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Preview

Allergic reactions to penicillin are usually short-lived and revers-
ible, but they can be fatal. What causes these reactions? Can
they be avoided? How is the risk of penicillin allergy evaluated?
Drs Erffmeyer and Blaiss describe the full spectrum of allergic,
immune, and nonimmune reactions to penicillin and discuss how
to assess and treat patients with suspected penicillin allergy.

Penicillin, semisynthetic penicillins,
and cephalosporins are among the
most commonly prescribed medi-
cations worldwide. These drugs all
share a common beta-lactam ring,
which is an integral component of
the molecular nucleus. Despite the
continued introduction of new
pharmacologic agents in the Unit-
ed States, pen icﬁEn remains the
most common drug to cause aller-
gic reactions in humans.

Although the precise ?m;g;e
of allergic reactions to the peni-

€

Penicillin is one of the most

common causes of anaehﬂaxis,
with a reported frequency o

r ]

rding o a
report by the National Insti-

tute of Allergy and Infectious

Diseases Task Force,? penicillin-

induced anaphylaxis may cause

as many as 400 to 800 deaths per

Richard D. deShazo, MD, was the
Editorial Board coordinator for this article.

agc spectrum is exempt.5 Race, sex,

Risk factors

Sensitization to penicillin can occur
WIth any route oE administration,

but especially with the topical
Eﬁeggx are the most likely to result

in sensitization.4 Once a person is
sensitized, exposure to penicillin l)y
route may provoke an allergic
response. However, reactions are
% uent and severe when the
drug has been given parenterally.
The interval between the origi-

nal anaphylactic episode and re-
administration of penicillin is also

an important factor. The risk of 2

ubsequent episode decreases as the
ereal Do e
m

a personal or familz history of
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atopic disease
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in us, a n

otp to pem‘:ﬂrslg aller-
merely because a family mem-

ar has such an allergy. Most

deaths from penicillin-induced

anaphylaxis lf::: occurred in per-

sons with no history of penicilli

allergy. Pérsons allergi Hige

owing 1

are mediated through IgE antibod-
ies against the major or minor de-
terminants (see box on page 34).
Such reactions usually occur within
30 minutes of administration.
The reactions may be strictly cuta-
neous, such as urticaria, or may be
systemic, such as urticaria with
laryngeal edema, wheezing, and

diate systemic reactions have been
attributy ily to IgE anti- MOp
m. nst the minor

E[etcnn;ganrs. of major-deter-

minant specificity has e

to an Inc risk of an accelerat-

ed reaction. However, even persons

who possess IgE antipenicillin anti-
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Immediate systemic reactions to penicillin have
been attributed primarily to IgE antibodies directed
against the minor determinants.
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. Penicillin'is fbhip »a low-molecular-weight (300-d) compound;
- which by iself cannot elicit an immunologicresponse. Tt must first 144
. bind'w3 tisucmacomolecle] ustally protein, to form'a complete 7.4
. binds to ttssuemaaf)molewles,wﬁdu explains why the incidence of
. immune reactions is higher for penicillin than for other drugs. -
- i'The major penicillin hlcrabﬁmduct, referred to as the major! i+
 determinang; is the penicilloyl group,® which makes up about 85% of "
* penidillin breakdown pmdugs The majority of antibodies formed in’ i
penicillin all alestpmﬂ c for the penicillo ] 3 BT
- Asmall w?l%yumo ipei
. othe parwaysdTTio b
+ small quantities has led to their designaion as the minor haptenic de#!
munanrs,ordfu;mmor determinants.” The minor determinants .-
% are composed of the/parent penicillin molecule, penicilloate, penicil-+*
_larmnc,pcmlloale, and odierpesirrunple chemical products of pC[;Plf'jJ.MUm P

: degradauon:: ¥
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enicillin (5% or less) is metabolized by several 37!
éﬁm that these metabolites are formed in'such 5

bodies directed only against the

major determinant have experi-

mare due to soluble complexes
of penicillin with IgG or IgM that
enced anaphylaxis after receiving bind to blood vessel walls and trig-
penicillin, ger the complement cascade. Se-

Most reactions to penicillin are ~ rum sickness is an example of this
%w- @yPe of immune rcactionw
cur WS or more after initi 4 Raiedieations to penicillin, su

cqgg. any of these reactions 5 COMTact dctMatitis, require activat-

involve other types of immunolog-  ed Jesglls that recognize penicillin

ic mechanisms. or its metabolites as foreign and re-
LGS involve Lo lease lymphokines that induce an

ies to penicillin an inflammatory response. Less well

defined from a precise patho hysi-

ologic basis are penicil!in-incﬁlced
reactions such as leukopenia, neu-
tropenia, thrombocytopenia, acute
interstitial nephritis, drug fever,

{ 'E'ﬂi LOLOXIC réac—

tigens on tissue

cell membranes andg;:ntcraaion
with serum complement. These re-
actions (eg, penicillin-induced

o hemolytic anemia) can lead to cell

3

damage. Imiffiife Compler reacy
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and a wide variety of nonurticarial
cutaneous _djsorders.
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who lﬁve infectious mononucleo-

sis, cytomegalovirus infection;

or lymphocytic leukemia or who

require allopurinol (Lopurin, Zylo-
rim) therapy are at increased risk

r a rash if they receive concomi-
tant ampicillin therapy. The cause
of maculopapular rash is unknown

but does not appear to be IgE-m
diated. Therel act ;

Patient evaluation
When patient history suggests the
likelihood of a penicillin hypersen-
sitivity reaction in a patient who
needs penicillin therapy, it is useful
to assess the risk of a potentially se-
rious allergic reaction to penicillin.
Aller?r skin testing has stood the
3 T

test of tme. Howe

 Skin tests to assess the presence
of IgE antibodies to the major de-
terminant, penicilloyl, can be done
with benzylpenicilloyl-polylysine
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(Pre-Pen*). Standardized minor-

determinant preparations will like-
ly be available in the future. Many
physicians use fresh penicillin G as
a partial substitute for a minor-de-
terminant mix for skin testing,

SAWIHDENZVIPE
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Skin tests are initially performed
l by the prick method. If prick tests

"' are negative, intradermal tests are
done (table 1). The tests should be
performed by a physician who is
knowledgeable in skin-testing tech-
niques and in a setting where ana-
phylaxis can be treated. A hista-
mine skin test is performed as a
positive control and a saline skin
test as a negative control. Penicillin
allergy is present if a wheal and

. flare reaction larger than that of the
| negative control reaction occurs at
| any dilution of the penicillin re-
agents during prick or intradermal
testing.’

i The value of skin testing is

, readily apparent. A negative test

' indicates that the risk of an imme-
i diate or accelerated reaction is

' quite low, probably the same as or
less than that in the general popu-
lation. A positive skin test, with
any reagent, indicates the presence

e TRy o e e T e ——

* Available from Schwarz Pharma, Kremers
Urban Co, Milwaukee.

When patient history suggests penicillin
hypersensitivity, allergy skin testing is useful
to assess the risk of a potentially serious
allergic reaction to penicillin.

it -

* Skin testing should be done in setting where anaphylaxis treatment is available. Patient

R e

should be observed for 15 min for reaction at test site before next highest concentration

is administered.

Modified from Blaiss and deShazo.”

of IgE antibodies, which definitely
increases the risk of an immediate

or accelerated reaction.
In vitro assays, such as the ra-

dioallergosorbent test (RAST), can
detect some, but not all, of the al-

lergenic penicillin determinants.®
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penicillin skin testing in proving
the presence or absence of peni-
cillin allergy.

ocedures can’

I » l dified p
be performed. Some studies?10
have demonstrated thar when skin
tests are performed with the actual

drug to be used, the number of al-
lergic patients detected increases.

Penicillin desensitization
If use of an alternative antibiotic is
not possible in a patient with posi-
tive skin tests to penicillin reagents,
or if penicillin skin testing was not
available or not performed, peni-
cillin can be administered via a for-
mal desensitization protocol. Until
continued on page 39
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pared minor determinant mix is

Radioallergosorbent
testing is not as sensitive
as skin testing in
detecting penicillin
allergy.
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protocol

a standardized, commercially pre- \ JiE
Gt

available, penicillin also may be
given to selected patients with neg-
ative skin tests by means of a moe(?
ified procedure of gradual admin-
istration.?

Optimally, any desensitization
procedure should be performed in
a setting where anaphylactic reac-
tions can be diagnosed and treated
immediately. Many allergists place
all patients in intensive care units
for desensitization. A consent form
indicating the risk of anaphylaxis
must be signed by the patient or
appropriate family members before
desensitization. A physician must
be in attendance ngroughout the
procedure.

Various methods of desensitiza-
tion have been developed, includ-
ing oral, subcutaneous, intramus-
cular, and intravenous adminis-
tration.# The oral route of desen-
sitization exploits the relative safety
of this method of administering
penicillin (table 2).11

Regardless of the method of
desensitization, the basic rinciples
are similar.” Initially, small doses
of the drug are administered. The
dose is usually doubled at 15-min-
ute intervals. This process contin-
ues until a full therapeutic dose can
be given. The patient is then ob-
served for 30 minutes, after which
treatment is begun with the thera-
peutic dose of penicillin needed,
The protocol can be modified for

Table 2. Oral desensitization

Dose

1

2

3

4.

5

6

i each dose
8 24,000t 45 i
Q - 4&000 .
10 - 80,000 : 1
11 160,000
12 320,000

13 640,000

parenteral penicillin

|- Observe patient for 15 min between

Observe patient for 30 min, then start full-doge

for penicilln®, +
hoess Pty RS
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* Procedure should be performed in intensive care unit under strict observation.

From Wendel et a1

semisynthetic penicillins and
cephalosporins.

In the vast majority of instances,
penicillin desensitization can be
done with little or no difficuley.2 If
a systemic allergic reaction occurs
during desensitization, prompt
treatment with epinephrine, anti-
histamines, corticosteroids, and
other appropriate measures should
be insritute(r: according to the situ-
ation. Once such a reaction has
been successfully treated, the pro-
cedure may be resumed at one
dose below the dose that caused
the reaction.

enicillin desensitization is not
permanent. | herefore, any patent

f
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who has undergone the procedure
should have sE?n tests E:%re receiv-
in; icillin in the future.
esensitization can only be used
in situations where IgE-mediated
mechanisms are thought to be in-
volved in producing penicillin al-
lergy. The procedure does not pre-
vent non—IgE-mediated immune
or other adverse reactions resulting
from penicillin administration.

Cross-reactivity

The exact incidence of IgE-medi-

ated reactions to cephalosporins in
atients with penicillin allergy or a

Eistory of penicillin allergy has not

been established. Although it may

continued
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vary among individuals and may
not be extensive, some degree of
cross-reactivity between penicillins
and cephalosporins does exist. 3¢l

e
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1 use of penicillin skin
tests to evaluate cephalosporin al-
lergy, a positive test may place the
patient at higher risk for a reaction
to cephalosporin, but a negative
test does not rule out a reaction to
cephalosporin.”.13

AZactam), a mono-
bactam, and imipenem-cilastatin
(Primaxin), a car penem, repre-
sent two new classes of antibiotics
that have become available for
therapeutic use in recent years, Ini-
tial research indicates that aztreo-
nam does not exhibit cross-reactivi-
ty with other bicyclic beta-lactam
antibiotics."t Consequently, aztreo-

nam can be given safely to patients
with documented IgE-mediated
penicillin allergy. In contrast to
dzoeonaim, X €T AStAnnNNa
exhibited extensive skin-test cross-
reactivity with penicillin. !4 There-
fore, any person who has a positive
skin test to any of the penicillin
reagents is at risk for an allergic re-
action to imipenem-cilastatin.

Condusion

Patients with a history of reac-
tion to penicillin should, if possi-
ble, be given an antibiotic LE:t“
does not cross-react. If penicillin
must be used, skin testing should
be done if possiblc.[a':lf , peni-
cillin should be given orally be-
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. lacam anibiodic class, |

cause of the much lower ind-

dence of allergic reactions with
this route. When ly tI: is

en intram , the pa-
El:nt should be observed inpt“llle

hysician’s office for 30 minutes

Eyr systemic reactions. Patients
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