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Allergic Cross-Sensitivity Between Penicillin, Carbapenem, and

Monobactam Antibiotics: What Are the Chances?

Jane Frumin and Jason C Gallagher

Penicillin is the most common cause
of drug-induced anaphylaxis.' The

incidence of cross-reactivity between
penicillins and other ~-lactams is a topic
of debate. Clinicians may be confused
by the multitude of studies examining
this question, the various designs of
those studies, and the sometimes contra-
dictory conclusions of the investigators.
As a result, due to the fear of cross-reac-
tivity, j3-lactams are often avoided in pa-
tients with reported penicillin allergies.
This results in increased healthcare costs,
risk of developing bacterial resistance,
use of alternative antibiotics with other
potentially dangerous adverse effects,"
and, additionally, the use of possibly in-
ferior antibiotics, such as vancomycin
for the treatment of serious methicillin-
susceptible Staphylococcus aureus infec-
tions.'

Gell and Coombs described 4 classifi-
cations of immunologically mediated
drug reactions (Table 1),4-7 There are also
numerous other types of allergic reac-
tions that do not fit these categories and
are idiosyncratic. In a type 1 reaction,
immunoglobulin (lg) E antibodies for a
specific drug allergen develop during
initial exposure to the drug. Upon repeat
exposure, within 30-60 minutes, a reac-
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OBJECTIVE: Toevaluate the literature on the allergic cross-reactivity between
penicillin, carbapenem, andmonobactam antibiotics.

DATA SOURCES: A MEDLINE search (195O-June 2008) of the English literature
was performed using the search terms ll -Iactam, penicillin, monobactam,
carbapenem, allergy, andcross-reactivity. References of review articles werealso
screened for inclusion.

STUDY SELECTION AND DATA EXTRACTION: All articles in English from the data
source were identified. Studies whose primary goal was to evaluate drug
hypersensitivity andthepotential forcross-reactivity wereevaluated.

DATA SYNTHESIS: Manypatientshave reported penicillinallergies that havenot
been verified by skintesting; manyhealthcare providers avoid the useof other ll-
lactam antibiotics, namely carbapenems, in these patients due to fear of the
potential for immunoglobulin E-mediated allergic cross-reactivity. A widerange of
cross-reactivity between penicill ins and carbapenems has been reported in
various studies; however, more recent prospective studies have shown the
incidence of cross-reactivity between penicillin andcarbapenem skin teststo be
around 1%. Additionally, manyprescribers freelyuse the monobactam aztreo-
nam in penicillin-allergic patients, believing there is no cross-reactivity between
the 2 drugs. Although datasupportthe lackof cross-reactivity between aztreo-
nam and penicillins, immunology and someclinical data supportan interaction
between ceflazidime andaztreonam dueto the similarity of theirsidechains.

CONCLUSIONS: Although variability in cross-reactivity rates between ll-Iactam
classes exists in the literature, thepractice of avoiding carbapenems In penicillin-
allergic patients should be reconsidered. With regard to monobactams, the
administration of aztreonam in a patient witha ceftazidime allergy maycarryan
increasedriskof type 1 hypersensitivity reactions andshould be considered with
caution. Additionally, the importance of obtaining a thorough patient history
regarding the previous allergic event, properdocumentation, andpenicillin skin
testingis reemphasized.
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tion occurs that can be either limitedto a singleorgansys-
tem, suchas bronchospasm, or multipleorganssimultane-
ously, causing anaphylaxis," IgE-mediated reactions in-
clude anaphylaxis, urticaria, laryngeal edema," bron-
chospasm, and angioedema? Reviews about the cross-
reactivity between penicillin and cephalosporin allergies
are commonin the literature?"

We review the literatureevaluatingthe cross-reactivity
of penicillin allergy with that of monobactams and car-
bapenems. Althoughall 4 typesof immunologic reactions
have been observed with penicillin." the major focus of
this reviewis on IgE-mediated type I reactions.

Background

PENICILLINS ANDANAPHYLAXIS

Penicillin degrades to reactive intermediates, the anti-
genicdeterminants of whichvarydepending on ring modi-
fications and the point of protein attachment. These prod-
ucts of penicillin metabolism are termedthe majorand mi-
nor determinants and represent the amountof drug that is
metabolized to that product, not the severity ofthe reaction
they cause.S.s.14Penicilloyl, the major penicillin determi-
nant, accounts for 95% of penicillin metabolites. A variety
of minor determinants account for the remaining amount
and include unmetabolized penicillin,penicillenate, peni-
cilloicacid,penicillanyl, penicoyl, penilloic acid, and other
conjugates.S~4,1S

SPECIALCONSIDERATIONS

Numerous considerations must be kept in mind when
evaluating the available literature on the cross-reactivity
between ~-lactarn antibiotics. The methods by which aller-
gies are verified (ie, skin test, graded challenge, single test
dose, full therapeutic courses) and the definition of allergic
reaction are perhaps the 2 most importantconsiderations.
Studies that use a wide rangeof symptoms to define aller-
gy may confuseclinicians who focus on IgE-mediated re-
actionsby overestimating theirincidence, but they can pro-
vide useful information on otheradverse reactions that can
be attributed to the antibiotic.

Of patients who report a history of penicillin allergy,
80-90% have a negative penicillin skin test response.'
Skin testing to major and minor penicillin determinants
identifies 97-99% of potential reactors,' and is useful in
predicting Igfi-mediated type 1 reactions but not the possi-
bility of other typesof hypersensitivity reactions occurring
more than 24 hours after the administrationof the drug.'
The major penicillin determinant, benzylpenicilloyl poly-
lysine (Pre-Pen, AllerQuest, West Hartford, CT), is cur-
rently not available but is expected to be available in
2009.16A minordeterminantmixture is not commercially
available, but penicillin G is an acceptable alternative,"
Some studies have found specificIgE antibodies directed
to the penicillin side chainand suggestthat the addition of
other determinants may improve the sensitivity of skin
testing and may playa role in the cross-reactivity between
various penicillins.14.17.:W However, whileskin tests to other
penicillins,cephalosporins, carbapenems,and rnonobac-
tarns are used in clinical studies,the usefulness of their re-
sults is unknown, as thesetestsare not standardized.

An additional phenomenon that has been noted is the
presence of multiple, seemingly unrelated drug allergies in
some patients.IS•19 Onestudyfound that the history of prior
reactions to other medications wassignificantly morecom-
mon in patients who had an allergicreaction to penicillin
thanin thosewho did not," Penicillin anaphylaxis has been
noted to be morecommon in patients withatopy." Although
froma mechanistic standpoint it may be important to con-
siderwhetherhypersensitivity reactions to ~-lactarn antibi-
oticsare indeeddue to theircross-reactivity or are a coinci-
dentalallergyin a patientprone to multipledrug allergies,
clinically the differentiation is less significant, sinceeither
waythe patient is at an increased riskof reacting.

Carbapenems

The structural similarity between penicillin and car-
bapenem antibiotics is the bicyc1ic core,composedof a 5-
membered ringattached to the ~-lactarn ring (Figure 1).21.13

This commonality is generallybelieved to beresponsible
for the cross-sensitivity between these classes of antibi-
otics.8,24-26

Table 1. Typesof Hypersonsitivity Reactions4-7

Type Classification Onset Examplos

I immunoglobulin E mediated within 30 min-l h penicillin, aspirin. NSAIDs. cancer chemotherapy agents
(anaphylact ic)

II cytotoxic 5-12'1>727 h transfusion reactions : quinidine. methyldopa, or penlclllin·lnduced hemolyt ic anemia

III immune complex 3-811>727 h serum sickness

IV coli mediated (delayod) 24-4811>727h contact dermatitis. tuberculin reaction

NSAIDs =nonsteroidal antiinflammatory drugs.
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EARLY PROSPECTIVE STUDY

The incidence of imipenem and meropenem hypersensi-
tivity in the general populationhas been estimated to be
from 0.3% to 2.3%, mostly reported as rash, pruritus, or
urticaria.z'-JO However, thereis no consensus on the rateof
hypersensitivity in individuals alsoallergic to penicillin. To
date,7 studies haveevaluated thecross-sensitivity between
carbapenems and penicillins, the results of which range
widely,from 0.9% to 47.4%.24.26,31.34 The wide variability
in theseresults is due in partto thevariety of studydesigns
employedwhen researching the issue of cross-sensitivity
between thesedrugs.

ministered. Despitethe limitations of this study, a lackof
otherdata led to the oft-quoted cross-reactivity rate of ap-
proximately 50% betweenimipenem and penicillin aller-
gies.

RETROSPECTIVE STUDIES

Afterthe initial studyby Saxonet al., a period of quies-
cence occurred in the study of carbapenem-penicillin
cross-reactivity. However, in 2000McConnell et al," pub-
lished a retrospective review that assessed the medical
recordsof 63 febrileneutropenic bone marrowtransplant
patients withpenicillin allergies who received at leastone
intravenous dose of imipenem/cilastatin. Patients weredi-
vided intothose witha reported penicillin allergy and those
with a documented penicillin allergy, and were deemed
irnipenem-allergic if therewasdocumentation of an allergy
in the medical record or allergic symptoms (eg, rash,
eosinophilia, angioedema) temporally related to imipenem
administration.

The overall incidence of imipenem cross-sensitivity
among all patientswas 9.5% (Table2). The incidence of
imipenem cross-sensitivity in patients with a documented
penicillin allergy was 33.3% and was7% (4/57 patients) in
patientswith a self-reportedpenicillin allergy. All of the
imipenemallergiesmanifestedas rashes. However,both
patients with a documented penicillin allergy who reacted
to imipenem received penicillin immediately priorto treat-
mentwithimipenem."

Prescott et al.24 performed a retrospective review of 211
patients withand without reported penicillin allergies who
received at least one intravenous dose of imipenern/cila-
statin or meropenem. Patients were deemed penicillin-
allergic if they had a reported or documented penicillin al-
lergy butwereexcluded if theirallergy wasassociated with

aminopenicillins, with the rationalethat non-
immunologicdrug rashes or gastrointestinal
disturbances areoftenreported as allergic reac-
tions to theseagents. Patients wereconsidered
to have experienced an allergic reaction to the
carbapenem ifoneor moreof thefollowing re-
actions occurred: dermatologic reactions (rash
or hives), fever, anaphylaxis, angioedema,
hematological abnormalities (thrombocytope-
nia or leukopenia), eosinophilia if it led to the
discontinuation of carbapenem therapy, or any
other signsand symptoms thought to bealler-
gic.

Of the 211 patientsevaluated, 47.4% had a
reported or documented penicillin allergy
(Table 2). Similar numbers of patients were
treated with imipenem/cilastatin and meropen-
em. Therewas a significantly higher incidence
of carbapenem allergic reactions in patients

Aztreonarn, a monobactam

Imipenem, a carbapenem

Amoxicillin, a penicillin

Figure 1. Examples alp·lactam antibiatics.21-23

Saxon et al.25 performed the first prospective study of
the cross-reactivity between imipenem and penicillin.
They evaluated 59 participants, 39 of whom reported a
penicillin allergy and were skin tested for reactivity to
penicillin and the majorand minorpenicillin determinants,
then to imipenem and its metabolites. Of the 39 subjects,
19 (48.7%) had a positive skin test to penicillin or the ma-
jor or minorpenicillin determinant.

Of these 19 penicillin skin test-positive subjects, 9
(47.4%) had a positive skintest to imipenem or its metabo-
lites,whileonly 1 (5%)of 20 penicillin skin test-negative
participants reacted to imipenem. The cross-sensitivity be-
tweenpenicillin and irnipenem in patientswho reported a
penicillin allergy was therefore 25.6% (10/39 patients).
However, the cross-sensitivity between imipenem and
those determined to bepenicillin allergic viapenicillin skin
testwashigher, at 47.4% (9/19patients). No p values were
reported in this study,but the difference is significantby
Fisher'sexacttest (p <0.01).25 The limitations of thisstudy
include small sample size, use of a nonstandardized
imipenem skintest,and thefact that imipenem wasnotad-
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More recently, Atanaskovie-Markovic et a1.31 and Ro-
manoet al.32,34 conducted 3 prospective studies to evaluate
the cross-sensitivity betweenpenicillins and carbapenems.
All participants included were skin testedto the majorand
minor penicillin determinants, benzylpenicillin,. and
aminopenicillins (ampicillinand amoxicillin),and had a
positive reaction to at leastone reagent. Subjects werethen
skin tested to a carbapenem; if the skin test was negative,
they were challenged with intravenous or intramuscular
doses of the carbapenem. In the first hour, subjects re-
ceived 11100 of the dose, then 1110 in the secondhour,and
thenthe full dose in the third hour.

The first study examined the use of imipenemin peni-
cillin-allergic subjects.P Included were 112 participants
who were skin tested to penicillin determinants described
above,as well as to piperacillin and imipenem. If the skin
test was negative, an imipenem/cilastatinchallenge was
givenas fractions of the therapeutic intramuscular dose of
500/500 mg.

When subjects were skin tested to penicillin reagents,
127(43.8%) reactions were to benzylpenicillin or the ma-
jor or minor determinant (Table 3). Althoughthe number
of participants whoreacted to only the semisynthetic peni-
cillins is unclear, there were a total of 163 (56.2%) reac-
tions to these penicillins. Only one person with a positive
penicillin skintest reacted to the imipenem skintest.Of the

MORE RECENT PROSPECTIVE STUDIES

with a reported penicillin allergy compared with those
without, at 11% and 2.7%,respectively. There was no dif-
ference between reactions to imipenemand meropenem.
Five patients in the penicillin-allergic group and none in
the non-penicillin-allergic grouphada carbapenem allergy
thatwas classified as definite (p = 0.0227). The mostcom-
mon reaction was rash. After adjusting for age, sex, and
prednisone use, and excluding patients with aminopeni-
cillin allergies, thisstudyfound the odds thata patient with
a reportedpenicillinallergywill have an allergic reaction
to imipenem or meropenem 5.2 (odds ratio 5.2; 95% CI
1.4to 20) whencompared with non-penicillin-allergic pa-
tients."

A third retrospective trial evaluated 266 patients with
and without reported penicillin allergies treated for at least
one day with imipenem/cilastatin or meropenem." A car-
bapenem allergy was defined as development of rash,
hives, fever, angioedema,bronchospasm,or pruritus that
resolved upon discontinuation of the carbapenem. The
Penicillin allergy was an unknown reaction in 54% of 163
patientswho reported an allergy(Table 2). The incidence
of allergic reaction to a carbapenem was 9.2% in peni-
cillin-allergic patients and 3.9% in non-penicillin-allergic
patients (p = 0.164). The most frequent allergic reaction
wasmanifested as maculopapular rash.
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110participants with a negative imipen-
em skin test who agreed to undergo the
intramuscular imipenem challenge, none
reacted to imipenem," The authors
concluded thatthecross-sensitivity is sig-
nificantly lowerthanpreviously reported
by Saxon et al.25 andproposed thatimipe-
nem skin tests can be performedin pa-
tients whorequire imipenem therapy, and
if the results are negative, patients can
safely receive a challenge suchas theone
usedin thisstudy,"

The secondstudy assessedthe use of
meropenem in penicillin-allergic sub-
jeers." One hundred four participants
overthe ageof 13years withhistories of
penicillin allergy were skin tested to
penicillin determinants described above,
as well as piperacillinand meropenem.
The first 40 subjects received intra-
venousgraded challengeswith 3 mero-
penemdilutions, but subsequent subjects
received 2 dilutions of 1/10of the dose
followed by the full dose 1 hour later.
Sixty-nineof the subjectshad also par-
ticipated in the imipenem study de-
scribed above."

When subjects were skin tested to
penicillin reagents, 106(38.4%) reactions
were to benzylpenicillin or the major or
minordeterminant (Table 3).34 The num-
ber of patients who reacted only to
semisynthetic penicillins was not report-
ed, but therewere 170(61.6%) reactions
to these penicillins. Only one person
with a positive penicillin skin test also
reactedto the meropenem skin test. The
subject who was skin test-positive to
both penicillin and meropenem is the
same personwho was included in a pre-
viousimipenem studyandhad a positive
skintest to imipenem," All 103subjects
with negative meropenem skin tests tol-
eratedthe intravenous challenge (100%;
95% CI 96.5% to 100%).34 The authors
concluded that the rate of cross-reactivi-
ty between penicillins andmeropenem is
no higher than 5.2%, the upper confi-
dencebound.Additionally, no morethan
3.5% of patients would be expected to
react to a meropenem challenge after a
negative meropenem skintestresult.

The third study was performed in
childrenaged 3-14 years and examined
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AUergk Cross-Sensitivity Between Penicillin, Carbapenem, andMonobtu:tom Antibiotics

the cross-sensitivity between penicillinand meropenem,"
One hundredeight childrenwith histories of penicillinal-
lergy were skin tested to penicillin reagents described
above and meropenem. After the first 30 intravenous
meropenemchallengeswith 3 meropenemdilutions,sub-
jects received meropenem challenges with2 dilutions.

When subjects were skin tested to penicillin reagents,
51 (47.2%) were positive only to the majoror minordeter-
minant and 32 (29.6%)only to a semisynthetic penicillin
(Table3). Only one person with a positive penicillinskin
test reacted to the meropenemskin test, while none of the
20 control children reacted. All 107 meropenem skin
test-negative subjects toleratedthe intravenous meropen-
em challenge. The authors concluded that there is a very
low rate of cross-reactivity between penicillins and
meropenem, and that a meropenem skin test followed by a
graded challengecan be performed in patients with peni-
cillinallergies,"

DISCUSSION

The incidence of cross-sensitivity between penicillins
and carbapenems from prospective studies using skin test-
ing rangesfrom0.9% to 47.4%.ZS,31,32.J4 Although the 3 ret-
rospective studies used patients with documented and/or
reportedpenicillinallergies that were not verifiedby skin
testing, employed a broad definitionfor allergic reaction,
and relied on chart documentation, they were the only
studiesin whichpatients were administered full coursesof
therapy without a challenge first. The cross-sensitivityin
these trialswas between9.2% and 11 %.24,26,33 On the other
hand,the4 prospective studiesused skin teststo penicillins
and carbapenems to determine allergies,ZS,31,32,34 and the 3
more recent studiesadministered challengeswith increas-
ing doses of the carbapenem to carbapenem skin test-neg-
ative participants to assess tolerability.31,32,34 All carbapen-
em skin test-negative patients tolerated the carbapenem
challenges.

Many differences must be noted before drawing a con-
clusionfromthe7 studies aboutthe safetyof administering
carbapenems to penicillin-allergic patients. First, it is im-
portant to keep in mindhow penicillin allergies were veri-
fied. Studies that additionally skin tested to semisynthetic
or aminopenicillins may have enrolled patients who are
not truly penicillin-allergic, thus dilutingthe penicillin-al-
lergicpopulation studiedand finding a lower rate of cross-
sensitivity. Additionally, the predictive value of the car-
bapenem skin tests used in the prospective studies is not
established, since none of the skin test-positive patients
were challenged with the carbapenem. Furthermore, the
cross-reactivity rate between penicillin and carbapenem
skin tests varied depending on whether carbapenem
metabolites were used. This may explain the difference in
cross-sensitivity of 47.4%in the Saxonet al. study," which

had a muchsmallersamplesizeand usedimipenem and its
metabolites, when compared with 0.9% and 1% in the
more recentstudies,whichused only the parentcarbapen-
em compound.31,32.J4 It is unknownwhetherpatients in the
carbapenem skin test-negative groups in the studies ofRo-
manoet al, and Atanaskovic-Markovic et al. may have re-
actedto a carbapenem metabolite skin test.However, since
all carbapenem parent compound skin test-negative pa-
tients toleratedthe carbapenemchallenge,it is reasonable
to concludethat patientswith a negative carbapenemskin
test to the parentcompound can safelyreceivea carbapen-
em challenge.

In the case of verifying a carbapenemallergy, the most
reliablepredictoris a reactionto a therapeutic dose of the
drug in question, whichis what was done in the retrospec-
tive studies24,26,33 and in the 3 morerecentprospective stud-
ies.31,32,34 However, the retrospective studies used broad
definitions of allergic reactions, including patients with
fever,rash, and hematologic abnormalities (leukopenia or
thrombocytopenia), which can be nonimmunologic in na-
ture and not mediated by IgE antibodies. Nonetheless, they
do capturedata on non-IgE-mediated potential allergic re-
actions that may be useful. On the otherhand, the morere-
cent prospective studies administered a full dose of
imipenem or meropenemto patients with a negative skin
test to the carbapenem, but did so by administering in-
creasing amounts of the drug before the full therapeutic
dose.31,32,34 The conclusion can be made that it appears to
be safe to administera carbapenemfollowingthis dosing
regimen to patients with a negativecarbapenemskin test.
Although administering graded challenges differs fromde-
sensitization in that it does not alter the immune system's
response to the antigen," it is not known whetherthis dos-
ing scheme needs to be used prior to every course of car-
bapenemtherapy.

There is clearly no consensuson what the actualcross-
sensitivity is betweenpenicillins and carbapenems, or how
much of the allergycan be attributedto a coincidental al-
lergic reaction to the carbapenemthat is not related to the
patient also being allergic to a penicillin.The wide range
of cross-sensitivityreported between penicillins and car-
bapenemscan be attributedto the way in which penicillin
and carbapenem allergies are defined and the manner in
which they are verified. When the studies that verified
penicillin allergyby the acceptedstandard (ie, skin test to
the majorand minorpenicillin determinants) and testedfor
carbapenem allergy by administering a full therapeutic
dose to carbapenemskin test-negative patients are exam-
ined, the cross-reactivity between skin tests appears to be
around 1%, with all carbapenem skin test-negative pa-
tients tolerating the challenge.31,32.J4 Basedon these studies,
a recommendation can be made to skin test to the car-
bapenemthose patientswith a penicillin allergy; if the re-
sults are negative,the carbapenemcan be safely adminis-
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teredat increasing amounts in the manner described above.
However, administeringa carbapenem skin test may not
always be feasible and a carbapenem test dose or graded
challenge maybe considered instead.

Monobactams

IMMUNOLOGY

Aztreonam is the only monobactam available for clini-
cal use. It is composedof a ~-lactam nucleuswith no ad-
joining ring and a side chain (Figure 1).As a resultof this
difference in structure, the immunology and clinicaltoler-
anceof aztreonam in penicillin-allergic patients isof interest.

The immunogenicity of aztreonam has been heavily
studied. One study showed that aztreonam interactions
with anti-penicillin and anti-cephalothin antibodies and
anti-aztreonam antibodies' cross-reactivity with penicillin
and cephalothin were negligible.s-" Additionally, the
serumof 3 penicillin-allergic patients, verified via skintest,
showed that aztreonam was only very weaklycross-reac-
tive withhumanIgE anti-penicilloyl antibody." This study
also evaluated36 healthymen with no previousexposure
to aztreonam, whoreceived aztreonam intravenously or in-
tramuscularly for 7 days.Their serawere examined for the
presence of IgE anti-aztreonam antibodies, which were
found to be absentin all patients at all time periodsevalu-
ated. Additional immunogenicity studies suggested that
aztreonam antibodies weredirected to the sidechainrather
than the ~-lactam ring36,37 ; this was further confirmed in
experiments showing that monobactams with side chains
different from aztreonamdid not interact with antibodies
againstaztreonam, whereasceftazidime, which has a side
chain identical to that of aztreonam, produced complete
blocking of anti-aztreonam antibodies,"

These results indicate that aztreonam is weakly im-
munogenic and does not significantly cross-react with
penicillin and cephalosporin antibodies, except cef-
tazidime,with which it sharesa common side chain.This
beliefis supported by The American Academy of Allergy,
Asthmaand Immunology:

CLINICAL EVIDENCE: PROSPECTIVE TRIALS

The low immunogenicity of aztreonam has beenevalu-
ated in patients to establish its clinical relevance. Datapro-
videdby ER Squibbon adverse reactions in 3360 patients
receiving multiple doses of aztreonam in Phase I and 2
clinical trials revealed 71 (2.1%) immunologicreactions
and 7 (0.2%) type I reactions." The immunology study
aboveadditionally evaluatedthe cross-sensitivity between
penicillins and aztreonam in vivo.37,39 A groupof 81 peni-
cillin skin test-positive and -negative subjects were skin
testedto aztreonam and its metabolites, whichcorrespond
to penicilloyl and penicilloate. Half of 40 control patients

and 29 of 41 (70.7%) penicillin skin test-positivepatients
had historiesof prior reactionsto penicillins,but none to
cephalosporins. Noneof the 81 patients wereunequivocal-
ly positive for aztreonam or its determinants (Table 4).
Four of 41 penicillin skin test-positive patients showed
some reactivity; however,there were difficulties in inter-
preting theirresults. The skin tests wererepeated in these4
patients, and the aztreonam skin test was negative. The re-
sultsof the studyfailed to showevidence of cross-reactivi-
ty between penicillin and aztreonam skintests.

The tolerance of aztreonam in cystic fibrosis patients,
whofrequently require therapy with j3-lactam antibiotics due
to continual infections withPseudomonas aeruginosat" was
evaluated in 2 trialS.41•44 Fifteen cysticfibrosis patients with
a documented history of hypersensitivityreactions to 13-
lactam antibiotics were skin testedto aztreonam; if the re-
sultswere negative, they wereadministered escalating test
doses of intravenous aztreonam/v" If no reaction was pre-
sent, patients received aztreonam intravenously for 14
days. All 15 patients had a negative aztreonam skin test
and tolerated the intravenous challenge. Noneexperienced
a hypersensitivity reaction duringthe first courseof thera-
py; however,56 total courses of aztreonamtherapy were
administered to all patients for Pseudomonas reinfection
and 2 patients developed drug fever during the third or
fourth courseof therapy. The authors concluded that aztre-
onam can be used in cystic fibrosis patients withprevious
severehypersensitivity reactions to other j3-lactam antibi-
otics if they are skin tested and receivegradedchallenges
as outlined in theirstudy.

Anotherstudyevaluated 21 cystic fibrosis patients with
a historyof generalized hypersensitivity reaction to j3-lac-
tam antibiotics.w" Patients were skin tested to the major
and minorpenicillin determinants and the j3-lactam antibi-
otic responsible for their most recentallergic reaction (the
primary drug). They were also skin tested to aztreonam
and its metabolites. If the result was negative, patients
were treatedwith intravenous aztreonam for 10-21 days.
All patients receivedmultiple coursesof the j3-lactam be-
fore the development of an allergic reaction. Skin tests
were positive to at least one j3-lactam reagent in 19pa-
tients, mostcommonly to theprimarydrug (17/19 patients;
Table4). Only 1 patientwas skin test-positive to aztreon-
am; the remaining 18 patients receivedintravenous aztre-
onam therapy,along with 2 patients who were j3-lactam
skin test-negative.

One patient (5%) of the 20 treated with intravenous
aztreonamdid not tolerate it, and an additional3 patients
were sensitized and developedhypersensitivity reactions
during subsequentaztreonamexposure. One patient was
sensitized to aztreonamduring her first treatment and de-
veloped bronchospasm on day 9 of therapy.Three addi-
tional patients weresensitized to aztreonam anddeveloped
hypersensitivities uponreexposure, including pruritic rash,
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angioedema, bronchospasm, and a positive aztreonam skin
test.This studyshoweda 5.3% rate of cross-reactivity be-
tweenpositive ~-lactam and aztreonam skin tests.Sensiti-
zation,however,occurredin 20% and 16.7% of cystic fi-
brosis patients withreported p-Iactam allergy and p-lactam
skin test-positive reactions, respectively, treated withintra-
venous aztreonam.w"

Vega et a1.45evaluated 49 patients with and without ~ 

lactam allergies verified by skin test or controlled chal-
lenge tests. Patients were skin tested to a variety of peni-
cillin determinants, cephamandole, and aztreonam(Table
4). The controlled challengetest included the administra-
tion of benzylpenicillin, phenoxymethylpenicillin, and
amoxicillin, withevaluation for hypersensitivity reactions
between eachstep.Sevendaysafterpresentation of a reac-
tion, patients received one parenteral dose of aztreonam
500 mg. None of the nonallergic patients and I of 29 ~ 

lactam-allergic patients was skin test-positive to aztreon-
am. However,all patients, including the patient with the
positive aztreonam skin test,tolerated the administration of
intravenous aztreonam 500 mg. This study also examined
the cross-reactivity between aztreonam and benzylpenicil-
loyl IgEantibodies and found none.

A finalcase series reportdescribed 6 amoxicillin-aller-
gic patients who tolerated benzylpenicillin, aztreonam, and
ceftazidimef Patients were skin tested with benzylpeni-
cillin,the majorand minorpenicillin determinants, amoxi-
cillin,and ampicillin. If the skin test was negative, patients
were given a graded challenge of benzylpenicillin and
amoxicillin until a reaction was observed. Each patient
wasalsochallenged withintramuscular aztreonam andcef-
tazidime in increasing doses. Four patients were skin
test-positive to amoxicillinor ampicillin and all patients
developed hypersensitivity reactions after oral challenge
with amoxicillin (Table 4). However, all patientstolerated
benzylpenicillin, aztreonam, andceftazidime.

CLINICAL EVIDENCE: CASESERIES ANDREPORTS

A retrospective review evaluated the incidence of ad-
verse reactions, specificallyskin rash, fever, and eosino-
philia,withaztreonam in 22 patients, 15of whomreported
penicillin allergies,"Five (22.7% of all patients; 33.3%of
thosereportedly penicillin-allergic) patients experienced an
adverse event: 3 developed a skin rash, 1eosinophilia, and
I drug fever. Although all of these5 patients had reported
penicillin allergies, the allergy history was not a significant
predictor of an adverse eventwithaztreonam (p = 0.13).

Numerous case reportshave been published describing
the use of aztreonam in ~-lactam-allergic patients. A 69-
year-old female who failed oral penicillindesensitization
receivedaztreonam therapywith no adverseevents," An-
othercase reportdescribed a 53-year-oldmalewitha rash
to penicillin whodeveloped an urticarial rash to bothaztre-

onam and imipenem,"The cross-reactivity specifically be-
tweenaztreonam and ceftazidime was described in a case
report of a 57-year-old male with a clindamycin allergy
history." He developed a maculopapulareruption when
treated with aztreonam and amoxicillin/clavulanate; the
rash worsened when only amoxicillin/clavulanate was
stopped, which required discontinuation of aztreonam. The
patient was skin tested to the major and minor penicillin
determinants, benzylpenicillin, amoxicillin,amoxicillin/
clavulanate,cephradine,ceftazidime,and aztreonam,the
results of which were positive for ceftazidime and aztreo-
namonly.

DISCUSSION

Immunology studies of the possiblecross-reactivity be-
tween anti-penicillin and anti-cephalosporin IgE antibodies
with aztreonam indicate a lack of significant interac-
tion.36,37,51 They additionallysuggest that aztreonamanti-
bodies are directed at the side chain and recognize cef-
tazidime becauseof the identical side chain.36,37 Although
valuable, immunology dataalonecannotbe usedas the ba-
sis of clinicaldecisionsas to whetherto administeraztre-
onamto ~-lactam-allergic patients.

An evaluation of 5 trials showsthe cross-sensitivity be-
tween ~-lactam antibioticsand aztreonam to be low (be-
tween 0% and 5.3%), regardless of whether or not the
study used additional penicillindeterminants in verifying
p-Iactam allergy, skin tested to aztreonam as well as its
metabolites, or administered aztreonamparenterally with
or without a gradedchallenge first.37,39,41.46 The cross-reac-
tivity between penicillin and aztreonam skin tests was3.4-
5.3%.43.45 However, no patients showed clinical signs of
hypersensitivity afterreceiving parenteral aztreonam,37,39,41.46
exceptcysticfibrosis patients, who becamesensitized and
developed allergic reactions uponreexposure to aztreonam
at a later time.41.44 The data from cystic fibrosis patients,
however, cannotbe applied to the general population. This
population can develop hypersensitivity reactions afternu-
merous exposures to the same or a possibly cross-reacting
medication," which was seen in the study by Moss et
a1.43,44 It is thus difficult to assess how much can be at-
tributed to cross-sensitivity between the ~-lactam antibi-
otics and aztreonam versus sensitization in a patientpopu-
lation that has a high rate of generalized immune respon-
siveness," If the reactionsthat patientsexperienced upon
exposure to aztreonam were IgE-mediated type 1 hyper-
sensitivity reactions due to cross-sensitivity, the reaction
would be expected to manifest imrnediately.v' However,
this was not the case. Additionally, the cystic fibrosis pa-
tients in the Jensen et a1.41,41 study had documented ~-lac 

tam allergies, which werenotverified by skintest,while in
the Mosset al.43,44study, skintesting to the primary drugto
which the patient reported an allergywas performed, the
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predictive valueof whichis not known.Thesepatientsalso
received graded intravenous test doses prior to the full
therapeutic course,41,42 which brings into question the pos-
sibilitythat patientswere desensitized to aztreonambefore
the firstcourseof therapy. This may accountfor the lackof
immediate hypersensitivity reactions observedupon initia-
tion of aztreonam therapy. However, if the patients were
indeed allergic to aztreonam,one would expect an imme-
diate reaction upon reexposure to the drug during future
coursesof therapy, and thisdid notoccur.The patientswho
became sensitized developed drug fever and rash, which
are not Igli-mediated,"

The studies in non--cystic fibrosis patients show no clin-
ical cross-reactivity between ~-lactams and aztreonam. Al-
though the Saxon et aJ.37,.19 study included the most pa-
tients, it evaluated only skin tests and patients did not re-
ceive any parenteral aztreonam. The other 2 studies
performed both aztreonamskin tests, and parenteralchal-
lenges with or without a graded challenge first and found
no clinical cross-reactivity, even in the 1 patient who was
aztreonam skin test-positive/v"

One case series evaluated patients for skin rash, fever,
and eosinophilia, which are not IgE-mediated reactions
and thusdo not helpevaluatethe immediate cross-sensitiv-
ity between these 2 classes, but show that other allergic-
type adversereactions may occur," The case reportsare of
limited value, but the report of the patient with an allergy
to aztreonam and ceftazidime but not benzylpenicillin,
amoxicillin, or other cephalosporins is of note." This case
report addresses the concern of cross-reactivity between
ceftazidime and aztreonambecauseof the same side chain.
Aside from this report, 1 of 6 (16.7%) ceftazidime-allergic
cystic fibrosis patientsbecamesensitized to aztreonam and
developed angioedema and bronchospasm upon reexpo-
sure to aztreonam.43

,44 This is the only prospective trial that
reportedspecifically about ceftazidime-allergic patientsre-
acting to aztreonam.There are insufficientclinical data to
conclude with certainty that aztreonam cross-reacts with
ceftazidime, althoughthe concept is logicaland supportive
immunology data exist.J6,.17 Given the available data, the
cross-reactivity between ~-lactams and aztreonamis negli-
gible, although patients with ceftazidime allergies should
be administered aztreonam withextra caution.

Summary

A review of the data on the cross-reactivity between
penicillins and carbapenems indicates that the potentialfor
development of a type 1 hypersensitivity reaction in a
penicillin-allergic patient is very low and the use of car-
bapenems should not be completely avoided. Although
many people may be classified as penicillin-allergic,
80-90% of those who reportan allergy do not react to skin
testingfor IgE reactivity. It is therefore importantto obtain

a thorough patienthistory, determining the drug the patient
received, type of reaction, time between receiving the
medication and developmentof symptoms,other medica-
tions the person was taking at the time that may have
caused the reaction, and possibly cross-reactingdrugs re-
ceivedsince the initialreactionand whetherthey were tol-
erated.

Once the presence of a past IgE-mediated reaction to
penicillin is confirmed by penicillin skin test or properly
documentedhistory,the likelihoodof true cross-reactivity
is considered. Although an early study of cross-reactivity
between penicillin and imipenem and their metabolites
showed a high incidence,this result has not been replicat-
ed. More recentprospective studies show the cross-reactiv-
ity between the penicillin and carbapenem parent com-
pound skin test to be around 1%. Although it is unknown
how many patients with positivecarbapenem skin test will
clinically develop a type 1 hypersensitivity reaction, 1%
can be considered the likely upper limit of the cross-reac-
tivityincidence sinceall patients with a negative carbapen-
em skin test tolerated the challengeused in studies. Since it
is alsonot known whetherthe dosingschemeused in trials
should be employed for all penicillin-allergic patients re-
quiring carbapenem therapy, a graded challenge or test
dose can be consideredfor patientsdeterminedby history
to have experienced an IgE-mediatedreaction or positive
skin test to penicillin.

Both immunologic studies and evidence from clinical
trials do not show any clinical cross-reactivity between
aztreonam and penicillins exceptthe development of sensi-
tization reactions in cystic fibrosis patients. There are,
however, immunology and someclinical data that a degree
of cross-reactivity may exist between ceftazidime and
aztreonam due to the similarity in sidechains.

The consequences of IgE-mediated allergy can be se-
vere, and diligence is required when ~-lactams are chosen
as therapy in reportedly ~-lactam-a11ergic patients. How-
ever, it is importantto reemphasize that the use of alterna-
tive antibiotics in patients reporting a penicillin allergy
does not come without risks. These include but are not
limited to increased healthcare costs, risk of developing
bacterial resistance, use of alternative antibiotics withother
potentially dangerous adverseeffects,and the use of possi-
bly inferior antibiotics.Choosing antibioticsfor these pa-
tients is difficult, and it is important for the clinician to
consider the allergy type in question, the infection being
treated,and the availability, cost,and effectiveness of alter-
natives,as the risk of inducingan IgE-mediated type reac-
tion to another ~-lactam is lower than many believe.

Jane Frumln PharmD, Intemal Medicine Pharmacy Resident, Clin-
icallnstructor, Departmentof PharmacyServices, MCV Campus.
Schoolof Pharmacy, Virginia Commonwealth University, Richmond.
VA
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SensibilidadAlergica Cruzada Entre los Antibi6ticosPenicilina,
Carbapenemo, y Monobactarna:i,CuaIesson las Probabilidades?

J Frumin yJCGallagher

AnnPharmacother 2009;43:304-15.

EXTRACI'O
oDJETIVO: Evaluarla literatura relacionada a sensibilidad alergica
cruzadaentrelos antibi6ticos penicilina, carbapenemo, y monobactarna.

FUENTES DE DATOS: Unabnsqueda en MEDLINE (l950-junio 2008)de
la literatura en inglesse I1ev6 a cabousandolosterminos j3-lactarna,
penicilina, monobactarna, carbapenemo, alergia, y reactividad cruzada.
Las referencias de los artfculos revisados fueron chequeadas para
inclusi6n.
SELECCI6N DE FSruDIOS Y EXTRACCI6N DE DATOS: Todoslos artfculos en
inglesde las fuen~es. de datosfueron id~ntificad?~ ..Estudios primarios
cuyoprincipal objetivo era evaluarla hipersensibilidad a farrnacos y
potencial para reactividad cruzadafueronevaluados.

slNTESIS DE DATOS: Muchospacientes lIevan unaetiquetade alergia a
penicilina que no ha sidoverificada con unapruebaen la piel y muchos
proveedores de saludevitanel usode otrosantibi6ticos j3-lactarna, como
los carbapenemos, por miedoa una reacci6n alergica cruzadapotencial
mediadapor IgE.Existeunavariedad ampliade reacciones cruzadas
entrepenicilinas y carbapenemos reportadas en variosestudios, sin
embargo la incidencia es de I%en laspruebasde pielentrepenicilina y
carbapenemos. Ademas,muchos prescriben libremente monobactarna
aztreonam en pacientes alergicos a penicilina, creyendo que noexiste
reactividad cruzadaentreambas.Aunquelos datosapoyanla faltade
reactividad cruzada entreaztreonam y penicilinas,la inmunolog(a y datos
clinicos apoyanuna interacci6n entreceftazidima y aztreonam dado 10
parecido de lascadenaslaterales.

CONCLUSIONES: A pesar dequeexiste unavariedad de tasasde reacciones
cruzadas entre lasclasesde j3-lactarna en la literatura, la practica de
evitarel uso de carbapenemos en pacientes alergicos a penicilina debe

serreconsiderada. Conrelaci6n a lasmonobactamas, unarea de precauci6n
y riesgo altoa reacciones de hipersensibilidad tipo 1 puedeincluirla
adrninistraci6n de aztreonam en pacientes conalergiaa ceftazidima.
Ademas.Ia importancia de obtenerun buenhistorial del paciente en
relaci6n a eventosalergicos previos, documentaci6n apropiada y pruebas
en la pielcon penicilina se re-enfatizan.

Traducido porSonia I Lugo

Qu'elles Sont les Possibilitesde Developper une AllergieCroisee
Entre la Penicilline.Ie Carbapeneme,et les Antibiotiquesde la
Classe des Monobactarnes

J Frumin et JCGallagher

Ann Pharmacother 2009;43:304-15.

REsUME
OBJECTIF: Evaluer la documentation medicale concernant les reactions
allergiques croisees entrela penicilline.Ie carbapeneme, et les
antibiotiques de laclassedes monobactames.

SOURCES DE DOOOES: Une recherche MEDLINE a ete effectuee dansla
documentation de langueanglaise en utilisant les termesde recherche ~ 

lactarnines, penicilline, monobactarne, carbapeneme, allergie, et reaction
croisee. Les references des articles de revuesur Iesujetont egalement
eteevaluees pour inclusion.

SELECTION DES truDES ET EXTRACTION DES DONNEEs: Touslesarticles de
langueanglaise provenant de la sourcede donnees onteteidentifies. Les
principales etudes pourlesquelles I'objectif primaire etaitd'evaluerI'hyper-
sensibilite aux medicaments et Iepotentiel d'allergiecroisee ont ete
analysees,
SYNTIIEsE DES DONNEEs: Plusieurs patients trainent une mention d'allergie
IIlapenicilline quin'a paseteverifiee IIl'aided'un testcutane et plusieurs
professionnels de la santeevitent d'utiliserd'autresantibiotiques du
groupedes j3-lactarnines, nommernent carbapeneme, de peurde
provoquer une reaction aIlergique croisee indirecte par les IgE.IIexiste
unegrandevariete de reaction croisee entreles penicillines et les
carbapenemes rapportees dansdifferentes etudes,cependant I'incidence
est approximativement de I% entreles testscutanesde penicilline et
carbapeneme, Deplus,plusieurs prescripteurs utilisentaisement Ie
monobactame aztreonam chezlespatients allergiques IIla penicilline,
croyantqu'il n'existe aucuneallergie croiseeentreces 2 medicaments.
Bienque les donnees appuient l'absencede reaction allergique croisee
entrel'aztreonam et les penicilllnes.I'lmmunologle et quelques donnees
cliniques soutiennent une interaction entrela ceftazidime et I'aztreonam
en partieIIcausede la similitude de leurchainelaterale,

CONCLUSIONS: Bienqu'une variabilite existeentreles tauxde reactions
aIlergiques croiseesentrelesclassesde j3-lactarnines dansladocumen-
tationscientifique,lapratique courante d'eviterlescarbapenemes chez
les patients allergiques II la penicilline doitetre revue.En ce qui II trait
auxmonobactarnes, une zonede prudence et un risquepluselevede
reaction d'hypersensibilite de type 1peut inclureI'administration
d'aztreonam chezun patientallergique IIla ceftazidime. Deplus,
l'importance d'obtenirun bon historique entourant les evenements
allergiques du patient,avecdocumentation appropriee et un testcutaneII
la penicilline doit etreaccentuee IInouveau.

Traduit parChantal Guevremont
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