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IMPORTANCE Penicillin allergy is a significant public health issue for patients, antimicrobial
stewardship programs, and health services. Validated clinical decision rules are urgently
needed to identify low-risk penicillin allergies that potentially do not require penicillin skin
testing by a specialist.

OBJECTIVE To develop and validate a penicillin allergy clinical decision rule that enables
point-of-care risk assessment of patient-reported penicillin allergies.

DESIGN, SETTING, AND PARTICIPANTS In this diagnostic study, a multicenter prospective
antibiotic allergy–tested cohort of 622 patients from 2 tertiary care sites in Melbourne,
Australia (Austin Health and Peter MacCallum Cancer Centre) was used for derivation and
internal validation of a penicillin allergy decision rule. Backward stepwise logistic regression
was used to derive the model, including clinical variables predictive of a positive penicillin
allergy test result. Internal validation of the final model used bootstrapped samples and the
model scoring derived from the coefficients. External validation was performed in
retrospective penicillin allergy–tested cohorts consisting of 945 patients from Sydney and
Perth, Australia, and Nashville, Tennessee. Patients who reported a penicillin allergy
underwent penicillin allergy testing using skin prick, intradermal, or patch testing and/or oral
challenge (direct or after skin testing). Data were collected from June 26, 2008, to June 3,
2019, and analyzed from January 9 to 12, 2019.

MAIN OUTCOMES AND MEASURES The primary outcome for the model was any positive result
of penicillin allergy testing performed during outpatient or inpatient assessment.

RESULTS From an internal derivation and validation cohort of 622 patients (367 female
[59.0%]; median age, 60 [interquartile range{IQR}, 48-71] years) and an external validation
cohort of 945 patients (662 female [70.1%]; median age, 55 [IQR, 38-68] years), the 4
features associated with a positive penicillin allergy test result on multivariable analysis were
summarized in the mnemonic PEN-FAST: penicillin allergy, five or fewer years ago,
anaphylaxis/angioedema, severe cutaneous adverse reaction (SCAR), and treatment required
for allergy episode. The major criteria included an allergy event occurring 5 or fewer years ago
(2 points) and anaphylaxis/angioedema or SCAR (2 points); the minor criterion (1 point),
treatment required for an allergy episode. Internal validation showed minimal mean optimism
of 0.003 with internally validated area under the curve of 0.805. A cutoff of less than 3
points for PEN-FAST was chosen to classify a low risk of penicillin allergy, for which only 17 of
460 patients (3.7%) had positive results of allergy testing, with a negative predictive value of
96.3% (95% CI, 94.1%-97.8%). External validation resulted in similar findings.

CONCLUSIONS AND RELEVANCE In this study, PEN-FAST was found to be a simple rule that
accurately identified low-risk penicillin allergies that do not require formal allergy testing. The
results suggest that a PEN-FAST score of less than 3, associated with a high negative
predictive value, could be used by clinicians and antimicrobial stewardship programs to
identify low-risk penicillin allergies at the point of care.
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P atient-reported penicillin allergies are frequently en-
countered in patients and significantly affect the judi-
cious and appropriate use of antimicrobials.1,2 Penicil-

lin allergies are also associated with antimicrobial resistance
and poor patient outcomes.3-5 The success of antibiotic al-
lergy testing (AAT) programs incorporated into antimicrobial
stewardship (AMS) has been increasingly reported,2,6,7 fre-
quently resulting in posttesting use of narrow-spectrum
β-lactams.6,8,9 Formal AAT requires specialist interpretation,
is labor intensive, and is potentially unwarranted, consider-
ing that less than 10% of penicillin allergies may be con-
firmed by formal testing results.2 A validated point-of-care
clinical decision rule is needed that can be used by allergists
and nonallergists to address the high burden of penicillin al-
lergies, risk stratify across a range of phenotypes, and subse-
quently direct the appropriate delabeling and prescribing strat-
egies. This need is particularly relevant when we consider
the apparent deficit of drug allergy specialists available
internationally.10

An AMS-led AAT program was assessed in a prospective,
multicenter observational study that examined the testing out-
comes of a large population of patients with penicillin allergy
who underwent AAT via predefined criteria.6 We used these
data and an extended prospective Australian cohort to derive
and internally validate a penicillin allergy clinical decision rule
(PEN-FAST) and subsequently performed external validation
in local and international data sets.

Methods
The derivation and validation of PEN-FAST was obtained
from a prospective penicillin allergy–tested cohort across 2
sites in Melbourne, Australia; external validation, from 3
retrospective cohorts from Sydney and Perth, Australia,
and Nashville, Tennessee. Adults 16 years or older were
included from all sites. A summary of the derivation and
validation cohorts is shown in Table 1. All data were
obtained after approval of the ethics committee or institu-
tional review board at each institution. Data collected retro-
spectively did not require informed consent. This study
followed the Transparent Reporting of a Multivariable Pre-
diction Model for Individual Prognosis or Diagnosis (TRIPOD)
reporting guideline.11

Derivation and Internal Validation Cohort
A prospective cohort of patients undergoing AAT-AMS and
recruited from May 1, 2015, to June 3, 2019, were included. In
brief, AAT-AMS was simultaneously introduced at Austin
Health and the Peter MacCallum Cancer Centre in Mel-
bourne; the results of the first 118 patients have been previ-
ously published.6 Baseline demographic information, age-
adjusted Charlson comorbidity index,12 antibiotic allergy
history, immunosuppression history, and allergy testing re-
sults were collected via a standardized case report form from
a previous prospective study.6 The case report form and ap-
proach to phenotypic assessment are included in eMethods 1
and 2 in the Supplement.

Patients who reported any penicillin allergy and under-
went skin prick testing (SPT), intradermal testing (IDT), patch
testing, and/or oral challenge (directly or after skin testing) were
extracted from a prospective database. Patients with a nega-
tive SPT or IDT result who did not undergo subsequent oral
penicillin challenge were excluded. Antibiotic allergy testing
was performed for outpatients and inpatients as previously de-
scribed for immediate and delayed hypersensitivities
(eMethods 2 in the Supplement).6,13

External Validation Cohorts
Two Australian retrospective outpatient penicillin allergy–
tested cohorts from Royal North Shore Hospital, Sydney, from
July 1, 2015, to December 31, 2017, and Royal Perth Hospital
and Sir Charles Gairdner Hospital, Perth, from June 26, 2008,
to June 20, 2013, and an additional cohort from Vanderbilt
Asthma, Sinus and Allergy Program, Vanderbilt University
Medical Center, Nashville, Tennessee, from January 1, 2014,
to December 31, 2018, were used for external validation of the
clinical decision rule. Available baseline demographic data and
clinical information required to satisfy PEN-FAST criteria were
extracted; if data were unavailable, they were listed as un-
known. The summary of these cohorts is provided in Table 1.
All cohorts included patients reporting a penicillin allergy who
underwent testing using standard AAT protocols (eMethods
2 in the Supplement).6,8 Patients included had a positive SPT
or IDT finding to any penicillin, a negative SPT or IDT finding
followed by a penicillin oral challenge, or direct oral chal-
lenge with penicillin.

Definitions
A penicillin allergy was considered to include at least 1 of peni-
cillin unspecified, penicillin VK, penicillin G, amoxicillin, am-
picillin, dicloxacillin sodium, flucloxacillin, nafcillin sodium, or
combined amoxicillin and clavulanate potassium. A patient-
reported penicillin allergy was defined as a non–immune-
mediated adverse drug reaction, immune-mediated reaction, or
unknown, according to accepted criteria.14,15 An immunocom-
promised host was defined as a solid organ or hematological
stem-cell transplant recipient, asplenic, having an autoim-
mune or connective tissue disorder, having cancer, or recipient
of prednisone of more than 10 mg/d for more than 1 month.

Key Points
Question Can a clinical decision rule risk stratify penicillin allergies
and identify low-risk phenotypes amenable to point-of-care
delabeling?

Findings In this diagnostic study of 622 patients, a penicillin
allergy decision rule (PEN-FAST) was derived from a prospective
cohort of penicillin allergy–tested patients in 2 primary Australian
sites and was subjected to internal and external validation in 3
local and international cohorts. PEN-FAST was found to be a
practical tool with a high negative predictive value of 96.3% that
uses penicillin allergy history to identify low-risk allergies.

Meaning PEN-FAST may aid the risk stratification of patients with
penicillin allergy to facilitate implementation of delabeling
strategies and safe β-lactam prescribing.
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In all cohorts (internal derivation and validation and exter-
nal validation), a standard definition for AAT positivity was used
(eMethods 2 in the Supplement). In all cohorts, penicillin VK or
amoxicillin were used as the oral agent for post–skin testing chal-
lenges. A positive penicillin allergy test result was considered any
1 of a positive immediate SPT result, positive IDT result (imme-
diate or delayed), positive patch test result, or positive oral chal-
lenge (single-dose or prolonged resulting in an immune-
mediatedreaction)toapenicillinreagent.Nooralchallengeswere
conducted to the specific drug with positive findings on skin test-
ing (SPT or IDT); however, if drugs in the same class had nega-
tive test results (eg, positive skin test result for ampicillin and
negative result for penicillin G), selective oral challenge was per-
formed (eg, oral challenge to penicillin VK).

Statistical Analysis
Data were analyzed from January 9 to 12, 2019. Categorical vari-
ables are presented as frequency (percentage) and continu-
ous variables as median (interquartile range [IQR]). All con-
tinuous variables were recoded into categorical variables using
different cutoff points, and final classification was based on
the strength and size of their association with the outcome
(positive penicillin allergy test result). Similarly, categorical
variables with large numbers of categories were recoded into
smaller numbers of categories based on clinical experience and
their associations with the outcome.

The primary outcome for the model was any positive
result of a penicillin allergy test performed during outpatient
or inpatient assessment (SPT, IDT, patch testing, and/or oral
challenge [direct or after skin testing]). All predictors consid-
ered for the inclusion in the model were obtained from the
prospective testing database. Patient predictors included age,
sex, ethnicity, history of psychiatric illness, age-adjusted
Charlson comorbidity index, and immunocompromised sta-
tus. Collinearity between age and Charlson comorbidity
index was minimal because both variables were recoded in 2
categories. Antibiotic allergy characteristics included number
of patient-reported antibiotic allergy labels, time since the

last reported antibiotic allergy (in years), allergy phenotype,
and treatment of the index antibiotic allergy episode. Missing
values in all variables were coded as a separate category (cat-
egory unknown).

Univariate analysis was performed using logistic regres-
sion to examine the associations between patient/phenotype
characteristics outlined above with any penicillin-positive al-
lergy test result. Variables with a prevalence of at least 5% and
those with 2-sided P < .20 on univariate analysis were in-
cluded in the multivariable logistic regression model. A back-
ward stepwise procedure was used, eliminating variables with
2-sided P > .10 and reincluding variables with 2-sided P < .05.
This procedure was replicated in 1000 bootstrap samples, and
only variables present in at least 60% of replication were
included in the final model.16 Model performance in the origi-
nal sample was evaluated by calculating the C statistic, Hosmer-
Lemeshow statistic, calibration slope, and Brier score.

Internal validation was performed using a regular boot-
strap procedure with 500 bootstrapped samples.17 Bootstrap
performance of the final model was evaluated in each boot-
strapped sample by calculating the C statistic, and test perfor-
mance of the same model was evaluated in original sample. The
optimism was calculated by subtracting test performance from
bootstrap performance. Internally validated performance was
calculated by subtracting mean optimism from apparent per-
formance of the final model in the original sample.

A score for the final model was developed by rounding the
coefficients of the logit model. Predicted and observed risk
were calculated for each score. Sensitivity, specificity, area un-
der the receiver operating characteristic curve (AUC), posi-
tive predictive values (PPVs), and negative predictive values
(NPVs) were calculated for each cutoff, and the final risk groups
were chosen based on NPV and the false-negative rate.

External validation of the model was performed in 3 sepa-
rate retrospective data sets. Risk score was calculated for each
patient, and the model performance was evaluated by com-
paring AUC, sensitivity, specificity, NPV, and PPV. An addi-
tional predictive model was developed using least absolute

Table 1. Patient and Testing Characteristics of the Penicillin Allergy–Tested Derivation and Validation Cohorts

Characteristic

Cohort

Melbourne, Australia6 Sydney, Australia Perth, Australia8 Nashville, Tennessee
Cohort type Prospective Retrospective Retrospective Retrospective

No. of patients 622 80 334 531

Dates May 1, 2015, to June 3, 2019 July 1, 2015, to December 31,
2017

June 26, 2008, to June 20,
2013

January 1, 2014, to
December 31, 2018

Hospitals Austin Health and Peter MacCallum
Cancer Centre

Royal North Shore Hospital Sir Charles Gardiner Hospital
and Royal Perth Hospital

Vanderbilt University
Medical Center

Inclusion criteria Adults aged ≥18 y with ≥1 penicillin
allergy

Adolescents and adults aged
≥16 y with ≥1 penicillin allergy

Adolescents and adults aged
≥16 y with ≥1 penicillin
allergy

Adults aged ≥18 y with ≥1
penicillin allergy

Excluded phenotypes AIN, DILI, serum sickness, drug fever
(isolated)

AIN, DILI, serum sickness, drug
fever (isolated)

SCAR, AIN, DILI, serum
sickness, drug fever
(isolated)

AIN, DILI, serum sickness,
drug fever (isolated)

Testing sites Inpatient/outpatient Outpatient Outpatient Outpatient

Testing characteristics SPT, IDT, PT, oral challenge (direct and
after testing)

SPT, IDT, oral challenge (direct
and after testing)

SPT, IDT, oral challenge
(after testing)

SPT, IDT, PT, oral challenge
(after testing)

Abbreviations: AIN, acute interstitial nephritis; DILI, drug-induced liver injury; IDT, intradermal testing; PT, patch testing; SPT, skin prick testing; SCAR, severe
cutaneous adverse reaction.
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shrinkage and selection operator logistic regression with cross
validation (eMethods 3 in the Supplement). All analyses were
performed using Stata, version 15.1 (StataCorp LLC).

Results
Study Population and Setting
The internal derivation and validation cohort included 622 pa-
tients (367 female [59.0%] and 255 male [41.0%]; median age,
60 [IQR, 48-71] years); the external validation cohort con-

sisted of 945 patients (662 female [70.1%] and 283 male
[29.9%]; median age, 55 [IQR, 38-68] years) (eTable 1 in the
Supplement). During the study period in the internal deriva-
tion and validation cohorts, 1219 antibiotic allergies were re-
ported by 773 adult patients who underwent AAT; specifi-
cally, 732 penicillin allergies were reported by 679 patients
(eFigure 1 in the Supplement). Fifty-one patients (7.5%) re-
ported multiple penicillin allergies; only 1 entry was used based
on a predetermined antibiotic hierarchy (penicillin VK, G, or
unspecified, followed by amoxicillin, followed by ampicillin,
followed by other). Thirty patients (4.4%) reported an allergy
only to an intravenous penicillin without an oral formula-
tion, such as a combination of piperacillin sodium and tazo-
bactam sodium or a combination of ticarcillin disodium and
clavulanate; these patients were excluded from the final co-
hort because intravenous or intramuscular challenges were not
performed in the setting of negative test results. In addition,
1 patient was excluded because of missing results of allergy test-
ing. From the remaining 648 patients, 58 had a positive test
result (9.0%). Of the 590 with a negative test result, 564 sub-
sequently underwent oral penicillin challenge (95.6%). Only
those patients with a negative skin test result followed by an
oral challenge (n = 564) and those with a positive skin test re-
sult were included (n = 58); a total of 622 adult patients were
used for PEN-FAST derivation and internal validation. The base-
line characteristics of the study cohort are outlined in Table 2.

Penicillin Allergy Test Positivity
The prevalence of a positive penicillin allergy test was 9.3%
(95% CI, 7.2%-11.9%) in the Melbourne cohort. Of those with
a positive test result, patients with a positive reaction to SPT,
IDT, or oral challenge are outlined in Table 2.

Patient and Phenotypic Factors Associated With
a Positive Penicillin Allergy Test
The characteristics associated with a positive penicillin al-
lergy test result in univariate and multivariable analysis are
shown in Table 3. The 4 features associated with a positive peni-
cillin allergy test result on multivariable analysis were sum-
marized in the mnemonic PEN-FAST (penicillin allergy, five or
fewer years ago, anaphylaxis/angioedema or severe cutane-
ous adverse reaction [SCAR], and treatment required for al-
lergy episode) (Figure). The major criteria included 5 or fewer
years ago (2 points) and anaphylaxis/angioedema or poten-
tial SCAR (2 points); the minor criteria (1 point), treatment re-
quired for allergy episode. The model showed good discrimi-
nation (AUC = 0.808; Hosmer-Lemeshow χ2 = 1.84; P = .61) and
calibration (calibration slope, 1; Brier score, 0.07; product-
moment correlation between observed and predicted prob-
ability, 0.39). Internal validation showed minimal mean op-
timism of 0.003 with internally validated AUC of 0.805
(eFigure 2 in the Supplement).

The following 4 risk groups were developed: very low risk
(0 points), with a risk of allergy of 0.6%; low risk (1 or 2 points),
with a risk of 5%; moderate risk (3 points), with a risk of 20%;
and high risk (4 or 5 points), with 50% probability of having a
positive penicillin test result (eTable 2 in the Supplement). A
cutoff of less than 3 points for PEN-FAST was chosen that clas-

Table 2. Baseline Demographics of Penicillin Allergy Cohort
From AAT-AMS Database Used in Development and Internal
Validation of Clinical Decision Rule

Characteristic (N = 622) Dataa

Age, median (IQR), y 60 (48-71)

Female 367 (59.0)

Age-adjusted CCI, median (IQR)b 3 (1-5)

Penicillin allergy labels

Penicillin VK, G, or unspecified 443 (71.2)

Amoxicillin or ampicillin 117 (18.8)

Flucloxacillin or dicloxacillin 29 (4.7)

Combined amoxicillin and clavulanate potassium 33 (5.3)

Allergy phenotypesc

Non–immune mediated (type A) 15 (2.4)

Immediate immune-mediated (type B1) 268 (43.1)

Delayed immune-mediated (type B4) 206 (33.1)

SCARd 5 (0.8)

Rash unspecified 46 (7.4)

Concurrent cephalosporin allergy label 116 (18.6)

Immunocompromised 347 (55.8)

History of mental illnesse 88 (14.1)

No. of allergy labels, median (IQR) 1 (1-2)

Intradermal test performed 468 (75.2)

Skin prick test performed 498 (80.1)

Patch test performed 8 (1.3)

Oral challenge

Overall oral challenge performed after skin testing 459 (73.8)

Oral challenge performed after skin testing in the
outpatient setting (% of overall)

456 (99.3)

Overall direct oral challenge (no skin testing performed) 167 (26.8)

Direct oral challenge performed in the outpatient setting
(% of overall)

26 (15.6)

Any positive allergy test findingf 60 (9.6)

Positive penicillin allergy test finding 58 (9.3)

Abbreviations: AAT-AMS, antibiotic allergy testing-antimicrobial stewardship;
CCI, Charlson comorbidity index; IQR, interquartile range; SCAR, severe
cutaneous adverse reaction.
a Unless otherwise indicated, data are expressed as number (percentage) of

patients.
b Scores range from 0 to 13, with higher scores indicating a greater number of

comorbidities.
c A indicates non–immune-mediated adverse drug reaction; B1, immediate

hypersensitivity; B4, delayed hypersensitivity; unspecified, diffuse pruritic or
nonpruritic or localized skin reaction or without any other reported symptoms
or signs.

d Including potential SCAR phenotypes, as per published definitions.18

e Includes anxiety, psychosis, or depression.
f Includes finding positive to alternative β-lactam on testing.

Research Original Investigation Development and Validation of a Penicillin Allergy Clinical Decision Rule

748 JAMA Internal Medicine May 2020 Volume 180, Number 5 (Reprinted) jamainternalmedicine.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Medical Director User  on 10/06/2020

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.0403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.0403
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.0403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.0403
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.0403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.0403
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.0403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.0403
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.0403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.0403
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.0403


Ta
bl

e
3.

U
ni

va
ria

te
an

d
M

ul
tiv

ar
ia

bl
e

An
al

ys
is

of
Fe

at
ur

es
As

so
ci

at
ed

W
ith

a
Po

si
tiv

e
Pe

ni
ci

lli
n

Al
le

rg
y

Te
st

Re
su

lt
in

D
er

iv
at

io
n

an
d

Va
lid

at
io

n
Co

ho
rt

Cl
in

ic
al

ch
ar

ac
te

ris
tic

N
o.

(%
)o

fp
ar

tic
ip

an
ts

Un
iv

ar
ia

te
an

al
ys

is
M

ul
tiv

ar
ia

bl
e

an
al

ys
is

a

Po
in

t
sc

or
e

O
ve

ra
ll

(N
=

62
2)

An
y

pe
ni

ci
lli

n
te

st
po

si
tiv

e
(n

=
58

)
O

R
(9

5%
CI

)
P

va
lu

e
O

R
(9

5%
CI

)
β

Co
ef

fic
ie

nt
(9

5%
CI

)
P

va
lu

e

Pr
es

en
ce

in
10

00
bo

ot
st

ra
p

re
pl

ic
at

io
ns

,%
a

Ag
e,

≥8
0

y
50

(8
.0

)
1

(1
.7

)
0.

18
(0

.0
2-

1.
36

)
.1

0
N

A
N

A
N

A
0

N
A

Ag
e-

ad
ju

st
ed

CC
I≥

1
52

2
(8

3.
9)

45
(7

7.
6)

0.
63

(0
.3

3-
1.

22
)

.1
7

N
A

N
A

N
A

18
.2

N
A

M
al

e
25

5
(4

1.
0)

25
(4

3.
1)

1.
10

(0
.6

4-
1.

90
)

.7
3

N
A

N
A

N
A

N
A

N
A

N
on

w
hi

te
ra

ce
29

(4
.7

)
3

(5
.2

)
1.

13
(0

.3
3-

3.
85

)
.8

5
N

A
N

A
N

A
N

A
N

A
An

y
hi

st
or

y
of

ps
yc

hi
at

ric
di

se
as

e
88

(1
4.

1)
7

(1
2.

1)
0.

82
(0

.3
6-

1.
87

)
.6

3
N

A
N

A
N

A
N

A
N

A
Im

m
un

oc
om

pr
om

is
ed

34
7

(5
5.

8)
38

(6
5.

5)
1.

57
(0

.8
9-

2.
76

)
.1

2
N

A
N

A
N

A
21

.9
N

A
≥2

Al
le

rg
y

la
be

ls
18

2
(2

9.
3)

24
(4

1.
4)

1.
81

(1
.0

4-
3.

16
)

.0
4

N
A

N
A

N
A

27
.3

N
A

An
ap

hy
la

xi
sb

,c
25

(4
.0

)
8

(1
3.

8)
5.

15
(2

.1
2-

12
.5

2)
<.

00
1

N
A

N
A

N
A

N
A

N
A

An
gi

oe
de

m
ab

30
(4

.8
)

8
(1

3.
8)

3.
94

(1
.6

7-
9.

31
)

.0
02

N
A

N
A

N
A

N
A

N
A

Ur
tic

ar
ia

13
7

(2
2.

0)
15

(2
5.

9)
1.

26
(0

.6
8-

2.
35

)
.4

6
N

A
N

A
N

A
N

A
N

A
Co

lla
ps

e
un

sp
ec

ifi
ed

(ie
,s

yn
co

pe
)

18
(2

.9
)

0
N

A
N

A
N

A
N

A
N

A
N

A
N

A
Di

ff
us

e
itc

hy
ra

sh
18

0
(2

8.
9)

19
(3

2.
8)

1.
22

(0
.6

8-
2.

17
)

.5
0

N
A

N
A

N
A

N
A

N
A

Di
ff

us
e

no
ni

tc
hy

ra
sh

86
(1

3.
8)

5
(8

.6
)

0.
55

(0
.2

2-
1.

43
)

.2
2

N
A

N
A

N
A

N
A

N
A

It
ch

un
sp

ec
ifi

ed
8

(1
.3

)
0

N
A

N
A

N
A

N
A

N
A

N
A

N
A

Lo
ca

liz
ed

ra
sh

ni
lo

th
er

d
25

(4
.0

)
1

(1
.7

)
0.

41
(0

.0
5-

3.
11

)
.3

9
N

A
N

A
N

A
N

A
N

A
Ra

sh
w

ith
sk

in
ul

ce
ra

tio
n

4
(0

.6
)

0
N

A
N

A
N

A
N

A
N

A
N

A
N

A
Re

sp
ira

to
ry

di
st

re
ss

28
(4

.5
)

4
(6

.9
)

1.
67

(0
.5

6-
4.

98
)

.3
6

N
A

N
A

N
A

N
A

N
A

Un
sp

ec
ifi

ed
sw

el
lin

ge
52

(8
.4

)
3

(5
.2

)
0.

57
(0

.1
7-

1.
90

)
.3

6
N

A
N

A
N

A
N

A
N

A
Un

kn
ow

n
54

(8
.7

)
3

(5
.2

)
0.

55
(0

.1
7-

1.
82

)
.3

3
N

A
N

A
N

A
N

A
N

A
Ra

sh
w

ith
no

ot
he

rs
ym

pt
om

s
24

1
(3

8.
7)

14
(2

4.
1)

0.
47

(0
.2

5-
0.

88
)

.0
2

N
A

N
A

N
A

0.
6

N
A

Se
ve

re
re

ac
tio

nf
37

7
(6

0.
6)

44
(7

5.
9)

2.
20

(1
.1

8-
4.

10
)

.0
1

N
A

N
A

N
A

16
.1

N
A

Ra
sh

m
or

e
th

an
10

y
ag

oe
16

9
(2

7.
2)

3
(5

.2
)

0.
13

(0
.0

4-
0.

42
)

.0
01

N
A

N
A

N
A

N
A

N
A

Un
kn

ow
n

re
ac

tio
n

m
or

e
th

an
10

y
ag

oe
42

(6
.8

)
1

(1
.7

)
0.

22
(0

.0
3-

1.
66

)
.1

4
N

A
N

A
N

A
N

A
N

A
An

ap
hy

la
xi

s,
an

gi
oe

de
m

a,
SJ

S,
TE

N
S,

DR
ES

S,
or

AG
EP

g
60

(9
.6

)
20

(3
4.

5)
6.

89
(3

.6
7-

12
.9

4)
<.

00
1

4.
74

(2
.4

1-
9.

33
)

1.
56

(0
.8

8-
2.

23
)

<.
00

1
95

.8
2

N
on

se
ve

re
re

ac
tio

n
in

ch
ild

ho
od

19
0

(3
0.

5)
8

(1
3.

8)
0.

34
(0

.1
6-

0.
73

)
.0

06
N

A
N

A
N

A
24

.8
N

A
Tr

ea
tm

en
tr

eq
ui

re
d

41
1

(6
6.

1)
50

(8
6.

2)
3.

57
(1

.6
6-

7.
68

)
.0

01
2.

78
(1

.2
4-

6.
22

)
1.

02
(0

.2
2-

1.
83

)
.0

1
74

.3
1

H
os

pi
ta

liz
at

io
n

re
qu

ire
d

21
4

(3
4.

4)
35

(6
0.

3)
3.

25
(1

.8
6-

5.
66

)
<.

00
1

N
A

N
A

N
A

28
.8

N
A

IC
U

ad
m

is
si

on
re

qu
ire

de
57

(9
.2

)
9

(1
5.

5)
2.

02
(0

.9
3-

4.
37

)
.0

7
N

A
N

A
N

A
N

A
N

A
Pr

ev
io

us
al

le
rg

y
to

th
e

sa
m

e
dr

ug
61

0
(9

8.
1)

56
(9

6.
6)

0.
51

(0
.1

1-
2.

36
)

.3
9

N
A

N
A

N
A

N
A

N
A

Al
le

rg
y

in
ch

ild
ho

od
e

19
3

(3
1.

0)
8

(1
3.

8)
0.

33
(0

.1
5-

0.
71

)
.0

05
N

A
N

A
N

A
N

A
N

A
<5

y
si

nc
e

la
st

al
le

rg
y

or
un

kn
ow

n
17

5
(2

8.
1)

40
(6

9.
0)

7.
06

(3
.9

2-
12

.7
3)

<.
00

1
5.

96
(3

.2
4-

10
.9

6)
1.

79
(1

.1
8-

2.
39

)
<.

00
1

10
0

2

Ab
br

ev
ia

tio
ns

:A
GE

P,
ac

ut
e

ge
ne

ra
liz

ed
ex

an
th

em
at

ou
sp

us
tu

lo
sis

;C
CI

,C
ha

rls
on

co
m

or
bi

di
ty

in
de

x;
D

RE
SS

,d
ru

g
re

ac
tio

n
w

ith
eo

sin
op

hi
lia

an
d

sy
st

em
ic

sy
m

pt
om

s;
IC

U,
in

te
ns

iv
e

ca
re

un
it;

N
A,

no
ta

pp
lic

ab
le

;O
R,

od
ds

ra
tio

;
SJ

S,
St

ev
en

s-
Jo

hn
so

n
sy

nd
ro

m
e;

TE
N

S,
to

xi
ce

pi
de

rm
al

ne
cr

ol
ys

is.
a

N
A

in
di

ca
te

sv
ar

ia
bl

es
no

tc
on

sid
er

ed
fo

rm
ul

tiv
ar

ia
bl

e
m

od
el

ow
in

g
to

P
>

.2
0

on
un

iv
ar

ia
te

an
al

ys
is

or
pr

ev
al

en
ce

of
le

ss
th

an
5%

.
b

N
ot

co
ns

id
er

ed
in

m
ul

tiv
ar

ia
bl

e
m

od
el

ow
in

g
to

pr
ev

al
en

ce
of

le
ss

th
an

5%
an

d
co

lli
ne

ar
ity

w
ith

ot
he

rv
ar

ia
bl

es
.

c
Ad

ju
dg

ed
by

th
e

cl
in

ic
ia

n
if

th
e

hi
st

or
y

w
as

co
ns

ist
en

tw
ith

a
cu

ta
ne

ou
sm

an
ife

st
at

io
n

pl
us

re
sp

ira
to

ry
,

ca
rd

io
va

sc
ul

ar
,o

rg
as

tr
oi

nt
es

tin
al

sy
m

pt
om

so
ra

cu
te

-o
ns

et
hy

po
te

ns
io

n
or

br
on

ch
os

pa
sm

/a
irw

ay
ob

st
ru

ct
io

n
al

on
e.

If
th

e
pa

tie
nt

w
as

un
ab

le
to

re
ca

llt
he

hi
st

or
y

bu
tw

as
to

ld
th

e
ph

en
ot

yp
e

w
as

an
ap

hy
la

xi
s,

th
is

w
as

us
ed

as
th

e
de

fa
ul

tp
he

no
ty

pe
.

d
In

di
ca

te
sa

ra
sh

lo
ca

liz
ed

to
a

sin
gl

e
re

gi
on

of
th

e
bo

dy
w

ith
ou

to
th

er
sy

m
pt

om
so

rs
ig

ns
of

hy
pe

rs
en

sit
iv

ity
.

e
In

di
ca

te
sg

en
er

al
iz

ed
or

lo
ca

lb
od

y
sw

el
lin

g,
no

ti
nc

lu
di

ng
an

gi
oe

de
m

a.
f

In
cl

ud
ed

an
y

1o
fa

cu
te

in
te

rs
tit

ia
ln

ep
hr

iti
s,

AG
EP

,D
RE

SS
,T

EN
S,

SJ
S,

fix
ed

dr
ug

er
up

tio
n,

bl
ist

er
in

g
or

ul
ce

ra
tin

g
sk

in
re

ac
tio

n,
he

m
at

ol
og

ic
al

di
so

rd
er

,s
ev

er
e

liv
er

or
re

na
lim

pa
irm

en
t,

ne
ur

ol
og

ic
al

se
qu

al
ae

,a
na

ph
yl

ax
is,

an
gi

oe
de

m
a,

ge
ne

ra
liz

ed
sw

el
lin

g,
ur

tic
ar

ia
,o

rr
es

pi
ra

to
ry

co
m

pr
om

ise
.

g
SJ

S
an

d
TE

N
al

so
in

cl
ud

ed
po

te
nt

ia
lly

co
m

pa
tib

le
sy

nd
ro

m
es

of
sk

in
re

ac
tio

n
w

ith
m

uc
os

al
ul

ce
ra

tio
n.

Development and Validation of a Penicillin Allergy Clinical Decision Rule Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine May 2020 Volume 180, Number 5 749

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Medical Director User  on 10/06/2020

http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.0403


sified 460 of 622 patients (74.0% of the cohort) as at low risk
of allergy, of whom only 17 (3.7%) had positive test results for
1 or more penicillin allergy test (2 of 17 for SPT; 13 of 17 for IDT;
and 6 of 17 for oral challenge). Of the remaining 162 patients
who were classified as at higher risk, 41 (25.3%) had a positive
allergy test result. The sensitivity to identify penicillin al-
lergy using this cutoff was 70.7% (95% CI, 57.3%-81.9%); speci-
ficity, 78.5% (95% CI, 74.9%-81.9%); PPV, 25.3% (95% CI, 18.8%-
32.7%); and NPV, 96.3% (95% CI, 94.1%-97.8%) (Table 4 and
eTable 3 in the Supplement).

Validation of PEN-FAST
Results for validation in the 945 adult patients from 3 centers
(Sydney, Perth, and Nashville) are demonstrated in Table 4.
Overall, the AUC analysis indicated good discrimination for the
PEN-FAST scores in all external databases, including 0.81 (95%
CI, 0.75-0.86) for Melbourne, 0.81 (95% CI, 0.71-0.91) for Syd-

ney, 0.73 (95% CI, 0.66-0.80) for Perth, and 0.85 (95% CI, 0.74-
0.96) for Nashville (eFigure 2 in the Supplement). There was
no clear evidence for a lack of fit, indicating good prediction
by PEN-FAST of positive penicillin allergy test results (eFig-
ure 3 in the Supplement).

Discussion
PEN-FAST is a clinical decision rule that, in this study, dem-
onstrated the high NPV required for a rule-out test, similar to
that elicited from formal penicillin allergy skin-testing
studies.19,20 A PEN-FAST score of less than 3 was able to ex-
clude severe penicillin allergy. This finding is important be-
cause penicillin allergy is increasingly recognized as a public
health issue for communities and hospitals,2 with well-
described deleterious effects on patients and health

Table 4. Validation of PEN-FAST in Predicting a Positive Penicillin Allergy Test Result in All Derivation and Validation Cohorts

Cohort
No. of
patients

No. (%)
with positive
findinga

Validationb

AUC (95% CI)
Sensitivity
(95% CI), %

Specificity
(95% CI), % PPV (95% CI),% NPV (95% CI), %

Melbourne,
Australia

622 58 (9.3) 0.75 (0.68-0.81) 70.7 (57.3-81.9) 78.5 (74.9-81.9) 25.3 (18.8-32.7) 96.3 (94.1-97.8)

Perth, Australia 334 48 (14.4) 0.73 (0.66-0.81) 87.5 (74.8-95.3) 39.9 (34.1-45.8) 19.6 (14.5-25.6) 95.0 (89.4-98.1)

Sydney, Australia 80 27 (33.8) 0.78 (0.68-0.88) 70.4 (49.8-86.2) 84.9 (72.4-93.3) 70.4 (49.8-86.2) 84.9 (72.4-93.3)

Nashville,
Tennessee

531 19 (3.6) 0.74 (0.62-0.86) 73.7 (4.8-90.9) 59.8 (55.4-64.0) 6.4 (3.5-10.4) 98.4 (96.3-99.5)

Abbreviations: AUC, area under the receiver operating characteristics curve;
NPV, negative predictive value; PPV, positive predictive value.
a Indicates any penicillin allergy test with a positive finding.

b Based on a PEN-FAST score of at least 3.

Figure. PEN-FAST Penicillin Allergy Clinical Decision Rule

Penicillin allergy reported by patientPEN

Five years or less since reactionaF

Anaphylaxis or angioedemaA

Severe cutaneous adverse reactionbS

Treatment required for reactionaT

Points

OR

If yes, proceed with assessment

2 points

2 points

1 point

Total points

Very low risk of positive penicillin allergy test <1% (<1 in 100 patients reporting penicillin allergy)0

Low risk of positive penicillin allergy test 5% (1 in 20 patients)1-2

Moderate risk of positive penicillin allergy test 20% (1 in 5 patients)3

High risk of positive penicillin allergy test 50% (1 in 2 patients)4-5

Interpretation

The PEN-FAST clinical decision rule
for patients reporting a penicillin
allergy uses 3 clinical criteria of time
from penicillin allergy episode,
phenotype, and treatment required.
A total score is calculated using
PEN-FAST score in the upper panel,
and interpretation for risk strategy is
provided in the lower panel.
a Includes unknown.
b Forms of severe delayed reactions

include potential Stevens-Johnson
syndrome, toxic epidermal
necrolysis, drug reaction with
eosinophilia and systemic
symptoms, and acute generalized
exanthematous pustulosis. Patients
with a severe delayed rash with
mucosal involvement should be
considered to have a severe
cutaneous adverse reaction. Acute
interstitial nephritis, drug induced
liver injury, serum sickness and
isolated drug fever were excluded
phenotypes from the derivation and
validation cohorts.
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economics.1,21 With more than 20 million persons in North
America likely to be harboring a penicillin allergy label and a
global deficit in the number of allergists with drug allergy
training,10,22 addressing penicillin allergy is becoming the do-
main of nonallergists.7 A barrier to widespread implementa-
tion of penicillin allergy assessment is the absence of exter-
nally validated point-of-care tools to risk stratify penicillin
allergies, in particular the identification of low-risk (nonse-
vere) penicillin allergies amenable to oral challenge rather than
penicillin skin testing.23,24 PEN-FAST uses information ob-
tained from patient history to accurately risk stratify patients.
This risk stratification can be performed across a spectrum of
NPVs appropriate for the care setting and clinician experience,
with a PEN-FAST score of 0 equating to an NPV of 99.4% (95%
CI, 96.6%-100%) or a PEN-FAST score of less than 3 equating
to an NPV of 96.3% (95% CI, 94.1%-97.8%).

Clinical decision rules have been explored to predict
true penicillin hypersensitivity. Stevenson et al25 studied
447 Australian patients to identify a low-risk criterion con-
sisting of a benign rash more than 1 year previous (sensitiv-
ity, 80.6%; specificity, 60.8%). Their study is a large step
forward in further characterizing a low-risk criterion but, as
suggested by the authors, is limited by a lack of interna-
tional validation and heterogeneity of testing in the retro-
spective cohort. Chiriac et al26 explored a β-lactam clinical
decision rule, with derivation performed in a large retro-
spective data set from France and external validation in
smaller prospective data sets (AUC, 0.67; NPV, 83%). The
authors found that anaphylaxis and time from event (eg,
childhood) were strong predictors, similar to our cohort, but
findings were limited by the collective use of all β-lactam
allergies, retrospective data collection, and small validation
cohorts. Siew et al27 used a retrospective cohort from the
United Kingdom (n = 1092) to identify predictors of true
allergy and generated a low-risk criteria (NPV of 98.4%) con-
sisting of (1) no anaphylaxis, (2) reaction more than 1 year
ago, and (3) no recall of index drug. The editorial praised
the simplicity but noted the absence of a wider array of
allergy histories (eg, angioedema/swelling), absence of
external validation, and applicability to only IgE-mediated
allergies.27 Interestingly, Ramsey et al28 recently demon-
strated in a randomized clinical trial a low-risk penicillin
allergy clinical criterion, with only a 3.8% false-negative
rate (cutaneous only or unknown reaction >1 year ago for
ages 15-17 years or >10 years ago for age ≥18 years); all adults
in this cohort would have demonstrated a PEN-FAST score
of less than 3.29

Limitations
There are limitations to the PEN-FAST rule, such as the exclu-
sion of nonpenicillin β-lactam allergies and some intravenous
penicillins (which could not be confirmed with oral challenge),
a limited number of patients with SCAR-like phenotypes, pre-
dominance of inpatient testing, and applicability to adult pa-
tients only. Although external validation was performed in a large
cohort (n = 945), missing data included lack of documentation
regarding treatment of the acute allergy episode (Nashville and
Perth cohorts). The validation in ethnically diverse popula-
tions (eg, European, Asian, and African) where the prevalence
of penicillin allergy and phenotypes is likely to vary is an im-
portant next step. The NPV and AUC of PEN-FAST remained clini-
cally relevant in all tested patient cohorts in this study, despite
variations in the prevalence of positive test results at the differ-
ent study sites. Despite variations in skin testing reagents,
similar testing protocols were used in Melbourne, Perth, and
Nashville, and oral challenge was the definitive outcome in all
cohorts. Patients with SCAR were included, despite no robust cri-
terion standard for testing being available,30 because we be-
lieve this reinforces among clinicians the need to identify and
be alert to these life-threatening phenotypes that may require
avoidance of all penicillins and cephalosporins. The terms used
in PEN-FAST (eg, anaphylaxis, angioedema, Stevens-Johnson
syndrome, drug reaction with eosinophilia and systemic
symptoms) should be recognizable by the target users of this de-
cision rule: allergists, immunologists, infectious disease physi-
cians, internal medicine clinicians, and pharmacists.2,20 Fur-
ther, assessment tools are now available to aid clinicians in
appropriate allergy assessments,20,31 and such tools could be
paired with PEN-FAST. Due to the inherent error rate in the elec-
tronic health record, we would advise that PEN-FAST be ap-
plied only on a detailed clinical history obtained directly from
the patient rather than electronic health record data only.

Conclusions
The current status quo of outpatient penicillin allergy assess-
ments performed by allergists is inadequate to meet current
and future demand for AAT,10,32 and point-of-care tools are ur-
gently needed to effectively reduce the high burden of pa-
tients falsely labeled as penicillin allergic. PEN-FAST poten-
tially allows clinicians to evaluate penicillin allergy risk and
severity, thereby encouraging the safe use of β-lactams and oral
challenge programs in those patients considered to be at low
risk of penicillin allergy.
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