, M.D.,
Adriana Teixeira Rodrigues, M.D., Luciana Kase Tanno, M.D., Luis Felipe Chiaverini Ensina, M.D.,
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ABSTRACT

Drug provocation tests (DPTs) are considered the gold standard for identifying adverse drug reactions (ADRs). The aim of
this study was to analyze DPT results and discuss severe systemic reactions associated with them. This was a retrospective
analysis of 500 patients with ADRs who sought treatment and were submitted to DPTs when indicated between 2006 and
2010. We performed DPTs according to the European Network for Drug Allergy recommendations. Single-blind, placebo-
controlled DPTs were performed with antibiotics, local anesthetics, and nonsteroidal anti-inflammatory drugs, as well as with
other drugs. Patient characteristics, DPT results, and reactions were analyzed. The sample comprised 198 patients (80.8% of
whom were female patients) submitted to 243 DPTs. Ages ranged from 9 to 84 years (mean, 39.9 years). The 243 DPTs were
performed with local anesthetics (n � 93), antibiotics (n � 19), acetaminophen (n � 44), benzydamine (n � 33), COX-2
inhibitors (n � 26), dipyrone (n � 7), aspirin (n � 4), or other drugs (n � 17). The results of 4 tests (1.6%) were inconclusive,
whereas those of 10 (4.1%) revealed positive reactions to antibiotics (2/19), COX-2 inhibitors (2/26), acetaminophen (3/44), and
local anesthetics (3/93). Two severe reactions were observed: cephalexin-induced anaphylactic shock and bupivacaine-induced
anaphylaxis without shock. Four patients (2.0%) reacted to the placebo before administration of the drug. Drug provocation
tests are safe for use in clinical practice but they should be placebo-controlled and should be performed under the supervision
of an allergist. To confirm a presumptive diagnosis and to manage allergies appropriately, it is crucial to perform DPTs.

(Allergy Asthma Proc 32:301–306, 2011; doi: 10.2500/aap.2011.32.3450)

Hypersensitivity reactions are unpredictable ad-
verse drug reactions (ADRs) to drug doses that

are well-tolerated by most individuals. These can be
immune-mediated (allergic) or nonimmune-mediated
(nonallergic) reactions.1 The diagnosis of an ADR is
based on the taking of a detailed clinical history and on
physical examination, together with one or more of the
following procedures: skin tests, drug provocation
tests (DPTs), and laboratory tests.2–6

A DPT is defined as the controlled administration of
a drug with the purpose of diagnosing a hypersensi-
tivity reaction. Other names by which DPTs are known
include drug challenge tests, reexposure, and tolerance
tests.5 They are considered the gold standard for estab-
lishing or excluding the diagnosis of hypersensitivity
to a given drug.5 In addition to reproducing the allergic
symptoms, DPTs reproduce any clinical manifestation
of hypersensitivity, regardless of the mechanism in-
volved.5

In comparison with other diagnostic tests, DPTs have
the advantage of allowing the clinical relevance of a
given reaction to be determined. However, DPTs

should only be performed if the diagnosis can not be
made with any other, safer, method and if the benefits
outweigh the risks of a new reaction.5,7

According to the European Network for Drug Allergy
(ENDA) of the European Academy of Allergology and
Clinical Immunology, DPTs should be performed in the
following situations: to rule out hypersensitivity reactions
in cases that are not highly suggestive of such; to rule out
cross-reactivity; to confirm the diagnosis when the pa-
tient history is suggestive of hypersensitivity reaction
and the remaining test results are negative, inconclu-
sive, or unavailable; and to provide a safe therapeutic
alternative.5

The principal relative contraindications to DPTs are
as follows: pregnancy; acute infections; unstable kid-
ney, liver, or heart disease; and uncontrolled asthma.
However, DPTs are absolutely contraindicated in cases
of severe, potentially fatal adverse reactions such as
anaphylaxis, cellular immune reactions (cytotoxicity),
vasculitis, exfoliative dermatitis, Stevens-Johnson syn-
drome, drug rash with eosinophilia and systemic
symptoms syndrome, toxic epidermal necrolysis; and
drug-induced autoimmune diseases.5

There have been few studies investigating DPTs,
considering that drug allergy is one of the most com-
mon reasons for consultation in allergy/immunol-
ogy.8,9 Therefore, the objective of the present study was
to describe DPT results in patients with a history sug-
gestive of hypersensitivity, as well as to address issues
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Prof. Artur Ramos 178 ap.211a, Jd. América, São Paulo, SP, Brazil 01454-904
E-mail address: saudesos@terra.com.br
Copyright © 2011, OceanSide Publications, Inc., U.S.A.

Allergy and Asthma Proceedings 301

DO N
OT C

OPY



related to the safety of the tests, risks of severe reac-
tions, and treatment of the reactions observed.

MATERIALS AND METHODS
We conducted a retrospective study to describe the

experience with DPTs at an outpatient clinic special-
izing in ADRs. The study was approved by the In-
stitutional Review Board of our hospital. Five hun-
dred patients with a history of hypersensitivity
reaction to drugs were evaluated. All of these pa-
tients had sought treatment between January of 2006
and April of 2010.

All patients completed a diagnostic questionnaire
related to ADRs; the questionnaire was developed in
accordance with the guidelines of the ENDA.5 The
indications for DPTs and the method used were
based on the same guidelines.5 Only patients with
history of immediate hypersensitivity reactions to
drugs were included,10 to make the study group
more homogeneous. We included all DPTs per-
formed in the period under study and all patients
included in the present study had given written
informed consent to perform the tests at the Allergy
Outpatient Clinic of the University of São Paulo, São
Paulo, Brazil.

We performed single-blind, placebo-controlled tests.
All of the drugs tested, with the exception of local
anesthetics, were performed using the protocol sum-
marized in Fig. 1. The DPTs consisted of ingesting (or
injecting) 1–2 doses of placebo, followed by increasing
doses of the suspected causal drug once every 20 min-
utes until the therapeutic single dose was administered

or symptoms of a drug reaction occurred. In all cases,
we used the same route of administration as the patient
had used when the allergic reaction had occurred.
Administration was performed on the ward by a phy-
sician with full resuscitation backup. Patients with a
history of anaphylactic shock had i.v. catheters in place
during the entire test and the interval between each
dose was increased to 30 minutes. The DPT result was
considered positive if any of the symptoms or signs of
an immediate drug reaction described previously were
documented (anaphylaxis, bronchospasm, rhinocon-
junctivitis, laryngeal edema, urticaria, maculopapular
eruption, or isolated generalized pruritus) up to 1 hour
after the last dose was administered.

At admission and before each dose, the symptoms,
vital signs, oxygen saturation, and peak expiratory
flow of the patients were evaluated, and a focused
physical examination was performed. After the thera-
peutic dose had been achieved, patients were observed
for at least 1 hour. They were advised to return in case
they experienced any delayed adverse reaction. We also
contacted all patients by telephone to verify the presence
or absence of any adverse reactions after the observation
period. Patients with a history of adverse reactions to
local anesthetics underwent skin-prick tests and intrader-
mal tests before subcutaneous exposure, as previously
described.11

Subjects with suspected �-lactam antibiotic hyper-
sensitivity were evaluated with both skin tests and in
vitro tests for specific IgE before DPT. Skin tests were
performed with benzylpenicillin and/or cephalospo-
rins as previously described.12 If either skin tests or in

Figure 1. Protocol used for drug provo-
cation tests (DPTs) for all drugs except
local anesthetics. Placebo was initially ad-
ministered, followed by progressive doses
of the drug, until the therapeutic single
dose was achieved or until an objective
adverse reaction occurred. There was a
20-minute interval between each dose. At
admission and before each dose, all pa-
rameters described were evaluated.
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vitro tests showed evidence of specific IgE, the DPT
was not performed.

All patients with hypersensitivity reactions to non-
steroidal anti-inflammatory drugs (NSAIDs) were
considered nonselective reactors based on clinical
history. The DPT was performed using an alternative
drug, generally an NSAID with a lower incidence of
reactions, such as paracetamol or benzydamine. In
patients with a history that was not highly sugges-
tive of hypersensitivity, the DPT was performed us-
ing the suspected drug to rule out the diagnosis of
hypersensitivity.

Patients who presented reactions to parenteral drugs
were tested to rule out latex allergy with skin-prick test
and serum-specific IgE. If any of these tests were pos-
itive, the patient was excluded. Although patients with
latex allergy could also have hypersensitivity to an
active drug, it would be difficult to confirm the diag-
nosis without exposing them to latex at our clinic.

Patients with underlying allergic disease (rhinitis,
asthma, urticaria, or eczema) were required to have
stable disease before the test. Patients were instructed

to discontinue the use of antihistamines and tricyclic
antidepressants at least 7 days before the test.

RESULTS

We performed 243 DPTs in 198 patients, 80.8% of
whom were female patients. The mean age was 39.9
years (range, 9–84 years).

The drugs tested and the results obtained are sum-
marized in Table 1. Of the 243 DPTs, 10 (4.1%) yielded
positive results, and the results of 4 (1.6%) were incon-
clusive. Another four (1.6%) tests presented a reaction
to the placebo before the administration of the active
drug.

Table 2 summarizes the drugs associated with pos-
itive test results and describes the signs and symp-
toms observed, as well as the treatment administered
in each case. The skin was the organ most often
affected (in 90% of the cases), and there were two
episodes of anaphylaxis (Fig. 2). One of these two
patients who was tested with cephalexin presented
symptoms 5 minutes after the administration of 2.5%

Table 1 Single-blinded drug provocation tests performed and results obtained

Class of Drugs Drugs DPTs (n) Positive Results (n) Inconclusive Results (n)

Antibiotics Penicillin V 2 0 0
Amoxicillin 6 0 0
Cephalexin 5 1 0
Cefuroxime 1 0 0
Azithromycin 1 0 0
Clindamycin 1 0 0
Ciprofloxacin 1 0 0
Trimethoprim-sulfamethoxazole 1 0 0
Ketoconazole 1 1 0

NSAIDs
Nonselective Dipyrone* 7 0 0

1 placebo
Aspirin* 4 0 0
Paracetamol 44 3 1

1 placebo
Benzydamine 33 0 2

COX-2 inhibitors Etoricoxib 24 2 0
Lumiracoxib 1 0 0
Celecoxib 1 0 0

Local anesthetics Bupivacaine 43 2 1
2 placebo

Lidocaine 47 1 0
Mepivacaine 3 0 0

Other — 17 0 0

*The drugs dipyrone and aspirin were tested in patients with a history that was not suggestive of hypersensitivity. Patients
with a history suggestive of immediate hypersensitivity reaction to nonselective NSAIDs were submitted to provocation tests
using drugs that are alternatives to the drug implicated in the previous reaction.
NSAIDs � nonsteroidal anti-inflammatory drugs; DPTs � drug provocation tests.
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of the daily dose, although the administration of
epinephrine completely reversed those symptoms
within 5 minutes. The other one, who reacted to
bupivacaine, presented anaphylactic symptoms dur-
ing the skin-prick test with the pure drug. Patients
with negative and positive test results had similar
clinical manifestations at the initial adverse reaction,
all of them suggestive of immediate hypersensitivity
(data not shown). None of the patients reported any
reaction after the observation period.

DISCUSSION
The DPT is considered the gold standard for confirm-

ing or excluding the diagnosis of hypersensitivity.5,13 A

definite diagnosis often requires DPT, although the fre-
quency of positive DPT results is low when the indication
is precise, because only a few patients need a challenge
test to confirm the diagnosis. Previous studies have
shown a low incidence of positive test results.13,14 A
study investigating 898 patients who underwent 1372
DPTs reported that 82.4% of the results were negative.14

The authors of another study investigated 160 individu-
als submitted to 209 DPTs and reported that only 9.6% of
the results were positive.13

In the present study, the test results were positive in
only 4.1% and inconclusive in 1.6%. There was a positive
reaction to the placebo in another 1.6%. In the DPTs, we
primarily used drugs that would be alternatives to
the drug that had supposedly caused the reaction. In
these cases, the possibility of a positive test result is
limited and it does not rule out the diagnosis of the
previous reaction. It is unlikely that false negative test
results occurred, because all patients were instructed not
to use antiallergic drugs before the DPTs. Nevertheless,
negative DPT results are significant because they allow
the drug tested to be used later by the patients evaluated.

The use of the drug implicated in the previously
reported reaction should be limited to cases that are
not highly suggestive of ADR and cases in which al-
lergy test results are negative or unavailable.5 In addi-
tion, if the drug implicated in the ADR is not an essen-
tial element of the treatment of the patient, an

Table 2 Drugs implicated in positive test results, clinical manifestations at the previous reaction, dose of
each drug that resulted in the reaction, clinical manifestations presented during the test, and treatment
administered after the reaction

Patient Drug Clinical Manifestations
at the Previous Reaction

Dose That Resulted
in Reaction during

the Test

Clinical
Manifestations during

the Test

Treatment

1 Etoricoxib Facial angioedema 90 mg Facial angioedema Antihistamine
2 Etoricoxib Angioedema 90 mg Facial angioedema Antihistamine
3 Paracetamol Facial angioedema 50 mg Laryngeal angioedema Antihistamine
4 Paracetamol Urticaria 300 mg Urticaria Antihistamine
5 Paracetamol Urticaria 500 mg Urticaria Antihistamine
6 Bupivacaine Urticaria and angioedema 10 mg Urticaria Antihistamine
7 Bupivacaine Anaphylaxis (urticaria

and wheezing)
Skin prick test

(2 mg/100 mL)
Anaphylaxis (pruritus,

flush, and wheezing)
Epinephrine
Corticosteroid
Antihistamine
Hospitalization

8 Lidocaine Facial angioedema 40 mg Laryngeal angioedema Corticosteroid
Antihistamine

9 Cephalexin Anaphylaxis (urticaria,
facial angioedema, and
shock)

50 mg Anaphylaxis (flush,
dyspnea, and shock)

Epinephrine
Corticosteroid
Antihistamine
Hospitalization

10 Ketoconazole Urticaria and facial
angioedema

60 mg Urticaria and facial
angioedema

Corticosteroid
Antihistamine

Positive test results (n = 10) 

Severe anaphylaxis: 2 

Respiratory symptoms: 1 

Urticaria/angioedema: 7 

Figure 2. Organ affected in the reaction observed during the test.
Two cases of severe anaphylaxis were observed: one, a respiratory,
mucocutaneous reaction and the other, anaphylactic shock with
cutaneous involvement. Positive test results, 10; severe anaphy-
laxis, 2; respiratory symptoms, 1; urticaria/angioedema, 7.
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alternative drug should be used. It is important to
evaluate the risks and benefits of using the drug in
question.5

The low frequency of positive DPT results in the
present study can be explained by the use of alterna-
tive drugs in cases of adverse reactions to NSAIDs,
which represented the class of drugs most frequently
implicated in the reported ADRs that were suggestive
of hypersensitivity. To adopt a safer therapeutic ap-
proach, these patients underwent DPTs with alterna-
tive drugs that have less often been implicated in ADRs
than have the suspected culprit drugs, which is in
accordance with the ENDA guidelines.5 In a study
investigating a sample composed primarily of children
(for whom there are few alternatives to NSAIDs),
12.2% of the patients �15 years of age tested positive,
compared with only 4.8% of the older patients.13

As expected, we also observed a large proportion of
negative results on the DPTs performed with local
anesthetics.15 This can be explained by the fact that
most of the patients who underwent those tests had a
history that was not highly suggestive of hypersensi-
tivity.

Of the 10 patients who tested positive, 9 presented
mucocutaneous manifestations and 2 also presented
symptoms of involvement of other organs, character-
izing severe anaphylaxis. All mucocutaneous reactions
observed subsided when the patients were treated
with antihistamines, either alone or in combination
with corticosteroids. A mucocutaneous reaction is the
most common type of ADR.13,14

The tests proved safe, and only two severe anaphy-
lactic reactions occurred in two patients who under-
went DPTs with cephalexin and bupivacaine, respec-
tively. In those two cases, the patients were treated
immediately and successfully, requiring only 24 hours
of hospitalization for observation. None of those pa-
tients had a history that was highly suggestive of hy-
persensitivity to the drugs tested. The patient with
bupivacaine-induced anaphylaxis reported multiple,
atypical ADRs to different classes of drugs. They de-
clined testing with alternative drugs after the positive
DPT.

The patient who experienced cephalexin-induced ana-
phylactic shock had previously undergone skin tests with
penicillin and screening for penicillin-specific IgE, amoxi-
cillin-specific IgE, and ampicillin-specific IgE, all of which
were negative. Studies of cross-reactivity between amin-
openicillins and cephalosporins have obtained controver-
sial results.16–19 In the present study, the patient in ques-
tion did not undergo DPT with aminopenicillins, which
would have ruled in or out hypersensitivity to both
classes of �-lactam antibiotics.

Although only 2 of the 243 patients experienced a
severe reaction, it is mandatory that DPTs be per-
formed in a hospital setting or a facility equipped to

treat anaphylaxis. An experienced clinical staff in-
volved with the challenge should be supervised by a
specialist in allergy and immunology, and the test sub-
ject should be observed for a sufficient time to verify
the absence of delayed reactions.

We tested only patients with a history of immediate
hypersensitivity reaction, as described in the litera-
ture.14 Therefore, no late reactions were observed,
which is in accordance with the findings of a previous
study.13 The patients were observed for up to 1 hour
after the end of the test and were instructed to return if
signs or symptoms appeared. None of the patients
reported a reaction after the observation period.

It has been suggested that DPTs should be per-
formed in a single- or double-blind, placebo-controlled
manner.5,14 However, in a study conducted in Portu-
gal, DPTs were performed in an open manner, and the
results obtained were similar to those described previ-
ously.13,14 Nevertheless, in the Portuguese study, the
sample was composed mostly of children.13 In adults
in particular, the placebo effect is common, and sub-
jective symptoms are often observed.

According to our study, the use of a placebo is es-
sential. We observed that some of the DPTs results
were inconclusive, and four patients presented subjec-
tive symptoms after the administration of the placebo.
It has been shown that the placebo effect is found in
50% of all studies that have physical outcomes, com-
pared with only 6% of those that adopt biochemical
parameters.20

Another study evaluated symptoms of anxiety and
depression during double-blind, placebo-controlled
DPTs and showed that such symptoms were suffi-
ciently intense to affect the validity of the tests in cases
of pseudoallergic reactions.21 It is possible that the use
of a single-blind (rather than double-blind) method in
the present study contributed to the difficulty in diag-
nosing the cases reported as being inconclusive. How-
ever, the practical applicability of a double-blind test is
limited in comparison with that of a single-blind test.

The present study showed DPT features and results
in a large sample of patients. Because of the difficulty
in diagnosing immediate hypersensitivity reactions to
drugs, many patients are mistakenly labeled as being
allergic. Therefore, although the number of positive
test results is low when the indication is precise, it is of
utmost importance that DPTs be performed to confirm
the diagnosis of hypersensitivity and adopt a safe ther-
apeutic approach.

CONCLUSION
We conclude that DPTs can be safely performed in

clinical practice, because the indication criteria are cor-
rect. The tests should be placebo controlled and super-
vised by an allergist with experience in performing this
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type of test. It is of utmost importance that DPTs be
performed to confirm the diagnosis of hypersensitivity
and to manage allergies appropriately.
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