
Abstract
The present study was conducted to learn whether the
perinatal and environmental factors could influence
the total and antigen-specific IgE levels in umbilical
cord blood. Retrospective data were obtained from
173 mother-infant pairs. Total and specific (for chil-
dren’s food, wheat/grass and house dust mite-HDM)
cord blood IgE levels were determined using the im-
munoassay test. The total cord blood IgE was between
0.0-23.08 IU/ml (mean 0.55 ±2.07 IU/ml; median
0.16 IU/ml). Total IgE levels were significantly higher
in boys compared with girls (OR=2.2; P=0.007), and
in newborns with complicated pregnancy (OR=2.7;
P=0.003). A greater number of  siblings correlated
with increases in the total cord blood IgE (P<0.02).
We detected specific IgE in 34 newborns (40 positive
tests). A long-standing contact with a cat during preg-
nancy decreased the specific IgE level for wheat/grass
(OR=3.2; P<0.07) and for children’s food (OR=5.0;
P<0.04), and the contact with a dog decreased the spe-
cific-IgE for wheat/grass (OR=0.3; P<0.05). Expo-
sure to tobacco smoke correlated with the positive
specific IgE toward house dust mite (OR=4.7;
P=0.005). 
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INTRODUCTION

Genetic nature of  allergy and complex mechanisms
governing the development of  atopic phenotype al-
ready in fetal life have since long been recognized. The
process of  hypersensitization begins synchronously
with the initiation of  fetal production of  im-
munoglobulin E in the 11th gestational week [1, 2].
The IgE level in umbilical cord blood may have a sig-
nificant influence on the future development of  atopic
diseases. Therefore, factors influencing IgE level in
umbilical blood plasma may modify the course of  al-
lergy and the development of  atopic symptoms. 

The aim of  the present study was to evaluate the in-
fluence of  genetically determined susceptibility and of
selected environmental factors on the total IgE level
and on the presence of  selected antigen-specific IgE
in umbilical cord blood plasma. 

MATERIAL AND METHODS

The study was approved by a local Ethics Committee.
This is a retrospective study in which the enrollment
of  patients depended on obtaining informed parental
consent. Overall, the analysis included 173 newborns
(86 boys, 87 girls). The exclusion criteria were: low
birth weight (less than 2500 g), severe co-morbidity,
e.g., congenital defects, perinatal trauma, intracranial
hemorrhage, other life-threatening conditions in the
perinatal period. A retrospective survey of  pregnancy
and labor and family history was performed using a
self-developed questionnaire. The questionnaire was
based on interviews with newborns’ mothers or both
parents. We collected data on pregnancy complications
(especially infections), type of  delivery, gender, birth
weight, gestational age, Apgar score, mother and fa-
ther lifestyle and habits, and environmental factors.
After collecting the family history, notably about
atopic diseases, we stratified the estimated risk of  de-
veloping atopy into 4 groups: no risk - no atopy dis-
eases in the child’s family; mild risk –atopy disease in
the extended family; moderate risk - father and/or sib-
lings with atopy disease; severe risk - mother and/or
father and siblings with atopy diseases. The presence
of  atopy was considered a basis for the physicians’ di-
agnosis of  the following atopic diseases: bronchial
asthma, atopic dermatitis, hay fever, urticaria, atopic
conjunctivitis, food allergy.

Umbilical cord blood (4 ml) was obtained at the
time of  delivery. Total serum IgE levels were deter-
mined by the electrochemiluminescense immunoassay
ECLIA - sandwich principle in an Elecsys 2010 ana-
lyzer (Roche Diagnostics, Mannheim, Germany) with a
detection level of  0.1 IU/ml. Specific umbilical cord
blood IgE was assessed for the following allergen kits:
children’s food: egg, milk, wheat meal, and peanuts;
soya; grass and grain pollen (the most common in
Poland); house dust mite (HDM): D. pteronyssinus
and D. farinae. Specific cord blood IgE was measured
by the enzyme–linked immunosorbent assay ELISA in
an Allergopharma analyzer (Allergopharma, Reinbek,
Germany), with the detection level of  0.35 IU/ml. 

Data were expressed as means ±SD and were ana-
lyzed in relation to the median and mean levels of
cord blood IgE. Concerning the former, children were
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subdivided into two groups, below and above the me-
dian level of  IgE; concerning the latter, children were
divided into 3 groups, depending on their total mean
IgE. The following environmental factors which might
affect the total IgE level were analyzed: family history
of  allergy, pregnancy and labor-associated events, en-
vironmental factors, and parental behavior in the pre-
natal period. Associations between clinical and epi-
demiological data collected by a questionnaire and the
allergy were analyzed by a Chi-square test with Yates’s
correction and Fisher’s test, according to a given con-
tingency table. Differences in immunoglobulin levels
between the case and control groups were tested by a
Whitney-Mann U test. Moreover, Spearman’s rank
correlation coefficient was used to test associations
between the studied factors. 

RESULTS

TOTAL IGE IN UMBILICAL BLOOD PLASMA

Fig. 1A shows the number of  children with the IgE
below and above the median level born from normal
and pathologically complicated pregnancies. In normal
pregnancies, there were about twice more children
with the IgE below than above the median level. This
ratio was reversed toward the preeminence of  the
above median level in pathological pregnancies. On
the other hand, the numbers of  children with the IgE
below and above its median level were about equal
when there was no atopic rhinitis in history, whereas
there were twice as many children with the IgE above
its median level in case of  history of  atopy (Fig. 1B). 

The total IgE level in umbilical blood plasma was in
a range from 0.0 to 23.08 IU/ml (mean 0.55 ±2.07
IU/ml; median 0.16 IU/ml). The neonates were divid-
ed into 3 groups based on the cord blood IgE level:
the first group with the IgE <0.1 IU/ml consisted of
65 infants (37.5%), the second with the IgE 0.1-0.5
IU/ml consisted of  63 infants (36.5%), and the third
with the IgE >0.5 IU/ml consisted of  45 infants
(26.0%). In the first group there were 24 boys and 41
girls, in the second 36 and 27, and in the third 26 and
19, respectively. 

Overall, the total cord blood IgE levels were signifi-
cantly higher in boys compared with girls (means 0.82
±2.69 vs. 0.39 ±1.14; OR=2.2; P=0.007), in newborns
with complicated as opposed to normal pregnancy
(means 0.75 ±2.37 vs. 0.17 ±0.26; OR=2.7; P=0.003)
and in newborns with family history of  atopic rhinitis
as opposed to the lack of  such history (means 1.45 ±

4.84 vs. 0.48 ± 1.26; OR=2.4; P=0.03). Family size
(the number of  siblings) correlated with decreases of
cord blood IgE levels (P<0.02). For the remaining
variables (allergic diseases in the mother, father, or sib-
lings), no statistically significant differences were not-
ed. No correlations were observed between infant's
exposure to allergy and the total IgE level. 

ANTIGEN-SPECIFIC IGE IN UMBILICAL BLOOD PLASMA

Overall, 519 assays for antigen-specific IgE were per-
formed (3 x 173 children). We detected specific IgE in
34 newborns - 19.7% (6.6% positive tests). Of  the 40
positive tests, 20 were to grass and grain pollen, 11 to
HDM, 9 to food.  Fifteen children had specific IgE to
grass, 8 to HDM, 5 to food, 2 to grass and HDM, 3 to
grass and food, 1 to HDM and food. No correlations
were noted between familial history of  allergy and the
presence of  specific immunoglobulins. No statistically
significant correlation was seen between antigen-spe-
cific IgE in umbilical blood plasma and pregnancy- or
labor-associated factors. The analyzed environmental
factors included: place of  residence (urban or rural),
living conditions and crowding (number of  people per
room), the presence and kind of  domestic animals
during pregnancy, and environmental pollution. Con-
tact with cat's allergens caused a higher prevalence of
the specific IgE for grass and grain pollen (OR=3.24;
P<0.07) and children's food (OR=4.98; P<0.04). Spe-
cific IgE for grass and grain pollen were significantly
lower in case of  household contact with a dog during
pregnancy (OR=0.28; P<0.05). No significant correla-
tions were found between the other environmental
factors and the presence of  IgE in umbilical blood
plasma. 

Analysis of  parental tobacco smoking habits during
pregnancy revealed a significant association between
the level of  antigen-specific IgE against domestic dust
mites and maternal tobacco smoking. These antibodies
were detected significantly more often in newborns of
smoking mothers and this correlated with the umber
of  cigarettes smoked per day (OR=4.7; P=0.005). A
similar correlation (P=0.04) was noted when analyzing
smoking habits of  both parents combined. 

DISCUSSION

Thinking about factors influencing the levels of  total
and antigen-specific IgE in umbilical blood plasma, in-
vestigations focused on genetic predispositions, envi-
ronmental factors and parental behavior. Authors em-
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Fig. 1. Umbilical cord blood
IgE concentration below and
above the median level in rela-
tion to the normal or patho-
logical pregnancy course (Pan-
el A) and to the presence of
atopic rhinitis in history.
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phasize the influence of  all these factors combined, al-
though it is a matter of  debate which one is the most
important [1, 2]. 

A frequently studied issue is the influence of  atopic
diseases in the family on the level of  total IgE in um-
bilical blood. Several reports suggest that atopy in par-
ents, siblings, and 1st degree relatives is a presage of  a
significant increase in the IgE level, which could be
followed by increased incidence of  atopic diseases in
infancy [3, 4, 5]. Most authors point to the presence of
atopic diseases, particularly in the mother, as a key fac-
tor contributing to elevated levels of  IgE in umbilical
blood. It has also been noticed that the presence of  al-
lergy in the father or in another relative is less impor-
tant [6, 7, 8]. The results obtained in the present study
partially support that thesis. The presence of  atopic
rhinitis in the child’s family presages a significant in-
crease in IgE level. 

Since the discovery of  IgE and the development of
techniques for its assessment, there is a consistent
finding of  a higher level of  IgE in boys’ than in girls’
blood plasma [9, 10, 11, 12]. Most data obtained to-
date confirms also a higher level of  IgE in umbilical
blood of  males [4, 8, 12]. Some papers, where a differ-
ent clinical methodology has been implemented, pres-
ent this correlation as a higher proportion of  boys in
the groups of  children who have a higher total IgE
level [13]. A similar method was adopted by the au-
thors of  the present paper, confirming an association
of  male gender with a higher total IgE level. 

Factors associated with pregnancy and labor are sel-
dom discussed in the literature with respect to their
impact on the IgE level in umbilical blood plasma. In
the present paper, we found that maternal respiratory
tract infections in the 1st and 2nd trimester were asso-
ciated with increased total IgE level in the neonates.
Other complications of  pregnancy, however, had no
major effects. The latter is concordant with the cur-
rent knowledge concerning this problem. In spite of
isolated publications discussing these issues, general
opinion is that body height, Apgar score, the number
of  past pregnancies, the number of  miscarriages and
parental age do not influence the IgE level or the
course of  the allergization process. Therefore, these
factors cannot be helpful in the assessment of  the risk
of  the development of  atopic diseases in children [8,
13, 14]. Studies published hitherto do not reveal any
association between the total IgE level and birth
weight of  the newborn [8, 12, 14]. 

We did not find any correlations between parental
socio-economic status, education or life-style and the
IgE concentration in umbilical blood; the interpreta-
tion of  the lack of  correlation is, however, hindered
by a fairly homogenous study group. A matter of
much debate is the role of  maternal and infant contact
with domestic animals. Some allergists consider that
prolonged contact with domestic animals is a form of
natural specific immunotherapy, effective particularly
at the infant age, reducing hypersensivity to animal fur
[15, 16]. This phenomenon may be a result of  toler-
ance achieved during natural exposition to high con-
centration of  allergens [17]. Other authors postulate
that the presence of  a pet may result in the develop-
ment of  allergy and exacerbation of  its symptoms.

This relates particularly to cat allergens [18]. The issue
of  whether we should present a cat to a small child
still remains unresolved. In the present study, maternal
contact with a cat during pregnancy resulted in in-
creased incidence of  antigen-specific immunoglobu-
lins E against grass, cereals, and foods. That may sig-
nal the role of  cat allergens acting during pregnancy in
the development of  allergies. In contrast, maternal ex-
posure to dog allergens during pregnancy was associat-
ed with decreased incidence of  sIgE against grass and
cereals; a trend also seen regarding antibodies against
domestic dust mites. Gern et al. [19] also demonstrate
less frequent hypersensivity and lower incidence of
atopic dermatitis in infants remaining in a continuous
contact with a dog since birth. 

A widely discussed factor is active and passive to-
bacco smoking by pregnant women. Authors are high-
ly discordant when assessing the influence of  smoking
on total IgE. Some suggest that maternal exposure to
either type of  smoking has a significant impact on IgE
levels in both maternal and fetal blood plasma and on
the development of  atopic diseases in early infancy (6,
7, 8). Bergman et al. [13] showed a high IgE level in
children of  smoking fathers and even higher levels of
it in children of  smoking mothers. Surprisingly, the
lowest IgE levels were noted in newborns where both
parents smoked. This finding was explained by non-
specific stimulation of  fetal IgE production when ex-
posed to low-intensity passive smoking and blockade
thereof  when faced with heavy exposure to tobacco
smoke. However, many authors emphasize that no sig-
nificant correlation between total IgE level and smok-
ing during pregnancy or maternal exposure to tobacco
smoke has been found to-date [14, 20]. In the present
study we did not find any correlation between parental
smoking and total IgE level either. Nevertheless, it is
worth pointing out that maternal or parental smoking
was associated with higher incidence of  sIgE against
domestic dust mites. We may presume that women liv-
ing in an environment of  tobacco smoke had greater
contact with domestic dust mite allergens, and that
may result in higher incidence of  atopic diseases in the
future. 

In conclusion, in the present study we demonstrate
that increased total IgE level in umbilical blood was
associated with male gender, pathological pregnancy
course, and the presence of  atopic rhinitis in the fami-
ly; while lower IgE levels were found in children hav-
ing numerous siblings. Increased levels of  specific IgE
against grass, cereals, and food stuffs were associated
with maternal contact with a cat, but not a dog, and
with parental smoking during pregnancy. 
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