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Background: Atopic dermatitis (AD) is a chronic inflammation of the skin that often appears in early childhood. The manifestation is related 
to the tendency towards T helper 2 cytokine immune responses (interleukin (IL)-4, IL-5). Genetic factors are suggested to play important roles 
in AD, and it can be transmitted to newborns, increasing their risk of developing allergies. 
Objective: To determine the association between cord-blood cytokine levels (IL-5, interferon (IFN) γ), cord-blood total immunoglobulin E 
(IgE) level, perinatal environmental exposure, and the risks of allergy as well as the development of AD in the first 6 months of life.
Methods: A 6-month cohort study with a nested case-control within was conducted on newborns in Jakarta from December 2008 until 
May 2009. After the umbilical cord blood samples were taken and stored, subjects were followed up monthly until 6 months old. The 
occurrence of AD and lifestyle or environmental exposures were recorded. The allergic risk was determined using a modified pediatric allergy 
immunology work groups scoring system based on allergic history (allergic rhinitis, asthma, AD) in the family. The levels of IL-5 and IFN-γ 
were measured using ELISA and total IgE by CAP system FEIA. Multivariate analysis was used to evaluate risk factors.
Results: This study was conducted on 226 subjects. The incidence of AD was 16.4%; of those, 59% had low risk allergy, 38.5% moderate, and 
2% high risk. AD mostly occurred at the age of 1 month (57%). Cord blood samples were examined in 37 subjects with AD and 51 without 
AD; of those, 25% showed high levels of total IgE (>1.2 IU/µL), and 51% showed normally-distributed high absorbance IL-5 values (≥0.0715, 
absolute value was undetected). The increased level of IL-5 was directly proportional to IgE. High absorbance IFN-γ values (≥0.0795, absolute 
value = 18.681 pg/µL) were observed in 52% of subjects. 
Conclusion: The associations between the risk of allergy in the family, cord-blood total IgE, IL-5, IFN levels, and some perinatal environmental 
exposure with AD in the first 6 months of life have not been established.
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INTRODUCTION

Atopic dermatitis (AD) is a chronic inflammatory disease with 
peak onset in infancy. Recently, the incidence had been increasing 
rapidly. A study in Jakarta showed that among 635 allergic patients, 
156 patients (24.6%) had AD skin symptoms (Munasir Z, Kurniati N, 
Akib A, Suyoko D, Siregar SP. Epidemiology asthma and allergy in 
Jakarta. 2006. unpublished data). A prospective study in England 
on children aged 0-42 months had shown that AD incidence was 
21% at the age of 0-6 months, 11.2% at 7-18 months, and 3.8% 
at 19 to 30 months old. AD occurring in the early months of life 
can cause substantial pressure or burden on the family, affecting 
feeding and sleep patterns of infants and increasing medical 
expenses. Furthermore, AD can become a risk factor of allergen 
sensitization, asthma, allergic rhinitis, and hives in the future [1, 2].

Several studies have supported the existence of a critical 
period at an early age, including the perinatal period. Genetically, 
atopic infants have a higher risk of sensitization to food allergens. 
Interventions should be performed as early as possible in the 
perinatal period to obtain higher success rates. Important risk 
factors for atopy that can be controlled are formula feeding, 
introduction of hyperallergenic solid foods at an early age, 
exposure to environmental tobacco smoke, and lack of information 
about allergic disease [3]. 

Some studies showed that neonates with allergic risk factors 
have dif ferent cytokine profiles, in which peripheral blood 
mononuclear cells are stimulated by mitogens and allergens. All 
of these studies support the theory that the balance between 
cytokines suppressing allergic responses (T helper (Th) 1 response), 
such as interleukin (IL)-12 and interferon (IFN)-γ, and those 
contributing to allergies (IL-4, 5, 10, and 13) produced by Th2 cells 
is disrupted [4].

There are three interesting facts about the contribution of the 
fetal environment in the incidence of allergic disease. First, an 
elevated level of total immunoglobulin-E in umbilical cord blood 
is not a sensitive measurement in the incidence of allergic diseases 
later in life. Research has shown that fetus exposure to allergens in 
the womb is probably more significant in the incidence of allergic 
diseases. It was suggested that before birth, a fetus could form 
specific immunoglobulin E (IgE) induced by IL-4 [1, 3]. Second, the 
specific reactivity in neonates at birth against common allergens 
such as house dust mites, cow’s milk, and eggs supports the 
concept of fetal exposure to the mother’s food consumption and 
inhalant allergens, and it depends on the maturity of the immune 

system to respond against specific antigens [1, 3]. Third, the risk of 
allergic disease, especially in early infancy, is determined by both 
parents. If both have allergic diseases, the pregnancy period tends 
to be critical in determining the incidence of allergic diseases later 
in life. The risk of allergy in children born to allergic mothers was 
proven to be 4 times higher than those with an allergic father [1, 3]. 

The purpose of this study was to determine the association 
between cord-blood cytokine levels, cord-blood total IgE level, 
perinatal environmental exposure, and the risks of allergy, as well 
as the development of AD in the first 6 months of life.

MATERIALS AND METHODS

This was a 6-month cohor t study conducted between 
December 2008 to May 2009. Subjects were normal term newborns 
(delivered vaginally, birth weight >2,500 g) with high, moderate, 
or low allergic risks, who were recruited consecutively at the 
Neonatology Ward, Cipto Mangunkusumo Hospital, Harapan Kita 
Hospital, and Budi Kemuliaan Hospital Jakarta. The risk of allergy 
was obtained by the history of allergy (asthma, allergic rhinitis, and 
AD) in the family. Every positive answer was given a score of 2 if 
the allergy had been diagnosed by doctors and a score of 1 if it 
was only based on history taking. The total score showed the risk 
of allergy, and subjects were classified into three groups: high risk, 
moderate risk, and low risk [5-7].

The subjects were followed for 6 months to see the emergence 
of AD. The diagnosis was based on Hanifin Rajka criteria. 
Hyperallergenic food consumption during pregnancy (cow’s milk, 
seafood, eggs, and nuts), breastfeeding, pets/domestic animals, 
carpets, and tobacco smoke exposure were noted. Exclusive breast 
feeding for the first 6 months (as recommended by Indonesian 
Ministry of Health) with the introduction of solid foods postponed 
to after the end of the sixth month was recommended. Umbilical 
cord blood examination for cytokine levels of IL-5, IFN-γ, and 
total IgE was done only in AD subjects and control subjects 
who didn’t show AD manifestation in the first 6 months in the 
nested case control group. Total IgE examination was done by 
using CAP system specific IgE FEIA with kit Immulite 2000. IL-5 
and IFN-γ levels were done by using quantikine immunoassay 
lot 268604 catalog no. D5000 kit (R&D systems, USA). The total 
sample population of this study was 269 subjects. This study was 
approved by the Ethical Commitee of Medical Faculty, University 
of Indonesia, Jakarta. The correlation between the dependent and 
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independent variables was done by bivariate analysis followed by 
logistic multivariate analysis using SPSS 15.0 (SPSS, USA). 

RESULTS
 
There were 269 subjects who fulfilled the eligibility criteria; 

of these, 226 could be followed up until 6 months after birth. 
Subjects’ characteristics are shown on Table 1. Only a minority of 
children (2.2%) had a high risk of allergies. 

Table 2 shows 37 subjects with AD that occurred in their first 
6 months of life; 91.9% had low to medium allergic risk. Most 
subjects had AD first appearing in the first month. 

The bivariate correlation between some independent variables 
with incidence of AD is shown in Table 3. This study found that 
98.2% of the subjects consumed hyperallergenic food (cow’s 
milk, sea food, and nuts), whereas 1.8% of the subjects did not. 
Statistical tests showed no significant relationship (p = 0.372). From 
33.2% of the subjects who were exclusively breastfed, 26.7% of 
the subjects suffered from AD. From non-exclusive breastfeeding 

subjects that consisted of 66.8% subjects, only 11.3% suffered from 
AD (p < 0.01; relative risk (RR) 2.369; 95% confidence interval (CI) 
1.321-4.249). 

In this study, 41.2% of the subjects that had a carpet in the 
house, and of these, 14% suffered from AD. Among the other 
58.8% who had no carpet inside the house, 18% of the subjects 
suffered from AD. There was no significant difference found 
between groups (p =  0.461; RR 0.775; 95% CI 0.416-1.441). 

From the total subjects who had pets/domestic animals (21.2%), 
25% of the subjects suffered from AD; from 78.8% of the subjects 
who had no pets/domestic animals, 14% of the subjects suffered 
from AD. No significant differences were obtained (p = 0.069; RR 
1.780; 95% CI 0.967-3.276). 

In this  s tudy,  65.5% of the subjec ts were exposed to 
environmental tobacco smoke (ETS), and 34.5% of the subjects 
were not exposed. The result is not statistically significant (p = 
0.931).

A multivariate test was performed including the factors that 
resulted in p < 0.25, that is, pets/domestic animals (p = 0.069; 
RR 1.780; 95% CI 0.967-3.276) and consumption of breast milk/
non-breast milk (p < 0.01; RR 2.369; 95% CI 1.321-4.249). After the 
multivariate test, the pets/domestic animals factor combined with 
the risk of allergies and consumption of breast milk, are clinically 
the trigger factors with odd ratio (OR) 5.653 (Table 4) or RR 1.96 
but statistically was not significant (Table 5). 

From 88 examined blood samples (37 AD subjects and 51 
control subjects in the nested case control group), 25% of the 
subjects showed high levels of total IgE (>1.2 IU/µL). From the 
AD subjects, 18.9% of the subjects showed high levels of IgE. No 
significant relationship was found statistically and clinically (p = 

Table 1. Subjects’ characteristics and the occurrence of atopic 
dermatitis in the first 6 months of life (n = 226)

Variable  Total subjects (%)

Sex
Male
Female 

116 (51.3)
110 (48.7)

Hyperallergenic food during pregnancy
Yes
No 

222 (98.2)
  4 (1.8)

Indoor pets/domestic animals
Yes
No 

  48 (21.2)
178 (78.8)

Carpets in the bedroom
Yes 
No 

  93 (41.2)
133 (58.8)

Environmental tobacco smoke
Yes
No 

148 (65.5)
  78 (34.5)

Allergic risk
Low 
Moderate 
High 

134 (59.3)
  87 (38.5)

  5 (2.2)
Type of diet

Exclusive breastfeeding
Breast feeding + milk formula 
Milk formula 

   75 (33.2)
137 (60.6)

14 (6.2)

Table 2. The occurence of atopic dermatitis (AD) and breastfeeding   
(n = 37)

Onset age
(months)

Subjects 
with AD

N (%)

95% CI of 
percentage

Breastfeeding Non-
breastfeeding

1 21 (57)  39.9 - 72.7 19 2

2   6 (16)    6.6 - 32.4 3 3

3 3 (8)    2.1 - 22.9 1 2

4 2 (5)     0.8 - 19.0 1 1

5   4 (11)     3.6 - 26.6 2 2

6 1 (3)    0.2 - 16.2 - 1

49 patients that were exclusively breastfed and 140 patients that were not 
exclusively breastfed did not show any AD. 
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Table 3. The bivariate correlation between some independent variables with incidence of atopic dermatitis (AD) (n = 226)

Independent variables
AD

p Relative risk 95% CIYes 
n (%)

No 
n (%)

Allergy risk*†

High
Low-moderate 

   3 (60.0)
34 (15.4)

      2 (40.0)
 187 (84.6)

<0.01 3.900  1.788 - 8.504

Hyperallergenic food during pregnancy‡

Yes 
No 

37 (16.7)
  0 (0)

 185 (83.3)
     4 (100)

0.372

Carpets in the bedroom†

Yes 
No 

13 (14.0)
24 (18.0)

   80 (86.0)
 109 (82.0)

0.416 0.775 0.416 - 1.441

Indoor pets/domestic animals†

Yes 
No

12 (25.0)
25 (14.0)

   36 (75.0)
 153 (86.0)

0.069 1.780 0.967 - 3.276

Indoor ETS†

Yes
No 

24 (16.2)
13 (16.7)

 124 (83.8)
   65 (83.3)

0.931  0.973 0.525 - 1.803

Sex†

Male
Female

19 (16.4)
18 (16.7)

   97 (83.6)
   92 (83.3)

1.000 1.001 0.555 - 1.805

Breastfeeding‡

Exclusive 
Non-exclusive/formula

20 (26.7)
17 (11.3)

   55 (73.3)
 134 (88.7)

<0.01 2.369 0.235 - 0.757

*For analysis, allergy risks were divided in two groups: high risk and moderate-low risk. †Chi square test. ‡Fischer exact test.                           
ETS: environmental tobacco smoke.

Table 4. Multivariate correlation between allergy risk, pets/domestic animals, breastfeeding with the incidence of atopic dermatitis (n = 226)

Model Group OR* 95% CI p
1 AR with P and BF 5.653 0.893 - 35.775 0.066

2 AR with P 8.705 1.374 - 55.151 0.022

3 AR with BF 5.640 0.865 - 36.778 0.071

4 AR with no P and BF 8.250 1.329 - 51.231 0.0221

AR: allergy risk, P: pets/domestic animals, BF: breastfeeding. *OR of AR (high risk/moderate-low). 

Table 5. The relative risk (RR) calculation of multivariate correlation between allergy risk (AR), pets/domestic animals (P), breastfeeding (BF) with 
the incidence of atopic dematitis (n = 226)

Group Probability 
AR+

Probability
AR− RR 95% CI 

P+, BF+ 0.79 0.40 1.96 0.93 - 2.37

P+, BF− 0.57 0.19 3.01 0.91 - 4.75

P−, BF+ 0.60 0.21 2.82 0.91 - 4.21

P−, BF+ 0.35 0.08 4.04       0.90 - 9.00

The formula: Y = −2.368 + (1.732 * AR) + (0.905 * P) + (1.076 * BF). Area under the curve = 0.687 (95% CI 0.592-0.782). Hosmer-Lemeshow goodness of 
fit test = 0.798. Nagelkerke R square = 0.116.
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0.262; OR 1.786; 95% CI 0.644-4.950) (Table 6).
From this group, 51% of the subjects had a high level of IL-5 

in umbilical cord blood. From the AD subjects, 49% of subjects 
showed high levels of IL-5. No significant correlation was found 
statistically and clinically (p = 0,344; OR 1.508; CI 0.643-3.536).

The increasing of IL-5 is inconsistent with increasing IgE. IL-5 
distribution appeared to follow the pattern of IgE status, when it 
was compared with the IL-5 distribution for AD status (Figs. 1 and 
2). However, there was no significant association. 

Examination of this group showed that 52% of the subjects had a 
high level of IFN-γ. From the AD subjects, 59% of the subjects had a 
high level of IFN-γ. No significant correlation was found statistically 
and clinically (p = 0.473; OR 0.733; CI 0.313-1.716) (Table 7).

DISCUSSION

The occurrence of AD in this study is similar to the incidence 
of AD in other countries in the world (10-20%). According to the 
hygiene theory, the incidence of AD in Jakarta must be lower 
than incidence of AD in Western countries because the incidence 
and prevalence of infectious disease are still high. However, it 
has changed since infectious disease rates have decreased and 
pollution has increased in Jakarta. Of the subjects with AD, 91.9% 
had low to medium risk while 8.1% had a high risk. In most 
subjects, AD appeared in the first month, similar to the incidence 
of AD in a study performed in England [1]. The result of this study 
strongly supports the importance of early allergic detection as an 
early screening tool to enable early prevention of allergic disease. 
Although a bivariate test showed significant results, a multivariate 
test combined with pets/domestic animal and breastfeeding 
showed insignificant results. Ngamphaiboon et al. [8] reported 
a retrospective study in which 3,502 children were evaluated for 
atopic score. From their study, 35.2% developed allergy diseases 
(AD, asthma, and rhinitis) with the most manifestations appearing 
on average at 14.7 months (2 weeks to 5 years); the median was 
9 months regardless of the atopic state in the family. Most of the 
allergy symptoms appeared in the first year of life (78.3%). Male 
children showed more atopic diseases than females (p < 0.001; 
OR 1.5; 95% CI 1.3-1.719). All the subjects with a score of 1 had a 
significant correlation with the manifestation of allergy disease 
with OR 2.64-3.22 with p < 0.01 and 95% CI. The score that could 
be used for screening of the high-risk infant was more than 2 with 

Table 6. The level of total IgE, IL-5, and IFN-γ from cord blood (n = 88)

n (%) x (SD);
median (min-max)

Total IgE
Low
High 

66 (75)
22 (25)

0.25 (0.44)
    0 (0-1)

IL-5 
Low
High

43 (49)
45 (51)

0.12 (0.03)
       0.072 (0.09-0.32)

IFN-γ
Low
High

42 (48)
46 (52)

0.08 (0.02)
       0.080 (0.06-0.22)

IgE: immunoglobulin E, IL: interleukin, IFN: interferon.

Fig. 1. Interleukin (IL)-5 distribution against high and low level of total 
immunoglobulin E (IgE). 

Fig. 2. Interleukin (IL)-5 distribution against positive/negative atopic 
dermatitis (AD). 
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68.8% sensitivity and 56% specificity. Eller et al. [9] found that early 
long-term sensitization worsens the prognosis, but 38% of all 
children have a debut later than 18 months of age. Boys had earlier 
onset of AD than girls. Our study showed no significant differences 
between males and females. This may be explaind by the fact that 
both boys and girls live in the same indoor environment in early 
life.

This study showed no signif icant correlation between 
hyperallergenic food consumption during pregnancy with the 
incidence of AD. The previous study showed that the fetus was 
able to respond against food and other allergens. Sometimes, 
food-specific IgE can be found [10], in addition to a T cell 
response against cow’s milk protein, eggs, and aero allergens in 
the newborn baby [11]. Our study results support the American 
Academy of Pediatrics recommendations and European guidelines 
which do not recommend maternal avoidance of hyperallergenic 
foods during pregnancy. Meta analysis studies have shown that 
there was no benefit of maternal avoidance during pregnancy in 
preventing the occurrence of allergy in the fetus in later life [12].

The difference in AD incidence between exclusively and non-
exclusively breastfed subjects is statistically significant (p ≤ 0.01; RR 
2.369; 95% CI 1.321-4.249). These findings may give the impression 
that breast milk is a causative agent of AD. There are some possible 
explanations. First, most AD appeared in the first month of life 
(57%), in which infants were still exclusively breastfed. Since the 
important factor of AD pathogenesis is the skin’s barrier defect, 
breastfeeding for a month is not enough to protect babies against 
allergic disease; however, breastfeeding may give protection in 
the gut barrier like in food allergy. Secondly, breastfeeding might 

be the cause of AD not because of the breast milk itself, but due 
to hyperallergenic food intake from the mother or the lack of anti-
allergy components in breast milk which were not explored in this 
study. However, the multivariate test combined with allergy risk 
and pets/domestic animals showed insignificant result.

Out of the subjects who had pets/domestic animals (21.2%), 
25% suffered from AD. Out of 78.8% subjects who had no pets/
domestic animal, 14% suffered from AD. This difference statistically 
seems to be a causative factor regardless of other confounding 
factors. This is inconsistent with study results which showed that 
early and frequent exposure to pets/domestic animals may reduce 
sensitization resulting in allergy occurrence. After multivariate 
analysis, the presence of pets/domestic animals combined with 
the risk of allergies and consumption of breast milk were found to 
be clinical trigger factors of allergic disease but statistically were 
not significant.

The dif ference in AD incidence in subjects exposed and 
unexposed to ETS was not statistically significant. Mills et al. [13] 

reported their study on 150 AD patients showed that ETS was not 
linked to the risk of AD (p = 0.8; OR 1.1; 95% CI 0.65-1.86). However, 
the exposure to ETS during pregnancy increases the risk of AD 
in children. Therefore, ETS avoidance is very important during 
pregnancy for early allergy prevention [14].

The increasing IL-5 level is inconsistent with increasing IgE. IL-5 
distribution appeared to follow the pattern of IgE status, when it 
was compared with the IL-5 distribution for AD status (Figs. 1 and 
2). However, there was no significant association. The increasing 
IL-5 distribution in the group with high total IgE levels can be 
explained by the fact that the production of total IgE by B cells is 

Table 7. The relationship between several variables towards the occurrence of atopic dermatitis (AD) in 37 cases of AD and 51 control cases on 
the case control design

Independent variable
AD

p OR 95% CI Yes 
n (%)

No
n (%) 

Cord blood total immunoglobulin E 
Low (<1.2 IU/L) 
High (≥1.2 IU/L) 

30 (81)
  7 (19)

36 (71)
15 (29)

0.262 1.786 0.644 - 4.950

Cord blood IL-5*

Low (<0.0715) 
High (≥0.0715) 

19 (51)
18 (49)

21 (41)
30 (59)

0.344 1.508 0.643 - 3.536

Cord blood IFN-γ 
Low (<0.0795) 
High (≥0.0795) 

16 (43)
21 (59)

26 (51)
25 (49)

0.473 0.733 0.313 - 1.716

Interleukin (IL)-5 and interferon (IFN)-γ classification score were determine based on results of the ROC calculation using chi square.
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influenced by the activity of Th2 (in this case IL-5). The question 
that might arise is whether the increase of IgE besides allergy-
related factors could also be cause by helminthic or other parasitic 
infestations of the mother. Ustun et al. [15] reported increasing of 
IL-5 in helminthic and protozoal infestation while Malhotra et al. 
[16] showed that the fetus is able to produce the same cytokine as 
the mother’s upon antigen stimulation. Such an infestation may be 
due to parasitic infestation in the subjects; however, this possibility 
was not explored in this study. 

Cord blood examinations in subjects suffering from AD and 
control subjects that showed the mean level of IFN-γ was not 
significantly different between both groups. AD mostly appeared 
by 1 month of age, when the possibility of allergen sensitization 
was still low. This could occur due to staphylococcal colonization, 
which starts from birth. Further studies are needed to ascertain 
such an influence The OR for IFN-γ was 0.733, which indicates 
a protective effect, but the association was statistically not 
significant.

In conclusion, this study showed that the role of influence 
factors that have been observed with the occurence of AD in the 
first 6 months of age were not significant. It means that these 
factors were not important, but still other factors may have 
correlation with the occurence of AD in the first 6 months of age. 
As shown by Nagelkerke R = 0.116, it means that 88.4% of factors 
were not known in this study. The most important factor in AD 
is the skin barrier defect due to the fillagrin gene mutation. The 
genetic factor needs further study. The levels of IgE, IL-5 and 
IFN-γ of cord blood may not be sensitive predictive factors for AD, 
especially in developing countries where infection and parasitic 
infestation rates are still high.
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