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Social factors, allergen, endotoxin, and dust mass in mattress

Abstract Indoor environment has been associated with allergic disease. Further,
it has been observed that the prevalences of allergic sensitization are different in
different social groups. We therefore investigated the association between soci-
oeconomic status (SES) and indoor bio-contaminants. House dust samples were
collected from parents’ and infants’ mattress from 2166 families in Munich
(62.2%) and Leipzig (37.8%), Germany. Major mite allergen Der p 1 and Der f
1, cat allergen Fel d 1, and endotoxin were extracted and quantified. Parental
educational level and family equivalent income were used independently as
socioeconomic indicators. Indoor endotoxin, mite allergen Der p 1, and the
amount of sampled dust were not associated with the social factors. Mite
allergen Der f 1 was slightly associated by family SES but without a consistent
pattern. In families who are not cat owners, however, a negative association
between the amount of cat allergen and family SES were observed. The observed
negative association between cat allergen loads and concentrations in mattress
and family SES in non-cat owners’ homes indicated that community is an
important source of cat allergen exposure.
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The study indicated that community is a major source of cat allergen exposure especially in communities of low SES.

Introduction

Differences in prevalence of allergic sensitization
between social groups have been reported (Almgqvist
et al., 2005; Bergmann et al., 2000; Heinrich et al.,
1998; Lewis et al., 2001). Although the patterns of the
association were not consistent between different study
populations, the results indicate that environmental
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factors which are highly associated with socioeconomic
status (SES) have a strong effect on the development of
allergic sensitization. On the other hand, indoor envi-
ronmental exposure to bio-contaminants in settled
house dust has been considered associated with allergic
sensitization. For example, several cohort studies have
shown that cat allergen exposure is a risk factor for the
development of cat allergen specific sensitization in very
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young children (Brussee et al., 2005; Lau et al., 2000).
Cross-sectional studies have suggested that very high
dose of cat allergen exposure protects children from
allergic sensitization because it may induce modified
immune responses (Hesselmar et al., 2003; Platts-
Mills et al., 2001). Indoor endotoxin exposure in early
life has been suggested to provide protection against
the development of allergic sensitization (Williams
et al., 2005). Finally, the amount of settled house
dust was found to be associated with the quantity of
endotoxin concentrations (Gehring et al., 2004a) and
fungal components (Gehring et al., 2001), both of
which were considered to be associated with allergic
sensitization.

Studies have shown several determinants of the
amount of indoor bio-contaminants. House dust mite
allergen appear to vary by geographic locations and
housing characteristics (Simpson et al., 2001). Cat
allergen, however, is ubiquitous and persistently air-
borne (Almgvist et al., 1999; Bollinger et al., 1996;
Ichikawa et al., 1999). Contact with pets, cleaning
habits, and the number of persons living in the house
are considered to be associated with the amount of
indoor endotoxin (Bischof et al., 2002; Gehring et al.,
2004b; Park et al., 2000). Socioeconomic conditions are
also considered to affect the amount of some indoor
bio-contaminants. Home characteristics, housing stock,
cleaning habits, and pet ownership, which highly
influence the amount of indoor allergen, are considered
to vary between families in different socioeconomic
categories. A recent study conducted in the greater
Boston area in the USA showed that in the homes of
asthmatic or allergic people, having mite allergen Der p
1 and Der f 1 concentration <10 ug/g was associated
with low family income, less maternal education, and
race/ethnicity (black or Hispanic vs. white). The study
also showed that high amount of domestic cat allergen
was associated with living in homes located in the low-
or mid-poverty regions of a large metropolitan area
(Kitch et al., 2000). In this particular article, we
investigated the association between socioeconomic
conditions and indoor bio-contaminants.

Method
Study population

The Influences of Lifestyle-related Factors on the
Immune System and the Development of Allergies
in Childhood Study is an on-going birth cohort
study. The details of the study is provided elsewhere
(Zutavern et al., 2006). Briefly, parents of neonates
admitted in one of the six obstetrical clinics in Munich
and all four obstetrical clinics in Leipzig Germany were
contacted. A total of 2443 neonates who were born
between December 1997 and December 1999 were
recruited in the study. The study was approved by the

ethics committees of Bavarian General Medical Coun-
cil and the University of Leipzig.

Questionnaire data

Information on parental educational level, housing
characteristics, and family history of allergic disease
were collected using self-administered questionnaires at
birth and at 3 months of age of the cohort. Information
on family equivalent income was collected when the
children were 2-year old using self-administered ques-
tionnaires. The parental educational level and the family
equivalent income were used independently as socioe-
conomic indicators in this paper. The parental educa-
tional level was categorized based on the German
educational system, which takes both the highest com-
pleted grade in school and vocational training into
account (Appendix) (Ahrens et al., 1998). In the analy-
sis, the parental education level was defined as the higher
education level from either parent. The family equival-
ent income was calculated by dividing the net household
income per month, which was reported on an 11-point
scale ranging from <€500 to more than €3000, by the
equivalence scale that considers family size. The equiv-
alence scale gives a weight of 1.0 to the first adult in the
family, 0.5 to any other family members above 15, and
0.3 to family members below 14. The calculation was
based on the new Organization for Economic Coopera-
tion and Development (OECD) guidelines (Hauser,
1988). The families were categorized into tertiles based
on their family equivalent income.

Collection and analysis of house dust

A total of 2166 (89%) families participated in the house
dust collection when the cohort was 3-month old.
Trained field workers carried out dust sampling based
on a standardized operating procedure. Dust samples
were taken from mothers’ and infants’ mattress by
vacuuming 1 m? of the mattress surface for 2 min using
vacuum cleaners equipped with special nozzles (ALK
allergen mouthpiece, Hersholm, Denmark). The
samples were stored at —20°C until extraction to kill
the mites and prevent bacteria growth. Major mite
allergens Der p 1 and Der f 1 and cat allergen Feld 1 were
extracted using ELISA allergen assay. Endotoxin was
quantified using the kinetic Limulus Amebocyte Lysate
assay (BioWhittaker, Walkersville, MD, USA). The
detection limits were 10 ng/g dust for mite allergens,
15 ng/g dust for cat allergen, and 50 endotoxin
unit (EU)/g dust for endotoxin. Samples with bio-
contaminants below the detection limit were assigned
half of the lower detection limit and the surface loads
were calculated as the assigned values multiplying the
amount of total dust mass sampled. The amounts of
allergen and the endotoxin were expressed in both unit/
gram dust and unit/m? surface area.

385



Chen et al.

Statistical analysis

The distribution of dust and bio-contaminants loads
and concentrations were highly skewed, therefore, the
amount of indoor dust, allergens, and endotoxin were
described using median and quartiles. Non-parametric
Spearman correlation coefficients were used to assess
the correlations between different allergens, endotoxin,
dust mass, and bio-contaminants from parents’ and
infants’ bed. Non-parametric Kruskal-Wallis test was
used to test if the amount of dust, allergens, and
endotoxin vary between families of different SES. In
the dust samples from infants’ mattress, however, only
37% contained mite allergen Der p 1 loads and
concentrations above the detection limit. Therefore,
the amount of Der p 1 from infants’ mattresses were
categorized as detectable and non-detectable, and chi-
squared test was performed to test the associations
between the amount of allergen and family SES. To
estimate the association between family SES and the
amount of indoor dust and bio-contaminant, observed
dust and bio-contaminant loads and concentrations
were categorized into tertiles and ordinal logistic
regression models adjusting for confounders were
fitted. Potential confounders were selected based on
literatures including season of sampling, study center,
characteristics of the house, floor and mattress type,
dampness of the house, heating system, crowdedness in
children’s room, pet, cleaning habit, and ventilation of
the house. Confounders adjusted in the model were
identified from the potential confounders using chi-
squared tests. Variables, which were associated with
both dependent and independent variables, were selec-
ted. Confounders adjusted for mite allergen (Der p 1
and Der f 1) models included season, study center,
current signs of mold, parental history of allergic
disease, and anti-allergen mattress cover. For cat
allergen (Fel d 1) models, season, study center, cat
ownership, and previous cat in the house were adjus-
ted. Season, study center, current signs of mold,
parental history of allergic disease, and previous cat
in the house were adjusted for endotoxin models and
season and study center were adjusted for dust models.
The results were presented as odds ratios with 95%
confidence intervals for each socioeconomic category.

The analyses were performed with SAS version 8 (SAS
Institute Inc., Cary, North Carolina, USA).

Results

Dust samples from 2118 (98%) mothers’ mattress and
2098 (97%) infants’ mattress were available. For those
infants who slept occasionally on their mother’s bed or
on their own bed, only the mattress the infants had
very frequent contact with was sampled. Forty-seven
percent (n = 1001) of the mother’s mattresses had mite
allergen Der p 1 below the detection limit, of which
68% were sampled in Munich and 32% in Leipzig.
In each study center, there were more than 60% of
the infants’ mattresses had undetectable mite allergen
Der p 1. The amounts of dust collected from the
infants’ mattresses were very low. The median load of
the infants’ mattresses dust samples was a quarter of
the median dust load collected from the mothers’
mattresses (Table 1). In general, there were no signi-
ficant differences in the amounts of allergens in infants’
mattress between the two study centers and the amount
of endotoxin was slightly higher in the homes in
Leipzig. For mother’s mattress, there were higher
amount of mite and cat allergens in both concentra-
tions and surface loads in Leipzig (data not shown).

The correlation between bio-contaminant loads
measured from mothers’ and infants’ mattresses were
not strong, especially for mite allergens (Figure 1). The
correlation coefficients between allergen concentrations
from mothers’ and infants’ mattresses were almost
identical to the correlation coefficients between allergen
loads from mothers’ and infants’ mattresses reported in
the figure (r = 0.4 for Derp 1, r = 0.4 for Der f 1, r =
0.6 for Fel d 1, and r = 0.4 for endotoxin). There were
also no strong correlations between different bio-con-
taminants loads and generally very weak correlations
between different bio-contaminants concentrations
(Table 2). However, different bio-contaminant loads
and concentrations in the dust collected from infants’
mattresses were generally better correlated compared
with those collected from mothers’ mattresses.

Table 3 shows the distribution of socioeconomic
groups of the study population. Comparing the two
study centers, families in Munich generally had higher

Table 1 The amount of domestic allergen and endotoxin measured from mothers’ and infants’ mattress (median (25th and 75th percentile))

Sampling site Der p 1 (nanogram) Der f 1 (nanogram)

Fel d 1 (nanogram)

Endotoxin (endotoxin unit) Total dust mass (mg/mz)

Mothers’” mattress

Unit/gram dust 97.7 (5, 608.3) 634.1 (125.4, 3601.8)
Unit/m? dust 84.2 (3.4, 487.6) 428.8 (91.5, 2853.5)
N (detectable %) 52.6% 79.6%

Infants’ mattress
Unit/gram dust 5.0 (5.0, 642.9) 525.1 (5.0, 2324.7)
Unit/m? dust 1.3(0.7, 138.8) 106.8 (0.9, 509.6)
N (detectable %) 37.1% 63.6%

180.2 (68.6, 820.5)
130.9 (50.9, 696)
88.5%

326.0 (84.7, 1322.5)
65.6 (16.6, 333.1)
77.5%

3008 (1045.5, 7913)
2071 (594.5, 6916)
100%

5866 (2336, 14669)
1015 (330, 3022)
100%

738.5 (453.0, 1166.0)
N = 2118
188.0 (120.0, 289.0)

N = 2098
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Fig. 1 Correlation between the log-transformed domestic bio-contaminants collected from mothers’ and infants’ mattress

Table 2 The correlation between the amount of bio-contaminants collected from both mothers” and infants” mattress

Der p 1 (ng/m?) Der f 1 (ng/m?) Fel d 1 (ng/m?) Endotoxin (EU/m?) Total dust mass (mg/m
Der p 1 (ng/m?) 062 041 0.46 0.70
Der 1 (ng/mz) 0.45 0.39 0.46 0.58
Fel d1 (ng/m?) 0.29 024 0.36 048
Endotoxin (EU/m?) 0.37 0.34 0.35 0.58
Total dust mass (mg/m?) 045 0.41 0.41 0.54
Der p 1 (ng/g) Der f 1 (ng/g) Fel d 1 (ng/g) Endotoxin (EU/g) Total dust mass (mg/g)
Der p 1 (ng/g) 043 0.18 0.16 0.30
Der f 1 (ng/g) 0.35 020 023 0.33
Fel d1 (ng/g) 0.13 0.1 014 023
Endotoxin (EU/g) 0.17 0.17 0.16 0.19
Total dust mass (mg/g) 0.12 0.16 0.1 0.16

The numbers in italic format are correlation between the amount of bio-contaminants collected from infants’ mattress and the numbers in normal format are correlation between the

amount of bio-contaminants collected from mothers’ mattress.

percentages of highly educated parents and higher
income; however, the cost of living in Munich is also
higher. Table 4 shows the housing characteristics and
the family history of allergic disease of the study
population. We stratified the data by study center and
chi-squared test (o« = 0.05) showed that in Leipzig,
higher percentages of the recruited families lived in
flats, and the families were more likely to have a dog.

In Munich, higher percentages of the recruited families
were using anti-allergen mattress cover, used to have a
cat in their house and reported signs of mold. We also
recruited fewer parents with a history of allergic disease
in Leipzig than in Munich center. Comparisons
between dust, allergen, and endotoxin loads and
concentrations measured from families in different
socioeconomic groups are listed in Table 5. It showed
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Table 3 The socioeconomic level of the study population

Munich n (%) Leipzig n (%) Total n (%)

Parental education level

Very high 903 (67.0%) 356 (44.5%) 1259 (58.1%)

High 217 (16.1%) 168 (21.5%) 385 (18.8%)

Median 162 (12.0%) 237 (29.0%) 399 (18.4%)

Low 53 (4.9%) 43 (5.3%) 96 (4.4%)
Family equivalent income

High 502 (37.2%) 86 (11.5%) 588 (27.1%)

Median 402 (30.8%) 173 (21.1%) 575 (27.5%)

Low 226 (17.8%) 383 (47.8%) 609 (28.1%)

that there was a steady decrease of the amount of cat
allergen Fel d 1 on the mattress from families with
lower SES to families with higher SES. After adjusting
for confounders, the amount of cat allergen in both
mothers’ and infants’ mattress dust were significantly
negatively associated with the two independent socio-
economic indicators. For example, in homes of parents
with very high education, the odds of having high cat
allergen load (over 66th percentile of the overall cat
allergen load from the study population) on their
mattresses was 0.44 times smaller than having middle
and low cat allergen load (<66th percentile of the
overall cat allergen load from the study population).

Likewise, in homes of parents with very high educa-
tion, the odds of having median and high cat allergen
load (over 33rd percentile of the overall cat allergen
load from the study population) on their mattresses vs.
low cat allergen load (<33rd percentile of the overall
cat allergen load from the study population) was 0.44
times smaller. Mite allergen Der f 1 on mothers’
mattresses was also associated with family SES. How-
ever, the pattern of the association was not clear. The
amount of endotoxin, mite allergen Der p 1, and dust
sampled in both mothers’ and infant’s mattress dust
had no associations with social factors (Table 6).
Because of the unequal distributions of socioeconomic
groups of the recruited families in Munich and Leipzig
and the differences of the amount of allergens between
the two centers, stratified analysis was performed. In
each stratified group, there were no associations
between family SES and mite allergen, endotoxin and
dust mass loads and concentrations in mattresses.
However, the effect estimates of the associations
between the amount of mite allergen Der p 1 and
family SES were slightly different. The effect estimates
in the Munich subgroup were very close to unity, while
the estimates in the Leipzig subgroup were tend to be
bigger than one. The negative associations between the
amount of cat allergen and family SES was detected in

Table 4 The housing characteristics and the family history of allergic disease of the study population

I7/N (%)

Munich, N = 1348 (62.2%)

Leipzig, N = 818 (37.8%) Total, N = 2166

“Number of people sharing children's room
1 144/1348 (11%)
>72 812/1348 (60%)
Parents or siblings have a history of atopic disease 856/1348 (64%)
Season of sampling
Spring (March-May)
Summer (June—August)
Autumn (September—November)
Winter (December—February)
“House type
Alone-standing house 280/1348 (21%)
Not alone-standing one family house 210/1348 (16%)
Flat 749/1348 (56%)
Multi-storage house 106/1348 (8%)
Story of dwelling
Ground floor
First floor
Second floor and higher
®Having a dog currently in the house
Having a cat currently in the house
2Used to have a cat in the house
“Mattress cover against allergen
Current signs of dampness
Current signs of mold
Water damage (past 12 months)
“Heating system
Heating in the flat 169/1348 (13%)
Central heating 1042/1348 (77%)
Both 135/1348 (10%)

327/1348 (24%)
308/1348 (23%)
368/1348 (27%)
344/1348 (26%)

585/1348 (43%)
321/1348 (24%)
425/1348 (32%)
73/1348 (5%)
124/1348 (9%)
139/1348 (10%)
71/1348 (5%)
82/1348 (6%)
408/1348 (30%)
12171348 (9%)

70/818 (9%)
591/818 (72%)
378/818 (46%)

214/2096 (10.2%)
1403/2096 (66.9%)
1234/1560 (79.1%)

182/818 (22%)
229/818 (28%)
216/818 (26%)
190/818 (23%)

509/2164 (23.5%)
537/2164 (24.8%)
584/2164 (27.0%)
534/2164 (24.7%)

66/818 (8%)
39/818 (5%)
666/818 (81%)
35/818 (4%)

346/2151 (16.1%)
249/2151 (11.6%)
1415/2151 (65.8%)
141/2151 (6.5%)

173/818 (21%)
170/818 (21%)
461/818 (56%)
71/818 (9%)
83/818 (10%)
55/818 (7%)
26/818 (3%)
50/818 (6%)
189/818 (23%)
60/818 (7%)

758/2135 (35.5%)
491/2135 (23.0%)
886/2135 (41.5%)
144/2145 (6.71%)
207/2145 (9.65%)
194/2087 (9.3%)
97/2151 (4.5%)
132/2151 (6.1%)
597/2151 (27.8%)
181/2151 (8.4%)

118/818 (14%)
649/818 (79%)
38/818 (5%)

287/2151 (13.3%)
1691/2151 (78.6%)
173/2151 (8.0%)

The characteristic is statistically significantly different between the two study centers (o = 0.05).
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Table 5 The amount of domestic biocontaminants [median (25th and 75th percentile) measured from mothers’ and infants’ mattress by family's socioeconomics levels, Kruskal-Wallis test/chi-squared test

Family equivalent income

Parental educational level

Sampling site

High P-value

Median

Low

Low Median High Very high P-value

(mattress) (unit)

Allergen

<0.01

5 (5, 416)
9(3, 299
193 (34.2%)

146 (5, 857)

0.03 112 (5, 608)

96 (5, 547)
80 (3, 471)
471 (38.8%)

160 (5, 1175) 42 (5, 553)

5 (5, 295)
13 (4, 301)

Mothers (ng/g)

Derp1

0.04
0.09
0.02

105 (4, 635)

116 (3, 485)
228 (38.5%)

0.14
0.30

<0.01

46 (3, 427)
125 (33.7%)

144 (3.4, 788)
139 (35.6%)

Mothers (ng/m?)

223 (40.3%)

34 (36.6%)
387 (5, 2389)
316 (13, 2495)

436 (5, 2337)

Children (n detectable %)

520 (101, 2831)

791 (171, 4281)
512 (100, 3177)
613 (5, 2698)

127 (1, 614)

687 (126, 4050)

434 (95, 3013)
546 (5, 2434)

819 (167, 3797)

543 (122, 3081)
610 (5, 2325)

125 (1, 531)

513 (98, 2630)

492 (5, 3782)

Mothers (ng/g)

Der f 1

0.14

0.1

401 (90, 2272)
478 (5, 1814)

<0.01

315 (68, 2260)
457 (5, 2434)
95 (1, 471)

291 (9, 2583)
362 (5, 2226)

Mothers (ng/m?)
Children (ng/g)

07
08

0.

0.32
<0.01

102 (1, 398)

105 (0.9, 510)
238 (80, 1571)

0.

79 (1, 419)
280 (95, 2203)

115 (1, 399)
589 (144, 7586)
424 (86, 11280)

Children (ng/m?)
Mothers (ng/g)

131 (51, 441)
101 (43, 445)
270 (91, 959)

174 (72, 705)
127 (49, 652)

<0.01

148 (59, 463)
107 (46, 465)
271 (64, 909)

232 (77, 1522)

Fel d 1

<0.01

193 (593, 1467)
447 (92, 1639.9)

<0.01

171 (60, 1048)

193 (63, 1663)

Mothers (ng/m?)
Children (ng/g)

0.01

0.02
0.72

<0.01 273 (58, 1134)
0.

452 (116, 2883) 350 (52, 1640)

918 (239, 5363)
174 (51, 1998)

60 (19, 239)
2797 (1020, 7563)

2070 (568, 6978)

52 (13, 276)
2970 (1041, 7293)

79 (20, 410)
3090 (1032, 8332)

<0.01
2016 (629, 7103)

56 (15, 221)
3151 (1110, 8591)

65 (15, 396)
2324 (594, 7368)

2478 (926, 7531)

89 (25, 573)
2838 (1031, 7708)

Children (ng/m?)
Mothers (EU/g)

0.23
0.22
0.83
0.85
0.31

0.36

2841 (929, 6253)

Endotoxin

52

1896 (585, 6522)

1715 (514, 6306)
5552 (2369, 14413)

1818 (623, 6393)

2096 (792, 7402)

Mothers (EU/m?)
Children (EU/g)

0.03
0.1

5746 (1983, 15143)
1043 (307, 3581)

5021 (1878, 12990)

6063 (2588, 14532)
1201 (357, 3573)

5850 (2035, 15094)
1023 (325, 3394)

6100 (2663, 13473)
1010 (409, 3434)

5846 (2153, 15515)
1272 (345, 2959)

861 (320, 2713)

1038 (318, 2821)

Children (EU/m?)
Mothers (mg/mz)

0.18
0.43

720 (428, 1094) 792 (471, 1166)

732 (464, 1192)

701 (450, 1108) 706 (427, 1171) 759 (460, 1172)

813 (503, 1185)

Dust mass

187 (120, 285) 197 (118, 303)

181 (122, 289)

190 (120, 301)

178 (115, 266)

190 (121, 290)

191 (109, 296)

Children (mg/m?)

Social factors, allergen, endotoxin, and dust mass in mattress

both centers. However, because only 38% of the
recruited families were from Leipzig, the power of
detecting differences of the amount of allergen between
socioeconomic groups is lower in this subgroup. The
magnitudes of the effect estimates, however, were
similar (data not shown).

In our study population, families of lower parental
education were more likely to keep cats (20% in low
parental educational families and 6% in high parental
educational families). Further, sensitivity analysis
showed that the observed negative associations
between family SES and domestic cat allergen loads
and concentrations were restricted to the families who
are not current cat owners (Table 7). For the families
who were cat owners at the time of dust sampling
and those who used to have a cat in their house, we
re-categorized the cat allergen loads and the concen-
trations based on the amount of cat allergen in each
subgroup and performed the logistic regression analy-
sis for each subgroup. The results showed that for
those who used to have a cat in their house, the
negative associations were less pronounced. In homes
of current cat owners, the associations between the
amount of cat allergen and families SES were not
consistent.

Discussion

This study compared the amount of indoor bio-con-
taminants of families with different SES in Leipzig and
Munich in Germany. We confirmed the negative
association between the amount of indoor cat allergen
and family SES, particularly in families who are not cat
owners. We also found that mite allergen Der f 1 loads
and concentrations vary between social categories but
without a clear trend. The total amount of dust,
endotoxin, and Der p 1 loads and concentrations in
mattresses, however, do not vary between families of
different social classes.

A few studies have explored the association between
family socioeconomic conditions and the amount of
domestic bio-contaminants, and the observed associa-
tions are not consistent. Recent US studies suggested
that high group 1 mite allergen concentration (Der p 1
and Der f 1) is associated with homes in the low
poverty area, with higher maternal education and
higher household income (Kitch et al., 2000; Leaderer
et al., 2002). The German Multicenter Allergy Study
(MAS) Research Group observed that in their study
population high mite allergen concentration in carpet
dust is significantly more common in homes of low
SES (Bergmann et al., 2000). However, the two smaller
German studies, which have analyzed mite allergen
Der p 1 and Der f 1 concentrations in mattress dust
independently, have stated that there is a positive
association between parental education level and Der f
1 but not Der p 1 concentration (Kramer et al., 2006;
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Table 6 The associations between the amount of domestic allergen and the endotoxin measured from mothers’ and infants’ mattress and the family socioeconomic levels

Parental education level [OR (CI)?] Family equivalent income [OR (CI)]

Allergen Sampling site Unit Low Median High Very high Low Median High
Derp1 Mothers” mattress ng/g 1.0 1.43 (0.83, 2.52) 1.17 (0.68, 2.04) 1.38 (0.83, 2.33) 1.0 1.22 (0.94, 1.59) 1.01 (0.76, 1.34)
ng/m? 1.0 1.36 (0.79, 2.39) 1.15 (0.66, 2.01) 1.36 (0.82, 2.3) 1.0 1.17 (0.9, 1.52) 1.02 (0.77, 1.36)
Infants” mattress ng/g 1.0 0.74 (0.42, 1.32) 0.79 (0.45, 1.41) 0.9 (0.54, 1.54) 1.0 1.01 (0.76, 1.33) 0.71 (0.53, 0.96)
ng/m? 1.0 0.74 (0.42, 1.32) 0.74 (0.42, 1.32) 0.86 (0.51, 1.47) 1.0 0.98 (0.74, 1.29) 0.7 (0.52, 0.95)
Der f 1 Mothers’ mattress ng/g 1.0 1.03 (0.61, 1.71) 0.95 (0.57, 1.58) 1.63 (1.02, 2.62) 1.0 1.29 (1, 1.67) 1.08 (0.83, 1.42)
ng/m? 1.0 0.85 (0.51, 1.44) 0.88 (0.52, 1.47) 1.51 (0.93, 2.44) 1.0 1.34 (1.03, 1.73) 1.28 (0.98, 1.68)
Infants® mattress ng/g 1.0 0.9 (0.53, 1.55) 1.04 (0.61, 1.78) 1.21(0.74, 2) 1.0 1.06 (0.82, 1.38) 0.91 (0.69, 1.19)
ng/m? 1.0 0.93 (0.55, 1.58) 1.04 (0.62, 1.76) 1.21(0.75, 1.99) 1.0 1.1(0.85, 1.42) 093 (0.71, 1.22)
Fel d 1° Mothers’ mattress ng/g 1.0 0.56 (0.3, 1.03) 0.51(0.27, 0.92) 0.38 (0.21, 0.67) 1.0 0.87 (0.66, 1.15) 0.6 (0.45, 0.81)
ng/m? 1.0 0.61(0.33, 1.13) 0.58 (0.31, 1.05) 0.44 (0.25, 0.78) 1.0 0.77 (0.58, 1.01) 0.63 (0.47, 0.84)
Infants” mattress ng/g 1.0 0.66 (0.37, 1.17) 0.5(0.28, 0.88) 0.44 (0.26, 0.75) 1.0 0.83 (0.63, 1.09) 0.81 (0.61, 1.08)
ng/m? 1.0 0.65 (0.36, 1.16) 0.51(0.28, 0.9) 0.47 (0.27, 0.81) 1.0 0.83 (0.63, 1.09) 0.88 (0.66, 1.17)
Endotoxin® Mothers’ mattress EU/g 1.0 1.24 (081, 1.9) 1.09 (0.71, 1.67) 1.27 (0.85, 1.91) 1.0 1.01 (0.81, 1.27) 0.94 (0.74, 1.19)
EU/m? 1.0 0.86 (0.56, 1.31) 0.82 (0.54, 1.26) 0.98 (0.66, 1.45) 1.0 09(0.72, 1.13) 0.94 (0.74, 1.19)
Infants” mattress EU/g 1.0 0.97 (0.64, 1.49) 0.98 (0.64, 1.51) 1.00 (0.67, 1.50) 1.0 0.84 (0.67, 1.05) 0.97 (0.76, 1.23)
EU/m? 1.0 0.9 (0.6, 1.4) 0.8 (0.6, 1.3) 09 (06, 1.3) 1.0 0.91(0.73, 1.13) 1.04 (0.82, 1.31)
Dust mass? Mothers’ mattress mg/g 1.0 0.8 (0.52, 1.22) 0.8 (0.52, 1.22) 0.92 (0.62, 1.36) 1.0 0.95 (0.76, 1.18) 1.19(0.94, 1.5)
Infants® mattress mg/m? 1.0 1.17 (0.77, 1.76) 0.97 (0.64, 1.46) 1.13(0.77, 1.66) 1.0 0.96 (0.77, 1.21) 1.07 (0.85, 1.36)

Confounders adjusted for mite allergen (Der p 1 and Der f 1) model: season, study center, current signs of mold, family history of allergic disease, and anti-allergen mattress cover.

®Confounders adjusted for cat allergen (Fel d 1) model: season, study center, current cat owners, family history of allergic disease, and previous cat in the house.
“Confounders adjusted for endotoxin model: season, study center, current signs of mold, and previous cat in the house.
dConfounders adjusted for dust model: season and study center.

Table 7 The association between the amount of domestic cat allergen measured in mothers’ and infants’ mattress dust and the family socioeconomic levels stratified by the family cat

ownership

Parental education level [OR (CI)%]

Family equivalent income [OR (CI)]

Cat ownership Sampling site unit Llow  Median High Very high Llow  Median High

Never” Mothers’ mattress  ng/g 1.0 0.56(0.29, 1.07) 0.53(0.28, 1) 0.4 (0.22, 0.73) 1.0 0.98 (0.74, 1.31)  0.65 (0.48, 0.88)
ng/m* 1.0 0.64 (0.33,1.22)  0.61(0.32,1.15)  0.49(0.26,0.89) 1.0 0.85(0.64, 1.13)  0.68 (0.5, 0.91)
Infants™ mattress ng/g 1.0 0.74 (0.4,1.37) 054 (03, 1) 0.49(0.28,087) 1.0 0.9 (0.68, 1.19) 0.86 (0.64, 1.17)

ng/m* 1.0 0.78 (0.41, 1.45)  0.56 (0.3, 1.05) 0.54 (0.3, 0.97) 1.0 0.88 (0.66, 1.17) 0.9 (0.67, 1.21)

Current® Mothers” mattress  ng/g 1.0 0.62 (0.17, 2.16)  0.75 (0.2, 2.74) 0.53(0.16, 1.74) 1.0 142 (0.59, 3.46) 05(0.2, 1.26)
ng/m* 1.0 0.37 (0.1, 1.35) 053 (0.13,2.01) 051 (0.15,1.73) 1.0 2.21 (091, 548) 1.25(0.5, 3.15)
Infants” mattress ng/g 1.0 0.74 (0.19, 2.85)  1.46 (0.38, 5.67) 1.2 (0.34, 4.31) 1.0 1.43 (0.56, 3.66)  0.64 (0.24, 1.64)

ng/m?> 1.0 0.68(0.17,2.68) 1.1 (0.27, 4.5) 0.85(0.22,3.16) 1.0 2.07 (0.8, 5.46) 051 (0.2, 1.29)
Used to have a cat in the house ~ Mothers’ mattress  ng/g 1.0 0.18 (0.01, 1.7) 0.19 (0.01, 1.9) 0.09 (0, 0.72) 1.0 0.21 (0.07, 0.66)  0.22 (0.06, 0.72)
(not necessarily cat owners)° ng/m? 1.0 0.26 (0.01, 2.45) 0.2 (0.01, 2.04) 0.1 (0.01, 0.85) 1.0 0.13(0.04, 042)  0.22 (0.06, 0.73)
Infants” mattress ng/g 1.0 0.16 (0.01, 1.57) ~ 0.08 (0, 0.78) 0.07 (0, 0.57) 1.0 0.16 (0.05, 0.49)  0.25(0.07, 0.81)

ng/m?> 1.0 0.32(0.03, 2.41)  0.26 (0.03, 2.03)  0.23 (0.03, 1.4) 1.0 0.29(0.09, 0.84) 0.45(0.14,1.4)

Confounders adjusted: season, study center, and family history of allergic disease.
®Families had no cat at the time of dust sampling and had no cat previously in their house.
“Because of the amount of cat allergen in the homes of current and past cat owners homes are generally very high. We could not perform the analysis using the original tertile
categorization of the amount of allergen from the whole population. We therefore performed the analysis in the two subgroups with cat allergen loads and concentrations re-categorized
into the tertiles based on the amount of allergen in each subgroup.

Kuehr et al., 1994). Elevated domestic cat allergen, on
the other hand, is associated with white families in the
US studies (Kitch et al., 2000; Leaderer et al., 2002),
and low SES in the German MAS study and the
Swedish cohort study in Stockholm and Uppsala
(Almgqvist et al., 2003; Bergmann et al., 2000). Finally,
it was observed that the house dust endotoxin concen-
trations in homes of public health professionals and
their neighbors are lower than samples from homes of
low-income families in Denver, Colorado, USA
(Gereda et al., 2001).
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Similar to the recently published study in southern
Germany (Kramer et al., 2006), we found no signifi-
cant difference between mite allergen Der p 1 loads and
concentrations in the mattress dust of families with
different socioeconomic conditions, but higher Der f 1
loads and concentrations were found in families of a
high educational level. A small number of studies have
investigated the determinants of the amount of indoor
Der f 1, and the observed potential risk factors are not
consistent (Gross et al., 2000; Wickens et al., 2004).
The report on the distribution and determinants of
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house dust mite allergens in Europe suggested that
families who are house occupants, who have bedrooms
on the ground floor, never open windows in the winter,
and who use old mattresses are in higher risk of high
mattress Der f 1 exposure (Zock et al., 2006). In our
study, higher proportions of highly educated, high-
income families were house occupants with bedrooms
on the ground floor. There were also significant
associations between families of high SES and older
age of mothers’ mattress in our data (data not shown).
Another study in the Asia-Pacific region suggested that
the material of the mattress is a potential determinant
of mite allergen Der f 1 concentration (Wickens et al.,
2004). However, no information about the mattress
material was collected in our study.

We confirmed that the amount of domestic cat
allergen is lower in the socially advantaged families,
which is in line with the observations described in other
European studies (Almgqvist et al., 2003; Bergmann
et al., 2000). In our study population, families of lower
parental education were more likely to keep cats. The
analysis, however, showed that the families who are
not cat owners mainly contributed to the negative
association between the amount of indoor cat allergen
and family SES. Cat allergen is ubiquitous and
constantly airborne. Exposure to cat allergen is
passive. The allergen can attach to the clothes of those
people who have regular contact with cats, which
facilitates it to be transferred to public places such as
offices and schools (Almgqvist et al., 1999; Bollinger
et al., 1996; Ichikawa et al., 1999). There, through
direct contact with cat owners or by catching cat
allergen in the air, the clothes of those who do not have
cats at home are contaminated, and cat allergen is
spread in homes without cats. Living in a district of
communities with high numbers of cat owners can
therefore increase the amount of cat allergen at home.

Our study population was selected from Munich and
Leipzig with very high percentages of families with
highly educated parents. Furthermore, it is common
for epidemiological studies that only a few families of
extremely high- or low-social classes agree to partici-
pate. Therefore, the study was under representative to
the true difference of the amount of domestic bio-con-
taminants and dust across families of different SES.
The recruitment process and using self-administered
questionnaires for collecting baseline information may
have also caused higher refusal rate from the families
of extreme socioeconomic conditions.

The impacts of the two socioeconomic factors are
likely to vary across the populations with time. In our
study population, the minimum age of the fathers was
19 years old, 26% of the families of both parents under
30 years old. It should be taken into account that these
younger parents in our study population may still in
the process of education or professional training, which
indicates high educational but low or median income

level. Our study investigated the association between
SES conditions and the amount of domestic bio-con-
taminants and dust only at one point in time. It cannot
be considered as the reflection of lifelong impact of
SES on the environmental influence on health.

In the study population, 47% (n = 1001) of the
mother’s mattresses dust samples had mite allergen Der
p 1 concentration below the detection limit, of which
68% were sampled in Munich and 32% in Leipzig.
Two-third of the non-detectable samples were from
Munich. This might be due to the very low temperature
in winter in Munich which makes it more difficult for
mite allergen Der p 1 to survive (Gehring et al., 2005;
Zock et al., 2006). The mean temperatures in January
and February 1997 in Munich were —4.3°C and 3.5°C
respectively comparing with —-2.7°C and 4.5°C in
Leipzig. The mean temperatures in January and
February 1998 in Munich were 0.7°C and 2.7°C
respectively comparing with 3.1°C and 5.2°C in Leipzig
[http://www.dwd.de (accessed 9 November, 2006)].
Furthermore, in our study, we have mainly recruited
young families, who have just moved in with new
mattresses. It has been reported by the European
Community Respiratory Health Survey (ECRHS) that
mattress age is positively associated with the amount of
mite allergen in the mattress dust (Zock et al., 2006).
We compared the age of the mattresses between our
study in Leipzig and ECRHS in Erfurt. In our study,
24% of the mothers’ mattresses were <1 year old and
only 7% were over 9 years old. In the ECRHS Efurt
samples, only 7% of the mattresses were <1 year old
and 37% were over 9 years old. On the other hand, in
the Munich study population, 19% of the parents’
mattresses were <1 year old and 44% were between 2
and 5 years old. Therefore, we could conclude that
because of the young families we have recruited in our
study who have relatively new mattresses, we had
higher percentages of non-detectable mite allergen Der
p 1 in the mattress dust even with a relatively low
detection limit.

In our study, the amount of bio-contaminant and
dust were measured only from mothers’ and infants’
mattresses, which cannot represent the overall domes-
tic allergen exposure. As indoor bio-contaminants are
often ubiquitously distributed throughout accommo-
dations, reservoirs of mite allergens includes carpet and
soft furnishings (Tovey et al., 1981). Cat allergen and
endotoxin, on the other hand, is consistently airborne
(Murray et al., 2001). Therefore, there may be wider
differences between the amounts of bio-contaminant in
families with different SES levels than observed in our
study.

The advantage of this study was that the dust samples
were collected from both mothers’ and child’s mattress.
The analysis showed that the correlations between
bio-contaminant from the two sampling sites were poor.
Infants’ mattresses appeared to contain less amount of
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dust and the amounts of bio-contaminant in the dust
were very low. This implied that when measuring
childhood indoor bio-contaminants exposure, it is
necessary to collect settled house dust samples from
both mother and child’s mattress. We also individually
analyzed mite allergens Der p 1 and Der f 1 and found
different associations between the two mite allergens and
social class while most of the studies used the sum of Der
p 1 and Der f 1 as Der 1 group for analysis (Bergmann
et al., 2000; Kitch et al., 2000; Smith and Hart, 1998).
In conclusion, the study shows that mite allergen
Der f 1 loads and concentrations vary between social

categories but without a clear trend, domestic cat
allergen levels were higher in the in the homes of lower
socioeconomic groups, particularly for those families
who are not cat owners. Total amount of dust,
endotoxin, and Der p 1 loads and concentrations were
similarly distributed between families of different social
classes. However, further investigations on the effect of
unequally distributed cat allergen between different
socioeconomic groups on the prevalence of allergic
sensitization are in need.
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School education

No graduation Primary Secondary Tertiary: low Tertiary: high
Vocational training (kein Abschluss) (Hauptschule) (Mittlere Reife) (FH-Reife) (Abitur)
No graduation [(noch) kein Abschluss] 1 2 3 5 6
Graduation at the worksite (beruflich-betrieblich 3 3 4 5 6
Graduation at a basic school (beruflich-schulisch) 3 3 4 5 6
Graduation at a master school (Meisterschule) 4 4 5 6 6
Graduation at a college (Fachhochschule) - 7 7 7 7
Graduation at a university (Universitat) - 8 8 8 8
Other graduation (anderer Abschluss) 3 3 4 5 7

Categories of parental education level are: (i) very high index 7 or 8; (i) high index 5 or 6; (iii) middle index 4; and (iv) low index 1-3.
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