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The Importance of Prolonged Provocation in Drug
Allergy — Results From a Danish Allergy Clinic

Sara Fransson, Holger Mosbech, MD, DMSc, Mogens Kappel, MD, DMSc, Janni Hjortlund, MD, PhD,
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What is already known about this topic? Currently, drug provocation tests are recommended only in skin test negative
patients and performed as a single challenge. Prolonged provocation to rule out nonimmediate reactions is scarcely
discussed in literature and not yet addressed in guidelines.

What does this article add to our knowledge? In Denmark, drug provocation, including prolonged provocation, with
culprit drug is a safe and useful method to diagnose drug allergy. Most provocations are with narrow-spectrum penicillins,
reflecting the local pattern of antibiotic use.

How does this study impact current management guidelines? Prolonged provocation increases the number of pa-
tients diagnosed with nonimmediate reactions and should always be considered when drug provocation is included in
allergy investigation.

BACKGROUND: Drug provocation is the “Gold Standard” in
drug allergy investigation. Recent studies suggest that a negative
drug provocation on first dose should be followed by a
prolonged provocation over several days.
OBJECTIVE: To evaluate drug allergy investigations on the
basis of drug provocation, including prolonged provocation.
METHODS: Data from adult patients investigated for drug
allergy in a Danish Allergy Clinic during the period 2010 to
2014 were entered into a database. Data included clinical details
and results of provocations with suspected culprit drug (for
penicillins performed only in specific IgE-negative patients). If
provocation was negative on first dose, treatment was continued
for 3 to 10 days.
RESULTS: A total of 1,913 provocations were done in 1,659
patients, median age 46 years, of whom 1,237 (74.6%) were
females. Drugs investigated were antibiotics, 1,776 (92.8%), of
which 1,590 (89.5%) were penicillins; analgesics, 59 (3.1%);
local anesthetics, 33 (1.7%); and other drugs, 45 (2.4%). In total,
211 of 1,913 (11.0%) provocations were positive. Causes were
antibiotics, 198 (93.8%), of which 167 (84.3%) were penicillins;

analgesics, 7 (3.3%); local anesthetics, 0; and other drugs,
6 (2.8%). Only 43 (20.4%) provocations were positive on first
dose, whereas 95 (45.0%) turned positive more than 3 days later.
CONCLUSIONS: Only 11.0% of the provocations were
positive. Importantly, only 1 of 5 patients tested positive on the
first dose, indicating that prolonged exposure should always be
considered when drug provocation is included in allergy
investigations. Most provocations were with penicillins,
reflecting the pattern of antibiotic use in Denmark, which differs
from that in other countries, especially outside Northern
Europe. � 2017 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2017;-:---)
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Suspected drug allergy is a widespread problem with great
impact on daily medical practice. Many nonallergic adverse drug
effects are mislabeled allergy and both health personnel and
patients fear that minor reactions may be the precursor for life-
threatening anaphylaxis. Increased understanding about the
relative rarity of true allergic reactions and the underlying
mechanisms would be useful in putting these fears into
perspective.1 Patients with suspected drug allergy are often pre-
scribed more expensive drugs,2 have longer hospitalizations,3 and
are prescribed broad-spectrum antibiotics contributing to anti-
microbial resistance.4 Investigations to confirm or rule out allergy
are therefore important.

Large epidemiological studies of drug allergy are scarce. The
prevalence of alleged penicillin allergy in 2006 in a Danish hospital
population was 2.6%.5 The true prevalence is difficult to deter-
mine because of overdiagnosing of patients who are not investi-
gated, as well as underestimation of cases due to underreporting.6-9

The fact that only a small proportion of suspected allergies
are confirmed on investigation is well described in literature.
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Abbreviations used
ASA- Acetylsalicylic acid
IR- Immediate reaction

NIR- Nonimmediate reaction
sIgE- Specific IgE
IDT- Intradermal test

ENDA- European Network for Drug Allergy
NSAID- Nonsteroidal anti-inflammatory drug

In populations with suspected drug allergy, the confirmed
penicillin allergy rate differs between 28.7%10 in Denmark,
using the European Network for Drug Allergy (ENDA) guide-
lines, and 13.5%11 in Slovenia, using local guidelines. In the
United States, the reported rate is lower, with less than 10%
being diagnosed with penicillin allergy after a suspected reac-
tion.12,13 The reported differences between countries and centers
seem related to differences in investigation protocols,10,11,14-19

populations,20,21 and patterns of antibiotic use.22,23

In many countries, betalactam antibiotics is the most common
drug group suspected of causing allergy, followed by other antibi-
otics and nonsteroidal anti-inflammatory drugs (NSAIDs).3,7,17,24

Narrow-spectrum penicillins are the most frequently prescribed
drugs in Denmark,25 due to low price, favorable side effect profile,
and low risk of inducing resistance. Broad-spectrum antibiotics,
especially aminopenicillins, are more commonly used in countries
outside Northern Europe because of higher incidence of resistance
to narrow-spectrum penicillins.22

As opposed to American guidelines,13 European guidelines26-28

suggest different investigation protocols for immediate reactions
(IRs) (<1 hour of drug intake) and nonimmediate reactions
(NIRs) (>1 hour after drug intake) on the basis of history of the
suspected reaction. However, a recent study questioned patient
recall and showed that clinical history cannot be used to predict
whether reactions will be IRs or NIRs.10 Investigation protocols in
most allergy centers use skin tests: Skin prick tests and intradermal
tests (IDTs) for IRs and patch tests/late reading of IDTs for NIRs.
Drug provocation, or drug challenge, is usually performed only if
skin test results are negative. Drug provocation is the “Gold
Standard” with good diagnostic value.29 Recently, prolonged
provocation, that is, a repeated dose provocation over several days,
has been introduced in another Danish center for adult patients.
Results suggest that a negative drug provocation on first dose does
not rule out an NIR, which can be diagnosed during prolonged
provocation.10,15 This has also been suggested in children from
other parts of Europe.30,31 However, the issue of prolonged
provocation is not yet addressed in guidelines.

In our clinic, data on allergy investigation using drug provo-
cation tests, including prolonged provocation with culprit drugs,
have been collected since 2010. The aim of this study was to
evaluate the results from drug allergy investigations in our clinic
during the period 2010 to 2014. This is the largest study of
prolonged provocation in drug allergy investigation reported
so far.

METHODS
Data from adult patients undergoing drug provocation as part of

investigations for drug allergy (excluding perioperative reactions) in
the Allergy Clinic, Gentofte Hospital, Denmark, during the period
2010 to 2014 were collected prospectively in a database. Data were

collected in case record forms filled in by the attending physician,
inspired by the ENDA guidelines.32 Contraindications for provo-
cation followed recommendations in the ENDA position paper on
drug provocation.28 Patients with suspected allergy to penicillins
underwent drug provocation only if specific IgE (sIgE) for penicillins
were negative.

Drug allergy investigation at the clinic includes clinical history,
analysis of sIgE (for penicillins), and drug provocation with
culprit drug if known (Figure 1). Skin testing is not presently
included in the standard investigation protocol in the region.
sIgE is measured using the ImmunoCAP method (ThermoFisher
Scientific, Uppsala, Sweden) with a cutoff value of more than
0.35 kUA/L. sIgE analysis is carried out for penicillin V,
penicillin G, ampicillin, and amoxicillin (all commercially
available) and in addition for penicillin degradation products
(minor determinants), a noncommercially available test that our
clinic has special access to on a research basis. If sIgE to 1 or more
penicillins is detected, further testing is usually abandoned
because of a suspected high probability of a clinical allergy and
the patient is issued with a warning card against penicillins. Data
from these patients are not entered into the provocation database.
An exception was made in 8 cases in which sIgE was slightly
elevated to only 1 penicillin, and the patient had a strong clinical
indication for needing penicillins. If no sIgE is found, the patient
undergoes drug provocation with suspected culprit drug. If culprit
type of penicillin is unknown, provocation with penicillin V is
performed.

Drug provocation is performed under observation including
access to emergency room facilities. Intravenous access is obtained
when provocation is considered high risk either because of history of
a severe IR or because of comorbidities. The provocation is either
titrated or nontitrated, depending on the estimated risk of inducing a
reaction on the basis of severity of the reaction and the patient’s
comorbidities. The route of provocation is usually the original route
of administration, that is, mainly oral, or in a few cases intravenous
and subcutaneous.

Titrated provocation is usually performed in three 10-fold steps
30 to 45 minutes apart depending on the route of administration,
starting with 1:100 dilution of therapeutic dose and ending with full
therapeutic dose.

Nontitrated provocation is performed with a single full thera-
peutic dose. Both types of provocation are followed by 2-hour
observation in the clinic. If provocation is negative, an IR is
ruled out and in most cases provocation is continued at home for
3 to 10 days, to match timing of exposure and symptom onset of
the initial reaction. For the purpose of this study, immediate
reactions are defined as developing within the observation time
at the clinic, that is, less than 2 hours after the first full dose.
Nonimmediate reactions are defined as developing after 2 hours.
A provocation is considered positive, for both IRs and NIRs, on
the development of objective symptoms. For IRs, this would be
rash/urticaria with or without pruritus, and very rarely, respiratory
and/or circulatory symptoms and for NIRs typically mac-
ulopapular exanthema. Subjective symptoms only are not consid-
ered sufficient to diagnose a clinical allergy. NIRs are generally
confined to the skin and patients are issued with a written treat-
ment plan for out-of-hours treatment plus antihistamines and in
many cases steroids on leaving the clinic. If patients develop
symptoms they are instructed to call the clinic, where they will
speak to a doctor who assesses their reported symptoms and gives
advice about treatment.
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