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Optimizing penicillin allergy de-labelling (PADL) to ensure patients with an incorrect penicillin allergy record are 
de-labelled with minimal patient harm is important for antibiotic stewardship. The heterogeneity of inclusion 
and exclusion criteria in the published penicillin allergy testing protocols risks suboptimal delivery of PADL. We 
compared the similarities and the differences between non-allergist-delivered PADL testing protocols and 
make suggestions for harmonization. 
The observed variation in testing practice has two broad elements: (i) definitions and terminology; and (ii) differ
ences in the acceptability of perceived risk. All direct drug provocation testing (DDPT) protocols included patients 
with benign delayed rash as eligible for testing, although the remoteness of the rash, and the terminology used 
to describe the rash, differed. Patients with features of potential IgE reactions were excluded from most DDPT 
protocols, but not all of them. There was differing advice on how to manage patients who had subsequently 
tolerated penicillin since the index reaction and differences in which patients were considered ineligible for 
DDPT due to acuity of illness, comorbidities and concomitant medications. 
Standardization of the terminology used in penicillin allergy testing protocols and consensus on inclusion and 
exclusion criteria are required for safe and efficient PADL delivery at scale by non-allergists.

© The Author(s) 2023. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
Penicillin allergy records are common, often incorrect, and associated 
with patient, healthcare system and wider societal harm.1 Several so
cieties have produced guidelines and toolkits for non-allergists to 
practise safe de-labelling of patients with low-risk penicillin allergy re
cords.2–4 The testing criteria differ between these guidelines and 
therefore the testing strategies in the literature also differ.5

Optimizing penicillin allergy de-labelling (PADL) to ensure the 
greatest proportion of patients with a penicillin allergy are de-labelled 
with minimal patient harm is important for antibiotic stewardship 
programmes. There are now several validated penicillin allergy test
ing decision-support tools in the literature to help clinicians deliver 
PADL safely but there is variation in the accepted levels of risk.6–10

Our recent systematic review identified 69 studies reporting the 
safe delivery of PADL by non-allergists.5 Studies used either a single 
testing method or a combination of testing methods, which included 
de-label on history alone (or direct de-label, DDL), de-label after a dir
ect drug provocation test (DDPT) or skin testing followed by provoca
tion testing (ST/PT). There was heterogeneity in the testing protocol 
inclusion and exclusion criteria between studies.5

We set out to compare the similarities and the differences 
between the DDL testing protocols and the DDPT protocols and to 
make suggestions on how protocols might be harmonized to 
optimize PADL.

Methods
Studies that fulfilled the criteria to be included in a recent systematic re
view were eligible.5 Studies that used DDL and/or DDPT were identified 
and included if they provided information on inclusion and exclusion cri
teria for penicillin allergy assessment and testing methods. Patient al
lergy symptoms and patient factors that included and excluded 
patients from both DDL and DDPT methods were then extracted from 
the original publications, collated in a matrix and compared.

Results
Sixteen studies using DDPT4,8,11–24 and 15 using DDL13–17,19,21,25–32

were included with some using more than one method.

Inclusion criteria for DDPT: allergy history reported 
symptoms (Tables 1 and 2)
Allergy disproven or no evidence of personal reaction to penicillin

Four studies offered DDPT to patients with penicillin allergy in 
their health record, but upon questioning, the patient denied a 
penicillin allergy. One study offered DDPT to patients with a family 
history of penicillin allergy only, or avoidance of penicillin due to 
fear. In the remaining 11 studies this patient group was not de
fined. Of note, patients avoiding penicillin due to fear didn’t 
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appear in the DDL protocols of any of the studies that used both 
DDPT and DDL methods.

One study offered DDPT to patients who had tolerated a peni
cillin since index reaction but without specifying whether the tol
erance needed to be to a specific named penicillin or whether 
known tolerance could be to any of the penicillin antibiotics.

Non immune-mediated side effects/intolerances

Studies that de-labelled using both DDL and DDPT did not include 
patients with an intolerance in their DDPT protocols. Of the nine 
studies that only offered DDPT, six (67%) included intolerances. 
The three studies that didn’t include intolerances did not describe 
how this patient group were managed and were based on the 
same testing protocol.12

Delayed non-severe skin rashes

All 16 studies that de-labelled using DDPT included patients with 
delayed non-severe skin reactions. The description of the rash 
varied between studies. Descriptions of rashes that met inclusion 
criteria for DDPT included ‘maculopapular rash’, ‘benign rash’, 
‘non-itchy rash’, ‘self-limiting rash’, ‘limited cutaneous reaction 
which includes hives’ and ‘childhood exanthem’. Three studies 
stipulated the rash needed to have occurred >10 years ago, 
one included patients if the rash occurred >1 year ago, and the 
remainder did not stipulate how remote the delayed rash needed 
to be to meet DDPT inclusion criteria. One study defined delayed 
as occurring >2 h post exposure to penicillin.

Unknown reactions

In 9 of 16 studies (56%), unknown reactions were an inclusion cri
terion for DDPT. There was variation in time elapsed since index 
unknown reaction from >6 months to >10 years ago and ‘child
hood’. The study that included unknown reactions >6 months 
ago also required the onset of the reaction to be ≥1 h after 
drug administration. Of the remaining seven protocols, five expli
citly excluded unknown reactions from DDPT and two did not 
mention unknown reactions.

Potential IgE-mediated reactions

Remote potential IgE-mediated reactions were included in 3 of 
16 (19%) DDPT protocols, comprising IgE-mediated reactions 
>10 years ago,16,18 and urticaria if a sole symptom >5 years 
ago (1 study).8

Allergy history exclusion criteria for DDPT (Tables 3 and 4)
Severe delayed reactions

All 16 studies excluded Gell and Coombes (G&C) type 4 reactions, 
of which 10 also excluded G&C type 2 and 3 reactions. Of the re
maining six studies, two excluded symptoms consistent with 
type 2 and 3 reactions and four studies did not identify type 2 
and 3 reactions as exclusion criteria.4,15,18,22

Type 1 immediate reactions

Eleven studies excluded type 1 allergies,4,8,11–15,17,20,21,23 three 
excluded patients with symptoms consistent with severe type 1 

allergies such as history of collapse, angioedema and anaphyl
axis,19,22,24 and two studies only excluded severe IgE-mediated 
reactions if they occurred less than 10 years ago.16,18

Other severe features

One study excluded patients if there were systemic symptoms, 
and one if the patient had severe gastrointestinal (GI) symptoms; 
requiring urgent medical care was an exclusion criterion in one 
study, and requiring hospital treatment was an exclusion criter
ion in two studies.

Patient factor exclusion criteria for DDPT (Tables 5 and 6)
Concurrent medication

Four studies excluded patients taking beta-blockers, one with
held beta-blockers, if possible, and one explicitly stated that pa
tients taking beta-blockers were not excluded. The remainder 
(63%) did not mention beta-blockers. Three studies excluded pa
tients on angiotensin-converting enzyme inhibitors (ACEi), the re
mainder did not mention ACEi (81%). Four studies excluded 
patients taking antihistamines and one excluded these patients 
only if a histamine skin test was negative. The remaining 11 
(69%) studies did not mention antihistamines as an exclusion cri
terion. Corticosteroid use was an exclusion criterion in three stud
ies: if doses were >20 mg/day in one study; >10 mg/day in 
another study; and one study did not specify a dose. The remain
der (81%) did not mention corticosteroids.

Comorbidities and acuity of illness

Six studies did not exclude patients due to high acuity of illness; 
10 did. Seven excluded patients that were haemodynamically 
unstable, two excluded patients currently in the ICU or had 
been in the ICU, one if the patient was critically unwell and one 
if the New Early Warning Score (NEWS) score was ≥2.33

Cognitive impairment or inability to give consent were exclusion 
criteria in five studies. Four studies excluded patients with respira
tory disease and three studies excluded those with heart disease. 
Immunosuppressed patients were excluded in two studies, preg
nancy was excluded in seven studies and breastfeeding in one 
study.

De-label on history alone (Tables 7 and 8)
The inclusion criteria were poorly defined in 4 of the 15 studies 
that used DDL.

Tolerance of penicillin since index reaction

Eight (53%) studies recommended de-labelling on history alone if 
there was evidence of tolerance to penicillin since the index reac
tion; four studies recommended de-label regardless of previous 
allergy history, two recommended de-label if history was of 
type 1 allergy and subsequent penicillin tolerance (name of peni
cillin not specified), one recommended de-label if subsequent tol
erance to the implicated penicillin and one recommend de-label 
if the patient had a low-risk allergy history and tolerance to any 
penicillin since index reaction.
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History of intolerance/type A reactions

Six (67%) studies recommended DDL if the patient had experi
enced an intolerance only. These included GI symptoms in five 
studies, mild neurological manifestations in three studies, mild 
renal or hepatic derangement in two studies, and with one 
each including intolerance (non-defined), chills and fatigue.

Discussion
Although there are similarities with the inclusion and exclusion 
criteria used in non-allergist penicillin allergy de-labelling testing 
protocols, there is marked heterogeneity. It appears that the ob
served variation in testing practice has two broad elements: 
(i) definitions and terminology used; and (ii) differences in the ac
ceptability of perceived risk.

The inclusion of delayed non-severe skin rashes is consistent 
across all DDPT protocols, but the definitions used for delayed 
non-severe skin rashes and the time intervals since a reaction 
varied. Agreement and a standardized definition of which rash 
phenotypes should be categorized as a delayed non-severe skin 
rash would potentially enable more patients to be de-labelled.

Three studies did not include penicillin intolerance as an indi
cation for DDPT. It may be that these patients were managed 
outside the testing protocol. The remaining studies included in
tolerance as an inclusion criterion for DDPT. GI system intolerance 
was identified as intolerance in all protocols but there was vari
ation in the inclusion of other symptoms that might be pheno
typed as an intolerance, e.g. headache. A comprehensive list of 
what would constitute intolerance may be useful for non- 
allergists to confidently determine reactions that might be 
grouped as an intolerance and therefore optimize the potential 
candidates for PADL.

There were significant differences concerning the manage
ment of patients with unknown reactions with some excluding, 
and some including, patients with unknown reactions. Of those 
that included unknown reactions, there were differences in the 
time elapsed since the index reaction with ‘childhood’, more 
than 10 years ago, or unknown time lapse all represented. 
When assessing unknown reactions, no studies reported asses
sing extent of cognitive decline as a risk when undertaking allergy 
assessment. International consensus on how to manage pa
tients with unknown reactions and how to manage patients 
with language barriers to communication and those with differ
ing levels of cognitive impairment would optimize PADL. Of 
note, the majority of studies were from high-income countries 
(predominantly USA and Australia) and the study population eth
nicity was reported in a minority of studies, and where reported, 
predominantly in white populations, making transferability of 
data to low/middle-income and diverse populations challenging.

There were fewer differences in relation to management of 
potential IgE-mediated reactions. While the vast majority ex
cluded IgE-mediated reactions, two studies included remote ur
ticaria and one included IgE-mediated reactions if >10 years ago. 
Why some teams tolerate the IgE risk and others do not needs to 
be understood. PEN-FAST is a validated clinical decision rule that 
enables point-of-care risk stratification of patients with penicillin 
allergy.9 Using this decision rule, the likelihood of a positive peni
cillin allergy test in a patient with a history of urticaria more than 

5 years ago is assessed as ‘very low’ (<1%) and if the same pa
tient had urticaria less than 5 years ago that risk increases to 
‘low’ (5%).9 The evidence to date supports inclusion of patients 
with a history of isolated urticaria in DDPT protocols and this pa
tient group warrants consideration in testing protocols. However, 
there is emerging evidence suggesting that patients with a his
tory of urticaria exhibiting three specific high-risk features should 
be approached with caution. These features include reactions 
manifesting within 1 h of the first dose, and subsiding within 
1 day.34

All studies excluded severe type 4 reactions and the majority 
excluded those with types 2 and 3 or specified symptoms consist
ent with types 2 and 3 but notably four studies did not exclude 
this group. It seems inconceivable that patients with these reac
tions would be tested by DDPT and so this is either an oversight or 
thought to be too rare to explicitly mention in the protocol.

There was inconsistency between studies regarding oral chal
lenge testing while on concomitant medications. Several studies 
excluded patients for testing if they were taking beta-blockers, 
antihistamines, ACEi or oral corticosteroids but most of the studies 
did not make mention of these drugs as an exclusion criterion, 
with one explicitly stating that beta-blockers were not an exclu
sion criterion. We believe the rationale for excluding patients on 
corticosteroids and antihistamines is due to the risk of these med
ications suppressing mast cell release of histamine and therefore 
masking IgE-mediated allergic reactions. Beta-blockers might 
mask the signs of anaphylaxis and might blunt the effect of adren
aline when treating patients for anaphylaxis, although a recent re
port suggests this not to be the case.35 ACEi are associated with 
bradykinin-induced angioedema, an immunopathological path
way that differs from histamine or mast cell-induced angioede
ma. ACEi-induced angioedema is uncommon, affecting 0.1%– 
0.7% of patients taking ACEi, unpredictable and can occur at 
any time.36 Excluding patients taking these common medications 
reduces the opportunity to de-label inpatients at the point of need 
and reduces the potential impact of PADL on patient care. Given 
the low risk of these patients selected for DDPT to have an allergic 
reaction, the risk–benefit is probably in favour of not excluding 
these patients. More data and consensus are required.

The majority of studies had an acuity of illness exclusion criter
ion, but the severity of illness varied between studies. The reasons 
for excluding patients with high-acuity illness are likely due to the 
difficulty differentiating some of the severe infection symptoms 
from severe IgE-mediated symptoms and moreover infections 
reduce the threshold of developing anaphylactic reactions and 
so a patient with acute infection also suffering an anaphylactic 
reaction may result in death when they may have otherwise sur
vived the episode of care.37 However, the risk of allergy in patients 
selected for DDPT is low and comparable to that for the general 
population. The benefit of PADL to antibiotic stewardship and pa
tient outcomes needs to be weighed against this small risk of al
lergy,38 one that we do not consider in patients who are not 
labelled as penicillin allergic in the general population who carry 
similar risks of allergic reaction.

Most studies recommended de-label on history alone if there 
was evidence of tolerance to a penicillin since the index reaction 
but there was significant heterogeneity with the advice on index 
reactions and type of penicillin tolerated. Several studies recom
mended de-labelling if there had been tolerance to any penicillin, 
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regardless of the previous allergy history, i.e. regardless of 
whether the patient had a previous IgE-mediated reaction or a 
lower risk allergy history. Two studies specifically suggested de- 
labelling of those with a history of type 1 reactions and subse
quent tolerance to penicillin (type not specified). IgE reactions 
are reported to be triggered by R1 penicillin side chains in 25% 
of allergic reactions and the β-lactam ring in 75% of European 
studies,39 and so there remains a risk that if somebody had an 
IgE-mediated reaction to the amoxicillin R1 side chain and subse
quently tolerated phenoxymethylpenicillin they might be de- 
labelled but remain at risk of a serious IgE-mediated reaction if 
exposed to amoxicillin in the future. Only one study specified 
that the subsequent tolerated penicillin should be the index peni
cillin and one study suggested de-label on history alone if the pa
tient tolerated any penicillin only if the index reaction was a 
low-risk allergy history, i.e. one that would be amenable to 
DDPT. There remains uncertainty as to the safest way to manage 
this patient group.

De-labelling patients on history alone when the index reaction 
was an intolerance was not commonly included in DDL protocols 
and when it was, there was inconsistency with which intolerance 
could be de-labelled on history alone. What we mean by intoler
ances needs further definition and which intolerances are amen
able to DDL also needs further refinement.

Conclusions
While there are similarities in approach, there is wide variation in 
the terminology, in the inclusion and exclusion criteria for DDPT 
and DDL in the testing protocols reported in the literature. As 
we gain more confidence with DDPT and DDL and gather further 
evidence of the safety of DDL and DDPT, particularly 
non-allergist-delivered interventions, we need to standardize 
the terminology and reach consensus on inclusion and exclusion 
criteria to ensure safe and efficient penicillin allergy assessment 
and to deliver PADL confidently at scale. To achieve global har
monization of PADL, it is imperative that studies meticulously re
port racial data and prioritize ethnic diversity within their tested 
populations when validating toolkits.
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