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Background and Purpose: In a previous study, we found that wheezing children in rural central Taiwan had a
significantly lower average sensitization rate to Dermatophagoides pteronyssinus (Der p) than those in Taipei
city. We propose that Blomia tropicalis (Blo t) might be the major mite allergen in rural central Taiwan.

Methods: Using the preserved sera from our previous study, we retrospectively measured specific immunoglobulin
E (IgE) antibody to Blo t and analyzed the correlation between Blo t and Der p in wheezing children in rural central
Taiwan. A total of 2206 children with physician-diagnosed asthma and wheezing were enrolled and categorized
among five age groups. The sensitization rate and level of specific IgE antibody to Blo t were analyzed.

Results: The age-specific sensitization rates and the level of specific IgE antibody to either Blo t or Der p
increased progressively with increasing age, being greatest in the age group 8 to 12 years. A significant positive
correlation existed between sensitization rate and age for both Blo t and Der p (p=0.001). Specific IgE antibody
to Blo t was undetectable in patients younger than 1.5 years. A significant positive correlation also existed
between age and anti-Blo t IgE antibody level (p<0.003). However, the allergen-specific IgE level was lower for
Blo t than Der p (p<0.005) in all age groups.

Conclusions: Blo t might be the major mite allergen to associated with early wheeze and atopic asthma in rural

central Taiwan.
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Introduction

The cause of allergy is multifactorial and the develop-
ment of allergic diseases is likely the result of a com-
plex interaction between genetic and environmental
factors [1]. Other than genetic susceptibility to asthma
and associated allergic diseases, increasing experi-
mental evidence indicates that exposure followed by
sensitization to house dust mite is a primary cause
of asthma and allergic diseases in many parts of the
world [2]. The distribution of house dust mites in the
human living environment is influenced by numer-
ous factors, such as geographical location, climate,
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lifestyle, building characteristics and the degree of
modernization and industrialization [3]. Consequently,
mite prevalence varies worldwide.

In our previous study, we found that wheezing
children in rural central Taiwan had a significantly
lower average sensitization rate to Dermatophagoides
pteronyssinus (Der p) than children residing in Taipei
city. Age and residential areas were significant de-
terminants of allergen-specific immunoglobulin E
(IgE) level to Der p. No statistical difference existed
between Taipei city and rural central Taiwan for
sensitization rates and mean specific IgE levels for
cockroach [4]. Therefore, research into the primary
allergen in wheezing children in rural central Taiwan
is necessary.

The three most common mite species found in
human living environments in Taiwan are Der p,
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Dermatophagoides farinae and Blomia tropicalis
(Blo t) [5,6]. Like Dermatophagoides, the storage
mite Blo t had been considered as an important aero-
allergen in tropical and subtropical regions of Europe,
America and Asia, including Taiwan [7].

Allergens produced by Blo t had been identified as
an important clinical cause of allergic airway diseases,
inducing specific IgE-mediated responses in patients
with allergic diseases, such as asthma and allergic
rhinitis, in tropical and subtropical regions of Europe,
South America, Asia and the United States. The preva-
lence of sensitization toward Blo t was higher than
toward Der p in studies from warm and humid parts of
the world, such as Hong Kong, Singapore, Malaysia
and Latin America [8-11]. An important description
of the potent allergenicity of Blo t and the relevance
of specific IgE in asthmatic patients of Taiwan was
published by Tsai et al [12]. Blo t is indeed highly
prevalent and can be detected in house dust samples
in Taiwan (as well as worldwide) in tropical and sub-
tropical regions. However, there are no recent data
available regarding the prevalence of Blo t in rural
central Taiwan.

We propose that Blo t might be the primary mite
allergen in rural central Taiwan. Therefore, using the
preserved sera from our previous study [4], we retro-
spectively measured the specific IgE antibody to Blo
t and analyzed the correlation between Blo t and Der
p in wheezing children in rural central Taiwan. We
believe that this first report might provide valuable
information for prevention or sensitization reduction,
not only in rural central Taiwan, but also in other
tropical areas.

Methods

Patient population

Children enrolled in this analysis were a subset of
2206 patients with recurrent atopic wheezing who
visited the Department of Pediatrics, Changhua
Christian Hospital, between June 2000 and June 2004.
At the first visit, the location of the patients’ residence
was recorded. Diagnosis of asthma and wheezing were
according to the International Study of Asthma and
Allergies in Childhood [13]. Recurrent early wheeze
was defined as >2 reports of wheezing in the first 3
years of life. Frequent early wheeze was defined as >2
reports of wheezing per year in the first 3 years of life.
At 7 years of age, asthma was defined as physician-
diagnosed asthma and wheezing in the previous year.
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Exclusion criteria were: wheezing episodes dur-
ing the first 6 months, recurrent wheezing due to
respiratory virus infection with positive respiratory
syncytial virus (RSV) or adenovirus antigen test,
serum with elevated C-reactive protein level, foreign
body aspiration, gastroesophageal reflux and residing
outside rural central Taiwan. Wheezing children with
RSV infection were mainly determined by the clini-
cal symptoms during a known community outbreak
of the disease and positive RSV antigen test and/or
polymerase chain reaction test. Otherwise, wheezing
children with positive adenovirus antigen test and/
or polymerase chain reaction test and/or adenovirus
isolated from viral culture were diagnosed as having
adenovirus infection.

Serum samples

Venous blood samples were obtained from all children
diagnosed with recurrent wheezing when the wheezing
was under control. After clotting at room temperature,
the samples were centrifuged, and sera were frozen
and stored at —20°C before being analyzed. Specific
IgE antibodies against Blo t and Der p were examined
by a commercial Pharmacia CAP system (Pharmacia
Diagnosis AB, Uppsala, Sweden). Analytical results
were regarded as positive when values of specific IgE
antibody were >0.35 kU/L.

Statistical analysis

Data were expressed as mean + standard deviation.
The prevalence and level of specific IgE antibody to
Blo t and Der p were analyzed according to subject
age. Differences in sensitization rates to Blo t and
Der p between different age groups of children were
analyzed by chi-squared test for trend. A univariate
general linear model, accounting for subject age and
residential area, was performed for level of specific
IgE to Blo t. All statistical analyses were conducted
using the Statistical Package for the Social Sciences
for Windows (Version 11.0; SPSS, Chicago, IL, USA)
software package.

Results

A total of 2206 children (1399 males and 807 females)
residing in rural central Taiwan were enrolled. Sub-
jects ranged in age from 6 months to 12 years (mean,
5.84 + 2.87 years) and were categorized among
five age groups (Table 1). The number of wheezing
children in the age groups 0.5-1.5, 1.5-3, 3-5, 5-8 and
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Table 1. Distribution by age and gender of wheezing children
in rural central Taiwan

Number of Male/female
Age (years) ) )

children (%) (ratio)
0.5-1.5 64 (2.9) 39/25 (1.6:1)
1.5-3 442 (20.0) 296/146 (2.0:1)
3-5 643 (29.1) 388/255 (1.5:1)
5-8 610 (27.7) 353/257 (1.4:1)
8-12 447 (20.3) 323/124 (2.6:1)
Total 2206 (100.0) 1399/807 (1.7:1)

8-12 years was 64 (39 males, 25 females), 442 (296
males, 146 females), 643 (388 males, 255 females),
610 (353 males, 257 females) and 447 (323 males,
124 females), respectively.

The sensitization rates of children with specific
IgE antibodies to Blo t and Der p according to age are
shown in Fig. 1. The comparative rates of sensitiza-
tion to Blo t vs Der p in the age groups 0.5-1.5, 1.5-3,
3-5, 5-8 and 8-12 years were 0% vs 13.9%, 47.7% vs
37.1%, 66.8% vs 44.8%, 76.0% vs 55.2%, and 86.5%
vs 64.2%, respectively. Thus, the age-specific sensiti-
zation rates to Blo t or Der p increased progressively
with increasing age, with the peak in the 8 to 12 years
age group. At this age range, the sensitization rate was
higher for Blo t than for Der p (86.5% vs 64.2%). A
significant positive correlation existed between sensi-
tization rate and age profile for both Blo t and Der p
(p=0.001). Furthermore, specific IgE to Blo t in non-
atopic individuals was undetectable in this study.

The incidence of age-related allergen-specific IgE
antibodies to Blo t and Der p is shown in Fig. 2. The
mean (+ standard deviation) levels of specific IgE to
Blo t vs Der p in the age groups 0.5-1.5, 1.5-3, 3-5,
5-8 and 8-12 years were 0 kU/L vs 1.40 + 0.14 kU/L,
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Fig. 1. Prevalence of sensitization to Dermatophagoides
pteronyssinus (Der p) and Blomia tropicalis (Blo t) allergen in
wheezing children in rural central Taiwan.

70

p<0.003
70— [ p<0.005
[IDerp I 1
J 60 HEBiot
-]
=3
o 50
=)
L 40
G
2 30
(2]
® 20-
[e)]
8
11
0 T T T T
05-1.5 153 3-5 5-8 8-12
Age (years)

Fig. 2. Age-specific immunoglobulin E (IgE)-specific anti-
bodies to Dermatophagoides pteronyssinus (Der p) and
Blomia tropicalis (Blo t) in wheezing children in rural central
Taiwan. Bars indicate standard deviation.

2.66 + 8.66 kU/L vs 14.93 = 31.25 kU/L, 2.66 +
8.66 kKU/L vs 14.93 + 31.25 kU/L, 7.22 + 15.06 kU/L
vs 18.84 + 34.33 kU/L, 12.43 + 20.03 kU/L vs 24.70
+ 37.56 kU/L, and 17.15 + 23.77 kU/L vs 26.53 +
36.70 kU/L, respectively. Specific IgE antibody to Blo
t in subjects younger than 1.5 years was undetectable.
Above 1.5 years of age, the level of specific IgE anti-
body to Blo t increased progressively with increasing
age. A significant positive correlation existed between
age and anti-Blo t IgE antibody level (p<0.003). At any
age group, the allergen-specific IgE level was lower
for Blo t than Der p (p<0.005). In order to identify the
determinants of specific IgE antibody levels to Blo t,
general linear model univariate analysis was performed.
Age (p=0.001) and residential area (p=0.001) were sig-
nificant determinants of specific IgE antibody to Blo t.

Discussion

The development of asthma and allergic disease
involves numerous genetic and environmental factors.
Increased evidence indicated that complex gene-
environmental interactions play a key role in altering
the human immune system and developing allergic
disease. Although genetics have been identified as
contributing to the susceptibility to and development
of asthma, environmental factors influence the expres-
sion of genes and the clinical phenotype of asthma
and allergic disease [14-17].

Blo t frequently coexists with Der p in subtropical
and tropical areas, as well as in temperate regions. Dual
sensitization to Blo t and Der p was common [9,18],
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but Blo t allergens had only low-grade cross-reactivity
with Dermatophagoides spp. [18,19]. Our previous
data showed that wheezing children living in Taipei
city had a higher prevalence of sensitization to Der p
than those living in rural central Taiwan [4]. Compared
with Der p, Blo t showed a biological advantage in
inducing mite allergy in the agricultural environment.
Therefore, we proposed that Blo t allergens might be
more prevalent in rural central Taiwan, and carried out
this study in order to clarify our hypothesis.

The present study demonstrated a significant
positive correlation between sensitization rate and age
profile in both Blo t and Der p (p=0.001). The rate
of sensitization to Blo t was zero in children aged
younger than 1.5 years, but the age-specific sensitiza-
tion rates to Blo t increased progressively with age,
and were higher than to Der p beyond 1.5 years of age.
These findings implied that Blo t allergens were more
abundant than Der p allergens in rural central Taiwan.
However, it is unlikely that children aged younger than
1.5 years had never encountered Blo t allergens. We
suggest that children in this 0.5-1.5 years age group
had had contact with Blo t allergens but were not
sensitized sufficiently to be detectable by our method.
Whether allergen exposure and sensitivity existed in
the exposure-response effect requires further study.

Similarly, beyond 1.5 years of age, the level of
specific IgE antibody to Blo t increased progressively.
A significant positive correlation existed between age
and anti-Blo t IgE antibody level (p<0.003). However,
the allergen-specific IgE level was lower for Blo t than
Der p in all age groups (p<0.005). We propose that
differences between Blo t and Der p allergens in af-
finities of specific IgE-binding epitopes, allergenicity
or biologic activity might account for these findings,
but further investigation will be needed in order to
elucidate these issues.

Repeated exposure to mite allergens is considered
to be a risk factor for mite sensitization and develop-
ment of allergic respiratory diseases in genetically
predisposed people. In this study, we showed that
wheezing children beyond 1.5 years of age had higher
rates of sensitization to Blo t than to Der p (Fig. 1).

We suggest that the biologic traits of Blo t might
be the major contributors to the sensitization results
observed in this study, with complex environmental
factors as climate, lifestyle, building characteristics and
individual living habits the minor contributors [3,20].

Studies by Arlian demonstrated that the primary
factor affecting mite reproduction and survival was
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relative humidity (RH), rather than temperature [21,
22]. Large populations of house dust mites were
found when indoor air absolute humidity was over
7 g/kg (45% RH at 20°C) [23]. In general, regardless
of the indoor or outdoor environment, the optimum
conditions for mites are around 25-30°C and 75-80%
RH [7].

Blo t was found to be abundant in regions with
average annual temperature above 30°C and mean RH
above 80% [24], and is adapted to warmer weather
to a greater extent than Der p. According to annual
statistics of the Taiwan Central Weather Bureau, there
are no significant differences in RH and ambient tem-
perature between central Taiwan and Taipei. However,
the period of warmer weather is of longer duration in
central Taiwan than in Taipei. Thus, favourable RH
with higher temperature climate might be a reason
for the better growth of Blo t compared with Der p in
rural central Taiwan.

There are significant biological differences between
Blo t and Der p. The storage mite Blo t feeds on plants
and microorganisms, being predominantly found in
agricultural environments and more prevalent in tropic-
al and subtropical regions. The house dust mite Der p
feeds primarily on compounds in house dusts, includ-
ing human skin scales, and predominates in temperate
regions. The typical habitat of Blo t is barns, grain
stores, flour, hay and straw, while Der p was frequently
found in beds, clothes, cushions, blankets, upholstered
furniture, mattresses and carpeting [7].

Rural central Taiwan is not highly westernized
and is economically developing. Most residents live in
an agricultural or semi-agricultural situation, having
frequent contact with grasslands, farmlands and agri-
cultural products in their daily activities. In addition,
residents spend more time in outdoor recreation and
have more opportunities for exposure to Blo t aller-
gens than urban dwellers. Thus, our results showing
that residents in rural central Taiwan have higher sen-
sitization rates to Blo t than Der p is not unexpected.

Although building characteristics affect indoor
humidity, in our study, building characteristics were
less important than natural biologic traits of mites in
producing of allergen senitization. We also showed
that mean age-related allergen-specific IgE antibodies
to Blo t were lower than to Der p in any age group
(Fig. 2). The specific allergenicity of Blo t was the
major reason why wheezing children at any age group
did not mount a higher specific IgE response to Blo t
than to Der p.
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It is known that specific IgE to mites in sera do
not exclusively recognize the same IgE epitopes: IgE
cross-reactivity in different mites has been demon-
strated and unique IgE-binding epitopes do exist [25].
According to the review by Thomas et al [18], house
dust mite allergens can be classified into 19 groups
by different biochemical functions. They also noted
that the glycyphagid mite Blo t is a major source
of allergen, which coexists with Der p, especially in
subtropical and tropical regions. The group 1 and 2
allergens of Dermatophagoides spp. are clearly major
allergens, both inducing high titers of IgE and Th2
cytokines in 80% of allergic patients. Blo t 5 is the
major allergen of Blo t, and binds IgE in 70% of al-
lergic subjects, with minor cross-reactivity to Der p 5.
It has been suggested that the major allergen of Blo t
induces lower specific IgE titer than Der p. However,
the polymorphisms of allergens in different regions
and the adjuvant bioactivities of different allergenic
components must also be considered [17,18]. The
above deduction may support our result that the spe-
cific IgE response to Blo t was lower than to Der p.

Since our study was a retrospective design to
measure the anti-Blo t-specific IgE levels in sera from
2206 wheezing children. We have not been able to
obtain follow-up data on exposure to house dust mite
allergen levels in the wheezing children.

In conclusion, in children with early wheeze and
atopic asthma in rural central Taiwan, the age-specific
sensitization rate to Blo t increased progressively with
age. In those younger than 1.5 years of age, the sen-
sitization rate was absolutely higher for Blo t than
Der p. Above 1.5 years of age, the level of specific
IgE antibody to Blo t also increased progressively.
However, the allergen-specific IgE level to Blo t was
lower than to Der p in each age group. Our study has
shown a higher prevalence of Blo t than Der p in rural
central Taiwan and indicates the importance of Blo t
in wheezing children in clinical practice.

References

1. Martinez FD. Gene-environment interactions in asthma and
allergies: a new paradigm to understand disease causation.
Immunol Allergy Clin North Am. 2005;25:709-21.

2. Milian E, Diaz AM. Allergy to house dust mites and
asthma. P R Health Sci J. 2004;23:47-57.

3. Hesselmar B, Aberg B, Eriksson B, Bjorkstén B, Aberg N.
Building characteristics affect the risk of allergy develop-
ment. Pediatr Allergy Immunol. 2005;16:126-31.

4. Chang JW, Lin CY, Chen WL, Chen CT. Higher incidence

72

of Dermatophagoides pteronyssinus allergy in children
of Taipei city than in children of rural areas. J Microbiol
Immunol Infect. 2006;39:316-20.

5. Tsai JJ, Wu HH, Shen HD, Hsu EL, Wang SR. Sensitiza-
tion to Blomia tropicalis among asthmatic patients in
Taiwan. Int Arch Allergy Immunol. 1998;115:144-9.

6. Wu HH. The most common house dust mites of house in
Taiwan. Chinese J Entomol. 1999; (Special Publ 12):179-91.

7. Arlian LG, Morgan MS. Biology, ecology, and prevalence
of dust mites. Immunol Allergy Clin North Am. 2003;23:
443-68.

8. Kuo IC, Yi FC, Cheong N, Shek LP, Chew FT, Lee BW,
et al. Sensitization to Blomia tropicalis and Dermato-
phagoides pteronyssinus-a comparative study between
Singapore and Taiwan. Asian Pac J Allergy Immunol. 1999;
17:179-88.

9. Yeoh SM, Kuo IC, Wang DY, Liam CK, Sam CK, De
Bruyne JA, et al. Sensitization profiles of Malaysian and
Singaporean subjects to allergens from Dermatophagoides
pteronyssinus and Blomia tropicalis. Int Arch Allergy Im-
munol. 2003;132:215-20.

10. Manolio TA, Barnes KC, Naidu RP, Levett PN, Beaty TH,
Wilson AF. Correlates of sensitization to Blomia tropicalis
and Dermatophagoides pteronyssinus in asthma in Barba-
dos. Int Arch Allergy Immunol. 2003;131:119-26.

11.Sun BQ, Wu A, Chan A, Chik S, Wong D, Zhong NS.
House dust mite allergen (Derpl and Blot5) levels in
asthmatics’ home in Hongkong. Chin Med Sci J. 2004;19:
185-8.

12.Tsai JJ, Yi FC, Chua KY, Liu YH, Lee BW, Cheong N.
Identification of the major allergenic components in Blomia
tropicalis and the relevance of the specific IgE in asthmatic
patients. Ann Allergy Asthma Immunol. 2003;91:485-9.

13. Asher M1, Keil U, Anderson HR, Beasley R, Crane J, Mar-
tinez F, et al. International Study of Asthma and Allergies
in Childhood (ISAAC): rationale and methods. Eur Respir J.
1995;8:483-91.

14.Cookson W. The alliance of genes and environment in
asthma and allergy. Nature. 1999;402(6760 Suppl):B5-11.

15.Holgate ST. Genetic and environmental interaction in
allergy and asthma. J Allergy Clin Immunol. 1999;104:
1139-46.

16. Arruda LK, Solé D, Baena-Cagnani CE, Naspitz CK. Risk
factors for asthma and atopy. Curr Opin Allergy Clin Im-
munol. 2005;5:153-9.

17.Huang JL. Asthma severity and genetics in Taiwan. J
Microbiol Immunol Infect. 2005;38:158-63.

18. Thomas WR, Smith WA, Hales BJ. The allergenic spec-
ificities of the house dust mite. Chang Gung Med J. 2004;
27:563-9.

© 2008 Journal of Microbiology, Immunology and Infection



19. Sidenius KE, Hallas TE, Poulsen LK, Mosbech H. Al-
lergen cross-reactivity between house-dust mites and other
invertebrates. Allergy. 2001;56:723-33.

20. Johnson CC, Ownby DR, Zoratti EM, Alford SH, Williams
LK, Joseph CL. Environmental epidemiology of pediatric
asthma and allergy. Epidemiol Rev. 2002;24:154-75.

21. Arlian LG. Water exchange and effect of water vapour
activity on metabolic rate in the dust mite Dermatophagoi-
des. J Insect Physiol 1975;21:1439-42.

22. Arlian LG. Dehydration and survival of the European
house dust mite, Dermatophagoides pteronyssinus. J Med
Entomol. 1975;12:437-42.

© 2008 Journal of Microbiology, Immunology and Infection

23.

Yu et al

Hart BJ. Life cycle and reproduction of house-dust mites:
environmental factors influencing mite populations. Al-
lergy. 1998;53(48 Suppl):13-7.

24.Mariana A, Ho TM, Heah SK. Life-cycle, longevity and

25.

fecundity of Blomia tropicalis (Acari: Glycyphagidae) in
a tropical laboratory. Southeast Asian J Trop Med Public
Health. 1996;27:392-5.

Yi FC, Cheong N, Shek PC, Wang DY, Chua KY, Lee BW.
Identification of shared and unique immunoglobulin E
epitopes of the highly conserved tropomyosins in Blomia
tropicalis and Dermatophagoides pteronyssinus. Clin Exp
Allergy. 2002;32:1203-10.

73



