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Sensitization to Blomia tropicalis
among Asthmatic Patients in Taiwan

Abstract

House dust mites have been reported as one of the most important allergens in
Taiwan especially in asthmatic patients. This study was conducted to determine
the allergenicity of Blomia tropicalis and sensitization of asthmatic patients in
Taiwan. Serial dust samples were collected every month between July 1993 and
June 1994 from 13 houses of mite-allergic patients. About 1 m* surface area of a
quilt was vacuumed. The floating method was used to collect mites, then identifi-
cation and counting were performed. Results showed that Dermatophagoides
pteronyssinus and B. tropicalis were the two most common species of mites
found in allergenic patients’ houses in Taipei. D. pteronyssinus accounted for
52.1% of the total number of mites and was found in every house. B. tropicalis,
although not present in every sample, accounted for 44.3% of the total number of
mites. The skin test positive reaction to B. tropicalis, D. pteronyssinus and Der-
matophagoides farinae were 73.3, 88.3 and 85.0% as determined from 60 allergic
patients who attended our allergy clinics. The extract prepared from B. tropicalis
was used to determine the allergenicity and contained at least 30 protein compo-
nents when silver stained. The most frequently detected allergens were proteins
with molecular weights of 14.3, 106.5, 94.0, 72.0, 91.9, 63.7,100.3, 43.6, 27.3, 62.0,
34.7,18.3,41.1 and 21.9 kD. The frequency of IgE binding of patient sera to those
proteins were 87.0, 65.2, 56.5, 43.4, 39.1, 39.1, 34.8, 30.4, 30.4,17.4,17.4,17.4, 13.0
and 8.7%. The results from immunoblot inhibition showed that there was IgE
cross-reactivity among the B. tropicalis and D. pteronyssinus. However, there
were two major allergenic components of B. tropicalis not inhibited by D. ptero-
nyssinus with molecular weights of about 14.3 and 27.3 kD. The use of B. tro-
picalis extract for diagnostic purposes to identify patients with specific sensitiv-
ity should be considered in Taiwan.

goides pteronyssinus as determined by skin test and D. pte-
ronyssinus-specific IgE [4]. Several species of mites have

Sensitization to house dust mites is an important risk fac-
tor for the development of bronchial asthma [1, 2]. A previ-
ous study demonstrates that house dust mite is highly preva-
lent in Taiwan, where the climate is subtropical [3]. More
than 80% of asthmatic patients are allergic to Dermatopha-

been identified from house dust samples, including D. pte-
ronyssinus, Dermatophagoides farinae and Blomia tropi-
calis in Taiwan [3]. Recently, B. tropicalis has been report-
ed to be a clinically important allergic component of house
dust [5]. The positive skin tests and/or presence of circulat-
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ing IgE antibodies to B. tropicalis in sera from individuals
have been demonstrated after exposure to B. tropicalis
[6, 7]. Several investigators, using radioallergosorbent test
inhibition and crossed radioimmunoelectrophoresis assays
on patients who were allergic to D. farinae and B. tropica-
lis, found only cross-reactivity between D. farinae and
B. tropicalis [8, 9], and the specificity of the in vivo allergic
reaction to B. tropicalis has been demonstrated. Recently,
B. tropicalis allergen Blo t 5 has been identified by the mo-
lecular cloning technique, and showed 43% sequence ho-
mology to the D. pteronyssinus allergen Der p 5 [10].
Therefore, the purpose of this study was to survey dust mite
prevalence in the homes of people with allergic asthma liv-
ing in Taipei, Taiwan and to clarify the clinical significance
of B. tropicalis by means of skin tests and immunoblot anal-
ysis. The cross-reactivity of B. tropicalis with D. pteronys-
sinus was also investigated by immunoblot inhibition
analysis.

Materials and Methods

Subjects

Sixty allergic asthmatic patients who attended allergy clinics at the
Cathay General Hospital, Taipei were recruited for this study. Allergic
asthma was defined as a history of reversible obstructive airway dis-
ease associated with exacerbation resulting from allergen exposure
and concomitant skin reactivity to allergens. All patients were sensi-
tive to mites in terms of positive skin test and a positive mite-specific
IgE as determined by the Pharmacia CAP system (Pharmacia, Swe-
den). Blood samples were drawn and sera stored at —70°C before use.

Collection of Dust and Counting of Mites from Houses of

Asthmatic Patients

Random samples were collected every month between July 1993
and June 1994 from 13 households with asthmatic patients located in
Taipei, Taiwan. Samples were collected from quilts, mattresses, pil-
lows, carpets and sofas. About 1 m? of surface area of each site was
vacuumed for 1 min, following which each dust sample in the contain-
er of the vacuum cleaner was brushed completely into a plastic bag and
analyzed. 0.1 g of dust from each sample was added to 25 ml of normal
saline. The suspension was shaken and left to settle for 5 min. The
suspension was then poured through a 45-um-pore filter and the mate-
rial remaining on the filter was rinsed in an integrid petri dish. Mites
were counted under an inverted phase contrast microscope and the
mite concentration was expressed as the number of mites per gram of
dust. For mite identification, mites were picked up by hand using a
25-gauge needle under an incident light microscope, then immersed in
polyvinyl alcohol solution on a microscope slide and covered with a
cover glass.

Preparation of Mite Extracts

B. tropicalis collected from house dust samples from the houses of
allergic patients were cultured in our laboratory with autoclaved wheat
and yeast powder. Crude extracts of B. tropicalis were prepared by the
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method of Nakada et al. [11]. Extracts were made from isolated
B. tropicalis. The lyophilized mite powder was defatted with ether
(10 ml/g of mite) for 48 h, then homogenized and stirred continuously
in 2 ml phosphate buffer saline for 36 h. After centrifugation (10,000 g,
5 min), the supernatant was filtered through a 0.22 um membrane. The
protein content was determined by Lowry’s method using bovine se-
rum albumin as standard [12]. The protein concentration of B. trop-
icalis was adjusted to 0.2 mg/ml for the skin prick test. Standardized
extracts of D. pteronyssinus and D. farinae (10,000 BU/ml, 0.28 mg/
ml) were purchased from Greer Laboratory (Lenoir, Calif., USA) for
both skin test and immunoblot analysis.

Skin Prick Test and Measurement of Specific IgE to

D. pteronyssinus

The skin was prick-tested with a disposable needle (Hollister-
stier). Each allergen extract was applied 20 mm apart on the volar sur-
face of the forearm. 15 min later, the reactions were read and the sizes
(in millimeters) of wheals and flares were recorded. Reactions of
3 X 3 mm or greater were considered positive. Specific IgE to D. pte-
ronyssinus was measured using the Pharmacia CAP system. The assay
procedure was automatically performed and the results were ex-
pressed as kU/1 (with calibration against the WHO standard for IgE).
The concentration range was from 0.35 to 100 kU/L.

Immunoblot Analysis

The immunoblot analysis of component of B. tropicalis recog-
nized by human IgE antibodies was carried out according to the stand-
ard method [13]. The total protein concentration used for SDS-PAGE
was 200 ug. B. tropicalis extract in SDS-PAGE sample buffer (con-
taining 2% SDS and 5% 2-mercaptoethanol), which were boiled for
Smin, were then separated on a 12.5% SDS-polyacrylamide gel
and transferred electrophoretically onto polyvinylidene difluoride
(PVDF) membrane (0.45 wm, Millipore, Bedford, Mass., USA). After
being blocked with 1% skim milk in Tris-buffered saline (TBS,
20 mmol/l of Tris, 500 mmol/l of NaCl, pH 7.5), the blots were incu-
bated with diluted serum samples (1.5 dilutions in TBS containing
0.05% Tween 20 (TBST) and 1% skim milk) for 16 h at 4°C. After
washing with TBST, the blots were incubated with alkaline phospha-
tase-conjugated monoclonal antihuman IgE antibodies (Pharmingen,
San Diego, Calif., USA) for 1.5h at room temperature. Following
washing procedures, the blots were developed in a substrate solution
of carbonate buffer (0.1 M NaHCOj3, 1.0 M MgC,,, pH 9.8) containing
0.35 M 5-bromo-4-chloro-3-indoyl phosphate p-toluidine salt (BCIP)
and 0.37 M p-nitro blue tetrazolium chloride (NBT) for about 30 min.
After washing with water, the deposition of the purple stain which
demonstrated antigen-antibody binding was recorded photographical-
ly. For control, serum samples obtained from cord blood were used.

Immunoblot Inhibition

To test the cross-reactivity between B. tropicalis and D. pteronys-
sinus, immunoblot inhibition was performed. An IgE -positive serum
sample was mixed individually with an equal volume of B. tropicalis
(200 pg/ml) and D. pteronyssinus (10,000 BU/ml) by end-over-end ro-
tation at 4°C for 1 h. The PVDF blots were then incubated individually
with the IgE-positive serum or with a different serum extract mixture
at 4°C for 16 h. For control, the blots were incubated with an equal
volume of Penicillium notatum (200 pg/ml) obtained from Greer Lab-
oratories (Lenoir, Calif., USA). The blots were washed and incubated
with alkaline phosphatase-conjugated monoclonal antihuman IgE an-
tibodies and developed with the enzyme substrate as described above.
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Table 1. Number of mites (/g dust) isolated from patients’ houses in Taipei, Taiwan (mean = SE, n=13)

Species Mites
July Aug. Sep. Oct. Now. Dec. Jan. Feb.  March  April May June
1993 1994
D. pteronyssinus
Pillow 45x6 10516 78=07 99x11 33=4 13=1 7x1 102 709 28=£3 27+4 68x6
Quilt 191£50 217+28 165£13  69+5  26%4 54+21 55+11 17£3  79x12 265x64  57£13 106=18
Mattress 73x14 357£30 137x23 150x16 22=£5 6x1 21=£5 28+3 131 74+8 45+5 69 13
Carpet 14+6  115x32 9¢ 50° 33¢ 64° 53¢ 70° 0 31° 4¢ 1
Sofa 666 327167  92+£34  71x18 13+29 64° 20° 2519 234 89+47 100+45  35=x10
D. farinae
Pillow 63  183%16 5¢ 0 0 0 0 812 0 0 0 50°
Quilt 3 1814 57x37 23+9 9=l 0 6+3 7 20 8050 22+12  235x128
Mattress 287 11341 6+3 2710 6%3 20° 0 8+3 0 0 26£9 40x14
Carpet 0 0 0 0 0 0 0 45° 0 0 1 0
Sofa 10° 0 0 0 70° 0 0 20° 118+£72  24* 0 21+4
B. tropicalis
Pillow 9516 179x25  75£9 171 10° 0 0 0 10£0.1 10* 21£04  89+40
Quilt 557  264+31  63=l11 11£2 2£0.1 0 0 5¢ 0 63+25 3° 10£1
Mattress 11511 327£32  207x42 777 10£0.1 154 10° 5=x1 27 10° 0 26x6
Carpet 21£8  108x32  69° 138¢ 0 10° 0 0 0 0 0 0
Sofa 116x24  374x63 127x40 93+24 26%17 50° 3 2 20° 10* 30° 64x31
Miscellaneous
Pillow 2+£0.3  45° 125+71 0 0 0 0 0 0 0 0 0
Quilt 24+7 21+4 9+4 42 5+1 1 5+2 0 0 0 0 0
Mattress 2+04  58+7 13£1 45£19 0 0 0 0 0 0 0 0
Carpet 45x2 11£2 69* 0 0 20° 0 0 0 0 0 0
Sofa 7410  13£3 44+11 0 0 0 0 0 0 0 0 0
' n=1
Results evaluate the prevalence of allergic reactions to B. tropicalis,

Seasonal Variations of Mite Density and Species

Differences

The species and frequency of mites are shown in table 1.
The two most common species of mites found in Taipei
were D. pteronyssinus and B. tropicalis. D. pteronyssinus
accounted for 52.1% of the total number of mites and was
found in every house. B. tropicalis, although not present in
every sample, accounted for 44.3% of the total number of
mites. The mean mite density was highest from August to
November and lowest in January (table 1).

Skin Test Reactivity to Various Groups of Mites

A total of 70 subjects (10 normal subjects and 60 asth-
matics) were recruited for the skin prick test. None of the
normal subjects showed a positive reaction to the mite ex-
tracts. The other 60 asthmatic patients were skin-tested to
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D. pteronyssinus and D. farinae. The results were 73.3, 88.3
and 85.0%, respectively. Positive skin test results to a single
mite individually occurred in 4, 3 and 1 subjects for B. trop-
icalis, D. pteronyssinus and D. farinae, respectively. Posi-
tive skin test results to two mite species concomitantly oc-
curred in 9 subjects to D. pteronyssinus and D. farinae, in 1
to B. tropicalis and D. pteronyssinus and in 1to B. tropicalis
and D. farinae. Positive skin tests to both D. farinae and
D. pteronyssinus occurred in a total of 49 subjects, 38 of
whom had positive skin test results to B. tropicalis (table 2).

Allergenic Components of B. tropicalis Extract

For the analysis of the components of B. tropicalis rec-
ognized by IgE antibodies, protein components of the mite
extracts were separated by SDS-PAGE. The silver-stained
protein profile of the crude extract is illustrated in figure 1.
At least 30 different components were observed, with mo-
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Table 2. Summary of the skin test results

Results Number
Positive tests to at least one species of mite 60 (100)
Positive tests to Bt 44 (73.3)
Positive tests to Dp 53 (88.3)
Positive tests to Df 51 (85.0)
Positive tests to Bt alone 4 (6.7)
Positive tests to Dp alone 3 (5.0)
Positive tests to Df alone 1 (1.7)
Positive tests to Bt, Dp and Df 38 (63.3)
Positive tests to Dp and Df only 9 (15.0)
Positive tests to Bt and Dp only 1 (1.7)
Positive tests to Bt and Df only 1 (1.7)

Figures in parentheses represent percentage. Bt = B. tropicalis;
Dp = D. pteronyssinus; Df = D. farinae.

lecular weights ranging from 10 to 100 kD in the crude ex-
tract. Sera of 23 allergic asthmatic patients were selected for
immunoblotting to identify IgE-binding components in ex-
tracts of B. tropicalis. All patients showed a skin test posi-
tive to at least one type of house dust mite.

The results showed that there were no signals detected
from the strips when control samples of cord blood sera
were used. When using patients’ sera, there were at least 14
IgE binding proteins in the immunoblot performed (fig. 2).
Most sera detected more than three allergens. The maxi-
mum number of allergens detected by a single serum was 13
in lane 19 (fig. 2). The most frequently detected allergens
were proteins with molecular weights of 14.3, 106.5, 94.0,
72.0, 91.9, 63.7, 100.3, 43.6, 27.3, 62.0, 34.7, 18.3, 41.1 and
21.9 kD and the frequencies of IgE binding were 87.0, 65.2,
56.5,43.4,39.1,39.1,34.8,30.4,30.4,17.4,17.4,17.4,13.0 and
8.7% (fig. 3).

Inhibition of the IgE Immunoblot Reactivity

To test for allergenic cross-reactivity between B. tropica-
lis and D. pteronyssinus, immunoblot inhibition was per-
formed. Four positive serum samples (No. 2, 4, 10 and 19)
were preincubated with either B. tropicalis (B strips) or
D. pteronyssinus (D strips). P notatum (P strips) was used
as a negative control. Results showed that inhibition of IgE
binding was observed in all B strips, and the inhibition of
the IgE-immunoblot reactivity was not observed in all P
strips; two allergenic components cannot be inhibited by
D. pteronyssinus with molecular weights of about 14.3 and
27.3 kD (fig. 4).
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Fig. 1. Protein component of B. tropicalis. Series dilutions of
crude B. tropicalis extract were separated by gel electrophoresis and
stained with silver stain. Panel 1 represents protein markers, panels 2—6
series dilutions of B. tropicalis extract.

Discussion

B. tropicalis is prevalent in tropical and in subtropical
regions world wide and has been detected in house dust
samples in Taiwan. In this study, the means of the total
counts of B. tropicalis per gram of dust in thirteen dust sam-
ples collected in August in homes of asthmatic patients
from mattress, quilt, pillow and carpet were 327+32, 264
+31,179+25 and 108+32, respectively. The large number of
B. tropicalis in the house dust samples indicated that Tai-
wan is an endemic area. The low mite counts in carpets
might be due to the fact that most carpets were small and
machine-washable in this study. In addition, not all of the
houses had carpets. Since the weather is warm and humid in
the wintertime, the use of carpets in Taiwan is not as com-
mon as in western countries. It has been proposed that ap-
proximately 150 B. tropicalis mites/g dust are associated
with sensitization or symptoms in persons sensitized to
B. tropicalis [5]. A concentration greater than 150 mites/g
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Fig.2. IgE-binding components of 20.1
B. tropicalis analyzed by SDS-PAGE immu-
noblot. Panel A shows the protein markers on
the PVDF blot, panels 1-23 the results of im- 14.3
munoblot by using patient serum samples, ’
and panel C the results of cord blood control.
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Fig. 3. Histogram showeing the frequency of IgE binding of pa-
tients’ sera to B. tropicalis body extract.

of dust in the Taipei area indicated that these asthmatic pa-
tients might be sensitized to B. tropicalis. Similar amounts
of B. tropicalis have also been reported in the Tampa Bay
Florida area of the United States [14] and in Cartagena, Col-
ombia [5]. The evaluation of the role of B. tropicalis in asth-
ma has been complicated by the fact that concurrent sensiti-
zation occurs in houses where both B. tropicalis and D. pte-
ronyssinus are present. However, in 1996, Stanaland et al.
[15] observed that only a skin test-positive reaction to
B. tropicalis showed a positive nasal challenge response de-
spite the fact that all allergic rhinitis subjects were sensitive
to D. pteronyssinus. In this study, the high percentage
(73.3%) of asthmatic patients showing a positive skin test
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Fig. 4. The cross-reactions of B. tropicalis and D. pteronyssinus.
Patients’ sera (2, 4, 10, 19) were selected from figure 2 and mixed with
B. tropicalis and D. pteronyssinus or P notatum and then analyzed by
immunoblotting with their IgE binding to the PVDF blot of B. trop-
icalis. Panel B was the result of the absorption by B. tropicalis. Pan-

el D represents results after the absorption of D. pteronyssinus, pan-
el P after the absorption of P notatum.

—_—

reaction to B. tropicalis might suggest that B. tropicalis
plays a role in the pathogenesis of asthma in Taiwan. In this
study, there were more than 30 antigens in the B. tropicalis
extract as determined by silver staining. The allergenic pro-
files analyzed by SDS-PAGE immunoblot using sera from
skin test-positive patients demonstrated that there are more

Tsai/Wu/Shen/Hsu/Wang



than 14 different IgE-binding proteins with different molec-
ular weights ranging from 10 to 100 kD. It has been reported
that B. tropicalis has 21 different IgE-binding antigens de-
tected by crossed radioimmunoelectrophoresis [7], and 25
antigens detected by immunoblotting and autoradiography
analysis [8]. This discrepancy might be due to the less sen-
sitive nature of the nonisotope immunoblotting methods
that we used. More than 80% of the patients’ sera reacted
with the 14.3-kD allergens, which might be considered as
the major allergen. Similar results have recently reported
that B. tropicalis has the major allergen component with a
molecular weight of approximately 11-13 kD [7]. This ma-
jor allergen should be analyzed further. The high number of
mite-specific IgE antibodies in most patients’ sera could
further indicate that there were high levels of exposure of
our asthmatic patients to B. tropicalis.

The results from immunoblot inhibition showed that
there was IgE cross-reactivity between B. tropicalis and
D. pteronyssinus. However, two major allergenic compo-
nents of B. tropicalis could not be inhibited by D. pteronys-
sinus with molecular weights of about 14.3 and 27.3 kD. Ar-
ruda et al. [10] have demonstrated that 33% inhibition was
achieved by D. pteronyssinus when B. tropicalis was used
in the solid phase. Recently, Blo t 5 and Der p 5 have been
analyzed and sequenced to show that there was 43% amino

acid homology. The 33% cross-reactivity of B. tropicalis
with D. pteronyssinus and 43% sequence homology of Blo t
5 and Der p 5 suggested that several IgE-binding proteins of
B. tropicalis could be partially inhibited by D. pteronyssi-
nus. However, the non-cross-reactive component of B. trop-
icalis and D. pteronyssinus indicated that B. tropicalis has
species-specific allergens which need to be described in
more detail.

In conclusion, B. tropicalis is highly prevalent and can
be commonly detected in house dust samples in Taiwan. A
high frequency of sensitization to B. tropicalis can also be
demonstrated. Immunoblotting indicated that B. tropicalis
possesses many IgE binding allergens. Some IgE-binding
proteins are species-specific allergens based on the immu-
noblotting inhibition assay. The use of B. tropicalis extract
for diagnostic purposes to identify patients with specific
sensitivity to B. tropicalis with or without a concurrent sen-
sitivity to Dermatophagoides spp. should be taken into con-
sideration in Taiwan.
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