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Purpose of review

The purpose is to understand the underlying mechanisms of accelerated allergic reactions to drugs, defined
here as reactions occurring between 1 and 24 h after drug intake.

Recent findings

Recent publications have shown that accelerated reactions are T cell-mediated, although an IgE mechanism

cannot be ruled out in some cases.

Summary

Classification of allergic reactions to drugs is complex. Based on the time interval between drug
administration and appearance of the clinical reaction, as well as the type of clinical symptoms, they can
be classified as: immediate, typically appearing from less than 1 to 6 h after the last drug administration
and nonimmediate, occurring at any time from 1 h after drug administration. Therefore, overlap exists in
what the Levine classification defined as accelerated reactions, where clinical symptoms are mainly
urticaria and less often exanthema and serum sickness-ike reactions. The immunological mechanisms
involved suggest that they are T cell-mediated reactions with a Th1 pattern, comprising increased
production of IFNvy, TNFa, the chemokine CXCL9 and its corresponding receptor CXCR3. In most cases an
IgE-mediated response is ruled out because of negative immediate skin test results, no detection of serum-
specific IgE antibodies or tryptase, and no skin-secreted tryptase. However, an IgE-mediated response can
be demonstrated in exceptional situations. Finally, serum sickness-like reactions have been reported as an
immune complex-mediated accelerated reaction. However, the exact mechanism has not been confirmed.
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Adverse reactions to drugs are defined by the WHO
as ‘any noxious, unintended and undesired effect of
a drug that occurs at doses used for prevention,
diagnosis or treatment’ [1]. They constitute an
important public health issue, causing 3-6% of
hospital admissions and occurring in 10-15% of
hospitalized patients [2,3]. Drug hypersensitivity
reactions (DHR) are the most frequent type of
adverse reactions [4].

The classification of DHR is still a matter of intense
debate because of their heterogeneity in terms
of drugs involved, clinical symptoms, and under-
lying mechanisms. The most common culprits
are nonsteroidal anti-inflammatory drugs, betalac-
tam antibiotics, nonbetalactam antibiotics, such as
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fluoroquinolones and radiocontrast media [5]. The
skin is the main organ affected, with drug reactions
ranging from mild (e.g. urticaria/exanthema) to
severe, such as toxic epidermal necrolysis.
Classically, DHRs are grouped according to the
underlying mechanism. A first approach is to differ-
entiate those with proven immunological mechan-
isms (allergic DHR) from those where these
mechanisms cannot be proven (nonallergic DHR)
[6]. Allergic DHR account for 6-10% of all adverse
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KEY POINTS

e Controversy exists in the clinical classification of drug
allergy according to the time interval between drug
administration and onset of symptoms and signs,
particularly for accelerated reactions appearing

between 1 and 24 h.

e The main clinical picture of accelerated reactions is
urticaria, sometimes accompanied by angioedema.
However, SSIR and exanthema can also appear.
Anaphylaxis cannot be considered an
accelerated reaction.

e Accelerated urticarial and exanthematous reactions are
mediated by T cell-mediated mechanisms similar to
those appearing in delayed reactions.

e Although rare, an IgE-mediated mechanism cannot be
ruled out, especially for some urticarial reactions.

e The mechanisms involved in SSIR are still not well
understood, and it is unclear whether they are
mediated by immune complexes.

drug reactions [7] and were classified by Coombs
and Gell [8] into four groups (Table 1):

(1) Type I or immediate type, mediated by drug-
specific IgE antibodies;

(2) Type 1I, cytolytic or cytotoxic, mediated by
drug-specific IgG or IgM antibodies;

(3) Type III or immune complex, mediated by drug-
specific IgG or IgM antibodies;

(4) Type IV or delayed type, mediated by drug-
specific T cells. This has been subclassified in
other four types according to the mechanism
involved [9]:

(a) Type IVa, mediated by Th1l lymphocytes,
[FNvy, and monocytes.

(b) Type IVb, mediated by Th2 lymphocytes,
IL-4, and eosinophils.

(c) Type IVc, citotoxic response mediated by
CD4" and CD8™" lymphocytes.
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(d) Type IVd, characterized by the presence of
neutrophils.

Levine [10] in 1996 classified allergic DHR into
three types: immediate, accelerated, and delayed,
based on the time interval between administration
and symptom onset. Immediate reactions usually
occur 2-20min following drug administration,
manifesting as urticaria or anaphylaxis; accelerated
reactions occur after 2—48 h with urticaria being the
main symptom, and delayed reactions occur after
72h and are generally exanthematous reactions.
This classification, originally proposed for penicillin
allergy, was later generalized to other drugs. It was
later simplified by Terrados et al. [11], and adopted
by the European Network of Drug Allergy group,
into two groups: immediate (those appearing within
1h after drug administration) and nonimmediate
(those appearing after 1h) [12,13]. This classifi-
cation has been widely used, and has mechanistic
and diagnostic implications. The classification
in immediate or nonimmediate reactions is based
on drug challenge, which is the gold standard for
diagnosing these patients. Moreover, immediate
reactions are considered IgE-mediated and the diag-
nostic approach also includes skin test with immedi-
ate reading and in-vitro tests for detecting drug-
specific IgE. In contrast, nonimmediate reactions
are considered T cell-mediated and evaluation also
includes skin test with delayed reading and in-vitro
analysis of the specific T-cell response.

However, controversy exists regarding the use
of this classification with an ‘arbitrary’ cut-off of 1 h,
because immediate (IgE-mediated) reactions can
appear up to 6h (defined as ‘late’) and delayed
(T cell-mediated) reactions can sometimes start after
8-12h (defined as ‘accelerated’) [14,15]. Taking into
account this controversy a new cut-off point has
been proposed that divides reactions into immedi-
ate (less than 1h to 6 h after the last drug adminis-
tration) and nonimmediate (any time from 1 h after
the initial drug administration) [16™]. However, in

Table 1. Mechanisms and clinical examples of types of reaction according to Gell and Coombs classification

Type Mechanism Example

I Specific IgE Anaphylaxis

Il IgG or IgM Hemolytic anemia

Il IgG or IgM Serum sickness-like reaction
v Th1 lymphocytes, IFNy, and monocytes Eczema

Th2 lymphocytes, IL-4, and eosinophils
CD4* and CD8" lymphocytes
Neutrophils

O 0 w >

Maculopapular exhantema, drug reaction eosinophilia systemic symptoms
Maculopapular exhantema, toxic epidermal necrolysis

Acute generalized exhantematic pustulosis
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FIGURE 1. Time course of the different classifications from a clinical point of view, based on the clinical symptoms/signs and
the time interval between drug administration and the development of the reaction, carried out by different authors from 1966

to 2014.

this last classification an overlap exists between
immediate and nonimmediate reactions between
1 and 6h.

Analysis of all these clinical classifications
(Fig. 1) suggests that the main conflict between
classifications occurs for reactions occurring from
1 to 24h after drug administration, originally
defined by Levine [10] as ‘accelerated reactions’.
This is important as a misclassification will hamper
comparisons among studies, the understanding
of the mechanisms involved, and the types of diag-
nostic tests to be used in evaluation and treatment
of the reactions. The clinical symptoms and signs,
and the underlying mechanisms of these accelerated
reactions appearing from 1 to 24 h after drug admin-
istration will be the focus of this review.

CLINICAL SYMPTOMS OF ACCELERATED
REACTIONS

The most frequent clinical symptom of accelerated
reactions is urticaria [11,17], which comprises the
appearance of intensely pruritic and pale wheals
surrounded by erythematous flares that usually dis-
appears within 24 h. It can be accompanied with
angioedema, although this usually starts later. This
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should be differentiated from urticarial vasculitis.
There is no characteristic that can differentiate these
cutaneous manifestations from those of immediate
reactions [15].

Although the main feature of anaphylaxis is an
acute onset of clinical symptoms, involving at least
two organ systems together with skin and mucosal
tissue [18], in some cases it can appear after 1h
[19,20]. However, this is extremely rare. Drug provo-
cation with penicillin has shown that anaphylaxis
appears more rapidly and at lower doses than urti-
caria, which appear after around 1h [21]. Therefore,
some patients initially classified as having immedi-
ate urticaria by clinical history had negative skin
tests, showed an absence of in-vitro specific IgE
antibodies and were drug provocation test positive
after 1h, suggesting they were accelerated reactions
with a different underlying mechanism in contrast
to the typical IgE-mediated immediate reactions
[21]. In fact, in patients with perioperative allergic
reactions to cephalosporins, those finally confirmed
as having immediate allergy developed symptoms
within 15 min following drug administration [227].

On the other hand, maculopapular exanthema
(MPE) is a typical clinical symptom for delayed or
nonimmediate reactions. However, an erythema
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can start as early as 2h after drug administration,
and progress to the appearance of macules and
papules after 24-48h [15]. Therefore, using the
onset of exanthema as the start of the allergic
DHR, MPE can also be classified as accelerated.

Finally, it is worth mentioning serum sickness-
like reaction (SSLR), which although uncommon
and mostly restricted to young children, has been
typically considered as accelerated. SSLR is charac-
terized by fever, macular and urticarial exanthemas,
lymphadenopathy, polyarthralgia or polyarthritis,
and sometimes peripheral oedema [23], appearing
6-8h after drug administration [23]. An immune
complex-mediated (type III) mechanism has been
postulated [15], although it has not been appropri-
ately investigated.

MECHANISMS OF ACCELERATED
REACTIONS

The underlying mechanisms of accelerated reac-
tions have not been clearly established. Some

studies [24-27] consider them as mediated by
drug-specific IgE because of positive skin prick test
and specific IgE determination in sera. However,
most have considered them as T cell-mediated reac-
tions [28,29,30"]. Nevertheless, a few publications
have analysed the mechanisms specifically involved
in accelerated reactions [28,29,30"] and SSLR
[23,31-38,39%,40%,41]. In this review, information
is also obtained from series of adult patients [24-
29,30%,42,43] or children [23,35-38,39%40%41]
with allergic DHR, including patients who devel-
oped drug reactions from 1 to 24 h after drug admin-
istration although not specifically classified as
accelerated.

Specific studies on accelerated reactions

We could only find three publications that specifi-
cally evaluated the mechanisms involved in accel-
erated reactions [28,29,30""]. All studies focused on
skin reactions and concluded that they are mediated
by a T-cell mechanism (Fig. 2a).
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FIGURE 2. Mechanisms proposed to be involved in the development of accelerated reactions. (a) T cell-mediated mechanisms
with the involvement of T lymphocytes and natural killer (NK) cells. (b) T cell-mediated mechanisms with the involvement of

eosinophils and neutrophils. (c) IgE-mediated mechanisms.
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The first work published by Warrington et al.
[28] described two patients who developed MPE
within the first 24 h after the intake of penicillin.
The analysis of the skin biopsy obtained during the
acute reaction showed a dense-activated perivascu-
lar lymphoid infiltrate and epidermal changes,
characteristic of a severe delayed hypersensitivity
response. The infiltrate was mainly composed
of CD4" T cells with strong expression of human
leukocyte antigen-D related (HLA-DR) by the vas-
cular endothelium. In the infiltrate, there were no
presence of B cells and the immunofluorescence
analysis showed no evidence of any immune com-
plex-mediated reaction. All these data support a Gell
and Coombs type IV mechanism.

The second study, by Torres et al. [29] described
10 patients with accelerated urticaria appearing
from 1 to 24 h after drug intake, and compared them
with 46 patients with immediate (N =17) or delayed
(N=19) allergic DHR. The analysis of different T-cell
activation markers, CD69 (very early), CD25 (late)
and HLA-DR (very late), in peripheral blood during
the acute reaction phase showed an increase
in CD69 and HLA-DR expressions in accelerated
reactions compared with immediate reactions,
and a similar level to delayed reactions. There was
also an increase in CD25, similar to immediate
reactions. In the assessment of cutaneous lympho-
cyte-associated antigen (CLA) expression involved
in the trafficking of skin T-cell subpopulations to
cutaneous sites of inflammation [44,45], no increase
was detected in accelerated urticaria similar to those
detected in delayed urticaria, indicating that
although affecting the skin, this manifestation indu-
ces a weak cutaneous CLA™ T-cell infiltration. In this
work, accelerated reactions were described, as
suggested by others [28], as induced by a rapid
T cell-mediated mechanism, leading to transient
skin reactions that subsided rapidly.

The most recent work published by Gomez et al.
[30™"] described three cases of accelerated reactions
to amoxicillin, with typical manifestations of gener-
alized erythema with systemic pruritus and angio-
edema. The involvement of T cells was studied in
both peripheral blood and lesional skin. First, an
immediate mechanism was excluded because of the
negative results of immediate skin test, absence of
serum-specific IgE antibodies, and the absence of an
increase in tryptase during the acute response in
both peripheral blood and skin biopsies. Analysis of
the skin biopsies revealed a typical cell infiltrate
with CD4" and CD8" T cells, natural killer (NK)
cells and the expression of delayed activation
(HLA-DR) marker. In this study, a Thl-mediated
response was described, with an increased pro-
duction of IFNy and TNFa mainly in CD56" cells,
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no changes in IL-4 in peripheral blood and an
increased expression of the chemokine receptor
CXCR3. This receptor and its corresponding ligand
CXCL9 were detected in the skin. Together with the
increase in CLA, skin homing chemokine CCL27
and its receptor CCR10 in the skin biopsy, these data
suggest T-cell trafficking to the skin. Similar data
have been previously reported in drug exanthema-
tous reactions [46]. Furthermore, a specific CD3" T-
lymphocyte proliferation against amoxicillin was
demonstrated in the three patients studied. There-
fore, these three works showed that accelerated
reactions are mediated by T-cell mechanisms.

It is important to differentiate accelerated reac-
tions induced by betalactams from those induced by
other drugs like NSAIDS, proton pump inhibitors,
etc. as in betalactam reactions the hapten hypoth-
esis has been demonstrated with the IgE recognition
of their antigenic determinants [47]. On the con-
trary, no antigenic determinant has been proposed
in the case of the other drugs.

Specific studies on serum sickness-like
reaction

The mechanisms involved in SSLR remain poorly
understood (Fig. 2b), and although an immune com-
plex-mediated mechanism has been proposed, the
histopathology appears to be similar to urticaria.
A mixed superficial to deep interstitial dermal inflam-
matory infiltrate with perivascular accumulations
of lymphocytes and numerous neutrophils and eosi-
nophils has been found [31,32]. Some studies [33-35]
reported the presence of vasculitis, however, others
did not [31]. Laboratory findings include a high
erythrocyte sedimentation rate, and mild proteinuria
or hematuria on urinalysis; however, these patients
had normal complement levels and circulating
immune complexes were absent [32,35,36].

Series of adults with allergic drug
hypersensitivity reaction

Although most reactions occurring between 1 and
24 h are labeled as T cell-mediated, there are some
contradictory results that deserve our attention
[24-27,42,43]. Regarding betalactam allergy, Hjor-
tlund [24] found that from 235 cases with a non-
immediate reaction (>1h after drug intake), 12 had
positive specific IgE in vitro, one had positive
immediate skin prick test result, six had immediate
positive intradermal test readings. For proton pump
inhibitors, there are descriptions of patients with
urticarial reactions from 1 to 3 h after drug admin-
istration and with positive skin tests to these drugs
during immediate reading [25,26].

Volume 16 e Number 4 o August 2016

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



Finally, important information can be obtained
by analysing series of patients with nonimmediate
reactions to radiocontrast media, where 88% of the
reactions appear in the first 24 h (in up to 16% from
1 to 6h, up to 27% from 7 to 12h, and up to 45%
from 13 to 24h) [27,42,43]. Differences can arise
between the time intervals described in the clinical
history and in the positive drug provocation test,
with it generally being quicker in the drug provo-
cation test [43]. Moreover, although in the three
studies [27,42,43] skin tests (intradermal or patch
testing) were mainly positive during delayed read-
ing, there were two cases that were only positive in
the immediate reading although the reaction
occurred between 12 and 14 h [27].

These results indicate that although in most
studies nonimmediate reactions seems to be T
cell-mediated, in some cases an IgE-mediated mech-
anism cannot be ruled out (Fig. 2¢). This may be
explained by different reasons: the route of drug
administration, with the latent interval being longer
when the drug is administered orally; the possibility
of reactions induced by drug metabolites rather than
the parent drug; inconsistency of the clinical history
[14,15]. The latter is probably the most common
cause of confusion between immediate and accel-
erated reactions and the reason why for an accurate
classification of allergic DHR, one needs to know not
only the time interval but also a detailed description
of the clinical symptoms and signs [48].

Series of children with allergic drug
hypersensitivity reaction

In children, mechanisms involved in allergic DHR
are similar to those appearing in adults
[23,37,38,39",40%,41]. In this age group, SSLR is a
clinical picture that deserves special attention [23],
as betalactams are the drugs most frequently impli-
cated [37,38,39".

In one study [37] of 20 children with confirmed
nonimmediate allergy to betalactams, seven of them
had SSLR and all were diagnosed by a positive drug
provocation test and negative skin test. In another
large study [38], including 1430 children with a
history of betalactam allergy, 23 had a suggestive
clinical history of SSLR. A high percentage (N=11,
47.8%) was confirmed as SSLR: three by skin test
(one of them on delayed reading), four by drug
provocation test and four by clinical history alone.
However, the mechanisms underlying the reactions
were not fully evaluated [38].

The existence of SSLR in children with betalac-
tam allergy has been questioned [39%,41]. In fact, in
cefaclor-induced SSLR, it has been suggested that a
unique idiosyncratic mechanism involving hepatic

1528-4050 Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

Mechanisms in accelerated drug reactions Torres et al.

biotransformation of the parent drug with a defect
in the metabolism of reactive intermediates rather
than an immune-mediated hypersensitivity reac-
tion is involved [41]. More recently, from the evalu-
ation of 783 patients with a history of betalactam
allergy, seven had a history of SSLR although six
children tolerated betalactam administration and
one of them was confirmed as having betalactam-
induced MPE. Therefore in this study [39%], no cases
with a history of SSLR were finally confirmed.

Classification of allergic DHR is complex, especially
for reactions appearing between 1 and 24 h after
drug intake (accelerated reactions), and this may
be different depending on the culprit drug. The
underlying mechanism of accelerated reactions is
not completely understood, although most are
mediated by a T-cell mechanism. However, in some
patients a specific IgE-mediated mechanism cannot
be ruled out and SSLR must also be considered,
especially for children.
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