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ABSTRACT

Background: Penicillin allergy is commonly reported and has clinical and financial consequences for patients and hospi-
tals. A penicillin evaluation program can safely delabel patients and optimize antibiotic therapy. Pharmacists who perform
this task have focused on a detailed interview or penicillin skin testing (PST). Antibiotic graded challenge after PST requires
more resources and is more costly than going directly to a two-step challenge.
Objective: To determine whether a pharmacist-driven penicillin allergy evaluation and a testing protocol that primarily

uses direct oral challenges can safely delabel patients.
Methods: Adult patients (ages >18 years) with a penicillin allergy in their electronic medical record (EMR) who were

admitted between September 2019 and June 2020 were eligible. Although all patients with penicillin allergy were eligible, pri-
ority was given to patients who required antibiotics. Patients were interviewed, and, if indicated, based on an institutional
protocol, were tested by using PST and/or two-step oral challenge. If the patient passed the challenge, then the penicillin
allergy label was removed in the EMR and the patient counseled. Demographic information, allergy questionnaire results,
testing results, and changes in antimicrobial therapy were collected.
Results: Fifty patients were evaluated from September 2019 to June 2020. Ninety-six percent of the patients were delabeled,

and antibiotic therapy changed for 54%. Twenty patients were delabeled with an interview alone, and 30 patients underwent
oral two-step challenge. Only one patient required PST.
Conclusion: A pharmacist-driven penicillin allergy evaluation program focused on direct oral graded challenges and

bypassing PST can effectively delabel admitted patients. However, more safety data are needed before implementation of simi-
lar programs to optimize antibiotic treatment.

(Allergy Asthma Proc 42:153–159, 2021; doi: 10.2500/aap.2021.42.200128)

P enicillin allergy is the most commonly reported
medication allergy, with a rate of ;10–15%; how-

ever, when formally evaluated, <10% of patients who
report a penicillin allergy are truly allergic.1 Reasons
for this include mislabeling an adverse event as an
allergy, waning sensitivity over time, and misreported
history from family members.2,3 A penicillin allergy
label is associated with longer hospital stays and
receipt of second-line antibiotics that may be less effec-
tive, more costly, and associated with more adverse
effects,4,5 such as Clostridioides difficile infections, colo-
nization with methicillin-resistant Staphylococcus aur-
eus, or vancomycin-resistant enterococci.6,7 Hospital

readmission within 28 days is more common, with
many of these patients (81%) readmitted with major
infections.8 Penicillin allergy is also associated with an
increased risk of mortality.9

Although penicillin skin testing (PST) and allergy eval-
uation typically fall under the purview of allergy/immu-
nology, a scarcity of allergists in the inpatient setting,
particularly in nonacademic centers, limits access to test-
ing. As a result, other health care workers, including in-
fectious diseases specialists, nurses, and pharmacists,
manage penicillin allergy evaluations. Some programs
involve a detailed interview only,10,11 whereas others
involve interviewing, along with PST.12,13 PST is often
cost-prohibitive, time-consuming, and requires special-
ized training; it also requires additional resources, such
as benzylpenicilloyl polylysine and intravenous room
access. The cost of penicillin evaluation and testing
dropped from $220 to $84 without PST.14

Pharmacy allergy interventions focus less on direct
oral challenges, although at least one non-U.S. site used
pharmacists in this manner,15 and a recent U.S. study
revealed that direct oral challenge is safe and effica-
cious, but the protocol continued to use an initial PST
;50% of the time.15,16 A protocol that allows a greater
proportion of patients to bypass PST would be easier
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and more cost-effective to implement, and evidence of
safety is increasing. Several studies have bypassed skin
testing in favor of direct oral challenges. Reaction rates
of 2.6% (3/4 mild delayed rashes and one immediate
itching) and 2.1% (mild immediate reactions) have been
reported, with up to 3.8% developing nonimmediate T-
cell–mediated reactions.17,18 Other studies similarly
reported low rates of reaction to direct challenges,
which supports their safety.19 Although those studies
excluded more severe reactions, e.g. anaphylaxis,
another direct challenge study included patients with a
reported history of respiratory or multisystem reactions
and found a reaction rate of 1.5%, all mild reactions.20

METHODS

Setting and Participants
A pharmacist-driven penicillin allergy evaluation

and testing program designed with input from a
board-certified allergist (SJ) began in September 2019
and collected data through June 2020 in our 500-bed
academic medical center. The study was approved by
the Oregon Health and Science University Institutional
Review Board. Patients were selected by referral or via
a report of inpatients with penicillin allergy con-
structed within the electronic medical record (EMR)
and evaluated by the pharmacist (YH). Inpatients ages
�18 years with a penicillin allergy were eligible, with a

hierarchy assigned based on need. Patients with active
infections whose antibiotics would change based on test-
ing received the highest priority, whereas patients not
actively undergoing treatment received a lower priority.
Pregnant patients were excluded, whereas patients who
were critically ill or receiving medications that would
interfere with testing were evaluated only when referred.
Evaluation and testing took place between the hours of 9
A.M. and 5 P.M. on weekdays. Verbal consent was
obtained before the interview and testing. The
Pharmacist (YH) underwent training with an Allergy
physician (SJ) to ensure proficiency with the protocols
for penicillin allergy evaluation, oral two-step challenge,
and administration of PST. The allergy physician (SJ)
was also available for discussion of complicated cases.

Procedure. The pharmacist (YH) reviewed the
patient’s EMR for previous penicillin administration.
The patients were then interviewed and asked what
penicillins they reacted to in the past, symptoms of the
reaction and any treatments received, time elapsed
since the reaction, and receipt of any penicillin since the
reaction. Our institutional algorithm (Fig. 2) allowed a
patient to proceed directly to a challenge if the reaction
was mild and did not seem to be immunoglobulin E
(IgE) mediated, if the patient did not remember the
reaction, or if an IgE-mediated reaction occurred >10
years ago. PST occurred only if the patient had a history

Figure 1. The initial method of evaluation and the
results of evaluation and testing. The patients were
evaluated alone; evaluated and direct oral challenged;
or evaluated, skin tested, and then oral challenged.
The second chart shows the outcomes of all methods of
evaluation.
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suggestive of an IgE-mediated reaction <10 years ago.
The primary team, nurse, floor pharmacist, and infec-
tious diseases consult team received notification that
the patient met eligibility criteria for testing or that the
patient could be delabeled based on the interview. If
the patient reported receiving a penicillin with no reac-
tion and administration could be confirmed, then the
allergy was removed. If administration could not be
confirmed, then the patient underwent a challenge. If
the patient received a medication that potentially blunts
a histamine response, then a histamine response was
confirmed via prick test before oral two-step challenge.
An oral two-step challenge order set or a PST order

panel was used. The PST was a two-stage process,
with a skin-prick stage with PRE-PEN (ALK-Abelló,
Inc. Port Washington, NY) (major determinant), peni-
cillin G (minor determinant), saline solution (negative
control) and histamine (positive control), and a second
intradermal stage with PRE-PEN, penicillin G, and sa-
line solution control. For ease of workflow and to pre-
vent multiple order sets, the PST in our study was
followed by a standard two-step challenge. The first
dose consisted of 25 mg of amoxicillin, and, if the
patient did not react within 15 minutes, then a second

dose of 250 mg was administered and the patient was
monitored for an hour. Rescue medications were avail-
able as a part of the order set.
Once PST and/or challengewas complete, the primary

team and floor pharmacist were notified, and the patient
counseled. The patient received a brochure that contains
information about the implications of testing, who else
he or she should notify, and the type of test performed.
Also included was contact information for an allergy
physician should the patient experience a delayed reac-
tion. The results of the evaluation and testingwere docu-
mented as a progress note, the allergy section was
updated to reflect the results of the test, and then the
allergy was deleted from the profile. The allergy was
deleted so that it would not trigger further alerts; how-
ever, testing information was added before deletion to
make it visible in the allergy history for future encoun-
ters. Data collection after delabeling allowed evaluation
of antibiotic regimenmodification due to testing.

RESULTS
Approximately 24,000 hospital admissions occurred

during the study period. Of these, we estimated that

Figure 2. An institutional algorithm for evaluation, penicillin skin testing (PST), and oral challenge; most patients qualified for the oral
challenge route after initial evaluation, bypassing PST.
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3000 unique individuals possessed a penicillin allergy
in their medical record. Fifty patients (1.7%) under-
went the penicillin allergy delabeling process. Baseline
characteristics are provided in Table 1. The median age
of the participants was 58 years (range, 21–87 years).
The majority (68%) were women. Forty-six patients
(92%) were receiving an antibiotic before evaluation
and testing, most commonly a cephalosporin (40%),
followed by a fluoroquinolone (22%), vancomycin
(16%), or penicillin (16%). Nineteen patients (38%) had
been admitted for a surgical procedure. Overall, 50%
of the patients had an admitting diagnosis of an infec-
tious process, whereas 50% had a noninfectious diag-
nosis. Among the 30 patients who received direct
challenge only, 14 patients had been admitted with an
infection, whereas 16 were admitted with noninfec-
tious diagnoses.
Seventeen patients (34%) could not recall the penicil-

lin to which they reacted. Among the patients who
were able to recall, amoxicillin and penicillin ranked
the highest, at 32% each (Table 2). The majority of reac-
tions (92%) occurred >10 years ago, with three patients
reporting a reaction in the past 1–10 years and one
patient reporting a reaction within the past year. One
patient who reported a reaction in the past 1–10 years

received a PST before a two-step challenge. Two of the
patients who reported a reaction in the past 1–10 years
actually received a cephalosporin, not a penicillin,
which was discovered during a detailed interview and
a review of the medical record, and did not require a
PST. One patient reported a reaction within the past
year, which was subsequently identified as a yeast
infection and did not require a PST.
Overall, skin rash was the most common reaction

reported (50%), with 14 patients (28%) reporting hives.
Eleven patients (22%) reported respiratory symptoms,
of which shortness of breath was the most common,
and three patients each reported angioedema or gas-
trointestinal (GI) symptoms. Sixteen patients (32%)
could not recall their reaction. Of the 30 patients chal-
lenged, 6 patients reported more than one reaction.
Three patients reported respiratory symptoms and
skin rash, two of those who reported the combination
of shortness of breath and hives. Two reported skin
rashes and GI symptoms, whereas one patient
reported skin rash and serum sickness–like symptoms,
which, in the interview, were determined not to be
true serum sickness reaction.
More than half of the patients (56%) could not recall

how soon after starting the medication the reaction
occurred. Nineteen patients (38%) reported that their
reaction occurred within 2 hours of exposure. One
patient reported a reaction between 2 hours and 7 days
after receipt of the medication. The majority of the
patients (56%) could not recall receiving any treatment
for their reaction to penicillin, and 11 patients (22%)
reported that they had received no treatment. Eight
patients (16%) recalled receiving antihistamines, whereas
three patients each (6%) recalled being treated with epi-
nephrine or steroids. More than half of the patients
(52%) reported that they had not received any penicillin
since their reaction; however, 24 patients reported receiv-
ing a penicillin since their reaction, with piperacillin-
tazobactam being the most common (22%).
Forty-eight patients (96%) were delabeled. Delabeling

occurred in 20 patients (40%) based on interview only.
Thirty patients (60%) underwent an oral two-step chal-
lenge, and only one patient required a PST before chal-
lenge (Fig. 1). Among the 30 patients challenged, 9
reported a history of respiratory reactions, such as
lump or swelling in the throat, shortness of breath, or
anaphylaxis, whereas 3 patients reported angioedema.
Twelve patients who were challenged reported hives.
All patients with likely IgE-mediated reactions who
were directly challenged reported that their last reac-
tion occurred >10 years ago.
Five patients received a histamine control before

two-step challenge because they recently received an
antihistamine. Two patients (4%) retained their penicil-
lin allergy label due to mild reactions during the two-
step challenge. The first patient, who reported a

Table 1 Demographics and admission information

Demographics

Age, median (range), y 58 (21–87)
Women, n (%) 34 (68)
Antibiotic before testing, if any, n (%)

None 4 (8)
Vancomycin 8 (16)
Fluoroquinolone 11 (22)
Macrolide 1 (2)
Cephalosporin 20 (40)
Penicillin 8 (16)
Carbapenem 1 (2)
Other 9 (18)

Immunocompromised, n (%)
No 35 (70)
Yes: malignancy 12 (24)
Yes: transplantation 2 (4)
Yes: other 1 (2)

Corticosteroids
Yes 3 (6)
No 47 (94)

b -Blocker
Yes 7 (14)
No 42 (86)

Admitted for surgery, n (%)
Yes 19 (38)
No 31 (62)
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history of angioedema, developed mild lip tingling on
administration of the 25-mg dose without any addi-
tional signs or symptoms. No rescue medications were
needed and the challenge was discontinued. The sec-
ond patient, with a reported history of GI upset, devel-
oped GI upset with the 25-mg dose. Diphenhydramine
was administered and the patient was observed. No
further signs of a reaction occurred. The two reactions

most likely represented subjective challenge reactions
and did not meet criteria for clinically significant IgE-
mediated penicillin allergy. Fifty-four percent of the
patients changed antibiotic therapy as a direct result of
delabeling. Fifty percent of the patients switched to a
penicillin therapy and 4% switched to cephalosporin
therapy (Fig. 3). No change in therapy occurred in 16%
of the patients due to receipt of a penicillin during
admission and penicillin allergy labels removed on
that basis. In addition, 8% of the patients underwent
testing without immediate clinical need secondary to
proactive evaluation based on a penicillin allergy label
in the EMR.

DISCUSSION
In our series of 50 patients evaluated via an interview

with or without allergy testing, 96% could be dela-
beled. In patients who required allergy testing, pro-
ceeding directly to an oral two-step challenge was
effective and efficient. In the two patients who reacted
to the oral challenge, the adverse effects were mild,
likely not IgE mediated, and did not require epineph-
rine. Most pharmacist-led penicillin allergy programs
rely heavily on PST,21–23 but skin testing is not without
limitations. It is costly, time-consuming, and requires
special training to administer, often an insurmountable
hurdle for most hospitals, particularly smaller, more
rural institutions. Even for larger hospitals, resources
may be scarce without dedicated staff to perform eval-
uations and testing.
Proceeding directly to an oral two-step challenge

allows hospitals to implement this critical program for
antimicrobial stewardship with fewer resources. In
New Zealand, du Plessis et al.,15 reported results simi-
lar to ours and found pharmacist-led efforts that
bypass skin testing to be safe and effective. Ramsey et
al.16 also reported a protocol that bypassed skin testing
but limited their direct oral challenge to patients with
mild reactions. Our protocol allowed for oral challenge
of patients who had a moderate-to-severe IgE-medi-
ated reaction provided that the reaction occurred >10
years ago (Fig. 2). This protocol allowed bypassing of
PST in all but one patient eligible for testing, with no
serious reactions. A protocol limited to directly chal-
lenging cutaneous reactions, for example, would have
required skin testing in at least 12 of our patients who
were directly challenged (9 with a distant history of re-
spiratory reactions and 3 with a distant history of an-
gioedema). An additional 12 patients would have
required skin testing if a history of hives required PST.
Although our protocol included these patients, only

two patients developed mild subjective reactions,
whereas the remainder of the patients who were chal-
lenged reported no reaction. One patient with a remote
history of angioedema reported slight lip tingling and

Table 2 Initial interview responses and evaluation

n (%)

Which medication did you react to in the past?
Unknown type 17 (34)
Amoxicillin 16 (32)
Penicillin (oral) 9 (18)
Penicillin (intramuscular) 6 (12)
Penicillin (intravenous) 1 (2)
Amoxicillin-clavulanate 1 (2)

How long ago did the reaction occur?
>10 y 45 (90)
1–10 y 3 (6)
<1 y 1 (2)
Unknown 1 (2)

What reaction occurred with the medication?
Skin rash 25 (50)
Other 16 (32)
Respiratory symptoms 11 (22)
Angioedema 3 (6)
Gastrointestinal symptoms 3 (6)

How soon after starting the medication did
the reaction occur?
<2 hr 19 (38)
2 hr to 7 days 1 (2)
1–3 wk 0
Other 2 (4)
Unknown 28 (56)

Have any of the following medications been
taken after the reaction?
Amoxicillin 4 (8)
Ampicillin 2 (4)
Amoxicillin-clavulanate 8 (16)
Piperacillin-tazobactam 11 (22)
Unknown type 1 (2)
Others 1 (2)
None 26 (54)

As a result of the interview, the patient should
Avoid penicillins 0
Delabel based on interview 20 (40)
Undergo the graded amoxicillin challenge 29 (58)
Undergo penicillin skin testing then move
to oral amoxicillin challenge

1 (2)

Be tested for histamine reaction before mov-
ing forward to graded challenge

5 (10)
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did not require any rescue medications. Although
other protocols have been similar in allowing for a his-
tory of more severe reactions to be directly challenged,
more safety data are required in this area before uni-
versal acceptance.20 Expert guidance from an allergist
(SJ) was critical in launching our protocol, and contin-
ued support will be important as safety data gathering
continues. Until safety can be more robustly estab-
lished, institutions should remain cautious about direct
challenges in patients at higher risk, such as those with
a history of anaphylaxis. Fifty-four percent of patients
experienced antibiotic regimen modification secondary
to challenge (Fig. 3), often changing to antibiotics asso-
ciated with fewer adverse effects, better efficacy, and
less expense.4

Given the well-documented clinical and financial
downsides associated with a documented penicillin
allergy, institutions should consider implementation of
antibiotic allergy testing programs to improve patient
health and safety. Pharmacists are well suited to the
task because of their knowledge of antibiotics and asso-
ciated adverse reactions, and can be helpful in gather-
ing additional safety data under the purview of an
allergist. Analysis of our data demonstrated the viabil-
ity of a pharmacist-driven program that bypassed PST

in a significant majority of patients. Although our pool
of patients who were directly challenged was small, a
large portion reported a history of noncutaneous reac-
tions. More data gathered support of allergy specialists
will, it is hoped, demonstrate the safety of such a pro-
gram and add to the promising results of our study,
which lends support to other hospital programs.
Limitations of our study included a small number of

patients and a short follow-up period in some patients,
which minimized our ability to assess for allergy relab-
eling or delayed reactions. An additional limitation in
assessing the safety of direct challenges was the inclu-
sion of patients who were simply delabeled with a
detailed interview. Although the purpose of our pro-
gram was to delabel by interview or testing, this lim-
ited our pool of patients who received a challenge,
which made assessing safety difficult.

CONCLUSION
A pharmacist-driven penicillin allergy evaluation and

testing program effectively delabeled the vast majority of
patients with documented penicillin allergy. A protocol
that bypasses PST in the majority of patients lowers the
barrier for hospitals that seek to implement an antibiotic
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allergy testing program; however, more data are
required to further evaluate the safety of such a protocol.
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