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Cohort for Childhood Origin of Asthma and Allergic Diseases birth cohort study (n=1446). Atopic
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biome in 20 randomly selected healthy infants and 20 infants with atopic dermatitis at 36 weeks
of gestation.
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Dermatite atopica;
Ambiente;

Mofo;

Microbioma;
Pré-natal

Introduction

Results: Prenatal, but not postnatal, mold exposure was significantly associated with atopic
dermatitis (adjusted odds ratio, 1.36; 95% confidence interval, 1.01-1.83). Levels of total serum
IgE at 1 year of age were higher in infants with atopic dermatitis exposed to mold during
pregnancy than in healthy infants not exposed to mold during pregnancy (p=0.021). The relative
abundance of uncultured Ascomycota was higher in infants with atopic dermatitis than in healthy
infants. The relative abundance of uncultured Ascomycota correlated with total serum IgE levels
at 1 year of age (r=0.613, p<0.001).

Conclusion: Indoor mold exposure during the fetal period is associated with development of
atopic dermatitis via IgE-mediated allergic inflammation. Avoidance of mold exposure during
this critical period might prevent the development of atopic dermatitis.

© 2018 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Exposicdo pré-natal a mofo esta associada ao desenvolvimento de dermatite atépica
em neonatos por reacao alérgica

Resumo

Objetivo: A exposicdo ao mofo no inicio da vida pode estar associada ao desenvolvimento de
dermatite atopica; contudo, os estudos sobre esse vinculo sdo inconclusivos e faltam evidéncias
dos mecanismos subjacentes. Identificamos a associacao entre o momento da exposicao ao mofo
e o desenvolvimento de dermatite atdpica e investigamos os mecanismos subjacentes.
Método: A associacdo entre dermatite atopica e exposicdao a mofo foi examinada em um estudo
de coorte de nascimento da Origem da Asma e de Doencas Alérgicas em Criangcas (COCOA)
(n=1446). A dermatite atopica foi diagnosticada em pacientes com um ano de vida por pedi-
atras alergistas. A exposicdo ao mofo foi avaliada por um questionario. A plataforma Illumina
MiSeq foi utilizada para examinar o microbioma ambiental em 20 neonatos saudaveis escolhidos
aleatoriamente e 20 com dermatite atopica a 36 semanas de gestacao.

Resultados: A exposicao pré-natal, porém nao pos-natal, ao mofo foi significativamente asso-
ciada a dermatite atdpica (razdo de chances ajustada, 1,36; intervalo de confianca de 95%,
1,01-1,83). Os niveis séricos totais de Imunoglobulina E (IgE) no primeiro ano de vida foram
maiores em neonatos com dermatite atopica expostos a mofo durante a gravidez do que em
neonatos nao expostos a mofo durante a gravidez (p=0,021). A abundancia relativa de Ascomy-
cota nao cultivado foi maior em neonatos com dermatite atopica do que em neonatos saudaveis.
A abundancia relativa de Ascomycota nao cultivado correlacionou-se com os niveis séricos totais
de IgE no primeiro ano de vida (r=0,613, p<0,001).

Conclusdo: A exposicdo ao mofo no ambiente domiciliar durante a gravidez esta associada
ao desenvolvimento de dermatite atopica por meio de reacdo alérgica mediada por IgE. A
prevencao a exposicdo ao mofo durante o periodo critico da gravidez pode prevenir o desen-
volvimento de dermatite atopica.

© 2018 Sociedade Brasileira de Pediatria. Publicado por Elsevier Editora Ltda. Este € um artigo
Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.
0/).

gestation, may play a role in shaping the immune
system, thereby affecting development of AD. Previ-

The prevalence of atopic dermatitis (AD) has increased
according to region and socioeconomic status.'* Diverse
environmental factors may contribute to the increased
prevalence of AD, whereas a healthy diet and application
of emollients might play a role in prevention.*

Among diverse environmental factors, mold expo-
sure during early life is a potential risk factor for
development of allergic diseases, including AD, although
studies are inconclusive.>® The inconsistent results might
be attributable at least in part to differences in
the timing of mold exposure. Like bacterial exposure,’
mold exposure, particularly during critical periods of

ous studies of the association between mold exposure
and development of AD focused on the effect of the
skin mycobiome, including Malassezia species, on AD.?
However, studies of the association between exposure
to environmental mold and AD are lacking, and the
immunomodulatory effects of mold exposure remain poorly
understood.

Therefore, the aim of this study was to examine the
association between the timing of mold exposure and devel-
opment of AD, and to investigate the mechanisms underlying
the relationship between indoor mold exposure, particularly
during critical gestational periods, and development of AD.
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Table 1 Demographic characteristics of the study
population.
Variable n (%) or mean = SD

Number 1446

Maternal age (years) 33.04+3.54
Parental history of allergic disease
No 1160 (70.2)
Yes 492 (29.8)
Birth season
Spring 314 (21.7)
Summer 327 (22.6)
Autumn 360 (24.9)
Winter 445 (30.8)
Maternal educational level
<High school 76 (5.3)
<University 1053 (72.8)
>Graduate school 316 (21.9)
Child’s gender
Boy 685 (47.4)
Girl 761 (52.6)
Gestational age (weeks) 39.18+1.20

SD, standard deviation.

Materials and methods

Study population

The study was performed from November 2008 to Decem-
ber 2015 as a part of the prospective Cohort for Childhood
Origin of Asthma and Allergic Diseases (COCOA) birth study
(Table 1).° AD in infants aged 1 year was diagnosed by pedi-
atric allergists using the criteria of Hanifin and Rajka.'® The
SCORing Atopic Dermatitis (SCORAD) index, which is a com-
bined index reflecting the extent, severity, and subjective
symptoms of AD, was assessed in infants with AD."" The study
protocol was approved by the Institutional Review Board
(IRB) of Asan Medical Center. Informed consent was provided
by the parents of each infant and confirmed by the IRB.

Questionnaires

To investigate the presence of visible indoor damp stains and
mold in the subjects’ homes, the authors asked the parents
to complete a questionnaire at 36 weeks of gestation and at
6 months. At each follow-up visit, the parents were asked,
**Do you have visible damp stains and molds at home?’’ %13

Sampling and analysis of indoor mold at home

At 36 weeks of gestation, dust samples were collected from
all of the participants of the COCOA birth cohort study from
the bedroom where the pregnant woman spent most of her
time, using an Electrolux (Electrolux®, Stockholm, Sweden).
Samples were taken at the same time of day and imme-
diately frozen at —70°C. The mycobiomes of 20 randomly
selected healthy infants and 20 infants with AD enrolled in

the prospective COCOA study were analyzed. Fungal DNA
was extracted using the FastDNA SPIN kit for soil (Qbiogene;
MP Biomedicals, Illkirch, France). Analysis of the environ-
mental mycobiome at 36 weeks of gestation was performed
using the Illumina MiSeq platform (Ilumina®, CA, USA). The
diversity and composition of the indoor mycobiomes of the
two groups were then compared.

Measurement of total serum IgE levels

Total serum IgE levels at 1 year of age was measured in all
of the participants with blood samples using the Immuno-
CAP system (ThermoFisher, Uppsala, Sweden). The lower
detection limit was 2 kU/L."

Data analysis

Significant relationships were assessed using a logistic
regression model adjusted for maternal age, maternal body
mass index, maternal education level, sex, parental history
of allergic diseases, and birth season. To identify the effect
of mold exposure during pregnancy, data were adjusted for
mold exposure in infancy, and to identify the effect of mold
exposure in infancy, data were adjusted for mold exposure
during pregnancy. The relationships between biomarkers
and the relative abundance of a specific mold were analyzed
using Pearson correlation tests. Data were analyzed using
SPSS version 21.0 (SPSS Inc., Chicago, IL, USA). A p-value of
0.05 or less was considered significant.

Results

Association between mold exposure and
development of AD according to time of exposure

Prenatal mold exposure was associated with an increased
risk of AD at 1 year of age (adjusted odds ratio [aOR]: 1.36;
95% confidence interval [95% Cl]: 1.01-1.83), even when
data were adjusted for postnatal mold exposure (Table 2).
There was no association between the risk of AD and mold
exposure during the first year of life (aOR: 0.83; 95% CI:
0.61-1.13), even after adjusting for mold exposure during
the prenatal period.

Infant characteristics and mycobiome data

The characteristics of the infants and data on the environ-
mental mycobiome during pregnancy are shown in Table 3.
For the 20 infants with AD, the SCORAD index at 1 year
of age was 14.37 +18.91. The percentage of eosinophils in
cord blood was significantly higher in infants with AD than in
healthy infants. There was no significant difference between
the groups in terms of family history of allergic diseases.

Comparison of total serum IgE levels at 1 year of
age

Total serum IgE levels were significantly higher in infants
with AD exposed to mold during pregnancy than in healthy
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infants not exposed to mold (mean +standard deviation,
124.96 £413.82kU/L vs. 58.71+126.25kU/L; p=0.021)
(Fig. 1A). Even in infants with AD, total serum IgE was
lower in those not exposed to mold during pregnancy
(64.98+197.99kU/L vs. 124.96 +413.82kU/L), although
the difference was not significant. Log-transformed total
serum IgE levels at 1 year of age in infants with AD cor-
related with the SCORAD index at 1 year of age (r=0.186,
p=0.018; Fig. 1B).

1 (ref.)
1.36 (1.01-1.83)
1 (ref.)
0.83 (0.61-1.13)

aORP

Comparison of the mycobiome data between
infants with AD and healthy infants

There was no significant difference in the diversity and
richness score (Chao1, operational taxonomic units) for the
indoor mycobiome at 36 weeks of gestation between 20
healthy infants and 20 infants with AD (data not shown).
The relative abundance of uncultured Ascomycota species
was higher in infants with AD (149.75% +506.51%) than in
healthy infants (60.82% + 81.83%).

The relative abundance of uncultured Ascomycota
species correlated with total serum IgE levels at 1 year of
age (r=0.613, p<0.001; Fig. 1C), but not with the SCORAD
index, in all subjects and in infants with AD.

AD, n (%)
179/1016 (17.6)
83/369 (22.5)
178/871 (20.4)
72/407 (17.7)

(95% Cl)
1.36 (1.01-1.83)
1

0.83 (0.61-1.13)

aOoR®

1

Discussion

This study demonstrated that mold exposure during the pre-
natal period is associated with an increased risk of AD in
infants enrolled in a prospective birth cohort study (COCOA);
mold exposure during the postnatal period was not asso-
ciated with the development of AD. Levels of total serum
IgE in infants with AD exposed to mold during the prena-
tal period were higher than those in healthy infants not
exposed to mold during the fetal period; this was true even
for AD infants not exposed to mold. The relative abundance
of uncultured Ascomycota species in the home during preg-
nancy was higher in the case of infants with AD than in that
of healthy infants, and correlated with total serum IgE levels
at 1 year of age. This suggests that exposure to higher levels
of indoor Ascomycota during the prenatal period might con-
tribute to development of AD in early life via IgE-mediated
allergic inflammation. Thus, avoiding or limiting exposure
to the environmental mycobiome during critical periods of
development may help prevent development of AD in early
life.

Although the pathophysiology of AD is not fully under-
stood, defects in the skin barrier, dysfunctional immune
responses, and environmental factors are thought to be
major causes.' Dysbiosis and colonization of the skin by
specific microbiomes and fungi induce inflammation asso-
ciated with AD,'® and interaction between the host and the
microbiome can act as an immunomodulator.’” The results
of the present study suggest that exposure to the environ-
mental mycobiome, especially during critical developmental
periods, affects development of AD.

Few studies have examined the mechanisms underly-
ing the association between the environmental mycobiome
and AD, or the effect of specific mycobiome components
on the pathogenesis of AD, although the mycobiome is
an important component of the human environment.'?'®

AD, n (%)
179/1016 (17.6)
83/369 (22.5)
178/871 (20.4)
72/407 (17.7)

(95% Cl)
1.36 (1.02-1.81)

1
0.82 (0.61-1.11)

OR
1

186/1065 (17.5)

85/381 (22.3)
187/921 (20.3)
73/421 (17.3)

AD, n (%)

(=)
(+)
(=)

)

Bold significance means that the risk of AD was increased in infants with mold exposure during the prenatal period, compared with those without mold exposure during the prenatal period

using logistic regression model.
b Adjusted for maternal age, maternal body mass index, maternal education level, child’s gender, parental history of allergic disease, birth season, and prenatal or postnatal mold

a8 Adjusted for maternal age, maternal body mass index, maternal education level, child’s gender, parental history of allergic disease, and birth season.
exposure.

Table 2 Association between mold exposure and parent-reported doctor-diagnosed AD at 1 year of age according to the time of exposure.

Data are presented as n or %. AD, atopic dermatitis.

Time of mold exposure
During pregnancy
During the first 6
months of life
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Table 3  Characteristics of the study population and mycobiome data.
Variable Healthy infants Infants with AD p-Value®

(n=20) (n=20)

Gestational age (weeks) 39.18+1.22 39.53+1.06 0.339
Male, n (%) 10/20 (50.0) 12/20 (60.0) 0.525
Birth weight, mean +SD (g) 3088.33+£264.63 3043.58 £849.39  0.832
SCORAD index NA 14.37 +18.91 NA
Parental history of allergic diseases [yes, n (%)] 12/20 (60.0) 12/19 (63.2) 0.839
Cord blood eosinophils (%) 2.53+1.60 4.20+1.32 0.011
Log-transformed cord blood total serum IgE level, mean £ SD (kUA/L) —2.02+0.34 —1.24+0.89 0.012
Log-transformed total serum IgE level at 1 year of age, mean+SD (Kua/L)  1.11+0.51 1.43+0.56 0.077

AD, atopic dermatitis; n, number; NA, not applicable; SCORAD, SCORing Atopic Dermatitis; SD, standard deviation.
The cord blood eosinophil (%) and log-transformed cord blood total serum IgE levels were significantly increased in infants with AD

compared with healthy infants are denoted in bold.
a8 Mann-Whitney U-test.

180,0 P =0,021

5‘ ]
< 124,96 + [
= 413,82 @
L

% 120,0 =)
5 5
% 76,46 +179,90 2
> 64,98 +197,99 —=
2 58,71 +126,25 S
w 60,0 2
k= °
[0}

5 2
g 00 . ; - s
= mold exposure mold exposure mold exposure mold exposure g’
during pregnancy (-) during pregnancy during pregnancy (-) during pregnancy -

& healthy (+) & healthy & AD (+) & AD

4,00 4
r=0,613
p < 0,001

3,004

2,004

,004

Relative abundance of uncultured Ascomycota (%)

00 100,00 200,00 300,00 400,00 500,00 600,00
Total serum IgE levels at age 1 (kU/L)

1=0,186
p=0,018 - o

-2,00

-1,00 00 1,00 2,00
Log-transformed SCORAD score at age 1

Figure 1  (A) Association between levels of total serum IgE according to mold exposure during pregnancy and atopic dermatitis.
Data are expressed as the mean + standard deviation. (B) Correlation between the log-transformed SCORAD index at 1 year of age
and log-transformed total serum IgE levels. (C) Correlation between the relative abundance of uncultured Ascomycota species in

the environment at 36 weeks of gestation and total serum IgE levels at 1 year of age.
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Previous studies in AD patients focused mainly on mold
acting as an aeroallergen during development of respi-
ratory allergic diseases and skin inflammation related to
skin colonization by specific fungi, such as Malassezia
species.®'” The mechanisms underlying mold-induced devel-
opment of AD might include sensitization to mold or
triggering of immune responses directed against specific
components of the mycobiome. However, few studies, par-
ticularly those stratified according to the timing of exposure,
have examined the association between environmental mold
exposure and AD; thus the underlying mechanisms remain
unknown.

The result of the present study suggests that exposure
to indoor mold during the prenatal period can affect the
development of AD via immunomodulation, possibly via
IgE-related allergic inflammation. This is supported by the
finding of higher levels of total serum IgE in the serum of
infants with AD exposed to mold during the prenatal period
than in AD infants lacking exposure. In addition, the authors
previously reported that mold exposure during infancy is
associated with increased total serum IgE levels,' although
the underlying mechanisms were not identified. The results
of the present and previous studies suggest that exposure to
environmental mold in early life may induce IgE-mediated
allergic inflammation; however, the present study found
no significant correlation between the severity of AD and
the relative abundance of uncultured Ascomycota (r=0.347,
p=0.399, data not shown). This might suggest a role for spe-
cific mycobiome components as inducers of IgE-mediated
allergic inflammation during development of AD. Further
studies are needed to identify the mechanisms underlying
the association between mold exposure during the fetal
period and development of AD in early life.

Exposure to environmental factors during the prenatal
period can affect the developing immune system.?® Pre-
natal maternal stress and diverse environmental factors
can cause changes in gene expression via epigenetic mech-
anisms, especially during critical developmental periods,
thereby affecting the development and differentiation of
the immune system.?’-22 Mold exposure in itself can cause
allergic immune responses, and mold components such as
proteases can act as dermatologic irritants or inducers of
allergic inflammation in the airway.?>** Based on the above
findings, the altered maternal immune response due to mold
exposure during pregnancy might affect the development of
immune system in the offspring and thereby might be related
to development of AD in infants.?> The present study found
no significant differences in the diversity of the mycobiome
between healthy infants and infants with AD during the pre-
natal period; however, the relative abundance of specific
fungi, such as uncultured Ascomycota, in the home environ-
ment during the prenatal periods was higher in infants with
AD than in healthy infants. The results of the present study
suggest that exposure to specific mycobiome components,
rather than to mold itself, particularly during critical devel-
opmental periods, may be associated with development of
AD during infancy. Further large-scale studies are needed to
confirm these results.

A protein component of Ascomycota can bind and modu-
late mRNAs.?¢ Also, fungal polysaccharides, including those
from Ascomycota, can induce production of free radi-
cals and inflammation-associated cytokine production.?’

In a previous study, the authors demonstrated that mold
exposure was associated with development of AD via Th2
cytokine-mediated generation of reactive oxygen species
(ROS)."? Imbalances in ROS generation can also affect gene
expression.”® Taken together, these results suggest that
exposure to indoor molds, including Ascomycota, during
the prenatal period can affect development of AD via
immunomodulatory effects.’3

This study has some limitations. First, mold exposure
was determined using a questionnaire from the prospective
birth cohort study (COCOA). However, a previous study
showed that determining mold exposure by questionnaire or
by measurement of total airborne culturable spores yields
similar results.? Second, indoor mycobiome analyses were
limited by the small sample size; however, an association
was identified between specific mycobiome components
and allergic inflammation. A strength of the study is that
it is a prospective, general population-based birth cohort
study. The data will help determine the role of indoor mold
exposure during critical periods in development of allergic
diseases, including AD. In conclusion, exposure to indoor
mold during the fetal period is associated with development
of AD in early life, possibly via IgE-mediated allergic inflam-
mation. Therefore, avoiding or limiting exposure to mold
during the prenatal period may help prevent AD in infancy.
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