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either sulfasalazine or sulfamethoxazole, as they had a clear, 
typical history, severe symptoms and were positive on in vi-
tro tests to both compounds.  Conclusions:  We demonstrate 
that in the case of sulfamethoxazole and sulfasalazine, cross-
reactivity is dependent on chemical features rather than the 
indication of the drugs. Therefore, patients with hypersensi-
tivity to sulfasalazine or sulfamethoxazole should be specif-
ically advised to avoid both drugs. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction  

 Sulfonamide-containing antimicrobials are known 
causes of drug hypersensitivity reactions  [1] , and are 
strongly associated with most severe, life-threatening 
events  [2] . Sulfonamide structures (SO 2 -NH 2 ) are includ-
ed in a variety of drugs, some with antibiotic features (e.g. 
sulfamethoxazole), others acting as diuretics, antidiabet-
ics or analgesics. In rheumatology, the Cox2 inhibitor
celecoxib and the anti-inflammatory drug sulfasalazine 
contain sulfonamide structures and are still widely used. 
Any side effect to these drugs was until recently summa-
rized under the unfortunate term ‘sulfa allergy’ and pa-
tients with a presumed ‘sulfa-allergy’ were advised to 
avoid any sulfonamide containing drug. However, epide-
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 Abstract 

  Background:  Sulfonamides are generally classified into 2 
groups: antibiotics and non-antibiotics. Recent studies 
showed that patients allergic to sulfonamide antibiotics do 
not have a specific risk for an allergy to sulfonamide non-an-
tibiotic. However, the anti-inflammatory drug sulfasalazine 
represents an important exception. Used in rheumatic dis-
eases, it is classified as a non-antibiotic sulfonamide, but is 
structurally related to antibiotic sulfonamides. Therefore, we 
aimed to analyze in vitro the cross-reactivity between the 
antimicrobial sulfamethoxazole and the anti-inflammatory 
drug sulfasalazine.  Methods:  PBMC from 2 patients with se-
vere hypersensitivity syndrome to sulfasalazine, 3 patients 
with sulfamethoxazole allergy and 5 healthy donors were 
isolated and incubated with medium only (negative control), 
2 concentrations (10, 100  � g/ml) of sulfapyridine, 2 concen-
trations (100, 200  � g/ml) of sulfamethoxazole, and tetanus 
toxoid (10  � g/ml) as a positive control. After 6 days of culture, 
 3 H-thymidine was added and cell proliferation was mea-
sured.  Results:  In all patients tested, the lymphocyte trans-
formation tests were positive for both sulfapyridine and sul-
famethoxazole, suggesting a strong cross-reactivity to these 
drugs. None of the healthy donors reacted to any of the 
drugs tested. We refrained from provoking our patients with 
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miological  [3–5] , in vitro and skin test studies  [6, 7]  point-
ed out that true allergy secondary to cross-reactivity of 
sulfonamide antibiotics and non-antibiotics is unlikely to 
occur. The chemical differences between these two drug 
classes are too big, therefore, cross-reactivity occurred 
only within the group of aromatic sulfonamides  [8, 9] . As 
these are mainly used as antibiotics (sulfamethoxazole, 
sulfadiazine, sulfisoxazole), clinicians tend to differenti-
ate between allergy to antibiotic sulfonamides and aller-
gy to non-antibiotic sulfonamides. In case of allergic
reaction to an antibiotic sulfonamide (mostly elicited
by sulfamethoxazole), the non-antibiotic sulfonamides 
could be used. 

  In this report we would like to remind that this dis-
tinction between antibiotic and non-antibiotic sulfon-
amides is misleading, as cross-reactivity is not due to the 
function but the structure of the compound. An impor-
tant example for an aromatic sulfonamide not used as an 
antibiotic is the anti-inflammatory drug sulfasalazine. It 
is a prodrug which is split in the colon by the bacterial 
enzyme azoreductase in 5-aminosalicylic acid and the 
aromatic sulfonamide sulfapyridine ( fig. 1 )  [10] . Sulfa-
salazine can cause severe even lethal hypersensitivity re-
actions, which are mainly due to sulfapyridine and are 
probably related to the generation of sulfapyridine-spe-
cific T cells. 

  We analyzed 5 patients with allergic reactions to either 
sulfasalazine or sulfamethoxazole for potential cross-re-
activity to these 2 compounds. 

  Methods 

 The patients were analyzed in clinical remission of their drug 
allergy and were healthy. All patients were part of a study by
Lochmatter et al.  [11] . Two patients had severe hypersensitivity 
syndromes involving skin and liver, 1 developed a severe bullous 
skin disease and 2 had a severe exanthema. Offending drugs were 
determined based on positive in vitro tests and clear medical his-
tory (clear temporal relationship between starting the drug and 
development of reaction, and typical clinical symptoms;  table 1 ). 
Five healthy donors without history of drug hypersensitivity but 
responsive to tetanus toxoid (TT) served as controls. All patients 
gave informed consent. The study was approved by the local eth-
ical committee.

  Non-toxic concentrations of the following antigens were used 
for in vitro stimulation: sulfamethoxazole (Hoffman-La Roche, 
Basel, Switzerland), amoxicillin, sulfapyridine, furosemide and 
hydrochlorothiazide (Sigma, Buchs, Switzerland). TT (Berna-
Biotech, Bern, Switzerland) was used as a positive control.

  For the lymphocyte transformation test (LTT), PBMC from 
patients and healthy controls were cultured for 6 days (37   °   C; 5% 
CO 2 ) with culture medium alone (negative control), with two 

drug concentrations or with TT (positive control). Thereafter, 0.5 
 � Ci  3 H-thymidine was added for 14 h.  3 H-thymidine incorpora-
tion was measured in a  � -counter (Trace96; Inotech, Wohlen, 
Switzerland). Stimulation indices (SI) were calculated as counts 
per minute (cpm) with antigen divided by cpm in culture medi-
um. SI = 2 was considered as a cut-off point for positivity.

  For statistical analysis Mann-Whitney test with  �  = 0.05 was 
used. p  !  0.05 were considered statistically significant.

N N SO2 NH
N

HOOC

HO

sulfasalazine

bacterial

azoreductase

SO2 NH
N

5-aminosalicylic acid

HOOC

HO NH +H N2 2

sulfapyridinea

SO2 NHNH2

sulfamethoxazoleb

N O

CH3

O

CI

furosemide

SO O

NH2

OH NH

O

c

hydrochlorothiazide

NH

H

N

H N2

CI

S

O O

S

O O

d

  Fig. 1.  Cleavage of sulfasalazine into sulfapyridine and 5-amino-
salycilic acid. Sulfasalazine ( a ) is not active in its ingested form 
but broken down by colon bacterial enzyme azoreductase into 2 
products: 5-aminosalicylic acid and sulfapyridine. Sulfapyridine 
and the structurally related sulfamethoxazole ( b ) containing an 
aromatic amine group at the N4 position (box) and a substituted 
ring at the N1-position (highlighted in grey) are both aromatic 
sulfonamides and can induce strong T cell responses resulting in 
a severe drug hypersensitivity reaction. Furosemide ( c ) and hy-
drochlorothiazide ( d ) are both non-aromatic sulfonamides and 
do not cross-react with sulfapyridine and sulfamethoxazole. 
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  Results 

 As shown in  figure 2 , all drug-allergic patients tested 
on LTT with sulfamethoxazole and sulfapyridine (the 
sulfanilamide component of sulfasalazine;  fig. 1 ) were 
positive to both aromatic sulfonamides, suggesting strong 
cross-reactivity. These reactions were drug-specific, as 
the patients did not react to the unrelated drugs, and none 
of the healthy donors reacted to any of the drugs tested. 
Both allergic and healthy donors reacted vigorously to 
the control antigen TT. In 4 out of 5 tested patients, stim-
ulation indices were higher after stimulation with sulfa-
methoxazole than sulfapyridine regardless of which drug 
had caused the allergic reaction. The proliferation in re-
sponse to both culprit and cross-reactive drugs in pa-
tients was significantly increased (p = 0.0007–0.008) 
compared to healthy controls, but there were no signifi-
cant responses to the unrelated drugs (p = 0.21–0.9). We 
abstained from provoking our patients with either sul-
fasalazine or sulfamethoxazole, as they had a clear his-
tory and severe, even life-threatening, symptoms which 
makes provocation tests superfluous.

  Discussion 

 Due to the widespread use of sulfonamide drugs and 
the comparably common occurrence of hypersensitivity 
reactions to some of these compounds, a possible cross-
reactivity of immune reactions to sulfonamides is of great 
clinical interest. 

  Several epidemiological and in vitro studies have dem-
onstrated that cross-reactivity between aromatic sulfon-
amides and non-aromatic sulfonamides is highly unlikely 
 [3–7] . The most reassuring evidence comes from a retro-
spective cohort study  [3] , which showed that individuals 
who had documented allergic reactions to a sulfonamide 
antibiotic indeed reacted more commonly to non-antibi-
otic sulfonamide drugs. However, the same individuals re-
acted to the pharmacologically distinct class of penicillins 
even more often. This suggests that patients with a history 
of allergic reaction to antimicrobial sulfonamides may be 
generally at increased risk for reaction to other drugs, and 
there is no need to specifically avoid non-antibiotic sulfon-
amides. Even in this carefully conducted reference study, 
sulfasalazine was classified as non-antibiotic and non-
cross-reactive with aromatic antibiotic sulfonamides. 

  Aromatic sulfonamide antibiotics contain an aromat-
ic amine group at the N4 position and a substituted ring 
at the N1-position ( fig. 1 ). This substituted ring is not 
present in non-aromatic amines such as furosemide, thi-
azide diuretics, antidiabetics and celecoxib but is present 
in the anti-inflammatory drug sulfasalazine (sulfapyri-
dine). These structural similarities explain the extensive 
cross-reactivity between the aromatic sulfonamides, 
which was demonstrated by evaluating sulfamethoxa-
zole-specific T cell clones, murine T cell hybridoma cells 
transfected with sulfamethoxazole-specific T cell recep-
tors and with PBMC. No reactivity to furosemide, gli-
benclamide or celecoxib was observed  [8] . 

  Here, we would like to emphasize that sulfasalazine, 
which is extensively used in the treatment of ulcerative 
colitis, proctitis, Crohn’s disease, rheumatoid arthritis 

Table 1. Patients’ characteristics

Pa-
tient 
No.

Age
years

Sex Disease Culprit drug Time interval between 
starting the therapy and 
allergic reaction

Other medication
at the time of reaction

Other drug
allergies

Interval between 
acute allergy 
and testing

298 41 female DRESS SP (+) 4 weeks Ciprofloxacin (–) no 6 months

38 48 male DRESS SP (+) 2.5 weeks Ceftriaxon (–) no 13 months
Diclofenac (–)

245 71 male SJS SMX (+) 10 days Ceftriaxon (–) no 2 months
Clarythromycin (–)

11 45 male MPE, malaise SMX (+) 12 days no other medication no 12 years

32 64 male erythroderma SMX (+) 10 days multiple drug 
hypersensitivity

phenytoin
amoxcillin

19 months

(+) LTT positive, (–) LTT negative. DRESS = Drug reaction with eosinophilia and systemic symptoms; MPE = maculopapular exanthema; SJS = Ste-
vens Johnson syndrome; SP = sulfapyridine; SMX = sulfamethoxazole.
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and ankylosing spondylitis, contains in fact an aromatic 
sulfonamide ( fig. 1 a), because it is a prodrug that is split 
in the colon by the bacterial enzyme azoreductase into 5-
aminosalicylic acid and the aromatic sulfonamide sulfa-
pyridine ( fig. 1 ). 

  We present 2 patients with severe hypersensitivity syn-
dromes to sulfasalazine and 3 patients who originally had 
an allergic reaction to sulfamethoxazole. In all cases, the 
LTT were positive both to sulfapyridine and to the antibac-
terial drug sulfamethoxazole, confirming a strong cross-
reactivity of these drugs. In one patient (No. 295), only a 
weak response to sulfamethoxazole in both concentrations 
(100  � g SI = 2.23; 200  � g SI = 2.02) was observed. This may 
reflect a lower amount of T cells able to cross-react with 
this particular compound in this particular patient.

  We relied on in vitro results and abstained from pro-
voking our patients with the sulfonamides (either sul-
fasalazine or sulfamethoxazole), as they had a clear and 
typical history, severe, even life-threatening symptoms 
and positive in vitro tests to both compounds. Moreover, 

other studies on the cross-reactivity of structurally re-
lated compounds in drug hypersensitivity showed a good 
correlation between in vivo tests and in vitro LTT  [12–14]  
and LTT has been shown to have a high specificity of 
 1 85%  [15] . Taken together, these data support the concept 
that the positive LTT may be helpful to identify cross-re-
active agents in certain drug groups but due to its limited 
sensitivity it cannot be used to rule out cross-reactivity. 

  As the structural similarity between the antibiotic sul-
famethoxazole and the anti-inflammatory compound 
sulfapyridine contained in sulfasalazine is not so obvious 
for most clinicians, we find it prudent to advise patients 
with hypersensitivity to sulfamethoxazole to avoid sul-
fasalazine (and vice versa). For the safety of the patients, 
we recommend adding sulfasalazine to the allergy pass-
port for patients allergic to sulfamethoxazole (and vice 
versa). This is all the more important as the respective T 
cell-mediated reactions can be life-threatening and cause 
severe generalized symptoms affecting the liver, lungs 
and other organs.
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  Fig. 2.  Drug-specific proliferation in the 
lymphocyte transformation test. PBMC
(2  !  10 5  cells/well) of 5 drug allergic pa-
tients ( a ) and 5 healthy donors ( b ) were co-
incubated with 2 different concentrations 
of sulfamethoxazole (SMX, 100 and 200 
 � g/ml), sulfapyridine (SP, 10 and 100  � g/
ml) and the unrelated drugs amoxicillin 
(AMX, 200 and 500  � g/ml), furosemide 
(FRS, 10 and 50  � g/ml) and hydrochloro-
thiazide (HCTZ, 10 and 50  � g/ml). Cul-
ture medium and tetanus toxoid (TT, 10 
 � g/ml) served as negative and positive 
controls, respectively. Patients 295 and 38 
had an allergic reaction to sulfasalazine, 
patients 11, 32 and 245 had a reaction to 
SMX. Positive stimulation index (SI = 2) is 
indicated by the dashed line. 
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