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Study objective: Patient-reported penicillin allergies are often unreliable and can result in unnecessary changes
in antibiotic therapy. Although penicillin allergy skin testing is commonly performed in allergy clinics, it has not
been used in emergency departments (EDs) to verify self-reported allergies. We hypothesize that ED-based
testing is possible and that the false-positive rate of patients with self-reported penicillin allergy are greater than
90%.

Methods: This prospective observational cohort study enrolled a convenience sample of ED patients with a self-
reported penicillin allergy. Patients were enrolled by one of 2 emergency physicians who performed skin prick
and intracutaneous tests with penicillin major and minor determinants. The total testing time was 30 minutes.
The proportion of false-positive self-reported allergies was computed with 95% confidence intervals (Cls) by
using the score method.

Results: A total of 150 patients (mean age 42 years; SD 16 years; 46% men; 47% black) were enrolled. The
false-positive rate for self-reported penicillin allergy was 137 of 150 (91.3%; 95% Cl 85.3% to 95.1%). There
were no adverse reactions associated with penicillin skin testing. Compared with patients with a false-positive
penicillin allergy result (confirmed by negative penicillin skin testing result), patients reporting a true penicillin
allergy confirmed by positive penicillin skin test results tended to be more frequently men (61.5% versus 44.5%;
A 17.0%; 95% Cl —13.5% to 42%), black (69.2% versus 44.5%; A 24.7%; 95% Cl —6.9% to 46.8%), and have
no family history of drug allergy (7.7% versus 17.5%; A9.8%; 95% Cl —20.9% to 20.4%), but self-reported other
drug allergies more frequently (61.5% versus 38.7%; A 22.9%; 95% Cl —7.7% to 47.5%).

Conclusion: Penicillin skin testing is feasible in the ED setting. A substantial number of patients who self-report

a penicillin allergy do not exhibit immunoglobulin E-mediated sensitization to penicillin major and minor
determinants. Penicillin testing in the ED may allow the use of more appropriate antibiotics for patients
presenting with a history of penicillin allergy. [Ann Emerg Med. 2009;xx:xxx.]
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INTRODUCTION

Penicillin, the first antibiotic discovered,! remains extremely
effective in several disease processes, and its derivatives are first-
choice therapies for many patients in the emergency department
(ED).*? The prevalence of patient self-reported penicillin
allergy is reported to be as high as 20%.%° Unfortunately, it has
been demonstrated that patient self-reported penicillin allergy
history is unreliable,” and many patients are unable to accurately
recall the nature of the reaction they had to the drug.* A history
of penicillin allergy can pose a significant problem because many
patients in the ED require antibiotics, and in the presence of a
reported penicillin allergy, second-line antibiotics are often
substituted.® The use of these broad-spectrum drugs, combined

with the microbe-rich environment of the ED, is an ideal milieu
for the growth of resistant bacterial organisms and the
subsequent emergence of multidrug-resistant pathogens.”

Allergists and clinical immunologists have used penicillin
skin testing for more than 50 years'’ to determine whether
patients exhibit an immunoglobulin E (IgE)-mediated reaction
to this drug. This rapid (approximately 30 minutes) test has

been demonstrated to be safe'! and reliable,'*!?

with only 2
documented cases of anaphylaxis resulting in death, both of
which occurred more than 50 years ago with skin test reagents
vastly different from those used today.'®!'> Previous studies
demonstrate that more than 85% of patients with a self-

reported history of penicillin allergy have negative penicillin
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Editor’s Capsule Summary

What is already known on this ropic

Many patients who report penicillin allergy are not
truly allergic to penicillin, and this can limit
antimicrobial choices.

What question this study addressed

Can emergency department (ED) skin testing of
patients who report penicillin allergy identify a
group who do not have a true allergy?

What this study adds to our knowledge

In 150 patients reporting penicillin allergy, a 30-
minute skin prick and intracutaneous test
performed in the ED found that 91% did not have
a true immunoglobulin E-mediated penicillin

allergy.

How this might change clinical practice

Skin testing for penicillin allergy can feasibly be
done in the ED by emergency physicians after brief
training, which may allow more appropriate
antibiotic selection in certain cases.

skin test results."®2 Penicillin skin testing is routinely
performed in outpatient allergy clinics and has been evaluated in
the ICU?" and in nonallergy outpatient clinics.** However, to
our knowledge, there have been no studies investigating the
feasibility of using penicillin skin testing in the ED or whether
such testing could alter the treatment decisions for these
patients.

This study was designed to investigate whether ED-based
penicillin skin testing was feasible and to determine the rate of
false-positive self-reported penicillin allergy in our patient
population. We hypothesized that ED-based testing is possible
and that the false-positive rate of patients with self-reported
penicillin allergy would be greater than 90%. Potential direct
antibiotic cost savings if penicillin skin test results were known
were also estimated.

MATERIALS AND METHODS
Study Design and Setting

This was a prospective observational cohort study of
penicillin skin testing at an urban, academic ED. The study was
approved by the local institutional review board, and written
consent was obtained from all participants. All enrolled
participants were offered follow-up at an affiliated allergy and
immunology clinic for further evaluation of their history of
penicillin allergy.

Selection of Participants
Participants were enrolled between April 2007 and October
2007 by one of 2 emergency physicians. Participants were
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Figure. Penicillin skin testing.

serially enrolled when the investigators were available in the ED,
resulting in a convenience sample of patients. Eligible patients
were those who were older than 18 years and who self-reported
a penicillin allergy during triage. Patients previously enrolled in
the study, who were known to be pregnant, or who were unable
to consent were excluded.

Methods of Measurement

All patients were skin prick tested by one of 2 emergency
physicians (A.S.R. or ].J.M.), who had each been trained to
perform the skin test by an allergy and immunology specialist
(J.A.B. or C.D.C.). The 30-minute training involved both the
administration and interpretation of penicillin skin prick and
intracutaneous tests. Competency was assessed by evaluating the
emergency physicians’ abilities to discern positive and negative
test results at the end of the session. Testing was conducted on
the volar surface of either forearm, with both major determinant
and minor determinant mixture reagents, in conjunction with a
normal saline solution negative control and a positive histamine
hydrochloride control. If the penicillin skin prick test results
were negative at 15 minutes, intracutaneous tests were
conducted with 0.02 mL of the major determinant and minor
determinant mixture, along with a saline solution control, and
evaluated after an additional 15 minutes. Positioning of the tests
is shown in the Figure.

Skin prick and intracutaneous test results were measured
with calipers and were considered positive if either the major
determinant or the minor determinant mixture resulted in a
wheal diameter greater than or equal to 3 mm larger than the
negative control with a flare. The patient’s treating physicians
were blinded to the results of skin testing. They were also asked
which antibiotics they would have used if the patient had not
reported a penicillin allergy, and the actual antibiotics
prescribed were recorded. Standard Red Book®? average
wholesale drug costs were obtained for all prescribed and first-
choice antibiotics. All results were recorded on standardized case
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Table 1. Characteristics of patients (No. (%) unless otherwise indicated).

No Penicillin Allergy

Penicillin Allergy on

Characteristics on Testing, N=137 Testing, N=13 Total, N=150
Age, y, mean (SD) 41.9 (15.5) 41.6 (16.5) 41.9(15.6)
Female 76 (55.5) 5(38.5) 81 (54.0)
Black 61 (44.5) 9 (69.2) 70 (46.7)
Hispanic 1(0.7) 0(0.0) 1(0.7)
Asian 2(1.5) 0(0.0) 2(1.3)
White 73 (53.3) 4 (30.8) 77 (51.3)
Family history of drug allergy 24 (17.5) 1(7.7) 25 (16.7)
Patient reported allergies to other drugs 53 (38.7) 8 (61.5) 61 (40.7)

Table 2. Patient self-reported allergy histories, No. (%).

No Penicillin Allergy on Testing,

Allergy History N=137 Penicillin Allergy on Testing, N=13
Told by family only 49 (35.8) 5(38.5)
Told by physician only 6 (4.4) 0(0)
Adverse reaction only 62 (45.3) 6 (46.2)
Told by physician and family 3(2.2) 1(7.7)
Adverse reaction and told by family 9 (6.6) 0(0)
Adverse reaction and told by physician 8(5.8) 1(7.7)
Known of allergy for <1y 2(1.5) 1(7.7)
Known of allergy for 1-5y 8(5.8) 2(15.4)
Known of allergy for >5y 107 (78.1) 9 (69.2)
Known of allergy for unknown time 20 (14.6) 1(7.7)
No known previous skin test for penicillin allergy 137 (100) 11 (84.6)
Previous skin test for penicillin allergy 0(0) 2(15.4)

report forms, which were also used to record anonymous
demographic information and patient-report allergy histories for
both the patient and the family.

Primary Data Analysis

The primary outcome measure was the result of the
penicillin skin test. The proportion of false-positive self-reported
penicillin allergies was computed, as were 95% confidence
intervals (Cls), by using the score method with continuity
correction. Our hypothesized false-positive penicillin allergy rate
0f 90% was used to determine that a sample size of at least 139
patients would be needed for the 95% Cls to extend =5.0%
from our observed false-positive rate. Analyses used SPSS
version 15.0 (SPSS Inc., Chicago, IL) or Microsoft Excel
(Microsoft Corporation, Redmond, WA).

RESULTS

There were 168 patients approached, of whom 150
consented to testing. The characteristics of the enrolled patients
and the results of skin testing are summarized in Table 1. The
mean age was 42 years (SD 16 years), 46% were men, and 47%
were black. There were no adverse reactions associated with
penicillin skin testing, and our hypothesis that penicillin skin
testing would be feasible in the ED was borne out.

The penicillin skin test result was negative in 137 of the 150
cases. This false-positive rate for self-reported penicillin allergy
0f 91.3% (95% CI 85.3% to 95.1%) supports our hypothesis
that the rate would be greater than 90%. Compared with

patients with negative penicillin skin test results and patient-
reported allergy, patients with positive skin test results tended to
be more frequently men (61.5% versus 44.5%; A 17.0%; 95%
CI —13.5% to 42%), black (69.2% versus 44.5%; A 24.7%;
95% CI —6.9% to 46.8%), and had no family history of drug
allergy (7.7% versus 17.5%; A9.8%; 95% CI —20.9% to
20.4%), but self-reported other drug allergies more frequently
(61.5% versus 38.7%; A 22.9%, 95% CI —7.7% to 47.5%).
The sources from whom the patients found out about their
reported penicillin allergies are summarized in Table 2. Among
the 79 patients who reported at least 1 adverse reaction and
were found to have a negative skin test result, the adverse
reactions included a rash in 63 cases, shortness of breath in 26,
facial swelling in 26, and some other reaction in 9 cases. For the
7 patients who reported at least 1 adverse reaction to penicillin
and who had positive skin test results, 4 reported a rash, 1
reported shortness of breath, 2 reported facial swelling, and 2
reported some other reaction. There was a tendency for those
with a positive skin test result to have known about their allergy
for less time than those without a positive skin test result;
23.1% of those with a positive skin test result had known for 5
years or fewer compared with 7.3% of those with a negative test
result (A 15.8%; 95% CI —2.2% to 46.9%). Patients with a
positive skin test result were also more likely to have had
previous penicillin skin testing than those without a positive test
result (15.4% versus 0%; A 15.4%; 95% CI 2.3% to 46.3%).
Of the 13 patients with a positive penicillin skin test result, 8
tested positive to the major determinant (6 skin prick and 2
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Table 3. Physician antibiotic changes for patients prescribed antibiotics.

Cost for Cost for

Positive PCN Dosing Dosing
Skin Test Result First Antibiotic Choice Regimen ($) Alternative Antibiotic Choice Regimen ($)
No Penicillin V potassium 16.80 Erythromycin 7.56
No Amoxicillin 25.20 Azithromycin 47.00
No Benzathine penicillin G 5.90 Azithromycin 47.00
No Ampicillin/sulbactam 323.68 Ciprofloxacin/metronidazole 463.68
No Ceftriaxone 101.20 Vancomycin 117.60
No Penicillin V potassium 24.00 Clindamycin 148.80
No Cephalexin+trimethoprim/sulfamethoxazole 47.60 Trimethoprim/sulfamethoxazole 5.60
No Cephalexin+trimethoprim/sulfamethoxazole 68.00 Trimethoprim/sulfamethoxazole 8.00
No Amoxicillin 12.60 Azithromycin 47.00
No Benzathine penicillin G 5.90 Clindamycin 104.16
No Cephalexin+trimethoprim/sulfamethoxazole 47.60 Trimethoprim/sulfamethoxazole 5.60
No Benzathine penicillin G 5.90 Clindamycin 104.16
No Cephalexin+ /trimethoprim/sulfamethoxazole 47.60 Clindamycin+trimethoprim/sulfamethoxazole 109.76
No Piperacillin/tazobactam 402.64 Imipenem/cilastatin 932.96
No Ceftriaxone 2.23 Ciprofloxacin 6.42
No Penicillin V potassium 24.00 Clindamycin 148.80
No Cephalexin+trimethoprim/sulfamethoxazole 47.60 Trimethoprim/sulfamethoxazole 8.00
No Ceftriaxone 70.84 Moxifloxacin 306.25
No Benzathine penicillin G 5.90 Clindamycin 104.16
No Ceftriaxone 30.36 Moxifloxacin 131.25
No Cephalexin+trimethoprim/sulfamethoxazole 47.60 Clindamycin+trimethoprim/sulfamethoxazole 109.76
Yes Ceftriaxone 30.36 Moxifloxacin 131.25
Yes Cephalexin+trimethoprim/sulfamethoxazole 47.60 Clindamycin+trimethoprim/sulfamethoxazole 109.76
Yes Cephalexin+trimethoprim/sulfamethoxazole 68.00 Clindamycin+trimethoprim/sulfamethoxazole 156.80
Yes Benzathine penicillin G 5.90 Clindamycin 104.16
Yes Penicillin V potassium 24.00 Azithromycin 47.00
Yes Ceftriaxone 2.23 Ciprofloxacin 6.42
Yes Cephalexin+trimethoprim/sulfamethoxazole 68.00 Clindamycin+trimethoprim/sulfamethoxazole 156.80
PCN, Penicillin.
intracutaneous), 3 tested positive to the minor determinant choice and prescribed antibiotics increased from $30.36 to
mixture (2 skin prick and 1 intracutaneous), and 2 tested $104.16 (difference between medians of $73.80; 95% CI
positive to both the major determinant and the minor $17.17 to $130.43). Among those patients with a true-positive
determinant mixture skin prick testings. penicillin allergy history for whom the first-choice antibiotic

In 33 of the 137 cases in which a false-positive penicillin would have been a penicillin or penicillin derivative (n=7), the
allergy was reported, the physician prescribed an antibiotic median antibiotic cost between the first choice and prescribed
(24.1%; 95% CI 17.4% to 32.3%). In 23 of 33 cases (69.7%; antibiotics increased from $30.36 to $109.76 (a difference
95% CI 51.1% to 83.8%), the first choice of a penicillin or between medians of $79.40; 95% CI $12.88 to $145.92).
penicillin-derivative antibiotic was contraindicated by the self-
reported history of penicillin allergy. However, in 2 of these LIMITATIONS
cases, the physician disregarded this history and continued to The results of this study should be interpreted with
use a penicillin-derivative antibiotic. Among the 13 true- consideration to several limitations inherent in its design. First,
positive reports of penicillin allergy confirmed by penicillin skin skin testing was conducted by emergency physicians trained by
testing, the treating physician prescribed antibiotics in 8 cases an allergy specialist; whether this is generalizable to
(61.5%; 95% CI 32.3% to 84.9%). The first choice of a contemporary ED practice outside of our study conditions is
penicillin or penicillin-derivative antibiotic was contraindicated unknown. Also, the convenience sample may limit
by the self-reported history of penicillin allergy in 7 of 8 cases generalizability, although we do not expect there to have been
(87.5%; 95% CI 46.7% t0 99.3%). The individual antibiotic bias introduced by our approach. The crude calculations of cost
changes required because of a history of penicillin allergy are savings are provided as examples only and, because costs were
summarized in Table 3. gathered from the 2006 Red Book,** may have changed since

Among those patients with a false-positive penicillin allergy then. A formal cost-effectiveness analysis is currently under way
according to penicillin skin testing and for whom the first but is beyond the scope of this article.
choice of a penicillin or penicillin-derivative antibiotic was not A practical limitation of the generalizability of this study is
prescribed (n=21), the median antibiotic cost between the first the unavailability of commercial penicillin skin test reagents.
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The Food and Drug Administration removed penicillin skin test
reagents from the market in 2004 because they were reclassified
as penicillin products and the manufacturer at that time was not
approved to produce such products.**** Since then, penicillin
skin testing has been confined to large academic institutions
with the facilities to produce their own reagents according to
well-published protocols.”® This is likely to change in the near
future because at least 2 manufacturers are in the process of
developing commercially available penicillin skin test kits.”” >’

Although not direct limitations of the study design, certain
caveats of penicillin skin testing itself are important for both the
treating physician and patient to understand. Penicillin major
and minor determinants are useful only for excluding IgE-
mediated penicillin drug reactions. Patients presenting with
penicillin allergy may still have had a reaction that was due to
other non—IgE-mediated immune responses or other
nonimmunologic mechanisms. Furthermore, patients with a
remote penicillin allergy may have diminished specific IgE
antibody levels over time, so negative penicillin testing results
do not completely exclude the potential for developing IgE-
mediated responses in the future.* This would be due to
reactivation of memory T and B cells and could lead to a
specific IgE-mediated penicillin response.

DISCUSSION

Our results are supportive of the feasibility of conducting
penicillin skin testing in the ED and demonstrate the potential
influence of conducting skin testing in the ED. The rate of
false-positive reports of penicillin allergy in our patient
population was high: more than 90% of patients reporting a
penicillin allergy did not have a positive skin test result. These
findings are consistent with previous reports from other non-ED
patient populations, which also found high false-positive rates
(>85%) of self-reported penicillin allergy.'®*°

The ED, in contrast to other clinical locations, presents
potential challenges to allergy testing because of the multiple
parallel clinical processes occurring simultaneously during the
treatment of a patient population with diverse complaints.
According to our experience, if performed early in the patient’s
treatment course, penicillin skin testing should not increase
patients’ length of stay and should provide useful information
on which to base treatment decisions. Recently revised
guidelines for allergy testing recommend that penicillin skin
testing be performed only by “personnel skilled in the
application and interpretation of this skin testing, with
preparedness to treat potential anaphylaxis.”°

Current evidence suggests that patients with positive
penicillin skin test reactions should be prescribed an alternative
class of antibiotics, whereas those with a negative skin test result
have the potential for being treated with penicillin or a
penicillin derivative; reports from previous studies in other
outpatient settings have found no adverse events among patients
who have negative penicillin skin testing results and are
administered penicillin.?"** However, our study was not
designed to support the safety of this approach, and until this

has been demonstrated, oral penicillin challenges should be
performed under the supervision of an experienced allergy
specialist. It is essential that clinicians continue to follow
published guideline recommendations for the evaluation and
treatment of patients with drug allergy until specific drug skin
test reagents that will allow experts to rethink currently accepted
treatment algorithms®' become available again.

The introduction of penicillin skin testing to the ED
environment could help decrease the overuse of broad-spectrum
antibiotics in the ED, a practice that is thought to contribute to
the development of antibiotic resistance.***?? Use of broad-
spectrum antibiotics often occurs in patients presenting with a
reported allergy to penicillin.*'® The referral of patients to an
experienced allergist who can perform appropriate diagnostic
testing to determine whether or not they can tolerate a penicillin
or penicillin derivative, when possible, is reccommended.**
However, patients presenting to the ED are often critically ill
and need antibiotics urgently. Further, although all enrolled
patients were offered a follow-up appointment in an allergy
clinic, none followed up on our recommendation, which is in
keeping with previous studies of the poor follow-up rates of ED
patients.”>?® Incorporation of a 30-minute penicillin skin test
protocol as a standard procedure for patients presenting with a
self-reported penicillin allergy could provide emergency
physicians with alternative options for treating these patients.

In conclusion, our results suggest that penicillin allergy
testing is feasible in the ED setting. The high false-positive rate
of penicillin allergies, more than 90%, is consistent with that of
reports from other settings and further supports the need for a
rapid test for penicillin allergies in the ED patient population.
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adds to our knowledge: In 150 patients reporting penicillin
allergy, a 30-minute skin prick and intradermal test performed
in the ED found that 91% did not have a true immunoglobolin
E-mediated penicillin allergy. How this might change clinical
practice: Skin testing for penicillin allergy can feasibly be done in
the ED by emergency physicians after brief training, which may
allow more appropriate antibiotic selection in certain cases.
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