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Objective: Medication-induced anaphylaxis is a potentially fatal event. Little is known at present about
the patterns of medication-induced anaphylaxis in Asian countries. The current study aims to examine
the pattern of documented incidences of drug-associated anaphylaxis in Taiwan over a 9-year period.
Methods: Cases of medication-associated anaphylaxis documented in the Taiwan National Health In-
surance claims database during a span of 9 years (from January, 1997 to December, 2005) encompassing
approximately 23 million person-years were reviewed. The database quantifies the drugs dispensed,
clinical diagnoses, and patient demographics.
Results: Overall, 92 reports of medication-associated anaphylaxis in 92 patients were identified with
potential causative agents documented. In this group, nonsteroidal anti-inflammatory drugs (NSAIDs)
and antibiotics were the main classes of medications most frequently implicated as the causative agent(s)
in 89% of the cases. NSAIDs alone were implicated in 28% of cases, whereas antibiotics alone were
implicated in another 28% of these cases. The use of multiple medications including either antibiotics or
analgesics was documented in an additional one-third of the cases. A number of different NSAIDs
including aspirin, diclofenac, ketoprofen, ketorolac, and meperidine were documented as the causative
agents. Among the reported cases of antibiotics-induced anaphylaxis, cefazolin was the most frequently
reported causative agent with 11 cases, followed by amoxicillin with four cases.
Conclusion: Antibiotics and NSAIDs were the two main classes of medications most frequently impli-
cated in the reports of anaphylaxis in the Taiwanese population. Although this may be related to the
frequent use of these medications in the Taiwanese population, the observation here does advocate for
reduced combination of NSAIDs and antibiotics, and more careful patient monitoring when they are
combined.
Copyright © 2017, Taiwan Society of Anesthesiologists. Published by Elsevier Taiwan LLC. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Anaphylaxis is a serious and occasionally fatal adverse event.
The American College of Allergy, Asthma and Immunology de-
scribes anaphylaxis as an acute systemic reaction caused by
immunoglobulin E (IgE)-mediated immunological release of me-
diators from mast cells and basophils to allergenic triggers, such as
food, insect venoms, latex, and medication.1 Etiologically, anaphy-
laxis can be divided into anaphylaxis and anaphylactoid reaction,
the later also known as pseudoanaphylaxis. The difference between
the two is that anaphylactic reaction is an IgE-mediated reaction
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whereas anaphylactoid reaction is not. The severity, onset, and
appearance of both reactions shows significant overlap clinically.
Thus, according to the American College of Allergy, Asthma and
Immunology Epidemiology of AnaphylaxisWorking Group, the IgE-
and non-IgE-mediated reactions are considered under a single
term, anaphylaxis; this combined definition is used in the current
study.

In a review by the American College of Allergy, Asthma and
Immunology Epidemiology of Anaphylaxis Working Group, an
estimated 1.2% to 15% of the total United States population is
believed to be at risk of anaphylactic reaction.2 Most studies
speculate that the prevalence of anaphylaxis is underestimated
from underreporting.3,4 In addition, some studies examined a
relatively small number of participants that are not representative
of the general population.5 The most common causes of anaphy-
laxis are food, drug, and idiopathic reactions.6e10 The most
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://
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Table 1
Demographic data of medication-induced anaphylaxis cases.

N %

Sex
Male 51 55.4
Female 41 44.6

Age (y)
Below 10 6 6.5
11e12 7 7.6
21e30 7 7.6
31e40 8 8.7
41e50 11 12.0
51e60 20 21.7
61e70 14 15.2
71e80 11 12.0
Older than 80 8 8.7

Mean age (y) 50.4 (±20.1)

Table 2
Causative agents in the analgesics group.

Causative agents N

Aspirin 4
Diclofenac 4
Ketoprofen 4
Ketorolac 4
Meperidine 4
Morphine 1
Tramadol 1
Aspirin þ ketorolac 1
Aspirin þ meperidine 1
Ketorolac þ meperidine 2
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common medication causes of anaphylaxis found by earlier studies
include antibiotics and nonsteroidal anti-inflammatory drugs
(NSAIDs), particularly when the drugs are administered parenter-
ally.4 However, there appear to be several differences in the profiles
of causative drugs for anaphylaxis across different
populations.2,11e13

The aim of this study is to examine patterns of drug association
in documented cases of anaphylaxis in the Taiwanese population
when the drugs are administered parenterally.

2. Methods

2.1. Study population

This cohort study was based on a review of a subset of data from
the National Health Insurance Database, provided by the Taiwan
National Health Research Institutes. The National Health Insurance
program, which was initiated in 1995, covers 99% of the entire
population (more than 23 million people) in Taiwan. This National
Health Insurance Database consisted of detailed healthcare data
including demographic data, visiting date, visiting department,
diagnostic codes, procedures, prescriptions, and medical expenses.
The International Classifications of Diseases, ninth Revision, Clinical
Modification format (ICD-9), was used for disease diagnosis. The
data subset used in the analysis consists of 1 million randomly
selected population-representative individuals with no significant
difference in age, sex, andmedical expenses from the entire insured
population.

2.2. Study participants

Data from inpatient or outpatient individuals with a diagnosis of
anaphylaxis (ICD-9 codes 995.0) between January 1, 1999, and
December 31, 2005 were retrieved. As diagnostic validity is often
under question, patients who were diagnosed with anaphylaxis
repeatedly were excluded, and clinical history was reviewed to
ensure that treatment for anaphylaxis was given subsequent to the
diagnosis of anaphylaxis. To ensure that anaphylaxis was most
likely attributable to medication, patients with diagnoses pertain-
ing to other causes of anaphylaxis were excluded. These diagnoses
include ICD-9 codes E905, E905.3, E905.8, E905.9, 997.0, 987.9,
988.0, 989.3, 989.5, 989.8, 989.9, and V048. Detailed prescriptions
were reviewed for all cases from the period prior to and after the
diagnosis of anaphylaxis, and all medications that were prescribed
repeatedly after the diagnosis of anaphylaxis were removed as
potential causative agents for anaphylaxis in the respective cases. In
this study, potential anaphylaxis-inducing parenteral drugs were
categorized into analgesics, antibiotics, and others.14,15

2.3. Statistical methods

The demographic data and medication list of the study partici-
pants were analyzed. Incidence rate estimations were calculated as
the number of cases divided by the person-time at risk, which was
estimated to be approximately 9 million person-years for the 9-
year period of the study.

3. Results

Between January 1997 and December 2005, a total of 402 in-
dividuals with anaphylaxis reactionwere identified. Of this total, 14
individuals were excluded because of repeated diagnosis of
anaphylaxis, 42 were excluded because of nonmedication-related
anaphylaxis, and 254 were excluded because no potential causa-
tive agents for anaphylaxis were identified. A total of 92 individuals
Please cite this article in press as: Lee Y-S, Sun W-Z, Epidemiolog
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who experienced medication-induced anaphylaxis in which one or
several likely causative agents were identified were included in the
current study. Treatment for the anaphylaxis reaction in these in-
dividuals consisted of a combination of adrenaline, corticosteroids,
and antihistamines. Based on the findings of our searches and re-
views, we estimated the incidence of medication-induced
anaphylaxis to be about 10.2 per 1 million person-years, affecting
about 235 Taiwanese patients each year. The demographics of 92
study participants are summarized in Table 1. The mean age of this
cohort is 50.37 years (range, 0 to 95 years). Most patients were in
their fifth decade of life. Only six patients were younger than 10
years of age. There is a slight male predominance in the study
cohort, with 55.4% being male and 44.6% being female.

The profiles of causative medications for anaphylaxis in the
current study cohort are shown in Table 2. In cases where a single
causative agent was identified, NSAID-type analgesics alone were
implicated in 28% of cases whereas antibiotics alone were impli-
cated in 27% of the cases. In 34% of cases, combinations of drug
classes were felt to be causative of anaphylaxis; these comprised
the following sub-groups: 1) analgesics and antibiotics; 2) either
analgesics or antibiotics combined with another medication class;
and, 3) analgesics and antibiotics combined together with medi-
cation from one or more additional classes. The overall distribution
of classes of causative agents is illustrated in Figure 1. In the group
with analgesics-only associated anaphylaxis, ketorolac and
meperidine were each implicated in seven patients; aspirin was
implicated in six patients, and diclofenac and ketoprofenwere each
implicated in four patients. In the group with antibiotic-only
associated anaphylaxis, cephalosporins were the most frequently
implicated antibiotic class (used in 19 patients), followed by peni-
cillin and its derivatives, which were used in eight patients. The
cephalosporins that were documented to cause anaphylaxis
included cefazolin, cefmetazole, ceftriaxone, cefradine, ceftizoxime,
y of anaphylaxis: A retrospective cohort study in Taiwan, Acta
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Figure 1. Distribution of classes of causative agents.
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and cephapirin. Penicillin and its derivatives that were implicated
included penicillin, amoxicillin, and oxacillin. The drugs respon-
sible for anaphylaxis are listed in Tables 2 and 3.
4. Discussion

Our current study identified a total of 92 documented cases of
medication-induced anaphylaxis in a retrospective review over 9
consecutive years in Taiwan. This translates to an incidence of
medication-induced anaphylaxis of 10.2 per 1 million patient-
years. This is about 3-fold the number reported by van der
Klauw et al.11 Most previous studies consist of case reports or
specific patient groups. Although NSAIDs and antibiotics were the
two most frequently used causative agents we identified, a sig-
nificant subset of patients developed anaphylaxis reaction while
being on a combination of medications that included, in addition
to NSAIDs and/or antibiotics, other classes of medications, thus
raising the possibility of polypharmacy contributing to the
development of anaphylaxis reaction. Although NSAIDs were
frequently found to be associated with anaphylaxis, this study
suggests that the frequency of drug-induced anaphylactic shock
does not differ among specific NSAIDs.

Similar to our current observation, NSAIDs and antibiotics were
the two most frequently implicated classes of medications in drug-
induced anaphylaxis in reported series across different ethnic
groups.4 In an observational study taken in the emergency
department in Switzerland,16 the frequency of medication-induced
anaphylaxis doubled that of food reactions. About half of the
Table 3
Causative agents in the antibiotics group.

Causative agents Number

Amoxicillin 4
Cefazolin 11
Cefmetazole 3
Cefradine 1
Ceftizoxime 1
Ceftriaxone 2
Cephapirin 1
Chloramphenicol 1
Oxacillin 1
Penicillin 3
Sulbactam 2
Vancomycin 2
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suspicious drugs were NSAIDs, followed by antibiotics. In a study on
patients presenting to an emergency department in a predomi-
nantly Chinese community in Hong Kong,13 NSAIDs were found to
be the most frequent causes of medication-induced anaphylaxis. In
the current study, use of analgesics alone was responsible for more
than a quarter of anaphylaxis, whereas the use of antibiotics alone
was the second most frequent cause of medication-induced
anaphylaxis. It is likely that the frequent association between
NSAIDs and antibiotics with anaphylaxis reflects a combination of
their frequent use clinically and perhaps an inherent propensity of
these classes of chemicals to cause anaphylaxis.

Although NSAIDs and antibiotic classes of drugs have been
consistently found to be the most frequently reported causative
drugs for anaphylaxis across different populations, specific drugs
and drug families are differentially implicated. For instance, among
the anaphylaxis-causing antibiotics, penicillin was the most
frequent culprit and the most well-studied cause, with a frequency
of 1e5 per 10,000 patient courses of treatment.6 However, in the
Korean population, Yang et al12 showed cephalosporinsdrather
than penicillindto be the most frequent cause of antibiotic-
induced anaphylaxis. The findings by Yang et al12 are similar to
the findings of our current study, where cephalosporins were
responsible for the majority of cases of antibiotic-induced
anaphylaxis. Though one may raise the possibility of pharmaco-
genetic differences between Asian and Caucasian populations, this
most likely reflects a difference in physician dispensing habits and
medical practices rather than ethnicity-related genetic or other
ethno-demographic factors.

Several previous studies that examined the profiles of
medication-induced anaphylaxis have focused on subpopulations
that may not represent the general population. It has been pro-
posed that a better approach of estimating the risk of anaphylaxis
would be to use estimates specifically calculated from epidemio-
logic studies measuring anaphylaxis in the general population.2

This study offers a solution to approximate the risk of anaphy-
laxis as it is an epidemiologic study using population-wide health
coverage data collected over 9 years; thus, it gives a better overview
on the estimates of anaphylaxis applicable to the general
population.

Like many prior studies, our current study likely also un-
derestimates the true incidence of anaphylaxis reaction in the
general Taiwanese population as clinicians may fail to diagnose
anaphylaxis in the absence of a fully developed shock. In addition,
some patients and caregivers may not recognize anaphylaxis and
y of anaphylaxis: A retrospective cohort study in Taiwan, Acta
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patients may have recovered from these reactions without being
properly diagnosed and treated. As the dataset used for data
retrieval was extracted from a national claim-based database, it is
reasonable to presume that the incidences of serious reactions are
well reported. Nevertheless, we believe that the prevalence of
medication-induced anaphylaxis is still underreported.

The results from our study show that drug-induced anaphylaxis
is a significant health problem in Taiwan, and the risk for anaphy-
laxis may increase when common culprits such as NSAIDs and
cephalosporin-class antibiotics are used together or in combination
with othermedications that have been shown to cause anaphylaxis.
This underscores the importance of carefully instructing patients
on the warning symptoms and signs of anaphylaxis and closely
monitoring patients when a combination of these potential caus-
ative agents is administered.
Conflicts of interests

The authors declared no conflict of interests.
References

1. Lieberman P, Kemp SF, Oppenheimer J, Lang DM, Bernstein IL, Nicklas RA, et al.
The diagnosis and management of anaphylaxis: an updated practice parameter.
J Allergy Clin Immunol 2005;115:S483e523.

2. Neugut AI, Ghatak AT, Miller RL. Anaphylaxis in the United States: an inves-
tigation into its epidemiology. Arch Intern Med 2001;161:15e21.
Please cite this article in press as: Lee Y-S, Sun W-Z, Epidemiolog
Anaesthesiologica Taiwanica (2017), http://dx.doi.org/10.1016/j.aat.2016.1
3. Clark S, Camargo Jr CA. Epidemiology of anaphylaxis. Immunol Allergy Clin North
Am 2007;27. 145e63, v.

4. Lieberman P. Epidemiology of anaphylaxis. Curr Opin Allergy Clin Immunol
2008;8:316e20.

5. Lieberman P, Camargo Jr CA, Bohlke K, Jick H, Miller RL, Sheikh A, 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;97:596e602.

6. Lieberman P. Anaphylaxis. Med Clin North Am 2006;90. 77e95, viii.
7. Worm M. Epidemiology of anaphylaxis. Chem Immunol Allergy 2003;95:12e21.
8. Matasar MJ, Neugut AI. Epidemiology of anaphylaxis in the United States. Curr

Allergy Asthma Rep 2003;3:30e5.
9. Decker WW, Campbell RL, Manivannan V, Luke A, St Sauver JL, Weaver A, et al.

The etiology and incidence of anaphylaxis in Rochester, Minnesota: a report
from the Rochester Epidemiology Project. J Allergy Clin Immunol 2008;122:
1161e5.

10. Kemp SF, Lockey RF. Anaphylaxis: a review of causes and mechanisms. J Allergy
Clin Immunol 2002;110:341e8.

11. van der Klauw MM, Wilson JH, Stricker BH. Drug-associated anaphylaxis: 20
years of reporting in The Netherlands (1974e1994) and review of the litera-
ture. Clin Exp Allergy 1996;26:1355e63.

12. Yang MS, Lee SH, Kim TW, Kwon JW, Lee SM, Kim SH, et al. Epidemiologic and
clinical features of anaphylaxis in Korea. Ann Allergy Asthma Immunol
2008;100:31e6.

13. Smit DV, Cameron PA, Rainer TH. Anaphylaxis presentations to an emergency
department in Hong Kong: incidence and predictors of biphasic reactions.
J Emerg Med 2005;28:381e8.

14. Gamboa PM. The epidemiology of drug allergy-related consultations in Spanish
Allergology services: Alergologicad2005. J Investig Allergol Clin Immunol
2009;19:45e50.

15. Greenberger PA. 8. Drug allergy. J Allergy Clin Immunol 2006;117:S464e70.
16. Helbling A, Hurni T, Mueller UR, Pichler WJ. Incidence of anaphylaxis with

circulatory symptoms: a study over a 3-year period comprising 940,000 in-
habitants of the Swiss Canton Bern. Clin Exp Allergy 2004;34:285e90.
y of anaphylaxis: A retrospective cohort study in Taiwan, Acta
2.003

http://refhub.elsevier.com/S1875-4597(16)30122-9/sref1
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref1
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref1
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref1
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref2
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref2
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref2
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref3
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref3
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref3
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref4
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref4
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref4
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref5
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref5
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref5
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref5
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref5
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref6
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref6
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref7
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref7
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref8
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref8
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref8
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref9
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref9
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref9
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref9
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref9
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref10
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref10
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref10
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref11
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref11
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref11
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref11
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref11
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref12
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref12
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref12
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref12
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref13
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref13
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref13
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref13
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref14
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref14
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref14
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref14
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref14
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref15
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref15
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref16
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref16
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref16
http://refhub.elsevier.com/S1875-4597(16)30122-9/sref16

	Epidemiology of anaphylaxis: A retrospective cohort study in Taiwan
	1. Introduction
	2. Methods
	2.1. Study population
	2.2. Study participants
	2.3. Statistical methods

	3. Results
	4. Discussion
	Conflicts of interests
	References


