
Proactive management of penicillin and other antibiotic
allergies

David A. Khan, M.D.

ABSTRACT

Background: Antibiotic allergies, especially penicillin, are the most frequent drug allergy listed in the medical record.
Proactive evaluations of antibiotic allergies, particularly penicillin allergies, have been recommended by various specialty societies.
Objective: To review the history of the discovery of penicillin, implications of the penicillin allergy label, various delabeling

strategies as well as a brief overview of the approach to cephalosporin, fluoroquinolone, and macrolide allergy.
Methods: Recent studies on penicillin allergy delabeling and on cephalosporin and fluoroquinolone allergies were reviewed.
Results: Although Alexander Fleming is often solely credited with the discovery of penicillin, other scientists were critical

to the development of penicillin as a life-saving antibiotic. The vast majority of patients with a penicillin allergy label are not
allergic; however, this label results in increased morbidities and mortality. A variety of penicillin delabeling strategies can be
used in both the outpatient and the inpatient settings. The role of direct penicillin challenge in patients at low risk is emerging
and is the method of choice for children. Patients with an unconfirmed penicillin allergy have a low risk of reacting to cephalo-
sporins. The R1 side chain largely dictates cephalosporin allergy and cross-reactivity. Drug challenge is the preferred method
for evaluation of both fluoroquinolone and macrolide allergy.
Conclusion:Multiple effective methods are available to delabel patients of common antibiotic allergies. Delabeling patients

in a proactive manner can reduce patient morbidity.

(Allergy Asthma Proc 41:82–89, 2020; doi: 10.2500/aap.2020.41.190024)

HISTORY OF THE DISCOVERY OF PENICILLIN

B efore reviewing penicillin allergy, it is worthwhile
to discuss the fascinating story behind the discov-

ery of penicillin. Alexander Fleming was born on
August 6, 1881, in Scotland (Fig. 1). Eventually he
moved to London and initially worked in a shipping
office for several years, and, after inheriting money
from his uncle, pursued a medical education. He was a
graduate of St. Mary’s Medical School at London
University in 1906. He served in World War I and
observed that many soldiers died from infections, not
wounds inflicted in battle. Fleming eventually became
a bacteriologist and continued to work at St. Mary’s
Hospital in London.
In 1928, Fleming began experiments that involved

staphylococcal bacteria. During one of these experi-
ments, an uncovered petri dish became contaminated
with mold spores. He later commented “It was noticed
for some distance around the mould colony the staph-
ylococcal colonies had become translucent and

evidently lysis was going on. This was an extraordi-
nary appearance and seemed to demand an investiga-
tion, so the mould was isolated in pure culture and
some of its properties were determined.”1 The mold
was identified as Penicillium notatum. He then streaked
different microbes across the plate and found that
some were inhibited and others were not.
He noted that the antibacterial properties were not

due to the mold itself but rather some “juice” of the
Penicillium.2 In his acceptance speech for the Nobel
Prize, Fleming indicated how he coined the term peni-
cillin, “I have been frequently asked why I invented
the name penicillin. I simply followed perfectly ortho-
dox lines and coined the word which explained that
the substance penicillin was derived from the plant of
the genus Penicillium just as many years ago the word
‘Digitalin’ was invented for a substance derived from
the plant Digitalis.”1 Although his work was published
in 1929, it received little attention.3 It was very difficult
to concentrate penicillin, and he and his colleagues
were never able to produce enough penicillin to per-
form any additional experiments.
In the 1930s, with the introduction of sulfonamide

antibiotics, there was renewed interest in penicillin,
and Sir Howard Florey led an Oxford team in 1939 to
begin a systematic investigation of antibacterial sub-
stances reduced by microorganisms. One of his team
members, the biochemist Ernst Chain, found Fleming’s
1929 article on penicillin and proposed to his supervi-
sor Florey that he try to isolate the compound.3,4
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Florey assembled a team that worked on growing large
amounts of Penicillium. Norman Heatley designed a
“counter current” apparatus to extract penicillin as
well as special rectangular culture vessels used to
grow the mold in large quantities. Chain was able to
successfully purify penicillin from an extract of the
mold. Although the in vitro activity of penicillin was
known, its activity in vivo had not been studied. On
May 25, 1939, the group injected eight mice with a vir-
ulent strain of Streptococcus; four were injected with
penicillin and all lived; all four control mice died.
Florey called the results “a miracle.” They published
their findings in the Lancet in August 1940, which
described the production, purification, and experimen-
tal use of penicillin to protect animals infected with sev-
eral bacteria.5 On February 12, 1941, Albert Alexander
an Oxford constable with numerous facial abscesses
was the first person to receive penicillin. Within 24
hours his fever improved but, unfortunately, further
penicillin therapy was not continued due to a lack of
supply, and he died 1 month later.
In June 1941, Florey and Heatley traveled to the

United States to convince the government and manu-
facturers to produce penicillin to start clinical trials.4 In
a short period, there was unprecedented cooperation
between the United States and Great Britain for peni-
cillin production. In 1942, at Yale, Anne Miller was the

first patient saved by penicillin therapy, and the treat-
ment nearly exhausted the entire U.S. supply of peni-
cillin.6 By D-Day, 21 U.S. companies had produced 2.3
million doses of penicillin. The availability of penicillin
during World War II led to a dramatic reduction in
mortality from bacterial infections. Penicillin has con-
tinued to be an important antibiotic ever since. In 1945,
Fleming, Chain, and Florey were awarded the Nobel
prize in physiology or medicine for their work on the
discovery of penicillin. Norman Heatley, who was key
to the discovery of penicillin, was largely ignored until
1990 when he received an honorary Doctorate of
Medicine from Oxford.

EPIDEMIOLOGY OF PENICILLIN ALLERGY
By 1945, shortly after penicillin was used as a thera-

peutic agent, the first descriptions of penicillin allergy,
including anaphylaxis, were reported, and, by 1946,
the first death attributed to penicillin anaphylaxis was
published.7,8 Penicillin remains the most common
drug listed as an allergy in medical records. Recent
studies of large populations in the United States
showed that 11-12% of patients have a label of penicil-
lin allergy in their health record.9,10 Penicillin is also a
leading cause of drug-induced anaphylaxis. A recent
U.S. study of a large electronic health record data base
of >1.7 million patients determined that 1.1% reported
drug-induced anaphylaxis (not verified by a medical
record review), with the most common culprit being
penicillin.11 Penicillin is also the most commonly iden-
tified drug that caused fatal drug-induced anaphylaxis.
Nevertheless, the actual incidence of anaphylaxis to
penicillin is low, with a recent study of audit-con-
firmed anaphylaxis showing an incidence of 1 in
207,191 with oral exposures and 1 in 95,298 with paren-
teral penicillin exposure.12

LOW PREVALENCE OF CONFIRMED
PENICILLIN ALLERGY IN PATIENTS LABELED
AS PENICILLIN ALLERGIC
Although penicillin allergy is a very commonly listed

drug allergy in the medical record, confirmed penicillin
allergy is much lower and seems to have declined over
time. Some studies from the early 1970s found that >60%
of patients with a history of penicillin allergy were posi-
tive on penicillin skin testing results.13 Longitudinal
studies from Kaiser Permanente in Southern California
found the rate of positive penicillin skin test results to
have decreased, from 15% in 1995 to 3% in 2007,14 and to
<1% in 2013 (Fig. 2).15 The largest amount of data on
penicillin skin testing (without confirmatory challenges)
comes from the Mayo Clinic, with a total of 30,883
patients with a history of penicillin allergy who have
undergone penicillin skin testing and only 1% were
found to be positive (M. Park, personal communication).

Figure 1. Sir Alexander Fleming, who discovered penicillin.
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This rate of positive penicillin skin test results is lower
than the 8% rate reported by the Mayo group from
patients studied in 2004, which is in keeping with the
trend observed at Kaiser Permanente.16 In addition,
although a positive penicillin skin test result is often con-
sidered the reference standard for penicillin allergy,
some patients may be sensitized (i.e., positive skin test
result) but not clinically allergic, as shown by a negative
oral penicillin challenge.17

WHY DO WE CARE ABOUT A PENICILLIN
ALLERGY LABEL?
Although numerous antibiotics are available, penicil-

lin remains the drug of choice for several infections.
Patients with methicillin-sensitive Staphylococcus aur-
eus (MSSA) bacteremia have a lower 90-day mortality
when receiving beta-lactam therapy compared with
vancomycin. There is also a higher rate of clinical failure
for blood stream infections with Gram-negative bacilli
when using non–beta-lactam antibiotics.18 Decision
analysis models have determined that patients with
MSSA bacteremia have worse outcomes (including
higher mortality) if treated with vancomycin instead of
being evaluated for penicillin allergy.19 Benzathine peni-
cillin remains the treatment of choice for patients with
syphilis.

Recently, several studies demonstrated that having a
label of penicillin allergy (which in most cases is false)
is associated with morbidity. Large case-control stud-
ies both in the United States and United Kingdom that
involved >50,000 patients labeled as penicillin allergic,
found higher rates of infections with MSSA, vancomy-
cin-resistant enterococcus (VRE), and Clostridium diffi-
cile.9,20 In addition, prolonged hospitalizations, higher
readmissions, and higher surgical-site infections have
been found in patients labeled penicillin allergic. A
recent study demonstrated that a label of penicillin
allergy was associated with a higher risk of all-cause
mortality.21 Studies from the United States and other
countries have also shown that a label of penicillin
allergy results in higher cost medical care.22 Several
studies have also demonstrated that removing this
penicillin allergy label can result in cost savings, with
the largest study demonstrating a reduction of $1915
per patient per year.23

METHODS FOR DELABELING PENICILLIN
ALLERGY
There are multiple methods that can be used to dela-

bel patients of a penicillin allergy (Table 1). This pro-
cess can occur both in outpatient and inpatient
settings, including the intensive care unit. Although,
historically, this has been the purview of allergy and
immunology specialists only, many other health-care
specialists are becoming involved in the delabeling
process. The reagents of penicillin skin testing vary for
different studies. In addition, delabeling may not
always require penicillin skin testing.

Penicillin Skin Tests
Penicillin is metabolized to different metabolites,

including the minor determinants penicilloate and penil-
loate. Because penicillin is a hapten, it can be conjugated
to a larger molecule (polylysine) to make it more immu-
nogenic. Penicilloyl-polylysine is known as the major de-
terminant of penicillin and is commercially available as
Pre-Pen (AllerQuest LLC, Plainville, CT). The minor

Table 1 Methods to delabel penicillin allergy

Setting Method Comment

Outpatient Referral based skin test and challenge With or without minor determinant mixture
Direct challenge Low-risk history
Protocol driven Allergy clinic; other clinics

Inpatient Allergy consultation Least efficient
Proactive testing protocol Pharmacists or other health-care providers
Intensive care unit testing Skin testing
Emergency department Skin testing or challenge by nonallergy spe-

cialists or other healthcare providers

Figure 2. The decline in positive penicillin skin test results based
on data from Kaiser Permanente studies.
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determinants of benzylpenicillin that are considered
most important are benzylpenicillin, benzylpenilloate,
and benzylpenicilloate. Collectively, these are referred to
as theminor determinantmixture (MDM). It is important
to note that the only minor determinant that currently is
commercially available in the United States is benzylpe-
nicillin. Early large studies of penicillin skin testing by
using the major determinant and MDM evaluated
patients with a history of penicillin allergy, including
patients with anaphylaxis, and found the negative pre-
dictive value to be 98%.24,25 Anaphylactic reactions after
negative penicillin testing results to the full complement
of determinants is rare.
In Europe andAustralia, a high percentage of patients

who are penicillin allergic are selectively sensitized to
aminopenicillins not benzylpenicillin and are detected
through skin testing with high concentrations of amoxi-
cillin. Such aminopenicillin selective reactors are rare in
the United States. Given the lack of a commercially
available MDM, most U.S. allergists skin test with the
major determinant and benzylpenicillin, followed by an
amoxicillin challenge to exclude any aminopenicillin
sensitivities. Similarly, high negative predictive values
(98%) have been shown with this testing strategy, with
the caveat being a very low prevalence of true penicillin
allergy and a very low enrichment of patients who are
anaphylactic.15 Recently, a multicenter U.S. study of a
penicillin skin test kit that contained both major and
minor determinants as well as amoxicillin evaluated
455 patients with a “convincing” history of penicillin
allergy.26 A higher rate of positive skin test results were
seen in this group (13.8%), but the negative predictive
value was 97.9%, similar to older studies. Furthermore,
6.3% had positive test results to amoxicillin alone.
Because oral challenges were not performed in patients
with positive skin test result results, it is unknown how
many of these were false positives. This penicillin skin
test kit has been submitted to the U.S. Food and Drug
Administration for approval.

Direct Penicillin Challenge without Penicillin
Skin Testing
Drug challenges are considered the reference stand-

ard for determining tolerance to a drug. A single full-
dose penicillin challenge can be performed in patients
with an extremely low likelihood of reacting and is rec-
ommended for those patients labeled with penicillin
allergy but whose history was not consistent with a
drug allergy (e.g., headache, nausea, family history of
penicillin allergy) or after negative penicillin skin test-
ing results.19 Given the low prevalence of penicillin
allergy, particularly in children, several studies have
now looked at a diagnostic approach, starting with a
graded penicillin challenge without preceding penicillin
skin testing. Mill et al.27 performed graded amoxicillin

challenges in 818 consecutive children with reactions to
amoxicillin (excluding anaphylaxis or severe cutaneous
adverse reactions). Only 2.1% had immediate reactions,
and 3.8% had delayed reactions, and most all reactions
were mild, with no need for epinephrine.27

Several other direct penicillin challenge studies
have been performed, predominately in children, and
demonstrated similar levels of efficacy and safety in
delabeling.28 Direct penicillin challenge has also been
shown to be an efficient way to delabel patients dur-
ing routine office visits to an allergy clinic for other
indications.29 A recent randomized controlled trial
evaluated 159 patients and children at low risk to ei-
ther penicillin skin test and challenge or direct peni-
cillin challenge.30 More patients were delabeled
(96.2%) after direct challenge then after skin tests
(87.5%), and reactions to direct challenge were mild.
Nearly all of these studies were performed by allergy
specialists. Although some studies have used this
approach in adults, larger studies are needed before
this approach can be widely recommended.

PROACTIVE PENICILLIN ALLERGY
DELABELING
Many national organizations have recommended

evaluating unconfirmed penicillin allergy as part of
antimicrobial stewardship efforts, including theAmerican
Academy of Allergy, Asthma & Immunology, the In-
fectious Diseases Society of America, and the
Society for Healthcare Epidemiology of America.
Approximately 10% of the U.S. population (approxi-
mately 30million patients) are labeled as being allergic
to penicillin. Yet, there are <5000 board certified aller-
gists in the United States. Thus, there are clearly not
enough allergy specialists to evaluate all patients with
penicillin allergy. Due to these unmet needs, many
innovative strategies have been developed.

Inpatient Penicillin Allergy Testing
Performing penicillin allergy evaluations on inpa-

tients is most commonly achieved by consulting an
allergy service. However, many hospitals do not have
access to allergists willing to perform penicillin testing.
A recent systematic review identified 24 studies,
including 6 in which testing was performed exclu-
sively in the intensive care unit.31 The population
weighted mean of a negative penicillin skin test result
in the inpatient setting was 95%, similar to outpatient
testing. Changes in use of beta-lactams also increased
in these studies with higher percentage changes in the
intensive care unit cohort.
At ParklandHospital inDallas, a penicillin allergy test-

ing service was developed in November 2014. The
Parkland Pharmacy Department received funding from
a Medicaid 1115 waiver and with close collaboration
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with the University of Texas Southwestern Division of
Allergy and Immunology, protocols were developed,
and adedicatedallergypharmacistwas trained inhistory
taking and penicillin skin testing. Filters were developed
within the electronicmedical record to identify inpatients
labeled as allergic to penicillin and patients were
screenedwith a number of factors, including current use
of antibiotics, use of carbapenems or monobactams, and
comorbid diseases, to identify those patients whowould
benefit most from a penicillin allergy evaluation. The ini-
tial results of this proactive inpatient penicillin allergy
testing program were published in 2017 and resulted in
delabelingof 228 patients.32

Since then, an additional allergy trained pharma-
cist as well as backup trained pharmacists have con-
tinued this program and, to date, >800 patients have
been tested, and 98% have had their penicillin
allergy label removed. Refinements to this protocol
have included the targeting of aztreonam usage,
which is predominantly in patients labeled penicillin
allergic. A study at Parkland Hospital found that
adding a penicillin allergy consult to the aztreonam
order set resulted in reduction in use of aztreonam,
increased use of penicillin and cephalosporins, and
decreased average antibiotic costs from $1265 to
$592, a 53% savings.33 Advantages of an inpatient
testing program include ready access to patients
who may not be available for outpatient evaluations,
immediate changes in antibiotics, and potential anti-
biotic cost savings.

Outpatient Penicillin Allergy Testing Service Lines
Beta-lactam antibiotics are frequently administered

before surgery for surgical prophylaxis, including or-
thopedic surgeries. Patients with a history of penicillin
allergy typically receive vancomycin instead. Prog-
rams to identify patients who are penicillin allergic
before surgery have been successful in delabeling
patients and reducing the need for broad-spectrum
antibiotics, e.g., vancomycin. The largest experience
with preoperative testing for penicillin allergy comes
from the Mayo Clinic, where a preoperative evalua-
tion clinic has been in place since 2001.34 As men-
tioned previously, this program evaluated >30,000
patients and was able to delabel 99% of them. Other
recent programs used electronic best practice alerts to
identify patients scheduled for orthopedic surgery
and facilitate referral to specialized penicillin allergy
clinics.35 Dedicated penicillin allergy testing clinics
have been developed as an efficient method for delab-
eling patients, with some clinics able to evaluate six
patients in a half day without the need for increased
staff or additional costs.36 Penicillin allergy testing in
outpatient clinics has been shown to be quite cost-
effective, with a recent study showing that the base

cost of an evaluation that used time-driven activity-
based costing was $227.37

Penicillin Allergy Pathways
Another approach to improve antimicrobial steward-

ship is the development of algorithms to be used in
patients with a history of penicillin allergy. Blumenthal
et al.38 developed and evaluated a clinical pathway
geared toward inpatient practitioners to guide in deci-
sion-making and to promote drug challenges when
appropriate.Utilizationof this pathwaydid reduce expo-
sure to vancomycin, fluoroquinolones, and aztreonam.
Unfortunately this pathway does little to delabel patients
of their penicillin allergy but is a useful interimmeasure.
Due to its simplicity, these pathways and other similar
ones have been adopted indifferent countries.39

RISK OF REACQUIRING PENICILLIN ALLERGY
AFTER DELABELING
Once a patient has been delabeled of his or her peni-

cillin allergy, this is often not a permanent change. The
most common reason that patients reacquire a penicil-
lin allergy label after a negative penicillin allergy test-
ing result is due to inappropriately adding back the
allergy to the medical record. In many cases (>20%),
even after negative testing results, the medical record
is not modified to reflect this.19 At Parkland, we have
been evaluating multiple interventions to prevent the
penicillin allergy label from returning, including coun-
seling at the time of testing, post–hospital discharge
counseling, best practice advisory pop-up alerts, wallet
cards, and chart review and contact of patients, which
all led to a <2% rate of penicillin allergy relabeling.40

In addition to false relabeling of a penicillin allergy,
some patients may reacquire their allergy. Studies that
evaluated the risk of resensitization after oral courses
of penicillin revealed a very low risk of reacquiring a
penicillin allergy.41 With regard to the risk of reacquir-
ing a penicillin allergy after parenteral courses of peni-
cillin, the data are somewhat mixed. A recent study
evaluated 32 inpatients with a history of a penicillin
allergy and who had negative penicillin allergy testing
results.41 After their negative test results, they received
a total of 111 courses of penicillins and none experi-
enced an immediate reaction. Based on these data, the
risk of resensitization even after parenteral penicillin
therapy is very low.

EVALUATION OF CEPHALOSPORIN,
MACROLIDE, AND QUINOLONE ALLERGY

Cephalosporins
While results of early studies indicate that cross-

reactivity with other beta-lactams ranged from 10 to
50%, more recent studies indicate that the risk of cross-
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reactivity is much lower.43 As the name implies, all
beta-lactams share a common beta-lactam ring struc-
ture (Fig. 3). Although the beta-lactam ring is impor-
tant for penicillin allergy, it seems to be much less
critical for allergic reactions to other beta-lactams. For
patients with a benign history of penicillin allergy, the
risk of reacting to cephalosporins, including first-gen-
eration cephalosporins, is <1%.43,44 Data from Kaiser
Permanente show similar, very low rates of reactions
in patients with an unconfirmed penicillin allergy
history and who are administered cephalosporins.45

The researchers concluded that C. difficile infection
was a much greater risk from cephalosporins than
allergic reactions in these patients.
In patients with confirmed penicillin allergy, the

risk of reacting to cephalosporins seems to be higher.
Romano et al.46 evaluated 128 patients with positive
penicillin skin test results and performed cephalo-
sporin skin testing, and, when negative, they chal-
lenged to cephalosporins. Of the initial group, 10.9%
had positive skin test results to cephalosporins. Of
those with negative cephalosporin skin test results,
101 patients (60% with penicillin anaphylaxis) were
challenged to cefuroxime and ceftazidime, and all
were negative. There is no increased risk of cephalo-
sporin use in patients with negative penicillin allergy
skin test results. In contrast, in patients who are con-
firmed allergic to cephalosporins, there seems to be a
higher risk (25%) of being sensitized to penicillins.
Whether there is clinical reactivity is not known.
Some of this risk can be explained through shared R1
side chains between aminopenicillins and cephalo-
sporins, including cefaclor, cephalexin, cefadroxil,
and cefprozil (Fig. 4). However, most patients with
confirmed cephalosporin allergy who demonstrate
sensitization to penicillin via skin or in vitro tests, the

positive test results are not related to shared R1 side
chains.
In patients with primary cephalosporin allergy,

90% of reactions seem to be related to the R1 group.
Skin testing to cephalosporins with disparate R1
groups has a high negative predictive value.47 In a
study of 19 patients with severe anaphylaxis to cefa-
zolin, 100% had negative skin test results to cefalotin
(which has a different R1 side chain) and all tolerated
the challenge.48 Challenges in subjects with positive
skin test results to cephalosporins with identical side
chains have not been performed. The subject of ceph-
alosporin allergy has recently been comprehensively
reviewed.42

Fluoroquinolones
Immunoglobulin E mediated reactions to fluoroquino-

lones are being reported more frequently. However, im-
mediate reactions in some cases may be due to
pseudoallergic reactions caused by activation of the Mas-
relatedGprotein-coupled receptor X2 (MRGPRX2) recep-
tor on mast cells.50 Skin testing is not reliable due to the
high irritant potential for fluoroquinolones, and, thus,
drug challenges are recommended for diagnosis.51

Reactionsmay not be due to a class effect; however, cross-
reactivity patterns among fluoroquinolones are not clear
andmust be tested onan individual basis.

Macrolides
True macrolide allergy is rare. After evaluation, the

vast majority of patients are found to be tolerant. Skin
testing has not been shown to be reliable, and drug
challenges are recommended.52 Patterns of cross-reac-
tivity are variable, but cases of anaphylaxis with cross-
reactivity to both azithromycin and clarithromycin
have been reported.53
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