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Lymphocyte transformation test can be useful for the diagnosis 
of delayed adverse reactions to sulfonamides
To the Editor,
Sulfonamides consist of drugs with several pharmacological uses 
and can be grouped into antibiotic and nonantibiotic sulfonamides. 
Adverse sulfonamide reactions have been reported for both groups, 
and nonimmediate allergic reactions are more frequently observed 
in clinical practice. Diagnosis is difficult because skin testing shows 
low sensitivity and there is no reliable laboratory diagnostic test for 
allergy to sulfonamides.1

We conducted an observational retrospective study of cases and 
controls in patients attended at a tertiary hospital (La Paz University 
Hospital, Madrid, Spain) between 2015 and 2019, including thir-
ty-four patients diagnosed with allergy to sulfonamides. The allergy 
workup included compatible clinical history, the causality Naranjo 
algorithm to determining the likelihood of the adverse drug reac-
tion,2 skin testing (prick, intradermal, patch tests), and lymphocyte 
transformation test (LTT) with the sulfonamides involved in the ad-
verse reactions.

Two possible and 1 probable DRESS syndrome (drug rash with 
eosinophilia and systemic symptoms) were assessed according to the 
European Registry of Severe Cutaneous Adverse Reactions Study 
Group (RegiSCAR).3 Agranulocytosis cases were identified by the 
Pharmacovigilance Program from Laboratory Signals at Hospital.4

The study was conducted according to the Declaration of 
Helsinki and approved by the local institutional ethical committee 
(PI-3829).

Thirty-four cases (20 women) with a median age of 52 years (in-
terquartile range (IQR) = 36-68) were included in the study (Table 1). 
The median time interval between the reaction and the study was 
5 months (IQR = 3-7), and the median interval between the drug ad-
ministration and the onset of the reaction was 6 days (IQR = 4-11). As 
for clinical entities, 26 cases of benign delayed exanthema [15 mac-
ulopapular rash (MPR; 44.1%), 8 macular erythema (ME; 23.5%), 3 
generalized erythema (GE; 8.8%)], 3 drug reaction with eosinophilia 
and systemic symptoms (DRESS; 8.8%), 2 agranulocytosis (5.8%), 1 
fixed drug eruption (FDE; 2.9%), 1 acute generalized exanthematous 
pustulosis (AGEP; 2.9%), and 1 urticaria (2.9%) were observed. Drugs 
involved in adverse reactions were trimethoprim/sulfamethoxazole 
(TMP-SMX; n = 18), etoricoxib (n = 6), sulfasalazine (SFS; n = 4), ce-
lecoxib (n = 3), furosemide (n = 2), sulfadiazine (n = 1), acetazolamide 
(n = 1), zonisamide (n = 1), and hydrochlorothiazide (HCT; n = 1).

The causality algorithm scored 3/34 (8.8%) patients with a defi-
nite reaction (score  ≥  9), 23/34 (67.6%) patients with a probable 

reaction (score 5-8), and 8/34 (23.5%) patients with a possible re-
action (score 1-4). In 16 cases, there were other drugs prescribed 
among which antibiotics were the most often used. Table 1 shows 
the concomitant drugs and the clinical condition for which they were 
prescribed.

The allergy workup included in vivo and in vitro testing (Methods_
SuppInfo). Skin testing (prick, intradermal, and patch tests) allowed 
confirmation of the drugs involved in 3/20 cases showing a sensitiv-
ity of 15% in our study. Three cases of re-exposure to drugs were 
analyzed (Table  S1). Clinical history and causality algorithm were 
considered as a reference to designate a true or false result to LTT.

Regarding the drugs involved in allergic reactions, LTT was able 
to identify the culprit agent and confirm sulfonamide allergy in 
25/34 cases (Table 2).

Only 1 patient had HIV infection (patient 30), and this case was 
previously published.5 The median of the stimulation index (SI) in 
positive LTTs was 5.7 (IQR = 3.4-6.4). According to the symptoms 
most frequently reported, there were no significant differences be-
tween the SIs of MPR (median 6.1, IQR = 3.4-6.4) and ME (median 
4.8, IQR  =  2.9-7.4; P  =  .48). No significant association was found 
between SIs and time interval between the reaction and the study 
(r = −.10, P =  .54) or interval between the drug administration and 
the onset of the reaction (r = −.09, P =  .60). However, a moderate 
association was found between SIs and scores from the causality 
algorithm (r = .38, P = .03).

Lymphocyte transformation test was also performed in patients 
16, 20, 25, 33, and 34 with the concomitant drugs, and negative re-
sults were obtained except in patient 33 with amiloride and ceftriax-
one (Table 3). The positivity with chemically different drugs suggests 
that this patient is a case of multiple drug hypersensitivity.

In 12 patients (2, 7, 11, 14, 15, 17, 18, 21, 24, 28, 29, and 33), LTT 
was performed with other drugs than those involved in adverse re-
actions or associated with episodes to test cross-reactivity (Table 3). 
A positive LTT was found in 4 (33%) cases whose involved drugs 
were nonantibiotic sulfonamides.

Lymphocyte transformation tests were performed in seven pa-
tients who had an adverse reaction with drugs other than sulfon-
amides and five subjects with no history of adverse drug reaction 
(Table S2), all results being negative.

Lymphocyte transformation test with antibiotic sulfon-
amides shows a sensitivity of 66.7%, a specificity of 100%, and 
negative and positive predictive values of 53.8% and 100%, 

© 2020 European Academy of Allergy and Clinical Immunology and John Wiley & Sons Ltd

www.wileyonlinelibrary.com/journal/all
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fall.14437&domain=pdf&date_stamp=2020-06-23


2  |     LETTER TO THE EDITOR

TA
B

LE
 1

 
C

lin
ic

al
 a

nd
 d

em
og

ra
ph

ic
 d

at
a 

of
 p

at
ie

nt
s

Pa
tie

nt
A

ge
 

(y
)

Se
x

Re
ac

tio
n

In
te

rv
al

 b
et

w
ee

n 
re

ac
tio

n 
an

d 
st

ud
y 

(m
)

In
te

rv
al

 b
et

w
ee

n 
dr

ug
 a

nd
 re

ac
tio

n 
(d

)
Ep

is
od

es
D

ru
g 

in
vo

lv
ed

N
ar

an
jo

 
sc

or
e

Co
nc

om
ita

nt
 d

ru
g 

(c
lin

ic
al

 
co

nd
iti

on
)

A
to

py

1
23

Fe
m

al
e

M
PR

3
7

2
TM

P-
SM

X
10

N
o 

(c
ys

tit
is)

N
o

2
74

M
al

e
M

ac
ul

ar
 e

ry
th

em
a

2
10

1
TM

P-
SM

X
2

Ri
tu

xi
m

ab
, t

en
of

ov
ir 

(n
on

-
H

od
gk

in
's 

ly
m

ph
om

a)
N

o

3
70

Fe
m

al
e

M
PR

3
5

1
TM

P-
SM

X
7

C
ip

ro
flo

xa
ci

n 
(u

rin
ar

y 
tr

ac
t 

in
fe

ct
io

n)
N

o

4
43

M
al

e
po

ss
ib

le
 D

RE
SS

2
15

1
C

el
ec

ox
ib

5
N

o 
(a

rt
hr

iti
s)

N
o

5
66

Fe
m

al
e

M
PR

56
3

1
Et

or
ic

ox
ib

7
N

o 
(a

rt
hr

iti
s)

N
o

6
51

Fe
m

al
e

M
PR

 +
 E

o
6

4
1

TM
P-

SM
X

2
M

et
am

iz
ol

e 
(n

ec
ro

tiz
in

g 
fa

sc
iit

is)
N

o

7
83

Fe
m

al
e

M
ac

ul
ar

 
er

yt
he

m
a 

+ 
U

rt
ic

ar
ia

5
11

1
C

el
ec

ox
ib

7
N

o 
(a

rt
hr

iti
s)

N
o

8
19

M
al

e
M

PR
5

4
1

TM
P-

SM
X

7
N

o 
(re

sp
ira

to
ry

 in
fe

ct
io

n)
RC

9
21

M
al

e
Fi

xe
d 

dr
ug

 e
ru

pt
io

n
13

N
K

8
TM

P-
SM

X
7

N
o 

(re
sp

ira
to

ry
 in

fe
ct

io
n)

N
o

10
79

Fe
m

al
e

U
rt

ic
ar

ia
6

8
1

Et
or

ic
ox

ib
6

N
o 

(a
rt

hr
iti

s)
N

o

11
52

M
al

e
M

PR
5

30
1

Et
or

ic
ox

ib
SF

S
7

N
o 

(a
rt

hr
iti

s)
RC

12
64

M
al

e
M

ac
ul

ar
 e

ry
th

em
a

1
21

1
TM

P-
SM

X
1

Pi
pe

ra
ci

lli
n-

ta
zo

ba
ct

am
, 

va
nc

om
yc

in
 (c

om
m

on
 v

ar
ia

bl
e 

im
m

un
od

ef
ic

ie
nc

y)

N
o

13
21

Fe
m

al
e

M
ac

ul
ar

 e
ry

th
em

a
5

7
1

TM
P-

SM
X

7
C

ip
ro

flo
xa

ci
n 

(re
sp

ira
to

ry
 

in
fe

ct
io

n)
N

o

14
46

Fe
m

al
e

M
PR

5
>3

0
2

Et
or

ic
ox

ib
10

N
o 

(a
rt

hr
iti

s)
N

o

15
49

Fe
m

al
e

po
ss

ib
le

 D
RE

SS
5

9
1

SF
S

3
M

es
al

az
in

e 
(u

lc
er

at
iv

e 
co

lit
is)

N
o

16
44

Fe
m

al
e

M
ac

ul
ar

 
er

yt
he

m
a 

+ 
fe

ve
r

5
9

1
TM

P-
SM

X
6

A
ci

cl
ov

ir,
 a

llo
pu

rin
ol

, r
an

iti
di

ne
, 

rit
ux

im
ab

, b
en

da
m

us
tin

a 
(n

on
-H

od
gk

in
's 

ly
m

ph
om

a,
 

hy
pe

ru
ric

em
ia

)

N
o

17
66

M
al

e
AG

EP
4

5
1

TM
P-

SM
X

5
St

re
pt

ok
in

as
e 

(re
na

l c
ol

ic
)

N
o

18
66

Fe
m

al
e

M
PR

7
21

1
A

ce
ta

zo
la

m
id

e
7

M
ic

on
az

ol
e 

(o
ra

l c
an

di
di

as
is)

N
o

19
48

Fe
m

al
e

G
en

er
al

iz
ed

 
er

yt
he

m
a 

+ 
A

E
27

6
<1

1
TM

P-
SM

X
3

M
el

ox
ic

am
 (f

ib
ro

m
ya

lg
ia

)
N

o

20
71

M
al

e
G

en
er

al
iz

ed
 

er
yt

he
m

a 
+ 

fe
ve

r 
+E

o

2
6

1
TM

P-
SM

X
4

O
m

ep
ra

zo
le

, f
ol

ic
 a

ci
d,

 a
ci

cl
ov

ir,
 

al
lo

pu
rin

ol
 (h

er
pe

s 
zo

st
er

 
in

fe
ct

io
n,

 h
yp

er
ur

ic
em

ia
)

N
o

(C
on

tin
ue

s)



     |  3LETTER TO THE EDITOR

Pa
tie

nt
A

ge
 

(y
)

Se
x

Re
ac

tio
n

In
te

rv
al

 b
et

w
ee

n 
re

ac
tio

n 
an

d 
st

ud
y 

(m
)

In
te

rv
al

 b
et

w
ee

n 
dr

ug
 a

nd
 re

ac
tio

n 
(d

)
Ep

is
od

es
D

ru
g 

in
vo

lv
ed

N
ar

an
jo

 
sc

or
e

Co
nc

om
ita

nt
 d

ru
g 

(c
lin

ic
al

 
co

nd
iti

on
)

A
to

py

21
56

M
al

e
M

PR
 +

 fe
ve

r
5

28
1

SF
S

7
N

o 
(C

ro
hn

's 
di

se
as

e)
N

o

22
29

M
al

e
G

en
er

al
iz

ed
 e

ry
th

em
a

2
4

1
TM

P-
SM

X
7

N
o 

(u
rin

ar
y 

tr
ac

t i
nf

ec
tio

n)
N

o

23
54

M
al

e
Pr

ob
ab

le
 D

RE
SS

7
4

1
TM

P-
SM

X
9

N
o 

(u
rin

ar
y 

tr
ac

t i
nf

ec
tio

n)
N

o

24
77

Fe
m

al
e

M
PR

22
11

2
C

el
ec

ox
ib

8
N

o 
(a

rt
hr

iti
s)

N
o

25
83

M
al

e
A

gr
an

ul
oc

yt
os

is
2

N
K

1
Fu

ro
se

m
id

e
4

A
m

ox
ic

ill
in

-c
la

vu
la

ni
c 

ac
id

, 
m

er
op

en
em

, p
ip

er
ac

ill
in

-
ta

zo
ba

ct
am

, t
ei

co
pl

an
in

 
(m

ul
tip

le
 c

om
or

bi
di

ty
)

N
o

26
81

M
al

e
M

PR
 +

 A
E

4
3

1
TM

P-
SM

X
5

N
o 

(−
)

N
o

27
36

Fe
m

al
e

M
ac

ul
ar

 
er

yt
he

m
a 

+ 
U

rt
ic

ar
ia

2
28

1
Zo

ni
sa

m
id

e
6

N
o 

(m
ig

ra
in

e)
RC

28
34

Fe
m

al
e

M
ac

ul
ar

 
er

yt
he

m
a 

+ 
fe

ve
r

5
4

1
SF

S
Et

or
ic

ox
ib

7
N

o 
(a

rt
hr

iti
s)

RC

29
36

Fe
m

al
e

M
PR

 +
 D

IP
h

12
4

1
Et

or
ic

ox
ib

6
N

o 
(a

rt
hr

iti
s)

N
o

30
48

Fe
m

al
e

M
PR

7
3

1
SD

Z
TM

P-
SM

X
3

Le
ve

tir
ac

et
am

, p
yr

im
et

ha
m

in
e 

(c
er

eb
ra

l t
ox

op
la

sm
os

is)
N

o

31
68

Fe
m

al
e

M
ac

ul
ar

 e
ry

th
em

a
6

5
1

Fu
ro

se
m

id
e

6
N

o 
(e

de
m

a)
RC

32
4

Fe
m

al
e

M
PR

8
1

1
TM

P-
SM

X
6

C
la

rit
hr

om
yc

in
 (o

tit
is

 m
ed

ia
)

N
o

33
64

Fe
m

al
e

M
PR

4
1

2
H

C
T

7
A

m
ilo

rid
e,

 c
ef

tr
ia

xo
ne

 
(h

yp
er

te
ns

io
n,

 fe
ve

r)
N

o

34
36

M
al

e
A

gr
an

ul
oc

yt
os

is
9

N
K

1
TM

P-
SM

X
6

M
et

am
iz

ol
e 

(fe
ve

r)
N

o

A
bb

re
vi

at
io

ns
: A

E,
 a

ng
io

ed
em

a;
 A

G
EP

, a
cu

te
 g

en
er

al
iz

ed
 e

xa
nt

he
m

at
ou

s 
pu

st
ul

os
is

; D
IP

h,
 d

ru
g-

in
du

ce
d 

ph
ot

os
en

si
tiv

ity
; D

RE
SS

, d
ru

g 
re

ac
tio

n 
w

ith
 e

os
in

op
hi

lia
 a

nd
 s

ys
te

m
ic

 s
ym

pt
om

s;
 E

o,
 

eo
si

no
ph

ili
a;

 H
C

T,
 h

yd
ro

ch
lo

ro
th

ia
zi

de
; M

PR
, m

ac
ul

op
ap

ul
ar

 ra
sh

; N
K

, n
ot

 k
no

w
n;

 R
C

, r
hi

no
co

nj
un

ct
iv

iti
s;

 S
D

Z,
 s

ul
fa

di
az

in
e;

 S
FS

, s
ul

fa
sa

la
zi

ne
; T

M
P-

SM
X

, t
rim

et
ho

pr
im

-s
ul

fa
m

et
ho

xa
zo

le
.



4  |     LETTER TO THE EDITOR

respectively. LTT with nonantibiotic sulfonamides shows a sen-
sitivity of 83.3%, a specificity of 100%, and negative and pos-
itive predictive values of 85% and 100%, respectively. Finally, 
considering all cases, LTT showed a sensitivity of 75%, a spec-
ificity of 100%, and negative and positive predictive values of 
72.7% and 100%, respectively.

There are two studies analyzing the utility of LTT for the diag-
nosis of adverse sulfonamide reactions. One study analyzed nine 

patients with skin eruptions associated with TMP-SMX treatment 
and 9 controls without a history of drug allergy. LTT sensitivity and 
specificity were 60% and 100%, respectively.6 In the other study, 17 
patients showing drug eruptions with sulfonamides and 8 controls 
were assessed with LTT. LTT showed sensitivity of 29% and specific-
ity of 62%.7 Our results showed a higher specificity and sensitivity 
than the previous studies. These differences in diagnostic accuracy 
are a limiting factor for LTT to be considered as a diagnostic test 

Patient Drugs tested LTT(SI) Interpretation

1 Trimethoprim-sulfamethoxazole 6.1 TP

2 Trimethoprim-sulfamethoxazole 0.9 FN

3 Trimethoprim-sulfamethoxazole 3.4 TP

4 Celecoxib 5.8 TP

5 Etoricoxib 6.4 TP

6 Trimethoprim-sulfamethoxazole 1.7 TN

7 Celecoxib 9.1 TP

8 Trimethoprim-sulfamethoxazole 2.9 TP

9 Trimethoprim-sulfamethoxazole 1.3 FN

10 Etoricoxib 7.5 TP

11 Etoricoxib 6.3 TP

Sulfasalazine 6.4 TP

12 Trimethoprim-sulfamethoxazole 1.4 TN

13 Trimethoprim-sulfamethoxazole 2.2 TP

14 Etoricoxib 6.2 TP

15 Sulfasalazine 1 FN

16 Trimethoprim-sulfamethoxazole 3.8 TP

17 Trimethoprim-sulfamethoxazole 1.5 FN

18 Acetazolamide 3.5 TP

19 Trimethoprim-sulfamethoxazole 2.2 TP

20 Trimethoprim-sulfamethoxazole 5.7 TP

21 Sulfasalazine 4 TP

22 Trimethoprim-sulfamethoxazole 7.2 TP

23 Trimethoprim-sulfamethoxazole 4.7 TP

24 Celecoxib 1.4 FN

25 Furosemide 5.7 TP

26 Trimethoprim-sulfamethoxazole 5.6 TP

27 Zonisamide 1 FN

28 Sulfasalazine 3.8 TP

Etoricoxib 6.9 TP

29 Etoricoxib 3.4 TP

30 Sulfadiazine 5.7 TP

Trimethoprim-sulfamethoxazole 1.3 TN

31 Furosemide 3.1 TP

32 Trimethoprim-sulfamethoxazole 0.3 FN

33 Hydrochlorothiazide 6.4 TP

34 Trimethoprim-sulfamethoxazole 2.2 TP

Note: SI in bold denotes the positive LTT with involved drugs (SI ≥ 2).
Abbreviations: FN, false negative; TN, true negative; TP, true positive.

TA B L E  2   Results of in vitro testing 
with culprit drugs
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in clinical practice. The reasons for the variability are probably the 
same as those that have been reported to influence LTT results for 
other drugs, such as timing of the test with respect to the initial re-
action, the clinical picture of the reactions, and the type of drug in-
volved among others.8

Drug provocation test (DPT) is the gold standard for the diagno-
sis of drug hypersensitivity, but it is a procedure that consumes time 
and resources and can pose a risk for the patient.

Sulfonamides are cost-effective drugs for first- and second-line 
treatments in various infections. Our results show that LTT is a 
useful tool in the allergy workup for adverse reactions to sulfon-
amides. Interestingly, the association between the Naranjo scores 
and SI values further supports that LTT can contribute to the as-
sessment of the causality of hypersensitivity drug reactions. These 
results are in line with recently published data on the sensitivity 
and specificity of LTT in SJS/TEN using the ALDEN algorithm as the 
standard.9 A limitation of this study is that DPT has not been per-
formed in all patients. Therefore, our results have to be confirmed 
in a prospective future study including DPT. Nevertheless, the sen-
sitivity, specificity, and predictive values indicate that LTT can help 
to reduce the need for medication change or provocation testing.
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TA B L E  3   Results of in vitro testing with other drugs

Patient Drugs tested LTT(SI)

2 Furosemide 0.8

Acetazolamide 1

7 Etoricoxib 1.9

11 Celecoxib 4.4

14 Celecoxib 2.2

Trimethoprim-sulfamethoxazole 4.1

15 Trimethoprim-sulfamethoxazole 0.9

16 Concomitant drugs <2

17 Furosemide 1.7

18 Etoricoxib 1.7

Trimethoprim-sulfamethoxazole 1.3

Sulfasalazine 1.2

Furosemide 1.5

20 Concomitant drugs <2

21 Trimethoprim-sulfamethoxazole 1.7

24 Etoricoxib 1.4

25 Amoxicillin-Clavulanic <2

28 Trimethoprim-sulfamethoxazole 2.3

Celecoxib 3.2

29 Celecoxib 1.3

33 Furosemide 14.2

Concomitant drugs >2

34 Metamizole <2

Note: Drugs tested include concomitant drugs (in bold) and drugs with 
possible cross-reactivity.
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Table 1 SuppInfo. Results of in vivo testing

Patient Drugs tested Prick test IDT Patch test DPT

1 Trimethoprim-Sulfamethoxazole ND + ND +*

2 Trimethoprim-Sulfamethoxazole ND ND - ND

3 Trimethoprim-Sulfamethoxazole - - ND ND

4 Celecoxib ND ND - ND

5 ND ND ND ND ND

6
Trimethoprim-Sulfamethoxazole

Metamizole
ND
ND

ND
ND

ND
ND

ND
+*

7 Celecoxib ND ND - ND

8 Trimethoprim-Sulfamethoxazole ND ND - ND

9 Trimethoprim-Sulfamethoxazole ND ND - ND

10 ND ND ND ND ND

11
Etoricoxib

Sulfasalazine
-
-

ND
ND

-
-

ND
ND

12 Trimethoprim-Sulfamethoxazole - - ND -

13 Trimethoprim-Sulfamethoxazole - - ND ND

14 ND ND ND ND ND

15 Sulfasalazine ND ND - ND

16 ND ND ND ND ND

17
Trimethoprim-Sulfamethoxazole

Furosemide
ND
ND

ND
ND

-
-

ND
ND

18
Acetazolamide

Trimethoprim-Sulfamethoxazole
Furosemide

ND
ND
ND

ND
ND
ND

-
-
-

ND
ND
ND

19 ND ND ND ND ND

20 ND ND ND ND ND

21 ND ND ND ND ND

22 Trimethoprim-Sulfamethoxazole ND ND - ND

23 ND ND ND ND ND

24 ND ND ND ND ND

25 ND ND ND ND ND

26 Trimethoprim-Sulfamethoxazole - - - ND

27 Zonisamide ND ND - ND



28
Sulfasalazine

Etoricoxib
ND
ND

-
ND

-
+

ND

29
Etoricoxib
Celecoxib

ND
ND

ND
ND

-
-

ND
ND

30
Sulfadiazine

Trimethoprim-Sulfamethoxazole
Trimethoprim

-
-
-

ND
-

ND

-
-

ND

ND
-

ND

31 Furosemide ND ND - ND

32
Trimethoprim-Sulfamethoxazole

Trimethoprim
-
-

+
ND

-
-

ND
ND

33 ND ND ND ND ND

34 ND ND ND ND ND

* Accidental re-exposure. ND: not determined



Table 2 SuppInfo. Results of LTT in controls
Control Drug involved/symptoms Drug tested LTT (SI)
Type 1
1 Amoxicillin-clavulanic/pustulosis Celecoxib

Etoricoxib
Sulfasalazine

1.1
1.0
1.2

2 Piperacillin-tazobactam/neutropenia Etoricoxib
Celecoxib
Hydrochlorothiazide

0.8
1.1
1.2

3 Leflunomide/unknown Sulfamethoxazole
Furosemide

1.2
0.9

4 Amoxicillin/maculopapular rash Sulfamethoxazole
Furosemide

0.8
0.7

5 Metformina, Empagliflozina/macular
erythema

Sulfamethoxazole 0.8

6 Ibuprofen/angioedema Etoricoxib 1.3

7 Amoxicillin/Fixed drug eruption Sulfamethoxazole
Furosemide

0.8
0.6

Type 2
8 ̶ Sulfamethoxazole

Celecoxib
1.2
0.7

9 ̶ Sulfamethoxazole
Sulfasalazine

0.8
1.1

10 ̶ Hydrochlorothiazide
Acetazolamide

1.4
1.0

11 ̶ Acetazolamide
Furosemide

0.8
0.8

12 ̶ Sulfamethoxazole
Celecoxib

1.3
0.9

Type 1 controls: patients that were not exposed previously to sulfonamides but had an adverse
drug reaction with another drug. Type 2 controls: patients with no history of adverse drug
reaction. SI: stimulation index



Methods_SuppInfo

Skin testing

Skin tests were carried out at least 4 weeks after the adverse reaction. Every patient had a

study designed by their clinician. It could include a prick test, followed by an intradermal test

(IDT) if no reaction was elicited by the prick. In many cases, patch tests were also performed. A

prick test result was considered positive if, within 15 to 20 minutes of injecting the drug

solution on the forearm, a wheal with a diameter >3 mm appeared. An immediate- or delayed-

reading IDT result was considered positive if a wheal with a diameter equal to at least double

the injection bleb appeared and was surrounded by a flare.

The drugs used in the skin tests were: celecoxib (patch test: 5%, 10% Vaseline),  furosemide

(IDT: 1 mg/ml; patch test: 1% Vaseline), sulfadiazine (patch test: 5% Vaseline), SMX (IDT: 10–20

mg/ml or 0.03 mg/ml; patch test: 10% Vaseline), sulfasalazine (SFS; patch test: 10% Vaseline),

TMP (IDT: 0.001 mg/ml; patch test: 10% alcohol or Vaseline).

For patch tests of reactions to zonisamide and etoricoxib, the coating of the tablet was

removed and it was then pulverized into fine powder and incorporated into Vaseline at 30% (in

relation to the weight of the powder obtained) and diluted in water, also at 30%. Both

preparations were patched. When the patient presented a severe cutaneous reaction, the

study was started with lower concentrations, starting at 0.1% (in water and Vaseline), and, if

these were negative, the concentration was progressively increased to 1% and 10%.

Lymphocyte transformation test

The LTT was performed using different concentrations of the drug/drugs involved.

Mononuclear cells were separated over a density gradient (Histopaque-1077, Sigma-Aldrich)

from fresh peripheral blood and were incubated for 6 days at 106 cells/ml with various drug

concentrations in triplicate. Drugs were assayed at four concentrations from 1 to 200 µg/ml,

except celecoxib and etoricoxib, whose concentration range was 0.1–50 µg/ml.

Phytohemagglutinin (5 µg/ml) was used as a positive control. For the final 18 hours of the



incubation period, proliferation was determined by the addition of [3H] thymidine (0.5

µCi/well). Proliferative responses were calculated as stimulation indices (SIs), defined as the

ratio between the mean values of counts per minute in cultures with drug and those obtained

without drug. A positive response was defined as an SI ≥2 in at least 1 concentration of the

drug.

Drug provocation test

DPT was performed with increasing doses of TMP-SMX over 3 days until 1 tablet of TMP-SMX

(160 mg/800 mg) was tolerated. Laboratory values were monitored and temperature was

controlled. Subsequently, patients continued to take the treatment at home at a dose of 1

tablet every 24 hours for 5 days, thus confirming good tolerance.
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