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Background: Drugs are a frequent cause of severe anaphylactic reactions. Here, we

symptoms, and treatment.
Methods: Data from the European Anaphylaxis Registry (2007-2019) with 1815 re-

Funding information ported cases of drug-induced anaphylaxis were studied accordingly.

Network for Online Registration of
Anaphylaxis (NORA e.V.) Results: Drugs are the third most frequent cause of anaphylaxis reported in the

Anaphylaxis Registry. Among the eliciting groups of drugs analgesics and antibiot-
ics were far most often reported. Female and senior patients were more frequently
affected, while the number of children with DIA was low. DIA patients had symp-
toms affecting the skin and mucous membranes (n = 1525, 84.02%), the respiratory
(n = 1300, 71.63%), the cardiovascular (n = 1251, 68.93%) and the gastrointestinal
system (n = 549, 30.25%). Drugs caused significant more severe reactions, occurred
more often in medical facilities and led to increased hospitalization rates in compari-
son to food and insect venom induced anaphylaxis. Adrenaline was used more often
in patients with DIA than in anaphylaxis due to other causes. Patients with skin symp-
toms received more antihistamines and corticosteroids in the acute treatment, while
gastrointestinal symptoms led to less adrenaline use.

Conclusion: The study contributes to a better understanding of DIA, with a large
number of cases from Europe supporting previous data, e.g., analgesics and antibi-
otics being the most frequent culprits for DIA. Female gender and higher age are
relevant risk factors and despite clear recommendations, the emergency treatment of

DIA is not administered according to the guidelines.
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anaphylaxis, drug hypersensitivity, drugs, multicenter study
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GRAPHICAL ABSTRACT

This study analyzes data from the European Anaphylaxis Registry (2007-2019) with 1815 reported cases of drug-induced anaphylaxis (DIA).
We show that female gender and higher age are relevant DIA risk factors. DIA symptoms affect the skin and mucous membranes (84.0%),
respiratory (71.6%), cardiovascular (68.9%), and gastrointestinal systems (30.3%). Intensive care admission and hospitalization rates are
higher in DIA than in case of anaphylaxis caused by other elicitors (food- and insect venom-induced).

Abbreviations: DIA, drug-induced anaphylaxis
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1 | INTRODUCTION

Anaphylaxis is a potentially life-threatening systemic hypersensi-
tivity reaction, defined as any acute onset illness with typical skin
features, plus involvement of respiratory and/or cardiovascular and/
or persistent severe gastrointestinal symptoms; or any acute onset
of hypotension or bronchospasm or upper airway obstruction where
anaphylaxis is considered possible, even if typical skin features are
not present.1 The most common culprits for anaphylaxis are drugs,
insects, and foods.? For decades, drug consumption has been ris-
ing, in part driven by changes in clinical practice in age-related and
chronic diseases.® The purpose of this manuscript is to analyze
the clinical epidemiology of drug-induced anaphylaxis (DIA) in the
European Anaphylaxis Registry (EAR).

There are numerous data sources on DIA worldwide, with geo-
graphical differences in prevalence, emergency treatment, and
postreaction care. Estimates of anaphylaxis suggest incidence rates
between 1.5 and 7.9 per 100,000 population per year in Europe.*
Published data from the European Anaphylaxis Registry show a cal-
culated incidence of 4.5 per 100,000 population.® While data from
the US suggest an anaphylaxis incidence of up to 50 per 100,000
population,® numbers for England are much lower with 6-8 cases
per 100,000 inhabitants.” Anaphylaxis is generally assumed to be
underdiagnosed and underreported, making its incidence underesti-
mated.® Adverse drug reactions occurring both inside and outside of
medical facilities are serious and potentially fatal.”*° In recent years,
anincrease in hospital admissions for severe anaphylaxis was shown.!!

While clinical guidelines help standardize anaphylaxis treatment,
there is still a need for more data on adverse reactions to various
drug groups. Current data show that the diagnosis is often missed,
with underuse of the few available specific test methods for some
drugs and a lack of specific and sensitive test methods for many
drug groups.12 However, appropriate management of patients with
anaphylaxis is fundamentally dependent on a correct diagnosis and
immediate treatment.

This study unravels the most frequent elicitors, symptoms, and
possible cofactors of anaphylactic reactions triggered by drugs in a

large cohort from the European Anaphylaxis Registry.

2 | METHOD

The Anaphylaxis Registry collects data regarding the culprit caus-
ing anaphylaxis through a web-based data entry system. The mul-
tilingual online questionnaire with an assembly of 375 variables
was filled out by allergists from 75 tertiary referral centers in 11
countries.

Experienced allergy centers are participating on a voluntary basis
in the register. Study centers were asked to enter their most severe
cases, usually with respiratory and/or cardiovascular symptoms, but
more moderate anaphylaxis could be recorded as well. After the al-
lergic work-up in the questionnaire, the clinical specialist decided
whether the respective trigger was confirmed or highly suspected.

Confirmed cases were those that could be clearly attributed to one
specific trigger (clear history of exposure and onset of symptoms
and/skin tests and/or provocation test). Highly suspected were the
cases in which experts assumed with a high degree of probability
that there was an anaphylactic reaction that could be attributed to
one specific trigger but were not able to confirm this with absolute
certainty (no skin and/or provocation test). Cases with more than
one suspected trigger were not included into this analysis. Originally
developed for the German Anaphylaxis Registry, the questionnaire
has been translated for international use. Interrater reliability was
assessed by using repeated data entry by two independent pro-
fessionals. Medical records, including laboratory measures, were
retrospectively retrieved by trained professionals in each study cen-
ter. Raw study data were stored with pseudonyms on a server at
Charité—Universitatsmedizin Berlin.

Drug-induced anaphylactic cases are distributed by country as
follows: Germany (n = 905), Switzerland (n = 285), France (n = 158),
Austria (n = 135), Spain (n = 99), Bulgaria (n = 52), Italy (n = 80),
Brazil (n = 48), Poland (n = 38), Ireland (n = 9), and Greece (n = 6).
Within countries involved in the European Anaphylaxis Registry, we
observed a large variety in percentages of anaphylactic reactions.
Different variables such as sex, age, symptoms, severity, location,
emergency treatment, postreaction care and concomitant factors
regarding the different drug groups were analyzed.

2.1 | Ethics

The study was approved by the ethics committee at Charité—
Universitatsmedizin Berlin, Germany (EA1/079/06), accredited by
the local ethics committees in the participating centers, and is regis-
tered on ClinicalTrials.gov (Identifier: NCT05210543).

2.2 | Statistical analysis

We performed the analysis using R (Version 1.2.5033%). The dif-
ferences between groups were assessed with the Chi-squared or
the Fisher's exact test. p-values<.05 were considered statistically
significant. In case of multiple comparisons or post hoc tests, the
p-value was corrected using the Holm's method. We compared each
drug group with the other drug groups of the same hierarchical

group or subgroup level.

3 | RESULTS

3.1 | Drugs are the third most frequent cause of
anaphylaxis

The entire dataset includes 12,848 cases of anaphylactic reactions,
recorded between July 2007 and March 2019. Of these, 4350 cases
are food related (37.37%), 4945 are insect related (42.48%), and
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2346 (20.15%) cases are drug-induced, making DIA the third most
frequent elicitor of anaphylaxis.

The flowchart in Figure 1 illustrates the detailed case selec-
tion process and the number of remaining samples after each step.
In the first step, we excluded all nondrug-related cases (n = 10,
138). Subsequently, we sorted out cases with more than one sus-
pected trigger (n = 144) and did not include moderate cases (Ring &
Messmer grade |, n = 233) or reactions that occurred due to specific
immunotherapy (SIT). After data processing, 1815 cases remained

for further analysis.

3.2 | Analgesics and antibiotics are the main
causes of DIA

Most represented ATC groups (see Table 1 and Table Sé):

Analgesics (n = 749, 41.27%), antibiotics (n = 602, 33.17%), local
anesthetics (n = 134, 7.38%), radiocontrast media (n = 94, 5.18%),
antineoplastic and immunomodulating agents (n = 66, 3.64%) and
other drugs: proton-pump inhibitors (n = 49, 2.70%) and other drugs
(h =121, 6.67%). We found that in most countries analgesics and
antibiotics were the main trigger for DIA, see Table S5 for subgroup
analysis per country.

3.3 | Demographics of drug-induced anaphylaxis

An overview of our findings on characteristics of drug-induced ana-
phylaxis versus anaphylaxis caused by foods or insects (Table 2):

Data collected from European
Anaphylaxis Registry
(July 2007 - March 2019)
n=12848

| ~ Non-drug related cases
v g n=10138

Drug-induced anaphylaxis (DIA)
n=2346

1 . Suspected trigger > 1
v n=144

Cases with confirmed
or reasonable suspicion of DIA
n=2202
| . Ring & Messmer grade |
v n=233

Severity grade II-IV
according to Ring & Messmer

A

A

n=1969
Specific immunotherapy
i > (SIT)
n=154

Drug-induced anaphylaxis (DIA)
after processing
n=1815

FIGURE 1 Flowchart of the case selection process for the
analysis presented in this publication.

The analysis of sex groups showed the proportion of female
patients suffering from drug-induced anaphylaxis to be higher
than in other anaphylactic reactions (n = 1186, 65.34%, p <.0001),
while DIA in males was less reported (n = 629, 34.66%, p<.0001).
Nevertheless, male patients were admitted to hospital (29.01% vs.
36.57%, p <.05) and the intensive care unit (ICU) (9.61% vs. 16.10%,
p <.05) significantly more often. Also, we found significant differ-
ences among age groups. The number of children (<17 years) with
anaphylaxis to drugs (n = 153, 8.43%) was low compared with ana-
phylaxis induced by other triggers (n = 3091, 32.01%), while se-
niors (265 years) were more frequently affected (n = 308, 16.97%,
p<.0001). However, children were significantly more likely to be
admitted to hospital than adults (18-64years) and seniors (44.44%
vs. 30.44%, p<.05). Furthermore, the mortality rate in DIA was
significantly higher (n = 12, 0.67%) than in anaphylaxis caused by
foods or insects (0.21%, p <.05). The levels of tryptase after a re-
action in patients with anaphylaxis due to drugs were analyzed but
were not reported due to limited numbers available (n = 589).

3.4 | Symptom profile of DIA

We differentiated between four different groups of symptoms. DIA
patients had symptoms affecting the skin and mucous membranes
(n = 1525, 84.02%), the respiratory (n = 1300, 71.63%), the car-
diovascular (n = 1251, 68.93%), and the gastrointestinal systems
(n = 549, 30.25%). Cutaneous manifestations as angioedema and
urticaria in DIA were reported significantly more often in children
(angioedema 62.09% and urticaria 62.75%) and were likewise less
frequent in the age group of seniors (angioedema 33.77% and ur-
ticaria 31.17%, p<.0001). Moreover, our analysis revealed that
the emergency treatment differed according to the predominating
symptom (see Table 3 and Table S7).

DIA patients with cutaneous symptoms (n = 1525, 84.02%)
received significantly more antihistamines (n = 836, 54.82%,
p<.0001) and corticosteroids (n = 935, 61.31%, p<.0001). DIA
patients with respiratory symptoms (n = 1300, 71.63%) received
beta-2-agonists more often (n = 98, 7.54%, p <.0001). DIA patients
with cardiovascular symptoms (n = 1251, 68.93%) received adren-
aline significantly more often (n = 346, 27.66%, p<.0001), and
DIA patients suffering from gastrointestinal symptoms (n = 549,
30.25%) were less likely to receive adrenaline in the emergency
room (n = 101, 18.40%, p <.05).

3.5 | Severity, hospitalization, and
treatment of DIA

The analysis of the severity of drug-induced anaphylaxis indicates
that drugs caused more severe reactions (Ring & Messmer grade |V
5.62%, p<.0001) than foods (Ring & Messmer grade IV 0.84%) and
insect venom (Ring & Messmer grade IV 2.28%). Not surprisingly,
we also found that significantly more reactions to drugs occurred in
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TABLE 1 Mostrepresented ATC groups described in main drug group, sub drug group, and subsub drug group—distinguished in

confirmed and highly suspected

Highl
Drug group Subgroup Subsubgroup Confirmed, n sufpe)::ted, n Total, n (%)
All drugs 1153 662 1815 (100)
Analgesics 424 325 749 (41.27)
NSAID 254 233 490 (65.42)
Propionic acid derivatives 83 87 170 (34.69)
Acetic acid derivatives and related substances 89 78 167 (34.08)
Salicylic acid and derivatives 70 45 115 (23.47)
Other NSAID (fenamates and coxibs) 15 23 38 (7.76)
Other analgesics and antipyretics (specified) 165 83 248 (33.11)
Pyrazolones 143 48 191 (77.02)
Anilids 18 16 34 (13.71)
Unspecified other analgesics and antipyretics 7 16 23(9.27)
Opioids 4 7 11 (1.47)
Antibiotics 441 161 602 (33.17)
Beta-lactams 332 110 442 (73.42)
Penicillins 197 49 246 (55.66)
Cephalosporins 135 61 195 (44.12)
Quinolones 65 28 93(15.45)
Macrolides, lincosamides, and streptogramins 19 11 30 (4.98)
Other antibiotics 25 12 37 (6.15)
Local anesthetics 66 68 134 (7.38)
Contrast media 74 20 94 (5.18)
Antineoplastic agents/ 44 22 66 (3.64)
immunomodulating
agents
Proton-pump inhibitors 30 19 49 (2.70)
Other drugs 74 47 121 (6.67)
medical facilities (n = 847, 46.67%, p <.0001) compared with foods 3.6 | Elicitor-specific analysis

and insects. Likewise, 84.31% of all RM grade IV reactions occurred
inside medical facilities.

Regarding postreaction care, the hospitalization (n = 574,
31.63%, p<.05) and the ICU (h = 215, 11.85%, p<.0001) admis-
sion rates were higher in DIA than in anaphylaxis to other elicitors.
Children suffering from DIA were more likely to undergo hospital
admission than other age groups (p<.05). Female DIA patients
were significantly less likely to be admitted to the hospital (n = 344,
29.01%, p<.05) or ICU (n = 114, 9.61%, p <.05). As pointed out ear-
lier, however, older patients were treated more often in ICUs due
to higher reaction severity with advanced age (10.46% in children;
11.30% in adults; and 14.94% in seniors).

Subsequently, we examined the emergency treatment that pa-
tients received for an anaphylactic reaction. Here, we found that pa-
tients received significantly more therapeutic agents compared with
other elicitors of anaphylactic reactions, except for beta-2-agonists
(n = 107, 5.90%, p<.05) (see Table 2). For the treatment of drug-
induced anaphylactic reactions, corticosteroids were administered
57% of the time, followed by antihistamines (51%), adrenaline (23%)
as well as beta-2-agonists (6%) and glucagon (0.06%).

To improve the medical management of DIA, it is necessary to exam-
ine individual drug groups in more detail, as shown in the subsequent
sections. Table 1 gives an overview of the groups, their structure,
and the proportion of all drugs that triggered anaphylaxis. Further
analysis focused on the main drug groups with more than 50 regis-
tered anaphylactic reactions, while PPIs were included in the figures.

3.7 | Analgesics

Analgesics are the most common culprits for drug-induced anaphylaxis
in the European Anaphylaxis Registry (n = 749, 41.27%). According to
the Anatomical Therapeutic Chemical (ATC) classification system,'*
analgesics are classified into three subgroups: Nonsteroidal anti-
inflammatory drugs (NSAIDs), other analgesics and antipyretics (pyra-
zolones and anilids) and opioids. Opioids were not analyzed any further
since opioid-triggered anaphylaxis was reported only four times in the
dataset. Theresults obtained from this analysis are shown in Table 4 and
reveal that analgesics as a trigger for anaphylaxis occurred significantly
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Anaphylaxis induced by
other triggers, n (%)

Drugs, n (%)

Total 1815 (100) 9657 (100)
Sex

Female 1186 (65.34) 4633 (47.98)

Male 629 (34.66) 5024 (52.02)
Age

Children 153(8.43) 3091 (32.01)

Adults 1354 (74.60) 5545 (57.42)

Seniors 308 (16.97) 1021 (10.57)
Symptoms

Gastrointestinal 549 (30.25) 4106 (42.52)
Severity according to Ring & Messmer

Grade lll 637 (35.10) 4220 (43.70)

Grade IV 102 (5.62) 161 (1.67)
Setting

Inside medical facility 847 (46.67) 449 (4.65)

Outside medical facility 751 (41.38) 7507 (77.74)
Emergency treatment

Antihistamines 928 (51.13) 4479 (46.38)

Beta-2-agonists 107 (5.90) 733 (7.59)

Corticosteroids 1039 (57.25) 4907 (50.81)

Adrenaline 421 (23.20) 1721 (17.82)
Postreaction care

Hospital admission 574 (31.63) 2663 (27.58)

ICU 215(11.85) 526 (5.45)

TABLE 2 Demographics of drug-
induced anaphylaxis: characteristics
of drug-induced anaphylaxis versus
anaphylaxis caused by other triggers
(foods or insects)

Chi? test

p <.0001
p <.0001

p <.0001
p <.0001
p <.0001

p <.0001

p <.0001
p <.0001

p <.0001
p <.0001

p<.05
p < .05
p<.05
p <.0001

p < .05
p <.0001

Note: The differences between groups were assessed with the Chi-squared or the Fisher's exact

test. p-values <.05 were considered statistically significant.

more often in male patients (n = 289, 38.58%, p<.05) and children
(n = 77, 10.28%, p<.05) compared with other drugs. Cardiovascular
symptoms (n = 461, 61.55%, p<.05) and severe reactions (RM Grade
IV n=27,3.60%,p<.05)were recorded significantly less in comparison
with other drug groups, as illustrated in Figure 2.

Analgesic-triggered anaphylaxis occurred more frequently out-
side of medical facilities (n = 375, 50.07%, p<.0001) and led to fewer
ICU admissions (n = 73, 9.75%, p <.05), although there was no signifi-
cant difference in hospital admissions in general. In emergency treat-
ment, adrenaline was used significantly less (n = 138, 18.42%, p<.05).
However, no significance regarding other emergency drugs, such as

antihistamines, beta-2-agonists, and corticosteroids was observed.

3.8 | Nonsteroidal anti-inflammatory drugs
(NSAIDs)

NSAIDs were the primary cause of analgesic-induced anaphylaxis
(n=490, 65.42%, Table 5). The data indicate that anaphylaxis triggered
by NSAIDs occurs significantly more often in seniors (n = 88, 17.96%,
p <.05) compared with other analgesics. Severe reactions (n =4,0.82%,
p<.0001)and ICU admissions (n=33,6.73%, p <.05) were recorded sig-
nificantly less frequently than in other analgesic-induced anaphylaxis.

Furthermore, we observed that anaphylactic reactions happened less
often inside medical facilities (n = 73, 14.90%, p <.0001). Also, patients
with anaphylaxis triggered by NSAID received more antihistamines
(n = 254, 51.84%, p<.05) and more corticosteroids (n = 269, 54.90%,
p<.05) compared with reactions due to other analgesics.

The NSAID subgroup analysis is summarized in Table S1, and al-
though it shows some statistically significant findings, the data must

be taken with caution due to low case numbers.

3.9 | Antibiotics

After analgesics, antibiotics were the second most frequent culprit
of DIA (n = 602, 33.17%). We found that anaphylactic reactions
occurred more often outside medical facilities (n = 185, 30.73%,
p<.0001), but then led to hospital admissions (n = 220, 36.54%,
p<.05) because of severe reactions (Table S2 and Figure 2).

During the emergency treatment, patients reacting to antibiotics
were more likely to be treated with adrenaline (n = 184, 30.56%,
p <.0001) and received corticosteroids more often (n = 389, 64.62%,
p<.05). We also analyzed the different subgroups of antibiotics (as
detailed in Table 1); however, the number of cases was limited, and
therefore, we did not examine the subgroups further.
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TABLE 3 Symptom profile of DIA (skin

symptoms, gastrointestinal symptoms,

respiratory symptoms, and cardiovascular

symptoms) and significant differences in Total

emergency treatment Emergency treatment
Antihistamines

Corticosteroids

Total
Emergency treatment

Adrenaline

Total
Emergency treatment

Beta-2- agonists

Total
Emergency treatment

Adrenaline

DIA cutaneous

DIA all other symptoms,

symptoms, n (%) n (%) Chi? test
1525 (100) 290 (100)

836 (54.82) 92 (31.72) p <.0001
935 (61.31) 104 (35.86) p <.0001
DIA gastrointestinal DIA all other symptoms,  Chi? test
symptoms, n (%) n (%)

549 (100) 1266 (100)

101 (18.40) 320 (25.28) p <.05
DIA respiratory DIA all other symptoms,  Chi? test
symptoms, n (%) n (%)

1300 (100) 515 (100)

98 (7.54) 9 (1.75) p <.0001
DIA cardiovascular DIA all other symptoms,  Chi? test
symptoms, n (%) n (%)

1251 (100) 564 (100)

346 (27.66) 75 (13.30) p <.0001

Note: The differences between groups were assessed with the Chi-squared or the Fisher's exact
test. p-Values <.05 were considered statistically significant.

TABLE 4 Characteristics of analgesics
in comparison with anaphylaxis induced

Anaphylaxis induced by other

by other triggers Analgesics, n (%) triggers, n (%) Chi? test
Total 749 (100) 1066 (100)
Sex
Male 289 (38.58) 340 (31.89) p<.05
Age
Children 77 (10.28) 76 (7.13) p <.05
Symptoms
Cardiovascular 461 (61.55) 790 (74.11) p <.05
Severity according to Ring & Messmer
Grade IV 27 (3.60) 75 (7.04) p <.05
Setting
Inside medical facility 165 (22.03) 682 (63.98) p <.0001
Emergency treatment
Adrenaline 138 (18.42) 283 (26.55) p <.05
Postreaction care
ICU 73(9.75) 142 (13.32) p<.05
Note: The differences between groups were assessed with the Chi-squared or the Fisher's exact
test. p-Values <.05 were considered statistically significant.
3.9.1 | Local anesthetics were only suspected (see Table 1). The deeper data analysis identi-

Beyond analgesics and antibiotics, local anesthetics were the third
largest ATC drug group given as an elicitor of anaphylaxis in our
dataset (n = 134, 7.38%). However, only 49.25% of all registered
DIA to local anesthetics were confirmed (n = 66), while all others

fied that 65 of these 134 cases were reports provided from a single
center. Comparing these single-center DIA to local anesthetics with
all other reports to local anesthetics, we found no significant dif-
ferences, see Table S8. We address this fact in more detail in the

discussion.
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FIGURE 2 Symptom/severity proportion among age groups in main drug groups.

Anaphylaxis induced by other

NSAID, n (%) analgesics, n (%)

Total 490 (100) 259 (100)
Age

Seniors 88 (17.96) 28 (10.81)
Severity according to Ring & Messmer

Grade IV 4(0.82) 23(8.88)
Setting

Inside healthcare facility 73 (14.90) 92 (35.52)
Emergency treatment

Antihistamines 254 (51.84) 99 (38.22)

Corticosteroids 269 (54.90) 91 (35.14)
Postreaction care

Intensive Care Unit 33(6.73) 40 (14.44)
Concomitant diseases

Current infection 39 (7.96) 9(3.47)

Mastocytosis 8(1.63) 24 (9.27)
Medication as cofactor

Statins 15 (3.06) 17 (6.56)

100%
75%
- Ring & Messmer
§ 50% M Grade Il
& Grade Il
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0
S o W@ D
. & & & &
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TABLE 5 Characteristics of anaphylaxis
Chi test in nonsteroidal anti-inflammatory drugs
compared with anaphylaxis induced by
other analgesics
p < .05
p <.0001
p <.0001
p < .05
p < .05
p <.05
p < .05
p <.0001
p < .05

Note: The differences between groups were assessed with the Chi-squared or the Fisher's exact

test. p-Values <.05 were considered statistically significant.
Abbreviation: NSAID, nonsteroidal anti-inflammatory.

In Table S3, we show the analysis of anaphylaxis due to local
anesthetics vs. other drugs. Skin symptoms were less often de-
scribed in anaphylaxis to local anesthetics than with other drugs
(n = 59, 44.03%, p<.0001). Regarding emergency treatment, pa-
tients reacting to local anesthetics received significantly less anti-
histamines (n = 29, 21.64%, p <.0001), less corticosteroids (n = 34,
25.37%, p<.0001), and less adrenaline (n = 13, 9.70%, p<.05).
Patients with anaphylaxis to local anesthetics presented signifi-
cantly more often with stress/anxiety (n = 29, 21.64%, p <.05) and
thyroid disease (n = 20, 14.93%, p <.05) but less often in associa-
tion with infections.

3.10 | Radiocontrast media (RCM)

Anaphylactic reactions to RCM accounted for 5.18% (n = 94) of all
DIA. Table S4 compares RCM vs. other drugs. While there was no
significance regarding the patients' sex, we found that anaphylaxis
due to RCM was rare in children (n = 1, 1.06%, p <.05), while seniors
are significantly more often affected (n = 28, 29.79%, p <.05), com-
pared with other drugs. Furthermore, we found that anaphylactic
reactions due to radiocontrast media were significantly more severe
(n =11, 11.70%, p <.05) and occurred almost only inside medical fa-
cilities (n = 92, 97.87%, p <.0001). Regarding concomitant diseases,
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significantly more cardiovascular disease (n = 38, 40.43%, p<.05),
thyroid disease (n = 17, 18.09%, p<.05), as well as malignant dis-
ease (n = 20, 21.28%, p<.0001) compared with other drugs were
reported. The co-medication of ACE inhibitors and thyroxine was
taken significantly more in patients reacting anaphylactic to RCM.

3.11 | Tryptase

Tryptase values were not provided from all registered cases and only
measured outside the reaction. The mean value for drug-induced
anaphylaxis was 7.50 pg/L (n = 704), insect-induced anaphylaxis
6.55 pg/L (n = 3057), and in food-induced anaphylaxis 5.37 pg/L
(n = 1071), which is statistically significant due to the high numbers

of values.

4 | DISCUSSION

In this study, we analyzed a large dataset of drug-induced ana-
phylaxis covering more than one decade. Drugs are the third most
common cause of anaphylaxis after foods and insect venom in the
European Anaphylaxis Registry. However, severe reactions and re-
actions that needed to be treated in hospital and ICU occurred sig-
nificantly more often with DIA compared with other elicitors, which
is consistent with other studies.’® Furthermore, hospitalization rates
in DIA reported within the European Anaphylaxis Registry were sig-
nificantly higher than in anaphylaxis caused by other triggers, even-
tually linked to the most common location of occurrence: medical
facilities.

4.1 | Ageasafactor

Anaphylaxis affects people of all ages, according to this study. The
age group that presented most frequently with DIA were adults,
leaving children and seniors far behind®® (Figure 3). While medica-
tion use differs by age group, polypharmacy is common among the

elderly and time necessary for sensitization is shorter compared

Age density

1.00 " s — —— ——

Age

WiILEY- L%

with younger patients.}” As published earlier, the average severity of
reactions increases with age.*®%’ This might contribute to the higher

absolute numbers of DIA in this group.20

4.2 | Sexasafactor

The majority of anaphylaxis occurred in women, as also reported
in numerous other studies.?!?* Interestingly enough, data from
Korean databases show different sex proportions.”*25 The hormone
estradiol has been discussed as a potentiator for sex differences in
anaphylaxis,? as it may reinforce mast cell releasability.?” We found
that male patients, however, developed significantly more severe re-
actions than female patients.® A possible cause might be that with
increasing age men tend to be multimorbid compared with women

of the same age.28

4.3 | Symptoms

In concordance with other studies, we found that the most frequent
symptoms in DIA were skin symptoms and the least frequent were
gastrointestinal symptoms.?’ Nevertheless, these symptoms still oc-
curred in one in three patients in our database, contradicting other
studies from Portugal or Korea, where the proportion of gastrointesti-
nal (GIT) symptoms was lower.2>?>20 This may partly be explained by
the greater use of analgesics23 in the regions covered by the European
Anaphylaxis Registry (EAR). We showed that children presented more
often with skin symptoms than adults and seniors, which is in concord-
ance with previous studies.?”*! However, we found no significant dif-
ference in the occurrence of cardiovascular symptoms compared with

other culprits—which contradicts other studies.*?

4.4 | Severity and emergency treatment
Our findings are in line with previous research, as higher age and
male sex are associated with severe anaphylaxis.>®** The analysis
of emergency treatment based on symptoms has revealed that the
Age
Age group 1.00-
[ crigren (0-11) ..
0.75- s
ex

0.02- < 0.75-
. —~ s Adolescents (12-17)
2 £
2 g 0.80- Young adults (18-44)  0-50° Female
& 0.01- o | Vvale
o & o 9.25. . Older adults (45-64) 0.25.
0.00- 0.00 -- - . Seniors 65+ 0.00-
0 25 50 75 B o o R
& 3 & & &’ &
Age (years) & 5L ® & 0L
E RS ¥V @S
! Lo & \? & A\
== Analgesics Antibiotics & &P & &P
VY Ny

Contrast media = |ocal anesthetics

FIGURE 3 Age/sex comparison in main drug groups.
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more detrimental the symptom (e.g., skin symptoms vs. cardiovascu-
lar symptoms), the more likely a patient was to receive adrenaline.®®
Our data show that adrenaline was only administered in 23.20%
of cases (see Table 2), but significantly more than with other cul-
prits, which is in concordance with other studies.*® According to the
guidelines, however, adrenaline is supposed to be given in any case
of anaphylaxis.”®” We conclude that anaphylaxis is often not rec-
ognized as such and hence not treated appropriately.®>3® Previous
reports also found that anaphylaxis is frequently not treated accord-

ing to the guidelines.**1:3

4.5 | Drug groups

Coinciding with previous studies,?%40™43

we identified analgesics
and antibiotics as the most common cause for drug-induced anaphy-

laxis followed by local anesthetics and radiocontrast media.

4.6 | Analgesics: NSAIDs

Within the group of analgesics, NSAIDs were the most often ad-
ministered drug group,44 with ibuprofen being the most frequently
reported individual drug. We found that drugs of this group were
commonly used, compared with other age groups, seniors reacted
significantly more. At the same time, anaphylaxis triggered by
NSAID presented with significantly less severe reactions and symp-
toms that rarely lead to hospital admissions.?® However, this seems
to make these cases difficult for practitioners to recognize as ana-
phylaxis.*>*¢ The fact that patients rarely received adrenaline as
emergency treatment supports this assumption.

Among the subgroups of NSAIDs, we found that propionic acid
derivatives and acetic acid derivatives are mainly characterized by
the age group they are administered to. In this database, most of
the reported DIA to NSAIDs in children were due to propionic acid
derivatives and in seniors due to acetic acid derivatives—both do not
seem to cause severe reactions.

For salicylic acid, however, we found that people with respira-
tory diseases are more susceptible to hypersensitivity reactions.*’
This should be considered when prescribing medications. For the
group of pyrazolones, we found that they lead to severe reactions.
However, this could be attributed to the fact they are often given

after surgery, that is, to patients in a state of physical vulnerability.

4.7 | Antibiotics

As also shown in prior studies, we found that antibiotics cause a
significant proportion of DIA—they were found to be the second
largest group of anaphylaxis-triggering drugs.*14#34>48 \We found
that the reactions often occur at home; where these drugs are taken

but patients frequently end up in hospital due to the severity of

symptoms.*’ Beta-lactams are by far the most common antibiotic

class causing anaphylaxis.>°

4.8 | Local anesthetics

An interesting finding occurred when we analyzed local anes-
thetics. Reactions occur very rarely, and if they occur, they show
inconspicuous symptoms.50 We found that these cases of anaphy-
laxis are therefore not adequately treated. This might be concern-
ing, because the severity of the caused reactions is comparable to
those of other drugs. As mentioned before, more than half of the
reported cases stemmed from one single center. Local anesthetics
may cause a vasovagal reaction.”® Symptoms (e.g., fainting) may
or may not (e.g., when skin symptoms are missing) resemble an
anaphylactic reaction. However, we did not find significant differ-
ences within the reports of single centers to DIA by local anes-
thetics. The high number of cases from one center may not be
related to a quality deviation. If these cases are excluded from all
DIA for this analysis, local anesthetics drop to the fourth most

common drug group (n = 69, 3.8%).

49 | Radiocontrast media (RCM)

RCM has been previously reported as a common cause of anaphylac-
tic reactions.*® We observed that anaphylaxis to RCM occurs more

frequently in the elderly and leads to more severe reactions.

410 | Tryptase

We do not have tryptase levels from all DIA patients, and if avail-
able, it has not only been determined outside the reaction (baseline).
Although tryptase levels were slightly higher in drug-induced ana-
phylaxis versus insects and food—which was also statistically signifi-
cant due to the high sample size, this finding needs a further analysis

in the future (e.g., subgroups, age and sex match, etc.).

4.11 | Limitations

A weakness of the study is that different application methods (intra-
muscular, intravenous, and oral) of the anaphylaxis-inducing drugs
are not distinguished. To address this, the EAR data entry form
would need adjustment. The high numbers of DIA triggered by local
anesthetics must be taken with great care as allergy testing including
provocation tests have often not been performed in supposingly af-
fected patients and a vasovagal reaction is a well-known potentially
likely differential diagnosis. Moreover, the local anesthetic prepa-
rations may contain additives, which could also be a possible trig-

ger factor (e.g., sulfite) rather than the anesthetic substance itself.
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Another limitation is that it remains unclear how the specialists drew
the line between confirmed and highly suspected cases when ap-
plying the EACCI guidelines since this can be strongly influenced by
experience and local best practices. Data may not be representative
for a given country and may be biased depending on the focus of the
given allergy center.

5 | CONCLUSION

Anaphylaxis is a severe, life-threatening reaction that requires
prompt evaluation and management. To recognize and treat anaphy-
lactic reactions in a timely manner, health professionals need to be
trained appropriately. We provide scientific evidence, with a large
number of cases from Europe for what has been suspected for a long
time, for example, analgesics and antibiotics being the most frequent
culprits for DIA.

Adrenaline is only administered in a small fraction of anaphylaxis
cases despite clear national and international recommendations.
Improvement can only be achieved by a better dissemination of
guidelines, but also a better knowledge to recognize anaphylaxis and
their elicitors.®” The study improves the understanding of certain
drug groups in different age groups and gender. Symptom patterns
of drug groups contribute to better clinical management, especially
for immediate emergency treatment. The findings of this study shed

light on the characteristics and risk patterns of DIA.

AUTHOR CONTRIBUTIONS

T Hanschmann performed data analysis and wrote the manuscript.
W Francuzik, S Dolle-Bierke, K Scherer Hofmeier, L Grabenhenrich,
F Ruéff, JM Renaudin, C Pfohler, R Treudler, MB Bilo, R Lang, LF
Ensina, G Christoff, V Cardona, N Wagner, N Reider, S Miller, and
H Dickel collected the data, contributed to the interpretation of
data, and revised the manuscript critically for important intellectual
content. M Worm created the conception and design of the study,
managed data acquisition, contributed to the interpretation of data,
and revised the manuscript critically. All authors approved the final

version of the manuscript for publication.

ACKNOWLEDGMENTS

We thank all patients, parents, and their children for their sup-
port in providing data. We thank the study personnel for pa-
tient counseling and data entry: J. Grinhagen, V. Hofer, A.
Méser (Jena, Germany), B. Wedi (Hannover, Germany), A. Bauer
(Dresden, Germany), E. Rietschel (Cologne, Germany), S. Aurich,
J. Zarnowski (Leipzig, Germany), W. Aberer (Graz, Austria), K.
Hartmann (Basel, Switzerland), A. K&hli (Zurich, Switzerland), F.
Riffelmann (Schmallenberg, Germany), B. Kreft (Halle, Germany),
K. Nemat (Dresden, Germany), T. Kinaciyan (Vienna, Austria), J.
Witte (Hamburg, Germany), U. Rabe (Treuenbritzen, Germany),
P. Schmid-Grendelmeier (Zurich, Switzerland), S. Nestoris (Lippe-
Lemgo, Germany), T. Hawranek (Salzburg, Austria), L. Lange (Bonn,
Germany), G. Hansen (Hanover, Germany), Z. Szepfalusi (Vienna,

Austria), P. Eng (Aarau, Switzerland), P. Eng (Lucerne, Switzerland),
T. Reese (Rheine, Germany), M. Polz (Risselsheim, Germany), G.
Stichtenoth (Liibeck, Germany), S. Thies (Schwedt, Germany), I. Yildiz
(Neuminster, Germany), M. Gerstlauer (Augsburg, Germany), A.
Nordwig (Dresden, Germany), P. Utz (Wangen im Allgdu, Germany),
J. Klinge (Firth, Germany), J. Fischer (Tibingen, Germany), A.
Henschel (Berlin, Germany), S. Plank-Habibi (Alzenau, Germany), D.
Solé, P. Guerzet Ayres Bastos, F. Andrade Nunes, I. Camelo-Nunes,
R. Cocco (Sao Paulo, Brazil), B. Schilling (Passau, Germany), A.
Kleinheinz (Buxtehude, Germany), K. Schikel (Heidelberg, Germany),
N. Papadopoulus (Athen, Greece), M. Kowalski (Lodz, Poland), M.
Fernandez-Rivas (Madrid, Spain), K. Solarewicz-Madajek (Wroclaw,
Poland), C. Kérner-Rettberg (Bochum, Germany), S. Tscheiller and
all members of the Allergy vigilance network, France, T. Mustakov
(Sofia, Bulgaria), C. Kemen (Hamburg, Germany), F. Prenzel (Leipzig,
Germany), C. Ebner (Vienna, Austria), J. Seidenberg, H. Koster
(Oldenburg, Deutschland), S. Hammerling (Heidelberg, Germany),
B. Garcia (Pamplona, Spain), N. Cabaiies Higuero (Toledo, Spain),
A. Vega Castro (Guadalajara, Spain), |. Poziomkowska-Gesicka
(Szczecin, Poland), S. Buising (Osnabriick, Germany), U. Staden
(Berlin, Germany), C. Virchow (Rostock, Germany), U. Jappe (Borstel,
Germany), H. Straube (Darmstadt, Germany), C. Vogelberg (Dresden,
Germany), F. Knopfel (Norderney, Germany), J. Hourihane (Cork,
Ireland), B. Rogala (Silesia, Poland), T. de Vincente (Madrid, Spain), A.
Muraro (Padua, Italy), T. Buck und J. Busselberg (Hanover-Misburg,
Germany), N. Zimmermann (Potsdam, Germany), D. Hernandez
(Valencia, Spain), P. Minale (Genua, Italy), S. Altrichter (Linz, Austria),
A. Reissig (Gera, Germany), F. Horak (Vienna, Austria), H. Ott
(Hanover, Germany), R. Asero (Milan, Italy), F. Hermann, S. Zeidler (St.
Augustin, Deutschland), S. Pistauer (Sylt/Westerland, Germany), E.
Cichoka-Jarosz (Krakow, Poland), A. Plaza Martin (Barcelona, Spain),
J. Meister (Aue, Germany), S. Hompes, P. Stock (Hamburg, Germany),
E. Hamelmann (Bielefeld, Germany), T. Spindler (Davos, Switzerland),
|. Neustadter (Nuremberg, Germany), A. Fiocchi, S. Arasi (Rome,
Italy), I. Maris (Cork, Ireland), Antonia Kragten (Innsbruck, Austria),
Anne-Catherine Wagner, and Catherine Bourg (Freiburg, Germany).
Open Access funding enabled and organized by Projekt DEAL.

FUNDING INFORMATION
The anaphylaxis register is organized and supported as part of the
Network for Online Registration of Anaphylaxis (NORA e.V.).

CONFLICT OF INTEREST

MW declares honoraria for lectures and consulting from ALK-Abellé
Arzneimittel GmbH, Mylan Germany GmbH, Leo Pharma GmbH,
Sanofi-Aventis Deutschland GmbH, Regeneron Pharmaceuticals,
DBV Technologies S. A, Stallergenes GmbH, HAL Allergie GmbH,
Allergopharma GmbH & Co.KG, Bencard Allergie GmbH, Aimmune
Therapeutics UK Limited, Actelion Pharmaceuticals Deutschland
GmbH, Novartis AG, Biotest AG, AbbVie Deutschland GmbH &
Co. KG and Lilly Deutschland GmbH. KS reports honoraria for lec-
tures and consulting from Allergopharma, Sanofi-Aventis, Abbvie,
Menarini and Takeda, outside submitted work. NW is or recently

85U8017 SUOWILLOD 3A1I1D) 3ot [dde aup Ag peuseno a2 Ssoile O ‘8sN JO S8|ni o} Akeiq18UljuQ AB|IM UO (SUOPUOD-PUB-SWLBH 00" A8 1M Aeq Ul [Uo//:SdnL) SUOBIPUOD pue sWe 1 8y} 88S *[202/60/.T] U0 A%idiTauluo A8 * LNLIISNI HOOM 14390y - WiniS eossar Aq ZT9ST'(l/TTTT 0T/I0pwW0d A8 |im Akeidijpuluo//:sdny wouj pepeojumod ‘9 ‘€202 ‘S66686€T



HANSCHMANN ET AL.

was a speaker and/or advisor for and/or has received research fund-
ing or is/was involved in clinical trials of/from ALK-Abell6, Novartis
Pharma GmbH, Allergopharma GmbH &Co KG, Shire/Takeda,
Blueprint, Abbvie GmbH & Co KG. FR declares honoraria for lec-
tures from Abbvie, ALK Abellé Arzneimittel GmbH, Allergopharma,
Bencard, HAL, LEO Pharma, Mylan, Novartis Pharma GmbH,
Stallergénes GmbH, ThermoFisher, UCB and for consultancy out-
side of the submitted work form ALK Abello, Allergopharma,
Boehringer Ingelheim, Blueprint medicines, LEO Pharma, Novartis
Pharma GmbH, and UCB. RT is or recently was a speaker and/or ad-
visor for and/or has received research funding or is/was involved in
clinical trials of/from ALK-Abellé Arzneimittel GmbH, CSL-Behring
Deutschland GmbH, Novartis Pharma GmbH, Shire/Takeda, Abbvie
Deutschland GmbH, Pfizer Deuschland GmbH, Sanofi-Aventis
Deutschland GmbH, and Lilly Deutschland GmbH (all outside the
submitted work). CP declares the following COls outside the sub-
mitted work: CP received honoraria (speaker honoraria or honoraria
as a consultant) and travel support from Novartis, BMS, Roche,
Merck Serono, MSD, Celgene, AbbVie, Sunpharma, Kyowa Kirin,
and LEO. LFE declares COIl outside the submitted work: honoraria
for lectures and consulting from Novartis, Sanofi, and Abbvie and
participation in clinical trials from Novartis, Sanofi, and Amgen.
The other authors declare that they have no relevant conflicts of
interest.

ORCID

Theresa Hanschmann " https://orcid.org/0000-0001-5418-2098
https://orcid.org/0000-0001-5361-9876
Sabine Délle-Bierke " https://orcid.org/0000-0002-3339-0709
Kathrin Scherer Hofmeier "= https://orcid.
org/0000-0002-5235-2556
https://orcid.org/0000-0002-9300-6625

https://orcid.org/0000-0001-7109-8031

Wojciech Francuzik

Linus Grabenhenrich

Franziska Ruéff

Claudia Pféhler "= https://orcid.org/0000-0003-0384-114X
M. Beatrice Bilo "= https://orcid.org/0000-0002-9324-6039
Roland Lang “* https://orcid.org/0000-0002-9750-0188

Luis Felipe Ensina
George Christoff
Victoria Cardona

https://orcid.org/0000-0001-8652-3619
https://orcid.org/0000-0003-4549-7711
https://orcid.org/0000-0003-2197-9767
https://orcid.org/0000-0002-6040-9305
https://orcid.org/0000-0001-6837-4402
https://orcid.org/0000-0002-3449-1245

Nicola Wagner
Heinrich Dickel
Margitta Worm

REFERENCES

1. Cardona V, Ansotegui 1J, Ebisawa M, et al. World allergy or-
ganization anaphylaxis guidance 2020. World Allergy Organ J.
2020;13(10):100472. doi:10.1016/j.waojou.2020.100472

2. Worm M, Eckermann O, Délle S, et al. Triggers and treatment of
anaphylaxis: an analysis of 4,000 cases from Germany, Austria and
Switzerland. Dtsch Arztebl Int. 2014;111(21):367-375. doi:10.3238/
arztebl.2014.0367

3. OECD. Health at a Glance 2019: OECD Indicators. OECD Publishing;
2019, Health at a Glance 2019: OECD Indicators. Accessed June 19,
2020, page 209.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Panesar SS, Javad S, de Silva D, et al. The epidemiology of ana-
phylaxis in Europe: a systematic review. Allergy. 2013;68(11):1353-
1361. doi:10.1111/all.12272

Kidon M, Blanca-Lopez N, Gomes E, et al. EAACI/ENDA position
paper: diagnosis and management of hypersensitivity reactions
to non-steroidal anti-inflammatory drugs (NSAIDs) in children
and adolescents. Pediatr Allergy Immunol. 2018;29(5):469-480.
doi:10.1111/pai.12915

Chaaban MR, Warren Z, Baillargeon JG, Baillargeon G, Resto V,
Kuo YF. Epidemiology and trends of anaphylaxis in the United
States, 2004-2016. Int Forum Allergy Rhinol. 2019;9(6):607-614.
doi:10.1002/alr.22293

Gupta R, Sheikh A, Strachan DP, Anderson HR. Time trends in al-
lergic disorders in the UK. Thorax. 2007;62(1):91-96. doi:10.1136/
thx.2004.038844

Lieberman PL. Recognition and first-line treatment of ana-
phylaxis. Am J Med. 2014;127(1 Suppl):S6-S11. doi:10.1016/j.
amjmed.2013.09.008

Turner PJ, Campbell DE, Motosue MS, Campbell RL. Global
trends in anaphylaxis epidemiology and clinical implications. J
Allergy Clin Immunol Pract. 2020;8(4):1169-1176. doi:10.1016/j.
jaip.2019.11.027

Bilo MB, Corsi A, Martini M, Penza E, Grippo F, Bignardi D.
Fatal anaphylaxis in Italy: analysis of cause-of-death national
data, 2004-2016. Allergy. 2020;75(10):2644-2652. doi:10.1111/
all.14352

Turner PJ, Gowland MH, Sharma V, et al. Increase in anaphylaxis-
related hospitalizations but no increase in fatalities: an analysis of
United Kingdom national anaphylaxis data, 1992-2012. J Allergy Clin
Immunol. 2015;135(4):956-963.e1. doi:10.1016/j.jaci.2014.10.021
Castells M. Diagnosis and management of anaphylaxis in pre-
cision medicine. J Allergy Clin Immunol. 2017;140(2):321-333.
doi:10.1016/j.jaci.2017.06.012

R Core Team. (2021). R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna,
Austria. https://www.R-project.org/

Whocc.no. 2021. WHOCC - ATC/DDD Index. https://www.whocc.
no/atc_ddd_index/

Wood RA, Camargo CA Jr, Lieberman P, et al. Anaphylaxis in
America: the prevalence and characteristics of anaphylaxis in
the United States. J Allergy Clin Immunol. 2014;133(2):461-467.
doi:10.1016/j.jaci.2013.08.016

Aurich S, Dolle-Bierke S, Francuzik W, et al. Anaphylaxis in el-
derly patients-data from the European anaphylaxis registry. Front
Immunol. 2019;10:750. Published 2019 Apr 24. doi:10.3389/
fimmu.2019.00750

Thong BY, Tan TC. Epidemiology and risk factors for
drug allergy. Br J Clin Pharmacol. 2011;71(5):684-700.
doi:10.1111/j.1365-2125.2010.03774.x

Francuzik W, Kraft M, Scherer Hofmeier K, et al. Anaphylaxis in
middle-aged patients. Allergol Select. 2021;5:133-139. Published
2021 Mar 23. doi:10.5414/ALX02216E

Francuzik W, Ruéff F, Bauer A, et al. Phenotype and risk factors of
venom-induced anaphylaxis: a case-control study of the European
anaphylaxis registry. J Allergy Clin Immunol. 2021;147(2):653-662.
€9. doi:10.1016/j.jaci.2020.06.008

Jerschow E, Lin RY, Scaperotti MM, McGinn AP. Fatal anaphylaxis in
the United States, 1999-2010: temporal patterns and demographic
associations. J Allergy Clin Immunol. 2014;134(6):1318-1328.€7.
doi:10.1016/j.jaci.2014.08.018

Lieberman P, Camargo CA Jr, Bohlke K, et al. Epidemiology of
anaphylaxis: findings of the American College of Allergy, asthma
and Immunology epidemiology of anaphylaxis working group.
Ann Allergy Asthma Immunol. 2006;97(5):596-602. doi:10.1016/
51081-1206(10)61086-1

85U8017 SUOWILLOD 3A1I1D) 3ot [dde aup Ag peuseno a2 Ssoile O ‘8sN JO S8|ni o} Akeiq18UljuQ AB|IM UO (SUOPUOD-PUB-SWLBH 00" A8 1M Aeq Ul [Uo//:SdnL) SUOBIPUOD pue sWe 1 8y} 88S *[202/60/.T] U0 A%idiTauluo A8 * LNLIISNI HOOM 14390y - WiniS eossar Aq ZT9ST'(l/TTTT 0T/I0pwW0d A8 |im Akeidijpuluo//:sdny wouj pepeojumod ‘9 ‘€202 ‘S66686€T


https://orcid.org/0000-0001-5418-2098
https://orcid.org/0000-0001-5418-2098
https://orcid.org/0000-0001-5361-9876
https://orcid.org/0000-0001-5361-9876
https://orcid.org/0000-0002-3339-0709
https://orcid.org/0000-0002-3339-0709
https://orcid.org/0000-0002-5235-2556
https://orcid.org/0000-0002-5235-2556
https://orcid.org/0000-0002-5235-2556
https://orcid.org/0000-0002-9300-6625
https://orcid.org/0000-0002-9300-6625
https://orcid.org/0000-0001-7109-8031
https://orcid.org/0000-0001-7109-8031
https://orcid.org/0000-0003-0384-114X
https://orcid.org/0000-0003-0384-114X
https://orcid.org/0000-0002-9324-6039
https://orcid.org/0000-0002-9324-6039
https://orcid.org/0000-0002-9750-0188
https://orcid.org/0000-0002-9750-0188
https://orcid.org/0000-0001-8652-3619
https://orcid.org/0000-0001-8652-3619
https://orcid.org/0000-0003-4549-7711
https://orcid.org/0000-0003-4549-7711
https://orcid.org/0000-0003-2197-9767
https://orcid.org/0000-0003-2197-9767
https://orcid.org/0000-0002-6040-9305
https://orcid.org/0000-0002-6040-9305
https://orcid.org/0000-0001-6837-4402
https://orcid.org/0000-0001-6837-4402
https://orcid.org/0000-0002-3449-1245
https://orcid.org/0000-0002-3449-1245
https://doi.org//10.1016/j.waojou.2020.100472
https://doi.org//10.3238/arztebl.2014.0367
https://doi.org//10.3238/arztebl.2014.0367
https://doi.org//10.1111/all.12272
https://doi.org//10.1111/pai.12915
https://doi.org//10.1002/alr.22293
https://doi.org//10.1136/thx.2004.038844
https://doi.org//10.1136/thx.2004.038844
https://doi.org//10.1016/j.amjmed.2013.09.008
https://doi.org//10.1016/j.amjmed.2013.09.008
https://doi.org//10.1016/j.jaip.2019.11.027
https://doi.org//10.1016/j.jaip.2019.11.027
https://doi.org//10.1111/all.14352
https://doi.org//10.1111/all.14352
https://doi.org//10.1016/j.jaci.2014.10.021
https://doi.org//10.1016/j.jaci.2017.06.012
https://www.r-project.org/
https://www.whocc.no/atc_ddd_index/
https://www.whocc.no/atc_ddd_index/
https://doi.org//10.1016/j.jaci.2013.08.016
https://doi.org//10.3389/fimmu.2019.00750
https://doi.org//10.3389/fimmu.2019.00750
https://doi.org//10.1111/j.1365-2125.2010.03774.x
https://doi.org//10.5414/ALX02216E
https://doi.org//10.1016/j.jaci.2020.06.008
https://doi.org//10.1016/j.jaci.2014.08.018
https://doi.org//10.1016/S1081-1206(10)61086-1
https://doi.org//10.1016/S1081-1206(10)61086-1

HANSCHMANN ET AL.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

van der Klauw MM, Wilson JH, Stricker BH. Drug-associated ana-
phylaxis: 20years of reporting in The Netherlands (1974-1994) and
review of the literature. Clin Exp Allergy. 1996;26(12):1355-1363.
doi:10.1046/j.1365-2222.1996.d01-300.x

Faria E, Rodrigues-Cernadas J, Gaspar A, et al. Drug-induced
anaphylaxis survey in Portuguese allergy departments. J Investig
Allergol Clin Immunol. 2014;24(1):40-48.

Orhan F, Canitez VY, Bakirtas A, et al. Anaphylaxis in Turkish chil-
dren: a multi-Centre, retrospective, case study. Clin Exp Allergy.
2011;41(12):1767-1776. doi:10.1111/j.1365-2222.2011.03859.x
Ye YM, Kim MK, Kang HR, et al. Predictors of the severity and seri-
ous outcomes of anaphylaxis in korean adults: a multicenter retro-
spective case study. Allergy Asthma Immunol Res. 2015;7(1):22-29.
doi:10.4168/aair.2015.7.1.22

Hox V, Desai A, Bandara G, Gilfillan AM, Metcalfe DD, Olivera
A. Estrogen increases the severity of anaphylaxis in female mice
through enhanced endothelial nitric oxide synthase expression and
nitric oxide production. J Allergy Clin Immunol. 2015;135(3):729-
736.€5. doi:10.1016/j.jaci.2014.11.003

Francuzik W, Nassiri M, Babina M, Worm M. Impact of sex on ana-
phylaxis severity-data from the Anaphylaxis Registry. J Allergy Clin
Immunol. 2015;136(5):1425-1426. doi:10.1016/j.jaci.2015.06.052
World Health Organization. The World Health Report 2019: Primary
Health Care - Now more than Ever. World Health Organization; 2019.
Poowuttikul P, Seth D. Anaphylaxis in children and adolescents.
Pediatr Clin North Am. 2019;66(5):995-1005. doi:10.1016/j.
pcl.2019.06.005

Ribeiro-Vaz I, Marques J, Demoly P, Polénia J, Gomes ER. Drug-
induced anaphylaxis: a decade review of reporting to the
Portuguese pharmacovigilance authority. Eur J Clin Pharmacol.
2013;69(3):673-681. doi:10.1007/s00228-012-1376-5
Atanaskovic-Markovic M, Gomes E, Cernadas JR, et al. Diagnosis
and management of drug-induced anaphylaxis in children: an
EAACI position paper. Pediatr Allergy Immunol. 2019;30(3):269-276.
doi:10.1111/pai.13034

Kim SY, Kim MH, Cho YJ. Different clinical features of anaphylaxis
according to cause and risk factors for severe reactions. Allergol Int.
2018;67(1):96-102. doi:10.1016/j.alit.2017.05.005

Worm M, Francuzik W, Renaudin JM, et al. Factors increasing the
risk for a severe reaction in anaphylaxis: an analysis of data from
the European anaphylaxis registry. Allergy. 2018;73(6):1322-1330.
doi:10.1111/all.13380

Renaudin JM, Beaudouin E, Ponvert C, Demoly P, Moneret-Vautrin
DA. Severe drug-induced anaphylaxis: analysis of 333 cases re-
corded by the allergy vigilance network from 2002 to 2010. Allergy.
2013;68(7):929-937. doi:10.1111/all.12168

Grabenhenrich LB, Doélle S, Ruéff F, et al. Epinephrine in severe
allergic reactions: the European anaphylaxis register. J Allergy
Clin  Immunol Pract. 2018;6(6):1898-1906.e1. doi:10.1016/j.
jaip.2018.02.026

Sicherer SH, Simons FER, Section on Allergy and Immunology.
Epinephrine for first-aid management of anaphylaxis. Pediatrics.
2017;139(3):€20164006. doi:10.1542/peds.2016-4006

Muraro A, Worm M, Alviani C, et al. EAACI guidelines: anaphylaxis
(2021 update). Allergy. 2022;77(2):357-377. doi:10.1111/all.15032
Beyer K, Eckermann O, Hompes S, Grabenhenrich L, Worm M.
Anaphylaxis in an emergency setting - elicitors, therapy and

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

incidence of severe allergic reactions. Allergy. 2012;67(11):1451-
1456. doi:10.1111/all.12012

Gaspar A, Santos N, Faria E, et al. Anaphylaxis: a decade of a
Nationwide allergy society registry. J Investig Allergol Clin Immunol.
2021;32(1):23-32. doi:10.18176/jiaci.0515

Brown AF, McKinnon D, Chu K. Emergency department anaphy-
laxis: a review of 142 patients in a single year. J Allergy Clin Immunol.
2001;108(5):861-866. doi:10.1067/mai.2001.119028

Liew WK, Williamson E, Tang ML. Anaphylaxis fatalities and ad-
missions in Australia. J Allergy Clin Imnmunol. 2009;123(2):434-442.
doi:10.1016/j.jaci.2008.10.049

Doia |, Blanca-Lépez N, Torres MJ, et al. Drug hypersensitivity
reactions: response patterns, drug involved, and temporal varia-
tions in a large series of patients. J Investig Allergol Clin Immunol.
2012;22(5):363-371.

Montafiez MI, Mayorga C, Bogas G, et al. Epidemiology, mech-
anisms, and diagnosis of drug-induced anaphylaxis. Front
Immunol. 2017;8:614. Published 2017 May 29. doi:10.3389/
fimmu.2017.00614

Mota |, Gaspar A, Benito-Garcia F, Correia M, Chambel M,
Morais-Almeida M. Drug-induced anaphylaxis: seven-year single-
center survey. Eur Ann Allergy Clin Immunol. 2018;50(5):211-216.
doi:10.23822/EurAnnACI.1764-1489.66

Blanca-Lopez N, Soriano V, Garcia-Martin E, Canto G, Blanca
M. NSAID-induced reactions: classification, prevalence, impact,
and management strategies. J Asthma Allergy. 2019;12:217-233.
Published 2019 Aug 8. doi:10.2147/JAA.S164806

Aun MV, Blanca M, Garro LS, et al. Nonsteroidal anti-inflammatory
drugs are major causes of drug-induced anaphylaxis. J Allergy Clin
Immunol Pract. 2014;2(4):414-420. doi:10.1016/j.jaip.2014.03.014
Kowalski ML, Agache I, Bavbek S, et al. Diagnosis and management
of NSAID-exacerbated respiratory disease (N-ERD)-a EAACI posi-
tion paper. Allergy. 2019;74(1):28-39. doi:10.1111/all.13599
Cochran ST. Anaphylactoid reactions to radiocontrast media. Curr
Allergy AsthmaRep.2005;5(1):28-31.d0i:10.1007/s11882-005-0051-7
Blumenthal KG, Peter JG, Trubiano JA, Phillips EJ. Antibiotic
allergy. Lancet. 2019;393(10167):183-198. doi:10.1016/
S0140-6736(18)32218-9

Trautmann A, Goebeler M, Stoevesandt J. Twenty Years' experi-
ence with anaphylaxis-like reactions to local anesthetics: genuine
allergy is rare. J Allergy Clin Immunol Pract. 2018;6(6):2051-2058.e1.
doi:10.1016/j.jaip.2018.04.005

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Hanschmann T, Francuzik W,
Dolle-Bierke S, et al. Different phenotypes of drug-induced
anaphylaxis—Data from the European Anaphylaxis Registry.
Allergy. 2023;78:1615-1627. doi:10.1111/all.15612

85U8017 SUOWILLOD 3A1I1D) 3ot [dde aup Ag peuseno a2 Ssoile O ‘8sN JO S8|ni o} Akeiq18UljuQ AB|IM UO (SUOPUOD-PUB-SWLBH 00" A8 1M Aeq Ul [Uo//:SdnL) SUOBIPUOD pue sWe 1 8y} 88S *[202/60/.T] U0 A%idiTauluo A8 * LNLIISNI HOOM 14390y - WiniS eossar Aq ZT9ST'(l/TTTT 0T/I0pwW0d A8 |im Akeidijpuluo//:sdny wouj pepeojumod ‘9 ‘€202 ‘S66686€T


https://doi.org//10.1046/j.1365-2222.1996.d01-300.x
https://doi.org//10.1111/j.1365-2222.2011.03859.x
https://doi.org//10.4168/aair.2015.7.1.22
https://doi.org//10.1016/j.jaci.2014.11.003
https://doi.org//10.1016/j.jaci.2015.06.052
https://doi.org//10.1016/j.pcl.2019.06.005
https://doi.org//10.1016/j.pcl.2019.06.005
https://doi.org//10.1007/s00228-012-1376-5
https://doi.org//10.1111/pai.13034
https://doi.org//10.1016/j.alit.2017.05.005
https://doi.org//10.1111/all.13380
https://doi.org//10.1111/all.12168
https://doi.org//10.1016/j.jaip.2018.02.026
https://doi.org//10.1016/j.jaip.2018.02.026
https://doi.org//10.1542/peds.2016-4006
https://doi.org//10.1111/all.15032
https://doi.org//10.1111/all.12012
https://doi.org//10.18176/jiaci.0515
https://doi.org//10.1067/mai.2001.119028
https://doi.org//10.1016/j.jaci.2008.10.049
https://doi.org//10.3389/fimmu.2017.00614
https://doi.org//10.3389/fimmu.2017.00614
https://doi.org//10.23822/EurAnnACI.1764-1489.66
https://doi.org//10.2147/JAA.S164806
https://doi.org//10.1016/j.jaip.2014.03.014
https://doi.org//10.1111/all.13599
https://doi.org//10.1007/s11882-005-0051-7
https://doi.org//10.1016/S0140-6736(18)32218-9
https://doi.org//10.1016/S0140-6736(18)32218-9
https://doi.org//10.1016/j.jaip.2018.04.005
https://doi.org/10.1111/all.15612

	Different phenotypes of drug-­induced anaphylaxis—­Data from the European Anaphylaxis Registry
	Abstract
	1|INTRODUCTION
	2|METHOD
	2.1|Ethics
	2.2|Statistical analysis

	3|RESULTS
	3.1|Drugs are the third most frequent cause of anaphylaxis
	3.2|Analgesics and antibiotics are the main causes of DIA
	3.3|Demographics of drug-­induced anaphylaxis
	3.4|Symptom profile of DIA
	3.5|Severity, hospitalization, and treatment of DIA
	3.6|Elicitor-­specific analysis
	3.7|Analgesics
	3.8|Nonsteroidal anti-­inflammatory drugs (NSAIDs)
	3.9|Antibiotics
	3.9.1|Local anesthetics

	3.10|Radiocontrast media (RCM)
	3.11|Tryptase

	4|DISCUSSION
	4.1|Age as a factor
	4.2|Sex as a factor
	4.3|Symptoms
	4.4|Severity and emergency treatment
	4.5|Drug groups
	4.6|Analgesics: NSAIDs
	4.7|Antibiotics
	4.8|Local anesthetics
	4.9|Radiocontrast media (RCM)
	4.10|Tryptase
	4.11|Limitations

	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	REFERENCES


