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Abstract This guideline on diagnostic 
procedures for suspected beta-lactam antibi-
otic (BLA) hypersensitivity was written by 
the German and Austrian professional asso-

ciations for allergology, and the Paul-Ehrlich 
Society for Chemotherapy in a consensus 
procedure according to the criteria of the 
German Association of Scientific Medical 
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Societies. BLA such as penicillins and ceph-
alosporins represent the drug group that most 
frequently triggers drug allergies. However, 
the frequency of reports of suspected allergy 
in patient histories clearly exceeds the num-
ber of confirmed cases. The large number 
of suspected BLA allergies has a significant 
impact on, e.g., the quality of treatment re-
ceived by the individual patient and the costs 
to society as a whole. Allergies to BLA are 
based on different immunological mecha-
nisms and often manifest as maculopapular 
exanthema, as well as anaphylaxis; and there 

Abbreviations.

AGEP Acute generalized exanthematous pustulosis
AMP Ampicillin
AX Amoxicillin
BAT Basophil activation test
BL Beta-lactams
BLA Beta-lactam antibiotic/beta-lactam antibiotics
BP Benzylpenicillin
BPO Benzyl penicilloyl
BP-OL Benzylpenicilloyl octa-L-lysine
CAST Cellular allergen stimulation test
CAST-ELISA Cellular antigen stimulation test-enzyme linked immuno-

sorbent assay
CLV Clavulanic acid
DIHS Drug-induced hypersensitivity syndrome
DPT Drug provocation test
DRESS Drug reaction with eosinophilia and systemic symptoms
EM Erythema multiforme
ELISpot Enzyme linked immunosorbent spot assay
FDE Fixed drug eruption
FEIA Fluorescence enzyme immunoassay
HRT Histamine release test 
HSA Human serum albumin 
IDT Intradermal test
IgE Immunglobulin E
IFN-γ Interferon-gamma
IL Interleukin
LTT Lymphocyte transformation test
MD(M) Minor determinant (mixture)
MPE Maculopapular exanthema
MRSA Methicillin-resistant  Staphylococcus aureus
NORA Network of severe allergic reactions
NPV Negative predictive value
PA Penicillenic acid
PPL Benzylpenicilloyl-poly-L-Lysin
RAST Radioallergosorbent test
SDRIFE Symmetrical drug-related intertriginous and flexural 

exanthema
sIgE Specific immunoglobulin E
SJS Stevens-Johnson-Syndrom
TEN Toxic epidermal necrolysis
VRE Vancomycin-resistant enterococci

are also a number of less frequent special 
clinical manifestations of drug allergic reac-
tions. All BLA have a beta-lactam ring. BLA 
are categorized into different classes: peni-
cillins, cephalosporins, carbapenems, mono-
bactams, and beta-lactamase inhibitors with 
different chemical structures. Knowledge of 
possible cross-reactivity is of considerable 
clinical significance. Whereas allergy to the 
common beta-lactam ring occurs in only a 
small percentage of all BLA allergic patients, 
cross-reactivity due to side chain similarities, 
such as aminopenicillins and aminocephalo-
sporins, and even methoxyimino cephalo-
sporins, are more common. However, the 
overall picture is complex and its elucida-
tion may require further research. Diagnostic 
procedures used in BLA allergy are usually 
made up of four components: patient history, 
laboratory diagnostics, skin testing (which is 
particularly important), and drug provoca-
tion testing. The diagnostic approach – even 
in cases where the need to administer a BLA 
is acute – is guided by patient history and 
risk – benefit ratio in the individual case. 
Here again, further studies are required to 
extend the present state of knowledge. Per-
forming allergy testing for suspected BLA 
hypersensitivity is urgently recommended 
not only in the interests of providing the pa-
tient with good medical care, but also due to 
the immense impact of putative BLA aller-
gies on society as a whole.

Background

Beta-lactam antibiotics (BLA) are con-
sidered the substance group that most fre-
quently triggers immunologically mediated 
drug hypersensitivity reactions [1].

Epidemiology: Approximately 8% of 
all adults questioned in a southern Euro-
pean survey reported suffering from a drug 
allergy and 4.5% from an allergy to BLA 
[2]. A US analysis of patient files reported 
that as many as 8% of all individuals have 
a penicillin allergy and 1% a cephalosporin 
allergy [3]. Around 10% of parents report 
drug hypersensitivity reactions in their chil-
dren, 6% report drug allergies, and ~ 3% a 
BLA allergy. These are confirmed by means 
of provocation testing in fewer than 10% of 
children [4]. Likewise, in adults, suspected 
hypersensitivity was confirmed in only a 
limited number of cases. This was the case in 
7% of patients in a 2010 European study [5] 
and in less than 2% of patients investigated 
in a 2013 US study [6, 7].
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All BLA are capable of triggering hy-
persensitivity reactions. The frequency with 
which a substance triggers an allergic reac-
tion depends on the substance itself, the fre-
quency with which it is used, and the under-
lying disease, among other factors.

The first BLA to be described as a trig-
ger of allergic reactions was benzylpenicillin 
(BP). It is less frequently used as in the past 
and has been superseded by aminopenicillins 
in terms of trigger frequency. Cephalospo-
rins also frequently cause immediate reac-
tions. Likewise, clavulanic acid has recently 
been reported as a trigger of allergic reac-
tions [1, 8, 9, 10].

Impact: The high number of BLA aller-
gies reported in patient histories hampers 
treating physicians to a significant extent to 
select an appropriate antibiotic. Patients are 

often unable to receive the antibiotic of first 
choice and physicians are forced to resort to 
broad-spectrum antibiotics in many cases [11, 
12, 13]. The treatment costs for patients with 
a history of BLA allergy are higher than for 
those of non-allergic patients. The reasons 
for this include, e.g., the higher cost of broad-
spectrum antibiotics and a higher number of 
hospital days in this patient group [7, 13, 14].

Moreover, the greater use of broad-spec-
trum antibiotics increases bacterial resistance 
[15], mediated in particular by “collateral 
damage”. This term refers to the suppression 
of the normal flora and the selection of antibi-
otic-resistant microorganisms even at sites far 
from the actual infection, e.g., in the region 
of the intestines colonized by bacteria [16]. 
Thus, patients with an – unconfirmed – histo-
ry of BLA allergy more frequently exhibited 
colonization or infection with methicillin-
resistant Staphylococcus aureus (MRSA) and 
vancomycin-resistant Enterococci (VRE); 
the prevalence of Clostridium difficile was 
also higher in this patient group [7].

This problematic development is under-
scored by the significant rise in prescribing 
rates for cephalosporins in recent years [10, 
17]. A history of hypersensitivity is given as 
the reason for prescribing oral cephalospo-
rins instead of penicillin derivatives [10].

Moreover, already the suspicion of BLA 
allergy reduces quality of life in affected pa-
tients due to greater anxiety regarding drug 
treatment [18].

A summary of potential effects caused by 
a history of BLA allergy are the following:
 –  Limited choice of antibiotics
 –  More frequent use of broad-spectrum an-

tibiotics at the cost of targeted treatments
 –  Ineffective treatment of bacterial infec-

tion and sub-sequent damage to the pa-
tient’s health

 – Higher number of sick days and hospital 
days

 – Incorrect assessment of the risk of a BLA 
allergy. Since BLA allergy is not present 
in many cases, disregarding a history of 
allergy often has no consequences. This 
endangers the health and life of truly al-
lergic patients.

 – Lower quality of life among those af-
fected

 – Promotion of bacterial resistance
 – Higher costs

Aim of diagnostic procedures in suspected 
BLA allergies
The aim of allergy testing is to establish 
whether a patient with a history of hyper-
sensitivity reaction to BLA actually has 
an allergy. Knowing that they have a con-
firmed allergy would protect the allergic 
patients from further allergic reactions. A 
prognosis shall be given, which antibiotics 
not have to be avoided in the future, and 
the current hypersensitivity shall be inves-
tigated.
Qualified allergy testing in patients with a 
history allergy to one or more BLA makes 
it possible to select tolerated BLA antibiot-
ics for affected patients in order to more ef-
fectively treat bacterial infections. This en-
ables patients to be more frequently treated 
with the antibiotic of first choice. An infec-
tion requiring treatment can be better con-
trolled, resulting in the faster recovery of 
the patient and fewer infection-related se-
quelae, not least in terms of patients’ life 
expectancy.
Targeted treatment of infections reduces 
the use of broad-spectrum antibiotics, and 
thus also the selection of resistant bacteria. 
Antibiotic resistance can be reduced.
The cost to the population as a whole and 
to the health care system is lowered by the 
reduction in the use of expensive broad-
spectrum antibiotics, fewer sick days and 
days in hospital, and lower secondary costs 
resulting from antibiotic resistance.
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Symptoms

The classification of drug hypersensitiv-
ity reactions is based on the temporal course 
of the reaction, the clinical picture, and the 
underlying pathomechanism.

Temporal classification. In the national 
and international literature, an immediate 
reaction is assumed if the reaction occurs 
within 60 min [19] or within 6 h [20] of 
medication use. Immediate reactions mostly 
occur up to 60 min – and delayed reactions 
always between over 60 min and up to weeks 
– following initiation of the triggering medi-
cation. Maculopapular exanthema generally 
manifests between 4 and 14 days following 
drug initiation. In rare cases, drug reactions 
with eosinophilia and systemic symptoms 
(DRESS) occurring up to 8 weeks following 
medication use have been described ([19] 
and see also Table 1).

In the authors’ experience, exanthemas 
due to BLA can occur (with decreasing prob-
ability) 5 – 10 days following discontinuation 
of the drug. Exanthema occurring after a pe-
riod of 10 days of BLA discontinuation is, in 
all likelihood, not caused by BLA treatment.

The clinical classification makes a dis-
tinction between immediate and delayed 
symptoms [19].

As with the classification of other ana-
phylactic reactions [21], the clinical picture 
of an immediate reaction is subdivided, de-
pending on symptoms, into severity grades 
I – IV according to Ring and Messmer [22]. 
In an investigation of patients with immedi-
ate BLA allergy (to benzylpenicillins and 
aminopenicillins), the vast majority of reac-

tions involved more than one organ system, 
while only urticaria and/or angioedema was 
seen in a small percentage of patients [23].

Delayed (non-immediate) reactions occur 
in particular following aminopenicillin use 
and mostly present as MPE [1, 24, 25]. How-
ever, special forms as well as severe delayed 
hypersensitivity reactions also occur. These 
include acute generalized exanthematous pus-
tulosis (AGEP), DRESS syndrome (or drug-
induced hypersensitivity syndrome, DIHS), 
as well as multiform and sometimes bullous 
reactions such as Stevens Johnson syndrome 
(SJS), toxic epidermal necrolysis ( TEN), lo-
calized or generalized fixed drug eruptions 
(FDE), and serum sickness-like symptoms.

Differentiating between infections and 
autoimmune diseases can be challenging.

Parainfectious exanthema in childhood is 
often misinterpreted as a cutaneous drug re-
action. Kawasaki syndrome, a rare but poten-
tially life-threatening differential diagnosis, 
particularly in infants and young children, 
also needs to be considered [26, 27, 28].

Uncomplicated MPE in children are re-
ferred to as “benign rashes” in Anglo-Amer-
ican countries. These do not affect oral or 
anogenital mucosa, exhibit no blister forma-
tion or epidermolysis, are not associated with 
(atypical) target lesions, do not significantly 
reduce general condition, and heal spontane-
ously and completely within a few days [29].

They are classified relative to their 
pathomechanism according to Coombs and 
Gell. Type I reactions are immunoglobulin E 
(IgE)-mediated (clinical example: anaphy-
laxis); type II reactions refer to cytotoxic 
reactions that can cause hemolytic anemia, 

Table 1. Typical time intervals between first use of beta-lactam antibiotics and first onset of symptoms 
(from [20]).

Hypersensitivity reaction Time interval
Urticaria, asthma, anaphylaxis Typically up to 1 h, rarely up to 6 h after initial drug administration
Maculopapular drug exanthema 4 – 14 Days after initial drug administrationa

Fixed drug reaction 1 – 12 Hours after initial drug administration
AGEP 1 – 2 Days after initial drug administrationa

SJS/TEN 4 – 28 Days after initial drug administrationa

DRESS 2 – 8 Weeks after initial drug administrationa

aThe time interval in renewed reactions is typically shorter compared to initial reactions. In maculopapular 
drug exanthema, reaction typically after 6 h – 4 days; typical time interval after repeat reactions in AGEP, 
SJS, TEN, DRESS not investigated . AGEP = acute generalized exanthematous pustulosis; SJS = Stevens-
Johnson syndrome; TEN = toxic epidermal necrolysis; DRESS = drug reaction with eosinophilia and 
systemic symptoms.
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agranulocytosis, or thrombocytopenia; type 
III reactions are immune complex-mediated 
(serum sickness, hypersensitivity vasculitis); 
and type IV reactions are T cellmediated. 
Type IV reactions are further subdivided ac-
cording to their primary activation of mono-
cytes (type IVa, e.g., allergic contact der-
matitis), eosinophil granulocytes (type IVb, 
e.g., maculopapular exanthema, DRESS), 
CD4 and CD8 T cells (type IVc, e.g., bullous 
exanthema), and neutrophil granulocytes 
(type IVd, e.g., AGEP) [30, 31, 32].

Chemical structure,  
allergenic determinants, and 
cross- reactivity

BLA are subdivided into different classes; 
see also Supplementary Figure 1; [33, 34]:

Chemical structure

The beta-lactam ring is common to all 
BLA. In the penicillin group, the beta-lactam 
ring is connected to a five-member thiazoli-
dine ring and has one side chain (R1). In 
cephalosporins, the beta-lactam ring is con-
nected to a six-member dihydrothiazine ring; 
they also have two side chains (R1 and R2). 
Monobactams have no other ring structures 

Figure 1. Assumptions on the probability of allergic cross-reactions between the various beta-lactam 
antibiotics. These assumptions are based on structural similarities or structural differences in the R1 side 
chain; published data are scant or lacking.

 – Penicillins
 – Benzylpenicillin (penicillin G) and depot 

forms
 – Penicillinase-labile oral penicillins such as 

phenoxymethylpenicillin (penicillin V)
 – Penicillinase-resistant penicillins such as 

oxacillin, dicloxacillin, and flucloxacillin
 – Broad-spectrum penicillins:
 – In the aminopenicillin group, such as 

amoxicillin, ampicillin, and sultamicillin
 – Acylaminopenicillins that are also effective 

against Pseudomonas aeruginosa, such 
as piperacillin and mezlocillin

 – Amidinopenicillins such as pivmecillinam
 – Cephalosporins

 – Group I: Mainly against gram-positive bac-
teria, penicillinase-stable, such as the ami-
nocephalosporins cefaclor, cefalexin, ce-
fadroxil, and cefazolin (the latter not 
belonging to the aminocephalosporins)

 – Group II: More effective against gram-neg-
ative bacteria, still adequately effective 
against grampositive bacteria, such as ce-
furoxime

 – Group III: Highly effective in the gram-neg-
ative

 – range, poor in gram-positive, e.g., cefix-
ime, cefotaxime, cefpodoxime, ceftriax-
one, ceftazidime, and ceftibuten

 – Group IV: Such as cefepime
 – Group IVb respectively V: Against gram-

positive and gram-negative pathogens, in-
cluding efficacy against MRSA, e.g., cef-
taroline fosamil, ceftolozane

 – Carbapenems such as imipenem, meropen-
em, and ertapenem

 – Monobactams such as aztreonam
 – Beta-lactamase inhibitors such as clavulanic 

acid, sulbactam, and tazobactam.
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on the beta-lactam ring; only aztreonam is 
available in this group. Carbapenems, in 
contrast to penicillin, have a carbon atom in-
stead of sulfur in the thiazolidine ring, which 
is connected to the beta-lactam ring, as well 
as side chains at the R1 and R2 position. The 
clavams have no side chains in the R1 position 
[25, 35] (see also Supplementary Figure 1).

Allergenic determinants

BLA are haptens that only become im-
munogenic by binding to a protein structure. 
Human serum albumin (HSA) is the main 
carrier protein. Binding to the amino acid, 
lysine, takes place via opening of the beta-
lactam ring. This results in the formation 
of primarily benzylpenicilloyl (BPO) from 
benzylpenicillin. For diagnostic purposes, 
benzylpenicilloyl-octa-L-lysine (BP-OL) 
or benzylpenicilloyl-poly-L-lysine (PPL) 
bound via conjugation with octaor poly-L-
lysine are used as major determinants [36, 
37, 38]. Minor determinants are formed by 
other bonds. Until recently, these were com-
mercially available for testing in the form of 
a minor-determinant mixture. For stability 
reasons, the test preparation currently avail-
able contains only one minor determinant 
(sodium benzylpenicilloate) [39, 40, 41].

 Cephalosporin degradation does not fol-
low the same course throughout the group. In 
many cases, the R2 side chain acts as a “leav-
ing group”; during binding to the carrier pro-
tein, the dihydrothiazine ring fractionates 
while the R2 side chain is eliminated. This 
leads to increased beta-lactam ring reactiv-
ity. Another possible degradation pathway 
consists in substitution of the R2 side chain. 
Investigations on specific IgE-inhibition 
showed that if the R2 side chain and dihy-
drothiazine residue are lost, molecular recog-
nition is mainly directed to the R1 side chain 
and the fragment of the beta-lactam ring that 
binds to the carrier protein [42].

Cross-reactivity

It was originally assumed that the ring 
structure common to all BLA is the most 
important allergenic structure. Therefore, it 
was presumed that allergy to one substance 

in the BL group meant cross-allergy to all 
other BLA [35]. However, various allergenic 
target structures were subsequently identi-
fied, producing a far more complex picture 
of possible cross-reactivity and meaning that 
the majority of allergic patients were by no 
means obliged to avoid the entire BLA group 
(Figure 1).

Since cross-reactivities are of great inter-
est for clinical routine, information based on 
studies and findings on structural similarities 
is provided below, subdivided into the differ-
ent BLA classes.

Cross reactivity between penicillins

There is high cross-reactivity between 
semi-synthetic penicillins with an amino 
group. The most important allergenic deter-
minant among the aminopenicillins is the R1 
side chain. Some allergen-specific antibod-
ies are targeted exclusively against the side 
chain; sometimes, the ring structure is also 
required for binding [43].

Immediate reactions:
 – Of those individuals with IgE-mediated 

allergies to aminopenicillins, some will 
react selectively to aminopenicillins and 
tolerate benzylpenicillin, whereas others 
also react to benzylpenicillin determi-
nants.

 – The specificity of the IgE-antibodies 
closely correlates with the BLA respon-
sible for initial sensitization. IgE from 
patients that were first sensitized to 
benzylpenicillin recognizes amoxicil-
lin, whereas IgE from patients initially 
sensitized to amoxicillin predominantly 
recognizes amoxicillin and not benzyl-
penicillin [9].

Thus, a 2001 study on 290 immediate 
allergic patients found a selective reaction 
to aminopenicillin in 42.1%, in contrast to 
57.9% with non-selective reactions [23]. A 
recently published study by the same group 
on immediate reactions to aminopenicillins 
revealed that only 7/51 (14%) reacted also 
to BP determinants, consistent with altered 
prescribing habits [44]. The ratio of benzyl-
penicillin sensitizations has shifted in recent 
years in favor of aminopenicillin sensitiza-
tions [1].
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Delayed reactions:
 – Skin testing in a study published in 2010 

on 157 subjects with delayed-type allergy 
to mainly aminopenicillins demonstrated 
pure side-chain sensitization in 60% of 
those investigated; they tested negative 
to PPL, MDM, and BP [45].

Cross-reactivity between 
penicillins and cephalosporins

Three reaction patterns are known for 
cephalosporins [46]:
 – Selective reactivity for the suspected 

cephalosporin
 – Cross-reactivity with penicillins
 – Cross-reactivity with other cephalosporins

High cross-allergenicity between peni-
cillins and cephalosporins was previously 
assumed on the basis of the common beta-
lactam ring; however, this was most likely 
due to contamination of cephalosporins with 
benzylpenicillin during the production pro-
cess used up until the mid-1980s [33, 47]. 
From today’s perspective, patients that react 
to the entire group of BLA due to sensitiza-
tion to the beta-lactam ring are considered 
isolated cases. For example, only one of 128 
patients with previous immediate reactions 
to penicillins exhibited corresponding sensi-
tization to all BLA tested [48].

The cross-reactivities observed between 
penicillins and cephalosporins are primarily 
due to similarities in side chains and identical 
three-dimensional structures [33]. Thus, there 
is cross-reactivity between aminopenicillins 
and aminocephalosporins, i.e., cephalospo-
rins with an NH2 group at the R1 position. 
These include cefaclor, cefalexin, cefadroxil 
(first-generation oral cephalosporins), and ce-
fatirizine, which is not available in Germany. 
Cefazolin, which is also a first-generation 
cephalosporin, does not have an NH2 group. 
Ampicillin, cefaclor, and cefalexin, as well as 
amoxicillin, cefadroxil, and cefatirizine, all 
have the same R1 side chain.

However, penicillin G and the first-gen-
eration cephalosporin, cephalothin, which 
is not commercially available in Germany, 
exhibit cross-reactivity, despite different side 
chains, due to their identical three-dimen-
sional structure [33].

Immediate reactions:
 – In a study by Miranda et al. [49], 38% 

of the 21 amoxicillin-allergic subjects in-
vestigated reacted to cefadroxil.
Delayed reactions: 

 – Clinical studies revealed crossreactivity 
between (amino-)penicillins and amino-
cephalosporins in fewer than 40% of sub-
jects.

 – Thus, of the 214 subjects who had expe-
rienced a delayed reaction to penicillins 
(primarily aminopenicillins) in the past, 
18.7% tested positive in skin testing 
with aminopenicillins [25].

 – Another study on 97 delayed allergic 
patients demonstrated cross-reactivity 
in 10.9% with the first-generation ceph-
alosporins, cefaclor and cefalexin, in 
skin tests, whereby cefadroxil was not 
tested [50].

 – However, it can be said overall that the 
majority of patients with this type of 
sensitization to aminopenicillins exhib-
ited no sensitization to aminocephalo-
sporins.

There are also reports in the literature on 
sensitization among penicillin-allergic indi-
viduals to other cephalosporins such as cefo-
perazone [51], ceftriaxone [51], cefuroxime 
[50, 52], cefpodoxime, and cefixime [53], as 
well as to cephalothin and cefamandole [48].

Cefuroxime/cefuroxime axetil. Cefurox-
ime and its orally available prodrug, cefurox-
ime axetil, both of which are very frequently 
used in Germany, are second-generation 
cephalosporins that differ – apart from the BL 
ring – structurally from penicillins.

Immediate reactions:
 – A study conducted on 101 penicillin-al-

lergic patients demonstrated no cross-re-
activity for IgE- mediated reactions [48].

Delayed reactions:
 – Of 213 patients with delayed allergy to 

penicillin, none reacted to cefuroxime 
axetil [25].

 – A study on 97 delayed-type penicillin 
allergics reported five positive patch test 
reactions to cefuroxime axetil [50].

Note
An allergy to all BLA is only present in very few 
isolated cases.
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In the investigation conducted by Caimmi 
et al., 6.7% of 135 patients with penicillin al-
lergy exhibited sensitization to cefuroxime 
or cefuroxime axetil in skin tests or a reac-
tion to provocation testing [52].

As a prodrug, cefuroxime axetil is con-
verted into cefuroxime only once it has been 
absorbed by the body. Due to structural dif-
ferences, false-negative allergy testing for 
cefuroxime axetil is possible in the case of 
hypersensitivity to cefuroxime [54]. If a re-
action to parenteral administration of cefu-
roxime is observed, testing with cefuroxime 
and not solely cefuroxime axetil is recom-
mended.

Ceftriaxone. Ceftriaxone is a third-gen-
eration cephalosporin that also differs – apart 
from the BL ring – structurally from penicil-
lins. The studies that have been carried out 
were unable to show any crossreactivity with 
penicillins.
 – Immediate reactions: For example, cross 

reactivity was not observed in any of 101 
subjects with immediate allergy to peni-
cillin [48].

 – Delayed reactions: Two other studies on 
213 and 97 patients, respectively, were 
unable to verify crossreactivity in de-
layed allergies.
Essentially, one also needs to talk about 

cosensitizations and false-positive findings 
in addition to true cross-sensitivities via the 
beta-lactam ring.

Therefore, in summary and contrary to 
initial reservations, the majority of penicil-
lin-allergic individuals can have access to 
selected cephalosporins. However, one must 
not in turn underestimate cross-reactivity, 
since here too, severe and even fatal reac-
tions have been described [55].

Cross-reactivity of cephalo-
sporins with one another

Cross-reactivities between cephalospo-
rins occur particularly in the case of similar 
R1 side chains.

Methoxyimino group. For example, ce-
furoxime, ceftriaxone, cefotaxime, and ce-
fodizime have a methoxyimino group in the 
R1 position. The side chains in ceftriaxone 
and cefotaxime are even identical. Although 
ceftazidime has a slightly different side 
chain, it nevertheless sometimes shows 
cross-reactivity with the above-mentioned 
substances in patient studies. Of 79 immedi-
ate allergic patients that reacted to one active 
substance in this group, 45.5% tested posi-
tive in skin tests to at least one other cepha-
losporin in the group. If an individual has an 
immediate reaction to one substance in this 
subclass, the relative risk of them reacting to 
another is increased 21-fold, in contrast to 
individuals that are not allergic to the same 
substance [46].

Aminocephalosporins. Another group 
in which R1 side chain cross-reactivity is 
seen are the aminocephalosporins, to which 
cefaclor, cephalexin, cefadroxil, and cefa-
trizine belong, the latter being unavailable 
in Germany. Of 15 patients that showed an 
immediate reaction to cefaclor or cefalexine, 
four tested positive in skin tests to another 
aminocephalosporin. The relative risk of a 
cross-reaction within the group was reported 
here to be increased 4.46-fold [46].

R2 side chains. The cephalosporins 
cefoperazone, cefamandol, and cefotetan, 
which are not available in Germany, share an 
identical R2 side chain with a Nmethyl-tet-
razole-thiol group. One patient in the study 
conducted by Romano et al. in 2015 showed 
crossreactivity between cefoperazone and 

Note
Aminopenicillins cross-react with aminocephalo-
sporins such as cefaclor, cefadroxil, and cefalex-
in in some patients.

Note
Other cephalosporins such as cefuroxime and 
ceftriaxone show cross-reactivity with penicillins 
only in individual cases.

Note
Cefuroxime, ceftriaxone, cefotaxime, cefodizime, 
and ceftazidime exhibit possible cross-reactivity 
due to their side chains.

Note
Cefaclor, cephalexin, cefadroxil, and cefatirizine 
exhibit possible cross-reactivity due to their side 
chains.
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cefamondole. Cefotetan was not investigated 
[46, 56].

Cephalosporins trigger immediate reac-
tions far more frequently than they do de-
layed reactions [1]. Also, the suspicion of a 
cephalosporin as the trigger of a reaction is 
confirmed more often in immediate than in 
delayed reactions. For example, suspected 
delayed allergy to cephalosporins was con-
firmed in only 5 of 105 patients investigated 
[57]. In a study on children, none of the as-
sumed cases of delayed cephalosporin al-
lergy could be confirmed, whereas immedi-
ate allergy was confirmed in 34 of 43 cases 
investigated [58].

Investigators conducting a study on 105 
patients noticed that generalized skin chang-
es in cephalosporin-sensitized patients per-
sisted for 13.6 days on average, in contrast 
to 3.3 days in non-sensitized subjects [57].

Cross-reactivity between penicillin 
and carbapenems

Carbapenems have high structural simi-
larity to penicillins; however, in contrast 
to penicillins, they do not have a sulfur but 
rather a carbon atom in the thiazolidine ring.

Based on an international evaluation of 
side effects, as well as reported intolerance 
reactions associated with the use of imipe-
nem/cilastatin, cutaneous hypersensitivity 
reactions are seen in 2.3 – 2.5% of patients 
[59, 60]. An incidence of 1.4% is seen for 
meropenem [61, 62].

Immediate reactions:
 – On the basis of a 1988 study published by 

Saxon et al., which revealed cross-reac-
tivity of 50% in IgE-mediated reactions, 
a particularly high reaction rate was as-
sumed. More precisely, in the study by 
Saxon et al., 10 of 20 patients with a his-
tory of immediate reactions who were 
positive to penicillin or its minor/major 
determinants also reacted to imipenem or 
its determinants in skin tests [63].

 – However, subsequent studies yielded 
significantly lower reaction rates to 
carbapenems (~ 1%) for patients with 
known immediate allergy to penicillins. 

For example, in two studies in adults, one 
of 112 patients was skin test-positive to 
imipenem/cilastatin [64] and one of 104 
patients to meropenem [64]. A pediatric 
study also demonstrated a positive reac-
tion to meropenem in only one of 107 
children [66]. A recently published in-
vestigation even revealed tolerability of 
imipenem/cilastatin, meropenem, and er-
tapenem in all 211 patients with immedi-
ate allergy to penicillins [67].

Delayed reactions:
 – Cross-reactivity was also low in delayed 

reactions. For example, of 204 patients 
with known allergy to penicillin none 
reacted to imipenem/cilastatin or me-
ropenem, as did none of 130 subjects to 
ertapenem [68].

 – In two further investigations by another 
working group, four of 73 and 97 pa-
tients, respectively, with known late reac-
tions to penicillins tested positive to imi-
penem/cilastatin at patch testing [50, 69].

A retrospective analysis of medical records 
found that 9.2% of 163 patients with a history 
of penicillin allergy exhibited hypersensitivity 
reactions to imipenem/ cilastatin or merope-
nem, in contrast to 3.9% of the 103 patients 
with no history of penicillin allergy [70].

Cross-reactivity with monobactams

Aztreonam is the only monobactam 
available for clinical use. It is made up of a 
beta-lactam ring with a side chain and no ad-
joining ring structure [71]. Aztreonam’s side 
chain is identical to that of ceftazidime [9].

Immediate reactions: 
 – Weak immunogenicity and very low im-

munological cross-reactivity with BLA 
(benzylpenicillin and cephalothin) were 
demonstrated for aztreonam as early on 
as 1984. Thus, in two investigations, 
none of 41 and 221 subjects with im-
mediate penicillin allergy, respectively, 
tested positive [67, 72]. Although two 
of 29 patients in another study revealed 
evidence of immediate-type sensitization 
(skin test or specific IgE), the drug was 
tolerated in provocation tests [73].
Delayed reactions: 

 – The following studies found no cross-
reactivity for delayed reactions. For ex-

Note
Cross-allergenicity between penicillins and car-
bapenems is low.
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ample, none of 97 patients with known 
delayed reactions to penicillin or penicil-
lin derivatives tested positive in skin test-
ing, as did none of 76 in drug provocation 
tests [50]. Likewise, none of 214 patients 
with known delayed hypersensitivity to 
aminopenicillins tested positive [25].

Heightened caution is warranted with 
regard to crossreactivity between aztreonam 
and ceftazidime due to their identical side 
chains [9]. For instance, a case study report-
ed on a patient with aztreonam and ceftazi-
dime allergy that tolerated benzylpenicillin, 
amoxicillin, and other cephalosporins [74]. 
Similarly, a case series of 98 patients with 
immediate allergy to cephalosporins found 
cosensitization to aztreonam in 3 patients, 
with 1 patient showing cross-reactivity be-
tween aztreonam and ceftazidime, while 10 

other ceftazidime-allergic patients did not 
develop reactions to aztreonam [75].

Beta-lactamase inhibitors

Clavulanic acid (CLV ) is a BLA that, de-
spite its own weak antibacterial activity but 
due to its effective inhibition of beta-lacta-
mase, can be used together with amoxicillin 
(AX). Allergic reactions to clavulanic acid 
have also been reported [76, 77]. There are 
no descriptions of cross-reactivity between 
amoxicillin and clavulanic acid [44].

A Spanish investigation on 58 adult pa-
tients that had previously experienced imme-
diate reactions to AX/CLV found that 12% 
reacted to BP determinants, 69% to amino-
penicillins while tolerating BP, and 19% to 
clavulanic acid. Cutaneous testing, as well as 
drug provocation where indicated, was per-
formed [33, 44].

Note
Cross-allergenicity between penicillins and 
monobactams is extremely low.
Although ceftazidime and aztreonam have identi-
cal side chains, this is of only partial clinical rele-
vance.

Note
Testing clavulanic acid as a single substance for 
test purposes showed greater sensitivity for the 
detection of clavulanic acid sensitization com-
pared to testing solely with the finished medicinal 
product together with amoxicillin.

Recommendations

In the case of patients with a history of immediate reactions to BLA and planned administration of another BLA, skin testing (skin prick 
test and – if available for parenteral administration – intradermal test) with the planned BLA, in vitro diagnostics where necessary, as 
well as stepwise drug provocation shall be performed. The range of BLA to be avoided should be kept as narrow as possible.
In the case of patients with a history of immediate reactions to penicillin in whom the use of another BLA is indicated as part of acute 
emergency treatment and if skin tests are unavailable, fractionated drug provocation tests with a non-aminocephalosporin, aztreonam, 
or carbapenem under appropriate supervision should be considered after risk/benefit analysis of the individual case. The same applies 
to the use of a non-side chain-related cephalosporin in patients with a history of immediate reactions to cephalosporins and to the use 
of aztreonam if there is a history of immediate reactions to all BLA except ceftazidime. Patients with a history of reactions to ceftazi-
dime should only be exposed to aztreonam following negative skin test with the drug.
In the case of a history of immediate reactions or proven allergy to a BLA and urgently indicated use of the suspected BLA or a BLA 
with a high risk of cross-reactivity, desensitization needs to be considered (see Sect. “Decensitization (tolerance induction)”) after a 
decision has been taken on the individual case.
In patients with mild delayed reactions (uncomplicated exanthema) to penicillin but urgently requiring another BLA – and allergy testing 
not possible in a timely manner – the use of a non-aminocephalosporin, carbapenem, or aztreonam is justifiable (albeit associated with 
an acceptable risk of a similar delayed reaction). The same applies to patients with mild delayed reactions (uncomplicated exanthema) 
to a cephalosporin in terms of the use of a non-side chain-related cephalosporin, as well as to patients with mild delayed reactions to 
a BLA other than ceftazidime and the use of aztreonam. If patients have previously reacted to ceftazidime, skin testing should be 
performed before using aztreonam.
Patients need to be informed about the risk of experiencing similar delayed reactions and instructed on how to respond if a delayed 
reaction occurs.
If the symptoms of reactions in the patient history cannot be reliably classified (anaphylaxis/urticaria versus uncomplicated exanthe-
ma), an approach that assumes prior anaphylaxis shall be selected in the case of an acute need for treatment. It is important when 
performing allergy testing during a symptom-free interval to establish whether a reaction is immediate or delayed.
In the case of a previous reaction to an aminopenicillin, no aminocephalosporin should be used without prior skin testing. The same 
approach applies to substances in the side chain-related group: cefuroxime, ceftriaxone, cefotaxime, cefodizime, and ceftazidime with 
each other.
In the case of previous hypersensitivity reactions to combination preparations containing beta-lactamase inhibitors, hypersensitivity to 
the beta-lactamase inhibitor is also possible. Therefore, if available, skin testing for this is recommended, as well as provocation test-
ing if necessary.
All recommendations are subject to an individual benefit–risk assessment.
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Clavulanic acid sensitization is generally 
suspected following a reaction to AX/CLV 
but negative testing to AX and positive skin 
testing to AX/CLV. However, a study by Tor-
res et al. showed that only 10 of 16 subjects 
that tested positive to CLV also tested posi-
tive to AX/CLV in skin tests, possibly due to 
the lower test concentration of CLV (4 mg/
mL) in AX/CLV compared to 20 mg/mL in 
the CLV skin test substance [77]. Therefore, 
testing CLV as a single substance – and not 
only as a finished medical product together 
with AX – is recommended following a 
positive reaction to AX/CLV. The CLV com-
mercially available for skin testing showed 
a sensitivity of 9 – 18.7% in skin prick tests 
and 63.6 – 81.2% in intradermal tests [76].

Diagnosis

Indication

Any new reaction in temporal relation 
to the use of BLA needs to be critically as-
sessed and documented by a physician in a 
timely manner, where necessary in consul-
tation with an allergist. The unjustified sus-
picion of BLA hypersensitivity is expressed 
all too often in routine practice, in spite of 
the fact that there are more likely differential 
diagnoses (e.g., infection-related exanthe-
ma or acute spontaneous urticaria triggered 

by infection). The decision on whether hy-
persensitivity to BLA is likely and requires 
investigation can only be made on the basis 
of the clinical picture and the time interval 
between use of the medication and the onset 
of the reaction. A (residual) risk assessment 
is also possible here: in the case of severe 
clinical manifestations, such as anaphylactic 
reactions, testing or drug avoidance is neces-
sary in order to protect the patient, even if 
the likelihood is low. On the other hand, the 
slightly increased risk of a renewed “benign” 
exanthema after an incorrectly classified 
suspected infection-related, uncomplicated 
maculopapular exanthema, can be taken and 
justified. As such, patient history and clinical 
findings must play a key role in terms of es-
tablishing the need for testing and planning 
tests. The precise reconstruction of a reaction 
years after the event is sometimes challeng-
ing for the investigating allergist.

Procedure

Drug allergy testing is more complex than 
usual allergy testing for protein-based aller-
gens due to the potentially irritative diagnos-
tic methods used and the fact that the major-
ity of allergens are only existing as haptens. 
Only multifactorial diagnostic methods (skin 
prick/intradermal tests, serological tests, 
provocation tests) to complement patient his-

Recommendation

All hypersensitivity reactions suspected of being associated with BLA should undergo diagnostic investigation at any age: on the one 
hand to identify the trigger and, if possible, the pathomechanism, while on the other, to prevent unnecessary avoidance of BLA by 
ruling out an allergy. In the case of positive and clinically relevant test findings, possible cross-allergies should be identified or ruled 
out in order to ensure that patients have access to future BLA treatments. As far as possible, this investigation should be performed 
within 1 year of the reaction. Prompt diagnosis is particularly important in the case of previous immediate reactions, since test reactiv-
ity diminishes over time.

Important information when taking a patient history [79].

 – Which medications were used prior to and at the time of the reaction (create a timeline if necessary)? Which diseases were  
already present at that time and were responsible for the use of a BLA?

 – Precise chronology:
 – The duration of medication use
 – The time interval between the last use of the medication and the onset of symptoms
 – Duration of the reaction
 – Time period to allergy consultation or testing

 – Symptoms of the BLA-related reaction (both subjective and objective symptoms) and which organ systems were involved in 
chronological order of occurrence, as well as laboratory findings and possible treatment interventions.

 – Possible augmentation factors, such as infectious diseases and physical exertion, among others.
 – Known drug hypersensitivity and other known allergies.
 – Previous use and tolerance of BLA.
 – General patient history: age, sex, atopy history, other disorders, and current drug use.
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tory enable a sufficiently reliable diagnosis 
of the presence or absence of drug allergy in 
the majority of cases.

The reader is also referred to, e.g., the 
current English-language version of the Ger-
man guideline for the diagnosis of drug hy-
persensitivity reactions [19] as well as the 
recommendations of the European Network 
on Drug Allergy (ENDA) [26, 78, 79]. Spe-
cific issues with particular reference to BLA 
allergy are highlighted below.

The diagnostic work-up of drug hyper-
sensitivity comprises four components: pa-
tient history, skin tests, in vitro diagnostic 
methods, and drug provocation tests. The 
text below is structured according to these 
components.

Patient history

The patient history is taken from the pa-
tients, their parents, or other witnesses. Med-
ical documentation is consulted if possible.

The correct classification of previous 
symptoms is crucial to the further approach 
and the success of subsequent diagnostic 
procedures. The treating physician deter-
mines the further diagnostic work-up on the 
basis of patient history.

In vitro diagnostics

For in vitro diagnostic procedures, the 
reader is also referred to both the German 
and the European guideline on in vitro al-
lergy testing [80, 81]. In vitro testing is of 
great importance particularly in severe, life-
threatening reactions, since it avoids expo-
sure of the patient to the allergen in question. 
It enables allergy testing even in high-risk 
patients, when in vivo testing is contraindi-
cated, and in cases where skin testing is not 
possible e.g. due to skin disease [26, 81].

In vitro testing for immediate 
allergies

 – Tryptase (if possible, during the acute re-
action and in the further course)

 – Specific IgE antibodies
 – Cellular in vitro testing

Tryptase See also [22, 80].

Diagnostic methods to identify the 
culprit allergen: quantification of specific 
IgE. An immunoassay is used to determine 
drug-specific IgE (sIgE). A commercial fluo-
rescence enzyme immunoassay (FEIA) is a 
commonly used test method. There are also 
other test methods, including an in-house 
radioimmunoassay or an enzyme immuno-
assay [9, 81]. A commercially available and 
valid method for IgE determination is not 
possible for the majority of BLA; only a de-
termination method for specific IgE to peni-
cilloyl G and V, ampicilloyl, amoxicilloyl, 
and cefaclor is available.

Time course. The level of sIgE to peni-
cillins drops over time if there is no renewed 
contact with the allergen; however, this oc-
curs to varying degrees depending on the 
initial level, the type and severity of the re-
action experienced as well as on individual 
factors [82, 83].

For example, the elimination half-life 
(T1/2) was 1.6 – 76.4 months in 26 patients in-
vestigated. The level remained stable in eight 
patients over the 55 months measured, while 
T1/2 was less than 6 months in 32% of pa-
tients, less than 1 year in 52%, and less than 
3 years in 84% [82]. Another study on 41 
AX allergic patients made similar findings. It 
was additionally shown here that negation of 
a previously positive basophil activation test, 
which is discussed below, takes place more 
rapidly than for sIgE. Radioallergosorbent 
tests (RAST) for the detection of sIgE re-
vealed that 9 patients (22%) were positive at 
1 year, four (9.8%) at 2 years, two (4.9%) at 
3 years, and 1 patient (2.4%) at 4 years [84].

Reversal of previously positive sIgE over 
time does not mean that the culprit medica-

Note
Specific serum IgE diminishes over time in the 
majority of patients. However, this does not equate 
to allergen tolerance.

Recommendations

Serum tryptase determination should be per-
formed within 30–120 min of an acute reaction.
Elevated tryptase during anaphylaxis shall be 
checked; this shall be performed 24 h after symp-
toms have ceased at the earliest.
Following severe anaphylaxis in adults, basal se-
rum tryptase shall be determined in order to iden-
tify any mast cell diseases.
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tion will subsequently be tolerated. Thus, 
reversal was not associated with tolerance 
upon renewed penicillin use in 63.4% of 
22 patients that had experienced penicillin-
related reactions following reversal of a pre-
viously positive sIgE to penicillins. Provo-
cation caused a renewed increase in sIgE in 
some patients [82].

Diagnostic value of specific IgE to 
BLA. Study data, particularly on the sen-
sitivity of specific IgE, vary considerably. 
An important explanation for this lies in the 
sometimes rapid reversal of positive specific 
IgE over time. For example, the sensitiv-
ity of sIgE to BLA is put at 0 – 75% and its 
specificity at 66.7 – 100%. The low positive 
predictive value of 29 – 45.5% is possibly 
due to cross-reactivity with other allergens; 
the negative predictive value is 77.1 – 87% 
[82, 85, 86, 87, 88]. As such, the reliability 
of specific IgE is the subject of controversy. 
There are descriptions of patients with clini-
cally relevant sensitization that could not be 
diagnosed by means of skin testing but only 
by sIgE, as well as clinical examples in which 
sIgE yielded no diagnostic information. For 
example, Torres et al. [89] described 40 of 
290 patients that were skin test-negative, but 
had positive IgE to BLA and clinically rel-
evant sensitization. Macy et al., in contrast, 
described 4 patients with positive IgE and 
negative drug provocation tests (DPT), but 
also six skin test-positive patients with nega-
tive sIgE, as well as three that tested positive 
to DPT but had negative sIgE [90].

A study on 171 immediate allergic pa-
tients and 122 control subjects showed an 
improvement in positive predictive value to 
92.5% by reducing the threshold value for 
sIgE to beta-lactams from 0.35 kU/L (kilo-
unit per liter) to 0.1 kU/L, combined with 
determining a ratio from the sum of BLA-
specific IgE and total IgE, which was con-
sidered positive at ≥ 0.002. This applied in 
particular to patients with total IgE of > 200 
kU/L [91]. See also Table 2.

Diagnostic methods to identify the cul-
prit allergen: cellular diagnosis of imme-
diate allergies. There are a number of func-
tional assays that can detect cellbound IgE 
to beta-lactams [92]. Basophils in peripheral 
blood, on the surface of which allergen-spe-
cific IgE antibodies are found, act as effector 
cells.

Cellular in vitro tests to diagnose imme-
diate allergy include the:
 – Basophil activation test (BAT)
 – Cellular antigen stimulation test (CAST, 

also referred to as CAST-ELISA)
 – Histamine release test (HRT)

BAT involves the flow cytometric deter-
mination of granulocyte activation markers 
(CD63 or CD203c) on the surface of baso-
phils as a measure of IgE-dependent stimu-
lation by the drug being tested. CAST and 
HRT, in contrast, detect mediators that un-
dergo IgE-mediated release. These are sulfo-
leukotrienes (CAST) or histamine (HRT). 
The drugs to be tested are used as liquid al-
lergens. In addition to commercially avail-
able solutions, these can also take the form of 
infusion solutions. This significantly broad-
ens the range of allergens to be tested com-
pared to serological IgE assays [81].

Sensitivity/specificity. Studies with BLA 
have shown sensitivities of up to 60% for 
these three in vitro tests, e.g., 48.6% and 
50%, respectively, for BAT [93, 94], 47.7% 
for CAST [95], and 60% for HFT [96]. Both 
BAT and CAST showed specificities of over 
90% in these investigations, while HRT was 
much less specific (62.2%). However, due 
to the heterogeneous patient groups, these 
findings do not permit direct qualitative 

Table 2. Specific IgE.

Advantages Disadvantages
Testing poses no risk 
to the patient

Low sensitivity

Serum can be stored 
and transported

Negativization over time 
following the reaction

Automated  
diagnostic testing

Narrow range of 
allergens

Recommendations

Specific IgE determination is recommended with-
in 2 weeks – 6 months following a reaction.
In the case of patients with severe life-threaten-
ing reactions, sIgE determination should be per-
formed prior to skin tests and drug provocation 
tests if possible.
Specific IgE needs to be assessed in the overall 
context of findings. Since the detection of positive 
IgE antibodies to beta-lactams is not necessarily 
of clinical relevance, one can also decide in case 
of detected specific IgE, in justified cases, to con-
tinue in vivo diagnostic testing, including provo-
cation testing to investigate clinical relevance.
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comparisons of the tests. Comparative stud-
ies were conducted for two of these in vitro 
assays each. Thus, two investigations found 
for BAT, in contrast to CAST (and serologi-
cal IgE diagnostics), sensitivities of 47.8% 
and 39.1% (BAT), respectively, compared 
to 41.8% and 22.7% (CAST), respectively, 
and 30% and 21.7% (sIgE), respectively, and 
specificities of 83.0% and 93.3% (BAT), re-
spectively, compared to 83.3% and 77.0% 
(CAST), respectively, and 86.0% and 86.7% 
(IgE), respectively [97, 98]. Another study 
compared CAST and HFT in patients with 
immediate allergy to beta-lactams, with 
CAST showing a lower sensitivity (43% vs. 
53%), but significantly higher specificity 
(79% vs. 53%) compared to HFT [99]. See 
also Table 3.

Possible reasons for false-negative re-
sults include: the use of incorrect test con-
centrations; IgE reactivity to a drug metabo-
lite; non-responders (i.e., failure to activate 
basophils even in positive controls) in up to 
10% of the population [81]; and reversal of 
a positive test over time following the hy-
persensitivity reaction. For example, five of 
41 patients (12.2%) in one study were still 
positive for penicillins in BAT after 1 year, 
2 patients (4.9%) after 2 years, and 1 patient 
(2.4%) after 3 and 4 years, respectively [84]. 
False-positive reactions can occur due to the 
use of excessively high, non-specifically ac-

tivating test concentrations or due to cells as 
yet non-specifically preactivated by the drug 
reaction [100].

In vitro diagnostics for delayed 
allergies

Cellular diagnostics to identify the  
culprit allergen. T-cell assays are primarily 
used to detect delayed allergies. One should 
bear in mind here that different mechanisms 
can underlie the varying clinical manifesta-
tions, but that IgE-mediated immediate al-
lergic reactions are also T cell-dependent. 
In addition, individuals without a history of 
allergic reactions to BLA may have T-cell 
clones that react in a specific manner [102]. 
This means that the results of T-lymphocyte 
reactions can only be interpreted in conjunc-
tion with all other findings and the patient 
history.

The following test methods are available 
following T-cell stimulation by the suspected 
drug [81, 92]:
 – Lymphocyte transformation test (LTT), 

which determines T-lymphocyte prolif-
eration

 – Enzyme-linked immunosorbent spot as-
say (ELISpot), which determines the 
number of cells that release relevant cy-
tokines and cytotoxicity markers

 – Flow cytometric test methods to deter-
mine surface markers and intracellular 
cytokines

 – Enzyme-linked immunosorbent assay 
(ELISA) to measure released cytokines
Sensitivity/specificity. These assays 

have the greatest significance in the diag-
nosis of maculopapular exanthema (MPE), 
fixed drug eruption (FDE), acute generalized 
exanthematous pustulosis (AGEP), and drug 
rash with eosinophilia and systemic symp-
toms (DRESS) or drug-induced hypersensi-
tivity syndrome (DIHS), respectively.

Table 3. Basophil activation test.

Advantages Disadvantages
Testing poses no risk to the 
patient

Lack of standardization
Negativization over time following the reaction

Significantly broader range 
of allergens in contrast to 
specific IgE

Considerable technical complexity
Requires fresh blood
False-negative results or low sensitivity

Note
BAT has the highest significance in the cellular 
diagnosis of immediate reactions to BLA [101].

Recommendations

The cellular diagnosis of immediate reactions can be considered as an optional diagnostic step, in par-
ticular prior to skin and provocation testing in high-risk patients, e.g., with a history of high-grade anaphy-
laxis and if other testing procedures are neither available nor feasible.
Performing the relevant test with different concentrations of the drug to be tested is recommended.
The time window for carrying out cellular diagnosis of immediate reactions should ideally be within 14 
days – 6 months following the hypersensitivity reaction.
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For example, a number of studies to de-
tect delayed sensitization to BLA in patients 
with exanthematous reactions found LTT to 
have sensitivities of between 58% and 68% 
at high specificities of 91 – 93% [103, 104].

As a functional test, the ELISpot assay 
is possibly more sensitive. For example, 
a comparative study on amoxicillin aller-
gic patients identified 91% of patients via 
the detection of interferon gamma (IFN)-γ-
producing T cells in the ELISpot (at a speci-
ficity of 97%), but only 68% using the LTT 
(specificity of 85%) [103]. However, since 
different cytokine patterns may be relevant 
depending on the patient and the type of re-
action (MPE, AGEP, DRESS), several pa-
rameters, where possible, such as IFN-γ and 
interleukin (IL)-5, should be investigated 
to increase significance [105]. By detect-
ing cytotoxic mediators such as granzyme 
B (which is also suitable for the detection 
of exanthematous beta-lactam reactions) or 
Fas ligand, the ELISpot assay also offers the 
option to identify a possible trigger, even in 
severe bullous drug reactions such as erythe-
ma multiforme (EM), Stevens-Johnson syn-
drome (SJS), and toxic epidermal necrolysis 
(TEN) [106, 107].

There are only scant data on the investi-
gation of delayed reactions to beta-lactams 
in which drugspecific, cytokine-producing 
T cells have been determined using flow cy-

tometry. A study on 19 patients with different 
drug reactions, eight of which were triggered 
by BLA, revealed a sensitivity of 43% each 
for the cytokines IFN-γ and IL-5, and 79% 
for both together, at a specificity of 100% 
[108].

Time of testing. In terms of the best time 
for sample collection, there is evidence that 
performing the LTT for SJS/TEN at the acute 
stage of disease – more precisely, within 1 
week of symptom onset – improved the test’s 
significance, whereas performing the test for 
DRESS/DIHS within 5–8 weeks of disease 
resolution had the highest sensitivity [109, 
110]. See also Table 4.

Skin tests

Skin tests are extremely important in 
the diagnosis of BLA allergies. The classic 
skin testing methods include the patch test, 
the skin prick test, and the intradermal test 
(IDT). The choice of skin test is made on the 
basis of the suspected pathomechanism of 
the reaction. These are discussed below.

The reader is referred to the relevant lit-
erature for more details on performing, read-
ing, and evaluating skin tests [19, 26, 78, 79, 
111, 112, 113, 114].

In contrast to many other drug groups, 
numerous studies have been conducted on 

Recommendation

T-cell in vitro assays can be used as an optional complementary testing method for delayed reactions 
such as MPE, FDE, AGEP, and DRESS if other tests are negative or contraindicated (e.g. in patients 
following DRESS).
They should be performed 14 days at the earliest following the reaction, but then as soon as possible, 
even though diagnostically helpful results can still be obtained even after many years.
If possible, T-cell testing for SJS/TEN should be considered within 1 week following symptom onset.
The ELISpot assay can be an instrument to identify the triggering agent in severe drug reactions such 
as bullous reactions and DRESS/DIHS.

Table 4. LTT/ELISpot assay.

Advantages Disadvantages
The ELISpot in particular can help to identify the trigger of 
severe bullous drug reactions in which other test proce-
dures are either not helpful or obsolete

Lack of standardization

This test method yields positive results even years after 
the event

Technically complex, expensive, and time-
consuming
Requires a large volume of fresh blood

A test method that poses no hazard to the patient The evidence is insufficient
ELISpot enzyme linked immunosorbent spot assay,  
LTT lymphocyte transformation test
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the evaluation of cutaneous allergy testing 
for BLA. However, this should not obscure 
the fact that here, too – as in the diagnosis 
of other drug allergies – numerous issues are 
the subject of controversy and require further 
elucidation.

Legal basis. Many BLA are not available 
as approved test substances for these skin 
testing methods and need to be manufactured 
under the direct professional responsibility 
of the physician for the purpose of personal 
use in a patient in accordance with § 13 para. 
2b of the German Drug Law (Arzneimittel-
gesetz, AMG). The relevant supervisory au-
thorities need to receive one-off notification 
in accordance with § 67 of the AMG [115].

The use of a drug as test material re-
quires the patient’s informed consent. In ac-
cordance with § 630e of the German Civil 
Code (Bürgerliches Gesetzbuch, BGB), the 
physician is obliged to provide the patient 
with all facts relevant to informed consent. 
These include in particular the type, scale, 
performance, expected sequelae, and risks of 
the procedure, as well as its imperativeness, 
urgency, suitability, and chances of success 
with regard to diagnosis or treatment. Doc-
umenting the informed consent interview 
is strongly recommended and the patient 
should be given a copy of the written patient 
information and the signed informed consent 
form.

Patch tests

Indication. Patch testing is a method 
used in the case of suspected delayed reac-
tions. In the case of severe anaphylaxis and 
suspected high-grade sensitization, open 
patch testing and 20-min reading can be per-
formed prior to skin prick testing.

Time of testing. Performing patch test-
ing for BLA is recommended 1 month after 
the skin reaction has resolved at the earliest, 
but preferably within 1 year of the reaction, 
since skin test reactivity to BLA diminishes 
over time [116]. Skin test reactions are alto-
gether rarer in the case of delayed reactions; 
however, they persist for significantly longer 
than do immediate reactions [117, 118].

Test substances. Petrolatum proved to 
be the optimal vehicle for patch testing with 
BLA in an investigation conducted using AX 
and ampicillin (AMP) as examples [114]. In 

Germany, BLA are used in concentrations 
of 5 – 10% in petrolatum [78, 112]. The 
European literature also recommends test 
concentrations of 10% or 30%; differences 
have not been reported in petrolatum as yet 
[114]. Since penicilloyl polylysine fails to 
yield positive findings in patch testing, it is 
only used in skin prick and intradermal test-
ing [119].

Variants of classic patch testing. Since 
false-negative patch testing may be due to 
failure of the allergen to penetrate the epider-
mis, as well as an excessively low test con-
centration [78], the “strip” patch test [120] 
and the “scratch-chamber” patch test [121] 
have become established at some German 
dermatological departments.

However, there are no reliable studies as 
yet for either of these modified patch tests in 
the diagnosis of BLA allergy, hence only the 
“classic” patch test is currently recommend-
ed in routine allergy practice.

The “strip” patch test performed accord-
ing to the standardized protocol can be con-
sidered in the case of a negative “classic” 
patch test but ongoing suspicion of BLA al-
lergy [122, 123].

Skin prick and intradermal tests

Procedure. Skin prick tests should be 
performed prior to intradermal tests.

 Time of testing. Performing skin tests 
for BLA is recommended 1 month after 
resolution of the skin reaction at the earliest, 
but preferably within 1 year of the reaction, 
since skin test reactivity to BLA diminishes 
over time [116]. This is particularly impor-
tant in immediate reactions.

Background to the recommendation on 
BLA: Individuals that have experienced im-
mediate reactions may lose their skin test 
reactivity over time. The longer the time in-
terval between the adverse drug reaction and 
allergy testing, the greater the likelihood that 
tests will be negative. For example, of 34 pa-
tients with an immediate allergy to a cepha-
losporin, 62.5% were positive after 1 year, 
42.8% after 3 years, and 32% after 5 years 
[124]. Skin test reactivity remains positive to 
the culprit drug for longer than other drugs. 
Individuals that are allergic only to cepha-
losporins become negative faster and more 
frequently than do patients that react to peni-
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cillins and cephalosporins [124]. Likewise, a 
faster rate of skin test negativization occurs 
in selective amoxicillin allergy compared 
with allergies to benzylpenicilloyl or minor 
determinants [125].

Test substances for skin prick and 
intradermal tests

Formulation. If possible, the drug is 
tested in parenteral form, since this enables 
intradermal tests with higher sensitivity com-
pared to skin prick tests alone. Test solutions 
are always freshly prepared [78, 112, 114]. 
Tablets should be crushed and suspended in 
saline (0.9% NaCl) for testing; the standard-
ized addition of 1 mL fluid is recommended. 
Intradermal testing of this preparation is not 
possible.

Minor and major determinants. It is 
possible to use benzylpenicillin bound to a 
transporter protein in skin prick and intra-
dermal tests. The product DAP penicillin® 
(benzylpenicilloyl-octa-L-lysine as the major 
determinant and sodium benzylpenilloate as 
the minor determinant) made by the Spanish 
manufacturer, Diater, is commercially avail-
able for testing in Europe but not approved. 
It was previously a minordeterminant mix 
that was reduced to one minor determinant 
for reasons of stability. The product Prepen® 
(benzylpenicilloyl polylysine as the major 
determinant) is distributed on the US market 
by the company AllerQuest. The studies cur-
rently available are on the testing of PPL and 
MDM – studies for PPL/BP-OL and MD are 
to follow.

The value of using minor and major de-
terminants in skin testing for BLA allergies 
is discussed controversially. The reasons for 
this include the high cost of commercial sub-
stances, problems with the availability of test 
substances, time-consuming test procedures, 
as well as regional differences in prescribing 
habits for BLA and the resulting changes in 
allergy-relevant allergenic structures.

A study by Romano et al. on a group of 
78 individuals with immediate allergy to 
penicillins (not aminopenicillins) found that 
63 subjects were positive only to PPL and/
or MDM and eight only to benzylpenicillin; 
thus, testing the minor and major determi-
nants was relevant for diagnosis in 81% of 
these patients [126]. In a study by Bousquet 

et al., skin testing diagnosed BLA allergy in 
136 of 824, while 20 patients tested posi-
tive to MDM/PPL only. This means that skin 
testing with PPL/MDM was required for 
diagnosis in 14.7% of subjects that tested 
positive to cutaneous testing, and made drug 
provocation testing superfluous – or in 2.4% 
of the total number of patients tested [127]. 
In a study by Matheu, PPL/MDM testing was 
required for diagnosis in 47% of 44 skin test-
positive patients out of a total of 463 cases 
investigated [128].

Other test substances. The remaining 
BLA are tested cutaneously in unconjugat-
ed form. Benzylpenicillin (BP) is used as a 
complementary test at a concentration of up 
to 10,000 IU/mL (international unit per mil-
liliter), since this increases test sensitivity 
compared to testing minor and major deter-
minants alone [26].

In addition, amoxicillin and clavulanic 
acid (DAP® Amoxicillin and DAP® Cla-
vulanic, Diater, Madrid, Spain) are currently 
commercially available for cutaneous tests.

It is therefore possible to test the prepara-
tion suspected in the past.

The preparations used (trade names) and 
their concentrations/potency should be docu-
mented.

Alternative substances. The selection of 
alternative substances to be investigated in the 
BLA group is based on existing patient find-
ings. It also makes sense to let the selection 
be guided by what will confer the greatest 
possible benefit on the patient in the future.

A possible test series for allergy testing 
includes:
 – For children: benzylpenicillin, phenoxy-

methylpenicillin, amoxicillin, ampicillin, 
cefaclor, cefuroxime, and possibly also 
ceftazidime.

 – For adults: benzylpenicillin, phenoxy-
methylpenicillin, amoxicillin, ampicillin, 
cefuroxime, cefaclor, cefpodoxime, ce-
fixime, and ceftazidime.

Test concentrations (Table 5). Since 
skin testing can cause severe anaphylaxis in 
highly sensitized patients [132], titrated test-
ing of the drugs should be performed in high-
risk patients and patients with a history of 
severe drug reactions, starting with a dilution 
of the maximum test concentration followed 
by a gradual increase if the result is negative 
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[23]. Open patch testing with a 20-min read-
ing and subsequent initiation of skin prick 
testing should be considered beforehand.

Advantages and disadvantages of in-
tradermal tests in the diagnosis of BLA 
allergy. Intradermal tests are more sensitive 
than skin prick tests in the diagnosis of im-
mediate allergy. The delayed-reading intra-
dermal test is also more sensitive in studies 
compared to patch testing with BLA [57]. 
For example, a study on 62 penicillin- and 
aminopenicillin-allergic individuals found 
that 4 subjects were only positive in the de-
layed-reading intradermal test, but not in the 
patch test [117]. However, only those prepa-
rations that are also available in sterile form 
for parenteral administration can be used 
in intradermal testing; they cause irritation 
more frequently and pose a greater risk of 
anaphylaxis compared to skin prick testing.

Diagnostic value of skin prick and in-
tradermal tests in the diagnosis of BLA 
allergy. The literature shows a very hetero-
geneous rate of positive skin tests for imme-
diate reactions to BLA, ranging from 0.8% 
(4 of 500 [6]) to 73.1% (212 of 290 [67]) and 
75.5% (37 of 49 [117]). There is a selection 
bias here. Patients with high-grade anaphy-
laxis have positive skin tests more frequently 
compared to patients with urticaria [67, 133]. 
There are also differences in test protocols, 
time intervals between reactions, and the 
study location, since the frequency in use of 
different BLA differs between countries.

The negative predictive value (NPV) of 
skin testing with PPL and BP or PPL and 
MDM is 97.74% and 93.02%, respectively. 
Three out of 130 patients react to DPT fol-
lowing negative skin testing with PPL and 
BP (2.3%; NPV 97.74). Eight out of 86 pa-

Recommendations for skin testing

A skin prick test and (if the preparation is available in parenteral form) an intradermal test are recommended for immediate 
reactions. Skin prick tests shall always be performed prior to intradermal tests.
In the case of suspected delayed reactions, patch tests and (if the preparation is available in parenteral form) intradermal tests with 
delayed reading are recommended. Prior to intradermal tests, immediate-reading (and possibly also delayed-reading) skin prick 
tests should be performed.
In the case of severe delayed reactions, stepwise skin tests should be considered following an individual risk assessment.
If a reaction is equivocal, testing for a possible immediate or delayed reaction is recommended.
Performing skin tests is recommended 1 month after resolution of the skin reaction at the earliest, but preferably within 1 year of the 
reaction, since skin test reactivity to BLA diminishes over time [116]. This is particularly important in immediate reactions.
After an individual benefit–risk assessment, titrated testing with the medication shall be performed, beginning with a dilution of the 
maximum non-irritant test concentration, followed by a gradual increase in concentration if the result is negative. Open patch testing 
with a 20-min reading and subsequent initiation of skin prick testing should be considered.
Testing the suspected drug, if available, on the skin is recommended.
It may be advisable to test CLV as a single substance, if possible, after reactions to AX/CLV.

Table 5. A list of test substances and their recommended maximum test concentrations.

Test substance Maximum skin prick test concentration Maximum IDT concentration References
Benzylpenicillin 10,000 IU/mL 10,000 IU/mL [26]
Amoxicillin 20 mg/mL 20 mg/mL [114, 116]
Benzylpenicilloyl octa-L-lysine 8.6 × 10–5 mol/L 8.6 × 10–5 mol/L [19]
Sodium benzylpenilloate 1.5 × 10–3 mol/L 1.5 × 10–3 mol/L [19]
Ampicillin 20 mg/mL 20 mg/mL [114, 116]
Aztreonam 2 mg/mL 2 mg/mL [50, 67]
Cephalosporins 2 mg/mL Cefepime

20 mg/mL for cefalexin, cefaclor, cefadroxil, 
cefuroxime, ceftriaxone, cefotaxime, 
ceftazidime, cefazolin
In the case of a positive reaction, the dose 
should be reduced by one or two steps of 10

2 mg/mL Cefepime
20 mg/mL for cefalexin, 
cefadroxil, cefuroxime, 
ceftriaxone, cefotaxime, 
ceftazidime, cefazolin

Combined from 
[25, 130, 131] 

Ertapenem 1 mg/mL 1 mg/mL [67]
Imipenem/cilastatin 0.5 mg/mL 0.5 mg/mL [64, 67]
Meropenem 1 mg/mL 1 mg/mL [65, 67]
Piperacillin 20 mg/m 20 mg/mL [67]

IDT = intradermal test, IU = international units.
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tients react following negative skin testing 
with PPL and MDM (6.97%; NPV 93.02%) 
[134].

Validation of the diagnostic value of test-
ing with the minor determinant (MD) that is 
now available alone, in contrast to the pre-
viously available minor-determinant mix, 
is pending. The additional benefit of testing 
with BP, PPL, and MD in relation to the vari-
ous clinical manifestations of hypersensitiv-
ity reactions and the different BLA requires 
further investigation.

Risks of skin tests

Skin testing with BLA can cause system-
ic and even life-threatening reactions [132]. 
These often resemble the original reaction, but 
are frequently milder [79]. A history of drug-
related anaphylaxis is considered a risk factor 
here. Frequency varies according to patient 
clientele and test substances, among other fac-
tors. For example, a study of 290 patients with 
immediate allergy to penicillin found that 11% 
of skin tests caused systemic reactions: 50% to 
amoxicillin, 29% to BPO, 15% to MDM, and 

6% to AMP [23]. Skin testing can also cause a 
flare-up of delayed reactions; however, there is 
no evidence that a history of delayed reactions 
predisposes to anaphylaxis in skin testing.

Therefore, adequate monitoring is of 
crucial importance during and after testing 
[19, 26, 135]. The personnel performing the 
tests, as well as the infrastructure, need to be 
prepared for a possible emergency situation. 
Monitoring for a period of time individually 
tailored to the patient’s risk, as well as the 
option to provide immediate emergency care, 
must be ensured. The individual medical 
benefit–risk assessment determines whether, 
where appropriate, allergy skin tests are per-
formed in the inpatient setting.

The literature reports a higher sensitivity 
for the detection of penicillin allergies if BP 
and MD or MDM and PPL/BP-OL are used 
as complementary skin test substances to the 
suspected drug. The test substances can be 
difficult to obtain and are not approved for 
skin testing.

Based on an individual risk-benefit as-
sessment, skin testing with the suspected 

Guidance on the diagnosis in special clinical manifestations.

1. Acute generalized exanthematous pustulosis (AGEP):
 – Patch testing shall be performed for diagnostic purposes.
 – The reliability and safety of intradermal tests are unclear, while delayed-reading skin prick or intradermal tests can be helpful 

[116].
 – In a French study, 58% of 45 patients tested positive in patch testing following AGEP, but not only in relation to BLA [149], as well 

as seven of 14 patients in another study [150].
2. Drug rash with eosinophilia and systemic symptoms (DRESS):

 – Patch testing should be performed for diagnostic purposes.
 – In an evaluation of 14 patients with a history of DRESS and positive patch testing to BLA, and 3 patients with a positive delayed 

reading after intradermal testing for BLA, none of the patients experienced symptom recurrence [149].
 – Diagnostic testing revealed more than one allergen relevant to the previous DRESS in some of the patients (18% in [149]).
 – The value of skin prick testing, as well as delayed-reading intradermal tests, remains unclear. Since recurrence has been de-

scribed, these test methods should only be used in the case of an urgent/vital indication [116].
 – T-cell in vitro diagnostics can be an instrument to identify the triggering agent in severe drug reactions such as bullous reactions 

and DRESS/DIHS.
3. Fixed drug exanthema (FDE):

 – Patch testing shall be performed for diagnostic purposes (in loco) [116].
4. Symmetrical drug-related intertriginous and flexural exanthema (SDRIFE)

 – Patch testing shall be performed for diagnostic purposes [116].
5. Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN):

 – Patch testing can be considered for diagnostic purposes.
 – However, only scant positive results have been described for patch testing in SJS/TEN [78, 116].
 – A literature search has not found any evidence as yet that skin testing can cause a renewed flare-up of TEN [112, 149].
 – T-cell diagnostics can be considered in individual cases of SJS/TEN.

6. Maculopapular exanthema:
 – Patch testing shall be performed for diagnostic purposes. Delayed-reading intradermal testing is recommended if the preparation 

is available in parenteral form. Before IDT a skin prick test with an immediate-reading should be performed, a delayed reading 
can be considered.

7. Anaphylaxis and drug-induced urticaria:
 – Skin prick testing shall be performed for diagnostic purposes. The IDT test shall be performed for diagnostic purposes if available.
 – Specific IgE determination shall be performed for diagnostic purposes if available.
 – The basophil activation test can be helpful in some cases.
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Table 6. Suggested doses for provocation testing with beta-lactam antibiotics in adultsa.

Active  
substances 

Admin Therapeutic dose Commercially 
available individual 

quantities [34]

Dose steps; in parentheses, 
suggestions for low-dose 
initiation in increased risk  

of anaphylaxis

Total dose 
following all 
dose steps

Benzylpenicillin 
(penicillin G)

i.v. 1 – 5 million IU/day in 4 – 6 
single doses

1, 5, and 10 mega (500 IU, 5,000 IU, 50,000 IU) 
500,000 IU, 1,500,000 IU, 

5,000,000 IU

7,055,500 IU

Phenoxymethyl-
penicillin 
(penicillin V)

Oral 1 – 1.5 mega 3 × daily 1 and 1.5 mega (100 IU, 1,000 IU, 10,000 IU) 
100,000 IU, 500,000 IU, 

1,500,000 IU

2,111,100 IU

Amoxicillin Oral 1.5 – 3 g in 3 – 4 SD, 
increasing to 4 – 6 g

500 and 1,000 mg (1 mg, 5 mg, 25 mg) 
100 mg, 500 mg, 1,000 mg

1,631 mg

Ampicillin Oral 2 – 6 g in 3 – 4 SD 500 and 1,000 mg (1 mg, 5 mg, 25 mg) 
100 mg, 500 mg, 2,000 mg

2,631 mg

Sultamicillin Oral 2 × 375 – 750 mg 375 mg (0.1 mg, 1 mg, 10 mg) 
37 mg, 187.5 mg, 375 mg

610.6 mg

Flucloxacillin Oral 1 – 3 g in 1 – 4 SD 500 mg (0.1 mg, 1 mg, 10 mg) 
100 mg, 500 mg, 1,000 mg

1,611.1 mg

Piperacillin i.v. 6 – 12 g,  
maximum 24 g divided  

over 2 – 4 SD

1, 2, 3, and 4 g (1 mg, 10 mg, 100 mg) 
500 mg, 2,000 mg, 6,000 mg

8,611 mg

Mezlocillin i.v. 3 × daily 2–3 g up to  
2 × 10 g

2 and 4 g (1 mg, 10 mg, 100 mg) 
500 mg, 1,500 mg, 4,000 mg

6,111 mg

Cefaclor Oral 3 × 500 mg 500 mg (0.1 mg, 1 mg, 5 mg) 
25 mg, 125 mg, 500 mg

656.1 mg

Cefalexin Oral 1 – 4 g in 3 – 4 SD 500 mg, 1 g (0.1 mg, 1 mg, 10 mg) 
100 mg, 250 mg, 1,000 mg

1,361.1 mg

Cefadroxil Oral 1 – 2× 1g, up to 4 g 1 g or liquid (0.1 mg, 1 mg, 10 mg) 
100 mg, 250 mg, 1,000 mg

1,361.1 mg

Cefazolin i.v. 1.5 – 6 g in 2 – 3 SD, 
depending on pathogen,  

up to 12 g

1g, 2 g (1 mg, 10 mg, 80 mg) 
200 mg, 750 mg, 2,000 mg

3,041 mg

Cefuroxime i.v. 1.5 – 2.25 g in 2 – 4 SD up 
to maximum 6 g in 4 SD;  

i.v.: 750 mg or 1.5 g  
every 8 h

750 – 1,500 mg (0.1 mg, 1 mg, 10 mg)
100 mg, 250 mg, 750 mg

1,111.1 mg

Cefuroxime 
axetil

Oral 2 × 250 – 500 mg orally 250 mg, 500 mg (0.1 mg, 1 mg, 10 mg) 
25 mg, 100 mg, 250 mg

386.1 mg

Cefotaxime i.v. 2–6 g in 2 SD every 12 h 1 g, 2 g (0.1 mg, 1 mg, 10 mg) 
100 mg, 500 mg, 2,000 mg

2,611.1 mg

Cefpodoxime Oral 2 × 100 – 200 mg,  
SD every 12 h

100 and 200 mg or 
liquid

(0.01 mg, 0.1 mg, 1 mg) 
10 mg, 50 mg, 100 mg

161.11 mg

Ceftriaxone i.v. 1 – 2 g 1 ×/day up to 4 g 500 mg, 1 g (1 mg, 5 mg, 25 mg) 
100 mg, 500 mg, 1,000 mg

1,631 mg

Ceftazidime i.v. 2 – 6 g, generally 3 – 4 g 0.5 g, 1 g, 2 g (1 mg, 5 mg, 25 mg) 
100 mg, 500 mg, 2,000 mg

2,631 mg

Ceftibuten Oral 400 mg 1 ×/d 200 and 400 mg (0.1 mg, 1 mg, 4 mg) 
10 mg, 50 mg, 200 mg

265.1 mg

Cefepime i.v. 2 g every 12 h, maximum 
every 8 h

1g, 2 g (1 mg, 10 mg, 50 mg) 
100 mg, 500 mg, 2,000 mg

2,661 mg

Imipenem i.v. 500 mg every 6 h 500 mg  
(in combination  
with cilastatin)

(1 mg, 5 mg, 10 mg) 
50 mg, 100 mg, 500 mg

666 mg

Meropenem i.v. 500 mg – 1 g every 8 h,  
up to 2 g every 8 h

500 mg, 1 g (1 mg, 10 mg, 25 mg) 
100 mg, 500 mg, 1,000 mg

1,636 mg

Ertapenem i.v. 1 g 1 ×/day 1 g (0.1 mg, 1 mg, 25 mg) 
75 mg, 250 mg, 650 mg

1,001.1 mg

aThe product information for the substance in question also needs to be consulted, not least in relation to restrictions on use, infusion 
time, time intervals between single doses, and patient-specific factors such as dose adjustment in the case of renal dysfunction. Test 
doses need to be calculated for children according to age and weight. Time intervals between single doses need to be determined 
individually; they should be at least 30 min. IU = international units; i.v. = intravenous, SD = single dose, h = hour.
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drug as well as BP, MD, and PPL/BP-OL can 
be useful in the investigation of penicillin al-
lergy, particularly in the case of high-grade 
anaphylaxis and when caution is required in 
making the indication for drug provocation 
testing.

Drug provocation testing

See also [19] for general information on 
drug provocation testing.

Definition. Drug provocation testing 
(DPT; also “graded challenge” or “test dos-
ing”, among others) describes the controlled 
administration of a medication for the pur-
pose of either diagnosing or ruling out a drug 
hypersensitivity reaction [20].

Background. Adverse drug reactions 
can be reproduced independently of their 
pathomechanism. Patient-specific factors, 
such as drug metabolization and genetic fac-
tors, affect the result.

Drug provocation testing is the final step 
in allergy diagnostics, after the patient his-
tory has been taken and in vitro methods as 
well as skin testing have been performed in 
line with the indication. Particularly in child-
hood, direct provocation testing is propagat-
ed following benign, late onset exanthema 
[136].

For safety reasons, DPT is not performed 
in the case of a prior positive skin test to the 
BLA in question and clear patient history [30].

Suggestions for dosing steps in DPT can 
be found in Table 6.

Test doses need to be calculated for chil-
dren according to age and weight.

The product information for the sub-
stance in question also needs to be consulted, 
not least in relation to infusion time, time in-
tervals between administration, and patient-
specific factors such as dose adjustment in 
the case of renal dysfunction. This may mean 
that medication exposure can take longer.

 Medical supervision during the follow-
up period, including the option to provide 
prompt intensive medical care, shall be 
maintained following provocation for as long 
as severe reactions (e.g., anaphylaxis) can be 
expected. For this reason, provocation tests 
likely to cause systemic reactions should be 
performed in an inpatient setting equipped 
to provide immediate emergency care (ex-

perienced medical and nursing personnel, 
appropriate drugs and technical equipment). 
Determining the procedure for drug provoca-
tion testing should always remain a case-by-
case medical decision that takes numerous 
individual factors into consideration (e.g., 
type of drug, estimated likelihood of a reac-
tion, anticipated severity of the reaction, pa-
tient expectations/anxiety).

A normal DPT with BLA has a high 
negative predictive value. This was 94.1% 
in a multicenter European study with 1-day 
provocation. Nine of 118 subjects reported 
delayed reactions in the follow-up period of 
at least 6 months; no severe reactions were 
observed [137].

Recommendation

DPT is recommended once other allergy diag-
nostic tests have been completed, after an indi-
vidual risk–benefit analysis has been carried out.
If possible, the patient should be exposed to the 
suspected drug in its original formulation.
In justified exceptional cases, DPT can be per-
formed even without prior diagnostic testing if ur-
gently required for the purposes of administering 
a drug.
In the case of severe immediate reactions that lie 
many years in the past and one-off normal provo-
cation testing, a re-evaluation (repetition of skin 
and in vitro tests, followed by provocation tests if 
normal) may be considered in individual cases 
with a high degree of suspicion.

Table 7. Combined oral, subcutaneous, and in-
tramuscular penicillin desensitization protocol, 
administered every 15 min [141].

Number Units Mode of 
administration

1 100 Oral
2 200 Oral
3 400 Oral
4 800 Oral
5 1,600 Oral
6 3,200 Oral
7 6,400 Oral
8 12,800 Oral
9 25,000 Oral
10 50,000 Oral
11 100,000 Oral
12 200,000 Oral
13 400,000 Oral
14 200,000 s.c.
15 400,000 s.c.
16 800,000 s.c.
17 1,000,000 i.m.

s.c. = subcutaneous, i.m. = intramuscular.
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Desensitization  
(tolerance induction)

Definition. Drug desensitization (or toler-
ance induction) describes the triggering of a 
temporary tolerance to a substance responsi-
ble for a drug hypersensitivity reaction [138].

Successful desensitization in the case of 
known immediate allergies to BLA is well 
documented in the literature. In contrast, 
there are only a handful of reports on desen-
sitization in mild delayed reactions such as 
MPE and FDE; success in these cases is the 
subject of controversy [138, 139]. Desensiti-

zation is contraindicated in patients with type 
II and III reactions according to Coombs and 
Gell, as well as severe delayed reactions such 
as SJS/TEN and DRESS/DIHS [138, 139].

One must bear in mind that, in contrast to 
specific immunotherapy, induced tolerance 
only lasts for hours or days once treatment 
has been completed [138]. This status can 
usually be maintained by administering anti-
biotics at the usual interval of several hours. 
However, if the antibiotic needs to be admin-
istered again following a longer time inter-
val, repeat sensitization is required [140].

Procedure. Due to the risk of acute al-
lergic reactions during desensitization, the 
procedure should only be performed under 
adequate supervision with an intravenous 
line and monitoring, and assuming that im-
mediate treatment for an acute allergic reac-
tion can be provided [138].

The published protocols relate to desensi-
tization in patients with immediate reactions. 
The initial dose is between 1/1,000,000 and 
1/100 of the full therapeutic dose. This dose 
is determined according to the severity of the 
index reaction or, in skin test-positive pa-
tients, on the basis of skin titration. As such, 
it may be necessary to modify the desensiti-
zation protocol. The last dose administered is 
generally doubled at the next administration, 
until the therapeutic dose has been reached. 
Doses are usually administered every 15 – 20 
min [138].

Initial doses of 1/1,000,000 and 1/8 are 
described for desensitization in the case of 
delayed reactions; the time intervals for dose 
escalation vary according to the protocols 
already described and range from 15 min to 
several days [139].

Pretreatment or concomitant administra-
tion of antihistamines and glucocorticoids is 
considered controversial: it carries the risk 
of suppressing the first signs of anaphylaxis; 
however, this suppression can make desensi-
tization easier to perform [139]. If hypersensi-
tivity reactions do emerge, drug administration 
should be ceased immediately and, if neces-

Table 9. Intravenous penicillin desensitization protocol using an infusion pump, 
dose escalation every 15 min [143].

Number Penicillin  
(mg/mL)

Flow rate 
(mL/h)

Dose  
(mg)

Cumulative 
dose

1 0.01 6 0.015 0.015
2 0.01 12 0.03 0.045
3 0.01 24 0.06 0.105
4 0.1 50 0.125 0.23
5 0.1 10 0.25 0.48
6 0.1 20 0.5 1
7 0.1 40 1 2
8 0.1 80 2 4
9 0.1 160 4 8
10 10 3 7.5 15
11 10 6 15 30
12 10 12 30 60
13 10 25 62.5 123
14 10 50 125 250
15 10 100 250 500
16 10 200 500 1,000

Table 8. Oral penicillin desensitization protocol, administered every 15 min 
[138, 142].

Number Penicillin  
(mg/mL)

Volumes  
(mL)

Dose  
(mg) 

Cumulative 
dose

1 0.5 0.1 0.05 0.05
2 0.5 0.2 0.1 0.15
3 0.5 0.4 0.2 0.35
4 0.5 0.8 0.4 0.75
5 0.5 1.6 0.8 1.55
6 0.5 3.2 1.6 3.15
7 0.5 6.4 3.2 6.35
8 5 1.2 6 12.35
9 5 2.4 12 24.35
10 5 5 25 49.35
11 50 1 50 100
12 50 2 100 200
13 50 4 200 400
14 50 8 400 800

Recommendation

Desensitization should be considered as an op-
tion if a drug is required in patients with proven or 
highly likely immediate allergy and no alternative 
treatment is available or satisfactory. A positive 
benefit–risk assessment is required.
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sary, anti-allergy medication administered. The 
further approach needs to be adjusted to the 
reaction experienced by the patient. Possible 
further steps include, e.g., reducing the dose 
by one or two doses in the protocol, introduc-
ing intermediate steps, repeating problematic 
doses, or also continuing the previous protocol 
[138, 140]. Treatment should be discontinued 
in the case of severe events, serum sickness-
like symptoms, and blood cell dyscrasias.

For examples of test protocols: see Table 
7, 8, 9.

Special aspects in children and 
adolescents

BLA are also the group of drugs most 
frequently associated with drug hypersensi-
tivity reactions in children and adolescents 
[136].

However, hypersensitivity is demonstrat-
ed in only a minority of pediatric patients. 
Thus, studies on selective patient groups re-
cruited mostly in tertiary centers showed that 

Figure 2. Diagnostic algorithm for immediate reactions to a beta-lactam antibiotic. An individual benefit–
risk assessment should be carried out before and after each diagnostic step. aSince positive in vitro testing 
does not necessarily mean that the positive results are clinically relevant, the physician has the option to 
decide on a case-by-case basis to continue in vivo testing. However, depending on the individual case, the 
decision to discontinue further diagnostic steps may also be taken if in vitro testing is positive, either on the 
basis of sufficiently evaluated evidence of hypersensitivity in the patient history and in vitro testing, or in 
the case of a negative bene-fit-risk assessment. bAssuming only the suspected BLA has been tested to 
date: test BP, AX, other alternative preparations, as well as PPL/BP-OL and MD. Alternative preparations 
need to be determined individually according to the sensitization pattern. A possible test series for alterna-
tive preparations in adults includes: BP, phenoxymethylpenicillin, amoxicillin, ampicillin, cefuroxime, cefa-
clor, cefpodoxime, cefixime, and ceftazidime. For children: BP, phenoxymethylpenicillin, amoxicillin, ampi-
cillin, cefuroxime, cefaclor, and ceftazidime. cIf the suspected drug is not tested and administered in DPT, 
avoidance is recommended and only the BLA tolerated in DPT should be approved. An allergy passport 
should be issued accordingly. BLA = beta-lactam antibiotic; IDT = intradermal skin test; SPT = skin prick 
test; BP = benzylpenicillin; AX = amoxicillin; DPT = drug provocation test.
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suspected immediate allergic reactions can 
be confirmed by positive skin tests and/or 
oral provocation tests in only 0% to a maxi-
mum of ~ 31% of cases. In late reactions too, 
provocation tests confirmed only ~ 7% to a 
maximum of 16% of the suspected diagnoses 
[144, 145, 146, 147].

As a general rule, and with only a few 
exceptions, the same diagnostic algorithms 
apply in children as in adults. Due to the pain 
associated with cutaneous testing, particular-
ly intradermal tests, it is less well tolerated 
by infants and small children than by school-

children, adolescents, and adults. In addition, 
other disorders associated with exanthema, 
ranging from common bacterial and viral 
infections to extremely rare but potentially 
life-threatening Kawasaki syndrome, rep-
resent important differential diagnoses to 
BLA-related exanthema [27, 28, 146].

Furthermore, it is not uncommon for 
children taking BLA to develop uncompli-
cated MPE, also referred to as benign rashes. 
These show no mucous membrane involve-
ment or blister formation and are associated 
with mild to moderate pruritus without re-

Figure 3. Diagnostic algorithm for suspected maculopapular exanthema to a beta-lactam antibiotic. An 
individual benefit–risk assessment should be carried out before and after each diagnostic step. aSince 
positive in vitro testing does not necessarily mean that the positive results are clinically relevant, the physi-
cian has the option to decide on a case-by-case basis to continue in vivo testing. However, depending on 
the individual case, the decision to discontinue further diagnostic steps may also be taken if in vitro testing 
is positive, either on the basis of sufficiently evaluated evidence of hypersensitivity in the patient history 
and in vitro testing, or in the case of a negative benefit–risk assessment. bAssuming only the suspected 
BLA has been tested to date: test BP, AX, other alternative preparations. Alternative preparations need to 
be determined according to the sensitization pattern. A possible test series for alternative preparations in 
adults includes: BP, phenoxymethylpenicillin, amoxicillin, ampicillin, cefuroxime, cefaclor, cefpodoxime, 
cefixime, and ceftazidime. For children: BP, phenoxymethylpenicillin, amoxicillin, ampicillin, cefuroxime, 
cefaclor, and ceftazidime. cIf the suspected drug is not tested and administered as part of DPT, avoidance 
is recommended and only the BLA tolerated in DPT should be approved. An allergy passport should be 
issued accordingly. BLA = beta-lactam antibiotic; SPT = skin prick test; IDT = dermal skin testing, BP = 
benzylpenicillin, AX = amoxicillin; DPT = drug provocation test.
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ducing the patient’s general condition. They 
usually resolve spontaneously and complete-
ly within several days [29].

It should also be noted with regard to the 
BLA group that cefaclor is considered the 
main trigger of serum sickness-like reac-
tions, which, besides exanthema, can also 
be associated with arthralgia and persistent 
fever [136].

It should also be emphasized for children 
that, due to the limited range of alternative 
antibiotics, BLA is the first-line treatment for 
numerous diseases. Moreover, the recom-
mendation to avoid BLA for the rest of one’s 
life without adequate diagnostic confirma-
tion means significantly limiting treatment 
options for decades due to children’s higher 
life expectancy.

Procedure

The diagnostic procedure is shown in Fig-
ure 2, 3. All forms of allergy testing are sub-
ject to an individual benefit–risk assessment. 
Recommendations can be found in Figure 
4 on the approach to take if allergy testing 
cannot be performed in a timely manner in 
patients with suspected BLA hypersensitiv-
ity and an urgent treatment indication.

Allergy passport:
 – A document/allergy passport should be 

issued promptly and indicate hypersen-
sitivity.

 – The patient (or parents of affected chil-
dren) should then be advised on their al-
lergy, the results documented in written 

Figure 4. Recommendations for patients with suspected BLA hypersensitivity in cases where treatment 
is urgently indicated.

Note

Allergy diagnosis is based on a consideration of 
all the available information as well as the find-
ings deemed relevant from the patient history, in 
vitro diagnostics, skin testing, and DPT; the diag-
nosing physician should also have sound knowl-
edge of the known allergic reactions and allergy-
relevant structures.

Recommendations for children and adolescents

Allergy testing for a suspected drug hypersensi-
tivity reaction shall be aimed for pediatric patients 
of all ages.
In the case of a delayed reaction consistent with 
a benign rash, DPT can be performed without 
prior cutaneous testing.
However, no DPT should be performed if the de-
layed reaction is severe.
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form and the patient provided with their 
results in the form of an allergy passport.

 – The allergy passport should be formu-
lated in generally understandable terms 
and include the clinical presentation of 
the suspected or diagnostically confirmed 
BLA allergy, its triggers, as well as drugs 
and administrable alternative prepara-
tions in the BLA group to be avoided in 
the future.

 – If possible, the passport should document 
the procedure to follow, if a BLA that has 
not been reliably identified as tolerated 
urgently needs to be used.

 – Generic substance names (INN) and not 
only trade names should be listed.

 – As far as possible, the prohibited sub-
stances should be restricted to allergy-
relevant drugs.

 – Examples are shown in (Figure 5, 6; 
[148]).

Research and treatment needs

Compared to other drug groups, numer-
ous studies have been conducted into the 
diagnosis of BLA allergies. However, some 
of the published studies are region-specific 
in terms of prescribing habits, among other 
things, but also center-specific in terms of 
the diagnostic testing performed and the se-

Figure 5. Example of an allergy passport. For a patient with anaphylaxis to cefuroxime who tested posi-
tive to other cephalosporins with a methoxyimino group in the R1 side chain (cefotaxime, ceftriaxone) at 
skin testing, but who exhibited tolerance to the central beta lactam ring structure and an unrelated cepha-
losporin side chain at skin testing and provocation testing with penicillin V and cefalexin [148].

Figure 6. Example of an allergy passport. For a patient with maculopaplar exanthema to amoxicillin for 
whom beta-lactams with an amino group in the R1 side chain (ampicillin, cefaclor, cephalexin, cefadroxil) 
were prohibited due to anticipated cross-reactivity, but who exhibited tolerance to the central beta-lactam 
ring structure and an unrelated cephalosporin side chain at skin testing and provocation testing with peni-
cillin V and cefuroxime [148].
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lection of the patient population. Therefore, 
the sometimes highly heterogeneous results 
require validation in relation to a variety of 
factors.
 – Clinical data on patient history in relation 

to test results should be systematically 
collected and evaluated.

 – Cross-reactivities between the BLAs are 
plausible due to structural similarities, 
but their clinical relevance requires fur-
ther investigation.

 – The increase in test concentration from 2 
to 20 mg/mL for certain cephalosporins in 
skin prick and intradermal testing requires 
further investigation, particularly in rela-
tion to possible reductions in specificity.

 – There are insufficient data on the testing 
of piperacillin and tazobactam; however 
they are often used to treat patients. Fur-
ther investigations are required in order 
to improve recommendations on testing. 
Moreover, the allergological relevance of 
the betalactam inhibitor tazobactam has 
not been elucidated as yet. Tazobactam is 
not available for testing as a single sub-
stance.

 – The usefulness of re-evaluating patients 
that previously tested negative in allergy 
testing despite a positive patient history 
remains unclear due to the highly hetero-
geneous evidence and requires further 
investigation.

 – The risk of sensitization as a result of 
allergy testing needs to be investigated 
further.

 – The usefulness of, and risk of sensitiza-
tion from, the strip patch test with BLA 
requires further investigation.

 – The evidence on which to base diagnostic 
recommendations in the case of special 
manifestations is limited, more studies 
are required.

 – In vitro testing has the advantage for the 
patient that there is no risk of allergic reac-
tions as a result of diagnostic testing. Reli-
able cellular in vitro testing methods need 
to be further developed and evaluated.

 – The specificity and sensitivity of IgE an-
tibodies to BLA are the subject of contro-
versy; studies are lacking that verify posi-
tive results in provocation testing. Specific 
IgE diagnostic methods are commercially 
available for only a handful of BLA; more 
BLA need to be made available.

 – Approved test allergens are required for 
allergy testing.

 – The relevance of test preparations such as 
MD and PPL is the subject of discussion 
and requires further elucidation.

 – All patients with suspected BLA hyper-
sensitivity should undergo allergy testing 
and the infrastructure for this needs to be 
created.

 – Since allergy testing to BLA is currently 
not cost-effective, adequate reimburse-
ment for these diagnostic methods is re-
quired.

Funding

The consensus meetings were financed 
by DGAKI, the lead organization. Some of 
the travel expenses for the meetings were fi-
nanced by the organizations that sent them. 
No other compensation was paid.

Conflict of interest

Conflict of interest statements – in addi-
tion to the guideline report – can be found 
in tabular form and accessed on the AWMF 
website for the S2k guideline on “Diagnos-
tics for suspected hypersensitivity to betalac-
tam antibiotics” (www.awmf.org).

Open Access

This article is distributed under the terms 
of the Creative Commons Attribution 4.0 In-
ternational License (http://creativecommons.
org/licenses/by/4.0/), which permits unre-
stricted use, distribution, and reproduction 
in any medium, provided you give appropri-
ate credit to the original author(s) and the 
source, provide a link to the Creative Com-
mons license, and indicate if changes were 
made.

Literatur
[1] Torres Maria J, Mayorga C, Blanca-López N, 

Blanca M. Hypersensitivity Reactions to Beta-
lactams. In: Martin SF (ed). T Lymphocytes as 
Tools in Diagnostics and Immunotoxicology. 
Basel: Springer; 2014. p. 165-184.



Wurpts, Aberer, Dickel, et al. 38

[2] Gomes E, Cardoso MF, Praca F, Gomes L, 
 Marino E, Demoly P. Self-reported drug allergy 
in general adult Portuguese population. Clin Exp 
Allergy. 2004; 34: 1597-1601. CrossRef

[3] Macy E. Penicillin and beta-lactam allergy: epide-
miology and diagnosis. Curr Allergy Asthma Rep. 
2014; 14: 476. CrossRef PubMed

[4] Rebelo Gomes E, Fonseca J, Araujo L, Demoly P. 
Drug allergy claims in children: from self-report-
ing to confirmed diagnosis. Clin Exp Allergy. 
2008; 38: 191-198. PubMed

[5] Doña I, Blanca-López N, Torres MJ, García-
Campos J, García-Núñez I, Gómez F, Salas M, 
Rondón C, Canto MG, Blanca M. Drug hypersen-
sitivity reactions: response patterns, drug in-
volved, and temporal variations in a large series of 
patients. J Investig Allergol Clin Immunol. 2012; 
22: 363-371. PubMed

[6] Macy E, Ngor EW. Safely diagnosing clinically 
significant penicillin allergy using only penicillo-
yl-poly-lysine, penicillin, and oral amoxicillin. J 
Allergy Clin Immunol Pract. 2013; 1: 258-263. 
CrossRef PubMed

[7] Macy E, Contreras R. Health care use and serious 
infection prevalence associated with penicillin 
“allergy” in hospitalized patients: A cohort study. 
J Allergy Clin Immunol. 2014; 133: 790-796. 
CrossRef PubMed

[8] Blanca M. Allergic reactions to penicillins. A 
changing world? Allergy. 1995; 50: 777-782. 
CrossRef PubMed

[9] Ariza A, Mayorga C, Fernandez TD, Barbero N, 
Martín-Serrano A, Pérez-Sala D, Sánchez-Gómez 
FJ, Blanca M, Torres MJ, Montanez MI. Hyper-
sensitivity reactions to β-lactams: relevance of 
hapten-protein conjugates. J Investig Allergol 
Clin Immunol. 2015; 25: 12-25. PubMed

[10] Bätzing-Feigenbaum J, Schulz M, Schulz M, 
 Hering R, Kern WV. Outpatient Antibiotic Pre-
scription. Dtsch Arztebl Int. 2016; 113: 454-459. 
PubMed

[11] Solensky R, Earl HS, Gruchalla RS. Clinical ap-
proach to penicillin-allergic patients: a survey. 
Ann Allergy Asthma Immunol. 2000; 84: 329-
333. CrossRef PubMed

[12] Lee CE, Zembower TR, Fotis MA, Postelnick MJ, 
Greenberger PA, Peterson LR, Noskin GA. The 
incidence of antimicrobial allergies in hospital-
ized patients: implications regarding prescribing 
patterns and emerging bacterial resistance. Arch 
Intern Med. 2000; 160: 2819-2822. CrossRef 
PubMed

[13] MacLaughlin EJ, Saseen JJ, Malone DC. Costs of 
beta-lactam allergies: selection and costs of anti-
biotics for patients with a reported beta-lactam 
allergy. Arch Fam Med. 2000; 9: 722-726. Cross-
Ref PubMed

[14] Li M, Krishna MT, Razaq S, Pillay D. A real-time 
prospective evaluation of clinical pharmaco-eco-
nomic impact of diagnostic label of „penicillin 
allergy“ in a UK teaching hospital. J Clin Pathol. 
2014; 67: 1088-1092. CrossRef PubMed

[15] The European Union summary report on antimi-
crobial resistance in zoonotic and indicator bacte-
ria from humans, animals and food in 2014. EFSA 
J. 2016; 14: 4380. 

[16] Paterson DL. „Collateral damage“ from cephalo-
sporin or quinolone antibiotic therapy. Clin Infect 

Dis. 2004; 38 (Suppl 4): S341-S345. CrossRef 
PubMed

[17] Kern WV, Fellhauer M, Hug M, Hoppe-Tichy T, 
Först G, Steib-Bauert M, de With K. Antibiotika-
Anwendung 2012/13 in 109 deutschen Akutkran-
kenhäusern. Dtsch Med Wochenschr. 2015; 140: 
e237-e246. CrossRef PubMed

[18] Baiardini I, Gaeta F, Molinengo G, Braido F, 
 Canonica GW, Romano A. Quality-of-life issues 
in survivors to anaphylactic reactions to drugs. 
Allergy. 2015; 70: 877-879. CrossRef PubMed

[19] Brockow K, Przybilla B, Aberer W, Bircher AJ, 
Brehler R, Dickel H, Fuchs T, Jakob T, Lange L, 
Pfützner W, Mockenhaupt M, Ott H, Pfaar O, 
Ring J, Sachs B, Sitter H, Trautmann A, Treudler 
R, Wedi B, Worm M, et al. Leitlinie allergolo-
gische Diagnostik von Überempfindlichkeitsreak-
tionen auf Arzneimittel. Allergo J Int. 2015; 24: 
44-57. CrossRef

[20] Demoly P, Adkinson NF, Brockow K, Castells M, 
Chiriac AM, Greenberger PA, Khan DA, Lang 
DM, Park HS, Pichler W, Sanchez-Borges M, 
Shiohara T, Thong BY. International Consensus 
on drug allergy. Allergy. 2014; 69: 420-437. 
CrossRef PubMed

[21] Ring J, Messmer K. Incidence and severity of ana-
phylactoid reactions to colloid volume substi-
tutes. Lancet. 1977; 1: 466-469. CrossRef 
PubMed

[22] Ring J, Beyer K, Biedermann T, Bircher A, Duda 
D, Fischer J, Friedrichs F, Fuchs T, Gieler U, 
 Jakob T, Klimek L, Lange L, Merk HF, Niggemann 
B, Pfaar O, Przybilla B, Ruëff F, Rietschel E, 
Schnadt S, Seifert R, et al. Leitlinie zur Akutthera-
pie und Management der Anaphylaxie. Allergo J 
Int. 2014; 23: 96-112. CrossRef PubMed

[23] Torres MJ, Romano A, Mayorga C, Moya MC, 
Guzman AE, Reche M, Juarez C, Blanca M. Diag-
nostic evaluation of a large group of patients with 
immediate allergy to penicillins: the role of skin 
testing. Allergy. 2001; 56: 850-856. CrossRef 
PubMed

[24] Romano A, Di Fonso M, Papa G, Pietrantonio F, 
Federico F, Fabrizi G, Venuti A. Evaluation of ad-
verse cutaneous reactions to aminopenicillins 
with emphasis on those manifested by maculo-
papular rashes. Allergy. 1995; 50: 113-118. 
CrossRef PubMed

[25] Romano A, Gaeta F, Valluzzi RL, Maggioletti M, 
Caruso C, Quaratino D. Cross-reactivity and toler-
ability of aztreonam and cephalosporins in subjects 
with a T cell-mediated hypersensitivity to penicil-
lins. J Allergy Clin Immunol. 2016; 138: 179-186. 
CrossRef PubMed

[26] Blanca M, Romano A, Torres MJ, Férnandez J, 
Mayorga C, Rodriguez J, Demoly P, Bousquet PJ, 
Merk HF, Sanz ML, Ott H, Atanasković-Marković 
M. Update on the evaluation of hypersensitivity 
reactions to betalactams. Allergy. 2009; 64: 183-
193. CrossRef PubMed

[27] Takeuchi M, Oda Y, Suzuki I. Maculopapular rash 
in the convalescent phase of Kawasaki disease: 
case series and literature review. Eur J Pediatr. 
2013; 172: 405-407. CrossRef PubMed

[28] Vierucci F, Tuoni C, Moscuzza F, Saggese G, 
 Consolini R. Erythema multiforme as first sign of 
incomplete Kawasaki disease. Ital J Pediatr. 2013; 
39: 11. CrossRef PubMed

https://doi.org/10.1111/j.1365-2222.2004.02070.x
https://doi.org/10.1007/s11882-014-0476-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25216741&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18028465&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23101312&dopt=Abstract
https://doi.org/10.1016/j.jaip.2013.02.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24565482&dopt=Abstract
https://doi.org/10.1016/j.jaci.2013.09.021
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24188976&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.1995.tb05048.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8607557&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25898690&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27412990&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27412990&dopt=Abstract
https://doi.org/10.1016/S1081-1206(10)62782-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10752918&dopt=Abstract
https://doi.org/10.1001/archinte.160.18.2819
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11025792&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11025792&dopt=Abstract
https://doi.org/10.1001/archfami.9.8.722
https://doi.org/10.1001/archfami.9.8.722
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10927711&dopt=Abstract
https://doi.org/10.1136/jclinpath-2014-202438
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25185139&dopt=Abstract
https://doi.org/10.1086/382690
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15127367&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15127367&dopt=Abstract
https://doi.org/10.1055/s-0041-105938
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26583825&dopt=Abstract
https://doi.org/10.1111/all.12610
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25789409&dopt=Abstract
https://doi.org/10.1007/s15007-015-0802-2
https://doi.org/10.1111/all.12350
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24697291&dopt=Abstract
https://doi.org/10.1016/S0140-6736(77)91953-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=65572&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=65572&dopt=Abstract
https://doi.org/10.1007/s40629-014-0009-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26120521&dopt=Abstract
https://doi.org/10.1034/j.1398-9995.2001.00089.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11551249&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11551249&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.1995.tb05066.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7604932&dopt=Abstract
https://doi.org/10.1016/j.jaci.2016.01.025
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27016799&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2008.01924.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19133923&dopt=Abstract
https://doi.org/10.1007/s00431-012-1898-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23192460&dopt=Abstract
https://doi.org/10.1186/1824-7288-39-11
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23406772&dopt=Abstract


Guidelines (from Allergo J Int. 2019; 28: 121-151) 39

[29] Lange L, Gernert S, Rose-Diekmann C, Arens A, 
Ott H. Arzneimittelüberempfindlichkeit im Kindes- 
und Jugendalter. Monatsschr Kinderheilkd. 2017; 
165: 131-138. CrossRef

[30] Mirakian R, Leech SC, Krishna MT, Richter AG, 
Huber PA, Farooque S, Khan N, Pirmohamed M, 
Clark AT, Nasser SM; Standards of Care 
 Committee of the British Society for Allergy and 
Clinical Immunology. Management of allergy to 
penicillins and other beta-lactams. Clin Exp Al-
lergy. 2015; 45: 300-327. CrossRef PubMed

[31] Pichler WJ. Delayed drug hypersensitivity reac-
tions. Ann Intern Med. 2003; 139: 683-693. 
CrossRef PubMed

[32] Solensky R, Khan DA, Bernstein IL, Bloomberg 
GR, Castells MC, Mendelson LM, et al. Joint task 
force on practice parameters; american academy 
of allergy, asthma and immunology; american 
college of allergy, asthma and immunology; joint 
council of allergy, asthma and immunology. drug 
allergy: an updated practice parameter. Ann Al-
lergy Asthma Immunol. 2010; 105: 259-273.

[33] Romano A, Gaeta F, Arribas Poves MF, Valluzzi 
RL. Cross-Reactivity among Beta-Lactams. Curr 
Allergy Asthma Rep. 2016; 16: 24. CrossRef 
PubMed

[34] Rote Liste® Service GmbH. Rote Liste 2016. 
https://www.rote-liste.de. Accessed: 27 Sep 2016, 
Table 6 accessed: 23 Jan 2017.

[35] Blanca M, Vega JM, Garcia J, Miranda A, 
 Carmona MJ, Juarez C, Terrados S, Fernandez J. 
New aspects of allergic reactions to betalactams: 
crossreactions and unique specificities. Clin Exp 
Allergy. 1994; 24: 407-415. CrossRef PubMed

[36] Levine BB, Ovary Z. Studies on the mechanism of 
the formation of the penicillin antigen. III. The N-
(D-alpha-benzylpenicilloyl) group as an antigenic 
determinant responsible for hypersensitivity to 
penicillin G. J Exp Med. 1961; 114: 875-904. 
CrossRef PubMed

[37] Parker CW, Shapiro J, Kern M, Eisen HN. Hyper-
sensitivity to penicillenic acid derivatives in hu-
man beings with penicillin allergy. J Exp Med. 
1962; 115: 821-838. CrossRef PubMed

[38] Adkinson NF Jr, Thompson WL, Maddrey WC, Li-
chtenstein LM. Routine use of penicillin skin test-
ing on an inpatient service. N Engl J Med. 1971; 
285: 22-24. CrossRef PubMed

[39] Hasdenteufel F, Luyasu S, Hougardy N, Fisher M, 
Boisbrun M, Mertes PM, Kanny G. Structure-ac-
tivity relationships and drug allergy. Curr Clin 
Pharmacol. 2012; 7: 15-27. CrossRef PubMed

[40] Parker CW, Deweck AL, Kern M, Eisen HN. The 
preparation and some properties of penicillenic 
acid derivatives relevant to penicillin hypersensi-
tivity. J Exp Med. 1962; 115: 803-819. CrossRef 
PubMed

[41] Levine BB, Redmond AP. Minor haptenic deter-
minant-specific reagins of penicillin hypersensi-
tivity in man. Int Arch Allergy Appl Immunol. 
1969; 35: 445-455. CrossRef PubMed

[42] Perez-Inestrosa E, Suau R, Montañez MI, 
 Rodriguez R, Mayorga C, Torres MJ, Blanca M. 
Cephalosporin chemical reactivity and its immu-
nological implications. Curr Opin Allergy Clin 
Immunol. 2005; 5: 323-330. CrossRef PubMed

[43] Mayorga C, Obispo T, Jimeno L, Blanca M, Mos-
coso del Prado J, Carreira J, Garcia JJ,  Juarez C. 

Epitope mapping of beta-lactam antibiotics with 
the use of monoclonal antibodies. Toxicology. 
1995; 97: 225-234. CrossRef PubMed

[44] Blanca-Lopez N, Perez-Alzate D, Ruano F, 
 Garcimartin M, de la Torre V, Mayorga C,  Somoza 
ML, Perkins J, Blanca M, Canto MG, Torres MJ. 
Selective immediate responders to amoxicillin 
and clavulanic acid tolerate penicillin derivative 
administration after confirming the diagnosis. Al-
lergy. 2015; 70: 1013-1019. CrossRef PubMed

[45] Romano A, Gaeta F, Valluzzi RL, Caruso C, Rumi 
G, Bousquet PJ. The very limited usefulness of 
skin testing with penicilloyl-polylysine and the 
minor determinant mixture in evaluating nonim-
mediate reactions to penicillins. Allergy. 2010; 
65: 1104-1107. PubMed

[46] Romano A, Gaeta F, Valluzzi RL, Maggioletti M, 
Zaffiro A, Caruso C, Quaratino D. IgE-mediated 
hypersensitivity to cephalosporins: Cross-reactiv-
ity and tolerability of alternative cephalosporins. J 
Allergy Clin Immunol. 2015; 136: 685-691.e3. 
CrossRef PubMed

[47] Pichichero ME, Zagursky R. Penicillin and cepha-
losporin allergy. Ann Allergy Asthma Immunol. 
2014; 112: 404-412. CrossRef PubMed

[48] Romano A, Guéant-Rodriguez RM, Viola M, 
 Pettinato R, Guéant JL. Cross-reactivity and tol-
erability of cephalosporins in patients with imme-
diate hypersensitivity to penicillins. Ann Intern 
Med. 2004; 141: 16-22. CrossRef PubMed

[49] Miranda A, Blanca M, Vega JM, Moreno F, 
 Carmona MJ, García JJ, Segurado E, Justicia JL, 
Juarez C. Cross-reactivity between a penicillin 
and a cephalosporin with the same side chain. J 
Allergy Clin Immunol. 1996; 98: 671-677. Cross-
Ref PubMed

[50] Buonomo A, Nucera E, Pecora V, Rizzi A, 
 Aruanno A, Pascolini L, Ricci AG, Colagiovanni 
A, Schiavino D. Cross-reactivity and tolerability 
of cephalosporins in patients with cell-mediated 
allergy to penicillins. J Investig Allergol Clin Im-
munol. 2014; 24: 331-337. PubMed

[51] Liu XD, Gao N, Qiao HL. Cephalosporin and 
penicillin cross-reactivity in patients allergic to 
penicillins. Int J Clin Pharmacol Ther. 2011; 49: 
206-216. CrossRef PubMed

[52] Caimmi S, Galéra C, Bousquet-Rouanet L, Ar-
noux B, Demoly P, Bousquet PJ. Safety of cefu-
roxime as an alternative in patients with a proven 
hypersensitivity to penicillins: a DAHD cohort 
survey. Int Arch Allergy Immunol. 2010; 153: 53-
60. CrossRef PubMed

[53] Trcka J, Seitz CS, Bröcker EB, Gross GE, 
 Trautmann A. Aminopenicillin-induced exanthe-
ma allows treatment with certain cephalosporins 
or phenoxymethyl penicillin. J Antimicrob Che-
mother. 2007; 60: 107-111. CrossRef PubMed

[54] Wüthrich B, Hawelski T. Cefuroxim ist nicht Ce-
furoxim. Ein Beitrag zur Problematik der spezi-
fischen Diagnostik einer Arzneimittelallergie. Al-
lergologie. 2007; 30: 30-34. CrossRef

[55] Pumphrey RS, Davis S. Under-reporting of antibi-
otic anaphylaxis may put patients at risk. Lancet. 
1999; 353: 1157-1158. CrossRef PubMed

[56] Romano A, Gaeta F, Valluzzi RL, Maggioletti M, 
Zaffiro A, Caruso C, et al. Reply: To PMID 
25930196. J Allergy Clin Immunol. 2015; 136: 
1428.

https://doi.org/10.1007/s00112-016-0223-7
https://doi.org/10.1111/cea.12468
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25623506&dopt=Abstract
https://doi.org/10.7326/0003-4819-139-8-200310210-00012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14568857&dopt=Abstract
https://doi.org/10.1007/s11882-016-0594-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26898316&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26898316&dopt=Abstract
https://doi.org/10.1111/j.1365-2222.1994.tb00928.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8087651&dopt=Abstract
https://doi.org/10.1084/jem.114.6.875
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14464604&dopt=Abstract
https://doi.org/10.1084/jem.115.4.821
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14483916&dopt=Abstract
https://doi.org/10.1056/NEJM197107012850104
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5089368&dopt=Abstract
https://doi.org/10.2174/157488412799218815
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22299766&dopt=Abstract
https://doi.org/10.1084/jem.115.4.821
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14483914&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14483914&dopt=Abstract
https://doi.org/10.1159/000230197
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5781774&dopt=Abstract
https://doi.org/10.1097/01.all.0000173788.73401.69
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15985814&dopt=Abstract
https://doi.org/10.1016/0300-483X(94)02983-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7716788&dopt=Abstract
https://doi.org/10.1111/all.12636
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25913298&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20121762&dopt=Abstract
https://doi.org/10.1016/j.jaci.2015.03.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25930196&dopt=Abstract
https://doi.org/10.1016/j.anai.2014.02.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24767695&dopt=Abstract
https://doi.org/10.7326/0003-4819-141-1-200407060-00010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15238366&dopt=Abstract
https://doi.org/10.1016/S0091-6749(96)70101-X
https://doi.org/10.1016/S0091-6749(96)70101-X
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8828545&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25345303&dopt=Abstract
https://doi.org/10.5414/CPP49206
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21329623&dopt=Abstract
https://doi.org/10.1159/000301579
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20357485&dopt=Abstract
https://doi.org/10.1093/jac/dkm146
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17510067&dopt=Abstract
https://doi.org/10.5414/ALP30030
https://doi.org/10.1016/S0140-6736(99)00449-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10209990&dopt=Abstract


Wurpts, Aberer, Dickel, et al. 40

[57] Romano A, Gaeta F, Valluzzi RL, Caruso C, 
 Alonzi C, Viola M, Bousquet PJ. Diagnosing non-
immediate reactions to cephalosporins. J Allergy 
Clin Immunol. 2012; 129: 1166-1169. CrossRef 
PubMed

[58] Romano A, Gaeta F, Valluzzi RL, Alonzi C, Viola 
M, Bousquet PJ. Diagnosing hypersensitivity re-
actions to cephalosporins in children. Pediatrics. 
2008; 122: 521-527. CrossRef PubMed

[59] Calandra GB, Wang C, Aziz M, Brown KR. The 
safety profile of imipenem/cilastatin worldwide 
clinical experience based on 3,470 patients. J An-
timicrob Chemother. 1986; 18 (Suppl E): 193-
202.

[60] Calandra GB, Ricci FM, Wang C, Brown KR. The 
efficacy results and safety profile of imipenem/
cilastatin from the clinical research trials. J Clin 
Pharmacol. 1988; 28: 120-127. CrossRef PubMed

[61] Linden P. Safety profile of meropenem: an up-
dated review of over 6,000 patients treated with 
meropenem. Drug Saf. 2007; 30: 657-668. Cross-
Ref PubMed

[62] Norrby SR, Gildon KM. Safety profile of merope-
nem: a review of nearly 5,000 patients treated 
with meropenem. Scand J Infect Dis. 1999; 31: 
3-10. CrossRef PubMed

[63] Saxon A, Adelman DC, Patel A, Hajdu R, 
 Calandra GB. Imipenem cross-reactivity with 
penicillin in humans. J Allergy Clin Immunol. 
1988; 82: 213-217. CrossRef PubMed

[64] Romano A, Viola M, Guéant-Rodriguez RM, 
 Gaeta F, Pettinato R, Guéant JL. Imipenem in pa-
tients with immediate hypersensitivity to penicil-
lins. N Engl J Med. 2006; 354: 2835-2837. Cross-
Ref PubMed

[65] Romano A, Viola M, Guéant-Rodriguez RM, 
 Gaeta F, Valluzzi R, Guéant JL. Brief communica-
tion: tolerability of meropenem in patients with 
IgE-mediated hypersensitivity to penicillins. Ann 
Intern Med. 2007; 146: 266-269. CrossRef 
PubMed

[66] Atanasković-Marković M, Gaeta F, Medjo B, 
 Viola M, Nestorović B, Romano A. Atanaskovi?-
Markovi? Tolerability of meropenem in children 
with IgE-mediated hypersensitivity to penicillins. 
Allergy. 2008; 63: 237-240. CrossRef

[67] Gaeta F, Valluzzi RL, Alonzi C, Maggioletti M, 
Caruso C, Romano A. Tolerability of aztreonam 
and carbapenems in patients with IgE-mediated 
hypersensitivity to penicillins. J Allergy Clin Im-
munol. 2015; 135: 972-976. CrossRef PubMed

[68] Romano A, Gaeta F, Valluzzi RL, Alonzi C, 
 Maggioletti M, Zaffiro A, Caruso C, Quaratino D. 
Absence of cross-reactivity to carbapenems in pa-
tients with delayed hypersensitivity to penicillins. 
Allergy. 2013; 68: 1618-1621. CrossRef PubMed

[69] Schiavino D, Nucera E, Lombardo C, Decinti M, 
Pascolini L, Altomonte G, Buonomo A, Patriarca 
G. Cross-reactivity and tolerability of imipenem 
in patients with delayed-type, cell-mediated hy-
persensitivity to beta-lactams. Allergy. 2009; 64: 
1644-1648. CrossRef PubMed

[70] Sodhi M, Axtell SS, Callahan J, Shekar R. Is it 
safe to use carbapenems in patients with a history 
of allergy to penicillin? J Antimicrob Chemother. 
2004; 54: 1155-1157. CrossRef PubMed

[71] Frumin J, Gallagher JC. Allergic cross-sensitivi-
ty between penicillin, carbapenem, and monobac-

tam antibiotics: what are the chances? Ann Phar-
macother. 2009; 43: 304-315. CrossRef PubMed

[72] Adkinson NF Jr, Swabb EA, Sugerman AA. Im-
munology of the monobactam aztreonam. Antimi-
crob Agents Chemother. 1984; 25: 93-97. Cross-
Ref PubMed

[73] Vega JM, Blanca M, García JJ, Miranda A, 
 Carmona MJ, García A, Moya MC, Sanchez F, 
Terrados S. Tolerance to aztreonam in patients al-
lergic to beta-lactam antibiotics. Allergy. 1991; 
46: 196-202. CrossRef PubMed

[74] Pérez Pimiento A, Gómez Martínez M, Mínguez 
Mena A, Trampal González A, de Paz Arranz S, 
Rodríguez Mosquera M. Aztreonam and ceftazi-
dime: evidence of in vivo cross allergenicity. Al-
lergy. 1998; 53: 624-625. CrossRef PubMed

[75] Romano A, Gaeta F, Valluzzi RL, Caruso C, Rumi 
G, Bousquet PJ. IgE-mediated hypersensitivity to 
cephalosporins: cross-reactivity and tolerability 
of penicillins, monobactams, and carbapenems. J 
Allergy Clin Immunol. 2010; 126: 994-999. 
CrossRef PubMed

[76] Torres MJ, Montañez MI, Ariza A, Salas M, 
 Fernandez TD, Barbero N, Mayorga C, Blanca 
M. The role of IgE recognition in allergic reac-
tions to amoxicillin and clavulanic acid. Clin Exp 
Allergy. 2016; 46: 264-274. CrossRef PubMed

[77] Torres MJ, Ariza A, Mayorga C, Doña I, Blanca-
Lopez N, Rondon C, Blanca M. Clavulanic acid 
can be the component in amoxicillin-clavulanic 
acid responsible for immediate hypersensitivity 
reactions. J Allergy Clin Immunol. 2010; 125: 
502-505.e2. CrossRef PubMed

[78] Romano A, Blanca M, Torres MJ, Bircher A, 
 Aberer W, Brockow K, Pichler WJ, Demoly P; 
ENDA; EAACI. Diagnosis of nonimmediate reac-
tions to beta-lactam antibiotics. Allergy. 2004; 59: 
1153-1160. CrossRef PubMed

[79] Torres MJ, Blanca M, Fernandez J, Romano A, 
Weck A, Aberer W, Brockow K, Pichler WJ, 
 Demoly P; ENDA; EAACI Interest Group on 
Drug Hypersensitivity. Diagnosis of immediate 
allergic reactions to beta-lactam antibiotics. Al-
lergy. 2003; 58: 961-972. CrossRef PubMed

[80] Renz H, Becker WM, Bufe A, Kleine-Tebbe J, 
Raulf-Heimsoth M, Saloga J, Werfel T, Worm M. 
In-vitro-Allergiediagnostik. Leitlinie der DGAI in 
Abstimmung mit der DDG. J Dtsch Dermatol 
Ges. 2006; 4: 72-85. CrossRef PubMed

[81] Mayorga C, Celik G, Rouzaire P, Whitaker P, 
 Bonadonna P, Rodrigues-Cernadas J, Vultaggio 
A, Brockow K, Caubet JC, Makowska J, 
 Nakonechna A, Romano A, Montañez MI, Laguna 
JJ, Zanoni G, Gueant JL, Oude Elberink H, 
 Fernandez J, Viel S, Demoly P, et al; In vitro tests 
for Drug Allergy Task Force of EAACI Drug 
 Interest Group. In vitro tests for drug hypersensi-
tivity reactions: an ENDA/EAACI Drug Allergy 
Interest Group position paper. Allergy. 2016; 71: 
1103-1134. CrossRef PubMed

[82] Hjortlund J, Mortz CG, Stage TB, Skov PS, Dahl 
R, Bindslev-Jensen C. Positive serum specific IgE 
has a short half-life in patients with penicillin al-
lergy and reversal does not always indicate toler-
ance. Clin Transl Allergy. 2014; 4: 34. CrossRef 
PubMed

[83] Kraft D, Roth A, Mischer P, Pichler H, Ebner H. 
Specific and total serum IgE measurements in the 

https://doi.org/10.1016/j.jaci.2011.12.995
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22322006&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22322006&dopt=Abstract
https://doi.org/10.1542/peds.2007-3178
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18762521&dopt=Abstract
https://doi.org/10.1002/j.1552-4604.1988.tb05735.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3283176&dopt=Abstract
https://doi.org/10.2165/00002018-200730080-00002
https://doi.org/10.2165/00002018-200730080-00002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17696578&dopt=Abstract
https://doi.org/10.1080/00365549950161808
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10381210&dopt=Abstract
https://doi.org/10.1016/0091-6749(88)91001-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2457043&dopt=Abstract
https://doi.org/10.1056/NEJMc053529
https://doi.org/10.1056/NEJMc053529
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16807429&dopt=Abstract
https://doi.org/10.7326/0003-4819-146-4-200702200-00005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17310050&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17310050&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2007.01532.x
https://doi.org/10.1016/j.jaci.2014.10.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25457154&dopt=Abstract
https://doi.org/10.1111/all.12299
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24180646&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2009.02058.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19392998&dopt=Abstract
https://doi.org/10.1093/jac/dkh454
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15486083&dopt=Abstract
https://doi.org/10.1345/aph.1L486
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19193579&dopt=Abstract
https://doi.org/10.1128/AAC.25.1.93
https://doi.org/10.1128/AAC.25.1.93
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6538398&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.1991.tb00570.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2058815&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.1998.tb03944.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9689350&dopt=Abstract
https://doi.org/10.1016/j.jaci.2010.06.052
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20888035&dopt=Abstract
https://doi.org/10.1111/cea.12689
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26662186&dopt=Abstract
https://doi.org/10.1016/j.jaci.2009.11.032
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20159266&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2004.00678.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15461594&dopt=Abstract
https://doi.org/10.1034/j.1398-9995.2003.00280.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14510712&dopt=Abstract
https://doi.org/10.1111/j.1610-0387.2006.04350.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16503934&dopt=Abstract
https://doi.org/10.1111/all.12886
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26991315&dopt=Abstract
https://doi.org/10.1186/2045-7022-4-34
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25905005&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25905005&dopt=Abstract


Guidelines (from Allergo J Int. 2019; 28: 121-151) 41

diagnosis of penicillin allergy. A long term fol-
low-up study. Clin Allergy. 1977; 7: 21-28. Cross-
Ref PubMed

[84] Fernández TD, Torres MJ, Blanca-López N, 
 Rodríguez-Bada JL, Gomez E, Canto G, Mayorga 
C, Blanca M. Negativization rates of IgE radioim-
munoassay and basophil activation test in imme-
diate reactions to penicillins. Allergy. 2009; 64: 
242-248. CrossRef PubMed

[85] Blanca M, Mayorga C, Torres MJ, Reche M, 
Moya MC, Rodríguez JL, Romano A, Juarez C. 
Clinical evaluation of Pharmacia CAP System 
RAST FEIA amoxicilloyl and benzylpenicilloyl 
in patients with penicillin allergy. Allergy. 2001; 
56: 862-870. CrossRef PubMed

[86] Fontaine C, Mayorga C, Bousquet PJ, Arnoux B, 
Torres MJ, Blanca M, Demoly P. Relevance of the 
determination of serum-specific IgE antibodies in 
the diagnosis of immediate beta-lactam allergy. 
Allergy. 2007; 62: 47-52. CrossRef PubMed

[87] Silva R, Cruz L, Botelho C, Castro E, Cadinha S, 
Castel-Branco MG, Rodrigues J. Immediate hy-
persensitivity to penicillins with negative skin 
tests – the value of specific IgE. Eur Ann Allergy 
Clin Immunol. 2009; 41: 117-119. PubMed

[88] Johansson SG, Adédoyin J, van Hage M, 
 Grönneberg R, Nopp A. False-positive penicillin 
immunoassay: an unnoticed common problem. J 
Allergy Clin Immunol. 2013; 132: 235-237. 
CrossRef PubMed

[89] Torres MJ, Mayorga C, Cornejo-García JA, 
 Romano A, Blanca M. IgE antibodies to penicillin 
in skin test negative patients. Allergy. 2002; 57: 
965 CrossRef PubMed

[90] Macy E, Goldberg B, Poon KY. Use of commer-
cial anti-penicillin IgE fluorometric enzyme im-
munoassays to diagnose penicillin allergy. Ann 
Allergy Asthma Immunol. 2010; 105: 136-141. 
CrossRef PubMed

[91] Vultaggio A, Virgili G, Gaeta F, Romano A, Maggi 
E, Matucci A. High serum β-lactams specific/total 
IgE ratio is associated with immediate reactions to 
β-lactams antibiotics. PLoS One. 2015; 10: 
e0121857. CrossRef PubMed

[92] Möbs C, Pfützner W. Cellular in vitro diagnosis of 
adverse drug reactions. Allergo J Int. 2014; 23: 
164-171. CrossRef PubMed

[93] Torres MJ, Padial A, Mayorga C, Fernández T, 
Sanchez-Sabate E, Cornejo-García JA, Antúnez 
C, Blanca M. The diagnostic interpretation of ba-
sophil activation test in immediate allergic reac-
tions to betalactams. Clin Exp Allergy. 2004; 34: 
1768-1775. CrossRef PubMed

[94] Sanz ML, Gamboa PM, Antépara I, Uasuf C, Vila 
L, Garcia-Avilés C, Chazot M, De Weck AL. Flow 
cytometric basophil activation test by detection of 
CD63 expression in patients with immediate-type 
reactions to betalactam antibiotics. Clin Exp Al-
lergy. 2002; 32: 277-286. CrossRef PubMed

[95] García-Avilés C, Sanz ML, Gamboa PM, Urrutia 
I, Antépara I, Jauregui I, De Weck AL. Antigen 
specific quantification of sulfidoleukotrienes in 
patients allergic to Betalactam antibiotics. J In-
vestig Allergol Clin Immunol. 2005; 15: 37-45. 
PubMed

[96] Demoly P, Lebel B, Messaad D, Sahla H, Rongier 
M, Daurès JP, Godard P, Bousquet J. Predictive 
capacity of histamine release for the diagnosis of 

drug allergy. Allergy. 1999; 54: 500-506. Cross-
Ref PubMed

[97] De Week AL, Sanz ML, Gamboa PM, Aberer W, 
Sturm G, Bilo MB, et al. ENDA (European Net-
work for Drug Allergy). Diagnosis of immediate-
type betalactam allergy in vitro by flow-cytomet-
ric basophil activation test and sulfidoleukotriene 
production: a multicenter study. J Investig Aller-
gol Clin Immunol. 2009; 19: 91-109. PubMed

[98] Gamboa PM, García-Avilés MC, Urrutia I, 
 Antépara I, Esparza R, Sanz ML. Basophil activa-
tion and sulfidoleukotriene production in patients 
with immediate allergy to betalactam antibiotics 
and negative skin tests. J Investig Allergol Clin 
Immunol. 2004; 14: 278-283. PubMed

[99] Lebel B, Messaad D, Kvedariene V, Rongier M, 
Bousquet J, Demoly P. Cysteinyl-leukotriene re-
lease test (CAST) in the diagnosis of immediate 
drug reactions. Allergy. 2001; 56: 688-692. 
CrossRef PubMed

[100] Sanz ML, Gamboa PM, Mayorga C. Basophil ac-
tivation tests in the evaluation of immediate drug 
hypersensitivity. Curr Opin Allergy Clin Immu-
nol. 2009; 9: 298-304. CrossRef PubMed

[101] Hoffmann HJ, Santos AF, Mayorga C, Nopp A, 
Eberlein B, Ferrer M, Rouzaire P, Ebo DG, 
 Sabato V, Sanz ML, Pecaric-Petkovic T, Patil SU, 
Hausmann OV, Shreffler WG, Korosec P, Knol 
EF. The clinical utility of basophil activation test-
ing in diagnosis and monitoring of allergic dis-
ease. Allergy. 2015; 70: 1393-1405. CrossRef 
PubMed

[102] Nhim C, Delluc S, Halgand F, de Chaisemartin L, 
Weaver RJ, Claude N, Joseph D, Maillère B, Pal-
lardy M. Identification and frequency of circulat-
ing CD4(+) T lymphocytes specific to Benzyl-
penicillin in healthy donors. Allergy. 2013; 68: 
899-905. CrossRef PubMed

[103] Rozieres A, Hennino A, Rodet K, Gutowski MC, 
Gunera-Saad N, Berard F, Cozon G, Bienvenu J, 
Nicolas JF. Detection and quantification of drug-
specific T cells in penicillin allergy. Allergy. 2009; 
64: 534-542. CrossRef PubMed

[104] Luque I, Leyva L, José Torres M, Rosal M, 
 Mayorga C, Segura JM, Blanca M, Juárez C. In 
vitro T-cell responses to beta-lactam drugs in im-
mediate and nonimmediate allergic reactions. Al-
lergy. 2001; 56: 611-618. CrossRef PubMed

[105] Tanvarasethee B, Buranapraditkun S, Klaewson-
gkram J. The potential of using enzyme-linked 
immunospot to diagnose cephalosporin-induced 
maculopapular exanthems. Acta Derm Venereol. 
2013; 93: 66-69. CrossRef PubMed

[106] Zawodniak A, Lochmatter P, Yerly D, Kawabata 
T, Lerch M, Yawalkar N, Pichler WJ. In vitro de-
tection of cytotoxic T and NK cells in peripheral 
blood of patients with various drug-induced skin 
diseases. Allergy. 2010; 65: 376-384. CrossRef 
PubMed

[107] Fu M, Gao Y, Pan Y, Li W, Liao W, Wang G, Li C, 
Li C, Gao T, Liu Y. Recovered patients with Ste-
vens-Johson syndrome and toxic epidermal 
necrolysis maintain long-lived IFN-γ and sFasL 
memory response. PLoS One. 2012; 7: e45516. 
CrossRef PubMed

[108] Martin M, Wurpts G, Ott H, Baron JM, Erdmann 
S, Merk HF, Sachs B. In vitro detection and char-
acterization of drug hypersensitivity using flow 

https://doi.org/10.1111/j.1365-2222.1977.tb01420.x
https://doi.org/10.1111/j.1365-2222.1977.tb01420.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=406099&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2008.01713.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19178404&dopt=Abstract
https://doi.org/10.1034/j.1398-9995.2001.00995.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11551251&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2006.01268.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17156341&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19877564&dopt=Abstract
https://doi.org/10.1016/j.jaci.2012.11.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23270810&dopt=Abstract
https://doi.org/10.1034/j.1398-9995.2002.23832_10.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12269955&dopt=Abstract
https://doi.org/10.1016/j.anai.2010.06.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20674824&dopt=Abstract
https://doi.org/10.1371/journal.pone.0121857
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25880869&dopt=Abstract
https://doi.org/10.1007/s40629-014-0020-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26120528&dopt=Abstract
https://doi.org/10.1111/j.1365-2222.2004.02110.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15544603&dopt=Abstract
https://doi.org/10.1046/j.1365-2222.2002.01305.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11929494&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15864881&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15864881&dopt=Abstract
https://doi.org/10.1034/j.1398-9995.1999.00020.x
https://doi.org/10.1034/j.1398-9995.1999.00020.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10380783&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19476013&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15736712&dopt=Abstract
https://doi.org/10.1034/j.1398-9995.2001.00103.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11421930&dopt=Abstract
https://doi.org/10.1097/ACI.0b013e32832d5311
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19483617&dopt=Abstract
https://doi.org/10.1111/all.12698
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26198455&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26198455&dopt=Abstract
https://doi.org/10.1111/all.12173
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23751122&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2008.01674.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19154548&dopt=Abstract
https://doi.org/10.1034/j.1398-9995.2001.000115.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11421918&dopt=Abstract
https://doi.org/10.2340/00015555-1386
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22722755&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2009.02180.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19793058&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19793058&dopt=Abstract
https://doi.org/10.1371/journal.pone.0045516
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23029066&dopt=Abstract


Wurpts, Aberer, Dickel, et al. 42

cytometry. Allergy. 2010; 65: 32-39. CrossRef 
PubMed

[109] Kano Y, Hirahara K, Mitsuyama Y, Takahashi R, 
Shiohara T. Utility of the lymphocyte transforma-
tion test in the diagnosis of drug sensitivity: de-
pendence on its timing and the type of drug erup-
tion. Allergy. 2007; 62: 1439-1444. CrossRef 
PubMed

[110] Takahashi R, Kano Y, Yamazaki Y, Kimishima M, 
Mizukawa Y, Shiohara T. Defective regulatory T 
cells in patients with severe drug eruptions: tim-
ing of the dysfunction is associated with the path-
ological phenotype and outcome. J Immunol. 
2009; 182: 8071-8079. CrossRef PubMed

[111] Schnuch A, Aberer W, Agathos M, Brasch J, 
Frosch PJ, Fuchs T, et al. Deutsche Kontaktaller-
gie-Gruppe; Deutschen Dermatologischen Ge-
sellschaft (DDG) zur Durchführung des Epikutan-
tests mit Kontaktallergenen. [Guidelines of the 
German Dermatological Society (DDG) for the 
management of contact allergies with skin tests]. 
Hautarzt. 2001; 52: 864-866. CrossRef PubMed

[112] Brockow K, Romano A, Blanca M, Ring J, Pichler 
W, Demoly P. General considerations for skin test 
procedures in the diagnosis of drug hypersensitiv-
ity. Allergy. 2002; 57: 45-51. PubMed

[113] Ruëff F, Bergmann KC, Brockow K, Fuchs T, 
Grübl A, Jung K, et al. Skin tests for the diagnosis 
of allergic immediate-type reactions. Allergolo-
gie. 2011; 34: 212-226. 

[114] Torres MJ, Sánchez-Sabaté E, Alvarez J, Mayorga 
C, Fernández J, Padial A, Cornejo-García JA, 
Bellón T, Blanca M. Skin test evaluation in non-
immediate allergic reactions to penicillins. Aller-
gy. 2004; 59: 219-224. CrossRef PubMed

[115] Mahler V, Schnuch A, Bauer A, Werfel T, Strömer 
K, Enk A, Bieber T, Klimek L. Eingeschränkte Ver-
fügbarkeit diagnostischer Epikutantest-Allergene 
gefährdet die Patientenversorgung. J Dtsch Der-
matol Ges. 2016; 14: 743-745. PubMed

[116] Barbaud A. Skin testing and patch testing in non-
IgE-mediated drug allergy. Curr Allergy Asthma 
Rep. 2014; 14: 442. CrossRef PubMed

[117] Romano A, Quaratino D, Di Fonso M, Papa G, 
Venuti A, Gasbarrini G. A diagnostic protocol for 
evaluating nonimmediate reactions to aminopeni-
cillins. J Allergy Clin Immunol. 1999; 103: 1186-
1190. CrossRef PubMed

[118] Pinho A, Marta A, Coutinho I, Gonçalo M. Long-
term reproducibility of positive patch test reac-
tions in patients with non-immediate cutaneous 
adverse drug reactions to antibiotics. Contact Der-
mat. 2017; 76: 204-209. CrossRef PubMed

[119] Levine BB. Immunologic mechanisms of penicil-
lin allergy. A haptenic model system for the study 
of allergic diseases of man. N Engl J Med. 1966; 
275: 1115-1125. CrossRef PubMed

[120] Dickel H, Bruckner TM, Erdmann SM, Fluhr JW, 
Frosch PJ, Grabbe J, Löffler H, Merk HF, Pirker 
C, Schwanitz HJ, Weisshaar E, Brasch J. The 
„strip“ patch test: results of a multicentre study 
towards a standardization. Arch Dermatol Res. 
2004; 296: 212-219. CrossRef PubMed

[121] Niinimäki A. Scratch-chamber tests in food han-
dler dermatitis. Contact Dermat. 1987; 16: 11-20. 
CrossRef PubMed

[122] Dickel H, Altmeyer P, Brasch J. „New“ tech-
niques for more sensitive patch testing? J Dtsch 
Dermatol Ges. 2011; 9: 889-896. PubMed

[123] Dickel H, Kreft B, Geier J. Strip patch testing does 
not affect reaction profiles of standard allergens. 
Contact Dermat. 2015; 73: 36-43. CrossRef 
PubMed

[124] Romano A, Gaeta F, Valluzzi RL, Zaffiro A, 
 Caruso C, Quaratino D. Natural evolution of 
skin-test sensitivity in patients with IgE-mediated 
hypersensitivity to cephalosporins. Allergy. 2014; 
69: 806-809. CrossRef PubMed

[125] Blanca M, Torres MJ, García JJ, Romano A, 
 Mayorga C, de Ramon E, Vega JM, Miranda A, 
 Juarez C. Natural evolution of skin test sensitivity 
in patients allergic to beta-lactam antibiotics. J Al-
lergy Clin Immunol. 1999; 103: 918-924. Cross-
Ref PubMed

[126] Romano A, Bousquet-Rouanet L, Viola M, Gaeta 
F, Demoly P, Bousquet PJ. Benzylpenicillin skin 
testing is still important in diagnosing immediate 
hypersensitivity reactions to penicillins. Allergy. 
2009; 64: 249-253. CrossRef PubMed

[127] Bousquet PJ, Co-Minh HB, Arnoux B, Daures JP, 
Demoly P. Importance of mixture of minor deter-
minants and benzylpenicilloyl poly-L-lysine skin 
testing in the diagnosis of beta-lactam allergy. J 
Allergy Clin Immunol. 2005; 115: 1314-1316. 
CrossRef PubMed

[128] Matheu V, Pérez-Rodriguez E, Sánchez-Machin I, 
de la Torre F, García-Robaina JC. Major and mi-
nor determinants are high-performance skin tests 
in beta-lactam allergy diagnosis. J Allergy Clin 
Immunol. 2005; 116: 1167-1168.

[129] Bousquet PJ, Demoly P. Reply – Major and minor 
determinants are high-performance skin tests in 
β-lactamallergy diagnosis. J Allergy Clin Immunol. 
2005; 116: 1168–1169. https://www.jacionline.org/
article/S0091-6749(05)01727-6/fulltext

[130] Testi S, Severino M, Iorno ML, Capretti S, Ermini 
G, Macchia D, Campi P. Nonirritating concentra-
tion for skin testing with cephalosporins. J Inves-
tig Allergol Clin Immunol. 2010; 20: 171-172. 
PubMed

[131] Uyttebroek AP, Decuyper II, Bridts CH, Romano 
A, Hagendorens MM, Ebo DG, Sabato V. Cefazo-
lin hypersensitivity: toward optimized diagnosis. 
J Allergy Clin Immunol Pract. 2016; 4: 1232-
1236. CrossRef PubMed

[132] Aurich S, Schüürmann M, Simon JC, Treudler R. 
Anaphylactic shock caused by intradermal testing 
with cefuroxime. J Dtsch Dermatol Ges. 2017; 
15: 668-670. CrossRef PubMed

[133] Antunez C, Blanca-Lopez N, Torres MJ, Mayorga 
C, Perez-Inestrosa E, Montañez MI, Fernandez T, 
Blanca M. Immediate allergic reactions to cepha-
losporins: evaluation of cross-reactivity with a 
panel of penicillins and cephalosporins. J Allergy 
Clin Immunol. 2006; 117: 404-410. CrossRef 
PubMed

[134] Rosenfield L, Kalicinsky C, Warrington R. A retro-
spective comparison of false negative skin test 
rates in penicillin allergy, using pencilloyl-poly-
lysine and minor determinants or Penicillin G, 
followed by open challenge. Allergy Asthma Clin 
Immunol. 2015; 11: 34. CrossRef PubMed

[135] Co Minh H-B, Bousquet PJ, Fontaine C, 
 Kvedariene V, Demoly P. Systemic reactions dur-

https://doi.org/10.1111/j.1398-9995.2009.02143.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19796221&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19796221&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2007.01553.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17983378&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17983378&dopt=Abstract
https://doi.org/10.4049/jimmunol.0804002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19494333&dopt=Abstract
https://doi.org/10.1007/s001050170048
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17690814&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11991289&dopt=Abstract
https://doi.org/10.1046/j.1398-9995.2003.00308.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14763937&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27373257&dopt=Abstract
https://doi.org/10.1007/s11882-014-0442-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24740692&dopt=Abstract
https://doi.org/10.1016/S0091-6749(99)70197-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10359904&dopt=Abstract
https://doi.org/10.1111/cod.12720
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27910104&dopt=Abstract
https://doi.org/10.1056/NEJM196611172752009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5923027&dopt=Abstract
https://doi.org/10.1007/s00403-004-0496-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15293061&dopt=Abstract
https://doi.org/10.1111/j.1600-0536.1987.tb02609.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2949931&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21535406&dopt=Abstract
https://doi.org/10.1111/cod.12384
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25824375&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25824375&dopt=Abstract
https://doi.org/10.1111/all.12390
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24673580&dopt=Abstract
https://doi.org/10.1016/S0091-6749(99)70439-2
https://doi.org/10.1016/S0091-6749(99)70439-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10329829&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2008.01874.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19133924&dopt=Abstract
https://doi.org/10.1016/j.jaci.2005.02.026
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15940154&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20461975&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20461975&dopt=Abstract
https://doi.org/10.1016/j.jaip.2016.05.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27317018&dopt=Abstract
https://doi.org/10.1111/ddg.13246
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28514118&dopt=Abstract
https://doi.org/10.1016/j.jaci.2005.10.032
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16461141&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16461141&dopt=Abstract
https://doi.org/10.1186/s13223-015-0098-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26594228&dopt=Abstract


Guidelines (from Allergo J Int. 2019; 28: 121-151) 43

ing skin tests with beta-lactams: a risk factor 
analysis. J Allergy Clin Immunol. 2006; 117: 466-
468. CrossRef

[136] Gomes ER, Brockow K, Kuyucu S, Saretta F, Mori 
F, Blanca-Lopez N, Ott H, Atanaskovic-Markovic 
M, Kidon M, Caubet JC, Terreehorst I; ENDA/
EAACI Drug Allergy Interest Group. Drug hyper-
sensitivity in children: report from the pediatric 
task force of the EAACI Drug Allergy Interest 
Group. Allergy. 2016; 71: 149-161. CrossRef 
PubMed

[137] Demoly P, Romano A, Botelho C, Bousquet- 
Rouanet L, Gaeta F, Silva R, Rumi G, Rodrigues 
Cernadas J, Bousquet PJ. Determining the nega-
tive predictive value of provocation tests with 
beta-lactams. Allergy. 2010; 65: 327-332. Cross-
Ref PubMed

[138] Cernadas JR, Brockow K, Romano A, Aberer W, 
Torres MJ, Bircher A, Campi P, Sanz ML, Castells 
M, Demoly P, Pichler WJ; European Network of 
Drug Allergy and the EAACI interest group on 
drug hypersensitivity. General considerations on 
rapid desensitization for drug hypersensitivity – a 
consensus statement. Allergy. 2010; 65: 1357-
1366. CrossRef PubMed

[139] Scherer K, Brockow K, Aberer W, Gooi JHC, 
 Demoly P, Romano A, Schnyder B, Whitaker P, 
Cernadas JS, Bircher AJ; ENDA, the European 
Network on Drug Allergy and the EAACI Drug 
Allergy Interest Group. Desensitization in delayed 
drug hypersensitivity reactions – an EAACI posi-
tion paper of the Drug Allergy Interest Group. Al-
lergy. 2013; 68: 844-852. CrossRef PubMed

[140] Liu A, Fanning L, Chong H, Fernandez J, Sloane 
D, Sancho-Serra M, Castells M. Desensitization 
regimens for drug allergy: state of the art in the 
21st century. Clin Exp Allergy. 2011; 41: 1679-
1689. CrossRef PubMed

[141] Sullivan TJ, Yecies LD, Shatz GS, Parker CW, 
Wedner HJ. Desensitization of patients allergic to 
penicillin using orally administered beta-lactam 
antibiotics. J Allergy Clin Immunol. 1982; 69: 
275-282. CrossRef PubMed

[142] Sullivan TJ. Drug Allergy. In: Middleton EJ, Reed 
CE, Ellis EF, Adkinson NF, Yunginger JW, Busse 
WW (eds). Allergy: Principles and Practice. 4th 
edn. St. Louis: Mosby: 1993. p. 1726-1746.

[143] Solensky R. Drug desensitization. Immunol Aller-
gy Clin North Am. 2004; 24: 425-443. CrossRef 
PubMed

[144] Erkoçoğlu M, Kaya A, Civelek E, Ozcan C, Cakır 
B, Akan A, et al. Prevalence of confirmed immedi-
ate type drug hypersensitivity reactions among 
school children. Pediatr Allergy Immunol. 2013; 
24: 160-167.

[145] Atanaskovic-Markovic M, Gaeta F, Medjo B, 
Gavrovic-Jankulovic M, Cirkovic Velickovic T, 
Tmusic V, Romano A. Non-immediate hypersensi-
tivity reactions to beta-lactam antibiotics in chil-
dren – our 10-year experience in allergy work-up. 
Pediatr Allergy Immunol. 2016; 27: 533-538. 
CrossRef PubMed

[146] Caubet JC, Kaiser L, Lemaître B, Fellay B, 
 Gervaix A, Eigenmann PA. The role of penicillin 
in benign skin rashes in childhood: a prospective 
study based on drug rechallenge. J Allergy Clin 
Immunol. 2011; 127: 218-222. CrossRef PubMed

[147] Ponvert C, Perrin Y, Bados-Albiero A, Le Bour-
geois M, Karila C, Delacourt C, Scheinmann P, 
De Blic J. Allergy to betalactam antibiotics in 
children: results of a 20-year study based on clini-
cal history, skin and challenge tests. Pediatr Al-
lergy Immunol. 2011; 22: 411-418. CrossRef 
PubMed

[148] Brockow K, Aberer W, Atanaskovic-Markovic M, 
Bavbek S, Bircher A, Bilo B, Blanca M, Bonadon-
na P, Burbach G, Calogiuri G, Caruso C, Celik G, 
Cernadas J, Chiriac A, Demoly P, Oude Elberink 
JN, Fernandez J, Gomes E, Garvey LH, Gooi J, et 
al. Drug allergy passport and other documentation 
for patients with drug hypersensitivity – An 
ENDA/EAACI Drug Allergy Interest Group Posi-
tion Paper. Allergy. 2016; 71: 1533-1539. Cross-
Ref PubMed

[149] Barbaud A, Collet E, Milpied B, Assier H, Stau-
mont D, Avenel-Audran M, et al. Toxidermies 
group of the French Society of Dermatology. A 
multicentre study to determine the value and safe-
ty of drug patch tests fort the three main classes of 
severe cutaneous adverse drug reactions. Br J 
Dermatol. 2013; 168: 555-562. CrossRef PubMed

[150] Wolkenstein P, Chosidow O, Fléchet ML, Robbiola 
O, Paul M, Dumé L, Revuz J, Roujeau JC. Patch 
testing in severe cutaneous adverse drug reac-
tions, including Stevens-Johnson syndrome and 
toxic epidermal necrolysis. Contact Dermat. 
1996; 35: 234-236. CrossRef PubMed

https://doi.org/10.1016/j.jaci.2005.10.020
https://doi.org/10.1111/all.12774
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26416157&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26416157&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2009.02228.x
https://doi.org/10.1111/j.1398-9995.2009.02228.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19860790&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2010.02441.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20716314&dopt=Abstract
https://doi.org/10.1111/all.12161
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23745779&dopt=Abstract
https://doi.org/10.1111/j.1365-2222.2011.03825.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21883538&dopt=Abstract
https://doi.org/10.1016/S0091-6749(82)80004-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7061769&dopt=Abstract
https://doi.org/10.1016/j.iac.2004.03.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15242719&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15242719&dopt=Abstract
https://doi.org/10.1111/pai.12565
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26999792&dopt=Abstract
https://doi.org/10.1016/j.jaci.2010.08.025
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21035175&dopt=Abstract
https://doi.org/10.1111/j.1399-3038.2011.01169.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21535179&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21535179&dopt=Abstract
https://doi.org/10.1111/all.12929
https://doi.org/10.1111/all.12929
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27145347&dopt=Abstract
https://doi.org/10.1111/bjd.12125
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23136927&dopt=Abstract
https://doi.org/10.1111/j.1600-0536.1996.tb02364.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8957644&dopt=Abstract

