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Abstract. Dermatophagoides farinae, or the American house dust mite, is a common cause of allergy and
asthma. Current tests for sensitization to D. farinae include an indirect enzyme-linked immunosorbent as-
say (ELISA) method for specific IgE detection, which, while clinically useful, is time-consuming and has
low sensitivity since it uses crude mite extracts. We developed two new ELISA methods to detect the group
2 allergen from D. farinae (Der f 2) and the Der f 2-specific IgE in sera of patients with asthma. Using re-
combinant Der f 2 protein for the analysis of Der f 2-specific IgE, we tested both indirect ELISA and avidin
biotin complex ELISA (ABC-ELISA) methods in 46 patients who were also tested by Pharmacia UniCap.
Both of these approaches are more specific than traditional methods using crude mite extracts. These new
tests could aid in the laboratory diagnosis of asthma due to sensitization to D. farinae.

Introduction

Dermatophagoides commonly live in human habita-
tions. Their excreta, metabolites, and bodies have
strong allergenicities, causing allergic asthma, aca-
rodermatitis, allergic rhinitis, and other allergic
diseases. Indeed, 10-20% of the global population
suffers from these diseases [1, 2].

At least 23 groups of dust mite allergens have been
identified in the two predominant dust mite spe-
Dermatophagoides Jarinae and
Dermatophagoides  pteronyssinus  (IUIS ~ Allergen
Nomenclature Sub-Committee htep://www.aller-
gen.org/). Allergen groups 1 and 2 are confirmed to
be major components, binding to 80 to 90% of
subjects who have antibodies to house dust mite
extracts [3]. A variety of clinical examinations exist

cies,

to detect sensitization to these allergens. /n vivo al-
lergen tests include the intradermal test, prick test
[4], patch test, and provocation test [5]; in vitro ex-
periments include the basophilic granulocyte hista-
mine release experiment, radiation allergen absorp-
tion assay [6], Pharmacia Unicap [7], and ELISA
(8].
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ELISA is commonly used to analyze specific IgE in
the patients' sera. The current application of indi-
rect ELISA to determine Der fspecific IgE has
been widely employed in clinical practice and sci-
entific research. Although current methods are
simple and require no special equipment, they re-
quire considerable time and have low sensitivity
and specificity due to natural allergen extracts
composed of complex components [9]. Thus, a new
approach using recombinant allergens was tested to
determine whether it would confer higher specific-
ity and sensitivity and thus aid in the clinical diag-
nosis of dust mite allergies and asthma. Here, we
describe two novel ELISA methods based on the
development of recombinant D. farinae group 2
allergen.

Materials and Methods

Sample collection. Fasting venous blood (5 mL)
was collected from 46 asthma patients diagnosed
by the First Hospital of Shanghai, Shanghai
Jiaotong University. The study Han Chinese popu-
lation included 30 males and 16 females, ages 7 to
56 years (mean age 29.6+12.1 years), who had nev-
er received specific immunotherapy for D. farinae.
All patients were tested with Pharmacia UniCap
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Figure 1. OD450 values for different test conditions (concentration or dilution) in indirect ELISA (A-C) and ABC ELISA
(D-G) methods. A: Coating buffer; B: Serum; C: Anti-human IgE-HRP; D: Coating buffer; E: Serum; F: Anti-human
IgE-biotin; G: streptavidin-HRP.
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Table 1. Detection of Der | 2-specific IgE in sera of patients with asthma by indirect ELISA and ABC ELISA

with recombinant Der f 2 protein.

UniCap ABC Indirect ELISA Total
Status ELISA + -
UniCap Pos + 35 2 37

- 1 1 2
UniCap Neg + 0 0 0

- 0 7 7
Total 36 10 46

for allergy to D. farinae; 39 patients tested positive
(UniCap Pos) and 7 tested negative (UniCap Neg)
(see [10] for determination criteria). Serum was
separated from each sample, then stored at -80 °C
for future use. Positive reference serum was a pool
of 5 serum samples from children with asthma who
had positive skin tests to recombinant Der {2 and
had never received specific immunotherapy.
Negative reference serum was a pool of 5 umbilical
serum samples from children whose mothers had
no genetic allergic history. Human subjects re-
search was approved by the Institutional Review
Board of the First Hospital of Shanghai, Shanghai
Jiaotong University.

Recombinant protein. Recombinant D. farinae
group 2 (Der f 2) allergen protein was developed
according to previous methods [11]. Recombinant
Der f 2 was diluted to working concentrations of 5,
10, and 15 pg/mL.

Indirect ELISA. For indirect ELISA, 100 pL of
Der {2 recombinant protein were added in 48-well
microtiter plates as coating buffer. Plates were
placed at 4 °C overnight, then washed 3 times for
5 minutes each with washing liquid (1x PBS solu-
tion, 0.02% Tween-20). Next, wells were covered
with 300 pL sealing solution (wash buffer contain-
ing 3% BSA) and incubated at 4 °C overnight. 100
pL reference sera was added before incubation at 37
°C for 2 hours, followed by washes as described
above. For detection, 100 pL anti-human IgE-
HRP (Sigma, St. Louis, MO) was added. Plates
were then incubated at 37 °C for 2 hours and
washed as previously described. 100 pL enzyme

substrate solution (tramethylbenzidine, TMB) was
added to develop the HRP, and the plates were in-
cubated at 37 ©C for 30 minutes. 100 pL stop solu-
tion (2NH,SO,) was added. ELISA analyzer (RT-
2100C, Lorderan Scientific Instrument Co., Ltd.,
Shanghai, China) was zeroed with PBS. Optical
density was measured at 450 nm wavelength
(OD450) for 3 wells. The 3-factor and 3-level or-
thogonal table was used to design the crossover
trial protocol with various factors. The 3 factors
(three levels) were coating buffer concentration (5,
10, 15pg/mL), serum dilutions (1:1, 1:5, 1:10), and
anti-human IgE-HRP (1:1000, 1:2000, 1:4000).

ABC ELISA. For ABC ELISA, conditions were
identical except that instead of anti-human IgE-
HRP, 100 pL anti-human IgE-Biotin (Sigma) was
added, after which plates were incubated at 37°C
for 2 hours and washed as outlined above; then
100pL of Streptavidin-HRP (Sigma) was added,
after which plates were again incubated at 37°C for
2 hours. Additionally, the 4-factor and 3-level or-
thogonal table was used to design the crossover
trial protocol with various factors. The 4 factors
(three levels) were coating buffer concentration (5,
10, 15pg/mL), serum dilutions (1:1, 1:5, 1:10), anti-
human IgE-Biotin (1:1000, 1:2000, 1:4000), and
Streptavidin-HRP (1:1000, 1:2000, 1:4000).

Statistics. Using SPSS13.0 statistical software,
ANOVA analysis of the orthogonal design was
used to screen optimal experimental conditions,
and regression analysis was performed for positive
standard serum results of Der f 2-specific IgE (two-
sided tests, with test level o0 = 0.05, and P<0.05
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Figure 2. Standard curve of Der [ 2-specific IgE. A: Indirect ELISA; B: ABC ELISA.

considered as statistically significant). Optimal
ELISA methods were used to detect Der f 2-spe-
cific IgE positive standard serum and Der f 2-spe-
cific IgE in serum of patients with asthma. Each
plate included positive, negative, reference serum,
and PBS blank control, with 3 wells for each sam-
ple or reference serum, classified as positive and
negative according to the international sIgE grad-
ing criteria [7].

Results

Optimal ELISA conditions. In considering the
primary efficacy of indirect ELISA, coating buffer
concentration  (F=107.490), serum dilution
(F=16.247), and anti-human IgE-HRP dilution
(F=66.725) all had statistically significant effects
on the experimental results (P<0.05). Optimal ex-
perimental conditions for this technique were as
follows: coating buffer concentration of 10 pg/mL,
serum dilution of 1:5, and anti-human IgE-HRP
dilution of 1:1000 (Figures 1A-C). For ABC
ELISA, coating buffer concentration (F=2768.575),
serum dilution (F=773.288), anti-human IgE-
Biotin dilution (F=1443.772), and streptavidin-
HRP dilution (F=731.209) all had statistically sig-
nificant effects on the experimental results (2<0.05).
Optimal experimental conditions for ABC ELISA
were as follows: coating buffer concentration of 15
pg/mL, serum dilution of 1:5, anti-human IgE-
Biotin dilution of 1:1000, and streptavidin-HRP
dilution of 1:2000 (Figures 1D-G).

Linear range and sensitivity. We also determined
the linear range and sensitivity of indirect ELISA
and ABC ELISA with recombinant Der f 2.
Standard curves were made using standard serum
(1.66U/mL-100U/mL) of Der f 2-specific IgE
(Plasma Lab International; Figure 2). Regression
analysis was performed for the measured OD val-
ues and Der f 2-specific IgE concentrations.
Standard liquid (0 U/mL) was tested 10 times ac-
cording to the ELISA sensitivity calculation meth-

od [12] to obtain mean optical density (x) and

standard deviation (s) at zero; x +2s values were
calculated by interpolation. The regression coeffi-
cients of indirect ELISA and ABC ELISA were
0.987 and 0.986, respectively, and the calculated
sensitivity values were 0.72 U/mL and 0.69 U/mL.

Validation in human serum samples. Finally, we
evaluated our test method using samples from 46
asthma patients (39 UniCap- positive and 7
UniCap-negative patients). Of 39 UniCap-positive
patients, indirect ELISA confirmed 36 (92.3%)
and ABC ELISA confirmed 37 (94.9%) with posi-
tive Der f 2-specific IgE in serum (Table 1). All 7
(100%) UniCap-negative patients tested negative
for Der f 2-specific IgE in serum by both ELISA
techniques. Coincidence rates of indirect ELISA
and ABC ELISA methods were 93.5% (43/46 cas-
es) and 95.7% (44/46 cases), respectively.
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Discussion

Diagnosis of Der f-sensitized asthma relies on both
in vivo and in vitro methods. In vitro application of
allergen-specific IgE detection reagents, like the
Pharmacia UniCap specific IgE allergen detection
system, uses solid phase of polymer compounds
combined with a large number of allergens. This
approach has high sensitivity and good detection
efficiency compared to iz vivo methods; however,
the disadvantage of this method is that allergen
protein cannot be standardized nor made highly
specific.

Here, we designed the Der f 2-specific IgE detec-
tion reagents based on classical ELISA principles,
which can quantitatively analyze Der f 2-specific
IgE in serum with higher sensitivity and specificity
than traditional clinical tests using crude mite ex-
tracts. The ELISA microporous coating has suffi-
cient amounts of purified allergen proteins, thus,
during niche targeting determination of one spe-
cific allergen IgE in patient serum, ELISA has sen-
sitivity comparable to that of Pharmacia UniCap.
Purified recombinant and expressed allergen pro-
teins, like Der f 2, can solve the standardization
problem, representing a major improvement over
other systems, including Pharmacia UniCap.

Our indirect ELISA and ABC ELISA methods, us-
ing this recombinant protein as a coating agent,
produced sensitivities of 0.72 U/mL and 0.69 U/
mL and coincidence rates of 93.5% and 95.7%, re-
spectively. Thus, the established ELISA methods
using recombinant protein have good sensitivity
and coincidence rates in detecting Der f 2-specific
IgE, offering a diagnostic basis for asthma induced
by the Der f allergen. Additionally, if the HRP-
labeled anti-IgG antibody is used instead of the
HRP-labeled anti-IgE antibody, this method can
detect concentrations of specific sub-type IgG gen-
erated by the body during mite-specific immuno-
therapy. Even though allergen protein microarray
technology is now being used to screen for allergen
sensitivity in patients [13], the allergen-specific IgE
ELISA methods established in this study may still
improve diagnosis of the disease source. In addi-
tion, these methods can further be applied to de-
tect the therapeutic outcomes of specific
immunotherapy.
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