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Exposure to microbial components and allergens in population
studies: a comparison of two house dust collection methods applied

by participants and fieldworkers

Abstract Dust collection by study participants instead of fieldworkers would be a
practical and cost-effective alternative in large-scale population studies estima-
ting exposure to indoor allergens and microbial agents. We aimed to compare
dust weights and biological agent levels in house dust samples taken by study
participants with nylon socks, with those in samples taken by fieldworkers using
the sampling nozzle of the Allergology Laboratory Copenhagen (ALK). In
homes of 216 children, parents and fieldworkers collected house dust within the
same year. Dust samples were analyzed for levels of allergens, endotoxin,

(1 — 3)-p-D-glucans and fungal extracellular polysaccharides (EPS). Socks
appeared to yield less dust from mattresses at relatively low dust amounts and
more dust at high dust amounts than ALK samples. Correlations between the
methods ranged from 0.47-0.64 for microbial agents and 0.64-0.87 for mite and
pet allergens. Cat allergen levels were two-fold lower and endotoxin levels three-
fold higher in socks than in ALK samples. Levels of allergens and microbial
agents in sock samples taken by study participants are moderately to highly
correlated to levels in ALK samples taken by fieldworkers. Absolute levels may
differ, probably because of differences in the method rather than in the person
who performed the sampling.
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Dust collection by participants is a reliable and practical option for allergen and microbial agent exposure assessment.
Absolute levels of biological agents are not (always) comparable between studies using different dust collection
methods, even when expressed per gram dust, because of potential differences in particle-size constitution of the

collected dust.
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Introduction

Epidemiological studies on allergies and asthma typic-
ally estimate exposure to allergens by analyzing sam-
ples of settled house dust. In this way, relationships
between house dust mite allergens and allergy have
already been established since the 1960s (Custovic
et al., 2003; Huss et al., 2001; Lau et al., 1989, 2000;
Tovey, 2004; Voorhorst et al., 1967). During the last
decade it has also become more and more common to
measure microbial agents, like bacterial endotoxin, in
house dust samples as it has been hypothesized that
such agents might protect against allergies (Von
Mutius et al., 2000). For example, a study in farm
and non-farm children showed an inverse relation
between endotoxin levels in house dust and atopic
sensitization, atopic asthma and hay fever in children,
while non-atopic asthma appeared to be more preval-
ent at higher endotoxin levels (Braun-Fahrlander et al.,
2002). In most studies fieldworker-collected dust sam-
ples have been analyzed, but in some, including our
own PARSIFAL (prevention of allergy-risk factors for
sensitization in children related to farming and
anthroposophic lifestyle) study (Alfvén et al., 2006;
Schram et al., 2005; Schram-Bijkerk et al., 2005), both
fieldworkers and study participants collected house
dust in partially overlapping populations.

Fieldworkers collected dust by vacuuming with the
sampling nozzle of the Allergology Laboratory
Copenhagen (ALK, Horsholm, Denmark) loaded with
a filter, to assess allergens and microbial agents in
house dust of the PARSIFAL population (Schram
et al., 2005). Sampling with ALK devices is one of the
most commonly used dust sampling methods, which
was, for example, also applied in the International
Study of Asthma and Allergies in Childhood (ISAAC;
Weiland et al., 2004). Participants of the PARSIFAL
study collected dust by vacuuming with nylon sample
bags (Schram-Bijkerk et al., 2005) (‘socks’; Allied
Screen Fabrics, Hornsby, Australia), which could, in
contrast to ALK devices, be easily mailed to partici-
pants, who after sampling returned the socks with dust.
This procedure has important logistical advantages for
large-scale population studies such as PARSIFAL: the
labor costs are much lower than those associated with
home visits by fieldworkers, and therefore the size of
the population with measured exposure data can be
increased considerably. However, little is known about
the reliability of such dust sampling by participants:
does it lead to similar results as dust collection by
fieldworkers? And does the sock itself lead to similar
results as ALK nozzles with filters?

The latter question has been addressed previously in
a study in New Zealand, which compared allergen and
endotoxin levels in parallel mattress and living room
dust samples from homes of 37 children, taken on the
same day and by the same fieldworker, with either
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socks or ALK devices (Wickens et al., 2004). Moderate
to high correlations were observed between the levels of
endotoxin, cat and mite allergens per gram dust in the
two types of samples (Pearson’s r = 0.58-0.82).

Another recent study addressed the question whether
dust sampling by participants leads to similar results as
dust sampling by fieldworkers. Cat and mite (Der pl)
allergen levels in dust samples collected by participants
were compared with levels in dust samples collected by
fieldworkers (Arbes et al., 2005). Strong correlations
between the allergen levels were observed, but partic-
ipants collected lighter samples, which might have been
because of the use of different vacuum cleaners or the
use of different dust collection devices: the Mitest Dust
Collector (participants) and a paper filter method
(fieldworkers). In addition, other methods for dust
collection by participants have been developed, i.e.
dust sampling using electrostatic wipes (Thorne et al.,
2005), but this method has, to our knowledge, not been
compared with dust sampling by fieldworkers.

In this study, we primarily aimed at comparing the
two dust sampling methods applied in the PARSIFAL
study: dust sampling with socks by participants and
dust sampling with ALK devices by fieldworkers. The
comparison involves a wide spectrum of biological
agents: mite allergens of Dermatophagoides pteronyssi-
nus (Der pl) and Dermatophagoides farinae (Der f1),
cat (Fel d1) and dog (Can f1) allergens, endotoxin and
two mold components: (1 — 3)-S-D-glucans and extra-
cellular polysaccharides (EPS) from Aspergillus and
Penicillium spp. Additionally, we investigated whether
differences between the methods could be attributed to
the use of different sampling devices by including
collection and analysis of extra sock samples, taken by
fieldworkers on the same day as the ALK samples.

Methods
Study subjects

The design and population characteristics of the
PARSIFAL study have been described previously
(Alfvén et al., 2006). In short, children from farmers’
families, anthroposophic families (‘Steiner children’)
and respective reference families of five European
countries, Austria, Germany, the Netherlands, Sweden
and Switzerland, were included (Alfvén et al., 2006).
Farm reference and Steiner reference children were
children who lived in the neighborhood of farm and
Steiner children, but who did not actually live on a
farm, or did not attend a Steiner school, respectively
(Alfvén et al., 2006). Parents of participating children
who gave consent to dust sampling, with a maximum
of 1000 per country (the PARSIFAL target popula-
tion), were sent nylon sampling socks (n=
4892) to collect dust with. Nearly 75% (n = 3625) of
sock sampling sets with dust were returned. The
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contents of these house dust samples were analyzed in a
case-control selection of nearly 1000 children, to assess
the association between exposure to microbial agents
and wheeze, as described previously (Schram-Bijkerk
et al., 2005). In addition, fieldworkers collected house
dust with ALK sampling devices in a randomly selected
population, stratified by subgroup (farm, Steiner and
reference children) to assess levels of microbial agents
in each subgroup (Schram et al., 2005) and to validate
the sock method. In short, mattress and living room
dust was collected in homes of 478 children: 229 farm
children, 122 Steiner children and 60 and 67 of their
respective references.

Parent-collected socks from 73 homes, which had
been analyzed within PARSIFAL subprojects other
than the previously described case-control study
(Schram-Bijkerk et al., 2005), were also included in
the comparisons with ALK samples. About half of

these additional samples (from 30 homes) were only
analyzed for dust weights, endotoxin and EPS levels.
Overall, both sock and ALK results were available for
216 homes. In more than 75% of these homes, socks
had been collected first, and time between the ALK
sampling and sock sampling by parents ranged from
—128 to 251 days, with a median of 103 days.

To allow a comparison of sampling devices used by
the same person on the same day, fieldworkers collec-
ted house dust with socks along with ALK sampling in
114 homes. These homes were selected on the basis of
floor covering: only homes with wall-to-wall carpets
were included in this additional sampling procedure,
because low dust weights, as collected on smooth
floors, could make comparisons of side-by-side samp-
ling less reliable. The selection of populations for the
various dust sampling procedures has been summar-
ized in a flow-chart (Figure 1).

Questionnaire population, N=14,893

[
Consent pjooq, N=8,788 ‘ —

4‘

Consent g4, N=8,694 ‘

Random selection' of children for
ALK dust sampling, stratified by
group and country, N=478
(229°F, 122 S, 60 Fr, 67 Sr)

Not selected® N=3,944 ’4— ¢
Random selection of children with

wall-to-wall carpets for sock dust
sampling by fieldworkers, N=114 >

A

Blood sampling not

—Pl Not selected’, N=3,802

Socks not returned,

succeeded, N=805

A 4

N=1,267

A 4

IgE serology, N=4,039

Sock dust sampling by parents, N=3,625

A 4

All atopic wheezers, N=270

N=188

Random selection of non-atopic
wheezers, stratified by country,

Random selection of non-atopic
controls, stratified by country,
N=441

v

Sock dust analyses, N=899

I

Extra sock analyses4,
N=73

Sock + ALK dust analyses in the
same home, N=216

Fig. 1 Schematic overview of the PARSIFAL population, indicating which subpopulations were included in dust sampling (F =
Farm, S = Steiner, Fr = Farm reference, Sr = Steiner reference children) 'Farms without livestock were excluded. AU: only consent
to dust sampling required. NL + SE: restrictions to some geographical areas. 2CH and GE made selections, because of their relatively
large populations. CH: 1000 children, incl. all with consent to dust and blood sampling; GE: 350 F (consent to dust + blood), 368 S,
150 Fr, 170 Sr. *Selection of: CH 865 children + 38 extra wheezers; GE: all F, 368 S (incl all wheezers), 150 Fr, 150 Sr (incl all
wheezers). (SE = Sweden, CH = Switzerland, NL = the Netherlands, GE = Germany, AU = Austria) “Selected for other PARSIFAL
subprojects. Half of these samples (from 30 homes) only analysed for dust weights, endotoxin and EPS.
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Fig. 2 ALK sampling nozzle

Dust collection

Fieldworkers collected dust with vacuum cleaners
equipped with ALK (Horshelm, Denmark) sampling
nozzles (Figure 2), loaded with glass fiber filters, as
described previously (Schram et al., 2005) and with
nylon sample socks with 25 um pore size (Allied Screen
Fabrics, Hornsby, Australia) (Figure 3). The sample
sock was placed into the suction pipe, the upper part of
the sock was folded around the outside of the suction
pipe and attached with adhesive tape. Samples from
mattresses were obtained by vacuuming the whole area
of the mattress with undersheets for 2 min twice, with
both devices, with the order effect controlled for by
alternating the first used device. Duplicate living room
samples were obtained by vacuuming two adjacent 1 m?
sites on the carpet for 2 min each, with different devices.
Other types of floor covering were sampled with ALK
devices only: smooth floors with >4 m? rug, | m” of rug,
2 min; smooth floors with no rug or smaller rug(s), 2 m”
of smooth floor, 4 min. Filters with dust were trans-
ferred to pre-weighed tubes and stored frozen at the
various centers, and shipped on dry ice to one laboratory
(IRAS, Utrecht, the Netherlands) for central analysis.

PARSIFAL

PARSIFAL

D

A comparison of two dust collection methods

Parents collected dust with nylon sample socks,
applying the same sock sampling procedures as field-
workers, which were illustrated in detailed photo-
instructions (available on request from the correspond-
ing author). They were instructed to vacuum the whole
area of the mattress with one sock and 1 m? of either
carpet, smooth floor or rug in the living room with the
other sock, for 2 min each. Socks with sampled dust
were returned to the local study centers by regular
mail, where they were stored frozen. The samples were
shipped on dry ice to Utrecht.

Dust analysis

The tubes with ALK filters plus dust were post-
weighed and 540 ml extraction fluid was added,
determined by the net dust weight (<0.5 g, 5 ml; 0.5
to 1.0 g, 10 ml; 1.0 to 2.0 g, 20 ml; >2.0 g, 40 ml). The
filter was thus extracted as well. The dust in the sock
samples was transferred from the sock to a pre-weighed
tube and after post-weighing the tube with dust, 5-
40 ml extraction fluid was added according to the same
weight-fluid scheme as used for ALK samples. Aller-
gens and microbial agents were extracted from the dust
in the same way for socks as for ALK samples,
according to a three-step procedure, extracting
endotoxin first, followed by EPS and allergen extrac-
tion and finally extraction of glucans, as described
previously (Schram et al., 2005). Endotoxin was meas-
ured with the kinetic chromogenic Limulus amebocyte
lysate (LAL) test, EPS with a specific sandwich EIA for
EPS of Aspergillus and Penicillium spp. (Douwes et al.,
1999) and glucans with an inhibition EIA (Douwes
et al., 1996). Mite allergens of D. pteronyssinus (Der
pl) and D. farinae (Der f1) and the major cat (Fel d1)
and dog (Can f1) allergens were measured with
sandwich EIAs of Indoor Biotechnologies® as des-
cribed previously (Van Strien et al., 2002). The average
inter-day/inter-assay coefficients of variation, as deter-
mined by testing duplicate extract aliquots of 10% of
all samples on another day as the first aliquot, were:
30.7% for endotoxin, 13.5% for EPS, 23.4% for
glucans, 19.3% for Der pl, 17.6% for Der f1, 18.6%
for Fel d1 and 25.9% for Can fl.

Fig. 3 Sampling set for collection of house dust, including two sample socks, a measuring rod, two stickers and twist ties (a) and

attachment of a sock to the vacuum cleaner with a sticker (b)
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Data analysis

Results were expressed as concentrations per gram of
dust and per square meter. For samples with undetect-
able amounts of dust (<0.020 g, <5% of all samples),
no concentrations per gram of dust were calculated.
Samples with non-detectable amounts of dust or
biological components were not included in the
quantitative comparisons between methods regarding
that specific, non-detectable component. Percentages
of non-detectable values were low for microbial agents
(<4%) and cat allergens (<6%), moderate for dog
allergens (11-35%) and high for house dust mite
allergens (16-24% of mattresses; 43-48% of floor
samples). The majority of samples with non-detectable
levels of mite allergens were samples from Sweden,
which has known low house dust mite allergen levels.
Dust collection methods were also evaluated by
comparing the sum of Der pl and Der f1, because this
parameter was used in previous analyses in the
PARSIFAL population. In quantitative comparisons
of the sum of Der pl and Der fl, all samples with a
detectable amount of at least one of the two allergens
were included.

Statistical analyses were performed with SAS statis-
tical software (version 8.2, SAS Institute, Cary, NC,
USA). Levels of allergens and microbial agents were
approximately log-normally distributed after exclusion
of samples with non-detectable levels. Pearson corre-
lation coefficients were calculated for In-transformed
values of dust and biological agent levels. To evaluate
the agreement between dust sampling methods and to
test whether differences depended on the level of the
agents, Bland-Altman plots (Bland and Altman, 1999)
were produced. In these plots, differences between
In-transformed levels between the methods were plot-
ted against the mean level. Differences in In-trans-
formed levels were further evaluated by performing
t-tests for paired observations and they were also
plotted against the time interval between dust col-
lection by parents and fieldworkers. We primarily
compared dust and biological agent levels in parent-
collected socks with levels in ALK samples taken by
fieldworkers. Additionally, levels in ALK samples were
compared with levels in socks, collected on the same
day by fieldworkers.

Results
Dust yields

Parent-collected socks vs. fieldworker-collected ALK sam-
ples The amounts of mattress dust were on average 1.5
times lower in parent-collected socks than in ALK
samples (0.31 vs. 0.47 g, P < 0.01). The difference was
in fact underestimated, because 30 of these ALK
samples had been taken directly after sock sampling by
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the fieldworker; if these 30 samples were excluded,
mean ALK mattress dust weights were 0.50 g. For
living room floors, mean dust weights were similar in
socks collected by parents and ALK samples (0.32 vs.
0.35 g, P = 0.43). Pearson correlation coefficients for
the amounts of dust in the two types of samples were
low to moderate: 0.24 for mattresses and 0.43 for living
room floors. Figure 4 shows that for living rooms, the
difference between measurements did not depend on
the mean dust weight, whereas it appeared that
mattress socks showed three to 15 times lower dust
weights at low mean dust amounts. In contrast, at high
mean mattress dust amounts, sock dust weights were
two to three times higher.

Fieldworker-collected sock and ALK samples Amounts of
mattress dust in fieldworker-collected socks were 1.7
times lower (P < 0.01) than in ALK samples, collected
by the same fieldworker on the same day, whereas
living room floor dust amounts were not significantly
different. The order in which the two mattress samples
were taken determined the dust yield: dust amounts in
socks were 1.2 times lower when the sock method was
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Fig. 4 Bland-Altman plots showing differences between
In-transformed dust weights in parent-collected socks and
fieldworker-collected ALK samples®, for (a) the mattress (b) the
living room (s.d. = standard deviation). (a) Thirty mattress
ALK samples taken on the same day, shortly after sampling
with socks by fieldworkers, were excluded
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Fig. 5 Correlations between mattress levels of biological agents per gram dust in ALK samples and parent-collected socks, with
Pearson correlation coefficients (r), regression line (solid line) and line of unity (dotted line)

applied to the mattress first, but 2.1 times lower when socks and ALK samples showed the same trend as
the ALK device was applied first. The Bland-Altman Figure 4 for parent-collected socks and ALK samples,
plot for mattress dust weights of fieldworker-collected with relatively low sock dust weights at low mean dust
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Fig. 6 Correlations between living room floor levels of biological agents per gram dust in ALK samples and parent-collected socks,
with Pearson correlation coefficients (r), regression line (solid line) and line of unity (dotted line)

levels (not shown). Pearson correlation coefficients between parent-collected socks and ALK samples:
between fieldworker-collected sock and ALK dust r-value was 0.70 for mattress dust and 0.79 for living
levels were, on the other hand, higher than those room floor dust.
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Biological agent levels

Parent-collected socks vs. fieldworker-collected ALK sam-
ples Figure 5 shows correlations between levels of
biological agents per gram of mattress dust measured
in ALK samples and parent-collected socks. Levels of
endotoxin, EPS and glucans per gram dust were
moderately correlated between the sampling methods
(Pearsons’ r ranging from 0.47 to 0.64). Correlations
were high for allergen levels (r 0.64-0.87). Generally,
correlations were higher with wider ranges in levels of
the specific component; the 10th and 90th percentile
values of Fel dl1, for example, differed more than 500-
fold and Fel d1 showed a high correlation coefficient,
whereas for glucans this difference was only 4-fold, and
the correlation was moderate. Figure 6 shows the
correlations for living room floor samples, which were
generally somewhat lower than for mattresses, but with
the same overall pattern for the various agents. When
allergen and microbial agent levels were expressed per
square meter of sampled surface (Table 1), correlation
coefficients for floor samples were very similar to those
found per gram dust, whereas for mattress samples, the
correlation coefficients for levels per square meter were
consistently lower, in accordance with the above
mentioned lower correlation between dust yields from
mattresses, compared with those from living room
floors.

Correlations between biological agent levels were
similar when levels below the limit of detection, given a
value of two-third of the lowest detectable amount,
were included in the analyses (not shown). For
example, for Can f1, Der pl and Der f1, which were
less often detected than the other components, corre-
lation coefficients for levels per gram mattress dust
were 0.69, 0.84 and 0.76 after inclusion of non-
detectable samples, respectively. The concordance
(percentage detectable or non-detectable on both
occasions) for these agents ranged from 66.3% to
82.0%.

Table 1 Pearson correlation between levels of biological agents in ALK samples and
parent-collected socks, expressed per square meter sampled mattress and living room
area

Mattress Living room

Ndet® rvalue Ndet® rvalue
Endo (EU/m?) 201 0.43 203 055
EPS (units/m?) 201 0.43 197 047
Gluc (ug/m?) 174 0.34 174 051
Can f1 (ng/m?) 133 0.70 98 0.70
Fel d1 (ng/m?) 168 074 161 0.71
Der 1 (ng/m?) 127 0.60 78 0.64
Der p1 (ng/m?) 124 0.67 65 052
Der p1 + Der f1 (ng/mz) 152 0.61 107 0.58

“Number of sample pairs with detectable levels of the specific agent in both sock and
ALK samples.
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Fig. 7 Bland-Altman plots showing differences between
In-transformed biological agent levels in parent-collected socks
and fieldworker-collected ALK samples against the time interval
between them, for two examples; (a) endotoxin per gram mat-
tress dust (b) Der pl per gram mattress dust (s.d. = standard
deviation)

Bland-Altman plots in which differences in biological
agent levels were plotted against the time interval
between sock sampling by parents and ALK sampling
by fieldworkers suggested that the time interval played
no major role (shown in Figure 7 for endotoxin and
Der pl). This was confirmed by restricting correlation
calculations to ALK and sock samples taken more
than the median number of days apart, which resulted
in similar values as those found for the total dataset.

The correlation plots in Figures 5 and 6 show that in
general (> 80% of measurements), levels differed up to
a factor 7.4 between the methods. Table 3 shows that
the mean difference in In-transformed levels between
methods was not significantly (P < 0.05) different
from 0 for most components in mattress dust.
Exceptions were cat allergen levels, which were 1.5-
2.0 times lower, both in mattress and living room floor
sock samples and endotoxin levels, which were 1.8-2.6
times higher in sock than in ALK samples. Glucan
levels were higher in sock mattress samples (Table 3),
but not in sock living room samples (not shown),
compared with ALK samples. Bland-Altman plots
showed that mean differences were not dependent on
the mean concentrations (not shown).
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Table 2 Pearson correlation between levels of biological agents per gram dust in ALK
samples and fieldworker-collected socks

Mattress Living room

Ndet?® rvalue Ndet® rvalue
Endo (EU/g) 98 0.66 104 0.57
EPS, EPS (units/g) 99 0.58 106 0.67
Gluc (ug/g) 99 059 105 0.27
Can f1 (ng/g) 74 0.84 76 0.87
Fel d1 (ng/g) 96 093 101 0.92
Der f1 (ng/g) 79 091 68 0.79
Der p1 (ng/g) 71 093 56 0.89
Der p1 + Der 1 (ng/g) 88 0.92 84 0.85

“Number of sample pairs with detectable levels of dust and the specific agent in both
sock and ALK samples.

Fieldworker-collected sock and ALK samples Correlations
between biological agent levels in ALK samples and
fieldworker-collected socks (Table 2) were generally
higher than correlations between levels in ALK samples
and parent-collected socks (Figures 5 and 6). Especi-
ally for mite allergens there was a striking difference:
Der pl and Der f1 levels in fieldworker-collected sock
and ALK samples showed much higher correlations
(r-value 0.79-0.93) than the comparisons of levels of
these agents in fieldworker-collected ALK and parent-
collected sock samples.

Differences in mean levels of cat allergen and
endotoxin were also observed between ALK samples
and fieldworker-collected socks (Table 3). Cat allergen
levels were 1.7-1.9 times lower (P < 0.01) in fieldwor-
ker-collected sock mattress and living room samples,
and endotoxin levels were 1.2-1.3 times higher
(P < 0.05 for mattresses and P < 0.10 for living
rooms) in fieldworker-collected sock samples than in
ALK samples. Thus, for endotoxin, differences in levels
between fieldworker-collected socks and ALK samples
were smaller than those between parent-collected socks
and ALK samples, which suggests that, next to
sampling device, fieldworker vs. participant dust
collection, or the day of dust sampling, influenced

mean levels of endotoxin. No effect of sampling order
was seen on levels of biological components per gram
mattress dust (not shown).

Discussion

Our data showed that dust collection by participants is
a reliable and practical option for allergen and micro-
bial agent exposure assessment, because of high return
rates for subject-collected socks (nearly 75%, after one
reminder phone-call if necessary) and moderate to high
correlations with levels of biological components in
fieldworker-collected dust. This paper confirmed pre-
vious findings of allergen levels in participant- and
fieldworker-collected dust samples (Arbes et al., 2005),
whilst adding information of microbial agent levels.
We, however, observed differences in absolute levels of
some components between the methods, i.e. in dust
weights and cat allergen and endotoxin levels per gram
dust, which may not be important for large epidemi-
ological studies into relative exposure differences
across groups, but which might result in misclassifica-
tion in other studies. Our data do not provide a direct
answer to the question to what extent differences in
levels between parent-collected socks and ALK sam-
ples could be attributed to either the time interval or
the person who performed the sampling (fieldworker
vs. parent). However, we included comparisons with
socks collected by fieldworkers to investigate the effect
of using different devices.

Person who performs the sampling: fieldworkers vs. participants

Although dust yields from socks were in the same order
of magnitude as dust amounts from ALK samples,
correlations between the two methods were only mod-
erate for dust weights, which is in line with a previous
report of participant- and fieldworker-collected dust
samples (Arbes et al., 2005). Differences between yields
of fieldworker- vs. participant-collected dust samples
might be because of the use of different kinds of vacuum

Table 3. Mean biological agent levels per gram mattress dust in parent-collected socks vs. fieldworker-collected ALK samples and in fieldworker-collected socks vs. fieldworker-collected

ALK samples

Parent-collected socks vs. ALK samples Fieldworker-collected socks vs. ALK samples

Ndet? GM (GSD), sock parents GM (GSD), ALK Ndet® GM (GSD), sock fieldworker GM (GSD), ALK
Endo (EU/g) 193 27,689 (3.1)** 10,761 (3.2) 98 14,421 (3.0 11,538 (3.3)
EPS, EPS (units/g) 193 89,306 (2.4) 89,324 (2.3) 99 79,358 (2.5) 77,743 (2.2)
Gluc (pg/g) 167 2830 (1.6)* 2293 (1.7) 99 2834 (1.6)** 2343 (1.7)
Can f1 (ng/g) 128 1290 (5.6) 1492 (4.3) 74 1303 (4.5) 1450 (4.1)
Fel d1 (ng/g) 160 4720 (11.4)** 7107 (10.9) 96 4090 (10.7)** 6755 (9.2)
Der f1 (ng/g) 124 2321 (7.3) 1906 (6.2) 79 2327 (5.4)* 1949 (5.5)
Der p1 (ng/g) 17 3363 (5.6) 3391 (5.1) Al 3639 (6.5) 3761 (6.0)
Der p1 + Der 1 (ng/g) 146 6462 (5.7) 5841 (5.0) 88 7606 (4.8) 7138 (4.7)

“Number of sample pairs with detectable levels of dust and the specific agent in both sock and ALK samples.

*P<0.05; **P < 0.01.
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cleaners or differences in dust sampling procedures;
despite our detailed photo-instructions, it might have
been more difficult for parents than for trained
fieldworkers to strictly follow the vacuuming instruc-
tions (i.e. vacuum 1 m? of the living room floor for
exactly 2 min). Our results have not been adjusted for
differences in types of vacuum cleaners of study
participants, because that information was not collec-
ted. However, as dust collection by parents means
different vacuum cleaners by definition, it is of more
interest to know whether it gives the same results as dust
collection by fieldworkers with that variation than
without. The low correlations between subject- and
fieldworker-collected dust amounts could, however, in
our study, also be due the time interval or the device.

Time interval

The time interval between sock sampling by parents
and sock/ALK sampling by fieldworkers ranged from
—128 to 251 days. One would expect to find larger
random differences and thus lower correlations at
larger time intervals. We observed higher correlation
coefficients for dust yields and mite allergen levels,
when dust was collected by fieldworkers on the same
day with either ALK or sock devices, which suggests
that time interval indeed influenced mean levels,
although we could not detect effects in comparing
samples taken several days or months apart. Our
correlations between levels in parent-collected socks
and ALK samples were generally higher than correla-
tions between allergen levels in ALK samples taken
2 years apart (C. Antens, IRAS, Utrecht, unpublished
data), which also suggests that time interval between
measurements influences correlations.

Different devices

Logically, correlations in this study could not be higher
than correlations between levels in duplicate samples,
collected on the same day with the same device by the
same person. A study comparing such duplicate
samples, collected with ALK devices, showed similar
correlations as our comparisons of fieldworker-collec-
ted socks and ALK samples (Giovannangelo, in press),
suggesting that application of sock sampling by field-
workers leads to similar results as ALK sampling by
fieldworkers. This has previously been concluded from
a study comparing ALK and sock samples collected by
fieldworkers, which assessed endotoxin, mite and cat
allergen levels, and which showed similar correlations
as our study (Wickens et al., 2004). However, there
appeared to be some differences in dust yields and
composition of the dust between ALK samples and
sock samples, no matter whether socks were taken by
fieldworkers or parents. Mattress dust amounts
appeared to be lower in socks, particularly at low dust

A comparison of two dust collection methods

levels. Sock dust weights cannot have been influenced
by vacuum cleaner attachments, because the sock was
placed on the suction pipe and sampling was per-
formed directly with the open end of the pipe
(Figure 3). ALK sampling of mattresses was easier
because the sampling nozzle could be kept at a fixed
angle, while with sock sampling the sheets on the
mattresses sometimes stuck to the vacuum cleaner pipe
and thereby reduced contact with the mattress itself. In
addition, dust may have been lost when transferring
dust from socks to tubes before extraction, although no
differences in dust amounts were observed for living
room socks as compared with ALK samples. Interest-
ingly, however, Figure 4 showed that the mattress dust
yield did not only depend on collection method, but
also on the mean dust weight, with relatively low sock
dust weights at low mean dust levels and relatively high
sock dust weights at high mean dust levels. Differences
in pore sizes (socks 25 um, filter <1 um) might explain
this discrepancy. Filters might be more efficient at low
dust weights, with large amounts of fine dust, whereas
socks might be more efficient in capturing larger
particles. The differences were not observed for living
room floor dust, suggesting that these differences
depend on the constitution of dust.

Cat allergen levels were up to twofold higher in ALK
samples than in socks, and endotoxin levels appeared
to be up to threefold higher in parent-collected socks
than in ALK samples. Cat allergen can be found
frequently on particles less than 2.5 um (De Blay et al.,
1991), which might have been captured by glass fiber
filters (pores <1 um) more easily than by socks (pores
25 um). Differences in particle size distribution of sock
or ALK dust might have influenced endotoxin levels as
well. Handling the socks may have contributed to
endotoxin levels in the samples, which might have been
checked by including field blanks. Although not
included in this study, we have noticed in other recent
series that endotoxin levels in such control socks are
negligible or several orders below that of socks
containing at least 50-100 mg dust. Thus, it is hard
to imagine that such contamination would explain the
threefold difference in endotoxin levels between sock
and ALK samples. However, as epidemiological stud-
ies usually investigate relative exposure differences
between subgroups, e.g. people with and without a
particular disease, absolute levels are generally less
relevant. Despite differences in absolute levels (i.e. for
endotoxin), comparisons of relative microbial exposure
differences between groups, i.e. farm children, Steiner
children and respective references, showed similar
results for ALK samples and socks collected by parents
(not shown).

The case-control selection of children in this study
might be regarded as limiting the generalizability of our
results: the study population consisted of relatively
many children with allergies or asthma, which might
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have influenced compliance of the parents. On the
other hand, it is hard to imagine that a better or lower
compliance with procedures would lead to different
levels of biological components per gram dust. There-
fore, it seems unlikely that it would have biased the
relation between levels in samples taken from the same
home either by parents using socks or fieldworkers
using ALK sampling nozzles.

Conclusions

Dust collection with socks by parents appears to be as
valid for allergen and microbial agent exposure assess-
ment as dust collection with ALK sampling devices by
fieldworkers. Dust yields, and maybe even dust parti-
cle-size distributions may differ between methods,
therefore, absolute levels of biological agents are not
(always) comparable between studies using different
dust collection methods, even when expressed per gram
dust.
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