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Abstract
OBJECTIVES—Little is known about the relation between cytokine profile at birth and acute lower
respiratory illnesses in the first year of life. The purpose of this work was to examine the relation
between cytokine secretions by cord blood mononuclear cells and acute lower respiratory illness in
a birth cohort of 297 children.

METHODS—Cord blood mononuclear cells were isolated, and secretion of interferon-γ,
interleukin-13, interleukin-10, and tumor necrosis factor-α at baseline and in response to allergens
(Blatella germanica 2 and Dermatophagoides farinae 1) and mitogen (phytohemagglutinin) were
quantified using enzyme-linked immunosorbent assay. Acute lower respiratory illness was defined
as a parental report of a diagnosis of bronchiolitis, pneumonia, bronchitis, and/or croup by a health
care professional in the first year of life. Differences in the levels of cord blood cytokines between
children with and without acute lower respiratory illness were examined using 2-sample Wilcoxon
tests. Logistic regression models were used to examine the relation between various categories of
cord blood cytokines and acute lower respiratory illness.

RESULTS—Median levels of interferon-γ secreted by cord blood mononuclear cells in response to
Blatella germanica 2 and Dermatophagoides farinae 1 were higher among children without acute
lower respiratory illness as compared with children with acute lower respiratory illness. After
adjustment for other covariates, the odds of acute lower respiratory illness was reduced among
children in the top category (at or more than the median of detectable values) of interferon-γ level,
significantly so in response to Blatella germanica 2.

CONCLUSIONS—In a cohort of children from the general population, we found that upregulated
interferon-γ secretion at birth is associated with reduced risk of acute lower respiratory illness in the
first year of life.
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Respiratory illnesses because of viral infections are common in children, especially in the first
year of life. Low birth weight, premature birth, male gender, day care attendance, and having
older siblings are some of the factors that are associated with respiratory illnesses.1–4 Despite
these risk factors, however, some children tend to have more frequent or severe respiratory
illnesses than others. Prenatal and early life immune system development may influence a
child’s subsequent clinical and/or immunologic responses to viral pathogens.

Reduced interferon-γ (IFN-γ)5–7 and increased interleukin (IL)-47,8 production by peripheral
blood mononuclear cells (PBMCs) are associated with acute viral respiratory infections,
including viruses such as respiratory syncytial virus (RSV), parainfluenza, and influenza.
Moreover, defective IFN-γ secretion by PBMCs measured during acute infection has been
associated with severe respiratory illnesses.9–11 These data suggest that viruses influence
immune responses by reducing T-helper 1 (Th1) responses and possibly increasing T-helper
2 (Th2) responses. However, most studies on cytokines and respiratory illnesses have been
cross-sectional, with cytokines measured during the acute respiratory infection. Therefore, it
is unclear whether viral infections influence subsequent immune responses or whether early
immune responses influence the development of later respiratory infections. We hypothesized
that reduced secretion of Th1 cytokine (IFN-γ) and/or increased secretion of Th2 cytokines
(IL-4 or IL-13) represent a preexisting immune imbalance associated with increased risk for
subsequent viral infections.

There are few studies on the relation between neonatal immune responses and acute lower
respiratory illness (LRI) in the first year of life. In a Wisconsin study of infants selected on the
basis of a parental history of allergies or asthma, increased phytohemagglutinin-stimulated
IFN-γ secretion by cord blood mononuclear cells (CBMCs) was weakly associated with fewer
symptomatic viral respiratory infections (ie, having a score ≥5 of 31 on a respiratory symptom
scorecard).12 To our knowledge, there are no previous prospective studies on neonatal
cytokines and respiratory infection in the first year of life among children not selected on the
basis of a parental history of asthma or allergies. Here we examine the relationship between
neonatal secretions of IFN-γ, IL-13, IL-10, and tumor necrosis factor (TNF)-α at baseline
(unstimulated) and in response to stimulation by allergens (Blatella germanica 2 [Bla g 2] and
Dermatophagoides farinae 1 [Der f 1]) and mitogen (phytohemagglutinin) and parental reports
of a diagnosis of acute LRI in the first year of life in a cohort of children not selected on the
basis of a parental history of allergies or asthma.

METHODS
Study Population

Study subjects were a subgroup of participants from Project Viva, a prospective cohort study
of women and their children in the Boston, Massachusetts, metropolitan area. Subjects were
enrolled between April 1999 and July 2002. Detailed enrollment criteria were described
previously.13 Briefly, pregnant women were approached at their initial prenatal visit. Consent
was obtained for their participation, including cord blood collection and longitudinal follow-
up of their offspring. Exclusion criteria included multiple gestation, inability to answer
questions in English, plans to move out of the area before delivery, and gestational age >22
weeks at initial prenatal clinic appointment. This study was approved by the institutional review
boards of Brigham and Woman’s Hospital and Harvard Pilgrim Health Care.
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Demographic, Birth, and Parental Conditions and Other Variables
Parental demographic and health history information were collected by interview and self-
administered questionnaires. Data on birth weights and NICU admissions were obtained from
hospital records. Questionnaires about the infant health, day care, and the home environment
were administered both when the child was 6 months and 1 year old.

Definition of 1-Year Outcome Variables
Acute LRI was defined as a parental report of a diagnosis of bronchiolitis, pneumonia,
bronchitis, and/or croup by a health care professional (eg, a doctor, physician assistant, or nurse
practitioner) in the first year of life. Wheeze was defined as a report of wheezing (or whistling
in the chest) in the first year of life. Eczema was defined as a parental report of a diagnosis of
eczema by a health care professional (eg, a doctor, physician assistant, or nurse practitioner)
in the first year of life.

Cord Blood Samples
Cord blood samples were collected by needle/syringe from the umbilical vein after delivery.
Samples were processed fresh, noncryopreserved within 24 hours, and CBMCs were isolated
from umbilical cord blood by density gradient centrifugation with Ficoll-Hypaque Plus
(Pharmacia, Uppsala, Sweden).

Cytokine Measurements
Aliquots of 5.0 × 105 CBMCs were incubated in triplicate in 96-well round-bottom tissue
culture plates (Corning, New York, NY) at 37°C in 5% CO2. At the start of the culture, cells
were either unstimulated (media) or stimulated with each of the following antigens: cockroach
(Bla g 2) at 30 μg/mL, house dust mite (Der f 1) at 30 μg/mL, and phytohemagglutinin at 5
μg/mL. Cell supernatant fluids were harvested 72 hours after stimulation and analyzed for
cytokine (IFN-γ, IL-13, IL-10, and TNF-α) production by enzyme-linked immunosorbent assay
(Endogen, Rockford, IL) according to the manufacturer’s instructions. The sensitivities of the
assays were <2 pg/mL for IFN-γ, <7 pg/mL for IL-13, <3 pg/mL for IL-10, and <2 pg/mL for
TNF-α. Values that fell within the linear portion of the standard curve generated by a set of
standards were considered to be detectable values. Values that fell below the linear portion of
the standard curve were considered to be below the limits of detection.

Statistical Analyses
The χ2 test was used to compare between-group proportions. An unpaired t test was used to
compare between-group means. The distribution of cytokine levels was statistically skewed,
with a significant number of undetectable values; therefore, median cytokine levels were
presented, and differences in the levels of cord blood cytokines between children with and
without acute LRI were examined using nonparametric 2-sample Wilcoxon tests. Wilcoxon
testing is based on the ranks of the pairwise differences between the 2 samples and does not
require the assumption of normal distribution of data.14 In complementary analyses allowing
for adjustment of potential confounders, we estimated the odds of acute LRI by categories of
IFN-γ, comparing levels that are at or more than and less than the median of all detectable
values to undetectable levels of IFN-γ, using stepwise logistic regression. In the final logistic
models, we included variables that were significant at P < .05 or that satisfied a change in
estimate criterion (≥10%) in the odds ratio (OR). All of the analyses were performed using
SAS 9 (SAS Institute, Cary, NC).

The following variables were considered in multivariate models of the relationship between
acute LRI and cytokine productions: race, gender, gestation age, birth weight, NICU admission,
maternal smoking during pregnancy, breastfeeding in the first year of life (yes versus no), day
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care attendance, numbers of children in household <12 years of age (≤1 vs >1), maternal age,
and maternal/paternal history of allergies and asthma.

RESULTS
Study Cohort

Among the 446 subjects with any cytokine measurement at birth, 297 had follow-up at age 1
year (Table 1). Subjects with follow-up were more likely to be white and to live in households
with an annual income more than $40 000 compared with those without follow-up. Fewer
mothers smoked during pregnancy among subjects with follow-up than among subjects without
follow-up. There were no significant differences between children with and without follow-
up with respect to gender, parental history of asthma, eczema, hay fever, maternal age, and
infant gestational age and birth weight. Furthermore, the median cytokine levels (IFN-γ, IL-13,
TNF-α, and IL-10) did not differ between children who were included as compared with those
who were not included in the analysis.

Of the 293 subjects who have information on acute LRI in the first year of life, 87 (29.7%) had
a parental report of acute LRI diagnosed by a health care professional (Table 1). Children with
acute LRI were more likely to wheeze (P < .01). For example, among the 87 children with a
report of having acute LRI, 50 (57.5%) had ≥1 episode of wheeze by age 1 year. Increasing
gestational age was associated with reduced risks of acute LRI (OR: 0.82; 95% confidence
interval [CI]: 0.71–0.95). Children living with >1 sibling under the age of 12 years were more
likely to have acute LRI (OR: 1.95; 95% CI: 1.17–3.25). Black children were less likely to
have acute LRI than white children (P < .05). This is most likely because of the fact that study
participants were less likely to be black. Maternal smoking during pregnancy; maternal age at
pregnancy; maternal/paternal history of asthma, eczema, or allergies; birth weight; admission
to the NICU during the neonatal period; breastfeeding in the first year of life; day care
attendance in the first year of life; and a diagnosis of eczema in the child were not associated
with acute LRI.

Cord Blood Cytokines and Acute LRI
Information on the number of cord blood IFN-γ, IL-13, IL-10, and TNF-α values below and
above the limit of detection, as well as the median levels and ranges of detectable cytokines,
are provided in Table 2. The percentage of children with acute LRI in the first year of life by
categories of IFN-γ is depicted in Fig 1. The number of children with diagnosed acute LRI
decreased from undetectable to at or more than the median of all detectable levels of cord blood
IFN-γ (at baseline [media] and after stimulation with Bla g 2, Der f 1, and phytohemagglutinin).

We found that the median levels of IFN-γ secreted by CBMCs in response to Der f 1 were
significantly higher among children who did not have acute LRI as compared with children
who had acute LRI in the first year of life (Table 3). The median levels of IFN-γ secreted by
CBMCs at baseline and in response to Bla g 2 and phytohemagglutinin were higher among the
children without acute LRI in the first year of life, although such differences were not
statistically significant. We did not find significant differences among IL-13, IL-10, and TNF-
α between children with and without acute LRI (Table 3).

In Table 4, we summarize the results of the univariate and multivariate analyses of the relation
between categories of IFN-γ level and the odds of having acute LRI in the first year of life.
Univariate and multivariate analyses suggested a trend for reduced odds of acute LRI in the
first year of life with increasing IFN-γ, although the P value for trend was not always<.05. In
univariate models, the odds of having acute LRI were significantly lower among children in
the top category (at or more than the median detectable level) compared with children in the
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lowest category (undetectable level) of IFN-γ secretion by CBMCs at birth in response to Bla
g 2 (OR: 0.4; 95% CI: 0.2−0.9) and to Der f 1 (OR: 0.4; 95% CI: 0.2−0.9). In multivariate
models adjusted for race, gender, gestation age (weeks), and having >1 sibling under the age
of 12 years in the home, the odds of having acute LRI in the first year of life was reduced
among children in the top category of IFN-γ, significantly so in response to Bla g 2 (OR: 0.4;
95% CI: 0.2−0.9). There were no differences between the different categories of IL-13, IL-10,
and TNF-α and their relations to acute LRI in the first year of life (data not shown).

In multivariate models, increasing gestational age was independently associate with reduced
risk for acute LRI (P < .05), and having >1 sibling under the age of 12 years in the household
was associated with an approximately threefold increase in the odds for acute LRI in the first
year of life (P < .05). Although we found a significant inverse association between cord blood
IFN-γ secretion and acute LRI, we found no association between cord blood IFN-γ secretions
and wheeze or eczema in the first year of life (data not shown).

DISCUSSION
In a cohort of children not selected on the basis of a parental history of allergies or asthma, we
found an inverse relationship between cord blood IFN-γ levels and acute LRI in the first year
of life. Children with high levels of IFN-γ secreted by CBMCs at birth, particularly in response
to Bla g 2 stimulation, had significantly reduced risk for acute LRI compared with children
with low or undetectable levels. Th1 immune responses with the elaboration of cytokines, such
as IFN-γ, are important in host defense again viral pathogens. Previously, it has been shown
that severe bronchiolitis because of RSV infection was associated cross-sectionally with
defective IFN-γ secretion by PBMCs measured during the acute infection.10,11 However,
when and how this defect in Th1 immune responses occurs is still not clear.

It is generally believed that Th2 immune responses, which are important in maintaining
pregnancy, predominate at birth with less well-developed accompanying Th1 immune
responses.15,16 Reduced Th1 immune responses at birth may explain the overall increased
risk for infections in the first year of life and the need for maternal antibodies to viruses.
Moreover, our data add to the evidence that even at birth, some children may have less well-
developed Th1 immune responses than others, and this heightened reduction in IFN-γ may
influence the clinical response to exposure to acute LRI in the first year of life. In a previous
prospective study of children with ≥ 1 parent with allergy or asthma (Wisconsin study),12
investigators found an inverse correlation between phytohemagglutinin-stimulated IFN-γ
production by CBMCs and the number of moderate-to-severe viral infections in the first year
of life (rs = −0.11; P = .05). In contrast to the Wisconsin study, 41.1% of families in our cohort
had neither parent with hay fever or asthma. However, despite the fact that our cohort was not
preselected for a family history of allergy, we found similar inverse associations of IFN-γ
production with risk for acute LRI. In contrast to the Wisconsin study, our strongest
associations were for IFN-γ production by CBMCs in response to allergen stimulation. After
controlling for potential confounders, the odds for acute LRI in the first year of life were
reduced by 60% in children who had the highest levels compared with children who had
undetectable levels of IFN-γ secretion at birth in response to Bla g 2. Similar to the Wisconsin
study,12 we found no association between IL-13 or IL-10 levels at birth and acute LRI in the
first year of life. We also found no relationship between levels of TNF-α secreted by CBMCs
and risk for acute LRI in the first year of life. Despite differences between our study and that
of the Wisconsin group, including differences in subject selection, assessment of acute LRI in
the first year of life, and choice of antigens used to stimulate CBMCs, the consistent conclusion
from our study and theirs is that upregulated IFN-γ (Th1 cytokine) secretion at birth, before
any infections of the child, is protective against acute LRI in the first year of life. If reduced
neonatal IFN-γ is in the pathway to increased risk of respiratory infection in early life, the
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relative contribution of heredity versus the environment toward reduced IFN-γ at birth is not
well understood.

The reason for frequently finding the strongest and/or most statistically significant associations
between cytokine secretion by CBMCs after stimulation with dust mite (Der f 1) and cockroach
(Bla g 1) allergens but not after stimulation with mitogen (phytohemagglutinin) is not clear. It
is plausible that these 2 inhalant allergens are more widely distributed in the environment, and,
therefore, maternal exposure to these allergens during pregnancy results in transplacental
transfer of these allergens to the fetus leading to allergen-specific T-cell priming in utero.17,
18 Alternatively, it is possible that the mother’s specific immune response to allergens, which
is known to be transferred across the placenta, influences the CBMC response to these specific
allergens. We have demonstrated in another cohort study that maternal IgG antibodies to
specific allergens, such as cat,19 can be passively transferred from the mother to the child.
Finally, it is possible that naïve cord blood T-cells, perhaps in interaction with monocytes/
dendritic cells, have different responses to newly encountered allergens/antigens than they
would to a mitogen and that these responses are more predictive of future encounters with
infectious agents.

In keeping with findings by other investigators,2,12,20 we found that most children who had
a diagnosis of acute LRI were more likely to have a report of wheeze in the first year of life.
However, we, like others, found no association between cord blood cytokine levels and wheeze
in the first year of life.12,21 We also found no association between cord blood cytokine levels
and eczema in the first year of life. The lack of association between neonatal cord blood
cytokines and wheeze/eczema suggests either that the immune mechanisms involved in
defining atopy/wheeze are more complex than those defined by the Th1/Th2 immune responses
at birth or that the immune mechanisms involved in defining atopy/wheeze are influenced by
factors during the postnatal rather than prenatal or perinatal periods. For example, in 1 birth
cohort study, investigators found no association between IFN-γ levels measured at birth and
wheeze in the first year of life. They did, however, find an association between reduced IFN-
γ measured subsequently at 3 months of age and elevated risk of wheeze in the first year of
life.21 Another study found no association between IL-13 and IL-5 measured at birth and atopic
markers, such as absolute eosinophil count and total immunoglobulin E at age 1 year, but did
find a cross-sectional association between increased levels of IL-5 and IL-13 at age 1 year and
atopic markers of allergy at age 1 year.22 Moreover, in studies that have demonstrated an
association between reduced cord blood Th1 cytokines23,24 and/or increased Th2
cytokines25,26 and atopy or asthma, the diagnoses of atopy and asthma were made in early
childhood and not in the first year of life, when transient wheeze is related to airway size27–
29 and does not necessarily represent a tendency to asthma. In our own study, we examined
the relations between cytokines and acute LRI with and without wheeze in the first year of life
and found no significant differences between any of the cytokines and acute LRI with either
wheeze or no wheeze, but the results were limited by reduced statistical power because of
sample size (data not shown).

Similar to findings from previous studies, we found an association between having ≥ 1 young
sibling in the home and acute LRI in early life.30,31 Although previous studies have found an
association between very premature birth (<33 weeks’ gestation) and risk for acute LRI in early
childhood,1,32 we found that increasing gestational age was inversely associated with acute
LRI in the first year of life even among a cohort of children with mean gestational age of 39.6
± 1.7 weeks.

We recognize several limitations to our findings. First, we assessed acute LRI in the first year
of life using parental reports of a clinical diagnosis of respiratory infection. This is a standard
epidemiologic method33,34 for evaluating clinically significant LRIs, almost all of which are
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likely to have been initiated by an infection. Although we were conservative in our
assumptions, some investigators label the reporting of doctor-diagnosed croup, bronchiolitis,
bronchitis or pneumonia as “respiratory infection” because of the high likelihood that this is
what they represent.35,36 Because we did not assess asymptomatic infections, the inverse
association between IFN-γ levels and acute LRI could either be related to reduced events or
reduced severity of acute LRI. However, children who had a clinical diagnosis of acute LRI
by a health care professional in our study were probably more likely to have severe infections
that required medical attention. A second related limitation is the fact that we did not isolate
specific viruses associated with the diagnosis of acute LRI; therefore, we could not determine
whether the association between IFN-γ and acute LRI is related to specific viruses. However,
data have shown that clinically diagnosed acute LRI before age 1 year are most commonly
caused by/initiated by RSV,37,38 rhinoviruses,39–41 influenza,6,8 and parainfluenza.8
Moreover, as additional viruses are identified, an increasing proportion of clinical LRIs are
being found to be initiated by viruses expressed as clinical illness in susceptible children.

An additional limitation of this study is that whereas all of the cytokine levels that we treat as
measurable fell within the linear portion of the standard curve, we recognize that the lowest
(and highest) values may be measured with less precision than those in the midrange. A final
potential limitation considered was the potential that contamination with lipopolysaccharide
may influence the interpretation of cytokine responses. We tested the allergens Der f 1 and
Bla g 2, as well as the mitogen phytohemagglutinin for endotoxin contents by Limulus assay
and found low concentrations of endotoxin (<0.01 EU/mL = 0.002 ng/mL). These
concentrations did not significantly change cytokine secretion in CBMCs. In addition, we also
assessed cytokine secretion of TNF-α and IL-6, 2 cytokines that typically increased after
stimulation with lipid A (an active component of lipopolysaccharide). These cytokines were
not increased with lipid A as low as 0.002 ng/mL, as detected in our reagents. Thus, our data
suggest that endotoxin content had a minimal influence on the outcomes of cytokine secretion.

CONCLUSIONS
Our findings suggest that upregulated IFN-γ (Th1 immune response) secretion at birth is
associated with reduced risk of acute LRI in the first year of life. Factors that influence immune
mechanisms in the prenatal and/or perinatal periods, specifically with the upregulation of Th1
immune responses before exposure with viral pathogens, may have significant impact on the
development of acute LRI in early life. With evidence suggesting an association between early
life acute LRI and subsequent development of asthma,36,42 further study is needed to
determine prenatal and/or perinatal factors that can influence immune system development.
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PBMC  
peripheral blood mononuclear cell

RSV  
respiratory syncytial virus

Th1  
T-helper 1

Th2  
T-helper 2

LRI  
lower respiratory illness

CBMC  
cord blood mononuclear cell

TNF  
tumor necrosis factor

Bla g 2  
Blatella germanica 2

Der f 1  
Dermatophagoides farinae 1

OR  
odds ratio

CI  
confidence interval
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FIGURE 1.
Percent of children with acute LRIs in the first year of life in relation to levels of stimulant-
specific cord blood IFN-γ. Children with cord blood IFN-γ at or above the median of all
detectable levels have the lowest percentage of acute LRI in the first year of life compared with
those with cord blood IFN-γ below the median of all detectable levels and those with
undetectable cord blood IFN-γ. Note that the categories of IFN-γ are stimulant specific, and
levels of IFN-γ for media are much lower with a significant number of undetectable values as
compared with levels for allergens and mitogen stimulants (refer to Table 2 for the median and
ranges of stimulant-specific IFN-γ levels).
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TABLE 1
Characteristics of Study Participants in Relation to Acute LRIs in the First Year of Life

Variable Total (N = 297), n (%)
a

Acute LRI (N = 87), n
(%)

No Acute LRI (N = 206),
n (%)

Gender
 Male 162 (54.5) 52 (59.8) 108 (52.4)
 Female 135 (45.5) 35 (40.2) 98 (47.6)
Race
 White 224 (75.4) 72 (82.8) 152 (73.8)
 Black 28 (9.4) 3 (3.4) 23 (11.2)b
 Hispanic 17 (5.7) 4 (4.6) 13 (6.3)
 Other 28 (9.4) 8 (9.2) 18 (8.7)
Reports of wheeze in the first year of life 84 (28.6) 50 (57.5) 31 (15.0)c
Physician-diagnosed eczema in the first year of life 63 (21.4) 16 (18.4) 45 (21.8)
Maternal history
 Eczema 53 (17.9) 15 (17.2) 36 (17.5)
 Asthma 42 (14.1) 11 (12.6) 29 (14.1)
 Hay fever 95 (32.0) 31 (35.6) 63 (30.6)
Paternal history
 Eczema 33 (11.1) 11 (12.6) 22 (10.7)
 Asthma 43 (14.5) 12 (13.8) 31 (15.0)
 Hay fever 104 (35.0) 33 (37.9) 71 (34.5)
Maternal smoking during pregnancy 16 (5.4) 5 (5.7) 11 (5.3)
Ever breastfed in the first year of life 256 (86.2) 77 (88.5) 175 (85.0)
Daycare attendance in the first year of life 146 (49.2) 48 (55.2) 95 (46.1)
Having >1 sibling <12 y of age in the household 150 (50.5) 54 (62.1) 94 (45.6)c
Household income, $
 ≤40 000 28 (9.4) 6 (6.9) 22 (10.7)
 >40 000 248 (83.5) 76 (87.4) 170 (82.5)
 Unknown 21 (7.1) 5 (5.7) 14 (6.8)
Neonatal gestational age, wkd 39.6 (1.7) 39.2 (2.2) 39.8 (1.36)b

Neonatal birth weight, kgd 3.53 (0.5) 3.47 (0.57) 3.56 (0.51)
Maternal age, yd 32.5 (4.7) 32.9 (4.6) 32.3 (4.8)

a
Among the 297 study participants with follow-up at age 1 year, 293 have information on lower respiratory.

b
Associated with lowered acute LRI in the first year of life, P < .05.

c
Associated with increased acute LRI in the first year of life, P < .05.

d
Value are mean (SD).
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