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Abstract

Purpose of Review Beta-lactams (BLs) are among the most commonly prescribed and effec-
tive antibiotics. Given the fact that overdiagnosis of penicillin allergy constitutes a major
public health problem by increasing health costs and contributing to overall antibiotic
resistance, removing BL allergy label is crucial.

Recent Findings Delabeling penicillin allergy as an essential component of antimicrobial
stewardship is a hot topic. Despite several clinical risk factors and genetic characteristics
proposed to predict BL allergy, it is still unclear what exactly constitutes a risk. Recently,
a great deal of interest has been focused in the design of risk stratification and implement-
ing pathways in order to classify the risk based on the clinical history. Appropriate risk
stratification is critical to ensure that high-risk patients are referred to allergy specialist
for further diagnostic assessment, whereas direct drug provocation tests can be safely
employed in low-risk patients.
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Summary Many patients labeled as allergic to BLs are able to tolerate these drugs. The
huge burden of penicillin allergy can be tackled by integrating risk-based and traditional
testing strategies into antibiotic stewardship programs. Promising potential methods to
accurately assess BL allergy risk will require collaborative multimodal approaches including

risk stratification pathways with validated tools.

Introduction

Beta-lactams (BLs) are preferred as first choice drugs in
the treatment of many bacterial infections and hence
the most widely used antibiotics all over the world
[1]. BLs, which include penicillins, cephalosporins,
carbapenems, and monobactams, are the most com-
mon antibiotic classes reported to cause allergic reac-
tions [2]. Due to the heterogeneity in BL prescription
patterns and diagnostic protocols, BL antibiotic allergy
prevalence shows variation with a range of 0.7 to 10%
among populations [3]. BL allergy is confirmed in 6.8
to 15.9% of the children with a history of reaction
to BLs [4-6]. Penicillins are the most common drugs
causing drug allergy among BLs both in adults and
children [7, 8]. However, the studies comprising thor-
ough diagnostic work-up have shown that penicillin
allergy is largely overestimated [6, 9, 10]. Over the last
years, there is a trend of increase in the consumption
of amoxicillin and cephalosporins rather than penicil-
lins [11, 12]. Amoxicillin and amoxicillin-clavulanic
acid (CLV) constitute almost 50% of drug allergy
reports in Europe [13]. Recently, an increase in the
number of patients has been reported with selective
immediate allergic reactions to CLV which may be
related to their increased utilization [14].

BL allergy is classified as immediate reaction (IR) or
non-immediate reaction (NIR) based on the time
interval between the first dose of the therapeutic

course and the onset of the symptoms [15, 16]. IRs
are defined as those which typically appear within 1 h
but may occur up to 6 h after the last therapeutic dose
and generally manifest as symptoms such as urticaria
with or without angioedema; respiratory symptoms
such as rhinitis, cough, bronchospasm, and dyspnea;
and gastrointestinal symptoms such as abdominal
pain, nausea, vomiting, and diarrhea, or as anaphy-
laxis [16, 17].

NIRs are defined as reactions which appear more than
1 h after the first dose of therapeutic course and gener-
ally up to several hours or days of treatment [16-18].
The most common clinical presentations of NIRs
which are usually associated with a T cell-mediated
allergic mechanism are delayed appearing urticaria/
angioedema and maculopapular exanthems. BLs are
also culprit drugs in other hypersensitivity reactions
such as fixed drug eruption, symmetric drug-related
intertriginous flexural exanthema (SDRIFE), serum
sickness-like reactions, and type 2 reactions such as
cytopenia and nephritis [16, 19]. Rarely, severe cuta-
neous adverse reactions (SCARs) occur which include
Stevens-Johnson syndrome (SJS), toxic epidermal
necrolysis (TEN), acute generalized exanthematous
pustulosis (AGEP), and drug reaction with eosino-
philia and systemic symptoms (DRESS) [20, 21].

Conventional diagnostic approach to BL allergy

The diagnostic work-up protocol of BL allergy depends on the clinical symp-
toms and chronology of the reactions and includes a detailed and standard-
ized questionnaire, physical examination, skin tests such as skin prick test
(SPT), intradermal test (IDT) and patch test, in vitro tests, and drug provoca-
tion tests (DPTs) [22-24]. Diagnostic tests should be performed after a time
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interval of at least 3-6 weeks from the index reaction and preferably done
before 6 to 12 months [17].

IgE-mediated mechanisms are responsible for most of the IRs where SPTs
and early reading of IDTs are used as a first step in the diagnosis [25]. The
conventional skin test panel for the assessment of BL allergy includes penicil-
lin reagents (major and minor penicillin determinants and benzylpenicillin),
amoxicillin, and the culprit BL. Major (benzylpenicilloyl-poly-L-lysine, PPL,
Pre-Pen®, AllerQuest LLC, Plainville, CT, USA, and benzylpenicilloyl-octa-
L-lysine, BP-OL, DAP®, Diater) and minor (the only commercially available
form is sodium benzylpenilloate, DAP®, Diater) determinants of penicillin
have a central role in BL allergy diagnosis [17, 26]. However, due to the altera-
tions in the prescription pattern of BLs, the diagnostic approaches and the
sensitivity of the skin tests are changing over time [27]. Torres et al. demon-
strated that the addition of amoxicillin in skin test panel has been reported to
increase the test positivity up to 70% [28]. The positive predictive (PPV) and
negative predictive values (NPV) of penicillin skin tests with these reagents
were found to be approximately 50% and more than 93% in adults, respec-
tively [29, 30]. Recently, the role of CLV has increased in BL allergies, so it
has also been recommended to test this antibiotic in skin tests (CLV, Diater®)
[31]. In this regard, the use of CLV in skin tests has shown that more than 30%
of patients with an IR to amoxicillin-CLV are selective reactors for CLV [32,
33]. A previous research by Ibanez et al. demonstrated that overall specificity
was very high (98.3%) for IDT, whereas sensitivity was extremely low (9.1%)
in children evaluated for penicillin allergy [34]. In a recent study, a double-
blind penicillin skin testing with PPL and benzylpenicillin was performed
before DPT with amoxicillin in children with a history of mild type penicillin
reaction to determine the predictive values of skin tests. The sensitivity and
specificity of penicillin skin tests for reacting to amoxicillin challenge were
found as 20% and 90%, respectively [35].

Regarding the unreliability of clinical history and low sensitivity of skin
tests and in vitro tests, a DPT is the gold standard to establish the diagnosis.
DPTs with the culprit BL is suggested in patients with a history of allergic reac-
tion to BLs presenting with negative skin tests [8, 18, 20]. It should be carried
out under medical supervision by experienced personnel who are able to deal
with anaphylaxis. Undoubtedly, DPTs are contraindicated in patients with a
history of severe anaphylaxis [17]. In vitro tests such as serum tryptase, baso-
phil activation test, and determination of drug-specific IgE could be useful in
severe IRs [8, 16, 22]. However, the sensitivity of immunoCAP assay which
is the mostly used method to measure sp IgE to BL is low, ranging from 0 to
50% due to the BL used [36, 37]. The sensitivity and specificity of basophil
activation test have been reported to be in a range of 50 to 77% and 89 to
97%, respectively [38, 39].

Patch tests and delayed reading of IDTs (after 24, 48, and 72 h) are used
in the first step of diagnosis of non-immediate allergic reactions which are
thought to be mediated by T cells [23]. The sensitivity of patch tests is lower
than IDTs depending on the vehicle and the drug used [15]. Caubet et al.
demonstrated that IDTs have poor diagnostic values with a sensitivity of
50% in children with a benign non-immediate allergic reaction to BLs [40].
Another study by Caubet et al. showed a sensitivity of 66.7% and a PPV
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of 36.4% for IDTs but a good specificity (91.5%) and a high NPV (97.4%)
in children with mild non-immediate BL reactions [4]. Regarding that IDT
confers a high relapse risk in SCARs, patch tests are proposed as the first-line
assessment [17]. In vitro tests such as lymphocyte transformation test and
enzyme-linked immunosorbent spot assay can also be used for T cell-medi-
ated reactions [26, 41]. In the context of BL allergy assessment, sensitivity and
specificity of lymphocyte transformation test range from 58 to 88.8% and 85
to 100%, respectively [41]. Since the diagnostic value of skin tests is low, the
diagnosis of NIRs due to BLs is often confirmed or excluded with DPTs, which
are contraindicated in patients with a history of SCAR [4, 8, 17].

Historical risk factors that predict confirmed BL allergies

Despite a growing number of studies attempting to identify the clinical char-
acteristics and risk factors involved in BL allergy, it is still unclear what exactly
constitutes a risk for the development of BL allergy [34, 42]. In this sense,
several clinical factors giving rise to the risk of BL allergy have been reported
in the literature including older age [6, 43]; anaphylaxis or respiratory or
cardiovascular involvement [20, 44-47]; angioedema during the index reac-
tion [43]; any reaction within 1 h after last or first dose [44, 47]; a reaction
history within the last 12 months [45, 48, 49], requirement for an emergency
department visit, treatment, or hospitalization [46]; a family history of drug
allergy [49-51]; and atopic background and presence of asthma [43, 52].

Allergic drug reactions are infrequent during childhood due to the imma-
turity of the immune system and less frequent exposure to drugs compared
to adults [42, 53]. In a previous study, given that the older children were less
likely to pass the DPT, the age at the time of the reaction was reported as a
significant risk factor for BL allergy. Regarding that younger children have
more viral infections compared to older ones, it is not an unexpected result
[43]. Most studies among adults show that women have a higher incidence
of drug allergies compared to men due to the differences in pharmacokinetic,
immunological, and hormonal factors [9, 54, 55]. However, pediatric studies
reported that the female gender was not a risk factor for drug allergy among
children [5, 50, 56].

Many studies have shown that an anaphylaxis history was among the
strongest predictive factors for confirmed BL allergies [44, 46-48]. Patients
presenting with anaphylaxis after BL administration are more likely to have
positive skin tests and DPTs reflecting the higher specificity of anaphylaxis
for true IgE-mediated reactions rather than other presentations [45]. Since
angioedema was more common in true allergic reactions, it was also found
as a significant clinical finding associated with DPT failure in a recent study
[43]. IRs have been reported to have a high probability of being confirmed
compared to NIRs after diagnostic assessment [6]. Moreover, the time elapsed
since the index reaction was indicated as an important variable particularly
in the context of IgE-mediated reactions due to loss of sensitization over
time [46]. Consistent with this data, Siew et al. demonstrated that a time
interval of less than 1 year since the index reaction significantly increased the
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risk of having immediate type BL allergy. The authors also pointed out that
hospitalization history for the index reaction was a significant predictor for
BL allergy [45]. An index reaction treated with corticosteroids was found to
be associated with penicillin allergy [34].

A family history of drug allergy is mentioned in a few studies in which the
predictors of immediate type BL allergies were mostly linked to IgE pathway,
atopy, and antigen presentation, both in children and adults [42, 49-51, 57].
In a genome-wide association study, single-nucleotide polymorphisms within
HLA-DRA and HLA-DRB5 predicted skin test positivity to amoxicillin and
penicillins [58]. Recently, HLA-B*48:01 was found to be strongly associated
with IRs to BLs [59].

Atopy is not considered to be associated with a higher risk of drug allergy,
but it may contribute to more severe allergic reactions [56, 60]. The results
are contradictory in the context of BL allergy, and some studies found no
relation [5, 6], whereas others reported increased [52] or decreased [61] risk
among atopic children and adults. A candidate gene approach showed that
polymorphisms in genes related to atopy such as IL-4, IL-4R alpha, IL-13, and
IL-10 were predictors of BL allergy among adults [42, 51, 62, 63]. Moreover,
asthma was found as a significant risk factor for DPT failure, whereas the pres-
ence of food allergy was marginally significant in children with amoxicillin
allergy [43].

Many of these risk factors could not be reproduced in other studies point-
ing out that there are some population-specific risk factors [5, 34]. Hence,
there is a great need for further studies focusing on predictors of BL allergy
based on the clinical risk factors and genetic characteristics which may target
personalized medicine and contribute to antibiotic management strategies.

Recent risk stratification and management guidelines for BL
allergies

Given the fact that penicillin allergy labels are highly prevalent and mostly
inaccurate, antimicrobial stewardship strategies have been the focus of global
healthcare |26, 64]. Overdiagnosis of penicillin allergy alters treatment deci-
sions leading to suboptimal antibiotic preferences that are often less effective
and more toxic with significant side effects [47, 65]. Unfortunately, patients
with an inconsistent history of penicillin allergy are given broad-spectrum
antimicrobial agents which give rise to infection risk with Clostridium difficile,
methicillin-resistant Staphylococcus aureus, and vancomycin-resistant Entero-
coccus [19, 66, 67]. Besides that, being labeled as having a penicillin allergy
contributes to the risk for a prolonged length of hospital stay and more fre-
quent hospital admissions [68]. On the other hand, the overestimation of
penicillin allergy is related to increased costs with poor socioeconomic con-
sequences. Regarding these drawbacks, a great deal of effort has been directed
towards BL allergy delabeling in an attempt to reduce antimicrobial resistance
and facilitate the antimicrobial stewardship [47, 64, 69, 70].
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Recently, a growing interest has been focused in the design of clinical
decision support systems, risk stratification, and implementing pathways
in order to ensure optimal antibiotic stewardship [19, 30, 47, 48, 64, 65].
Appropriate risk stratification is of the utmost importance as a way to ensure
that high-risk patients are referred to allergy specialist for further diagnostic
assessment, whereas direct DPTs can be safely employed in low-risk patients
(17,47, 48, 71].

Regarding the importance but also uncertainty of “low-risk” criteria, vari-
able risk stratification tools have been developed across different centers [47,
65, 68, 72]. Shenoy et al. published a practical risk stratification tool for
penicillin allergy assessment indicating the low-risk histories as isolated non-
allergic symptoms, such as gastrointestinal symptoms, or a family history of
a penicillin allergy alone, or symptoms of pruritus without rash, or unknown
remote (> 10 years) reaction without features of IgE-mediated symptoms.
The authors defined a moderate-risk history consisting of urticaria or other
pruritic rashes or symptoms suggestive of an IgE-mediated reaction but not
anaphylaxis and a high-risk history including anaphylaxis, recurrent penicil-
lin reactions, positive penicillin skin testing, or hypersensitivities to multiple
BLs [65].

An important potential barrier to widespread implementation of penicil-
lin allergy assessment is the lack of externally validated tools to stratify the
risk for penicillin allergies [73¢¢]. In this regard, Devchand et al. validated a
BL allergy risk assessment tool based on the index reaction with the aim to
identify low-risk patients suitable to direct DPTs. The assessment tool demon-
strated a sensitivity and specificity highest for direct delabeling the reactions
unlikely to be immune-mediated and also a good sensitivity for immediate
allergic reactions [72]. In a recent study by Trubiano et al., a clinical deci-
sion rule was created and also validated to identify low-risk patients poten-
tially amenable to direct DPT. The significant predictors related to penicillin
allergy were the presence of anaphylaxis/angioedema or SCAR, time since
reaction <5 years, and whether treatment was required. They stated that a
validated clinical decision rule could be helpful to predict low-risk penicillin
allergy [74°].

The high burden of penicillin allergy can be tackled by integrating risk-
based strategies into antibiotic stewardship programs [30, 64, 73¢]. However,
some pitfalls exist in designing and implementing BL allergy pathways. First
of all, they are not standardized, and none can ideally discriminate patients
who are truly allergic. Also, risk stratification algorithms should take into
account the information of current clinical stability and comorbidities for
selection of diagnostic interventions, as well as the historical reaction details.
However, some pathways indicate clinical instability as an exclusion criterion,
and the others are designed irrespective of clinical condition [47, 75]. On the
other hand, it is unclear in most of the reported pathways whether unknown
remote reactions should be interpreted as high or low risk. In the light of
these key considerations, pathways should be adapted to patient-specific risks
as well as local geographic features regarding BL allergy epidemiology, pre-
scribing practices, and cross-reactivity patterns [73e¢].
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Recently, a European Academy of Allergy and Clinical Immunology
(EAACI) position paper provided a risk stratification in BL allergy in which
the high-risk patients are classified according to index reaction as subjects
with a serious reaction history, or likely to experience a severe reaction if
re-expose to the culprit drug, while those who had not severe reactions, or
unlikely to experience a serious reaction in case of re-exposure, are consid-
ered as low risk [17]. In detail, anaphylaxis, hypotension, laryngeal edema,
bronchospasm, urticaria and/or angioedema, and generalized erythema are
defined as high risk for IRs. For NIRs, severe maculopapular exanthema (wide-
spread rash that may develop into erythroderma; > 1-week duration, with
systemic involvement), specific organ manifestations, systemic vasculitis/
serum sickness-like reaction, drug-induced autoimmune diseases, SJS, TEN,
DRESS, AGEP, and generalized bullous fixed drug eruption were classified as
high-risk situations [17].

In light of the recent accumulating evidences derived from EAACI posi-
tion paper [17] and risk stratification studies [19, 30, 47, 48, 64, 65, 71, 76,
77], low-risk patients can be defined as those with a history of symptoms
nausea, diarrhea, or headache in isolation [17, 19, 30, 47, 48, 64, 65, 76, 77]
or symptoms of pruritus without rash [17, 19, 64, 71] or benign rash such as
mild maculopapular rash [17, 47, 48, 71] or remote (>5-10 years) unknown
reaction not suggestive of an IR [19, 30, 64, 65, 71] or no treatment required
or treated with antihistamines only [19] or a family history of a penicillin
allergy alone [19, 64, 65] or tolerance with re-exposure to the responsible
drug since the index reaction [47]. The characteristics of studies focusing on
low-risk historical situations in BL allergy are presented in Table 1. High-risk
criteria can be defined as reactions with upper or lower airway involvement
(wheezing, laryngeal edema) [17, 47, 48, 64, 76, 77]; hypotension [17, 30,
47, 76, 77]; anaphylaxis [17, 30, 47, 48, 64, 65, 71]; systemic steroid or
epinephrine use [19, 30]; positive penicillin skin testing [65, 71]; recurrent
penicillin reactions [65] or reactions to multiple BLs [65]; emergency visit
or hospital admission [19]; reaction with organ involvement, profound skin
desquamation, or mucosal involvement such as SJS, TEN, AGEP, and DRESS;
immune-mediated liver or kidney injury; and drug-induced immune cytope-
nia and serum sickness-like reaction [17, 19, 30, 47, 64, 76]. Also, unstable
or compromised respiratory or hemodynamic condition should be regarded
as high risk even in the context of a low-risk history since it has the potential
for giving rise to poor consequences [47, 65, 71]. Although urticaria was con-
sidered as a high-risk situation according to EAACI position paper [17], in a
few studies, patients presenting with urticaria or other pruritic rashes treated
with antihistamine or reactions with features of IgE (e.g., swelling) but not
anaphylaxis were defined as moderate-risk [30, 65, 71]. The other moderate-
risk criteria identified in those studies were anaphylaxis or positive penicillin
skin testing 5 or more years ago [71] or unknown reaction <5 years ago [71].

In view of recent findings, the management of patients with suspected
BL allergy has to depend on the patient’s risk profile and accessibility of an
allergy assessment [17]. In patients who experienced BL side effects such as
nausea, vomiting, and headache that are mislabeled as allergic or those who
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Table 1 Definition of low-risk historical situations in beta-lactam risk stratification studies

Low-risk definition

Shenoy E, et al. 2019 [65] -Isolated reactions, unlikely allergic (gastrointestinal symptoms, headache)
-Pruritis without rash
-Remote (>10 years) unknown reactions without features of IgE
-Family history of penicillin allergy only

Krishna MT, et al. 2017 [47] -Gastrointestinal symptoms only
-Benign rash only (urticaria, exanthematous rash, angioedema)>1 h after first dose
-Poorly described symptoms but not deemed serious+well controlled asthma, COPD, stable cardiac
comorbidity
-Presyncope only (after oral dose)
-AX or co-amoxiclav has been tolerated since index episode

Blumenthal KG, et al. 2019 [19] -Family history only
-Non-allergic symptoms (headache)
-Tested positive without exposure
-Itching only
-No therapy was needed
-Remote reactions (>10 years ago)
-Antihistamines used
-Cutaneous symptoms only

Stone CA, et al. 2020 [64] -Remote history of symptoms, not suggestive severe reaction (>5-10 years ago)
-Delayed onset urticaria (>6 h after dosing)
-Urticaria only, >5-10 years ago
-Self limited mild exanthem
-Gastrointestinal symptoms only
-Family history of penicillin allergy only
-Avoidant from fear of allergy only

Blumenthal KG, et al. 2019 [71] -Reaction with features of IgE, 5 or more years ago
-Mild non-IgE cutaneous reactions (e.g., maculopapular rash, pruritis)
-Unknown reaction

Castells M, et al. 2019 [30] -A history of nausea, diarrhea, or headache in isolation
-A remote or unknown history of penicillin allergy

Macy E, et al. 2018 [48] -Penicillin associated symptoms occuring more than 12 months ago
-Any benign rash
-Gastrointestinal symptoms
-Headaches
-Other benign somatic symptoms
-Unknown history

Vyles D, et al. 2017 [76] Runny nose or cough or headache
Nonhive rash
Urticarial rash in the absence of other high risk symptoms
Itching
Nausea, vomiting, or diarrhea
No symptoms but family history of penicillin allergy

Romano A, et al. 2020 [17] -Isolated generalized pruritus
-Isolated gastrointestinal symptoms
-Local urticaria to parenteral administration
-Contact dermatitis
-Palmar exfoliative exanthema
-Fixed drug eruption
-Delayed-appearing urticaria
-SDRIFE
-Mild-moderate maculopapular exanthema

AX amoxicillin, COPD chronic obstructive pulmonary disease, SDRIFE symmetric drug-related intertriginous flexural exanthema
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have only a family history of allergy or may have been re-exposed and toler-
ated successfully the culprit drug since the index reaction, BL allergy labels
can be removed without testing. Despite the differences in the definition of
low-risk allergy phenotypes, recent studies and guidelines have confirmed that
a direct DPT under medical observation without prior skin tests is appropriate
and can be safely applied in patients with low-risk history [65, 68, 78-85].
Undoubtedly, patients with high-risk history should be evaluated by allergy
specialists. In this regard, moderate-high-risk patients can be evaluated with
classical diagnostic algorithm, including skin tests and subsequent DPTs if
skin test results are negative. Moreover, if penicillin is urgently required for
patients with a high probability of experiencing anaphylaxis, a desensitiza-
tion procedure can be employed [64, 65]. Recent EAACI position paper also
provides an algorithmic approach when an antibiotic therapy is urgently
required and referral to an allergist is not feasible. In all these cases, a non-
BL alternative antibiotic can be given, and in case of a need for an alternative
BL, cross-reactivity patterns should be taken into account [17]. Undoubtedly,
patients with SCARs should avoid all penicillins and BLs until further detailed
testing [17, 30].

Conclusion

Regarding that BL allergy is often overestimated leading to treatment failures
and poor socioeconomic outcomes, delabeling is critical for global public
health. The enormous burden of penicillin allergy can be handled by integrat-
ing risk-based and traditional testing strategies into antibiotic stewardship
programs. It is worth noting that appropriate risk stratification is essential to
ensure that the high-risk patients are referred for further diagnostic assess-
ment, whereas direct DPTs can be safely employed in low-risk patients. In
that sense, there is a great need for collaborative multimodal approaches to
accurately assess BL allergy risk by incorporating risk stratification pathways
with validated tools into clinical practice as well as to determine the potential
for generalizability in different populations.
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