CLINICAL

Sean Duke, MSc, Tiffany Wong, MD, FRCPC, Warda Toma, MDCM, FRCPC, MPH

Empowering community
physicians to remove
erroneous labels of childhood
penicillin allergy

With adequate training and use of clinical guidelines, nonallergist
health care providers can help reduce the consequences of unverified
beta-lactam allergy and improve the capacity for allergy evaluation by
safely implementing direct oral provocation testing in children at low

risk of true allergy.

ABSTRACT: Childhood beta-lactam allergy is fre-
quently reported, but most of the children in these
cases can safely tolerate the antibiotics without
adverse reaction. This discrepancy may be due
to the attribution of viral exanthems and drug-
virus interactions to beta-lactam hypersensitivity
without reliable evaluation. Erroneous beta-lactam
allergy labels confer substantial public health con-
sequences, including longer hospital admissions,
higher rates of antimicrobial resistance, and higher
health care costs. These preventable outcomes,
stemming from the unnecessary withholding of
first-line antimicrobial therapy for several common
infections, have prompted several large-scale initia-
tives that promote the widespread evaluation of
beta-lactam allergy. Recent studies have generated
a shift in the routine evaluation of beta-lactam
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allergy in a large proportion of children in favor of
direct oral challenges that forgo traditional ante-
cedent skin tests. A Canadian Paediatric Society
statement from January 2020 recommends using
a clinical algorithm to administer a test dose of
amoxicillin to children deemed to be at low risk of
true allergy, such that family physicians and gen-
eral pediatricians may safely and reliably evaluate
unverified beta-lactam allergy—as long as they
are equipped to carefully select patients, interpret
clinical findings, and manage adverse reactions,
including anaphylaxis. The involvement of non-
allergist physicians can dramatically expand the
capacity for evaluating childhood beta-lactam
allergy, a responsibility that has been shouldered
exclusively by pediatric allergists, and subsequently
permit the use of first-line antimicrobial therapy
in a large group of patients.

eta-lactams, particularly penicillins and

their derivatives, are among the most

commonly prescribed medications for
children globally,"* with common indications
for the ambulatory, inpatient, and periopera-
tive settings. They are the antibiotics of choice
for the treatment of many infectious illnesses
due to their low toxicity, targeted spectra of
activity, excellent distribution throughout the
body, and low cost.>* Acute otitis media, the
most common cause of childhood visits to a

physician, remains the most frequent indica-
tion for beta-lactam prescribing in children.’
Beta-lactam allergy is commonly misdiagnosed
in children, as over 90% of children with this
label are able to tolerate the antibiotics upon
evaluation.® Unverified beta-lactam allergy
presents a major set of challenges related to
patient safety, antimicrobial resistance, and
health care costs. We discuss the consequences
of unverified beta-lactam allergy, highlight the
importance of beta-lactam allergy de-labeling,
and make suggestions for confronting this issue.

Erroneous beta-lactam allergy labels
in childhood

Drug allergy, a reproducible, immune-mediated
response to a pharmaceutical in a sensitized
person,’ represents a minority of adverse drug
reactions to beta-lactams.’® Adverse drug reac-
tions to beta-lactams are common in children,
with maculopapular exanthems occurring in
5% to 10% of children prescribed amoxicillin
or ampicillin.’

Pediatric beta-lactam allergy labels are fre-
quently acquired due to rashes that are reported
by parents.’® Viruses are the most common
cause of childhood maculopapular or urticarial
eruptions [Figure 1].2 A Swiss study involv-
ing 88 children with nonimmediate cutaneous
eruptions after beta-lactam exposure revealed,
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after a complete evaluation, that only 7% were
allergic to the antibiotics.? A drug-viral inter-
action can result in a cutaneous reaction that
is misattributed to drug allergy,'® an example
being aminopenicillin-induced exanthema in
children with Epstein-Barr virus infection.?
Other signs and symptoms of illness, such as
cough and tachypnea, or coincidental events
unrelated to illness, such as headache, can also
be mislabeled as an allergic reaction." Predict-
able side effects of beta-lactams, such as gastro-
intestinal upset, may be misattributed to drug
allergy [Table 1]."

Despite the unverified status of most
beta-lactam allergy labels, this diagnosis often
persists into adulthood because many clini-
cians—fearing a severe allergic reaction—elect
to use alternative antibiotics, often without re-
ferral for evaluation.? Individuals frequently
outgrow true penicillin allergy through the loss
of IgE-mediated sensitivity over time,'"* which
highlights the importance of reassessment.

Consequences of erroneous
beta-lactam allergy labeling
Mislabeling of beta-lactam allergy is associated
with significant public health concerns, includ-
ing health consequences to patients, antimicro-
bial resistance, and higher health costs.®*'415
Direct consequences to patients include the
needless reliance on second-line, more toxic,
broader spectrum antibiotics such as fluoro-
quinolones, clindamycin, and vancomycin;'*
higher rates of multiple and parenteral antimi-
crobial therapy;* and increased hospitalization.™
A cohort study involving 51582 participants
revealed that patients with unverified penicillin
allergy had nearly 10% longer stays in hospital
and were 14.1% to 30.1% more likely to suffer
trom Clostridium difficile, methicillin-resistant
Staphylococcus aureus, and vancomycin-resistant
Enterococcus infections versus matched con-
trols.** Alternative antibiotics tend to be more
costly than penicillin derivatives>'® and place
patients at risk of adverse events."”

More widespread and routine evaluation
of unverified beta-lactam allergy has become
a major public health goal and is recognized as
an essential component of antimicrobial stew-
ardship,' which is reflected in recent Canadian
Paediatric Society statements,'** in American
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FIGURE 1. Viral exanthem in a child. Source: DermNet NZ (Creative Commons Licence: https://creativecommons
.org/licenses/by-nc-nd/3.0/nz/legalcode).®

TABLE 1. Classification of drug allergy as it pertains to beta-lactams.

Gell-Coombs
classification

Typel
(IgE-mediated)

Typell
(cytotoxic)

Typelll
(immune-
complex
mediated)

Type IV
(cell-
mediated)

Timing of
onset

Immediate:
<1 hour

Nonimmediate:
10 hours to
weeks

Nonimmediate:
1-3 weeks

Nonimmediate:
2-14 days

Clinical presentation

Urticaria, angioedema,
respiratory distress,
hypotension, anaphylaxis

Anemia,
thrombocytopenia

Serum sickness, tissue
injury

Mild cutaneous:
Maculopapular exanthema
Severe/systemic: Stevens-
Johnson syndrome, toxic
epidermal necrolysis, drug
rash with eosinophilia

and systemic symptoms
(DRESS) syndrome,

acute generalized
exanthematous pustulosis

Comments

Penicillin is the most common cause

of medication-induced anaphylaxis;*
however, the incidence of anaphylaxis
to beta-lactams is reported to be < 1%.%*

Beta-lactam antibiotics, particularly
cefaclor, have been implicated in serum
sickness-like reactions,* which present
with fever, rash, and urticaria; however,
unlike serum sickness, they do not
involve immune complexes, vasculitis,
or renal lesions.>”

Nonimmediate reactions are the most
common reactions to beta-lactams

in children. They occur in 5%-10%

of patients taking beta-lactams,’

and typically present as mild, self-
limited maculopapular or urticarial
exanthemas;*' however, most of these
reactions are attributed to an infectious
cause, while the remainder are thought
to be cell-mediated.®
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and Canadian Choosing Wisely initiatives,**

and most notably in the Obama administra-
tion’s National Action Plan for Combating
Antibiotic-Resistance Bacteria.?®

Economic projections have produced com-
pelling data on the increased costs associated
with erroneous beta-lactam allergy. In reviewing
inpatient charts, an antimicrobial stewardship
program at a US tertiary hospital estimated
an annual savings of US$82000 from the
de-labeling of unverified penicillin allergy in
just 145 patients, accounted for by obviating
several unnecessary measures, including intra-
venous therapy where oral beta-lactams were
deemed superior, PICC line insertion/removal,
routine drug-level testing, laboratory costs, and
pharmaceutical drug calibration costs.” Further,
a case-control study of 118 randomly selected
inpatients with unverified penicillin allergy, and
the same number of matched controls, revealed
a 63% greater mean cost of treatment in the
penicillin-allergic group.’

Evaluation of beta-lactam allergy in
children

The conventional evaluation of penicillin al-
lergy incorporates clinical history with con-
firmatory testing, including skin testing and
oral provocation challenge in skin test-negative
individuals." Traditionally, diagnostic pathways
for children have been extrapolated from adult
guidelines, under the assumption that general
principles are applicable across age groups.?*
However, growing evidence over the past de-
cade has influenced a shift in routine practice,
which supports the use of direct—that is, with-
out antecedent skin testing—oral challenges
to beta-lactams in children with mild index

reactions to the antibiotics.>®7?5-%

Skin testing

Despite longstanding use of tests adjunctive
to oral challenges in the evaluation of adult
penicillin allergy, the diagnostic utility of such
tests is not well established in the pediatric
population.>* A recent systematic review re-
vealed a lack of rigorous evidence to support
the use of specific IgE determination, intrader-
mal testing, or skin prick testing for evaluating
pediatric beta-lactam allergy.? In comparing
clinical pathways against oral testing, Caubet
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and colleagues demonstrated the limited sen-
sitivity of specific IgE (0%), intradermal testing
(67%), and patch testing (0%) in 88 children
with histories of mild cutaneous reactions to
beta-lactams.? International guidelines recom-
mend skin testing as first-line investigations for
penicillin allergy®* by virtue of its low risk' and
negative predictive value of nearly 100% with
standardized reagents in adults;*® however, re-
cent studies suggest a substantial false-negative

Beta-lactam allergy
is commonly
misdiagnosed in
children, as over
90% of children with
this label are able to
tolerate the antibiotics
upon evaluation.

rate in the pediatric population. A Canadian
study revealed that 94% of children with ob-
served immediate reactions to an oral amoxicillin
challenge had negative intradermal testing.” The
positive predictive value of skin testing in the
evaluation of pediatric beta-lactam allergy is
reported as 36%,? indicating a tendency to “over-
call”beta-lactam allergy when a positive skin test
is deemed sufficient for diagnosis. Aside from
bearing diagnostic ambiguity, skin testing is
time- and resource-consuming, causes discom-
fort, and is exclusively performed by allergists,
who have limited capacity for the increasing
demand for beta-lactam allergy evaluation.

Oral provocation testing

Oral provocation testing, the accepted gold
standard for evaluation of suspected beta-lactam
allergy,""? is relied upon for the confirmation
or exclusion of allergy in carefully selected in-
dividuals.” However, there is no international
consensus on how direct oral challenges are
best conducted. Investigations have employed
avariety of methods ranging from single dose?

7,25,28,29,31 ina single

to graded dosing regimens
day® or with an extended course.” >3 Amoxi-

cillin is the recommended beta-lactam for oral

challenge'** because it contains the immuno-
logically relevant penicillin core structure.'
Individuals with histories consistent with ana-
phylaxis or severe delayed reactions are consid-
ered to be at high risk of true allergy and are not
suitable candidates for direct oral provocation
testing.”?® Given the limited role of adjunctive
testing in pediatrics, direct oral provocation

2027 in evalu-

testing appears to be more reliable
ating nonserious pediatric beta-lactam allergy
than conventional clinical pathways, with recent
evidence demonstrating a specificity of 100.0%,
negative predictive value of 89.1%, and positive
predictive value of 100.0%.”

In recent studies, the safety of direct oral
provocation testing for beta-lactams has been
demonstrated in children identified as low risk
of true allergy.*”*272 A Montreal prospective
study involving 818 children with suspected
amoxicillin-induced rash with low-risk fea-
tures employed a direct, graded two-step direct
amoxicillin challenge, which revealed tolerance
in 94% of participants.” Of the remaining 6%
of participants, 17 children experienced mild
immediate reactions (urticaria), while 31 chil-
dren developed mild nonimmediate reactions.”
A Winnipeg chart review of 306 predominantly
pediatric patients with suspected beta-lactam
allergy demonstrated tolerance to the culprit
beta-lactam in 96% of patients via direct oral
challenge in low-risk patients or by oral chal-
lenge following negative intradermal testing
in those patients with vague histories or those
suggestive of an IgE-mediated reaction.® Of
those patients who had positive oral testing, one
experienced a possible Type I reaction (acute
onset abdominal pain and emesis), while the
remainder experienced nonimmediate macu-
lopapular exanthema. A prospective study that
used a graded five-step method of direct oral
testing with the culprit beta-lactam in 119 chil-
dren with a history of nonimmediate mild cuta-
neous reactions, followed by a 5-day, twice-daily
extended course demonstrated tolerance in 97%
of children, and only mild cutaneous symptoms
in the remaining children.?

Direct oral challenges can safely* pre-
clude diagnostically unhelpful, uncomfortable,
time-consuming, and costly skin testing prac-
tices in low-risk children. In light of growing
evidence that supports direct oral challenges
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At least one symptom of:
+ Macular rash

L3 - Maculopapular rash

« Urticaria

AND
Unverified

penicillin
allergy, not

previously
assessed by
an allergist

At least one symptom of:
« Urticaria, angioedema

« Vomiting/diarrhea
AND

—» Same antibiotic has been taken without reaction

Delayed symptoms (> 2 h since exposure):

« Symptom duration > 24 h since discontinuing the antibiotic

|5 - Wheeze, dyspnea, throat tightness/swelling, voice change
- Dizziness, syncope, hypotension

— |nadequate details, or does not fit into either category above
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= No penicillin allergy:

A

<«

Symptoms of severe systemic or

Safe to prescribe

Low risk of
penicillin allergy:
Safe for direct oral

challenge with amoxicillin

cutaneous adverse reaction:
« Mucous membrane involvement

« Skin desquamation
« Arthritis/arthralgia

« Lymphadenopathy

« Unexplained fever

« Kidney or liver involvement

v

@D

Immediate symptoms (< 2 h since exposure):

Possible
penicillin

« Symptom duration < 24 h after discontinuing the antibiotic

Y

allergy:
Avoid exposure
and refer to
an allergist for
assessment

\ /

FIGURE 2. Algorithm for identifying pediatric patients at low risk of true penicillin allergy on the basis of history taking (adapted from Wong et al.?).

in this group, recent clinical guidelines have
recommended direct oral testing in children
with histories of mild nonimmediate reactions
to beta-lactams.??*

A new CPS Practice Point recommends
an approach to the evaluation of suspected
beta-lactam allergy in children, and provides
guidance on patient selection (with reference
to a succinct algorithm [Figure 2]), test dosing
with amoxicillin, and in-office monitoring.?
Although the risk of anaphylaxis is remote
for carefully selected children, practitioners
who perform direct oral challenges must be
prepared to manage these life-threatening
events. Proximity to a hospital is necessary to
optimize successful outcomes in anaphylaxis.
Stepwise recommendations for the evaluation

of childhood beta-lactam allergy with direct

oral challenges, including recommendations for
in-office anaphylaxis preparedness, are outlined

in Table 2.

Future directions

Pediatric allergists have limited capacity to
meet the increasing demand for evaluating
beta-lactam allergy. Given the high level of safe-
ty of direct oral provocation testing in children
who are at low risk of true allergy, the burden of
evaluating beta-lactam allergy in this group can
be eased by the involvement of nonallergist phy-
sicians, such as general pediatricians and family
physicians. In adhering to the recommendations
outlined in the CPS Practice Point,” primary
care providers can safely and reliably challenge
a well-defined group of children to oral amoxi-
cillin in the community, without referral to an

allergist. That being said, given the remote but
nevertheless important risk of anaphylaxis, it
is critical for these physicians to possess the
knowledge, training, and experience to select
suitable patients, interpret clinical features as-
sociated with allergen exposure, and manage
severe reactions should they arise in the of-
fice setting.!! Regarding inpatients, one US
hospital implemented a novel clinical guide-
line with associated educational sessions for
various inpatient providers, including internal
medicine specialists, surgical specialists, nurse
practitioners, and physician assistants to aid
in the prescription of antibiotics to inpatients
with reported beta-lactam allergies.? The clini-
cal pathway implemented direct two-step oral
test doses for low-risk patients—a procedure
that was previously ordered exclusively by
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TABLE 2. Steps for evaluating suspected pediatric beta-lactam allergy in the community.

1. Prepare the clinic
for anaphylaxis
management.

Anaphylaxis protocol:

team members.®

« Clinic staff should be familiar with a printed, highly visible anaphylaxis protocol
that has been tailored specifically for the office via input from multidisciplinary

+ The protocol should include medication dosages, flow sheets for managing
respiratory distress and hypotension, and contact information for allied health
services (e.g., ambulance, local emergency department).®®

In-office anaphylaxis simulation scenarios:
« Regular rehearsal of the anaphylaxis protocol is strongly recommended in

international guidelines.®

« Roles for providing treatment, calling emergency services, and conducting
treatment logging should be established.

« Medical professionals who will be providing treatment should be able to
quickly locate and assemble the necessary supplies (e.g., epinephrine, oxygen).

Ensure certifications for medical professionals are up to date (e.g., Advanced
Cardiovascular Life Support, Pediatric Advanced Life Support).

Assemble an easily accessible, regularly maintained anaphylaxis cart.

Essential components:

« Injectable aqueous epinephrine (1:1000 solution) with needles and syringes, or
epinephrine autoinjector (preferred)

Consider including:

« Personal protective equipment

« Stethoscope

+ Blood pressure cuffs (pediatric and adult sizes)

« Pulse oximeter

« Oral second-generation antihistamine

+ Salbutamol metred-dose inhaler with spacer

« Airway adjuncts (e.g., oral or laryngeal mask airway)
« Oxygen and equipment for administration

- One-way valve face mask with oxygen inlet port

« Intravenous fluids and equipment for administration
« Automatic electric defibrillator

2. Carefully select
patients for direct
oral challenge.

3. Conduct direct oral
challenge.

Figure 2 provides an algorithm for identifying pediatric patients who are at low
risk of true penicillin allergy and are safe for direct oral challenge with amoxicillin.

Low-risk individuals can safely undergo a single test dose of amoxicillin (15
mg/kg, max 500 mg), followed by a 1-hour observation period in the clinic to

confirm tolerance.?’ Signs of immediate hypersensitivity should prompt urgent
assessment and consideration for initiating the anaphylaxis protocol.

4. Document the

outcome. updated.

allergists—which resulted in nearly a sevenfold
increase in beta-lactam challenges, and thereby
improved antimicrobial management with no
increase in the rate of adverse drug reactions or
consultation with allergy subspecialists.*? The
implementation of antimicrobial stewardship
programs across Canadian centres that simi-
larly empower nonallergist physicians to order
test doses would improve rates of de-labeling
among inpatients, and thereby improve patient
safety, mitigate antimicrobial resistance, and
reduce health care costs. Although the existing
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Medical records (e.g., community, pharmacy, and hospital records) should be

limited evidence of the safety and effectiveness
of nonallergist-implemented direct oral chal-
lenges in children appears encouraging, further
research is required.

Education for health care providers, pa-
tients, and families is critical in mitigating the
ongoing misdiagnosis of beta-lactam allergy.
Understanding drug hypersensitivity and how
it differs from nonimmunological adverse drug
reactions, how to interpret and accurately docu-
ment index events, and how to properly obtain
a drug allergy history will reduce erroneous

allergy labels and prompt appropriate referrals.”
Counseling for patients and their families on
the implications of drug allergy test results,
along with appropriate discharge paperwork
and dissemination of results (e.g., pharmacy,
primary care provider), are necessary compo-
nents of the de-labeling process.®®* A Montreal
study revealed that 18% of parents refused peni-
cillins for their children despite negative skin
testing and drug challenge within the past 4
years.** In following up with 88 families with
children who had tolerated oral challenges to
beta-lactams 1 year previously, Vyles and col-
leagues found that 52% of children retained a
beta-lactam allergy label on their primary care
provider’s electronic medical record, while 28%
of parents reported being less than “comfort-
able” with their children receiving beta-lactam
antibiotics, mostly for fear of an allergic re-
action.® De-labeling strategies must aim to
provide succinct, clear messages to patients and
their families to avoid erroneous re-labeling of

drug allergy.

Summary

Unverified beta-lactam allergy in children is
a major public health issue, conferring direct
patient harm, administrative burdens for hos-
pitals, and health care overspending as the re-
sult of the needless withholding of first-line
treatment for a large group of patients. This
has led to initiatives to encourage the wide-
spread evaluation of patients with unverified
beta-lactam allergy. Direct oral challenges are
safe in a well-defined group of children com-
prising most cases of unverified beta-lactam
allergy, which obviates the requirement for
time- and resource-consuming—not to men-
tion painful—antecedent skin testing in this
group. With adequate training and use of clini-
cal guidelines, nonallergist health care providers
can safely implement direct oral challenges in
low-risk patients and thereby improve capac-
ity for beta-lactam allergy evaluation. This will
permit the use of first-line antimicrobial therapy
in a large group of patients, and subsequently
improve patient safety, reduce contributions to
antimicrobial resistance, and improve health
care costs.
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