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resistance via prescription of suboptimal antimicrobial therapy (i.e. unnecessary avoidance of first-line
antibiotics), increased use of broad-spectrum agents, and complications such as drug toxicity. This
guideline, developed by the European Society of Clinical Microbiology and Infectious Diseases, provides
evidence-based recommendations for the clinical evaluation and management of patients with reported
antibiotic allergies. It is aimed at nonallergist clinicians and seeks to harmonize practice across
healthcare settings in Europe and beyond.

Methods: The guideline was developed by a multidisciplinary panel of 16 experts in infectious diseases,
allergy, pharmacy, paediatrics and clinical microbiology, following a modified GRADE-ADOLOPMENT
process. Systematic searches were conducted in PubMed and the Trip Database (2015—2023) to iden-
tify relevant guidelines, complemented by an additional systematic search for primary studies (2021
—2024). The included guidelines were assessed using the AGREE Global Rating Scale. Four existing
guidelines, from 2022 and 2023, met methodological quality criteria and were included. Key questions
were identified and prioritized by the panel, and relevant data were extracted using piloted Evidence to

* Corresponding author. Mark G.J. de Boer, Leiden University Center for Infectious Diseases (LUCID) and Department of Clinical Epidemiology, Leiden University Medical
Center, Albinusdreef 2, 2333 ZA, Leiden, The Netherlands.
E-mail address: m.g.j.de_boer@lumc.nl (M.G.J. De Boer).

 These authors contributed equally to this work.

https://doi.org/10.1016/j.cmi.2026.02.011
1198-743X/© 2026 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and Infectious Diseases. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://creativecommons.org/licenses/by/4.0/
mailto:m.g.j.de_boer@lumc.nl
https://doi.org/10.1016/j.cmi.2026.02.011
www.sciencedirect.com/science/journal/1198743X
http://www.clinicalmicrobiologyandinfection.org
https://doi.org/10.1016/j.cmi.2026.02.011
http://creativecommons.org/licenses/by/4.0/

768 0. Joean et al. / Clinical Microbiology and Infection 32 (2026) 767—787

Decision framework sheets. The panel developed recommendations by adopting, adapting or for-
mulating new recommendations, through an iterative work-up and consensus process. All recom-
mendations were finalized through panel discussion and formal voting, with consensus defined as
agreement by > 80% of members.

Recommendations: The guideline recommends a structured clinical assessment to evaluate a reported
antibiotic allergy, taking into consideration the characteristics of the index reaction. Where the clinical
history suggests a very low or low likelihood of true allergy, direct delabelling or performing a con-
trolled drug challenge test is appropriate. By supporting allergy evaluation and prudent prescribing
practices, the recommendations aim to improve individual patient outcomes and reinforce anti-
microbial stewardship goals. Oana Joean, Clin Microbiol Infect 2026;32:767

© 2026 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology
and Infectious Diseases. This is an open access article under the CC BY license (http://creativecommo

ns.org/licenses/by/4.0/).

Context

This guideline addresses reported allergies to antibiotics. B-
Lactam antibiotics, in particular penicillins, are among the most
commonly prescribed antimicrobials because of their effective-
ness, safety and narrow spectrum of activity [1]. However, they are
also the cause of most reported drug allergies in medical records,
with consequences that extend beyond individual patient care [2].

The prevalence of true B-lactam antibiotic allergy is sig-
nificantly lower than medical records suggest, with only 1 to 2 out
of every 20 allergy labels being accurate [3,4]. Incorrect labels are
associated with poorer clinical outcomes and increased use of
broad-spectrum antibiotics [2,5]. The mislabelling of penicillin
allergies leads to unnecessary avoidance of first-line antibiotics,
resulting in suboptimal therapy, longer hospital stays, higher
healthcare costs, more complications—such as Clostridioides diffi-
cile infections—and greater reliance on second-line agents [2,5].
These factors contribute to rising antimicrobial resistance, high-
lighting the need for antimicrobial stewardship programmes that
prioritize re-evaluating reported antibiotic allergies.

Allergic reactions to antibiotics are classified as being either
immediate or delayed type. Immediate reactions, generally IgE-
mediated, typically manifest within 1 hour of drug admin-
istration, although onset may be delayed up to 6 hours. Non-
immediate, i.e. delayed reactions, predominantly T-cell—mediated,
usually occur more than 6 hours after exposure and may develop
over several days [5—7]. The risk of an allergic reaction upon re-
exposure to the suspected drug or a related agent is contingent
on multiple variables. A comprehensive clinical assessment of the
index reaction, covering the antibiotic causing the reaction (its
indication, route of administration, dose and frequency), the
nature, severity, timing and duration of symptoms, as well as any
treatment received, enables a structured analysis of whether the
event was likely immune mediated, its timing (immediate versus
delayed) and its severity. Furthermore, an evaluation of the risks
and benefits of alternative treatments is essential, particularly in
scenarios where the clinical history lacks detail or the classi-
fication of the reaction is uncertain [3,6].

Despite advances in understanding the nature of reported
antibiotic allergies, their management remains highly variable
[8,9]. This inconsistency has prompted the development of several
evidence-based national guidelines to standardize practices and
improve patient outcomes [5,7,10,11]. This guideline aims to pro-
vide nonallergist clinicians with clear, implementable recom-
mendations for evaluating and managing reported antibiotic
allergies.

Panel composition

This clinical guideline was developed by the European Society
of Clinical Microbiology and Infectious Diseases (ESCMID) after an

initiative of the ESCMID Study Group for Antimicrobial Steward-
ship. A multidisciplinary panel of 16 experts were convened,
comprising clinicians specialized in infectious diseases, allergy,
paediatrics, pharmacy and clinical microbiology. The panel was
chaired by M.G.].D.B., and methodological supervision and guid-
ance were provided by the ESCMID methodologist (B.N.).

Aim and scope

This guideline offers clinical guidance for managing reported
antibiotic allergies in children and adults. It outlines decision
pathways and strategies to optimize treatment in patients with
reported antibiotic allergies, addressing safety concerns and spe-
cial considerations. The guideline supports antimicrobial stew-
ardship by helping to (a) enable use of first-line, narrow-spectrum
antibiotics, and (b) reduce inappropriate use of broader-spectrum
second-line agents, which carry higher risks of adverse events,
increased costs and potential treatment failure. It also highlights
evidence gaps to guide future research and policy making. The
guideline is primarily intended to support hospital-based clini-
cians in managing patients with a suspected antibiotic allergy.

Methods

This guideline was developed using the GRADE-ADOLOPMENT
methodology [12], as several recent guidelines on the topic were
already available. However, some adjustments herein were needed
because none of the source guidelines had published GRADE evi-
dence profiles or Evidence to Decision (EtD) tables, as recom-
mended in the GRADE-ADOLOPMENT process. In short,
ADOLOPMENT is a pragmatic approach to guideline development
that combines the processes of adoption, adaptation and de novo
development of recommendations. It allows efficient use of
already existing high-quality clinical practice guideline on han-
dling reported antimicrobial allergies by either adopting them
directly, modifying them according to relevance and new insights
or creating new recommendations when necessary. The guideline
panel considered it essential to develop an umbrella guideline by
systematically identifying and incorporating scientific data and
recommendations from all relevant existing guidelines, rather
than relying on a single source. This allowed for broader clinical
guidance and the opportunity to assess variability across existing
guidelines. Therefore, systematic searches for relevant clinical
guidelines were undertaken.

Literature searches and evidence synthesis

Systematic literature searches for published guidelines on this
topic were performed in PubMed and Trip Databases, covering the
period from January 2015 to September 2023, without language or
study design filters (see supplementary materials). Additional
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manual searches were conducted via Google and the websites of
26 international and national societies active in this field.

Study selection followed a two-phase screening process (title/
abstract and full-text review), conducted in Rayyan (www.rayyan.
ai) [13]. Two independent reviewers screened the records, with
disagreements resolved by a third reviewer. Eligible records
included clinical guidelines published: (a) from 2015 onwards, (b)
by a society or organization, (c) by at least three authors, (d) by
national or international societies and (e) published in English.
Detailed inclusion criteria and Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses flow diagrams, including
reasons for exclusion, are provided in the supplementary
materials.

Quality of evidence and recommendations

The quality of included guidelines was assessed using the
AGREE Global Rating Scale [14] by two independent reviewers
(supplementary material). Only guidelines based on a systematic
review of evidence and using a formal evidence grading system
were retained for further consideration. Wherever possible, this
umbrella guideline synthesizes recommendations from previously
published guidelines to broaden the scope and provide a con-
solidated reference. The original evidence grading systems were
retained to preserve methodological rigour and ensure alignment
with the source guidelines.

Selecting key questions

From the included guidelines, all research questions were
extracted by one reviewer and verified by another. Panel members
then rated the importance of each question using a Likert scale
(1 = least important, 5 = most important). On the basis of these
ratings, the panel agreed on a final list of key questions to be
included.

Data extraction

Data extraction was performed by one reviewer and verified
by a second reviewer, using standardized forms. Three types of
extraction sheets were used. The first form collected general
information about each included guideline. The second form
focused on individual PICO (Population-Intervention-Control-
Outcome) questions, detailing the question itself, the corre-
sponding recommendations and the primary studies cited. The
third form documented each issued recommendation along with
the underlying information, using the EtD framework [15].

Consensus and issuing recommendations

Working groups (WGs) were formed based on thematic clusters
of topics. Each WG included at least one junior and two senior
panel members. Using the EtD framework, WGs assessed whether
to adopt, adapt or reject recommendations, according to GRADE
recommendations [16]. In an iterative process, each WG presented
their findings and proposed recommendations to the full panel.
After one or more rounds of discussion, recommendations were
finalized through voting. All panel members had voting rights,
except the ESCMID methodologist, who remained impartial. Con-
sensus was defined as agreement by at least 80% of panel members
with a voting right.

Literature search update for primary studies

To ensure up-to-date evidence, it was planned to replicate
primary study searches from the source guidelines. However, this
was not possible because search strategies were incompletely
described, and therefore nonreproducible. Instead, independent
systematic searches were conducted in PubMed and Embase for
recent studies published between January 2021 and December
2024. Study selection followed a two-phase process using Rayyan
systematic review software [13]. Two independent reviewers
screened articles, with a third resolving disagreements. Primary
studies were assessed for their potential to change the direction or
strength of recommendations. Relevant studies were extracted,
and Risk of Bias was evaluated using tools from the ESCMID
methodological manual [17]. Data were synthesized narratively.
Inclusion criteria, search strategies and Preferred Reporting Items
for Systematic reviews and Meta-Analyses flow diagrams are
detailed in the supplementary material.

Conflict of interest management

All panel members declared any potential conflicts of interest
according to ESCMID'’s policies [17].

Results

Seven relevant guidelines were identified and assessed for their
quality. For use in the ADOLOPMENT procedure, four high-quality
national guidelines published between 2022 and 2023 were
included: the Dutch SWAB guideline [11], the British Society for
Allergy and Clinical Immunology (BSACI) guideline [10], the
Spanish multidisciplinary guideline (SEIMC/SEAIC/SEFH/SEMI-
CYUC) [7] and the 2022 Drug Allergy Practice Parameter Update
[5]. From these documents, 24 recommendations were adopted or
adapted, which are summarized in Table 1.

Some of these recommendations are based upon a risk strat-
ification system derived from integrative adaptations of the BSACI
[10] and the Dutch SWAB [11] guidelines. Eventually, three cate-
gories are defined (Figs. 1 and 2, Table 1): very low risk, low risk
and high risk of true antibiotic allergy. Depending on those cate-
gories and on the nature of the reported (or suspected) reaction,
flowcharts (Figs. 1 and 2) are provided to support clinical decision-
making.

In this guideline, definitions of immediate and delayed reac-
tions (see Introduction) were adopted from the Spanish multi-
disciplinary guideline [9] and the 2022 U.S. Practice Parameter
Update [5]. Definitions of severe or nonsevere reactions (Table 2)
were adapted from the Dutch SWAB guideline [11], which used an
international consensus-based classification including World
Allergy Organization/European Academy of Allergy and Clinical
Immunology [18,19] and Council for International Organizations of
Medical Sciences criteria [20]. Of note, relevant considerations on
urticarial reactions are additionally provided in the rationale text
of recommendation 2.4, in the footnotes of Figs. 1 and 2 and in
paragraph 6 of the results section.

Table 3 provides a risk classification of cross-allergy to f-lactam
antibiotics, adopted from the Dutch SWAB Guideline [11]. Guid-
ance on drug challenge procedures and contraindications is shown
in Table 4 (see also 3. Details of performing a controlled drug
challenge test (CDCT)). In the following paragraphs, the evidence
and rationale are presented per recommendation topic.
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Table 1
Summary of recommendations

Topic Recommendation Source guideline/ Strength  Evidence Important remarks

adolopment grading
status (method)

1. General recommendations on the approach and work-up of suspected penicillin- or other p-lactam allergy

Can nonspecialist healthcare 1.1. All patients labelled as ‘penicillin allergic’ should havea  British (BSACI)/ Strong Grade E (SIGN)  Dutch (SWAB) has a similar recommendation, and
professionals identify low-risk penicillin-allergy assessment using needs-based adapted separately recommends performing an antibiotic allergy
patients and safely perform prioritization. anamnesis.
controlled drug challenge test? 1.2. Nonallergists should perform controlled drug British (BSACI)/ Strong Grade E (SIGN)  See recommendation 3.1 for further details

challenge test in low-risk patients in a setting where adopted
allergic reactions including anaphylaxis can be treated.

2. Recommendations on direct removal of the allergy label and on performing a controlled drug challenge

When is, based on patient-derived 2.1. We recommend that an antibiotic allergy label can be  Dutch (SWAB)/ Strong Moderate *Very low risk was further defined by the guideline panel.
information, a reaction not allergic removed directly without previous allergy testing when adapted (GRADE) The recommendation extents to all settings otherwise
and can the allergy label be one of the following criteria applies (very low* risk of defined in this guideline as very low risk (of developing an
removed? antibiotic allergy): allergic reaction upon exposure)

> The culprit drug has been used since the index reaction
without occurrence of an allergic reaction.

> The allergy label was solely based on positive family
history of allergy or on fear of allergy.

> The reported signs and symptoms are not compatible
with an allergic reaction (i.e. GI complaints only,
palpitations, blurred vision, headache, candidiasis).

Which patients with a reported 2.2.a We recommend that patients with a history of a ‘low-  Dutch (SWAB) and Strong Low (GRADE) This recommendation was the result of a fused adaptation
B-lactam antibiotic allergy have a risk’ index reaction can receive a controlled drug challenge  British (BSACI)/ of three recommendations: (I) Dutch (SWAB): we suggest
low risk of an actual allergy and can  of the culprit B-lactam antibiotic in an appropriate clinical  adapted that patients with suspected nonsevere, immediate-type
therefore be re-exposed to the setting: index reactions that occurred >5 years ago, can receive a
culprit antibiotic? therapeutic dose of the culprit 8-lactam antibiotic in a

> Patients with a history of a nonsevere cutaneous reaction controlled setting. (II) Dutch (SWAB): we suggest that
>5 years ago (independent of the type—immediate or patients with suspected nonsevere, delayed-type index
delayed—of the reaction) reactions that occurred >1 year ago can receive the culprit
B-lactam antibiotic without formal allergy testing. (III)
> The patient reports only a rash with no other history British (BSACI) GL: all patients identified as low risk for true
available* penicillin allergy should be offered direct drug provocation
testing (controlled drug challenge test), providing no
> The patient cannot remember the index reaction exclusion criteria are met
symptoms*
*Under the condition that the patient was either told it was
not serious/severe AND/OR the reaction did not require
hospitalization or treatment specific for allergy
Recommendation 2.2.b We suggest that hospitalized Dutch (SWAB), Weak Low (GRADE) This recommendation is aimed at—and can be applied

patients with a suspected nonsevere, delayed-type index
reaction that occurred >5 years ago (low-risk category) can
receive the culprit f-lactam antibiotic without controlled
drug challenge testing.*

*Follow-up is warranted; if no reaction occurs during
treatment, the label should be removed

British (BSACI) and
supported by USA
(AAAAI-ACAAI)/
adapted

to—a subpopulation of the patient population captured in
recommendation 2.2.a. Importantly, both
recommendations must not be read as contradictory
guidance. Rather, recommendation 2.2.b must be read as a
specific additional recommendation in this section, that
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Which patients with a reported
B-lactam antibiotic allergy have a
low risk of an actual allergy and can
therefore be re-exposed to the
culprit antibiotic?

2.3. We recommend against re-exposure to the culprit drug
class in patients with severe delayed-type index reactions
(high risk for an antibiotic allergy).

2.4. We recommend that patients with suspected
nonsevere, immediate-type index reactions that occurred
<5 years ago OR a suspected severe immediate-type index
reaction irrespective of time elapsed, should be referred for
formal allergy work up before re-exposure can be
considered. (high risk for an antibiotic allergy)

3. Details of performing a controlled drug challenge

What are the minimum safety
requirements for direct controlled
drug challenge test?

Should multiple-day challenges be
performed in patients with reported
penicillin allergy?

4. Cross-allergy between p-lactams

Part I. Penicillins)

In which patients with a reported
allergy to a penicillin, a different
penicillin can be administered with
an acceptable low risk of an allergic
reaction?

3.1. We recommend that the principles for the conduct of a
drug provocation test (controlled drug challenge test) be
applied as follows in patients identified as low-risk for
penicillin allergy:

Inform the patient and obtain consent

CDCT should be performed in a setting where vital signs
can be measured, and allergic reactions can be treated.
Single-dose or graded-dose CDCT can be used depending
on local preference o Single-dose CDCT: Administer 100%
of a full dose of the index antibiotic, preferably orally, or
via an alternative route if necessary. If the index drug is
unknown but probably a penicillin, amoxicillin (500 mg
for adults) should be used

o Graded-dose CDCT according to local protocol*
Should symptoms consistent with anaphylaxis develop
during the test, treat the patient in accordance with
local protocol or national guidelines for the management
of anaphylaxis

- The patient should be observed for 1 h after the last dose.
- The patient should be provided with clear written
instructions about what to do if symptoms develop
after leaving the hospital.

A system should be in place to inform the GP and other
relevant healthcare professionals about the result of the
CDCT. The patient should receive clear (preferably)
written information about the test result and its
implications

3.2. We recommend against the routine use of multiple-day
drug challenge testing in the evaluation of penicillin
allergy.

4.1. We recommend that in patients with a suspected
immediate-type allergy to penicillins, irrespective of
severity, that occurred <5 years ago, all other penicillins
should be avoided

4.2. We suggest that in patients with a suspected nonsevere
immediate-type allergy to a certain penicillin, that
occurred >5 years ago (low risk), a controlled drug
challenge test with other penicillins can be performed
based on indication.

4.3. We suggest that in patients with a suspected nonsevere
delayed-type allergy to penicillins that occurred >5 years
ago (low risk), all other penicillins can be used in a
controlled setting.

Dutch (SWAB)/ Strong GPS

adapted

Dutch (SWAB)/ Strong Low (GRADE)
adapted

British (BSACI)/ Strong Grade E (SIGN)
adapted

USA (AAAAI- Strong Not graded
ACAAI)

Dutch (Dutch Strong Low (GRADE)
(SWAB)/adopted

Dutch (SWAB)/ Weak Low (GRADE)
adapted

Dutch (SWAB)/ Weak Low (GRADE)

adapted

allows to us follow this recommendation instead of 2.2.a
for the subpopulation mentioned.

The sentence ‘In the absence of acceptable alternative
antimicrobial treatment, the use of the culprit should be
discussed in a multidisciplinary team’ will be added as a
separate statement in the text of the GL-document.

Amoxicillin 500 mg dose taken from another PICO/key
question and incorporated here. In the text, brief note on
absence of evidence for either graded or full dose challenge.
*Graded-dose CDCT suggested by the BSACI 2022 Guideline
[8]: Administer 10% of a full dose of the index antibiotic (i.e.
50 mg amoxicillin for adults); observe for 30 min;
administer 50% of a full dose of the index antibiotic (i.e. 250
mg amoxicillin for adults); observe for 30 min; administer
remainder of a full dose of the index antibiotic (i.e. 200 mg
amoxicillin for adults); observe for 60 min.

See corresponding recommendation 2.2a on using the
culprit penicillin in case of low-risk allergy

If doubt between immediate-type or delayed-type use
recommendation above, perform a controlled drug
challenge/controlled drug challenge test

(continued on next page)
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Table 1 (continued )

Topic Recommendation Source guideline/ Strength  Evidence Important remarks

adolopment grading
status (method)

Part II. Penicillins vs. cephalosporins or carbapenems

In which patients with a reported 4.4. We recommend that patients with a suspected or Dutch (SWAB)/ Strong Moderate *With the exception of patients with severe anaphylaxis, in
immediate-type allergy to a proven immediate-type allergy to penicillins* can receive  adapted (GRADE) which case the panel recommends to seek expert
penicillin, a cephalosporin can be cephalosporins, but only those with dissimilar side chains. evaluation first
administered with an acceptably low
risk of an allergic reaction?

In which patients with a reported 4.5. We suggest that patients with suspected or proven Dutch (SWAB)/ Weak Low (GRADE)
delayed-type allergy for a penicillin, nonsevere, delayed-type allergy to penicillins, can receive  adopted
a cephalosporin can be administered  cephalosporins with dissimilar side chains, irrespective of
with an acceptably low risk of an time elapsed since the index reaction.
allergic reaction?

In which patients with a reported 4.6. Cefazolin does not share any side chains with the Dutch (SWAB)/ Strong Moderate *With the exception of patients with severe anaphylaxis, in
immediate-type allergy to a currently available penicillins and can be used in cases of  adapted (GRADE) which case the panel recommends to seek expert
penicillin, a cephalosporin can be suspected or proven immediate-type allergy to a penicillin, evaluation first
administered with an acceptably low irrespective of severity or time elapsed since the index
risk of an allergic reaction? reaction.

In which patients with a reported 4.7. We recommend that the following patients can receive ~ Dutch (SWAB)/ Strong Low (GRADE) *With the exception of patients with severe anaphylaxis, in
allergy to penicillin, a monobactam any monobactam or carbapenem, without prior allergy adapted which case the panel recommends seeking expert
or carbapenem can be administered  testing: evaluation first.
with an acceptable low risk of an - patients with suspected or proven immediate-type
allergic reaction? penicillin allergy (low and high risk*)

- nonsevere, delayed-type penicillin allergy (low risk)

Part III. Cephalosporins vs. cephalosporins

In which patients with a reported 4.8. We suggest that referral for allergy work-up should be  Dutch (SWAB)/ Weak GPS Allergy to cephalosporins is relatively rare but has
allergy to cephalosporin, a different considered to prove or disprove suspected immediate-type  adapted consequences as cephalosporins are among the most
cephalosporin can be administered allergy to cephalosporins in patients. frequently used broad spectrum antimicrobials for empiric
with an acceptable low risk of an and targeted treatment in hospitalized patients in Europe
allergic reaction? 4.9. We recommend that cephalosporins with a dissimilar ~ Dutch (SWAB)/ Strong Moderate *With the exception of patients with severe anaphylaxis, in

side chain can be used in patients with a suspected or adapted (GRADE) which case the panel recommends to seek expert
proven immediate-type allergy to a cephalosporin.* evaluation first

4.10. We recommend that cephalosporins with a dissimilar ~ Dutch (SWAB)/ Strong Low (GRADE)

side chain can be used in patients with a suspected or adopted

proven nonsevere delayed-type allergy to a cephalosporin,

irrespective of time since index reaction

Part IV. Cephalosporins vs. monobactams and carbapenems

In which patients with a reported 4.11. We suggest that any carbapenem can be used in a Dutch (SWAB)/ Weak Low (GRADE) *With the exception of patients with severe anaphylaxis, in
allergy to a cephalosporin, a clinical setting in patients with suspected or proven, adapted which case the panel recommends to seek expert
monobactam or carbapenem can be immediate-type allergy to a cephalosporin, irrespective of evaluation first
administered with an acceptable low  time elapsed since index reaction.
risk of an allergic reaction? 4.12. We recommend that aztreonam can be used in Dutch (SWAB)/ Strong Low (GRADE)

patients with a suspected or proven, nonsevere, delayed- adopted

type allergy to cephalosporins other than ceftazidime or

cefiderocol, irrespective of time since the index reaction.

4.13. We suggest that any carbapenem can be used in Dutch (SWAB)/ Weak Low (GRADE)
patients with suspected or proven nonsevere, delayed-type  adapted

allergy to cephalosporins, irrespective of time since index

reaction

5. Suspected allergy for non—f-lactam antibiotics

Which patients with a non—R-lactam 5.1. We recommend avoiding re-exposure to the culprit Dutch (SWAB)/ Strong Low (GRADE)
antibiotics allergy label can be re- non—RB-lactam antibiotic (NBLA) and all other NBLA within  adopted
exposed to the same antibiotic with ~ the same class when the index reaction was severe (high
an acceptable low risk of an allergic  risk).
reaction? 5.2 We suggest a controlled drug challenge in patients with ~ Dutch (SWAB) and Weak Low (GRADE)

a nonsevere index reaction (low risk) to reintroduce the
culprit NBLA or any other NBLA within the same class

USA (AAAAI-
ACAAI)/adapted

BSACI, British Society for Allergy and Clinical Immunology; CDCT, controlled drug challenge test; GP: General Practitioner; GPS: Good practice statement; PICO: population-intervention-control-outcome question.
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Patient with a self-reported or documented beta-lactam allergy

Perform allergy history and collect other relevant data; e.g. history sought from patients,
carers, relatives and healthcare records where possible.

A4
] Y
Very low risk Low risk —
y High risk
* Non-severe rash/reaction >5 years ago
« Culprit antibiotic has been tolerated (whether immediate -or unclear if delayed
sincpe index reaction oRr mr:mecli:ate ty;r)]e rgactu?n) i o 0 -~ ——
. . » Rash with no other details available . icaria + Severe
Allergy label solely based on family + Cannot remember the index reaction® {immediate or anaphylactic
history of allergy or fear of allergy . c’ﬂe ayed) reactions
+ Symptoms incompatible with allergy # Provided the patient was told it was not re%?;t?:r}lseﬁs « SCAR
serious/severe, OR the reaction did not require years ago « Other severe
hospitalization or treatment specific for allergy (history .
sought from patients, carers, relatives and healthcare drug-induced
records where possible) delayed reactions
(see Table 2)
| No allergy testing | If suitable, perform If patient or setting Refer for allergy Refer for arllergy
controlled drug unsuitable* for specialist spec:a st
challenge test using controlled drug If‘:rg;:::‘lang;’dzd "f:e’:;gnﬁte':d'; ;
the culprit antibiotic. challenge test before the consultation, before the consultation,
Y see below see below
CDCT
| Remove the antibiotic allergy label CDCT positive
+ negative v v
The culprit antibiotic and all other Cephalosporins with dissimilar side chains***, monobactams with If treatment needed
antibiotics from the same class can be dissimilar side chains, and all carbapenems - in case of suspected use non-RL
used. penicillin or cephalosporin allergy - can be used. antibiotics
Consider the need for referral for allergy specialist consultation

*Patients with immediate-type index reaction are unsuitable for drug challenge test in case of: Severe or uncontrolled airways disease, Severe cardiac disease
including aortic stenosis, Pregnancy, Acutely unwell or clinically unstable, Unable to provide informed consent, Currently taking high-dose corticosteroids or

antihistamines

**Acute urticaria typically appear <1 hour after exposure to the culprit, and disappear again < 1 day: Some guidelines and clinical rules may classify isolated
urticaria (no other symptoms) and/or focal (not generalized) urticaria as non-severe or benign, i.e. as low risk. The guideline panel decided to classify urticaria as high
risk based on adoption from the BSACI guideline, but acknowledges limited evidence. In case of clinical need to use a specific antibiotic, a controlled drug challenge

test can be considered and discussed in a multidisciplinary team.
***For details of cross-reactivities and side chain: see main text and Table 3.

Fig. 1. Flow diagram for the approach towards a reported penicillin allergy. Legend: L, beta-lactam; CDCT, controlled drug challenge test; SCAR, severe cutaneous adverse

reaction.

General recommendations on the approach towards a suspected
penicillin- or other B-lactam allergy

Key question: Which patients with a reported f-lactam anti-
biotic allergy have a low risk of an actual allergy and can therefore
be re-exposed to the culprit antibiotic?

Recommendation 1.1. All patients labelled as ‘penicillin allergic’
should have a penicillin-allergy assessment using needs-based
prioritization. (Strong recommendation, SIGN grade E).

Source guideline: This recommendation was adapted from the
2022 BSACI guideline [10].

Evidence summary: The recommendation is based on extensive
data showing that 90—95% of patients with a penicillin-allergy
label do not have a true allergy when formally tested [21,22]. In
addition, carrying a penicillin-allergy label is associated with
increased risks of mortality, treatment failure, C. difficile infection,
Methicillin-resistant Staphylococcus aureus infection, toxicity and
harm from non—B-lactam alternatives [23—25]. Recent studies
have demonstrated that clinical evaluation strategies, using
readily available patient history or medical records, can effectively
and safely remove incorrect antibiotic allergy labels. This has
allowed many patients to receive B-lactam antibiotics again
[26—32]. Depending on the strategy used, patients may undergo
direct delabelling, allergy specialist referral or a drug challenge
test conducted by trained medical personnel (not necessarily
allergy specialists). Implementation studies estimate that up to
85% of patients with a penicillin-allergy label may benefit from
such an assessment [26,33].

The updated literature search identified 22 relevant studies: 3
randomized trials, 5 prospective cohorts, 3 retrospective studies
and 11 systematic reviews, including 3 meta-analyses. All studies
reported high rates of successful delabelling after risk assessment,
with a low incidence of adverse events (0.5—3.5% with a vast
majority of mild positive reactions) [3,4,34—47]. Three studies
showed that allergy assessment programmes can be effectively
implemented in hospital care without the need for continued on-
site supervision or care by allergy specialists [41], including sur-
gery [48—51] and intensive care unit (ICU) departments [48], with
successful interventions also led by nurses [50] and pharmacists
[43].

Rationale.

This recommendation aims to emphasize the need for broader
hospital-based implementation of evidence-based penicillin-
allergy assessment, enabling a substantial number of patients to be
safely delabelled outside specialist allergy clinics. It is cost-
effective [52] and may reduce the need for drug challenges by
allowing direct delabelling when appropriate, making it more
acceptable to patients by avoiding testing. The reason for adapting
the original recommendation by adding the formulation ‘needs-
based prioritization’ was to reflect the pragmatic reality in Europe
and beyond, where limited resources may yet prevent universal
implementation.

Recommendation 1.2. Nonallergists should perform drug
challenge tests in low-risk patients in a setting where allergic
reactions, including anaphylaxis, can be treated (Strong recom-
mendation/SIGN grade E).
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Patient with a self-reported or documented non-beta-lactam allergy

v

Perform allergy history and collect other relevant data; e.g. history sought from patients,
carers, relatives and healthcare records where possible.

v v

}

Very low risk

« Culprit antibiotic has been tolerated
since index reaction .

« Allergy label solely based on family
history of allergy or fear of allergy

+ Symptoms incompatible with allergy

Low risk

« Non-severe reaction (immediate or
delayed type reaction

Rash with no other details available
« Cannot remember the index reaction® o

# Provided the patient was told it was not
serious/severe, OR the reaction did not require
hospitalization or treatment specific for allergy
(history sought from patients, carers, relatives and
healthcare records where possible)

High risk

« Urticaria (immediate or delayed)***
« Severe reaction
o Anaphylactic reactions

CAR

o Other severe drug-induced
delayed reactions
(see Table 2)

v { '

Y

If suitable**, perform
controlled drug
challenge test (CDCT)
using the culprit antibiotic.

No prior allergy testing

Vancomycin, teicoplanin,

If patient or setting
unsuitable** for controlled
drug challenge test

quinolones, amphotericin Y
B: Consider slow infusion
under monitoring;
No and/or premedication* CDCT Refer fm.' a“"etrgy
reaction I positive c:::t‘;lltaat?on
Y
The antibiotic allergy label can be removed
] y y L\
The culprit antibiotic or any other antibiotic Consider the need for referral for allergy specialist N L::ltlll ::to 2::2?::;“;::?;dalrf;:s::::;:;ige
within the same class can be used consultation P within the same class

* For certain agents, such as vancomycin, teicoplanin, quinolones, and amphotericin B, adverse reactions often result from non—IgE-mediated mast cell degranulation, which is

typically infusion rate—dependent

** Patients unsuitable for challenge test: Severe or uncontrolled airways disease, Severe cardiac disease including aortic stenosis, Pregnancy, Acutely unwell or clinically
unstable, Unable to provide informed consent, Currently taking high-dose corticosteroids or antihistamines

**Acute urticaria typically appear <1 hour after exposure to the culprit, and disappear again < 1 day: Some guidelines and clinical rules may classify isolated urticaria (no
other symptoms) and/or focal (not generalized) urticaria as non-severe or benign, i.e. as low risk. The guideline panel decided to classify urticaria as high risk based on adoption
from the BSACI guideline, but acknowledges limited evidence. In case of clinical need to use a specific antibiotic, a controlled drug challenge test can be considered and

discussed in a multidisciplinary team.

Fig. 2. Flow diagram for the approach towards non—f-lactam antibiotics. Legend: 8L, 8-lactam; CDCT, controlled drug challenge test; SCAR, severe cutaneous adverse reaction.

Source guideline.

This recommendation was adopted from the 2022 BSACI
guideline [10].

Evidence summary.

The frequency of severe anaphylactic reactions after drug
challenge tests in patients with a low risk of having a true f-lactam
allergy is very low, but not absent [21,22,26—29,53—-56]. The
updated literature search identified 13 relevant studies—2
randomized trials, 1 prospective cohort, 1 retrospective study and
9 systematic reviews (6 with meta-analyses)—reporting severe
adverse event rates between 0% and 0.42% [3,4,34,35,37,38,40,
42,43,45,48,49].

Rationale.

By this recommendation, nonallergy specialists are supported
to use single-day/dose drug challenge testing in a certain patient
population to reassure both patients and clinicians that a patient
does not have a severe IgE-mediated allergy to the selected anti-
biotic and can safely be treated with that antibiotic. A single-day/
dose drug challenge test cannot reliably rule out delayed-onset
reactions and these may still occur during subsequent therapy,
but evidence suggests these are mild. The recommendation
reflects a pragmatic, safety-first approach, as no studies specifi-
cally define the optimal setting for drug challenge testing. Per-
forming drug challenge tests in settings prepared to treat
anaphylaxis remains a core patient safety requirement, regardless
of the low event rate.

Recommendations on direct removal of the antibiotic allergy label
and on performing a controlled drug challenge

Key question: When, based on patient-derived information, is a
reaction not allergic, and can an allergy label be removed?

Recommendation 2.1. We recommend that an antibiotic allergy
label can be removed directly without previous allergy testing
when one of the following criteria applies (very low risk of anti-
biotic allergy).

e The culprit drug has been used since the index reaction without
the occurrence of an allergic reaction.

e The allergy label was solely based on a positive family history of
allergy or fear of allergy.

e The reported signs and symptoms are not compatible with an
allergic reaction (i.e. gastro-intestinal complaints only, palpi-
tations, blurred vision, headache, candidiasis).

(Strong recommendation, moderate quality of evidence —
GRADE).

Source guideline: This recommendation was adapted from the
Dutch Working Party on Antibiotic Policy (SWAB) guideline for the
approach to suspected antibiotic allergy [11].

Evidence summary: The recommendation is supported by
consistent findings from multiple observational studies showing
that patients at very low risk for true antibiotic allergy can be
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Table 2

Definitions of severe and nonsevere manifestations of a suspected antibiotic allergic reaction

Definitions By symptoms of reaction OR
(WAO/EAACI criteria [18,19])

By consequences of reaction
(CIOMS criteria [20])

Severe 1. Acute onset of an illness (minutes to several hours) with OR
involvement of the skin OR/AND mucosal tissue (e.g.
generalized urticaria®, pruritus or flushing, swollen lips-
tongue-uvula)

AND at least one of the following:

a Respiratory compromise (e.g. dyspnoea, wheeze-
bronchospasm, stridor, reduced PEF, hypoxemia)

b. Reduced BP or associated symptoms of end-organ dys-
function (e.g. hypotonia [collapse], syncope,
incontinence)

2. Acute onset of hypotension or bronchospasm or
laryngeal involvement after exposure to a known or
highly probable allergen for that patient (minutes to
several hours), even in the absence of typical skin
involvement.

Danger signs for severe cutaneous adverse reactions:

a Tiny vesicles or crusts, grey-violaceous or dusky
colour of lesions, painful or burning skin and/or
mucosa in addition to fever and malaise,
haemorrhagic erosions of mucous membranes and
skin detachment (SJS/TEN)

b. Exanthema with pustules (AGEP)

. Purpura (vasculitis)

d. Macules/papules together with noncutaneous organ
involvement; progression to more than 50% of the
body surface area, deviating laboratory values
(differential blood count, liver and kidney
parameters) (DRESS).

e. Facial oedema, oedematose and infiltrated skin
inflammation. Acute fever of 38.5°C and higher.
(AGEP/DRESS)

Nonsevere 1. Symptom(s)/sign(s) from one organ system present: OR
a. Cutaneous: urticaria® (localized) erythema-warmth,

pruritus, tingling, itching of the lips, OR

b. Upper respiratory: nasal symptoms (e.g. sneezing,
rhinorrhoea, nasal pruritus, and/or nasal
congestion), throat-clearing (itchy throat), cough not
related to bronchospasm.

w

(g

OR

c. Conjunctival: erythema, pruritus, or tearing

2. Maculopapular exanthema without organ involvement.

OR

3. Other: nausea, metallic taste, gastrointestinal symptoms
(e.g. cramping abdominal pain, repetitive vomiting)

Those reactions that are fatal, life threatening, cause
hospitalization, result in persistent or significant disability or
incapacity, require intervention to prevent permanent damage, or
cause congenital anomalies

All other consequences

This table is adapted from the WAO allergy guidance position paper [18], the EAACI position paper [19] and CIOMS criteria [20] on how to classify cutaneous manifestations
of drug hypersensitivity. AGEP, acute generalized exanthematous pustulosis; BP, blood pressure; CIOMS, Council for International Organizations of Medical Sciences; DRESS,
drug rash with eosinophilia and systemic symptoms; EAACI, European Academy of Allergy and Clinical Immunology; PEF, peak expiratory flow; SJS, Stevens—Johnson

Syndrome; TEN, toxic epidermal necrolysis; WAO, World Allergy Organization.

2 Acute urticaria typically appear <1 hour after exposure to the culprit and disappear again <1 day: some guidelines and clinical rules may classify isolated urticaria (no
other symptoms) and/or focal (not generalized) urticaria as nonsevere. The guideline panel decided to classify urticaria as high risk (independently of the severity) based on

adoption from the BSACI guideline but acknowledges limited evidence.

safely delabelled without prior allergy testing. Very low-risk cri-
teria include non—immune-mediated symptoms (e.g. nausea,
vomiting, diarrhoea, headache, blurred vision), lack of temporal
association with drug exposure, documented tolerance on re-
exposure or labels based solely on family history or fear of
allergy. Although criteria varied slightly across studies, some
studies used oral challenge testing, whereas in others, patients
were delabelled based on history alone. All demonstrated that
such approaches reliably identify suitable patients, with a very low
risk of severe allergic reactions (<1%) and a low overall reaction
rate (0—3%) [26,29,30,57—65].

The updated literature search identified two relevant studies.
The first, a prospective multicentre cohort, reported that 337 of
490 patients were safely delabelled based on history alone, with a
low re-labelling rate because of mild reactions (0.9%) [44]. The
second, a systematic review by Powell et al. [41], included 69

studies and found that 689 of 4350 patients (15.8%) were safely
delabelled without harm through non—allergist-led, history-based
approaches.

Rationale: Collectively, the evidence supports a structured,
history-based delabelling pathway executed by nonallergists for
patients at very low risk of true allergies. This is a safe, feasible
strategy that promotes antimicrobial stewardship across health-
care settings. The recommendation was adapted, rather than fully
adopted, to include additional common signs and symp-
toms—such as headache and candidiasis—referenced in the BSACI
guideline. In addition, the criterion in the original recom-
mendation ‘If there is no temporal association between exposure
and onset of symptoms’ was excluded because of a lack of clarity
and definition. Of note, ideally, the physician responsible for con-
ducting the direct delabelling should verify that all medical
records under his or her management have been updated to
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Table 3
Risk of cross-allergy between B-lactam antibiotics

Beta-lactam g g g E?I)] % % g :E; g g g § g g g % g % g g § % § §
amiiotic | ¢ | 5|5 B2t e B 282 £ 82|25 2| |8 8|8 |3 s
5 o | < £ 5|5 53 5 |5 3 S e 8 3 a 3|3 8 | 3| 32 3 3 3 | 3
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Cross-tabulation similar

Allergy possible based on the formation of Penicilloyl-poly-L-lysine (PPL)

Potential cross allergy based on similarity in R1 or R2 side chain and/or clinical studies

Potential cross allergy based on identical in R1 or R2 side chain

J | Norisk of a cross allergic reaction

Table 4
Principles for performing a controlled drug challenge test

Principles for performing a controlled drug challenge test (CDCT)

1) Inform the patient and obtain consent, check for patient suitability.”

2) CDCT should be performed in a setting where vital signs can be measured, and allergic reactions can be treated.

3) Single-dose or graded-dose CDCT can be used depending on local preference
o Single-dose CDCT: administer 100% of a full dose of the index antibiotic, preferably orally, or via an alternative route if necessary. If the index drug is unknown but

probably a penicillin, amoxicillin (500 mg for adults) should be used

o Graded-dose CDCT according to local protocol®

4) Should symptoms consistent with anaphylaxis develop during the test, treat the patient in accordance with local protocol or national guidelines for the management
of anaphylaxis

5) The patient should be observed at least for 1 h after the last dose.

6) The patient should be provided with clear written instructions about what to do if symptoms develop after leaving the hospital.

7) A system should be in place to inform the GP and other relevant healthcare professionals about the result of the CDCT. The patient should receive clear (preferably)
written information about the test result and its implications

GP: General Practitioner.

2 Patients with immediate-type index reaction are unsuitable for drug challenge test in case of: severe or uncontrolled airways disease, severe cardiac disease including
aortic stenosis, pregnancy, acutely unwell or clinically unstable, unable to provide informed consent, currently taking high-dose corticosteroids or antihistamines.

b Example of graded-dose CDCT as suggested by the BSACI 2022 Guideline [8]: administer 10% of a full dose of the index antibiotic, (i.e. 50 mg amoxicillin for adults);
observe for 30 min; administer 50% of a full dose of the index antibiotic (i.e. 250 mg amoxicillin for adults); observe for 30 min; administer remainder of a full dose of the
index antibiotic (i.e. 200 mg amoxicillin for adults); observe for 60 min.
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remove the relevant label and—if possible—undertake efforts so
that other care providers and institutional correspondents are
appropriately informed of this modification.

Key question: Which patients with a reported p-lactam anti-
biotic allergy have a low risk of an actual allergy and can therefore
be re-exposed to the culprit antibiotic?

Recommendation 2.2a. We recommend that patients with a
history of a low-risk index reaction can receive a CDCT of the
culprit f-lactam antibiotic in an appropriate clinical setting.

Low-risk patients are defined as:

e Patients with a history of a nonsevere cutaneous reaction
>5 years ago (independent of the type—immediate or
delayed—of the reaction)

e The patient reports only a rash with no other history available*

e The patient cannot remember the index reaction symptoms*

*Under the condition that the patient was either told the
reaction was not serious/severe AND/OR the reaction did not
require hospitalization or medical treatment specific for allergy.

(Strong recommendation, low quality of evidence — GRADE).

Recommendation 2.2.b We suggest that hospitalized patients
with a suspected nonsevere, delayed-type index reaction that
occurred >5 years ago (low-risk category) can receive the culprit -
lactam antibiotic without controlled drug challenge testing*

*Follow-up is warranted; if no reaction occurs during treat-
ment, the label should be removed.

(Weak recommendation, low quality of evidence — GRADE).

Source guidelines: These two recommendations resulted from
merging and adapting three recommendations from the Dutch
Working Party on Antibiotic Policy (SWAB) guideline for the
approach to suspected antibiotic allergy—2.2. a and 2.2. b— [11]
and the 2022 BSACI guideline—2.2. a— [10].

Evidence summary: The source guidelines cite several studies
[27—-30,54,58,66,67] showing that the above-mentioned criteria
identify approximately 50% of patients labelled as penicillin
allergic who are at low risk of having a true penicillin allergy. This
applies across various settings—including outpatient, hospi-
talized, paediatric, ICU and geriatric populations—and allows safe
delabelling via controlled drug challenge testing. Ultimately, this
approach could reduce testing costs and benefit patients by
removing incorrect allergy labels [68].

The updated literature search identified 11 relevant new stud-
ies. Three randomized controlled trials [38,46,48], one prospective
cohort study [36], two retrospective studies [69,70] and six sys-
tematic reviews [3,34,39,41,42,45,49], five of which included
meta-analyses. Collectively, these studies reinforced the pre-
viously established criteria and benefits, confirming a very low risk
(0—0.3%) of severe adverse reactions [3,4,42,45].

Rationale: These adapted recommendations merge similar
guidance from the two above-mentioned guidelines. They avoid
interpretations of ‘appropriate clinical setting’ across countries
and simplify risk stratification for easier implementation.

A separate recommendation (2.2b) was developed for hospi-
talized patients with nonsevere delayed reactions. This recom-
mendation is aimed at—and can be applied to—a subpopulation
of the patient population captured in recommendation 2.2. a.
Importantly, both recommendations must not be interpreted as
contradictory guidance. Rather, recommendation 2.2. b must be
read as a specific additional recommendation in this section,
which allows us to follow this recommendation instead of 2.2. a
for the subpopulation mentioned. The reason behind this is that
a single-dose drug challenge test is reliable for detecting IgE-
mediated allergies but probably fails to identify delayed reac-
tions. Therefore, in case the reported reaction is (almost)

certainly a delayed-type reaction, it is more logical to follow the
approach suggested in recommendation 2.2. b. In summary, for
hospitalized patients with a history of nonsevere delayed reac-
tions occurring more than 5 years ago, and who require treat-
ment with the culprit p-lactam, we suggest initiating the
therapeutic course. If the history does not clearly distinguish
between immediate and delayed reactions, follow the approach
recommended in 2.2a.

Key question: Which patients with a reported f-lactam anti-
biotic allergy have a low risk of an actual allergy and can therefore
be re-exposed to the culprit antibiotic?

Recommendation 2.3. We recommend against re-exposure to
the culprit drug class in patients with severe delayed-type index
reactions (high risk for an antibiotic allergy).

(Strong recommendation, good practice statement — GRADE).

Recommendation 2.4. We recommend that patients with sus-
pected nonsevere, immediate-type index reactions that occurred
<5 years ago OR a suspected severe immediate-type index reac-
tion irrespective of time elapsed should be referred for formal
allergy work-up before re-exposure can be considered (high risk
for an antibiotic allergy).

(Strong recommendation, low quality of evidence — GRADE).

Source guideline.

Both recommendations were adapted from the Dutch Working
Party on Antibiotic Policy (SWAB) guideline for the approach to
suspected antibiotic allergy [11].

Evidence summary.

The source guideline presents evidence linking a high risk of -
lactam allergy to two key factors: (I) a shorter interval between the
index reaction and allergy evaluation [71,72] and (II) a history of
severe immediate (e.g. anaphylaxis, angioedema) or severe
delayed reactions [71—77]. Severe delayed reactions are commonly
accepted as life threatening. The updated literature search iden-
tified five studies that were considered relevant in relation to
recommendation 2.4: two prospective cohorts [37,78], one retro-
spective study [69] and two systematic reviews [34,40]. All but
one—Ilikely due to high heterogeneity [40]—supported the asso-
ciation between increased allergy risk and the two (I+II) outlined
key factors.

Rationale.

Recommendation 2.3 follows a precautionary principle,
emphasising that those patients with a severe delayed reaction to
any antibiotic—cutaneous or noncutaneous—must not be re-
exposed to the culprit drug because of the high risk of true
allergy and potential for life-threatening outcomes. In such cases,
the risk outweighs any potential benefit. The recommendation was
adapted to advise avoidance of the entire drug class, as cross-
reactivity studies in f-lactam allergy consistently exclude
patients with severe delayed reactions. The phrase “irrespective of
the time since the index reaction” was removed to improve clarity.
Recommendation 2.4 outlines criteria for evaluating patients at
high risk of true immediate B-lactam allergy in settings that
involve allergy specialists, where the risk of severe reactions and
the need for testing can be assessed in detail.

Because of their strong association with (IgE-mediated)
immediate-type reactions, urticaria were classified as high-risk by
the panel (Figs. 1 and 2) as a conservative and safety-first
approach. The panel acknowledges that the term ‘urticaria’ is
sometimes used incorrectly to describe nonspecific rashes and
may encompass nonallergic and/or delayed hypersensitivity
reactions. In cases of isolated, focal urticaria, a CDCT may be
considered after evaluation by a multidisciplinary team as rec-
ommended in some guidelines. This topic is additionally
addressed in paragraph 6 of the results section: Identified
knowledge gaps and future research needs.
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Details of performing a CDCT

Key question: What are the minimum safety requirements for a
CDCT?

Recommendation 3.1. We recommend that the principles for
the conduct of a CDCT be applied as follows in patients identified
as low risk for penicillin allergy.

(Strong recommendation, SIGN grade E) (see Table 4).

o Informed consent is required.

e Single-dose OR graded-dose CDCT can be used depending on
local preference.

e Single-dose CDCT: administer 100% of a full dose of the index
penicillin, or, if unknown, amoxicillin (500 mg = adult dose).

e Graded-dose CDCT* should be performed according to local
protocol.

e Should symptoms consistent with anaphylaxis develop during
the test, treat the patient following local protocol or national
guidelines for the management of anaphylaxis.

e The patient should be observed for 1 hour after the last dose.

e The patient should be provided with clear written instructions
about what to do if symptoms develop after leaving the
hospital.

e Asystem should be in place to inform the GP and other relevant
healthcare professionals about the result of the CDCT. The
patient should receive clear (preferably) verbal and written
information about the test result and its implications.

*We here provide the graded-dose CDCT suggested by the BSACI
2022 Guideline [8] as an example: administer 10% of a full dose of
the index antibiotic, (i.e. 50 mg amoxicillin for adults); observe for
30 minutes; administer 50% of a full dose of the index antibiotic
(i.e. 250 mg amoxicillin for adults); observe for 30 minutes;
administer remainder of a full dose of the index antibiotic (i.e. 200
mg amoxicillin for adults); observe for 60 minutes.

Patients are unsuitable for a CDCT in case of:

e Acutely unwell or clinically unstable condition.

e Severe or uncontrolled airways disease.

e Severe cardiac disease (e.g. severe aortic stenosis).

e Pregnancy.

e Impossibility to obtain informed consent (from patient or legal
representative).

e Currently taking high-dose corticosteroids.

e Currently taking antihistamines and unable to withhold prior
to testing.

Source guideline: This recommendation was adapted from the
BSACI guideline for the approach to suspected antibiotic allergy
[10].

Evidence review: Consistent evidence from prospective and
retrospective studies shows that drug challenge testing is safe in
patients with a low likelihood of true penicillin allergy
[21,22,26—-30,53]. When reactions do occur, they are generally
mild to moderate and tend to manifest several days after the
challenge. Across studies involving over 1400 adults and children,
hypersensitivity reaction rates to challenge tests were low
(0.8—6%), with extremely rare severe reactions and no confirmed
anaphylaxis. These findings indicate that basic safety measures,
such as appropriate clinical observation, are sufficient to manage
the low risk of adverse events. Stricter precautions may unnec-
essarily hinder the delabelling process without improving patient
safety.

The literature search update retrieved six relevant studies: two
meta-analyses [34,42], one prospective cohort [51], two retro-
spective studies [36,47] and one systematic review [35]. All
reported that severe reactions to drug challenge tests were rare in
patients with reported penicillin allergy. One meta-analysis of 112
studies involving 26 595 participants estimated the incidence of
severe reactions at 0.06% (95% CI: 0.01-0.13%; I> = 57.9%) [34].
Another meta-analysis, focused on 8334 paediatric tests, reported
a 5.23% overall positive reaction rate, with immediate reactions at
0.8%, delayed reactions at 3.69%, and only three severe events
(0.036%) [42].

Rationale.

The panel endorses controlled drug challenge testing in low-
risk patients as a safe, evidence-based approach with extremely
low risk of severe adverse events. Minimum safeguards—appro-
priate clinical setting, appropriate observation and patient edu-
cation—are sufficient to manage potential reactions and maintain
safety and trust in the process. In contrast, more excessive
restrictions (like intubation readiness in the case of patients with a
low risk of allergy) may hinder delabelling and limit access to
testing.

Key question: Should multiple-day challenges be performed in
patients with reported penicillin allergy?

Recommendation 3.2. We recommend against the routine use
of multiple-day drug challenge testing in the evaluation of pen-
icillin allergy (Strong recommendation, not graded).

Source guideline.

This recommendation was adopted from the 2022 Drug Allergy
Practice Parameter Update [5].

Evidence review.

The recommendation is supported by consistent evidence from
multiple prospective and retrospective studies showing that
multiday CDCT offers no added benefit over single-day testing in
low-risk penicillin-allergy patients [79—83]. Reported delayed
reaction rates after negative skin testing or repeated fB-lactam
exposure were very low (0—1.8%) [79—83]. Furthermore, most
delayed reactions were safely detected with a single-day challenge
[76,77]. For example, in one study using a 7-day washout after a
single-dose challenge before starting therapy at home, only two
patients developed a mild rash during the washout, and one
additional mild exanthema occurred during treatment in 116
patients [83]. An updated literature search identified one relevant
study—a systematic review and meta-analysis of 42 studies and
over 10 000 challenge tests [45]. It compared prolonged
(2—10 days) vs. single-day tests in suspected B-lactam allergy. The
confirmed hypersensitivity rate was 6.96%: 3.31% on day one and
3.65% during extended testing. Although detection increased
slightly (~3%), the added yield was modest. Half of the additional
positives occurred on days 2—3. Severe reactions were very rare
(0.02%), and detecting one extra mild case required testing 28
more patients [45]. These findings suggest single-day testing is
sufficient for identifying most delayed reactions in low-risk
patients.

Rationale.

Routine multiday drug challenge testing after a negative single-
day challenge is not recommended in patients with low-risk
penicillin allergy. Evidence shows that single-day testing is safe,
effective and identifies most clinically relevant reactions, which
are typically mild and self-limiting. In contrast, prolonged testing
adds limited diagnostic value while increasing unnecessary anti-
biotic exposure. Prolonged regimens may contribute to anti-
microbial resistance, C. difficile infection and other avoidable
harms, potentially increasing the healthcare burden. Although
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both approaches are low-cost, the added risks and minimal benefit
of multiday testing do not justify its routine use.

Cross-allergy between (-lactams

Part I. Penicillins

Key question: In which patients with a reported allergy to a
penicillin, a different penicillin can be administered with an
acceptable low risk of an allergic reaction?

Recommendation 4.1: We recommend that in patients with a
reported (suspected) immediate-type allergy to penicillins, irre-
spective of severity, that occurred <5 years ago, all other pen-
icillins should be avoided (strong recommendation, low quality of
evidence — GRADE).

Recommendation 4.2: We suggest that in patients with a
reported (suspected) nonsevere immediate-type allergy to a cer-
tain penicillin, that occurred >5 years ago (low risk), a CDCT with
other penicillins can be performed based on indication (Weak
recommendation, low quality of evidence — GRADE).

We suggest that in patients with a reported (suspected) non-
severe delayed-type allergy to penicillins that occurred >5 years
ago (low risk), all other penicillins can be used in a controlled
setting (Weak recommendation, low quality of evidence —
GRADE).

Source guideline: Recommendation 4.1 was adopted and rec-
ommendations 4.2. and 4.3. were adapted from the Dutch Working
Party on Antibiotic Policy (SWAB) guideline for the approach to
suspected antibiotic allergy [11].

Evidence summary: Evidence on penicillin cross-reactivity
comes primarily from observational studies using formal allergy
testing, which indicated some risk of cross-reactivity between
various penicillins [84—90]. However, in practice, most patients
labelled as allergic can safely tolerate penicillins, possibly because
most labels are false [91—-93]. Overly cautious interpretation of
cross-reactivity data may lead to unnecessary avoidance and
increased use of second-line antibiotics, which are associated with
poorer outcomes [24,94,95]. The 5-year threshold for identifying
high-risk patients was based on the criteria established by Tru-
biano et al. [31]. In their study, four factors were linked to positive
penicillin-allergy test outcomes: a reaction occurring within the
past 5 years, a history of anaphylaxis or angioedema, severe
cutaneous adverse reactions and the need for treatment during the
initial episode. The PALACE clinical trial, which assessed this
clinical decision rule to support direct oral challenges using a
randomized design, further highlighted the safety of this approach
[38]. The updated literature search did not retrieve additional
relevant, high-quality studies.

Rationale.

As a safety-first approach, the panel recommended avoiding all
penicillins in cases of suspected or confirmed immediate-type
allergy if the reaction occurred within the past 5 years. If pen-
icillin use is clinically necessary, formal allergy testing may be
warranted. Alternatively, a cephalosporin with a dissimilar side
chain (as detailed below in Part II, Penicillins vs. Cephalosporins or
Carbapenems, and in Fig. 1) may be used. For patients who report a
reaction that occurred more than 5 years ago and who require
treatment with another penicillin, the recommendations allow for
a CDCT when clinically indicated. For suspected nonsevere delayed
(low-risk) reactions, a conservative 5-year threshold was adop-
ted—in contrast to the Dutch guideline’s 1-year thresh-
old—because of limited supporting evidence. The 5-year threshold
is acknowledged as arbitrary, based on the PEN-FAST score and
evidence on penicillin-allergy half-life [31,38,96]. Of note, in rec-
ommendation 4.3 ‘controlled setting’ refers to a setting in a hos-
pital environment and not to a ‘controlled drug challenge test’.

When there is uncertainty whether it concerns an immediate or
delayed-type reaction, the guideline panel advises using the
approach as if it was an immediate-type reaction (per recom-
mendation 4.2).

Part II. Penicillins vs. cephalosporins or carbapenems

Key questions:

In which patients with a reported immediate-type allergy to a
penicillin, a cephalosporin can be administered with an acceptably
low risk of an allergic reaction?

In which patients with a reported delayed-type allergy for a
penicillin, a cephalosporin can be administered with an acceptably
low risk of an allergic reaction?

In which patients with a reported allergy to penicillin, a mon-
obactam or carbapenem can be administered with an acceptable
low risk of an allergic reaction?

Recommendation 4.4. We recommend that patients with a
suspected or proven immediate-type allergy to penicillins* can
receive cephalosporins, but only those with dissimilar side chains
(Strong recommendation, moderate quality of evidence — GRADE).

*With the exception of patients with severe anaphylaxis (e.g.
anaphylactic shock), in which case the panel recommends seeking
expert evaluation first.

See Table 3 to compare side chains (dis-)similarity.

Recommendation 4.5. We suggest that patients with suspected
or proven nonsevere, delayed-type allergy to penicillins can
receive cephalosporins with dissimilar side chains, irrespective of
the time elapsed since the index reaction (Weak recommendation,
low quality of evidence — GRADE).

Recommendation 4.6. Cefazolin does not share any side chains
with the currently available penicillins and can be used in cases of
suspected or proven immediate-type allergy to a penicillin*,
irrespective of severity or time elapsed since the index reaction
(Strong recommendation, moderate quality of evidence — GRADE).

*With the exception of patients with severe anaphylaxis (e.g.
anaphylactic shock), in which case the panel recommends seeking
expert evaluation first.

Recommendation 4.7. We recommend that the following
patients receive any monobactam or carbapenem, without prior
allergy testing: patients with suspected or proven immediate-type
penicillin allergy (low and high risk*), patients with nonsevere,
delayed-type penicillin allergy (low risk).

(Strong recommendation, low quality of evidence — GRADE).

*With the exception of patients with severe anaphylaxis (e.g.
anaphylactic shock), in which case the panel recommends seeking
expert evaluation first.

Source guideline.

Recommendation 4.5. was adopted and recommendations 4.4.,
4.6. and 4.7 were adapted from the Dutch Working Party on
Antibiotic Policy (SWAB) guideline for the approach to suspected
antibiotic allergy [11].

Evidence summary.

The original Dutch guideline recommendations are based on
six systematic reviews assessing cross-reactivity between pen-
icillins and cephalosporins in patients with confirmed or sus-
pected penicillin allergy. Outcomes included positive skin tests or
clinical reactions to cephalosporins across various generations
[97—102].

Patients allergic to penicillins may exhibit cross-reactivity to
other B-lactams, either through shared core structures or because
of similar or identical R1 side chains [103]. The risk of cross-
reactivity with cephalosporins depends almost entirely on side
chain similarity. Observational studies consistently show that
cephalosporins with dissimilar R1 side chains to the culprit
penicillin carry a negligible (<1%) risk [99], whereas those with
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similar or identical side chains pose a significantly higher risk,
ranging from 5% to 17%, and even greater in some subgroups
[98,100].

A recent meta-analysis by Picard et al. [100] included 21
observational studies with 1269 patients with confirmed
immediate-type penicillin allergy (via skin testing or drug chal-
lenge test). The analysis found a strong correlation between cross-
reactivity and R1 side chain similarity: 16.45% (95% CI:
11.07—23.75) for amino-cephalosporins (similarity score = 1),
5.60% (95% CI: 3.46—8.95) for intermediate similarity (score
0.563—0.714) and 2.11% (95% CI: 0.98—4.46) for low similarity
scores (<0.4), regardless of cephalosporin generation. This ele-
vated risk applied to both IgE-mediated and T-cell-mediated
(delayed) hypersensitivity reactions.

Supporting this, Pichichero [98] analysed data of over 35 000
patients and found that those with confirmed or suspected pen-
icillin allergy had a significantly elevated reaction rate to first-
generation cephalosporins with similar side chains (risk
difference +7.0%, 95% Cl: 6.1-7.8%), particularly in those with
confirmed allergy (+7.3%, 95% CI: 1.2—13.6%). Cephalosporins with
dissimilar side chains did not show an increased risk. No cross-
reactivity has been observed between penicillins and aztreonam
in patients with confirmed allergy, according to Picard et al. [100]
and Gaeta et al. [104]. Monobactams and carbapenems can
therefore be administered without prior testing in both nonsevere
immediate and nonsevere delayed-type reactions. However, in
severe delayed-type allergy (e.g. Stevens—Johnson syndrome), the
cross-reactivity risk remains unclear.

In the literature search update, one study relevant to the rec-
ommendations above was identified. In a systematic review and
meta-analysis [68], 6147 patients from 77 studies were included.
Forty-four patients were allergic to a penicillin and cefazolin,
resulting in a frequency of 0.7%. The low rate of penicillin-cefazolin
dual allergy strongly suggests that most patients should receive
cefazolin regardless of a positive penicillin-allergy history, further
supporting recommendation 4.6.

Rationale.

Despite structural similarities within B-lactam antibiotics,
evidence indicates that cross-reactivity between penicillins and
cephalosporins is primarily driven by R1 side chain similarity.
Multiple systematic reviews and meta-analyses repeatedly dem-
onstrated a low risk (<1%) of cross-reactivity when cephalosporins
with dissimilar side chains are used in skin tests or proven
penicillin-allergic patients. For cephalosporins with similar side
chains, the risk increases (5—17%), but can be mitigated through
careful selection based on molecular structure. Notably, cefazolin,
commonly used for perioperative antimicrobial prophylaxis,
shows no increased risk of cross-reactivity. In patients with con-
firmed penicillin allergy, both monobactams (e.g. aztreonam) and
carbapenems have shown no clinically relevant cross-reactivity in
immediate- or delayed-type reactions. Therefore, these agents can
be considered safe alternatives. For antimicrobial stewardship
reasons, a cephalosporin is preferred over a monobactam or car-
bapenem if the indication permits. The panel could not reach
consensus about patients with severe anaphylaxis (anaphylactic
shock, ICU admission) because of penicillin allergy. Ultimately, it
was decided to exclude these patients from recommendations 4.4.
and 4.7.

Part III. Cephalosporins vs. cephalosporins

Key question: In which patients with a reported allergy to
cephalosporin, a different cephalosporin can be administered with
an acceptable low risk of an allergic reaction?

Recommendation 4.8. We suggest that referral for allergy work-
up should be considered to prove or disprove suspected

immediate-type allergy to cephalosporins in patients (Weak rec-
ommendation, good practice statement — GRADE).

Recommendation 4.9. We recommend that cephalosporins
with a dissimilar side chain can be used in patients with a sus-
pected or proven immediate-type allergy to a cephalosporin*
(Strong recommendation, moderate quality of evidence — GRADE).

*With the exception of patients with severe anaphylaxis (e.g.
anaphylactic shock), in which case the panel recommends seeking
expert evaluation.

Recommendation 4.10. We recommend that cephalosporins
with a dissimilar side chain can be used in patients with a sus-
pected or proven nonsevere delayed-type allergy to a cepha-
losporin, irrespective of time since index reaction (Strong
recommendation, low quality of evidence — GRADE).

Source guideline.

Recommendations 4.8. and 4.9. were adapted and recom-
mendation 4.10. was adopted from the Dutch Working Party on
Antibiotic Policy (SWAB) guideline for the approach to suspected
antibiotic allergy [11].

Evidence summary.

Data from cohort analyses show that cephalosporins are
extensively utilized in both inpatient and outpatient settings.
Reported cephalosporin allergies rank second only to penicillin
allergies in certain patient cohorts [105—107]. Using alternative
antimicrobial agents, particularly for perioperative prophylaxis,
has been associated with a higher incidence of surgical site
infections, prolonged hospitalizations and increased morbidity
[58,108]. Current evidence indicates that cross-reactivity among
cephalosporins is primarily driven by structural similarity of the
R1 side chain and, to a lesser extent, by similarity of the R2 side
chain (Table 3) [109]. Observational studies involving formal
allergy testing have provided most of the available data on sus-
pected immediate- and delayed-type cephalosporin allergies
[110—118].

The updated literature search identified two relevant studies.
Cox et al. [78] developed and validated a clinical decision rule to
assess cephalosporin allergy risk and guide drug challenge testing
and delabelling, using cohorts from Australian and U.S. allergy
clinics. Touati et al. [37] retrospectively reviewed 476 patients with
suspected cephalosporin allergy at a French clinic; only 25% had
confirmed allergy. Delayed reactions were rare and exclusively
mild, cutaneous cases, consistent with earlier data from a study
performed in Italy, which reported a 4.7% delayed reaction rate, all
mild [118].

Rationale.

The WG agreed that formal allergy testing can aid in selecting
appropriate antibiotics for suspected cephalosporin allergy.
However, access and feasibility vary across healthcare systems,
and that limited allergy service availability can be a barrier. Con-
sidering the resource demands of allergy workups, the panel
issued a weak recommendation and adapted recommendation 4.8
from the Dutch guideline to avoid overburdening healthcare sys-
tems. A recently developed clinical decision rule may aid in
streamlined risk stratification, guide drug challenge testing and
delabelling in patients with a cephalosporin allergy label, pending
further external validation [78].

Recommendations 4.9 and 4.10. are based on indirect evi-
dence. The panel weighed the low cross-reactivity risk of
cephalosporins with dissimilar sidechains, along with their
safety, availability and alignment with antimicrobial steward-
ship principles, against the harms of second-line antibiotic use.
Delayed mild reactions to cephalosporins are uncommon, even
in specialized allergy settings [37,118]. In nonspecialist settings,
most reported reactions are not confirmed as true allergies,
suggesting a low overall risk of harm.
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In line with recommendations 4.4. and 4.7, it was advised that
in case of severe anaphylaxis (anaphylactic shock, ICU admission)
patients are referred for specialist evaluation.

Part IV. Cephalosporins vs. monobactams and carbapenems

Key question: In which patients with a reported allergy to a
cephalosporin, a monobactam or carbapenem can be administered
with an acceptable low risk of an allergic reaction?

Recommendation 4.11. We suggest that any carbapenem can be
used in a clinical setting in patients with suspected or proven,
immediate-type allergy to a cephalosporin, irrespective of time
elapsed since index reaction*.

(Weak recommendation, low quality of evidence — GRADE).

*With the exception of patients with severe anaphylaxis (e.g.
anaphylactic shock), in which case the panel recommends seeking
expert evaluation first.

Recommendation 4.12. We recommend that aztreonam can be
used in patients with a suspected or proven, nonsevere, delayed-
type allergy to cephalosporins other than ceftazidime or cefider-
ocol, irrespective of time since the index reaction.

(Strong recommendation, low quality of evidence — GRADE).

Recommendation 4.13. We suggest that any carbapenem can be
used in patients with suspected or proven nonsevere, delayed-
type allergy to cephalosporins, irrespective of time since the
index reaction. (Weak recommendation, very low quality of evi-
dence — GRADE).

Source guideline.

Recommendation 4.11. was adapted, recommendations 4.12.
and 4.13. were adopted from the Dutch Working Party on Anti-
biotic Policy (SWAB) guideline for the approach to suspected
antibiotic allergy [11].

Evidence summary.

These recommendations are supported by six observational
studies and one systematic review involving both adults and
children referred to allergy clinics [37,67,116,118—124]. Overall, the
evidence suggests good tolerability. However, aztreonam, ceftazi-
dime and cefiderocol share a common side chain, which may
increase the risk of cross-reactivity [120]. As a result, mono-
bactams are generally considered safe, except in cases of presumed
immediate-type hypersensitivity to ceftazidime or cefiderocol.
The updated literature search did not retrieve additional relevant,
high-quality studies.

Rationale.

Carbapenems are widely used for empiric treatment of severe
infection and have a strong safety profile. Cohort studies report a
low risk of cross-reactivity in patients with cephalosporin allergy
[37]. The panel concluded that the benefits of carbapenem use in
patients with suspected or confirmed immediate or mild delayed-
type cephalosporin allergies outweigh the very low risk of an
allergic reaction. The panel recommends referral to a specialist for
patients with severe anaphylaxis (ICU admission, anaphylactic
shock) to cephalosporins, adapting the recommendation from the
source guideline.

Aztreonam-avibactam is one of the few treatment options
against certain carbapenemase-producing bacteria. Cross-
reactivity is primarily driven by side-chain similarity. Hence, the
use of aztreonam is generally safe unless the implicated cepha-
losporin is ceftazidime or cefiderocol [116,120,122—124]. Delayed
cephalosporin reactions are uncommon [37], and many reported
reactions are not confirmed allergies. On the basis of this evidence,
the panel concluded that the use of aztreonam is appropriate for
patients with suspected or confirmed mild delayed-type cepha-
losporin allergy.

Approach to antibiotic allergy in case of reported allergy to a
non—@-lactam antibiotic

Key question: Which patients with a non—f-lactam antibiotics
allergy label can be re-exposed to the same antibiotic with an
acceptable low risk of an allergic reaction?

Of note: For direct delabelling of a reported allergy to a non—f3-
lactam antibiotic, see recommendation 2.1 (intended for all anti-
biotic classes).

Recommendation 5.1. We recommend avoiding re-exposure to
the culprit non—f-lactam antibiotic and all other non—f-lactam
antibiotics within the same class when the index reaction was
severe (high-risk, see Table 2) (Strong recommendation, low
quality of evidence — GRADE).

Recommendation 5.2. We suggest performing a CDCT in
patients with a nonsevere index reaction (low risk) to reintroduce
the culprit non—f-lactam antibiotic or any other non—f-lactam
antibiotic within the same class (Weak recommendation, low
quality of evidence — GRADE).

Source guidelines.

Recommendation 5.1 was adopted from the Dutch Working
Party on Antibiotic Policy (SWAB) guideline for the approach to
suspected antibiotic allergy [11]. Recommendation 5.2 was adap-
ted from the Dutch Working Party on Antibiotic Policy (SWAB)
guideline and the 2022 Drug Parameter Update [5,11].

Evidence summary.

The Dutch guideline systematically reviewed data on suspected
allergies to non—p-lactam antibiotics, mainly focusing on adverse
reactions to macrolides and quinolones. For glycopeptides and
sulphonamides, only descriptive summaries were available. All
included studies were observational and conducted in formal
allergy testing settings. Skin testing has limited diagnostic value
for non—f-lactam antibiotic allergies [125—130]. Although severe
reactions are rarely reported, they are more likely to be confirmed
through drug challenge testing [125—127,130—132]. In contrast,
patients with suspected mild immediate or delayed reactions face
a low risk of severe adverse events upon re-exposure
[125—131,133—135]. For certain drugs—such as vancomycin, tei-
coplanin, quinolones and amphotericin B—reactions are often due
to non—IgE-mediated mast cell degranulation, typically related to
the infusion rate rather than true allergy [130,136—142]. The
updated literature search identified four new studies on suspected
hypersensitivity to cotrimoxazole. Krantz et al. [143] report that
94% of 204 patients with suspected nonsevere reactions to cotri-
moxazole tolerated an oral challenge test, with longer time since
the initial reaction significantly associated with tolerance. An
Australian study adapted the PEN-FAST tool to create the SULF-
FAST score, which showed high negative predictive value at a
threshold of <3 and was validated in two independent cohorts
[45,144]. In immunocompromised patients, re-evaluation and
reintroduction of cotrimoxazole for Pneumocystis pneumonia
prophylaxis after a successful challenge yielded significant cost
savings [145].

Rationale.

Considering the limited amount of evidence as well as the
absence of reliable tools to predict within-class cross-reactivity,
re-exposure to an antibiotic from the same antibiotic class should
be avoided in patients with a history of severe (high-risk) reactions
to a non—p-lactam antibiotic. Although the supporting evidence is
of low quality, the data suggest that severe reactions after mild
immediate or delayed responses are uncommon. Reactions to
vancomycin, teicoplanin, quinolones and amphotericin B are often
due to non—non-Ige—mediated mast cell degranulation from rapid
infusion and typically do not preclude re-use. Growing evidence
also supports safe cotrimoxazole re-challenge in patients with
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mild suspected reactions, particularly relevant for immunocom-
promised individuals.

Identified knowledge gaps and future research needs

Despite recent advances in the clinical evaluation and man-
agement of presumed antibiotic allergies, several important
knowledge deficits remain. The current 5-year cutoff for mild
delayed-onset index reactions requires further refinement. In this
guideline a one-size-fits-all time-window is applied, derived from
larger cohort studies and validation of the PEN-FAST rule [144].
However, the guideline panel found that the data supporting this
time-window for mild delayed-type reactions are dispersed and
difficult to summarize comprehensively. In particular, shorter
times since index reactions could be as safe. With regard to severe
delayed cutaneous reactions, it is unresolved whether safe re-
exposure in patients would be possible within the f-lactam class
if similar principles as for immediate-type reactions, i.e. consid-
ering side-chain (dis)similarity, are followed.

For immediate-type reactions, the classification of reported
(acute) urticaria as either low or high-risk reaction—despite some
guidelines and published protocols already considering isolated or
focal urticaria as nonsevere—represents an area with limited
supporting evidence. Moreover, in real-life practice, there is a
substantial potential for misclassification of other rashes as being
urticaria or vice versa. Future research should assess the true risk
these presentations represent and clarify whether a CDCT can be
safely offered when there is a clinical need for a specific antibiotic.
In the case of the patients with the most severe clinical phenotype
of immediate-type reactions, i.e. severe anaphylaxis/anaphylactic
shock, the guideline panel discussed whether they should be
excluded from applying the recommendations presented in the
section on cross-allergic reactions. Here, expert insights diverged.
Hence, on the topic of cross-allergy, more research is needed to
address this issue.

Regarding the recommendations about performance of a CDCT,
more research may be needed to assess single-versus multiday
challenge protocols to determine safety and clinical effectiveness
as well as impact on healthcare use and patient adherence.
Through the use of the ADOLOPMENT procedure for development
of this guideline, the panel is confident that current recom-
mendations on this topic are adequate but acknowledges that
other practices in performing a CDCT may be as safe and effecti-
ve—or better.

Actual implementation strategies may differ between hospitals
but through the guideline development process it became clear
that more data are needed on feasibility, acceptability, equity and
cost-effectiveness of controlled drug challenge testing approaches,
as well as the integration of decision support tools into clinical
workflows. Finally, sustainable delivery of antibiotic allergy eval-
uation will require adequate staffing, training and other resources
that must be addressed while developing implementation strat-
egies. In addition, research is needed to identify effective priori-
tization strategies for settings where full implementation of the
recommended practices is not feasible.

Discussion

Antimicrobial resistance is a global threat to health, and recent
estimates suggest 4.71 million deaths were associated with bac-
terial AMR in 2021 [146]. Antibiotics are among the most common
drugs associated with allergy labels and have a profound effect on
antibiotic therapy. Although patients with a genuine allergy must
continue to avoid the antibiotics that cause a reaction, over recent
decades, it has emerged that antibiotic allergy labels are harmful

for patients and often incorrect [147]. The focus of antibiotic
allergy research has been on penicillin allergy because this is by far
the most frequently reported drug allergy. Penicillin-allergy labels,
in particular, affect antibiotic prescribing [148], but are also asso-
ciated with antimicrobial resistance and worse patient health
outcomes [148,149]. Whether all of these negative consequences
can be reversed is not yet known but prescribing of penicillins can
be safely and cost-effectively increased, while also reducing using
use of broader-spectrum B-lactams and non—f-lactam antibiotics
[30,32,150]. As such, antimicrobial stewardship guidance from the
European Union [151], Infectious Diseases Society of America [152]
and WHO [153] all encourage penicillin-allergy evaluation. How-
ever, implementation of these recommendations has been slow
and penicillin-allergy assessment has largely remained in the
domain of allergy specialists in many places. Although non-
specialist assessment of antibiotic allergy has been found to be
safe and effective [41], the lack of well-defined, standardized
guidance on how to assess patients with antibiotic allergies is one
of the reasons for this lack of progress.

As there was a clear unmet need for a standardized approach to
this problem across Europe, The ESCMID therefore undertook to
develop a guideline that could be widely applied. To make optimal
use of existing guidance and maximize efficiency, an ADOLOP-
MENT process was used. This supports evidence-based decision-
making, whereas the guideline panel was able to accommodate
differences such as variation in healthcare infrastructure, medical-
cultural values and resource availability. This guideline provides
recommendations that are intended to be applicable across
healthcare systems in Europe and beyond that considering anti-
microbial stewardship principles, patient safety and practicality of
implementation.

Awareness of variation in the provision of healthcare across
different countries has led to some recommendations being less
forceful than we would have liked, as, e.g. there would be no point
in making recommendations that were impossible to implement.
The recommendations are aimed at all healthcare professionals,
but particularly nonallergy specialists, to facilitate the need for
expansion of antibiotic allergy assessment beyond specific allergy
clinics. Flow diagrams and charts have been included to aid ease of
use. Patient safety considerations weighed heavily throughout the
guideline development process and where sufficient data were
lacking, a more cautious approach was taken.

No guideline can be used as a stand-alone resource, and local
implementation in most situations will require a multidisciplinary
approach, preferably led/supervised by antimicrobial stewards.
Healthcare professionals who are to undertake allergy assessment
need to be appropriately trained to perform this task. Even with
carrying out assessment in a simulated patient environment, as
well as observations of routine practice, potentially major errors in
decision-making can be made [154,155].

Limitations

Several methodological limitations should be acknowledged.
First, some source guidelines lacked clarity on how certain deci-
sions were reached; this was addressed through panel discussions
and appraisal of the supporting evidence. Second, although deci-
sions were made through a consensus process, not all were
unanimous, which is not unexpected. Third, much of the evidence
informing the source guidelines—and this field in general—was
observational and therefore subject to bias, a limitation that could
not be resolved here. Fourth, because this guideline synthesizes
four previously published guidelines, multiple evidence grading
systems were retained. Although this deviates from standard
practice and prevented updating the quality of evidence when new
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studies became available, it was necessary to maintain alignment
with the original documents. Although this may be viewed as a
limitation, it was an intentional choice to broaden the scope and
enhance the utility. At the same time, the umbrella approach is a
strength, consolidating dispersed guidance into a single, more
accessible resource.

Implications

The European Union has set a target of a 20% reduction in
antibiotic use by 2030 [151]. Penicillin-allergy assessment can
reduce total antibiotic use [32] and is therefore a potential means
to work towards this target. The WHO has assigned all antibiotics
to one of three groups, Access, Watch and Reserve, known as the
AWaRe categories, with antibiotics in the Access group intended to
minimize the risk of driving antimicrobial resistance [156,157].
The latest UK 5-year National Action Plan to combat AMR has set a
target of 70% of total antibiotic use to comprise Access category
antibiotics by 2029 [157,158]. Antibiotic allergy assessment pro-
vides a means to increase Access category antibiotics compared
with Watch and Reserve. Above all, patients with allergies to other
antibiotics, and particularly those with multiple antibiotic allergy
labels, are at higher risk of suboptimal therapy and implementing
this guideline aims to achieve better outcomes for these patients.

Conclusions

In this guideline, we defined and explained 24 recom-
mendations for the assessment and medical management of
patients with antibiotic allergies based on four previously pub-
lished national guidelines and an additional systematic literature
review, that are intended to be applicable across Europe and
beyond. There is a clear need to widen access to antibiotic allergy
assessment for patients, and the provision of a standardized
approach should enhance the implementation of this. The guide-
line can be used and incorporated into antimicrobial stewardship
programmes and used to initiate a process that empowers all
prescribers to be more involved in providing optimal antimicrobial
therapy.

Author Contribution Statement

All authors contributed to the conceptualization of the guide-
line and the constitution of the final recommendations. BN pro-
vided methodological support. MGJdB constructed the first draft of
the guideline and supervised the writing process. All other authors
contributed to the text by delivering raw paragraph text and
reviewing subsequent versions. O] and KS performed a central role
in writing and revising subsequent versions as well as in
improvement of tables and figures. BN supervised the construction
of the supplement.

Updating

The guideline will
recommendations.

be wupdated according to ESCMID

Transparency declaration
Potential conflict of interest

0.J. reports receiving honoraria for lectures and educational
events from the German Society of Infectious Medicine and
financial support from ESCMID to attend ESCMID global meetings.
K.B. reported receiving royalties for authorship from UptoDate,

and consulting fees from Denali Therapeutics. S.G.-Z. received
funding for research from the Spanish government’s National
Institute of Health Research (projects PI21/00509 and PI25/00018)
funded by Insitituto de Salud Carlos III (ISCIII), cofunded by the
European Union and a research grant from the Spanish Society of
Infectious Diseases and Clinical Microbiology (SEIMC). E.K. repor-
ted receiving grants from theHorizon2020 Marie Sktodowska-
Curie International Training Network ‘the European Sepsis Acad-
emy'’. E. Kh. reported financial support from Gilead to attend an
ESCMID meeting in 2024. N.P. reported consultancy honoraria
from GSK and Pfizer, and honoraria from Thermo Fisher and bio-
Mérieux for providing presentations. J.A.T. has received research
funding from the Engineering and Physical Sciences Council,
National Institute for Health and Care, Research, Wellcome Trust
and Medical Research Council and is supported in part by the NIHR
Leeds Biomedical Research Centre (NIHR203331). M.G.].D.B.
reported receiving research grants from ZonMW and Health Hol-
land research councils. All other authors declare that they have no
conflicts of interest.

Financial report
This guideline was supported by ESCMID.

Declaration of Al and Al-assisted technologies in the writing
process

During the preparation of this work the authors used ChatGPT
(ver.4.0), as an assistive tool for spelling checks and improving text
flow. After using this tool, the authors reviewed and edited the
content as needed and take full responsibility for the content of
the publication.

Acknowledgements

We are indebted to Angelique de Bruijn (Leiden University
Center for Infectious Diseases, LUMC) and Monica Patricia Balles-
teros Silva (ESCMID) for administrative support during the
guideline construction process, and to Chiara Speziale and Mir-
anda Langendam (both ESCMID) for providing coordination
support.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.cmi.2026.02.011.

References

[1] World Health Organization. Critically important antimicrobials for human
medicine [Internet]. 6th rev. Geneva: World Health Organization; 2019.
p. 45. https://iris.who.int/handle/10665/312266. [Accessed 26 July 2025].
Shenoy ES, Macy E, Rowe T, Blumenthal KG. Evaluation and management of
penicillin allergy: a review. JAMA 2019;321:188—99. https://doi.org/
10.1001/jama.2018.19283.

Blumenthal KG, Smith LR, Mann JTS, Salciccioli I, Accarino JJO, Shah RJ, et al.
Reaction risk to direct penicillin challenges: a systematic review and meta-
Analysis. JAMA Intern Med 2024;184:1374—83. https://doi.org/10.1001/
jamainternmed.2024.4606.

Kuniyoshi Y, Tsujimoto Y, Banno M, Taito S, Ariie T, Kubota T, et al. Beta-
lactam allergy and drug challenge test in children: a systematic review and
meta-analysis. Pediatr Res 2023;93:22—30. https://doi.org/10.1038/s41390-
022-02076-x.

Khan DA, Banerji A, Blumenthal KG, Phillips EJ, Solensky R, White AA, et al.
Drug allergy: a 2022 practice parameter update. ] Allergy Clin Immunol
2022;150:1333-93. https://doi.org/10.1016/j.jaci.2022.08.028.

Lehloenya R], Peter JG, Copascu A, Trubiano JA, Phillips EJ. Delabeling
delayed drug hypersensitivity: how far can you safely go? ] Allergy Clin
Immunol Pract 2020;8:2878—2895.e6. https://doi.org/10.1016/
j.jaip.2020.07.005.

[2

[3

[4

(5

[6


https://doi.org/10.1016/j.cmi.2026.02.011
https://doi.org/10.1001/jama.2018.19283
https://doi.org/10.1001/jama.2018.19283
https://doi.org/10.1001/jamainternmed.2024.4606
https://doi.org/10.1001/jamainternmed.2024.4606
https://doi.org/10.1038/s41390%2D022%2D02076%2Dx
https://doi.org/10.1038/s41390%2D022%2D02076%2Dx
https://doi.org/10.1016/j.jaci.2022.08.028
https://doi.org/10.1016/j.jaip.2020.07.005
https://doi.org/10.1016/j.jaip.2020.07.005

784

(7

[8

(9

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

0. Joean et al. / Clinical Microbiology and Infection 32 (2026) 767—787

Pano-Pardo J, Moreno Rodilla E, Cobo Sacristan S, Cubero Saldana ], Perianez
Parraga L, Del Pozo Ledn ], et al. Management of patients with suspected or
confirmed antibiotic allergy: executive summary of guidelines from the
Spanish society of infectious diseases and clinical microbiology (SEIMC), the
Spanish society of allergy and clinical Immunology (SEAIC), the Spanish
society of hospital pharmacy (SEFH) and the Spanish society of intensive
medicine and coronary care units (SEMICYUC). ] Investig Allergy Clin
Immunol 2023;33:95—101. https://doi.org/10.18176/jiaci.0859.

Powell N, Elkhalifa S, Sandoe ]. Penicillin allergy de-labelling by non-aller-
gists: a comparison of testing protocols. JAC Antimicrob Resist 2023;5:
dlad134. https://doi.org/10.1093/jacamr/dlad134.

Mitri E, Reynolds G, Hornung CJ, Trubiano JA. Low-risk penicillin allergy
delabeling: a scoping review of direct oral challenge practice, imple-
mentation, and multi-disciplinary approaches. Expert Rev Anti Infect Ther
2024;22:59—-69. https://doi.org/10.1080/14787210.2023.2296068.

Savic L, Ardern-Jones M, Avery A, Cook T, Denman S, Farooque S, et al. BSACI
guideline for the set-up of penicillin allergy de-labelling services by non-
allergists working in a hospital setting. Clin Exp Allergy 2022;52:1135—41.
https://doi.org/10.1111/cea.14217.

Wijnakker R, Van Maaren MS, Bode LGM, Bulatovic M, Hendriks BJC,
Loogman MCM, et al. The Dutch Working Party on Antibiotic Policy (SWAB)
guideline for the approach to suspected antibiotic allergy. Clin Microbiol
Infect 2023;29:863—75. https://doi.org/10.1016/j.cmi.2023.04.008.
Schiinemann HJ, Wiercioch W, Brozek ], Etxeandia-Ikobaltzeta I,
Mustafa RA, Manja V, et al. GRADE Evidence to Decision (EtD) frameworks
for adoption, adaptation, and de novo development of trustworthy rec-
ommendations: GRADE-ADOLOPMENT. ] Clin Epidemiol 2017;81:101—-10.
https://doi.org/10.1016/j.jclinepi.2016.09.009.

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a web and
mobile app for systematic reviews. Syst Rev 2016;5:210. https://doi.org/
10.1186/s13643-016-0384-4.

Brouwers MC, Kho ME, Browman GP, Burgers ]S, Cluzeau F, Feder G, et al.
The Global Rating Scale complements the AGREE II in advancing the quality
of practice guidelines. ] Clin Epidemiol 2012;65:526—34. https://doi.org/
10.1016/j.jclinepi.2011.10.008.

Alonso-Coello P, Schiinemann HJ, Moberg |, Brignardello-Petersen R, Akl EA,
Davoli M, et al. GRADE Evidence to Decision (EtD) frameworks: a systematic
and transparent approach to making well informed healthcare choices. 1:
Introduction. BMJ 2016;353:i2016. https://doi.org/10.1136/bmj.i2016.
Klugar M, Lotfi T, Darzi A, Reinap M, Klugarova ], Kantorova L, et al. GRADE
guidance 39: using GRADE-ADOLOPMENT to adopt, adapt or create con-
textualized recommendations from source guidelines and evidence syn-
theses. ] Clin Epidemiol 2024;174:111494. https://doi.org/10.1016/
j.jclinepi.2024.111494.

ESCMID manual for clinical practice guidelines and other guidance docu-
ments [internet]; 2025. https://www.escmid.org/fileadmin/escmid/media/
pdf/guidelines_journals/ESCMID_Manual_for_Guidelines.pdf. Last accessed
Oct. 16 2025

Cardona V, Ansotegui IJ, Ebisawa M, El-Gamal Y, Fernandez Rivas M,
Fineman S, et al. World allergy organization anaphylaxis guidance 2020.
World Allergy Organ ] 2020;13:100472. https://doi.org/10.1016/
j-waojou.2020.100472.

Brockow K, Ardern-Jones MR, Mockenhaupt M, Aberer W, Barbaud A,
Caubet J, et al. EAACI position paper on how to classify cutaneous mani-
festations of drug hypersensitivity. Allergy 2019;74:14—27. https://doi.org/
10.1111/all.13562.

Council for International Organizations of Medical Sciences (CIOMS).
Reporting adverse drug reactions: definitions of terms and criteria for their
use [internet]. 2000. https://cioms.ch/wp-content/uploads/2017/01/
reporting_adverse_drug.pdf. Last accessed Oct. 16 2025

Macy E, Ngor EW. Safely diagnosing clinically significant penicillin allergy
using only penicilloyl-poly-lysine, penicillin, and oral amoxicillin. ] Allergy
Clin Immunol Pract 2013;1:258—63. https://doi.org/10.1016/j.jaip.201
3.02.002.

Blumenthal KG, Huebner EM, Fu X, Li Y, Bhattacharya G, Levin AS, et al. Risk-
based pathway for outpatient penicillin allergy evaluations. ] Allergy Clin
Immunol Pract 2019;7:2411—-2414.e1. https://doi.org/10.1016/j.jaip.2019.0
4.006.

West RM, Smith (], Pavitt SH, Butler CC, Howard P, Bates C, et al. ‘Warning:
allergic to penicillin’: association between penicillin allergy status in 2.3
million NHS general practice electronic health records, antibiotic prescrib-
ing and health outcomes. ] Antimicrob Chemother 2019;74:2075—82.
https://doi.org/10.1093/jac/dkz127.

Macy E, Contreras R. Health care use and serious infection prevalence
associated with penicillin “allergy” in hospitalized patients: a cohort study. ]
Allergy Clin Immunol 2014;133:790—6. https://doi.org/10.1016/j.jaci.201
3.09.021.

Blumenthal KG, Lu N, Zhang Y, Li Y, Walensky RP, Choi HK. Risk of meticillin
resistant Staphylococcus aureus and Clostridium difficile in patients with a
documented penicillin allergy: population based matched cohort study. BM]
2018;361:k2400. https://doi.org/10.1136/bmj.k2400.

Savic L, Gurr L, Kaura V, Toolan ], Sandoe JAT, Hopkins PM, et al. Penicillin
allergy de-labelling ahead of elective surgery: feasibility and barriers. Br |
Anaesth 2019;123:e110—6. https://doi.org/10.1016/j.bja.2018.09.009.

[27]

(28]

[29]

(30]

(31]

(32]

(33]

[34]

[35]

(36]

(37]

(38]

(39]

(40]

[41]

[42]

[43]

[44]

[45]

[46]

Tucker MH, Lomas CM, Ramchandar N, Waldram JD. Amoxicillin challenge
without penicillin skin testing in evaluation of penicillin allergy in a cohort
of Marine recruits. J Allergy Clin Immunol Pract 2017;5:813—5. https://
doi.org/10.1016/j.jaip.2017.01.023.

lammatteo M, Alvarez Arango S, Ferastraoaru D, Akbar N, Lee AY,
Cohen HW, et al. Safety and outcomes of oral graded challenges to amox-
icillin without prior skin testing. J Allergy Clin Immunol Pract 2019;7:
236—43. https://doi.org/10.1016/j.jaip.2018.05.008.

Du Plessis T, Walls G, Jordan A, Holland DJ. Implementation of a pharmacist-
led penicillin allergy de-labelling service in a public hospital. ] Antimicrob
Chemother 2019;74:1438—46. https://doi.org/10.1093/jac/dky575.

Chua KYL, Vogrin S, Bury S, Douglas A, Holmes NE, Tan N, et al. The penicillin
allergy delabeling program: a multicenter whole-of-hospital health services
intervention and comparative effectiveness study. Clin Infect Dis 2021;73:
487—96. https://doi.org/10.1093/cid/ciaa653.

Trubiano JA, Vogrin S, Chua KYL, Bourke ], Yun ], Douglas A, et al. Devel-
opment and validation of a penicillin allergy clinical decision rule. JAMA
Intern Med 2020;180:745-52. https://doi.org/10.1001/jamainter
nmed.2020.0403.

Sandoe JAT, Ahmed S, Armitage K, Bates C, Bestwick R, Boards ], et al.
Penicillin allergy assessment pathway versus usual clinical care for primary
care patients with a penicillin allergy record in the UK (Alabama): an open-
label, multicentre, randomised controlled trial. Lancet Prim Care 2025;1:
100006. https://doi.org/10.1016/j.lanprc.2025.100006.

Lutfeali S, DiLoreto FF, Alvarez KS, Patel SV, Joshi SR, Tarver SA, et al.
Maintaining penicillin allergy delabeling: a quality improvement initiative. ]
Allergy Clin Immunol Pract 2021;9:2104—2106.e2. https://doi.org/10.1016/
j.jaip.2021.01.005.

Cardoso-Fernandes A, Blumenthal KG, Chiriac AM, Tarrio I, Afonso-Joao D,
Delgado L, et al. Frequency of severe reactions following penicillin drug
provocation tests: a Bayesian meta-analysis. Clin Transl Allergy 2021;11:
€12008. https://doi.org/10.1002/clt2.12008.

Cooper L, Harbour ], Sneddon ], Seaton RA. Safety and efficacy of de-
labelling penicillin allergy in adults using direct oral challenge: a sys-
tematic review. JAC Antimicrob Resist 2021;3. https://doi.org/10.1093/
jacamr/dlaa123.

Exius R, Gabrielli S, Abrams EM, O’Keefe A, Protudjer JLP, Lavine E, et al.
Establishing amoxicillin allergy in children through direct Graded Oral
Challenge (GOC): evaluating risk factors for positive challenges, safety, and
risk of cross-reactivity to cephalosporines. ] Allergy Clin Immunol Pract
2021;9:4060—6. https://doi.org/10.1016/j.jaip.2021.06.057.

Touati N, Cardoso B, Delpuech M, Bazire R, El Kara N, Ouali D, et al. Ceph-
alosporin hypersensitivity: descriptive analysis, cross-reactivity, and risk
factors. J Allergy Clin Immunol Pract 2021;9:1994—2000.e5. https://doi.org/
10.1016/j.jaip.2020.11.063.

Copaescu AM, Vogrin S, James F, Chua KYL, Rose MT, De Luca J, et al. Efficacy
of a clinical decision rule to enable direct oral challenge in patients with
low-risk penicillin allergy: the PALACE randomized clinical trial. JAMA
Intern Med 2023;183:944. https://doi.org/10.1001/jamainternmed.20
23.2986.

Kwok M, Heard KL, May A, Pilgrim R, Sandoe ], Tansley S, et al. Health
outcomes of penicillin allergy testing in children: a systematic review. ]
Antimicrob Chemother 2023;78:913—22. https://doi.org/10.1093/jac/
dkad052.

Loprete J, Richardson R, Bramah V, Comben S, Li T, Beiglari L, et al. Delab-
eling, safety, and impact of B-lactam allergy testing: a systematic review. ]
Allergy Clin Immunol Glob 2023;2:100160. https://doi.org/10.1016/
j-jacig.2023.100160.

Powell N, Stephens ], Kohl D, Owens R, Ahmed S, Musicha C, et al. The
effectiveness of interventions that support penicillin allergy assessment and
delabeling of adult and pediatric patients by nonallergy specialists: a sys-
tematic review and meta-analysis. Int ] Infect Dis 2023;129:152—61.
https://doi.org/10.1016/j.ijid.2022.11.026.

Srisuwatchari W, Phinyo P, Chiriac AM, Saokaew S, Kulalert P. The safety of
the direct drug provocation test in beta-lactam hypersensitivity in children:
a systematic review and meta-analysis. J Allergy Clin Immunol Pract
2023;11:506—18. https://doi.org/10.1016/j.jaip.2022.11.035.

Cotrina Luque ], Rei M]J, Capoulas M, Santos C, Raimundo P. The role of
clinical pharmacists in patients with suspected allergy to B-lactams: a
systematic review [Translated article] Farm Hosp 2024;48:T38—44. https://
doi.org/10.1016/j.farma.2023.10.007.

Drummond K, Vogrin S, Lambros B, Trubiano JA, Mitri E. Effectiveness of
direct delabelling of allergy labels in type A adverse drug reactions to
penicillin: a multicentre hospitalwide prospective cohort study. ] Anti-
microb Chemother 2024;79:2640—4. https://doi.org/10.1093/jac/dkae270.
Kulalert P, Phinyo P, Chiriac AM, Demoly P, Saokaew S, Kanchanaphoomi K,
et al. Is a Prolonged drug provocation test better than a single-day drug
provocation test? A systematic review and meta-analysis. ] Allergy Clin
Immunol Pract 2024;12:431—48. https://doi.org/10.1016/j.jaip.2023.11.028.
Lillis RA, Barbee LA, McNeil CJ, Newman L, Fortenberry JD, Alvarez-Arango S,
et al. Randomized multicenter trial for the validation of an easy-to-
administer algorithm to define penicillin allergy status in sexually trans-
mitted infection clinic outpatients. Clin Infect Dis 2024;78:1131-9. https://
doi.org/10.1093/cid/ciae064.


https://doi.org/10.18176/jiaci.0859
https://doi.org/10.1093/jacamr/dlad134
https://doi.org/10.1080/14787210.2023.2296068
https://doi.org/10.1111/cea.14217
https://doi.org/10.1016/j.cmi.2023.04.008
https://doi.org/10.1016/j.jclinepi.2016.09.009
https://doi.org/10.1186/s13643%2D016%2D0384%2D4
https://doi.org/10.1186/s13643%2D016%2D0384%2D4
https://doi.org/10.1016/j.jclinepi.2011.10.008
https://doi.org/10.1016/j.jclinepi.2011.10.008
https://doi.org/10.1136/bmj.i2016
https://doi.org/10.1016/j.jclinepi.2024.111494
https://doi.org/10.1016/j.jclinepi.2024.111494
https://doi.org/10.1016/j.waojou.2020.100472
https://doi.org/10.1016/j.waojou.2020.100472
https://doi.org/10.1111/all.13562
https://doi.org/10.1111/all.13562
https://doi.org/10.1016/j.jaip.2013.02.002
https://doi.org/10.1016/j.jaip.2013.02.002
https://doi.org/10.1016/j.jaip.2019.04.006
https://doi.org/10.1016/j.jaip.2019.04.006
https://doi.org/10.1093/jac/dkz127
https://doi.org/10.1016/j.jaci.2013.09.021
https://doi.org/10.1016/j.jaci.2013.09.021
https://doi.org/10.1136/bmj.k2400
https://doi.org/10.1016/j.bja.2018.09.009
https://doi.org/10.1016/j.jaip.2017.01.023
https://doi.org/10.1016/j.jaip.2017.01.023
https://doi.org/10.1016/j.jaip.2018.05.008
https://doi.org/10.1093/jac/dky575
https://doi.org/10.1093/cid/ciaa653
https://doi.org/10.1001/jamainternmed.2020.0403
https://doi.org/10.1001/jamainternmed.2020.0403
https://doi.org/10.1016/j.lanprc.2025.100006
https://doi.org/10.1016/j.jaip.2021.01.005
https://doi.org/10.1016/j.jaip.2021.01.005
https://doi.org/10.1002/clt2.12008
https://doi.org/10.1093/jacamr/dlaa123
https://doi.org/10.1093/jacamr/dlaa123
https://doi.org/10.1016/j.jaip.2021.06.057
https://doi.org/10.1016/j.jaip.2020.11.063
https://doi.org/10.1016/j.jaip.2020.11.063
https://doi.org/10.1001/jamainternmed.2023.2986
https://doi.org/10.1001/jamainternmed.2023.2986
https://doi.org/10.1093/jac/dkad052
https://doi.org/10.1093/jac/dkad052
https://doi.org/10.1016/j.jacig.2023.100160
https://doi.org/10.1016/j.jacig.2023.100160
https://doi.org/10.1016/j.ijid.2022.11.026
https://doi.org/10.1016/j.jaip.2022.11.035
https://doi.org/10.1016/j.farma.2023.10.007
https://doi.org/10.1016/j.farma.2023.10.007
https://doi.org/10.1093/jac/dkae270
https://doi.org/10.1016/j.jaip.2023.11.028
https://doi.org/10.1093/cid/ciae064
https://doi.org/10.1093/cid/ciae064

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

0. Joean et al. / Clinical Microbiology and Infection 32 (2026) 767—787

Molina-Molina GJ, Gémez-Duque M, Vidal Guitart X, Agusti Escasany A,
Labrador-Horrillo M, Luengo O, et al. Challenging dogmas: intravenous
versus oral beta-lactam antibiotic provocation tests. World Allergy Organ ]
2024;17:100914. https://doi.org/10.1016/j.waojou.2024.100914.

Rose M, Vogrin S, Chua KYL, Drewett G, Douglas A, Slavin M, et al. The safety
and efficacy of direct oral challenge in trimethoprim-sulfamethoxazole
antibiotic allergy. ] Allergy Clin Immunol Pract 2021;9:3847-9. https://
doi.org/10.1016/j.jaip.2021.05.046.

Stul F, Heytens S, Ebo DG, Sabato V, Piessens V. Safe penicillin allergy
delabeling in primary care: a systematic review and meta-analysis. ] Allergy
Clin Immunol Pract 2024;12:2415—-24126.e1. https://doi.org/10.1016/
jjaip.2024.06.017.

Tsoulis MW, Hsu Blatman KS, Chow VW, Stewart KO, Wang R, Reigh EL. A
nurse-driven penicillin allergy risk score in the preoperative setting was
associated with increased cefazolin use perioperatively. J Clin Anesth
2024;95:111443. https://doi.org/10.1016/j.jclinane.2024.111443.

Lim PPC, Moore LN, Minich NM, Wessell KR, Desai AP. Inpatient allergy
delabeling of pediatric patients with low-risk penicillin allergy status
through direct oral amoxicillin challenge. Allergy Asthma Proc 2024;45:
61-9. https://doi.org/10.2500/aap.2024.45.230069.

Mattingly TJ, Fulton A, Lumish RA, Williams AMC, Yoon S, Yuen M, et al. The
cost of self-reported penicillin allergy: a systematic review. ] Allergy Clin
Immunol Pract 2018;6:1649—1654.e4. https://doi.org/10.1016/
jjaip.2017.12.033.

Mirakian R, Leech SC, Krishna MT, Richter AG, Huber PA], Farooque S, et al.
Management of allergy to penicillins and other beta-lactams. Clin Exp
Allergy 2015;45:300—27. https://doi.org/10.1111/cea.12468.

Rebelo Gomes E, Fonseca ], Araujo L, Demoly P. Drug allergy claims in
children: from self-reporting to confirmed diagnosis. Clin Exp Allergy
2008;38:191-8. https://doi.org/10.1111/j.1365-2222.2007.02870.x.

Arnold A, Sommerfield A, Ramgolam A, Rueter K, Muthusamy S, Noble V,
et al. The role of skin testing and extended antibiotic courses in assessment
of children with penicillin allergy: an Australian experience. ] Paediatr Child
Health 2019;55:428—32. https://doi.org/10.1111/jpc.14220.

Mill C, Primeau MN, Medoff E, Lejtenyi C, O’Keefe A, Netchiporouk E, et al.
Assessing the diagnostic properties of a graded oral provocation challenge
for the diagnosis of immediate and nonimmediate reactions to amoxicillin
in children. JAMA Pediatr 2016;170:e160033. https://doi.org/10.1001/
jamapediatrics.2016.0033.

Torda A, Chan V. Antibiotic allergy labels-the impact of taking a clinical
history. Int J Clin Pract 2018;72:e13058. https://doi.org/10.1111/ijcp.13058.
Stone CA, Stollings JL, Lindsell CJ, Dear ML, Buie RB, Rice TW, et al. Risk-
stratified management to remove low-risk penicillin allergy labels in the
ICU. Am ] Respir Crit Care Med 2020;201:1572—5. https://doi.org/10.1164/
rccm.202001-0089LE.

Mohamed OE, Beck S, Huissoon A, Melchior C, Heslegrave ], Baretto R, et al.
A retrospective critical analysis and risk stratification of penicillin allergy
delabeling in a UK specialist regional allergy service. ] Allergy Clin Immunol
Pract 2019;7:251—8. https://doi.org/10.1016/j.jaip.2018.05.025.

Reichel A, Roding K, Stoevesandt ], Trautmann A. De-labelling antibiotic
allergy through five key questions. Clin Exp Allergy 2020;50:532—5. https://
doi.org/10.1111/cea.13576.

Livirya S, Pithie A, Chua I, Hamilton N, Doogue M, Isenman H. Oral amox-
icillin challenge for low-risk penicillin allergic patients. Intern Med ]
2022;52:295—-300. https://doi.org/10.1111/imj.14978.

Mustafa SS, Conn K, Ramsey A. Comparing direct challenge to penicillin skin
testing for the outpatient evaluation of penicillin allergy: a randomized
controlled trial. J Allergy Clin Immunol Pract 2019;7:2163—70. https://
doi.org/10.1016/j.jaip.2019.05.037.

Devchand M, Kirkpatrick CM]J, Stevenson W, Garrett K, Perera D, Khumra S,
et al. Evaluation of a pharmacist-led penicillin allergy de-labelling ward
round: a novel antimicrobial stewardship intervention. J Antimicrob Che-
mother 2019;74:1725—30. https://doi.org/10.1093/jac/dkz082.

Soria A, Autegarden E, Amsler E, Gaouar H, Vial A, Frances C, et al. A clinical
decision-making algorithm for penicillin allergy. Ann Med 2017;49:710—7.
https://doi.org/10.1080/07853890.2017.1370125.

Salden OAE, Rockmann H, Verheij TJM, Broekhuizen BDL. Diagnosis of
allergy against beta-lactams in primary care: prevalence and diagnostic
criteria. Fam Pract 2015;32:257—62. https://doi.org/10.1093/fampra/
cmv018.

Caubet JC, Kaiser L, Lemaitre B, Fellay B, Gervaix A, Eigenmann PA. The role
of penicillin in benign skin rashes in childhood: a prospective study based
on drug rechallenge. ] Allergy Clin Immunol 2011;127:218—22. https://
doi.org/10.1016/j.jaci.2010.08.025.

Romano A, Gaeta F, Valluzzi RL, Alonzi C, Viola M, Bousquet PJ. Diagnosing
hypersensitivity reactions to cephalosporins in children. Pediatrics
2008;122:521—7. https://doi.org/10.1542/peds.2007-3178.

Sousa-Pinto B, Blumenthal KG, Courtney L, Mancini CM, Jeffres MN.
Assessment of the frequency of dual allergy to penicillins and cefazolin: a
systematic review and meta-analysis. JAMA Surg 2021;156:e210021.
https://doi.org/10.1001/jamasurg.2021.0021.

Su C, Belmont A, Liao ], Kuster JK, Trubiano JA, Kwah JH. Evaluating the PEN-
FAST clinical decision-making tool to enhance penicillin allergy delabeling.
JAMA Intern Med 2023;183:883—5. https://doi.org/10.1001/jamaintern
med.2023.1572.

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

785

Mir A, Lanoue D, Zanichelli V, Van Walraven C, Olynych T, Nott C, et al.
Introduction of a penicillin allergy de-labelling program with direct oral
challenge and its effects on utilization of beta-lactam antimicrobials: a
multicenter retrospective parallel cohort study. Allergy Asthma Clin
Immunol 2024;20:20. https://doi.org/10.1186/s13223-024-00877-9.
Chiriac AM, Wang Y, Schrijvers R, Bousquet PJ, Mura T, Molinari N, et al.
Designing predictive models for beta-lactam allergy using the drug allergy
and hypersensitivity database. ] Allergy Clin Immunol Pract 2018;6:
139—148.e2. https://doi.org/10.1016/j.jaip.2017.04.045.

Siew LQC, Li PH, Watts TJ, Thomas I, Ue KL, Caballero MR, et al. Identifying
low-risk beta-lactam allergy patients in a UK Tertiary Centre. ] Allergy Clin
Immunol Pract 2019;7:2173—-21781.el. https://doi.org/10.1016/
j.jaip.2019.03.015.

Lezmi G, Alrowaishdi F, Bados-Albiero A, Scheinmann P, De Blic ], Ponvert C.
Non-immediate-reading skin tests and prolonged challenges in non-
immediate hypersensitivity to beta-lactams in children. Pediatr Allergy
Immunol 2018;29:84—9. https://doi.org/10.1111/pai.12826.
Jimenez-Rodriguez TW, Blanca-Lopez N, Ruano-Zaragoza M, Soriano-
Gomis V, Esteban-Rodriguez A, Riera-Sendra G, et al. Allergological study of
565 elderly patients previously labeled as allergic to penicillins. J Asthma
Allergy 2019;12:421-35. https://doi.org/10.2147/JAA.S232787.

Ponvert C, Perrin Y, Bados-Albiero A, Le Bourgeois M, Karila C, Delacourt C,
et al. Allergy to betalactam antibiotics in children: results of a 20-year study
based on clinical history, skin and challenge tests. Pediatr Allergy Immunol
2011;22:411-8. https://doi.org/10.1111/.1399-3038.2011.01169.x.

Tugcu GD, Cavkaytar O, Sekerel BE, Sackesen C, Kalayci O, Tuncer A, et al.
Actual drug allergy during childhood: five years’ experience at a tertiary
referral centre. Allergol Immunopathol (Madr) 2015;43:571—8. https://
doi.org/10.1016/j.aller.2015.01.005.

Ibanez MD, Rodriguez Del Rio P, Lasa EM, Joral A, Ruiz-Hornillos ], Munoz C,
et al. Prospective assessment of diagnostic tests for pediatric penicillin
allergy. Ann Allergy Asthma Immunol 2018;121:235-244.e3. https://
doi.org/10.1016/j.anai.2018.05.013.

Cox F, Vogrin S, Sullivan RP, Stone C, Koo G, Phillips E, et al. Development
and validation of a cephalosporin allergy clinical decision rule. ] Infect
2025;90:106495. https://doi.org/10.1016/].jinf.2025.106495.

Mendelson LM, Ressler C, Rosen JP, Selcow JE. Routine elective penicillin
allergy skin testing in children and adolescents: study of sensitization. ]
Allergy Clin Immunol 1984;73:76—81. https://doi.org/10.1016/0091-
6749(84)90487-1.

Solensky R, Earl HS, Gruchalla RS. Lack of penicillin resensitization in
patients with a history of penicillin allergy after receiving repeated pen-
icillin courses. Arch Intern Med 2002;162:822—6. https://doi.org/10.1001/
archinte.162.7.822.

Dorman SM, Seth S, Khan DA. Risk of allergic reactions to recurrent intra-
venous penicillin administration in penicillin skin test negative patients. ]
Allergy Clin Immunol Pract 2018;6:196—200. https://doi.org/10.1016/
j-jaip.2017.06.014.

Garcia Rodriguez R, Moreno Lozano L, Extremera Ortega A, Borja Segade ],
Galindo Bonilla P, Gémez Torrijos E. Provocation tests in nonimmediate
hypersensitivity reactions to B-lactam antibiotics in children: are extended
challenges needed? ] Allergy Clin Immunol Pract 2019;7:265—9. https://
doi.org/10.1016/j.jaip.2018.06.023.

Van Gasse AL, Ebo DG, Chiriac AM, Hagendorens MM, Faber MA, Coenen S,
et al. The limited value of prolonged drug challenges in nonimmediate
amoxicillin (Clavulanic Acid) hypersensitivity. ] Allergy Clin Immunol Pract
2019;7:2225-2229.e1. https://doi.org/10.1016/j.jaip.2019.04.021.
Blanca-Lopez N, Perez-Alzate D, Ruano F, Garcimartin M, De La Torre V,
Mayorga C, et al. Selective immediate responders to amoxicillin and clav-
ulanic acid tolerate penicillin derivative administration after confirming the
diagnosis. Allergy 2015;70:1013-9. https://doi.org/10.1111/all.12636.
Schiavino D, Nucera E, De Pasquale T, Roncallo C, Pollastrini E, Lombardo C,
et al. Delayed allergy to aminopenicillins: clinical and immunological
findings. Int ] Immunopathol Pharmacol 2006;19:831—40. https://doi.org/
10.1177/039463200601900412.

Trcka ], Seitz CS, Brocker EB, Gross GE, Trautmann A. Aminopenicillin-
induced exanthema allows treatment with certain cephalosporins or phe-
noxymethyl penicillin. ] Antimicrob Chemother 2007;60:107—11. https://
doi.org/10.1093/jac/dkm146.

Kennard L, Rutkowski K, Siew LQC, Nakonechna A, Sargur R, Egner W, et al.
Flucloxacillin hypersensitivity: patient outcomes in a multicenter retro-
spective study. ] Allergy Clin Immunol Pract 2019;7:2212—2217.e1. https://
doi.org/10.1016/].jaip.2019.03.018.

Torres MJ, Mayorga C, Pamies R, Juarez C, Blanca M, Romano A. Immuno-
logic response to different determinants of benzylpenicillin, amoxicillin,
and ampicillin. Comparison between urticaria and anaphylactic shock.
Allergy  1999;54:936—43.  https://doi.org/10.1034/j.1398-9995.1999.00
175.x.

Wong JC, Au EY, Yeung HH, Lau CS, Li PH. Piperacillin-tazobactam allergies:
an exception to usual penicillin allergy. Allergy Asthma Immunol Res
2021;13:284—94. https://doi.org/10.4168/aair.2021.13.2.284.
Casimir-Brown RS, Kennard L, Kayode OS, Siew LQC, Makris M,
Tsilochristou O, et al. Piperacillin-tazobactam hypersensitivity: a large,
multicenter analysis. ] Allergy Clin Immunol Pract 2021;9:2001-9. https://
doi.org/10.1016/j.jaip.2020.12.051.


https://doi.org/10.1016/j.waojou.2024.100914
https://doi.org/10.1016/j.jaip.2021.05.046
https://doi.org/10.1016/j.jaip.2021.05.046
https://doi.org/10.1016/j.jaip.2024.06.017
https://doi.org/10.1016/j.jaip.2024.06.017
https://doi.org/10.1016/j.jclinane.2024.111443
https://doi.org/10.2500/aap.2024.45.230069
https://doi.org/10.1016/j.jaip.2017.12.033
https://doi.org/10.1016/j.jaip.2017.12.033
https://doi.org/10.1111/cea.12468
https://doi.org/10.1111/j.1365%2D2222.2007.02870.x
https://doi.org/10.1111/jpc.14220
https://doi.org/10.1001/jamapediatrics.2016.0033
https://doi.org/10.1001/jamapediatrics.2016.0033
https://doi.org/10.1111/ijcp.13058
https://doi.org/10.1164/rccm.202001%2D0089LE
https://doi.org/10.1164/rccm.202001%2D0089LE
https://doi.org/10.1016/j.jaip.2018.05.025
https://doi.org/10.1111/cea.13576
https://doi.org/10.1111/cea.13576
https://doi.org/10.1111/imj.14978
https://doi.org/10.1016/j.jaip.2019.05.037
https://doi.org/10.1016/j.jaip.2019.05.037
https://doi.org/10.1093/jac/dkz082
https://doi.org/10.1080/07853890.2017.1370125
https://doi.org/10.1093/fampra/cmv018
https://doi.org/10.1093/fampra/cmv018
https://doi.org/10.1016/j.jaci.2010.08.025
https://doi.org/10.1016/j.jaci.2010.08.025
https://doi.org/10.1542/peds.2007%2D3178
https://doi.org/10.1001/jamasurg.2021.0021
https://doi.org/10.1001/jamainternmed.2023.1572
https://doi.org/10.1001/jamainternmed.2023.1572
https://doi.org/10.1186/s13223%2D024%2D00877%2D9
https://doi.org/10.1016/j.jaip.2017.04.045
https://doi.org/10.1016/j.jaip.2019.03.015
https://doi.org/10.1016/j.jaip.2019.03.015
https://doi.org/10.1111/pai.12826
https://doi.org/10.2147/JAA.S232787
https://doi.org/10.1111/j.1399%2D3038.2011.01169.x
https://doi.org/10.1016/j.aller.2015.01.005
https://doi.org/10.1016/j.aller.2015.01.005
https://doi.org/10.1016/j.anai.2018.05.013
https://doi.org/10.1016/j.anai.2018.05.013
https://doi.org/10.1016/j.jinf.2025.106495
https://doi.org/10.1016/0091%2D6749%2884%2990487%2D1
https://doi.org/10.1016/0091%2D6749%2884%2990487%2D1
https://doi.org/10.1001/archinte.162.7.822
https://doi.org/10.1001/archinte.162.7.822
https://doi.org/10.1016/j.jaip.2017.06.014
https://doi.org/10.1016/j.jaip.2017.06.014
https://doi.org/10.1016/j.jaip.2018.06.023
https://doi.org/10.1016/j.jaip.2018.06.023
https://doi.org/10.1016/j.jaip.2019.04.021
https://doi.org/10.1111/all.12636
https://doi.org/10.1177/039463200601900412
https://doi.org/10.1177/039463200601900412
https://doi.org/10.1093/jac/dkm146
https://doi.org/10.1093/jac/dkm146
https://doi.org/10.1016/j.jaip.2019.03.018
https://doi.org/10.1016/j.jaip.2019.03.018
https://doi.org/10.1034/j.1398%2D9995.1999.00175.x
https://doi.org/10.1034/j.1398%2D9995.1999.00175.x
https://doi.org/10.4168/aair.2021.13.2.284
https://doi.org/10.1016/j.jaip.2020.12.051
https://doi.org/10.1016/j.jaip.2020.12.051

786

[91]

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

0. Joean et al. / Clinical Microbiology and Infection 32 (2026) 767—787

Salkind AR, Cuddy PG, Foxworth JW. Is this patient allergic to penicillin?: an
evidence-based analysis of the likelihood of penicillin allergy. JAMA
2001;285:2498—505. https://doi.org/10.1001/jama.285.19.2498.

Trubiano JA, Adkinson NF, Phillips EJ. Penicillin allergy is not necessarily
forever. JAMA 2017;318:82—3. https://doi.org/10.1001/jama.2017.6510.
DesBiens M, Scalia P, Ravikumar S, Glick A, Newton H, Erinne O, et al. A
closer look at penicillin allergy history: systematic review and meta-anal-
ysis of tolerance to drug challenge. Am ] Med 2020;133:452—462.e4.
https://doi.org/10.1016/j.amjmed.2019.09.017.

Van Dijk SM, Gardarsdottir H, Wassenberg MWM, Oosterheert ]J, De
Groot MCH, Rockmann H. The high impact of penicillin allergy registration
in hospitalized patients. ] Allergy Clin Immunol Pract 2016;4:926—31.
https://doi.org/10.1016/j.jaip.2016.03.009.

Su T, Broekhuizen BDL, Verheij TJM, Rockmann H. The impact of penicillin
allergy labels on antibiotic and health care use in primary care: a retro-
spective cohort study. Clin Transl Allergy 2017;7:18. https://doi.org/
10.1186/s13601-017-0154-y.

Macy E, Schatz M, Lin C, Poon KY. The falling rate of positive penicillin skin
tests from 1995 to 2007. Perm ] 2009;13:12—8. https://doi.org/10.7812/TPP/
08-073.

DePestel DD, Benninger MS, Danziger L, LaPlante KL, May C, Luskin A, et al.
Cephalosporin use in treatment of patients with penicillin allergies. ] Am
Pharm Assoc 2008;48:530—40. https://doi.org/10.1331/JAPhA.2008.07006.
Pichichero ME. Cephalosporins can be prescribed safely for penicillin-
allergic patients. ] Fam Pract 2006;55:106—12.

Campagna JD, Bond MC, Schabelman E, Hayes BD. The use of cephalosporins
in penicillin-allergic patients: a literature review. ] Emerg Med 2012;42:
612—20. https://doi.org/10.1016/j.jemermed.2011.05.035.

Picard M, Robitaille G, Karam F, Daigle JM, Bédard F, Biron E, et al. Cross-
reactivity to cephalosporins and carbapenems in penicillin-allergic
patients: two systematic reviews and meta-analyses. ] Allergy Clin Immunol
Pract 2019;7:2722—-2738.e5. https://doi.org/10.1016/j.jaip.2019.05.038.
Pichichero ME. Evidence supporting the use of cephalosporin antibiotics in
penicillin-allergic patients. Pediatr Asthma Allergy Immunol 2005;18:
230—46. https://doi.org/10.1089/pai.2005.18.230.

Pichichero ME, Casey JR. Safe use of selected cephalosporins in penicillin-
allergic patients: a meta-analysis. Otolaryngol Neck Surg 2007;136:340—7.
https://doi.org/10.1016/j.0tohns.2006.10.007.

Trubiano JA, Stone CA, Grayson ML, Urbancic K, Slavin MA, Thursky KA, et al.
The 3 Cs of antibiotic allergy—classification, cross-reactivity, and collabo-
ration. J Allergy Clin Immunol Pract 2017;5:1532—42. https://doi.org/
10.1016/j,jaip.2017.06.017.

Gaeta F, Valluzzi RL, Alonzi C, Maggioletti M, Caruso C, Romano A. Toler-
ability of aztreonam and carbapenems in patients with IgE-mediated
hypersensitivity to penicillins. J Allergy Clin Immunol 2015;135:972—6.
https://doi.org/10.1016/j.jaci.2014.10.011.

Magill SS, O’Leary E, Ray SM, Kainer MA, Evans C, Bamberg WM, et al.
Antimicrobial use in US hospitals: comparison of results from emerging
infections program prevalence surveys, 2015 and 2011. Clin Infect Dis
2021;72:1784—-92. https://doi.org/10.1093/cid/ciaa373.

Versporten A, Bruyndonckx R, Adriaenssens N, Hens N, Monnet DL,
Molenberghs G, et al. Consumption of cephalosporins in the community,
European union/European economic area, 1997—2017. ] Antimicrob Che-
mother 2021;76. https://doi.org/10.1093/jac/dkab174. ii22-i29.

Trubiano JA, Chen C, Cheng AC, Grayson ML, Slavin MA, Thursky KA. Anti-
microbial allergy ‘labels’ drive inappropriate antimicrobial prescribing:
lessons for stewardship. ] Antimicrob Chemother 2016;71:1715-22.
https://doi.org/10.1093/jac/dkw008.

Boonchan T, Wilasrusmee C, McEvoy M, Attia ], Thakkinstian A. Network
meta-analysis of antibiotic prophylaxis for prevention of surgical-site
infection after groin hernia surgery. Br ] Surg 2017;104:e106—17. https://
doi.org/10.1002/bjs.10441.

Pichichero ME, Zagursky R. Penicillin and cephalosporin allergy. Ann Allergy
Asthma Immunol 2014;112:404—12. https://doi.org/10.1016/j.anai.201
4.02.005.

Pipet A, Veyrac G, Wessel F, Jolliet P, Magnan A, Demoly P, et al. A statement
on cefazolin immediate hypersensitivity: data from a large database, and
focus on the cross-reactivities. Clin Exp Allergy 2011;41:1602—8. https://
doi.org/10.1111/j.1365-2222.2011.03846.x.

Antunez C, Blanca-Lopez N, Torres MJ, Mayorga C, Perez-Inestrosa E,
Montanez M, et al. Immediate allergic reactions to cephalosporins: eval-
uation of cross-reactivity with a panel of penicillins and cephalosporins. ]
Allergy Clin Immunol 2006;117:404—10. https://doi.org/10.1016/
jjaci.2005.10.032.

Yuson C, Kumar K, Le A, Ahmadie A, Banovic T, Heddle R, et al. Immediate
cephalosporin allergy. Intern Med ] 2019;49:985—93. https://doi.org/
10.1111/im;j.14229.

Uyttebroek AP, Decuyper II, Bridts CH, Romano A, Hagendorens MM,
Ebo DG, et al. Cefazolin hypersensitivity: toward optimized diagnosis. ]
Allergy Clin Immunol Pract 2016;4:1232—6. https://doi.org/10.1016/
j.jaip.2016.05.011.

Atanaskovi¢-Markovi¢ M, Velickovi¢ TC, Gavrovié-Jankulovi¢ M, Vuckovic¢ O,
Nestorovi¢ B. Immediate allergic reactions to cephalosporins and penicillins
and their cross-reactivity in children. Pediatr Allergy Immunol 2005;16:
341-7. https://doi.org/10.1111/j.1399-3038.2005.00280.x.

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

Somech R, Weber EA, Lavi S. Evaluation of immediate allergic reactions to
cephalosporins in non-penicillin-allergic patients. Int Arch Allergy Immunol
2009;150:205-9. https://doi.org/10.1159/000222672.

Bérot V, Gener G, Ingen-Housz-Oro S, Gaudin O, Paul M, Chosidow O, et al.
Cross-reactivity in beta-lactams after a non-immediate cutaneous adverse
reaction: experience of a reference centre for toxic bullous diseases and
severe cutaneous adverse reactions. ] Eur Acad Dermatol Venereol 2020;34:
787—-94. https://doi.org/10.1111/jdv.15986.

Lammintausta K, Kortekangas-Savolainen O. The usefulness of skin tests to
prove drug hypersensitivity. Br ] Dermatol 2005;152:968—74. https://
doi.org/10.1111/j.1365-2133.2005.06429.x.

Romano A, Gaeta F, Valluzzi RL, Maggioletti M, Zaffiro A, Caruso C, et al. IgE-
mediated hypersensitivity to cephalosporins: cross-reactivity and toler-
ability of alternative cephalosporins. J Allergy Clin Immunol 2015;136:
685—691.e3. https://doi.org/10.1016/j.jaci.2015.03.012.

Kula B, Djordjevic G, Robinson JL. A systematic review: can one prescribe
carbapenems to patients with IgE-Mediated allergy to penicillins or ceph-
alosporins? Clin Infect Dis 2014;59:1113—22. https://doi.org/10.1093/cid/
ciu587.

Romano A, Gaeta F, Valluzzi RL, Maggioletti M, Caruso C, Quaratino D.
Cross-reactivity and tolerability of aztreonam and cephalosporins in
subjects with a T cell-mediated hypersensitivity to penicillins. J Allergy
Clin  Immunol 2016;138:179—86.  https://doi.org/10.1016/j.jaci.20
16.01.025.

Romano A, Gaeta F, Valluzzi RL, Caruso C, Rumi G, Bousquet PJ. IgE-medi-
ated hypersensitivity to cephalosporins: cross-reactivity and tolerability of
penicillins, monobactams, and carbapenems. ] Allergy Clin Immunol
2010;126:994-9. https://doi.org/10.1016/j.jaci.2010.06.052.

Moss RB, McClelland E, Williams RR, Hilman BC, Rubio T, Adkinson NF.
Evaluation of the immunologic cross-reactivity of aztreonam in patients
with cystic fibrosis who are allergic to penicillin and/or cephalosporin
antibiotics. Clin Infect Dis 1991;13:5598—607. https://doi.org/10.1093/
clinids/13.Supplement_7.S598.

Patriarca G, Schiavino D, Lombardo C, Altomonte G, Decinti M, Buonomo A,
et al. Tolerability of aztreonam in patients with IgE-mediated hyper-
sensitivity to beta-lactams. Int ] Immunopathol Pharmacol 2008;21:375-9.
https://doi.org/10.1177/039463200802100215.

Buonomo A, Nucera E, De Pasquale T, Pecora V, Lombardo C, Sabato V, et al.
Tolerability of aztreonam in patients with cell-mediated allergy to B-lac-
tams. Int Arch Allergy Immunol 2011;155:155-9. https://doi.org/10.1159/
000318844.

Mori F, Barni S, Pucci N, Rossi E, Azzari C, De Martino M, et al. Sensitivity
and specificity of skin tests in the diagnosis of clarithromycin allergy. Ann
Allergy Asthma Immunol 2010;104:417—9. https://doi.org/10.1016/
j-anai.2010.03.010.

Barni S, Butti D, Mori F, Pucci N, Rossi ME, Cianferoni A, et al. Azithromycin
is more allergenic than clarithromycin in children with suspected hyper-
sensitivity reaction to macrolides. J Investig Allergol Clin Immunol 2015;25:
128-32.

Cavkaytar O, Karaatmaca B, Yilmaz EA, Sekerel BE, Soyer O. Testing for
clarithromycin hypersensitivity: a diagnostic challenge in childhood. ]
Allergy Clin Immunol Pract 2016;4:330—332.e1. https://doi.org/10.1016/
j.jaip.2015.09.015.

Seitz CS, Brocker EB, Trautmann A. Suspicion of macrolide allergy after
treatment of infectious diseases including Helicobacter pylori: results of
allergological testing. Allergol Immunopathol (Madr) 2011;39:193-9.
https://doi.org/10.1016/j.aller.2010.06.008.

Benahmed S, Scaramuzza C, Messaad D, Sahla H, Demoly P. The accuracy of
the diagnosis of suspected macrolide antibiotic hypersensitivity: results of a
single-blinded trial. Allergy 2004;59:1130—3.

Sadnchez-Borges M, Thong B, Blanca M, Ensina LFC, Gonzdlez-Diaz S,
Greenberger PA, et al. Hypersensitivity reactions to non beta-lactam anti-
microbial agents, a statement of the WAO special committee on drug
allergy. World Allergy Organ J 2013;6:18. https://doi.org/10.1186/1939-
4551-6-18.

Blanca-Lépez N, Andreu I, Torres Jaén MJ. Hypersensitivity reactions to
quinolones. Curr Opin Allergy Clin Immunol 2011;11:285-91. https://
doi.org/10.1097/ACL.0b013e3283489bc3.

Hsiao SH, Chou CH, Lin WL, Lee EJ, Liao LH, Chang HJ, et al. High risk of
cross-reactivity between vancomycin and sequential teicoplanin therapy:
cross-reactivity between teicoplanin and vancomycin. J Clin Pharm Ther
2012;37:296—-300. https://doi.org/10.1111/j.1365-2710.2011.01291.x.

Mori F, Pecorari L, Pantano S, Rossi ME, Pucci N, De Martino M, et al. Azi-
thromycin anaphylaxis in children. Int ] Immunopathol Pharmacol 2014;27:
121-6. https://doi.org/10.1177/039463201402700116.

Dona I, Blanca-Lépez N, Boteanu C, Cueva-Oliver B, Fernandez-Sanchez F,
Gajate P, et al. Clinical practice guidelines for diagnosis and management of
hypersensitivity reactions to quinolones. ] Investig Allergol Clin Immunol
2021;31:292—-307. https://doi.org/10.18176/jiaci.0669.

McGee EU, Samuel E, Boronea B, Dillard N, Milby MN, Lewis SJ. Quinolone
allergy. Pharmacy 2019;7:97. https://doi.org/10.3390/pharmacy7030097.
Alvarez-Arango S, Yerneni S, Tang O, Zhou L, Mancini CM, Blackley SV, et al.
Vancomycin hypersensitivity reactions documented in electronic health
records. ] Allergy Clin Immunol Pract 2021;9:906—12. https://doi.org/
10.1016/j,jaip.2020.09.027.


https://doi.org/10.1001/jama.285.19.2498
https://doi.org/10.1001/jama.2017.6510
https://doi.org/10.1016/j.amjmed.2019.09.017
https://doi.org/10.1016/j.jaip.2016.03.009
https://doi.org/10.1186/s13601%2D017%2D0154%2Dy
https://doi.org/10.1186/s13601%2D017%2D0154%2Dy
https://doi.org/10.7812/TPP/08%2D073
https://doi.org/10.7812/TPP/08%2D073
https://doi.org/10.1331/JAPhA.2008.07006
http://refhub.elsevier.com/S1198-743X(26)00069-8/sref98
http://refhub.elsevier.com/S1198-743X(26)00069-8/sref98
https://doi.org/10.1016/j.jemermed.2011.05.035
https://doi.org/10.1016/j.jaip.2019.05.038
https://doi.org/10.1089/pai.2005.18.230
https://doi.org/10.1016/j.otohns.2006.10.007
https://doi.org/10.1016/j.jaip.2017.06.017
https://doi.org/10.1016/j.jaip.2017.06.017
https://doi.org/10.1016/j.jaci.2014.10.011
https://doi.org/10.1093/cid/ciaa373
https://doi.org/10.1093/jac/dkab174
https://doi.org/10.1093/jac/dkw008
https://doi.org/10.1002/bjs.10441
https://doi.org/10.1002/bjs.10441
https://doi.org/10.1016/j.anai.2014.02.005
https://doi.org/10.1016/j.anai.2014.02.005
https://doi.org/10.1111/j.1365%2D2222.2011.03846.x
https://doi.org/10.1111/j.1365%2D2222.2011.03846.x
https://doi.org/10.1016/j.jaci.2005.10.032
https://doi.org/10.1016/j.jaci.2005.10.032
https://doi.org/10.1111/imj.14229
https://doi.org/10.1111/imj.14229
https://doi.org/10.1016/j.jaip.2016.05.011
https://doi.org/10.1016/j.jaip.2016.05.011
https://doi.org/10.1111/j.1399%2D3038.2005.00280.x
https://doi.org/10.1159/000222672
https://doi.org/10.1111/jdv.15986
https://doi.org/10.1111/j.1365%2D2133.2005.06429.x
https://doi.org/10.1111/j.1365%2D2133.2005.06429.x
https://doi.org/10.1016/j.jaci.2015.03.012
https://doi.org/10.1093/cid/ciu587
https://doi.org/10.1093/cid/ciu587
https://doi.org/10.1016/j.jaci.2016.01.025
https://doi.org/10.1016/j.jaci.2016.01.025
https://doi.org/10.1016/j.jaci.2010.06.052
https://doi.org/10.1093/clinids/13.Supplement_7.S598
https://doi.org/10.1093/clinids/13.Supplement_7.S598
https://doi.org/10.1177/039463200802100215
https://doi.org/10.1159/000318844
https://doi.org/10.1159/000318844
https://doi.org/10.1016/j.anai.2010.03.010
https://doi.org/10.1016/j.anai.2010.03.010
http://refhub.elsevier.com/S1198-743X(26)00069-8/sref126
http://refhub.elsevier.com/S1198-743X(26)00069-8/sref126
http://refhub.elsevier.com/S1198-743X(26)00069-8/sref126
http://refhub.elsevier.com/S1198-743X(26)00069-8/sref126
https://doi.org/10.1016/j.jaip.2015.09.015
https://doi.org/10.1016/j.jaip.2015.09.015
https://doi.org/10.1016/j.aller.2010.06.008
http://refhub.elsevier.com/S1198-743X(26)00069-8/sref129
http://refhub.elsevier.com/S1198-743X(26)00069-8/sref129
http://refhub.elsevier.com/S1198-743X(26)00069-8/sref129
https://doi.org/10.1186/1939%2D4551%2D6%2D18
https://doi.org/10.1186/1939%2D4551%2D6%2D18
https://doi.org/10.1097/ACI.0b013e3283489bc3
https://doi.org/10.1097/ACI.0b013e3283489bc3
https://doi.org/10.1111/j.1365%2D2710.2011.01291.x
https://doi.org/10.1177/039463201402700116
https://doi.org/10.18176/jiaci.0669
https://doi.org/10.3390/pharmacy7030097
https://doi.org/10.1016/j.jaip.2020.09.027
https://doi.org/10.1016/j.jaip.2020.09.027

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

0. Joean et al. / Clinical Microbiology and Infection 32 (2026) 767—787

Polk RE, Healy DP, Schwartz LB, Rock DT, Garson ML, Roller K. Vancomycin
and the red-man syndrome: pharmacodynamics of histamine release. ]
Infect Dis 1988;157:502—7. https://doi.org/10.1093/infdis/157.3.502.

Sahai JVS, Polk RE, Schwartz LB, Healy DP, Westin EH. Severe reaction to
vancomycin not mediated by histamine release and documented by
rechallenge. ] Infect Dis 1988;158:1413—4. https://doi.org/10.1093/infdis/
158.6.1413.

Healy DP, Sahai ]V, Fuller SH, Polk RE. Vancomycin-induced histamine
release and ‘red man syndrome’: comparison of 1- and 2-hour infusions.
Antimicrob Agents Chemother 1990;34:550—4. https://doi.org/10.1128/
AAC.34.4.550.

Wallace MR, Mascola JR, Oldfield EC. Red man syndrome: incidence, etiol-
ogy, and prophylaxis. ] Infect Dis 1991;164:1180-5. https://doi.org/
10.1093/infdis/164.6.1180.

Minhas JS, Wickner PG, Long AA, Banerji A, Blumenthal KG. Immune-
mediated reactions to vancomycin: a systematic case review and analysis.
Ann Allergy Asthma Immunol 2016;116:544—53. https://doi.org/10.1016/
j-.anai.2016.03.030.

Sahai ], Healy DP, Shelton M], Miller JS, Ruberg SJ, Polk R. Comparison of
vancomycin- and teicoplanin-induced histamine release and ‘red man
syndrome’. Antimicrob Agents Chemother 1990;34:765—9. https://doi.org/
10.1128/AAC.34.5.765.

Krantz MS, Stone CA, Abreo A, Phillips EJ. Oral challenge with trimethoprim-
sulfamethoxazole in patients with “sulfa” antibiotic allergy. ] Allergy Clin
Immunol Pract 2020;8:757. https://doi.org/10.1016/j.jaip.2019.07.003.
60.e4.

Waldron JL, Rose M, Vogrin S, Krantz MS, Bolotte R, Phillips EJ, et al.
Development and validation of a sulfa antibiotic allergy clinical decision
rule. JAMA Netw Open 2023;6:e2316776. https://doi.org/10.1001/
jamanetworkopen.2023.16776.

Urbancic KF, lerino F, Phillips E, Mount PF, Mahony A, Trubiano JA. Taking
the challenge: a protocolized approach to optimize Pneumocystis pneu-
monia prophylaxis in renal transplant recipients. Am ] Transplant 2018;18:
462—6. https://doi.org/10.1111/ajt.14498.

Antimicrobial Resistance Collaborators. Global burden of bacterial anti-
microbial resistance in 2019: a systematic analysis. Lancet 2022;399:
629-55. https://doi.org/10.1016/S0140-6736(21)02724-0.

Blumenthal KG, Peter ]G, Trubiano JA, Phillips EJ. Antibiotic allergy. Lancet
2019;393:183—-98. https://doi.org/10.1016/S0140-6736(18)32218-9.

Krah NM, Jones TW, Lake |, Hersh AL. The impact of antibiotic allergy labels
on antibiotic exposure, clinical outcomes, and healthcare costs: a system-
atic review. Infect Control Hosp Epidemiol 2021;42:530—48. https://
doi.org/10.1017/ice.2020.1229.

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

787

Ahmed S, Sandoe JAT. A rapid literature review of the impact of penicillin
allergy on antibiotic resistance. JAC-Antimicrob Resist 2024;7. https://
doi.org/10.1093/jacamr/dlaf002. dlaf002.

Macy E, Shu YH. The effect of penicillin allergy testing on future health care
utilization: a matched cohort study. ] Allergy Clin Immunol Pract 2017;5:
705—10. https://doi.org/10.1016/].jaip.2017.02.012.

European Commission. Commission notice — EU Guidelines for the pru-
dent use of antimicrobials in human health. Official Journal of the Euro-
pean Union. Luxembourg: Publications Office of the European Union;
2017. 1 Jul 2017 https://eur-lex.europa.eu/legal-content/EN/TXT/
2uri=CELEX%3A52017XC0701%2801%29. Last accessed Oct. 16 2025
Barlam TF, Cosgrove SE, Abbo LM, MacDougall C, Schuetz AN, Septimus EJ,
et al. Implementing an antibiotic stewardship program: guidelines by the
infectious diseases society of America and the society for healthcare epi-
demiology of America. Clin Infect Dis 2016;62:e51—77. https://doi.org/
10.1093/cid/ciw118.

Antimicrobial stewardship interventions: a practical guide. Copenhagen:
WHO Regional Office for Europe; 2021. https://doi.org/10.1093/jacamr/
dlab121. Licence: CC BY-NC-SA 3.0 IGO.

Powell N, Elkhalifa S, Hearsey D, Wilcock M, Sandoe ]. The appropriateness
of penicillin allergy de-labelling by non-allergist clinical ward teams. Clin
Med 2024;24:100225. https://doi.org/10.1016/j.clinme.2024.100225.
Owens R, Sandoe ], Whyte AF, Wilcock M, West R, Stonell R, et al. A
randomized evaluation of an antibiotic allergy assessment tool for sup-
porting penicillin allergy de-labelling by non-allergists. Clin Exp Allergy
2021;51:1246-9. https://doi.org/10.1111/cea.13956.

World Health Organisation. WHO releases the 2019 AWaRe classification
antibiotics.  2019.  https://www.who.int/medicines/news/2019/WHO_
releases2019AWaRe_classification_antibiotics/en/. [Accessed 14 August
2025]. Last accessed Oct. 16 2025

Bou-Antoun S, Oettle RC, Leanord A, Seaton RA, Cooper BS, Muller-Pebody B,
et al. Adaptation of the WHO AWaRe (Access, Watch, Reserve) antibiotic
classification to support national antimicrobial stewardship priorities in the
UK: findings from a modified Delphi approach to achieve expert consensus.
JAC-Antimicrob Resist 2024;7. https://doi.org/10.1093/jacamr/dlae218.
dlae218.

Department of Health and Social Care TSG. Welsh government, depart-
ment for environment, food & rural affairs, department of health
(northern Ireland), and department of agriculture, environment and rural
affairs (northern Ireland). Confronting antimicrobial resistance 2024 to
2029. 2024. https://assets.publishing.service.gov.uk/media/
663b9c451c82a7597d4f32fe/Confronting-antimicrobial-resistance-2024-
t0-2029.pdf. [Accessed 14 August 2025].


https://doi.org/10.1093/infdis/157.3.502
https://doi.org/10.1093/infdis/158.6.1413
https://doi.org/10.1093/infdis/158.6.1413
https://doi.org/10.1128/AAC.34.4.550
https://doi.org/10.1128/AAC.34.4.550
https://doi.org/10.1093/infdis/164.6.1180
https://doi.org/10.1093/infdis/164.6.1180
https://doi.org/10.1016/j.anai.2016.03.030
https://doi.org/10.1016/j.anai.2016.03.030
https://doi.org/10.1128/AAC.34.5.765
https://doi.org/10.1128/AAC.34.5.765
https://doi.org/10.1016/j.jaip.2019.07.003
https://doi.org/10.1001/jamanetworkopen.2023.16776
https://doi.org/10.1001/jamanetworkopen.2023.16776
https://doi.org/10.1111/ajt.14498
https://doi.org/10.1016/S0140%2D6736%2821%2902724%2D0
https://doi.org/10.1016/S0140%2D6736%2818%2932218%2D9
https://doi.org/10.1017/ice.2020.1229
https://doi.org/10.1017/ice.2020.1229
https://doi.org/10.1093/jacamr/dlaf002
https://doi.org/10.1093/jacamr/dlaf002
https://doi.org/10.1016/j.jaip.2017.02.012
https://doi.org/10.1093/cid/ciw118
https://doi.org/10.1093/cid/ciw118
https://doi.org/10.1093/jacamr/dlab121
https://doi.org/10.1093/jacamr/dlab121
https://doi.org/10.1016/j.clinme.2024.100225
https://doi.org/10.1111/cea.13956
https://doi.org/10.1093/jacamr/dlae218

	ESCMID clinical guidelines on the evaluation and management of a reported antibiotic allergy
	Context
	Panel composition
	Aim and scope
	Methods
	Literature searches and evidence synthesis
	Quality of evidence and recommendations
	Selecting key questions
	Data extraction
	Consensus and issuing recommendations
	Literature search update for primary studies
	Conflict of interest management

	Results
	General recommendations on the approach towards a suspected penicillin- or other β-lactam allergy
	Recommendations on direct removal of the antibiotic allergy label and on performing a controlled drug challenge
	Details of performing a CDCT
	Cross-allergy between β-lactams
	I. Penicillins
	II. Penicillins vs. cephalosporins or carbapenems
	III. Cephalosporins vs. cephalosporins
	IV. Cephalosporins vs. monobactams and carbapenems

	Approach to antibiotic allergy in case of reported allergy to a non–β-lactam antibiotic
	Identified knowledge gaps and future research needs

	Discussion
	Limitations
	Implications

	Conclusions
	Author Contribution Statement
	Updating
	Transparency declaration
	Potential conflict of interest
	Financial report

	Declaration of AI and AI-assisted technologies in the writing process
	Acknowledgements
	Appendix A. Supplementary data
	References


