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M Abstract

Hypersensitivity drug reactions (HDRs) vary over time in frequency, drugs involved, and clinical entities. Specific reactions are mediated
by IgE, other antibody isotypes (IgG or IgM), and T cells. Nonspecific HDRs include those caused by nonsteroidal anti-inflammatory drugs
(NSAIDs). B-Lactams—the most important of which are amoxicillin and clavulanic acid—are involved in specific immunological mechanisms.
Fluoroquinolones (mainly moxifloxacin, followed by ciprofloxacin and levofloxacin) can also induce HDRs mediated by IgE and T cells. In the
case of radio contrast media, immediate reactions have decreased, while nonimmediate reactions, mediated by T cells, have increased. There
has been a substantial rise in hypersensitivity reactions to antibiotics and latex in perioperative allergic reactions to anesthetics. NSAIDs are the
most frequent drugs involved in HDRs. Five well-defined clinical entities, the most common of which is NSAID—induced urticaria/angioedema,
have been proposed in a new consensus classification. Biological agents are proteins including antibodies that have been humanized in order
to avoid adverse reactions. Reactions can be mediated by IgE or T cells or they may be due to an immunological imbalance. Chimeric antibodies
are still in use and may have epitopes that are recognized by the immune system, resulting in allergic reactions.
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M Resumen

Las reacciones de hipersensibilidad a farmacos (RHF) varian en el tiempo en frecuencia, farmacos implicados y entidades clinicas. Las
reacciones especificas estan mediadas por anticuerpos IgE o de otro isotipo (IgG o IgM) y por células T. En las no especificas se incluyen
las producidas por AINES. Los betalactamicos estan implicados en los mecanismos inmunoldgicos especificos. La amoxicilina y el 4cido
clavulanico son los més frecuentemente implicados. Las FQ pueden inducir reacciones mediadas por anticuerpos IgE o linfocitos T. El
primero es el moxifloxacino sequido por ciprofloxacino y moxifloxacino. Las reacciones inmediatas a medios de contraste radioldgicos
han descendido con un incremento de las reacciones no inmediatas, mediadas por linfocitos T. En lo que concierne a las reacciones en
el periodo perianestésico, un incremento importante se ha producido en la hipersensibilidad a antibioticos y latex. Los AINES son los
farmacos mas frecuentemente implicados en reacciones de hipersensibilidad. Se han propuesto cinco entidades bien diferenciadas siendo
la urticaria/angioedema inducida por AINES en ausencia de urticaria cronica espontanea la més frecuente. Los farmacos bioldgicos son
proteinas incluidas anticuerpos que han sido humanizadas a fin de evitar efectos adversos. Las reacciones pueden estar mediadas por
IgE o linfocitos T. Pueden aparecer reacciones debidas a un imbalance inmunoldgico. Debido a que anticuerpos quiméricos todavia estan
en uso, estos pueden tener epitopes que sean reconocidos por el sistema inmune e inducir las reacciones alérgicas que se describen.

Palabras clave: Hipersensibilidad a f&rmacos. Tendencias. Mecanismos. Betalactdmicos. AINES. Quinolonas. Medios de contraste. Agentes
biologicos.
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Introduction

An adverse drug reaction (ADR) has been defined by
the World Health Organization as any noxious, unintended,
and undesired effect of a drug that occurs at doses used for
prevention, diagnosis, or treatment [1]. ADRs are grouped
into 2 broad categories (see Table 1): type A reactions, which
are predictable, common, and related to the pharmacological
actions of the drug, and type B reactions, which are
unpredictable, uncommon, and usually not related to the
pharmacological actions of the drug [2]. Approximately 80%
of ADRs fall into the first category and include drug-induced
toxicity, side effects, secondary effects, and drug interactions.
Type B reactions comprise 6% to 10% of all ADRs and include
drug intolerance (an undesired drug effect produced by the
drug at therapeutic or subtherapeutic doses), idiosyncratic
reactions (uncharacteristic reactions that are not explainable
in terms of the known pharmacological actions of the drug),
and hypersensitivity drug reactions (HDRs), mediated by
immunological mechanisms [2-5].

It is hard to determine the true prevalence of HDRs due
to difficulties in defining and identifying reactions as well as
inadequate reporting mechanisms [6]. It has been estimated
that HDRs account for 3% to 6% of all hospital admissions
and occur in 10% to 15% of hospitalized patients [7,8].
However, epidemiological studies of HDRs report varying
results, probably related to several biases, such as differences
in study populations and diagnostic criteria [5,9-14]. Moreover,
drug allergy is not a static process: it varies over the years
and is related to changing drug consumption patterns, the
introduction of new drugs and the withdrawal of others, and
the establishment of new indications [15-22].

HDRs include reactions mediated by specific and
nonspecific immunological mechanisms (Table 2). Reactions
in the first category may be antibody-mediated, through IgE or
other antibody isotypes (drug-specific IgG or IgM antibodies),
or T-cell dependent [4,23]. Those mediated by specific IgE
are type I reactions and are immediate, occurring less than 1
hour after drug administration; typical clinical manifestations
are urticaria and anaphylaxis. Cytotoxic (type II) and
immunocomplex-mediated reactions (type III) are mediated
by drug-specific, complement-fixing IgG or IgM antibodies,

Table 1. Classification of Adverse Drug Reactions

and classic manifestations are hemolytic anemia and serum
sickness syndrome. T cell-dependent reactions (type IV) are
nonimmediate and usually occur 24 to 48 hours after drug
intake; maculopapular exanthema (MPE) is the most frequent
reaction [4-5].

Reactions mediated by nonspecific immunological
mechanisms are more heterogeneous. A majority of patients
have cross-intolerance to nonsteroidal anti-inflammatory drugs
(NSAIDs) [24]. Inhibition of the cyclooxygenase (COX) pathway
and release of histamine and sulphidopeptide leukotrienes has
been proposed as the underlying mechanism [25].

In this manuscript we analyze the major trends in the
frequency and patterns of response to the drugs most frequently
involved in HDRs. We have included a section devoted to
biological agents because of the increasing role that these
protein derivatives are playing in HDRs.

Hypersensitivity Drug Reactions
Mediated by Specific Inmunological
Mechanisms

1 Immediate Reactions
1.1 B-Lactam Antibiotics

Hypersensitivity reactions induced by p-lactam antibiotics
(BLs) continue to be considered the classical model of
reactions mediated by specific immunological mechanisms,
particularly those mediated by IgE antibodies. These
antibiotics bind covalently to high-molecular-weight proteins
that can later be processed and recognized by the immune
system [26-28], although the details of how this occurs have
not yet been fully determined [20]. BLs continue to be the most
common cause of HDRs mediated by specific immunological
mechanisms [29,30].

The skin is the organ most frequently involved in
hypersensitivity reactions to BLs, with maculopapular,
morbilliform, and urticarial rashes being the most common
clinical entities. There may also, however, be systemic
symptoms [10,20,30] and organ-specific responses [31].

The prevalence and incidence of allergic reactions to
BLs in the general population are not well known. Early

Drug induced-toxicity
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. Side effects
Type A pharmacological
actions Secondary effects
Drug interactions
Adverse i
dru Drug intolerance
g . . .
reactions Not related to Idyosincratic reactions
Type B pharmagological Allergic IgE-mediated
actions e ; ;
Hypersensitivity mechanism T cell-mediated
reactions Nonallergic Cross-intolerance
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Abbreviation: NSAIDs, nonsteroidal anti-inflammatory drugs.
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Table 2. Mechanisms Involved in Hypersensitivity Drugs Reactions
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Abbreviations: Ag, antigen; APC, antigen-presenting cell; COX, cyclooxygenase; LT, leukotriene; NSAIDs, nonsteroid anti-inflammatory drugs.

studies reported a prevalence of allergic reactions to
penicillin ranging from 0.7% to 10% of the population, with
anaphylaxis occurring in 0.015% to 0.004% of cases [32].
Moreover, a considerable proportion of patients with suspected
hypersensitivity to BLs have shown good tolerance in allergy
studies [29,33]. This may explain the wide range of prevalence
rates found in published studies, with overreporting occurring
when patients are classified by clinical history only as well as
underreporting of mild and severe reactions [34].

In principle, all currently available BLs can induce an
HDR, as they are able to spontaneously generate immunogenic
conjugates [26-28,30]. Benzylpenicillin was the first BL
implicated in an HDR, followed over the years by different
penicillins and cephalosporins; amoxicillin has been the
most frequently involved BL since the late 1980s [23], but
clavulanic acid is gaining ground, and in our experience
is more relevant than major and minor determinants of
benzylpenicillin [23,29,35,36]. In the largest study of

© 2014 Esmon Publicidad

HDR published so far, we analyzed variations in response
to a number of drugs over a 6-year period. We observed a
decrease in reactions produced by benzylpenicillin and an
increase in those induced by amoxicillin and amoxicillin
plus clavulanic acid [29], confirming the tendency observed
since the 1980s [23]. Patterns of consumption are in part
responsible for the variation in drug response and clinical
entities induced [36,37].

Changes in the patterns of reactions and drugs involved
in HDRs to BLs have influenced the sensitivity of diagnostic
tests. The role played by major and minor determinants of
benzylpenicillin has decreased, while that of amoxicillin
and more recently amoxicillin plus clavulanic acid has
progressively increased [17,35,38,39]. A decrease in test
sensitivity has also been observed [38] and new in vitro
methods, such as the basophil activation test (BAT), are gaining
importance in the diagnosis of immediate allergic reactions
to BLs [40].

J Investig Allergol Clin Immunol 2014; Vol. 24(3): 143-153



146 I Dofia, et al.

1.2 Quinolones

Fluoroquinolones (FQs) can induce hypersensitivity
reactions mediated by IgE and T cells. IgE-mediated reactions
are more common and are severe in over 70% of cases [41];
the most frequent clinical manifestations are anaphylaxis
and anaphylactic shock [41-43]. T cell-dependent reactions
have been reported less often and include MPE [44,45],
fixed drug eruptions [46,47], acute generalized exanthematic
pustulosis [45], Stevens-Johnson syndrome (SJS), and
toxic epidermal necrolysis (TEN) [48-50]. A considerable
proportion of T-cell reactions are phototoxic [51]. The
prevalence of HDRs induced by FQs has increased in the last
decade [29,52,53], and FQs are now the most common non-BL
antibiotic involved in HDRs [29]. Moxifloxacin, followed by
ciprofloxacin and levofloxacin, is the most common FQ [41].
Moreover, moxifloxacin induces more severe reactions than
other FQs [52].

We have observed an increase in the number of patients
evaluated as having a clinical history compatible with
hypersensitivity to FQs as well as confirmed hypersensitivity
to these drugs [29]. This can be explained by both the increased
prescription of FQs over the years and the introduction of
moxifloxacin for therapeutic use [52]. In Spain, FQs are
the second most frequently prescribed group of antibiotics,
surpassed only by BLs [54]. Interestingly, patients with BL
hypersensitivity are more prone to hypersensitivity to FQs
mediated by specific IgE antibodies [41]. Although the reasons
for this remain unknown, the fact that patients who are allergic
to BLs are more likely to be prescribed FQs than those who
are not is one possible explanation, although there may also
be an as yet unidentified genetic predisposition.

The diagnosis of immediate hypersensitivity reactions is
often difficult. Skin testing is not useful because of the high
number of false positives [55,56], but in vitro tests such as
immunoassays and the recently developed BAT have proven to
be useful [57-59]. Although the sensitivity of BAT is not optimal,
itis of value given the high number of severe reactions in patients
who cannot be challenged because of the risks.

2 Nonimmediate Reactions
2.1 Antibiotics

Nonimmediate reactions (NIRs) consist of a spectrum
of entities that usually occur within 24 to 48 hours of drug
exposure, although the time can be as short as 1 to 2 hours
following an exposure period of 48 hours or more [60].
Although the most common entities are benign conditions such
as MPE, followed to a lesser extent by urticaria [61], severe
reactions can also occur, such as drug rash with eosinophilia
and systemic symptoms (DRESS) and TEN [62]. The different
clinical manifestations are explained by differences in the
underlying pathophysiological mechanisms, with different
T-cell populations involved in all these entities [63]. Diagnosis
is often complex because of the difficulty in obtaining a reliable
clinical history, the importance of identifying concomitant
factors such as viral diseases, and the low sensitivity of skin
and in vitro tests [64,65]. Drug provocation testing is the best
and often the only procedure to confirm a causal relationship
between a drug and an NIR. However, it is not generally
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recommended and is in fact advised against in some cases, such
as generalized bullous fixed drug eruptions, acute generalized
exanthematous pustulosis, SJS, TEN, DRESS/drug-induced
hypersensitivity syndrome, systemic vasculitis, specific
organ manifestations (blood-cytopenia, hepatitis, nephritis,
pneumonitis), and drug-induced autoimmune diseases [62,63].

The true prevalence of NIRs and less severe NIRs in
particular is unknown for different reasons including confusion
with viral and autoimmune diseases. Moreover, linking
symptoms to a particular drug can also be difficult because of
the long interval between drug intake and the onset of clinical
symptoms, particularly in patients who take many drugs at the
same time [62].

The reported incidence for SJIS/TEN is between 1.4 and 6
per million person-years [62]. Various studies of severe NIR
cases have been published since the 1990s in Europe, the
United States, South Asia, and the Asia Pacific [62,66,67].
Antibiotics were the most commonly implicated class of drugs
in most studies: between 10.5% and 41% of patients reacted
to antibiotics and sulfonamides were the most common cause
of NIRs in this group of drugs [62,66]. Several studies have
reported the relevance of aminopenicillins in the development
of NIRs [64,67,68]. In fact, aminopenicillins are the second
most important NIR-inducing antibiotic worldwide [64].
However, analysis of data from the 6-year study carried out by
our group revealed a decrease in HDRs due to sulfonamides but
few changes in the prevalence of BL-induced reactions [29].
BLs are thus the most common NIR-inducing antibiotics in
Spain. The decrease in the consumption of sulfonamides may
partly explain these findings.

3 Radio Contrast Media

NIRs to radio contrast media (RCM) have increased in
the last decade, in parallel with an increase in the use of these
compounds [69,70]. In the past, the high osmolarity of ionic RCM
was related to a high incidence of immediate reactions [71,72]
due to the nonspecific release of vasoactive mediators [73-75].
Following the introduction of nonionic low-osmolarity RCM
in the 1970s the incidence of immediate reactions to RCM
decreased [71,72]. Conversely, NIRs have increased [29,70],
to a point where they are now more common than immediate
reactions [29]. A better recognition of the molecular structure
of nonionic RCM by T cells may explain this.

NIRs induced by RCM are an important health problem
because nearly 50% of patients with a suspected NIR to RCM
are confirmed as allergic [70]. This proportion is higher than
that reported for other drugs such as BLs [29,68]. The skin
is the most commonly affected organ [69]. Reactions vary
from mild to severe; MPE is the most frequently reported
condition, followed by nonimmediate urticaria, which may
be accompanied by angioedema [69,72,75].

Skin tests have a diagnostic sensitivity ranging from 43.6%
t047% [69,70]. Because of this low sensitivity, it is necessary to
perform provocation tests in more than half of cases [69]. The
2 RCM most frequently involved in many places are iodixanol
and iomeprol [70], and test sensitivity depends on the contrast
agent: iomeprol is more likely to induce a positive skin test,
whereas for iodixanol, drug provocation is usually needed to
confirm diagnosis [69].

© 2014 Esmon Publicidad
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4 Neuromuscular Blocking Agents

Increasing attention has been paid to perioperative allergic
reactions in recent decades. Depending on the underlying
mechanism, these can be classified in 2 groups: reactions
resulting from direct nonspecific mast cell and basophil
activation [76] and IgE-dependent allergic reactions. Reactions
resulting from direct histamine release are usually less severe
than IgE-mediated reactions [76-80].

The true incidence of perioperative reactions is
unknown [81]. Figures vary, probably reflecting differences
in clinical practice and reporting systems across countries. The
estimated incidence of all immune- and nonimmune-mediated
immediate hypersensitivity reactions is 1 in 5000 to 13 000
anesthetic procedures [81-84], with anaphylaxis occurring in
an estimated 1 in 10 000 to 1 in 20 000 cases [85-88].

However, the general view is that immediate-type
hypersensitivity reactions are largely underreported. This
observation has been confirmed in the largest cohort of
patients available in the literature, with a higher incidence
(100.6 [range, 76.2-125.3] per million procedures) of allergic
reactions than previously reported [81]. Different populations
show different patterns of sensitization [77,85-87,89,90].
Neuromuscular blocking agents (NMBAs) are the most
common cause of perioperative reactions in France [78,79]
with an incidence of 1 in 6500. However, IgE-mediated
reactions involving NMBAs seem to be less frequent in
Denmark, Sweden, and the United States [76,85]. In earlier
studies, up to 70% of anaphylaxis episodes were reported to be
caused by NMBAs [77,88]. However, changes in etiological
patterns of anaphylaxis during anesthesia have occurred in the
last 20 years, alongside changes in usage of anesthetic agents,
with greater co-administration of other drugs such as antibiotics
and analgesics and an increase in latex allergy. Studies from
France and the United Kingdom over the last decade suggest
a substantial rise in anaphylaxis due to antibiotics or latex
during anesthesia. According to some studies, NMBAs may
account for 50% of all cases of anaphylaxis during anesthesia,
with 20% due to latex and 15% due to antibiotics [77,86,87].

Within the NMBAs, suxamethonium was previously
shown to be the most common cause of anaphylaxis (43% of
all NMBA reactions in France in 1990-1991) [77,85-88], but
changing patterns of drug use have led to an increase in cases
due to other agents, particularly atracurium, rocuronium,
and cisatracurium. Pancuronium and cisatracurium are
associated with the lowest incidence of allergic reactions
during anesthesia [77,86-88]. It has been suggested that the
lower incidence of cisatracurium allergy may have been
due to underestimation, because positive skin tests have
been mistakenly assumed to be due to nonspecific histamine
release [81]. In fact, 20% to 50% of adverse reactions to
NMBAS are considered to result from direct nonspecific mast
cell and basophil activation [85-87].

A high incidence of allergy to rocuronium in Norway and
France has been reported (26% of NMBAs) [78,82-86,89].
This may be the result of biased reporting of adverse effects of
new drugs [90] or differences in the influence of environmental
factors or genotypic differences [91]. More information is
needed from large epidemiological studies.

© 2014 Esmon Publicidad

5 Hypersensitivity Reactions by Other Mechanisms:
Cross-Intolerance

Although many drugs can induce the release of histamine
or other mediators through nonspecific immunological
mechanisms, in recent years growing attention has been given
to NSAIDs. The increasing global use [92] has resulted in
this group of drugs being responsible for many adverse drug
effects, including hypersensitivity reactions [93,94]. In fact,
NSAIDs are now the most common class of drugs involved
in HDRs [29,33,95,96].

Two groups of reactions have been identified. The first is
cross-intolerance (CI) [8,24], where the proposed mechanism is
the inhibition of the COX enzyme and the release of histamine and
sulphidopeptide leukotrienes [25]. This can be caused by more than
one chemically unrelated NSAID. The second group is formed by
is selective reactions (SRs); these involve a response to a single
drug and patients have good tolerance to other chemically unrelated
NSAIDs [97-100]. The first group of reactions is the most common
and in our experience accounts for more than 75% of cases [24].
These 2 major groups can be subdivided into 5 subtypes, as
presented in Table 3. This is the recent proposed classification for
NSAIDs according to the interest group of the European Network
of Drug Allergy [101]. Further subclassification providing more
phenotypes has been proposed [102].

CI to NSAIDs may affect the skin and/or the respiratory
airways [9,25,103]. Early studies of NSAID hypersensitivity
reactions focused on respiratory airway involvement, including
asthma and/or rhinitis and nasal polyposis [25,103,104].
However, skin is the most common organ affected in both
CI and SR groups [24]. Two cutaneous conditions have
been described: acute urticaria/angioedema in the absence
of a history indicative of chronic spontaneous urticaria,
called NSAID-induced urticaria/angioedema (NIUA), and
reaggravation of pre-existing chronic spontaneous urticaria,
called NSAID-exacerbated cutaneous disease (NECD) [101].
Although most studies focusing on CI with skin involvement
have been carried out in NECD patients, NIUA is more
common [24]. There are controversies concerning the natural
course of NIUA, with some authors indicating that it can
progress to NECD [105,106]. One recent study of a large group
of patients with NIUA followed for 12 years showed that 6%
developed chronic spontaneous urticaria, a similar rate to the
control group [107].

In recent years, the increased consumption of propionic acid
derivatives has resulted in increasing reports of adverse effects
to these compounds, including gastrointestinal symptoms, renal
failure, acute myocardial infarction, heart failure [108,109],
and hypersensitivity reactions [24,29,94,110].

An analysis of the drugs involved in NSAID-induced
HDRs over the last 30 years showed that in the period 1980
to 1990, pyrazolones and acetylsalicylic acid (ASA) were the
drugs most frequently involved in hypersensitivity reactions
to NSAIDs; in the period 1991 to 2000, ASA was the most
frequent whilst pyrazolones decreased; and in the period 2001
to 2010, propionic acid derivatives were the most frequent,
with ASA in second place and pyrazolones in last place. These
changes may partly reflect the changing consumption patterns
of each NSAID over time [24,29].

J Investig Allergol Clin Immunol 2014; Vol. 24(3): 143-153
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Table 3. Classification of Reactions Induced by NSAIDs

Type of Clinical Timing of Underlying Cross- Putative Mechanism
Reaction Manifestations Reaction Disease reactivity
NSAID-exacerbated Bronchial obstruction, Asthma/ COX-1
respiratory disease dyspnea and/or nasal rhinosinusitis inhibition
(NERD) congestion/rhinorrhea Acute
NSAID-exacerbated Wheals and/or . (usual.ly Chronic urticaria Cross- Non- COX-1

. ) immediate > ; S
cutaneous disease (NECD) = angioedema to several reactive allergic inhibition
NSAID-induced Wheals and/or hours after No underlying Unknown,
urticaria/angioedema angioedema exposure) chronic disease probably
(NIUA) COX-1

inhibition
Single NSAID-induced Wheals and/or No underlying IgE-
urticaria/angioedema or angioedema/anaphylaxis chronic disease Non Allergic =~ mediated
anaphylaxis (SNIUAA) Cross-
Single NSAID-induced Various symptoms and Delayed No underlying reactive T cell-
delayed reactions (SNIDR) = organs involved onset chronic disease mediated
(eg, fixed drug eruption, (usually
SJS/TEN, nephritis) >24 h after
exposure)

Abbreviations: COX, cyclooxygenase; NSAID, nonsteroidal anti-inflammatory drug; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.

Source: Kowalski ML et al. Allergy. 2013;68(10):1219-32.

When we compared drugs involved in both CIs and SRs,
pyrazolones remained the most frequent drug involved in
SRs [24]. The reasons for this are unclear but may be related
to a lower capacity of propionic acid derivatives to induce an
IgE-mediated response; pyrazolones, by contrast, may have
a chemical structure that is better recognized by the immune
system, and therefore more likely to induce a response.

6 Hypersensitivity Reactions to Biological Agents

In this section we will consider monoclonal antibodies
(mAbs) and protein derivatives, which collectively are known as
biological agents. Biologicals have a great impact in medicine,
providing an unlimited source of therapeutic agents and
representing more than 30% of all licensed products [111]. The
first agents to be introduced were cytokine immunomodulatory
biologics, followed by antibody-based immunomodulatory
molecules [112]. So far, more than 180 new biologics have
been registered [111,112] and more are currently being
investigated in clinical trials [113]. Some of these new agents
are antibody drug conjugates that can potentially induce
allergic drug reactions [114]. The first therapeutic mAbs were
mouse antibodies; these were immunogenic and produced
a large number of adverse effects [112]. This problem has
been tackled by replacing the murine sequences with their
human counterparts [111], significantly reducing the adverse
reactions [115,116]. Three major groups of mAbs are in use:
chimeric antibodies (-ximab), humanized antibodies (-zumab),
and human antibodies (-mumab). Chimeric antibodies are still
the most widely used mAbs and therefore adverse reactions
are expected to occur [117]. mAbs are used in transplantation,
oncology, and autoimmune, cardiovascular, and infectious
diseases. More recent applications include virus and toxin-
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neutralizing antibody fragments that can replace treatment with
serum-derived polyclonal antibodies. In the future fully humanized
mADbs will be available for a wide variety of indications [111].

Adverse effects can be caused by the suppression of the
immune response, leading to decreased resistance to infectious
agents or tumor cells. In other instances mAbs can enhance
the immune response by stimulating immune cells, inducing
autoimmunity [111,112]. Because they are immunogenic [117],
they can also induce adverse effects through immunological
mechanisms. The hypersensitivity reactions fall within the 4
categories reported by Gell and Coombs [4]. IgE-dependent
reactions to basiliximab [118], infliximab [119], and
cetuximab [120] have been reported, although other mAbs
may also induce these reactions. There are other instances
where immediate reactions have been reported but no clear
evidence exists for an IgE-mediated mechanism [121-123].
Type II cytotoxic reactions have been mainly reported for blood
components, such as platelets [124] and red blood cells [125].
In these cases cytotoxic antibodies are produced. Type III
mediated reactions have also been reported [ 126-128], although
evidence of the circulating immunocomplexes responsible for
these reactions is still lacking. Type IV T-cell reactions such
as SJS [129] and drug-induced reactions [130,131] have also
been reported. Direct proof of the presence of a T-cell infiltrate
in the skin, together with the presence of activated CD4+ and
CD8+ cells and positive lymphocyte stimulation to infliximab,
has been reported by our group [130]. Other adverse reactions
may mimic those induced by the classical mechanisms of Gell
and Coombs, but they are associated with immune deregulation
rather than a specific immunological mechanism.

In summary, biologics represent a new group of agents
with intriguing perspectives for allergologists in terms of
hypersensitivity reactions.
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