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Facilitation of drug hypersensitivity reactions – the
role of acid suppression?
This editorial discusses the findings of the article in this issue by E. Ramirez et al. [1], pp. 344–352.
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Drug hypersensitivity and adverse drug reactions are
among the most common clinical problems affecting the
general patient population. Between 10% and 15% of
patients may suffer from an adverse drug reaction, with
2–5% of these having to be hospitalized, and a reported
mortality in up to 1–3% of hospitalized patients [2].
Despite recent advances in our understanding of immu-
nological mechanisms underlying certain drug hyper-
sensitivities, progress remains slow, and insights limited
compared with other areas of allergy/immunology. In
part, this is due to the very diverse structure of drugs,
and their myriad interactions with the immune system
via classic immune pathways, or the more recently
described direct pharmacological–immunological (p–i)
interaction [3]. In addition, genetic susceptibility factors,
some of which are just beginning to be understood for a
limited number of drugs [4], other drugs as co-factors
[5], viral infections [6], exercise and food allergy [7]
may interact with drug response and contribute to the
variability and apparent unpredictability of clinical
manifestations. There is but a limited range of standard-
ized in vivo or in vitro tests with clinical predictive value
that demonstrate the presence of drug-specific IgE or
T-lymphocytes. Expert clinical assessment with the judi-
cious application of drug provocation tests remain the
foundation and limit of evaluation in most cases of drug
hypersensitivity [8]. Initiatives such as the European
Network on Drug Allergy (ENDA) [9] and the Drug
Hypersensitivity Meetings (DHM) [10] facilitate the sci-

entific dialogue and research necessary to promote
advances in this important field.

In this issue of Clinical & Experimental Allergy,
Ramirez et al. [1] report an intriguing association
between the prescription of proton-pump inhibitors and
risk of developing of drug hypersensitivity reactions.
Using a retrospective nested case–control design of
70 771 tertiary hospital admissions over 2 years, the 166
cases were among possible adverse drug reactions
referred to the Allergy Department and confirmed as
drug hypersensitivity by the authors. The odds ratio of
drug hypersensitivity was 4.35 in hospitalized patients
treated with proton-pump inhibitors (PPIs), compared
with matched controls after controlling for confounders.
Other significant risk factors included a personal history
of other drug hypersensitivities and long hospitalization
time. The study is well-designed and methodology well-
described, including confirmation of cases via detailed
clinical evaluation by the authors and their colleagues.
The lack of supportive tests reflects the limited availabil-
ity of evaluation tools as described above, as well as the
practicalities of, and indications for, drug provocation
challenges. Nevertheless, the rigour of their clinical
approach gives some assurance that the cases have lar-
gely been correctly identified, within the limits of current
best practice. The authors rightly refer to the limitations
of a single-centre, retrospective case–control study,
restricted to adults, in their discussion of the results.
Hence, the interpretation of a possible cause-effect rela-
tionship requires caution, with further research in differ-
ent populations using different methodologies needed to
confirm the generalizability of this association.

Pharmacovigilance and pharmaco-epidemiological
studies can sometimes reveal insights which lead to
improved understanding of underlying immunological
mechanisms, and help establish a cause-effect relation-
ship. A recent example is the Scandinavian pholcodine
story [11]. Anaphylaxis to neuromuscular blocking

Correspondence:
Francis Thien, Department of Respiratory Medicine, Eastern

Health and Monash University, Box Hill Hospital, Melbourne,

Australia.

E-mail: frank.thien@monash.edu

Cite this as: F. Thien and R. M. Puy, Clinical & Experimental
Allergy, 2013 (43) 271–272.



agents (NMBA) was about 10 times more frequent in
Norway than in Sweden, despite social, geographical,
and genetic similarities, and identical anaesthetic prac-
tices. Sera of Norwegian blood donors was found to con-
tain specific IgE to suxamethonium, the most commonly
implicated NMBA in Norway, and to morphine which has
a tertiary amine moiety that cross-reacts with the quater-
nary amine ion (QAI) found in NMBAs [12]. Anaphylaxis
to NMBAs can occur on first exposure to the drug, which
suggested that the mechanism of sensitization may be
another agent with a similar chemical structure. Of the
many such household compounds containing QAIs, a
cough mixture containing pholcodine was widely used in
Norway, but was not available in Sweden. Short-term
use of pholcodine was then demonstrated to increase IgE
synthesis and levels of specific IgE to suxamethonium
and morphine as well as to pholcodine itself. Subsequent
withdrawal of pholcodine from the Norwegian market
resulted in reduction both of antibody levels and of the
incidence of anaphylaxis to NMBAs [13].

Another pharmaco-epidemiological example is the
association of paracetamol consumption and risk of
developing asthma. The strength of this association is
in the consistency of findings between studies of
diverse designs in different countries, age-groups, and
populations. There is also a plausible biological hypoth-
esis for a causal association with the depletion of gluta-
thione by regular paracetamol ingestion, reducing
tolerance of oxidative stress produced by reactive oxy-
gen species (ROS) such as superoxide, and leading to
airway injury. The strong evidence for this association

has led to recent calls to urgently establish causation
once and for all with adequately powered placebo-con-
trolled trials [14].

The results of Ramirez et al. do not as yet have the
strength of the pholcodine and paracetamol associations
with NMBA anaphylaxis and asthma risk, respectively,
but they open a door with potentially widespread impli-
cations. These examples point the way forward to the
further research required to establish or refute this asso-
ciation, and the possible cause-effect relationship. There
is a biologically plausible mechanism with the modifi-
cation in drug allergenicity by altering gastric acidity,
as well as reasoning by analogy with allergic reactions
to acid-labile food proteins. These strengthen the
Bradford-Hill criteria for establishing a cause-effect rela-
tionship [15]. A question which requires further investi-
gation is whether the relative temporal relationships of
commencing the PPIs and the suspected allergenic drug,
have an effect on subsequent risk of hypersensitivity
reaction i.e. does introducing a suspect allergenic drug
before the PPI tolerise the immune system and negate the
possible suspected effect of acid suppression on drug
allergenicity? These and other research questions are
difficult to answer with a retrospective case–control
design, and require other experimental approaches. In
view of the frequency of use of PPIs, the implications for
induction of drug allergy are profound, and further
research to address this important question is essential.

Conflict of interests: The authors declare no conflict
of interests.

References

1 Ramirez E, Cabanas R, Laserna L et al.

Proton pump inhibitors as facilitators

of hypersensitivity reactions to drugs

in hospitalized patients: a nested case-

control in a retrospective cohort study.

Clin Exp Allergy 2013; 43:344–52.
2 Demoly P, Hillaire-Buys D. Classifica-

tion and epidemiology of hypersensi-

tivity drug reactions. Immunol Allergy

Clin North Am 2004; 24:345–56.
3 Pichler WJ. Pharmacological interaction

of drugs with antigen-specific immune

receptors: the p-i concept. Curr Opin

Allergy Clin Immunol 2002; 2:301–5.
4 Lonjou C, Thomas L, Borot N et al. A

marker for Stevens-Johnson syndrome

…: ethnicity matters. Pharmacogenom-

ics J 2006; 6:265–8.
5 Mertes PM, Laxenaire MC, Alla F;

Groupe d’Etudes des R�eactions

Anaphylacto€ıdes Peranesth�esiques.

Anaphylactic and anaphylactoid reac-

tions occurring during anesthesia in

France in 1999–2000. Anesthesiology

2003; 99:536–45.
6 Mizukawa Y, Shiohara T. Virus-induced

immune dysregulation as a triggering

factor for the development of drug

rashes and autoimmune diseases: with

emphasis on EB virus, human herpesvi-

rus 6 and hepatitis C virus. J Dermatol

Sci 2000; 22:169–80.
7 Moneret-Vautrin DA, Morisset M.

Adult food allergy. Curr Allergy

Asthma Rep 2005; 5:80–5.
8 Thien FC. Drug hypersensitivity. Med J

Aust 2006; 185:333–8.
9 Brockow K, Romano A, Blanca M, Ring

J, Pichler WJ; for ENDA. General con-

siderations for skin test procedures in

the diagnosis of hypersensitivity.

Allergy 2002; 57:44–50.
10 Romano A, Pichler WJ, Blanca M.

Highlights of the 4th drug hypersensi-

tivity meeting – Rome, April 22–25,
2010. Preface. J Allergy Clin Immunol

2011; 127:S59.

11 Florvaag E, Johansson SGO. The phol-

codine story. Immunol Allergy Clin N

Am 2009; 29:419–27.
12 Baldo BA, Fisher MM. Substituted

ammonium ions as allergenic determi-

nants in drug allergy. Nature 1983;

306:262–4.
13 Florvaag E, Johansson SGO, Irgens A,

de Pater GH. IgE-sensitization to the

cough suppressant pholcodine and the

effects of its withdrawal from the Nor-

wegian market. Allergy 2011; 66:955–
60.

14 Holgate S. The acetaminophen enigma

in asthma. Am J Respir Crit Care Med

2011; 183:147–8.
15 Bradford-Hill A. The environment and

disease: association or causation? Proc

R Soc Med 1965; 58:295–300.

© 2013 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 43 : 271–272

272 F. Thien & R. M. Puy


