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Abstract Celecoxib, a selective cyclo-oxygenase-2 inhibitor, is a diaryl-substituted pyr-
azole derivative containing a sulfonamide substituent. Because of this structural
component, celecoxib is contraindicated for use in patients who have demon-
strated allergic reactions to sulfonamides. However, there is a lack of data dem-
onstrating cross-reactivity among sulfonamide medications.
Asulfonamide is any compoundwith an SO2NH2moiety. Themajor difference

between sulfonamide antimicrobials and other sulfonamide-containing medica-
tions such as furosemide, thiazide diuretics and celecoxib, is that sulfonamide
antimicrobials contain an aromatic amine group at the N4 position. This allows
for division of the sulfonamides into 2 groups: aromatic amines (i.e., sulfonamide
antimicrobials) and nonaromatic amines. In addition, sulfonamide antimicrobials
contain a substituted ring at the N1-position; this group is not found with non-
aromatic amine-containing sulfonamides.
Adverse reactions to sulfonamide antimicrobials include type I, or immuno-

globulin (Ig) E-mediated reactions, hypersensitivity syndrome reactions, and se-
vere skin reactions such as toxic epidermal necrolysis. The aromatic amine portion
of the sulfonamide antimicrobial is considered to be critical in the development
of latter 2 reactions. In susceptible individuals, the hydroxylamine metabolite is
unable to be detoxified leading to a cascade of cytotoxic and immunological
events that eventually results in the adverse reaction. Since celecoxib does not
contain the aromatic amine, adverse reactions such as hypersensitivity syndrome
reactions and toxic epidermal necrolysis would not be expected to occur at the
same frequency as they do with sulfonamide antimicrobials. Similarly, for IgE-
mediated reactions, the N1-substituent and not the sulphonamide moiety is im-
portant in determining specificity to antibodies. Celecoxib and other nonaromatic
amine-containing sulfonamide medications do not contain the N1-substituent.
Cross-reactivity among the various sulfonamide-containing medications has
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also not been substantiated by published case reports. In fact, conflicting infor-
mation exists in the literature. Reports showing lack of cross-reactivity balance
the few case reports suggesting cross-reactivity.
Cross-reactivity between sulfonamide medications should be based on scien-

tific data, including chemistry, metabolism, immune responses and clinical data.
Based on the current information, there is no documentation for cross-reactivity
between sulfonamide antimicrobials and other sulfonamide medications, such as
celecoxib.

A drug product label encompasses information
on efficacy, administration, adverse drug reactions
(ADRs) and contraindications. Although the infor-
mation contained in the efficacy and administration
sections is often based on clinical trial data, contra-
indications or warningsmay be based on individual
case reports or extrapolated from previous experi-
ence with similar agents. Because the available sci-
entific data may be disparate from the information
contained within the product label, confusion
arises because of potential legal implications.
As an example, celecoxib is a selective cyclo-

oxygenase-2 inhibitor that is indicated for the treat-
ment of rheumatoid arthritis and osteoarthritis. It is
a diaryl-substituted pyrazole derivative containing
a sulfonamide substituent. Because of this struc-
tural component, celecoxib is contraindicated for
use in patients who have demonstrated allergic re-
actions to sulfonamides.[1]
Although many references suggest that there is

cross-reactivity between various sulfonamide medi-
cations, this has not been substantiated in the liter-
ature either from a structural framework (e.g. me-
tabolism, chemical structure) or from a clinical
standpoint. This review will discuss the similarity
and differences in structure between the various sul-
fonamide medications. As well, differences in me-
tabolism will be highlighted between sulfonamide
antimicrobials and other sulfonamide-containing
compounds such as celecoxib. Finally, clinical
safety data for celecoxib will be reviewed.

1. Sulfonamides

Sulfonamides, or sulfonamide antimicrobials,
are derivatives of sulfanilamide (see fig. 1).[2] How-
ever, the term sulfonamide is also used to describe

any compound with an SO2NH2 moiety, regardless
of whether it directly links to a benzene ring. The
major difference between sulfonamide antimicro-
bials and other sulfonamide-containing medica-
tions such as furosemide, thiazide diuretics and
celecoxib, is that sulfonamide antimicrobials con-
tain an aromatic amine group at the N4 position.
This structural difference is the basis for the divi-
sion of the sulfonamides into 2 groups: aromatic am-
ines and nonaromatic amines (see table I). Sulfon-
amide antimicrobials also contain a 5- or 6-member
aromatic heterocyclic ring with ≥1 nitrogen at the
sulfonamido-N1 position; this substituted ring is not
found with other nonaromatic amine containing
sulfonamides.‘Sulfa’ allergy is a generic term used
to describe patients with allergies to sulfonamide
antimicrobials. However, it does not imply allergy
to compounds containing sulfur, inorganic sulfate
or sulfites.[3]

2. Adverse Drug Reactions (ADRs)

An ADR is defined as an unintended adverse
response that occurs at dosages used for treatment,
prophylaxis or diagnosis.[4] Aclassification system
for adverse reactions has been described, which
groups adverse events into predictable (also known
as pharmacological) and unpredictable (or intrinsic
reactions.[5] Predictable ADRs occur as a result of
exaggerated or undesirable pharmacological ef-
fects of a drug, not necessarily related to the ther-
apeutic effects of the drug. These ADRs are con-
sidered dose-dependent but host independent.
Approximately 80% of all ADRs are classified as
predictable reactions.[5] In contrast, unpredictable
ADRs are generally independent of dose or phar-
macological action of the drug. Examples include
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idiosyncratic reactions and various immunological
(or allergic) reactions. Immunological reactions
are often categorised according to the Gell and
Coomb’s classification scheme[6] (see table II).
Unfortunately, various terms to describe unpredic-

table reactions have been used throughout the lit-
erature with different connotations. For example,
although patients and many clinicians may refer to
an adverse event as an ‘allergy’, the mechanism of
many of these adverse events does not involve the

H2N
S

O

O

NN

F
F

FH3C

H3C
NH S

O

O

N

N

H3C

CH3

H

O S
S

H2N

O

N N

NH CH3

O
H2N S

O

O
Cl

HO
O

NH

O

H2N

S

O
O

NH

ON

CH3 H2N
S

O O

Cl N

NH
S

O O

H

Cl
NH

O

O

CH3

S
OO

NH

NH

O

Celecoxib Sumatriptan

Acetazolamide Furosemide

Sulfamethoxazole

Glibenclamide (glyburide)

Hydrochlorothiazide

Fig. 1. Structures of sulfonamide-containing medications.
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immune system. In this review the term ‘drug al-
lergy’will, therefore, refer to reactions with an im-
munological basis. ‘Hypersensitivity reaction’ is a
nonspecific term that encompasses both allergic
and idiosyncratic reactions. This is in contrast to
‘hypersensitivity syndrome reaction’, which is a
specific entity that relates to the development of
fever, rash and internal organ involvement.
Idiosyncratic reactions, although rare, can af-

fect a large number of organ systems, either in iso-
lation or in conjunction with other symptoms. Sin-
gle organ dysfunction includes hepatitis, nephritis
and various cytopenias as well as serious dermato-
logical eruptions such as Stevens-Johnson syn-
drome (SJS) and toxic epidermal necrolysis (TEN).
Multiple-organ dysfunction can result in the drug
hypersensitivity syndrome, drug-induced lupus,
serum sickness–like reaction and SJS/TEN. Most
idiosyncratic reactions are believed to be initiated
via the effects of a reactive metabolite – hence the
term ‘reactive metabolite syndromes’. These meta-
bolites, if not detoxified, can directly bind to cel-
lular and circulating proteins leading to toxicity.
Alternatively, initiation of an immune response can
occur resulting in an ADR.

3. Sulfonamide ADRs

Sulfonamide ADRs can be manifested in a wide
variety of clinical presentations. Some examples of
predictable reactions include nausea and vomiting
and headache and other neurological disturbances.[7]

3.1. Immunological Reactions

Immunological reactions associated with sul-
fonamide antimicrobials encompass the entire Gell-

Coombs spectrum: type I, or immunoglobulin (Ig)
E-mediated, reactions (i.e. development of urti-
caria, angioedema, hypotension and/or anaphy-
laxis) to immune thrombocytopenia (type II reac-
tion), sulfonamide-induced vasculitis (type III
reaction) and fixed drug eruptions and morbilli-
form exanthem (type IV reaction).[7]
For type I reactions, the N1-substituent and not

the sulfonamide group has been found to direct
specificity to IgE antibodies.[8] Two allergenic com-
ponents have been identified: (i) 5- to 6-member
aromatic heterocyclic ring with ≥1 nitrogen at the
sulfonamido-N1 position; and (ii) the presence of
a single methyl group on the carbon atom beta to
the sulfonamido substitution. Although haptena-
tion is thought to occur at the N4 position on the
benzene ring,[9,10] this group was not an important
determinant of IgE antibody recognition.[8] In con-
trast to sulfonamide antimicrobials, celecoxib (and
other nonaromatic amine sulfonamides) does not
contain a heterocyclic ring with a methyl group at-
tachment at the N1 position, nor does it contain an
N4 aromatic amine group. Although nonaromatic
amine–containing sulfonamides may produce a va-
riety of haematological toxicities, dermatological
eruptions and anaphylaxis,[11,12] there is lack of ev-
idence for cross-reactivity between any sulfon-
amide-containing drug.

3.2 Idiosyncratic Reactions

3.2.1 Serum Sickness-Like Reaction
Other unpredictable reactions, including vari-

ous idiosyncratic reactions, have also been well de-
scribed with sulfonamide antimicrobials. For ex-
ample, serum sickness-like reactions have been
rarely observed with sulfonamide antimicrobials
and are characterised by the presence of fever, a
skin eruption, often urticarial, arthralgia and/or
lymphadenopathy.[13] The average onset in 10 days
after initiation of therapy. Immune complexes
have not been identified. Internal organ (i.e. renal)
involvement is unusual. The incidence in a retro-
spective study in a paediatric population was
<1/1000.[13]

Table I. Classification of sulfonamide-containing medications

Aromatic amines
Antimicrobials: sulfamethoxazole, sulfadiazine, sulfafurazole
(sulfisoxazole)

Nonaromatic amines
Diuretics: thiazides, furosemide, metolazone, bumetanide
Oral hypoglycaemics: glibenclamide (glyburide), chlorpropamide
Carbonic anhydrase inhibitors: acetazolamide, dorzolamide
Other: celecoxib, sumatriptan
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3.2.2 Hypersensitivity Syndrome Reaction

Clinical Features
Hypersensitivity syndrome reaction has been

well described for sulfonamides, with an incidence
of approximately 1 : 1000 to 1 : 10000 per treat-
ment course.[14] These reactions are a cause of ma-
jor morbidity and can result in fatalities. The triad
of fever, rash and internal organ involvement usu-
ally occurs 2 to 8 weeks after the initiation of ther-
apy. Fever is often the first clinical sign and the
patient may have concomitant malaise and pharyn-
gitis. This is followed by a rash, ranging from an
exanthem to more serious eruptions such as SJS/
TEN. Initial examination of the peripheral blood
smear reveals an atypical lymphocytosis with a
subsequent eosinophilia. Internal organ involve-
ment usually involves the liver, although pulmo-
nary, haematological or renal impairment may oc-
cur. Hypothyroidism may be a complication in the
patients following resolution of symptoms.[15]

Pathogenesis
Using sulfamethoxazole as a representative sul-

fonamide antimicrobial, the metabolic pathway of
sulfonamide antimicrobials has been elucidated. In
normal hosts, 45 to 70% of sulfamethoxazole is
acetylated at the N4 position to formN4-acetyl sul-
famethoxazole, which is renally excreted as a non-
toxic metabolite. An alternative pathway, quantita-
tively more important in slow acetylators, involves
the cytochrome P450 (CYP) mixed-function oxi-
dase system. Sulfamethoxazole is oxidised to sul-
famethoxazole hydroxylamine by the CYP2C9
system.[16] Although sulfamethoxazole-hydroxyl-
amine is relatively unreactive, it can auto-oxidise
to a more reactive nitroso metabolite.[17] This me-

tabolite is subsequently detoxified in most individ-
uals. However, in susceptible individuals, a com-
bination of cytotoxic and immunological events
are likely to be involved in the development of the
drug hypersensitivity syndrome reaction and other
reactive metabolite syndromes.[18] For example,
the hydroxylamine metabolites of sulfamethox-
azole inhibit the ability of natural killer cells to act,
suppress the production of the cytokine tumour ne-
crosis factor and inhibit the ability of T lympho-
cytes to respond to mitogenic stimulation.[19,20]
ReactiveN4-metabolites bind to proteins and cause
apoptosis leading to severe drug reactions.[21]
An in vitro cytotoxicity assay has been devel-

oped which compares peripheral blood lympho-
cytes of patients with a history of sulfonamide hy-
persensitivity syndrome reactions to controls.[22,23]
Studies have shown that patients with a past idio-
syncratic reaction have a significant increase in cy-
totoxicity caused by the hydroxylamine metabolite
of sulfamethoxazole suggesting that patients and
controls have inherent differences in detoxification
of the hydroxylamine metabolite.[24]

4. Cross-Reactivity

Cross-reactivity has been described, or hypoth-
esised, for a large number of compounds includ-
ing beta-lactam antibacterials, nonsteroidal anti-
inflammatory drugs (NSAIDs), and anticonvulsants
(table III). Immunological cross-reactions may oc-
cur among penicillins and cefalosporins by virtue
of the beta-lactam group that is found in all beta-
lactam antibacterials. Although initial evidence
suggested a cross-reactivity rate of approximate-
ly 15 to20%,[6]more recent data indicate that thecross-
reaction rate is less than 2%.[25] However, cross-

Table II. Four classic allergic reactions as proposed by Gell and Coombs[6]

Type of reaction Description Primary effect or mechanism Clinical reaction
I Anaphylactic IgE antibodies Urticaria, hypotension, angioedema, bronchospasm,

anaphylaxis
II Cytotoxic IgG or IgM Haemolytic anaemia
III Immune complex reaction Soluble immune complexes Leucocytoclastic vasculitis
IV Delayed or cell-mediated

hypersensitivity
Sensitised T-lymphocytes Contact dermatitis, fixed drug eruptions, exanthematous

eruptions
Ig = immunoglobulin.
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reactivity between cefalosporins and penicillins
may lead to life-threatening anaphylaxis in rare
cases.[26] In contrast, cross-reactions among NSAIDs
are not based on structural resemblance, nor immu-
nological mechanisms, but rather are attributable
to NSAID-induced inhibition of cyclo-oxygenase.
This results in accumulation of 5-lipoxygenase and
increased production of leukotrienes,[27] resulting
in respiratory reactions with or without rhinocon-
junctivitis. Another potential mechanism for cross-
reactivity is development of toxic metabolites. For
example, patients who develop a hypersensitivity
syndrome reaction from 1 aromatic anticonvulsant
(i.e. phenytoin, phenobarbital, carbamazepine)
will have a 75% likelihood of developing a similar
reaction with another aromatic anticonvulsant.[28]
The aromatic anticonvulsants are metabolised to
similar toxic metabolites that accumulate in sus-
ceptible individuals.[29]
For sulfonamide antibacterials, the sulfonamide

moiety (i.e. SO2NH2) itself does not trigger serious
drug reactions such as hypersensitivity syndrome
reaction, but rather the aromatic amine moiety is
critical in the pathogenesis of these reactions, as
well as severe cutaneous reactions (e.g. SJS/TEN)
and single organ dysfunction such as hepatitis or
cytopenias. Nonaromatic amine sulfonamides, such
as celecoxib, furosemide and acetazolamide,
would not be expected to clinically cross-react with
sulfonamide antimicrobials for these serious drug
reactions. However, for patients who experience a
serious drug reaction with 1 sulfonamide antimi-
crobial, cross-reactivity would be expected for sul-
fonamide antimicrobials as a class. For patients
who develop sulfonamide-induced hypersensitiv-
ity syndrome reaction, it is reasonable to avoid other

aryl amines, such as procainamide, dapsone and
acebutolol because they form similar reactive me-
tabolites; however, there is little clinical data to
confirm that this is necessary.[30]
For IgE-mediated reactions with sulfonamide

antimicrobials, the N1-substituent and not the sul-
fonamide group is important in determining speci-
ficity to antibodies.[8] Nonaromatic amine contain-
ing sulfonamides, such as celecoxib, do not contain
this essential chemical substituent and therefore,
would not be expected to cross-react with aromatic
amine containing sulfonamides.

5. Literature Review

Cross-reactivity among the various sulfonamide-
containing medications has not been substantiated
by reports in the literature. There are only a small
number of cases in which cross-reactivity between
2 or more sulfonamide medications has been doc-
umented.[31-35]
A 54-year-old woman developed thrombocyto-

penia after using tolbutamide for 2 years; the
thrombocytopenia resolved upon drug discontinu-
ation. Upon exposure to hydrochlorothiazide 2
years later, she once again developed thrombocyto-
penia after 48 hours of therapy.[31] Another patient
developed urticaria, angioedema and hypotension
within 5 minutes after the intravenous administra-
tion of furosemide. The patient was positive on
skin testing with furosemide, cotrimoxazole (sul-
famethoxazole-trimethoprim) and chlorothiazide,
but negative on ethacrynic acid. The patient was
not challenged with any of these medications, al-
though he had previously tolerated hydrochlorothi-
azide.[32] A 55-year-old patient developed several

Table III. Cross-reactivity
Class of drugs Type of reaction Proposed mechanism
Beta-lactam antibacterials IgE-mediated reactions Beta-lactam group similarity
Aromatic anticonvulsants (i.e.,
carbamazepine, phenytoin, phenobarbital)

Hypersensitivity syndrome reaction Accumulation of toxic metabolite

Nonsteroidal anti-inflammatory drugs Asthma ± rhinoconjunctivitis Inhibition of cyclo-oxygenase enzyme
ACE inhibitors Cough or angioedema Increased bradykinin levels
Sulfonamide antimicrobials Hypersensitivity syndrome reaction Accumulation of toxic metabolite
Ig = immunoglobulin.
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episodes of serum sickness (fever, arthralgias and
angioedema of the hands) following treatment with
glisoxepide, glibenclamide (glyburide), furose-
mide and probenecid.[33] A 56-year-old patient de-
veloped angioedema and an exanthematous eruption
on 3 separate occasions after treatment with sul-
fadimethoxin, chloramidobenzol and acetazolam-
ide, respectively.[35] Concurrent, noncross-reactive
antibody responses in a hapten allergy-prone individ-
ualmay be amore likely explanation for patientswho
react to 2 or more sulfonamides.[36]
There have been several reports of potentially

cross-reacting sulfonamides being used safely in
patients with a history of allergy to sulfonamides.
A 68-year-old woman developed several episodes
of fixed drug eruption following indapamide ther-
apy. Oral challenges with indapamide, sulfamethox-
azole and sulfadiazine produced positive results,
whereas furosemide did not cause recurrence of the
skin eruptions.[37] In a report of 16 patients who de-
veloped a skin reaction (erythematous eruption, ur-
ticaria) following indapamide therapy, 11 patients
later took chlorthalidone, hydrochlorothiazide, fu-
rosemide, epitizide or clopamide without a relapse.[38]
A study of 33 patients with urticaria or fixed drug
eruption attributable to a sulfa-containing drug dem-
onstrated cross-reactivity between sulfonamide-
containing antimicrobials but not between the sul-
fonamide-containing antimicrobials and furosemide
or procaine.[39]
Only 1 case report of possible cross-reactivity

between sulfonamides and acetazolamide exists. A
patient with mitral stenosis and ‘sulfa’ allergy de-
veloped symptoms (oedema, respiratory distress,
haemoglobinuria) following acetazolamide use for
treatment of congestive heart failure.[40] Although
these symptoms were attributed to a cross-reactivity
between acetazolamide and sulfonamides, they
could have been attributable to a worsening of the
patient’s congestive heart failure.[41]
Sumatriptan is a nonaromatic amine containing

sulfonamide. Aretrospective chart review of 15 pa-
tients was done to evaluate the safety of sumatrip-
tan in patients with known sulfonamide allergy.[42]
Prior sulfonamide reactions included angioedema,

rash, urticaria, fever, photosensitivity and severe
headache. No patients reported adverse effects
from sumatriptan therapy. The authors suggested
that sumatriptan can be safely used in patients al-
lergic to sulfonamides, although study limitations
included a small sample size and a retrospective
study design.

6. Clinical Safety Data with Celecoxib

A recent study evaluated the data for 11 008 pa-
tients who had participated in 14 double-blind tri-
als of celecoxib in arthritis.[43] Although a history
of sulfonamide hypersensitivity reactions was
among the exclusion criteria for celecoxib clinical
trials, 135 patients deviated from the study proto-
cols. The majority of these patients had a history
of reactions to sulfonamide antimicrobials. Of
these patients, 73 (54%) received celecoxib, 30
(22%) received active comparators (NSAIDs) and
32 (24%) received placebo. There were no statisti-
cally significant differences between the groups
with regards to allergic reactions. No patient re-
ceiving celecoxib reported severe cutaneous ad-
verse reactions such as SJS/TEN. Use of celecoxib
with other sulfonamide-containing diuretics (e.g.
bumetanide, chlorothiazide, furosemide) and sul-
fonylureas (e.g. chlorpropamide, glyburide) did
not increase the risk of allergic-type reactions.
Approximately 7 million prescriptions for cele-

coxib were written from January 1999 until June
1999.[44] During this time, 2 possible cases of SJS
or TEN were reported to the manufacturer via their
postmarketing surveillance programme. There
were no reports of a hypersensitivity syndrome re-
action. If this were sulfamethoxazole, 7 million ex-
posures would result in 30 to 70 cases of SJS or
TEN and 1500 to 2000 cases of hypersensitivity
syndrome reaction.[45] 20 to 30 deaths would occur
from just these reactions alone. Based on these fig-
ures, SJS/TEN may occur extremely rarely with
celecoxib; however, the pathogenesis appears to be
different from the pathogenesis with sulfonamide
antimicrobials.
The Therapeutic Products Programme of Health

Canada received 220 reports of adverse reactions
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to celecoxib with 562 possible adverse events.[46]
There were 74 reports (34%) that described a der-
matological reaction; no serious cutaneous adverse
reactions (e.g. SJS/TEN) were reported. As well,
allergic-type reactions were documented in 74 re-
ports. 16 reports indicated that the patient had a
previous adverse reaction to sulfonamides although
no further details were provided.

7. Product Labelling

One of the key sources of information regarding
product use is the product monograph. However,
rather than clarifying the confusion that exists
regarding cross-reactivity among the various sul-
fonamide medications, product labelling actually
creates more confusion. Product labelling for
cross-reactivity among sulfonamides is not based
on scientific evidence (i.e. chemical structures or
metabolism of drugs) nor is it based on clinical data.
In fact, there is inconsistent labelling of sulfon-
amide-containing medications for use in patients
with a history of a sulfonamide allergy.[43] For exam-
ple, hydrochlorothiazide contains a contraindica-
tion for use in patients with a sulfonamide allergy,
whereas a precaution is listed in the furosemide
monograph and no warning/precaution contraindi-
cation is listed for chlorpropamide (table IV).
Based on the scientific evidence and clinical

data presented, the information in the celecoxib
product monograph should be the same and in the

same section as other nonaromatic amine sulfon-
amides.

8. Conclusion

It has taken over 60 years to begin to understand
the pathogenesis of sulfonamide antimicrobial-in-
duced reactions. However, why some people expe-
rience reactions and why some organs are involved
more than others, are important questions that still
need to be answered. Reactions to nonantimicrob-
ial sulfonamides, such as celecoxib or hydrochoro-
thiazide, are a separate issue. The simple question
is, why do some people have reactions to these
drugs. The answer may not be dependent upon the
sulfonamide moiety at all. Once that myth is de-
stroyed, we are no longer left with the inappropri-
ate ‘allergic to sulfa’ label.Wewill need to examine
the chemistry, metabolism and immune responses
more thoughtfully. Prospective clinical studies in
patients with well documented allergic reactions to
sulfonamide antimicrobials should be done that
specifically address the issues of cross-reactivity.
In the meantime we need to rationally examine the
warnings that we give patients, to ensure that they
are based on science and rational reasoning. For the
present, the contraindication is based on myth at
best.
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