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To the Editor:

Penicillin allergy evaluations are important for optimal patient care and public health.1 

Practical outpatient strategies to confirm or rule out penicillin allergy are needed to assess as 

many patients as possible, as safely as possible.2 Although a validated penicillin skin test 

exists, low-risk penicillin allergy patients can be evaluated by direct amoxicillin challenge 

without skin testing.2–4

An outpatient pathway for penicillin allergy risk stratification was implemented in January 

2017 (Figure 1A). We retrospectively reviewed demographics and allergy history, evaluation 

detail, and allergy documentation for patients seen for a penicillin allergy procedure from 

January 2017 through June 2018. We considered the following outcomes: adverse drug 

reactions (ADRs, any symptoms or signs reported or identified by the treating allergist), 

hypersensitivity reactions (HSRs, ADRs with objective allergic signs or those precipitating 

use of anti-allergy treatment), and non-HSRs, side effect reactions or subjective symptoms. 

HSRs were judged retrospectively by two allergy specialists (KGB, AB) independently and 

blinded to the penicillin evaluation method used. Descriptive data were presented with chi-

squared or Fisher’s exact tests for univariable analyses; logistic regression models were used 

for multivariable analyses.

Of 509 patients, 426 (83.7%) were penicillin skin tested and 83 (16.3%) received direct 

amoxicillin challenges. Patients included 486 (95.5%) adults (mean 51.4y [SD 17.2y], range 
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18-87 y) and 23 (4.5%) children (mean age 8.4y [SD 4.3], range 1.5-17y). Patients were 

predominantly female (72.7%) and white (86.0%). 184 patients (36.2%) had only a recorded 

penicillin allergy; 114 patients (22.4%) had one other recorded drug allergy, 73 patients 

(14.3%) had two other recorded drug allergies, 138 patients (27.1%) had three or more other 

drug allergies. For 126 patients (24.9%) the culprit was an aminopenicillin. Incident 

reactions were largely cutaneous (78.8%), such as rash (43.6%) and urticaria (34.2%); 

angioedema (9.4%) and respiratory symptoms (6.1%) were also reported. 55 patients 

(10.8%) had an unknown penicillin reaction. Of 408 reactions with known timing, 371 

(72.9%) occurred 10 or more years ago and 37 (7.3%) occurred in the year prior to allergy 

evaluation.

Of 509 patients evaluated, 43 (8.5%; 95%CI 6.2% to 11.2%) had an ADR; 26 patients 

(5.1%; 95% CI 3.4% to 7.4%) had an HSR and 17 (3.3%; 95%CI 2.0% to 5.3%) had a non-

HSR (Table 1). Of 426 penicillin skin tested patients, 62 (14.6%) were pre-cardiac surgery 

and 30 (7.0%) were pregnant. No patient had a positive skin test. There were 36 ADRs 

(8.5%, 95%CI 6.0% to 11.5%); 21 were HSRs (4.9%, 95%CI 3.1% to 7.4%) and 15 were 

non-HSRs (3.5%; 95%CI 2.0% to 5.7%). Of 83 (16.3%) patients who received direct 

amoxicillin challenges, 7 had ADRs (8.4%, 95%CI 3.5% to 16.6); 5 were HSRs (6.0%; 

95%CI 2.0% to 13.5%) and 2 were non-HSRs (2.4%; 95%CI 0.3% to 8.4%). There was no 

difference in reaction frequency (p=0.59), epinephrine use (p=0.30), or subjective symptom 

frequency (p=1.0) comparing penicillin allergy evaluation methods.

Female sex was associated with increased ADR odds (aOR 2.67 [95% CI 1.00 to 7.10], 

Table E1). Having other recorded drug allergies was associated with increased ADR, HSR, 

and non-HSR odds.

The penicillin allergy label was removed for 482 (94.7%) patients overall: 405 (95.1%) 

penicillin skin tested patients and 77 (92.8%) patients who were direct amoxicillin 

challenged (p=0.42). Penicillin allergy labels were not removed in 11 non-ADR patients due 

to allergist error (n=9), need for piperacillin testing (n=1), and patient preference (n=1). Six 

months after penicillin allergy testing, the penicillin allergy remained removed in 461 

(90.6%) patients with no difference by evaluation method used (p=0.73). There were 10 

patients (2.0%) erroneously relabeled with a penicillin allergy after initial label removal.

We used a penicillin allergy evaluation pathway for outpatient risk stratification at an 

academic medical center’s large allergy practice that includes high risk referrals from 

cardiothoracic surgery and obstetrics. HSRs occurred in 5% overall (3% immediate), with 

other signs and symptoms reported by another 3%. There was no significant difference in 

HSR frequency, HSR severity, subjective symptom frequency, or documentation accuracy by 

evaluation method. Overall, more than 90% of penicillin allergy labels were removed and 

stayed removed 6 months later.

Penicillin skin testing with penicilloyl-polylysine (PPL) and diluted Penicillin G did not 

identify any allergic patients prior to amoxicillin challenge, although we identified skin test 

positive patients in our practice outside the study period. We may observe rare positives 

because patient reactions are often remote and we selected out the highest risk patients 
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(Figure 1A). The 21 patients who reacted to amoxicillin but did not have a positive penicillin 

skin test may have been sensitized to minor determinants or the amino group, recently 

appreciated to comprise 65% of skin test positives in a US cohort.5 Although skin testing 

excluded ampicillin, almost one-quarter of included patients reported aminopenicillin 

allergy. These data will motivate our expansion of penicillin skin testing to the high-risk 

group not previously tested (those with recent anaphylaxis and/or prior positive penicillin 

skin testing), and testing reagents will routinely include ampicillin (Figure 1B).

Our data provide additional evidence for the safety of direct amoxicillin challenges in 

appropriately selected patients.2 We observed a 6% HSR rate in 83 patients with low-risk 

penicillin allergy histories, a higher frequency than prior low-risk direct challenge reports 

(1.3-2.6%).4,6,7 Expanding direct challenges in low-risk patients facilitates more widespread 

penicillin allergy evaluations, particularly since challenge only evaluations are less resource-

intensive and may be more feasibly implemented by non-allergist providers.2,8

Penicillin allergy labels can remain in 28% of patients despite negative testing, and 38% can 

have erroneous redocumentation.5,9 We identified more modest deficiencies in penicillin 

allergy label removals and erroneous reentries with no differences by penicillin allergy 

evaluation method.

While we used multivariable models to investigate risk factors for reactions, the small 

number of events limited the information gained. Although we present 95%CI for HSR 

frequencies, we were underpowered because severe beta-lactam allergies are rare events. 

Because patients were identified by their procedure visit, we were unable to know how many 

patients had high-risk histories in the study period. HSR determination retrospectively 

limited the impact of practice heterogeneity, but the allergy outcome may not have been the 

same as that which was concluded by the treating allergist. Retrospective data collection 

resulted in limited capture of reaction details.

Direct challenges can be considered for appropriately selected low-risk patients presenting 

for penicillin allergy evaluation. Penicillin skin testing did not avert a single HSR but is 

nonetheless advisable for patients with higher risk allergy histories, pregnant patients, and 

patients with tenuous cardiac or pulmonary status. Penicillin allergy risk stratification tools 

must include guidance for outcome determination and documentation.
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Clinical Implications

Moderate-risk patients received skin testing prior to amoxicillin challenge, and 21 of 426 

(4.9%, 95%CI 3.1% to 7.4%) had hypersensitivity reactions (HSRs). Of 83 low-risk 

patients direct challenged to amoxicillin, there were 5 HSRs (6.0%; 95%CI 2.0% to 

13.5%).
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Figure 1. 
Risk-based pathway for outpatient penicillin allergy evaluations

This penicillin allergy pathway was implemented by allergists, allergy trainees, and an 

allergy nurse practitioner in 2017 at Massachusetts General Hospital (A). This penicillin 

allergy pathway was implemented in 2019 at Massachusetts General Hospital (B)

The figures demonstrate the evaluation recommended for all patients presenting for 

penicillin allergy evaluation whose reaction was possibly IgE-mediated. This clinical 

pathway does not apply to patients who have a history of a severe cutaneous adverse reaction 

(such as Stevens-Johnson syndrome, toxic epidermal necrolysis, drug-induced exfoliative 

dermatitis, drug reaction with eosinophilia and systemic symptoms, or acute generalized 

exanthematous pustulosis), vasculitis, interstitial nephritis, or hemolytic anemia. Features of 

IgE included urticaria, angioedema, wheezing/bronchospasm/shortness of breath, and 

anaphylaxis. Anaphylaxis was defined as reactions that involve two organ systems, or 

hypotension/arrhythmias.

Abbreviations: PCN, penicillin; IgE, immunoglobulin E; PPL, penicilloyl-polylysine; ST, 

skin test
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