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Review article

Update on the evaluation of hypersensitivity reactions to

betalactams

Hypersensitivity reactions to betalactams (BLs) are classified as immediate or
nonimmediate. The former usually appear within 1 h of drug-intake and are
mediated by specific [gE-antibodies. Nonimmediate reactions are those occur-
ring more than 1 h after drug-intake, and they can be T-cell mediated. The
diagnostic evaluation of allergic reactions to BLs has changed over the last

5 years, for several reasons. Major and minor determinants are no longer
commercially available for skin testing in many countries. In immediate allergic
reactions, the sensitivity of skin testing and immunoassays is decreasing and
new in vitro methods, such as the basophil activation test, are gaining importance
for diagnosis. For nonimmediate reactions, skin testing appears to be less
sensitive than previous results, although more studies need to be carried out in
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Allergy to betalactams (BLs) continues to be the most
frequent cause of drug reactions mediated by specific

Abbreviations: AGEP, acute generalized exanthematous pustulosis;
AX, amoxicillin; BAT, basophil activation test; BLs, betalactams;
BP, benzylpenicillin; BPO, benzylpenicilloyl; DRESS, drug reaction
with eosinophilia and systemic symptoms; DPTs, drug provocation
tests; ENDA, The European Network for Drug Allergy; LTT,
lymphocyte transformation test; MDM, minor determinant mix-
ture; MPE, maculopapular exanthema; PPL, benzylpenicilloyl-
polylysine; RAST, radioallergosorbent test.

immunological mechanisms, and it can be induced by
all BLs currently available (1, 2). Benzylpenicillin (BP),
the structure inducing sensitization, has been progres-
sively replaced by amoxicillin (AX) and to a lesser
extent by cephalosporins or other BLs (1, 2). Increasing
evidence supports the role of the side chains as the
relevant part of the structure of the allergenic determi-
nants (3).

On the basis of the time of appearance of the reaction
after drug-intake and for diagnostic purposes, hypersen-
sitivity reactions to BLs have been classified as immediate
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or nonimmediate. The former usually appear within 1 h
of drug-intake and are mediated by specific IgE-antibod-
ies. Nonimmediate reactions are those occurring more
than 1 h after drug-intake and can be T-cell mediated
4, 5).

The European Network for Drug Allergy (ENDA) has
devised various diagnostic algorithms for the evaluation
of immediate (4) and nonimmediate reactions (5). How-
ever, the evaluation of allergic reactions to BLs continues
to pose difficulties, for several reasons, including the fact
that skin testing with the classical penicillin reagents,
major and minor BP determinants, is losing sensitivity and
also that these reagents are no longer available every-
where. In addition, in vitro tests for IgE determinations
need to be improved and cellular tests to detect either IgE-
or T-cell mediated responses are not fully validated nor
routinely used because of their technical complexity. The
present review aims to improve the evaluation of
BL-allergic patients, with the inclusion of recent data.

IgE-mediated reactions
Mechanisms

Betalactams need to be conjugated to carrier molecules
to induce sensitization and a clinical response after
subsequent exposure, although the details of the pro-
tein-binding and processing have not yet been fully
determined. Conjugation of the BP via the carbonyl
group induces the benzylpenicilloyl determinant (BPO)
(6). Other structures to be considered are benzylpenicil-
loic, benzylpenicillenic, benzylpenamaldate, benzylpenal-
date, benzylpenicoil and benzylpenicilanyl (7), although
their clinical relevance has yet to be shown.

The role of the side-chain structures as antigenic
determinants is now widely accepted, particularly in
hypersensitivity reactions to AX and cephalosporins
(8-16). In the latter, after the opening of the BL ring by
the amino group of the carrier, the R2 side-chain
can disappear and a heterogeneous fragmentation of the
cephalosporin occurs (14, 17, 18). The final product of
the epitope is therefore formed by the remaining BL and
the R1 side-chain. The role of R2 side-chains as allergenic
determinants has mainly been shown in vitro and a
detailed analysis of the relevance of this is beyond the
scope of this review (19).

The antigenic determinants have been used for diag-
nostic purposes by in vivo or in vitro testing, although
these approaches are not equivalent. In skin testing, while
some determinants, such as BPO, need to be conjugated to
a carrier molecule, polylysine producing benzylpenicillin-
polylysine (PPL) (6), to induce a positive response.
Others, such as the minor determinant mixture (MDM),
BP, AX or different cephalosporins, can be applied free.
However, for the detection of specific IgE antibodies
in vitro, the determinants need to be conjugated to a
carrier, such as polylysine, human serum albumin (HSA)
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or aminospacers (20). For the basophil activation tests
(BAT), a higher sensitivity has been demonstrated with
unconjugated drugs (21).

Clinical patterns

The two main entities usually recognized are urticaria,
with or without angioedema and anaphylaxis. Urticaria is
defined as rapidly evolving transient pruriginous wheals
occurring at different sites of the body, which may
represent the first stage of an anaphylactic reaction.
Anaphylaxis is defined, according to Sampson et al. (22),
as a serious allergic reaction with a rapid onset that may
cause death; it should be diagnosed by the clinical criteria
proposed by the aforesaid authors (22). Allergic reactions
to BLs manifest predominantly as bronchial asthma and/
or rhinitis, which can be explained by special sensitivity in
a previously affected organ. These entities can also occur
as occupational respiratory diseases.

Diagnostic methods

The first approach to diagnosis is to establish a plausible
history, which implies that symptoms must be compatible
and occur within 1 h of drug-intake. This is relevant
because many differences between published studies are
related to patient selection, the lack of differentiation
between immediate and nonimmediate reactions, or even
to misclassifications. Fulfilment of the ENDA question-
naire reduces differences in evaluation (23). The diagnos-
tic tools available below.

Skin tests. Skin testing is the basic diagnostic tool,
although in patients with a history of severe reactions,
in vitro tests may be the recommended choice. The general
rules in the ENDA document (4) are still valid, although
new data warrant a revision of a few specific points:

Withdrawal of major and minor determinants. In both the
ENDA document (4) and the American practice param-
eters (24), skin testing with the classic BP reagents (PPL
and MDM) represents the first-line method for diagnos-
ing immediate hypersensitivity reactions to BLs. How-
ever, after Allergopharma and Hollister-Stier ceased
production of PPL and MDM in 2004, the diagnostic
evaluation of immediate reactions to BLs had been
hampered. This had led to several publications recom-
mending either desensitization or performance of drug
provocation tests (DPTs) without skin testing. These
procedures are not always appropriate and may be risky.
Recently, PPL and MDM have been commercialized by
another company (Diater, Madrid, Spain), and studies
carried out in Europe, Australia and New Zealand
indicate that they are equivalent to those from Allergo-
pharma (25-27). No other commercially available alter-
natives are available so far, although some groups have
made their own conjugates (28).
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Haptens: 1t is difficult and even arguable whether to
recommend a fixed panel of haptens to be included in the
diagnostic evaluation, but some reagents are essential.
The ENDA group considers that PPL, MDM and AX are
the first determinants to be tested, particularly in persons
with immediate reactions to unknown BLs, in addition to
the suspected determinants. These reagents should be
used in either the short (Fig. 1) or the long algorithm
(Fig. 2). Because recent data (29) suggest that the use of
BP up to a concentration of 10 000 IU/ml in skin testing
may increase the allergological work-up sensitivity, it is
recommended that in case of negative results to the
classical penicillin reagents (PPL and MDM), BP should
also be tested. Finally, subjects who have experienced
immediate reactions to the combination of AX plus
clavulanic acid and show negative results in the diagnos-
tic work-up should be skin tested with this combination
because a few selective reactions to clavulanic acid have
been reported (30), even though clavulanic acid alone is
not commercially available. The haptens and concentra-
tions recommended are shown in Table 1.

Sensitivity and specificity. The percentage of positive
responses may vary, not only in different populations,
but also over the years. In studies performed in the same
population, 77.7% of the patients initially presented
positive responses to skin tests with PPL and/or MDM,
whereas this percentage fell to 42.1% and 22.1% over the
years (8, 31). PPL and/or MDM have recently been
reported to induce a positive response in 46% of patients
with a positive skin test, independently of the skin test
response to the culprit drug, with 14% being exclusively
positive to both haptens (32). The decrease in the
sensitivity of PPL and MDM has been progressively

Evaluation of betalactam hypersensitivity reactions

compensated for by an increase in the sensitivity of skin
testing with AX. The specificity for these haptens has not
changed over the years. Likewise, elective penicillin skin
testing in children revealed a marked decline in its
sensitivity (33).

Concerning cephalosporins, skin test sensitivity in two
recent studies varied from 30.7% (39 out of 127 persons)
(14) to 69.7% (53 of 76) (16). Therefore, further studies in
larger numbers of subjects are required to fully establish
cephalosporin skin test sensitivity.

Resensitization after allergological tests. In some studies
(34-36), resensitization (i.e. a conversion to skin test
positivity) has been observed in patients retested about
1 month after a negative allergological test, including
DPT, followed by full therapeutic courses, with a frequency
ranging from 0.9% (34) to 27.9% (37). Specifically, in a
recent study (37), skin testing and DPTs with different BLs
were performed prospectively in patients with a history of
remote penicillin allergy, with a rate of conversion to skin
test positivity of 27.9%. This phenomenon appears to
occur mainly in subjects who have experienced immediate
reactions to BLs. However, the aforementioned studies
(34-36) evaluated patients with ecither immediate or
nonimmediate reactions. If we just consider patients with
immediate reactions, the rate of conversion to skin test
positivity could be higher, as has recently been observed in
a small number of patients with immediate reactions to
cephalosporins (16). Bearing these data in mind, it seems
advisable to retest patients who suffered immediate
reactions and who displayed negative results at the first
allergological evaluation, including DPTs.

The question of establishing whether selective respond-
ers can be sensitized to closely-related BLs at subsequent
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Figure 1. Short algorithm for the diagnosis of immediate allergic reactions to betalactams. This algorithm has the advantage that it
can be performed in 1 day and the disadvantage that it fails to distinguish the selectivity of the reaction.
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Figure 2. Long algorithm for the diagnosis of immediate allergic reactions to betalactams. This algorithm has to be performed over
two separate days but it has the advantage that it distinguishes the selectivity of the reaction.

exposures is important. Recently, the repeated adminis-
tration of BP and penicillin V in subjects with selective
responses to AX failed to induce any change in the rate of
negativization compared with a control group, with no
appearance of new sensitizations to BP determinants (38).
This could be extrapolated to other not-so-closely-related
chemical structures, such as cephalosporins, although
detailed follow-up studies are required in this context.

Systemic reactions after skin testing. A rate of 1.3% of
generalized reactions in all tested patients and 8.8% in
patients with a positive skin test has recently been
reported (39), which is similar to other published data
(31). This study (39) confirmed that a history of
anaphylaxis was indeed a risk factor. Considering these
observations, certain precautions should be taken
during BL skin testing to prevent systemic reactions:
ready-to-use emergency material, consideration of con-
traindications (beta-blockers), starting with low and then

Table 1. Haptens and the highest concentrations recommended for prick and
intradermal tests

Hapten Dose Unit
PPL 5x107° mMol/I
Minor determinant mixture 2% 1072 mMol/I
Amoxicillin 20 mg/ml
Benzylpenicillin 10 000 1U/ml
Culprit drug

Cephalosporin 2 mg/ml

Amoxicillin—clavulanic 20 mg/ml

Ampicillin 20 mg/ml
186

gradually increasing concentrations, and strict super-
vision in the hospital during and after (at least 1 h) skin
testing. In patients at risk, skin tests with the different
determinants should be separated by sufficient period of
time.

In vitro tests. Two main methods have been used to
detect specific IgE antibodies to BLs: detection of these
antibodies in serum by immunoassays and detection on
the basis of basophil activation on contact with the
hapten, either by quantification of mediator release
(histamine or leukotrienes) or basophil activation marker
expression. Different studies over the last 10 years have
shown variable concordance with in vivo tests, with some
cases only positive in vitro. All these techniques are
accepted to be complementary and in some cases, for
example in patients with severe reactions, the in vitro test
should be the first choice in the diagnostic evaluation.

Immunochemical assays. Although for many years a
number of groups used their own methods to assess
specific IgE antibodies, commercially available kits are
now more suitable for routine analysis (4). The Phadia
CAP System FEIA method (Phadia, Uppsala, Sweden) is
on the basis of high surface capacity solid phase to which
the hapten is bound by a spacer and a secondary
fluorolabelled antibody, with a specific IgE measuring
range of 0.01-100 kUA/I, a cut-off value of 0.35 kKUA/I
for positive results, and levels higher than 0.10 kUA/I
indicating sensitization. The overall sensitivity in 48
patients with skin test positivity to AX- and/or
BP-derived agents was 54%, with a specificity of 95%
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to 100% (40). Another similar study found that the
sensitivity and specificity of this FEIA method were
lower, 37.9% and 86.7% respectively (41).

Comparison of this technique with a home-made
radioallergosorbent test (RAST) found that the specificity
of CAP-FEIA ranged from 83.3% to 100% and the
sensitivity from 12.5% to 25%, depending on the clinical
manifestations, being higher in anaphylactic shock. The
specificity of RAST was from 66.7% to 83.3% and the
sensitivity from 42.9% to 75%. In the subgroup of
patients with an anaphylactic shock and negative skin
tests, the sensitivity and specificity of RAST were 75%
(42).

Nowadays, the specificity of methods that measure
specific IgE to BLs is acceptable, but the sensitivity needs
to be improved, especially in those patients with a clinical
history of anaphylactic shock and negative skin tests.
Nevertheless, cases with a history of an immediate reaction
to BLs, displaying negative results in skin tests and positive
results in serum-specific IgE assays, have been reported
(11, 14, 31, 40). It is therefore advisable to perform
serum-specific IgE assays in addition to skin tests in order
to improve the sensitivity of the allergological work-up.

Cellular tests. Different tests on the basis of the capacity
of basophils to be activated and release different medi-
ators have been developed.

The cellular allergen stimulation test quantifies the
sulphidoleukotrienes (LTC4 and its metabolites LTD4
and LTE4) produced and released upon in vitro drug
stimulation of blood leukocytes (mainly basophils) (41).
The sensitivity and specificity of this test is too low for it
to be recommended as a routine laboratory method.

The BAT is on the basis of the flow-cytometric
evaluation of CD63 on the surface of blood basophils,
a marker that appears in activated basophils following
incubation with drugs or other allergens in vitro. Several
studies (21, 41) have shown that the sensitivity of the
technique is nearly 50% and the specificity 93.3%, the
sensitivity being 50.9% in patients with positive skin tests,
60% in patients with negative skin tests and positive
immunoassays, and 14.3% in patients with negative skin
tests and immunoassays but positive DPTs. A European
multicentre study reported similar results. The rate of
negativization of specific IgE antibodies by BAT and
immunoassay was higher for BAT when compared with
the RAST assay (43).

As the last position paper of the ENDA group,
immunoassays remain an important diagnostic method
and BAT has emerged as a useful tool for the diagnosis of
immediate allergic reactions to BLs, especially cephalo-
sporins, for most of which immunoassays are not
available. The sensitivity of the BAT has been shown to
be 77% (21).

Drug  provocation  tests. Recent publications have
reinforced the need to perform DPT in the diagnostic
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Table 2. Haptens and doses recommended for drug provocation tests

Drug Benzyl penicillin Penicillin V Amoxicillin

Dose 10° 1U/ml 5 mg 5 mg
10* 1U/ml 50 mg 50 mg

10% 1U/ml 150 mg 100 mg

5 % 10° IU/ml 200 mg 150 mg

200 mg

Cumulative dose 6 x 10° IU/ml 400 mg 500 mg
Route i.m. Oral Oral
Interval (min) 45-60 45-60 45-60

work-up of patients with allergic reactions to BLs (44,
45). A study by Bousquet et al. (45) evaluated 257
patients with BL allergy and found that 69.3% were
diagnosed by skin testing and 30.7% by DPTs. The DPT
is still needed to confirm the diagnosis and has to be
performed in patients with a suspected drug allergy, in
accordance with the ENDA recommendations (4). The
recommended doses can be simplified as shown in
Table 2. A lower starting dose should be used in patients
with severe reactions and the cumulative dose has to be
adapted for children or in persons with kidney or liver
disease.

As stated in the previous position paper, DPTs with BP
can be performed not only in order to establish the
responsibility of this drug, but also to distinguish those
patients with selective reactions from those who react to
the whole penicillin group. DPTs are also useful to assess
cross-reactivity between different BLs (4).

Assessment of cross-reactivity

The evaluation of cross-reactivity between penicillins
and cephalosporins has been carried out by selecting
more or less well-defined groups of patients who were
originally allergic to penicillins and determining whether
they could safely take cephalosporins, with variable
results (46). Considering cephalosporins by classifica-
tion, all first generation cephalosporins have the
potential for cross-reactivity, probably because their
structural features are more similar to those of penicil-
lin, while most second and third generation cephalo-
sporins are highly unlikely to be associated with
cross-reactivity, owing to differences in their chemical
structure (14, 18). As the description of side-chain-
specific reactions, cases with a selective response to AX
have been shown to have a greater cross-reactivity with
cephalosporins sharing the same side-chain. A study by
Torres et al. (47) showed that 38% of subjects with a
selective response to AX developed cross-reactivity with
cefadroxil, which shares an identical side-chain at the
R1 position with AX. Other studies (48, 49), which
evaluated patients with a well-demonstrated IgE-medi-
ated hypersensitivity to penicillins by skin testing with
several cephalosporins, found a rate of cross-reactivity
of up to 12%. On the basis of these findings,
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cephalosporins with a similar side-chain should be
avoided in patients with IgE-mediated reactions to
penicillin.

It is difficult to determine the role of skin testing in the
assessment of cross-reactivity. Although it is accepted
that a positive cephalosporin skin test in patients allergic
to penicillins indicates cross-reactivity, controversy exists
about whether a negative cephalosporin skin test in these
patients will predict good tolerance to the cephalosporins
concerned. In a study of 128 patients with a well-
established IgE-mediated allergy to penicillin (49), all 101
patients with negative skin tests for cefuroxime, ceftaz-
idime, ceftriaxone and cefotaxime who underwent graded
challenges with cefuroxime axetil and ceftriaxone toler-
ated them. However, cases have been reported with
selective allergic reactions to AX, with negative responses
to skin testing with cephadroxil but a positive response to
DPT with cephadroxil (47).

It is important to note that in vitro cross-reactivity does
not mean that the patient will have clinical cross-
reactivity. For example, subjects with a selective reaction
to AX and good tolerance to BP have some degree of IgE
recognition to BP in immunoassays and also in compe-
tition assays (50-52). The same can be applied to BAT
(21, 41).

Cross-reactivity is not a bilateral phenomenon, with
subjects primarily sensitized to penicillins equally recog-
nizing cephalosporins or vice versa. Patients who are
evaluated after an immediate allergic reaction to cepha-
losporins can show one of three different patterns of
response: patients who respond to cephalosporin deter-
minants and are also skin test positive to penicillin
determinants, and who may therefore have a clinical
reaction; patients who respond to cephalosporin deter-
minants, but who are negative to penicillin determinants
and tolerate BP; and patients with a selective response to
a particular cephalosporin (10, 14, 16). Cross-reactivity
between cephalosporins must be considered in terms of
the similarity of the chemical structure of the R1 side-
chain. Important cross-reactivity has been detected
between ceftriaxone, cefotaxime and cefepime, which
share an identical side-chain at the R1 position (10), as
well as between the aforesaid three cephalosporins and
cefuroxime and ceftazidime, which have similar R1 side-
chains (10, 14, 16). Nevertheless, some patients have
cross-reactivity between cephalosporins with different
side-chains, probably because the specific antibodies are
directed to the common chemical structure shared by all
(10, 14, 16, 18, 19, 38).

Regarding other BLs, two recent studies found a 0.9%
rate of positive responses to skin tests with imipenem/
cilastatin and meropenem among 112 and 104 adults,
respectively, with a well-demonstrated IgE-mediated
hypersensitivity to penicillin (53, 54). More recently,
another study found a 0.9% rate of cross-reactivity to
meropenem in 108 children with penicillin allergy (55). In
patients with penicillin allergy, good tolerance to aztreo-
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nam has been observed (56), although cross-reactivity
with ceftazidime, which shares the same side-chain, has
been observed (57).

Thus, the ENDA position for the administration to
penicillin-allergic patients of an alternative BL is that
once an immediate penicillin allergy has been diagnosed,
skin testing with the alternative BL (cephalosporin,
carbapenem, aztreonam) is mandatory and, if negative,
the relevant drug should be given in an appropriate
setting at increasing doses.

T-cell-mediated reactions
Mechanisms

The most frequent reactions associated with BLs are
maculopapular or morbilliform exanthemas (MPE) (58).
In this type of reaction, a predominance of CD4 " T cells
has been found in the perivascular dermis and similar
levels of CD4" and CD8 ™" T cells in the dermoepidermal
layer and epidermis (59). These cells are activated and
express high levels of the skin homing-receptor, cutane-
ous lymphocyte antigen, and produce cytotoxic markers,
such as perforin and granzyme B (60, 61). The cytokine
and chemokine pattern is mainly Thl (IFN-y and TNF-
o), although some authors have indicated that IL-5 may
be involved in MPE (59, 62).

In other important entities, such as acute generalized
exanthematous pustulosis (AGEP), T cells and
neutrophils are involved (63). The pathogenesis of
Stevens-Johnson syndrome and toxic epidermal necrol-
ysis has been related with epidermal keratinocyte
apoptosis, produced by T cells via two pathways,
Fas/Fas ligand or perforin-granzyme B (64). The
pathophysiology of drug reaction (or rash) with eosin-
ophilia and systemic symptoms (DRESS) includes
eotaxin and IL-5 production, which is important for
eosinophil recruitment.

Clinical patterns

The identification of a nonimmediate reaction to BLs is
sometimes difficult, because of the heterogeneity of the
clinical manifestations that can be quite similar to the
symptoms of infectious or autoimmune diseases. These
reactions may be manifested by a concomitant viral
infection, such as those caused by human immunodefi-
ciency virus, cytomegalovirus, human herpes virus 6 or
Epstein—Barr virus (65). Although a high proportion of
subjects with exanthematous reactions have good toler-
ance to the BLs concerned a few weeks after resolution of
the viral infection (66), some develop a new reaction after
BL re-exposure in the absence of the viral disease (67); in
these circumstances they are considered as true allergic.
The incidence in children is even lower, probably because
of a lower cumulative exposure or to a faster loss of
sensitivity (68).
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Diagnostic methods

Skin tests. Delayed reading intradermal and/or patch
tests have been used for many years in the evaluation of
nonimmediate reactions to BLs, particularly to penicil-
lins, with a sensitivity ranging from 2.6% (positive
responses to patch tests in eight out of 298 patients
tested with phenoxymethyl penicillin) (69) to 37.8%
(positive responses to patch tests and/or delayed reading
intradermal tests with penicillins in 98 out of 259 patients
with nonimmediate reactions to penicillins) (70). The
general rules recommended in the previous ENDA
document (5) and the diagnostic algorithm (Fig. 3) are
still valid.

As the original review article (5) was written, new
evidence suggests that skin test sensitivity is lower than
previously reported. In the studies by Lammintausta et al.
(69) and Trcka et al. (71), AX gave positive reactions to
patch tests in 10 (4%) out of 247 patients, and BP in six
(3.9%) of 152. In order to assess more precisely the value
of skin testing, a recent study evaluated prospectively 22
subjects who had developed maculopapular exanthema
(MPE) or urticarial exanthema after BL intake. Results
indicated that after confirmation of the reproducibility of
the reaction by DPT, only two (9%) of these 22 subjects
had a positive delayed intradermal/patch test (67).
Similar results have been found in children (68). This

Evaluation of betalactam hypersensitivity reactions

indicates that in patients with nonimmediate reactions to
BLs (MPE or urticarial exanthema), the sensitivity of skin
testing is low and DPT may be required to establish the
diagnosis. The sensitivity of skin testing may be higher in
more severe reactions, such as desquamative exanthemas.
Regarding the drugs involved in the reactions, amin-
openicillins still play an important role, with almost all
patients tolerating BP (66).

With regard to BLs other than penicillins, only a few
large studies have been undertaken on skin test
sensitivity. In the aforesaid study (69), cephalosporins
elicited positive patch-test reactions in 12 (4.1%) out of
290 patients with cutaneous adverse reactions to these
BLs, while meropenem caused positive patch-test
reactions in one out of two patients. A recent study
of hypersensitivity reactions to cephalosporins in
children evaluated 105 children with nonimmediate
reactions to cephalosporins (72); only one child had a
positive immediate response to a skin test with penicil-
lin reagents.

In vitro tests. The more widely used in vitro test for the
evaluation of nonimmediate reactions to BLs is the
lymphocyte transformation test (LTT), although it has
not been sufficiently validated. The series reported lack
adequate numbers of cases, many drugs are involved, and
the clinical entities are quite heterogeneous (73). These
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Figure 3. Algorithm for the diagnosis of nonimmediate allergic reactions to betalactams.
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studies have found a sensitivity of 74%, but with rather a
low specificity (85%) (74—76). Additionally, this test is not
available on a large scale and it is still considered a
research tool.

A recent study analysing the role of dendritic cells in
the enhancement of AX-specific lymphocyte proliferation
in patients with nonimmediate reactions to this drug
showed that dendritic cells improve the in vitro LTT in
comparison with other classically used antigen-presenting
cells, such as B cells or monocytes. This increased
sensitivity of the test was also accompanied by a high
specificity. Further studies are needed to confirm these
data (77).

Other studies on the generation of T-cell lines, T-cell
clones and cytotoxicity have provided information on the
involvement of drug-specific T cells (78, 79). However,
because of their complex methodology, these in vitro
studies are only used for research purposes.

Drug provocation tests. The ENDA document (5) stated
that the DPT was, at that time, the best tool to confirm a
causal relationship between drug administration and
nonimmediate adverse reactions. It relies on the careful
administration of the suspect agent, in a specialized centre
under careful clinical observation, paying particular
attention to cutaneous symptoms. DPT is contraindicated
in patients with severe reactions, such as bullous exan-
thems, DRESS, Stevens-Johnson syndrome, AGEP and
toxic epidermal necrolysis (5). Haematologic reactions,
e.g. anaemia, neutropenia or vasculitis, also represent a
contraindication.

In some studies, BL-associated cutaneous eruptions —
displaying negative results in the allergological work-up —
have been provoked with the suspected drugs, with
most subjects tolerating the DPT (66-72). Specifically,
in the study by Romano et al. (70) only three (2.5%) of
the 117 subjects reacted to DPT with the suspect
penicillins, whereas in that by Trcka et al. (71) three
(3.8%) of the 78 subjects who underwent DPT with BP
or AX reacted to these, experiencing exanthematous
eruptions. As far as cephalosporins are concerned, in
the latter study (71), only one out of the 75 patients
with cutaneous eruptions associated with cephalosporins
and negative results in allergological tests reacted to
DPT with the suspected cephalosporins (cefadroxil or
cephalexin). Moreover, in the previously mentioned
study involving children (72), 96 out of the 104 subjects
with nonimmediate reactions to cephalosporins and
negative results in allergological tests underwent DPT;
95 of them tolerated the drugs and one reacted to a
paediatric suspension of Cefaclor but tolerated the DPT
with a Cefaclor capsule.

However, some patients with negative results in aller-
gological tests react to the DPT, with nonimmediate
cutaneous eruptions, particularly maculopapular and
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urticarial reactions (67). Because of the decreased skin
test sensitivity in nonimmediate reactions to BLs, many
patients need a DPT with the culprit drug to be
diagnosed.

Assessment of cross-reactivity

In nonimmediate allergy to aminopenicillins, both the
core structure of the BL and the whole molecule (core
structure and the amino-benzyl group of the side-chain)
are recognized by T cells (78, 79). However, the amino-
benzyl group plays a predominant role; more than 70%
of patients with such hypersensitivity display negative
responses to BP in intradermal and/or patch tests
(66-68). This means that side-chain alterations affect
recognition, but that the same side-chains presented by
cephalosporin core structures are not recognized. The
pattern of cross-reactivity indicates that in the event of
a confirmed nonimmediate reaction, as many subjects
who respond to aminopenicillins have good tolerance to
BP and subjects who respond to cephalosporins may
have good tolerance to penicillin derivatives, DPT can
help to assess tolerance. In a recent study (71), 69
(97.2%) out of 71 patients with delayed hypersensitivity
to aminopenicillins tolerated cephalosporins, such as
cefpodoxime, with no amino-benzyl side-chain, and 51
subjects (71.8%) also tolerated phenoxymethyl penicil-
lin. Thus, cross-reactivity between cephalosporins and
penicillins seems to be very rare for T-cell reactions.

Concluding remarks

As allergic reactions to BLs are the most important cause
of immunological reactions to drugs and considering that
changes in the number of drugs available and patterns of
consumption have modified the sensitivity of the tests,
periodical adaptation to these changes is required. This
review provides an update to the original ENDA docu-
ment that gave the guidelines for the evaluation of
patients with immediate and nonimmediate hypersensi-
tivity reactions to BLs.
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