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ABSTRACT: The relationship between wheezing or asthma and serum immunoglobulin
(Ig)E levels in early life is unclear. The aim of this study was to follow-up the IgE
immune response in infants that did, or did not, develop recurrent wheezing during their
first year of life.

One-hundred and two randomised term neonates were included, in which IgE levels
were quantified in cord blood samples, at 3, 6, 9 and 12 months of age. Specific IgE
levels for food and inhalant allergens and the skin-prick test for inhalant allergens were
also assessed at 6 and 12 months.

During clinical follow-up, 32 (31%) infants presented with two or more wheezing
episodes, while 70 (69%) had no wheezing. Total IgE levels were significantly higher up
to 12 months in wheezing infants when compared to nonwheezing group. At 12 months,
the specific IgE levels to cow9s milk, egg white and mites were higher in infants with
recurrent wheezing. There was no influence of family history for atopy on IgE levels.
The skin-prick tests were positive in 14% and 23% in wheezing infants at 6 and 12
months, respectively.

These results indicate an early allergic sensitisation in wheezing infants, suggesting
an altered immunoregulatory T-cell role in immunoglobulin E production.
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Recurrent wheezing in infancy is a heterogeneous
condition. Some children have transient early wheez-
ing, whereas in others, the respiratory symptoms
occurring in early life may be the first manifestation
of asthma [1].

Factors affecting wheezing in the early years of life
and their relationship to the later development of
asthma are currently under investigation. The possi-
bility that immune mechanisms may contribute to the
beginning of wheeze has been supported by studies
that tend to favour an immunoglobulin (Ig)E-
mediated hypersensitivity type of mechanism. Some
authors suggested a prolonged activation of T-helper
(Th)2-like immune response after bronchiolitis [2, 3].
Other authors have found higher total IgE levels in
young children that presented with persistent wheez-
ing [4].

Little is known about the longitudinal relationship
between the IgE immune responses and allergic sensi-
tisation in infants with early wheezing. The aim of this
study was to evaluate prospectively the development
of the immune response mediated by IgE and its
association with allergic sensitization in a group of
infants that developed recurrent wheezing during their
first year of life.

Material and methods

Patients

This is a 1-yr prospective study that enrolled
healthy term neonates weighting w2,500 g. Term
neonates (n=282) born from April 1996–May 1997
between 08:00–16:00 h, at the University Hospital
were randomly included. Twenty-one cases were
excluded because the neonates weighted v2,500 g.
One-hundred and fifty cases were further excluded
because the mothers did not give consent to join the
study. Thus, 114 children (including three pairs of
nonidentical twins) were included in the study.

Regarding the clinical manifestations of atopy,
infants were followed up from birth to 12 months of
age. During the clinical follow-up, these infants were
classified as three groups: I) recurrent wheezing; II)
other manifestations of atopy, such as urticaria, or
reactions to insect stings; III) asymptomatic group [5].
The children from group II were excluded since they
presented no respiratory symptoms, and a total of 102
cases were analysed.

This study was approved by the Medical Ethics
Committee of the University Hospital at the State
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University of Campinas Medical School (Brazil) and
informed consent was provided by the parents before
enrolling the child in the study.

Study design

All infants were examined by the same physician
at 3, 6, 9, and 12 months of age at the University
Hospital. The mothers answered a standardised ques-
tionnaire about clinical manifestations of their babies,
including whether or not they presented with episodes
of wheezing, the duration of breast-feeding and when
egg white was offered to their infants.

Recurrent wheezing was defined as at least two
episodes with good response to a b-adrenergic agonist
inhalation and no evidence of respiratory bacterial
infection. The b2-agonist fenoterol in saline (0.9%)
was administered by an oxygen nebuliser for 5–10 min.
The effects of the b2-agonist were measured by clinical
exam 15 and 30 min after the inhalation by a decrease
in respiratory rate and the absence of wheezing at
auscultation. A physician clinically documented the
episodes of wheezing during the follow-up, and addi-
tional examinations were performed at other intervals
when necessary.

A positive family history for atopy was considered
whenever parents, siblings or grandparents had one or
more atopic disorders (asthma, eczema, rhinitis, food
allergy). Maternal atopy was confirmed by a positive
skin-prick test or a high total IgE level (w180 interna-
tional units (IU)?mL-1) without helminthic infestation.

Cord blood samples were collected immediately
after birth by using standard procedures, which
included careful cleansing of the cord and strict punc-
ture of the umbilical vein to avoid maternal contami-
nation. A serum sample was obtained from the
newborns and also at 3, 6, 9, 12 months of age for
total IgE measurement. At 6 and 9 months, the
specific IgE levels to cow9s milk, egg white and mites
(Dermatophagoides pteronyssinus and D. farinae) were
determined. All samples were stored at -80uC until
assayed. Furthermore, all infants were investigated for
helminthic infestation at 6 and 12 months of age and
those with a positive exam were excluded.

Allergy skin-prick test

The allergy skin-prick test was performed on infants
at 6 and 12 months of age with standardised extracts
from house dust and mites (D. pteronyssinus, D.
farinae), obtained from Daught Laboratories1
(Allergomed Division, Madrid, Spain). Additional
skin-prick tests were performed in the mothers on
standardised extracts from moulds, as well as dog and
cat epithelia. The tests were done in the absence of
antihistaminic treatment. Histamine (10 mg?mL-1)
was used as a positive control and diluent saline solu-
tion as a negative control. A positive test was con-
sidered if, after 15–20 min, half of the sum of the
largest diameter and its perpendicular measured
o3 mm.

Laboratory methods

Total IgE was measured using an ultrasensitive
enzyme-linked immunoassay, IMx total IgE assay
(Abbott Laboratories1, Abbott Park, IL, USA),
based on microparticle enzyme immunoassay. The
results were expressed in IU?mL-1 (1 IU?mL-1

=2.4 mg
of IgE?L-1). The minimum sensitivity of the assay was
0.048 IU?mL-1.

Specific IgE was measured by immunochemilumino-
metric assay, using the Magic Lite System (Bayer
Diagnostics1, Sudbury, UK). The results were
expressed in standard units (SU?mL-1) and they were
classified into conventional allergy classes (0–5). The
high sensitivity protocol was used, with a cut-off value
of 0.5 SU?mL-1. A positive test was considered when
the values were w0.5 SU?mL-1 (0–1 class).

Total serum IgA was measured by nephelometry
(Beckman Instruments1 Inc., Galway, Ireland) in
cord blood samples. An IgA level o3.23 mg?dL-1 was
considered to represent contamination of the cord
serum with maternal serum, and the sample was
excluded [6].

Statistical methods

IgE geometric mean values and standard deviations
(SD) were calculated by logarithmic transformation,
since IgE values did not show a gaussian distribution.
Analysis of variance (ANOVA) with repeated mea-
sures was used to analyse the IgE levels in wheezing
and nonwheezing infants, and the influence of family
history of atopy. The Generalised Estimation Equa-
tion evaluated the influence of family history for atopy
on specific IgE levels. The correlation between specific
IgE and total IgE levels was analysed using the
Pearson correlation coefficient and the concordance
with the skin-prick test by the Kappa coefficient. The
Wilcoxon rank-sum test was employed to compare the
specific IgE levels between wheezing and nonwheezing
at 6 and 12 months of age. The Chi-squared test was
used to compare the two groups in relation to the
positive skin-prick test and specific IgE levels. All
statistical analyses were considered significant when
p-values were f0.05.

Results

One-hundred and two infants were included in this
study. There were 54 (53%) males, 61 (60%) Whites
and 41 (40%) Blacks. During the follow-up to 12
months of age, 32 (31%) presented with two or more
wheezing episodes and 70 (69%) had no symptoms of
wheeze or atopy. Three cord blood samples (3%) were
excluded from the analyses because of maternal blood
contamination. One sample at 6 months and two
samples at 12 months were also excluded due to
helminthic infection.

There were 48 infants (47%) that had been breast-
fed for v6 months and their mothers started to offer
them cow9s milk aty3 months of age. Twelve infants
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(12%) received cow9s milk since their birth. The egg
white was given after 3 months of age to these infants.

Total and specific immunoglobulin E levels and
presence of recurrent wheezing

Total serum IgE levels increased according to the
age in both group of infants. Mean total IgE levels
were higher (pv0.0004, ANOVA) in the recurrent
wheezing group when compared to the nonwheezing
group at all intervals (fig. 1).

At 6 and 12 months, the percentage of infants
sensitised against cow9s milk, egg white and mite
(D. pteronyssinus and D. farinae) was higher in the
recurrent wheezing than the nonwheezing group; this
was only statistically significant at twelve months
(table 1). The specific IgE was also analysed quantita-
tively to demonstrate the magnitude of the positive
class. Higher specific IgE levels to cow9s milk (pv0.04),
egg white (pv0.02), D. pteronyssinus (pv0.01) and
D. farinae (pv0.05) were found in infants with
recurrent wheezing (figs. 2 and 3). No relationship
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Fig. 1. – Mean total immunoglobulin E (IgE) levels (log values) in
infants with recurrent wheezing (&) and asymptomatic infants
($) during their first year of life. The vertical bars represent the
standard deviation. For repeated measures analysis of variance,
p=0.004.

Table 1. – Number of infants with positive specific immunoglobulin E (IgE) levels to egg white, cow9s milk,
Dermatophagoides pteronyssinus and D. farinae at 6 and 12 months of age

6 months 12 months

W NW W NW

n (%) n (%) n (%) 95% CI n (%) 95% CI

Subjects n 32 68 30 62
Allogens

Egg white 12 (38) 16 (24) 13 (43)# 26–62 10 (16) 8–28
Cow9s milk 11 (34) 19 (28) 18 (60)# 41–77 21 (34) 23–47
D. pteronyssinus 7 (22) 11 (16) 9 (30)# 15–50 7 (11) 5–23
D. farinae 6 (19) 13 (19) 10 (33)# 18–53 6 (10) 4–21

W: wheezing infants; NW: asymptomatic infants; CI: confidence interval. #: The percentages of positive specific IgE levels
were significantly greater for W infants compared with NW infants at 12 months of age. Chi-squared test pf0.05.

Egg white
W

Sp
ec

ific
 Ig

E 
lev

els
 a

t 1
2 

m
on

th
s  

SU
·m

L-1

10

0

5

25

20

15

NW
Cow’s milk

W NW

Fig. 2. – Specific immunoglobulin E (IgE) levels to egg white and
cow9s milk in infants with recurrent wheezing (W; ') and asymp-
tomatic infants (NW; #) at 12 months of age. The extreme values
to egg white (W=89.14 SU?mL-1) and cow9s milk (W=80.93 SU?mL-1)
were not plotted. Mean: solid line; Median: dotted line. Wilcoxon
rank-sum test for egg white: pv0.04; for cow9s milk: pv0.02.
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Fig. 3. – Specific immunoglobulin E (IgE) levels to mite in infants
with recurrent wheezing (W; ') and asymptomatic infants (NW;
#) at 12 months of age. The extreme values to Dermatophagoides
farinae (W=31.73 SU?mL-1 and NW=68.9 SU?mL-1) were not
plotted. Mean: solid line; Median: dotted line. Wilcoxon rank-sum
test for D. pteronyssinus: pv0.01; D. farinae pv0.05.

642 N. LOPEZ ET AL.



was observed between total IgE levels and specific IgE
levels.

Skin-prick test

A positive skin-prick test for at least one of the
inhaled allergens, house dust and dust mites
(D. pteronyssinus, D. farinae) was found in 14% (4 of
29) and 23% (7 of 30) of wheezing infants at 6 and 12
months, respectively. In the same period, the asympto-
matic group presented a lower percentage of infants
with positive skin-prick tests, 10% (7 of 68) and 10%
(6 of 58) at 6 and 12 months, respectively, but the
difference was not statistically significant. There was
no concordance between positive skin-prick test and
specific IgE levels to these inhalant allergens (Kappa
coefficient f0.40).

Influence of family history for atopy on
immunoglobulin E levels and presence of recurrent
wheezing

A positive family history for atopy was present in
53% (54 of 102) of the infants; 39% (21 of 54) of these
developed recurrent wheezing and a positive maternal
atopy was confirmed in 43% (9 of 21). In the group of
infants without clinical manifestations, 61% (33 of 54)
had a positive family history for atopy and 45% (15 of
33) had a positive maternal atopy. Total IgE levels
and specific IgE levels were not influenced by positive
family history for atopy in infants with and without
recurrent wheezing, even if a maternal history for
atopy was analysed separately.

Discussion

Wheezing infants had higher total IgE levels from
birth up to 12 months of age. They were also
sensitised to some food (egg white, cow9s milk) and
inhalant allergens (mites) at 6 and 12 months of age,
with higher levels directed against these allergens at 12
months.

After birth, individuals with a genetic predisposi-
tion for atopy tend to present faster rises in serum IgE
levels [7]. Some authors have found that there is a
higher risk for atopic disease when IgE concentrations
exceed 10 IU?mL-1 during the first year of life [8]. In a
cohort study of allergic and nonallergic children from
1 yr until adolescence, significant differences were
observed in IgE levels between the two groups up to
11 yrs of age [9]. In the present study, the mean IgE
levels were significantly higher in infants with recur-
rent wheezing in all periods between birth and 1 yr of
age. Nevertheless, low levels of IgE could not exclude
later clinical manifestations of recurrent wheezing,
because the concentrations varied considerably in this
period of life. Furthermore, the broad overlap bet-
ween IgE levels in atopic and nonatopic individuals
decreases the clinical meaning of this laboratory mea-
surement [10, 11]. Thus, the present findings cannot

ascertain the development of asthma in these wheez-
ing infants solely by considering total IgE levels.

The exposure to an antigen, and the development of
sensitisation may occur early, during late pregnancy.
Some authors have documented proliferative responses
of cord T-cells to some cow9s milk proteins [12] or
aeroallergens [13, 14]. In the present study, high total
IgE levels were found in cord blood, suggesting early
sensitisation, probably by peptides that can gain
access to the foetal circulation from the mother [15].
Other hypotheses to explain high cord blood IgE
levels involve environmental factors, including mater-
nal smoking during pregnancy and season of birth.
These factors act before birth contributing to the
regulation of Th2 cells and IgE production [16].

The development of sensitisation to a specific aller-
gen also varies with age [17]. In a prospective study,
specific IgE to egg white and cow9s milk was found in
infants starting from 3 months of age, and reached a
peak prevalence at 8 months of age, while IgE for
inhalants appeared from 2 yrs of age [18, 19]. In this
study, the majority of infants received this food early,
and IgE responses to this food and to mite allergens
were observed at the first measurement, at 6 months of
age. Although these levels were higher in wheezing
infants at 12 months, the statistical analyses per-
formed were not used to evaluate enhanced risk of
recurrent wheezing. It remains to be established whe-
ther these findings are part of an immune response
associated with later development of atopy, or can be
only a transient imbalance followed by maturation of
the immune system [20]. The evidence that IgE
directed against egg white at 12 months of age is a
valuable marker for subsequent allergic sensitisation
to inhalant allergens [21, 22] argues the possibility that
the present results could be associated with future
atopic disease.

Immediate skin tests are widely used to identify
sensitisation to a specific allergen and help in the
diagnosis of atopic disease [23, 24]. Skin tests for
inhalant allergens may assist in the early diagnosis of
asthma in wheezing infants [25]. On the other hand, in
children v3 yrs of age these tests can be unreliable,
with a low positivity not correlating with specific IgE
[26, 27], but others authors have shown that the skin-
prick test is reliable with high positive correlation with
specific IgE [28, 29]. The present study showed a low
number of wheezing infants with a positive test for
inhaled allergens and no concordance with specific
IgE levels. In addition, positive tests were found in the
asymptomatic group. Thus, the limits of the inter-
pretation of this test in infants must be considered.
These include the relative hyporeactivity and thinness
of infant skin, the low frequency of inhalant-specific
IgE in early infancy, and the frequency of false-
positive tests [23].

A great deal of effort has been invested in identi-
fying early markers that will predict ongoing atopic
asthma, but an accurate marker has not yet been
found. In the first year of life, even a positive family
history for atopy has a low sensitivity to identify who
will continue to wheeze [30, 31]. Although the associ-
ation between high cord blood IgE levels and positive
family history for atopy has been described (especially
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for maternal atopy [31, 32]), in the present study, this
association in cord blood was not confirmed. Similar
results were found by LILJA et al. [33] in other periods
during the first year of life.

Early recognition of asthma in wheezing infants is
still a major problem for physicians. The only pre-
dictor of severe disease is pre-existing atopic eczema
[34]. Although the present authors could not define an
atopic asthma marker, the specific immunoglobulin E
levels to egg white may assist in diagnosis of atopy
f12 months of age as shown in this and several other
studies [21, 22]. The results demonstrated that wheez-
ing infants can present an immune response mediated
by immunoglobulin E, suggesting an immunological
imbalance. These alterations might suggest the hypo-
thesis of a common defect in the ontogeny of the
immune system involving immunoglobulin E produc-
tion and early allergic sensitisation. A future follow-
up of this cohort will provide more information
regarding association with atopy.
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