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Background/Aims: Skin (STs) and drug provocation (DPTs) tests are essential for 
identifying the culprit drugs causing drug hypersensitivity reactions (DHRs). 
Several protocols have been developed for the identification of some culprit drugs, 
but they are neither thoroughly validated nor standardized. Furthermore, lan-
guage barriers may impede the exchange of information necessary for test stan-
dardization.
Methods: We searched the Korean literature for articles on drug hypersensitivity 
published from 1933 to 2016 using the KoreaMed search engine and archives of 
Korean journals. We reviewed and rated all articles according to the description of 
STs and DPTs.
Results: Of the 632 articles obtained in our initial search, 34 had adequate de-
scriptions of 15 STs and 22 DPTs. Up to 27 healthy control subjects in STs were 
enrolled to determine non-irritating concentrations. The concentrations used for 
intradermal tests were commonly a 1/10 dilution of those used for skin prick tests. 
The interpretations of the STs were mostly similar among researchers. For DPTs, 
most procedures were single-arm open-label tests of various drugs. The initial 
dose ranged from a quarter dose to a single therapeutic dose, depending on the 
severity of the original hypersensitivity reaction. The interval between doses was 
usually 30 to 60 minutes, and a positive reaction usually occurred within twice 
the time of the original reaction.
Conclusions: Efforts to distribute information are necessary to standardize proto-
cols and better understand DHRs.
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INTRODUCTION 

An adverse drug reaction (ADR) is a noxious, unintend-
ed, or undesired reaction to a drug occurring at doses 
normally used for the prevention, diagnosis, or treat-
ment of disease [1]. Drug hypersensitivity reactions 
(DHRs), which comprise 10% to 20% of ADRs, are a pub-
lic health issue causing significant mortality, morbidity, 
and socioeconomic costs that are probably underesti-

mated [2,3]. Because DHRs are difficult to predict, it is 
important to preclude re-exposure to the causative drug 
in patients who have developed symptoms. Hence, it is 
necessary to accurately identify the responsible drugs.

To identify the culprit drugs causing DHRs, especially 
type I (immunoglobulin E [IgE]-mediated) hypersensi-
tivity to a drug, in vivo and in vitro tests based on thor-
ough clinical history are essential [4,5]. Although in vitro 
tests such as the detection of drug-specific IgE and the 
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basophil activation test are safe and convenient, they 
are available only for a few drugs, and many of them 
still need clinical validation [5]. Thus, in vivo tests are 
the mainstay for identifying the culprit drug causing 
a DHR. Compared with drug provocation tests (DPTs), 
skin tests (STs), such as skin prick and intradermal tests, 
are more commonly used in vivo because they are rela-
tively safe and simple to perform [6]. For STs, it is neces-
sary to establish the highest concentration of each drug 
that would not elicit an irritant skin reaction in normal 
subjects. It is also vital to interpret these tests in a stan-
dardized way to ensure that the results are the same, no 
matter where and when the test is performed. When the 
causative agents cannot be confirmed with these indirect 
tests or when indirect tests are not available, DPTs, the 
ultimate in vivo test, can be conducted. DPT is the gold 
standard for confirming the causative agents of ADRs [7]. 
DPTs are generally conducted using in-house protocols 
at each center, and the number of steps, concentration 
the drug administered at each step, and interval between 
steps need to be determined to create a protocol.

Recently, the European Network of Drug Allergy 
(ENDA) and the Drug Hypersensitivity interest group in 
the European Academy of Allergy and Clinical Immu-
nology (EAACI) reviewed the literature to recommend 
protocols for in vivo tests for the diagnosis of DHRs [6,7]. 
Nevertheless, diagnostic procedures for many drugs 
have not been established because of the rarity of DHRs. 
In particular, numerous works on diagnostic protocols 
for DHRs have been published in languages other than 
English, which makes that information much less ac-
cessible to the wider world [6-9]. The increasing use of 
drugs has led to a substantial increase in hypersensitiv-
ity reactions, which also need to be managed within the 
framework for diagnostic protocols [5]. Based on this 
awareness, we reviewed the Korean literature on DHRs 
and summarized the protocols used in those studies for 
STs and DPTs.

METHODS

We searched the KoreaMed database (https://koreamed.
org) for relevant studies published from January 1933 to 
December 2016. KoreaMed is a free search engine used 
to access articles published in Korean medical, dental, 

nursing, nutrition, and veterinary journals, provided by 
the Korean Association of Medical Journal Editors. We 
retrieved data using the following keywords: “drug ana-
phylaxis” OR “allergy” OR “hypersensitivity.” We also 
searched the archives of the Korean Journal of Internal 
Medicine, the official journal of the Korean Association of 
Internal Medicine and Allergy Asthma & Respiratory Disease 
and its predecessors, including Allergy (Seoul) and the 
Journal of Asthma, Allergy and Clinical Immunology, which 
are official journals of the Korean Academy of Allergy, Asth-
ma and Clinical Immunology [10].

We reviewed all articles and selected articles detailing 
the methods of STs and DPTs for the diagnosis of an 
immediate hypersensitivity reaction. An immediate re-
action was defined as a reaction that occurred within 6 
hours after drug exposure with clinical features of typi-
cal type I hypersensitivity: urticaria, angioedema, bron-
chospasm, anaphylaxis, etc. [11,12]. The description of 
the ST method was considered to have adequate quality 
when all of the following were present: the name and 
concentration of the drug used in the ST, and the results 
in healthy controls. Articles with detailed descriptions 
of the DPT procedure, such as the doses at each step, 
interval between steps, and the result, were included in 
this study.

The initial search yielded 632 articles. After removing 
427 papers based on the title and abstract, we evaluated 
205 full-text articles. Fifty-five articles did not describe 
the diagnostic tests. Of the remaining 150, 116 were ex-
cluded because they did not describe the ST or DPT pro-
cedure sufficiently. Ultimately, 34 articles were included 
in this study. Three of the 34 articles provided adequate 
information on both STs and DPTs. The selection pro-
cesses are outlined in Fig. 1.

All selection steps, including data extraction, inclu-
sion eligibility, and quality assessment, were performed 
by two researchers independently. If the two did not 
agree, disagreements were resolved by reaching a con-
sensus through discussion.

This study was approved by the Institutional Review 
Board of the Seoul Metropolitan Government Seoul Na-
tional University Boramae Medical Center (IRB No. 07-
2020-257). Informed consent was waived by the board. 
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RESULTS 

STs for the diagnosis of drug hypersensitivity
We identified 15 studies using STs to identify culprit 
drugs [13-27]. STs for a variety of drugs, including anti-
biotics other than penicillin, H2 receptor antagonists, 
local anesthetics, leukotriene antagonists, antitussives, 
multivitamins, and hormones, were performed in 31 pa-
tients with suspected immediate allergic reactions, such 
as anaphylaxis, urticaria, and angioedema. In most stud-
ies, skin prick tests (SPTs) were performed initially, and 
intradermal tests (IDTs) were performed when the re-
sults of the SPTs were negative. To establish the non-ir-
ritant concentration (NIC), 3 to 27 healthy volunteers 
(mean, 10.3 ± 6.5 subjects) were recruited in each study. 
The concentrations for IDT started at 1/1,000th of the 
concentration used for the SPT depending on the drug; 
commonly used concentrations were 1/10th that used 
in the SPTs. For some drugs, IDTs were performed se-
quentially with increasing drug concentrations. In most 
studies, the SPT or IDT results were assessed using the 
absolute wheal size or the ratio of the wheal size induced 
by the test drug to that induced with a positive control. 
The criteria for positive IDT reactions were similar to 
those of SPTs (Table 1).

DPTs for the diagnosis of drug hypersensitivity
We identified 22 studies (18 studies reporting on 203 
adults and four studies reporting on 74 children) on 
DPTs that were mostly performed as single-arm open-la-
bel tests for identifying culprit drugs [19,20,26,28-46]. 
DPTs in adults were performed with analgesics, antimi-
crobials, gastrointestinal medications, muscle relaxants, 
antitussives, H1 receptor antagonists, and corticoste-
roids. A subcutaneous challenge test was used with local 
anesthetics, such as lidocaine. The DPTs for pediatric 
patients involved analgesics, antimicrobials, antitus-
sives, antiepileptic drugs, and lactose. The most com-
mon reason for DPTs was anaphylaxis, followed by urti-
caria, angioedema, skin eruption, and other symptoms, 
such as cough and dyspnea. For all drugs except aspirin, 
the initial dose of the DPT ranged from a quarter of the 
standard therapeutic dose to a single full therapeutic 
dose. DPTs were performed with lower initial concen-
trations in cases with a severe reaction, such as anaphy-
laxis. Further dosage increases were typically twice the 
previous dose until the standard therapeutic level was 
achieved. The interval between doses ranged  from 30 
minutes to 3 hours but was usually between 30 minutes 
and 60 minutes. A positive reaction, defined as the re-
production of symptoms, usually occurred within twice 
the time that the initial reaction took from exposure to 
the culprit drug (original latency period) (Table 2). DPT   

Figure 1. Flow chart of study selection. aOf the 34 articles, three included both skin test and drug provocation test protocols.

               632 Records identi�ed in the database search
KoreaMed,
KJIM (Korean Journal of Internal Medicine),
Of�cial journals of Korean Academy of Allergy, Asthma and Clinical Immunology

• Allergy (The Journal of The Korean Society of Allergology)
• Journal of Asthma, Allergy and Clinical Immunology
• Allergy Asthma & Respiratory Disease (AARD)

205 Records screened

427 Excluded based on the title and abstract

55 Excluded after full-text evaluation
• No description of diagnostic tests

116 Full-text articles excluded from analysis, with reasons
• No healthy controls in skin tests     
• Lacked the dosage and time intervals between doses of the 
   drugs in provocation tests

34a Studies included in the �nal analysis
• 15 Articles on skin tests
• 22 Articles on drug provocation tests

150 Full-text detailed review

www.kjim.org


www.kjim.org https://doi.org/10.3904/kjim.2020.143

The Korean Journal of Internal Medicine Vol. 36, Suppl 1, March 2021

S286

T
ab

le
 1

. N
on

-i
rr

it
at

in
g 

sk
in

 te
st

 c
on

ce
nt

ra
ti

on
s 

fo
r d

ru
gs

St
ud

y
Ye

ar
D

ru
gs

N
o.

 o
f

su
bj

ec
ts

Ty
pe

 o
f  

re
ac

ti
on

Sk
in

 p
ri

ck
 te

st
In

tr
ad

er
m

al
 te

st
 

N
o.

 o
f 

he
al

th
y 

co
nt

ro
l

Po
si

ti
ve

 c
ri

te
ri

a
C

on
ce

nt
ra

ti
on

, 
m

g/
m

L
R

es
ul

t
C

on
ce

nt
ra

ti
on

, 
m

g/
m

L
R

es
ul

t

A
nt

ib
io

ti
cs

Le
e 

et
 a

l. 
[13

]
20

04
R

ib
os

ta
m

yc
in

1
A

na
ph

yl
ax

is
5 

Po
si

ti
ve

0.
5

Po
si

ti
ve

15
A

/H
 r

at
io

 ≥
 1

 
(S

PT
, I

D
T

)

K
im

 e
t a

l. 
[1

4]
20

06
G

em
ifl

ox
ac

in
1

A
na

ph
yl

ax
is

3 
N

eg
at

iv
e

0.
03

 
Po

si
ti

ve
10

Si
ze

 o
f w

he
al

 ≥
 3 

m
m

 
(S

PT
, I

D
T

)

Le
e 

et
 a

l. 
[15

]
20

09
C

ef
ot

ia
m

1
C

on
ta

ct
 

 a
na

ph
yl

ax
is

1 
St

ro
ng

  
 p

os
it

iv
e

N
A

N
A

4
A

/H
 r

at
io

 ≥
 1

, s
iz

e 
of

 
w

he
al

 ≥
 n

eg
at

iv
e 

 
co

nt
ro

l +
 2

 m
m

 (S
PT

)

C
ef

op
er

az
on

e/
 

 s
ul

ba
ct

am
U

rt
ic

ar
ia

10
 

St
ro

ng
 

 p
os

it
iv

e
N

A
N

A
4

A
/H

 r
at

io
 ≥

 1
, s

iz
e 

of
 

w
he

al
 ≥

 n
eg

at
iv

e 
 

co
nt

ro
l +

 2
 m

m
 (S

PT
)

K
im

 e
t a

l. 
[16

]
20

11
Tr

im
et

ho
pr

im
/ 

 s
ul

fa
m

et
ho

xa
zo

le
1

A
na

ph
yl

ax
is

5/
1 

St
ro

ng
 

 p
os

it
iv

e
N

A
N

A
18

A
/H

 r
at

io
 ≥

 1
 (S

PT
)

H
2 

bl
oc

ke
r

K
oh

 e
t a

l. 
[17

]
20

06
R

an
it

id
in

e
1

A
na

ph
yl

ax
is

0.
25

  
2.

5  
25

 

2 
m

m
 

6 
m

m
 

8 
m

m

N
A

N
A

11
A

/H
 r

at
io

 ≥
 1

 (S
PT

)

K
im

 e
t a

l. 
[1

8]
20

10
Fa

m
ot

id
in

e
1

A
na

ph
yl

ax
is

3 
N

eg
at

iv
e

2 
 

 
7 

m
m

 
6

Pr
ov

ok
ed

 a
ny

 w
he

al
 

(I
D

T
)

20
8.

5 m
m

N
iz

at
id

in
e

3 
N

eg
at

iv
e

1.
5

5.
5 m

m
6

Pr
ov

ok
ed

 a
ny

 w
he

al
 

(I
D

T
)

15
 

6.
5 m

m

15
0 

7 
m

m

R
an

it
id

in
e

3 
N

eg
at

iv
e

0.
75

 
7 

m
m

6
Pr

ov
ok

ed
 a

ny
 w

he
al

 
(I

D
T

)

7.
5 

8 
m

m

75
 

9.
5 m

m

C
ho

 e
t a

l. 
[19

]
20

12
C

im
et

id
in

e
1

A
ng

io
ed

em
a 

 a
nd

 u
rt

ic
ar

ia
U

n
kn

ow
n

N
eg

at
iv

e
10

 
Po

si
ti

ve
5

N
A

Pa
rk

 e
t a

l. 
 [2

0]
20

16
R

an
it

id
in

e
12

A
na

ph
yl

ax
is

20
 

Po
si

ti
ve

 in
 

 1
1 

ou
t o

f 1
2

0.
2

Po
si

ti
ve

 in
 

 7
 o

ut
 o

f 1
1

11
Si

ze
 o

f w
he

al
 ≥

 3 
m

m
 

(S
PT

, I
D

T
)

www.kjim.org


Kang SY, et al. Drug hypersensitivity diagnosis in Korea

www.kjim.orghttps://doi.org/10.3904/kjim.2020.143 S287

St
ud

y
Ye

ar
D

ru
gs

N
o.

 o
f

su
bj

ec
ts

Ty
pe

 o
f  

re
ac

ti
on

Sk
in

 p
ri

ck
 te

st
In

tr
ad

er
m

al
 te

st
 

N
o.

 o
f 

he
al

th
y 

co
nt

ro
l

Po
si

ti
ve

 c
ri

te
ri

a
C

on
ce

nt
ra

ti
on

, 
m

g/
m

L
R

es
ul

t
C

on
ce

nt
ra

ti
on

, 
m

g/
m

L
R

es
ul

t

P
er

io
p

er
at

iv
e 

 d
ru

gs

Le
e 

et
 a

l. 
[2

1]
20

06
Li

do
ca

in
e

1
A

na
ph

yl
ax

is
20

 
Po

si
ti

ve
10

A
/H

 r
at

io
 ≥

 1
  

(S
PT

, I
D

T
)

Pr
oc

ai
ne

20
 

N
eg

at
iv

e
2 

Po
si

ti
ve

10
 A

/H
 r

at
io

 ≥
 1

 
(S

PT
, I

D
T

) 

M
ep

iv
ac

ai
ne

20
 

N
eg

at
iv

e
2 

Po
si

ti
ve

10
 A

/H
 r

at
io

 ≥
 1

  
(S

PT
, I

D
T

) 

B
up

iv
ac

ai
ne

5 
N

eg
at

iv
e

0.
5

Po
si

ti
ve

10
 A

/H
 r

at
io

 ≥
 1

  
(S

PT
, I

D
T

) 

O
th

er
s

K
oh

 e
t a

l. 
[2

2]
20

01
hC

G
1

A
na

ph
yl

ax
is

N
A

N
A

5,
00

0 
IU

/m
L

St
ro

ng
 

 p
os

it
iv

e
4

Pr
ov

ok
ed

 a
ny

 w
he

al
 

(I
D

T
)

hM
G

N
A

N
A

15
0 

IU
/m

L
St

ro
ng

 
 p

os
it

iv
e

4
Pr

ov
ok

ed
 a

ny
 w

he
al

 
(I

D
T

) 

C
ho

 e
t a

l. 
[2

3]
20

09
M

ul
ti

vi
ta

m
in

1
A

na
ph

yl
ax

is
0.

5 (
po

ly
so

rb
at

e 
 8

0)
Po

si
ti

ve
N

A
N

A
15

A
/H

 r
at

io
 ≥

 1
 (S

PT
)

Le
e 

et
 a

l. 
[2

4]
20

11
Fl

uo
re

sc
ei

n
1

A
na

ph
yl

ax
is

10
%

 (u
nd

ilu
te

d)
Po

si
ti

ve
N

A
N

A
10

A
/H

 r
at

io
 ≥

 1
 (S

PT
)

K
im

 e
t a

l. 
[2

5]
20

13
Id

ur
su

lf
as

e
6

A
na

ph
yl

ax
is

2 
µg

/m
L

Po
si

ti
ve

 in
 

 4
 o

ut
 o

f 6
0.

00
2 

µg
/m

L
2/

2
27

Si
ze

 o
f w

he
al

 ≥
  

ne
ga

ti
ve

 c
on

tr
ol

 +
  

3 m
m

 (S
PT

), 
fl

ar
e 

+ 
si

ze
 o

f w
he

al
 ≥

  
or

ig
in

al
 b

le
b 

(I
D

T
)

Yo
o 

et
 a

l. 
[2

6]
20

14
C

od
ei

ne
1

A
na

ph
yl

ax
is

1
Po

si
ti

ve
N

A
N

A
3

A
/H

 r
at

io
 ≥

 1
 (S

PT
)

K
im

 e
t a

l. 
[2

7]
20

16
Pr

an
lu

ka
st

1
A

na
ph

yl
ax

is
11

.2
5 µ

g/
m

L
Po

si
ti

ve
N

A
N

A
5

Si
ze

 o
f w

he
al

 ≥
 3 

m
m

A
/H

 r
at

io
, a

lle
rg

en
/h

is
ta

m
in

e 
ra

ti
o;

 S
PT

, s
ki

n 
pr

ic
k 

te
st

; I
D

T,
 in

tr
ad

er
m

al
 te

st
; N

A
, n

ot
 a

pp
lic

ab
le

; h
C

G
, h

um
an

 c
ho

ri
on

ic
 g

on
ad

ot
ro

pi
n;

 h
M

G
, h

um
an

 m
en

op
au

sa
l 

go
na

do
tr

op
in

.  
  

T
ab

le
 1

. C
on

ti
nu

ed

www.kjim.org


www.kjim.org https://doi.org/10.3904/kjim.2020.143

The Korean Journal of Internal Medicine Vol. 36, Suppl 1, March 2021

S288

T
ab

le
 2

. T
he

 d
ru

g 
pr

ov
oc

at
io

n 
te

st
 p

ro
ce

du
re

s 
an

d 
re

su
lt

s  

St
ud

y
Ye

ar
D

ru
g 

of
 

 in
te

re
st

N
o.

 o
f

su
bj

ec
ts

C
ha

ra
ct

er
s 

of
 th

e 
re

ac
ti

on
Pr

oc
ed

ur
e

R
es

ul
t

D
os

e,
 m

g
Ty

pe
 o

f t
he

  
re

ac
ti

on

In
te

rv
al

 b
tw

 
ex

po
su

re
 a

nd
 

th
e 

re
ac

ti
on

D
os

in
g 

 
sc

he
du

le
,  

m
g

In
te

rv
al

  
bt

w
 d

os
es

Ty
pe

 o
f  

re
ac

ti
on

In
te

rv
al

 b
tw

 
fi

na
l d

os
e 

an
d 

th
e 

re
su

lt

Fi
na

l  
do

se
,  

m
g

A
nt

ib
io

ti
cs

Ja
ng

 e
t a

l. 
 [2

8]
20

10
M

in
oc

yc
li

ne
1

50
 

A
na

ph
yl

ax
is

A 
fe

w
 m

in
25

U
A

na
ph

y-
la

xi
s

4 
m

in
25

K
im

 e
t a

l. 
 [2

9]
20

14
It

ra
co

na
zo

le
1

U
U

rt
ic

ar
ia

 a
nd

 
 fa

ci
al

 e
de

m
a

6 
hr

10
0 
→

 2
00

 
30

 m
in

Pr
ur

it
us

4 
hr

20
0

A
na

lg
es

ic
s

Le
e 

et
 a

l.  
 [3

0]
20

06
Pr

op
yp

he
na

zo
ne

15
0 

C
ou

gh
 a

nd
  

dy
sp

ne
a

U
 

15
0 

U
FE

V 1
 d

e-
cr

ea
se

 in
 

45
%

30
 m

in
15

0

Le
e 

et
 a

l. 
 [3

1]
a

20
10

A
sp

ir
in

1
U

U
rt

ic
ar

ia
 a

nd
 

 d
ys

pn
ea

U
30

 →
 6

0 
→

 1
00

 
→

 3
00

3 h
r

U
rt

ic
ar

ia
, 

an
gi

oe
de

-
m

a,
 a

nd
 

br
on

ch
o-

sp
as

m

30
 m

in
10

0

C
hl

or
ph

en
i-

ra
m

in
e

1
U

rt
ic

ar
ia

 a
nd

 d
ys

-
pn

ea
 

20
 m

in
0.

1 
→

 0
.5 
→

 1
 

U
U

rt
ic

ar
ia

30
 m

in
0.

5

K
im

 e
t a

l. 
 [3

2]
b

20
14

A
sp

ir
in

13
1

U
N

SA
ID

-i
nd

uc
ed

 
 im

m
ed

ia
te

 
 r

ea
ct

io
ns

U
25

c  →
 5

0 
→

 1
00

 
→

 2
50

 →
 5

00
 

1 
hr

13
1/

13
1 

w
er

e 
po

s-
it

iv
e

U
 

U
 

Ac
et

am
in

op
he

n
14

9
U

N
SA

ID
-i

nd
uc

ed
 

im
m

ed
ia

te
 r

ea
c-

ti
on

s

U
30

0 
(3

25
 ) 
→

 
60

0 
(6

50
) →

 
90

0 
(9

75
)

1 
hr

37
/1

49
 

w
er

e 
po

s-
it

iv
e

U
 

U
 

C
el

ec
ox

ib
14

5
U

N
SA

ID
-i

nd
uc

ed
 

im
m

ed
ia

te
 r

ea
c-

ti
on

s 

U
10

0 
→

 2
00

 
1 

hr
15

/1
45

 w
er

e 
 p

os
it

iv
e

U
 

U
 

G
I d

ru
gs

K
im

 e
t a

l. 
 [3

3]
20

10
R

an
it

id
in

e
1

15
0 

A
na

ph
yl

ax
is

20
 m

in
40

 →
 7

5 →
 1

50
1 

hr
A

na
ph

y-
la

xi
s

5 m
in

15
0

Le
e 

et
 a

l. 
[3

4]
20

11
T

ir
op

ra
m

id
e

1
10

0 
U

rt
ic

ar
ia

 a
nd

 
 a

ng
io

ed
em

a
2 

hr
12

.5 
→

 2
5 →

 5
0 

→
 1

00
 

30
 m

in
U

rt
ic

ar
ia

 
an

d 
an

-
gi

oe
de

m
a

3 h
r

10
0

Le
e 

et
 a

l. 
[3

5]
20

11
Tr

im
eb

ut
in

e
1

U
A

na
ph

yl
ax

is
U

10
0 

U
G

en
er

-
al

iz
ed

 
er

yt
he

m
a

1 
hr

10
0

www.kjim.org


Kang SY, et al. Drug hypersensitivity diagnosis in Korea

www.kjim.orghttps://doi.org/10.3904/kjim.2020.143 S289

St
ud

y
Ye

ar
D

ru
g 

of
 

 in
te

re
st

N
o.

 o
f

su
bj

ec
ts

C
ha

ra
ct

er
s 

of
 th

e 
re

ac
ti

on
Pr

oc
ed

ur
e

R
es

ul
t

D
os

e,
 m

g
Ty

pe
 o

f t
he

  
re

ac
ti

on

In
te

rv
al

 b
tw

 
ex

po
su

re
 a

nd
 

th
e 

re
ac

ti
on

D
os

in
g 

 
sc

he
du

le
,  

m
g

In
te

rv
al

  
bt

w
 d

os
es

Ty
pe

 o
f  

re
ac

ti
on

In
te

rv
al

 b
tw

 
fi

na
l d

os
e 

an
d 

th
e 

re
su

lt

Fi
na

l  
do

se
,  

m
g

C
ho

 e
t a

l. 
 [1

9]
20

12
C

im
et

id
in

e
1

20
0 

U
rt

ic
ar

ia
 a

nd
 

 a
ng

io
ed

em
a

1 
hr

20
0 

U
U

rt
ic

ar
ia

1.
5 h

r
20

0

C
ho

i e
t a

l. 
 [3

6]
20

12
O

m
ep

ra
zo

le
1

U
A

na
ph

yl
ax

is
U

10
 →

 2
0 

30
 m

in
U

rt
ic

ar
ia

 
an

d 
fa

ci
al

 
ed

em
a

30
 m

in
20

Pa
rk

 e
t a

l. 
 [2

0]
20

16
R

an
it

id
in

e
6

U
U

rt
ic

ar
ia

, 
 a

ng
io

ed
em

a,
 

 s
ki

n 
ra

sh
 a

nd
 

 h
yp

ot
en

si
on

U
37

.5d  →
 7

5 →
 

15
0 

U
 

6/
6 

w
er

e 
po

si
ti

ve
 U

 U

O
th

er
s

Ja
ng

 e
t a

l. 
 [3

7]
20

11
M

et
hy

l p
re

dn
is

-
ol

on
e

1
8

U
rt

ic
ar

ia
U

4 
U

U
rt

ic
ar

ia
20

 m
in

4

Le
e 

et
 a

l. 
[3

8]
20

11
Fe

xo
fe

na
di

ne
1

18
0 

U
rt

ic
ar

ia
2 

hr
90

 →
 1

80
 

1 
hr

U
rt

ic
ar

ia
1 

hr
18

0
H

ur
 e

t a
l. 

 [3
9]

20
12

Ep
er

is
on

e
2

U
A

na
ph

yl
ax

is
U

50
 

U
A

na
ph

y-
la

xi
s

30
–6

0 
m

in
50

 

A
flo

qu
al

on
e

1
U

A
na

ph
yl

ax
is

U
20

 
U

A
na

ph
y-

la
xi

s
10

 m
in

20

K
im

 e
t a

l. 
 [4

0]
20

13
Ep

er
is

on
e

1
50

 
A

na
ph

yl
ax

is
1 

hr
25

 
U

U
rt

ic
ar

ia
30

 m
in

25
 

Pa
rk

 e
t a

l. 
 [4

1]
20

13
Le

vo
dr

o-
pr

op
iz

in
e

1
60

 
A

na
ph

yl
ax

is
A 

fe
w

 m
in

6 
→

 1
2 

1 
hr

U
rt

ic
ar

ia
 

an
d 

an
-

gi
oe

de
m

a

2 
m

in
12

Yo
o 

et
 a

l. 
 [2

6]
20

14
C

od
ei

ne
1

10
 

A
na

ph
yl

ax
is

10
 m

in
5 →

 1
0 

2 
hr

A
na

ph
y-

la
xi

s
Im

m
ed

ia
te

ly
10

 

K
im

 e
t a

l. 
 [4

2]
e

20
14

Le
vo

ce
ti

ri
zi

ne
 

1
U

W
or

se
ni

ng
 o

f 
 u

rt
ic

ar
ia

U
5 

U
U

rt
ic

ar
ia

1 
hr

5 

Lo
ra

ta
di

ne
1

U
5 →

 1
0 

30
 m

in
U

rt
ic

ar
ia

30
 m

in
10

 
Pe

di
at

ri
cs

Yo
on

 e
t a

l. 
 [4

3]
20

11
Le

vo
dr

o-
pr

op
iz

in
e

1
20

 
A

na
ph

yl
ax

is
15

 m
in

2 
→

 4
 →

 9
 

30
 m

in
A

na
ph

y-
la

xi
s

15
 m

in
9 

T
ab

le
 2

. C
on

ti
nu

ed
  

www.kjim.org


www.kjim.org https://doi.org/10.3904/kjim.2020.143

The Korean Journal of Internal Medicine Vol. 36, Suppl 1, March 2021

S290

St
ud

y
Ye

ar
D

ru
g 

of
 

 in
te

re
st

N
o.

 o
f

su
bj

ec
ts

C
ha

ra
ct

er
s 

of
 th

e 
re

ac
ti

on
Pr

oc
ed

ur
e

R
es

ul
t

D
os

e,
 m

g
Ty

pe
 o

f t
he

  
re

ac
ti

on

In
te

rv
al

 b
tw

 
ex

po
su

re
 a

nd
 

th
e 

re
ac

ti
on

D
os

in
g 

 
sc

he
du

le
,  

m
g

In
te

rv
al

  
bt

w
 d

os
es

Ty
pe

 o
f  

re
ac

ti
on

In
te

rv
al

 b
tw

 
fi

na
l d

os
e 

an
d 

th
e 

re
su

lt

Fi
na

l  
do

se
,  

m
g

Pa
rk

 e
t a

l. 
 [4

4]
20

14
Li

do
ca

in
ef

1
U

U
rt

ic
ar

ia
3 h

r
0.

1 
m

L 
→

 0
.3 

m
L 
→

 0
.7 

m
L

30
 m

in
U

rt
ic

ar
ia

7 
hr

0.
7 

m
L

N
a 

et
 a

l. 
[4

5]
g

20
11

N
SA

ID
s

8
U

Im
m

ed
ia

te
 

 h
yp

er
se

ns
it

iv
it

y 
 (f

ro
m

 p
ru

ri
tu

s 
to

 
 a

na
ph

yl
ax

is
)

2 
m

in
-2

 h
r 

25
%

 →
 5

0%
 →

 
10

0%
 o

f a
 

 u
su

al
 th

er
a-

pe
ut

ic
 d

os
e

30
–6

0 
m

in
4/

8 
w

er
e 

po
si

ti
ve

U
U

Ac
et

am
in

op
he

n
11

U
Im

m
ed

ia
te

 
hy

pe
rs

en
si

ti
vi

ty
 

(fr
om

 p
ru

ri
tu

s 
to

 
an

ap
hy

la
xi

s)

 2
 m

in
–2

 h
r 

25
%

 →
 5

0%
 →

 
10

0%
 o

f a
 u

su
-

al
 th

er
ap

eu
ti

c 
do

se

30
–6

0 
m

in
5/

11
 w

er
e 

 p
os

it
iv

e
U

 U

Pe
ni

ci
ll

in
10

U
Im

m
ed

ia
te

 
hy

pe
rs

en
si

ti
vi

ty
 

(fr
om

 p
ru

ri
tu

s 
to

 
an

ap
hy

la
xi

s)

2 
m

in
–2

 h
r 

25
%

 →
 5

0%
 →

 
10

0%
 o

f a
 u

su
-

al
 th

er
ap

eu
ti

c 
do

se

30
–6

0 
m

in
3/

10
 w

er
e 

 p
os

it
iv

e
U

U

C
ep

ha
lo

sp
oe

in
11

U
Im

m
ed

ia
te

 
hy

pe
rs

en
si

ti
vi

ty
 

(fr
om

 p
ru

ri
tu

s 
to

 
an

ap
hy

la
xi

s)

2 
m

in
–2

 h
r 

25
%

 →
 5

0%
 →

 
10

0%
 o

f a
 u

su
-

al
 th

er
ap

eu
ti

c 
do

se

30
–6

0 
m

in
2/

11
 w

er
e 

 p
os

it
iv

e
U

U

C
ot

ri
m

ox
az

ol
e

2
U

Im
m

ed
ia

te
 

hy
pe

rs
en

si
ti

vi
ty

 
(fr

om
 p

ru
ri

tu
s 

to
 

an
ap

hy
la

xi
s)

2 
m

in
–2

 h
r 

25
%

 →
 5

0%
 →

 
10

0%
 o

f a
 u

su
-

al
 th

er
ap

eu
ti

c 
do

se

30
–6

0 
m

in
1/

2 
w

er
e 

 p
os

it
iv

e
U

U

M
ac

ro
lid

e
8

U
Im

m
ed

ia
te

 
hy

pe
rs

en
si

ti
vi

ty
 

(fr
om

 p
ru

ri
tu

s 
to

 
an

ap
hy

la
xi

s)

2 
m

in
–2

 h
r 

  
25

%
 →

 5
0%

 →
 

10
0%

 o
f a

 u
su

-
al

 th
er

ap
eu

ti
c 

do
se

30
–6

0 
m

in
1/

8 
w

er
e 

 p
os

it
iv

e
U

U

La
ct

os
e

1
U

Im
m

ed
ia

te
 h

yp
er

-
se

ns
it

iv
it

y 
(fr

om
 p

ru
ri

tu
s 

to
 

an
ap

hy
la

xi
s)

2 
m

in
–2

 h
r

25
%

 →
 5

0%
 →

 
10

0%
 o

f a
 u

su
-

al
 th

er
ap

eu
ti

c 
do

se

30
–6

0 
m

in
1/

1  
w

er
e 

 p
os

it
ve

 
U

U

T
ab

le
 2

. C
on

ti
nu

ed

www.kjim.org


Kang SY, et al. Drug hypersensitivity diagnosis in Korea

www.kjim.orghttps://doi.org/10.3904/kjim.2020.143 S291

St
ud

y
Ye

ar
D

ru
g 

of
 

 in
te

re
st

N
o.

 o
f

su
bj

ec
ts

C
ha

ra
ct

er
s 

of
 th

e 
re

ac
ti

on
Pr

oc
ed

ur
e

R
es

ul
t

D
os

e,
 m

g
Ty

pe
 o

f t
he

  
re

ac
ti

on

In
te

rv
al

 b
tw

 
ex

po
su

re
 a

nd
 

th
e 

re
ac

ti
on

D
os

in
g 

 
sc

he
du

le
,  

m
g

In
te

rv
al

  
bt

w
 d

os
es

Ty
pe

 o
f  

re
ac

ti
on

In
te

rv
al

 b
tw

 
fi

na
l d

os
e 

an
d 

th
e 

re
su

lt

Fi
na

l  
do

se
,  

m
g

C
ho

i e
t a

l. 
 [4

6]
h

20
16

N
SA

ID
s

24
 (c

as
es

)
U

55
/5

6 
ha

d 
 u

rt
ic

ar
ia

 
 a

nd
/o

r 
 a

ng
io

ed
em

a,
 

 1
5/

56
 h

ad
 

 a
na

ph
yl

ax
is

U
D

iv
id

ed
 d

os
e 

un
ti

l a
 c

um
u-

la
ti

ve
 d

os
e 

of
 

th
e 

dr
ug

 w
as

 
ac

hi
ev

ed
 a

t a
 

da
ily

 d
os

e

30
–6

0 
m

in
7/

24
 w

er
e 

 
po

si
ti

ve
U

U

Am
in

op
en

ic
il

lin
 

17
U

55
/5

6 
ha

d 
ur

ti
ca

ri
a 

an
d/

or
 a

ng
io

ed
e-

m
a,

 1
5/

56
 h

ad
 

an
ap

hy
la

xi
s

U
D

iv
id

ed
 d

os
e 

un
ti

l a
 c

um
u-

la
ti

ve
 d

os
e 

of
 

th
e 

dr
ug

 w
as

 
ac

hi
ev

ed
 a

t a
 

da
ily

 d
os

e

30
–6

0 
m

in
5/

17
 w

er
e 

po
si

ti
ve

U
U

C
ep

ha
lo

sp
oe

in
14

U
55

/5
6 

ha
d 

ur
ti

ca
ri

a 
an

d/
or

 a
ng

io
ed

e-
m

a,
 1

5/
56

 h
ad

 
an

ap
hy

la
xi

s

U
D

iv
id

ed
 d

os
e 

un
ti

l a
 c

um
u-

la
ti

ve
 d

os
e 

of
 

th
e 

dr
ug

 w
as

 
ac

hi
ev

ed
 a

t a
 

da
ily

 d
os

e

30
–6

0 
m

in
3/

14
 w

er
e 

po
si

ti
ve

U
U

Ac
et

am
in

op
he

n
12

U
55

/5
6 

ha
d 

ur
ti

ca
ri

a 
an

d/
or

 a
ng

io
ed

e-
m

a,
 1

5/
56

 h
ad

 
an

ap
hy

la
xi

s

U
D

iv
id

ed
 d

os
e 

un
ti

l a
 c

um
u-

la
ti

ve
 d

os
e 

of
 

th
e 

dr
ug

 w
as

 
ac

hi
ev

ed
 a

t a
 

da
ily

 d
os

e

30
–6

0 
m

in
4/

12
 w

er
e 

po
si

ti
ve

U
U

O
th

er
 d

ru
gs

9
U

55
/5

6 
ha

d 
ur

ti
ca

ri
a 

an
d/

or
 a

ng
io

ed
e-

m
a,

 1
5/

56
 h

ad
 

an
ap

hy
la

xi
s

U
D

iv
id

ed
 d

os
e 

un
ti

l a
 c

um
u-

la
ti

ve
 d

os
e 

of
 

th
e 

dr
ug

 w
as

 
ac

hi
ev

ed
 a

t a
 

da
ily

 d
os

e

30
–6

0 
m

in
3/

9 
w

er
e 

 p
os

it
iv

e
U

U

T
ab

le
 2

. C
on

ti
nu

ed

www.kjim.org


       

www.kjim.org https://doi.org/10.3904/kjim.2020.143

The Korean Journal of Internal Medicine Vol. 36, Suppl 1, March 2021

S292

       
St

ud
y

Ye
ar

D
ru

g 
of

 
 in

te
re

st
N

o.
 o

f
su

bj
ec

ts

C
ha

ra
ct

er
s 

of
 th

e 
re

ac
ti

on
Pr

oc
ed

ur
e

R
es

ul
t

D
os

e,
 m

g
Ty

pe
 o

f t
he

  
re

ac
ti

on

In
te

rv
al

 b
tw

 
ex

po
su

re
 a

nd
 

th
e 

re
ac

ti
on

D
os

in
g 

 
sc

he
du

le
,  

m
g

In
te

rv
al

  
bt

w
 d

os
es

Ty
pe

 o
f  

re
ac

ti
on

In
te

rv
al

 b
tw

 
fi

na
l d

os
e 

an
d 

th
e 

re
su

lt

Fi
na

l  
do

se
,  

m
g

AE
D

5
U

55
/5

6 
ha

d 
ur

ti
ca

ri
a 

an
d/

or
 a

ng
io

ed
e-

m
a,

 1
5/

56
 h

ad
 

an
ap

hy
la

xi
s

U
D

iv
id

ed
 d

os
e 

un
ti

l a
 c

um
u-

la
ti

ve
 d

os
e 

of
 

th
e 

dr
ug

 w
as

 
ac

hi
ev

ed
 a

t a
 

da
ily

 d
os

e

30
–6

0 
m

in
1/

5 w
er

e 
 p

os
it

iv
e

U
U

N
on

-b
et

a-
 

la
ct

am
 

an
ti

bi
ot

ic
s

3
U

55
/5

6 
ha

d 
ur

ti
ca

ri
a 

an
d/

or
 a

ng
io

ed
e-

m
a,

 1
5/

56
 h

ad
 

an
ap

hy
la

xi
s

U
D

iv
id

ed
 d

os
e 

un
ti

l a
 c

um
u-

la
ti

ve
 d

os
e 

of
 

th
e 

dr
ug

 w
as

 
ac

hi
ev

ed
 a

t a
 

da
ily

 d
os

e

30
–6

0 
m

in
2/

3 w
er

e 
 p

os
it

iv
e

U
U

bt
w

, b
et

w
ee

n;
 U

, u
nk

no
w

n;
 F

EV
1, 

fo
rc

ed
 e

xp
ir

at
or

y 
vo

lu
m

e 
in

 1
 s

ec
on

d;
 N

SA
ID

, n
on

st
er

oi
da

l a
nt

i-
in

fla
m

m
at

or
y 

dr
ug

; A
ED

, a
nt

ie
pi

le
pt

ic
 d

ru
g.

a T
he

 d
es

ig
n 

of
 th

e 
te

st
 w

as
 s

in
gl

e-
bl

in
d.

b Te
st

s 
w

er
e 

pe
rf

or
m

ed
 to

 1
80

 p
at

ie
nt

s 
w

it
h 

as
pi

ri
n 

hy
pe

rs
en

si
ti

vi
ty

 w
hi

ch
 w

as
 d

ia
gn

os
ed

 b
y 

ei
th

er
 a

 p
os

it
iv

e 
or

al
 a

sp
ir

in
 p

ro
vo

ca
ti

on
 te

st
 r

es
ul

t o
r 

co
nv

in
ci

ng
 c

li
ni

ca
l 

hi
st

or
y.

c Fo
r 

th
e 

pa
ti

en
ts

 w
it

h 
a 

ri
sk

 o
f a

na
ph

yl
ax

is
 a

nd
 a

cu
te

 b
ro

nc
ho

sp
as

m
.

d Fo
r 

th
e 

pa
ti

en
ts

 w
it

h 
pr

ev
io

us
 s

ev
er

e 
an

ap
hy

la
xi

s.
e C

hl
or

ph
en

ir
am

in
e 

w
as

 s
us

pe
ct

ed
 fo

r 
th

e 
ca

us
e 

of
 th

e 
in

it
ia

l e
ve

nt
. 

f Su
bc

ut
an

eo
us

 te
st

s 
w

er
e 

pe
rf

or
m

ed
 w

it
h 

lid
oc

ai
ne

. 
g Te

st
s 

w
er

e 
pe

rf
or

m
ed

 to
 1

6 
pa

ti
en

ts
 w

ho
 w

er
e 

ex
pe

ri
en

ce
d 

ad
ve

rs
e 

dr
ug

 r
ea

ct
io

ns
 (A

D
R

s) 
re

fe
rr

ed
 to

 p
ed

ia
tr

ic
 a

lle
rg

y 
cl

in
ic

. 
h Te

st
s 

w
er

e 
pe

rf
or

m
ed

 to
 5

6 
pa

ti
en

ts
 w

ho
 w

er
e 

ex
pe

ri
en

ce
d 

A
D

R
s 

re
fe

rr
ed

 to
 p

ed
ia

tr
ic

 a
lle

rg
y 

cl
in

ic
. D

ru
g 

pr
ov

oc
at

io
ns

 (D
PT

s) 
w

er
e 

po
si

ti
ve

 in
 2

5 
(fi

ve
 c

as
es

 o
f a

na
-

ph
yl

ax
is

) o
f 8

4 
ca

se
s.

 O
ns

et
 t

im
e 

of
 p

os
it

iv
e 

re
ac

ti
on

 w
as

 le
ss

 t
ha

n 
1 

ho
ur

 in
 e

ig
ht

 c
as

es
 ,1

-2
 h

ou
rs

 in
 s

ix
 c

as
es

, 2
-3

 h
ou

rs
 in

 t
hr

ee
 c

as
es

, 3
-4

 h
ou

rs
 in

 t
hr

ee
 c

as
es

, a
nd

 
m

or
e 

th
an

 4
 h

ou
rs

 in
 fi

ve
 c

as
es

.   
 

T
ab

le
 2

. C
on

ti
nu

ed

www.kjim.org


Kang SY, et al. Drug hypersensitivity diagnosis in Korea

www.kjim.orghttps://doi.org/10.3904/kjim.2020.143 S293

with aspirin usually followed the aspirin provocation 
test protocol from the EAACI/the Global Allergy and 
Asthma European Network (GA2LEN) guidelines with 
some modification [47].

DISCUSSION 

This study presents the protocols for STs and DPTs 
from work published in Korea. STs and DPTs have been 
widely used to identify the culprit drugs of immediate 
allergic reactions, including anaphylaxis. An average of 
10 healthy controls were enrolled for STs in each study 
to determine the NIC of the test drugs, and a 1/10 dilu-
tion of the concentrations used in SPTs were generally 
used in IDTs. The initial DPT dose ranged from one 
quarter of the standard therapeutic dose to one standard 
dose. Positive reactions to DPTs usually occurred within 
twice the original latency period.

Based on the time interval between drug adminis-
tration and the development of the reaction, previous 
guidelines and reports have defined immediate or 
non-immediate DHRs using an arbitrary cut-off du-
ration of 1 hour [48,49]. However, this classification re-
mains controversial because IgE-mediated reactions can 
appear up to 6 hours after drug administration [11,50]. 
Under these circumstances, our study used a new pro-
posed cut-off point: DHRs were classified as immediate 
when appearing within 1 to 6 hours of drug administra-
tion [12].

STs are generally considered safe and are frequently 
used to evaluate a culprit drug for immediate hypersen-
sitivity. The chemical nature of the drug itself may elicit 
a false-positive reaction, and thus the results from nor-
mal controls must be reported together with those from 
the patients when determining the NIC [6,51]. Hence, 
finding the NIC is important for reliable STs, although 
the NICs of only a few drugs are known. Recently, the 
ENDA/EAACI Drug Allergy Interest Group reviewed ar-
ticles written in English, German, Italian, French, and 
Spanish on the NICs of drugs and presented the NICs 
of many drugs collated from those articles [6,51]. Simi-
larly, we sought to share the NICs determined in Korean 
studies by searching the Korean literature. We selected 
only studies with negative controls. In previous reports, 
IDTs were usually conducted with drug dilution of 1/10 

or lower to avoid irritant reactions that could be misin-
terpreted as positive [6]. Our results align with previous 
research. We present the skin test concentrations for 
H2 receptor antagonists, local anesthetics, leukotriene 
receptor antagonists, antitussives, vitamin supplements, 
hormones, and antibiotics other than penicillin from 
the Korean literature that have not yet been reported or 
reported less frequently elsewhere.

The DPT is the gold standard diagnostic method to 
confirm a diagnosis of drug hypersensitivity regard-
less of the underlying reaction mechanism. The basic 
principle of a DPT is to reproduce the hypersensitivity 
reaction in a controlled way. In 2003, the ENDA/EAA-
CI Drug Allergy Interest Group published a position 
paper on DPT procedures [7]. They suggested that the 
test should be placebo-controlled. The suggested start-
ing dose of the DPT should be between 1/10,000th and 
1/10th of the therapeutic dose, dependent on the severity 
of the reaction in case of a previous immediate reaction. 
The time interval between doses should be at least 30 
minutes. However, as this protocol requires substantial 
medical resources and time, it is unrealistic in some 
medical circumstances. In fact, the starting doses of 
DPTs in our study ranged from one quarter dose to a 
single therapeutic dose, and the interval between doses 
was 30 minutes in most reports. All DPTs in the stud-
ies we reviewed, except one involving a single-blind test, 
were open-label tests. Several other reports also used 
open-challenge tests regardless of a history of anaphy-
laxis [52-55]. In particular, one- or two-step DPTs with 
amoxicillin for de-labeling were conducted in patients 
with alleged penicillin allergy with or without preced-
ing penicillin STs [53]. Moreover, one- or two-step DPTs 
with several drugs were proven to be as safe as multi-
step challenges in a select group of patients [55]. In this 
review, we found that positive reactions to all DPTs, 
except for one with levodropropizine, occurred at drug 
concentrations ranging from a half dose to the same 
dose as that used originally. These results suggested 
that one- or two-step DPTs can be performed safely in 
most cases. Furthermore, one- or two-step DPTs would 
not raise concern for tolerance induction [55]. As other 
researchers performed tests in a similar manner, mul-
tistep DPTs with aspirin or other nonsteroidal anti-in-
flammatory drugs (NSAIDs) were conducted for patients 
in Korea with suspected NSAID hypersensitivity [32,54]. 
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Patients with NSAID hypersensitivity were challenged 
with aspirin instead of the drug that caused the original 
reaction. Hence, a variety of unexpected reactions can 
occur. Most of the reactions in these studies occurred 
within 60 minutes after administering the final DPT 
dose as the provocative dose. An interval of 30 to 60 min-
utes may be appropriate for most reactions. Although it 
has not been established how long patients should be 
monitored after the final dose is administered, most re-
actions occurred within twice the interval between drug 
exposure and the original reaction. Therefore, twice the 
interval between drug exposure and the original reac-
tion should be sufficient for monitoring patients.

In this study, anaphylaxis is the most common reason 
for performing DPTs. Although DPTs pose significant 
risks for the recurrence of anaphylaxis in such cases, 
DPTs are usually needed to identify the culprit agent 
because DPTs are the gold standard for diagnosing ana-
phylaxis. It is often less dangerous to expose the patient 
to a suspected culprit agent in a controlled way than to 
fail to identify the culprit agent causing anaphylaxis. 
Note, however, that all DPTs included in our study were 
conducted by a trained allergy specialist with emergen-
cy resuscitation equipment and full monitoring of the 
patient. DPTs should not be performed by anyone other 
than an allergy specialist.

We acknowledge several limitations of this review. 
First, we reviewed DHR diagnostic procedures in jour-
nals published in Korea using the domestic KoreaMed 
search engine. However, our methodology was neither 
typical nor validated. Thus, the selection of articles an-
alyzed might not be comprehensive. Second, many re-
searchers give priority to publishing significant results, 
which may result in publication bias. The under-re-
porting of negative and inconclusive results may affect 
the interpretation of results in a review. Therefore, it 
was not clear whether the results really represented re-
al-world clinical practice. Third, when determining the 
NICs of drugs, the numbers of control subjects were rel-
atively small. Although the ENDA/EAACI position paper 
recommended that there be at least 20 healthy controls 
[6], we included studies with at least three healthy con-
trols because we acknowledge that it is difficult to in-
clude more than 20 healthy controls in a clinical setting. 
Finally, the NIC of each drug presented here is a pro-
posed concentration; that does not mean that the ST for 

each drug was valid. Nevertheless, the major strength of 
this review is that it shares quality articles published in 
a non-English speaking country with other parts of the 
world.

In conclusion, both STs and DPTs need to be stan-
dardized. Because few studies have examined the stan-
dardization of DHRs, efforts to share quality articles 
in different languages should be sustained to improve 
drug allergy testing.
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