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Introduction

The prevalence of allergy-related disorders, such as asthma, atopic dermatitis, and allergic
rhinoconjunctivitis has increased dramatically in industrialized countries over the past
several decades (1). Early identification of patients at high risk for allergic disorders could
enhance the physician’s confidence in recommending early intervention and potential
preventative measures. Cord blood IgE has been investigated as a possible early indicator of
elevated risk for atopic disease, primarily during childhood with varying results (12,13).

The aim of this study was to determine whether elevated cord blood IgE is associated with
subsequent elevated biomarkers of allergic disorders or of clinical allergic disease in young
adult participants of an unselected birth cohort. We examined several outcomes at age 18
years including total IgE level, peripheral blood eosinophilia, pulmonary function indices,
current or lifetime doctor-diagnosed asthma, atopic dermatitis, seroatopy (measurable
allergen specific IgE to common aeroallergens) and self-reported allergic rhinitis.
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The Childhood Allergy Study (CAS) is general risk, population-based birth cohort
conducted among members of a health maintenance organization, the Health Alliance Plan
(HAP) based in Detroit, Michigan. It is an ongoing study to evaluate environmental
determinants of pediatric allergy and asthma. All pregnant HAP members that were at least
18 years of age, living in a predefined geographic area, had an estimated date of
confinement between April 15, 1987 and August 31, 1989, who were seeing Henry Ford
Health System (HFHS) providers at 7 different clinics and planned to deliver at area
hospitals, were invited to participate in the study. Only full term infants (at least 36 weeks
gestation) with valid cord blood IgE measurements were included. Mothers were
interviewed prior to delivery to obtain information concerning maternal and paternal level of
education, number of siblings, presence of allergies including history of hay fever and
asthma, exposure to pets, and parental smoking habits.

Of the 1194 women who were eligible for CAS, 953 women consented to participate.
Infants from 106 of these women were further excluded because their cord blood was not
obtained. Of the remaining 847 infants, six had cord blood suspected to be contaminated by
maternal blood and six more were determined to be ineligible at subsequent review of
eligibility criteria. Mothers of the remaining 835 children were asked to complete interviews
annually to discuss the health of the child for the previous year. Annual interviews were
conducted through age 6-7 years at which time children were invited to complete a clinic
visit.

Beginning in May 2005, the oldest children enrolled in CAS turned 18 years of age. All
teens were contacted by telephone after their 18™ birthday to obtain information on allergy,
asthma, and other health and exposure histories including pets and tobacco smoke exposure
from ages 6 years through 18 years. After the interview, teens were invited to attend a clinic
visit for blood sample collection and spirometry measurements. All teens completed data
collection between 18-21 years of age.

Interviews were completed on 670 young adult participants of the original birth cohort and
565 had serum samples collected between the ages of 18-21 years for measurement of total
and specific IgE levels and peripheral blood eosinophil count. There were 430 participants
who also completed pre- and post-bronchodilator spirometry. Written informed consent was
obtained from each participant. This research was approved by the Henry Ford Health
System Institutional Review Board.

Cord blood samples were collected in the delivery room. Serum was separated by
centrifugation and frozen before analyses of total IgE. Venous blood was collected at age 18
for assessment of eosinophils and serum for total IgE levels and specific IgE levels was
frozen and stored until assayed. Measurements for cord blood IgE, total IgE and allergen-
specific IgE were performed following the standard manufacturer’s protocols using the
Pharmacia UniCAP system (Phadia US, Portage, MI). Allergen-specific IgE was analyzed
for dust mite (Dermatophagoides farinae - Der f), dog, cat, timothy grass (Phleum pretense),
ragweed (Ambrosia elatior), Alternaria alternata, and peanut. One percent of all assays were
repeated in a different assay run on a different day to provide estimates of interassay
reliability. The geometric mean coefficient of interassay variation was 5.9% for all 7
allergens. Sensitization was defined as a positive allergen-specific IgE result of > 0.35 kU/L.

Lung function was recorded with a handheld SpiroPro spirometer (Jaeger, Hoechberg,
Germany). Spirometry was performed in accordance with ATS standards and findings were
considered to be acceptable if the subject made a good effort and if two forced exhalation
maneuvers showed reproducibility (£5%) for FVC and FEV1.
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Clinical outcomes evaluated by interview included asthma, atopic dermatitis and allergic
rhinitis. Asthma diagnoses were defined in two ways; ever and current asthma. “Ever”
asthma was defined as a patient report of ever having received a doctor diagnosis of asthma.
Current asthma, a subset of “ever asthma”, was defined as a participant report of a previous
doctor diagnosis of asthma, or a positive response to the question, “Have you had any
asthma symptoms in the past 4 weeks?,” along with report of an asthma attack in the last 12
months or having taken medicine for asthma in the last 12 months.

Atopic dermatitis (AD) diagnoses were classified three ways based on participant report;
self report of ever having AD, doctor-diagnosis of ever having AD and current AD. Self-
report or ever having had AD was defined by a positive response to the question, “Have you
ever had eczema or atopic dermatitis?”” Doctor-diagnosed AD was defined by a positive
response to the question, “Did a doctor ever diagnose you with eczema or atopic
dermatitis?” Current AD was defined by a positive response to the question, “Do you still
have eczema or atopic dermatitis?”

The outcome of allergic rhinitis was divided into self-reported symptoms and doctor-
diagnosed nose or eye allergies as indicated by interview responses. Self-reported allergic
rhinitis was defined by a positive response to the question, “Do you have nasal allergies,
including hay fever, or allergic rhinitis?” Doctor-diagnosed allergic rhinitis was defined by a
positive response to the question, “Did a doctor ever tell you that you had nose or eye
allergies?”

Possible effect modifiers and confounders evaluated were gender, birth order, maternal age
at delivery, birth weight, season of birth, season of blood draw at age 18, maternal or
parental history of asthma or allergy (based on maternal report at baseline), pet exposure
(dogl/cat), household smoke exposure, oral antibiotic use in the first six months of life, fever
defined as a rectal temperature of 38.3 °C (101°F) or greater or its equivalent measured at
another site in the first year of life, ever breastfed, and childcare attendance in the first year
of life.

Lifetime pet and smoke exposure were classified several different ways including exposure
in the first year of life, exposure in early life (between age 1 and 5), exposure in midlife
(between age 6 and 12), exposure in teen years (between age 13 and 18), exposure ever, and
number of total years exposed. Furthermore, smoke exposure inside the home, maternal,
paternal and household exposures were identified as different variables for each category.
Pet exposure was defined as ever living with a dog or cat.

Statistical Analysis

The cord blood IgE data was skewed and non-normally distributed. Due to the nature of the
data, non-parametric statistical methods or log transformations were necessary. Spearman’s
correlations were used to describe associations between cord IgE and other continuous
variables. Wilcoxon rank sum tests were used to compare cord IgE levels within binary
variables such as ever diagnosed with asthma (yes, no). Geometric means and their
accompanying 95% confidence intervals (95% CI) are presented to describe the data.

Cord blood IgE was log transformed prior to inclusion in any regression (linear or logistic)
model. Linear regression was used to test for interactions between cord blood IgE and
potential effect modifiers. Logistic and linear regression models were used for multivariable
analyses.

Previous publications have used somewhat arbitrary cutpoints in analyses of cord blood IgE
and outcomes later in life (4,13,18). For this study, receiver operating characteristic (ROC)
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curves were constructed relating the level of cord IgE to the outcomes of seroatopy at age 18
years and current asthma at age 18 years. This allowed the selection of a cutpoint based on
maximum sensitivity and specificity with sensitivity as the probability that the cord IgE is
greater than or equal to a cutpoint for the presence of the outcome and specificity as the
probability that the cord IgE is less than a cutpoint for absence of the outcome (20). The area
under the curve (AUC) is a summary measure reflected in an ROC curve. If the AUC=0.5,
for example, the predictor of interest (cord blood IgE in our case) is no better than chance at
predicting the outcome and with an AUC=1.0 reflecting a “perfect” association. SAS
version 9.2 was used for all analyses.

RESULTS

Subject Characteristics

There were 565 teens that had complete interviews and blood specimen results. Table 1 lists
the major demographic and clinical characteristics of the study population.

Relationship of cord blood IgE to allergic biomarkers

Table 2 lists correlations of cord blood IgE level to selected allergic biomarkers and
pulmonary function indices in the participants. There was a statistically significant but weak
correlation between cord blood IgE level and total IgE level (r=0.18, p<0.001). The
correlation between cord blood IgE and total IgE at age 18 years was determined for
subgroups of participants. The impact of participant characteristics on this correlation is
listed in the third and fourth columns of Table 1. Interestingly, antibiotic usage in the first
six months of life appeared to be an important effect modifier of the association of cord IgE
with total IgE in young adulthood, with a correlation primarily seen among those who had
not had early antibiotics (r=0.29, p<0.001) rather than those who had (r=0.08, p=0.22). No
other participant characteristics significantly modified this correlation.

Table 2 shows a statistically significant but weak correlation between cord blood IgE and
number of positive allergen-specific tests out of the panel of seven allergens (r=0.10;
p=0.016). There was no association between cord blood IgE and peripheral blood eosinophil
counts in young adulthood (r=0.05, p=0.26). However, gender appeared to modify this
relationship and in females a weak positive correlation of cord IgE with eosinophil counts
(r=0.16, p=0.005) was noted; an association that was not present in males (r=-0.08,
p=0.21).

There was also no significant correlation between cord IgE levels and lung function
parameters (FEV1/FVC, % predicted FEV1, % predicted FVC or % predicted FEF25-75),
(Table 2).

Relationship of cord blood IgE to clinical allergy

Table 3 includes results demonstrating that the distribution of cord blood IgE levels were not
significantly different among those who had developed clinical allergic disorders as
compared to those who had not. There was no overall difference in cord blood IgE levels
between those with and without current asthma. However, this observation varied by first-
born status. Among the subgroups of participants that had older siblings, those with current
asthma tended to have higher cord blood IgE compared with those who did not have current
asthma, (0.35 kU/L, 95% Cl, 0.22-0.54 versus 0.20 kU/L, 95% ClI, 0.18-0.23; p=0.039).
This was not duplicated among those who were first-born.
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Cord blood IgE was not associated with ever being diagnosed with asthma, atopic dermatitis
(ever, doctor diagnosis, or current), or with allergic rhinitis (self-report or doctor diagnosis),
even after considering the potential effect modifiers and confounders (Table 3).

Table 4 shows a small association between cord blood IgE and allergic sensitization as
defined by at least one positive allergen specific IgE test to the seven allergens tested
(OR=1.18, 95% Cl, 1.02 — 1.37; p=0.031). Analysis of this data indicates that there is a
15.7% increase in the likelihood of sensitization for every 1.5 fold (50%) increase in cord
blood IgE. Interestingly, this relationship was stronger within the subgroup with no pet
exposure in the first year of life (OR=1.43, 95% Cl, 1.16 — 1.77; p=0.001) as compared to
no significant association within the subgroup with pet exposure (OR=0.94, 95% CI, 0.76 —
1.18; p=0.61).

Since previous publications have suggested that there may be a particular threshold level of
cord blood IgE that is useful in prediction of allergic outcomes, ROC curves were generated
for the dichotomous outcomes of absence or presence of seroatopy, self-report of allergic
rhinitis, current asthma and ever asthma (Figure 1). These ROC curves demonstrate that
cord blood IgE remains a poor predictor of these allergic outcomes across a spectrum of
cutoff levels. The AUC’s were 0.54, 0.55, 0.56 and 0.52, respectively.

Discussion

Cord blood IgE has been discussed as a useful marker in identifying children at high risk of
developing allergic outcomes such as atopic dermatitis, asthma and allergic sensitization
during their childhood years (2-5, 8, 10, 14, 18-19). Our data suggests that although cord
blood IgE is modestly associated with total IgE levels at age 18-21 years, there is no
consistent association of cord blood IgE and clinical outcomes.

In addition, we found a weak association between higher cord blood IgE levels and the
likelihood of allergen sensitization in young adulthood although this association was driven
by the subset of subjects that lived in pet-free homes during infancy. Although several
studies over the past three decades have suggested that cord blood IgE is predictive of atopic
disease, these analyses were limited to early childhood with manifestations up to age 10
years in one study (2, 3, 16). In addition, cord blood IgE was analyzed using predetermined
cut-off values. Similar to total serum IgE, at other time points, cut-off values of IgE in cord
blood associated with allergic disease risk, if they exist, have not been clearly defined (17).

In contrast to our findings, Pesonen et al. recently reported in a Finnish population that cord
blood IgE was associated with a higher rate of allergic rhinoconjunctivitis (p=0.04) among
164 young adults at age 20 (4). This discrepancy with our results is likely due to the author’s
use of a specific value for cord blood IgE level designated as elevated (>0.5). We did not
find that using such a level was discriminatory for either self-reported or doctor-diagnosed
allergic rhinitis (Figure 1). Similar to our study, they did find a correlation between cord
blood IgE and total IgE levels in adulthood.

Our results in young adults are consistent with several studies that suggest that cord blood
IgE is a poor clinical predictor of atopic disease in childhood (6-9, 12, 13). Although Tariq
et al suggested that cord blood IgE >0.5 kU/L was related to sensitization to aeroallergens at
age 4, they did not find a correlation with clinical outcomes (19). Interestingly, in our study,
cord blood IgE was modestly associated with the presence of allergen sensitization. Yet, we
could not identify a specific cut-off value for cord blood IgE that had sufficient sensitivity or
specificity to be considered as a clinical predictor. This situation is analogous to the
recognized lack of a specific total IgE level as a useful screening test for asthma in spite of a
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clear association of higher IgE levels with asthma. Similarly cord blood IgE may be
associated with atopy but is not necessarily useful as an early predictor.

Hansen et al evaluated several cut-off values for cord blood IgE but did not find increased
atopy in 18 month old children at any of the potential cutoff values analyzed (13). During a
follow up study at the age of 5 years, the authors did find a statistically significant
association between cord blood IgE levels and total IgE levels at age 5 (18). At this age,
when using a cut off value of 0.3 kU/L, a statistically significant association was reported
but the positive predictive value of this IgE level was only 26%, with a sensitivity of 33%
(18).

Analysis of total IgE levels in children up to age 10 in the large German Multicenter Allergy
Study, published in 2005, showed that total IgE levels vary over time even in the absence of
atopy (17). In spite of this, our study confirms others that show that higher cord blood IgE
levels modestly but persistently correlate with higher total IgE levels later in life. However,
we could not confirm that cord blood IgE was consistently associated with the presence of
allergic disorders. In our data, modest associations between cord blood IgE level and asthma
outcomes within two “low risk” subgroups were seen. These subgroups were defined as
children with older siblings and children not receiving antibiotics in the first six months of
life.

This may reflect the known association of higher total IgE in adulthood and higher risk of
asthma. However, further analysis using ROC curves shows that there is no particular cord
blood IgE level that functions as a reasonable clinical predictor of subsequent asthma in the
population overall

Compared to existing literature, our data reflect a larger sample size from a general risk birth
cohort. To our knowledge, this is the only study evaluating cord blood and total serum IgE
levels as continuous variables, analysis of specific threshold values as predictors of allergic
risk and evaluation of both laboratory markers and clinical outcomes of atopic disease. A
possible limitation of our study is the relatively low numbers of asthma diagnoses for
outcomes. Furthermore, while our study did adjust for several possible confounding
variables and effect modifiers, there may be other factors that influence cord blood IgE
levels.

In addition, the CAS participants are a relatively homogeneous population of Caucasian,
middle class, young adults. Compared to other reports, this may be advantageous by
minimizing variation attributable to ethnicity or socioeconomic status, but may make the
findings less applicable to more diverse populations.

In summary, cord blood IgE levels are associated with higher total IgE and the likelihood of
allergen sensitization in young adults. However, a consistent association of cord blood IgE
level to clinical outcomes in young adulthood was not apparent. Overall, our analyses
suggest that cord blood IgE levels in an unselected population is a poor clinical predictor of
subsequent allergy-related biomarkers or clinical outcomes when evaluated in young adults.
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Figure 1.

ROCs for cord blood IgE and presence of (a) self-reported allergic rhinitis, (b) current

asthma, (c) ever asthma and (d) allergen sensitization (seroatopy).
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Characteristics of study subjects and their respective interactions on the correlation of cord blood IgE and total

IgE at age 18-21.

Strata n Correlation of Cord IgE to Total IgE at age 18-21  P-value for interaction

Gender
- Female 296 (52%) 0.19 0.82
- Male 269 (48%) 0.17

Firstborn
- Yes 256 (45%) 0.18 0.32
-No 309 (55%) 0.16

Mother’s age
-230yrs 248 (44%) 0.16 027%
-<30yrs 317 (56%) 0.19

Birth weight
-27.41bs 293 (53%) 0.19 055*
-<741bs 259 (47%) 0.18

Season of birth (cord blood draw)
- Winter 101 (18%) 0.12 0.74
- Spring 187 (33%) 0.20
- Summer 171 (30%) 0.16
- Fall 106 (19%) 0.16

Season of blood draw at 18
- Winter 144 (25%) 0.07
- Spring 151 (27%) 0.28 0.96
- Summer 178 (32%) 0.14
- Fall 92 (16%) 0.18

Maternal history of allergy and/or asthma?
-Yes 186 (33%) 0.18 0.97
-No 379 (67%) 0.16

Paternal history of allergy and/or asthma?
-Yes 178 (33%) 0.26 0.29
-No 364 (67%) 0.12

Pet first year of life
-Yes 251 (44%) 0.11 0.19
-No 314 (56%) 0.23

Household smoke exposure 1%t year of life
- Yes 183 (32%) 0.25 0.20
- No 382 (68%) 0.14

Antibiotic use 1%t 6 months of life
-Yes 268 (51%) 0.08 0.014
-No 259 (49%) 0.29

Fever 15 year of life
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Strata n Correlation of Cord IgE to Total IgE at age 18-21  P-value for interaction
- Yes 236 (44%) 0.09 0.11
-No 297 (56%) 0.23
Breastfed
- Yes 336 (67%) 0.18 0.84
-No 166 (33%) 0.13
Daycare
- Yes 215 (45%) 0.11 0.16
-No 264 (55%) 0.24

*
Interaction term was tested using mother’s age and birth weight as continuous variables.

These indices are dichotomized in this table for descriptive purposes.
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Correlation of cord blood IgE levels to the outcomes of allergy biomarkers and lung function at age 18 years

Outcomes Correlationr  P-value
Total IgE (KU/L) 0.18 <0.001
Number of positive allergen specific IgE tests (panel of 7) (KU/L) 0.10 0.016
Eosinophil count 0.05 0.26
FEV1 0.03 0.56
% predicted FEV1 0.02 0.62
% predicted FVC 0.02 0.72
FEV1/FVC 0.02 0.73
% predicted FEF 25-75% 0.02 0.61
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Table 3

Relationship of cord blood IgE levels to clinical outcomes at age 18-21

Clinical outcomes n Cord blood IgE (kU/L) Wilcoxon rank
Geometric Mean (95% CI) sum p-value

Current Asthma -Yes 54 0.27 (0.19, 0.38) 0.17
-No 610 0.21 (0.19, 0.23)

Ever diagnosed with asthma by age 18 -Yes 145 0.22 (0.18, 0.27) 0.49
-No 519 0.21 (0.19, 0.23)

Self report of ever having eczema/atopic dermatitis -Yes 73 0.24 (0.18, 0.31) 0.43
-No 586 0.21 (0.19, 0.23)

Ever diagnosed with eczema or atopic dermatitis -Yes 57 0.25(0.19, 0.34) 0.29
-No 599 0.21 (0.19, 0.23)

Current eczema or atopic dermatitis (self- report or doctor diagnosis) - Yes 34 0.29 (0.19, 0.44) 0.20
-No 621 0.21 (0.19, 0.23)

Self report of allergic rhinitis -Yes 70 0.24 (0.19, 0.31) 0.14
-No 579 0.21 (0.19, 0.23)

Doctor diagnosis of allergic rhinitis -Yes 34 0.22 (0.15, 0.32) 0.82
-No 609 0.21 (0.15, 0.32)
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Table 4

Relationship of cord blood IgE levels to allergen sensitization at age 18-21
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Strata Sensitization (= 1 positive
allergen-specific IgE test)

n

Cord blood IgE (kU/L)
Geometric Mean (95% ClI)

OR” (95% CI) p-value

All - Yes 312 0.24 (0.21, 0.27) 1.18 (1.02, 1.37)
-No 253 0.19 (0.17, 0.22) p=0.031

Pet exposure during first year of life -Yes 136 0.21 (0.18, 0.26) 0.94 (0.76, 1.18)
-No 115 0.23(0.18, 0.28) p=0.61

No pet exposure during first year of life - Yes 176 0.26 (0.22, 0.31) 1.43(1.16, 1.77)
-No 138 0.17 (0.14, 0.20) p=0.001

*
OR = Odds ratio
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