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prevention of allergic reactions to penicil l in

DorothY D. Sogn, M'D' Bethesda' Md'

Adversereact ionstomedicat ionsareas ign i f icantcause
of both morbidity and mortality in the united States. Pen-

icillin and its multiple semisynthetic analogues are no ex-

ceptions. Between lTa and lOVo of all patients undergoing

treatment with these drugs develop reactions to them'' The

majority of reactions are in the form of rashes' However

shock, severe upper and lower respiratory obstruction' and

fatal reactions have been documented. The mechanisms by

which the reactions take place are multiple and may be

divided into nonimmunologic' possibly immunologic and

immunologic. This article is concerned with the immuno-

logic reactions mediated by reaginic or IgE antibody' Man-

ifestations of this type of reaction include urticaria, angio-

edema. laryngospasm, bronchospasm, and anaphylactic

shock. The most effective means fbr eliminating allergic

reactions to the penicillins' as with any other antigen' is

avoidance. tdeally, the goal is to withhold therapy from

those destined to have reactions and administer it only to

those unlikely to have reactions. ways of discriminating the

two populations have been the focus of much research and

a discussion of these risk factors ensues'

RISK FACTORS
Exposure to Penici l l in

Allergic reactions to penicillin can occur during the course

of a first treatment with this medication; however' it is more

common for a patient to tolerate penicillin during an initial

course and develop a reaction during a subsequent exposure.

Nontherapeutic exposures to environmental and occupa-

tional sources of penicillin may also account for sensitizing

a patient. Some of these occult sources of penicillin include

foods, in utero exposure. and occupational exposure'' * The

sensitizing potential of skin testing with penicillin deter-

minantshasneverbeenstud ieddi rect ly .However , inarecent
study involving 240 children with histories of previous re-

actiòns to penicillin who underwent skin testing followed

b y a n o r a l c o u r s e o f p e n i c i l l i n , o n l y t w o h a d p o s i t i v e s k i n
tests on retesting.s

Age

Youngandmiddle-agedadul tsaremost l ike ly todevelop
penicillin allergy.' whether there are actual differences in

the immune responses or differences in likelihood of ex-

posure at the various ages remains a question'
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Route of administration

Adverse reactions to penicillin including systemic ana-

phylaxis and even fatalities can occur after exposure by any

iout*, intradermal' oral, or parenteral'r'o ' However' reac-

tions are less likely when penicillin is taken orally than when

it isadministeredbytheparenteralroute.Therelat ivesafety
of the oral route may be a function of differences in han-

dling, absorption of antigen in the gastrointestinal tract' or

dosage dePendent.'

History of allergY

A history of allergy, in general' as shown by large scale

prospective investigations, appears to have no bearing on a

put i .n t ' r l i ke l ihoodof react ingpos i t ive ly tosk in testswi th
penici l l inreagents. 'Ahistoryspecif icforpenici l l inal lergy'
àn the other hand, has some signilìcance' The patient with

ah i s to r yo fanea r l i e r reac t i on topen i c i l l i n i sa t l eas t6 t imes
more likely to experience a reaction on subsequent exposure

as is a p"iron with a negative history of earlier reaction'

SKIN TEST REACTIONS

Thecl in ica l ly re levantdeterminantsofpenic i l l in inc lude
the minor determinants' benzylpenicillin' benzylpenicilloy-

lamine. and benzylpenicilloate (which is virtually totally

cross-reactive with benzylpenilloate)' and the major deter-

minant (so named because approximately 957o of tissue-

bound penicillin is found in this form)' the benzylpenicilloyl

moiety.
Series of clinical trials examining the predictive value of

penicillin skin test reagents have been carried out' Among

ihe early studies of this type are two that used penicilloyl-

polylysine, the major determinant alone' In one study' 993

adult men about to ieceive a course of pencillin G for routine

prophylaxis underwent skin testing with the major deter-

minant."'Among those with previous histories of penicillin

allergy, 357o had positive skin tests compared with 6'87o

of thóse having trad an uneventful course of penicillin. Those

who knew of no previous course of penicillin reacted at a

rate of 37o. History-negative patients' regardless of skin test

results, underweni a course of penicillin; 5 '27o of those with

positive skin tests had reactions compared with 0'97o of the

patients with negative skin tests'

Brown et al." had similar findings' In their study' 16'239

patients underwent intradermal skin testing' Forty percent

àf thor. with positive histories reacted on the skin test com-

pared with 6% who had previously received penicillin with-

out reactions and 3.67o of those who recalled no previous

penici l l inadministrat ion.ofthosewhoreceivedtherapeutic
.ourr*, of pencillin subsequent to testit'tg' the greatest num-

ber of reactions occuned among those who were 4 * pos-

itive on the skin tesf (10.27o)' Those who were 2 + positive
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on the skin test reacted 4.2Vo of the time compared with
l.3Vo of those who had equivocally positive skin tests and
0.5Va of those with negative skin tests.

It was subsequently shown that patients recently recov-
ered from penicillin-induced anaphylaxis developed anti-
bodies directed against minor determinants of penicillin.
Thus, studies were carried out to evaluate the possible
predictive value of skin tests with conjugates of these ma-
terials.r2

Green and Rosenblum'3 reported the results of a coop-
erative prospective study of the value of skin testing with
penicilloyl-polylysine and penicillin G carried out by rhe
Penicillin Study Group of the American Academy of Al-
lergy. Almost 3000 patients were enrolled in the study. They
were categprized as either history-positive or history-neg-
ative- for pénicillin allergy.

Those with previous histories of penicillin allergy had a
l97o r,ate of positive skin tests while only 7Vo of those with
negatiVe histories reacted. A total of 355 patients underwent
treatment with penicillin. Of these, nine had positive skin
tests and 346 had negative skin tests. Among those with
positive skin tests, 6lVo had reactions compared with 37o
of those whose skin tests were negative. It is pertinent that
of the 3Vo history-positive, skin test-negative patients who
had reactions, only three (l7o) of all those undergoing treat-
ment were thought to have had IgE-mediated type reactions,
thus representing test failures.

The reason for test failures with the combination of major
and minor determinants was felt to be the absence of other
clinically relevant minor determinants. Thus a series of
studies was undertaken that rlsed, in addition to the major
determinant and penicillin G, penicilloate or penicilloic
acid.''-'o These studies supported the usefulness of a com-
plete battery of major and minor determinants in screening
patients likely to react to subsequent penicillin adminis-
tration.

Further studies were done in which both major and mi-
nor determinants of penicillin, as well as major and minor
determinants of some of the penicillin analogues. were
used. rT'?o Although investigators were not totally in agree-
ment, it was not clear that the addition of determinants of
the semisynthetic penicillins, beyond the penicillin reagents,
added to the clinical usefulness of the test battery.

While these multiple studies attest to the efficacy of such
skin tests for screening, no licensed minor determinants are
yet available in the United States. For this reason, a col-
laborative trial of major and minor penicillin derivatives in
hospitalized adults is being undertaken through the National
Institute of Allergy and lnfectious Diseases. Reagents have
been supplied by Dr. Bernard Levine, who acted as a con-
sultant to the Institute. The interim results of this collabo-
rative trial involving eight centers, Cornell University, Na-
tional Institute of Allergy and Infectious Diseases, North-
western University, Rochester University, University of
California at Los Angeles, University of Colorado, Uni-
versity of Washington, and Walter Reed Army Medical Cen-
ter, were published as an abstract.2r

The preliminary findings showed that l47o of hisrory-
positive patients were skin-test positive to a battery of major
and minor determinants compared with 4Vo of history-neg-

J .  ALLERGY CLIN.  IMMUNOL.
NOVEMBER 1986

ative patients. Skin test-negative patients were treated re-

gardless of their histories of previous penicillin allergy. The

testing was efficacious in screening immediate and accel-

erated allergic reactions to penicillin and its analogues. The

final results of this study are pending.
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