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Abstract
Drug hypersensitivity is one of the most frequent causes of
anaphylaxis, particularly in adults and in hospitalized pa-
tients. Drug-induced anaphylaxis (DIA) is also associated
with more severe outcomes than other anaphylaxis triggers,
and drugs are responsible for the majority of deaths due to
anaphylaxis. We here review the current knowledge on the
incidence, prevalence, drugs involved, mortality, and mor-
tality risk factors for DIA. The incidence of both anaphylaxis
and DIA seems to be increasing worldwide. Antibiotics and
analgesics are the most frequently reported triggers of DIA.
However, the importance of other drug groups should be
taken into account, especially in particular settings (e.g.,
peri-operative and oncology). The identification of risk fac-
tors, geographical variables, and drugs associated with high-
er risk for DIA may improve the outcomes of this entity.

© 2020 S. Karger AG, Basel

Edited by: H.-U. Simon, Bern.

Introduction

Anaphylaxis is an acute, potentially life-threatening,
generalized, or systemic allergic reaction that is mediated
by the degranulation of mast cells and basophils. The clin-
ical diagnosis of anaphylaxis is somewhat intricate [1],
and it is generally agreed that the condition is underrec-
ognized and underreported [2]. The World Health Orga-
nization’s International Classification of Diseases (ICD)
code 9 and ICD-10 incompletely cover anaphylaxis,
therefore impairing the registration of anaphylaxis epi-
sodes and the identification of anaphylaxis triggers [2].
When analysing data from medical records, it is impor-
tant to take into consideration whether the reported
changes represent a real variation in disease frequencies
or variations in reporting and coding practices. The dif-
ficulties in identifying and correctly reporting anaphy-
laxis and its causes have been carefully discussed else-
where [3]. Importantly, the coding for anaphylaxis has
changed across the different ICD versions. Together with
other factors, these changes may have influenced the
trends of electronically reported frequencies across time.
The new ICD-11 coding system, which will come into ef-
fect on January 1, 2022, again modifies anaphylaxis reg-
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istration, and it was shown to further increase the accu-
racy and sensitivity of anaphylaxis identification [4]. The
adoption of ICD-11 will improve the number of anaphy-
laxis episodes correctly identified and coded [4], and it is
therefore expected to influence the epidemiological mea-
sures identified by coding methods.

A wealth of studies identifies hypersensitivity to drugs
as one of the most frequent causes of anaphylaxis, par-
ticularly in the adult age [2, 5-8]. Drug-induced anaphy-
laxis (DIA) is also unique in respect to the location where
anaphylaxis occurs, as it is the most frequent cause of ana-
phylaxis in hospitalized patients (approximately 1 in
3,000 hospitalized patients suffers DIA) [9, 10]. Drugs
may cause both IgE-mediated and non-IgE-mediated
anaphylaxis [11].

Incidence and Prevalence

A wide range of incidences and prevalences have been
reported for all-cause anaphylaxis and for DIA in many
countries [11, 12], with different study methodologies
producing variable results. In Europe, a systematic meta-
analysis published in 2013 found incidence rates for all-
cause anaphylaxis between 1.5 and 7.9 per 100,000 per-
son-years [8] and estimated that 0.3% of the population
will develop anaphylaxis at some point in their lives [8],
while American studies estimated lifetime prevalences
between 0.5 and 2% [6, 13] or even more [10].

The relative importance of different anaphylaxis trig-
gers varies according to age, geography, industrialization,
access to healthcare, etc. While foods are mostly impli-
cated as triggers of anaphylaxis in young children, drugs
are consistently found to be the most frequent cause of
anaphylaxis in adolescents and adults [2, 5-8]. A large
study in the USA showed that about 35% of anaphylaxis
cases were caused by medications [10], whereas another
study in the UK found that drugs were responsible for
42% of all identified causes of anaphylaxis [14]. In the pi-
lot phase of the first European Anaphylaxis Registry
(EAR) (published in 2014 [15], including 3,333 cases of
anaphylaxis from 10 countries), drugs were the second
most frequent cause of anaphylaxis in adults, after insect
venom, accounting for 22.4% of the anaphylaxis episodes,
whereas in children (<18 years old) drugs were respon-
sible for only 4.8% of the cases [15].

In Latin America, drugs were responsible for 31% of
all anaphylaxis cases [5]. A study in the Boston area, USA,
used electronic health records of 1,756,481 patients and
identified 622,152 (35.4%) with at least one reported drug
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allergy and 19,836 cases of DIA (corresponding to 1.1%
of the population having at least one episode of DIA) [6].

While DIA can occur in all ages, its frequency tends to
increase with age [5, 7, 15-17]. This is probably related to
the higher consumption of medications in elderly ages,
while other factors, such as co-morbidities or co-medica-
tions, may account for the increased severity of hypersensi-
tivity reactions. Age as a risk factor for more severe reac-
tions is discussed below. Females seem to be more prone to
developing DIA [5, 6, 16, 18], and some studies report that
females are twice as likely to have DIA than males (e.g., fe-
male/male odds ratio [OR] 2.20 [6]). The reasons for this
sex discrepancy are still incompletely understood [19].

The incidences of both all-cause anaphylaxis and DIA
are reported to be stable or increasing in most studies. In
the USA, a recent report using the US National Inpatient
Sample reported stable rates of admissions for non-food-
related anaphylaxis from 2001 to 2014 [20], whereas oth-
ers found a slight increase in DIA electronic health reports
between 1995 and 2013 in the same country [6]. In the UK,
hospital admissions for all-cause anaphylaxis increased by
615% in 20 years (1992-2012), and hospital admissions
for DIA increased significantly from an age-standardized
rate of 0.78 to 1.4 per 100,000 population per annum, an
increase of 82% [7]. This steep increase occurred mostly
in the higher age groups: while patients aged 0-14 years
had stable rates, the groups aged 15-60 years and >60
years had increases in age-standardized rates of 71% (rate
ratio 1.04, 95% confidence interval [CI] 1.03-1.04) and
85% (rate ratio 1.05, 95% CI 1.04-1.05), respectively [7].

In Australia, the rate of hospital admissions for all-
cause anaphylaxis increased 8.8% per year between 1993
1994 and 2004-2005 (from around 4 to 10 hospitaliza-
tions due to anaphylaxis per 100,000 population per an-
num) [21]. Admissions for anaphylaxis caused by food
had the biggest average annual increase (13.2%), particu-
larly in children aged 0-4 years, but also non-food-caused
anaphylaxis (here included DIA) increased steeply in 10
years (average annual increase of 8.5%), particularly in
adults aged >35 years [21].

Although anaphylaxis is a severe systemic reaction,
deaths due to anaphylaxis are rare, with 0.33-3 fatalities
per 1,000,000 population per annum [7, 17, 22]. Death
occurs in 1% of hospitalizations and 0.1% of emergency
department attendances for anaphylaxis [23]. Drugs as
elicitors of anaphylaxis are associated with the severity of
the reaction [17] and also with fatal anaphylaxis [17, 22,
24, 25]. In the USA, drugs were the most common cause
of fatal anaphylaxis, accounting for 58.8% of all anaphy-
laxis-related deaths [25]. Risk factors for DIA and for fatal
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Table 1. Major groups of drugs implicated in DIA

Group of drugs Percentage of all cases of DIA (variable, depending on age, local prescription patterns, regional genetic
susceptibilities, reporting systems, etc.)

Antibiotics 35.5-66.6% of all cases of DIA [Ref. 4, 12, and 14]
B-Lactams: penicillins 13.1-40.7% (most frequently amoxicillin), cephalosporins 5.4-9.5% [Ref. 4 and 12]
Non-f-lactams: sulphonamides 13.4%, macrolides 3.3%, fluoroquinolones 3.2-5.9%, tetracyclines 1.8% [Ref. 4
and 12]

NSAIDs and other 21.5-28.5% of all cases of DIA [Ref. 4 and 12]

analgesics

NSAIDs 11.5%

Opiates 8.7%

Local anaesthetics 1.3%

In Latin America, NSAIDs were the first cause of DIA, accounting for 57.8-72% of all cases of DIA [Ref. 3 and
27], and also in Portugal, Europe (47.9% of the cases) [Ref. 14]

Particular settings
Peri-operative
13.9%, rocuronium 10.6%)

Neuromuscular blocking agents 60.6% (2012, [Ref. 29]) (out of which suxamethonium 68.2%, atracurium

Antibiotics 18.2% (2012, [Ref. 29]) (out of which cephalosporins 53%, penicillins 35%, vancomycin 7.7%)

Surgical dyes 5.4% (2012, [Ref. 29]) (out of which Patent blue 89%, methylene blue 11%)

Latex 5.2% (2012, [Ref. 29])

Chlorhexidine from 1% (2012, [Ref. 29]) to 9% [Ref. 30], 3rd or 4th cause of peri-operative anaphylaxis in

some series [Ref. 29]

Children/adolescents

Analgesics 40%, cephalosporins 16.4%, penicillins 12.8% [Ref. 33]

Regional specificities

In Beijing, China, traditional Chinese medicines 11.9% (2nd most frequent cause) [Ref. 16]

DIA, drug-induced anaphylaxis; NSAID, nonsteroidal anti-inflammatory drug.

DIA are discussed below. Fatal anaphylaxis increased in
the USA between 1999 and 2010 [25]: using the National
Mortality Database and the ICD-10 coding of US death
certificates, it was found that the incidence of fatal ana-
phylaxis increased from 0.27 per million in 1999-2001 to
0.51 per million in 2008-2010 [25]. In the UK, despite
sharp increases in hospital admissions for all-cause ana-
phylaxis and for DIA, the annual fatality rates for both
remained stable at around 0.047 and 0.024 cases per
100,000 population, respectively [7].

Drugs Involved in DIA
Antibiotics and analgesics are the drug classes most

commonly implicated in drug allergy and also in DIA
(Table 1). However, striking geographical differences do
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exist. These differences are likely caused by local prescrip-
tion patterns but may also be influenced by other less
characterized factors, such as genetic differences. The ge-
netics of immediate hypersensitivity reactions to drugs
have been reviewed elsewhere [26].

In the USA, a study with one of the largest populations
assessed to date (19,836 DIA patients) showed that anti-
biotics were, by far, the most frequent culprit drugs, ac-
counting for about two-thirds of all cases reported from
1995 to 2013 [6]: penicillins were implicated in 40.7% of
the reported DIA cases (amoxicillin was the most com-
mon causative drug), sulphonamides in 13.4%, cephalo-
sporins in 5.4%, macrolides in 3.3%, fluoroquinolones in
3.2%, and tetracyclines in 1.8%. The second largest group
of drugs in this study was the analgesics (21.5% of the to-
tal cases, with NSAID, nonsteroidal anti-inflammatory
drugs (NSAIDs) accounting for 11.5%, opiates for 8.7%,
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and local anaesthetics for 1.3%) [6]. Interestingly, the rel-
ative importance of penicillins seems to be consistently
decreasing in frequency from 1995 to 2013 (from about
50% to about 30% of all DIA cases) [6]. All drug classes
were more frequently implicated in ethnically White pa-
tients except for angiotensin-converting enzyme inhibi-
tors that were more frequent in Black patients (2.7/10,000
in Black patients vs. 1.4/10,000 in White patients, and
even lower frequencies in other ethnicities) [6].

In Europe, the pilot study of the EAR (published in
2014 [15]) recorded 340 cases of DIA, and the most fre-
quently involved drugs were antibiotics (penicillins in
13.1% of all DIA cases, cephalosporins in 9.5%, and qui-
nolones in 5.9%) and analgesics (metamizole in 10.2%,
diclofenac in 9.3%, and ibuprofen in 9.0%). Also, in the
UK, antibiotics were the most implicated drugs, followed
by NSAIDs and antihypertensive medications [14].
Amoxicillin was the most prevalent cause of antibiotic-
related anaphylaxis [14]. Recently, it was reported that
clavulanic acid (as a component of amoxicillin-clavulan-
ic acid) may itself trigger DIA [27].

However, in Latin America, several studies identified
NSAIDs as the most frequent drugs involved in DIA
(57.8% in Jares et al. [28] and 72% in Sole et al. [5]), fol-
lowed by antibiotics. Also in Portugal, Europe, NSAIDs
were the most frequent culprit drugs in DIA (47.9% of
cases), followed by antibiotics (35.5%) and anaesthetic
agents (6.1%) [16]. NSAIDs and opiates can cause severe
hypersensitivity reactions by their cyclooxygenase-inhib-
iting mechanism or by direct effects on mast cells, and it
is possible that some of the reported cases in these groups
are pseudoallergic or IgE-independent anaphylactic reac-
tions, rather than IgE-mediated anaphylactic reactions.

In Beijing, China, traditional Chinese medicines were
the second most frequently implicated cause of DIA (ac-
counting for 11.9% of the cases), only after antibiotics
(39.3%, out of which cephalosporins accounted for 34.5%
and fluoroquinolones 29.6%), whereas NSAIDs were less
frequent than radiocontrast agents (11.9%) or antineo-
plastic agents (10.3%) [18].

The peri-operative anaphylaxis presents some particu-
larities. The most frequent peri-operative elicitors have
changed over time [29, 30]. For decades, and to this day,
neuromuscular blocking agents - in particular suxame-
thonium, atracurium, and rocuronium - have been the
most frequently implicated agents (in France, the large
study by the Groupe d'Etudes des Réactions Anaphylac-
toides Peranesthésiques, GERAP [29], from 1989 to 2012,
found that neuromuscular blocking agents corresponded
to 48—-80% of the identified elicitors). Latex was, for some
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decades, the second most commonly involved agent but
it is becoming less prevalent [29] as latex-free products
become generalized. On the contrary, the number of peri-
operative anaphylaxis episodes attributed to antibiotics
has steadily increased and this group is now the second
most frequent cause in most studies (with cephalosporins
most involved) [29, 30]. Also, surgical dyes are becoming
increasingly recognized as a cause of peri-operative ana-
phylaxis [31], and the latest GERAP study found dyes
were the third most common cause [29].

During the diagnostic workup of the peri-operative
anaphylaxis, it should be borne in mind that any drug or
substance used may be a cause of the hypersensitivity re-
action. Anaphylaxis to chlorhexidine, a ubiquitous anti-
septic in healthcare and the community, has been de-
scribed after contact to chlorhexidine gels, chlorhexidine-
impregnated devices, chlorhexidine preparations used on
wounds and broken skin, and cases after dental proce-
dures [32], and some studies report chlorhexidine as the
top 3 or 4 most commonly diagnosed cause of peri-oper-
ative anaphylaxis [31, 32].

Other relevant causes of DIA in specific clinical set-
tings are iodinated contrast media (with the particularity
that as many as 34.6% of the anaphylaxis cases develop on
the first exposure to the contrast media [33]) and antineo-
plastics (frequently requiring laborious desensitization
protocols to allow first-line treatment of cancer [34]).

In children and adolescents, drugs are less frequent
triggers of anaphylaxis than other elicitors. For instance,
in the EAR 2016 analysis [35], which included 1970 ana-
phylaxis patients in these age groups (1865 with known
elicitors), drugs were known or suspected elicitors in only
101 cases (5.4% vs. 69.2% for foods and 20.4% for Hyme-
noptera stings). Drugs accounted for only 3.1% of the
anaphylaxis in pre-schoolers aged <6 years, 4.1% in chil-
dren aged 6-12 years, and 12.1% in adolescents aged 13-
17 years. Analgesics were the most frequently implicated
drugs [35].

Mortality and Risk Factors

Anaphylaxis and anaphylactic shock are the most se-
vere presentations of type I hypersensitivity reactions to
drugs. The mechanistic reasons why some patients de-
velop only mild type I reactions to drugs while others go
on to develop severe manifestations are still ill-defined.
However, several risk factors have been identified that
may contribute to the development of anaphylaxis or to
the severity of the anaphylaxis manifestations. These can
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be divided into intrinsic factors (patient-related) and ex-
trinsic factors. A good knowledge of the conditions that
may contribute to severity may allow prophylactic or
treatment interventions to prevent ominous outcomes.
These conditions include several (1) risk factors deter-
mined by association, (2) co-factors (patient-related or
external circumstances that increase the risk of an allergic
reaction occurring or its severity), and (3) co-morbid dis-
eases or medications that affect prognosis. Most of these
conditions are common to anaphylaxis of all causes, and
not specific for DIA, as most studies do not provide sub-
analysis with the DIA patients only.

An US study analysed 38,695 emergency department
visits for anaphylaxis and found that severe anaphylaxis
(defined by hospital or intensive care unit admission, en-
dotracheal intubation, or meeting criteria for a near-fatal
reaction) accounted for 11.6% of all anaphylaxis episodes
[36]. Another US database including 11,972 individuals
with anaphylaxis found that 22% had a severe anaphylac-
tic reaction (defined as an index event requiring hospital-
ization), 10% required admission to the intensive care
unit, and 6% were hospitalized and had cardiorespiratory
failure or required cardiorespiratory/resuscitative inter-
ventions [17]. The most important risk factors for severe
anaphylaxis and mortality are drugs as elicitors, age, mas-
tocytosis, cardiovascular diseases, respiratory disease,
and concomitant medications (each factor is separately
described below) [7, 17,25, 36-38]. A combination of sev-
eral of these risk factors may be a stronger predictor for
severe reactions and fatality, even in otherwise unsus-
pected eliciting situations (e.g., skin testing with drugs
[39]).

As mentioned previously, anaphylaxis caused by drugs
has, in itself, a higher risk of severe anaphylaxis than oth-
er elicitors [17, 22, 24, 25, 37]. Drugs as a trigger are asso-
ciated with hospitalizations and cardiorespiratory arrest/
failure or cardiorespiratory/resuscitative interventions,
with an OR of 1.80 and 2.25, respectively [17]. In a large-
scale study in the USA including 2458 anaphylaxis-related
deaths, medications accounted for 58.8% of all anaphylax-
is-related deaths [25]. The most common drugs involved
in fatal anaphylaxis were antibiotics (40.5%, mostly peni-
cillins and cephalosporins), followed by radiocontrast
agents and other diagnostic agents (30.4%) and antineo-
plastics (12%) [25]. Radiocontrast agents may entail a
higher fatality risk “per injection” than antibiotics [38].
General anaesthesia and neuromuscular blocking agents
are also associated with fatal drug anaphylaxis [38].

Age is consistently associated with severity and fatal
anaphylaxis in many studies [7, 17, 25, 36, 37]. A recent
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publication that used the EAR (including 8055 anaphy-
laxis patients, in 122 centres, in 11 European countries)
found that the most important risk factors for severe ana-
phylaxis (all causes) were higher age (each year increased
the odds of experiencing a severe anaphylactic event
1.6%, 95% CI 1.4-1.9%) and mastocytosis (OR 3.1, 95%
CI2.6-3.7). Hospitalization due to DIA is associated with
an increased age (and with female sex) [17]. The rates of
fatal DIA significantly increase with age [25]: the rate per
million US population were 0.05 in the 0-19 years of age
group, 0.18 in the 20-39 years, 0.51 in the 40-59 years,
1.23 in the 60-79 years, and 1.28 in the >80 years [25].
Most DIA deaths occur between 55 and 85 years [22] with
median ages around 58-60 years [7, 26]. The increased
risk with ageing may be attributed to concomitant co-
morbidities (such as cardiovascular or respiratory diseas-
es) or co-medications (such as B-blockers), as these are
independent risk factors for anaphylaxis severity [36] (see
below).

Females are more likely to have DIA, but female sex
does not seem to influence the severity of anaphylaxis [7,
17], while others found increased severity in males [37].
In the USA and Australia, DIA deaths showed equal sex
distribution [22, 25]. In the USA, DIA is more frequent
in White ethnicity patients than in other ethnicities (OR
2.38) [6], but ethnically Black patients were more likely to
have fatal anaphylaxis [25].

Systemic mastocytosis is a clonal disorder in which in-
creased release of mast cell mediators leads to frequent
and more severe immediate hypersensitivity reactions. A
study in mastocytosis patients found that as many as 43%
of the patients had had at least one episode of anaphy-
laxis [40], and about 30% had more than one episode of
anaphylaxis. The most frequent triggers were Hymenop-
tera stings, while drugs accounted for less than 10% of the
cases [40]. Nevertheless, patients with systemic mastocy-
tosis were found to have increased odds of reporting drug
anaphylaxis (OR 4.60) [6]. Also, in patients with drug
sensitization, mastocytosis may contribute to the severity
ofthereaction, in particular in hypersensitivity to NSAIDs
(41, 42]. Importantly, a recent study [43] showed that
NSAIDs are safe for most patients with mastocytosis
(only 1 in 50 patients tested positive in double-blind, pla-
cebo-controlled acetylsalicylic acid challenge up to 520
mg), while a retrospective chart review of 191 patients
found that only 4.1% of the patients had a history of
NSAID-related hypersensitivity reaction(s) [43].

Respiratory and cardiovascular diseases have been as-
sociated with poorer prognosis as they may lead to insuf-
ficient compensatory mechanisms to endure anaphylaxis
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complications, such as hypotension or hypoxia [36, 44].
Severe or uncontrolled asthma has been considered a risk
factor for anaphylaxis [6] and also to poor prognosis, and
this has been included in some guidelines [2]. A cohort
study in the UK found that the incidence rate of all-cause
anaphylaxis in asthmatics is more than double of the rate
in non-asthmatics (50.45 vs. 21.28 per 100,000 person-
years), and this frequency increased with the severity of
asthma (from 43.01 in non-severe asthmatics to 65.35
cases per 100,000 person-years in individuals with severe
asthma) [14]. Anaphylactic shock is also associated with
asthma and asthma severity, with incidence rates in non-
asthmatics of 2.48 per 100,000 person-years versus 5.61
in non-severe asthmatics and 14.24 in severe asthmatics
[14]. However, some studies did not find associations be-
tween asthma and the severity of anaphylaxis [17, 37], or
even found that a history of asthma reduced the likeli-
hood of hospital admission, ICU admission, and endotra-
cheal intubation [36]. Chronic obstructive pulmonary
disease has also been found to be a risk factor for anaphy-
laxis [6] and for anaphylaxis severity [17].

Concomitant medications may potentiate anaphylaxis
manifestations or thwart anaphylaxis treatment. Both an-
giotensin-converting enzyme inhibitors and -blockers
— but not aspirin or angiotensin-receptor antagonists —
have been associated with severity [17, 37]. Using multi-
variable logistic regression to evaluate independent pre-
dictors of severe anaphylaxis, Clark et al. [17] found that
the concomitant use of angiotensin-converting enzyme
inhibitors is strongly associated with hospitalization (OR
1.50, 95% CI 1.33-1.68) and cardiorespiratory arrest/fail-
ure or cardiorespiratory/resuscitative interventions (OR
1.68, 95% CI 1.40-2.02). Furthermore, these drugs are
usually taken in the setting of cardiovascular diseases that
are, themselves, risk factors for poor prognosis (adjusted
OR 1.44, 95% CI 1.18-1.76, for cardiorespiratory arrest/
failure or cardiorespiratory/resuscitative interventions)
[17]. B-Blockers impair the efficacy of adrenaline treat-
ment and were found to be associated with the severity of
anaphylaxis (OR 1.857, 95% CI 1.47-2.25) [37]. Clark et
al. [17] did not find an association between B-blockers
and severe anaphylaxis after adjusted analysis.

Anaphylaxis or the severity of the reaction has also
been associated with hypertension, the use of antidepres-
sants, vigorous exercise, psychological burden [17, 37],
and less consensual risk factors, such as Sjogren syn-
drome [6] or atopic eczema/dermatitis. Atopic dermatitis
was found to be strongly associated with anaphylaxis in
both asthmatics (adjusted OR 1.69 vs. control popula-
tion) and non-asthmatics (adjusted OR 2.83) in one study
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[14], whereas others failed to observe any association be-
tween eczema (or atopic disease) and severe anaphylaxis
to drugs [16, 36].

Conclusion

The overall incidence and prevalence of allergic dis-
eases is clearly on the rise over the past decades. However,
the interpretation of epidemiological data concerning
DIA is still a challenge. This is mainly due to variations in
the definition of anaphylaxis, to under/overdiagnosis,
and to methodological differences between the available
studies. Altogether, it seems likely that the incidence of
DIA is increasing worldwide. Drugs most frequently in-
volved in DIA are antibiotics and analgesics, but some
regional variations are observed. Also, in particular set-
tings (e.g., oncology, peri-operative, and radiology/imag-
ing), specific drugs/substances need to be taken into ac-
count. When compared to other anaphylaxis triggers,
drugs are associated with severe outcomes, including fatal
anaphylaxis. The main risk factors for DIA (i.e., older age,
female sex, systemic mastocytosis, and concomitant re-
spiratory and cardiovascular diseases) do not appear to
differ from other causes of anaphylaxis.
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