
maining 20 to 25 percent of adverse drug
events are caused by unpredictable effects that
may or may not be immune mediated.1

Immune-mediated reactions account for 5 to
10 percent of all drug reactions and constitute
true drug hypersensitivity, with IgE-mediated
drug allergies falling into this category.2,3

The Gell and Coombs classification system
describes the predominant immune mecha-
nisms that lead to clinical symptoms of drug
hypersensitivity (Table 2). This classification
system includes: Type I reactions (IgE-medi-
ated); Type II reactions (cytotoxic); Type III
reactions (immune complex); and Type IV
reactions (delayed, cell-mediated). However,
some drug hypersensitivity reactions are diffi-
cult to classify because of a lack of evidence
supporting a predominant immunologic
mechanism. These include certain cutaneous
drug reactions (i.e., maculopapular rashes,
erythroderma, exfoliative dermatitis, and
fixed drug reactions)4,5 and specific drug
hypersensitivity syndromes (Table 3).6,7

Unpredictable, nonimmune drug reactions
can be classified as pseudoallergic, idiosyn-
cratic, or intolerance. Pseudoallergic reactions
are the result of direct mast cell activation and

A
dverse drug reactions are com-
mon. Identifying true drug
allergy, however, can be chal-
lenging. Complicating factors
of drug reactions include the

myriad clinical symptoms and multiple
mechanisms of drug-host interaction, many
of which are poorly understood. In addition,
the relative paucity of laboratory testing that
is available for drug allergy makes the diagno-
sis dependent on clinical findings.

Definitions and Classifications
The terms “drug allergy,” “drug hypersensi-

tivity,”and “drug reaction”are often used inter-
changeably. Drug reactions encompass all
adverse events related to drug administration,
regardless of etiology. Drug hypersensitivity is
defined as an immune-mediated response to a
drug agent in a sensitized patient. Drug allergy
is restricted specifically to a reaction mediated
by IgE.

Drug reactions can be classified into
immunologic and nonimmunologic etiolo-
gies (Table 1). The majority (75 to 80 percent)
of adverse drug reactions are caused by pre-
dictable, nonimmunologic effects.1 The re-

Drug hypersensitivity results from interactions between a pharmacologic agent and the
human immune system. These types of reactions constitute only a small subset of all adverse
drug reactions. Allergic reactions to medications represent a specific class of drug hypersen-
sitivity reactions mediated by IgE. Immune-mediated drug reactions may be discussed gener-
ally in the Gell and Coombs classification system, a widely accepted conceptual framework
for understanding complex immune reactions. However, some reactions involve additional,
poorly understood mechanisms that are not easily classified. Identifiable risk factors for drug
hypersensitivity reactions include age, female gender, concurrent illnesses, and previous
hypersensitivity to related drugs. Drug hypersensitivity is a clinical diagnosis based on avail-
able data. Laboratory testing may be useful, with skin testing providing the greatest speci-
ficity. Treatment is largely supportive and includes discontinuation of the offending medica-
tion, symptomatic treatment, and patient education. Patients with penicillin allergy should
avoid carbapenems, and caution should be used in prescribing cephalosporins in these
patients. Reactions to radiocontrast media can be limited by pretreatment with prednisone,
diphenhydramine, and either ephedrine or a histamine H2-receptor antagonist. (Am Fam
Physician 2003;68:1781-90. Copyright© 2003 American Academy of Family Physicians.)
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degranulation by drugs such as opiates,
vancomycin (Vancocin), and radiocontrast
media. These reactions may be clinically indis-
tinguishable from Type I hypersensitivity, but
do not involve drug-specific IgE. Idiosyncratic
reactions are qualitatively aberrant reactions
that cannot be explained by the known phar-
macologic action of the drug and occur only
in a small percent of the population. A classic
example of an idiosyncratic reaction is drug-
induced hemolysis in persons with glucose-6-
phosphate dehydrogenase (G6PD) deficiency.
Drug intolerance is defined as a lower thresh-
old to the normal pharmacologic action of a
drug, such as tinnitus after a single average
dose of aspirin.

Epidemiology
Adverse drug reactions caused by immune

and nonimmune mechanisms are a major
cause of morbidity and mortality worldwide.
They are the most common iatrogenic illness,
complicating 5 to 15 percent of therapeutic
drug courses.8,9 In the United States, more
than 100,000 deaths are attributed annually to
serious adverse drug reactions.10 Three to 
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TABLE 1

Immunologic and Nonimmunologic Drug Reactions

Type Example

Immunologic
Type I reaction (IgE-mediated) Anaphylaxis from �-lactam antibiotic

Type II reaction (cytotoxic) Hemolytic anemia from penicillin

Type III reaction (immune Serum sickness from anti-thymocyte globulin
complex)

Type IV reaction (delayed, Contact dermatitis from topical antihistamine
cell-mediated)

Specific T-cell activation Morbilliform rash from sulfonamides

Fas/Fas ligand-induced Stevens-Johnson syndrome
apoptosis Toxic epidermal necrolysis

Other Drug-induced, lupus-like syndrome
Anticonvulsant hypersensitivity syndrome

Nonimmunologic
Predictable

Pharmacologic side effect Dry mouth from antihistamines
Secondary pharmacologic Thrush while taking antibiotics

side effect
Drug toxicity Hepatotoxicity from methotrexate
Drug-drug interactions Seizure from theophylline while taking 

erythromycin
Drug overdose Seizure from excessive lidocaine (Xylocaine)

Unpredictable
Pseudoallergic Anaphylactoid reaction after radiocontrast media
Idiosyncratic Hemolytic anemia in a patient with G6PD 

deficiency after primaquine therapy
Intolerance Tinnitus after a single, small dose of aspirin

G6PD = glucose-6-phosphate dehydrogenase.

TABLE 2

Gell and Coombs Classification of Drug Hypersensitivity Reactions

Immune reaction Mechanism Clinical manifestations Timing of reactions

Type I (IgE-mediated) Drug-IgE complex binding to mast cells Urticaria, angioedema, bronchospasm, Minutes to hours after  
with release of histamine, inflammatory pruritus, vomiting, diarrhea, drug exposure
mediators anaphylaxis

Type II (cytotoxic) Specific IgG or IgM antibodies directed Hemolytic anemia, neutropenia, Variable
at drug-hapten coated cells thrombocytopenia

Type III (immune Tissue deposition of drug-antibody Serum sickness, fever, rash, arthralgias, 1 to 3 weeks after 
complex) complexes with complement activation lymphadenopathy, urticaria, drug exposure

and inflammation glomerulonephritis, vasculitis

Type IV (delayed, MHC presentation of drug molecules Allergic contact dermatitis, 2 to 7 days after  
cell-mediated) to T cells with cytokine and inflammatory maculopapular drug rash* cutaneous drug 

mediator release exposure

MHC = major histocompatibility complex.

*—Suspected Type IV reaction, mechanism not fully elucidated.



6 percent of all hospital admissions are
because of adverse drug reactions, and 6 to 15
percent of hospitalized patients (2.2 million
persons in the United States in 1994) experi-
ence a serious adverse drug reaction.8-11 Epi-
demiologic data support the existence of spe-
cific factors that increase the risk of general
adverse drug reactions, such as female gen-
der,12 or infection with human immunodefi-
ciency virus (HIV),13 or herpes14 (Table 4).12-16

Factors associated with an increased risk for
hypersensitivity drug reactions include
asthma,15 systemic lupus erythematosus,16 or
use of beta blockers15 (Table 4).12-16 Although
atopic patients do not have a higher rate of
sensitization to drugs, they are at increased
risk for serious allergic reactions.17

The most important drug-related risk factors
for drug hypersensitivity concern the chemical
properties and molecular weight of the drug.
Larger drugs with greater structural complexity
(e.g., nonhuman proteins) are more likely to be
immunogenic. Heterologous antisera, strep-
tokinase, and insulin are examples of complex
antigens capable of eliciting hypersensitivity
reactions. Most drugs have a smaller molecular
weight (less than 1,000 daltons), but may still
become immunogenic by coupling with carrier
proteins, such as albumin, to form simple
chemical-carrier complexes (hapten).

Another factor affecting the frequency of
hypersensitivity drug reactions is the route of
drug administration; topical, intramuscular,
and intravenous administrations are more
likely to cause hypersensitivity reactions.
These effects are caused by the efficiency of
antigen presentation in the skin, the adjuvant
effects of repository drug preparations, and
the high concentrations of circulating drug
antigen rapidly achieved with intravenous
therapy. Oral medications are less likely to
result in drug hypersensitivity.17

Clinical Manifestations
True hypersensitivity adverse drug reactions

are great imitators of disease and may present
with involvement of any organ system, includ-
ing systemic reactions such as anaphylaxis

Adverse Drug Reactions
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TABLE 3

Specific Drug Hypersensitivity Syndromes 
Caused by Non-IgE Immune Mechanisms

Causative drug Syndrome

Hydralazine (Apresoline) Lupus-like syndrome
Procainamide (Pronestyl)

Carbamazepine (Tegretol) Anticonvulsant 
Phenytoin (Dilantin) hypersensitivity 

syndrome

Sulfonamides Stevens-Johnson 
Anticonvulsants syndrome, toxic 

epidermal necrolysis

TABLE 4

Patient Risk Factors for Adverse Drug Reactions

General drug  reactions
(nonimmune)
Female gender12

Serious illness
Renal insufficiency
Liver disease
Polypharmacy
HIV infection13

Herpes infection
Alcoholism
Systemic lupus erythematosus16

HIV = human immunodeficiency virus.

Information from references 12-16.

The most important drug-related risk factors for drug 
hypersensitivity concern the chemical properties and 
molecular weight of the drug.

Hypersensitivity drug 
reactions (immune)
Female gender12

Adult
HIV infection13

Concomitant viral infection14

Previous hypersensitivity to 
chemically-related drug

Asthma15

Use of beta blockers15

Specific genetic polymorphisms
Systemic lupus erythematosus16



(Table 2). Drug reactions commonly manifest
with dermatologic symptoms caused by the
metabolic and immunologic activity of the
skin. The most common dermatologic mani-
festation of drug reaction is morbilliform
rashes. Typically, an erythematous, macu-
lopapular rash appears within one to three
weeks after drug exposure, originates on the
trunk, and eventually spreads to the limbs.
Urticaria is typically a manifestation of a truly
allergic, Type I reaction, but it may appear
with Type III or pseudoallergic reactions as
well. Severe nonallergic, hypersensitivity cuta-
neous reactions (i.e., erythema multiforme,
Stevens-Johnson syndrome, and toxic epider-
mal necrolysis) represent bullous skin diseases
that require prompt recognition because of
their association with significant morbidity
and mortality. Eczematous rashes are most
commonly associated with topical medica-
tions and usually represent contact dermatitis,
which is classified as Type IV reaction to a
drug exposure.

Clinical Evaluation
Drug hypersensitivity reactions not only

should be included in the differential diagno-
sis for patients who have the typical allergic
symptoms of anaphylaxis, urticaria, and
asthma, but also for those with serum sick-
ness-like symptoms, skin rash, fever, pul-
monary infiltrates with eosinophilia, hepati-
tis, acute interstitial nephritis, and lupus-like
syndromes. A diagnosis of drug hypersensi-
tivity depends on identifying symptoms and
physical findings that are compatible with an
immune drug reaction (Figure 11).

The initial history should include a
recording of all prescription and nonpre-
scription drugs taken within the last month,
including dates of administration and
dosage. The temporal relationship between
drug intake and the onset of clinical symp-
toms is critical. Unless the patient has been
previously sensitized to a drug, the interval
between initiation of therapy and the onset
of reaction is rarely less than one week or
more than one month. Patients should be
asked about previous drug exposures and
reactions.

The physical examination may provide fur-
ther information to support drug hypersensi-
tivity. A prudent initial step is an evaluation
for signs and symptoms of an immediate gen-
eralized reaction, because this is the most
severe life-threatening form of an adverse
drug reaction. Warning signs of impending
cardiovascular collapse include urticaria,
laryngeal or upper airway edema, wheezing,
and hypotension. Signs suggestive of serious
adverse drug reactions include the presence of
fever, mucous membrane lesions, lymph-
adenopathy, joint tenderness and swelling, or
an abnormal pulmonary examination. A
detailed skin examination is essential, because
the skin is the organ most frequently and
prominently affected by adverse drug reac-
tions. Distinguishing between the various
types of skin lesions is important, because this
may provide substantial clues to the possible
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Evaluation and Management of Drug Reaction

Is there a suspicion of 
drug-induced hypersensitivity/
immunologic reaction?

Medical history: symptoms, detailed
medication list, temporal sequence

Physical examination
Clinical laboratory data

Immune mechanism
• IgE-mediated
• Cytotoxic
• Immune complex
• Delayed, cell-mediated
• Other immune mechanism

Nonimmune mechanism
• Pharmacologic side effect
• Drug toxicity
• Drug-drug interactions
• Drug overdose
• Pseudoallergic
• Idiosyncratic
• Intolerance

Management
• Modify dose.
• Try drug substitution.
• Treat side effects.
• Consider graded challenges.
• Implement patient education.

Management
• Consider desensitization (IgE) or 

graded challenge (non-IgE) before 
administration, as appropriate.*

• Anaphylactic reactions require prompt
emergency treatment.

• Avoid drug if possible.
• Consider prophylactic regimen before

administration (if shown to be effective).
• Prudent use of drugs in future
• Patient education

Evaluate and treat other
causes of symptoms.

Is a drug reaction likely?

*—Not for Stevens-Johnson syndrome/toxic epidermal necrolysis. 

Yes No

Yes No

Yes

Other etiology likely

Are tests supportive of 
immune drug reaction?

Does test have high 
negative predictive value?

Administer drug with observation.

Diagnosis of drug 
hypersensitivity/
immunologic 
reaction confirmed

Evaluate with appropriate 
confirmatory tests.

Yes No

No

FIGURE 1. Algorithm for the evaluation and management of drug reaction.

Adapted with permission from Executive summary of disease management of drug hypersensitivity: a practice
parameter. Joint Task Force on Practice Parameters, the American Academy of Allergy, Asthma and Immunology,
and the Joint Council of Allergy, Asthma and Immunology. Ann Allergy Asthma Immunol 1999;83:668.



immune-mediated mechanism of the drug
reaction (Table 5).

Laboratory Evaluation
The goal of diagnostic testing is to evaluate

biochemical or immunologic markers that
confirm activation of a particular immuno-
pathologic pathway to explain the suspected
adverse drug effect. Laboratory evaluation is
guided by the suspected pathologic mecha-
nism (Table 6)18.

Confirmation of suspected Type I hyper-
sensitivity reactions require the detection of
antigen-specific IgE. Skin testing is a useful
diagnostic procedure in these patients. Skin
testing protocols are standardized for peni-
cillin, and are well described for local anes-
thetics19 and muscle relaxant agents.20 It also
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TABLE 5

Cutaneous Symptoms of Drug Hypersensitivity Reactions

Associated immune-mediated 
Type of skin lesion mechanism of the drug reaction

Exanthematous or morbilliform Classic “drug rash”; most common
eruption originating on trunk

Urticaria IgE antibody-mediated or direct mast cell 
stimulation

Purpura Vasculitis or drug-induced thrombocytopenia

Maculopapular lesions with Serum sickness
distribution on the fingers, 
toes, or soles

Blistering lesions with mucous Stevens-Johnson syndrome or toxic epidermal 
membrane involvement necrolysis

Eczematous rash in Photoallergic reaction
sun-exposed areas

Solitary circumscribed Fixed drug eruption 
erythematous raised lesion

Papulovesicular, scaly lesion Contact dermatitis 

TABLE 6

Diagnostic Testing and Therapy for Drug Hypersensitivity

Immune reaction Laboratory tests Therapeutic considerations

Type I (IgE-mediated) Skin testing Discontinue drug.
RAST Consider epinephrine, antihistamines, systemic 
Serum tryptase corticosteroids, bronchodilators.

Inpatient monitoring, if severe

Type II (cytotoxic) Direct or indirect Coombs’ Discontinue drug.
test Consider systemic corticosteroids.

Transfusion in severe cases

Type III (immune ESR Discontinue drug.
complex) C-reactive protein Consider NSAIDs, antihistamines, or systemic 

Immune complexes corticosteroids; or plasmapheresis if severe.18

Complement studies
Antinuclear antibody, 

antihistone antibody
Tissue biopsy for 

immunofluorescence studies

Type IV (delayed, Patch testing Discontinue drug.
cell-mediated) Lymphocyte proliferation Consider topical corticosteroids, antihistamines, 

assay* or systemic corticosteroids if severe.

RAST = radioallergosorbent test; ESR = erythrocyte sedimentation rate; NSAIDs = nonsteroidal anti-inflamma-
tory drugs.

*—This is an investigational test.

Information from reference 18.



may be informative when testing high-molec-
ular-weight protein substances such as
insulin, vaccines, streptokinase, polyclonal or
monoclonal antibodies, and latex.21,22 Positive
skin testing to such reagents confirms the
presence of antigen-specific IgE and is sup-
portive of the diagnosis of a Type I hypersen-
sitivity reaction in the appropriate clinical set-
ting. Negative skin testing is helpful only in
penicillin skin testing because the test speci-
ficity has been adequately established.23 With
other drug agents, a negative skin test does not
effectively rule out the presence of specific IgE.
In vitro testing for IgE is available for a limited
number of drugs in the form of radioaller-
gosorbent tests that are historically less sensi-
tive than skin testing for determining specific
IgE levels.21 In addition, the immunogenic
determinants of many drugs are undefined,

which makes the predictive value of in vitro
tests poor.24

Laboratory tests measuring mast cell activa-
tion may be helpful if obtained within four
hours of onset of the suspected allergic reac-
tion. While serum histamine levels peak five
minutes after anaphylaxis and return to base-
line within 30 minutes, serum tryptase levels
peak one hour after anaphylaxis and remain
elevated for two to four hours after the event.25

Histamine, tryptase, and beta-tryptase levels
have proved useful in confirming acute IgE-
mediated reactions, but negative results do not
rule out acute allergic reactions.26,27 Type II
cytotoxic reactions to a drug result in hemo-
lytic anemia, thrombocytopenia, or neutrope-
nia evident with a complete blood count.
Hemolytic anemia may be confirmed with a
positive direct and/or indirect Coombs’ test,
reflecting the presence of complement and/or
drug-hapten on the red cell membrane.

In Type III immune complex reactions to a
drug, elevation of nonspecific inflammatory
markers such as erythrocyte sedimentation
rate and C-reactive protein may occur. If avail-
able, more specific laboratory testing for com-
plement levels (CH50, C3, C4) or circulating
immune complexes can be conducted. Posi-
tive tests help confirm the clinical diagnosis;
negative tests do not exclude the diagnosis of
immune complex disease. Systemic vasculi-
tides induced by medication may be detected
by autoantibody tests such as antinuclear anti-
body or anti-histone antibody.28

Type IV immune reactions usually present
as allergic contact dermatitis caused by topical
medications. In such instances, patch testing
for specific drug agents, as outlined in Table 7,
is an appropriate diagnostic step. Features of
erythema, induration, and a pruritic vesicu-
lopapular rash developing 48 hours after
patch application support the diagnosis of a
Type IV immune reaction.

Diagnosis
The diagnosis of drug hypersensitivity is

usually based on clinical judgment, because

Adverse Drug Reactions
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TABLE 7

Suggested Patch Testing Procedures 
for Drug-Induced Contact Dermatitis

Obtain patch test chambers (strips).

Place suspected topical agent in chambers as drop
of liquid or mixed with petrolatum.

Apply patch test strips firmly against skin on the
back.

Outline skin surrounding patch test strips with ink.

Document position of each allergen in medical
records.

Instruct patient to keep patch test sites dry.

Remove patch test strips after 48 hours.

Read test sites at 48 hours and again at 72 to 
96 hours after application:

1+ (Erythema)

2+ (Edema or vesiculation of less than 50% of
patch test site)

3+ (Edema or vesiculation of more than 50% of
patch test site)

Determine if patch test reactions are relevant to
patient’s clinical condition.

If necessary, perform “use test” with application of
suspected agent to antecubital fossa twice daily
for one week.



definitive, confirmatory drug-specific testing
is often difficult. Table 8 outlines the general
criteria for the diagnosis of drug hypersensi-
tivity reactions.

Once the diagnosis has been established,
appropriate documentation should be in-
cluded in the medical record specifying the
causative drug and the nature of the adverse
effect. Immune-mediated drug hypersensitiv-
ity reactions typically pose a predictable, more
serious health risk with re-exposure to a drug.
Nonimmune drug reactions tend to be less
severe and less reproducible. The continued
use of an offending drug may be appropriate
if the risk of not treating the underlying dis-
ease is greater than the risk of continuing the
drug, and if no suitable alternative exists. In
these cases, it is essential that the patient be
closely monitored by an experienced physi-
cian. When discontinuing a drug, the patient
should be provided with a list of substitute
medications for future use.

Therapy and Management
The most important and effective thera-

peutic measure in managing drug hypersen-
sitivity reactions is the discontinuation of
the offending medication, if possible. Alter-
native medications with unrelated chemical
structures should be substituted when avail-
able. The clinical consequences of medica-
tion cessation or substitution should be
closely monitored. In the majority of
patients, symptoms will resolve within two
weeks if the diagnosis of drug hypersensitiv-
ity is correct.

Additional therapy for drug hypersensitiv-
ity reactions is largely supportive and sympto-
matic (Table 6). Systemic corticosteroids may
speed recovery in severe cases of drug hyper-

sensitivity. Topical corticosteroids and oral
antihistamines may improve dermatologic
symptoms. The severe drug reactions of
Stevens-Johnson syndrome and toxic epider-
mal necrolysis require additional intensive
therapy.29

PENICILLIN ALLERGY

Cross reactivity between a �-lactam ring
and penicillin restricts the use of carbapenems
in patients who are allergic to penicillin.30

[Evidence level B, nonrandomized clinical
trial] Aztreonam (Azactam) cross-reactivity is
extremely rare in these patients.31,32 Varying
degrees of cross-reactivity between cephalo-
sporins and penicillins have been docu-
mented. However, since 1980 the rate of cross-
reaction between penicillin and second- or
third-generation cephalosporins has been
found to be 5 percent or less.26 The degree of
cross-reactivity appears to be greater for first-
generation cephalosporins.33 While the inci-
dence of true cross-reactivity between peni-
cillins and cephalosporins is low, the possible
reactions include anaphylaxis, which can be
fatal.34 Caution is advised when administering
cephalosporin therapy to patients with a his-
tory of penicillin allergy. A more conservative
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TABLE 8

General Criteria for Drug 
Hypersensitivity Reactions

The patient’s symptomatology is consistent with an
immunologic drug reaction.

The patient was administered a drug known to
cause such symptoms.

The temporal sequence of drug administration and
appearance of symptoms is consistent with a
drug reaction.

Other causes of the symptomatology are effectively
excluded.

Laboratory data are supportive of an immunologic
mechanism to explain the drug reaction (not 
present or available in all cases).

Immune-mediated drug hypersensitivity reactions typically
pose a predictable, more serious health risk with re-exposure
to a drug.



approach includes penicillin skin testing
before initiation of cephalosporin therapy,
particularly for patients with a history of seri-
ous allergic reactions to penicillin.1,35 [Refer-
ence 1—Evidence level C, consensus/expert
opinion]

RADIOCONTRAST MEDIA REACTIONS

The case of patients with severe reactions to
radiocontrast media should be identified by a
thorough history that includes previous reac-
tions. A specific guide to treating these pa-
tients is included in Table 9.20,36
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TABLE 9

Pretreatment Protocol for Patients 
with Previous RCM Reactions*

Use a nonionic, lower osmolarity RCM.

Pretreat with the following:

1) Prednisone, 50 mg orally at 13, 7, and 1 hour
before the procedure. 

2) Diphenhydramine (Benadryl), 50 mg at 1 hour
before the procedure. 

3) Ephedrine, 25 mg orally at 1 hour before the 
procedure,† or a histamine H2-receptor 
antagonist 1 hour before the procedure.20,36

RCM = radiocontrast media.

*—There is no evidence that sensitivity to seafood or
iodine is predictive of RCM reactions.
†—May be withheld in patients with unstable
angina, hypertension, arrhythmias, or other contra-
indications.

Adapted with permission from Greenberger PA, Pat-
terson R. The prevention of immediate generalized
reactions to radiocontrast media in high-risk
patients. J Allergy Clin Immunol 1991;87:867-72,
and information from reference 20.
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