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Abstract
Background—Season of birth has been associated with the development of atopy and asthma.
Relationships among a particular birth season, maternal allergen exposure during the birth season,
and childhood development of allergies to allergens in higher concentration during the birth season
may be important.

Objective—To investigate the effects of winter birth (January 1 to March 31) and prenatal
cockroach and mouse allergens in settled dust on indoor allergen–specific cord blood mononuclear
cell (CBMC) proliferation, TH2 production, and cord blood IgE concentration.

Methods—As part of an ongoing prospective study, 350 cord blood samples were collected. The
CBMCs were cultured with cockroach, dust mite, and mouse protein extracts, and proliferation was
measured. Interleukin 5, interferon-γ, and total IgE levels were measured. Home dust samples were
analyzed for cockroach and mouse allergens.

Results—An isolated association was observed between winter birth and a greater mean (SD)
cockroach interleukin 5 ratio (winter vs nonwinter birth: 26,043 [11,403] vs 11,344 [3,701]; P = .
02). Other associations between winter birth and increased CBMC proliferation, T-helper cytokines,
or cord blood IgE levels were not detected. Higher mouse allergen levels were associated with
decreased mouse-induced proliferation (winter vs nonwinter birth: mean [SD] stimulation index,
1.72 [0.12] vs 2.02 [0.11]; P = 04).

Conclusions—Winter birth and increased cockroach or mouse allergen levels during pregnancy
were not consistently abssociated with greater CBMC proliferation, T-helper cytokine production,
or cord blood IgE levels. Greater indoor allergen exposure during pregnancy does not seem to affect
the development of cockroach or mouse immune responses in utero.

INTRODUCTION
The prenatal period may represent a time when the impact of inhaled environmental agents on
respiratory outcomes in the offspring is heightened.1–3 Season of birth also has been associated
with subsequent development of atopy and asthma in multiple studies.4–7 In particular, the
autumn and winter birth seasons have been associated with atopic dermatitis, food allergy, and
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asthma in children followed up from birth to the age of 15 years.4,5 However, studies
examining the relationship between a specific season of birth and childhood sensitization to
allergens found in higher concentrations during later pregnancy are limited. One study7 found
that winter birth was associated with positive cockroach skin test results in asthmatic children
at the age of 5 years. The authors suggested that pregnant mothers spend more time indoors
during the winter, leading to increased prenatal cockroach exposure and heightened risk for
subsequent cockroach-specific allergic immune responses.

One of the difficulties with determining whether season of birth may be causally related to an
increased subsequent risk of seasonal allergies is that mechanistic and biomarker data linking
birth month to later atopy are limited. However, one study8 found that gestation beyond 22
weeks during the spring was associated with increased birch-specific cord blood mononuclear
cell (CBMC) proliferation compared with later pregnancy. The authors suggested that
inhalation of greater levels of spring birch pollen during later pregnancy was associated with
induction of birch-specific T-cell proliferative immune responses at birth. In addition, a
German study9 found that cord blood obtained from mothers who were in their first 6 months
of pregnancy during the birch pollen season were more likely to exhibit positive birch allergen–
specific CBMC proliferation responses. They also found that cord blood obtained from mothers
who were in the first 6 months of pregnancy during the summer grass pollen season were more
likely to exhibit positive grass-specific CBMC proliferation responses.9 Studies focusing on
the association of prenatal exposure to indoor allergens with potentially related biomarkers
have been more limited. One such study10 found no association between measured levels of
dust mite allergen in the mother’s bed during pregnancy and dust mite–induced CBMC
proliferation.

Growing evidence suggests that exposure and sensitization to cockroach and mouse allergens
are important to the pathogenesis of inner-city asthma.11,12 Hence, in evaluating the
relationships among birth during a specific season, measured prenatal residential indoor
allergen levels, and allergen-specific cord blood immune responses in an inner-city cohort, we
hypothesized that (1) being born in winter is associated with indoor allergen–specific CBMC
proliferation and proallergic TH2 cytokine production and (2) increased cockroach or mouse
prenatal allergen exposures are associated with cockroach- or mouse-specific CBMC
proliferation and TH2 cytokine production. Preliminary analysis of a smaller subset of this
cohort did not find a correlation between prenatal levels of cockroach and mouse allergens in
home dust and cockroach- or mouse-induced CBMC proliferation.2 The present analysis
involves a larger sample and a more extensive statistical model.

MATERIALS AND METHODS
Women were recruited during pregnancy from clinics affiliated with New York Presbyterian
Hospital (Columbia campus) as part of an ongoing longitudinal birth cohort study conducted
in Northern Manhattan and the South Bronx, where rates of urban asthma are high,13 under
the auspices of the Columbia Center for Children’s Environmental Health, as described
elsewhere.2,3,14 Nonsmoking pregnant women aged 18 to 35 years who self-identified as
African American or Dominican were enrolled between January 15, 1998, and July 28, 2006.
The exclusion criteria included a diagnosis of diabetes mellitus or human immunodeficiency
virus infection, secondary cigarette exposure during pregnancy, and residence in New York
City for less than 1 year before pregnancy.

A prenatal questionnaire was administered during recruitment to evaluate maternal history of
asthma, demographics, environmental exposures, and activities during pregnancy. The sample
for the analyses consisted of cord blood samples from 350 women. A few women (n = 7)
reported moving during pregnancy. Their data were included in the analyses except when
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examining seasonal variation in allergen levels. This study was approved by the Columbia
University institutional review board, and written informed consent was obtained from all the
participants.

Measurement of Indoor Allergens
Most residential dust samples (n = 273) were collected during pregnancy, and a few (n = 28)
were collected postpartum. Previous work from our group14 has shown high correlations
between levels measured at both time points (prenatally and postpartum) in participants who
did not move. Dust samples were vacuumed separately from the kitchen and the mother’s bed
as described elsewhere.14,15 Mouse urinary protein was assayed using a competitive enzyme-
linked immunosorbent assay (ELISA).14 Dust mite (Der f 1 and Der p 1) and German
cockroach (Bla g 2) antigens were assayed by means of ELISA (Indoor Biotechnologies,
Charlottesville, Virginia).16

Blood Collection, CBMC Proliferation, and Cytokine Assays
Maternal and cord blood samples were collected after delivery. The CBMCs were separated
by means of density centrifugation and were plated in triplicate for proliferation assays and in
duplicate for cytokine assays, as described elsewhere.2 Increased proliferation in response to
antigen was defined as (1) a stimulation index (averaged counts per minute in the presence of
antigen divided by averaged counts per minute without antigen) greater than 2 and (2) antigen-
induced averaged counts per minute greater than 1,000 above background. Cytokines were
analyzed in duplicate using ELISA kits specific for interleukin 5 (IL-5) and interferon-γ (IFN-
γ) (Immunotech, Marseille, France). Cytokine responses were measured using the following
cytokine ratio: (measured response to antigen)/(measured response to background conditions).
Maternal and cord blood total serum IgE levels were measured in duplicate by means of
immunoradiometric assay (n = 275) (Total IgE IRMA; Diagnostics Products Corp, Los
Angeles, California) except for 32 cord blood samples that were measured by means of
ImmunoCAP (Phadia, Uppsala, Sweden). Cord blood serum was not obtained in 43 cases.

Statistical Analysis
Winter births were defined as those occurring between January 1 and March 31. The dates
were chosen to include women who were in their third trimester of pregnancy during the winter.
Allergen exposures in the bed and kitchen were analyzed in separate models as continuous or
categorical variables. The data were natural log transformed when necessary to more closely
approximate a normal distribution. Nonparametric tests (Wilcoxon rank sum, Kruskal-Wallis,
and Spearman correlation coefficient) also were run to ensure that the results were not distorted
by the failure of a variable to fulfill the distribution requirements of the parametric test.
Statistical significance was defined as a 2-tailed P < .05.

For comparing 2 categorical variables, the Pearson χ2 statistic was used. When 1 or more cells
in a table had an expected cell count of less than 5, the Fisher exact test was used. To compare
the mean of a continuous variable across categories of a second variable, the t test or analysis
of variance (ANOVA) was used (eg, to examine the seasonal variation of cockroach and mouse
dust levels in the home). To examine the association of 2 or more continuous variables, linear
regression and the Pearson correlation coefficient were used. Multiple linear regression and
interaction terms were used to examine the possible synergistic effect of winter birth and
allergen levels after controlling for the possible confounders of maternal asthma, maternal IgE
level (elevated defined as total IgE level ≥100 IU/mL), and ethnicity.
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RESULTS
This cohort of mothers is predominantly Dominican (64.3%). The participants are primarily
of lower socioeconomic status, with only 15.4% having a high school education and most
receiving Medicaid health insurance. Fifteen percent of the cohort mothers report a previous
physician diagnosis of asthma (Table 1).

Winter Birth and CBMC Proliferation and Cytokine Production
To determine whether winter birth is associated with indoor allergen–specific CBMC
proliferation, the stimulation index in response to indoor allergens was compared between cord
blood collected during the winter vs other times of the year. A small but significant negative
association between winter birth and mouse-specific CBMC proliferation was observed (winter
vs nonwinter birth: mean [SD] stimulation index, 1.72 [0.12] vs 2.02 [0.11]; P = .04, t test on
log-transformed data) (Fig 1). The finding was confirmed using a multiple linear regression
model that controlled for maternal asthma, maternal IgE level, and ethnicity (β = .160, P = .
03). However, winter birth was not associated with any other changes in cockroach-, mouse-,
or dust mite–specific CBMC proliferation. In addition, a single significant association between
winter birth and greater cockroach-specific (but not mouse-or dust mite–specific) IL-5
production was seen by analyzing the log-transformed data (winter vs nonwinter birth: IL-5
mean [SD] cockroach ratio, 26,043 [11,403] vs 11,344 [3,701]; P = .02) (Fig 2A). Winter birth
was not significantly associated with altered cockroach-, mouse-, or dust mite–induced IFN-
γ production (Fig 2B). Also, we found no association between winter birth and total cord blood
IgE levels (data not shown). Again, stratification by sex, maternal IgE level greater than 100
IU/mL or 100 IU/mL or less, ethnicity, and maternal history of asthma did not alter the
significance of any of the findings.

Cockroach and Mouse Allergen Exposure, CBMC Proliferation, and Cytokine Production
In light of seasonal variations in residential cockroach levels reported in the Boston area,17
this study replicated the earlier findings from Chew et al14 using a more complete subset of
samples. Significant seasonal differences in cockroach and mouse allergen dust levels in
participants’ homes were not detected by means of ANOVA (data not shown). We observed
an association between high prenatal levels of mouse allergen in the bed (>1.85 μg/g of dust)
and decreased mouse proliferation using ANOVA (low vs medium vs high: mean [SD]
stimulation index, 2.29 [2.12] vs 1.61 [0.74] vs 1.58 [0.79]; P = .002) (Fig 3). However, higher
levels of cockroach allergen levels in bed and kitchen dust during pregnancy were not
associated with altered cockroach-induced CBMC proliferation (Fig 3). Stratification by sex,
maternal IgE level greater than 100 IU/mL or 100 IU/mL or less, ethnicity, and maternal history
of asthma did not alter the main results.

Associations between prenatal mouse allergen exposure in the kitchen or bed and between
prenatal cockroach levels in the kitchen or bed and cord blood IgE levels were not found.
Multivariate testing did not reveal any additional significant associations, even after controlling
for maternal asthma, maternal IgE levels, and ethnicity. Furthermore, cockroach and mouse
allergen levels (kitchen or bed) measured during pregnancy were not associated with altered
cockroach and mouse IL-5 and IFN-γ production as evaluated by means of ANOVA (Fig 4).
Again, stratification by sex, maternal IgE level greater than 100 IU/mL or 100 IU/mL or less,
ethnicity, and maternal history of asthma and multivariate analyses did not alter these findings.

Finally, in exploratory models assessing interactions between winter birth and indoor allergen
levels, a borderline negative interaction between high prenatal mouse allergen exposure in the
bed and winter birth on mouse-specific CBMC proliferation was observed (β = −.101, P = .
05), even when controlling for maternal asthma, maternal IgE level, and ethnicity in the models.
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Additional interactions between winter birth and indoor allergen levels on CBMC proliferation,
cytokine production, and IgE levels were not found.

DISCUSSION
There is increasing evidence that development of the fetal immune system can be affected by
environmental exposures in utero.1,2,18 Since the 1970s, studies19,20 have addressed the
question of whether birth season, and, hence, prenatal allergen exposure, can affect the risk of
subsequent atopy. Later studies6,9,21 focused on exposure to specific seasonal allergens (eg,
birch pollen), house dust mite, animal dander, and food allergens (eg, cow’s milk) during
infancy and compared the month of birth with the development of allergies later in life. Few
studies have prospectively measured prenatal indoor allergen levels or intermediate
biomarkers, such as allergen-specific CBMC proliferation, and compared these with atopy risk
later in life.

In the present inner-city cohort study, several findings reached statistical significance,
including the associations between winter birth and higher cockroach antigen–induced IL-5
production, between winter birth and decreased mouse-induced CBMC proliferation, and
between prenatal mouse allergen levels in the bed and decreased mouse-induced CBMC
proliferation. A possible interaction effect between winter birth and mouse allergen levels on
decreased mouse-induced CBMC proliferation was also identified. The first finding raises the
possibility that winter birth may predispose the fetal immune system to cockroach-induced
allergic immune responses specifically. The latter findings raise the possibility that winter birth
or prenatal indoor mouse allergen exposure may predispose the fetal immune system to
protection from the development of mouse-specific memory T-cell immune responses.
Associations between early pet allergen exposure and protection from allergic sensitization
have been reported elsewhere.22,23

However, neither winter birth nor higher levels of cockroach and mouse allergens in home dust
during pregnancy were associated consistently with altered cockroach- or mouse-specific cord
blood immune responses. There are several possible explanations for the absence of strong
associations between either winter birth or prenatal cockroach or mouse exposure (evaluated
by settled dust measurements) and the cord blood immune responses reported herein. These
findings may suggest that the intensity of prenatal allergen exposure does not affect the degree
of allergen-specific CBMC proliferation or cytokine production. For example, a Manchester
study10 showed no association between CBMC responses in high-risk infants after stimulation
with dust mite and measured levels of dust mite in the mother’s bed during pregnancy.
Alternatively, allergen-specific CBMC proliferation, cytokine production, and IgE levels may
not predict the effect of birth season on atopy. The present results complement work by Scirica
and colleagues24 in which season of birth in a Boston cohort did not correlate with cord blood
IgE levels, even after correcting for other potential predictors (type of delivery, maternal parity,
and gestational age).

Another explanation may involve the effect of seasonal variation on indoor allergen levels. For
example, cockroach allergen levels in the home were twice as high in the summer (June and
August) than in the winter in Boston,17 raising the possibility that summer birth would be more
likely to predispose the fetal immune system to cockroach-related allergic immune responses.
However, indoor allergen levels did not vary significantly by season in the present mothers’
homes, thereby supporting the premise that actual indoor allergen exposure experienced by the
mother is likely to be greater during colder months, when individuals tend to spend more time
indoors. Also, the mother may spend more time at home during the later stages of pregnancy,
hence reducing the variability in seasonal exposure to indoor allergens.
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A large body of work has examined the utility of cord blood biomarkers, including IgE levels
and CBMC proliferation assays, for predicting subsequent atopy. The predictive value of cord
blood IgE levels for later atopy has been suggested in some,25,26 but not other,27–29 research
studies. Proliferation of CBMCs after in vitro stimulation with allergens has been associated
with increased risk of food allergy, asthma, and atopic dermatitis.2,30–32 For example,
children with higher levels of cockroach (Bla g 2)-induced IFN-γ produced by CBMCs at birth
had a significantly lower risk of acute lower respiratory illness.33 In contrast, another recent
prospective study34 found that dust mite–specific CBMC responses were not associated with
the later development of atopy (positive skin prick test and IgE responses) at the age of 2 years.
Rather, the postnatal dust mite specific IgE levels were associated with TH2 cytokine responses
at the age of 2 years.34 Other studies6,35 also suggest that early postnatal exposure during
infancy, rather than in utero exposure, may play a more critical role in later sensitization to
allergens.

We acknowledge several limitations of this study. A single determination of antigen content
in settled dust is only a surrogate for the actual amount of antigen inhaled into the pregnant
mother’s lungs. It could be an unreliable measure of the biologically effective dose that reaches
the fetus. Also, actual exposure to cockroach, dust mite, or mouse allergen may not be greater
in the winter, and precise quantitation of the time the mother spent in the home, and near other
potential sources of allergen exposure, was not obtained. However, the literature suggests that
individuals, especially those living in urban environments, spend more time indoors during the
winter.36,37 Furthermore, we did not control for all the potential covariates that theoretically
could contribute to an effect of birth season, such as prenatal air pollution exposure, viral
infections, and potential genetic susceptibility to atopy. In addition, the specificity of CBMC
proliferation for indicating antigen-specific memory T-cell immune responses has been
questioned because CBMCs can proliferate after in vitro stimulation with nonrecall antigens.
38,39 Also, levels of CBMC proliferation may reflect cross-reactivity between dust mite
allergens, specifically, purified dust mite proteins Der p 1 and Der f 1, which are contained in
our protein extracts.40 Many analyses may have led to spurious findings or a type I error.
Finally, owing to sample size, sufficient power was not available to rigorously test the
interaction between winter birth and indoor allergen exposure.

In conclusion, an association between winter birth and greater cockroach IL-5 production was
observed. In addition, prenatal mouse exposure may predispose to decreased mouse-specific
CBMC proliferation. However, in general, greater indoor allergen exposure (evaluated by
winter season and allergen levels in home dust) during pregnancy does not seem to significantly
affect the development of cockroach and mouse allergic immune responses in utero. Further
prospective follow-up of the Columbia Center for Children’s Environmental Health birth
cohort will help determine whether cockroach-, dust mite–, or mouse-induced proliferation or
cytokine production at birth may be associated with heightened risk of atopy or asthma in the
children as they age.
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Figure 1.
Winter birth and indoor allergen–specific cord blood mononuclear cell proliferation. Sample
sizes per group are provided below the bars. Error bars represent SE. *P < .05, t test on log-
transformed data.
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Figure 2.
Winter birth and indoor allergen–specific interleukin 5 (A) and interferon-γ (B) production.
The cytokine ratio is defined as (measured response to antigen)/(measured response to
background conditions). Sample sizes per group are provided below the bars. Error bars
represent SE. **The SE for the cytokine ratio is larger than the scale provided (SE = 427,327
[285,187]).
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Figure 3.
Prenatal allergen levels in the bed and kitchen and allergen-specific cord blood mononuclear
cell proliferation. Tertile levels of allergen exposure in the bed and kitchen are classified as
follows: bed—cockroach: low, <0.03 μg/g (n = 124); medium, 0.03 to 0.14 μg/g (n = 74); and
high, >0.14 μg/g (n = 77); mouse: low, <0.5 μg/g (n = 126); medium, 0.5 to 1.85 μg/g (n = 60);
and high, >1.85 μg/g (n = 75); kitchen—cockroach: low, <0.04 μg/g (n = 56); medium, 0.04
to 1.48 μg/g (n = 106); and high, >1.48 μg/g (n = 97); mouse: low, <1 μg/g (n = 108); medium,
1 to 12 μg/g (n = 64); and high, >12 μg/g (n = 83). Sample sizes per group are provided below
the bars. Error bars represent SE. *P < .05 (analysis of variance).
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Figure 4.
Prenatal allergen dust levels and indoor allergen–specific interleukin 5 (A) and interferon γ (B)
production. Tertile levels of allergen exposure in the bed and kitchen for interleukin 5 are
classified as follows: bed—cockroach: low, <0.03 μg/g (n = 49); medium, 0.03 to 0.14 μg/g (n
= 31); and high, >0.14 μg/g (n = 22); mouse: low, <0.5 μg/g (n = 47); medium, 0.5 to 1.85 μg/
g (n = 22); and high, >1.85 μg/g (n = 22); kitchen—cockroach: low, <0.04 μg/g (n = 18);
medium, 0.04 to 1.48 μg/g (n = 43); and high, >1.48; μg/g (n = 35); mouse: low, <1 μg/g (n =
32); medium, 1 to 12 μg/g (n = 22); and high, >12 μg/g (n = 36). Tertile levels of allergen
exposure in the bed and kitchen for interferon γ are classified as follows: bed—cockroach: low,
<0.03 μg/g (n = 49); medium, 0.03 to 0.14 μg/g (n = 27); and high, >0.14 μg/g (n = 26); mouse:
low, <0.5 μg/g (n = 49), medium, 0.5 to 1.85 μg/g (n = 22); and high, >1.85 μg/g (n = 25);
kitchen—cockroach: low, <0.04 μg/g (n = 19); medium, 0.04 to 1.48 μg/g (n = 43); and high,
>1.48 μg/g (n = 33); mouse: low, <1 μg/g (n = 35); medium, 1 to 12 μg/g (n = 24); and high,
>12 μg/g (n = 36). Error bars represent SE.
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Table 1
Demographic Characteristics of a Cohort of 350 Mothers

Characteristic Mothers, No. (%)

Ethnicity
 Dominican 225 (64.3)
 African American 125 (35.7)
History of asthma 52 (14.9)
Child’s sex
 Male 166 (47.4)
 Female 184 (52.6)
High school education 54 (15.4)
Currently receiving public assistance 142 (40.6)
Currently receiving Medicaid 312 (89.1)
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