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KEY POINTS

� Penicillin allergy labels negatively impact patient outcomes. Efforts should be made to
reduce this risk through clarifying or eliminating these labels where appropriate by all
health care personnel.

� Penicillin and antibiotic allergy assessment tools and clinical decision rules are validated
for risk stratification to assist with prescribing and delabeling.

� Low risk direct oral penicillin challenge can be implemented in the outpatient or inpatient
setting to aid delabeling with an Antimicrobial Stewardship focus.
INTRODUCTION

Beta-lactam allergy is frequently encountered in hospitalized patients and community
practice, with up to 1 in 4 patients reporting an antibiotic allergy “label,” with 1 in 10
patients reporting a penicillin allergy.1,2 This label has been associated with inappro-
priate antibiotic usage leading to adverse outcomes such as Clostridioides difficile in-
fections (CDI), surgical site infections (SSIs), antimicrobial resistance (eg, methicillin
resistant Staphylococcus aureus), patient mortality, and excess hospital costs.1 The
described impacts are potentially avoidable health consequences, as only 1 in 10
patients are truly allergic.3 The act of removing antibiotic allergies, in particular beta-
lactam allergies, is described as “delabeling”—the revision of a patient-reported anti-
biotic allergy via testing or medical reconciliation.4 The traditional testing method,
especially in an infectious diseases’ (ID) context, has been via skin testing (skin prick
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Wrenn & Trubiano794
and intradermal) followed by oral challenge (ie, provocation).5–8 Modern approaches
have incorporated point-of-care risk assessment, followed by direct oral challenge
in those considered to have low-risk phenotypes.9,10 Reducing the impact of beta-
lactam allergies from an ID and antimicrobial stewardship (AMS) perspective requires
greater understanding of antibiotic allergy (1) mechanisms, (2) cross-reactivity, (3) risk
assessment, and (4) point-of-care delabeling strategies.
DEFINITIONS
Penicillin and Beta-lactam Allergy Mechanism Definitions

Reaction types are important to understand and to clarify through allergy assessment.
Types of reactions are described below and in Table 1.
Immediate hypersensitivity reactions typically occur within 1 hour and are most likely

IgE-mediated with presentations of urticaria, bronchospasm, angioedema, and/or
anaphylaxis. Non-IgE mediated reactions that occur immediately or within 6 hours af-
ter the dose are uncommon; however, they are classified as immediate hypersensitiv-
ity. Anaphylaxis is a form of immediate hypersensitivity, defined as an acute systemic
allergic reaction that involves more than 1 organ system. Consensus criteria for diag-
nosis do not exist; however, there are visual representations from national guidance
created in an effort to simplify the diagnosis.11

Delayed hypersensitivity reactions are thought to involve drug-specific T cells that
can take days and, in rare cases, weeks to present. Often, they are benign cutaneous
reactions; however, more severe cutaneous reactions (SCARS) can occur. Severe
cutaneous reactions include drug reactions with eosinophilia and systemic symptoms
(DRESS), Stevens-Johnson syndrome (SJS), toxic epidermal necrolysis (TEN), and
acute generalized exanthematous pustulosis (AGEP).

Penicillin and Beta-lactam Allergy Testing Definitions

An understanding of the modern approaches to penicillin and beta-lactam allergy
testing is required prior to implementation into AMS programs, as outlined below.
Table 1
The immunologic mechanisms and clinical manifestations of commonly encountered beta-
lactam immune-mediated allergies

Immunologically Mediated Mechanisms

Type I, immediate hypersensitivity
(IgE-mediated)

Urticaria, angioedema, bronchospasm, anaphylaxis,
cardiovascular collapse

Type II, cytotoxic reaction Hemolytic anemia, petechia, thrombocytopenia

Type III, immune-complex reaction Small-vessel vasculitis, serum sickness, arthus
reaction

Type IV: cellular mediated (delayed) Contact dermatitis, exanthems

T-cell mediated mechanisms

DRESS Epidermal edema, lymphadenopathy, atypical
lymphocytosis, fever, eosinophilia, and infiltration
of skin and internal organs

SJS-TEN Epidermal necrosis, subepidermal bullae, and
involvement mucosal membranes

AGEP Fever, neutrophilic leukocytosis, sterile pustules in
stratum corneum and epidermis, dermal edema,
and infiltration of immune cells
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Oral drug challenge (ie, provocation)
Administration of a drug orally to determine tolerance. This can be done with one dose
of drug, multiple doses, or multiple days of administration with observation for symp-
toms following dose or doses (Figs. 1 and 2). Other common names for this testing are
“drug provocation tests,” “graded challenge,” or “test dose”. A direct oral challenge is
the administration of drug to assess for allergic reaction without prior skin testing.

� 1-step: A single full dose of drug is administered followed bymonitoring for symp-
toms of allergic reaction. This 1-step strategy is recommended by the Drug
allergy: A 2022 practice parameter update by both the America Academy of Al-
lergy, Asthma, and Immunology and the American College of Allergy, Asthma,
and Immunology12; however, a 2-step test may be required for reimbursement
in some regions.

� 2-step: Amultistep process in which 10% to 25% of the treatment dose is admin-
istered followed by observation and if no adverse reactions are observed, the
remainder of the treatment dose is administered followed by observation.

� Multi-day drug challenges are typically not recommended as studies have shown
single day challenges to be sufficient.

� Nocebo effect: Placebo-controlled drug challenges are recommended in pa-
tients with subjective drug allergy symptoms or multiple allergies as drug chal-
lenges can be anxiety producing and there is data demonstrating objective
reactions can occur when placebo is administered rather than the suspected
allergen.12 These placebo-associated reactions, termed a nocebo effect, can
include symptoms such as flushing, wheezing, tachycardia, urticaria, and vomit-
ing, occurring between 8% and 11% of patients receiving placebo.13,14

Skin testing
Penicillin skin test (PST) is a process to evaluate penicillin allergy by pricking or inject-
ing skin with dilute penicillin followed by monitoring, typically initially with a skin prick
testing (SPT) followed by intradermal testing (IDT) using standardized published
Fig. 1. Oral drug challenge: 1-step and 2-step testing followed by appropriate monitoring.
(Illustration reprinted with permission from: Desirae E. Hanna, Pharm.D., BCPS (@rxpalette);
Clinical Pharmacist, Duke University Hospital.)
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Fig. 2. Signs and symptoms to indicate a positive, possible, or doubtful reaction. (Illustration
reprinted with permission from: Desirae E. Hanna, Pharm.D., BCPS (@rxpalette); Clinical
Pharmacist, Duke University Hospital.)
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concentrations of drugs.4 Negative skin testing must be followed by oral challenge to
confirm the presence or absence of true allergy.

Delabeling
The act of removing a drug allergy through allergy history, drug challenge, and/or skin
testing. Direct delabeling is the removal without testing via medical reconciliation
alone.

Desensitization
Inducing drug tolerance through exposure to incrementally increasing doses of drug.
This procedure does not eliminate or clarify existing allergies, rather it allows for
administration of the drug following desensitization and with consistent drug
exposure.

DISCUSSION
Burden and Impacts

The same year Fleming, Florey, and Chain were awarded the Nobel Prize for the dis-
covery of penicillin, the first case of anaphylaxis to penicillin was reported.15 At that
time the authors call out the “toxic, microbiogenic, and allergic side effects occurring
in man as a result of large amounts of penicillin increasingly used in medical and vet-
erinary practice,” an early call to steward these agents.15 The rate of death from
anaphylaxis associated with penicillins was reported by the WHO to be 0.002% in
1968 and has been reported to have decreased even further since that time.15 Despite
this very low rate, there is considerable fear of this rare reaction and with 10% to 20%
of patients reporting a penicillin allergy, many of which do not have the reaction
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specified, alternative therapies are selected. Over 95% of patients with reported
penicillin allergy tolerate beta-lactams when carefully evaluated5,16; however, this
often-inaccurate label negatively impacts patient care and outcomes as alternative
antibiotics that are less effective, more costly, and more toxic are selected including
fluoroquinolones, clindamycin, vancomycin, and cephalosporins.17 These agents
have been repeatedly shown to put patients at higher risk for C. difficile infections,
methicillin-resistant S. aureus (MRSA) and vancomycin-resistant enterococcus
(VRE) infections, and SSIs.1,18

In a cohort of over 300,000 ambulatory patients with a penicillin allergy label
(N5 63,690) matched 1:5 on age, sex, and study entry time to patients without a peni-
cillin allergy label (N5 237,167), Blumenthal and colleagues19 found an increased inci-
dence of S. aureus and C. difficile in patients with penicillin allergies (Table 2). This
same cohort additionally demonstrated the high rates of non-beta-lactam antibiotic
utilization in penicillin allergic patients which the authors attribute to increasing the
risk for S. aureus and C. difficile. The authors in this study found a 14% increased
risk of death among those with a penicillin allergy label.20,21 Although there are limita-
tions to this study, the cohort was adjusted for Charlson Comorbidity Index, antibiotic
prescription, and health care utilization and followed patients over 6 years. Coloniza-
tion and infection with S. aureus and C. difficile are associated with substantial
morbidity and mortality; thus proactive efforts to reduce these risks however possible
are important. Many of the risk factors for either pathogen are unmodifiable; however,
delabeling penicillin allergies through assessments or active testing is a modifiable risk
for most patients given the high risk of mislabeled patients.
Similar negative impacts are seen in hospitalized patients. Macy and colleagues21

conducted a 1:2 matched cohort study of 51,582 with a penicillin allergy label,
admitted for any diagnosis, matched to non-penicillin allergy labeled patients based
on discharge diagnosis, sex, age, and date of admission. In this study, an increase
length of stay (LOS) of 0.59 days was observed in patients with a penicillin allergy
with the biggest impact (0.80 days LOS increase) in females over age 50 years. The
penicillin allergic patients had more C. difficile, VRE, and MRSA infections than control
patients determined by clinical isolates or associated ICD-9 codes.17 These negative
patient outcomes are costly both to the patient and the health care system. Although
just over half a day increase in LOSmay seemminor, when applied to this population it
accounted for over 30,000 extra hospital days.17 Based on average cost per hospital
day at the time of $2123.56 the extra LOS resulted in over $64 million in health care
expenditures.17 These costs do not include the additional cost of the acquired
Table 2
The microbiological, patient and hospital impacts of a beta-lactam allergy

Factor Increased Risk to Patient

Clostridioides difficile 23% inpatient17

26% outpatient19

MRSA infection 14% inpatient17

69% outpatient19

VRE infection 30% inpatient17

Length of stay 0.59 d17

Surgical site infection 50%18

Increased risk of death 14%20

Death during hospitalization 1.6 (crude OR 1.56, 95% CI 1.20–2.04)
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infections associated with the penicillin allergy label. There is substantial cost savings,
estimated at $1915 per patient per year (in US dollars) and improvement to patient out-
comes associated with delabeling.22

Additional adverse effects associated with the penicillin allergy label were found
when evaluating the impact on surgical prophylaxis with a 51% increased risk of
SSI when analyzing a cohort of over 8000 patients and 9000 procedures.18 Not only
does this have substantial impact on the patient, but there is also substantial cost
to the institution with each SSI costing $12,000 to $24,000.18 There is also impact
to the perception of hospital quality as the SSI data for certain surgical types is avail-
able to the public.18 The authors estimate that 1 SSI could be prevented by reviewing
and clarifying allergies per 112 to 124 patients.18 The majority of patients can have
their allergy removed through detailed history that requires minutes or if additional
testing is required only hours to prevent the morbidity and mortality associated with
SSI.
The negative effects of the antibiotic allergy label substantially impact both ambu-

latory and inpatient cohorts; thus, it is imperative that the assessment strategies
described below are used throughout all health care settings.

MANAGEMENT
Allergy History

Allergy assessments are critical to determining which patients are truly allergic and to
delabel those with inaccurate labels. It is the responsibility of all members of the clin-
ical team (eg, nurses, prescribers, pharmacist, etc.) to proactively interview patients
regarding allergy status to ensure the medical record is correct as this data changes
antibiotic choices.16 A critical component of this process is education of both the pa-
tient and family as well as the patient’s clinical team. There are key components to an
allergy history that are essential for appropriate phenotyping and ensuring correct
delabeling strategy, as outlined below.23

Severity and Type of Reaction

1. Do you remember the details of the reaction?
2. How was the reaction managed? Did it require treatment or hospitalization?

Timing

3. How long after taking the antibiotic did the reaction occur?
4. How many years ago did the reaction occur?

Antibiotic Use Since Reaction

5. Are there other antibiotics that you have taken without problems since the
reaction?

Key areas for provider and patient education about beta-lactam allergies include
reasons for mislabeling, risk of adverse reaction of both the labeled beta-lactam
and alternative agent, as well as newer understanding of the natural history of
immune-medicated hypersensitivity reactions. There are many reasons for mislabeling
including simply coding a nonimmunologic adverse reaction as an allergy (eg, diarrhea
with amoxicillin-clavulanic acid)—type A adverse drug reaction (ADR). Additionally,
some patients who had an allergic reaction may no longer be allergic as penicillin-
specific IgE-mediated reactions wane over time with up to 80% of patients losing
the anti-penicillin IgE antibodies after 10 years.24,25 Overall there are many fewer pos-
itive PST results than historically likely due to improved drug manufacturing processes
Descargado para Anonymous User (n/a) en National Library of Health and Social Security de 
ClinicalKey.es por Elsevier en diciembre 07, 2023. Para uso personal exclusivamente. No se 

permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Penicillin Allergy Impact and Management 799
and elimination of penicillins from cephalosporin preparations as this accounted for
5% of cross-reactivity with early cephalosporins.22 For some patients there may
have been an interaction of infectious agents (eg, viruses) with antibiotics that caused
a cutaneous reaction, or in fact direct cutaneous manifestation of a pathogen.12,24.
Thus, historic allergies may not predict future reactions. Sharing this knowledge can
help to alleviate fears of the patient and clinical teams and allow for good history taking
and comfort with removing allergy labels where appropriate. Allergy assessments and
education should be proactively offered in all health care settings and should be part
of standard education for all health care workers.
RISK ASSESSMENT
Assessment Tools

Ascertaining the beta-lactam allergy phenotype is the first point-of- call to assigning
risk—defined as the likelihood of persistent immune-mediated allergy. There has
been increased focus on defining low- and high-risk beta-lactam allergies to further
aid the assignment of management AMS strategies—prescribing and delabeling.
Assessment tools have primarily been expert derived; however, there has been
increased use of validated toolkits as outlined in Table 3. In the ID/AMS setting, Devc-
hand and colleagues27 (Australia) developed the Antibiotic Allergy Assessment Tool
(AAAT) that has been widely used in hospital-based programs,10,54 and adapted for
pediatrics.31 AAAT can be used by a range of stakeholders to risk-stratify antibiotic al-
lergies (sensitivity of 91.8% and specificity of 97.5%) (see Table 3).27,28

Shenoy and colleagues34 presented an expert opinion algorithm for extrapolating
penicillin allergy assessment into risk stratification (see Table 3), which has been refer-
encedandadapted forwidespreadclinical use. This is endorsedby theAmericanAcad-
emy of Allergy, Asthma and Immunology (AAAAI), Infectious Diseases Society of
America (IDSA), and Society of Healthcare Epidemiology of America (SHEA). In regard
to penicillin allergy, Ramsey and colleagues have also used a penicillin allergy history
algorithm (PAHA), incorporated as a standardized history-taking tool. This tool in effect
risk stratifies patients into high risk (avoid penicillin) and low/moderate risk (perform
testing).38,55 One limitation of these tools is they have been designed primarily for peni-
cillin allergy; however, they likely canbeextrapolated toother beta-lactams. Theuniver-
sal features that are considered low-risk across all 3 assessment tools are: type A
adverse drug reaction, family history, skin rash greater than 10 to 20 years previous.

Clinical Decision Rules

The search for point-of-care risk assessment tools has led to the derivation of a range
of clinical decision rules for antibiotic allergy. The 5 published clinical decision rules for
penicillin or beta-lactam allergy from across Europe, USA, and Australia are demon-
strated in Table 3. The negative predictive values (NPV) for true penicillin allergy range
from 80% to 96.3%, with 4 of the 5 tools providing a validated low-risk criterion (see
Table 3).
PEN-FAST is the only prospectively derived clinical decision rule that has been sub-

sequently externally validated. PEN-FAST is a 3-point clinical criterion derived from a
published cohort study in Melbourne (Australia),7,10 with subsequent external valida-
tion in penicillin allergy tested cohorts from Sydney (Australia), Perth (Australia), and
Nashville (USA).47 The variables associated with a positive penicillin allergy test result
on multivariable analysis were subsequently summarized in the PEN-FAST mnemonic:
PENicillin allergy, Five or fewer years ago (2 points), Anaphylaxis/angioedema, Severe
cutaneous adverse reaction (SCAR) (2 points), and Treatment required for allergy
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Table 3
Penicillin allergy risk assessment and clinical decision rules

Author/
Regiona

Primary
Derivation User Group Population

Assessment
Outcome Outputs

Sensitivity
(%)

Specificity
(%)

External
Validation
or Usage

Special
Population
Adaption

Assessments tools

Staicu et al26

(USA)
Expert opinion Hospital

clinicians
Pharmacists

Adult
inpatients

Mild-moderate/
severe

Beta-lactam
utilizationc

- - USA8 -

Devchand
et al27

(Australia)

Expert opinion Doctors
Nurses

Adult
inpatients/
outpatientsb

No risk/low/
moderate/high

Testingc 91.8% 97.5%–
97.9%

Australia10,28–30 Pediatric
adapation31

Low risk criteria:
childhood rash,
MPE > 10 y,
unknown > 10 y

Blumenthal
et al32

(USA)

Expert opinion Allergists Outpatients
(n 5 426)

Low/intermediate/
high

Testing and
beta-lactam
utilizationc

95.1% - USA33 Perioperative
assessment33

Low risk criteria:
mild cutaneous
or unknown
> 5 y

Shenoy
et al34

(USA)

Expert
opiniond,e

Clinicians Not specified Low/medium/high Testingc - - USA35,36

Canada36
General

Practice37

Low risk criteria:
type A, pruritis
without rash,
unknown
reactions > 10 y
without IgE
features, family
history
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Ramsey
et al38

(USA)

Expert opinion Pharmacists Adult
inpatients
(n 5 50)

No specific
grading

Testingb and
penicillin
utilization

94% NA USA35 -

Low risk criteria:
type A, family
history

Roberts
et al39 (UK)

Expert opinion Pharmacists Pediatric
outpatients
(n 5 104)

Low/possible IgE/
allergic/severe

DOC 91% - - -

Reichel
et al40

(Germany)

Expert opinion Allergists Outpatients
(n 5 200)

Low/moderate/
high

Low risk—isolated
urticaria, type A,
childhood rash

Testingc - - - -

Bediako
et al41

(USA)

Expert opinion Nursing Inpatients
(n 5 235)

Low/high Direct
delabelingc

- - - -

Sijpe et al42

(Belgium)
Expert opinion Pharmacy Inpatients

(n 5 197)
Correct/

undetermined/
incorrect

Direct
delabelingc

- - - -

Manning
et al36

(Canada)

Expert opinionf Pharmacists Inpatients
(N 5 48)

Low/medium/high Allergy
documentation

- - - -
Low: unknown

reaction or side
effect; poorly
described non-
anaphylactic
symptoms,
delayed (>72 h)
rash without IgE
features

(continued on next page)
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Table 3
(continued )

Author/
Regiona

Primary
Derivation User Group Population

Assessment
Outcome Outputs

Sensitivity
(%)

Specificity
(%)

External
Validation
or Usage

Special
Population
Adaption

Clinical decision rules

Chiriac
et al43,44

(France)

Retrospective
data—
multivariable
logistic
regression

Allergists Outpatients
(n 5 2101)

5-point criteria
No validated

low-risk criteria
identified

Testingc 51%
83% NPV

75%
40% PPV

- -

Siew et al45

(UK)
Retrospective
data—
multivariable
logistic
regression

Allergists Outpatients
(n 5 1092)

Low-risk criteria—
no anaphylaxis,
reaction > 1 y
previous,
inability to recall
index drug

Testingc 80.6% NPV
(98.4%
low risk
only)

- - -

Stevenson
et al46

(Australia)

Retrospective—
multivariable
logistic
regression

Allergists Outpatients
(n 5 447)

Low-risk criteria:
non-SCAR rash
OR rash without
angioedema
and > 1 y
previous

Testingc 80.6%
(NPV
97.1%)

60.8% - -
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Trubiano
et al47

(Australia/
USA)

Prospective
data—
multivariable
logistic
regression

ID/allergist In/outpatients
(n 5 945)

3-point clinical
criteria (max
score 5)

Low/moderate/
high low risk
criteria: PEN-
FAST score < 3

Testingc 70.7%
(NPV
96.3%)

78.5% US48/Europe49 Virtual care50

Pediatrics51

Pregnancy52

Sabato
et al53

(Europe)

Multivariable
logistic
regression

Allergists Outpatients
(n 5 410)

1-1-1 criterion—
rash within 1 h
after first and
regression
within 1 d

Testing 85%
80% NPV

85% - -

DOC, direct oral challenge for low-risk phenotypes; IDT, penicillin intradermal testing; NPV, negative predictive value; PPV, positive predictive value; SPT, penicillin
skin prick testing.

Low risk was defined as an assessment outcome that led to or recommended direct oral penicillin challenge.
a The assessment tool was used in AMS context.
b Expert opinion derived and applied to real-case scenarios (n 5 8) from a prospective inpatient and outpatient testing database by 40 end users.
c An output of allergy testing could be direct oral penicillin challenge and/or skin testing. An additional outcome is direct delabeling—the removal of an allergy

by medical reconciliation alone (eg, confirmed post safe re-exposure, non-immune-mediated side effect history).
d Approved and endorsed by IDSA, AAAAI, and SHEA.
e The terms “low” and “very low” were not used in this assessment tool, the outcomes were given regarding the testing modality not the severity.38
f Adapted from Providence Health Care in British Columbia and Shenoy et al.34
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Wrenn & Trubiano804
episode (or unknown) (1 point). A score of less than 3 points on the PEN-FAST tool
translates to a low risk of penicillin allergy, as only 17 of 460 patients (3.7%) are pos-
itive on testing [area under the curve (AUC), 0.805; NPV 96.3% (95% CI, 94.1%–
97.8%)]. PEN-FAST has subsequently been externally validated in European56 and
North American outpatient allergy cohorts.48 Specialist positive validation has been
demonstrated in pregnancy52; however PEN-FAST failed to be effective in a pediatric
cohort.51

In regard to the other published clinical decision rules, Stevenson and colleagues46

identified a reported penicillin allergy of benign rash more than 1 year previous as a
low-risk criterion (97.1% NPV, sensitivity 80.6%, specificity 60.8%). Siew and col-
leagues45 generated a low-risk criteria consisting of (1) no anaphylaxis, (2) reaction
more than 1 year ago, and (3) no recall of index drug (NPV 98.4%). Chiriac and col-
leagues43 produced a clinical decision rule that was unable to predict allergy (AUC,
0.67; sensitivity, 51%; NPV, 83%). Recently, Sabato and colleagues53 produced the
1-1-1 criterion (rash within 1 hour after 1st dose and regression within 1 day) with
an NPV of 80%. With clinician decision rules for penicillin and beta-lactam allergy
continuing to emerge clinicians and AMS programs can select and adapt the tool
that is best suited to their health service and patient population.

Approaches to Delabeling: Skin Testing

PST has been a standard practice for delabeling in the USA; however, the most recent
practice parameter emphasizes the use of drug challenge over skin test as the refer-
ence standard for patients without anaphylaxis or severe cutaneous skin reactions.12

For patients with a history of anaphylaxis or recent reaction suspected to be IgE medi-
ated, a PST is recommended. Patients with a negative penicillin skin test and oral
amoxicillin challenge should be considered to be at the same risk of penicillin allergy
as the general population.57 Knowledge of how to perform and evaluate a penicillin
skin test can be obtained through a training course or in published references.34 In
addition to the benefits of reducing the risks associated with penicillin allergy, multiple
studies have demonstrated health care cost reduction associated with PST.58 Peni-
cillin allergy testing can be done across the health care continuum safely including
in the ambulatory, emergency, and inpatient settings (Table 4). If patients cannot be
cleared of their allergy label through assessment alone or oral challenge, a PST should
be used with relatively few contraindications (exceptions: SCAR, recent allergic reac-
tions, concurrent antihistamines, etc.). Pregnancy should not eliminate the option for
PST as it has been associated with reducing the risk of this label (eg, longer hospital-
izations, increased morbidity, complications) as this test has been repeatedly demon-
strated to be safe in pregnancy.63 Proactive testing of pregnant women should be
offered to those who test positive for group B Streptococcus.64

Skin testing approaches to cephalosporins have evolved, with increasing publica-
tions from Australia, North America, and Europe.65–67 Although standardized testing
for cephalosporins has not yet been achieved, nonirritating concentrations have
been published and widely used.68,69 Variability in the published cephalosporin intra-
dermal concentrations varies from 2mg/mL to 20 mg/mL for immediate hypersensitiv-
ity.53 The similarity between penicillin and cephalosporin allergy appears to be in the
loss of sensitivity over time–time since reaction predicting skin test positivity with a re-
ported aOR 0.71 (95%CI 0.56, 0.9).67 In general, cephalosporin skin testing appears to
have a lower sensitivity than penicillin testing in IgE-mediated reactions,1,4,70 whereas
in high-risk phenotypes (eg, anaphylaxis) skin testing retains a high positive predictive
value.70 Data for direct oral challenge to penicillin in low-risk phenotypes continues to
emerge, however similar data remains absent for cephalosporins.71 The use of test
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Table 4
Penicillin skin test location of test administration

Intensive Care Unit59

Intervention PST in conjunction with allergy consultation

Results � Negative skin test: 88.6%
� Indeterminate test: 10.4%
� 81.5% of patients with negative test had antibiotic changed to

beta-lactam

Emergency department60

Intervention PST by 2 ED physicians trained by allergist (N 5 150)

Results � Negative skin test: 91.3%
� Recommended first-line therapy was a beta-lactam in 70% of patients
� Cost saved per patient est. $73.80 (95% CI, $17.17–$130.43)

Preoperative61

Intervention � A hospital with established preoperative evaluation clinic implemented
a pathway for patient with penicillin allergy

� Same-day skin testing was performed by a nurse and test was
interpreted by an on-site allergist

� Reviewed experience from 1072 patients

Results � Negative skin test: 95%
� Patients with negative versus positive PST

� Y vancomycin (16% vs 30%, P < 0.01)
� Y non-b lactam antibiotics (3% vs 24%, P < 0.01)

� No adverse events

Ambulatory Care62

Intervention � Prospective observational study with patient identification during
routine prescription filling

� Patients educated and offered allergy referral (N 5 503)
� 71 patients were seen in clinic

Results � 503 patients were enrolled
� 71 patients (14%) evaluated by allergist
� 94% (N 5 67) had a negative PST
� Future treatment with b-lactam was more common in group evaluated

by allergist (66% vs 26%, P < 0.0001)

Penicillin Allergy Impact and Management 805
dose procedures as a guideline-based approach has been successfully deployed in
North American experiences.72 However, at present direct oral challenge data without
prior skin testing for primary cephalosporin allergies remains limited and this approach
is not routinely performed or hence recommended.

Approaches to Delabeling:Direct Oral Challenge

Antimicrobial stewardship programs continue to play a significant role in the imple-
mentation of direct oral challenge programs for beta-lactam allergy, in particular peni-
cillin allergy.4 Although early evidence demonstrated that use of skin prick and
intradermal testing prior to oral challenge performed by ID and AMS pharmacist led
programs was successful,6,8,73 there has been a shift to the utilization of direct oral
challenge programs without prior skin testing. The available published literature of
direct oral challenge programs is demonstrated in Table 5. There are more than
3000 published oral challenges reported from 21 studies in the literature, with a signif-
icant body of the literature performed by nonallergists (8/21 studies) and positive oral
challenge rate of ranging from 0% to 10% (average 3.17%) (see Table 5).
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Table 5
Direct oral challenge in the inpatient and outpatient adult population

Author Study Design Population N

Risk

Assessed ICH Low-Risk Definition Follow-up

Oral Challenge

(Full Dose)

Immediate

Positive

Delayed

Positive

Total

Positive

Tucker et al74

(USA)
Retrospective

single center
cohort study

Adult
outpatients

328 A/I No All reactions
EXCLUDING.

SCAR/hepatitis/
hemolytic anemia/
nephritis

- 1-step amoxicillin
(250 mg)

1.5% a

(5/328)
0% (0) 1.5%

(5/328)

Trubiano et al29

(Australia)
Prospective

multicenter
cohort study

Adult
outpatients

46 ID Yes ANY OF Type A ADR/
unknown
reaction >10 y/
benign childhood
rash/nonurticarial
rash/MPE >10 y
prior

EXCLUDING
History of drug

associated
anaphylaxis/
hemodynamically
unstable

5 d 1-step penicillin/
amoxicillin
(250 mg)—2 h
observation

0% (0) 0% (0) 0% (0)

Banks et al75

(USA)f
Retrospective

single center
cohort study

Adult
outpatients

708 A/I ANY OF benign rash/
GI Symptoms/
headache/benign
somatic symptoms/
unknown

AND >1 y
EXCLUDING
Blistering rash,

nephritis, hepatitis,
hemolytic anemia

- 1-step amoxicillin
(250 mg)

1.1%
(8/708) a,b

0% (0) 1.1%
(8/708)

Adult
outpatients

806 A/I - 1-step amoxicillin
(250 mg)

1.2%
(15/806) a

0.8%
(10/806) a

2%
(25/806)
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Iammatteo
et al76 (USA)

Retrospective
single center
cohort study

Adult and
pediatric
outpatients

155 A/I U All reactions
EXCLUDING

Bronchospasm or
laryngeal edema
requiring
intubation/
anaphylactic shock/
SCAR, AIN,
hepatitis, hemolytic
anemia, cutaneous/
mucosal blisters,
hypersensitivity
vasculitis,
pneumonitis,
pulmonary fibrosis
and serum sickness)/
antihistamine use/
pregnancy

1 mo 2-step amoxicillin
(500 mg)—2 h

2.6%
(4/155) a

0% (0) 2.6%
(4/155)

Kuruvilla
et al77 (USA)

Retrospective
single center
cohort study

Adult
outpatients

20 A/I U ANY OF nonspecific
benign rash/remote
unknown reaction/
benign somatic
symptoms

AND >1 y
EXCLUDING
Blistering rash/

hemolytic anemia/
organ involvement/
steroids/
antihistamines

- 1-step amoxicillin
(500 mg)—1 h
observation

0% (0) 0% (0) 0% (0)

Stevenson
et al46

(Australia)

Retrospective
multicenter
cohort study

Adult
outpatients

167 A/I U “Low-risk” defined by
center-specific
protocols

EXCLUDING
Pregnancy/significant

cardiorespiratory
disease

3–7 d 1 or 2-step
amoxicillin or
implicated
penicillin

3.6%
(6/167)

0% (0) 3.6%b

(6/167) d,e

(continued on next page)
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Table 5
(continued )

Author Study Design Population N

Risk

Assessed ICH Low-Risk Definition Follow-up

Oral Challenge

(Full Dose)

Immediate

Positive

Delayed

Positive

Total

Positive

Mustafa
et al78

(USA)

Prospective
single center
RCT

Prospective
single center
RCT—adult/
pediatric
outpatients

79 A/I U ANY OF skin rash/
hives/itching/
unknown

AND >10 y AND nil
emergency medical
attention

EXCLUDING
Age < 5 y/pregnancy/

SCAR

- 2-step amoxicillin
(400 mg)—1 h
observation

3.8%
(3/79) a

0% (0) 3.8% (3/79)

Savic et al79

(UK)
Prospective

single center
Adult

perioperative
outpatients

56 Nurse U ANY OF GI/nonitchy
rash/no hospital
admission/thrush/
unknown
AND >15 y

EXCLUDING
Unstable asthma/

pregnancy/
breastfeeding

5–7 d 3-step amoxicillin
then 3 days
(500 mg)

2% (1/56) a 0% (0) 2% (1/56)

Devchand
et al28

(Australia)

Prospective
single center

Adult
inpatients

20 Nurse/
pharmacist

Yes Childhood exanthema
Rash > 10 y
Unknown > 10 y
EXCLUDING
History of drug

associated
anaphylaxis/
hemodynamically
unstable

24 h 1-step
penicillin VK
or amoxicillin
(250 mg) – 2-h
observation

Nil 5% (1/20) a 5%
(1/20)
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Blumenthal
et al80

(USA)

Retrospective
multicenter

Adult
inpatients

76 (6)a AI/internal
medicine/
nurse

U ANY OF minor rash
(not hives)/MPE/
recorded allergy
which patient
denies

- 1-step or 2-step
amoxicillin

- - 3.9%b

(3/76)

Du Plessis
et al81 (NZ)

Prospective
single center

Adult
inpatients

34 Pharmacist U Delayed onset rash
AND > 5 y

EXCLUDING
COPD/asthma/

significant
cardiovascular
disease/beta-
blockers, ACE
inhibitors/
hemodynamically
unstable/> 70 y

1 mo 1 1 y 5-step amoxicillin
(500 mg)

- 8.8%
(3/34) a

8.8%
(3/34)

Li et al82

(Australia)
Prospective

singe center
Adult

inpatients
56 A/I Yes Type A reaction

(nonimmune
mediated)

OR immune-mediated
reaction

EXCLUDING
Anaphylaxis (<10 y)/

IgE mediated <1 y/
hemolytic anemia/
serum sickness/
SCAR/pregnancy/
hemodynamically
unstable

3 d 3-step amoxicillin
(500 mg)—3-h
observation

(Then 3 days)

0% (0) 3.6%
(2/56) a

3.6%
(2/56)

(continued on next page)
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Table 5
(continued )

Author Study Design Population N

Risk

Assessed ICH Low-Risk Definition Follow-up

Oral Challenge

(Full Dose)

Immediate

Positive

Delayed

Positive

Total

Positive

Ramsey
et al55 (USA)

Prospective
single center

Adult
inpatients

48 A/I/Pharm U ANY OF rash/hives/
itching/unknown

AND >20 y AND nil
emergency medical
attention

EXCLUDING
Pregnancy

2 wk 3-step amoxicillin
(500 mg)—1.5-h
observation

2% (1/48) a 4% (2/48) a 6.25%
(3/48)

Stone
et al83 (USA)

Prospective
single center

Adult critical
care
inpatients

54 A/I U ANY OF urticaria
only >5 y/self-
limited rash/GI only/
remote childhood
reaction with
limited details/
family history of
alone/avoidant due
to fear of allergy/
known tolerance of
penicillin post-
reaction/other
symptoms non-
allergy

Chart
review
at 7 mo

1-step amoxicillin
(250 mg)

0% (0) 0% (0) 0% (0)
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Chua et al10

(Australia)
Prospective

multicenter
study
(identical
hospitals)

Adult
inpatients

200 ID Yes ANY OF type A ADR
where direct
delabeling not
accepted by
patient/unknown
reaction >10 y/
benign childhood
rash/injection site
reaction/MPE >10 y

EXCLUDING
History of drug

associated
anaphylaxis/
hemodynamically
unstable

90 d 1-step penicillin /
amoxicillin
(250 mg)—
1.5–2 h
observation

1.5%
(3/200c)

1.5%
(3/200)

3%
(6/200)

Trubiano et al84

(Australia)
478e 2.3%

(11/478)
1%

(9/478)
4%

(458/478)

Lin et al85

(Netherlands)
Prospective

single center
Adult

inpatients
42 Internal

medicine/
pharm

U Mild rash, rhinitis or
GI > 1 y OR 1–2
immediate
symptoms of any
severity > 10 y

EXCLUDING
Day treatment

patients

- 1-step amoxicillin
500 mg—1 h
observation

0% (0) 4.7% (2/42) 5%
(2/42) a,b

Steenvoorden
et al86

(Norway)

Prospective
single center

Adult
inpatients

54 Internal
medicine

U ANY OF benign rash
OR symptoms
unlikely to be
allergic etiology OR
no recollection of
reaction

EXCLUDING
Penicillin-IgE

mediated, SCAR,
critical illness,
recent anaphylaxis
(any)

- 2-step amoxicillin
(75 mg/250 mg)
—1 h
observation

1.9% (1/54) 3.7% (2/54) 5.5%
(3/54) a

(continued on next page)
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Table 5
(continued )

Author Study Design Population N

Risk

Assessed ICH Low-Risk Definition Follow-up

Oral Challenge

(Full Dose)

Immediate

Positive

Delayed

Positive

Total

Positive

Fransson et al87

(Denmark)
Prospective

cohort study
Adult patients 202 A/I U Low-risk cutaneous

exanthema
- 1-step amoxicillin

and 4 d
prolonged

2.4%
(5/202)

7%
(15/202)

10%
(20/202)

Koo et al88

(USA)
Prospective

single center
Adult critical

inpatients
205 A/I Y ANY OF isolated

urticaria > 5 y ago;
self-limited
cutaneous rash
(mild); GI symptoms
only; remote
childhood action;
family history; fear
avoidance

- 1-step amoxicillin
250 mg

0% (0) 0.1%
(2/203)

0.1%
(2/203)

Ghassemian
et al50

(Canada)

Prospective
single center

Adult virtual
outpatients

23 A/I Y PEN-FAST score 0–2 7 mo 1-step amoxicillin 0% (0) 0% (0) 0%

Total 3323

A/I, allergy/immunology; AIN, acute interstitial nephritis; COPD, chronic obstructive pulmonary disease; ID, infectious diseases; RCT, randomized control trial; MPE,
maculopapular exanthema; ADR, adverse drug reaction; ICH, immunocompromised host; GI, gastrointestinal; SCAR, severe cutaneous adverse reactions; U, un-
known; Pharm, pharmacist.

a No serious adverse events (SAE)—As defined by not requiring intensive-care support, adrenaline therapy, SCAR or readmission to hospital.
b Unspecified if onset of reaction post challenge was immediate or delayed.
c Non-immune-mediated ADR.
d Unknown descriptions of positive challenges.
e First 200 oral challenges patients from the this published study presented in prior publication by Chua et al.10
f Non-peer-reviewed data, 708 patients from Walter Reed National Military Cent and Marine Corps Recruit Depot.
Adapted from Rose and colleagues 2020.9
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Penicillin Allergy Impact and Management 813
As AMS programs turn their focus to inpatient challenges there are inpatient factors
that are often perceived barriers to undertaking direct oral challenge post risk assess-
ment as a low-risk phenotype. These are outlined below.

1. Concurrent therapies

Antihistamine therapies, cardiovascular therapies, and immunosuppressants
(including corticosteroids) are often considered relative contraindications to testing/
challenge. Performing beta-lactam allergy testing is considered a safe and effective
AMS strategy in an immunocompromised cohort,89 with a recent review by Waldron
and colleagues90 highlighting that immunosuppression does not impact testing out-
comes. H2 antagonists (eg, ranitidine) do not appear to impact testing, whereas H1
antagonists may impact,91 and should be avoided in patients with high-pretest prob-
ability of true allergy. Beta-blockers remain a relative contraindication in drug allergy
testing; however, in low-risk cohort studies these have not been excluded.84,92

2. Single versus multistep direct oral challenges

There is evidence that supports the application of both single and multistep (2–3
steps) challenges.12 Although there are no head-to-head studies comparing safety
and efficacy with the positive challenge rate. This is not significantly different between
cohorts (see Table 5), and therefore for direct oral challenges a single step can be
performed.

3. Patient selection

In a whole-of-hospital program in Australia only 29% of assessment patients tran-
sitioned to direct oral challenge.10 In a subsequent analysis, the authors found that
the predictors of proceeding to oral challenge were patients admitted with an infective
diagnosis, surgical patients, or those with a history of childhood penicillin exanthema.
Those who used a narrow spectrum penicillin in the next 12 months post delabeling
were patients with an infective diagnosis, surgical patients, or immunocompromised
hosts.93 Therefore, although whole-of-hospital surveillance programs with linked
direct oral challenges protocols are ideal, a practical approach is for clinicians to
target the named groups that are likely to be immediately amenable to challenge
and subsequently benefit.

Approaches to Delabeling:Resensitization

Because of the nature of immediate type allergic reactions to beta-lactams occurring
after exposure to the allergen, there has been historic concern that skin testing and
oral challenge would offer that re-exposure and thus resensitize a patient that may
have over time lost the penicillin-specific antibodies. This theoretic concern was eval-
uated in a study of 46 patients with a history of penicillin allergy that were cleared of
this label with PST and then were given a 10 days course of penicillin V potassium fol-
lowed by another PST.94 Two additional 10 day courses and 2 additional PSTs were
performed, each 4 weeks after the 10 day course of penicillin V potassium was com-
plete.94 Zero patients converted from a negative skin test to a positive or indetermi-
nant skin test despite repeated re-exposure to penicillin.94 In a larger study of 568
patients with negative PST followed by at least one course of oral penicillin, zero of
these patients experienced serious reactions following re-exposure.12

Hospital Locations for Assessment and Delabeling

All locations where patients interact with health care providers should be viewed as an
opportunity to add clarity to allergy labels. The allergy assessment process takes
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Wrenn & Trubiano814
moments and can improve clinical outcomes for years to come. Minimal training is
needed to have a good allergy history and this activity should be a standard part of
all intake and assessment processes as a patient traverses the health care setting.
Additional methods for ensuring allergies are not inadvertently re-added to the med-
ical record should be put into place such as in the example below which fires when
a penicillin allergy label is re-entered after being removed from the EMAR (Fig. 3A).
With the EMR connecting prescription data from many encounter types, it becomes

easier to gain helpful data to inform allergy discussions with patients. For example, pa-
tients may have received a beta-lactamwithout realizing themedication was within the
same antibiotic class as the medication they initially reacted to. This data can be
reviewed with the patient to ensure tolerance and lead to allergy label removal in
appropriate cases. Additional tools such as a flag for patient with a recent prescription
for a penicillin and a penicillin allergy can facilitate identifying patients with a high po-
tential for penicillin allergy label removal after completing a full allergy assessment
(Fig. 3B).

Stakeholder Engagement for Beta-lactam Allergy Delabeling

There are a multitude of references with easy to use tools that can facilitate initiation of
allergy assessment activities.80 Allergy histories can be obtained by amultitude of pro-
fessionals within the health care system including pharmacists, pharmacy technicians,
prescribers, nurses, and trainees. Trainees can in fact use this opportunity to learn
more about quality improvement as MacFadden and colleagues95 reported in this pro-
spective multisite cohort in which ID trainees found 75% of the ID consult patients with
reported penicillin allergy could tolerate a beta-lactam. These trainees also found pa-
tients with a reported beta-lactam allergy that received an alternative agent had a 3-
fold increase in odds of adverse effects including readmission with same infection,
acute kidney injury, C. difficile infection, and drug-related adverse effects. Pharma-
cists are also well positioned to routinely assess and clarify allergies through the medi-
cation reconciliation process in the ambulatory setting or on inpatient admission or
discharge. Pharmacist-led allergy assessment programs have also been associated
with reduced high-CDI risk antibiotics both inpatient and on discharge with trends to-
ward increase overall survival and CDI-free survival as reported by Turner and col-
leagues.8 This program used pharmacy interns, in addition to pharmacists, to obtain
allergy histories that were then verified prior to leaving a formalized progress note in
the EMR. This use of pharmacist extenders further expanded the reach and impact
of the program.
Fig. 3. Best practice alert for electronic medical record when penicillin allergy re-entered.
(A) Epic 2023 Epic Systems Corporation Best Practice Alert (BPA) fires to staff who attempt
to re-enter a penicillin allergy on a patient who had a negative PST or allergy was removed
from assessment. This BPA fires inpatient or outpatient. The BPA also fires the stewardship
team. (B) Utilization of Epicª 2023 Epic Systems Corporation logic to flag patients with peni-
cillin allergy and receipt of penicillin within the previous 5 years.
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Penicillin Allergy Impact and Management 815
Approaches to Prescribing: Cross-Reactivity

There has been increased focus over the last 30 years in the cross-reactivity between
penicillin and cephalosporin allergy. Initially reported as 10%,96 modern systematic re-
views and meta-analysis demonstrated that the rate of cross-reactivity is closer to
2.1% when examining beta-lactams with limited structural cross-reactivity and pri-
marily related to the R1 side chain97 (Fig. 4). In particular numerous global cohort
studies have demonstrated that cefazolin hypersensitivity, in particular IgE mediated,
appears to be isolated in nature with patients tolerating other penicillins and cephalo-
sporins that do not share a same/similar R1 side chain.70,98–100 Guidelines are increas-
ingly recommending the use of non-cross-reactive cephalosporins in patients with a
primary penicillin allergy, except for in severe delayed reactions (eg, SCAR) where
all beta-lactams should currently be avoided,1,12,101 or prescribed only following
specialist consultation.
<2%*

N
on
e

Penicillins Cephalosporins

Monobactams† Carbapenems
None

<1%

N

S

CH3

CH3

O
OH

O

NC

O

R1

H

N
O

NC

O

R1

H

S

R2

N
O

NC

O

R1

H

S
O

O OH

N

R3

O
OH

O

R1

R2

Fig. 4. Cross-reactivity between beta-lactams. Structure of conserved regions and side chains
of common b-lactam antibiotics. b-Lactams consist of a 4-member b-lactam ring, the penicil-
lins connected to a 5-member thiazolidine ring, and cephalosporins to a 6-member dihydro-
thiazine ring. Penicillins have 1 side chain (R1), whereas cephalosporins have 2 side chains
(R1, R2).4,96 Similarity between the R1 side chains can cause cross-reactivity. In settings where
allergy testing is not available and a beta-lactam antibiotic is the preferred drug, antimicro-
bials to avoid based on potential cross-reactivity due to identical or similar R1 side chains are
amoxicillin or ampicillin allergy—avoid cefalexin and cefaclor; ceftriaxone allergy—avoid ce-
fotaxime, cefepime, and cefuroxime; ceftazidime allergy—avoid aztreonam.
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SUMMARY

The assessment and testing of beta-lactam allergy has transformed into a new
pillar of antimicrobial stewardship. There are demonstratable links between beta-
lactam allergy, and in particular penicillin allergy, with poor prescribing, antimicro-
bial resistance, and inferior patient outcomes. Subsequent integration of beta-
lactam allergy cross-reactivity principles into international therapeutic guidelines
has improved the utilization of alternative beta-lactams in those reporting a primary
penicillin allergy, based on the core principles of side-chain cross-reactivity.
Further, the focus on delabeling as a primary stewardship intervention in the outpa-
tient and inpatient space has elevated this intervention as a “weapon” of AMS pro-
grams using a wide stakeholder group and range of testing strategies (PST,
cephalosporin skin testing, and direct oral challenge). The current body of evidence
supports the integration of beta-lactam allergy assessment and delabeling into cur-
rent AMS practice.

CLINICS CARE POINTS
� Penicillin allergy labels are associate with negative outcomes such as Clostridioides difficile
infections (CDI), surgical site infections (SSIs), antimicrobial resistance (eg, methicillin
resistant Staphylococcus aureus), patient mortality, and excess hospital costs.

� Antibiotic allergies should be clarified for all patients, and eliminated where possible, with
the validated tools described in this article.
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