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Abstract

Purpose Anaphylaxis is a potentially fatal systemic adverse
drug reaction (ADR). It is an unpredictable and mostly dose-
independent event that occurs suddenly following exposure
to the causative drug. Our objective was to characterize a
case series of anaphylactic reactions reported to the Portu-
guese Pharmacovigilance authority during the past decade.
Patients’ demographic data and implicated drugs were ana-
lyzed as well as the severity of the ADR and time trends.
Methods This study was a retrospective analysis of episodes
of anaphylaxis, defined according to the Second Sympo-
sium on the Definition and Management of Anaphylaxis
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Criteria, reported to the Portuguese Pharmacovigilance Sys-
tem between 1 January 2000 and 1 November 2010
Results Amongst the 16,157 ADR reported to the Portuguese
Pharmacovigilance System during the 10-year study period, we
found 918 (6 %) cases of anaphylaxis that met the proposed
criteria. The age of the patients varied from 7 days to 91 years,
with 87 cases (9 %) of anaphylaxis involving patients under
18 years of age. There was an overall female predominance
(67 %), but the majority of pediatric patients were male (56 %).
There was a trend toward increased reporting as the decade
progressed, and 31 % (284) of all anaphylaxis cases were
reported during the last 2 years of the study period. Of the
anaphylaxis episodes reported, 19 % led to hospitalization and
24 (3 %) had a fatal outcome. Antibiotics were responsible for
most cases (17 %) followed by nonsteroidal anti-inflammatory
drugs/acetaminophen (13 %), antineoplastic/cytotoxic drugs and
immune-modulators. Vaccines and radiographic contrast media
were also important contributors to an anaphylactic event.
Conclusions In this series of drug-related anaphylaxis, we
found that most of the reported episodes were associated with
widely used drugs, such as antibiotics and analgesics. Ana-
phylaxis can occur at any age. The female gender was more
highly represented, with the exception of pediatric patients.

Keywords Anaphylaxis - Drug-induced anaphylaxis -
Pharmacovigilance - Adverse drug reaction reporting system

Introduction

Anaphylaxis is usually defined as an acute systemic allergic
reaction that results from the release of pharmacologically
active mediators from activated mast cells and basophils. A
specific immune-mediated reaction is not always docu-
mented, and such cases, formerly designated as anaphylac-
toid reactions, are now classified as non-allergic anaphylaxis
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[1]. The severity of the reaction can vary from mild to life-
threatening and can be rapidly progressive. Anaphylaxis is
also a rare but potentially fatal adverse drug reaction (ADR),
classified as a type-B reaction as it is mostly an unpredict-
able and dose-independent event that occurs suddenly after
the patient comes into contact with the causative drug [2].

Data on the incidence of drug-induced anaphylaxis are
limited. There are a small number of published studies on this
subject, but most refer to specific drugs or special patient
conditions [3—6]. Our literature search revealed interesting
data on hospital admissions related to drug-induced anaphy-
laxis [7] and a few case series studies [8, 9], of which the Van
Der Klauw study [10] is one of the most extensive. This latter
study from The Netherlands includes 936 cases of drug-
induced anaphylaxis. Based on their findings, the authors
concluded that the drugs most frequently associated with
anaphylaxis leading to admission were glafenine, nonsteroidal
anti-inflammatory drugs (NSAIDs) and antibiotics; they also
detected a female predominance (65 %).

Here, we present an analysis of 918 reports of drug-induced
anaphylaxis received by the National Pharmacovigilance Sys-
tem of the Portuguese Medicines Authority (INFARMED)
from 2000 to 2010.

Materials and methods

In Portugal, the National Pharmacovigilance System was cre-
ated in 1992 as a centrally administered organization. In 2000,
regional centers were created to collect spontaneous ADR
reports from healthcare professionals of each region. These
reports are voluntary and are made mostly by physicians,
pharmacists, nurses and technical staff. They are mostly col-
lected on a standardized form that includes information on
patient demographics, ADR description, drugs involved and
clinical and pharmacological history. The reports can also be
made by telephone or e-mail (non-structured forms).

In this study, we collected not only the reports made by
healthcare professionals, but also the ones made by marketing
authorization holders. We analyzed those reports received
from 1 January 2000 to 1 November 2010 that met the criteria
of anaphylaxis proposed by the Second Symposium on the
Definition and Management of Anaphylaxis [11]. According
to this definition, anaphylaxis is a serious systemic reaction
fulfilling at least one of the following three clinical criteria:

* Acute onset of an illness (minutes to several hours) with
involvement of the skin, mucosal tissue or both (e.g.
generalized hives, pruritus or flushing, swollen lips/
tongue/uvula) and, at least, one of the following:

a. Respiratory compromise (e.g. dyspnoea, wheezing-
bronchospasm, stridor, reduced peak expiratory
flow, hypoxemia)
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b. Reduced blood pressure or associated symptoms of
end-organ dysfunction (e.g. hypotonia, collapse,
syncope, incontinence)

*  Occurrence of two or more of the following, which
occur rapidly after exposure to a likely allergen for that
patient (minutes to several hours):

a. Involvement of the skin—-mucosal tissues (e.g. gen-
eralized hives, itch-flush, swollen lips/tongue/uvula)

b. Respiratory compromise (e.g. dyspnoea, wheeze-
bronchospasm, stridor, reduced peak expiratory
flow, hypoxemia)

c. Reduced blood pressure or associated symptoms
(e.g. hypotonia, collapse, syncope, incontinence)

d. Persistent gastrointestinal symptoms (e.g. abdomi-
nal pain with cramps, vomiting)

* Reduced blood pressure after exposure to a known al-
lergen for that patient (minutes to several hours):

a. Infants and children: low systolic blood pressure (age
specific) or a >30 % drop in systolic blood pressure.

b. Adults: systolic blood pressure of <90 mmHg or
>30 % decreased from that person’s baseline.

We started by collecting all of the reports on the 16,157
cases of ADR declared to the INFARMED in which at least
one of the terms included in the anaphylaxis definition de-
scribed above was mentioned as an ADR. Based on this
analysis, we identified2,965 cases. After all duplicate case
reports were eliminated and the anaphylaxis criteria applied,
the number fell to 2,013 cases. We then analyzed each narra-
tive (which is a brief description of the episode made by the
reporter) in more detail in order to understand whether or not it
could be considered an anaphylactic reaction. There were
several reports that met our research criteria in terms of an
ADR, such as pruritus and vomiting, but the temporal rela-
tionship was inconsistent. The temporal relationship was con-
sidered characteristic of anaphylaxis if the reaction occurred
within few hours after exposure to the causative drug, or was
described as “minutes,, “hours,” “shortly” or “immediately”
after exposure.

This analysis finally led us to 918 reported cases of what
was considered to be a plausible diagnosis of anaphylaxis
(see Fig. 1.)

The Medical Dictionary for Regulatory Activities (Med-
DRA®) was used to group adverse reactions, and the nomen-
clature used for drug class classification was that adopted by
Portuguese Authority of Medicines and Health Products
(INFARMED, IP) and published in national legislation [12].
This classification includes 19 pharmacotherapeutic groups;
within each group there are several subgroups (this number
varies from 2 to 13 subgroups).

We used the international guidelines, which are also the ones
adopted by the Portuguese System of Pharmacovigilance, to
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Fig. 1 Flowchart of case
selection. ADR Adverse drug
reaction

Total ADR reported
16157

2965 reports
in which at least one of the terms
included in the anaphylaxis
definition was described, as an ADR

Duplicates removed

Anaphylaxis criteria applied

2013 reports

Narratives analyzed, in order to
understand whether or not it could be
considered as an anaphylactic

reaction.

918 reports (5.7 %)

assess the seriousness of the episodes. According to these
criteria, a serious adverse event or reaction is any untoward
medical occurrence that fulfills at least one of the following
criteria: (1) results in death; (2) requires inpatient hospitaliza-
tion or prolongation of existing hospitalization; (3) results in
persistent or significant disability/incapacity; (4) is life-
threatening [13].

We analyzed the case reports for a causal relationship
between exposure and anaphylaxis in accordance with the
criteria adopted by Portuguese Pharmacovigilance System.
All spontaneous ADR reports entered in the System are
classified according to the World Health Organization
(WHO) system for standardized causality assessment [13]
in order to produce a consistent quantitative estimation of
relationship likelihood. According to this method, reported
cases are classified as cerfain (the higher causality degree),
probable, possible, unlikely, conditional or unclassifiable.
The assessment criteria include: time relationship to drug
intake, pharmacological or phenomenological plausibility,
concomitant disease or drugs, plausibility of withdrawal
response and rechallenge data (when available). In this
study, we also analyzed our cases according to this
classification.

The total number of ADR reports was compared with the
anaphylaxis reported using the Pearson chi-square statistical
test. A Poisson regression was applied in order to analyze
the reporting time trend.

Results

During the decade study, we found 918 reported cases of
ADR that met the reference criteria and were considered to
be anaphylaxis after review. Based on the Portuguese cen-
sus, this equates, on average, to 7.9 reported cases per
million of inhabitants per year. However, it is important to
note that theoretically the same patient can be represented
by more than one episode and because of the anonymity of
the Pharmacovigilance System, it is not possible to access
this information.

Reporting trend

There was a trend toward increased reporting as the decade
progress, and 31 % (284) of the cases were reported during
the last 2 years of the study period (2009-2010), as seen in
Table 1. In the reference period, Poisson regression models,
adjusted to variations in the Portuguese population, showed
evidence of an increasing trend in the number of cases of
anaphylaxis reported (p<0.001).

However, based on a comparison with the total number
of ADR reports in the decade studied, we concluded that the
cases of anaphylaxis reported represent about 5—7 % of the
reports with no significant variation over the years analyzed
(»=0.232). This proportion is graphically represented in
Fig. 2.
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Table 1 Variation in the number of anaphylaxis cases reported annually

Year Reported cases of Reported number of
anaphylaxis, n (%) anaphylaxis cases/million
of inhabitants®

2000 28 (3) 2.7

2001 61 (7) 5.9

2002 49 (5) 4.7

2003 63 (7) 6.0

2004 95 (10) 9.0

2005 71 (8) 6.7

2006 73 (8) 6.9

2007 86 (9) 8.1

2008 108 (12) 10.2

2009 149 (16) 14.0

2010 135 (15) 12.7

Total 918 7.9/year

#Source: National Statistics Institute: www.ine.pt

Demographics

The age of the patients at the time of the ADR episode
varied from 7 days to 91 years [mean 48 years, standard
deviation (SD) 21 years]. Eighty-seven (9 %) patients were
aged 18 years or younger at the time of their ADR episode.

There was an overall female predominance (67 %) in the
ADR reports. Among adults, 70 % of the ADR involved
women. In contrast, among the pediatric population, there
was a male predominance (56 %). These values were sig-
nificantly different (p<0.001).

Drugs involved

Antibiotics formed the pharmacotherapeutic group respon-
sible for most of the reported reactions (17 %) followed by

NSAIDs/acetaminophen (13 %), cytotoxic drugs (12 %) and
immune-modulators (9 %); this latter group showed an
important increase in the last 3 study years. Vaccines and
radiographic contrast media were also important contribu-
tors to ADR, with 60 (7 %) and 40 (4 %) reports, respec-
tively (Table 2)

Seriousness and causality assessment

According to the WHO system for standardized case cau-
sality assessment [13], 388 (42 %) of the included reports
were classified as probable, 77 (8 %) as possible and only 35
(4 %) as certain. Among the 918 accepted cases, 819 (89 %)
were considered as serious, 19 % of the episodes led to
hospitalization, and 24 (3 %) were fatal. Of these fatalities,
four were due to antibiotics, four to antineoplastic drugs and
three to NSAIDs/paracetamol. Table 3 describes the drugs
involved as well as the causality attributed to each reported
fatality.

The outcome in 741 cases (81 %) was a complete recovery,
while recovery was characterized by a number of sequels in
nine cases. There were 24 cases of a fatal outcome. For all the
other episodes (13 %), the outcome is unknown.

Pediatric population

A subgroup analysis was conducted in children. There were
87 reported cases that concerned a pediatric patient (age
<18 years). As in the whole population, there was a trend
toward increased reporting of anaphylaxis as the decade
progressed, but the variation was not statistically significant
(p=0.615). Based on a comparison with the total number of
reported ADR in children, we concluded that the cases of
reported anaphylaxis represent about 4-10 % of the total,
again with no significant variation over the years analyzed
(»=0.277). This is graphically presented in Fig. 3. The

Fig. 2 Proportion of 2500
anaphylaxis cases among the ., %
total number of ADR reports &

2000 -

7%
6%
1500 - 6%
W Anaphylaxis
6%
1000 - 3% 2% M Total reports
500 I
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Table 2 Pharmacotherapeutic groups and subgroups involved in

reports of anaphylaxis

Drug classification

Pharmacotherapeutic Pharmacotherapeutic Anaphylaxis
group subgroup reported
cases, 1 (%)
Anti-infectious Antibiotics 153 (16.7)
Antifungals 1(0.1)
Antivirals 10 (1.1)
Anthelmintics 3(0.3)
Central nervous system  General anesthetics 3(0.3)
Analgesics and antipyretics® 3 (0.3)
Opioid analgesics 10 (1.1)
Other drugs acting on CNS 3(0.3)
Local anesthetics 8(0.9)
Neuromuscular blockers 9 (1.0)
Antiparkinson agents 4(0.4)
Anticonvulsants and 14 (1.5)
antiepileptics
Antiemetic and anti-vertigo 4(0.4)
agents
Psycholeptics+ 21 (2.3)
psychoanaleptics
Cardiovascular system  Antidysrhythmics 17 (1.9)
Antihypertensives 23 (2.5)
Vasodilators 3(0.3)
Lipid-lowering agents 7(0.8)
Blood Antianemics 14 (1.5)
Hematopoietic growth 7 (0.8)
factors
Anticoagulants and 11 (1.2)
antiplatelet agents
Antifibrinolytic agents 4 (0.4)
and hemostatics
Respiratory system Antiasthmatic and 8(0.9)
bronchodilators
Antitussives and expectorants 8 (0.9)
Gastrointestinal system  Drugs acting on the mouth 1(0.1)
and oropharynx
Antacids and antiulcerous 12 (1.3)
Gastrointestinal motility 2(0.2)
modifiers
Antispasmodics 1(0.1)
Enzymes 2(0.2)
Genitourinary system Urinary anti-infectives and 4 (0.4)
antiseptics
Other drugs used in 7 (0.8)
genitourinary disorders
Hormones and drugs Hypothalamic and pituitary 3(0.3)
used to treat hormones, analogs and
endocrine diseases antagonists
Corticosteroids 10 (1.1)
Insulins, oral antidiabetics 1(0.1)
and glucagon
Sex hormones 1(0.1)
Locomotor system NSAIDs and paracetamol 123 (13.4)
Drugs used to treat gout 3(0.3)
Anti-inflammatory enzymes 1(0.1)

Table 2 (continued)

Drug classification

Pharmacotherapeutic
group

Pharmacotherapeutic
subgroup

Anaphylaxis
reported
cases, 1 (%)

Bone and calcium 11 (1.2)
metabolism modifiers
Anti-allergic medication ~Antihistaminics 5(0.5)
Nutrition Vitamins and minerals 1(0.1)
Corrective agents in Plasma substitutes 6 (0.7)

blood volume and
electrolyte disturbances

Drugs for skin disorders ~Anti-infective, skin application 3 (0.3)

Keratolytics and antipsoriatics 1 (0.1)
Other drug used in 1(0.1)
dermatology
Drugs used in Nasal application products 2(0.2)
otorhinolaryngological
disorders
Drugs for eye disorders  Drugs used to treat glaucoma 1 (0.1)
Other drugs and products 5(0.5)
used in ophthalmology
Antineoplastic Cytotoxic drugs 113 (12.3)
firugs and Hormones and 8(0.9)
immune-modulators anti-hormones
Immune-modulators 85(9.3)
Drugs used to Drugs used to treat poisoning 6 (0.6)
treat poisoning
Vaccines and Vaccines 60 (6.5)
immunoglobulins Immunoglobulins 7 (0.8)
Diagnosis media Radiographic contrast media 40 (4.4)
Contrast media for NMR 7 (0.8)
imaging
Others Associations® 34 (3.7)
Other products® 3(0.3)
Total 918

NSAIDs, Nonsteroidal anti-inflammatory drugs; CNS, central nervous
system; NMR, neutron magnetic imaging

 This subgroup includes drugs with analgesic and/or antipyretic effects
which do not interfere with the opioid receptors and for whom anti-
inflammatory activity is not the main drug effect. NSAIDs are not
included in this group. The three cases reported refer to clonixine

b Associations were defined as those cases in which more than one
drug was suspected to cause the anaphylaxis, and the drugs belonged to
different pharmacotherapeutic groups

©One of these three cases was caused by an immunotherapy extract
(classified as “other products”, according to the nomenclature used)

proportion of anaphylaxis reports among children was found
to be similar to that found analyzing the entire population.
The age of the pediatric patients varied from 7 days to
18 years (mean 9 years; SD 5 years) and there was a male
predominance (56 %). Most of the cases reported in the
pediatric population (37 %) were attributed to exposure to
vaccines and immunoglobulins, followed by exposure to
antibiotics (22 %) and NSAIDs/paracetamol (7 %).
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Table 3 Description of the

fatal episodes Class of suspected drug Causality term Total
Probable Possible Unclassifiable (Unknown)
Antibiotics 2 0 0 2 4
Antiepileptics and anticonvulsants 0 0 0 2 2
Antiarrhythmics 0 0 0 1 1
Antianemics 1 0 0 0 1
Hematopoietic growth factors 0 0 0 2 2
NSAIDs and paracetamol 2 0 0 1 3
Antibacterials, topical 0 1 0 0 1
Antineoplastic drugs 2 1 0 1 4
Immunomodulators 0 0 0 1 1
Cytoprotective agents 0 1 1 0 2
Contrast media 0 1 0 0 1
Associations 1 1 0 0 2
Total 8 5 1 10 24

In terms of seriousness, 75 (86 %) cases were considered
to be serious, and 22 % led to hospitalization. No fatalities
related to the ADR were reported.

The outcome of 78 (90 %) of these cases was complete
recovery. One child died but the death was not related to the
ADR and the outcome was unknown for the remaining eight
cases.

Discussion

Worldwide, reported annual incidences of anaphylaxis range
from 3.2 to 49.8 cases per 100,000 general population, and the
number appears to be increasing in recent years [ 14—18]. Drugs
are the major triggers reported in most studies [7, 17, 19], and
drug-induced anaphylaxis death appears to be increasing, in
contrast to anaphylaxis death due to other causes [18].

Fig. 3 Cases of anaphylaxis 250
reported in children (<18 years)

compared with total cases of

ADR reported in children 200

150 -

100 -

50

We found an overall incidence of 7.9 reported cases per
million Portuguese inhabitants (0.79 cases per 100,000 pop-
ulation) during the study period, but this number is just those
cases related to drug-induced anaphylaxis. Taking into con-
sideration that the published data show that only 5-10 % of
the cases are actually reported to pharmacovigilance systems
[20-24]—even when serious reactions are concerned, such as
Stevens—Johnson syndrome [25] and anaphylaxis during an-
esthesia [26]—we suggest that our estimated numbers are
similar to those previously described by other authors.

We found an increasing trend toward reporting cases of
anaphylaxis in both adults and children as the study decade
progressed. However, this trend is probably due to an over-
all increase in ADR reporting as the ratio between number
of anaphylaxis-related reports and total number of ADR
reports did not change significantly and, curiously, it was
similar in the pediatric and the general population.

16
14
12

10

g =—®—Total ADRin children

—+— Anaphylaxisin children

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
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A female predominance is reported in most studies that
assess ADR in general [27] and drug-induced anaphylaxis
specifically [14, 19], and our data confirm this preponder-
ance. In the pediatric subpopulation, however, we found a
male predominance. The different behavior of the gender
variable according to age has also been reported by other
authors referring to ADR in general [27, 28] and to anaphy-
laxis specifically [14, 26, 29, 30].

Drug-induced anaphylaxis was predominantly associated
with antibiotics and NSAID drugs, as reported in other studies
on drug hypersensitivity reactions [7,19]. The other three main
pharmacological groups we identified as contributors to ana-
phylaxis were antineoplastic/cytotoxic drugs, vaccines and
radio contrast media; these groups have also been identified
as important causes of ADR and hypersensitivity by other
authors [10]. The increasing number of reports related to
immune modulators—also reported in other studies [17]—is
most probably explained by the raising clinical indications
and use of these drugs over the last decade. According to the
WHO system for standardized causality assessment [13], most
of the included reports could be classified as probable and
only 35 as certain. This distribution is similar to that found in
other publications concerning ADR and drug-induced ana-
phylaxis [31]. However, these data should be carefully inter-
preted as the methods used by pharmacovigilance systems to
assess causality seems to have a low positive predictive value
compared to standard clinical evaluation, especially
concerning drug hypersensitivity reactions [32, 33] .

The important proportion of cases considered to be serious
is probably associated with reporting bias as serious reactions
are more likely to be reported than less serious cases and
because anaphylaxis is by definition a potentially fatal event.

In most of the reported cases the patient showed a fully
recovery, but there were 24 fatalities due to anaphylaxis in
the study period. In a study from New Zealand on cases of
anaphylaxis with a fatal outcome that covered 20 years, the
most common cause was found to be drugs [34]. Also, in a
recent study from Australia on anaphylaxis-related fatality
(obtained from a mandatory national mortality database),
112 cases were identified over 9 years, 62 of which were
attributed to drugs (22 caused by drugs and 42 most likely
caused by drugs); these numbers are not very different from
those we found when the differences in populations is taken
into account [18]. In fact, according to national census, the
Portuguese population average in this decade was about
10.5 million inhabitants; in comparison, the Australian pop-
ulation average was about 20.3 million in the same period.

A total of 202 fatalities were reported in a 10-year review
in the UK (passive reporting to a dedicated anaphylaxis
deaths registry), with 88 of these attributed to drugs [35].
Also in the UK, an estimated prevalence of one anaphylaxis-
related death annually per 3 million population [36, 37] was
calculated, which would translate to three deaths annually

based on the Portuguese general population of 10 million
and 33 deaths over an 11-year period. Therefore, the numb-
ers we found are within the expected range, even consider-
ing the referred underreporting problem.

Our results allow us to conclude that drug-induced anaphy-
laxis can occur at any age, but we do know that in children the
most common trigger for anaphylaxis is food [29, 38—40].
Published data on drug-induced anaphylaxis in pediatric
patients is scarce. In the 5-year retrospective review of Silva
et al. [38], which involved 123 children presenting to the
Emergency Department, only 6 % of the cases were associated
with the use of drugs. In contrast, drugs were the identifiable
cause in 11.8 % of'the pediatric cases included in the Bohlke et
al. study [29]. We also found a significant number of cases of
drug-induced anaphylaxis in children. We found no reported
fatalities in children (a non-significant difference with the
adult population). The drugs involved in drug-induced ana-
phylaxis in children are somewhat different from those asso-
ciated with adult cases, with most of the reactions in the
former being attributed to vaccines, which are well-known
causes of pediatric ADR, as previously reported [31, 41-43].

There are several limitations to our study. First, the effec-
tiveness of the Portuguese Pharmacovigilance System, on
which our study is based, is compromised by the problem of
underreporting. This problem is not exclusively Portuguese and
is a well-recognized difficulty in studies carried out in devel-
oped countries [25, 44]. It has been estimated that reported
ADRSs rarely exceed 10 % of the real total [20-24]. Conse-
quently, based on available data, we can just speculate about the
true incidence of drug-induced anaphylaxis. Another important
question that can be raised about all studies on anaphylaxis,
including our study, concerns the differences in the definitions
of anaphylaxis that can be used. The lack of a general standard
case definition can lead to an inconsistent diagnosis [45] and
therefore reporting. In this work we applied the diagnostic
criteria proposed by the Second Symposium on the Definition
and Management of anaphylaxis [11], and we reviewed all of
the information available on the reports in order to reduce this
problem, but even doing so this limitation cannot be completely
overcome because reports can be incomplete or contain erro-
neous information. Finally, we must note that the retrospective
nature of this study also reduces its ability to obtain complete
data on some of the reactions, leading to potential inadequate or
incomplete documentation (missing data). One of the conse-
quences of this is, for example, our incapacity to assess risk
factors when considering those related to demographic data.

Conclusion
We present a fairly extensive case series of suspected drug-

induced anaphylaxis reported to the Portuguese Pharmacovi-
gilance Authority over one decade. The available data show
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that drug-induced anaphylaxis is a problem affecting all age
groups and that the majority of patients were female. Most of
the reported cases were considered to be serious events and
included 24 fatal cases. The majority of the reports were
classified as probable according to WHO system for standard-
ized causality assessment and were attributed to commonly
used drugs, such as antibiotics and NSAIDs.
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