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Background: Approximately 10% of people have an unverified penicillin allergy, with multiple personal and pub-
lic health consequences.

Objectives: To assess the efficacy and safety of direct oral challenge, without prior skin testing, in this
population.

Methods: MEDLINE, EMBASE, CINAHL, the Cochrane Library and Google Scholar were searched from inception to
28 June 2020 (updated November 2020) to find published and unpublished studies that reported direct oral
challenge for the purpose of removal of penicillin allergy labels. Population weighted mean was used to calculate
the proportion of patients who developed an immediate or delayed reaction to direct oral challenge across the
studies.

Results: Thirteen studies were included in the review, with a sample size of 1202 (range 7–328). Studies included
inpatient and outpatient cohorts assessed as low risk for true allergy. In pooled analysis of all 13 studies there
were 41/1202 (3.41%) mild immediate or delayed reactions to direct oral challenge. The population-weighted
mean incidence of immediate or delayed reaction to an oral challenge across studies was also 3.41% (95% CI:
2.38%–4.43%). There were no reports of serious adverse reactions, 96.5% of patients could be de-labelled and
many were subsequently successfully treated with penicillin.

Conclusions: Direct oral challenge is safe and effective for de-labelling patients assessed as low risk for true
allergy. Non-specialist clinicians competent in using an assessment algorithm can offer evaluation of penicillin
allergy labels using direct oral challenge in appropriate patients. These measures will facilitate optimal infection
treatment for patients, support antimicrobial stewardship, and minimize antimicrobial resistance.

Introduction

Approximately 10% of people carry an unverified penicillin allergy
label on their medical record. However, the true prevalence of
penicillin hypersensitivity reaction based on allergy history is un-
known.1,2 It is likely that only 10%–20% of self-reported penicillin
allergies will be confirmed with formal evaluation.3,4 Patients in
hospital are particularly likely to report a penicillin allergy.1 Studies
show that 35.7% and 50% of hospitalized patients in Scotland and
the US, respectively, receive at least one course of antibiotic treat-
ment during their admission.5,6 Therefore, it is important to ensure
accuracy of a penicillin allergy label to prevent unnecessary penicil-
lin avoidance and inappropriate use of alternative non-b-lactam

antibiotics which may be less effective.7 Injudicious use of alterna-
tive broad-spectrum antibiotics is associated with increased direct
costs to the healthcare service, longer duration of patient stay in
hospital, increased risk of adverse effects, and development of
antimicrobial resistance (AMR).7–11

Oral challenge (OC) is deemed the gold standard test for the re-
moval or verification of penicillin allergy, as skin and in vitro tests
do not demonstrate 100% sensitivity or specificity.12 Assessment
of penicillin allergy is usually carried out by allergy specialists start-
ing with skin prick testing (SPT) and intradermal testing (IDT).
These procedures are time-consuming and expensive, further-
more, specialist allergy assessment services are not widely avail-
able across the UK.13
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Recent studies have shown that patients’ risk of true allergy can
be assessed using a decision algorithm and those deemed low risk
can be offered a direct oral challenge with low incidence of adverse
events.14–17 The objective of this review was to assess the safety
(i.e. number of people who experience a reaction) and efficacy of
direct oral challenge with amoxicillin or the culprit penicillin
for supporting de-labelling in adults with an unverified penicillin
allergy label.

Methods
This systematic review is reported in accordance with the Joanna Briggs
Institute (JBI) Reviewers Manual.18 The objectives, inclusion criteria and
methods of analysis were specified in advance and published in a protocol
(PROSPERO CRD42020176432).

Inclusion/exclusion criteria
Studies that met the following criteria were included in the systematic
review: (i) adult inpatients or outpatients with a documented penicillin
allergy on their medical record; (ii) objectively or subjectively reported
reactions to direct oral challenge with amoxicillin or the culprit penicillin
to rule out or confirm allergy; (iii) reported subsequent treatment of in-
fection with a penicillin after direct oral challenge, including adverse
events associated with treatment; (iv) any study design; and (v) studies
that reported SPT/IDT prior to direct OC were excluded, even if results
were ignored.

Search strategy
An initial limited search of Ovid MEDLINE and Ovid EMBASE was undertaken
followed by analysis of the text words contained in the title and abstract,
and of the index terms used to describe the articles. A second search using
all identified keywords and index terms was then undertaken using the fol-
lowing databases: the Cochrane Library, CINHAL, Ovid EMBASE, Ovid
MEDLINE and Google Scholar, from inception to 28 June 2020. The Ovid
MEDLINE search was updated on the 2 November 2020. The search strat-
egy was reviewed by an experienced librarian. Search terms included index
terms as well as keywords for the concepts penicillin, penicillin allergy, reac-
tion, hypersensitivity, de-labelling, provocation testing, and oral challenge
(the full search strategy is provided as Supplementary data at JAC-AMR
Online). Reference lists of included publications were checked for additional
relevant studies. Following removal of duplicates, all titles and abstracts
were screened by two authors (L.C. and J.H.). Disagreements were resolved
by consensus or by discussion with a third author if required. Full text was
retrieved for all records deemed to meet the inclusion criteria.

Assessment of methodological quality
Studies selected for critical appraisal were assessed independently by two
authors (L.C. and J.H.) using standardized critical appraisal instruments
from the JBI.18 Disagreements were resolved by consensus or by discussion
with a third author if required.

Data extraction
Two authors (L.C. and J.H.) independently extracted data using a standar-
dized data extraction tool. The data extracted included study design,
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Figure 1. Flow diagram of searches and study selection process.
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setting and sample size, criteria used to define low risk of true allergy,
details about the direct oral challenge method, duration of challenge and
follow-up, number of patients showing an immediate or delayed allergy re-
sponse, number of patients de-labelled, and subsequent treatment with
penicillin (including any delayed reactions to penicillin).

Data synthesis
The primary statistic extracted from each study was the number of partici-
pants who developed any immediate or delayed reaction to the OC.
Population-weighted analysis was conducted on individual studies report-
ing the rate of positive direct OCs to produce a population weighted mean.
The 95% confidence interval (CI) was calculated using Excel.

Results

Following removal of duplicates and addition of one study found
by checking references, a total of 804 citations were identified.
Review of titles and abstracts led to the full text for 36 potentially
relevant papers being obtained and evaluated against the inclu-
sion criteria by L.C. and J.H. Twenty-three publications were
excluded at this stage, resulting in 13 studies being included in the
systematic review. Figure 1 details the study selection flow chart
presented according to the preferred reporting items for systemat-
ic review and meta-analysis (PRISMA) guidelines.19

Methodological quality

The results of the critical appraisal of included studies are pre-
sented in Tables 1 and 2. Twelve observational studies and one
randomized clinical trial (RCT) were critically appraised and
included in the review. Overall median quality score was 6/8 (range
4–8) for observational studies and 6/13 for the RCT.

Description of studies

A summary of included studies (n"13) is presented in Table 3.
This systematic review included one RCT,20 nine prospective obser-
vational studies21–29 and three retrospective observational stud-
ies,30–32 with a total of 1202 participants. There was considerable
variation in the number of participants in individual studies, with a
median of 47 participants (range 7–328). Studies investigated the
safety and effectiveness of direct oral challenge with culprit peni-
cillin or amoxicillin in participants with a documented penicillin al-
lergy label. The RCT compared skin prick test plus OC versus OC
only.20 The clinical settings for included studies were outpatient
clinics (n"5),20,22,27,31,32 inpatient facilities (n"7),21,23–26,28,29

and a Marine recruit assessment centre.30 Studies were conducted
in the US (n"6),20,22,25,26,30,31 Australia (n"5),21,23,28,29,32 the
Netherlands (n"1),24 and the UK (n"1).27

The study in a Marine recruit assessment centre included only
male participants aged typically between 18 and 25 years,30 the

Table 1. Critical appraisal of observational studies

Question
Savic

201927
Devchand

201921
Ramsey
202026

Iammatteo
201922

du Plessis
201925

Trubiano
201828

Li
201923

Stevenson
202032

Lin
202024

Tucker
201730

Kuruvilla
201931

Chua
202029

1. Were the criteria for

inclusion in the sam-

ple clearly defined?

Y Y Y Y Y Y UC Y Y Y Y Y

2. Were the study sub-

jects and the setting

described in detail?

N Y Y Y Y Y Y Y Y N Y Y

3. Was the exposure

measured in a valid

and reliable way?

Y UC Y Y Y Y Y Y Y Y Y Y

4. Were objective,

standard criteria

used for measure-

ment of the

condition?

Y Y Y Y Y Y Y Y Y Y Y Y

5. Were confounding

factors stated?

NA NA NA UC NA NA NA Y NA NA NA NA

6. Were strategies to

deal with confound-

ing factors stated?

NA NA NA N NA NA NA Y NA NA NA NA

7. Were outcomes

measure in a valid

and reliable way?

Y Y Y Y UC Y Y Y Y Y Y Y

8. Was appropriate

statistical analysis

used?

UC Y Y Y Y Y Y Y Y Y NA Y

Legend: Y, yes; N, no; NA, not applicable; UC, unclear.
Questions are reproduced with kind permission from the Joanna Briggs Institute (JBI) from their critical appraisal tools (https://joannabriggs.org/critic
al-appraisal-tools).
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remaining studies reported a higher proportion of female patients
ranging from 51.4%–77.4%. The mean age of study participants
ranged from 35.3–70.4 years. Two studies had inclusion criteria
that allowed for participation of children20,22 and two studies
allowed for patients aged 16 years or older.23,32 One study
provided no patient characteristics in the study report27 and the
Marine recruits study reported only a typical age range.30

All studies reported that patients’ history related to penicillin al-
lergy was assessed, 11 used a structured questionnaire or algo-
rithm to determine the risk of true allergy. Three studies reported
that a validated tool was used;21,28,29 other tools had been devel-
oped from previously published work or specifically for the study.
Two studies reported review of clinical history only, however these
studies were conducted by allergy specialists.23,30 Studies reported
that only those assessed as low risk were offered a direct OC. There
was some variation in definition of low risk between studies
(see Table 3), however most definitions included mild cutaneous
reactions, delayed reactions, unknown/cannot remember reaction
and those that occurred .1 year previously. The purpose of one
study was to assess criteria used to determine low allergy risk to
ascertain the optimal definition.32 Patients were screened and
assessed by a variety of healthcare professionals including medic-
ally trained allergists,20,22,23,26,30,31 specially trained nurses or
pharmacists21,25,27–29 or the treating physician.24 One study did
not report who screened or assessed patients.32 The type of direct

OC included a single dose of the culprit penicillin or amoxicillin
(n"5),24,28–31 a two- or three-step incremental dose of amoxicillin
(n"4),23,26,27,32 an initial challenge with placebo followed by a
two-step challenge with amoxicillin (n"2),22,25 and comparison
of a two-step OC with a group receiving SPT plus OC with amoxicil-
lin.20 One study did not report the dose(s) or type of penicillin
administered.21

Studies reported that participants were monitored for at least
30 min between doses in multi-step oral challenges20,22,23,25–27,32

and for between 1 and 2 h after administration of a full single
dose.24,28,29,31 Patients were contacted by the research team, usu-
ally within 1–4 weeks of the oral challenge, or instructed to make
contact if a delayed reaction to the challenge drug occurred.22,26–

28,32 Longer-term follow-up at 90 days28 and 1 year21,24 was
reported in three studies to determine subsequent use of
penicillin-based antibiotics. Researchers contacted patients’ gen-
eral practitioners in two studies to confirm that medical records
were updated to reflect the patient’s updated allergy status.23,27

Findings of the review

Primary outcome: response to direct oral challenge

The main clinical outcome reported in included studies was the
ability to remove the penicillin allergy label from the medical
records of patients who had no reaction to direct OC with culprit
penicillin or amoxicillin. Figure 2 shows the percentage of patients
in individual studies who reacted to direct OC along with the popu-
lation weighted mean for all studies.

Overall, 1202 patients were assessed as low risk and proceeded
to a supervised oral challenge with penicillin. One study reported
that 20% of patients experienced a non-allergic reaction to the
placebo or amoxicillin.22 Of the 1202 patients challenged, a total
of 41 patients (3.41%) experienced a reaction to direct OC, of
which 17 (41%) reactions were immediate and 24 (59%) were
delayed reactions to direct OC. All reactions were reported as mild
or intermediate. Three studies reported treatment for reactions;
Immatteo et al.22 reported that one patient who required treat-
ment with antihistamines for a non-immediate rash had reso-
lution within 24 h and one patient with intractable pruritus
determined to be an allergy had resolution within 1 h of antihista-
mine treatment, Ramsay et al.26 reported that one patient with
mild swelling and redness under the eyes was treated with oral di-
phenhydramine while Tucker et al.30 reported treating four iso-
lated cutaneous reactions and one globus reaction with oral
antihistamine—participants were also given a single intramuscu-
lar dose of epinephrine to avoid reaction progression. There were
no reported cases of serious adverse reactions or anaphylaxis in
any study and 96.5% of challenged patients could be de-labelled.
The proportion of patients who experienced a reaction to direct OC
in individual studies ranged between 0% and 15%. The
population-weighted mean proportion of patients across all 13
studies who had an immediate or delayed reaction following direct
OC was 3.41%, (95% CI: 2.38%–4.43%) (Figure 2).

The patients randomized to receive direct OC in the RCT were
included in the pooled analysis as an outpatient cohort.20 In the
RCT, 3/79 (3.8%) patients randomized to direct OC had a reac-
tion, compared with 10/80 (12.5%) patients randomized to SPT
plus OC who reported a positive SPT. Participants in the direct OC

Table 2. Critical appraisal of randomized clinical trials

Question
Mustafa
201920

1. Was true randomization used for assignment of

participants to treatment groups?

N

2. Was allocation to treatment groups concealed? N

3. Were treatment groups similar at baseline? Y

4. Were participants blind to treatment assignment? N

5. Were those delivering treatment blind to treatment

assignment?

N

6. Were outcomes assessors blind to treatment

assignment?

N

7. Were treatment groups treated identically other

than the intervention of interest?

UC

8. Was follow-up complete and if not, were differen-

ces between groups in terms of their follow up ad-

equately described and analysed?

Y

9. Were participants analysed in the groups to which

they were randomized?

Y

10. Were outcomes measured in the same way for

treatment groups?

Y

11. Were outcomes measured in a reliable way? Y

12. Was appropriate statistical analysis used? Y

13. Was the trial design appropriate, and any devia-

tions from the standard RCT designed account for

in the conduct and analysis of the trial?

N

Legend: Y, yes; N, no; NA, not applicable; UC, unclear.
Questions are reproduced with kind permission from the Joanna Briggs
Institute (JBI) from their critical appraisal tools (https://joannabriggs.org/
critical-appraisal-tools).
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group experienced 8.7% fewer positive results than those
randomized to the SPT plus OC group (P"0.079). In addition,
four studies reported that patients assessed as very low risk
were directly delabelled.21,22,25,29

In seven studies, inpatients who required antibiotics for surgical
prophylaxis or treatment of an infection where penicillin was the
preferred option were switched to penicillin immediately or
prescribed penicillin after the direct oral challenge.21,24–29 Three
studies reported that patients who had subsequently completed
treatment with penicillin sometime after the challenge experi-
enced either no adverse effects or only mild, delayed symptoms
that self-resolved and did not preclude the completion of treat-
ment.22,28,30 The penicillin allergy label was reported as removed
from patients’ electronic medical record.21,30 In one study partici-
pants’ GPs confirmed that 47/55 (85%) patients had the correct
revised allergy status recorded on their medical files,27 however in
another study only 33% of patient medical records had been
updated to reflect the correct allergy status.23

Discussion

The aim of this review was to investigate the safety and efficacy of
direct OC for the removal of an unverified penicillin allergy label.
Analysis of the studies included in the review demonstrates that in
patients assessed as having a low risk of true allergy to penicillin,
based on their allergy history, direct oral challenge can be carried
out safely and is effective for de-labelling patients with unverified
allergy labels. Two earlier reviews support the need for non-
specialist evaluation of penicillin allergy and the safety of direct OC
in low-risk individuals.2,15

Use of a structured process or algorithm to standardize how an
allergy history was taken was a key component of assessment by
both allergists and non-specialists in most of the included studies.
Clear guidelines, validated tools and training of generalist care pro-
viders in accurately assessing patients’ allergy history is essential
to ensure patient safety during direct OC.33 It should be noted that
only patients who were assessed as low risk according to individual
study criteria were offered direct OC. Those who reported a recent
allergy reaction and those reporting serious symptoms associated
with IgE-mediated hypersensitivity were deemed high risk and dir-
ect OC was not offered. This group of patients were advised to con-
tinue to avoid using penicillin or referred for specialist allergy
assessment. In addition to reducing the need for specialist input,
using direct OC to remove an unverified penicillin allergy label
requires less staff and patient time, and less equipment, than SPT
or IDT, making it less expensive overall.26,34 Studies in this review
have also demonstrated that with the correct training in assess-
ment and administration processes, direct OC could be delivered
in non-specialist settings. Given that four studies reported that
very low-risk patients were de-labelled based on history alone,21

it may be prudent to include training on direct de-labelling for non-
specialists.

Multiple benefits are derived from removal of an inappropri-
ate penicillin allergy label. The most commonly reported clinic-
al benefit is a change of antibiotic therapy,21,24–29,35 thus
where a b-lactam is the preferred treatment patients are
more likely to receive the most appropriate therapy,33,36,37

which in turn reduces inappropriate use of antibiotics classified
as Watch or Reserve by the World Health Organisation.38Ta
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Decreased use of broad-spectrum non-penicillin antibiotics
reduces direct drug costs25,26,37,39 and length of hospital stay,
with an associated reduction in healthcare costs.11,25 A recent
study in the UK estimated that de-labelling 50% of patients
with a self-reported penicillin allergy would save £5501 in anti-
biotic drug costs and £503 932 in reduced excess bed days an-
nually in one large hospital.13 Long-term follow-up to
determine accurate update of patient records and patient
understanding of de-labelling is also important to ensure
patients continue to receive optimal antibiotic treatment.40

Eleven of the studies in this review used a standardized ques-
tionnaire or screening tool to assess the patients’ history to deter-
mine risk of true allergy. The two studies that assessed patients on
clinical history alone were carried out by allergy specialists. While
elements of the tools were similar across the studies, only three
were reported as validated. Devchand et al.41 recently validated a
tool designed to be used by non-specialist clinicians to assign
an accurate phenotype and management strategy for patients
reporting penicillin allergy. Adoption of a validated tool and
provision of appropriate training could increase the confidence of
non-specialist clinicians in assessing, testing and de-labelling
patients with unverified penicillin allergy, which will contribute to
antimicrobial stewardship.

The inclusion of only one RCT could be considered a limitation of
this review, therefore further RCTs are required to demonstrate the
safety of de-labelling with direct OC in low-risk patients. The major-
ity of included studies were single-arm observational studies,
which prevented assessment of the comparative safety of direct
OC for de-labelling penicillin allergy. Six of the included studies
were conducted by allergists, thus perhaps limiting replication of
these results by non-allergy specialist clinicians, therefore future
studies with direct OC conducted by non-specialists should be
considered. Additional limitations concerning the review process
include the language restriction to papers in English, the validity of
pooling studies conducted in different settings and patient groups,
or using different methods of direct oral challenge and combining
subjective and objective measures of reactions.

Further longitudinal studies should be carried out to address
the effects of de-labelling on subsequent use of antibiotics, allergy
status documentation, hospital admissions and associated costs.

Conclusions

Patients with an unverified penicillin allergy should be investigated,
especially those who require (or are likely to require) treatment
with an antibiotic. Following careful screening using a standardized
approach by trained (non-allergy specialist) clinicians, patients
deemed at low risk of true allergy to penicillin can safely be offered
direct OC and effectively de-labelled if appropriate. Non-specialist
clinicians should be empowered to safely undertake the
assessment of patients to risk stratify those for whom direct OC is
appropriate. These measures will support antimicrobial steward-
ship, facilitate optimal infection management, and support other
efforts to reduce antimicrobial resistance.
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