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Summary
Background Previous studies have shown that children in Tokelau have a lower prevalence of

asthma and atopy compared to Tokelauan children resident in New Zealand. We hypothesized that

the low asthma and atopy prevalence in Tokelau may be associated with low indoor allergen levels.

Methods Dust was collected from bedding and floors of 76 homes and four public buildings in

Tokelau and from the homes of 30 Tokelauan families in Wellington, New Zealand. Dust samples

were analysed for Der p 1, Der f 1, Can f 1, Fel d 1, Bla g 2 and Blo t 5 by ELISA, and for endotoxin

by a kinetic amoebocyte lysate assay.

Results Der p 1 levels were over 1000-fold lower in Tokelau compared to New Zealand, geometric

mean levels were 0.04 and 47.0mg/g in beds and 0.04 and 44.7mg/g on floors, respectively. Can f 1

and Fel d 1 levels were also significantly lower in Tokelau. Bed endotoxin levels were significantly

higher in Tokelau, geometric mean: 26 736EU (endotoxin units)/g, compared to 5181EU/g in New

Zealand. Floor endotoxin levels were similar between the two countries.

Conclusion The very low indoor allergen levels in homes in Tokelau compared to much higher

levels in New Zealand homes provides a logical explanation for the lower prevalence of asthma and

atopy in Tokelau, compared to New Zealand.
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Introduction

Longitudinal studies have shown that sensitization to indoor
allergens is a risk factor for development of asthma in
childhood [1, 2]. House dust mite (HDM) allergens are
present from birth at very high levels in infant bedding in
New Zealand [3] and might, in part, explain the high rates of
asthma in New Zealand [4].
Following hurricane damage to the Tokelau atolls in 1966

half of the population resettled in New Zealand. A
programme of studies was established to measure the health
effects of this migration. In the 1970s it was noted that
asthma was rare among Tokelauans living in Tokelau
compared to Tokelauans living in New Zealand [5]. Subse-
quently, Waite et al. [6] studied asthma prevalence in
Tokelauan children in Tokelau and New Zealand. They
classified 11.0% of 706 children in Tokelau as asthmatics,
compared with 25.3% of 1160 Tokelauan children in New
Zealand. In that study, asthma was defined as either probable
(history of asthma or current physical signs of asthma) or
definite (history of asthma and current physical signs of
asthma). Importantly, of the children studied in New
Zealand, there was no difference in asthma prevalence

between those children born in New Zealand or those born
in Tokelau.
In the 1980s, we found that atopy was more common

among 5–9-year old Tokelauan children living in New
Zealand (30%) than 5–9-year old Tokelauan children in
Tokelau (5%) [7]. Among the older children (10–15 years)
asthma symptoms were more prevalent in New Zealand (8%
vs. 3%) and their asthma was more severe, while atopy was
threefold higher in New Zealand (33%) than Tokelau (9%).
In that study, asthma symptoms were defined as ‘ever
wheezing’ or ‘wheeze in the last 12 months’.
There is reason to believe that Tokelau might be a low

indoor allergen environment and that this could explain the
lower prevalence of asthma and atopy in children resident in
there, compared to Tokelauan children resident in New
Zealand. Tokelau consists of three small isolated atolls
situated 1000 km South of the Equator in the South Pacific
Ocean. The coral atolls sustain little flora and fauna, in
particular with no common grasses and no domestic cats or
dogs (these were eradicated in the 1950s). Tokelauan homes
traditionally consist of one or two rooms that are used for
living, cooking and sleeping. To aid with ventilation and
temperature control, windows are usually not glassed and the
floors are bare (no carpets) or covered with locally woven or
imported synthetic mats that are often also used to sleep on.
Tokelauans tend to keep livestock, predominantly chickens
and pigs, close to their dwelling.
In this study, we have measured indoor allergens and

endotoxin levels from bedding and floors in homes in Tokelau
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and compared them to levels in the homes of Tokelauans
resident in New Zealand.

Materials and methods

In 2000, one of the authors (G.P.) visited the three atolls of
Tokelau and collected dust samples from 76 dwellings and
four public buildings (one school, guesthouse, hospital and
hotel). The same procedure was carried out in homes of 30
Tokelauan families resident in Wellington, New Zealand.
Dust samples were collected from the centre of the living
room floor and from the top of one bedding surface by
vacuuming 1m2 for 1min from carpeted floors and bedding
surfaces and for 2min from uncarpeted floors with a Hitachi
(Tokyo, Japan) CV-2500 vacuum cleaner (1100W) with
nylon mesh sleeve attached to the vacuum head. The type
of flooring and bedding surfaces were recorded.
All collected dust samples were stored at � 201 before

sifting through a 425mm steel mesh sieve. Aliquots of fine
sifted dust was extracted (100mg in 1.0mL of phosphate-
buffered saline containing 0.05% Tween-20) for 30min at
room temperature, centrifuged for 10min at 3000 g and
supernatants stored at � 201 for allergen determinations. If
sufficient fine dust was available, 200mg was extracted with
5.0mL of endotoxin-free water containing 0.05% Tween-20
for 30min at room temperature, centrifuged for 15min at
1000 g and supernatants stored at � 201 for endotoxin
activity determination.
The indoor allergens, Der p 1, Der f 1, Can f 1, Fel d 1, Bla

g 2 and Blo t 5 were determined by double monoclonal and
monoclonal/polyclonal antibody ELISA by standard proto-
cols with the use of commercial kit sets (Indoor Biotechnol-
ogies, Cardiff, UK). Endotoxin activity was determined by a
kinetic procedure with a commercial amoebocyte lysate kit set
(BioWhittaker, Walkersville, MD, USA).
Due to non-Gaussian data distribution, allergen and

endotoxin levels were log transformed. Dust samples with
undetectable allergen levels were assigned a value of 0.01mg/g,
the lower level of detection. Indoor allergen results are
expressed as mg/g dust and endotoxin activity as endotoxin
units (EU)/g dust. Statistical analysis was by two-tailed non-
paired Student’s t-test with statistical significance set at the
P40.05 level. The Wellington Ethics Committee approved
the study.

Results

Seventy-seven bed dust samples and 80 floor dust samples
from Tokelau were analysed for the six indoor allergens and
compared with 30 bed dust and 30 floor dust samples from
the New Zealand homes. There was sufficient dust for
endotoxin analysis for 69 bed and 56 floor samples from
Tokelau, and 29 bed and 29 floor dust samples from New
Zealand.
Table 1 shows the number of dust samples in which

allergens were detected. All dust samples from Tokelau and
New Zealand had detectable endotoxin levels. Tables 2 and 3
show the geometric mean allergen and endotoxin levels (with

95% confidence intervals (CI)) from bedding and floor dust
samples in Tokelau and New Zealand. Der p 1, Can f 1, Fel d
1 and Bla g 2 levels were significantly higher in the New
Zealand bedding and floor dust samples, compared to
Tokelau. Indeed, Der p 1 levels were more than 1000-fold
lower in Tokelau where less than one third of dust samples
had detectable levels, compared to all of the New Zealand
dust samples. Additionally, when analysed as mg/m2, Der p 1
levels remained more than 1000-fold lower in Tokelau (data
not shown). Floor Der f 1 levels were higher in Tokelau while
Der f 1 levels were similar to New Zealand.
All New Zealand dust samples (except one for Fel d 1) had

detectable Fel d 1 and Can f 1 levels, compared to 73.9% and

Table 1. Proportion of dust samples that contain detectable indoor allergens

Allergen and location Tokelau New Zealand

Floor Der p 1 26/80 30/30

Floor Der f 1 26/80 4/30

Floor Can f 1 45/80 30/30

Floor Fel d 1 57/80 30/30

Floor Bla g 2 1/80 10/30

Floor Blo t 5 2/80 1/30

Bedding Der p 1 21/77 30/30

Bedding Der f 1 53/77 19/30

Bedding Can f 1 32/77 30/30

Bedding Fel d 1 59/77 29/30

Bedding Bla g 2 0/77 11/30

Bedding Blo t 5 0/77 2/30

Table 2. Bedding allergens and endotoxin levels in Tokelau and New

Zealand

Tokelau New Zealand

Der p 1 (mg/g) 0.04** (0.02–0.07) 47.0 (32.5–67.9)

Der f 1 (mg/g) 0.12 (0.08–0.19) 0.15 (0.06–0.35)

Can f 1 (mg/g) 0.03* (0.02–0.05) 0.47 (0.34–0.65)

Fel d 1 (mg/g) 0.33* (0.20–0.57) 1.25 (0.69–2.24)

Bla g 2 (mg/g) ND 0.04 (0.02–0.07)

Blo t 5 (mg/g) ND 0.02 (0.01–0.03)

Endotoxin (EU/g) 26 736** (21 380–33 497) 5181 (3148–8531)

Results are geometric means with 95% confidence intervals in brackets.

ND, none detected in any dust sample; EU, endotoxin units.
*Po0.05. **Po0.001.

Table 3. Flooring allergens and endotoxin levels in Tokelau and New

Zealand

Tokelau New Zealand

Der p 1 (mg/g) 0.04** (0.03–0.07) 44.7 (26.6–75.3)

Der f 1 (mg/g) 0.03* (0.02–0.04) 0.01 (0.005–0.02)

Can f 1 (mg/g) 0.06** (0.04–0.08) 0.62 (0.10–0.95)

Fel d 1 (mg/g) 0.28* (0.16–0.48) 0.86 (0.50–1.50)

Bla g 2 (mg/g) 0.01* (0.01–0.01) 0.03 (0.01–0.05)

Blo t 5 (mg/g) 0.01 (0.01–0.01) 0.01 (0.005–0.02)

Endotoxin (EU/g) 14 104 (11 220–17 742) 21 754 (12 942–36 559)

Results are geometric means with 95% confidence intervals in brackets.

EU, endotoxin units.
*Po0.05. **Po0.001.
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49.0%, respectively, in Tokelau. Bla g 2 was also more
commonly detected in New Zealand dust samples. Blo t 5 was
only detected in two Tokelau floor dust samples and in one
floor and two bedding dust samples in New Zealand.
Endotoxin levels were significantly higher in bedding dust

samples from Tokelau while floor endotoxin levels were non-
statistically lower in Tokelau (Table 2).

Discussion

This study has confirmed that Tokelau is a unique low indoor
allergen environment at sea level. Only about one third of
floor and bedding dust samples from Tokelau had detectable
Der p 1 levels and even those detected levels were significantly
lower than in New Zealand. More importantly, Der p 1 levels
in Tokelau were more than 1000-fold lower than in New
Zealand. The New Zealand Der p 1 levels were similar to
levels we have previously described in New Zealand homes
[8].
More than half of the Tokelauan bedding dust samples

showed evidence of Dermatophagoides farinae colonization,
but even then the levels of Der f 1 were very low compared to
reported levels around the world. For example, the geometric
mean Der f 1 level in bedding in Tokelau was 0.12mg/g (95%
CI: 0.08–0.19) and only 6.5% of the bedding dust samples
returned a Der f 1 level of 42.0mg/g. This compares to
22.4% of bedding samples in Boston, USA having Der f 1
levels of 42.0mg/g [9].
The animal allergens Fel d 1 and Can f 1 were significantly

lower in Tokelau compared to New Zealand. This is not
surprising as cats and dogs were eradicated in the 1950s,
although feral cats have recently started to re-appear in
Tokelau. These allergens probably originate from imported
clothing and mats. It has previously been shown that clothing
is an important source of cat allergen [10] and that cat
allergen can thus be introduced in an environment totally
devoid of cats [11].
Exposure to high levels of cockroach allergens among

children with known sensitivity to cockroach causes signifi-
cant morbidity [12]. However, Bla g 2 was only detected in
one floor dust sample from Tokelau and none in bedding,
while in New Zealand, although at low levels, Bla g 2 was
detected in 10 floor and 11 bedding dust samples. A limitation
is that we did not measure allergens from American or
Oriental cockroaches. However, in New Zealand Blattilla
germanica is the dominant cockroach species.
Tokelau has a tropical climate and it is possible that other

mite species could have been more dominant than either
Dermatophagoides pteronyssinus or farinae. Blomia tropicalis
has emerged as a dominant mite species in tropical environ-
ments [13]. However, we were only able to detect very low Blo
t 5 in two floor and no bedding dust samples from Tokelau,
while in New Zealand Blo t 5 was detected in only three dust
samples.
Levels of endotoxin were significantly higher in bedding

from Tokelau compared to New Zealand. These significant
higher endotoxin levels may be due to the close proximity of
livestock and the use of mats, rather than mattresses.
Exposure to high levels of endotoxin may confer a protective

effect on the development of atopy and the subsequent
development of atopic disease [14, 15].
Thus, in this study we have shown that Tokelau is a natural

low allergen environment at sea level but has relatively high
levels of endotoxin. The low HDM allergen levels are most
likely due to natural ventilation in their homes and the
complete absence of carpets and conventional bedding
materials. Traditional Tokelau housing consists of open-plan
living areas with natural ventilation through open window
spaces compared to generally poorly constructed wooden
houses fitted with carpets in New Zealand [16]. Carpets and
mattresses are a significant source of allergens [8] and an ideal
breeding environment for HDMs due to an unlimited food
supply and favourable microclimate. Furthermore, the
Tokelau atolls, being made entirely of coral, supports
relatively few species of plants with a complete absence of
common grasses such as Timothy or Rye, both common
environmental allergens in New Zealand. Thus the lower
asthma and atopy prevalence rates of Tokelauans living in
Tokelau in the 1970s and 1980s could well be related to the
virtual absence of common indoor allergens exposures.
Given the very low indoor allergen levels and the relatively

high endotoxin levels, Tokelau represents a unique natural
environment to explore the acquisition of atopy and the
development of allergic disease. Similarly, Tokelau is an
interesting environment in which to study the effects of
secondary allergen avoidance among those with established
disease. Previous studies on intensive HDM allergen avoid-
ance in a hospital setting and at high altitude demonstrated
clinical effectiveness [17, 18]. However, those studies have
been criticized in that intensive medical attention could have
caused bias. Anecdotally, there are many reports of
Tokelauan families where children and adults have suffered
from severe asthma in New Zealand only to experience a
complete remission of their disease upon return to Tokelau. It
would be of interest to examine this effect among allergic
asthmatics who return to Tokelau for prolonged periods.
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