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In utero exposure to lead and cord blood total IgE.

Is there a connection?

Immunoglobulin E (IgE) production is partly directed by
type 2 helper T cells (Th2) (1) and an abnormal shift in
the homeostatic Th1/Th2 balance towards a predominant
Th2 response has been reported in allergies mediated by
IgE (2). Various factors (e.g. allergenic exposures, infec-
tions, and diet) are suspected to differently influence this
shift.
The recent increase in the incidence of IgE-mediated

allergies in industrialized countries may be due, at least
partly, to environmental toxicants found in urban areas.
One of the major toxicants is lead, the concentration of
which is becoming elevated due to characteristics of the
overall environment in inner cities (3, 4) where, in
addition, the prevalence of asthma has been found to be
higher than elsewhere (5). The role of lead in the
development of IgE-mediated allergy is convincingly
supported by both experimental and animal studies.
In vivo, ex vivo, and in vitro adult mouse studies have
shown that lead exposure at levels far below those
recognized as overtly toxic inhibits adult mouse Th1-
related responses (e.g. IFN-c production) and enhances

Th2-related responses (e.g. IL-4, IL-5, IL-10, IL-13 and
IgE production) (6–9), which means that lead might be an
immunosuppressive agent in animal systems. Further-
more, it has recently been observed that mouse neonates
exposed to lead prenatally and/or postnatally had signi-
ficantly higher plasma IgE levels than age-matched
controls (10). This finding suggests that lead exposure
either in utero or lactationally could significantly increase
the risk of atopy (IgE production) in children. However,
detrimental effects of lead on IgE-mediated allergy and
IgE levels in humans have rarely been examined. A
unique study conducted among 279 children aged
9 months to 6 years drawn from a population-based
sample has shown a positive association between blood
lead levels and total IgE (11). We are unaware of any
studies investigating in utero exposure to lead in humans.
Yet, early life exposure to lead might be particularly
crucial in the developmental period in which the immune
system hovers in the balance between Th1 and Th2.
The purpose of the present study was to investigate the

relationship between in utero exposure to lead and cord
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blood total IgE level in newborns recruited in two
maternity hospitals in Paris (France). The allergic and
smoking status of the mother was taken into account to
estimate the relative influence of environmental exposures
compared with genetic factors in IgE production.

Material and methods

Population

Two distinct subject groups recruited in two maternity hospitals in
Paris served as the study populations for this study. Only mother–
newborn pairs derived from single full-term births were considered
in the analysis. Children are still being followed up to study their
development.

Study A

The sample initially consisted of a subgroup of 799 mother–new-
born pairs enrolled in a central maternity hospital of Paris
(Baudelocque) between January and May 1985 in Paris. Births that
took place during the weekend (n ¼ 170), holidays (n ¼ 101), or
from 5 pm to 9 am (n ¼ 271) were excluded from the final sample.
Stillbirths (n ¼ 33) were also excluded. Mothers who gave birth to
premature babies (n ¼ 7), had Caesarean sections (n ¼ 36), or who
did not speak French (n ¼ 5) were also excluded. Of the 176 women
solicited for the study, 168 gave informed consent and eight refused;
137 mother–newborn pairs had blood total IgE assessed.

Study B

A sample of 247 Caucasian mother–newborn pairs was recruited in
a maternity hospital of northern Paris (Robert Debré) between
January 1991 and December 1992. Mothers having stillbirths,
multiple births, pregnancies under regular drug treatment, and
births with Caesarean section at a gestational age of <37 weeks as
well as newborns with acute foetal distress, AGPAR less than eight
and congenital malformations were excluded. All mothers gave
informed consent; 237 pairs had blood total IgE assessed.

Biological and toxicological assessments

Blood was obtained at delivery from the umbilical cord of newborns
and from the vein of mothers by venipuncture using Becton
Dikinson devices. Blood was initially sampled in a heparinized
Vacutainer� tube (Franklin Lakes, NJ). Serum was then separated
in aliquots by centrifugation. Placenta (study A only) and hair
(taken from the occipital regions of newborn’s and mother’s heads
in both studies) were also collected at birth. Blood, sera and pla-
centa specimens were frozen at )80�C until lead, total IgE and
cotinine were assessed. Hair was kept as recommended in a dry
place. Assessments were performed at the end of the collection of
the data in each survey by the same technicians with the same
instruments.
Lead concentration was assessed in both maternal and cord blood

using a flameless atomic absorption spectrophotometer with a
Zeeman effect corrector (Perkin Elmer 4100 ZL, Courtaboeuf,
Quebec, Canada) and was expressed in lg/dl. The method used for
sampling, pretreating the hair and the placenta, and chemical ana-
lyses to assess lead concentration has been described previously (12).
Lead was expressed in ppm for both blood and hair. The accuracy
and reliability of lead determination were checked by national

standards of quality control. The detection limits for the techniques
for lead determinations were 0.1 lg/dl in the blood and 0.05 ppm in
the hair.
Total IgE were assayed in sera (but maternal serum IgE was not

assessed in study A) using Pharmacia IgE Enzymo Immuno assay
Ultra 50 (Pharmacia Diagnostic AB, Bois d’Arcy, France). Samples
were run in duplicate. The sensitivity in cord blood was 0.01 IU/ml
and in maternal blood 0.05 IU/ml. Infants (only two in study A)
whose blood had been contaminated maternally, as shown by the
presence of IgA, were excluded from the analysis.
Cotinine levels in maternal urine (collected within 1 day around

delivery) and cord blood were used to validate maternal smoking
data. Urine was frozen at –80�C until it was analysed. Cotinine
levels were determined by competitive inhibition radioimmunoassay
(purchased from Helen Van Vunakis, Brandeis University, Walt-
ham, MA) in duplicate. The sensitivity in cord blood was 0.5 ng/ml
and in maternal urine 6.5 ng/ml. Urinary creatinine (CCR) was
determined colorimetrically (diagnostics kits, Sigma Chemical Co.
St Louis, MO) and based on the reaction between CCR and sodium
picrate. Urinary cotinine excretion was expressed in nanograms per
milligram of CCR because 24-h urine samples were not available.

Potential risk factors and confounders

Mothers were interviewed with a standardized questionnaire on
their potential history of IgE-mediated allergy (e.g. asthma, allergic
rhinitis, and eczema) as well as on risk factors (e.g. education,
occupation, smoking, and ethnic groups). In study B, history of
IgE-mediated allergy was confirmed to be related to a significantly
higher total IgE level (P < 0.05). Cotinine measurements were used
to confirm maternal smoking status. Furthermore, medical records
were examined in order to obtain obstetrical histories and
descriptive characteristics of the pregnancy and infant’s delivery.

Statistical methods

Cord blood total IgE were log10 transformed because their distri-
bution was highly skewed. Newborn infants with total IgE levels too
low to be detected by the method (<0.1 IU/ml) were ascribed a
value of 0.01 IU/ml for log transformation. Results are presented in
log IgE or in geometric mean according to the type of statistical
analysis.
Infant hair lead level, maternal hair lead level, infant blood lead

level, maternal blood lead level and placental lead level were each
examined as dependent variables in the analysis.
Classical methods were used for statistical analysis (13). To

examine the relationship between quantitative variables, both par-
ametric tests (on log IgE) and nonparametric tests (Spearman’s rank
correlation on lead variables) were used. Furthermore, quartiles of
lead concentrations were used to examine more precisely the lead–
IgE relationship using a linear regression model (presented as
analysis of variance results). The two samples were analysed indi-
vidually and were also subsequently combined to increase statistical
power. However, a linear model was applied to allow for the study
effect. Data analysis included 137 mother–newborn pairs in study
A, and 237 mother–newborn pairs in study B. Statistical analyses
were performed using the SAS statistical software.

Results

Mean age was 29.1 and 29.3 years for respondents in
study A and study B, respectively. Newborns did not
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differ consistently in terms of birth weight, AGPAR,
maternal allergic status, or passive smoking but signifi-
cantly more male infants were born to respondents in
study B (Table 1).

Baseline values of total IgE and lead

Mean cord blood IgE levels did not vary significantly
from one study to the other (Table 1). As expected,
maternal and infant IgE were strongly correlated with
each other in study B (r ¼ 0.38, P < 0.001). In spite of
the fact that total IgE has been related to ethnic group, no
effect of ethnic group on cord blood IgE was found in our
investigation and hence ethnic group was not considered
as a confounder in the analysis. The mean lead levels for
subjects in study A were considerably higher than those in
study B for each lead variable measured (see Table 2). In
study A, infant and maternal blood lead levels were
highly correlated (r ¼ 0.47, P < 0.0001) whereas infant
and maternal hair lead levels were not. Furthermore,
placental lead level was strongly correlated with both
maternal blood lead (r ¼ 0.37, P < 0.0001) and infant
blood lead (r ¼ 0.34, P < 0.0001). In study B, infant and
maternal blood lead levels were also strongly correlated

(r ¼ 0.47, P < 0.0001), while maternal and infant hair
lead levels were again unrelated.

Relationships between lead and cord blood total IgE levels

There was a significant correlation in both samples
between infant hair lead and cord blood log IgE levels
(Table 2). No significant relationship of infant blood log
IgE level to the other infant lead variables was found (in
particular, placental lead in study A was unrelated to
cord blood total IgE (r ¼ 0.11, NS)). Combining the two
data sets yielded an even more significant relationship
(P < 0.0001). This relationship was entirely confirmed
by an analysis of variance between infant hair lead (four
class variable) and mean log IgE levels (Table 3). The
fraction of the total variation in cord blood total IgE
accounted for by the fitted model was almost 10%.
Furthermore, an association of borderline statistical
significance (P < 0.10) was observed between mother
blood lead and child cord blood Log(IgE) (Table 2).
Taking maternal allergic status into account showed

that cord blood IgE level was significantly associated with
infant hair lead overall in children of nonallergic mothers
(Fig. 1). When considering the effects of passive smoking,

Table 1. Characteristics of the study samples

Combined data n ¼ 374 Study A n ¼ 137 Study B n ¼ 237

Newborns
Sex ratio M/F 1.0 € 0.50 0.73 1.26
Birth weight (g), mean € SD 3331.32 € 438.17 3242.81 € 454.61 3383.14 € 420.66
AGPAR at 5 min, mean € SD 9.96 € 0.22 9.96 € 0.19 9.96 € 0.24
Cord blood IgE (IU/ml), GM, (95%CI) 0.29 (0.26, 0.33) 0.33 (0.02,.6.52) 0.27 (0.25, 0.30)
Cord blood cotinine (ng/ml) – 10.49 € 34.26 –

Mothers
Age (years), mean € SD 29.30 € 4.45 28.99 € 5.09 29.48 € 4.04
Allergic status (%) 33.0 35.1 33.2
Total IgE (IU/ml), GM, (95%CI) – – 34.89 (28.56, 42.61)
Active smokers during pregnancy (%) 24.9 € 43.3 26.6 € 44 24.89 € 43
Maternal urine cotinine (CCR, ng/mg) – 58.14 € 172.18 –

GM: geometric mean.

Table 2. Relationship between lead variables and infant cord blood Log(IgE) levels

Combined data Study A Study B

Lead variable n mean € SD
Spearman's correlation

coefficient n mean € SD
Spearman's

correlation coefficient n mean € SD
Spearman's

correlation coefficient

Infant cord blood (lg/dl) 326 67.37 € 47.77 )0.05 124 106.06 € 47.78 0.11 202 38.80 € 19.04 )0.11
Maternal blood (lg/dl) 332 96.44 € 57.73 )0.09 135 133.02 € 59.69 0.07 197 61.61 € 25.11 )0.11
Infant hair (ppm) 234 1.38 € 1.26 0.21** 45 1.74 € 0.65 0.32*** 189 1.29 € 1.37 0.19**
Maternal hair (ppm) 360 5.16 € 6.08 )0.04 129 6.79 € 5.91 )0.01 231 4.05 € 5.96 0.02

** P < 0.01.
*** P ¼ 0.03.
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no significant association was found between cotinine and
infant lead variables or IgE level.

Discussion

In the present study, we show for the first time that a
toxicant, lead, is related to elevated IgE at birth.
Two potential limitations of the study deserve to be

discussed. The major limitation concerns the fact that
only infant hair lead was significantly related to cord
blood IgE. However, it has been established that hair lead
provides an integrated measure of long-term exposure
whereas blood lead provides a measure of short-term
exposure (14). Thus, hair lead measured at birth is the
best biomarker of the extent of cumulative exposure of

the foetus to lead during in utero life. The assessment of
hair lead, which constitutes a potentially attractive
measurement technique in population settings as hair
samples are easy to obtain and can bioconcentrate lead,
has been revealed to be reliable in various environmental
studies (15). It has also been shown that hair lead is
elevated when the environmental lead concentration is
high (16). The second limitation concerns the samples of
infants – size was small and did not include the births
occurring in the night and during the weekend. The
choice of a small sample size was justified by the
complexity of the protocol including biological and
toxicological assessments in various human specimens
as hair, placenta, blood, and urine. However, the statis-
tical power of the sample size was shown to be sufficient
to detect significant differences (17). Furthermore, there is
no proven evidence of selection bias in the study of the
relationship between allergy and lead exposure according
to the circadian rhythm of birth. That the sampling was
not biased in our investigation is indirectly shown by the
fact that the association between infant hair lead and cord
blood IgE persisted in the different surveys at 6–7 years of
difference.
Immunoglobulin E-mediated allergy is a growing and

significant health problem throughout industrialized
countries, particularly among children. Although it has
been suggested that environmental exposures to some
toxicants could have direct causal links to the rise in the
prevalence of IgE-mediated allergy, these links have not
been demonstrated, with the exception of environmental
allergenic exposure and tobacco smoke (18). Recently, a
study has pointed out the involvement of lead exposure in
the production of total IgE among children (11). Our
data, drawn from two different population-based samples
in two separate periods of time, provide additional
information as they show for the first time a statistically
significant relationship between cord blood total IgE and
lead exposure in utero as assessed by lead level in infant
hair taken at birth. Placental contamination by environ-
mental polychlorobiphenyls (PCB) and heavy metals
(such as lead) through maternal blood may affect the
development of the newborn and his/her immune system,
by affecting normal placental functioning. In our inves-
tigation we found a borderline statistical significance
between mother blood and infant hair lead, which is more
likely to indicate long-term contamination of the foetus
by the mother. Our findings are consistent with experi-
mental and animal data, which indicate that lead can
affect total IgE (6–9). If confirmed, such findings might
lead to a diminished risk of allergy in childhood through
the reduction of toxicant exposure during pregnancy.
The relationship between newborn cord blood total

IgE and hair lead remains in spite of the fact that different
concentrations of hair lead were observed in the two
studies and actually became stronger when the data were
combined, which reduces the risk that the observed
relationship was caused by chance. Environmental level
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Figure 1. Infant hair lead concentration (ppm) and log (IgE)
level (IU/ml) according to maternal allergic status.

Table 3. Fraction of the total variation in cord log(IgE) which is accounted for by the
fitted regression models in which the different lead variables are considered
(ANOVA results)

Lead (divided into quartiles) r2 value P-value

Combined Data
Infant cord blood (lg/dl) 0.01
Maternal blood (lg/dl) 0.01
Infant hair (ppm) 0.09 <0.0001
Maternal hair (ppm) 0.01

Study A
Infant cord blood (lg/dl) 0.05 0.08
Maternal blood (lg/dl) 0.02
Infant hair (ppm) 0.16 0.06
Maternal hair (ppm) 0.00

Study B
Infant cord blood (lg/dl) 0.01
Maternal blood (lg/dl) 0.06 <0.005
Infant hair (ppm) 0.05 <0.02
Maternal hair (ppm) 0.01
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of inorganic lead has diminished in France due to various
preventive strategies (change of fuel, restoration of old
houses, and water pipes) that became common place
during the time period between the two surveys. As a
consequence, the mean lead level was diminished in the
second study. However, lead and IgE levels were also
related in the second survey. Indeed, experimental as well
as animal data show that the relationship between lead
and IgE production exists also at low lead levels.
As it could be objected that IgE antibody response is

under genetic control in humans (19), we studied it in two
different samples and controlled for the maternal allergic
status, which is an accepted marker of the existence of
genetic predisposition to produce IgE. Our data showed
that the relationship between hair lead and cord blood
total IgE was stronger in infants of nonallergic mothers
than in those of allergic mothers. This suggests that total
IgE level rose in the foetus due to environmental exposure
to lead independent of familial resemblance of total IgE.
There are several possible explanations for the finding
that the association of infant hair lead with cord blood
total IgE depended on maternal allergic status. First, it
cannot be excluded that the effect of in utero lead on cord
blood total IgE was not visible in children of allergic
mothers because high IgE levels provoked by familial
resemblance of IgE masked it. This was confirmed by the
fact that only about 10% of the total variation in cord
blood total IgE was explained by in utero exposure to lead
in our samples. A second possibility is that the IgE
produced by children of allergic mothers might differ
from those of children of nonallergic mothers.
Although a direct cause–effect relationship could not

be examined in our study, there is no evidence supporting
a direct influence of total IgE on lead concentration. On
the contrary, total IgE are influenced by exogenous
toxicants such as tobacco (20), diesel exhaust products
(21) and, as suggested by recent experimental and human
data, lead. Hence, the hypothesis can be proposed that
IgE production represents a response of the organism
against environmental aggression from toxicants. The
underlying mechanism might involve the suppression of
Th1 response by the toxicant through the reduction of

CD56 positive natural killer cells (22) which constitutes
an important source of IFN-c, which blocks IgE pro-
duction.
It is becoming increasingly apparent that IgE-mediated

allergy is programmed already during intrauterine life,
although the precise mechanisms are unknown (23, 24). It
is more likely that a complex interaction at the materno–
foetal interface between genotypes and environmental
events is at the origin of the development of allergy.
Placental transfer of heavy metals from the mother to the
foetus might influence IgE production.
In conclusion, our data support the hypothesis that

in utero exposure to lead might be responsible for
increased cord blood IgE production. Whether lead is a
surrogate for other variables that are important in atopy
such as westernized lifestyle and urbanization could not
be answered by our study as such variables are difficult to
be quantified. However, experimental as well as animal
data show a direct link between lead and IgE production.
Although the predictive value of cord blood total IgE in
the development of allergic disease was recently debated
(25), it seems that increased IgE levels at birth are
associated frequently with clinical manifestations of
allergy during childhood (26). As our data are unique,
further studies are needed in order to confirm the
observed relationship and better elucidate underlying
mechanisms. With respect to public health, the implica-
tion of lead in IgE production and thus in a predispo-
sition to IgE-mediated allergy would constitute an
important step in the prevention of allergy, as it is
possible to intervene on potential lead sources and
diminish lead exposure, particularly in urban environ-
ments.
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