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Abstract
Purpose of Review Self-reported penicillin allergies are frequently reported, though more than 95% of those are not truly allergic
when challenged. These patients are more likely to receive alternative antibiotic regimens resulting in the use of broad-spectrum
antibiotics that may be less effective, more toxic, and/or more expensive than preferred agents. Given the significant burden on
patient outcomes and the healthcare system, the ability to reconcile an allergy and broaden future antibiotic options is essential.
Recent Findings This is a narrative review describing risk stratification for penicillin skin testing, practical advice for implemen-
tation, and future directions. A summary of studies within the last 5 years is provided. The trend over the past several years has
been to offer oral drug challenges to low-risk patients and skin testing to high-risk patients with a reported penicillin allergy.
Summary This review provides support for risk stratification assessment of reported penicillin allergy to optimize antibiotic use
and prevent emergence of antimicrobial resistance.
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Introduction

Adverse reactions to antibiotics are frequently encountered in
clinical practice with allergy to the penicillin (PCN) family of
antibiotics being the most commonly reported [1]. In fact,
10% of all patients self-reporting a drug allergy acknowledge
an allergy to PCN [1]. However, 95% of those are not truly
allergic when tested and therefore are likely incorrectly

labeled [2•]. Patient-reported allergic reactions can range from
mild to life-threatening; however, many self-reported reac-
tions consist of historical childhood events with limited recol-
lection of the details. Additionally, symptoms of the reported
“allergy” are often non-allergic adverse events. Furthermore,
some patients who truly have a PCN allergy have been found
to have the hypersensitivity wane over time rendering the
patient non-allergic [3–5].

Patients with reported PCN allergy are more likely to receive
alternative antibiotic regimens resulting in the use of broad-
spectrum antibiotics that may be less effective, more toxic, and/
or more expensive than preferred agents [6–10]. A PCN allergy
label has also been associated with longer hospital stays, higher
drug costs, and more frequent healthcare complications [6, 9,
11–13].

Given the significant burden on patient outcomes and the
healthcare system, the ability to reconcile an allergy and broaden
future antibiotic options is essential. Formal evaluation of pa-
tients reporting a PCN allergy has been recommended by several
large clinical societies, including the Centers for Disease Control
and Prevention, the Infectious Diseases Society of America, and
the American Academy of Allergy, Asthma, and Immunology
[14–16]. Penicillin skin testing (PST) is a favorable option that
can reliably and safely rule out IgE-mediated allergy with greater
than 95% negative predictive value [17, 18••]. Table 1 includes a
summary of PST studies published within the past 5 years

This article is part of the Topical Collection on Anaphylaxis and Drug
Allergy

* David Vyles
dvyles@mcw.edu

1 Department of Enterprise Safety, Children’s Wisconsin,
Milwaukee, WI, USA

2 Department of Pediatrics, Medical College of Wisconsin,
Milwaukee, WI, USA

3 Department of Pediatrics and Emergency Medicine, University of
Ottawa, Ottawa, Ontario, Canada

4 Divison of Rheumatology, Immunology, and Allergy, Harvard
Medical School, Harvard University, and Brigham and Women’s
Hospital, Boston, MA, USA

5 Department of Medicine, Vanderbilt University Medical Center,
Nashville, TN, USA

Current Allergy and Asthma Reports           (2021) 21:21 
https://doi.org/10.1007/s11882-021-00997-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s11882-021-00997-x&domain=pdf
http://orcid.org/0000-0003-3727-7970
mailto:dvyles@mcw.edu


[19–25, 26•, 27–34]. Within this manuscript, we describe risk
stratification for PST, practical advice for implementing PST for
allergy delabeling, and future directions.

Eligible for Oral Drug Challenge

The most definitive test for delabeling a PCN allergy is tolerance
of the drug on direct oral drug challenge. The literature highlights
that oral drug challenge (ODC) with PCN to a selected low-risk
population is a safe and effective strategy to remove the PCN
allergy label [22, 25, 35–38]. For example, a recent systematic
review found approximately 95% of over 5000 participants with
a reported history of PCN allergy tolerated ODC without any
adverse reaction [39]. Hence, recent practice guidelines recom-
mend that patients with suspected low-risk PCN allergy be pri-
marily investigated using ODC without skin tests [18••, 40].
Although there is no consistent definition of “low-risk” in the
literature, previous studies confirmed that ODC without skin test

is appropriate in the following scenarios [8–13]: (1) reported
history is not suggestive of allergy such as isolated gastrointesti-
nal symptoms (e.g., nausea, vomiting, diarrhea) or headache, (2)
family history of penicillin allergy, (3) delayed reaction (> 1 h
from exposure) with isolated benign maculopapular exanthem,
and (4) unknown allergic reaction [18••, 40–42, 43••, 44].

Amoxicillin is recommended for the ODC as it includes a
potentially antigenic side chain and accounts for the majority
of PCN-class antibiotic usage. Therefore, tolerance of amox-
icillin excludes selective amoxicillin allergy due to side-chain
reactivity and reassures tolerance to the wider PCN family.
However, there is significant heterogeneity in current proto-
cols for ODC. The 2018 consensus statement of the American
Academy of Allergy, Asthma & Immunology and the World
Allergy Organization on β-lactam hypersensitivity testing ac-
knowledged that there is no established “best protocol” for
ODC [41]. We suggest the following principles to guide an
ODC protocol:

Table 1 Summary of penicillin skin testing studies published from 2016 through 2020

Reference (author,
year)

Study
design

Clinical
setting

Number of subjects with
valid testing

Population PST positive,
N (%)

ODC
positive, N
(%)

De-labeled,
N (%)

Heil et al. (2016) [19] Prospective Inpatient 67 Adult 3/67 (5) N/A 59 (88)
King et al. (2016)

[20]
Retrospective Inpatient 50 Adult (mean age 62 years) 0/50 (0) 1/49 (2) 48 (96)

Chen et al. (2017)
[21]

Prospective Inpatient 228 Adult (mean age 49 years) 5/228 (2) N/A 212 (93)

Confino-Cohen et al.
(2017) [22]

Prospective Ambulatory 642 Adults and children (mean
age 20 years)

34/642 (5) 9/617 (1) N/A

Jones and Bland
(2017) [33]

Prospective Inpatient 36 Adult 0 (0) N/A 36 (100)

Marwood et al.
(2017) [23]

Prospective Emergency
department

103 Adult (mean age 42 years) 16/103 (16) 3/84 (4) 81 (79)

Sundquist et al.
(2017) [24]

Prospective Ambulatory 37 Adult (mean age 52 years) 0/37 (0) 0/36 (0) 37 (100)

Vyles et al. (2017)
[25]

Prospective Emergency
department

100 Children (median age 9
years)

3/100 (3) 0/100 (0) 100 (100)

Ramsey et al. (2018)
[26•]

Prospective Inpatient 50 Adult (mean age 66 years) 2/50 (4) N/A N/A

Englert and Weeks
(2019) [34]

Prospective Inpatient 22 Adult 0/22 (0) N/A 22 (100)

Jones et al. (2019)
[27]

Prospective Inpatient 100 Adult (mean age 61 years) 2/100 (2) 0/7 (0) 98/100 (98)

Mustafa et al. (2019)
[28]

Prospective
RCT

Ambulatory 159 Adult and children (mean
age 35 years)

10/80 (13) 3/79 (4) N/A

Solensky et al. (2019)
[29]

Prospective Not specified 455 Adult (mean age 51 years) 63/455 (14) 8/373 N/A

Taremi et al. (2019)
[30]

Prospective Inpatient 99 Adult (median age 65
years)

3/99 (3) 1/100 (1) 95 (96)

Harmon et al. (2020)
[31]

Prospective Inpatient 28 Adult 1/28 (4) N/A 27 (96)

Plager et al. (2020)
[32]

Retrospective Inpatient or
ambulatory

160 Adult (mean age 63 years) 1/160 (1) 4/159 (3) 149 (93)

Studies for inclusion in the table were obtained via a PubMed search and then retrieval of articles from the respective journals for further review

PST penicillin skin test, ODC oral drug challenge, RCT randomized controlled trial
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1. The dose should ideally be close to a therapeutic dose or a
10–25% aliquot when a graded oral challenge is done.

2. To streamline implementation in clinical practice and
avoid potential medication errors, choose a dose that is
easy to order, prepare, and administer.

3. To respect population preferences and underlying disease
states, the dose should be available in more than one form
(e.g., liquid, capsule).

Eligible for PCN Skin Testing

Penicillin allergy skin testing is ideally performed in higher
risk patients when there is concern for a type I IgE-mediated
reaction. This type of reaction is generally characterized by
skin and/or mucosal tissue involvement with pruritis, urticaria,
flushing, and/or angioedema; bronchospasm, wheezing, stri-
dor, or other respiratory symptoms; gastrointestinal symptoms
(e.g., abdominal pain, bloating, vomiting, or diarrhea) in con-
junction with other signs of IgE-mediated symptoms; and/or
hypotension, shock, and more than one organ involvement
implicating anaphylaxis. The majority of IgE-mediated reac-
tions are “immediate reactions” occurring within minutes to
an hour of administration of the culprit drug.

Typical PST, when applied to higher risk patients with
histories consistent with immediate reactions, consists of two
steps. The first is an epicutaneous test consisting of a prick,
puncture, or scratch. If the epicutaneous test remains negative
15 min after application, then intradermal skin testing is per-
formed. A negative result indicates that there is no underlying
IgE-mediated hypersensitivity. Most patients that undergo
PST are negative. In prior studies, the percentage of patients
that developed apparent IgE-mediated reactions to PCN fol-
lowing a negative skin test ranges from 1.2 to 2.9% [45, 46].
Administration of an ODC following a negative PST is the
standard to rule out an IgE-mediated drug allergy more defin-
itively. The combination of negative skin testing with an oral
challenge has more than a 99% negative predictive value in
excluding an IgE-mediated PCN allergy [47, 48].

Determining which patients benefit most from a skin test
versus utilization of a direct ODC without a preceding skin
test is important. Studies suggest that patients who report a
prior history of anaphylaxis or urticaria have significantly
higher rates of positive skin tests (17.4% and 12.4%, respec-
tively) than patients with a history of an exanthem (4%) [46].
Additionally, studies have demonstrated that positive skin test
results wane over time and the majority (nearly 70%) of pa-
tients who reported a reaction greater than 5–10 years prior
will tolerate the skin test [3, 49–51]. In summary, skin testing
should be considered when (1) the reaction occurred within
the prior 5 years, (2) the patient has a history of anaphylaxis or
clear IgE-mediated symptoms, or (3) the patient/provider is
wary of ODC without skin prior skin testing.

PCN allergy delabeling can be accomplished even among
more complex patient populations. Trubiano et al. described
ODC among inpatient and outpatient adult cancer patients
with a reported history of penicillin allergy deemed to be
low-risk. All 23 cancer patients and 23 control patients (who
had a prior history of cancer) were successfully challenged
and delabeled [52]. Similarly, other studies have shown suc-
cess with ODC in low-risk patients in the emergency depart-
ment and inpatient setting [25, 53]. However, in patients with
a reported PCN allergy with multiple drug allergy syndrome
(defined by more than two allergies to unrelated drugs) and
those with suspected IgE-mediated reactions, PST still re-
mains commonplace. Patients with true PCN allergy are can-
didates for drug desensitization when PCN is of the preferred
treatment [43••].

Not Eligible for Any Challenge

Delabeling PCN allergy via standardized skin and oral drug
challenge protocols are useful for the majority of patients;
however, there are certain instances in which testing with ei-
ther modality is not recommended. Prior to determining which
test to perform, an in-depth history with the patient should be
utilized to identify rare reactions that include cutaneous and
systemic reactions that may preclude these testing modalities
(Fig. 1). Systemic reactions in which a patient should not
undergo a drug challenge include drug reaction with eosino-
philia and systemic symptoms/drug-induced hypersensitivity
syndrome (DRESS/DiHS), Stevens-Johnson syndrome (SJS)
or toxic epidermal necrolysis (TEN), or serum sickness-like
reactions.

PCN agents have been implicated in the development of
DRESS/DiHS and therefore require careful consideration pri-
or to initiating a drug challenge [54]. In general terms, the
reaction can be characterized by the following criteria: (1) rash
covering > 50% body surface area developing more than 2
weeks after initiating treatment, (2) prolonged clinical symp-
toms, (3) fever, (4) leukocyte abnormalities (leukocytosis and/
or atypical lymphocytosis and/or eosinophilia), (5) elevation
of liver enzymes, (6) lymphadenopathy, (7) lack of an alter-
native diagnosis, and (8) supportive histopathology. However,
the reaction is defined differently by Japanese and European
criteria [54, 55].

Stevens-Johnson syndrome and toxic epidermal necrolysis
are severe cutaneous adverse reactions that affect both adults
and children. Clinical features include history of drug
exposure/febrile illness, painful rash, rash progressing to ves-
icles and bullae, and ultimately mucositis with painful ero-
sions. These diseases, which occur across a spectrum of se-
verity, are differentiated by the amount of body surface area
involvement of clearly detached or Nikolsky sign positive
skin. This life-threatening condition has been rarely known
to occur in both adults and children who have received PCN
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agents. A particular concern is where a drug such as PCN is
started following onset of SJS/TEN symptoms and then is
subsequently and erroneously implicated as the causative
agent. A complete history should be taken for alternative ther-
apies and herbal supplements, which can also be the cause of
SJS/TEN. When there is not a clear associated drug, SJS-/
TEN-like illness may be associated with Mycoplasma and
other respiratory illnesses known as recurrent reactive infec-
tious mucocutaneous eruption (RIME), which is more com-
mon in children [56]. Any history of severe or suspected SJS/
TEN in a patient reporting PCN allergy should avoid testing.

Serum sickness-like reactions (SSLR) have also been
known to occur with the use of PCNs and are more common
in children. These reactions are characterized by fever, cuta-
neous eruptions, edema, arthralgias, and lymphadenopathy
typically occurring within days but certainly within 1 to 2
weeks after exposure to the inciting agent. SSLRs have a
tendency to wane over time; future testing and re-challenge
may be reasonable [57–59].

Future Directions

Healthcare providers frequently encounter patients reporting a
PCN allergy, which interferes with the ability to prescribe the
preferred antibiotic. Appropriate ODC or skin testing is im-
portant, especially in the era of increasing antimicrobial resis-
tance. However, once a patient is delabeled, the prevention of
re-labeling is a challenge. This is likely due to the myriad of

medical records that may exist for a single patient (e.g., dif-
ferent healthcare systems, pharmacies, clinics) along with
gaps in knowledge translation to the family regarding the
new allergy status. A universal electronic medical record
could help with not only delabeling (early identification,
symptom checking, prompt to de-label) but could also assist
with keeping the patient delabeled. Another area to explore in
the future would be how PCN allergy delabeling impacts an-
tibiotic prescriptions, durations of therapy, and potentially
cost-implications to both families and healthcare systems.
Lastly, the development of genetic testing which may predict
drug allergy before it occurs could be another exciting ap-
proach to help us navigate a world with increasing antibiotic
resistance.

Conclusion

Given efforts to optimize antibiotic use and prevent emer-
gence of antimicrobial resistance, there is a current demand
for formal risk stratification and assessment of penicillin aller-
gy labels. A reported PCN allergy has serious implications for
patient care and antimicrobial stewardship. Therefore,
healthcare providers should take an active role in evaluating
and/or referring patients for proper testing and delabeling. The
trend over the past several years has been to offer oral drug
challenges to low-risk patients with a reported PCN allergy.
Many patients report low-risk symptoms of allergy; however,
there is a select population of patients who report intermediate

Low Risk Group
Non-allergic symptoms

Runny nose
Diarrhea
Headache
Vomiting with medication 
administration

Low-risk symptoms
Rash
Itching
Dizziness
Vomiting
Nausea
Cough
Family history
Abdominal pain

High Risk Group
High-risk symptoms

Swelling (face, lips, throat)
Difficulty breathing
Wheezing
Skin peeling
Mouth blisters
Drop in BP
Syncope
Seizures
Serum sickness
Fever
Abdominal pain*
Rash*
Itching*
Vomiting**

*within 1 hr
**multiple episodes 

within 1 hr

Clinical history of reaction

Do not test – 
desensitize if needed

Fever/Rash/Lab abnormalities
(WBC/Eosinophilia/Liver)
Painful rash
Skin peeling
Severe mucositis
Fever/Arthralgia 

Skin test Oral challenge

Fig. 1 Allergy testing based off
of clinical history
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or high-risk symptoms in which PST is a rational option to
evaluate a PCN allergy and improve clinical outcomes for
patients. The practice of PST typically occurs in allergy
clinics, but hospitals or outpatient offices may be sites of in-
tervention as well. The practice of pharmacy-driven skin test-
ing could also be another option to better facilitate the testing
process and expand on allergy clinic options. Unique charac-
teristics of each practice site will inform successful protocol
development and implementation strategies.
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