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Penicillin allergy, the most frequently reported drug allergy, has been associated with suboptimal antibiotic ther-
apy, increased antimicrobial resistance, increased rates of Clostridioides difficile colonization and infection, as
well as extended hospital length of stay and increased cost. Although up to 10% of all patients may report peni-
cillin allergy, most penicillin allergies are not confirmed. As such, most patients with a penicillin allergy can still
safely use penicillin and related drugs following a more precise assessment. Herein, we review the current prac-
tices and unmet needs in penicillin allergy testing.

The diagnostic algorithm is mostly based on a clinical history assessment followed by in vivo testing, i.e. skin test
and/or drug challenge. As these tests are labour and resource intensive, there is increased interest in point-of-
care penicillin allergy de-labelling solutions incorporated into Antimicrobial Stewardship Programmes including
digital assessment tools. These can be locally parameterized on the basis of characteristics of target popula-
tions, incidence of specific allergies and local antibiotic usage to perform clinical risk stratification. Safely ruling
out any residual risk remains essential and in vivo drug challenge and/or skin testing should be systematically
encouraged. Gradual understanding and convergence of the risk stratification of the clinical presentation of
penicillin allergy is enabling a wider implementation of this essential aspect of antimicrobial stewardship
through digitalized decision tools and in vivo testing. More research is needed to deliver point of care in vitro diag-
nostic tools to democratize this de-labelling practice, which would be highly beneficial to patient care. This pro-
gress, together with better education of patients and clinicians about the availability, efficacy and safety of
penicillin allergy testing, will increase the dissemination of penicillin allergy assessment as an important com-
ponent of Antimicrobial Stewardship Programmes.

Introduction

Allergy is due to disordered activation of the immune system
translating into hypersensitive responses to substances in direct
contact with the human body. Allergies are triggered by specific
substances originating from the environment (pollen, insect ve-
noms, latex, etc.), foods (peanuts, shellfish, etc.) or drugs. Four
types of hypersensitivity reaction (Types I-1V) were described in
the Gell and Coombs classification, based on the underlying im-
mune mechanisms (Figure 1.t

Penicillins are small molecules that bind to various human and
microbial proteins and create hapten-carrier complexes. When
metabolized, their B-lactam ring is a target for nucleophilic attack

by free amino groups of proteins, leading to ring opening and co-
valent amide bonding of the penicilloyl group. The penicilloyl con-
figuration, where the hapten determinant is covalently linked to
amino groups of lysine residues of proteins, constitutes more
than 90% of the reaction products between proteins and penicil-
lins (Figure 2). The entire B-lactam family of antibiotics can cause
allergy, in particular benzylpenicillin (penicillin G), oxacillin, semi-
synthetic penicillins in combination with B-lactamase-inhibitors
(e.g. amoxicillin/clavulanic acid, ampicillin/sulbactam and
piperacillin-/tazobactam), as well as cephalosporins, monobac-
tams and carbapenems.

The risk of cross-reactivity between penicillins and cephalospor-
ins varies with the degree of similarity between R1 side chains,
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Figure 1. Mechanisms of hypersensitivity reactions to penicillin and clinical manifestations (adapted from Castells 2019).
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Figure 2. Penicillin allergenic derivatives (adapted from Matas 2018).

ranging from 2.1% for cephalosporins with low similarity scores to
16.4% for aminocephalosporins, which share very similar or identi-
cal side chains with aminopenicillins.? In meta-analysis focused on
penicillin and cefazolin only, dual allergy frequency was 0.7%.?
However, such frequency was lower for participants with uncon-
firmed (0.6%) versus confirmed penicillin allergy (3.0%). There is
evidence that even in people with severe immediate phenotype
(e.g. anaphylaxis), non-cross-reactive p-lactam antibiotics can still
be used.*” In patients with a history of severe delayed phenotypes,
such as severe cutaneous adverse reactions (SCARs: i.e., Stevens-
Johnson syndrome-toxic epidermal necrolysis, drug reaction with
eosinophilia and systemic symptoms syndrome, acute generalized
exanthematous pustulosis), interstitial nephritis etc., the risk of

cross-reactivity is less defined, with potentially broader cross-
reactivity noted and, therefore, alternative p-lactam antibiotic use
requires a risk/benefit assessment by an allergist. Figure 3 shows
an example of risk stratification in B-lactam allergy and manage-
ment. Subjects who suffered severe reactions, or who have a high
probability of experiencing a reaction more severe (e.g. anaphyl-
axis) than the index reaction (e.g. urticaria) in case of re-exposure
to the culprit B-lactam, are classified as being at high risk.
Subjects who experienced mild/moderate reactions, or who have
a low probability of experiencing a reaction more severe than the
index reaction in case of re-exposure to the culprit drug, are classi-
fied as low risk. Moderate-risk individuals are those with an inter-
mediate risk condition.
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Immediate reactions

(i.e., occurring within 1-6 hours after the last drug administration)

Mild Risk Moderate Risk High Risk
Itching Bronchospasm Laryngeal edema
Isolated gastrointestinal Flushing/redness 1-1-1 Urticaria®
symptoms Urticaria lasting < 1 day Anaphylaxis
Urticaria lasting > 1 day Angioedema

May Consider May Consider May Consider

(in order of preference)

1. Direct challenge
(graded or not)

2. Skin testing + challenge

(in order of preference)

1. Skin testing % challenge

2. Skin testing + sIgE/BAT
+ challenge

(in order of preference)

1. Skin testing +sIgE/BAT
+ challenge®

2. Skin testing + challenge®

IF NO REACTION, the patient is not allergic to the suspected B-lactam. Remove allergy label

and educate patient on result.

IF REACTION, advise avoidance of positive -lactam (and any cross-reactive f-lactam)
therapy and identify safe alternative B-lactams by allergy tests. If the positive B-lactam is

irreplaceable, desensitize

BAT, basophil activation test; sIgE, serum specific IgE assay

#Sabato V, et al. 2021
®This algorithm includes sIgE/BAT in Europe only

®May be contraindicated in the case of severe anaphylaxis

Figure 3. An example of a European penicillin allergy testing algorithm based on the patient risk stratification for (A) immediate and (B) non-imme-

diate reactions.

Herein, we address the clinical manifestations of the penicillin
class antibiotic allergy, the de-labelling of incorrectly attributed
penicillin allergies and the tools available to do penicillin allergy
assessments. We will also define the medical needs, indicating
the areas where further development of diagnostics that are rapid
and in vitro could aid appropriate in antibiotic prescribing.®’
Additionally, we discuss how the patient and clinician perspectives
are important for facilitating the integration of these advances to
fuel an elevated antimicrobial stewardship (AMS) practice.

An over-labelled allergy: true versus reported

Symptoms of penicillin allergy range from mild rashes to severe
and sometimes fatal reactions, including anaphylaxis (Figures 1
and 3). Reported penicillin allergy (i.e. true or not) is the most
common drug allergy with a prevalence ranging from 6% to
25% across various regions and treatment populations.® !
Studies have shown that less than 5%-10% of these penicillin al-
lergy labelled individuals have a true allergy when assessed with

a drug challenge test (DCT, also called the drug provocation test)
after negative skin prick testing.#%*3 This implies that more than
90% can still be treated safely with this class of antibiotics.
However, this approach, which is considered the gold standard
for penicillin allergy exclusion, although extremely effective, has
been unable to fully address the substantial and growing need
in the community, mainly because of a lack of accessible or time-
ly allergy assessment services,'* and this may have contributed
to reinforce the burden of spurious penicillin allergy labels. The
low rate of true penicillin allergy found among individuals with
this label can be explained by the fact that most diagnoses of
penicillin allergy are made in childhood and relate to low-risk de-
layed cutaneous eruptions such as mild maculopapular ex-
anthems (MPEs). Moreover, IgE-mediated hypersensitivity to
B-lactams can wane over time.>'%1%1® Some studies demon-
strated that 20%-50% of patients with an IgE-mediated hyper-
sensitivity to penicillins and/or cephalosporins may lose
sensitivity and become skin-test negative within 1 year and
more than 60% within 5 years.!”'® However, this loss of
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Non-immediate reactions

(i.e., oceurring at any time from 1 hour after the initial drug administration)

Mild Risk " Moderate Risk  High Risk
Urticaria lasting > 1 day Moderate MPE SCARs?
Palmar exfoliative Angioedema Severe MPE
exanthema FDE Generalized FDE
Mild MPE (especially in Contact dermatitis Linear IgA
children, see text) SDRIFE bullous dermatosis
May Consider May Consider May Consider

(in order of preference)

1. Direct challenge
(graded or not)

2. Skin testing + challenge

IF NO REACTION, the patient is not allergic
to the suspected B-lactam. Remove allergy
label and educate patient on results

IF REACTION, advise avoidance of positive
B-lactam (and any cross-reactive p-lactam)
therapy and identify safe alternative
B-lactams by allergy tests

(in order of preference)

1. Skin (and/or patch)
testing + challenge

2. Direct graded challenge

(in order of preference)

1. In vitro tests®

2. Only in vitro tests
and/or PT

3. No tests

IF NO REACTION, the patient must still
avoid the suspected B-lactam (and any
cross-reactive one)

IF REACTION, advise avoidance of positive
B-lactam (and any cross-reactive p-lactam)
therapy and identify safe alternative
B-lactams by allergy tests

AGEP, acute generalized exanthematous pustulosis; DRESS, drug reaction (or rash) with eosinophilia and systemic
symptoms; ELISpot, enzyme-linked immunospot assay; FDE, fixed drug eruption; IDT, intradermal testing; LTT,
lymphocyte transformation test; MPE, maculopapular exanthema; PT, patch testing; SCAR, severe cutaneous adverse
reaction; SDRIFE, symmetric drug-related intertriginous flexural exanthema; SJS/TEN, Stevens-Johnson syndrome/toxic

epidermal necrolysis.
@For example, SJS/TEN, DRESS, AGEP, bullous exantema

® (LTT/ELISpot) — if negative — PT— if negative — delayed-reading IDT (no in SJS/TEN)
Available in Europe; Not available in most parts of the world including the US

Figure 3. (Continued.)

hypersensitivity over time is not always definitive, and while
re-administration of the responsible penicillin can carry risks,
this risk appears close to the baseline population risk.!? Indeed,
there are studies*?°~?% in which subjects with a suspected hyper-
sensitivity to B-lactams and negative allergy tests were re-
evaluated within 2 to 4 weeks after negative challenges and/or
therapeutic courses with the drugs involved and presented a
re-sensitization with a frequency from 0.4%?? to 25%.%* In particu-
lar, in a recent study, 20 subjects with immediate reactions to ce-
phalosporins and negative skin tests underwent re-evaluations
after negative cephalosporin challenges: a conversion to cephalo-
sporin skin-test positivity occurred in five of the six subjects who
had had anaphylactic reactions and in none of the remaining 14
subjects with other (non-anaphylactic) reactions.”> The mean
time interval between the most recent cephalosporin reaction

and allergy examination in the 74 subjects with negative results
to cephalosporin skin tests was 50.8+77 months. In patients
with low-risk penicillin allergies (Figure 3) who have been evalu-
ated and de-labelled, re-sensitization or adverse events are rarely
reported post-testing.?2°

Why is penicillin allergy over-labelling a
problem?

Effects on patients

Observational studies have suggested poorer clinical outcomes
among those with a penicillin allergy label, including increased in-
hospital mortality and significantly prolonged length of hospital
stay.®2% Such patients frequently receive less effective second-
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line therapies or broader-spectrum initial antimicrobial agents
due to their reported allergy that contributes to antimicrobial
resistance.’®?’~2% For example, a prospective cohort study
showed that patients with a reported B-lactam who did not re-
ceive preferred B-lactam had a higher adjusted risk of adverse
events (readmission, Clostridioides difficile infections, drug reac-
tion, or acute kidney injury) than patients without a reported
allergy.*®

A retrospective study showed that patients with sepsis and
a penicillin allergy label are less likely to receive the first dose
of intravenous antibiotic within 1 hour of diagnosis and more
likely to receive second-line antibiotics such as carbapenems
and fluoroquinolones. They suffer a greater antibiotic burden,
while incurring higher costs to the health service.*! There is still
a gap in knowledge however, since it has not yet been estab-
lished that de-labelling can help to reverse some of these
complications.

Effects on healthcare-associated infections

Penicillin allergy over-labelling has a strong impact on the de-
velopment of hospital acquired infections. For instance, the
prevalence of Clostridioides difficile infections increased by
23% and 26% in US and UK patients, respectively, who were ad-
mitted to hospital while being attributed with a penicillin al-
lergy label compared to those without a label.®? This is most
probably due to the subsequent use of B-lactam alternatives
(e.g. fluoroquinolones) that had a detrimental impact on the
gastro-intestinal microbiota. It is well established that alterna-
tive antibiotics such as fluoroquinolones have a higher associ-
ation with Clostridioides difficile infections than B-lactams,
although duration of exposure to these high-risk alternatives
may be mitigated with antibiotic allergy evaluations.?33*
When patients with penicillin allergy labels acquire surgical
site infections (SSIs) this is often due to inferior perioperative
prophylactic antibiotic choice and timing. Among 8385 peri-
operative patients in the US, penicillin allergy labelling resulted
in 50% increased odds of SSIs.*” The increased SSI risk was en-
tirely explained by inappropriate choice of perioperative
antibiotics.

Effects on antimicrobial resistance

A UK study identified that a penicillin allergy label conferred a
69% increased incidence of methicillin-resistant Staphylococcus
aureus where 55% of the increased risk was attributable to ad-
ministration of alternative B-lactam antibiotics.*? A US study
documented a 14% increased prevalence of methicillin-resistant
S. aureus and a 30% increased prevalence of vancomycin-
resistant Enterococcus in hospital inpatients with a presumed
penicillin allergy.®

As most patients with a reported penicillin allergy could still
safely tolerate B-lactams, promoting their use when patients
are appropriately risk-stratified and have an obvious ‘low-risk’
penicillin allergy is increasingly regarded as part of AMS core
strategies.*®*” Remarks to that extent are now integrated in
the CDC Core Elements for Antimicrobial Stewardship in
Hospitals (2019) as well as in the WHO Practical Tool Kit for Low
and Middle Income Country Healthcare Facilities (2019).

How is penicillin allergy diagnosed?

The evaluation of patients labelled as allergic to penicillin begins
with an allergy risk assessment based on the clinical history that
includes information on the chronology (i.e. immediate and non-
immediate) and morphology (i.e. clinical signs and symptoms of
the reaction: in particular, the type of cutaneous eruption.
Figure 3), treatment of the reaction and relevant ingestions con-
current with, and since, the clinical reaction.®*® There are no glo-
bally accepted and standardized tools although suggestions
have been progressively adapted.'®8*! A prediction tool en-
titled ‘PENicillin allergy, within last Five years, Anaphylaxis/an-
gioedema, SCAR and Treatment required for allergy episode’
with the acronym PEN-FAST was developed in Australia and
was locally and internationally (one US and European site) vali-
dated.**** PEN-FAST allows patients to be stratified into very
low, low-, moderate- and high-risk groups on the basis of their re-
spective allergy histories (risk of positive penicillin allergy test of
<1%, 5%, 20% and 50%, respectively). For low-risk groups,
PEN-FAST has been shown to provide a negative-predictive value
(NPV) of 96%.** PEN-FAST is currently being prospectively studied
in an international specialist-led clinical trial.*

More than 80% of reported penicillin-induced reactions in-
volve the skin.® Penicillins were responsible for approximately
37% of 269493 ‘rash/dermatitis’ cases and for 40% of 150450
‘hives/urticaria’ ones documented in electronic health records
of a large US health system.“® There is no broad consensus on
the risk stratification of subjects reporting cutaneous eruptions
such as urticaria and MPE associated with penicillin therapy.*#*®
Some authors classify subjects reporting rash as being at mild risk
and those reporting urticaria as at moderate risk of penicillin al-
lergy.? Others consider urticaria and delayed MPE benign cuta-
neous reactions and classify subjects who report immediate
isolated urticaria (<6 hours after exposure), delayed isolated ur-
ticaria (>6 hours after exposure) or benign exanthema as being
at low-to-medium risk of penicillin allergy.*® In any case, detailed
information on penicillin-associated cutaneous eruptions is
needed to facilitate research into this area of persistent
uncertainty.

A recent European position paper recommended assessing the re-
action history considering both the sign and symptoms of reactions
and chronology.® Drug reactions can be classified as immediate and
non-immediate (often also called delayed). The former typically oc-
cur within 1 hour but may occur up to 6 hours after the last adminis-
tered dose and are mostly associated with an IgE-mediated
pathogenesis. Immediate reactions usually manifest as isolated
symptoms, such as urticaria, angioedema, erythema/redness and
bronchospasm/wheezing or as anaphylaxis. Non-immediate reac-
tions may occur at any time from 1 hour after the initial drug admin-
istration, but commonly after many days of treatment, and are often
associated with a T-cell-mediated pathogenic mechanism.** MPE
and delayed urticaria are the most common clinical presentations
of non-immediate reactions. Because of the peculiarity of the mor-
phological characteristics of most drug reactions, considering both
their chronology and morphology can limit the number of possible
overlaps in classifying them. In the case of an urticarial reaction oc-
curring after more than 1 hour but within 6 hours of the first dose of
a p-lactam, it is advisable to classify it as immediate. Another history
characteristic of drug reaction is its duration. The recent European
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position paper classified MPEs associated with B-lactam therapy as
severe, moderate or mild.® The first consist of widespread rashes last-
ing more than 1 week and with systemic involvement (e.g. fever, eo-
sinophilia); the second and the third are widespread rashes lasting
more than 1 week and less than 1 week, respectively, and without
systemic involvement.

The characteristics of urticarial reactions reported by 410 sub-
jects during B-lactam therapeutic courses were correlated to the
results of a systematic allergy workup, which included skin tests,
serum specific IgE (sIgE) assays and challenges.*” Urticaria with
an onset within 1 hour (OR: 17, 95% CI: 9-31, P<0.001) after
the first dose (OR: 11, 95% CI: 6-20, P<0.001), and with a max-
imal duration of 1 day (OR: 48, 95% CI: 14-157, P<0.001) was
significantly associated with allergy. Specifically, urticaria fulfill-
ing the ‘1-1-1’ criterion (appearance within 1 hour after the first
dose and regression within 1 day) was reported by 122 of the
151 (80%) subjects found positive to allergy testing. Among the
77 patients unable to recall the two other relevant urticarial char-
acteristics (i.e. dose and onset), a duration of at most 1 day was
more frequent in those with positive tests (OR: 29, 95% CI: 6-141,
P<0.001). Among the 68 patients with a reaction during subse-
quent courses, 34 of the 42 (80%) patients who had had urticaria
and 25 of the 26 (96%) who had experienced anaphylaxis re-
ported 1-1-1 urticaria. Therefore, subjects with this type of urti-
caria have a high probability of experiencing a reaction more
severe than the index reaction in case of re-exposure to the cul-
prit penicillin and should be classified as being at high risk. There
was no significant difference between subjects with positive and
those with negative allergy testing regarding the time interval be-
tween the last B-lactam reaction and testing, with a median of 4
and 7 months, respectively. This finding suggests that in patients
with an urticarial eruption, the duration of this time interval has
limited relevance to risk stratification. However, the time intervals
in this study were very low for both groups and do not reflect all
populations. For example, most patients presenting for penicillin
allergy assessment in the US where most evaluations are after 10
or more years.*® The results of a recent study concerning 1074
patients with immediate reactions to penicillins*® confirmed
the importance of the duration of cutaneous reactions. Indeed,
123 (51.5%) of the 239 patients reporting urticaria, generalized
erythema or local reactions to intramuscular injections with a
duration of at most 1 day were positive to allergy tests. In con-
trast, only one (0.9%) of the 107 patients with cutaneous reac-
tions lasting more than one day was positive. In the same
study,*® the mean time interval between the most recent penicil-
lin reaction and allergy examination was significantly longer (P<
0.0001) in the 444 patients with negative skin tests (mean 52.68
+98.96 months) than in the 630 patients with positive ones
(mean 20.45+68.13 months). Interestingly, 297 (99.7%) of the
298 patients who reported anaphylactic reactions that had oc-
curred within 1 hour after the first dose, had regressed within
1 day and had been evaluated within 6 months tested positive
in the allergy workup. This study confirmed that for reactions
other than anaphylaxis, the time interval between index reac-
tions and allergy testing has limited influence on the results.

After allergy history and risk assessment, drug allergy in vivo
testing involves DCTs being considered the gold standard, pre-
ceded or not by skin testing. Severe reactions upon DCTs are ex-
ceedingly rare; in one meta-analysis of 112 studies including

26595 participants, severe reactions occurred in just 0.06% and
most severe reactions were anaphylaxis.”® The majority of aller-
gies with well documented histories and records can be reliably
ruled out and DCTs can be done with a full dose of the antibiotic.
Before developing new diagnostic tools, ex vivo or in vitro, it is ne-
cessary to define the patients for whom a full challenge can be
safely done since these patients may not need any form of pre-
intervention diagnostic.

Drug challenge tests

During a DCT a typical dose of a drug in the penicillin class is given
with clinical observation ranging from 1 to 3 hours. If a single, full
therapeutic dose is well-tolerated, there is negligible risk of a ser-
ious immediate reaction to a penicillin antibiotic, so penicillins
can be used accordingly to known clinical application schemes
in current and future treatment (use of other pB-lactams such as
cephalosporins, monobactams or carbapenems will depend on
the patient’s other drug allergies). The DCT is considered as the
current gold standard for excluding any IgE-mediated and de-
layed hyper-sensitivities towards penicillin, but a direct challenge
(i.e. without previous skin testing) should be reserved for patients
at low risk whereas a DCT should follow negative skin testing in
moderate to high-risk phenotypes (Figure 3(a and b)).
Mild-to-moderate delayed reactions, typically MPE, may still oc-
cur with a full penicillin course. Although more delayed cutane-
ous eruptions would be identified with a prolonged multi-day
drug challenge, use of days of antibiotics without them being
needed for treatment is not advised as this runs counter to anti-
biotic stewardship goals. Expansion of direct DCT programmes/
procedures in low-risk patients should be considered as part of
AMS programmes.”!

Penicillin skin testing (PST)

PST requires training; in most places, this specialized training is
only given to allergists. However, nurses, nurse practitioners
and non-allergist doctors can be trained to perform and interpret
PST. In a meta-analysis of 27 studies, skin tests had a sensitivity
of 30.7% and a specificity of 96.8%.>% The standard PST proced-
ure is a multistep process using a panel of penicillin reagents:
major (penicilloyl polylysine, also known as PPL or
benzylpenicilloyl-octa-L-lysine), minor (penicillin G, penicilloate
and penilloate), amoxicillin and possibly suspect B-lactams. A
full test takes approximately 45-60 min to complete. There is re-
gional variation among reagents available for PST. For example, in
the US only PPL is commercially available since skin testing re-
agents are required to be FDA approved. Internationally, more re-
agents are available for standardized testing. Interpretation of
skin tests remains subject to human expert observation that lim-
its its use practically as allergy specialists are not uniformly avail-
able; in fact, in a study of 121 US hospitals from 38 US states, 44%
had access to an allergist for inpatient consultations and 39%
had access to inpatient PST.>* Both DCTs and PST are a favourable
option that excludes IgE-mediated reactions with a more than
95% NPV.>* If such tests are neqative, it is unlikely that a patient
is allergic to penicillin.®® Conversely, desensitization should be
considered if a drug is required in patients with proven or highly
likely allergy and no alternative treatment is available as may
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be the case in severe infections. Desensitization, in its simplest
format, consists in exposing the patient to a series of administra-
tions in graded strengths of the substance to temporarily elimin-
ate the hypersensitivity and thereby allowing the therapy despite
allergy.

Penicillin allergy diagnosis guidelines

Although penicillin allergy assessments are recognized as import-
ant, there is no globally agreed upon approach. Existing protocols
evolve over time, differ among regions as they depend on penicil-
lin and other B-lactam prescription patterns, change by organiza-
tion of allergy services and vary in allergy testing reagents
availability and usage. Notable efforts to converge are the joint
collaboration of the American Academy of Allergy, Asthma &
Immunology, the Infectious Disease Society of the Americas
and the Society of Health Care Epidemiology of America, as
well as the recent useful guidelines issued by the European
Academy of Allergology and Clinical Immunology, both German
and Austrian societies for Allergology and Clinical Immunology,
the Canadian Society of Allergy and Clinical Immunology, the
US Practical Guidance for the Evaluation and Management of
Drug Hypersensitivity, and Australasian Society of Clinical
Immunology and Allergy Consensus Statement For Assessment
Of Immediate (IgE-Mediated) Penicillin Allergy.®”->>=>7 Still, these
guidelines show substantial variation with respect to recom-
mended reagents and diagnostic tools, protocols of the diagnos-
tic methods (e.g. DCTs and skin tests), and diagnostic algorithms.
For example, serum IgE assays and basophil activation tests
(BATs) are not recommended in the US,”°® whereas they are re-
commended as complementary tests in Europe.®>>>%:¢

Is there an unmet medical need?

The assessment of penicillin allergy remains a complex, and per-
haps not entirely reliable process because it is often based on skin
tests that involve manual steps and subjective interpretations.
This assessment requires a multidisciplinary exercise as well as
active participation of experts who are not routinely nor univer-
sally available and accessible. Capturing all patients with a peni-
cillin allergy label is near impossible and would put a strain on
healthcare setting operations and resources. When developing
a PST service, it is important to consider the importance of educa-
tion and training required and to customize the protocol based on
local demand and target populations. Given that 10%-15% of
hospitalized patients are estimated to have a possible penicillin
allergy and that one in two hospitalized patients will receive an
antibiotic during their hospital stay, there is a potential for a large
volume of inpatients being eligible for PST. One US hospital esti-
mated that >65 penicillin skin tests would need to be performed
weekly if all eligible patients were skin tested. Consequently, this
healthcare system adopted inpatient B-lactam care pathways
that did not overly rely on skin testing.5>®2 However, safe removal
of the penicillin allergy label has a clear medical value in the in-
patient setting and by enabling the appropriate use of penicillins
is a welcome addition to the armamentarium of AMS
interventions.

Penicillin skin testing is also cost-saving: several studies have
demonstrated the cost savings associated with PST. Rimawi

et al.>® estimated that the use of skin testing to quide antibiotic

therapy yielded annual savings of US $82000 for a group of
126 patients with a history of penicillin allergy at a 900-bed
hospital. This is because penicillins can still be used instead of
more costly and recent alternatives (B-lactamase inhibitors, 4th
generation cephalosporins, aztreonam, carbapenems). Notably,
aztreonam, a monobactam commonly used in penicillin-allergic
patients, can cost up to $360/day versus $40/day for ceftriax-
one.®* It has been determined that cost savings from shorter
hospitalization duration would provide a more than nine-to-one
return on investment in penicillin allergy testing.® Additional evi-
dence from a recent systematic review identified that inpatient
costs were on average $1145 less for patients without penicillin
allergy.®®> In a simulation study considering both outpatients
and inpatients in the US and Europe, penicillin allergy assessment
was projected to be saving $657 for inpatients and $2746 for out-
patients.®® In Australia, an inpatient penicillin allergy programme
proved cost-effective.?>®’

How can we fill this gap?

Clinical decision support systems

The initial clinical diagnosis of allergy risk is a process that would
benefit from clinical decision support systems, since these can be
locally parameterized with targeted populations, incidence of
specific antibiotic allergies, local practice, etc. A recent review art-
icle highlights these benefits and defines barriers for their imple-
mentation.®® Interestingly, it has been shown that patients using
a pilot computerized guideline had a significant 2-fold increased
odds of receiving a penicillin or cephalosporin antibiotic despite a
reported allergy.®® Those subjected to systematic skin testing (i.e.
in vivo testing), however, had an almost 6-fold higher chance of
receiving a penicillin or cephalosporin antibiotic.

PEN-FAST can be integrated in a decision tool.**** It calculates
a score from three clinical parameters: (i) an allergy event occur-
ring five or fewer years ago (2 points); (i) anaphylaxis/angioede-
ma or SCARs (2 points) and (iii) treatment required for an allergy
episode (1 point). The results indicate that a score of less than
three associated with a high NPV that can be used by clinicians
and AMS professionals to identify low-risk penicillin allergies at
the point of care. Previously published prediction tools, however,
have been inconsistent in their predictions; it is not easy to clearly
differentiate the different cutaneous reactions, and it is not clear
whether the clinical history as such can be used accurately with-
out in vivo or in vitro diagnostics.”® However, implementation of
PEN-FAST or another history-driven prediction tool could be
used to identify those patients with a risk low enough for a direct
DCT. Itis still advisable for AMS stakeholders to consider input ora
close relationship with drug allergy specialists as some allergy
histories will lie outside of any given criteria for risk stratification.

In vitro diagnostic (IVD) testing

Immunochemical techniques can be used to detect sIgE (Type I
immediate hypersensitivity) using formats involving coated anti-
biotic antigens. Examples of popular immunoassays are the
radio-allergo-sorbent assay, ELISA or fluorescent immunoassay.
Nowadays, use of IVD tests in penicillin allergy are less reliable
compared to the in vivo penicillin allergy tests. The low sensitivity
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(38%-85%) and the lack of specificity of the currently available in
vitro tests have several likely causes. First, the low concentration
of antibiotic-sIgE in human serum is a primary issue. Second,
there is variability to these tests in terms of quality and antigenic
determinants used. All present immunoassays, including the
commercial ones (i.e. the ‘Allergy’ tests from Siemens or
‘ImmunoCAP’ by Thermo-Fisher), are based exclusively on the de-
tection of sIgE by means of the penicilloyl derivative determi-
nants. Current manufacturers provide ‘specific’ tests for
penicillin G, penicillin V, ampicillin and amoxicillin, all showing
poor sensitivities and low numbers of true positives.>’1"73
Hence, IVD testing is at best supplementary to the in vivo tests.
Also, false positive results with penicillin ImmunoCAP have
been reported.””’* In some cases, false positives were due to
sIgE to a cross-reactive epitope, phenylethylamine, an allergenic
structure related to penicillin.™®* In other subjects, false positive
results were explained by a nonspecific binding in the solid phase
assay due to elevated total IgE titers.”> However, it was demon-
strated that the use of a sIgE per total IgE ratio increased the
ImmunoCAP specificity.”® In one study, among 171 subjects
with histories of immediate allergic reactions to penicillins, 74
of the 80 subjects with values >0.002 of this ratio were allergic
to penicillins, yielding a clinically useful positive predictive value
of 92.5%. To further improve IVD testing performance, recent re-
search has identified a new antigenic determinant for -lactams,
the ‘penamidyl’ epitope.”” Animmunoassay has been developed,
validated and applied successfully as a diagnostic tool for the de-
tection of sIgE in the sera of 15 penicillin-allergic patients. This
study demonstrates that developments are actively ongoing in
the IVD field. Overall, sIgE assays to date have an overall sum-
mary sensitivity of 19.3% (95% CI, 12.0%-29.4%) and a specifi-
city of 97.4% (95% CI, 95.2%-98.6%), with a partial area under
the summary receiver-operating characteristic curve of 0.420
(I’=8.5%).>

Ex vivo diagnostic testing

This type of laboratory analysis is mostly based on testing cells
from the patient stimulated in vitro by penicillin exposure. Such
tests are typically used in severe T-cell-mediated phenotypes.’®
Type I immediate hypersensitivity can be assessed by the BAT
or a histamine release test.”> Non-immediate hypersensitivity
can be detected using lymphocyte transformation tests (LTT),
IFN-y release enzyme-linked immunospot assay (ELISpot) or cel-
lular allergen stimulation test (eCAST).”® In particular, the IFN-y
release ELISpot can enhance the sensitivity of the diagnostic
workup in patients reporting SCARs by assisting with the identifi-
cation of the responsible antibiotics, including p-lactams’®; how-
ever, its use remains primarily in research. These tests are not
well standardized and their use is exclusively restricted to individ-
ual laboratories that apply their own methodologies. Their overall
clinical utility is not well defined and to date there are no such IVD
tests with regulatory approval.

Patient and clinical perspective of ams
integration

The act of spreading penicillin allergy diagnostic testing in itself is
not sufficient to deliver the promised medical value. It has to be

understood, endorsed and promoted by the clinician and under-
stood by the patient. Recent studies highlight that patient aware-
ness of penicillin allergy testing is significantly associated with
completion of testing and that patients’ beliefs impact compli-
ance to and completion of testing.®°

If education favours the implementation of penicillin allergy
testing, apprehension remains a barrier when using certain de-
labelling assessment protocols: patients directly de-labelled (i.e.
purely based on medical assessment or medication reconciliation
thus not subjected to testing) were more likely to retain an anti-
biotic allergy label.?* Although they understood that their reac-
tion was not an allergy, 33% would continue to avoid penicillins
versus this figure was 5% for patients treated with another proto-
col that included in vivo testing.?* For a minority of patients not
interested in penicillin testing, the most frequently cited reason
was fear of adverse effects of testing.

On the clinician’s side, this population reported uncertainty
about referral criteria for penicillin allergy testing. Following test-
ing and a negative result, several clinicians remained reluctant to
prescribe penicillins.! This appeared to reflect a lack of confi-
dence in the test result and fear of subsequent reactions to peni-
cillins. The findings suggest again lack of awareness and
knowledge of penicillin allergy testing services.

Both clinicians and patients need to be educated and sup-
ported in the use such services. Both groups should be equipped
with the skills to use penicillins appropriately following a negative
allergy test result.

Recommendations

As the most frequently reported drug allergy globally, penicillin
allergy has been shown to have substantial negative impact on
patient outcomes, healthcare systems and antimicrobial resist-
ance. Removal of the penicillin allergy label has a clear medical
value and is now recognized as an inclusive part of AMS pro-
grammes. Improving the initial risk assessment of penicillin al-
lergy is essential to help identify which patients need testing
and what type of testing should be done. Performant risk stratifi-
cation of patients in terms of low-, moderate- and high-risk al-
lergy using validated clinical algorithms can be achieved and
supported by different guidelines. The development of clinical de-
cision support systems can standardize the approach and should
be encouraged. This requires local customization based on target
populations characteristics, incidence of specific allergies and lo-
cal antibiotic usage. Further down the process, in vivo diagnostics
using drug challenge and/or skin testing can safely rule out at-risk
patients, and their expansion should be considered, as there is
sufficient evidence that the cost of expert resources (allergist,
trained pharmacist or infectious disease physician) are out-
weighed by the cost of benefits for patients and health systems.
Still, given the complexity of in vivo diagnostics and widespread
generalist lack of comfort with allergy, in vitro and ex vivo testing
should be further investigated despite their current limitations in
performance. Improved characterization of B-lactam antigenic
determinants and other allergy biomarkers should be encour-
aged since these tests could offer a definitive operational advan-
tage over in vivo testing and if implemented at scale could fulfil a
large unmet medical need. By doing so and considering addition-
al efforts in terms of developing awareness and providing better
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education for patients and clinicians, this will significantly con-
tribute to an enhanced AMS impact.
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