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Hypersensitivity drug reactions are adverse effects of drugs taken at a dose
that is tolerated by normal subjects that clinically resemble allergy. Although they
are a frequent and almost constant worry for prescribing physicians, extensive
epidemiologic studies are lacking, because numerous reactions with symptoms
suggestive of an allergy are often considered real drug allergies. Only when
immunologic mechanisms are involved should these reactions be classified as
drug allergy [1]. The vast majority of allergic drug reactions are found to be
IgE-mediated or T-cell mediated. Unfortunately, allergic drug reactions may not
be differentiated easily from nonimmunologic hypersensitivity drug reactions or
from another diagnosis such as an infectious exanthema. Many persons who
experience a hypersensitivity drug reaction are cataloged as being allergic to
the drug without further investigation [2—5]. The diagnostic work-up of a
hypersensitivity drug reaction is difficult [5]. Reasons for this include the
following: (1) the reaction itself is rarely documented; (2) the clinical presentation
is heterogeneous, mirroring many distinct pathophysiologic events; (3) several
drugs are often taken simultaneously; (4) many factors besides the drug can be
involved; and (5) when the reaction occurred a long time ago, sensitivity could be
lost. Another problem is the lack of consensual diagnostic procedures for many
drugs [6], although efforts are underway to overcome this deficiency [6—10].
Indeed, test reagents are not standardized for in vitro or in vivo (skin) tests, and
provocation tests are cumbersome and possibly harmful for the patient.

Many physicians (and epidemiologic references) rely on the clinical history
without attempting to prove the relationship between drug intake and symptoms
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or clarifying the underlying pathophysiology of the reaction. Such an attitude
leads to a misunderstanding of the epidemiology and pathophysiology of this
highly relevant field. Additionally, the frequency of drug hypersensitivities may
be affected by changes in the output of pharmaceutical industry and prescription
patterns. Before considering the importance of hypersensitivity drug reactions as
a public health problem, one must define as precisely as possible what is meant
by drug hypersensitivity.

Classification of hypersensitivity drug reactions

Predictable (type A) and unpredictable (type B) reactions

Adverse reactions to drugs are classified according to their mechanism and are
divided into predictable (type A) and unpredictable (type B) reactions [11]. Toxic
reactions are caused by an overdose, whereas pharmacologic reactions include
the adverse effects to the normal doses administered. Both types of reactions are
predictable. Unpredictable reactions include immune (allergic) or nonimmune
hypersensitivity reactions and those reactions related to genetic susceptibilities or
undefined mechanisms (sometimes called idiosyncratic and intolerance reac-
tions). Examples of the latter include a rapid acetylation profile (favoring hepa-
toxic effects of isoniazide) or a deficiency in IgA (responsible for anaphylaxis
during blood transfusions containing IgA).

Immune and nonimmune hypersensitivity drug reactions

A drug allergy is always associated with an immune mechanism for which
evidence can be shown of drug-specific antibodies or activated T lymphocytes.
This mechanism holds true for reactions to myorelaxants [12] and proteins
such as insulin or 3-lactams [13]. Schematically, several criteria characterize an
allergic reaction:

The reaction is not an expected pharmacologic effect.

A period of sensitization precedes the reaction.

The reaction may occur at a dose much lower than that required for a phar-
macologic effect.

The clinical symptoms are characteristic of an allergic reaction.

Resolution occurs within an expected interval, usually days, after discontinua-
tion of the offending agent.

Chemical cross-reactivity may occur.

One can qualify as nonimmune hypersensitivity drug reactions all adverse
reactions whose symptomatology brings to mind an allergy but for which the
immunologic nature of the reaction cannot be proved [1,11]. These reactions
are often unpredictable. Their formal designations as pseudoallergic (or anaphy-
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lactoid) reactions have been abolished [1]. They can evoke a pharmacologic
effect of the drug and assume most of the criteria listed previously. Numerous
nonimmune hypersensitivity reactions occur and are caused by multiple etiolo-
gies [11]. Examples include nonspecific histamine release (opiates, radiocontrast
media, and vancomycin), an accumulation of bradykinin (angiotensin-converting
enzyme inhibitors), complement activation (radiocontrast media, protamine), an
activation of leukotriene synthesis (aspirin and nonsteroidal anti-inflammatory
drugs), and bronchospasm (by liberation of sulfur dioxide during treatments
containing sulfites or by blockage of the 3-adrenergic receptors, even when the
drug is administered through the eyes). Moreover, 3-blockers aggravate every
type I hypersensitivity reaction and make treatment by epinephrine difficult.

Drug reactions presumed to be hypersensitivity drug reactions

Almost two thirds of patients who visit a physician for a reaction that is di-
agnosed as a “drug allergy” sustain events that are not drug related. The proba-
bility is inverse for anaphylactic shock (Fig. 1, authors’ personal data, 2003).
Usually, the clinical signs are maculopapular cutaneous eruptions that appear
during a course of antibiotics for an infection of the respiratory tract. This
eruption is frequently (especially in children) related to the pathogenic agent,
even though the interaction of the infection and medication is still an unknown
factor that may be T-cell mediated. The reactions can also be of a pharmacologic
nature (eg, a central effect of narcotics), a subjective symptomatology (anguish,
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Fig. 1. Personal data concerning the results of 5 years of a drug allergy outpatient consultation. A total
of 2150 subjects visited the authors’ department with a clear-cut history of hypersensitivity drug
reactions. After a thorough diagnostic procedure (including provocation tests for drugs when skin tests
were not validated), only 415 patients (19.3%) had a proven hypersensitivity drug reaction. 'Including
streptogramine, dihydroergotamine, insulin, and HIV drugs; “including aspirin and all non-steroidal
anti-inflammatory drugs (NSAIDs).
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hyperventilation syndrome during local anesthesia), or a food allergy (medication
is often taken during a meal).

Multiple and varied mechanisms of drug allergy

Drugs can induce all of the types of immunologic reactions described by Gell
and Coombs [14]. Antibiotics (especially 3-lactams) are the principal therapeutic
classes involved. An IgE-mediated allergy (type I in the Gell and Coombs
classification) is the most common form and results from the interaction between
the drug and the specific IgEs presented on the surface of the mast cells and
basophils. This immunologic mechanism is responsible for immediate anaphy-
lactic reactions (anaphylactic shock, urticaria, angioedema, and bronchospasm).
These drugs or their metabolites can also directly activate T-lymphocyte
proliferation [15], which is responsible for delayed type IV allergic reactions in
the Gell and Coombs classification (eg, maculopapular eruptions, contact der-
matitis, photosensitization). Complement-mediated reactions (Gell and Coombs
type II cytotoxicity reactions mediated by antigen-specific IgG or IgM and
type III immune complex reactions mediated by antigen-specific IgG antibodies)
are less frequent [16]. These reactions are responsible primarily for cytopenia,
serum sickness syndrome, glomerulonephritis, prolonged fevers, and certain
urticarias. For the most part, the metabolites are unknown, and sometimes sev-
eral complex allergic mechanisms intervene (eg, types I and IV) [16]. More-
over, nonallergic mechanisms, which are very often toxic in nature, may be
associated (eg, the hydroxylamines derived from sulfonamides or those induced
by viruses such as Epstein-Barr [17] or HIV [18]). These reactions depend on
both the drug and the host. The epidemiologic data are limited; however, intense
investigations on the polymorphisms of drug-metabolizing enzymes and inflam-
matory mediators are being performed (within the scope of the impressive devel-
opment of pharmacogenetics).

Epidemiology of hypersensitivity drug reactions

Incidence and prevalence

Hypersensitivity drug reactions are responsible for mortality, morbidity, and
extra costs that are typically underestimated. Some data are available. In the study
by Bates et al [19], nurses and pharmacists participating in the Boston Collabo-
rative Drug Surveillance Program in the United States collected information on
adverse drug reactions in 4031 hospitalized patients during a 6-month period. A
total of 247 reactions were declared (an incidence of 6.1%), of which 41.7% were
severe and 1.2% led to the patient’s death. A total of 194 other reactions could
also be related to drugs (which increased the incidence to 10.9%). Most of these
reactions were unpredictable (61.7%) and, possibly, allergic reactions, although
this conclusion was not stated in the article. In a study by Classen et al [20],
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pharmacists at the LDS Hospital in Salt Lake City, Utah, studied 36,653 hos-
pitalized patients during an 18-month period by an automatic detection system,
identifying 731 reactions. The 1.8% incidence was lower than in the previous
study, with only 12.3% of the events reported by the doctors in the hospital. Of
the reactions, 13.8% were severe, and 32.7% were of an allergic nature. This
system principally detected reactions requiring a biologic assessment or a cor-
rective treatment. If applied to the study of Bates et al [19], their incidence would
have been similar at 2.8%. Lazarou et al [21] reported in a recent meta-analysis
of 33 prospective US studies from 1966 to 1996 that 15.1% of hospitalized
patients sustained an adverse drug reaction (6.7% severe). The incidence of drug-
related hospital admissions ranged from 3.1% to 6.2%. A recent French survey
conducted for 14 days in a representative sample of teaching and general hos-
pitals confirmed these data; 3.2% of the patients had been admitted to the hospital
because of an adverse reaction [22]. The notion of underdeclaration of the
undesirable effects of drugs is constantly reported in studies, even at university
hospitals, where a maximum of 6% to 12% of these events are declared [20,23].
In general practice, the French Centres of Pharmacovigilance estimate that they
are informed of less than 1 effect in 20,000 and less than 1 serious effect in 6000.

Although hypersensitivity drug reactions represent up to one third of adverse
drug reactions and can affect 10% to 15% of hospitalized patients, in most cases,
these reactions are not declared [19—23]. Inversely, because a precise diagnosis
is rarely made, and based on the authors’ personal experience (Fig. 1), these
reactions could also be overestimated. The Comprehensive Hospital Drug Moni-
toring Program of Bern and Saint Gallen in Switzerland found 2.7% of cutaneous
allergic reactions documented by a dermatologist in 48,005 patients hospitalized
over a 20-year period [24]; however, the diagnosis was one of probability without
re-challenge. This rate is supported by another survey of the Boston Collabora-
tive Drug Surveillance Program [25] in which the investigators provided most
of the data regularly used to calculate the incidence of hypersensitivity drug
reactions. The incidence of cutaneous drug reactions in 15,438 hospitalized pa-
tients was analyzed over a 7-year period. A total of 358 reactions were collected
and confirmed by a dermatologist. For each of the 51 drugs studied, the num-
ber of reactions versus the number of administrations has been reported, with
a global incidence of 2.3%. Specific rates are 5.1% for amoxicillin, 3.4% for
co-trimoxazole, 3.3% for ampicillin, 2.2% for blood derivatives, 2.1% for cepha-
losporins, 2% for erythromycin, 1.8% for penicillin G, and 0.4% for gentamycin.
A prospective study in patients receiving monthly injections of penicillin G (for
rheumatic fever) reported similar data, with 57 reactions in 1790 patients (in-
cidence of 3.2% of patients and 0.19% of injections) [26]. A more recent study is
the French registry of adverse reactions during general anesthesia. The sixth
recently published survey identified 789 cases (518 with a demonstrated immune
mechanism) [27]. The incidence of such reactions was 1 event per 13,000 general
anesthesias and 1 event per 6500 myorelaxant injections.

The great majority of drugs are prescribed for outpatients, and few studies
have looked at this population. The incidence of drug reactions in a population of



350 P. Demoly, D. Hillaire-Buys / Immunol Allergy Clin N Am 24 (2004) 345-356

nonhospitalized subjects or even in the general population is mostly unknown. In
a recent cross-sectional survey of a general adult population in Porto, Portugal,
the prevalence of self-reported drug allergy was 7.8% (181/2309). Rates were
4.5% for penicillins or other B-lactams, 1.9% for aspirin or other nonsteroidal anti-
inflammatory drugs, and 1.5% for other drugs (P. Demoly, MD, PhD, personal
data, 2003). In a review of almost 6000 medical records in a private group pedia-
tric practice in northern Virginia, cutaneous eruptions occurred in 7.3% of the
children who were given common oral antibiotics [28]. The rates were 12.3% for
cefaclor, 8.5% for sulfonamides, 7.4% for penicillins, and 2.6% for other cepha-
losporins. In another study, 3 of 3200 students given ciprofloxacin to prevent
meningococcal carriage experienced an anaphylactic reaction [29]. In the study by
Katayama et al [30] of 337,647 injections of radiocontrast media in Japan, the in-
cidence of adverse reactions was 12.6%. The rate of severe reactions was 0.22%
for ionic products and 0.04% for nonionic products. Other useful information is the
incidence of these reactions in exposed subjects during clinical trials; however, drug
monographs do not always reflect the safety profile of the drug once it is com-
mercialized, especially when the drug (eg, an anti-HIV drug) is rapidly launched.

Mortality

Drug hypersensitivity reactions can be serious and potentially life threatening.
In the United States, the study by Lazarou et al [21] analyzed 33 prospective
studies from 1966 to 1996 and showed that 0.32% of hospitalized patients died of
adverse drug reactions. The 106,000 deaths estimated for the year 1994 com-
prised the fourth leading cause of death. The proportion of allergic reactions in
the study was not evaluated but was estimated to be 23.8% (all severities).
Anaphylactic shock is an IgE-mediated reaction that is the most frightening and
potentially lethal; non—IgE-related anaphylactic shock can also be drug related.
Although these events are rare, the extremely rapid onset of the symptoms and
the possibility of death make them a major threat for patients and physicians.
Other causes of mortality owing to allergic drug reactions are toxic epidermic
necrolysis (30% mortality), Stevens-Johnson syndrome (5% mortality), multi-
system organ hypersensitivity syndrome (10% mortality), and other vasculitis or
liver, lung, or kidney involvements.

Anaphylactic shock has been studied specifically in some cohorts. Yocum et al
[31] reported that drug anaphylaxis represented 12.8% of 179 anaphylactic cases
collected at the Mayo Clinic, Rochester, over a 3-year period. van-der-Klauw et al
[32] reported 345 cases of probable anaphylaxis to drugs and 485 possible cases
over a 20-year period from 1974 to 1994 in the Netherlands. The nonnarcotic
analgesic drug glafenine was responsible for 326 cases, in which there were
2 deaths, followed by nonsteroidal anti-inflammatory drugs (101 cases), sulfona-
mides (23 cases), dextran (20 cases, 3 deaths), floctafenine (12 cases), allergens
(12 cases, 2 deaths) and amoxicillin (11 cases). The mortality rate for anaphy-
lactic shock was 2.5% in that study (21 deaths in 830 cases). The Danish Drug
Administration reported 30 cases of fatal anaphylactic shock from 1968 to 1990,
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of which 8 were caused by radiocontrast media, 6 by penicillins, 5 by allergen
extracts, 2 by nonsteroidal anti-inflammatory drugs, and 1 by myorelaxants [33]
(incidence of 0.3 cases per 1 million inhabitants per year). A recent survey in
the United Kingdom identified an almost twofold increase in hospital admissions
for acute anaphylaxis between 1991 (56 cases per million) and 1995 (102 per
million). When the etiology was recorded (51%), the most common cause was a
therapeutic drug (62%) [34]. In France, a register of all fatal anaphylactic
reactions has been established since 1992. The latest report details 164 fatalities
during 1992 t01998 [35]. Drug anaphylaxis represented 39% of the cases. The
cause was anesthetics in 27 cases, antibiotics in 16, and radiocontrast media in 8.
For certain drugs, such as general anesthetics, penicillins, or radiocontrast
media, the statistics are more precise. In the previously cited study of patients
receiving weekly injections of penicillin G (for rheumatic fever) [26], four
anaphylactic events (incidence of 0.2% of patients and 0.01% of injections)
and one fatality (incidence of 0.05% of patients and 0.003% of injections) are
described. In the study by Katayama et al [30] of 337,647 injections of radio-
contrast media in Japan, two deaths were reported (incidence of 0.0006%).

Drug-related risk factors

Drug-related, treatment regimen—related, and patient-related risk factors have
a major role in determining drug hypersensitivities. To be immunogenic in a
native state, a substance must have a sufficient molecular weight (>1000 D).
Examples include complete allergens such as heterologic sera, certain enzymes
(chymopapain), and hormones (insulin). Most other drugs have an insufficient
molecular weight but can react as haptens by covalent binding to a carrier protein
(possibly a major histocompatibility complex [MHC]—-associated peptide) [16] to
induce a specific immune response [11]. Some drugs (eg, penicillins) are
intrinsically reactive (hapten concept), whereas other drugs require enzymatic
or nonenzymatic conversion to a reactive intermediate (pro-hapten concept).
Sulfamethoxazole, for which the hydroxylamine derivative is a reactive metabo-
lite, illustrates the pro-hapten concept. The inherent chemical reactivity of drugs
or drug metabolites is critical [6,16]. In addition, drug-related cytotoxicity may be
of importance to enhance the immune response (danger concept) [6]. Accord-
ing to this concept, the immune response to a drug-derived antigen requires
the presence of co-stimulatory signals and cytokines, which propagate and
determine the type of immune response. The “danger signal” might result from
chemical, physical, or viral stress. On the other hand, many drugs are not reactive
and can still be immunogenic by direct noncovalent binding to MHC peptides
(pharmacologic interaction concept) [16].

Treatment regimen—related risk factors

The dosage of the drug and the mode of administration influence the fre-
quency of the reactions. Certain drugs given at high doses or frequency are
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associated with increased rates of sensitization. In an allergy to penicillin or
insulin, intermittent and repeated administrations are more sensitizing than is an
uninterrupted treatment. The parenteral route is the most immunogenic, but topi-
cal administration (ointments, creams, eye drops) also can be immunogenic and a
source of sensitizations and reactions (probably owing to a local inflammation).

Host-related risk factors

Several host-related factors can influence how a drug is processed and can
predispose the host to drug allergy. Most studies show that women are affected
more often than men (65% to 70% versus 30% to 35%, respectively) [36—38],
and it is often reported that children are less affected than adults. This is also the
authors’ experience, but systematic and thorough studies are lacking. Atopic
patients do not seem to be predisposed [37—39], but their reactions can be more
severe. This notion is regularly debated, and atopy could have a role for certain
drugs, such as nonsteroidal anti-inflammatory drugs [40] and chymopapain [41].
In the study by Haddi et al [37], the percentage of subjects with specific serum
IgE (globally evaluated by the positivity of Phadiatop) was not higher in 303
subjects with a history of allergic reactions to drugs (17.6%) when compared with
1764 subjects without this history.

A familial concentration of cases is sometimes reported in the literature. Certain
MHC haplotypes seemed to be implicated in delayed hypersensitivity reactions
to aminopenicillins (A2, DRw52) [42], pyrazolone (DQ7, DR11) [43], abacavir
(B57, DR7DQ3) [44], and carbamazepine hypersensitivity (DR3, DQ2) in one
study [45] but not in another [46]. The genetic control of cytochrome P-450
enzymes and N-acetyl-transferases (ensuring the biotransformation of drugs) and
glutathione-S-transferases (detoxification enzymes of cytochrome P-450—derived
reactive metabolites) can also be the cause, and studies of the sulfonamides are
ongoing. A case-control study suggests that patients with systemic lupus ery-
thematosus have a two to five times greater risk for reactions (principally cuta-
neous) after the absorption of 3-lactams, sulfonamides, and erythromycin [47]. A
syndrome of multiple drug hypersensitivities (IgE-dependent for subjects allergic
to penicillins) has been described [38,48] and challenged [49]. These descriptions
suggest the genetic controls already mentioned but should not be mistaken for
reactions to diverse drugs of an identical structure (cross-reactivities).

Patients with AIDS sustain more cutaneous reactions to drugs when compared
with other persons and have 10 to 50 times more reactions to co-trimoxazole [50].
These reactions can be explained by a slow acetylator phenotype for N-ace-
tyltransferase 2 and a deficiency in glutathione frequently observed in these
patients [50,51]. Allelic differences in the activity of phase I and phase II en-
zymes can affect the level at which reactive metabolites are generated and how
quickly these metabolites are removed. Other enzymatic polymorphisms may
participate in the pathophysiology of some hypersensivitity drug reactions. An
overexpression of the key enzyme in cysteinyl-leukotriene biosynthesis was
reported in bronchial biopsy specimens of aspirin-induced asthma patients. This
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finding could be explained, in part, by a genetic polymorphism of the leukotriene
C4 synthase [52]. The variant allele —308TNFalpha was associated with severe
carbamazepine hypersensitivity reactions in one study [45]. 3-blockers act in the
same way as the presence of asthma as risk factors for hypersensitivity reactions
during radiocontrast media injections, multiplying the risk by 2.5 and 4.5, re-
spectively [53].

Socioeconomic impact

The socioeconomic impact of drug allergies has never been precisely evalu-
ated. One must take into account not only the direct costs (treatment of the
reactions, hospitalizations, and prolongations of hospitalization) but also the
indirect costs (sick leave, invalidity, excessive cost of the choice of alternatives,
which are not always medically satisfactory). As an example, Preston et al [2]
questioned 97 patients with a clinical history of allergy to penicillins who needed
treatment with antibiotics for a classic infection treated initially with penicillins.
They found that less than 10% of the patients had been given an allergy test for
penicillin, more than 50% had been given an alternative but more expensive
antibiotic, and more than 10% had used penicillins since their incident without
any problems.

Data obtained from national cross-sectional incidence studies on hospital
admissions caused by adverse drug reactions [21,22,54] can be extrapolated for
the whole country and the extra cost calculated (if one knows the duration of
the hospitalization of the patient). In the meta-analysis of Lazarou et al [21] of
33 prospective studies from 1966 to 1996, 4.7% of the hospitalizations were for
adverse drug reactions, including a total of 1,547,000 hospitalizations for the year
1994 in the United States. It was not possible to calculate the percentage of
hypersensitivity drug reactions, but this rate was estimated to be 23.8% of
the adverse reactions of hospitalized patients. In another case-control study by
Classen et al of the LDS Hospital [55], 1580 patients having adverse drug re-
actions during hospitalization were compared with 20,197 controls. The patients
were hospitalized for 1.91 days more than the controls, incurring additional costs
of $2262 per patient. The role of drug allergy was not evaluated with precision.

Perspectives

Epidemiologic data on hypersensitivity drug reactions are scanty, and avail-
able information requires a cautious interpretation. Underdiagnosis because of a
lack of time to declare cases to regulatory agencies seems to be as frequent as
overdiagnosis owing to a common fear of anaphylaxis. These events are globally
presented as adverse drug reactions and rarely individualized and proven.
Misclassification based on drug allergy history may have a consequence on
individual treatment choices. Choosing second-line drugs may result in greater
costs, less effective treatment, and more frequent adverse effects. A better un-
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derstanding of the frequency of these reactions and the development of testing
to establish a firm diagnosis should result in improved knowledge of this sub-
ject and should improve the diagnosis, treatment, and protection of patients. A
national US task force [6] recently emphasized the importance of research to
improve prevention and management of hypersensitivity drug reactions. This
effort, in turn, should allow us to reduce morbidity and mortality and, conse-
quently, health care costs.

Summary

Adverse drug reactions affect 10% to 20% of hospitalized patients, and up to
one third of these events are hypersensitivity reactions. Allergic reactions
are unpredictable reactions caused by immunologic mechanisms. Nonimmune
hypersensitivity reactions are unpredictable adverse reactions that are clinically
similar to allergic reactions for which no drug-specific antibodies or T lympho-
cytes are identified. Few tools allow a definite diagnosis, and most of the availa-
ble ones need to be validated. True epidemiologic data are limited, and most of
the available information on incidence, mortality, and socioeconomic impact
should be discussed with caution.
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