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The aim of the present study was to investigate to which extent environmental influences like indoor ren-
ovation activities affect the immune system of mother and child during the gestation period. Within the
LINA (Lifestyle and Environmental Factors and their Influence on Newborn Allergy risk) birth cohort study
blood samples of mothers during pregnancy and cord blood samples were analyzed for concentrations
of the Th1/Th2 cytokines IL-4, IL-5, IL-13, IFN-y and IgE. Data on indoor renovation activities (painting,

’éeyworf,s; flooring and new furniture) were assessed with questionnaires. Data on cytokine blood concentrations
Pf:;r:/:nlcc;n and exposure variables were available for 422 mother/child pairs. Neonates, who were strongly affected
Cord blood by renovation activities (especially floor covering and new furniture) during pregnancy, had significantly

Th1/Th2 cytokines higher concentrations of IL-4 and IL-5 in cord blood. Among the single activities, new furniture, particu-
Allergic sensitization larly flake board, were associated with increased IL-4 levels. Elevated IL-4 levels were also observed in the
IgE cord blood of children whose mothers reported wall-to-wall carpeting. Among flooring, polyvinylchloride
(PVC) showed the strongest effect with increased IL-5 concentrations. The Th1/Th2 imbalance towards
Th2 at birth was related to allergic sensitization in children at the age of one. There were only few and neg-
ative associations between renovation activities and Th1/Th2 cytokine concentration in maternal blood.
Our study shows that under similar exposure situations the fetal immune system is more susceptible
to the influence of environmental factors, in particular renovation products (flake board, wall-to-wall

carpets and PVC) compared to the maternal.
© 2012 Elsevier GmbH. All rights reserved.

Introduction

It is common for parents to move or redecorate their home when
a baby is expected. However, among others, renovation activities
during pregnancy have been identified as risk factors for allergic
sensitization and allergic diseases during early childhood (Herbarth
et al., 2006; Wen et al., 2009). New surface materials, carpets, fur-
niture and paints or adhesives are sources for different groups of
chemicals, mainly volatile organic compounds (VOCs). Increased
indoor concentration levels of these compounds were found after
renovation activities. After recent painting (Rumchev et al., 2004),
the use of adhesives or new floor covering (Wilke et al., 2004)
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increased indoor VOC concentration levels have been reported. Fur-
thermore, wood and wood-based materials are known as sources
for VOC (Jensen et al., 2001). Many VOCs are reported to be asso-
ciated with airway hyper responsiveness (Billionnet et al., 2011;
Jang et al., 2007) or with allergic diseases (Bornehag et al., 2004;
Mendell, 2007; Rumchev et al., 2004).

It is well known that allergies and asthma are based on a dis-
turbed immune reactivity at T cell level. Mainly the Th1/Th2 balance
directed towards Th2 is responsible for increased IgE production
and the development of allergies. In earlier studies we already
demonstrated that in children at risk, VOCs exposure was associ-
ated with enhanced IgE production and T cell polarization towards
Th2 (Lehmann et al., 2001). Furthermore, we showed that pre-
natal exposure to VOCs also alters the Th1/Th2 balance at birth
(Lehmann et al., 2002a). In addition, we found reduced amounts
of IFN-y producing Th1 cells in the cord blood of newborn chil-
dren who’s mothers reported about renovation activities in their
home during pregnancy (Lehmann etal.,2002b) and a subsequently
enhanced risk for the development of an atopic eczema (Herberth
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| pregnancy/birth | | first year of life ‘
mothers 34 newborns children
medical gestational week 7 twins aged one year
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IgE _ _ N=517 (inhalant)
. N=622 N=518
analysis N=515 (food)
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a);alysis N=622 N=470

Cytokines, IgE and complete
questionnaire data regarding
renovation activieties

N=422 N=350

Fig. 1. Flow chart of the study population with the analyzed sub cohort.

et al.,, 2010). Thus, there is evidence that chemical exposure during
pregnancy resulting from renovation activities can contribute to a
functional impairment of T cell reactivity in neonates and thereby
to an increased risk for the development of allergies in infancy.

So far, no data exist concerning the impact of the different
renovation activities or the used products in pregnancy on the
T cell reactivity and the allergy risk of the child. Available infor-
mation on critical products or activities, however, would help to
prevent hazardous exposure situations during pregnancy. In the
present study we followed the hypothesis that renovation activi-
ties during pregnancy alter the Th1/Th2 status and the IgE levels
in expecting mothers and their newborn children. Therefore, we
analyzed the impact of different renovation products/activities on
Th1/Th2 cytokines during pregnancy and in cord blood and the
consequences for children’s allergic sensitization at the age of one.

Methods
Study design and subjects

The LINA study (Lifestyle and Environmental Factors and their
Influence on Newborn Allergy risk) was designed to investigate the
prenatal influence of life style and environmental factors on the
maturation of the immune system in neonates and the resulting
allergy risk in infancy.

622 mother-child pairs (629 children; 7 twin pairs) were
recruited in Leipzig, Germany in the Children’s Hospital “St. Georg”
between May 2006 and December 2008. In this study cohort 97%
of children were of German nationality and participation of other
ethnical groups was below 6.2%. Pregnant women were mainly
recruited by a study assistant in cooperation with midwives dur-
ing antenatal classes. Questionnaire data on mothers and fathers
history of atopic diseases, smoking behavior, housing conditions,
renovation activities, traffic exposure, noise, social stress and dis-
ease outcomes were collected during pregnancy and at children’s
first birthday. Blood samples were taken at the 34th week of preg-
nancy of the mother and after birth of venous cord blood. At the age
of one another blood sample was taken from both, the mother and
the child during a clinical visit (Fig. 1). Participation in the study
was voluntary. Informed consent was obtained from the parents of

all children. The study was approved by the Ethics Committee of
the University of Leipzig (reference number 046-2006).

Blood sampling

Sera (2.5ml) and heparinized blood (5ml) were obtained by
venous puncture and prepared within 6 h to further analysis. For
cytokine measurement heparinized blood samples were incubated
for4hat37°C.Thereafter, samples were diluted 1:1 with RPMI1640
medium without supplements and centrifuged. Collected cell free
supernatants were stored at —80 °C until analysis. Serum samples
were stored at —20°C until IgE measurement.

Measurement of cytokines/chemokines

Concentrations of the cytokines/chemokines IL-4, IL-5, IL-6, IL-8,
IL-10, IL-13, MCP-1, IFN-v, TNF-a were measured by flow cytome-
try using a cytometric bead array (BD CBA Human Soluble Flex Set
system, Becton Dickinson, Heidelberg, Germany) according to man-
ufacturer’s instructions. In brief, cytokine specific antibody coated
beads were incubated for 1h with 25 pl of diluted plasma sam-
ples or standard solution. Thereafter, samples were incubated with
the corresponding PE labeled detection antibodies for 2 h. After one
washing step samples were measured by flow cytometry. Analysis
of data and quantification of cytokines were performed using the
FCAP ArrayTM software (Becton Dickinson, Heidelberg, Germany)
on the basis of corresponding standard curves. Finally, plasma dilu-
tion factor was accounted. Detection limits were 3 pg/ml for all
cytokines, excepting IL-5, where the detection limit was 2 pg/ml.

Immunoglobulin E measurement

The concentration of total IgE in maternal and in cord blood was
determined by the Phadia CAP System (Phadia GmbH, Freiburg,
Germany). Furthermore, in children’s samples at the age of one
specific IgE against food (Fx5) and inhalant allergens (Sx1) were
determined. The allergen multipanel Fx5 consists of hen's egg,
cow’s milk, wheat, fish, peanut and soy. Sx1 includes timothy, rye,
mugwort, birch, house dust mite (Dermatophagoides pteronyssinus),
cat and dog.

Assessment of renovation activities

A questionnaire was sent to the parents in the 30th week of
gestation. Data from completed questionnaires comprised infor-
mation on smoking behavior of the parents, housing conditions,
pet keeping, traffic burden, and renovation activities. Indoor expo-
sure was assessed based on questionnaire information focusing on
type of home renovation. Parents were asked whether renovation
was performed and if yes, the type of renovation and the used
products were specified. First question was “Did you renovate your
apartment?, Ifyes: “Did you paint your apartment?”, If yes: “Which
paint did you use: emulsion paint, silicate paint, distemper, casein
paint, oil paint or eco paint?”, “Did you perform a new floor cov-
ering in your apartment?”, If yes: “Which kind of material did you
use: parquet, laminate, wall-to-wall carpets, PVC or others”, “Did
you furnished your apartment?”, If yes: “Which kind of furniture:
wooden, flake board, others”. In addition we asked the parents for
the point in time they performed the particular activities (“When
did you renovate: before gestation, 1st to 13th, 14th to 26th or 27th
to 40th week of gestation?”).

We generated variables including those cases, which were
affected by only one renovation activity (painting, new furniture),
respectively by only one material (paints, flake board, wooden. . .).
There were no cases of floor covering alone. Therefore, floor cov-
ering and the respective materials could only be analyzed in
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combination with painting and/or new furniture. Children without
any renovation activity served as reference group.

Statistical analysis

We performed descriptive statistics and tested the relation
between renovation activities and cytokine concentrations in chil-
dren’s and maternal blood. Chi-square test was used to test the
relationship between the analyzed sub cohort and the remaining
children of the LINA cohort. The non-parametric Mann-Whitney
U-test was applied for crude analysis of the relation between
renovation activities, cytokine concentrations and total IgE. After
logarithmic transformation of cytokine concentrations, the asso-
ciation with renovation activities was calculated by means ratios
(MR), that is the ratio of the geometric mean in the category of
study vs. the reference category (no renovation activities). We
adjusted for gender, parental history of atopy, low birth weight,
cat ownership, ETS exposure during pregnancy, parental education
level, nationality (German vs. others) and mold exposure at home.
These confounding variables were selected by prior knowledge.
The relationship between cytokine concentrations in cord blood
and specific IgE at the age of one was calculated by means ratios
adjusted for the factors mentioned before.

Adjustments due to multiple testing were not performed since
our analyses were based on an a priori hypothesis (Perneger, 1998).
Cytokine concentrations below the limit of detection were assigned
a value of one half of the detection limit and entered calculation. P
values below 0.05 were considered as statistically significant. Sta-
tistical analysis was performed with STATISTICA 7.0 for Windows
XP (Statsoft Inc. Europe, Hamburg, Germany).

Results
Subjects

A number of 422 children fulfilled the criteria to have a com-
plete data set including questionnaire data on renovation activities,
all confounder variables and additional cytokine measurements of
mother-child pairs, thus only data from these children are shown.
Cord blood samples (n =470, cytokine analysis) do not fully match
with blood samples from children at the age of one (n=515, IgE
to food allergens). The greatest common subset of children with
blood samples at birth and at the age of one was n=388. Out of
these participants n =350 had complete questionnaire data regard-
ing renovation variables (Fig. 1).

Basic characteristics of the complete LINA cohort and the ana-
lyzed subset are given in Table 1. About two-third (66.8%) of cases
had a positive history of atopy (single or double); the parental
education level was high in 73.9% of cases. In 17.8% of homes cat
keeping has been reported and 85.1% of the parents declared to
have never been smoking in the dwelling. Regarding the covariates
there was no difference between the analyzed subset (n=422) and
the remaining children from the LINA cohort (n=207).

Indoor renovation activities

Reported indoor renovation activities during pregnancy con-
sisted mostly in new furnishing (n=264; 62.6%) and painting
(n=232; 55.0%) of the dwellings whereas floor covering was less
frequent (n=95; 22.5%). The number of subjects who performed all
of the three activities was n=69 (16.4%). A total of 22.0% (n=93)
was not affected by any redecoration activity, Table 2. Single reno-
vation activities occurred in n =37 (8.8%) cases for painting and in
n=285(20.1%) for new furniture. There was no case of floor covering
alone (Table 2). In Table 3 the types of materials for painting, floor
covering and the furniture used are shown.

Table 1
Characteristics of analyzed sub cohort (N=422), the entire LINA cohort and the
remaining LINA study population.

Variables Entire LINA Analyzed sub Remaining P value
cohort n (%) cohortn (%) LINA cohort
n (%)
N=629 N=422 N=207
Gender 0.661
Male 327(52.0) 199(47.2) 104(50.3)
Female 302(48.0)  223(52.8) 103(49.7)
Parental history of atopy 0.668
None 212(33.7) 140(33.2) 72(34.8)
Single positive 296(47.1) 194(46.0) 102(49.3)
Double positive 121(19.2) 88(20.8) 33(15.9)
Parental educational level 0.905
Low 16(2.5) 10(2.4) 6(2.9)
Middle 144(22.9) 100(23.7) 44(21.3)
High 469(74.6) 312(73.9) 157(75.8)
Low birth weight (<2500 g) 0.283
No 608(96.5) 412(97.6) 195(94.2)
Yes 21(3.3) 10(2.4) 11(5.3)
Cat ownership 0.912
No 516(82.0) 347(82.2) 169(81.6)
Yes 113(18.0) 75(17.8) 38(18.4)
Smoking in the dwelling 0.996
Daily 48(7.6) 32(7.6) 16(7.7)
At least once a week 4(0.6) 3(0.7) 1(0.5)
Occasionally 43(6.8) 28(6.6) 15(7.2)
Never 534(84.9) 359(85.1) 175(84.5)
ETS outside the dwelling 0.300
Daily 91(14.5) 61(14.5) 30(14.5)
At least once a week 51(8.1) 42(9.9) 9(4.3)
Never/rare 487(77.4)  319(75.6) 168(81.2)

" P value from the comparison of the analyzed sub cohort with the remaining
cohort of the LINA study, Chi-square test.

In most cases flake board (42.7%), wall-to-wall carpets (9.7%)
and emulsion paints (29.1%) were used.

Relationship between cytokine concentrations and renovation
activities

Th1/Th2 cytokine as well as total IgE concentrations were mea-
sured in maternal blood (34th week of gestation) and in cord
blood. Cord blood IL-5 concentrations were increased in chil-
dren from parents reporting any renovation, arrangement of new
furniture, floor covering and the performance of all renovation
activities together (data not shown, Mann-Whitney U test). In a
linear regression model with and without adjustment for further
possible influence of gender, parental history of atopy, low birth
weight, cat ownership, ETS exposure during pregnancy, parental
education level, ethnicity (German vs. others) and mold exposure at

Table 2
Frequency of combined and single renovation activities.
Variables Frequency n/N (%)
Any renovation
Yes 329/422(78.0)
No 93/422(22.0)
Renovation activities?
Painting 232/422(55.0)

Floor covering

New furniture

Painting and new furniture and floor
covering (all renovation activities)
Single activities®

(
95/422(22.5)
264/422(62.6)
69/422(16.4)

Painting 37/422(8.8)
Floor covering 0/422 (0)
New furniture 85/422(20.1)

2 Case numbers resulting from questionnaire answers, see Section “Methods”.
b Single activities after excluding cases with multiple renovation activities.
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Table 3
Frequency of products used for renovation activities during pregnancy.

Variables Frequency n/N (%)

Type of new furniture

Wooden 131/422(31.0)
- Wooden only 18/422(4.3)
Flake board 180/422(42.7)
- Flake board only 30/422(7.1)
Others 81/422(19.2)
- Others only 23/422(5.5)

Type of floor covering
Parquet 16/422(3.8)
Laminate 32/422(7.6)
Wall-to-wall carpet 41/422(9.7)
PVC 8/422(1.9)
Others 13/422(3.1)

Type of paint

Emulsion paint 123/422(29.1)
- Emulsion paint only 19/422(4.5)
Oil-based paint 9/422(2.1)
- Oil-based paint only 2/422(0.5)
Eco-paint 32/422(7.6)
- Eco-paint only 7/422(1.7)
Silicate paint 0/422 (0)
Distemper 0/422 (0)
Casein paint 0/422 (0)

Floor covering was never performed as single renovation activity.

home these associations remained significant, Table 4. The IL-4 con-
centrations in cord blood were increased when parents reported
about any renovation, new furniture arrangement and when all
renovation activities were performed together. Estimates from the
adjusted linear regression model revealed that these relationships
were significant (Table 4).

In addition to the kind of renovation activities, we asked for
materials used for furnishing, floor covering and painting. In Table 5
the relation between furnishing material and the Th1/Th2 cytokine
and total IgE concentration is presented. After adjustment, a sig-
nificant association between IL-4 concentrations in cord blood and
flake board furnishing (MR 1.37; 95% CI: 1.02-1.84) was observed.
Regarding floor covering materials, PVC was associated on crude
data level as well as after adjustment with increased IL-5 con-
centrations in cord blood (adjusted MR 1.56; 95% CI: 1.08-2.28),
Table 6. Furthermore, these children had significantly increased IgE
levels compared to children without reported renovation activities
(0.36vs.0.16 kU/1, P=0.044, Mann-Whitney U test). In the adjusted
regression model, wall-to-wall carpeting was associated with ele-
vated IL-4 concentrations in cord blood (adjusted MR 1.4; 95% CI:
1.08-1.82), Table 6. Neither painting in general nor single painting
materials were associated with cytokine concentrations in chil-
dren’s and in maternal blood (data not shown). In maternal blood,
only weak associations between IL-5 and reported flooring with
laminate (Table 6) as well as when all renovation activities were
performed together were observed (Table 4). These relationships
were inverse associated compared to data from children.

Relationship between elevated Th2 cytokine concentrations in
cord blood and allergic sensitization at the age of one

In order to determine the relevance of elevated Th2 cytokine
concentrations observed in cord blood in association to renova-
tion activities we analyzed the relation to allergic sensitization of
children and atopic skin manifestations in the first year of life. At
age one, 11.9% of the children had IgE antibodies specific for food
allergens (fx5) and 2.6% of the children were sensitized against
inhalant allergens (sx1). Children with increased IL-4, and IL-13
concentrations in cord blood had increased levels of food allergen
specific IgE (fx5) at the age of one, Table 7. These relationships were

stable even after adjustment to the mentioned possible confound-
ing factors (Table 7).

For 9.3% of the children parents reported about symptoms of an
atopic dermatitis, a physician diagnosed atopic eczema was devel-
oped by 9.5% of the children. A correlation between cord blood
cytokine levels and symptomatic or diagnosed eczema was not
found (data not shown).

Discussion

Because in developed countries people spend most of their
time indoors, the quality of indoor air represents an important
risk factor for illnesses related to environmental exposure. In the
present study we demonstrate that renovation activities during
pregnancy affect the immune response of newborns but not that of
corresponding mothers. We observed increased IL-5 and IL-4 con-
centrations in children exposed to renovation activities like new
floor covering and new furniture. In particular, IL-4 in cord blood
was increased in association with flake board furnishing and wall-
to-wall carpet flooring. Elevated IL-5 concentrations in cord blood
were associated with PVC flooring. Furthermore, we found that the
Th1/Th2 imbalance towards Th2 at birth was related to allergic
sensitization in children at the age of one.

Environmental factors that cause a Th1/Th2 imbalance may
contribute to the risk of allergic diseases. In addition, the exis-
tence of a physically sensitive window for specific influences from
the environment is becoming evident (Herbarth et al., 2006). It is
now well established that maturation of the adaptive immune sys-
tem and development of functionally active T cell subsets already
starts prenatally (Joerink et al., 2010; Macaubas et al., 2000). Fur-
thermore, it has been proposed that immune programming by
environmental influences may also occur at this early develop-
mental stage. Endogenous as well as exogenous exposures may
influence the maturation and differentiation of fetal immune cells
and may thereby contribute to the development of allergies later in
life. For example, it has been shown that prenatal farm exposure is
related to the expression of receptors of the innate immunity and
protects against atopic sensitization in school-age children (Ege
et al., 2006). In addition, farm exposure of mothers during preg-
nancy seems to affect the number of regulatory T cells in cord blood
and may decrease the risk of allergic diseases in offspring (Schaub
et al., 2009). Adverse effects on fetal innate immune responses
have also been reported in infants of smoking mothers (Noakes
etal., 2006; Prescott, 2008). Devereux and colleagues observed that
maternal smoking is associated with stronger neonatal allergen-
specific responses (Devereux et al., 2002), providing evidence that
maternal smoking has effects on fetal cellular immune function.
Furthermore, also exposure to volatile organic compounds seems
to influence the maturation of the fetal immune system. In a previ-
ous study we demonstrated that antenatal exposure to naphthalene
and methylcyclopentane was related to elevated percentages of
IL-4 producing cord blood T cells whereas exposure to tetra-
chlorethylene was associated with reduced percentages of I[FN-y
producing T cells (Lehmann et al., 2002a). The data of our present
study support these previous findings indicating that renovation
activities during pregnancy can contribute to the development of a
Th2 skewed immune response at birth.

In the present study we compared effects of renovation activities
during pregnancy between the maternal and fetal immune system.
We found only few associations between maternal blood cytokine
concentration in pregnancy and the analyzed renovation activities
while the fetal T cell reactivity was stronger affected. Regarding
the impact on Th1/Th2 balance the effect was rather protective
whereas in children a Th2 biased T cell response was observed in
association with renovation activities. These findings might reflect
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Table 4
Relationship between renovation activities and concentrations of Th1/Th2-cytokines and IgE in blood samples of mothers in the 34th week of gestation and cord bloods (n=422). Shown are raw and adjusted mean ratios with
the 95% CI.

Any renovation n=329 Painting n=37 New furniture n=85 Floor covering® n=69 Painting and furniture and
floor covering n=95

Raw [pg/ml] Adjusted [pg/ml] Raw [pg/ml] Adjusted [pg/ml] Raw [pg/ml] Adjusted [pg/ml] Raw [pg/ml] Adjusted [pg/ml] Raw [pg/ml] Adjusted [pg/ml]
IL-4 0.99 0.97 0.99 0.86 1.02 1.03 0.99 0.94 0.96 0.93
Mother (0.84-1.18) (0.82-1.15) (0.72-1.35) (0.62-1.2) (0.82-1.27) (0.82-1.29) (0.8-1.22) (0.76-1.17) (0.76-1.22) (0.73-1.18)
Child 1.15 1.2 1.21 1.35 1.3 1.3 1.15 1.21 1.22 1.26°
(0.97-1.37) (1.01-1.42) (0.9-1.64) (0.97-1.89) (1.05-1.61) (1.06-1.6) (0.93-1.42) (0.98-1.49) (0.97-1.54) (1-1.59)
IL-5 0.96 0.96 0.95 0.91 1.02 1.03 0.92 0.9 0.9 0.88°
Mother (0.89-1.05) (0.88-1.0) (0.82-1.1) (0.77-1.07) (0.91-1.14) (0.92-1.15) (0.82-1.03) (0.8-1.01) (0.79-1.01) (0.77-1)
Child 1.12° 1.15 1.04 1.06 1.18 1.18 117 1.21° 1.23° 1.26"
(1-1.26) (1.02-1.29) (0.85-1.27) (0.85-1.33) (1.02-1.37) (1.02-1.38) (1.01-1.35) (1.04-1.39) (1.05-1.43) (1.08-1.47)
IL-13 1.02 1 0.94 0.9 113 1.16 0.98 0.96 0.93 0.91
Mother (0.85-1.22) (0.83-1.2) (0.69-1.28) (0.64-1.26) (0.89-1.44) (0.91-1.49) (0.78-1.23) (0.76-1.21) (0.73-1.19) (0.7-1.18)
Child 1.04 1.07 1 1.02 1.13 1.16 0.98 1.01 1.08 1.05
(0.82-1.32) (0.85-1.36) (0.66-1.53) (0.64-1.63) (0.83-1.54) (0.85-1.59) (0.72-1.34) (0.74-1.37) (0.77-1.52) (0.75-1.48)
IFN-vy 1.05 1.02 1.09 1 1.06 1.06 0.99 0.94 0.97 0.92
Mother (0.85-1.29) (0.83-1.26) (0.76-1.56) (0.67-1.49) (0.8-1.4) (0.8-1.41) (0.76-1.29) (0.72-1.23) (0.73-1.3) (0.69-1.24)
child 1.04 1.05 1.02 0.95 1.07 1.08 0.89 0.91 0.96 0.92
(0.83-1.3) (0.84-1.33) (0.69-1.51) (0.62-1.47) (0.79-1.45) (0.8-1.45) (0.67-1.19) (0.68-1.21) (0.7-1.31) (0.67-1.26)
IgE 1.04 1.04 1.03 1.16 1.17 1.17 0.84 0.88 091 0.88
Mother (0.74-1.46) (0.75-1.45) (0.57-1.87) (0.6-2.22) (0.75-1.82) (0.75-1.84) (0.54-1.31) (0.57-1.37) (0.56-1.49) (0.54-1.44)
Child [kU/1] 117 1.25 1.22 1.38 1.14 1.14 1.02 1.11 1 1.03
(0.86-1.61) (0.92-1.71) (0.74-2) (0.81-2.34) (0.75-1.73) (0.75-1.73) (0.71-1.48) (0.77-1.61) (0.67-1.51) (0.69-1.55)

P values from the multiple linear regression model adjusted for gender, parental history of atopy, low birth weight, cat ownership, ETS exposure during pregnancy, parental education level, nationality (German vs. others) and
mold exposure at home.

2 Floor covering and/or painting and/or new furniture.

" Pvalues<0.05.

" Pvalues<0.005.
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Relationships between furnishing materials and concentrations of Th1/Th2 cytokines and IgE in blood samples of mothers in the 34th week of gestation and cord bloods
(n=422). Shown are raw and adjusted mean ratios with the 95% CI.

Wooden only n=18

Flake board only n=30

Raw [pg/ml] Adjusted [pg/ml] Raw [pg/ml] Adjusted [pg/ml]
IL-4 0.96 1.05 0.82 0.81
Mother (0.64-1.42) (0.69-1.59) (0.59-1.13) (0.59-1.13)
Child 143 1.27 1.31 137
(0.98-2.08) (0.88-1.83) (0.96-1.79) (1.02-1.84)
IL-5 1.02 1.03 0.94 0.95
Mother (0.84-1.25) (0.83-1.27) (0.8-1.11) (0.8-1.12)
Child 1.24 1.16 1.21 1.23
(0.96-1.61) (0.89-1.51) (0.98-1.49) (0.99-1.52)
IL-13 0.95 0.96 1.2 1.23
Mother (0.63-1.42) (0.63-1.48) (0.85-1.71) (0.85-1.76)
Child 1.57 1.47 1.06 1.08
(0.91-2.73) (0.84-2.58) (0.67-1.67) (0.68-1.69)
IFN-y 0.96 1.01 0.83 0.83
Mother (0.59-1.55) (0.61-1.68) (0.55-1.23) (0.55-1.24)
Child 1.43 1.27 0.97 0.98
(0.84-2.41) (0.75-2.15) (0.63-1.49) (0.63-1.51)
IgE 1.32 1.06 1.24 1.29
Mother (0.59-2.95) (0.46-2.44) (0.67-2.31) (0.68-2.44)
Child [kU/1] 1.03 0.87 13 1.36
(0.52-2.06) (0.43-1.77) (0.74-2.29) (0.78-2.39)

P values from the multiple linear regression model adjusted for gender, parental history of atopy, low birth weight, cat ownership, ETS exposure during pregnancy, parental
education level, nationality (German vs. others) and mold exposure at home.
" Pvalues<0.05.

the fact that the fetal immune system is more susceptible for envi-
ronmental influences.

There is no doubt that the immune responsiveness of new-
borns is different from that of adults. Mainly a Th2 driven T cell
response characterized by a reduced capability to produce IFN-
v and a reduced IFN-y/IL-4 ratio or, in other words a Th2 driven
Th1/Th2 balance, was reported in newborns compared to adults
(Halonen et al., 2009; Prescott et al., 1998; Schaub et al., 2008).
Within our LINA study we were able to confirm these findings by
directly comparing mother—child pairs (Herberth et al., 2011). The
defective neonatal T cell, and in particular IFN-y response, seems
to be a result of the dysfunction of antigen-presenting cells and
an altered innate immune response (Kollmann et al., 2009; Roduit
et al, 2011). It has been debated that due to the physiological

Table 6

differences between the adult and neonatal immune system the
later one might be more susceptible to environmental exposure.
Although it has been shown that microbial as well as chemical
exposure during pregnancy can alter the Th1/Th2 balance in the
newborn child (Lehmann et al., 2002a,b; Roduit et al., 2011) there
was no real evidence so far for a difference in sensitivity between
the adult and the neonatal immune system. With the present study
we show such a difference for the first time.

A skewed programming of CD4+ T cells towards a Th2 pheno-
type is a primary cause of allergic diseases and sensitization and the
prenatal period, during development of the immune system, seems
to be a critical window of programming. In this regard, mater-
nal exposure to ETS, traffic pollutants, renovation activities have
been shown to increase the risk of allergic diseases and asthma in

Relationships between furnishing materials and concentrations of Th1/Th2 cytokines and IgE in blood samples of mothers in the 34th week of gestation and cord bloods

(n=422). Shown are raw and adjusted mean ratios with the 95% CI.

Parquetn=16 Laminate n=32 Wall-to-wall carpet n=41 PVCn=8
Raw [pg/ml] Adjusted [pg/ml] Raw [pg/ml] Adjusted [pg/ml] Raw [pg/ml] Adjusted [pg/ml] Raw [pg/ml] Adjusted [pg/ml]
IL-4 1.09 1.04 0.89 0.85 1 0.93 1.29 1.24
Mother (0.72-1.67) (0.67-1.62) (0.65-1.22) (0.61-1.17) (0.76-1.33) (0.7-1.23) (0.73-2.26) (0.7-2.21)
Child 1.03 1.16 1.07 1.13 1.29 14 1.26 1.29
(0.69-1.55) (0.79-1.72) (0.78-1.47) (0.82-1.55) (0.99-1.69) (1.08-1.82) (0.72-2.19) (0.75-2.23)
IL-5 0.84 0.82 0.87 0.83" 0.95 0.94 1.23 1.22
Mother (0.68-1.04) (0.66-1.03) (0.74-1.02) (0.71-0.99) (0.82-1.1) (0.81-1.09) (0.93-1.63) (0.91-1.64)
Child 1.1 1.17 1.16 1.19 1.14 1.19 1.55 1.56°
(0.84-1.44) (0.89-1.55) (0.94-1.42) (0.96-1.47) (0.94-1.38) (0.98-1.44) (1.08-2.22) (1.08-2.28)
IL-13 1.02 0.98 0.87 0.89 0.9 0.86 1.13 1.12
Mother (0.67-1.55) (0.62-1.53) (0.63-1.22) (0.62-1.26) (0.67-1.2) (0.64-1.16) (0.64-2.01) (0.61-2.07)
Child 0.97 0.97 1.16 1.21 1.06 1.11 1.08 1.01
(0.54-1.74) (0.54-1.76) (0.75-1.8) (0.78-1.89) (0.7-1.59) (0.74-1.67) (0.48-2.42) (0.45-2.29)
IFN-y 1.25 1.28 0.99 0.99 0.84 0.74 0.93 0.9
Mother (0.75-2.07) (0.76-2.16) (0.67-1.44) (0.66-1.47) (0.59-1.2) (0.52-1.06) (0.47-1.84) (0.44-1.85)
Child 0.98 0.89 0.73 0.69 0.86 0.9 0.78 0.65
(0.57-1.69) (0.51-1.55) (0.48-1.1) (0.45-1.05) (0.59-1.25) (0.62-1.3) (0.37-1.65) (0.3-1.38)
IgE 0.83 0.92 0.98 0.97 0.7 0.77 1.11 1.39
Mother (0.37-1.88) (0.39-2.16) (0.51-1.88) (0.5-1.89) (0.4-1.25) (0.43-1.37) (0.36-3.41) (0.43-4.52)
Child [kU/1] 0.81 1.1 1.07 1.17 0.95 0.96 2.28 2.28
(0.4-1.63) (0.53-2.25) (0.62-1.82) (0.68-2) (0.59-1.54) (0.59-1.55) (0.87-5.97) (0.87-5.93)

" Pvalues<0.05, P values from the multiple linear regression model adjusted for gender, parental history of atopy, low birth weight, cat ownership, ETS exposure during
pregnancy, parental education level, nationality (German vs. others) and mold exposure at home.
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Table 7

Relationships between concentrations of Th1/Th2 cytokines in cord blood and IgE
concentrationsin children’s blood at 1 year. Shown are raw and adjusted mean ratios
with the 95% CI.

Cord blood Inhalant allergens Sx1 Food allergens Fx5

cytokines
Raw Adjusted Raw Adjusted
0.97 0.95 1.25° 1.21°

IL-4 (0.88-1.07)  (0.86-1.05)  (1.04-151)  (1-1.47)
0.92 0.9 1.3 1.29

IL-5 (0.79-1.06)  (0.77-1.04)  (0.98-1.73)  (0.96-1.72)
1.05 1.04 117 1.16

IL-13 (0.98-1.13)  (0.97-1.12)  (1.02-1.35)  (1-1.33)

PNy 0.99 0.98 1.02 1
(0.92-1.06)  (0.91-1.05)  (0.88-1.18)  (0.87-1.16)

" Pvalues<0.05, P values from the multiple linear regression model adjusted for
gender, parental history of atopy, low birth weight, cat ownership, ETS exposure dur-
ing pregnancy, parental education level, nationality (German vs. others) and mold
exposure at home.

their children (Dietert and Zelikoff, 2008; Herbarth et al., 2006; Keil
et al., 2009). The mechanism by which maternal exposure during
pregnancy might modulate the fetal immune response is poorly
understood. According to our data it is obvious that the same expo-
sure induced a Th2 shift only in the fetal immune system. However,
the exact causal agents and the exposure mechanisms warrant fur-
ther investigation.

We further questioned the consequence of aTh2 directed neona-
tal immune status. Early programming of T cell reactivity towards
Th2 (IL-4, -5, 13 producing cells) is considered to increase allergic
responsiveness, while programming toward Th1 reactivity (IFN-
v, TNF-a producing cells) is considered to protect against allergic
responsiveness (Herberth et al., 2010). In the present study, we
demonstrated that children with elevated IL-4, IL-5 and IL-13 con-
centrations in cord blood were sensitized to food allergens at the
age of one whereas children with low IFN-y concentrations were
sensitized to inhalant allergens. Although by now we did not find
a relation of these cytokines to allergic diseases at the age of one
(data not shown), the association to allergic sensitization might
represent the first step toward the development of allergic mani-
festations later in life.

Of all parents in this study, 78% had performed at least one of the
three renovation activities and 16.4% carried out all three activities
(painting, floor covering and new furniture) during pregnancy. The
frequency of prenatal renovation activities observed in this study
is comparable to other studies (Herbarth et al., 2006; Lehmann
etal., 2001, 2002b). Thus, a large number of children are potentially
affected by an antenatal exposure to emitted chemicals from reno-
vation materials. The results from this study suggest that painting
seems to have no influence on T cell priming and IgE generation,
whereas furnishing and floor covering have to be considered as
potentially activities of risk in pregnancy in terms of allergy devel-
opment. Regarding the used products, flake board and wall-to-wall
carpets as well as of polyvinylchloride (PVC) flooring have to be con-
sidered in detail. At least for PVC products a role in the development
of asthma and allergies has been reported (Jaakkola and Knight,
2008). Particularly plasticizers like phthalates are emitted from
PVC materials into air and have become ubiquitous environmen-
tal contaminants (Wormuth et al., 2006). Furthermore, it has been
demonstrated that high levels of phthalates from PVC products can
modulate the murine immune response to an allergen (Dearman
et al., 2009). Our results regarding PVC flooring may support these
data indicating a Th2 skewed immune response and increased IgE
levels in exposed children.

The strength of our study is that for the first time we had
the opportunity to analyze immune responses of mother—child
pairs around birth having the same environmental exposures. The

renovation activities were evaluated in a setting of a large birth
cohort with the assessment of immune markers. Thus, the study
gives a possible explanation for the immunological background of
allergic manifestations after exposure to redecoration materials.
Since immune dysregulation in childhood may have an impact on
disease development later in life it is of great interest to identify
influencing factors. However, our study has also some limitations.
The number of exposed children for certain types of floor covering
was low, thus the obtained results have to be carefully interpreted.
A weakness of the LINA study in general is the potential bias by high
rates of participating atopic parents (66.8%). Obviously, since LINA
is focussed on allergic diseases, the interest in taking part in this
study was higher in pregnant woman with an own atopy history
or having a partner with history of atopy. We have considered this
point by always including the parental atopy history as confound-
ing variable in the regression models. A further weakness might be
the strong focus on renovation activities without including all the
other possible relevant exposures.

This study shows for the first time, that under comparable expo-
sure situations the fetal immune system is more susceptible to
the influence of environmental exposure, in particular renova-
tion products, compared to the maternal. Furthermore, we were
able to specify the type of renovation (floor covering, new fur-
niture) and the used products (flake board, wall-to-wall carpets,
polyvinylchloride (PVC) flooring) regarding their adverse impact on
T cell development during the prenatal period. Since an impaired T
cell response at the time of birth was shown to increase the risk for
later allergy development, the here identified activities and prod-
ucts should be avoided during pregnancy.
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