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Abstract Background: Atopic eczema and food allergy most commonly occur in the early
childhood. However, the relationships between eczema onset and their relevance to the occur-
rence of atopic diseases relating to allergen sensitization remain unclear.
Methods: We investigated 186 childrenwhowere followed up regularly at the clinic for 4 years in a
birthcohort study.Thechildrenwereclassified into threegroups:early-onseteczema(<2yearsold,
nZ 55), late-onset eczema (�2 years old, nZ 40), and never eczema groups (nZ 91). The asso-
ciations between the different onsets of eczema and total immunoglobulin E levels, absolute eosin-
ophil count, sensitization to food and inhalant allergens, and allergic outcomes were assessed.
Results: A significantly higher prevalence of sensitization to food, especially milk was observed in
children with early-onset eczema compared with those without eczema at age 1, 1.5, 2, 3, and 4
years. Furthermore, a significantly highernumber ofeosinophilswas detected in childrenwith early
or late-onset eczema at the age of 1.5 years. Both the early- and late-onset eczema were
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significantly associated with a higher prevalence of allergic rhinitis at age 2, 3, and 4 years, and
asthma at age 2. Moreover, the early-onset eczema group showed a significantly increased risk of
allergic rhinitis (PZ 0.010) and asthma (PZ 0.032) at age 4.
Conclusion: The children with early-onset eczema (<2 years old) appear to be associated with an
increased prevalence of milk sensitization and risk of rhinitis and asthma in early childhood.
Copyrightª 2019, Taiwan Society ofMicrobiology. Published by Elsevier Taiwan LLC. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
Introduction

Atopic eczema is the most prevalent allergic disease in chil-
dren, affecting up to 30% of this population.1 Eczema typi-
cally appears in infancy and tends to disappear at school age
in over 70% of the cases.2 In clinics, the association between
eczema and other allergic diseases has been well docu-
mented. Furthermore, the sensitization to allergens is
recognized as themost important factor for risk development
of atopic diseases. However, a few studies have assessed the
evidence for the allergic march between the atopic diseases
in relation to allergen sensitization in early childhood.

Atopic eczema and food allergy commonly occur during
the first 2 years of life with several evidence of temporal
interrelation. Numerous studies have demonstrated that
food allergens play an important role in triggering or exac-
erbating the severe forms of atopic eczema.3 The sensitiza-
tion to food allergens occurs in early life and is a significant
factor for infantile eczema.4 However, the prevalence of
sensitization to food allergens decreases after 2 years of age,
in parallel with the rising prevalence of sensitization to
inhalant allergens at older age.4,5 In the early childhood, the
relationship between eczema onset after infancy and
allergen sensitization and their relevance to the occurrence
of atopic diseases has not been well determined.

This study aimed to investigate the differences in early-
onset (<2 years old) and late-onset (�2 years old) eczema
in children from a birth cohort in the Prediction of Allergies
in Taiwanese Children (PATCH) study for a 4-year follow-up
period. The associations between different onsets of
eczema and atopic indices including total immunoglobulin E
(IgE) levels, absolute eosinophil count (AEC), and sensiti-
zations to food and inhalant allergens were assessed. Their
relevance to the development of allergic rhinitis and
asthma was also examined.
Methods

Study subjects

The PATCH study is an unselected, population-based pro-
spective study to investigate theepidemiology andpredictive
factors of asthma and allergies in northern Taiwan. Children
who were completed a 4-year follow-up in a birth cohort
study were enrolled.6 Detailed descriptions about the
recruitment of study subjects were described previously.4

This study was approved by the Ethics Committee of Chang
Gung Memory Hospital (No. 102-1842C). All experiments in
et al., Early-onset eczema is ass
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this study were performed in accordance with the relevant
guidelines and regulations and written informed consent was
obtained from the parents or guardians of all study subjects.
Data collection

The parents or legal guardians of enrolled subjects were
invited and requested to undergo an interview with expe-
rienced investigators answering a questionnaire derived
from well-validated International Study of Asthma and Al-
lergies in Childhood (ISAAC) at birth, 6 months, and 1, 2, 3,
and 4 years of age.7 Detailed information regarding de-
mographic data and confounding factors related to the
development of atopic diseases including parental atopy,
passive smoking, any older siblings, household income and
infants sex, maternal and gestational age, and breast-
feeding patterns were collected and analyzed.
Evaluation and diagnosis of atopic diseases

Information concerning current and past allergic symptoms
for the diagnosis of atopic diseases was acquired from the
modified ISAAC questionnaire.7 The phenotypes of atopic
diseases were also evaluated by the same pediatric pul-
monologist at the clinic. Diagnosis of atopic diseases
including allergic rhinitis and asthma was described as in
our previous study.8,9 Eczema was defined from question-
naire responses as scaly, red, itchy lesions involving the
limbs, face, or trunk reported by the parents and diagnosed
as eczema by the family doctor or consulted physician at
clinic. Early-onset eczema, also known as infantile eczema,
refers to eczema that occurs within the first 2 years of life;
while eczema that manifests itself after the age of 2 is
considered to be late-onset eczema.
AEC and serum allergen-specific IgE levels

A complete peripheral blood cell count was obtained using
automated analysis, and the AEC was calculated. As
described in our previous study,9 levels of total serum IgE
were measured using ImmunoCAP (Phadia, Uppsala, Swe-
den), while allergen-specific IgE levels were determined
using a commercial assay for IgE (ImmunoCAP Phadiatop
Infant; Phadia) for a mix of the three most common food
allergens (egg white, milk, and wheat) and inhalant aller-
gens in Taiwan (Dermatophagoides pteronyssinus, Derma-
tophagoides farinae, and Cladosporium herbarum).10,11 IgE
ociated with increased milk sensitization and risk of rhinitis and
nfection, https://doi.org/10.1016/j.jmii.2019.04.007
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sensitization was defined as IgE levels � 100 kU/L, while
allergen sensitization was defined as values � 0.35 kU/L.12

Statistical analysis

The detailed information and demographic data obtained
through the questionnaire were collected and analyzed.
Differences and comparisons of baseline characteristics and
laboratory findings were performed with univariable para-
metric and nonparametric tests such as ANOVA, c2, Fisher’s
exact test, and KruskaleWallis rank sumtest.Multiple logistic
regression analysis was used to determine the association
between different onsets of eczema and allergic rhinitis and
asthma by adjusting for confounding factors. Statistical
analysis was performed using the Statistical Package for the
Social Sciences (SPSS Statistics for Windows Version 20.0;
Armonk, NY, USA), and graphs were drawn using GraphPad
Prism software (GraphPad Software Inc. Version 5.01; San
Diego, CA, USA). All statistical hypothesis tests were two-
tailed and a P value < 0.05 was considered significant.

Results

Study population

A total of 258 children were recruited initially in this study,
but 186 (72.1%) children who completed a 4-year follow-up
period in the birth cohort were enrolled. No significant dif-
ferences were observed in the baseline characteristics be-
tween the 258 and 186 children studied.9 Among the 186
Table 1 Baseline characteristics of 186 children in relation to d

Characteristics

Never (n Z 91)

Family

Maternal atopy 38 (42.2%)
Paternal atopy 48 (53.3%)
Passive smoking 48 (53.3%)
Any older siblings 49 (54.4%)
Household income

Low, &500,000 NTD 33 (36.7%)
Medium, 500,000e1,000,000 NTD 38 (42.2%)
High, >1,000,000 NTD 19 (21.1%)

Infant

Sex, male 45 (50.0%)
Maternal age (yr) 31.6 � 4.3
Gestational age (wk) 37.9 � 1.8
BMI (kg/m2)

Birth 12.4 � 2.0
4 y/o 15.4 � 1.95

Breastfeeding (first 6 months of life)
Exclusive 31 (34.1%)
Partial 31 (34.1%)
Formula 29 (31.9%)

Hydrolyzed formula (ever) 10 (14.5%)
Episodes of respiratory diseases 38 (41.8%)
Antibiotics prescriptions 27 (37.0%)

Data shown are mean � s.d. or number (%) of patients as appropriat
index.

Please cite this article as: Chiu C-Y et al., Early-onset eczema is ass
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children, 55 were diagnosed with early-onset eczema (<2
years old), and 40 were diagnosed with late-onset eczema
(�2 years old). At 4 years of age, atopic diseases, including
eczema, rhinitis, and asthma were diagnosed in 21, 68, and
30 children, respectively. Table 1 shows the baseline char-
acteristics of 186 children in relation to early- and late-onset
eczema. The lower maternal age (P Z 0.038) showed a
borderline association with children with early-onset
eczema, but no other significant difference was identified
among different onsets of eczema.

Association between eczema and allergen
sensitization

Fig. 1A shows the comparisons and differences between the
different onsets of eczema and sensitization to allergens at
different ages. The prevalence of food sensitization
increased sharply after 6 months of age with a peak at age 2
and decreased markedly after 2 years old. A significantly
higher prevalence of sensitization to food, especially milk,
was found in children with early-onset eczema compared
with children without eczema at ages 1, 1.5, 2, 3, and 4 years
old. No significant difference was observed in the association
between the different onsets of eczema and sensitization to
other allergens, such aswheat and house dustmite allergens.

Association of eczema with AEC and IgE levels

Serum samples for AEC and IgE levels were collected and
measured at 6 months and 1.5, 3, and 4 years old. Fig. 1B
ifferent onsets of eczema for a 4-year follow-up period.

Eczema

Early-onset (n Z 55) Late-onset (n Z 40) P-value

23 (42.6%) 22 (55.0%) 0.364
33 (61.1%) 21 (52.5%) 0.605
32 (58.2%) 18 (45.0%) 0.444
20 (36.4%) 17 (42.5%) 0.090

0.876
21 (38.9%) 13 (32.5%)
25 (46.3%) 19 (47.5%)
8 (14.8%) 8 (20.0%)

31 (56.4%) 25 (62.5%) 0.398
29.8 � 3.7 31.4 � 4.6 0.038
38.2 � 2.4 38.3 � 1.4 0.257

12.6 � 2.1 12.7 � 2.6 0.679
15.8 � 1.52 16.3 � 1.94 0.159

0.559
16 (29.1%) 17 (42.5%)
21 (38.2%) 15 (37.5%)
18 (32.7%) 8 (20.0%)
11 (22.4%) 7 (19.4%) 0.530
29 (52.7%) 19 (47.5%) 0.429
30 (56.6%) 20 (50.0%) 0.081

e. NTD, new Taiwan dollar; yr, year; wk, week; BMI, body mass

ociated with increased milk sensitization and risk of rhinitis and
nfection, https://doi.org/10.1016/j.jmii.2019.04.007



Figure. 1. Early- and late-onset eczema and their relationships between allergen sensitization, absolute eosinophil count (AEC)
and allergic respiratory diseases at different ages. Comparisons of different onsets of eczema with sensitization to egg white and
milk (A), and AEC (B), and allergic rhinitis and asthma (C) at different years of age. Data shown are mean � s.e.m. or percent of
subjects as appropriate. P-values referred to the comparisons of sensitization to egg white at age 2 and milk at ages of 1, 1.5, 2, 3,
and 4 years old (early-onset eczema vs. never eczema) are indicated by the marker. *P < 0.05.
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shows the comparisons and differences between the
different onsets of eczema and AEC at different ages. A
significantly higher number of eosinophils was detected in
children with early or late-onset eczema compared with
children without eczema at the age of 1.5 years. There was
no significant difference in the association between eczema
and IgE levels.

Association of eczema with allergic rhinitis and
asthma

The prevalence of allergic rhinitis and asthma increased
markedly since the age of 2 years. Fig. 1C shows the rela-
tionship between the different onsets of eczema and sub-
sequent development of rhinitis and asthma at different
ages. Compared with never eczema group, both early- and
late-onset eczema were not only significantly associated
with the higher prevalence of allergic rhinitis at 2, 3, and 4
years of age but also asthma at age 2. Furthermore, the
early-onset eczema showed a significantly increased risk of
allergic rhinitis [odds ratio (OR), 3.71; 95% confidence in-
terval (CI), 1.37e10.02; P Z 0.010] and asthma (OR, 3.80;
95% CI, 1.12e12.85; P Z 0.032) at 4 years old (Table 2).

Discussion

The association between eczema onset and other atopic
diseases relating to allergen sensitization in early childhood
has not been fully clarified. This study has demonstrated
Please cite this article as: Chiu C-Y et al., Early-onset eczema is ass
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that children with the early-onset eczema before age 2 are
not only associated with higher prevalence of sensitization
to milk but also increased risk of allergic rhinitis and asthma
development during childhood, suggesting that eczema
onset in infancy related to milk sensitization may precede
the subsequent development of allergic airway diseases in
early childhood.

Eczema is a common allergic reaction and food allergen
sensitization plays a considerable role. The sensitization to
food allergens occurs early in life; however, the prevalence
of food sensitization decreases, accompanied with
increased inhalant allergen sensitization at older age.4,13,14

Egg white and milk are the two most common food allergies
in infant and young Asian children.10,15 In this study, chil-
dren with eczema featured high prevalence of sensitization
to food, especially to milk, supporting the strong associa-
tion between eczema and food sensitization. Furthermore,
the significantly high prevalence of milk sensitization found
in children with early-onset eczema indicates that early life
sensitization to milk may precede the development of in-
fantile eczema.

IgE is a type of antibody representing an allergic reaction
in response to the allergens.16 The increased IgE levels may
contribute to a severe allergic response and the risk of
developing atopic diseases.17 However, the total serum IgE
levels could be induced by multiple allergen sensitizations
with an addition effect,4 which may provide no particular
explanation regarding the differences between the eczema
and IgE levels observed in this study. By contrast, the eo-
sinophils are multifunctional cells and critically involved in
ociated with increased milk sensitization and risk of rhinitis and
nfection, https://doi.org/10.1016/j.jmii.2019.04.007



Table 2 Association between different onsets of eczema and risk of developing allergic rhinitis and asthma at age 4.

Atopic diseases n (%) Eczema

Crude Adjusteda

OR (95% CI) p OR (95% CI) p

Rhinitis (n Z 68)
Never eczema 21 (23%) 1.00 (reference) 1.00 (reference)
Early-onset 25 (45%) 3.68 (1.51e8.99) 0.004 3.71 (1.37e10.02) 0.010

Late-onset 22 (55%) 2.74 (1.14e6.57) 0.024 2.75 (1.07e7.07) 0.036

Asthma (n Z 30)
Never eczema 9 (10%) 1.00 (reference) 1.00 (Reference:)
Early-onset 12 (22%) 4.12 (1.37e12.38) 0.012 3.80 (1.12e12.85) 0.032

Late-onset 9 (23%) 2.62 (0.85e8.04) 0.093 2.98 (0.80e11.02) 0.102
a Adjusted for maternal age at delivery, gestational age, maternal atopy, parental smoking, any older siblings, household income, and

different breastfeeding patterns. All P-values <0.05, which is in bold, are significant.
CI, confidence interval; OR, odds ratio.
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the initiation of Th2 immunity for various skin diseases and
systemic allergic disorders.18 In this study, the elevated AEC
was significantly associated with eczema at age of 1.5 years
old, the age at which the highest prevalence of milk
sensitization was observed, suggesting that increased
eosinophilia activation producing a skewed Th2 immune
response to milk sensitization may increase the suscepti-
bility to allergies, especially eczema.19e21

Atopic march is a well-known concept that demonstrates
the progression of atopic diseases.22,23 In this study,
eczema was significantly associated with the occurrence of
allergic rhinitis and asthma during early childhood, consis-
tent with the findings of previous studies indicating that
eczema is profoundly recognized as a precursor of later
developing atopic diseases.24e26 Most importantly, the
children with early-onset eczema relating to milk sensiti-
zation presented higher risk of subsequent allergic dis-
eases, supporting a recent meta-analysis study reporting
that food sensitization during the first 2 years of life can
identify children at high risk of allergic disease including
eczema, asthma and allergic rhinitis.27

Food allergens are relevant to childhood eczema, and
the clinical symptoms decline with decreased food sensi-
tization.28 The sensitization to food occurs early in life;
however, the sensitization to inhalant allergens occurs later
in life and is more specific to allergic rhinitis and asthma
development in early childhood.4 In this study, the children
with late-onset eczema showed no association with food
sensitization. However, these children were significantly
associated with the development of allergic rhinitis relating
to inhalant sensitization. These findings indicate that a
late-onset eczema may be an allergic symptom commonly
associated with allergic airway diseases later in life rather
than specifically by food sensitization.

The major limitation of this study is the questionnaire-
based diagnosis of eczema which may feature an over-
identification of the diagnostic prevalence. However, the
diagnosis of atopic diseases was also evaluated at the clinic
during follow-up period, minimizing the rates of over-
diagnosis allergy. Most importantly, the strength of the
current study is its long-term follow-up with regular inter-
val at clinic, allowing for the causal inferences of eczema
regarding variable relations including sequential
Please cite this article as: Chiu C-Y et al., Early-onset eczema is ass
asthma in early childhood, Journal of Microbiology, Immunology and I
measurement of total serum and allergen-specific IgE
levels, and AEC.

In conclusion, in the early childhood, eczema appears to
have increased the AEC, with higher prevalence of sensiti-
zation to milk, especially in children with early-onset
eczema. Although both the early- and late-onset eczema
are associated with higher prevalence of atopic diseases,
early-onset eczema is significantly related to the increased
risk of developing allergic airway diseases later in life.
These findings suggest that early-onset eczema may not
only be an allergic symptom associated with food sensiti-
zation but also precede the development of allergic rhinitis
and asthma in early childhood.
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