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ABSTRACT House features contribute to house dust mite abundance and, therefore, ex-
posure to mite allergens. Our study assessed the hypothesis that modernization of the domestic
environment in a tropical setting may lead to a level of allergen from the house dust mites
Dermatophagoides pteronyssinus (Trouessart) and D. farinae Hughes that previously has been
defined clinically as at risk for people who suffer from allergic disease. Allergen (Der p 1 and
Der f 1) levels were measured at 4 sites (mattress, bedroom floor, living room floor, and
furniture) in 17 houses in Barbados during dry and rainy seasons. Der p 1(17 of 17 homes)
at all 4 sites did not vary significantly from the dry to rainy season. Allergen levels varied
according to site, and were highest in living room furniture in both seasons (geometric mean
40.37 and 64.17 Mg/g, respectively). Concentration of Der p 1 allergens were higher in con-
crete than in wood or mixed concrete and wood houses. Der f 1(9 of 17 homes) levels were
lower than Der p 1 by 1/1,000 (both seasons). Results indicate that season is less important
in regard to levels of Der p 1 than house construction and confirm other studies that implicate
D. pteronyssinus as a more abundant source of allergen than D. farinae in this tropical setting.

KEY WORDS Demnatophagoides pteronyssinus, Dennatophagoides farinae, allergens, Bar-
bados, house construction, weather

AEROALLERCENS PRODUCED FROM house dust
mites are believed to be universally responsible for
atopic asthma, probably as a result of prolonged
exposure in the indoor environment (Platts-Mills
and de Week 1989, Platts-Mills et al. 1992). Aller-
gens from the house dust mites Dennatophagoides
pteronyssinus (Trouessart) and D. farinae Hughes
are perhaps 2 of the most important allergens
worldwide (Platts-Mills and de Week 1989, Pollart
et al. 1989, Platts-Mills et al. 1992). The major al-
lergens of the genus Dermatophagoides, or group
I allergens (Der p 1 and Der f 1), have been well
characterized (Chapman and Platts-Mills 1980,
Lind 1985, Hoick et al. 1986). Platts-Mills et al.
(1989) concluded that concentrations of house
dust mite allergen ^2 /ig/g of dust increase the
risk of sensitization in children who suffer from
allergic disease and subsequently contribute to the
overall prevalence of allergy. This conclusion was
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supported by subsequent studies (Lau et al. 1989,
Sporik et al. 1990, Vervloet et al. 1991).

Studies examining the spatial and temporal dis-
tribution of Dermatophagoides spp. have been
conducted in temperate climates in developed so-
cieties (van Bronswijk 1973, Murray and Zuk 1979,
Tovey et al. 1981, Platts-Mills et al. 1987, Lau et
al. 1989) and in tropical climates in developing so-
cieties (Buchanan and Jones 1972, Dowse et al.
1985). In some cases, researchers have focused on
indoor climate control factors (e.g., air condition-
ing, central heating) and the effect on house dust
mite allergen levels (Murray and Zuk 1979, Platts-
Mills et al. 1987). Others have highlighted the im-
portance of changes in life style and the introduc-
tion of material objects (e.g., cotton blankets) into
the domestic environment (Pearson and Cunning-
ton 1973, Dowse et al. 1985, Massicot and Cohen
1986). Few studies have focused on interrelation-
ships among architectural features of the dwelling,
weather, and house dust mite allergen levels.

Pearson and Cunnington (1973) found house
dust to be an important allergen for asthmatics in
Barbados. The most abundant species of house
dust mites identified in Barbadian house dust was
D. pteronyssinus. A relationship was found be-
tween the concentration of D. pteronyssinus aller-
gen in mattresses and allergy to that species, and
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they concluded that the predominantly wooden
houses situated on coral or concrete blocks provid-
ed conditions that were " . . . especially suitable for
the growth of many mite species, particularly D.
[pteronyssinus]'." As a consequence of increasing
modernization, the structural design of the domes-
tic dwelling in Barbados has undergone rapid
transformation (Dann 1984, Potter 1986). All-tim-
ber dwellings have decreased from nearly 90% in
the 1950s (Lowenthal 1957) to «40% in 1990
(Anonymous 1994) and are being replaced with
concrete.

The objectives of our study were to determine
differences in spatial and temporal distribution of
house dust mites in an environment situated in a
tropical climate and undergoing rapid infrastruc-
tural transition, and to correlate allergen levels
with structural features in the domestic dwelling.
The overall purpose was to determine the role that
housing construction plays on the distribution of
house dust mite allergens in the domestic environ-
ment, given that the outdoor climate in terms of
relative humidity and temperature is ideal for mite
growth and proliferation.

Materials and Methods

Participating Households. Five villages that rep-
resented the main topographical regions of the is-
land were sampled from January to December
1991. Following approval by the University of
Florida Institutional Review Board, 4 homes were
selected randomly in each village. Three homes (1
mixed and 2 concrete) were deleted from assess-
ment because samples were damaged during ship-
ment to the United States, leaving a total of 17
homes. Of those 17 households, 3 refused to con-
tinue participating at the time of the 2nd visit, re-
sulting in only 14 homes sampled during the rainy
season. Eight homes (47.0%) were all wood, 7
(41.2%) were mixed (concrete and wood), and 2
(11.8%) were entirely concrete. The mean house-
hold density (number of persons per number of
rooms) was 1.5 (range, 0.5-3.0), which is consistent
with national census figures.

Participant observation and an ethnographic sur-
vey were conducted in each home and in each vil-
lage to collect the following data: household den-
sity; architectural features of the home
(construction, age of home, number of bedrooms);
and characteristics of the vacuum sites (e.g., age of
furniture and mattresses, number of beds per bed-
room, presence of carpeting). Information was up-
dated during the 2nd visit.

Collection of Dust Samples. Dust samples
were collected biannually, during the dry (January-
May) and rainy (August-November) seasons, by a
standard procedure (Platts-Mills and de Week
1989) using a hand-held vacuum cleaner with a
built-in collection chamber. Samples were collect-
ed from 4 sites in each home, including the bed-
room mattress, the bedroom comer (a rug or car-

peted corner if present), the most frequently used
upholstered piece of furniture in the living room,
and a corner in the living room (preferably a rug
or carpeted corner). Vacuuming lasted 5 min at
each site and included 1 m2 of surface area. Filters
containing the dust samples were placed in a zip-
lock bag and stored at — 20°C until analyzed.

Quantitation of Mite Allergens. Dust samples
were processed (Femandez-Caldas et al. 1993) and
Der p 1 and Der f 1 concentrations were deter-
mined by 2-site monoclonal antibody radioimmu-
noassays (Chapman et al. 1987, Swanson et al.
1989). Control curves constructed from doubling
dilutions of D. pteronyssinus and D. farinae con-
tained from 250 to 0.5 ng/ml Der p 1 and Der f
1. Monoclonal antibodies (including 4C1 which
recognizes a cross-reacting epitope on both Der p
1 and Der f 1 and is used at the 2nd antibody in
both assays) were kindly provided by Martin Chap-
man (University of Virginia, Charlottesville).

Statistical Analysis. Data from the interviews
and dust samples were coded and entered into a
database program (Symantec 1991). Frequency
distributions and bivariate analyses (Pearson R,
chi-square, t-tests, and analysis of variance [ANO-
VA]) were produced using logistic analysis proce-
dures (SAS Institute 1988). Least-squares means,
a general linear model (GLM) ranked procedure
(Searle et al. 1980), was used to investigate the
interaction of independent variables (dust collec-
tion site, house type, and season) and allergen con-
centrations.

Results

Der p 1 and Der f 1 allergen concentrations de-
tected in the 4 sites from the 17 houses are shown
in Table 1. Allergen levels are expressed in differ-
ent units of measure (/ig/g and ng/g, respectively)
because the concentrations of Der f 1 allergens
were lower than Der p 1 by 1,000 times. Der p 1
allergens were present in 17 of 17 (100%) of the
homes sampled, and Der f 1 allergens were col-
lected from 12 of 17 (71%) of the homes. Der p
1 allergen levels were >2 jig/g of dust in at least
1 of the 4 sites tested in 13 of 17 (76%) homes in
the dry season and 10 of 14 (71%) homes in the
rainy season; however, Der f 1 allergens were <2
/i,g/g at all sites in each home in which they were
detected (data not shown). Der f 1 was absent in
8 of 17 (47%) homes in the dry season and 5 of
14 (29%) homes in the rainy season.

After correcting for the absence of samples in 3
of 17 homes during the rainy season, GLM was
constructed for both Der p 1 and Der f 1 on ranks
(SAS Institute, 1988) of allergen concentration
(Conover and Iman 1981) with means for season
separated by the Tukey test. There were no signif-
icant differences among any of the levels of Der p
1 or Der f 1 in each of the 4 locations in the home
according to season.
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Table 1. Concentration of Der p 1 and Der f allergens in 17 Barbadian homes

Collection site

Mattress
Bedroom floor
Ijving room floor
Ijving room furniture

Mattress
Bedroom floor
Living room floor
Living room furniture

No.
times

present

16 of 16"
17 of 17
16 of 16
17 of 17

14 of 14fc

13 of 13"-fc

14 of 14fo

14 of 14fc

Der p 1

Geometric
mean ± SD

allergen,
Mg/g dust

Range

Dry season
15.8 ± 37.4
4.2 ± 11.2
1.3 ± 1.3

40.4 ± 78.2

0.13-120
0.02-44.8
0.13-5.05
0.02-284.2

Rainy season
3.7 ± 6.8
0.8 ± 0.7

10.0 ± 33.2
64.2 ± 90.4

0.21-23.16
0.14-2.74
0.02-125
0.15-252

No.
times

present

5 of 16a

4 of 17
7 of 16
5 of 17

7 of I4b

4 of 13°-fc

4 of 14fc

4 of 14''

Der f 1

Geometric
mean ± SD

allergen,
ng/g dust

11.1 ± 19.6
10.7 ± 19.9
17.9 ± 23.9
19.3 ± 38.5

23.0 ± 27.9
16.9 ± 27.3
15.0 ± 24.8
11.1 ± 21.9

Range

0-44
0-50
0-60
0-148

0-68
0-72
0-60
0-60

" One sample was insufficient to determine mite allergen level.
b Samples could not be repeated in 3 homes during the rainy season.
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Fig. 1. Geometric mean allergen levels of Der p 1 (jug/g) from 4 sites (mattress, bedroom floor, living room floor,
living room furniture) during dr)' and rainy seasons in 17 homes. Mean levels are illustrated in log (/xg/g) to reduce
skewness.
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Two- and 3-way interactions (season, location in
the home, and the presence of concrete) were not
significant; consequently, a main effects ANOVA
was conducted on the Der p 1 data. Similar to our
findings using a GLM with means for season sep-
arated by the Tukey test, Der p 1 concentrations
did not vary from the dry to rainy season (F = 0.03;
df = 1, 6; P > 0.10). Allergen levels did vary ac-
cording to location within the home (F = 3.04; df
= 3, 6; P = 0.03). An investigation using least-
squares means, a GLM ranked procedure, re-
vealed a significant difference among furniture
(the location with the highest mean concentration)
and the 3 other locations; the pair-wise t-test
showed significant differences between the bed-
room (P = 0.009), living room floor (P = 0.01),
and the mattress, but only at the 0.10 level (P =
0.07). Similar associations between site and levels
of Der f 1 allergens were not found.

Concrete homes had higher levels of Der p 1
allergens in 3 of the 4 locations than did wood or
mixed (wood and concrete) homes (F = 9.55; df
= 2, 6; F = 0.0001; Fig. 1). When using the least
squares means GLM ranked procedure with house
type (wood, mixed, and concrete) as the indepen-
dent variable, there was a significant difference be-
tween wood and concrete homes (F = 0.0001) and
mixed and concrete homes (F = 0.0005), although
the difference between wood and mixed homes
was not significant. A main-effects ANOVA indi-
cated that mean levels of Der f 1 actually were
highest in the wood and lowest in mixed homes;
however, the low counts of Der f 1 in addition to
a small sample size possibly rendered any observ-
able associations spurious.

Levels of Der p 1 allergen in the mattress were
15.8 ± 37.4 (mean ± SE) /Ltg/g dust during the dry
season and 3.7 ± 6.8 /ig/g dust during the rainy
season (differences not significant; Table 1). Levels
in the mattress were correlated with levels on the
bedroom floor during the rainy season (r = 0.83,
F = 0.0005), but not during the dry season (r =
0.12, F = 0.66). Concentrations increased with the
age of the home in both the dry (r = 0.69, F =
0.003) and rainy season (r = 0.62, F = 0.02), but
were not correlated with any other variables, in-
cluding homes with more bedrooms, the number
of beds in a bedroom, the age of the mattress, the
presence of carpet, and household density.

Levels of Der p 1 allergen on the most frequent-
ly used piece of living room furniture were 40.4 ±
78.2 fig/g dust (range, 0.02-284) during the dry
season and 64.2 ± 90.4 /i,g/g dust (range, 0.15-252)
during the rainy season. Similar to the mattresses,
these differences were not significant when tested
by the GLM procedure. Allergen levels were not
correlated with features of the immediate environ-
ment, including age of the piece of furniture, the
presence of carpet in the living room, and age of
the house. Levels of Der p 1 on the piece of fur-
niture were elevated significantly in homes with
higher household densities (number of residents)

during the rainy but not the dry season (r = 0.62,
F = 0.02; r = 0.29, F = 0.27, respectively). Aller-
gen levels of Der f 1 in both the bedroom mattress
and living room furniture were not correlated with
any of the variables mentioned above.

Discussion

Our hypothesis that the use of concrete in house
construction influences the distribution of house
dust mite allergen concentrations is supported by
this study. Findings from the main-effects ANOVA
association between concrete homes and higher
levels of Der p 1 allergens in all 4 locations of the
home should be viewed with caution, because
there were only 2 homes built entirely of concrete
in our study of 17 homes. However, a separate
analysis using least-square means, which is a GLM
ranked procedure, supported the overall findings;
allergen concentrations were significantly higher in
concrete homes than in both wood homes and
mixed wood and concrete homes.

Der p 1 allergen concentrations were not sig-
nificantly different between wood and mixed
homes, although the least-squares means was high-
er in the mixed homes than in the homes built
entirely of wood, indicating that there was a trend
in the increase of allergen concentrations with the
introduction of concrete. For the 7 homes classi-
fied as mixed, the main area of the home for which
concrete was present was the toilet-shower. Only
1 of the mixed homes had a concrete bedroom,
and none of the homes had a concrete living room.
This is reflective of home improvement patterns in
Barbados in general (Barnes 1992), whereby con-
crete is added first to areas of the home in which
indoor plumbing is introduced (e.g., bathroom,
kitchen), and eventually all of the wood construc-
tion is replaced with concrete. It is possible that
the presence of concrete in areas of the home sep-
arate from those in which allergen samples were
collected (e.g., bathroom) would not have a signif-
icant effect on the allergen concentrations in areas
of the home constructed of wood (e.g., bedroom
mattresses and living room furniture). Only after
homes are constructed of or converted to concrete
exclusively substantial differences in allergen con-
centrations deviate from the traditional, all-wood
homes.

We speculate that construction with concrete is
an important element in the abundance of certain
house dust mite species because of the overall ac-
cumulation of moisture associated with concrete in
housing. Accumulation may be caused by structur-
al factors such as the absence or improper use of
moisture barriers, resulting in the wicking of
ground moisture, finished ceilings serving as mois-
ture barriers that retain interior moisture, and
smaller and fewer windows situated in the mois-
ture-laden areas of the home (e.g., shower stall).
Individual contributors of moisture (e.g., indoor
shower, number of water taps) did not affect aller-
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gen levels according to our analyses. We contend
that the small number of homes (n = 14 for both
seasons) limited the number of independent vari-
ables that could demonstrate a relationship at a
significant level. Alternatively, the combination of
very high relative humidity levels typical of the
rainy season plus a home built entirely of concrete
may supersede the importance of specific features
such as an indoor shower or toilet.

The finding that Dermatophagoides allergens
are common in Barbadian homes is concordant
with that of Pearson and Cunnington (1973) 2 de-
cades ago. The extremely low concentration of D.
farinae allergens (and in some cases, absence of
the species altogether) is also consistent with that
study. In other studies, populations of D. farinae
were remarkably lower than D. pteronyssinus
when both species were found in the same locale
(Charlet et al. 1978, Chang and Hsieh 1989), or,
alternatively, when D. farinae is absent and D.
pteronyssinus is present (Colloff 1987, 1988). The
mean concentration of Der p 1 allergen ranging
from 3.7 to 15.8 /xg/g of dust in mattresses and
40.4 to 64.2 /ig/g in living room furniture are well
above the 2/ig/g "at risk" level reported by Platts-
Mills and de Week (1989).

Levels of both Der p 1 and Der f 1 did not
change significantly from the dry to rainy season,
contrary to previous studies (Charlet et al. 1978;
Colloff 1988, 1991). The temporal abundance of
house dust mites typically is dependent on relative
humidity and usually peak during the warmest and
wettest months (Wharton 1976, Charlet et al.
1978). In Barbados, relative humidity ranges from
a low of 73% (January) to a high of 85% (Novem-
ber), and temperature ranges from a low of 21 to
a high of 28.5°C, providing an ideal year-round en-
vironment for house dust mites. Concrete, plumb-
ing, and other modern features have been incrim-
inated in increasing indoor relative humidity and
reducing air flow (Hansen 1984, Arundel et al.
1986), 2 factors that create favorable habitats for
the house dust mite (Murray and Zuk 1979, Kors-
gaard and Iversen 1991). Air conditioning, a mod-
ern feature which reduces house dust mite popu-
lations by lowering humidity (Lintner and Brame
1993) is not a feature of home improvement in
Barbados, and, if available at all, is present only in
businesses and tourist-related facilities (e.g., hotels,
restaurants).

Studies in both temperate and tropical regions
have demonstrated that mite populations can vary
substantially from month to month and peak in dif-
ferent months from one year to the next (Murray
and Zuk 1979, Arlian et al. 1982, Chang and Hsieh
1989). Furthermore, monthly variations cannot be
attributed to outdoor temperature or relative hu-
midity alone. Because house dust mite samples
only were collected at 2 time points in our study,
fluctuations in allergen concentrations from the
Barbadian homes may have been missed. Howev-
er, high levels of the major allergen from D. pter-

onyssinus were detected in mattresses and es-
pecially in living room furniture in both seasons,
indicating the presence of high levels of allergen
year-round. Seasonal fluctuation in this setting,
therefore, may be of little clinical relevance.

Although house dust mites thrive where there is
the presence of irregular surfaces that trap dust
and skin scales, the bedroom (particularly the mat-
tress) is thought to be the primary focus (Wharton
1976, Hallas 1991, Korsgaard and Iversen 1991).
However, in Barbados, levels were higher in living
room furniture than in the mattress or bedroom,
agreeing with previous research (Arlian et al. 1982,
Feldman-Muhsam et al. 1985). One argument put
forth as an explanation for allergen levels being
higher in furniture than in mattresses is that bed-
clothing is washed regularly, whereas upholstered
furniture is cleaned rarely. Unfortunately, in our
study, these data were not available. The effect of
season was evident in that homes with greater
household densities had higher levels of Der p 1
in their living room furniture during the rainy sea-
son, indicating that more time is spent in this part
of the house duri ng the rainy season or the inten-
sified presence of residents during the rainy season
further contributes to the proliferation of D. pter-
onyssinus in this microhabitat.

Barbados offers a unique opportunity to exam-
ine the role of modernization on the spatial and
temporal distribution of Dermatophagoides spp.
within the domestic environment, because of the
rapid infrastructural transformation in that country
over the past few decades. In this tropical setting,
levels of Der p 1 and Der f 1 were not affected by
season in general. D. pteronyssinus is a ubiquitous
allergen in the domestic environment; D. farinae
is of much less importance. The data indicates that
concrete housing provides a more favorable habitat
for D. pteronyssinus than wood housing. Because
construction of concrete homes in Barbados is on
the increase, exposure to D. pteronyssinus will af-
fect progressively Barbadians and likely will con-
tribute to allergic disease in that country.
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