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Abstract: Immediate hypersensitivity reactions to betalactams are IgE mediated and constitute the most frequent allergic
reactions mediated by specific immunological mechanisms. IgE responses to benzyl penicillin (BP), the first antibiotic
producing the benzyl penicilloyl structure (BPO), are characterized by a quick release of inflammatory mediators, result-
ing in anaphylactic shock, urticaria and angioedema. With the progressive appearance of other structures, comprising
cephalosporins, carbapenems, monobactams and clavulanic acid, IgE selective responses and cross-reactivity reactions
were observed. The diagnosis of betalactam hypersensitivity, classically based on skin testing with major and minor de-
terminants of benzyl penicillin or in vitro IgE antibodies to BP, has been modified by the inclusion of different determi-
nants generated from these compounds, for which amoxicillin (AX) is the most relevant, followed by cephalosporins.
Some subjects develop positive responses to several betalactams, mostly within the same family, but others develop a se-
lective response. These are relevant for the appropriate selection of antimicrobial drugs in patients who have immediate

hypersensitivity to betalactams.
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INTRODUCTION

Betalactam (BL) antibiotics are now formed by a large
number of chemical compounds that share a common struc-
ture and mechanism of action. Penicillins constitute the most
important group of antibiotics and remain the first choice of
treatment for many infectious diseases [1]. The basic struc-
ture is formed by a thiazolidine ring attached to a betalactam
ring. The side chain determines its antibacterial, pharmacol-
ogical, and to some extent, immunological characteristics
(Table 1) [1, 2].

BL are the compounds most frequently involved in im-
munological drug reactions induced by specific mechanisms
[2-4]. Since BL were first used for treating infectious dis-
eases, they have been considered to represent the classical
prototype of drug hypersensitivity. By 1945 a wide scope of
several reactions attributed to BP already existed, including
urticaria, erythema nodosum, convulsions and anaphylaxis
[3]. By the fifties the number of cases of anaphylaxis had
increased and since then penicillin hypersensitivity has been
taken into consideration, such that treatment with these anti-
biotics is no longer considered innocuous [3]. In their daily
practice, many physicians must face the problem of evaluat-
ing persons who have experienced an allergic reaction, at-
tributed to these compounds [4]. The literature specific to
this area of knowledge has grown considerably over the
years and we now possess a large corpus of knowledge that
enables us to see the changes over time and to better under-
stand the evolution of allergy to BL [5, 6]. Nevertheless,
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research in this area always lags behind clinical practice, and
several observations indicate that more studies are needed to
answer the questions raised in daily practice.

Initially, rather than a still image, penicillin allergy was
considered to be a moving picture where the actors were
newly-released BL, different populations with different ages
and variable rates of exposures, and wider treatment applica-
tions may be necessary for considering these factors [3, 7].
Of these, the most notorious finding contributing to variation
in penicillin allergy is that benzyl penicilloyl (BPO), the
major determinant generated by benzyl penicillin (BP), is
becoming less relevant because BP has been progressively
less used and gradually replaced by a number of new BL.
These are composed of chemical structures that, although
they share the BL ring, have sufficient differences that con-
tribute to the nature of the epitope [5, 8]. Many other ques-
tions have also been raised, and these are analyzed in refer-
ence [9].

Since the late 80s, a systematic and constant series of
studies from both our group and other European centers has
appeared. These reports have led to changes in the classical
view [5], maintained for many years by American authors
[6]. In fact, a wide number of structures are now available
and different patterns of consumption exist among countries
[7], it is not therefore logical to assume that the same model
of hapten recognition will exist everywhere [10].

Although the main clinical entities originally described
remain the same [4], the frequency of occurrence, the
specificities of the antibody or T cell studied, and other fac-
tors have changed [5, 7]. Data suggest that serum sickness
attributed to penicillins is actually very infrequent, whereas
delayed urticaria is not as frequent as before [12]. In our ex-
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Table 1. Side Chain of Penicillin Antibiotics
Non Propietary Name Side Chain
Penicillin G 2-Phenylacetic acid
Penicillin V 2-Phenoxylacetic acid
Methicillin 2,6-Dimethoxybenzoic acid
Oxacillin 2-(3-phenyl-4-isoxazolyl)acetic acid
Cloxacillin 3-(2)-Chlorophenyl-5-methyl-4-isoxazolecarboxilic acid
Dicloxacillin 3-(2,6-Dichlorophenyl)-5-methyl-4-isoxazolecarboxilic acid
Nafcillin 2-Ethoxy-1-naphthoic acid
Ampicillin 2-Amino-2-phenylacetic acid
Amoxicillin 2-Amino-2-(4-hydroxyphenyl)acetic acid
Carbenicillin 2-Phenylmalonic acid
Ticarcillin 2-(3-thienyl)malonic acid
Mezclocillin 2-({[methylsulfonyl)-2-oxo-1-imidazolidinyl]carbonyl}amino-2-phenylacetic acid
Piperacillin 2-{[(4-ethyl-1,2,3-dioxopiperazine)

perience and that of others, anaphylaxis is currently the most
frequent clinical entity reported [13].

Although several mechanisms are involved in allergic
reactions to BL [3], this review, however, will concentrate
on type I, IgE mediated reactions, which are the most fre-
quent penicillin-induced reactions. The haptenisation of cell
and serum proteins by penicillins and the subsequent recog-
nition by IgE antibodies on the surface of basophil/mast cells
induce the rapid release of histamine and other inflammatory
mediators that are responsible for the allergic response [14].
Well-known clinical entities include anaphylaxis, consisting
of generalized pruritus, erythema, angioedema, difficulty
breathing, upper/lower airway obstruction and, in more se-
vere cases, cardiovascular collapse leading to anaphylactic
shock [4]. When manifestations are limited to the skin, the
clinical entity is denominated immediate urticaria. Organ-
specific reactions in the absence of other symptoms may
occur, such as laryngeal angioedema, rhinitis, asthma or
conjunctivitis. In many instances these reactions occur in the
industrial sector, including the pharmaceutical industry [15-
17].

BACKGROUND

All drugs used in medicine, including BL antibiotics, are
recent in comparison with the other agents to which the im-
mune system is exposed and interacts. The immune system
was not created to respond to chemical compounds now
used. Consequently, information about events over the last
half century, since the appearance of BL and other antibiot-
ics, is pertinent [3, 13].

As stated above, from the early days of penicillins, the
population exposed to these compounds has increased, var-
ied and diversified over the years [7]. The older subjects with

ages of 60s and over have an immunological system that has
been exposed to the whole spectrum of BL antibiotics since
the first contact more than 50 years ago in many cases. No
matter they develop good tolerance or in rare instances a
response, the system always recognizes different structures
and keep them in memory with a very low proportion of
cases developing response [4]. On the other hand, the im-
mune system in younger persons only recognizes one par-
ticular structure, e.g., amoxicillin (AX) or a third generation
cephalosporins, as these persons have not been exposed to
the whole range of BL.

From the beginning, when BP was the only BL used,
reactions were classified into three groups, according to the
time interval between drug intake and occurrence of symp-
toms: immediate, accelerated or delayed [18]. Immediate
reactions occur within minutes to less than one hour after
hapten exposure, with typical entities being urticaria and
anaphylactic shock. Delayed reactions are those occurring
from 48 to 72 hours after drug intake, and involve such enti-
ties as delayed urticaria, exanthema, desquamative exan-
thema, Stevens-Johnson syndrome, Lyell syndrome and
fixed drug eruption. These reactions have been attributed to a
T cell response. Accelerated reactions constitute a group of
entities, mostly urticaria with or without angioedema and
exanthema, which appear within an interval of several hours
to 24-48 hours after drug intake. Nevertheless, a consider-
able overlap exists between immediate and accelerated reac-
tions and the latter are very often classified as immediate
reactions, contributing to their misclassification. Mecha-
nisms involving an IgE mediated response have been pro-
posed for serum sickness and delayed urticaria, though cur-
rent knowledge is insufficient to confirm this [18-21]. How-
ever, a detailed analysis of this is beyond the scope of this
review, although it is nevertheless an interesting hypothesis.
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The clinical classification and the mechanism proposed
were mostly done when the relevant methodologies were
insufficient [3]. Later, the identification of IgE and the sub-
sequent development of in vitro assays enabled confirmation
of many of the findings obtained by skin testing. Further-
more, immunochemical studies helped in the recognition of
the antigenic determinants proposed [6]. Application of these
technologies to the study of the IgE response to BL has con-
tributed to the better understanding of BL compared with
other antibiotics. Other technologies used to study the
mechanisms involved in immunological reactions to BL in-
clude identification of 1gG and its isotypes [22, 23], identifi-
cation of sensitized T cells [24, 25], development of mono-
clonal antibodies, and sophisticated studies with T lympho-
cytes with the development of T cell lines and T cell clones
[24-26]. Although this armamentarium has led to further
understanding of the process, researchers do not always
agree and some confusion may exist [9].

THE IMMUNOLOGICAL RESPONSE TO BETALAC-
TAMS

The reason why BL are the drugs most frequently in-
volved in immunological reactions is attributed to their ca-
pacity to bind spontaneously to exogenous or endogenous
proteins [2, 27, 28]. All BL bind to cell or serum proteins
with different kinetics, generating hapten carrier conjugates
in a concentration-dependent manner. Binding with serum
proteins occurs in less than one hour whereas binding with
cell proteins occurs in about eight hours [28]. The penicilloyl
groups are mainly located within the aloumin molecule and
are partly inaccessible to antipenicilloyl antibodies [29, 30].
This property renders them immunogenic, with the capacity
to induce T cells or antibodies, which in turn leads to a
pathological response. T cells or antibodies that recognize
penicillin haptens can be found in most persons, though no
reaction occurs because of the induction of tolerance. How-
ever, a reaction may occur in a very small proportion of ex-
posed subjects, though the reasons for this are not com-
pletely known [29].

The BPO results from the opening of the BL ring by an
amino group of the protein, and this forms the major deter-
minant that is recognized when, conjugated to poly-L-lysine
(PLL), it is applied to the skin [29]. However, it was very
soon detected that the application of penicillin G itself also
induced a positive response. It was therefore believed that
penicillin G generated several minor determinants (MDM)
[31].

At the same time, a number of chemical structures were
identified and considered as candidate haptens, though no
detailed immunochemical studies have proved their exis-
tence in humans [2, 6]. To date, the chemical identity of mi-
nor haptenic determinants has not been elucidated [31].

The production of monoclonal antibodies to BPO has
provided further information regarding the part that contrib-
utes to the antibody binding site within this low molecular
weight compound structure. Antibodies seem to recognize
three major structures: the side chain of BP, the part con-
sisting of the binding of the carbonyl of the BL to the amino
group of proteins, and the thyazolidine ring [31-33]. Similar
results have been reported with ampicillin [34]. Application
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of these findings to human IgE sera specific to BL has shown
that the sera seem to recognize the nuclear part or the side
chain of BP, but no sera have so far been detected that rec-
ognized the thyazolidine ring [35].

The most significant contribution of penicillin is related
to the presence of IgE antibodies to the side chain [5]. In this
context, AX, the most consumed drug worldwide, generates
a specific determinant, to which an increasing number of
subjects develop a specific response. This determinant,
known as amoxicilloyl, is the equivalent to benzylpenicilloyl
[35-37].

Important differences exist between IgE specific to AX
and IgE specific to BP. In IgE responses to AX, the side
chain contributes relevantly to inhibition. In IgE responses to
BP, the side chain does not contribute in a similar way to the
formation of the epitope, and the whole structure is required,
with no significant inhibition of the molecular component
[35]. This may explain why persons who are selective to AX
only respond to this compound and persons positive to BP
usually respond to several penicillin derivatives, such as am-
picillin, metampicillin, and amoxicillin [8]. Further studies
have shown that with the use of monoclonal antibodies to
AX and the use of a sensitized mast cell line, the specificity
is directed to the side chain of AX and in the case of BP the
whole molecule is required [31].

THE IMMUNOLOGICAL RESPONSE TO CEPHAL-
OSPORINS

Cephalosporins are BL that contain a dihydrothiazine
instead of a thyazolidine ring, plus a number of different side
chains at the R1 and R2 positions (Table 2). The cephamy-
cins have a methoxy group at position 7 of the BL. Com-
pared to penicillins, the number of cephalosporins is higher
and several classifications exist. Cephalosporins are divided
into four generations, according to their activity against
gram-positive and gram-negative bacteria [1]. The most
relevant for IgE hypersensitivity reactions is the chemical
structure of the R1 side chain [38, 39].

Our knowledge concerning the immunological response
to cephalosporins is more incomplete. Early during the de-
velopment of first generation cephalosporins it was shown
that cephalothin had the same cross-reactivity as 6-amino-
penicillanic acid with anti-BPO antibodies [40]. In other
instances, similarities between the thyopene side chain of
cephalothin or cephalexin and the phenylacetic of BP con-
tributed to cross-reactivity [41]. Another explanation in-
volved molecular impurities, but cross-allergenicity was seen
to exceed the value of possible cross-contamination [42].

Although selective responses to cephalosporins were
reported, since the 90s their number has increased, including
responses to such compounds as cefazolin [43, 44], cefu-
roxime [45, 46], ceftriaxone [47-49], cefotaxime, cefepime
and ceftazidime [50].

Detailed analytical studies in persons with immediate
responses to cephalosporins show the presence of three pat-
terns of response: those who respond to penicillin determi-
nants [49, 51], those who respond to cephalosporin determi-
nants but are negative to penicillin determinants [44, 46, 51,
52], and those who respond exclusively to one single cepha-



3330 Current Pharmaceutical Design, 2006, Vol. 12, No. 26

Antlnez et al.

Table 2.  Side Chain of Cephalosporins Antibiotics
Generation Non Propietary Name Side Chain
Cephalotin 2-(2-thienyl)acetic acid
First Cefazolin 2-(1H-1,2,3,4tetraazol-1yl) acetic acid
Cefalexin 2-Amino-2-phenylacetic acid
Cefadroxil 2-Amino-2-(4-hydroxyphenyl)
Cefamandole 2-Hydroxy-2-phenylacetic acid
Cefoxitin 2-(2-thienyl)acetic acid
Cefaclor 2-Amino-2-phenylacetic acid
Second Cefuroxime 2-(2-Furyl)-2(methoxyimino) acetic acid
Loracarbef 2-Amino-2-phenylacetic acid
Cefonicid 2-Hydroxy-2-phenylacetic acid
Cefotetan 2-(4-carboxy-1,3-dithietan-2-yliden)malonic acid
Ceforanide 2-[2-(aminomethyl)phenyl] acetic acid
Cefotaxime 2-(4-aminol,3-thiazol-2-yl)-2-(methoxyimino)acetic acid
Cefpodoxime 2-(4-aminol,3-thiazol-2-yl)-2-(methoximino)acetic acid
Cefixozime 2-(5-imino-4,5-dihydro-1H-pyrrol-2-yl)-2(methoxyimno) acetic acid
Third Ceftriaxone 2-(2-amino-1,3-thiazol-4-yl)- 2-(methoxyimino) acetic acid
Cefoperazone 2-{[(4-ethyl-2,3-dioxopiperazine)carbonil]amino}-2-(4-hydroxy-phenyl)acetic acid
Ceftazidime 2-({[(2-amino-1,3thiazol-4-yl) (carboxy)methylidene]lamino}-oxyl)-2-methylpropionic acid
Cefepime 2-(4-aminol,3-thiazol-2-yl)-2-(methoxyimino)acetic acid

losporin [44, 47]. Explanation of these differences requires
analysis of how the epitopes are generated. In penicillins,
due to the chemical structure resulting from the condensation
of the BL with the thyazolidine ring, the high tension deter-
mines a great chemical reactivity but in cephalosporins the
heterocycles are formed by four and six carbons resulting in
a lower tension of the BL ring. Therefore haptenisation of
proteins by cephalosporins is slower and less efficient that
with penicillins. The R2 chemical structure can modulate
chemical reactivity, but because it is lost after opening of the
BL ring only the R1 and part of the BL ring remain bound to
the carrier, contributing to the formation of the epitope [53].
Therefore, cross-reactivity between cephalosporins must be
considered in terms of the chemical structure of the R1 side
chain. In this context, we have found important cross-
reactivity between cefuroxime and cefotaxime, compounds
that have an identical side chain, and also between cefu-
roxime, ceftazidime and cefepime [54]. However there are
cases where cross-reactivities have been found with cepha-
losporins with different side chains [44, 51, 52].

OTHER BETALACTAMS

Carbapenems differ from penicillins in that they are un-
saturated and contain a carbon atom instead of sulphur. The
two compounds used for treatment are imipenem and mero-
penem. The latter does not need to be coadministered with
cilastin, but its therapeutic equivalence and clinical toxicity
are similar to imipenem [4]. A study has shown a high de-
gree of cross reactivity with penicillin [55], although another
study has shown that selective responses may occur [56].
Because of the limited use of this group of antibiotics com-
pared to the other BL, additional studies are required to esti-
mate cross-reactivity.

Aztreonam (AZT) is a monocyclic BL isolated from
Chromobacterium violaceum. AZT interacts with penicillin
binding proteins of susceptible microorganisms and is resis-
tant to many betalactamases [57]. It shares the same side
chain as ceftazidime. These have been recognized by IgG
antibodies [58, 59]. Three cell lines of hybridoma have been
established to AZT [60]. Two of these lines recognize AZT
and ceftazidime, indicating that the same acyl side chain is a
relevant part of the epitope. The third line recognizes a new
antigenic determinant and displays broad cross-reactivity
with several BL.

Selective responses to AZT have been reported, although
we are unaware of any evidence of specific IgE antibodies
[61, 62]. In other instances, cross reactivity with ceftazidime
has been observed [63]. However, in all patients with peni-
cillin allergy, good tolerance to AZT has been observed [64].
Clavulanic acid is a betalactamase inhibitor produced by
Streptomyces clavuligerus. It is an inhibitor of betalac-
tamases produced by gram-positive and gram-negative bac-
teria [65]. Selective hypersensitivity reactions to clavulanic
acid have been reported [62, 63], although no studies have
yet shown the immunochemical characteristics of the epi-
tope.

CLINICAL EVALUATION

The first and most accurate approach is a detailed clinical
history [66]. With the implementation of a number of ques-
tions a very firm diagnosis can be proposed. The information
required for establishing the diagnosis is: symptoms induced,
drug or drugs involved, time occurring between drug intake
and appearance of symptoms, time occurring between the
occurrence of the reactions and the evaluation of the subject,
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previous episodes, tolerance to other drugs and the process
for which the BL was administered.

Because the sensitivity of both skin testing and radio
allergo sorbent test (RAST) is not optimal, it is estimated
that as many as 30% of allergic patients will fail to be diag-
nosed using these tests [66, 67]. Subjects with a positive
history but a negative skin test and negative RAST must still
be considered as allergic. The assumption that if a person has
a negative skin test they will tolerate the drug is not accept-
able [6]. Because sensitivity is not optimal, an important
proportion of patients will still develop reactions even fol-
lowing these recommendations [9].

The general approach for the evaluation of subjects with
immediate hypersensitive reaction to BL is described in de-
tail in the position paper of the European Academy of Al-
lergy and Immunology [66]. The first step is to perform skin
testing with BPO, MDM, and AX determinants. This is now
widely accepted and is gradually becoming routine in many
European countries [7]. Cross-reactive or selective responses
may occur in BL-allergic patients. In cases of cross-reaction,
the offending drug is very often amoxicillin, cloxacillin or
another penicillin derivative, but the skin or in vitro test may
only be positive to BP determinants (BPO and/or MDM) [8].

DIAGNOSIS OF BL ALLERGY

Skin tests have been the most generalized approach for
diagnosing immediate hypersensitivity to BL [68]. This
technique must be performed by experienced personnel and
is not recommended for mass campaigns. A detailed expla-
nation of its application and the safety measures to be ob-
served are described in reference [66, 67].

In countries where AX is the most important drug elicit-
ing the reaction, the use of just BPO and MDM will leave
more that the 60% of subjects undiagnosed [5, 8]. The addi-
tion of AX and, where necessary the culprit drug, which is
very often a cephalosporin, will increase the sensitivity of
skin testing.

Reasons for negative skin tests in patients with a clear
history include failure to use the whole battery recom-
mended, including if necessary the culprit drug, and a long
time interval between drug reaction and the performance of
the study [5].

The natural evolution of skin testing indicates that after
three years follow-up, 50% of skin tests to AX become
negative, and 100% after five years [69]. On the other hand,
in subjects positive to penicillin determinants, 50% remain
positive after five years follow-up. Although these data are
not available for cephalosporins, there are reasons to suspect
that these intervals may be even shorter than for AX.

A complementary approach for diagnosis is in vitro test-
ing. However, considering that skin tests are not exempt
from risk and that reaching the highest permitted concentra-
tion may induce a response in up to 11% of patients, this test
is often the first choice [67]. Current methods available use a
high density of epitope in the carrier. In our experience, use
of human serum albumin (HSA), aliphatic spacers or PLL
are all good choices, although PLL is preferable [36, 37].
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Because of limitations for skin testing and the fact that in
many countries it cannot be used for in vivo diagnosis, in
vitro testing has the advantage that any hapten available in
the solid phase can be used [36]. Unfortunately, sensitivity is
not as optimal as with the in vivo test, although both tech-
niques are complementary. Indeed, in many cases an in vitro
test is positive [70].

Another method is based on basophil activation test
(BAT). This is based on the capacity of basophils to release
histamine after activation by a hapten. Following this, the
marker, CD63, is expressed on the basophil membrane.
Quantitation of CD63 and FceRlI enables the number of ba-
sophils to be calculated. In our experience, the overall sensi-
tivity of the BAT is 48.6%, with a specificity of 93%. In
cases with a negative skin test and RAST, the sensitivity is
low, although more studies are required. It is important to
note that the sensitivity of Pharmacia CAP assay does not
match that of the basophil test, but the combination of both
tests increases sensitivity to 67%. An important finding is
that when a group of selective responders to cephalosporin
was studied, sensitivity was around 77%. These figures ap-
pear promising, especially considering the limitations of skin
testing with these compounds [71].

Solid phases have often been used for the in vitro quan-
titation of IgE antibodies. These solid phases consist of se-
pharose beads activated with cyanogen bromide, to which
penicillin-HSA or penicillin-PLL is bound [72, 73]. These
techniques are more complicated and in our experience they
do not appear to represent an advantage. One refinement of
these techniques is the use of sepharose activated with epoxy
resins to which cephalosporins are conjugated [73, 74].
These techniques have been used to identify IgE antibodies
to cephalosporins, although sensitivity and specificity studies
are lacking.

THERAPEUTIC ALTERNATIVES

The current practice in subjects with proven allergy to
BL is to avoid the drug, although since the reports of selec-
tive responders to amoxicillin and cephalosporins these gen-
eral recommendations do not need to be applied in all cases.
Recent studies indicate that third- and fourth-generation
cephalosporins are well tolerated in patients who are primar-
ily sensitized to BPO [53], and BP can be administered to
patients who are primarily sensitized to AX or cephalos-
porins.

The question of safe tolerance within the penicillin group
is more difficult to answer. At present, we know that selec-
tive responders will tolerate BP but no data are available
concerning whether, in the long term, subsequent treatment
will be tolerated. On the other hand, the administration of
amoxicillin, ampicillin or another penicillin derivative may
induce a cross-reactive response in patients who, after skin
testing and/or RAST, are only positive to BP determinants
(BPO and/or MDM or RAST only to BPO) [8]. These clini-
cal observations are supported by in vitro studies. In those
cases where side-chain specific antibodies to AX exist, this
side chain contributes in a relevant way to the formation of
the epitope [35].
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Regarding AZT, a number of studies indicate that good
tolerance to AZT exists in patients who are primarily sensi-
tized to penicillin determinants [64]. The only restriction
concerns when a patient who was originally sensitized to
ceftazidime is given AZT [63, 75].

In subjects who have an IgE response to penicillin, the
only alternative is often to induce desensitization to the drug.
This consists of the progressive administration of the drug,
usually parentally, although the oral route has occasionally
been used. Different protocols have been published else-
where. No data are available concerning the success of this
approach, but some patients have developed good tolerance
or only mild reactions, whereas others respond positively to
the drug and this cannot therefore be administered.
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ABBREVIATIONS

AX = Amoxicillin

AZT = Aztreonam

MDM = Minor determinants mixture
BL = Betalactams

BP = Benzyl penicillin

BPO = Benzyl penicilloyl

HSA = Human serum albumin
PLL = Poly-L-lysine

RAST = Radio allergo sorbent test
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