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Adverse Drug Reactions (ADR)
Any untoward reaction to a medication

– Type A: predictable, dose dependent, related to 
pharmacological action of the drug e.g. gastritis with 
NSAIDs (80-85% of all ADRs)

– Type B: unpredictable, dose-independent, unrelated to 
pharmacologic activity of the drug, only occur in 
susceptible individuals (10-15% of ADRs)

• Drug intolerance (e.g. tinnitus with 1 dose ASA)
• Drug Allergy
• Pseudoallergic reactions



Risk Factors for Drug 
Hypersensitivity

• Drug administration
–Dose, route of administration, 

duration of treatment, repetitive 
exposure to drug

• Drug-specific
–Molecular weight
–Complexity
–Chemical properties of drug
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Factors related to drug administration and a specific drug can influence the likelihood of drug hypersensitivity. Higher drug doses may increase the risks of some kinds of drug reactions, such as hemolytic anemia from  penicillin. The route of drug administration can alter the risk and presentation of an immunologic reaction.  For example, parenteral (intravenous or intramuscular) administration of penicillin is more likely to cause sensitization and subsequent anaphylaxis than is oral administration. Allergic reactions that develop during a course of drug administration (e.g., skin rashes, serum sickness) are more frequently observed in the early weeks of a drug course and become less common with continued drug administration. Repetitive, intermittent exposures to a drug increase the risk of allergic reactions to a drug, particularly IgE mediated reactions.  However, increasing intervals between courses of a drug decrease the risk of an allergic reaction. 

Higher molecular weight compounds (>5000 daltons) and those of greater structural complexity, such as proteins from non-human sources, can be more likely to induce immunologic responses and allergic reactions.  For smaller molecular weight drugs (< 1000 daltons), chemical characteristics of the drug can influence antigenicity, as we will now discuss. 

OPTIONAL TEXT 
In order to better understand mechanisms, recognize manifestations, and manage drug reactions, we first will discuss risk factors for the development drug allergy, including our recently increased understanding of the role that host factors play in influencing drug reactions to many agents, and how the chemical reactivity (or non-reactivity) of a drug or its metabolites can influence immune responses. 

We will then review the importance of recognizing clinical patterns of drug allergic reactions, and their underlying immunologic mechanisms. This will include discussion of the classic Gell and Coombs classification system to encompass recently defined, distinct patterns of lymphocyte-mediated skin reactions Why is it that some patients develop drug reactions whereas others do not? The likelihood of developing drug hypersensitivity reactions can be influenced by factors related to a drug or its administration, or to host patient factors. Although these factors are still incompletely understood, we have been gaining increasing understanding about them. 




Immune Recognition of Drug Antigens

Pichler WJ. Delayed drug hypersensitivity reactions. Ann Int Med  2003;139:683-
93Courtesy M. Dykewicz MD
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Low molecular weight drugs may induce immune responses through three general mechanisms. Some agents, such as beta lactam antibiotics, can act as haptens by directly reaction with self proteins or MHC-peptide complexes on antigen presenting cells, and then become covalently bound to form antigenic conjugates. Accordingly, the chemical reactivity of hapten drugs promotes the formation of many antigenic epitopes, that may then lead to humoral and cellular immune responses.

Weltzien HU, Moulon C, Martin S, Padovan E, Hartmann U, Kohler J. T cell immune responses to haptens. Structural models for allergic and autoimmune reactions. [PMID: 8599173] Toxicology. 1996;107:141-51 

In other cases such as sulfamethoxazole, the drug itself is unable to react with proteins in a stable covalent linkage, yet one or more reactive end products or metabolites of such drugs can conjugate with self-proteins to form a complete antigen. Such drugs are termed prohaptens.  In the case of sulfamethoxazole, cytochrome P450 oxidation leads to formation of a hydroxylamine intermediate that is converted to a reactive sulfamethoxazole-nitroso (sulfamethoxazole-NO) moiety that then covalently binds with self-protein carriers. Intracellular metabolism of drugs by cytochrome oxidase pathways may occur in the skin, liver and phagocytic cells. For drugs that act as prohaptens, skin testing or in vitro testing with the parent drug may not identify relevant immunologic sensitivity to a reactive intermediate product. 

Chemically inert drugs can induce immune responses through a third mechanism involving noncovalent drug presentation to T cells. This pathway involves pharmacologic interaction with immune receptors (also known as the "p–i concept"), with the drug apparently binding directly to the T-cell receptor (TCR). Full T-cell stimulation requires an interaction with the MHC molecule. 

Pichler WJ, Yawalkar N, Britschgi M, Depta J, Strasser I, Schmid S, et al. Cellular and molecular pathophysiology of cutaneous drug reactions. [PMID: 12010068] Am J Clin Dermatol. 2002;3:229-38 



Mechanisms (Gell and Coombs)
Type I - Immediate Hypersensitivity

IgE mediated (e.g. anaphylaxis) 
Type II - Cytotoxic Reactions

IgG/IgM antibody and complement mediated 
hemolytic anemia, thrombocytopenia, 
granulocytopenia.  

Heparin induced thrombocytopenia from 
antibody responses to heparin-platelet factor 
4 complex, associated with thrombosis

Heparin-PF4
Y

Courtesy M. Dykewicz MD
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	The familiar Gell and Coombs classification defines four basic immunologic mechanisms that can be applied to understanding of drug hypersensitivity, although not all drug reactions suspected to have an immunologic basis conform to this system. In an individual patient, several mechanisms may be operative simultaneously.  I will first summarize features of classic Type I, II and III reactions, and then discuss an expanded listing of variants of Type IV reactions that are now recognized. 

	The best known Gell and Coombs mechanism is Type I - IgE-mediated hypersensitivity reactions that occur of course when IgE antibodies bound to the surface of mast cells or basophils recognize and bind to a drug antigen, thereby causing cross-linking of adjacent IgE antibodies with consequent cell activation and release of mediators such as histamine, tryptase and leukotrienes.  In full expression, generalized anaphylaxis develops although any of the manifestations of anaphylaxis may occur singly or in combination (pruritus, flushing, urticaria, angioedema, laryngeal edema, bronchospasm, rhinoconjunctivitis, hypotension, tachycardia, nausea, vomiting, diarrhea, abdominal and uterine cramps). Usually Type-I reactions occur within seconds to minutes of parenteral drug administration, although they may develop up to several hours after oral drug administration. 
	Type II, cytotoxic/cytolytic reactions occur when IgG or IgM antibodies recognize  a drug antigen associated with cell membranes or a cross-reactive cell membrane antigen (such as a blood group antigen or a platelet membrane glycoprotein); consequent interaction with complement causes cell destruction.  Examples of these reactions include immune hemolytic anemia and thrombocytopenia. Heparin induced thrombocytopenia occurs because of a Type II antibody response to a conjugate between heparin and platelet factor 4 on the surface of platelets, and is another example of how immune responses can be directed against drug conjugates with self proteins.




Type III - Immune Complex
Serum-sickness reactions
• Immune response: IgG/IgM, complement
• 1-4 weeks after anti-sera (classic) or 

drugs
• Presentation variable

– Fever: nearly 100% 

– Skin lesions: 95%

– Arthritis/ arthralgias (10-50%) 

– Lymphadenopathy (10-20%) 

• Treatment: antihistamines, corticosteroids

Lawley. NEJM 
1984;311:1407

Courtesy M. Dykewicz MD
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Type III, immune complex reactions occur when a drug combines with antibodies (usually IgG or IgM) in slight antigen excess to form immune complexes which are deposited within blood vessel walls and basement membranes, leading to tissue damage. The classic example of an immune complex mediated reaction is serum sickness. This may occur from either heterologous serum (for example horse serum) or from non-serum agents such as antibiotics. It should be noted, however, that some antibiotics such as cefaclor and cefprozil can cause serum-sickness-like clinical reactions without evidence of an antibody-mediated basis. 
Herbert AA, Syman ES, Levy ML. Serum sickness-like reactions from cefaclor in children. J Am Acad Dermatol 1991;25:805-808. 
Hyslop D. Cefaclor safety profile: a ten year review. Clin Ther 1988;11:83-94

Generally, serum sickness occurs 1-4 weeks after drug use, but it may develop several days after administration if there has been prior exposure to the agent. 

Serum-sickness reactions may have a variable presentation, and for this reason may be unappreciated when present. Fever occurs in nearly 100%, and may precede a rash in 10-20% of cases. Skin lesions occur in 95% of cases and can range from urticaria, angioedema, maculopapular or morbilliform rashes, erythema multiforme, and palpable purpura. Of the skin lesions that may occur in serum sickness, one shown (in the figure) is characteristic and should immediately suggest the diagnosis: a serpiginous, erythematous, and purpuric eruption at the junction of the palmar or plantar skin with the dorsolateral surface of the hands, feet, fingers, and toes. 
Lawley TJ, Bielory L, Gascon P, Yancey KB, Young NS, Frank MM. A prospective clinical and immunologic analysis of patients with serum sickness. N Engl J Med. 1984;311:1407-13. 
Lymphadenopathy is present in 10-20% of cases. Arthritis or arthralgias may occur in 10-50%, and usually affect multiple large joints, but occasionally, small joints and joints of spine and temporomandibular joint may be inflammed. Renal manifestations including proteinuria, microscopic hematuria, and oliguria may develop, but significant clinical disease usually does not occur. Hepatitis, cardiovascular, neurologic, and pulmonary manifestations may develop occasionally. 
In treating serum sickness, it is important to treat with corticosteroids, as well as H1 antihistamines to prevent immune complex tissue deposition promoted by histamine-induced disruption of basement membranes. Analgesics are often required for fever and joint manifestations.


Type III immune complex mechanisms may also cause drug induced lupus syndromes from hydralazine, procainamide, isoniazid, phenytoin, and other drugs.



Type IV : Delayed Type Lymphocytic Reactivity: 
Extended Classification

Type IVa Th1 (IFN-) Monocyte activation Eczema

Type IVb Th2 (IL-5, IL-
4)

Eosinophilic 
inflammation

Maculopapular,  
bullous exanthema

Type IVc CTL (perforin 
& granzyme 
B)

CD4+ and CD8+ 
mediated killing of 
cells (e.g. 
keratinocytes)

Eczema, 
maculopapular, 
bullous, pustular 
exanthema

Type IVd T cells (IL-8) Neutrophil recruitment    
and activation

Pustular 
exanthema

Adapted from: Pichler WJ. Ann Intern Med 2003;139:683-93                       Courtesy M. Dykewicz MD
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The term delayed hypersensitivity reactions was originally used to describe T-cell reactions to tuberculin. In the context of drug allergy, allergic contact dermatitis was found to be mediated by analogous delayed-type hypersensitivity with CD4+ cells. 

With our increased understanding of the role of T-cell subsets in disease, the classification of Type IV hypersensitivity has now been extended to encompass other types of cutaneous reactions driven by different T-cell subsets. There are 4 subtypes of Type IV reactions according to this revised idealized scheme.  In an individual patient, several subtypes of Type IV immune responses may be operative simultaneously. 

Type IVa reactions involve Th1 cells with interferon-gamma production and associated monocyte/macrophage activation. Clinically this mechanism is associated with eczema.

Type IVb reactions involve Th2 cells with IL-5 and IL-4 production with associated eosinophil responses and deactivation of macrophages. This mechanism can lead to maculopapular or bullous exanthems. 

Type IV c reactions involve either CD4+ or CD8+ cytotoxic T cells, and to some extent seem to participate in all type IV reactions.  Infiltrating T-cells interact with both with a drug moiety though their T-cell receptor, and with MHC class II molecules on keratinocytes. This results in killing of keratinocytes by a mechanism dependent on perforin and granzyme B.

Type IVd reactions are characterized by T cell production of IL-8, with consequent neutrophil recruitment and activation. This mechanism results in pustular exanthems.

Pichler WJ. Delayed drug hypersensitivity reactions. Ann Intern Med. 2003; 139: 683-693





Bullous Exanthema

• Combination of Type IVb 
and Type IVc mechanisms

• Erythema multiforme minor
• Erythema multiforme major
• Stevens-Johnson syndrome

< 10% body surface
• Toxic epidermal necrolysis

> 30% body surface

Erythema multiforme minor
Courtesy of Michael Redman, PA-C

Stevens Johnson Syndrome
Courtesy of Alan B. Storrow, MDCourtesy M. Dykewicz MD
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A combination of Type IVb and IVc reactions from drugs can induce bullous exanthema that include a spectrum of reactions including erythema multiforme minor, erythema multiforme major, Stevens-Johnson syndrome and toxic epidermal necrolysis. Typically these reactions develop within 2-3 weeks of initiating drug administration.

Erythema multiforme minor is characterized by lesions that spread peripherally and clear centrally to form an annular "target" lesion. Both drugs and viral infections have been implicated in erythema multiforme. These lesions may develop bullae and may be associated with progressive involvement of mucous membranes, a symptom complex termed erythema multiforme major. Erythema multiforme major is a term sometimes used synonymously with the Stevens-Johnson syndrome. However, some clinicians maintain that the two conditions have distinguishing cutaneous features, with erythema multiforme major including target lesions with a prediliction for the extremities, in contrast to Stevens-Johnson syndrome that has widespread blistering purpuric macules of the face, trunk, and proximal extremities. Stevens Johnson syndrome may initially present as sore throat, malaise and fever, but after several days, skin lesions develop with mucous membrane erosions. By definition, in Stevens-Johnson syndrome the total percent of body surface area blistering and eventual detachment is less than 10%. When  30%  of body surface area is involved, toxic epidermal necrolysis (TEN) is present. In both Stevens Johnson syndrome and TEN , there is apoptotic, epidermal cell death that results in the separation of large areas of skin at the dermo-epidermal junction. This produces the appearance of scalded skin with a positive Nikolsky sign (rubbing off of epidermis with sliding pressure against lesions). TEN may be fatal in 30-35% of patients. 
Bernstein IL, Gruchalla RS, Lee RE, Nicklas RA, Dykewicz MS, Shepherd GM et al. Disease management of drug hypersensitivity: a practice parameter. Ann Allergy, Asthma, Immunol 1999; 83:665-695.
Roujeau JC, Stern RS. Severe adverse cutaneous reactions to drugs. N Engl J Med 1994;331:1272-1284. 

In TEN, it has been thought that apoptosis of keratinocytes may occur because of binding between Fas ligand, a soluble molecule of the tumor necrosis factor family, and Fas on keratinocytes.
Viard I, Wehrli P, Bullani R, Schneider P, Holler N, Salomon D, et al. Inhibition of toxic epidermal necrolysis by blockade of CD95 with human intravenous immunoglobulin. Science. 1998;282:490-3
Sharma K, Wang RX, Zhang LY, Yin DL, Luo XY, Solomon JC, et al. Death the Fas way: regulation and pathophysiology of CD95 and its ligand. [PMID: 11337030] Pharmacol Ther. 2000;88:333-47.
However, it has also been reported that bullae from patients with TEN have CD8+ T cells with some natural killer cell–like features during the initial phase, but that monocytes are present later in the disease 
Le Cleach L, Delaire S, Boumsell L, Bagot M, Bourgault-Villada I, Bensussan A, et al. Blister fluid T lymphocytes during toxic epidermal necrolysis are functional cytotoxic cells which express human natural killer (NK) inhibitory receptors. Clin Exp Immunol. 2000;119:225-30. 
These cytotoxic CD8+ T cells express  ß T-cell receptors (some express CD56+) and kill through perforin and granzyme B but not through the Fas-mediated pathway at this disease stage. 
Nassif A, Bensussan A, Dorothée G, Mami-Chouaib F, Bachot N, Bagot M, et al. Drug specific cytotoxic T-cells in the skin lesions of a patient with toxic epidermal necrolysis.  J Invest Dermatol. 2002;118:728-33.
Pichler WJ. Delayed drug hypersensitivity reactions. Ann Intern Med. 2003; 139: 683-693

Some advocate early use of corticosteroids for treatment of Stevens Johnson syndrome, although this is controversial. Corticosteroids are probably deleterious in TEN, but treatment in burn units is helpful in reducing morbidity and mortality. Whether IVIG is beneficial in Stevens Johnson syndrome or TEN is uncertain, and controlled clinical trials are needed.  ��Metry DW, Jung P, Levy ML. Use of intravenous immunoglobulin in children with stevens-johnson syndrome and toxic epidermal necrolysis: seven cases and review of the literature. Pediatrics. 2003;112:1430-6.  �
Shortt R, Gomez M, Mittman N, Cartotto R. Intravenous immunoglobulin does not improve outcome in toxic epidermal necrolysis. J Burn Care Rehabil. 2004;25:246-55.
 
	
FIGURES
Top Erythema Multiforme. From Harrison’e Online Textbook of Medicine. http://harrisons.accessmedicine.com/server-java/Arknoid/amed/harrisons/ex_emknoop/em1099_p01.htmlNote the symmetric distribution of the target macules. (Courtesy of Michael Redman, PA-C.)

Figure 2 Steven’s Johnson 
http://harrisons.accessmedicine.com/server-java/Arknoid/amed/harrisons/ex_emknoop/em1100_figure_index.html
(Courtesy of Alan B. Storrow, MD.) 



Case History: Exantham
• 7 yo girl seen by pediatrician with CC: burning during 

urination, no other complaints, no significant PMH or FH
• No fevers/chills, hematuria,  no prior medication allergies 

and not currently on any medications
• PE: afebrile, no rashes, unremarkable
• Labs: Urinalysis: WBC and microscopic hematuria
• Started on 10 d course of amoxicillin
• 8 days after starting medication an itchy rash developed 

which progressed over next 24h
• Presented back to pediatrician with symmetrical 

eruption, no blisters, fevers, arthralgias, or purpura.



Morbilliform drug eruption is a non-immediate type IV allergic reaction involving
drug-specific T cells (CD4+) with direct cytotoxic effects and release of pro-inflammatory factors. 
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Generally morbilliform drug eruption is a clinical diagnosis but trying to identify the culprit drug can sometimes be difficult. 
Sometimes a skin biopsy may be taken. Superficial inflammation in the dermis including lymphocytes, neutrophils and eosinophils may suggest a possible drug cause of the rash. However the histology is not specific and the biopsy is usually taken to exclude other causes. 
A blood test may show a mild increased number of eosinophils. 
To identify the possible causative drug, a drug calendar, including all prescribed and over-the counter products, may be helpful. The starting date of each new drug is documented together with the onset of the rash. The calendar must extend back at least 2 weeks and up to one month. Drugs can then be classified as unlikely or likely causes based on: 
Time relative to onset of the rash 
Information regarding the specific drug 
Experience with other drugs in the same class 
Patient’s previous known drug allergies. 
Some drugs can be excluded quickly as almost never causing skin rashes. 
Unfortunately there are no routine tests to make the diagnosis or to identify the culprit drug. 



Penicillin: Beta Lactam Antibiotics

• Skin testing most reliable to make diagnosis. 
• RAST testing not recommended
• Must haptenate to become active, majority is penicilloyl (95%) 

= major determinant (pre-pen)  minor determinants: 
penicilloate and penilloate (not cross-reactive) 

• “aged” PCN does not spontaneously form minor determinants
• PCN Skin test negative to PRE-PEN and PCN G (10,000 u/mL) 

similar reaction rates to PCN challenge as those tested with 
the full panel

• Risk of sensitization with skin testing very low (<3%)1

• Resensitization is very rare, if PCN allergic, tolerated an oral 
course, do not need to repeat each subsequent course of PCN 
(consider repeat testing if high dose parenteral PCN)2.

1. Nugent FS et al. Determination of the incidence of sensitization after penicillin skin testing. Ann Allergy Asthma Immunol. 2003; 90: 398-403.
2. Macy E.  Elective penicillin skin testing and amoxcillin challenge effect on outpatient use, cost and clinical outcomes.  JACI. 1998: 102: 281-85.
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Up to 10% of pts report a hx of pcn allergy but upto 90% can tolerate pcn. Cant diagnose by HX alone Negative predictive value of skin testing approaches 100%, postive predictive value 40-60%
b/c pts histories are poor predictors of skin test results, pcn skin testing should be considered even in pts with a hx  suggestive of amox/amp assoc maculopapular rashes. 



Cephalosporins

Drug Allergy: An Updated Practice Parameter. Ann Allergy Asthma Immunol. 2010 Oct;105(4):259-273
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Overall reaction rate is 10 fold lower than to PCN
Most hypersensitivity reactions are direscted to side chain and not beta lactam ring




HX of Cephalosporin Allergy: PCN 
Administration

• Patients allergic to amoxicillin should avoid cephalosporins 
with identical R-group side chains (cephalexin, cefaclor, 
loracarbef)

• Monobactam (Aztreonam) only x-reacts with ceftazidime
• Carbapenems: low level of cross-reactivity with PCN

– PCN skin test positive or history + : give via graded challenge

Drug Allergy: An Updated Practice Parameter. Ann Allergy Asthma Immunol. 2010 Oct;105(4):259-273



• Slow acetylators almost twice as likely to develop
sulfa allergy

Sulfonamide
Hydroxylamines

Acetylation

Reider. Clin Pharm Ther 
1991;49:13

Oxidation

Excretion

Acetylator Phenotypes and Sulfonamide 
Sensitivity

Courtesy M. Dykewicz MD
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Sulfonamide antibiotic reactions provide a classic example of how phenotypic differences in drug metabolism of patients can influence their risk for developing allergic drug reactions. Sulfonamides are metabolized principally by two pathways, cytochrome P450 N-oxidation and hepatic N-acetylation.  Genetically slow acetylators preferentially metabolize sulfonamides through N-oxidation to form hydroxylamine metabolites and reactive sulfamethoxazole-nitroso moities that readily combine with self proteins to form complete antigens.  Slow acetylator patients are almost twice as likely to develop allergic reactions from sulfa agents. 

Rieder MJ, Shear NH, Kanee A, et al. Prominence of slow acetylator phenotype among patients with sulfonamide hypersensitivity reactions. Clin Pharmacol Ther 1991;49:13-17. 

Slow acetylator patients are also at greater risk for procainamide-induced lupus erythematosus. 
Griem P, Wulferink M, Sachs B, et al. Allergic and autoimmune reactions to xenobiotics: how do they arise? Immunol Today 1998;19:133-141. 



Sulfonamide 
antimicrobials
• aromatic arylamine group
• metabolized to hydroxylamines
• partial cross-reactivity among
sulfa antibiotics

Sulfonamide derivatives
• e.g., celecoxib, diuretics,
sulfonylureas, sumatriptan

• (SO2-NH2), “nonaromatic
amines” (no arylamine)

• not immune cross reactive
with sulfa antibiotics

Figure adapted from MEDSCAPE

Cross reactivity between antibiotic and
non-antibiotic sulfonamides?

Presenter
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Although incompletely understood, it is apparent that some patients are at increased risk for developing adverse immunologic reactions to immunologically non cross reactive drugs, and for developing even non-immunologic reactions. The syndrome termed “multiple drug allergy” was described in patients with a history of penicilllin-allergic induced anaphylaxis, urticaria or angioedema, who also had a higher risk of reactions to other drugs antigenically unrelated to penicillins. Reactions to these other drugs were reported to be of both IgE and IgE mediated (e.g. maculopapular rash) hypersensitivity responses, as well as non-immunologic responses such as pseudoallergic reactions to radiocontrast media. Consequently, the tendency to develop “multiple drug allergies” was not simply a propensity to respond to certain drug haptens, or to produce IgE antibody responses.

Recently, data about allergy to sulfonamide antibiotics and nonantibiotics have provided increased insight into this concept of certain individuals being at increased risk for developing hypersensitivity responses to multiple unrelated drugs. An arylamine group is the key structural element in sulfonamides necessary for generation of hydroxylamine determinants by P450 oxidation, and is necessary for cross reactivity among them. However, even when the necessary arylamine group is present, the antigenic potential of these antibiotics, and the potential for immunologic cross reactivity can be mediated by certain related structural elements. For example, sulfonamide antibiotics that have a single methyl group on the second carbon (ß position) from the sulfonamido substitution are generally cross reactive. These include sulfamethoxazole, sulfamethizole, and sulfamerazine. In contrast, agents with no methyl group (e.g., sulfapyridine) or more than one methyl group (eg, sulfamoxole) are less likely to cross-react with the previous sulfonamides. 

For many years, there has been concern that sulfa moities in non-antibiotic sulfonamide derivatives could confer immunologic cross reactivity with sulfonamide antibiotics. However, in contrast to sulfonamide antimicrobials, non-antibiotic sulfonamide derivatives such as celecoxib, diuretics, sulfonylureas, and sumatriptan do not possess an arylamine group and therefore do not form reactive hydroxylamine metabolites. In addition, studies of in vitro antibody cross reactivity and skin tests have failed to demonstrate immunologic cross reactivity between sulfonamide antibiotics and non antibiotic sulfonamides. 

Knowles SR, Shapiro LE, Shear NH. Reactive metabolites and adverse drug reactions: clinical considerations.�Clin Rev Allergy Immunol. 2003;24:229-38
However, despite this lack of immunologic cross reactivity between sulfonamide antibiotics and non antibiotic sulfonamides, there is evidence that patients with sulfonamide antibiotic allergy are at some increased risk for reactions from non-antibiotic sulfonamides. A recent study by Strom et al compared patients with (or without) presumed allergic reaction within 30 days after sulfonamide (or penicillin) antibiotic, who received non-antibiotic sulfonamide prescription  60 days later. The study also compared patients with (or without) presumed allergic reaction within 30 days after a penicillin antibiotic, who received non-antibiotic sulfonamide prescription  60 days later. Allergy to a sulfonamide antibiotic was a risk factor for a subsequent allergic reaction to a sulfonamide nonantibiotic (odds ratio of 2.8), but a history of penicillin allergy was at least as strong a risk factor (with an odds ratio of 3.9). The authors concluded that “the association … might be explainable by a general predisposition to allergic reactions among certain patients rather than a specific cross-reactivity with drugs containing the sulfa moiety.” 

The authors went on to emphasize that “… prescribers should simply understand that patients with a history of any type of allergic reaction after the receipt of sulfonamides or penicillins may be at increased risk for reactions to other drugs, rather than consider sulfonamides a specific contraindication” for prescribing a non-antibiotic sulfonamide derivative. 

Nonetheless, such patients are likely placed at even greater risk for reaction by administering an immunologically cross reactive agent, and it behooves a physician to be aware of immunologic cross reactivity between agents, and specific contraindications for use. 

Strom BL, Schinnar R, Apter AJ, Margolis DJ, Lautenbach E, Hennessy S, Bilker WB, Pettitt D. Absence of cross-reactivity between sulfonamide antibiotics and sulfonamide nonantibiotics. NEJM 2003;349:1628




Vancomycin Reactions

• Red man syndrome
– Rate related histamine 

release
– Reduce rate (< 10 mg/min)
– Use H1 (not H2 blockers)

• IgE mediated anaphylaxis
• Linear IgA bullous dermatosis

Presenter
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Vancomycin is a widely used antibiotic that demonstrates how a single agent may be capable of causing a variety of pseudoallergic/anaphylactoid reactions and immunologic/hypersensitivity reactions. The pseudoallergic reaction called the red man syndrome is associated with non-IgE mediated histamine release manifested by generalized flushing and pruritis and may include urticaria, hypotension, respiratory distress. It generally can be avoided by reducing the IV infusion rate and pretreating with H1 blockers. H2 blockers have not been demonstrated to be beneficial in pretreatment. More rarely, vancomycin may also caused IgE mediated anaphylaxis which may mimic the manifestations of the red man syndrome. IgE sensitivity to vancomycin may be identified by immediate type skin testing. Vancomycin occasionally may also cause a variety of other adverse reactions that are immune mediated including linear IgA bullous dermatosis, vasculitis and toxic epidermal necrolysis. 
Bernstein IL, Gruchalla RS, Lee RE, Nicklas RA, Dykewicz MS, Shepherd GM, Berger WE, Fineman SM, Li JT, Portnoy JM, Schuller DE, Spector SL. Disease management of drug hypersensitivity: a practice parameter. Ann Allergy, Asthma, Immunol 1999; 83:665-695.




Linear IgA Bullous Dermatosis 
(LABD)

• Vancomycin most 
frequent cause

• Bullous disease, 
annular, may confuse 
with TEN, skin 
sloughing may result

• IgA deposited in 
basement membrane 
zone

Photographs courtesy Y. Hurley, MD, Beth Levy, MD, Saint Louis University
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Vancomycin is the most frequent cause of linear IgA bullous dermatosis, although the dermatosis has also been reported in association with other agents including phenytoin, carbamazepine, ACE-inhibitors and angiotensin receptor blockers. The upper fisure is a photograph of the bullous, annular lesions that characterize linear IgA bullous dermatosis. The lower figure shows immunoflorescent staining of a skin biopsy demonstrating diagnostic linear deposition of IgA at the basement membrane zone. 

Nousari HC, Kimyai-Asadi A, Caeiro JP, Anhalt GJ. Clinical, demographic, and immunohistologic features of vancomycin-induced linear IgA bullous disease of the skin. Report of 2 cases and review of the literature. Medicine (Baltimore). 1999;78:1-8�
Photographs courtesy of Youdira Hurley, MD, Department of Dermatology, and Elizabeth Levy, MD, Department of Pathology, Saint Louis University School of Medicine, St. Louis, Missouri



Reactions TO NSAIDS

1. Allergic: single drug anaphylaxis
2. Pseudoallergic: result of inhibition of 

COX-1 enzyme
3. Idiosyncratic: aseptic meningitis, 

hypersensitivity pneumonitis, 
thrombocytopenia, interstitial nephritis, 
erythema multiforme, fixed drug eruptions, 
toxic epidermal necrolysis, Stevens 
Johnson syndrome, erythema nodosum, 
maculopapular eruptions, and bullous 
leukocytoclastic vasculitis 



Pseudoallergic Reactions to NSAIDs

• Type 1: NSAID-induced asthma and rhinosinusitis — Aspirin 
exacerbated respiratory disease (chronic rhinosinusitis, polyps, asthma)

• Type 2: NSAID-induced urticaria/angioedema (CIU) in pts with chronic 
urticaria

• Type 3: NSAID-induced urticaria/angioedema in otherwise 
asymptomatic individuals

• Type 4: Blended reactions: otherwise asymptomatic, involve skin and 
respiratory tract triggered by COX-1 inhibition

Modified from: Stevenson, DD, Szczeklik, A, Ann Allergy Asthma          
Immunol.  2002;87:177-179.



Allergic Reactions to NSAIDs

• Elicited by single NSAID or rarely, by more than 
one if share similar molecular structures

• Need prior exposure to get sensitized

• Seen most often with ibuprofen

• Types of reactions

— Urticaria and angioedema

— Anaphylaxis (no confirmed cases to ASA)



Approach to Cutaneous Reactors to COX-1 
Inhibitors

• NSAID-Induced urticaria/angioedema 
— Urticaria triggered by any Cox-1 inhibiting NSAID 

— Normals (no CIU): can be desensitized  

— Patients with Chronic Idiopathic Urticaria/angioedema: 

cannot be desensitized

Stevenson, DD, Szczeklik, A, Ann Allergy Asthma Immunol.  2002;87:177-179.
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Anaphylaxis: 3-10mg of aspirin, doubling every 30 mins in ICU setting.




Approach to Cutaneous Reactors to COX-1 
Inhibitors

• Single drug-induced urticaria/angioedema/anaphylaxis

— If able to tolerate ASA :

Give a different NSAID (full dose challenge)

If unknown: ASA challenge (81mg or 325 mg) 

anaphylaxis: 10mg ASA doubling every 30 minutes in ICU.

• Other/ “blended” reactions:

-Celecoxib  (& other highly selective Cox2 inh) typically OK

Stevenson, DD, Szczeklik, A, Ann Allergy Asthma Immunol.  2002;87:177-179.
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Classification of Non-steroidal Anti-inflammatory 

Drugs by Structural Classes
ENOLIC ACIDS

OXICAMS PYRAZOLES
Feldene (Piroxicam) Butazolidin (phenylbutazone)

Tandearil (oxyphenbutazone)

CARBOXYLIC ACIDS
SALICYLATES ACETIC ACIDS FENAMATES PROPIONIC
Aspirin Indocin (indomethacin) Meclomen Motrin, Rufen
(acetylsalicylic Lodine (etodolac) (meclofenamate) (ibuprofen)
acid) Clinoril (sulindac) Ponstel (mefenamic Naprosyn (naproxen)
Disalcid (salsalate) Tolectin (tometin) acid) Anaprox (naproxen
Dolobid (diffunisal) Zomax (zomepirac) sodium)
Trilisate (choline               Voltaren (diclofenac) Oraflex 
magnesium tri ( benoxaprofen)

salicylate) PYRROLO-PYRROLE Nalfon (fenoprofen)

Toradol (ketorolac tromethamine) Orudis (ketoprofen)



Aspirin-Exacerbated Respiratory Disease 
(AERD)

• Chronic eosinophilic rhinosinusitis, nasal 
polyposis, asthma

• ASA/NSAIDs induce rhinitis/asthma 
attacks

• Progressive disease despite careful 
avoidance of NSAIDs and ASA



Selection of Patients for ASA desensitization

• All AERD patients except those controlled 
by topical steroids, long-acting beta 
agonists and LTMDs alone

• Patients with recurrent or chronic sinusitis 
and nasal polyps

• Individuals who require anti-platelet 
therapy with ASA or other COX-1 
inhibiting NSAIDs



Dosages of ASA for the Treatment of AERD

• 81 mg q.d. OK to remain desensitized for 
cardiovascular disease prevention

• 325 mg q.d. OK to be cross-desensitized to 
any doses of all NSAID’s

• 650 mg BID initial starting dose for 
treatment of AERD; about 50% can 
decrease to 325 mg BID after 6-12 months

Lee, JA, Simon RA, Stevenson DD, J Allergy Clin Immunol (2007) 



ASA Treatment of AERD
• Aspirin desensitization as add on therapy:

(1) Decrease nasal congestion
(2) Decreases need for additional sinus/polyp surgery 
(3) Decreases infectious sinusitis ( from 5 to 2/year)
(4) Improves sense of smell 
(5) Improves asthma control: Direct or indirect 
(6) Reduces need for nasal corticosteroids 
(7) Reduces need for bursts of systemic steroids
(8) Reduces daily systemic steroids (10.7 to 3.8 mg.)



Angiotensin I
Angiotensin 

IIBradykinins
Tachykinins

ACE

ACE Inhibitors
Inhibit angiotensin converting enzyme (ACE)

Vagal afferents
Non-myelinated C-fibers Substance P 

priming?
TXB2 PGI2 / PGE2
imbalance?

Presenter
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ACE inhibitors inhibit angiotensin converting enzyme. ACE inhibition prevents the breakdown of angiotenisin I to angiotensin II –desirable for treatment of hypertension and heart failure. However, ACE inhibition also prevents the breakdown of bradykinin and other kinins, and promotes their accumulation. It is thought that adverse effects from ACE inhibitor induced cough and angioedema result from accumulation of kinins. In the case of ACE inhibitor induced cough, kinin accumulation is thought to initiate a cascade of mechanisms involving vagal afferent nerves and non-myelinated c fibers, with possible involvement of substance P and the arachidonic cascade. 
Dykewicz MS. Cough and angioedema from angiotensin-converting enzyme inhibitors: new insights into mechanisms and management. Curr Opin Allergy Clin Immunol 2004; 4: ADD PAGES WHEN AVAILABLE FROM AUGUST 2004 ISSUE
Because both cough and angioedema from ACE inhibitors result from the pharmacologic actions of this drug class, patients with these reactions are likely to be intolerant to all drugs of this class.



Angiotensin-Converting Enzyme Inhibitor: Cough 
and Angioedema

• Cough: within hs of first dose to weeks of starting tx. 
Women, nonsmokers, and Chinese patients higher 
incidence
— Resolves 1-3 wks post stopping

• Angioedema:  1 to 7/1,000 pts, African Americans at 
higher risk. Can occur even after being on drug for years. 
(mean onset 1.8 y)
— 1/3 of all cases presenting to ER for angioedema
— Head and neck, less common: GI tract
— Mediated by bradykinin1

— Angiotensin II receptor  blockers ok, < 10% of 
patients experience persistent angioedema when 
switched2

— Management: stop medication, management of 
airway (antihistamines not helpful) severe cases: 
FFPBanerji A. et al. Multicenter Study of patients with ACE-Inhibitor-induced angioedema who present to the Emergency department. Ann Allergy

Asthma Immunol. 2008; 100: 327-32.
Haymore BR et al. Risk of angioedema with angiotensin receptor blockers in patients with prior angioedema to ACE-Is Ann Allergy Asthma 
Immunol. 2008; 101: 495-9.



Radiocontrast Media (RCM)

• Anaphylactoid reaction (non-IgE mediated 
anaphylaxis
– 1%-3% ionic RCM studies <0.5% non-ionic RCM 

studies
– Fatality rate 1 to 2 per 100,000 procedures

• Risk Factors: female, asthma, hx of prior 
anaphylactoid reaction (6-10x), beta blocker 
use, &cardiovascular conditions.

• Not associated with shellfish allergy
• European study: suggested skin testing helpful 

in some patients not yet confirmed in larger 
trials1

Brockow K et al.  Skin testing in patients with hypersensitivity reactions to iodinated contrast media- a European Multicenter Study. Allergy 2009; 64: 234—41.



RCM continued…

• Pretreatment: prednisone 50mg 18, 12 and 6 h 
before (13, 7 and 1 h)

• Diphenhydramine 50mg IM 1 hour before
• No use of H2-blockers ( assoc with ↑ rate of RCM 

reactions)
• Delayed Reactions:  >1h to 1 week 2% of patients 

pretreatment typically does not work.
• Occ case reports of SJS and TEN
• Gadolinium: much less common cause of reactions 

Nephrogenic systemic fibrosis if with renal 
insufficiency2

1. Greenberger PA et al. Prophylaxis against repeated radiocontrast media reactions in 857 cases. Adverse experiences
With cimetidine and  safety of beta-adrenergic antagonists. Arch Intern Med 1985; 145: 2197-2000.
2. Todd DJ, Kay J. Nephrogenic systemic fibrosis: an epidemic of gadolinium toxicity. Curr Rheumatol Rep 2008; 10:195-204



Case #2: 45 yo woman with a pustular rash

• 2 d h/o acute-onset, mildly pruritic rash.
• Started in axillae and groin now more generalized
• New onset fever this AM
• Dxd with PNA 4 days prior on azithromycin
• PMH: unremarkable, no personal or FH of psoriasis or 

drug allergy.
• Non-smoker with 2 young children at home and is a 

school teacher.
• PE: 102.0° F (38.9° C) p 88 bpm BP 124/76 RR 16
• Fine crackles base of left lung 
• Skin Exam: hundreds of nonfollicular pustules on 

erythematous bases, all over body including face  no 
crust or scale. No lesions on palms, soles, mucous 
membranes





Case 2.   Acute Generalized Exanthematous 
Pustulosis

• Elevated WBC with increased PMNs, can 
see slight elevation of eos.

• Elevated CRP and ESR
• Culture and Gram Stain of lesions: negative
• Punch Biopsy: spongiform subcorneal 

pustules, edema of papillary dermis, marked 
perivascular infiltration of neutrophils, rare 
eosinophil



AGEP

• Most commonly assoc. with drugs: beta lactams and 
macrolides (not sulfonamides), mercury, NSAIDs, 
carbamazepine,acetaminophen

• Infectious assoc: enteroviruses and parvovirus B19
• Acute onset of reaction (can be within hours to 

days) first edematous erythema followed quickly by 
appearance of pustules

• Benign disease with self-limited course, pustules 
resolve spontaneously 4-10 d, usually just need mild 
supportive care, emollients and topical CCS.



DRESS (Drug-Related Eosinophilia
with Systemic Symptoms)

• Synonym: drug (or anticonvulsant) 
hypersensitivity syndrome 

• Causes: anticonvulsants, dapsone, minocycline, 
sulfamethoxazole, sulfasalazine, allopurinol

• Severe systemic disease: lymphadenopathy, 
fever, skin eruptions, eosinophilia in >90%, fatal 
in 10%

• Activated T cells in circulation
• Inherited deficiency of epoxide hydrolase

Presenter
Presentation Notes
A syndrome of severe systemic disease, termed DRESS (i.e., drug-related eosinophila with systemic symptoms) has been reported in association with anticonvulsants, dapsone, minocycline, sulfamethoxazole, sulfasalazine, allopurinol, and. The syndrome is characterized by fever, lymphadenopathy, and various skin eruptions. More than 90% of patients with the syndrome have eosinophilia. Other manifestations may include hepatitis, nephritis and involvement of other internal organs.  DRESS is fatal in 10% of cases. Activated T cells are often found in the circulation, but the mechanism of the syndrome is still incompletely understood. However, there is evidence that for anti-convulsant reactions, the syndrome is associated with an inherited deficiency of epoxide hydrolase, an enzyme required for the metabolism of arene oxide intermediates produced during hepatic metabolism of anticonvulsant drugs. 
Knowles SR, Shapiro LE, Shear NH. Anticonvulsant hypersensitivity syndrome: incidence, prevention and management. Drug Saf. 1999;21:489-501
Bourezane Y, Salard D, Hoen B, Vandel S, Drobacheff C, Laurent R. DRESS (drug rash with eosinophilia and systemic symptoms) syndrome associated with nevirapine therapy. Clin Infect Dis. 1998;27:1321-2. 




Clinical Evaluation and Diagnosis
of Drug Hypersensitivity

• History
– Current and past drug use
– Known toxicity/allergenicity of drugs used
– Interval between drug therapy and reaction

• General physical exam
• General lab studies: e.g. CBC, liver, renal studies 
• Drug specific immunologic testing

– Immediate-type skin testing
– Patch testing
– Lymphocyte proliferation assays

Presenter
Presentation Notes
The evaluation of patients with suspected drug allergy should be directed at determining the extent of the reaction, whether the presentation conforms to a known diagnostic pattern of drug hypersensitivity or toxicity, and the identification of the drug responsible for the reaction. 

The history should focus on current drug use; reactions from previous drug use; the known toxicity, allergenicity and characteristic adverse reactions of drugs; the interval between initiation of therapy and onset of symptoms; and the presence or absence of symptoms that may conform to a known pattern of a hypersensitivity or toxic response from drugs. Be mindful that for some kinds of immunologic mechanisms that cause drug reactions, the causal drug may have already been discontinued. When a patient is taking multiple drugs that could be suspect, remember that drugs administered with impunity for prolonged periods (months-years) are rarely responsible for hypersensitivity reactions, and that recently introduced drugs are more likely culprits. Some drugs are “bad actors” for causing drug reactions (e.g. anti-seizure drugs), others are not (e.g. benzodiazepines), and considering this can be used to more accurately identify a responsible drug. 

A general physical exam should be conducted of the skin, mucus membranes, lymph nodes, lungs, heart and abdomen, as all may be involved in drug reactions. Most drug exanthems are symmetric.

Lab studies may be required to fully assess the clinical presentation. For example, a drug rash that may be associated with internal organ involvement may warrant complete blood count with differential, sedimentation rate, c-reactive protein, liver function tests, BUN/creatinine, urinalysis. Although eosinophilia may be present and help differentiate a drug hypersensitivity reaction from an alternative diagnosis, eosinophilia is often absent in hypersensitivity drug reactions. A skin biopsy may be helpful in determining a possible immune basis for a skin eruption, or identify an alternative diagnosis. 

For evaluation of suspected IgE mediated reactions, immediate type skin testing for penicillin and many large molecular weight biologicals may be invaluable, but generally this should be deferred until after the acute reaction has resolved. Immediate type skin testing of course only identifies whether immediate type hypersensitivity is present, and not other forms of hypersensitivity. Specialized immunologic tests are sometimes able to confirm the immunologic basis of drug-induced cytotoxic reactions, e.g. anti-heparin antibodies in suspected heparin induced thrombocytopenia.  Patch testing is the most reliable technique for diagnosis of allergic contact dermatitis from drugs, although the correct concentrations and vehicles for the drug must be used for reliable results. Patch testing may also prove to be a helpful adjunct in the diagnosis of other non-IgE cutaneous reactions, but it still being standardized for this purpose. Lymphocyte proliferation assays may have utility as retrospective indicators of a cell-mediated drug reaction but their positive and negative predictive values have not been determined and they are not available in most medical centers

Bernstein IL, Gruchalla RS, Lee RE, Nicklas RA, Dykewicz MS, Shepherd GM, Berger WE, Fineman SM, Li JT, Portnoy JM, Schuller DE, Spector SL. Disease management of drug hypersensitivity: a practice parameter. Ann Allergy, Asthma, Immunol 1999; 83:665-695.



Management and Prevention of Drug 
Hypersensitivity Reactions

• Anaphylaxis: epinephrine, adjunctive agents
• Stop suspect drugs
• Antihistamines
• Glucocorticosteroids
• Induction of tolerance (desensitization) when drug 

essential
• Slower graded challenge regimens 
• Prevention of allergic reactions: 

– Take drug allergy history, avoid cross-reactive 
drugs

– Use predictive skin tests when appropriate 
– Proper and prudent drug prescribing
– Use oral in preference to parenteral drugs

Presenter
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A number of general principles apply for the management and prevention of drug hypersensitivity reactions
Anaphylactic drug reactions require of course prompt emergency treatment including epinephrine. For all types of reactions, the causal drug should ideally be stopped. When the culprit drug is uncertain, all non essential drugs should be stopped, and if necessary, non cross reactive drugs substituted. For mild drug reactions, simple withdrawal of the drug may be all that is required. Antihistamines may be helpful for symptomatic relief of itching, for urticaria and angioedema, or as mentioned earlier, to reduce clinical manifestations of serum sickness. Glucocorticosteroids may be required for severe and/or progressive immune complex and cytotoxic-mediated drug reactions. Although their use is controversial or contraindicated in some types of cutaneous reactions such as toxic epidermal necrolysis, corticosteroids should generally be considered if a drug rash is progressive, or is associated with systemic symptoms such as fever, nausea and vomiting. A standard starting dose in an adult would be prednisone 60 mg QD.

Rapid desensitization may be required if there is no possible alternative for a drug that has caused IgE mediated anaphylaxis, but the desensitized state is effective only so long as the drug is continued. 

Slower graded challenge regimens (e.g. drug reintroduction over days or weeks) may be used utilized to allow patients to tolerate drugs associated with a variety of non-IgE mediated hypersensitivity reactions. A classic example of this is desensitization to sulfasalazine over a month.
Purdy BH, Philips DM, Summers RW. Desensitization for sulfasalazine skin rash. Ann Intern Med. 1984 Apr;100:512-4
Prevention of allergic reactions may be accomplished by attention to the following principles: (1) a careful history to determine host risk factors; (2) avoidance of cross-reactive drugs; (3) use of predictive skin tests when available; (4) proper and prudent prescribing of drugs (especially antibiotics) frequently associated with adverse reactions; and (5) use of oral in preference to parenteral drugs when possible. 
Bernstein IL, Gruchalla RS, Lee RE, Nicklas RA, Dykewicz MS, Shepherd GM, Berger WE, Fineman SM, Li JT, Portnoy JM, Schuller DE, Spector SL. Disease management of drug hypersensitivity: a practice parameter. Ann Allergy, Asthma, Immunol 1999; 83:665-695.



	Update in Drug Hypersensitivity	
	Adverse Drug Reactions (ADR)� Any untoward reaction to a medication
	Risk Factors for Drug Hypersensitivity
	Immune Recognition of Drug Antigens
	Mechanisms (Gell and Coombs)�
	Type III - Immune Complex�
	Type IV : Delayed Type Lymphocytic Reactivity: Extended Classification
	Bullous Exanthema
	Case History: Exantham
	Slide Number 10
	Penicillin: Beta Lactam Antibiotics
	Cephalosporins
	HX of Cephalosporin Allergy: PCN Administration
	Acetylator Phenotypes and Sulfonamide Sensitivity
	Slide Number 15
	Vancomycin Reactions
	Linear IgA Bullous Dermatosis (LABD)
	Reactions TO NSAIDS
	Pseudoallergic Reactions to NSAIDs
	Allergic Reactions to NSAIDs
	Approach to Cutaneous Reactors to COX-1 Inhibitors
	Approach to Cutaneous Reactors to COX-1 Inhibitors
	Slide Number 23
	Aspirin-Exacerbated Respiratory Disease (AERD)
	Selection of Patients for ASA desensitization
	Dosages of ASA for the Treatment of AERD
	ASA Treatment of AERD
	Slide Number 28
	Angiotensin-Converting Enzyme Inhibitor: Cough and Angioedema
	Radiocontrast Media (RCM)
	RCM continued…
	Case #2: 45 yo woman with a pustular rash
	Slide Number 33
	Case 2.   Acute Generalized Exanthematous Pustulosis
	AGEP
	DRESS (Drug-Related Eosinophilia� with Systemic Symptoms)
	Clinical Evaluation and Diagnosis�of Drug Hypersensitivity
	Management and Prevention of Drug Hypersensitivity Reactions

