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Summary

The MAGIC LITE system, a newly developed immunochemiluminometric assay for
specific and total IgE antibody using paramagnetic particles coupled with standardized
allergens as solid phase, was compared to the CAP system, a recently introduced
immunoassay based on a cellulose polymer encased in a capsule. A total of 357 serum
samples of patients with suspected inhalant allergies and a positive skin prick test (SPT)
to common allergens (birch, timothy-grass, mugwort, cat dander, Dermatophagoides
pteronyssinus, Alternaria) were investigated. Fifty SPT negative subjects served as
controls (total number of tests in each assay = 1600). Both assays were highly precise
(overall intra-assay and inter-assay coefficients of variation were 2:9% and 4-5% in
MAGIC LITE, 4-7% and 5-5% in CAP) and showed excellent linearity (mean r* of
eightfold log, serum dilutions were 99:7% and 99-3% in MAGIC LITE and CAP).
Good correlations were found between the absolute specific IgE antibody values
detected by both methods (correlation coefficient r: birth 0-86, grass 0-93, mugwort 0-96,
cat 091, D. pteronyssinus 0-73, Alternaria 0-90). Excellent specificity (= 98%) occurred
in both assays and with all allergens, and sensitivity was related to the allergen (MAGIC
LITE/CAP): birch 91%/89%, grass 83%/90%, mugwort 50%/69%, cat 83%/83%,
D. pteronyssinus 72%/78%, Alternaria 75%/81%. Our results indicate that both in vitro
tests are useful tools for the detection of specific IgE antibody.
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Introduction

The determination of specific serum IgE antibody repre-
sents the most important in vitro method for the diagnosis
of IgE mediated hypersensitivity. Over the past two
decades the RAST became the standard technique for the
measurement of allergen specific IgE antibody [1]. How-
ever, the sensitivity of the RAST was limited by the solid
phase used (simple paper discs of cellulose) and did
neither allow an efficient automation nor a software based
data management [2]. Recently two immunoassays for the
detection of allergen specific IgE antibody were intro-
duced, the CAP system (Pharmacia Diagnostics, Upp-
sala, Sweden) and the MAGIC LITE system (ALK
Laboratories, Hersholm, Denmark). Both systems pro-

Correspondence: Professor Dr G. Kunkel, Universititsklinikum
Rudolf Virchow, Abteilung fur klinische Immunologie und Asthma-
Poliklinik, Augustenburger Platz 1, 1000 Berlin 65, Germany.

mised increased sensitivity, specificity and efficiency
together with high precision and linearity [3-9]. The
allergens used in both methods are coupled as standard-
ized extracts to the solid phases, since the quality of solid-
phase immunoassays is largely dependent on the quality
of allergens [10,11]. The solid phase used in the CAP can
bind three times more protein than a paper disc used for
the Pharmacia-RAST [3], while the IgE antibody binding
capacity of the allergen coupled solid phase of MAGIC
LITE is at least four times higher than a commercial
paper disc [5]. No interference with non-specific IgE
antibody up to 20 000 IU/ml was observed, and crossreac-
tivity with other immunoglobulins was less than one per
million and one per two million for MAGIC LITE and
CAP, respectively [3,5]. Both assays are rapid (CAP: 4 hr,
MAGIC LITE: 2 hr) and accurate, using small volumes of
undiluted serum samples (CAP: 50 ul. MAGIC LITE: 25
ul) [3.5]. Considering SPT as the “true diagnosis’, the same
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sensitivity, specificity and efficiency for MAGIC LITE
and RAST were found for 10 inhalant allergens [7]. In
addition to highly significant correlations between CAP
and RAST (r: 0:-87-0-99), the sensitivity and specificity of
CAP with regard to SPT with standardized inhalant
allergens were even better than those found using the
RAST. Therefore, it has been concluded that CAP is a
superior system to RAST for measuring IgE antibodies
[4.9]. MAGIC LITE was compared to the CAP assay
using 357 serum samples for the detection of specific IgE
antibodies to six common inhalant allergens of northern
and western Europe to determine which test system might
produce results of increased clinical relevance. The
diagnosis of allergy was determined by two approaches
dependent on the allergen specificity. In the case of birch,
timothy and cat, an allergy was defined by a positive
clinical history plus a concordantly positive SPT. In the
case of mugwort, Alternaria and house dust mite, where
clinical history is less definitive, a positive SPT was used
as the sole criterion for the presence of allergic disease.

Methods and materials

Both assays for the determination of specific IgE anti-
body, MAGIC LITE and CAP, consist of immunoassay
reagents, partial automation and information manage-
ment software, using MS-DOS compatible IBM com-
puters. Undiluted sera were assayed in duplicate in a
blinded fashion for IgE antibodies against the suspected
allergen(s).

Methods

MAGIC LITE is a rapid immunochemiluminometric
assay for the detection of specific IgE antibody. The
allergens are covalently bound to paramagnetic particles
[12], which allows their separation without centrifugation
and the reaction with the specific IgE antibody in serum.
In brief, the allergen solid phase (250 ul) is washed, and 25
ul of either the test serum. the standards or the control
serum are added and the mixture is incubated at room
temperature (approximately 20°C) for 30 min. After
another washing procedure, a specific anti-human IgE
monoclonal antibody labelled with acridinium ester as
the chemiluminescent compound [13] is added and incu-
bated at room temperature, then washed two times.
Demineralized water is added and the light reactions of
the samples are detected in a chemiluminometer (Ciba
Corning, Germany) by automatic addition of an oxidat-
ing reagent (H-O-) and determination of photoemmis-
ston at 426 nm [14]. The assay uses a two point adjustment
based on an extended standard curve [14,15]. is equili-
brated against a Timothy Grass Reference serum, and

Table 1. Absolute values of specific IgE antibody, detected by
MAGIC LITE and CAP, and their transformation into class
levels according to the instructions of the manufacturers.

MAGIC LITE CAP
[SU/mlI] Class [kKUA/M] Class
<143 0 <0-35 0
1-44-4-0 | 0-36-0-7 |
4-01-20-0 2 0-71-3-5 2
20-01-100-0 3 3-51-17-5 3
100-01-300-0 4 17-51-50-0 4
= 300-0 5 50-10-100-0 5
> 100-0 6

SU/ml: standardized units of specific IgE/ml. kU4/I: kilo units
of allergen specific I1gE/L

measures specific IgE antibody in concentrations from
1-43 to 800 standardized units per millilitre (SU/ml) and
allergy classes from 0 to 5 (Table 1).

CAP, a recently developed immunoassay for the
detection of allergen specific IgE antibody, uses cyano-
genbromide-activated cellulose derivatives as the solid
phase encased in a capsule (ImmunoCAP). The fluoro-
immunoassay version was used. Test sera (50 ul) and
standards are incubated at room temperature with the
ImmunoCAP for 30 min before being washed. For the
determination of allergen-bound IgE antibody, specific
combinations of polyclonal and monoclonal anti-1gE (Fc
specific) antibodies labelled with beta-galactosidase are
added. After a second incubation of 150 min, the
ImmunoCAP is washed and the substrate, 4-methylum-
belliferryl-beta-p-galactoside, is added. After 10 min, the
reaction is stopped and the fluorescence detected in a
fluorometer (FluoroCount Pharmacia, Sweden). The
assay can also be performed as a radioimmunoassay. The
standard curve is equilibrated against the WHO standard
for total IgE antibody and measures specific [gE antibody
in concentrations from 0-35 to 100 kilo units, per
millilitre (kU »/ml) and allergen classes from 0 to 6 (Table

1).

Allergens

The efficiency of immunoassays for the detection of
specific IgE antibody is highly dependent on the allergens
used, which have to be recognized only by specific IgE
antibody avoiding binding to non-allergen specific IgE
antibodies. Due to the large number of different allergens
itis possible to use, a clinical study investigating every IgE
antibody specificity seemed impractical. Thus, the follow-
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Table 2. (a) Intra-assay coefficients of variation (IACV) were calculated by determinations of six sera
per allergen 10 times in the same assay run. (b) Inter-assay coefficients of variation (IECV) were
detected by single determinations of three sera per allergen in five different assay runs. (c) Linearity is
expressed as the average of the squared linear correlation coefficient (?) after determination of four
sera plus eight log.-dilutions per allergen. (d) Specific IgE antibody levels were expressed in classes
according to the instructions of the manufacturer (Table 1), concordance between classes (k) was

calculated for each allergen.

(a) (b) (c) (d)
Intra-assay Inter-assay Class concordance
precision precision Linearity (ML versus C)

ML [ ML C ML C n k P

(TACV [%]) (IECV [%]) (r* [%])
Birch 2:3 39 2-8 43 99-7 99-8 78 061 <0-001
Timothy grass 30 23 21 4-5 99-8 99-6 78 0-74 <0-001
Cat dander 30 34 11-8 T2 99-:9 99-5 71 0-81 <0001
D. pteronyssinus 26 -] 2:] 4-3 99.7 99-7 58 0-47 <0001
Alternaria 2-8 56 1 73 99-0 977 36 0-47 <0001
Mugwort 36 56 32 56 99-8 99-7 36 0-62 <0-001

ML, MAGIC LITE. C, CAP.
n, number of samples.

ing representative allergens of major importance were
chosen for the comparison of both immunoassays:

Birch (t; )—Betula verrucosa

Timothy grass (g¢)—Phleum pratense

Mugwort (wg )—Artemisia vulgaris

Alternaria (mg )—Alternaria tenuis

Cat (e, )—Felis domestica

House dust mite (d, )—Dermatophagoides pteronyssinus

Samples

Three hundred and fifty-seven serum samples from
patients with suspected inhalant allergies (n=285, 120
females, 165 males. age 11-54 years, mean, 28 years) and a
positive SPT to one or several common allergens were
evaluated. Fifty SPT-negative subjects (21 females, 29
males, age 15-62 years, mean, 31 years) served as
controls. Each serum sample of 5 ml was divided into 0-5
ml portions and stored at —20'C until specific IgE
antibody determination.

Diagnosis of allergy

The characterization of patients and the diagnosis of
allergy were based on case history and SPT. All patients
had respiratory symptoms and suffered from rhinitis and/
or asthma. Skin prick tests were performed with glyceri-
nated extracts purchased from Allergopharma (Reinbek,

Germany) and ALK* (Horsholm, Denmark) including a
histamine solution (1 mg/ml) and physiological saline as
positive and negative controls, respectively. The inhalant
seasonal and perennial allergens prevalent in northern
and western Europe were tested: birch, timothy grass,
mugwortpollen, cat*, dog*, horse-dander*, two house
dust mite species, D. pteronyssinus and D. farinae, and
Alternaria®. None of the patients had taken medications
which might interfere with SPT results [17]. Skin tests
with the allergen extracts listed above were done in all
patients included in the study. They were considered to be
positive when the weal size induced by the allergen was at
least > 100% of the weal size induced by the histamine
positive control.

Study design

To compare both immunoassays with respect to assay
precision, assay linearity, and concordance as well as
sensitivity, specificity and efficiency with relationship to
the clinical diagnosis, every serum sample was assessed
for allergen specific IgE antibodies using both assays in
parallel. All data were analysed following log transforma-
tion.

Intra-assay and inter-assay variation. After determination
of six sera per allergen 10 times in the same assay run,
single coefficients of variation were calculated using the
formula, 100 x s.d. divided by the mean, and summarized
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Fig. 2. Precision profile of two immunoassays, the CAP- and the MAGIC LITE-system, for the detection of specific IgE antibodies.
IACVs and IECVs (coefficients of intra- and inter-assay variation) were depicted in relationship to the mean of the specific IgE

antibody levels.

to obtain one intra-assay coefficient (IACV) per serum.
The mean IACYV for each allergen was calculated.

Single determinations of three sera per allergen in five
different assay runs and their average were used to
determine coefficients of variation. After summarizing
these data to obtain one coefficient per serum sample, the
mean inter-assay coeflicient of variation (IECV) for each
allergen was calculated. To demonstrate, in how far the
variation depends on the height of the specific IgE
antibody levels, precision profiles were depicted for both
tests [18].

Linearity. Serial 1:2-dilutions were prepared using four
sera per allergen using commercial serum diluter (Phar-
macia, Sweden). After determination of these eight log,-
dilutions, linear regression analysis was used to calculate
the correlation coefficient (r): linearity is given by the
mean of the squared correlation coefficients (%).

Correlations of the absolute specific IgE antibody levels.
The absolute values of allergen specific IgE antibodies
were measured in duplicate and expressed in SU/ml
(MAGIC LITE) or kUux/1 (CAP) according to the
instructions of the manufacturer. The mean values were
correlated by regression analysis. In addition to the
correlation coefficient for each allergen, the slope of each
regression line was calculated. The negative results in
both assays and levels out of range in one or both assays
were excluded from the regression analyses to avoid fixed
correlations.

Concordance of specific IgE antibody classes. The absolute
IgE antibody levels were also expressed as classes based
on the instructions of the manufacturer (Table 1), because
these results are usually given as classes in the practice of
clinical allergy. CAP classes 5 and 6 were treated as one
class in order to have the same number of classes for both
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Fig. 3. Linear regression analysis between the absolute specific IgE antibody levels obtained by MAGIC LITE (y-axis) and CAP
(x-axis) following log transformation. Correlation coefficient: r. Slope of the regression line: s. Number of patients: n. The small
squares in the lower left corner include all specific antibodies values below the sensitivity levels of both immunoassays (MAGIC LITE
cut-off 1-43 SU/ml, CAP cut-off 0-35 kU, /ml). which are considered to be negative. The negative results in both assays and levels out
of range in one or both assays were excluded from the calculation to avoid fixed correlations. Dotted lines show the limits of the
scoring system. which are based on a transformation of SU/ml and kU 4/l into classes created by each manufacturer (see Table 1).
Allergens: t; birch, g, timothy grass, e, cat, d, house dust mite D. pteronyssinus, m, Alternaria, ws mugwort. In ts, g4, and e, the closed
triangles represent serum samples from patients with a positive case history plus concordant SPT: in d,. mg, and w, they represent
samples of SPT-positive subjects. The open triangles represent serum samples from individuals with a negative case history and a

negative SPT.

immunoassays. The class levels of both tests were listed in
5 x 5tables and used for the calculation of kappa by a test
of concordance.

Sensitivity and specificity. To calculate the sensitivity,
specificity and efficiency of both immunoassays [19] in
birch pollen-, grass pollen- and cat dander-allergy. only
serum samples of patients with either a definite clinical
history to the given allergen plus concordant positive
SPTs (allergic group) or from subjects with no history to
the given allergen plus negative SPTs (non-allergic group)
were analysed. For mugwort pollen, Alternaria and D.
pteronyssinus, in which the case history was not as clear as

for the allergens above, serum samples of patients with a
positive SPT to these allergens (allergic group) and
subjects without any allergic symptoms plus negative
SPTs (non-allergic group) were investigated. CAP and
MAGIC LITE classes were used to discriminate between
positive (class = 1) and negative (class =0) results.

Results
Intra-assay variation

Intra-assay precision is expressed using coeflicients of
variation based on the determination of six sera per
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Table 3. Comparison of MAGIC LITE and CAP results with the clinical diagnosis of
allergy, based on case history plus concordant SPT. H, Case history. S, SPT. E,
presence of specific IgE. Based on these data sensitivity, specificity and efficiency—

related to each allergen—were calculated.

Sens. Spec. Effic.

HS—E+ HS-—-E-— (%) (%) (%)

Allergen HS+E+ HS+E-—
MAGIC LITE
Birch 71 7
Timothy grass 65 13
Cat dander 59 12
CAP
Birch 69 9
Timothy grass 70 8
Cat dander 59 12

0 50 91 100 95
0 50 83 100 90
0 50 83 100 90
I 49 89 98 93
0 50 90 100 94
1 49 83 98 89

Table 4. Relation of MAGIC LITE and CAP results to the SPT results. S, SPT.
E, presence of specific IgE. For estimation of sensitivity, specificity and
efficiency, SPT was considered to represent the ‘true diagnosis’.

Sens. Spec. Effic.

Allergen S+E+ S+E- S—E+4+ S—E— (%) (%) (%)
MAGIC LITE
D. pteronyssinus 42 16 1 49 72 98 84
Alternaria 27 9 1 49 75 98 86
Mugwort 18 18 0 50 50 100 73
CAP
D. pteronyssinus 45 13 1 49 78 98 87
Alterarnia 29 7 1 49 81 98 89
Mugwort 25 11 0 50 69 100 83

allergen 10 times. The raw data for grass pollen allergy are
shown in Fig. la. The mean IACVs for all of the allergens
are depicted in Table 2a. As the absolute values for the
standard deviations were related to the size of the mean,
the precision profile in Fig. 2 demonstrates higher IACVs,
determined with samples of low IgE antibody concentra-
tions in both assays.

Inter-assay variation

The precision of the assays on different days of determina-
tion was investigated using three sera per allergen on five
different days (for grass pollen see Fig. 1b). The overall
IECVs for every allergen are shown in Table 2b. Coeffi-
cients of variation for specific IgE antibody measure-
ments with MAGIC LITE using a new batch of allergens

did not exceed 10%. The precision profile in Fig. 2 shows
that lower IgE antibody levels were related to a higher
IECV.

Linearity

Linearity of both assays was calculated by the determina-
tion of four sera with eight logs-dilutions per allergen
(data for grass pollen see Fig. 1c). After linear regression
analysis of the serum dilutions, the average of the squared
linear correlation coefficient (r*) is given in Table 2c for
each allergen.

Linear correlations

Negative results in both immunoassays, obtained by
investigation of the non-allergic control sera, and positive
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results which are out of range in one of the immuno-
assays, were excluded from the regression analysis, to
avoid fixed correlations. After linear regression analysis
of the absolute specific IgE antibody levels, the correla-
tion coefficient and the slope of the regression line were
calculated (Figs 2 and 3).

Concordance of class levels. The absolute values of specific
IgE antibody were also expressed in classes which were
used for the calculation of concordance between both
diagnostic tests. The coeflicients of concordance, kappa,
are depicted in Table 2d. For cat allergy, both immuno-
assays showed excellent concordance (kappa=>0-81).
Very good concordance (kappa>0-61) was found for
birch, timothy grass and mugwort pollen. For the
allergens of house dust mite and Alternaria, a good
concordance (kappa>0-41) was found between both
immunoassays.

Sensitivity and specificity. Based on the clinical findings
(case history and SPT results) the number of positive and
negative results of both immunoassays were determined
(Tables 3 and 4) and were used for the calculation of
sensitivity, specificity and efficiency. Excellent specificity
(>98%) was found for all allergens investigated. A very
good sensitivity (> 83%) was found in both immuno-
assays using birch pollen, timothy grass pollen and cat
dander. The other allergens showed good sensitivity
(>70%) except for mugwort pollen, in which the
MAGIC LITE results reached a sensitivity of only 50%.

Discussion

MAGIC LITE and CAP are immunoassays of very high
precision: no IACVs or IECVs exceeded 10% with the
exception of cat allergen using MAGIC LITE. Further-
more, most of the coefficients of variation, determined
with middle and high IgE antibody levels, were below 5%,
which underscores the high reproducibility of specific IgE
antibody determination by both test systems. IACVs and
IECVs for MAGIC LITE were found to be 7-5% and
8:9% in a former study [6]: no results were given with
regard to CAP. Nevertheless, the high precision of both
assays is shown by the present IACV and IECV data.
Excellent linearity was found using serially diluted serum
samples. After linear regression analysis of diluted aller-
gen specific IgE antibody, the »* values were greater than
99%. except for Alternaria (97-7%) detected with CAP.
Similar results were found with dilution recoveries
between 90 and 110% using MAGIC LITE [5].

Strong correlations were found between CAP and
MAGIC LITE for detection of specific IgE antibodies to
birch pollen, timothy grass pollen and cat dander, which

might be a result of using the same allergen source
(Allergon, Sweden). Also, the concordance between these
specific IgE antibody determinations expressed as classes
was excellent for cat dander and very good for birch and
timothy grass pollen. A weaker correlation between CAP
and MAGIC LITE was found for D. pteronyssinus
specific IgE antibody. In nine of 58 serum samples,
MAGIC LITE gave negative results in contrast to CAP,
while in three cases CAP values were negative compared
to MAGIC LITE. The lower class concordance (0-41)
suggests that the discrepancies might be due to different
preparations of the allergen used in the immunoassays.
Similar findings occurred with Alternaria and mugwort
allergy: negative IgE antibody levels as well as lower IgE
classes were found more often using MAGIC LITE,
instead of rather good correlations, which were obtained
by comparing the absolute specific IgE antibody levels
towards both allergens. A recent study investigated
whether the low amounts of circulating specific IgE
antibody measured by CAP, but not confirmed by SPT,
might be a result of technical errors. The authors stated
that the CAP results were indeed specific and agreed with
the case history of hypersensitivity [9]. Discussion of the
discrepancies in class concordance is difficult because the
classification of specific IgE antibody levels requires the
creation of arbitrary limits by the manufacturer of the test
system. CAP classes between 0 and 4 are based on RAST
classes [3]. which were also based on arbitrary cut-off
levels known as Phadebast-RAST-Units per millilitre. An
international standardization for the detection of allergen
specific IgE antibodies has not yet been developed.
However, the manufacturer of the CAP-system uses kU 4/
| for quantifying specific IgE antibodies, because the
standard curve of their assay is calibrated against the
WHO standard for total IgE antibody [3]. Different
affinities of specific IgE antibody for the coupled allergen
raise the question of whether allergen specific IgE anti-
body levels can be reported in units similar to the
international standardization used for total IgE antibody
values.

For birch, timothy grass pollen and cat dander, good
correlations were found between the specific IgE antibody
levels obtained by both immunoassays and the clinical
diagnosis, based on the history plus concordant SPT to
the specific allergen, providing information which
appears to be as accurate as provocation tests [20]. While
rather high sensitivities with only marginal differences
between both assays were detectable for these allergens,
the excellent specificity might be due to our study design,
which included only sera from non-allergic subjects with
no positive SPT reactions as negative controls. Low total
IgE antibody levels will occur in this group, avoiding
interference by non-specific IgE antibody in both assays,
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which might occur if sera from allergic individuals with
elevated total serum IgE antibody levels were used.
However, no interference in the assay ‘CAP’ by elevated
total serum IgE antibody levels has been observed [3-5].
Similar and somewhat better results for both CAP and
MAGIC LITE with regard to assay sensitivity were found
in comparison to RAST [4,9], when SPT was considered
as the true diagnosis [6]. The values for sensitivity
calculated in some of these studies were based on a small
number of positive serum samples [4,6,8,9], limiting clear
cut conclusions about the quality of an in virro assay.
Unfortunately, results from other studies comparing
MAGIC LITE and CAP are not available. Besides an
excellent specificity for D. pteronyssinus and Alternaria, a
good and quite comparable sensitivity was calculated for
both immunoassays. The poor sensitivity in detecting
mugwort specific IgE antibody especially with MAGIC
LITE may be due to the fact that different allergen
preparations were used for the in vitro tests and the SPT.
Similar discrepancies were also found for olive pollen in
another study [4], that might be due to different allergen
sources and differences in their quality. i.e. the composi-
tion of individual allergens.

In addition to the fact that the size of the weal taken as
positive will determine the incidence of positive SPT
reactions, these test results are not invariably equated
with clinical relevant allergy. A study including provoca-
tion tests would give a more accurate diagnosis for
‘clinical allergy” and would help in the evaluation and
interpretation of a positive in vitro test result [8]. In cases
of sensitization to D. pteronyssinus, Alternaria and
mugwort indicated by SPT, there may be a number of
atopic subjects who have no evidence of the clinical
allergy in question at the time of investigation, emphasiz-
ing the importance of the history in the interpretation of
any test for specific IgE antibody.

Both test systems, MAGIC LITE and CAP, offer
advantages of speed, efficiency and automation over older
solid phase systems for IgE antibody measurement. Since
excellent precision, linearity, and good concordance
between the in vitro results were found for the allergens
studied, both assays appear to have many advantages
over former methods for the detection of allergen specific
IgE antibodies.
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