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CLINICAL SCENARIOS

Case 1

An 18-year-old male college student pre-
sents with group A streptococcal phar-
yngitis and you prescribe penicillin.' The
patient informs you that he developed a
rash after taking about half a penicillin
prescription for a respiratory tract infec-
tion 3 years ago. The rash was bright red
in color, restricted to the extremities and
trunk, and resolved several days after
penicillin was discontinued.

Case 2

A 26-year-old pregnant woman has
syphilis. She recalls an “itchy rash” and
trouble breathing after taking penicil-
lin 4 years ago; she thinks the rash ap-
peared about 3 days into the course of
penicillin. Penicillin is the recom-
mended antibiotic for syphilis in preg-
nancy, even for patients with a true
penicillin allergy.*

Why Is It Important to Determine
Whether Patients Have True
Penicillin Allergy?

Penicillin, a B-lactam antibiotic, and its
semisynthetic chemical derivatives (such
as ampicillin and amoxicillin) and other
B-lactam antibiotics (including cepha-
losporins, carbapenems, and mono-
bactams) remain first-line or accept-
able alternative treatments for many
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Context Clinicians frequently withhold antibiotics that contain penicillin based on
patients’ self-reported clinical history of an adverse reaction to penicillin and the cli-
nicians’ own misunderstandings about the characteristics of a true penicillin allergy.

Objectives To determine the likelihood of true penicillin allergy with consideration of
clinical history and to evaluate the diagnostic value added by appropriate skin testing.

Data Sources MEDLINE was searched for relevant English-language articles dated
1966 to October 2000. Bibliographies were searched to identify additional articles.

Study Selection We included original studies describing the precision of skin test-
ing in diagnosis of penicillin allergy. We excluded studies that did not use both minor
and major determinants, provide an explicit definition of penicillin allergy, or list the
specific criteria necessary for a positive skin test result. Fourteen studies met the in-
clusion criteria.

Data Extraction Three authors independently reviewed and abstracted data from
all articles and reached consensus about any discrepancies.

Data Synthesis Patients’ self-reported history has low accuracy for diagnosis of true
penicillin allergy. By evaluating studies comparing clinical history to the skin test for peni-
cillin allergy among patients with and without a positive history for penicillin allergy, posi-
tive and negative likelihood ratios were calculated. History of penicillin allergy had a posi-
tive likelihood ratio of 1.9 (95% confidence interval [Cl], 1.5-2.5), while absence of history
of penicillin allergy had a negative likelihood ratio of 0.5 (95% Cl, 0.4-0.6).

Conclusions Only 10% to 20% of patients reporting a history of penicillin allergy
are truly allergic when assessed by skin testing. Taking a detailed history of a patient’s
reaction to penicillin may allow clinicians to exclude true penicillin allergy, allowing
these patients to receive penicillin. Patients with a concerning history of type | peni-
cillin allergy who have a compelling need for a drug containing penicillin should un-
dergo skin testing. Virtually all patients with a negative skin test result can take peni-
cillin without serious sequelae.
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infections.> However, the use of drugs
containing penicillin is often limited by
an unconfirmed or questionable his-
tory of penicillin hypersensitivity pro-
vided by the patient. Because fear of
penicillin anaphylaxis is common among
clinicians encountering a patient with a
self-reported history of penicillin al-
lergy, many clinicians overdiagnose
penicillin allergy in patients who have
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not had a true allergic reaction to peni-
cillin. Some clinicians may simply ac-
cept a diagnosis of penicillin allergy from
a patient without obtaining a detailed
history of the reaction.* Some pa-
tients, when asked, have no first-hand re-
call of an allergic response to penicillin,
the patient perhaps having been in-
formed of their allergy by a parent.*> For
example, patients reporting a penicillin
allergy have described an “allergic reac-
tion” consisting of fever and yellow spots
on the tonsils, which actually related to
the illness they were being treated for
rather than penicillin itself.* Unless a de-
tailed history and a critical evaluation of
the reaction are sought, such patients
may incorrectly be labeled as penicillin
allergic. In fact, 80% to 90% of patients
who report a penicillin allergy are not
truly allergic to the drug, when as-
sessed by skin testing.”® Consequently,
penicillin is withheld from many pa-
tients who could safely receive the drug
or its derivatives, perhaps affecting out-
comes.'” Two studies have shown that
incorrectly labeling patients as being al-
lergic to penicillin was associated with
increased health care costs.'!?

METHODS

We searched MEDLINE for English-
language literature dated from 1966 to
October 2000 using the following Medi-
cal Subject Headings and search strat-
egy: (1) medical history taking or physi-
cal examination and penicillin or B-lactam
hypersensitivity and (2) reproducibility of
results or observer variation and penicil-
lin or B-lactam hypersensitivity. A text-
word search was also performed using
interobserver, intraobserver, accuracy, pre-

cision, reliability, sensitivity, specificity,
skin testing and penicillin or B-lactam
hypersensitivity or allergy. The bibliog-
raphies of pertinent articles were searched
toidentify additional references. Included
articles were original studies conducted
on ambulatory or hospitalized children
or adults describing the accuracy or pre-
cision of skin testing in the diagnosis of
an IgE-mediated penicillin allergy.
Excluded studies investigated allergy to
aminopenicillins (amoxicillin and ampi-
cillin) or cephalosporins, did not use both
major and minor determinants in the skin
testing procedure, or did not provide an
explicit definition of penicillin allergy or
of a positive skin test result. Data from
patients who were reported to have had
an uninterpretable or equivocal skin test
result were not included in our analy-
sis. Quality measures were applied, as
used in a previous Rational Clinical
Examination Series article.” Using study
quality as ameasure of the relative weight
that a single study should receive was not
used in our analysis, as other authors have
highlighted the pitfalls of this prac-
tice.*1> Of the 14 studies'®* meeting our
inclusion criteria, 4 studies'®' com-
pared the clinical history with the skin
test result for penicillin allergy among a
group of patients with and withouta posi-
tive history of penicillin allergy (TABLE 1).
Confidence intervals (CIs) for the like-
lihood ratios from individual studies were
computed using a previously described
method.*

Classification of Penicillin
Hypersensitivity Reactions

The frequency of all adverse reactions
to penicillin in the general population

PENICILLIN ALLERGY

ranges from 0.7% to 10%.”" This wide
variation in the frequency of adverse re-
actions to penicillin exists because of
anumber of variables, including expo-
sure history, route of administration,
duration of treatment, elapsed time be-
tween the reaction and diagnostic skin
testing or reexposure, and nature of the
initial reaction. Understanding the dif-
ferent classifications of penicillin hy-
persensitivity reactions aids evalua-
tion of each individual patient’s risk for
an allergic reaction that would pre-
clude administration of a drug that con-
tains penicillin.

Gell and Coombs®? categorized aller-
gic reactions to penicillins by the type
of reaction, immune mechanism, and
clinical syndrome, while Levine*® clas-
sified untoward reactions to penicillin
by their time of onset (TABLE 2). Clas-
sification of penicillin allergy has been
reviewed by several authors®**** and is
summarized briefly below. We refer the
reader to the original works for a more
detailed discussion.?*?*

Immediate Reactions. Type I, or im-
mediate reactions, are often associ-
ated with the systemic manifestations
of anaphylaxis, such as diffuse ery-
thema, pruritus, urticaria, angio-
edema, bronchospasm, laryngeal
edema, hyperperistalsis, hypotension,
or cardiac arrhythmias, either alone or
in combination (Table 2). Anaphylac-
tic reactions occur in about 0.004% to
0.015% of penicillin courses and are
most commonly seen in adults be-
tween the ages of 20 and 49 years.” A
history of atopy does not generally place
an individual at increased risk for a type
I penicillin reaction.* However, atopic

- __________________________________________________________________________________________________]
Table 1. Studies Assessing the Skin Test for Penicillin Allergy Among Patients With and Without a History of Penicillin Allergy*

Source, y 3:?*%3 Setting (Sample Size, % Penicillin Allergic) Sensitivity  Specificity LR*(95% Cl) LR~ (95% Cl)
Adkinson et al,'® 1971 C Inpatient, nonconsecutive (n = 218, 11.9) 0.61 0.74 2.4 (1.6-3.5) 0.5(0.3-0.85)
Green et al,'” 1977 C Multicenter study (n = 2947, 8.1) 0.79 0.45 1.4(1.4-1.5) 0.5(0.39-0.57)
Sogn et al,'® 1992 C Multicenter study, chronically ill (n = 1298, 12.6) 0.85 0.50 1.7(1.6-1.9)  0.3(0.21-0.44)
Gadde et al,'® 1993 (¢} Sexually transmitted disease clinic (n = 5063, 2.5) 0.43 0.85 2.9(2.4-3.7) 0.7 (0.57-0.77)
Summary 1.9(1.5-2.5) 0.5(0.4-0.6)

*LR indicates likelihood ratio; Cl, confidence interval. A positive LR indicates the likelihood that a patient with a history of penicillin allergy will have a positive penicillin skin test result;
a negative LR indicates the likelihood that a patient without a history of penicillin allergy will have a positive penicillin skin test result.

TQuality of methods was based on published criteria. Grade C: independent, blind comparison of sign or symptom, with a gold standard of diagnosis among nonconsecutive
patients suspected of having the target condition plus, perhaps, individuals without the target condition; or nonindependent comparison of sign or symptom with a standard of
uncertain validity.'® Of the included studies, not all patients received penicillin challenge.
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patients may have a higher frequency
of severe anaphylactic reactions.*

Type I reactions result when peni-
cillin or its reactive metabolites cova-
lently bind to serum proteins and then
crosslink with preformed penicillin-
specific IgE antibodies bound to tis-
sue mast cells, circulating basophils, or
both. When the bound IgE antibodies
are crosslinked by allergen, mast cells
are activated to release their media-
tors. A patient using (3-adrenergic an-
tagonists may be at increased risk of
death if anaphylaxis occurs.’”

Some reactions to penicillin occur-
ring from 1 to 72 hours after adminis-
tration may also be IgE mediated. These
reactions, termed “accelerated reac-
tions,” can be manifested by urticaria,
angioedema, laryngeal edema, and
wheezing . However, urticaria and an-
gioedema can occur at any time after
administration of penicillin. Life-
threatening reactions occurring be-
yond 1 hour of penicillin administra-
tion are rare. The patient described in
case 1 had none of the features of a se-
rious IgE-mediated penicillin allergy. In
contrast, the patient described in case
2 had features that suggest an IgE-
mediated accelerated reaction.

Late Reactions. Late penicillin hyper-
sensitivity reactions are those that occur
after 72 hours of drug administration.
These responses have been classified as
types 11, 111, or IV depending on the
immune mechanism underlying the

response (Table 2). Because none of these
reactions are IgE dependent, skin test-
ing has no role in the evaluation of a
patient with type II, III, IV, or idio-
pathic responses to penicillin.

Some reactions to penicillin are not
included in the Gell and Coombs*
classification and have been termed “id-
iopathic.” Although various immune-
mediated responses have been postu-
lated, the exact immunological
mechanisms underlying these re-
sponses are not known. The most com-
mon idiopathic reaction to drugs con-
taining penicillin is a maculopapular or
morbilliform rash. The combined fre-
quency of all rashes occurring in pa-
tients taking penicillin is estimated at
1% to 4%.7%*° These eruptions are usu-
ally symmetric, often confluent ery-
thematous macules and papules that
generally spare the palm and soles. They
may originate on the extremities of am-
bulatory patients or overlie pressure ar-
eas of bedridden patients.’ Rashes as-
sociated with ampicillin administration
occur in 5.2% to 9.5% of treatment
courses.’®*® Patients with Epstein-
Barr virus or cytomegalovirus infec-
tions, or with acute or chronic lym-
phocytic leukemia, are reported to have
a higher incidence of ampicillin-
associated rash.® The reason for the
increased incidence of rash caused by
ampicillin remains unknown.

In experimental settings, individu-
als with histories of prior type I hy-

persensitivity reactions to aminopeni-
cillins (ampicillin, amoxicillin,
bacampacillin) demonstrate cross-
reactivity to penicillin when assessed
by skin testing.” Although some of these
individuals fail to react to penicillin skin
testing and react only to skin testing
with aminopenicillins, these occur-
rences appear less commonly, yet are
well documented.*** In contrast, indi-
viduals reporting a history of a nonim-
mediate reaction are less likely to react
to penicillin skin test determinants.*
In light of the above, it is prudent to per-
form a skin test for penicillin in those
individuals with a history of an urti-
carial reaction to aminopenicillin
derivatives and administer a drug con-
taining penicillin only in patients with
negative skin test results.** Patients
without urticarial rashes to aminopeni-
cillins are unlikely to manifest a seri-
ous reaction and can generally receive
adrug containing penicillin without fur-
ther testing.**

Drug-independent rashes are com-
mon in patients with viral infections,
especially those caused by the human
immunodeficiency virus, hepatitis B,
mumps, Echovirus," and Coxsackie vi-
rus.” Infections with numerous bacte-
ria can also be associated with a rash.*
Therefore, patients with some infec-
tions who develop a rash while taking
penicillin derivatives or penicillin it-
self should not be automatically la-
beled as penicillin allergic. Moreover,

Table 2. Classification of Penicillin Reactions

Skin Testing
Classification Time of Onset, h Mediator(s) Clinical Signs Useful Comments
Immediate (type | <1h Penicillin-specific ~ Anaphylaxis and/or Yes Much more likely with parenteral
reaction) IgE antibodies hypotension, laryngeal administration than oral administration;

edema, wheezing,
angioedema, urticaria

fatal outcome in 1 per 50000 to 1 per
100000 treatment courses; some
reactions occurring between 1-72 h of
exposure may be IgE mediated

(see text for details)

Late reactions >72 after exposure

Type I 1gG, complement  Increased clearance of red No IgE not involved
blood cells, platelets by
lymphoreticular system
Type lll 19G, IgM immune  Serum sickness, tissue No Tissue lodging of immune complexes;
complexes injury drug fever
Type IV Contact dermatitis No
Other (idiopathic)  Usually > 72 after Maculopapular or No 1% to 4% of all patients receiving penicillin

exposure

morbilliform rashes
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Box. Taking a History
of Penicillin Allergy:
What to Ask

e What was the patient’s age at the
time of the reaction?

e Does the patient recall the reac-
tion? If not, who informed them
of it?

e How long after beginning penicil-
lin did the reaction begin?

¢ What were the characteristics of the
reaction?

e What was the route of administra-
tion?

e Why was the patient taking peni-
cillin?

e What other medications was the

patient taking? Why and when

were they prescribed?

What happened when the penicil-

lin was discontinued?

e Has the patient taken antibiotics
similar to penicillin (for example,
amoxicillin, ampicillin, cephalo-
sporins) before or after the reac-
tion? If yes, what was the result?

many patients taking penicillin may also
be taking other medications, includ-
ing other antibiotics, that can cause
rashes that are independent of 3-lac-
tam compounds.® Maculopapular erup-
tions caused by drugs containing peni-
cillin may subside spontaneously
despite continued use of the drug and
may not recur on reexposure.’* The
frequency of a penicillin-associated
maculopapular eruption on re-
exposure to the drug is not known be-
cause many clinicians withhold drugs
that contain penicillin in this patient
population. Green et al*’ reported that
3 (3.5%) of 85 patients with a maculo-
papular rash associated with penicil-
lin administration had adverse reac-
tions to oral challenge with penicillin.
The nature of the oral challenge reac-
tion was not specified, but none were
classified as type I reactions. Six (4.5%)
of 134 patients with negative penicil-
lin skin test results and a history of a
penicillin-associated cutaneous reac-
tion had an adverse response to peni-
cillin readministration. The nature of
the response was not described.' An-

©2001 American Medical Association. All rights reserved.

other 3 patients with negative penicil-
lin skin test results and a history of rash
caused by penicillin developed a type
I reaction to penicillin administra-
tion,* likely indicating the inaccuracy
of the historical information. If a de-
tailed history of a patient’s reaction to
penicillin indicates that the rash was
strictly maculopapular, with no signs
of a type I reaction, then it appears to
be safe to readminister an antibiotic that
contains penicillin.?**

Penicillin (or any medication) that
is clearly associated with the develop-
ment of exfoliative dermatitis or the
Stevens-Johnson syndrome should be
discontinued immediately and not re-
administered to the patient.” Patients
with a history of Stevens-Johnson syn-
drome or exfoliative dermatitis attrib-
utable to B-lactam drugs should not un-
dergo a skin test’ and should wear a
Medic Alert bracelet indicating a se-
vere reaction to the drug.

Cross-Reactivity With

Other B-Lactam Antibiotics
Cephalosporins (like penicillins) con-
tain a B-lactam ring.’ The frequency of
allergic reactions within 24 hours of
cephalosporin administration to pa-
tients with a history of penicillin al-
lergy and positive skin test results was
5.6% vs 1.7% for patients with a his-
tory of penicillin allergy and negative
skin test results.® Earlier reports sug-
gested that the cross-reaction rate may
be higher for first-generation cephalo-
sporins than for subsequent cephalo-
sporins.*® Complicating interpreta-
tion of these data was the finding that
some early first-generation cephalo-
sporins contained trace amounts of
penicillin.*

One group of investigators chal-
lenged 19 patients with well-docu-
mented histories of a type I allergy to
penicillin with cephalosporins contain-
ing side chain structures expected to lead
to cross-reaction.’” Seventeen patients
tolerated the challenge doses and sub-
sequent courses of the cephalosporin.
Both of the patients who had allergic re-
actions had positive penicillin skin test
results to benzylpenicillin only; how-

PENICILLIN ALLERGY

ever, another patient with the same skin
test pattern tolerated cephalosporin chal-
lenge without incident. Because this
study did not contain a control group
without penicillin allergy, the relative
significance of the penicillin allergy can-
not be determined.*” In another study,
1 (1.6%) of 62 patients with positive skin
test results to penicillin who were chal-
lenged with a cephalosporin on the same
day as the skin testing, developed mild
urticaria plus bronchospasm within 24
hours.” Solley et al*? described 27 pa-
tients with positive penicillin skin test
results, all of whom were treated with
cephalosporins without a reaction;
whereas 2 (1.5%) of 151 patients with
apositive history of penicillin allergy and
negative penicillin skin test results had
an allergic reaction to cephalosporins.
Forty-three treatment courses with
cephalosporins were administered to
children who had positive skin test re-
sults or positive oral challenge to peni-
cillin. Forty-one (95%) of the cephalo-
sporin courses were well tolerated. Two
children experienced a mild IgE type—
mediated reaction.*

In summary, neither the history nor
the penicillin skin test result reliably
predict the probability of allergic reac-
tions to cephalosporins in patients with
positive histories of penicillin allergy.
Available data suggest that the vast ma-
jority of patients who are allergic to
penicillin tolerate cephalosporins with-
out significant reaction. Our ap-
proach to a patient with a history of
penicillin allergy requiring a cephalo-
sporin is to first determine the likeli-
hood that the patient requiring a ceph-
alosporin had a type I allergic reaction
to penicillin (BoX). If a detailed his-
tory does not suggest a true penicillin
allergy, we administer the cephalo-
sporin. When the history is concern-
ing for penicillin allergy, we recom-
mend penicillin skin testing. For
patients with negative skin test re-
sults, the cephalosporin can be admin-
istered. When the penicillin skin test
result is positive and an alternate drug
cannot be used, cephalosporin desen-
sitization by an experienced practi-
tioner should be considered.**
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Some investigators have called for
broader use of cephalosporin skin test-
ing in patients who are allergic to pen-
cillin and require a cephalosporin.?®*
However, protocols for skin testing with
cephalosporin compounds are not well
standardized, and the negative predic-
tive value of cephalosporin skin test-
ing is not known.”#*

Carbapenems and monobactams are
B-lactam antibiotics of which imi-
penem and aztreonam are respective pro-
totypes. Patients who have positive skin
test results to penicillin have also shown
a high degree of reactivity to imipenem
determinants.” Therefore, carbapen-
ems should not be administered to pa-
tients with positive penicillin skin test re-
sults or a concerning history of a type I
allergic response to penicillin.” Avail-
able information indicates that aztreo-
nam may be safely administered to most,
if not all, patients with a type I allergic
response to penicillin.”

PRECISION AND ACCURACY
Why Is Taking a Detailed Clinical
History for Penicillin Allergy
Important?

The overwhelming majority of pa-
tients with a history of penicillin al-
lergy have no concurrent physical ex-
amination findings related to the
adverse response to penicillin. Thus,
initial determination of the probabil-
ity of a true penicillin allergy relies al-
most solely on a detailed history (Box).
For example, a patient receiving peni-
cillin who developed a rash on day 5
of treatment for an upper respiratory
tract infection who has since taken mul-
tiple courses of drugs containing peni-
cillin without an untoward reaction
does not have a true penicillin allergy.
In contrast, if a patient described new-
onset wheezing 1 hour after a penicil-
lin injection, it is highly probable that
this patient had an immediate type hy-
persensitivity reaction to the drug.
When assessing a patient for peni-
cillin allergy, all medications that the
patient is (or was) taking should be
evaluated for their propensity to cause
a reaction similar to the one being at-
tributed to penicillin. For example, a

2502 JAMA, May 16, 2001—Vol 285, No. 19 (Reprinted)

patient receiving penicillin for 4 days
without untoward effects who then be-
gins taking an angiotensin-converting
enzyme inhibitor and develops angio-
edema on the third day of administra-
tion (day 7 of penicillin therapy) should
not be automatically labeled as peni-
cillin allergic.’

Serious allergic and fatal reactions to
antibiotics that contain penicillin can
occur in individuals who have never
had a prior allergic reaction to penicil-
lin or who deny any medical exposure
to drugs that contain penicillin.® The
clinical history, no matter how care-
tully considered, cannot prevent these
rare reactions.

Accuracy of the Clinical History
for Penicillin Allergy

Four studies'®"® compared the clinical
history of penicillin allergy to the skin
test result and included patients who
had positive histories of penicillin al-
lergy and those who did not. We pooled
the results of these studies (Table 1).
The presence of a clinical history sug-
gesting penicillin allergy increases the
likelihood that the patient will be al-
lergic to penicillin as assessed by skin
testing (summary positive likelihood ra-
tio, 1.9;95% CI, 1.5-2.5). The absence
of a clinical history suggesting penicil-
lin allergy decreases the likelihood of
a positive skin test result by slightly
more than half (summary negative like-
lihood ratio, 0.5; 95% CI, 0.4-0.6).
The percentages of positive skin test
results for patients with a history of ana-
phylaxis, urticaria, or a maculopapular
rash ranged from 17% to 46%, 12% to
16%, and 4% to 7%, respectively, in 2
studies.”" One study' also reported that
18% of patients with a history of angio-
edema had a positive penicillin skin test
result. Limited data are available about
the rate of skin test reactivity when the
patient’s allergic status to penicillin is un-
known. Sogn et al*® found that the pro-
portion of positive skin test results among
patients with an unknown history of
penicillin allergy was 3% (3/96). In an-
other study of 57 patients with an un-
certain allergy to penicillin, 1.7% had a
positive skin test reaction.'® Although the

clinical history does help separate those
more likely from those less likely to have
a penicillin allergy as demonstrated by
skin testing, the history is not precise.
The studies'®* evaluating the skin test
in patients with and without a history of
penicillin allergy had higher positive pre-
dictive values for the clinical history than
all but one of the studies that included
only patients with positive histories of
penicillin allergy (summary positive pre-
dictive value, 19% [95% CI, 18%-21%]).
After excluding the outlier study,” the
positive predictive value for the clinical
history of penicillin allergy is 14% (95%
CI, 12%-18%). Thus, a clinician would
need to perform skin tests on 7 patients
with a history suggesting penicillin al-
lergy to find 1 positive reaction.

Penicillin Skin Testing

Blackley introduced the skin test in
1865 when he scarified a portion of his
forearm, sprinkled it with pollen, and
noted the development of itching and
swelling surrounded by erythema. It is
now known that IgE antibodies medi-
ate such reactions.*

The penicillin skin test has no place
in the management of patients without
a clinical history of a type I penicillin
allergy. It would also be unnecessary
in the face of a bonafide history of a
life-threatening type I reaction, when
equally efficacious antibiotics are
available, or if the clinician would still
withhold penicillin therapy regardless
of skin test results. Some,'*>?° but not
all,®" investigators have suggested
elective skin testing for penicillin
allergy. Elective skin testing for peni-
cillin allergy may be useful in children
because of the frequent outpatient
need for antibiotics that contain peni-
cillin. In addition, elective skin testing
of adults with positive histories of
penicillin allergy might be considered
in certain situations. An example of
this would be a cancer patient who
has a positive history of penicillin
allergy who is likely to develop
chemotherapy-induced neutropenia
and requires a drug containing penicil-
lin promptly for an infection.** Rec-
ommendations regarding the general
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use of elective penicillin skin testing
await further study.

However, when the history of type I
hypersensitivity is concerning and peni-
cillin therapy is warranted, skin test-
ing is helpful and should be consid-
ered. For example, a patient who has a
positive history of penicillin allergy and
has Staphylococcus aureus endocardi-
tis susceptible to an antistaphylococ-
cal penicillin (such as nafcillin or oxa-
cillin) would be an appropriate
candidate for skin testing™ because van-
comycin, an antibiotic often used in pa-
tients allergic to penicillin with seri-
ous S aureus infections, is less effective
and more expensive than nafcillin.”

Another factor influencing the deci-
sion to perform a skin test relates to the
ability to do the test in an efficient man-
ner using appropriate reagents and with
appropriate interpretation. A recent study
of hospitalized patients showed that the
time for skin testing averaged 40 min-
utes, and the cost for the skin test reagents
and equipment was $17 per patient.'?

The positive predictive value of skin
testing to assess risk for an allergic re-
action to penicillin is unclear because
patients providing a convincing his-
tory of a type I reaction to penicillin
who subsequently react to skin testing
are unlikely to undergo oral penicillin
challenge. However, a limited number
of patients with positive skin test re-
sults have been treated with penicil-
lin. The risk of a type I allergic reac-
tion ranges from about 9% in subjects
with negative histories to 50% to 70%
in subjects with positive histories.® De-
spite the observation that some pa-
tients with positive skin test results are
able to tolerate penicillin, it is inadvis-
able to administer penicillin to these pa-
tients because of an unfavorable risk-
benefit ratio. Patients with positive skin
test results who need penicillin should
undergo desensitization.®

Many studies have used penicillin chal-
lenge in subjects with positive histories
of penicillin allergy and negative skin test
results, and the experiences have been
very consistent: the vast majority of sub-
jects tolerated the challenge and those
who did not experienced only urticaria

©2001 American Medical Association. All rights reserved.

or other mild cutaneous reaction. When
6739 patients with positive histories of
penicillin allergy and negative skin test
results were given penicillin, only 101
(1.49%) developed an IgE-mediated re-
action, while 43 (0.63%) developed a de-
layed reaction.'®? Penicillin anaphy-
laxis was not reported in subjects with
negative skin test results who received
a penicillin challenge. Patients with posi-
tive histories of penicillin allergy who
have negative skin test results may re-
ceive a medically supervised oral peni-
cillin challenge. If there is no reaction to
the oral challenge, patients can then gen-
erally be treated with an oral or paren-
teral penicillin. When the skin test is
properly performed, almost all patients
with negative penicillin skin test results
can safely receive the drug. Thus, even
when the history of a previous type I re-
action is concerning and penicillin is the
clear drug of choice, skin testing should
be considered because the vast majority
of those patients will have a negative skin
test result, and 98% of patients with a
negative result will tolerate penicillin
without any serious sequelae.®’

If skin testing seems appropriate af-
ter obtaining a detailed history of the pa-
tient’s reaction to penicillin, both the ma-
jor determinant (benzyl penicilloyl,
commercially available as PrePen, Kre-
mers-Urban, Milwaukee, Wis), and the
minor determinant composed of freshly
diluted aqueous penicillin G should be
used.”* A minor determinant mixture
(MDM) is not commercially available in
the United States. The use of the major
determinant reagent alone would de-
tect between 75% to 90% of all poten-
tial positive reactions. Including fresh
penicillin G as the sole MDM reagent im-
proves identification of patients who may
potentially have reactions to the skin test
by 5% to 10%.° However, the addition
of other minor determinants to the test-
ing protocol may increase identifica-
tion of patients allergic to penicillin by
skin testing to about 99%.'** The ab-
sence of a commercially available MDM
solution has hampered the general use
of the penicillin skin test. The steps for
performing a penicillin skin test are de-
scribed in detail elsewhere.**!

PENICILLIN ALLERGY

Limitations of Skin Testing
Compared With Other

Diagnostic Techniques

A recent review identified the essen-
tial criteria that any diagnostic test must
satisty; studies evaluating penicillin skin
testing fail to meet several of these cri-
teria.’> An independent, blind compari-
son of a reference standard—oral peni-
cillin challenge—has never been
uniformly applied to all patients who
have undergone skin testing. More-
over, few studies have actually sub-
jected all subjects with positive histo-
ries of penicillin allergy and negative
skin test results to oral challenge. It is
clear that in most studies the skin test
results influenced the decision to per-
form the penicillin challenge, thus in-
troducing a built-in bias. These limi-
tations undermine attempts to generate
reliable estimates of sensitivity and
specificity for penicillin skin testing
compared with oral penicillin chal-
lenge used as the gold standard. This
problem, labeled “reverse workup bias,”
can result in biased test estimates since
itis likely that patients who do not un-
dergo skin testing differ in important
ways from patients in whom testing is
undertaken.”

Redelmeier and Sox™ used expert
opinion to estimate the probability of
severe allergic reactions in 100 pa-
tients with a convincing penicillin al-
lergy history who were to receive the
drug without prior skin testing. Re-
spondents estimated that 5 to 90 (me-
dian, 50) patients would experience a
severe reaction to penicillin.”> Accord-
ingly, these authors concluded that skin
testing for patients with a “very strong”
history of penicillin allergy is not rec-
ommended, based on their estimated
pretest probability of 0.5 (50%) of a se-
vere allergic reaction to penicillin in a
patient with a positive history of peni-
cillin allergy. They reasoned that cli-
nicians would be unwilling to risk a po-
tential serious reaction in these patients
even if they had negative skin test re-
sults.” However, at least 50% of pa-
tients with a history of an IgE-
mediated reaction will have a negative
skin test result.'”! Since the experi-
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ence is that patients with negative skin
test results tolerate penicillin well, pa-
tients with histories of a type I reac-
tion should undergo skin testing with
the expectation that at least 50% of these
patients will be identified as candi-
dates for penicillin therapy (when the
indication for penicillin is very strong).
Still, if the clinician’s treatment thresh-
old is so high that he or she is unwill-
ing to administer penicillin regardless
of the clinical situation (given a prior
history of a type I reaction), skin test-
ing clearly has no value.

SCENARIO RESOLUTION

In case 1, the patient reported a macu-
lopapular rash halfway through a course
of penicillin. The pretest probability that
this represents a true reaction to peni-
cillin would be 10%, using a conserva-
tive estimate for the frequency of any ad-
verse reaction to penicillin®! After a
careful history is taken from the pa-
tient, one might conclude that his ex-
perience is inconsistent with a type I re-
action. Using a negative likelihood ratio
of 0.5 for a negative history, the prob-
ability that this patient will experience
any adverse reaction to penicillin can be
revised to 5.2%, a percentage that is simi-
lar to the frequency of any adverse re-
action to penicillin in the general popu-
lation.?! In this patient, skin testing
should not be performed and the pa-
tient should receive penicillin. Careful
history taking should have increased
confidence about the safety of admin-
istering penicillin to this patient.

The patient described in case 2 re-
ported, and a detailed history con-
firmed, an urticarial rash within 72
hours of taking penicillin. Again, us-
ing 10% as the pretest probability of any
adverse reaction to penicillin,*! a 17%
posttest probability that this patient has
a true penicillin allergy is arrived at by
using the positive likelihood ratio of 1.9.
We would perform skin testing on this
patient since a negative skin test re-
sult virtually excludes a significant re-
action to penicillin, while a positive skin
test result in this patient with a strong
indication for penicillin would man-
date desensitization.®
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COMMENT

We identified only 4 studies meeting
our inclusion criteria that used peni-
cillin skin testing in patients with and
without positive histories of penicillin
allergy (Table 1). Two of these studies
provided no data on the frequency of
positive skin test results in patients
based on their previous reaction to peni-
cillin.'®!'” Moreover, none of the stud-
ies included in our analysis were inde-
pendent, blind comparisons of signs or
symptoms of penicillin allergy com-
pared with the gold standard, oral peni-
cillin challenge. These methodologi-
cal flaws have tempered the quality of
the published database for this com-
mon clinical problem, leaving us with
a pervasive lack of guidelines for de-
termining penicillin allergy.

Nonetheless, encountering patients
with a stated penicillin allergy re-
mains an everyday problem for many
clinicians, and some clinicians simply
prescribe an alternate antibiotic for
these patients. However, some alterna-
tive antibiotics are more expensive, less
effective, or associated with more ad-
verse effects than penicillin, and there
is the risk of increasing antimicrobial
resistance. Other clinicians turn to the
literature hoping to find a rich evidence-
based database to help guide their de-
cision-making process. Regrettably, the
methods of diagnosing true penicillin
allergy have been inadequately stud-
ied, leaving the busy clinician to make
the most informed decision possible
while recognizing the limitations in the
available data.

We provide an approach to the pa-
tient with a stated penicillin allergy
based on a critical analysis of an ad-
mittedly limited database: by system-
atically documenting signs and symp-
toms associated with the patient’s
adverse reaction to penicillin (Box), the
clinician should be able to determine
with a higher degree of certainty
whether the patient has a true penicil-
lin allergy. Using a more structured ap-
proach should allow the clinician to as-
sess the likelihood that the patient had
a true penicillin allergy, thereby allow-
ing a more rational decision-making

process in consideration of penicillin
usage, as illustrated by the resolution
of the clinical scenarios.

THE BOTTOM LINE

e Many patients recalling a reaction
to penicillin are unsure of specific de-
tails, and even when evidence support-
ing true penicillin allergy is absent, are
nevertheless labeled as penicillin aller-
gic by many clinicians.

e A detailed history of the patient’s
drug reaction can help the clinician de-
termine whether or not the patient’s
self-reported history is compatible with
a true penicillin allergy, permitting
penicillin administration to those pa-
tients who are unlikely to have true
penicillin allergy.

e Eighty percent to 90% of all pa-
tients reporting a penicillin allergy are
negative for penicillin allergy when as-
sessed by skin testing, meaning that
penicillin is withheld from many pa-
tients who could safely receive the drug.

e Patients who develop a rash while
taking penicillins should not be auto-
matically labeled as penicillin allergic
without considering other possibili-
ties, such as a rash caused by the in-
fection being treated or by other drugs
the patient is taking.

e For patients with a concerning his-
tory of penicillin allergy who have a
compelling need for penicillin, skin test-
ing should be performed.

o At least 98% of patients with posi-
tive histories of penicillin allergy and
negative skin test results can tolerate
penicillin without any sequelae.
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