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Antibiotics are among the most widely and heavily
prescribed drugs, but despite this, allergic reactions
to most groups of antibiotics are relatively uncom-
mon—especially when compared with the number and
frequency of type 1 hypersensitivity responses to the 3-
lactams (ie, penicillins, cephalosporins, and, to a lesser
extent, carbopenems). Still, there remains a steady flow
of reports of allergic reactions to some topically used
antibiotics (eg, rifamycin SV and bacitracin). Moreover,
aminoglycosides (eg, neomycin and gramicidin) may
be implicated more often than previously suspected.
Despite advances in our understanding of the structural
basis of the allergenicity of B-lactam antibiotics, the
insights have not readily transferred into routine use to
improve diagnoses of reactions to individual penicil-
lins and cephalosporins. This remains a challenge in
drug allergy, as does the need for further chemical,
immunologic, and clinical research on cephalosporin
breakdown products and the so-called multiple antibi-
otic allergy syndrome.

Introduction

This review summarizes advances in our understanding of
clinical and immunochemical aspects of immediate hyper-
sensitivity responses to the most important and widely used
antibiotics. Following our earlier review of this field [1],
emphasis is on developments from the past 3 to 5 years along
with references to earlier studies, if appropriate.

In keeping with earlier conclusions [1,2], numer-
ous well-known and important antibiotics are rarely
implicated in true allergic reactions in humans. For
example, the macrolides, which comprise the impor-
tant antibacterials erythromycin, azithromycin, and
clarithromycin, are generally well tolerated. Although
adverse reactions including rash, fever, and eosino-

philia occur, anaphylaxis seems rare. Likewise, true
allergic reactions to tetracyclines, antibiotics often
prescribed for weeks and months, are infrequent; the
same is true for chloramphenicol. Although ostensibly
covering “antibiotic” allergy, some recent reviews deal
exclusively, or nearly so, with B-lactam drugs. This
probably also reflects the few reports on allergies to
non-fB-lactam antibiotics and the overwhelming pre-
ponderance of the latter. Therefore, emphasis here is on
those antibiotics most frequently featured in the recent
literature as agents provoking adverse reactions identi-
fied as or strongly suspected of being immunoglobulin
(Ig) E antibody-mediated immediate hypersensitivity
reactions. Not surprisingly, given their well-known
allergenic potential and record, heading such a list is the
B-lactam group of antibiotics, especially the penicillins
and cephalosporins; much less frequently vancomycin,
teicoplanin, rifamycin SV, and bacitracin; and rarely,
aminoglycoside antibiotics such as neomycin, gentami-
cin, and gramicidin.

Antibiotics Other than the B-Lactams
Vancomycin and teicoplanin

The most frequently seen adverse effect of vancomycin is
the so-called red man syndrome, mediated by histamine
and characterized by flushing, erythema, and pruritus of
the head and upper torso. Adding to the earlier reports on
vancomycin allergies [1], Hassaballa et al. [3] described
such a case. This individual developed anaphylaxis after
intravenous (IV) infusion of vancomycin. The authors
suggested that vancomycin-induced syndrome may be a
marker for true vancomycin allergy. In what may be the
first reported case of allergy to vancomycin in topical
form, Hwu et al. [4] presented details of a patient’s ocu-
lar reaction to vancomycin eye drops following their use
to treat recurrent endophthalmitis. Symptoms resolved
once the eye drops were discontinued and IV treatment
was started with the structurally related teicoplanin. Skin
tests with vancomycin proved positive, suggesting that the
reaction was at least in part an immediate hypersensitivity
response. Another interesting aspect of this case was the
subject’s tolerance to teicoplanin despite the known cross-
reactivity between the two glycopeptide antibiotics [1].
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Delayed-type hypersensitivity reactions have been
reported following administration of teicoplanin, but ana-
phylactoid reactions to the drug are rare, especially when
compared with vancomycin, which induces histamine
release. A report by Asero [5] implicated teicoplanin as an
allergenic molecule in rare subjects; it described anaphy-
laxis to the drug after IV infusion. Intradermal tests with
the antibiotic induced an immediate wheal and flare reac-
tion suggesting an IgE antibody-mediated mechanism.

Rifamycin SV

Rifamycin SV is a macrocyclic antibiotic that could act
as an allergen [1]; its application has an established track
record of immediate allergic reaction. Two reports add to
that record. The subjects experienced anaphylaxis pro-
voked by rifamycin SV after local application.

In a study employing skin prick and Prausnitz-Kiist-
ner (P-K) tests, Erel et al. [6] concluded that the patients’
reactions were IgE-mediated. Magnan et al. [7] used
reductive amination to conjugate rifamycin SV to poly-
L-lysine before coupling to cellulose and employing the
resultant complex to detect rifamycin SV-reactive IgE
antibodies in the patient’s serum. Recently, anaphylaxis
was reported to occur during irrigation of a wound with
rifamycin SV [8]. A positive skin test to the drug and a
positive basophil activation test using multicolor flow
cytometric analysis with specific monoclonal antibodies
as basophil activation markers supported the diagnosis
of anaphylaxis.

Bacitracin

Bacitracin, a polypeptide antibiotic produced by Bacillus
subtilis, consists of three separate compounds: bacitracin
A, B, and C, with bacitracin A being the chief constituent.
The antibiotic is widely used in topical form after surgical
procedures for acute skin injuries and chronic wounds.
Adverse drug reactions include contact urticaria, contact
allergy, and numerous cases of anaphylaxis. Reactions
to bacitracin seem to occur particularly when the skin
barrier is not intact. Surgical irrigation fluid containing
bacitracin was recently identified as the agent provoking
anaphylaxis in a patient undergoing knee arthroplasty [9].
Bacitracin as an allergen in adverse reactions is the subject
of a recent short review [10].

Aminoglycoside antibiotics

These antibiotics are widely used topically and impli-
cated in delayed hypersensitivity reactions. In a recent
prospective study, skin tests on 119 patients with chronic
otitis media and 30 patients with otosclerosis revealed
positive reactions to gentamicin (13.4%), neomycin
(12.8%), and gramicidin (4.5%) [11]. Overall, 14% of
patients were positive to at least one aminoglycoside.
Previous use of the antibiotic correlated with a higher
tendency of developing a hypersensitive reaction. These
interesting findings warrant further investigations to

firmly establish the immediate and/or delayed nature of
the adverse reactions to these antibiotics.

B-Lactam Antibiotics

Test materials for in vivo and in vitro use

Given the need to consider side-chain determinants on indi-
vidual B-lactams; the possibility of cross-reactions resulting
from recognition of core or shared side-chain structures
[12-18]; and the known heterogeneity of penicillin and
cephalosporin allergenic determinants [1,12-14,17,18],
test reagents in vivo and in vitro should not be confined to
preparations like benzylpenicilloyl-polylysine (Prepen) and
the so-called “minor” determinant mix (generally prepared
from benzyl penicillin) [18]. In this context, and after
reviewing studies [19-21] and guidelines from Europe [19],
little long-term thinking seems to have occurred and little
effort made to begin developing and standardizing a wider
range of improved B-lactam test agents.

Immunochemical investigations have led to interesting
insights into fine structural IgE antibody recognition pat-
terns of some penicillins and cephalosporins. This suggests
the need to employ not only a wider variety of individual
drugs but also drugs in different hapten-conjugate link-
ages in skin and antibody tests. We base this conclusion
on findings that include demonstration of allergic sensi-
tivity and positive skin and IgE tests to flucloxacillin but
not to benzyl penicillin [16]; antibody recognition of the
amoxicilloyl but not the amoxicillinanyl determinant in
one allergic subject but the reverse recognition pattern in
another patient [22]; and demonstration of fine structural
recognition differences on R1 and R2 side chains of cefa-
clor by IgE antibodies from cefaclor-allergic subjects [14].

Although assessment and comparison of the aller-
genic reactivities of various putative penicillin antigens is
needed [17,18], the “major” or “-oyl” antigen and at least
one so-called “minor” antigen, the “-anyl” derivative, are
sufficiently well studied and characterized [23]. This work
can at least provide the start of a collection of diagnostic
reagents that may increase the detection of penicillin-
allergic subjects. To start, “-oyl” and “-anyl” derivatives
of benzylpenicillin, amoxicillin, and ampicillin could be
prepared, standardized, and trialed [18].

The situation with the cephalosporins is more compli-
cated. Their allergenic structures are not as well identified
and studied. Even though preparation of intended “-oyl”
conjugates of cephalosporins under alkaline conditions
are known to yield labile compounds, especially those
with a good leaving group in the 3’-position [24-26],
test materials already used by more than one group and
prepared by nucleophilic B-lactam ring cleavage have suc-
cessfully detected cephalosporin-reactive IgE antibodies
in allergic patients’ sera [18,27-30]. So far, few immuno-
chemical studies [14,18,28] have used other cephalosporin
antigens but the “-oyl” conjugates. In a recent study of the
heterogeneity of IgE responses to cefaclor, the chemical
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nature of the drug-solid phase complex remains unclear
(see below) [31e].

Interpretation of cephalosporin immunoassay findings
Despite criticism [30,32,33] of interpretations of IgE
recognition results obtained by our group after using
cephalosporin derivatives that were likely derived, at
least in part, by nucleophilic B-lactam ring opening [27],
and uncertainty about the nature of the resulting prod-
ucts [24,25], the critics continue using cephalosporins
chemically modified the same way for serum immuno-
assays [29,30]. These labile products’ uncertain number
and nature have prompted questions [30,32,33] about
interpretations of cephalosporin allergenic determinants
identified in radioimmunoassay (RIA) hapten inhibition
studies, and in particular, implication of R2 structures
in IgE recognition and binding. In response, we draw
attention to three relevant considerations.

First, in a study of fine structural differences identi-
fied by heterogeneous populations of cefaclor-reactive IgE
antibodies [14], cephalosporin solid phases used in immu-
nochemical binding studies were not prepared by B-lactam
ring opening, which leads to subsequent decomposition.
Instead, coupling via a carbodiimide was carried out by
linking human serum albumin (HSA) to the 2"-carboxyl at
pH 5.5 with the intention of maintaining structural integ-
rity. Second, immunologic recognition (direct binding and
inhibition) experiments, using so-called cephalosporoyl-
and 2’-linked HSA solid phases, repeatedly identified
R1 cephalosporin side-chains and whole molecules as
determinants. Careful selection for use as inhibitors of
free, intact, unmodified cephalosporin analogues with
different R2 groups revealed clear recognition at that
molecule’s end [14, 27]. Clearly, even without knowing the
different possible structures attached to the solid phase
following coupling of intended “-oyl” derivatives, some
IgE antibodies formed in vivo to intact cephalosporins,
and/or their metabolites, have been shown to recognize
whole molecules and R2 side-chains. The finding that a
free, unmodified drug complements the combining sites of
antibodies from an allergic patient is compelling evidence
of recognition of the inhibiting substance’s structural
features and the substance’s involvement in the allergic
process. Closer investigations of coupled breakdown
products of cephalosporins should help explain the immu-
nologic findings. Certainly, in view of the direct antibody
binding and hapten inhibition results they cannot be
dismissed without further insights. Finally, as previously
noted, cephalosporin derivatives prepared by nucleophilic
B-lactam ring cleavage rapidly undergo decomposition
especially in the presence of a good leaving group at posi-
tion 3" [24-26]. When the substituent at this position is a
methyl group (as in, for example, cephalexin), breakdown
of the dihydrothiazine ring would be expected to be mini-
mal or, at most, proceed with difficulty.

In relation to derivative preparation of B-lactams used
for in vitro tests, in our [13] and others’ [29] hands, the
extensive use of bifunctional oxiranes (eg, 1,4-butanediol
diglycidyl ether) for the preparation of drug-solid supports
for detection of drug-reactive IgE antibodies in RIAs has
been extremely successful. Although the methodology is
well described and defined [13], the procedure has recently
been described as “not well defined” and has been com-
pared poorly to so-called “validated techniques such as
RAST [radioallergosorbent test] and other immunoas-
says” [34]. Given the well-understood coupling chemistry
and standard procedures that are at least as well defined
as many other assays to detect IgE, this criticism seems
curious and selective. As with so many drug-solid phase
complexes used to detect antibodies, chemical character-
ization studies are needed [13].

B-Lactam allergenic determinants

In an often repetitive output, one group [30,32-34] has
maintained that advanced immunochemical analyses of IgE-
binding penicillin determinants are lacking; that a lack of
knowledge hinders understanding of cross-reactivity between
penicillins and cephalosporins; and that little is known of the
nature of cephalosporin determinants. The latter belief has
also been expressed by Romano et al. [29]. Our knowledge
of cephalosporin breakdown products is certainly deficient;
few antigens apart from those formed after B-lactam ring
opening have been prepared; and, as with many coupled
substances, the exact natures of substituents bound to solid
phases remain unknown [13]. Also, as for many drugs, the
differences, if any, among structures recognized by IgE anti-
bodies in vivo and in vitro remain to be defined.

Despite these deficiencies, considerable advances have
been made in precisely identifying structures that are
complementary to combining sites on different popula-
tions of heterogeneous IgE antibodies from the sera of
B-lactam-allergic patients. Side chain determinants on
penicillins and cephalosporins and some important small
antigenic differences have been identified, demonstrat-
ing the power and resolution of the careful application
of classical quantitative hapten inhibition studies [13].
For example, for the penicillins, allergic specificities
distinguish structural differences between benzylpenicil-
lin and amoxicillin [12,15], ampicillin and amoxicillin
[12], and amoxicilloyl and amoxicillanyl determinants
[22]. A similar spectrum of specificities has been found
with cephalosporins [14,18,27], and at the level of cross-
reactivity of B-lactams, structures that at first appear not
closely related, namely benzylpenicillin and cephalothin,
were shown to share a common allergenic structure recog-
nized by cross-reacting IgE antibodies [27,28]. These few
examples and the progress made in identifying allergenic
structures of other drugs [13] provide some satisfaction
and optimism about our knowledge of structure-activity
details for allergies to B-lactams.
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As another example of the value and utility of hap-
ten inhibition methodology, Kim et al. [31¢] studied the
heterogeneity of IgE antibody responses to a cephalospo-
rin in sera from patients with anaphylaxis provoked by
cefaclor. They detected two antibody recognition patterns
for cefaclor—one in which the R1 side chain comprised
the complementary allergenic structure, and the other in
which the entire molecule (presumably including the R2
side chain) was recognized. Interestingly, the drug-protein
complex was prepared by using the cross-linking agent
sulfosuccinimidyl-4-(p-maleimidophenyl) butyrate to cou-
ple cefaclor to HSA. Given this agent’s reactivity, linkage
to cefaclor may have occurred via the free primary amine
on the R1 side-chain. The same group has also reported
occupational asthma to 7-aminocephalosporanic acid in
two subjects. One case was shown to be mediated by IgE
antibodies, whereas in the other, the mechanism appeared
to be non-immune [35].

The involvement of B-lactam side-chains as allergenic
determinants is becoming widely recognized as more
experimental findings confirm it [36] and more clinical
findings are interpreted in light of it [37-39]. Based on
their analysis of an apparent case of selective cefodizime
allergy, Romano et al. [39] concluded that the patient
probably recognized the entire cefodizime molecule or the
R2 side-chain.

Rodriguez-Pena et al. [34] advanced a curious inter-
pretation of allergenic side-chain recognition. They
stated that RIA results, which demonstrated selective
responses to flucloxacillin in patients with clear clinically
documented flucloxacillin-induced anaphylaxis, could
not be considered selective because of the absence of
skin tests, despite evidence that such a test was provided
[16]. Inaccurate interpretations such as this underline
the need for investigators to refer to the original publica-
tions rather than derive conclusions from the sometimes
deficient summaries of others.

Unfortunately, some major reviews of f-lactam hyper-
sensitivity [40—42] continue to discuss topics such as
“penicillin cross-reactivity with B-lactams” and impor-
tant questions such as, “Is it safe to give a cephalosporin
drug to patients who have histories of penicillin allergy?”
without consideration of the drugs’ structural differences
and similarities. Although a reliable, complete case his-
tory, skin test, challenge, and in vitro IgE test still form
the basis of an accurate diagnosis, some knowledge of
structures, especially R1 and R2 side-chains on commonly
prescribed B-lactams, can greatly assist the clinician in
diagnosis and alternative drug selection.

Carbapenem hypersensitivity

One retrospective study compared the incidence of carbape-
nem reactivity in 100 patients with reported or documented
penicillin allergy to that in 111 patients with no history
[43]. Analysis showed that carbapenem reactivity was 11%
in the penicillin-allergic group—3.2 times greater than the

finding in the nonallergic group. Investigators observed no
difference in the occurrence of allergic reactions between
the two carbapenems imipenem-cilastatin and meropenem.
The incidence found by Prescott et al. [43] was markedly
lower than the 47% incidence found by Saxon et al. [44]
among subjects with true penicillin allergy but similar to
the figures from the retrospective studies of McConnell
et al. [45] (9.4%) and Sodhi et al. [46] (9.2%). Clearly, a
prospective study was required and was recently provided
[47¢]. Skin testing and antibiotic challenges showed that
the reactivity to penicillins and meropenem in patients
with well-demonstrated IgE antibody-mediated allergy
to penicillins was no higher than 5.2%. The authors con-
cluded that IgE antibodies from penicillin-allergic patients
recognize specific penicillin determinants rather than a
determinant shared with the carbapenem, namely, the -
lactam ring. Since little or nothing appears to be known
about the allergenic structures involved in imipenem and
meropenem, simple direct antibody binding and classic
quantitative immunochemical studies should be under-
taken to identify determinants.

Multiple Antibiotic Allergy Syndrome

In a recent clinical review, Macy [48] drew attention to
the inadequacies of our understanding of this curious and
poorly defined syndrome and the factors needed for diag-
nosis and effective treatment. In a detailed study of the
structural basis of multiple drug allergies in seven patients,
Pham et al. [49] demonstrated that drug recognition was
related to the presence of tertiary and quaternary mono-,
di-, and trialkyl amino groups but only if the alkyl groups
were “small” viz. methyl or ethyl. These structural groups
are present on many pharmacologically active agents. IgE
antibodies to non—B-lactam drugs and IgE to B-lactam
antibiotics were found to occur as separate populations.

Antibiotic Desensitization

When no alternative exists for treating life-threaten-
ing bacterial infection because the patient is allergic to
the only effective antibiotic(s), desensitization to the
antibiotic(s) may be the only remaining course of action.
In what is likely the largest antibiotic desensitization study
undertaken, Turvey et al. [50e], over a S-year period,
carried out 57 desensitizations in 21 patients using 12
antibiotics. They achieved successful outcomes in 75% of
the treatments, demonstrating that in most patients with
IgE antibody-mediated antibiotic allergy, antibiotics may
be administered safely following desensitization.

Conclusions

There is a small but steady output of reports of allergic
reactions, including anaphylaxis, to topical antibacte-
rial agents, especially in cases in which application is to
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mucous membranes or areas of denuded skin. Antibiot-
ics in this category include rifamycin SV and bacitracin;
on closer examination, aminoglycoside antibiotics may
eventually be included. As with chlorhexidine, for which
reports of anaphylaxis have recently increased, allergic
reactions to rifamycin SV and bacitracin may reflect
wider usage or, more likely, the realization of these
drugs’ capacity to provoke reactions and the subsequent
implication in the reactions.

Vancomycin is known to provoke anaphylactoid reac-
tions, but whether or not many of these reactions are
exclusively due to the histamine-releasing property of the
drug or also involve an IgE-antibody-mediated mecha-
nism is not always clear. Reports mentioned here and
elsewhere suggest that the possible involvement of type
1 hypersensitivity in apparent anaphylactoid reactions
to vancomycin and the structurally related teicoplanin
should be considered [1].

Except for preliminary studies of IgE antibodies to
rifamycin [1,7], no investigations of structure-activity
recognition relationships appear to have been under-
taken with any of the above-mentioned antibiotics.
Although the immunochemical procedures and strate-
gies for such studies are well defined [13], each molecule
is complex. Precise identification at the fine structural
level of allergenic determinants may be difficult.

Publications on allergic reactions to B-lactam anti-
biotics still constitute the biggest number of reports by
far of such reactions to any drug. Although progress in
identifying allergenic determinant structures of B-lactams
and studying the molecular basis of cross-reactions has
been disputed [29,30,33,34], significant insights have
arguably been gained at the immunochemical level [1,12—
18,22,28,31¢,32]. These advances could and should be
used to introduce improved test agents for diagnosing
allergies to penicillins and cephalosporins. Certainly,
questions remain on the structures of cephalosporin
breakdown products but even so, procedures already
applied have demonstrated that even without well char-
acterized chemical entities, drug-reactive IgE-antibodies
can readily be detected and the antibodies can be used to
identify complementary allergenic structures [13,27,31e].
When this information is obtained using unmodified
cephalosporins and carefully selected analogues with
precisely known structures as inhibitors of cephalosporin-
reactive antibodies [14,27], it is difficult to dismiss the
relevance of such in vitro recognition studies, especially if
the findings correlate with the clinical picture.

A good case can be made for the introduction of peni-
cilloyl and penicillanyl conjugates into routine skin prick
testing and as test antigens for in vitro immunoassays for
the detection of penicillin-reactive IgE antibodies. For
the cephalosporins, knowledge of the number and nature
of the breakdown products formed following opening of
the B-lactam ring (ie, formed during attempted prepara-
tion of the so-called cephalosporoyl derivatives) is still

incomplete, but this has not totally restricted the success-
ful use of such labile derivatives to detect drug-reactive
antibodies in the sera of allergic patients [27-30]. The
so-called cephalosporanyl derivatives, formed by cova-
lent coupling to the 2’-carboxyl and prepared with the
aim of avoiding nucleophilic-mediated B-lactam ring
opening, have also been successfully used for in vitro
testing [14,18,28]. Characterization of possible antigenic
products of such electrophilic coupling reactions should
now be a priority.

With the goal of applying research results on the
immune recognition of different B-lactam antibiotics
to improve diagnosis of immediate allergic reactions
to these drugs, the following important and relevant
findings are summarized. Penicillin and cephalosporin
allergenic determinants show heterogeneity. Different
allergic subjects may recognize different determinants,
and account must be taken of side-chain and core-struc-
ture determinants and possible cross-reactions within
and between the two families of drugs [18]. Indeed, an
additional and even finer level of specificity may some-
times occur: for example, a patient who shows allergic
recognition of a penicilloyl but not the corresponding
penicillanyl determinant and another allergic patient
who shows the reverse [22]. In light of these insights,
investigators should be working toward achieving the
“ideal” diagnostic protocol for the accurate diagnosis
of immediate hypersensitivity reactions to PB-lactam
antibiotics [18]. Of course, such an “ideal” may change
as new information accumulates.

Allergic reactions to more than one—and some-
times many—antibiotics are not uncommon but, as
with so-called multiple drug allergy syndrome, multiple
antibiotic allergy has not been studied and clarified
to the point where there is universal agreement on its
origins and underlying mechanisms [48,49]. In fact,
it is also not clear whether multiple antibiotic aller-
gies occur as part of a generalized allergic response
to many different drugs or as reactions to antibiotics
only. In the only study so far on mechanisms, cross-
reactions due to IgE antibody recognition of “small”
alkyl groups seemed to explain multiple drug reactions
in the patients examined, but coincident allergic reac-
tions to B-lactam antibiotics appeared to be mediated
by separate populations of IgE antibodies [49]. Clearly,
more careful analysis and cataloging of clinical cases
and fundamental cellular and humoral immunologic
studies are required to advance understanding of this
puzzling recognition response shown by some drug-
allergic patients.
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