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Abstract: Many allergists are currently focusing on the development of new diagnostic tools, and are attempting to
improve both the sensitivity and specificity. A multiple allergen simultaneous test-chemiluminescent assay (MAST-
CLA) is one of the most popular diagnostic tools used in the Republic of Korea. However, there remains controversy
among allergists with regard to the cut-off point for a positive result. The present study was conducted in order to
determine the validity of MAST-CLA as compared with that of the skin prick test, with particular emphasis on arthro-
pod allergens, on the basis of percentage agreement rates and x-values, and also to suggest the optimal positive cut-
off points using receiver operating characteristic (ROC) curves. The study was conducted with 97 subjects (54 men,
43 women). Optimal individua! cut-off points were calculated as follows; class Il for Dermatophagoides farinae, class |
for Dermatophagoides pteronyssinus, and trace for a cockroach mix. These findings suggest that attempting to apply
optimal individual cut-off points will be a good way of improving diagnostic tests, particularly MAST-CLA.
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The prevalence of allergic disease is rapidly increas-
ing. Over the years, studies have consistently been
indicating that sensitization to house dust mite aller-
gens is closely associated with asthma in children and
adults (Illi et al., 2001; Jaakkola et al., 2006), but no
ideal treatment has yet been developed. The skin
prick test, a typical in vivo test, is being extensively
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utilized for the diagnosis of allergic diseases, and is
considered the gold standard, although it also has
several disadvantages, including invasiveness or false
positive reactions (Kiniker, 1989). The radioallergosor-
bent test (RAST), a typical in vitro test using patient
sera, has been extensively utilized by allergists around
the world, but it has an important handicap in that it
requires the use of radioisotopes. Additionally, enzy-
matic immunoassay tools, such as the multiple aller-
gen simultaneous test-chemiluminescent assay
(MAST-CLA) (Brown et al., 1985; Miller et al., 1984)
and the Pharmacia CAP System™ (Van Durme and
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Table 1. Results of MAST-CLA by classes about arthropod allergens

MAST-CLA (%)

Allergen
0 trace ClassI Class II Class IIT Class IV
D 39 (40.2) 12 (12.4) 4 (41) 4(41) 3(3.1) 35 (36.1)
Dp? 42 (43.3) 14 (14.4) 4 (4.1) 4(4.1) 2(21) 31(32.0)
Cockroach mix » 67 (69.1) 15 (15.5) 10 (10.3) 4(4.1) - 1 (1.0)
Df: Dermatophagoides farinae, Dp: Dermatophagoides pteronyssinus.
Table 2. Consistency rates between MAST-CLA and skin prick test against arthropod allergens
MAST-CLA Consist
Allergens Skin prick test Overall percentage onsistency
- + agreement (re-value)
DfY - 45 4 0.897 0.794%)
+ 6 42
Dp? - 46 2 0.876 0.753"
+ 10 39
Cockroach mix - 61 6 0.722 0.244")
+ 21 9

ADf: D. farinae, Dp: D. pteronyssinus.
PP < 0.05.

Stevens, 1989), are commonly used, and have evi-
denced good agreement rates of results with the skin
prick test (Agata et al., 1993; Finnery et al., 1989;
Orgino et al., 1993; Scolozzi et al., 1989; Scolozzi et al.,
1992; Tang and Wu, 1989; Tang et al., 1994). MAST-
CLA has the advantage that it can test for 35 common
allergens simultaneously, and thus it is suitable as a
screening test. This is why it is currently one of the
most popular diagnostic tools used in the Republic of
Korea (Hwang et al., 2001; Lee et al., 1995; Yang et al.,
1998). However, a controversy rages among allergists
as to the cut-off points for a positive result (Hwang et
al., 2001; Lee et al., 1995; Yang et al., 1998), and this
has ramifications with regard both to specificity and
sensitivity. Therefore, the lack of a consistent cut-off
standard significantly ameliorates the reliability of
MAST-CLA.

The present study was conducted to determine the
validity of MAST-CLA as compared to the skin prick
test for arthropod allergens, i.e., Dermatophagoides fari-
nae, Dermatophagoides pteronyssinus, and a cockroach
mix, using agreement rates, and to determine the opti-
mal individual cut-off points for improved reliable

test results, using receiver operating characteristic
(ROC) curves.

A total of 97 subjects (54 men and 43 women, all are
same class volunteer students of a medical school) in
an age range of 24.7 + 2.7 (mean * SD) years old, none
of whom had ever been assessed for allergic diseases,
were evaluated. Three allergens derived from D. fari-
nae, D. pteronyssinus and a cockroach mix (Bencard,
Worthing, West Sussex, UK) were utilized as follows
in routine laboratory tests conducted at the
Soonchunhyang Cheonan Hospital (Table 1).
Histamine and normal saline solution were employed
as positive and negative controls. All allergens and
controls were applied at the medial side of the fore-
arm, and then pricked using a 26-gauge needle. After
15 min of pricking, the size of each of the indurations
was measured using the means of the longest and
shortest diameters. In cases in which the size of the
indurations was equal to or larger than the positive
control (histamine), the results were considered to be
positive. The Korean inhalant panel of the MAST-CLA
(MAST-Immunosystems, Mountain view, California,
USA) was used for comparison. The panel actually
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Table 3. Validity of MAST-CLA by different cut-off points compared to skin prick test

Trace Class I Class II Class 11 Class IV
Allergen
SENP)  SPED SEN  SPE SEN  SPE SEN SPE SEN  SPE
D) 0.90 0.69 088  0.92 085 098 0.77 0.98 071 098
Dp® 0.86 0.73 0.80  0.96 073 098 0.65 0.98 061 098
Cockroach mix 0.50 0.78 030 091 010 097 0.03 1.00 003  1.00

ADf: D. farinae, Dp: D. pteronyssinus.
PISEN: sensitivity, SPE: specificity.

contains the profile of 35 allergens, but 3 allergens cor-
responding to the skin prick test were analyzed (Table
2). The MAST-CLA was conducted in accordance with
the method described by Brown et al. (1985). All
MAST-CLA results are graded into 6 classes (0, trace,
L 11 111, and IV).

The statistical analysis was conducted with the
SPSS software (SPSS v. 12.0, SPSS Inc., Chicago,
Illinois, USA). Percentage agreement and x-values
were calculated in order to evaluate the consistency of
the skin prick test and the MAST-CLA (class I regard-
ed as a positive cut-off point). The sensitivity and
specificity of each MAST-CLA point (class of trace, I,
II, 1lI, and IV) was calculated against the skin prick
test. The ROC analysis was utilized to evaluate the
adequacy of MAST-CLA and to determine the optimal
cut-off points. A P-value below 0.05 was considered to
be statistically significant.

The positive rates for 3 different allergens were
49.5% for D. farinae, 50.5% for D. pteronyssinus and
30.9% for the cockroach mix from the skin prick test.
Also, from the MAST-CLA, the positive rates of D.
farinae, D. pteronyssinus and the cockroach mix were
47.4%, 42.3%, and 15.4%, respectively (Table 1). The
overall percentage agreement rates and x-values are
provided in Table 2. All of the values were statistically
significant (P < 0.05).

For the purpose of the ROC analysis, the sensitivi-
ties and specificities for each of the allergens were cal-
culated by changing the cut-off points of MAST-CLA
(Table 3). The optimal individual cut-off points for 3
allergens were obtained by ROC analysis (P < 0.05):
class II for D. farinae, class | for D. pteronyssinus, and
“trace” for the cockroach mix (Fig. 1).

" The skin prick test is generally considered to be a
gold standard for use in the diagnosis of allergic dis-
eases. MAST-CLA has been popularly applied as a
diagnostic tool for simplicity, convenience, and safety.
However, there have still been some arguments
regarding the specificity and sensitivity of MAST-
CLA due to an insufficient quantity of scientific stud-
ies (Yang et al., 1998; Lim et al., 2001; Nepper-
Christensen et al., 2003). In fact, this problem has
resulted in a controversy regarding the definition of a
positive cut-off point, and many allergists have uti-
lized a single unique cut-off point (Park et al., 1991;
Agata et al., 1993; Lee et al., 1995; Yang et al., 1998;
Hwang et al.,, 2001; Lim et al., 2001; Nepper-
Christensen et al., 2003). In the Republic of Korea, a
unique cut-off point for MAST-CLA, which was first
proposed by Park et al. (1991) as class II, has been
adopted by many Korean allergists. However, this has
also caused a problem of low positive rates as com-
pared with the results from other countries (Lee et al.
1995; Yang et al., 1998). Recently, Lim et al. (2001)
reported that if a cut-off point of class I is adopted, the
MAST-CLA positive rates will be increased signifi-
cantly. The other problem is that there is only person-
al preference that currently guides allergists in their
selection of a unique cut-off point for every allergen in
the MAST-CLA, due to insufficient data regarding the
proper points. In the present study, a ROC analysis
has allowed us to suggest a meaningful and individ-
ual MAST-CLA cut-off point of 3 arthropod allergens,
based on a scientific analysis.

ROC analysis can be utilized to determine the rela-
tionship between the sensitivity and specificity of a
clinical test for allergy in accordance with different
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Fig. 1. ROC curves of MAST-CLA by different cut-off point
mal cut-off point.

cut-off points. Unfortunately, changing the cut-off
point to try and increase either sensitivity or specifici-
ty will usually result in a reduction in the other mea-
sures; thus, we need to determine the optimal cut-off
point (Metz, 1978; Zweig and Campbell, 1993). The
ROC curve is a plot of the sensitivity (proportion of
individuals predicted to have a future adverse event
among those who actually have an event) versus the
1-specificity (proportion of individuals predicted to
have an event among those who remain event-free)
for the range of cut-off points that can be utilized to
predict whether or not a patient will experience an

s compare to skin prick test about arthropod allergens. *: opti-

event. The area under the ROC curve is frequéntly uti-
lized as an index of how well a scoring system is able
to classify patients into 1 of the 2 medical alternatives
(an area of 1 is perfect, 0.5 is non-informative) such as,
death or survival, disease or non-disease (Streiner and
Norman, 1995).

The ROC curve analysis allowed us to determine
the optimal MAST-CLA cut-off points as compared to
the skin prick test. The percentage agreements of the
MAST-CLA in comparison with the skin prick test
were significantly increased by these newly obtained
individual optimal cut-off points. This finding can be
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considered to be, in part, a solution to the specificity
and sensitivity problems of this test. We were able to
acquire limited data only for 3 arthropod allergens in
MAST-CLA. However, the panel contains 32 other
allergens. Therefore, we suggest that further evalua-
tions be conducted in order to determine the optimal
individual cut-off points for each allergen in the
MAST-CLA panel, via ROC analysis.
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