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of atopic diseases, allergendetection is a crucial step.Multiple allergensimultaneous
test-chemiluminescent assay (MAST-CLA) is a simple and noninvasive method for in vitro screening of allergen-
specific IgE antibodies.
Methods: The Korean Inhalant Panel test on 20 patients and Food Panel test on 19 patients were performed using
the conventional manual MAST-CLA kit and the new automated MAST-CLA method (automated AP720S system
for the Optigen Assay; Hitachi Chemical Diagnostics, Inc., USA) simultaneously. The results were evaluated for
positive reactivity and concordance.
Results: The results of inhalant panel gave a relatively higher class level result than the food panel. The 8 patients
out of 20 (40%) of the inhalation panel, and 9 patients out of 18 (47.4%) of the food panel showed 100%
concordance between the 2 systems. Eighteen patients (90%) of the Inhalation Panel and sixteen patients (84.2%)
of the Food Panel showed more than 91% concordance.
Conclusions: These results suggest that theMAST-CLA assay using the new, automated AP720S analyzer performs
well, showing a high concordance rate with conventional MAST-CLA. Compared to manual MAST-CLA, the
automated AP720S system has a shorter assay time and uses a smaller serum volume (500 µl) along with other
conveniences.

© 2009 Elsevier B.V. All rights reserved.
1. Introduction

As environmental substances in modern society change, the
number of people diagnosed with an allergic disease has gradually
increased. Usually, the diagnosis of an allergic disease depends mainly
on the patient's chief complaints in the context of past history and a
physical examination. Before treating the patient, however, the
physician should look objectively at the causes of the complaints,
and consider whether they result from the expected allergen or might
be from unexpected allergens [1].

The skin prick test, widely used by clinicians, has a high
concordance rate with total serum IgE, the allergen-specific IgE level
and the bronchial provocation test, and has good reproducibility and
sensitivity [2–5]. Nonetheless, the skin prick test has the following
limitations: 37–50% of healthy subjects give a positive response to a
given allergen [6]; certain medications, especially antihistamines, can
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change test results; and tests cannot be performed on patients with
skin disease [7,8].

In the mid-1960s, Ishizaka et al. [9] discovered that IgE antibodies
cause the allergic hyper-response. Wide et al. [10] developed the
radioallergosorbent test (RAST), which measures the serum allergen-
specific IgE antibody, and has been used for examination of allergens.
This test is expensive, however, because of the need for an
individualized RAST for each allergen, making it difficult to search
through all possible allergens that might be causing the symptoms. In
addition, the cost of the radioactive isotope detection equipment is
high and the examiner is at risk for radiation exposure. Accordingly,
Miller et al. [11] developed the multiple allergosorbent test (MAST)-
radioimmunoassay (RIA), which could examine several allergens
simultaneously, and Brown et al. [12] developed the MAST chemilu-
minescent assay (MAST-CLA) which substituted chemiluminescent
substances for radioactive isotopes.

The MAST-CLA® allergy system test was introduced in Korea in the
1990s and used with the MAST-CLA Korean allergen-specific IgE Panel
to classify the 35 most common allergens in Korea since 1995. Since
then, the MAST-CLA Korean allergen-specific IgE Panel has been
divided into the Korean Food Panel (food panel) and the Korean
Inhalant Panel (inhalant panel). Both the food and inhalant panels
include different 35 allergens each [13]. Hitachi Chemical Diagnostics
Inc., developed the automated MAST-CLA AP720S system with a new
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Table 1
Age distribution of subjects

Panel Inhalant Panel Food Panel Total

Age No.⁎ tested No. tested No. tested

b10 2 5 7
10≤–b20 10 5 15
20≤–b30 3 3 6
30≤–b40 0 3 3
40≤–b50 1 0 1
50≤–b60 3 2 5
≥60 1 1 2
Total 20 19 39

No.⁎: number.

Table 3
Frequency of multiple positives per patient

No. of allergen-
specific IgE

Number of patients (%)

Inhalant Panel Food Panel

MAST-CLA AP720S MAST-CLA AP720S

1 0 (0.0) 6 (33.3) 1 (11.1) 3 (50.0)
2 5 (27.8) 1 (5.6) 4 (44.4) 0 (0.0)
3 5 (27.8) 7 (38.9) 0 (0.0) 1 (16.7)
4 3 (16.7) 3 (16.7) 2 (22.2) 0 (0.0)
5 3 (16.7) 1 (5.6) 0 (0.0) 1 (16.7)
6 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
7 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
8 1 (5.6) 0 (0.0) 0 (0.0) 0 (0.0)
9 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7)
10 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
N10 1 (5.6) 0 (0.0) 2 (22.2) 0 (0.0)
Total 18 (100.0) 18 (100.0) 9 (100.0) 6 (100.0)
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MAST Optigen reagent in 2007, reducing the required patient sample
volume, and changing some of the allergens. Automation was needed
for allergy testing due to increasing the test volume. But, there's no
data for evaluation for the new automated system. We compared the
AP720S using MAST Optigen reagent with the previous MAST-CLA
assay, by applying the 2 methods to identical samples.

2. Materials and methods

2.1. Subjects and samples

Randomly selected patients (n=39) who were clinically suspected to have an
allergic disease were tested using the MAST-CLA inhalant panel or food panel. For a
comparison study, the specimen volume and status should be satisfactory. Twenty
patients from the inhalant panel and 19 patients from the food panel were included in
the study for minimum number of statistics. Nineteen subjects were male and twenty
were female. The age distribution was from 1 to 70 years (mean 24.1 years, Table 1).
Samples were simultaneously tested with the manual MAST-CLA kit and the automated
AP720S.

According to the general principles of immunoserologic tests, venous blood of the
subjects was collected into serum separation tubes (SST) and centrifuged at 3500 rpm
for 15 min to separate serum. Both manual and automated tests were performed on the
collection day, at the same time, as soon as possible after serum separation. If necessary,
serum samples were stored at 4 °C for a maximum of two days and centrifuged again
before testing to remove fibrins or red blood cells.

2.2. Manual MAST-CLA method

The MAST-CLA method used previously with the food and inhalant panel was
performed with a MAST-CLA® allergy system kit (Optigen™ assay, Hitachi Chemical
Diagnostics, Inc, Mountain View, CA). Thirty-eight cellulose threads coated with
allergens were arranged on the test chamber called MAST pette. The positive control,
the negative control and the anti-total IgE antibody were attached on the first, second
and third lines, respectively. Each of the 35 allergens was attached on subsequent
threads.

MAST pettes were filled with 1.4 ml of patient serum and incubated at room tem-
perature for 16–24 h. Each was then washed 3 times with wash buffer. Samples were
incubated for 4 h with anti-IgE enzyme labeled with horseradish peroxidase and
washed 3 times. After the addition of substrate and reaction for 30 min at room tem-
perature, signal was detected by a MAST-CLA luminometer. The results were inter-
Table 2
Frequency of positives for allergen-specific IgE antibodies by age group

Panel Inhalant Panel Food Panel

Age No.
tested

No. (%) of positivity of MAST-
CLA

No.
tested

Manual AP720S

b10 2 2 (100.0) 2 (100.0) 5
10≤–b20 10 10 (100.0) 10 (100.0) 5
20≤–b30 3 3 (100.0) 3 (100.0) 3
30≤–b40 0 0 0 3
40≤–b50 1 1 (100.0) 0 (0.0) 0
50≤–b60 3 1 (33.3) 2 (66.7) 2
≥60 1 1 (100.0) 1 (100.0) 1
Total 20 18 (90.0) 18 (90.0) 19
preted as classes 1, 2, 3 and 4 according to the reactive density. Class 1 is minimal 1+
reactivity and class 4 is strong 4+ reactivity. Based on hospital experience, results from
standards, and other data [14] that showed that class 1 results might be observed in
healthy subjects who lacked clinical evidence of allergic disease, we decided to make
class 2 the positive result cut-off point.

2.3. Automated AP720S method with MAST Optigen reagent

The automated AP720S method steps were similar to the manual MAST-CLA. The
major differences were a decrease in the required sample amount and a decrease in the
test duration. The AP720S required 500 µl of serum sample for the 35 allergens and
replaced cellulose threads with a polystyrene solid phase in the MAST pette chamber.
Serum sample reaction time was reduced from 16–24 to 2 h. Reaction time with the
photoreagent was shortened from 30 to 10 min due to improvements of the new
reagents. The total incubation time of the manual MAST-CLA method was 20 h and
30 min, whereas that of the automated AP720S method was 4 h and 20 min.

2.4. Comparison of automated AP720S results with the manual MAST-CLA results

We compared the manual MAST-CLA and automated AP720S results for each
subject's serum and determined the concordance rate using a luminometer. All 20
MAST pettes were examined simultaneously within 1 h after addition of chemilumi-
nescent agent, to eliminate observational lumino-density errors.

3. Results

3.1. Frequency of positives for allergen-specific IgE antibodies

Twenty-six subjects (66.7%) assayed using the manual MAST-CLA
and 24 subjects (61.5%) assayed with the AP720S with MAST-Optigen
system were observed to have allergen-specific IgE antibodies above
class 2 for at least 1 allergen. The frequency of positives by sex were 13
male subjects (68.4%) and 14 female subjects (70.0%) with the manual
MAST-CLA, and 12male subjects (63.2%) and 12 female subjects (60.0%)
Total

No. (%) of positivity of
MAST-CLA

No.
tested

No. (%) of positivity of
MAST-CLA

Manual AP720S Manual AP720S

2 (20.0) 1 (20.0) 7 3 (42.9) 3 (42.9)
3 (60.0) 2 (60.0) 15 13 (86.7) 12 (86.7)
2 (66.7) 1 (33.3) 6 5 (83.3) 4 (66.7)
1 (33.3) 1 (33.3) 3 1 (33.3) 1 (33.3)
0 0 1 1 (100.0) 0 (0.0)
1 (50.0) 1 (50.0) 5 2 (40.0) 3 (60.0)
0 (0.0) 0 (0.0) 2 1 (50.0) 1 (50.0)
9 (47.4) 6 (31.6) 39 26 (66.7) 24 (61.5)



Table 4
Frequency of positives for allergen-specific IgE antibodies by allergen

Inhalant Panel Food Panel

Allergen % of positivity Allergen % of positivity

MAST-CLA AP720S MAST-CLA AP720S

D. farinae 85% 65% D. farinae 31.6% 26.3%
D. pteronyssinus 70% 55% D. pteronyssinus 31.6% 15.8%
Housedust 70% 55% Dog 31.6% 5.3%
Dog 35% 15% Housedust 21.1% 10.5%
Cat 20% 15% Cat 21.1% 5.3%
Mugwort 20% 15% Cockroach mix 10.5% 10.5%
Cockroach mix 20% 0% Short ragweed 10.5% 5.3%
Dandelion 10% 0% Alternaria 10.5% 0%

Aspergillus 10.5% 0%
White oak 10.5% 0%
Rye 10.5% 0%
Mugwort 5.3% 10.5%
Crab 0% 10.5%

Table 6
Allergens that showed a change

Inhalant Panel Food Panel

MAST-CLA (old) AP720S (new) MAST-CLA (old) AP720S (new)

Poplar mix Cottonwood east Citrus mix Orange
Onion mix Buckwheat
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with the AP720S with MAST-Optigen. Analysis of the subject–age
distribution of positives showed that the 10–30 year-old group had
the highest frequency of positives from the inhalant panel, and the
20–30 year-old group had the highest positives from the food panel
(Table 2).

Assessed by reactivity, using the manual MAST-CLA gave 90%
positives from the inhalant panel, and 47.4% positives from the food
panel. The inhalant panel gave 90% positives, and the food panel gave
31.6% positive using the automated AP720S. More frequent positivity
were noticed from inhalant panel (Table 2). The highest number of
positive allergens fromthe inhalant panel for both themanualMAST-CLA
and the automated AP720S was 3 allergens. Three allergen positive
samples were 27.8% for the manual MAST-CLA and 38.9% for the
automated AP720S. The highest number of positive allergens from the
food panel was 2 allergens with the manual MAST-CLA (44.4%), and 1
allergen using the automated AP720S (50.0%, Table 3).

farinae (D. farinae) was themost frequently positive allergen on the
inhalant panel and on the food panel, by both manual MAST-CLA and
automated AP720S. The inhalant panel showed relatively higher
positivity than the food panel (Table 4).

3.2. Allergen-specific IgE antibodies for each subject by manual MAST-CLA
and automated AP720S

Table 5 summarizes the allergens that showed class differences of
N2 levels for the manual MAST-CLA and the automated AP720S. Those
allergens that changed are described in Table 6. All results from the
Inhalant Panel and the Food Panel are schematized by subject in Figs.1
Table 5
Allergens showing a class difference of more than two levels

No. of
patients

Inhalant Panel allergen Food Panel allergen

1 Rye cultivated, Pigweed mix,
Dandelion, Short ragweed,
Alternaria, Aspergillus, Cladosporium,
Penicillium

Egg white, Shrimp, Tuna, Garlic,
Cladosporium

2 Crab, White oak, Rye, Short ragweed,
Alternaria, Aspergillus, Cat, Cockroach
mix, Housedust

3 D. farinae D. farinae, D. pteronyssinus
4 Dog, Cockroach mix,

D. pteronyssinus
5 Dog
6 Housedust
and 2, respectively. They suggested that subjects' results tended to be
lowered by 0.5–1 class level when the automated AP720S using MAST
Optigen systemwas used. These results were considered as a favorable
improvement because the nonspecific weak reactivity was reduced.

3.3. Concordance rate of positive results between the manual MAST-CLA
and the automated AP720S

The food panel consisted of 33 allergens and the inhalant panel
consistedof 34 allergenswere compared and evaluatedby both systems.
Using class 2 as the cut-off level for a positive result, Table 7 shows the
concordance rate of positive results between themanualMAST-CLA and
the automated AP720S. From the food panel, 9 subjects (47.4%) showed
the same result, or a 100% concordance, for all items from the 2
equipment systems, and 8 subjects (40.0%) showed 100% concordance
on Inhalant Panel items. Sixteen subjects (84.2%) had a concordance rate
of greater than 91% for food panel allergens, and 18 (90.0%) for inhalant
panel items. No subject had a concordance rate of b50%.

4. Discussion

The immunologic mechanisms by which allergen diseases cause
inflammatory reactions are IgE antibodies, mast cells, inflammatory
mediators, IgG or IgM immune-complexes, complement, neutrophils,
and effector T lymphocytes or lymphokines. The MAST-CLA assay
measures allergen-specific IgE antibodies [15]. The exposure routes of
allergens that cause allergen diseases are inhalation, injection,
ingestion, direct contact, among others; primarily, inhalation results
in the production of IgE antibodies [16].

In this study, the most frequent allergens that gave positive IgE
results were dermatophagoides and housedust, consistent with an
earlier report [17]. Using the manual MAST-CLA, seven subjects were
found to have a positive reaction against cat allergen, and 85.7% of these
were positive for dermatophagoides and housedust. If the cut-off level
for Dermatophagoides pteronyssinus (D. pteronyssinus) was lowered to
class 1 [18], all subjects who were cat allergen-positive would also test
positive for dermatophagoides and housedust. When analyzed with the
automated AP720S, four subjects had a cat allergen-positive response,
and of these, 75% showed positive results for dermatophagoides and
housedust. Similarly, if the cut-off level forD. pteronyssinuswas lowered
from class 2 to class 1, three subjects (75%) who were positive for cat
allergen would also be positive for dermatophagoides and housedust
allergens. The class level results for each subject using the automated
AP720S and the manual MAST-CLA are listed in Table 8. These results
suggest cross-reaction with dermatophagoides. This is supported by a
previous study that suggested that the P1 antigen of the major allergen
of D. pteronyssinus has a common antigenic epitope with the major
antigen of D. farinae [19]. In addition, most subjects with cat allergen-
positive results showed a positive reaction against dermatophagoides.
There have been reports of cat allergens contaminated with dermato-
phagoides and housedust [20,21], which our study could not rule out. To
resolve this, increasing the subject number and using more specific
evaluation methods to detect the allergen without cross-reactions and
contamination are needed.

The purpose of this study were to evaluate 2 methods, the manual
MAST-CLA and the automated AP720S using MAST Optigen reagent for
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Table 8
D. farinae, D. pteronyssinus and housedust allergens results for a subject with a positive
cat allergen result

Patient Automated AP720S class/manual MAST-CLA class

Cat D. farinae D. pteronyssinus Housedust

Inhalant Pt. 11 3/4 4/4 3/4 2/3
Inhalant Pt. 12 4/4 0/3 0/trace 0/4
Inhalant Pt. 18 4/4 4/4 4/4 4/4
Food Pt. 10 0/2 0/2 0/2 0/1
Food Pt. 12 1/2 0/trace 0/1 0/1
Food Pt. 16 0/2 4/4 4/4 4/4
Food Pt. 17 4/4 4/4 4/4 4/4

Abbreviation: Pt, patient.
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concordance rate and examiner convenience.We found that to optimize
theperformance of the automatedAP720S, an alarm system is needed to
determine if each pette is completely and correctly installed. When a
pette was installed, visual confirmation was required by the examiner
which introduced uncertainty. Also, the buffer and waste bottles were
not large enough for general hospital use, since the bottles must be
emptied every 30 pipettes. To improve the convenience and test
performance, we recommend changes to the above limitations.

This study showed that most food and inhalant panel allergens
showed a concordance rate of N90% between the automated AP720S and
the manual MAST-CLA systems. The AP720S decreased the total
performance time by eliminating 80% of the incubation period, which
improved convenience to the examiner. Moreover, it is expected that the
falsepositive ratewill decrease for the foodpanel items. In thenear future,
through multi-directional studies of patients with allergic diseases, and
increases in sample numbers, more exact conclusions can be made.

When total IgE value measured by RIA and by MAST-CLA were
evaluated by regression analysis, the r2 were 0.333 and 0.311,
respectively [22]. Because of this statistical insignificance, the total
IgE was not analyzed by MAST-CLA in this study.

The establishment of a standard cut-off class for positive results
should be resolved for future studies. In this work, class 2 was used as
the positive result cut-off level, following Park et al. [23], and in
keeping with the current trend to use class 2 as the general clinical
adjusted cut-off level. Some reports have used the adjusted class 1 as
the positive cut-off level [24–26], increasing the positive rate of allergy
disease patients dramatically. In class 1 adjusted reports [26],
however, even non-allergic disease patient groups showed a 37%
positive rate. A high positive rate like this in the non-allergic group
requires considerable statistical correction. Clearly, using class 1 as a
cut-off level requires correction for false-positives.

Recently, it was hypothesized that the ROC (receiver operating
characteristic) curve should be used to determine a reliable MAST-CLA
positive cut-off level, based on statistical considerations [18]. When
the ROC curve was adjusted for the three most common allergens, the
best sensitivity and specificity results were as follows: D. farinae, class
2; D. pteronyssinus, class 1; and cockroach mix, trace. Therefore, the
positive cut-off level for considering all allergens should be at least
class 2, to minimize false positives.

Because of the absence of a reference method and reference
material for the allergen test, positive results cannot be absolutely
confirmed for anymethod. In the near future, quality control materials
and an external quality control survey will be introduced to minimize
differences between laboratories [27]. Accuracy and reproducibility
are essential for all clinical laboratory tests, and in vitro multiple-
allergen screening tests with serum should also be verified.

In conclusion, the results from the automated AP720S showed a
good concordance rate with those from themanual MAST-CLA kit, and
Table 7
Concordance rate of positive results between the manual MAST-CLA and the automated
AP720S

Concordance rate (%) Food (no. of subject) Inhalant (no. of subject)

100 9 8
91–99 7 10
81–90 1 1
71–80 2 0
61–70 0 1
51–60 0 0
41–50 0 0
31–40 0 0
21–30 0 0
11–20 0 0
1–10 0 0
0 0 0
Total 19 20
the AP720S system was more convenient. For specimens that are
below the class 2 level, the new automated MAST-CLA system
decreased reactivity by 0.5–1 class. Other improvements over the
manual MAST-CLA kit were minimal false positive results, almost
complete automation of the test, and a lower specimen volume
requirement, which was especially useful for testing children.
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