
Peripheral blood eosinophils and IL-4 in
infancy in relation to the appearance of
allergic disease during the first 6 years of life

Elevated eosinophil counts are associated with
current allergic disease, low FEV1, increased
peak flow variation and airway histamine respon-
siveness (1). Eosinophilia is an indicator of
inflammation that is most closely related to the
clinical severity of childhood asthma (2).
Increased interleukin (IL)-4 concentrations have
been reported both in allergic infants and allergic
children (3–6). Several authors have also des-
cribed low interferon-c production in children
with allergic disease in addition to elevated IL-4
(7–9). Less is known whether the eosinophilia
and cytokine imbalance found in the allergic
children appear prior to the clinical manifesta-
tions of disease, or merely are the result of
disease. Elevated eosinophil counts have been
described as a marker of allergy in newborns

(10), but this was not confirmed in other study
(11). A significantly increased production of IL-4
at 6 months of age was recently observed in
children developing allergies compared with the
non-allergic children (12). Also reduced inter-
feron-c production has been suggested as a risk
factor of allergic disorders (13, 14).
In a prospective study, enrolling 67 families

with (n ¼ 46) and without (n ¼ 21) a history of
allergic disease, we found that elevated eosino-
phil counts in the peripheral blood of healthy
infants at 3 months were associated with a
subsequent diagnosis of allergic disease by the
age of 18 months (15). Low levels of IL-4 were
detected in 10 of 63 cord blood samples (16). The
levels then increased, both in the healthy and
allergic infants reaching a peak at either 6 or

Borres MP, Björkstén B. Peripheral blood eosinophils and IL-4 in
infancy in relation to the appearance of allergic disease during the first
6 years of life.
PediatrAllergyImmunol2004:15:216–220.�2004BlackwellMunksgaard

Eosinophils in peripheral blood and serum levels of interleukin (IL)-4
were analysed at 3 and 18 months and at 6 years in a prospective study
comprising 67 children, of whom the majority had atopic heredity. The
children were monitored from birth up to 6 years of age and the findings
were related to family history of allergy and development of allergic
disease. Twenty-nine children (43%) of the original group of 67 children
were diagnosed as allergic at the age of six. Fifteen of 23 children with
eosinophilia (>4 · 108 eosinophils/l) at 3 months of age were regarded
as allergic at 6 years, when compared with 12 out of 38 children with
normal eosinophil counts at 3 months (v2 ¼ 6.7, p < 0.01). Children
with detectable IL-4 in serum at 18 months were more often allergic at
6 years, when compared with those children with no detectable IL-4
(v2 ¼ 8.6, p < 0.01). Furthermore, the allergic children had a mean
IL-4 value of 0.35 lg/l (95% CI: 0.10–1.48) at 18 months, when com-
pared with 0.17 lg/l (95% CI: 0.10–0.72, p < 0.001) in the non-allergic
children. At 6 years of age, only nine children had detectable levels of
IL-4 and five of them were classified as allergic. Eosinophilia at this age
was also associated with allergic disease. We conclude that eosinophilia
during infancy and increased levels of IL-4 at 18 month of age are
associated with allergic disease during the first 6 years of life. This might
indicate that the first 2 years of life are particularly important for the
development of allergy.
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9 months and then decreased up to 18 months of
age. The infants who became allergic had signi-
ficantly higher IL-4 than those who did not. As
allergic respiratory symptoms-like rhinoconjunc-
tivitis and asthma often develop later in life, the
children were again evaluated when they were
6 years old, thus testing the hypothesis that
eosinophilia at 3 months of age is associated
with allergic disease development up to 6 years of
age, and detectable levels of IL-4 in serum in
apparently healthy infants are associated with the
development of allergic disease.

Material and methods

The study group comprised 67 children who were
subject to a physical examination and sampling
of cord blood at birth and venous blood at 3, 6, 9
and 18 months, as described previously (15–16).
The family history of allergic disease was eval-
uated through interviews and skin prick testing
(SPT, n ¼ 62) of both parents. Thirty-eight of
the children had at least two allergic members of
the immediate family, i.e. both parents, or one
parent and at least one sibling, while 15 children
had one allergic family member and nine children
had a negative family history.
A follow-up was carried out when the children

were between 5 and 7 years old (range: 5.5–
7.3 years). This included a questionnaire, physical
examination, skin prick and lung function tests,
venous blood sampling and nasal smear. The
analysis of the nasal smear showed that children
having detectable nasal metachromatic cells at
every examination were more often allergic than
childrenwith no detectable cells at any time during
the 6-year follow-up period (17). The parents of all
the 67 children completed the questionnaires,
while 63 children were subject to a physical
examination, 61 to SPT and 57 to venipuncture.
Skin prick tests were performed in duplicate

using the following allergens: egg andmilk (Dome/
Hollister-Stier/Bayer, extracts 1:20 w/v), fish
(Dome/Hollister-Stier/Bayer, extracts 1:10 w/v),
cat, dog, timothy, house dust mite (Dermatopha-
goides farinae), mould (Cladosporium) and birch
(SQTM extracts fromALK,Hørsholm,Denmark).
Histamine hydrochloride, 10 mg/ml, served as a
positive control. The size of the wheal was marked
with a felt-tip pen after 15 min and transferred
onto a micropore tape for measuring. The SPT
was regarded as positive when the mean diameter
(half of the sum of the largest diameter and the
diameter perpendicular to it) was at least 3 mm.
The classification of the children as allergic,

probably allergic and non-allergic at the age of 6,
was based on the SPT results in combination

with the case history and physical examination.
The children were also classified in regards to
clinical symptoms.
Atopic eczema/dermatitis syndrome (AEDS)

was classified as flexural itching dermatitis lasting
for more than 1 month (18). Urticaria was
defined as allergic if it appeared at least twice
within 1 hour after exposure to a particular
antigen. The diagnosis of asthma was based on
a history of recurrent bronchial obstruction, at
least once verified by a physician, in combination
with a 15% reduction in forced expiratory volume
at 1 second (FEV1) after a simple running exer-
cise test at the 6 year follow-up and dry cough at
night not because of cold or chest infection (19).
Children who reported airway obstructive symp-
toms in conjunction with a respiratory infection
or had a history of recurrent wheezing, but who
failed to demonstrate a significant fall of FEV1

were classified as having probable asthma. Aller-
gic rhinoconjunctivitis (ARC) was defined as
rhinitis and/or conjunctivitis appearing at least
twice after exposure to a particular allergen and
not related to infection.
In children fulfilling some, but not all the

diagnostic criteria for a disease, probable AEDS,
asthma, ARC and urticaria respectively was
indicated.
Peripheral blood eosinophils were counted in a

Fuchs-Rosenthal chamber after staining with
0.1 ml Magdala Red 10% in 0.1 ml sodium
carbonate 10% (Merck, Darmstadt, Germany),
6 ml acetone (Merck) and 45 ml distilled water.
Blood samples were available at 3 (n ¼ 62), 6
(n ¼ 60), 9 (n ¼ 63) and 18 months (n ¼ 60) and
6 years (n ¼ 57). The missing samples were
because of technical failure or refusal to veni-
puncture. Eosinophilia was defined as more than
4 · 108 eosinophils/l (20). Serum IL-4 levels were
measured with an ELISA kit (Intertest-4; Gen-
zyme Corporation, Boston, MA, USA). The
detection level was 100 ng/l.
The Regional Ethics Committee for Human

Research at the Linköping University Hospital
approved the study and written consent was
obtained from the parents.

Statistics

The Mann–Whitney U-test for comparisons
between allergic and non-allergic individuals
was used because eosinophil numbers could not
be assumed to be normally distributed. The
number of allergic subjects in the two groups
was compared using chi-squared analysis with
Yates� correction. A probability level of <5%
was considered to be significant.
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Results

The prevalence of allergic disease was 43% (29 of
67) at 6 years of age. Thirteen of them had more
than one allergic diagnosis. AEDS (n ¼ 19) was
the most common diagnosis, followed by ARC
(n ¼ 16), asthma (n ¼ 11) and urticaria (n ¼ 5).
Five children were regarded as probably allergic
and 33 as non-allergic. Eighteen children had a
positive SPT at 6 years.
Forty-two children had the same clinical

classification at 18 months and 6 years of age.
Six children with allergic manifestation during
the first 18 months had recovered by the age of 6,
while seven previously healthy children had
become allergic. The remaining 12 children
were classified as probably allergic, either at
18 months or 6 years of age, or were not possible
to evaluate.
Results from eosinophil counts at 3 months of

age were available in 27 of the 29 children who
were classified as allergic at 6 years. The mean
counts at 3 months for this group were 5.9 ·
108/l (range: 1.4–18.2) (Fig. 1a). The correspond-
ing number was 3.4 · 108 eosinophils/l (range:
1.3–9.8) in the 31 children who were classified as
non-allergic at 6 years of age (p ¼ 0.022 Mann–
Whitney). In contrast, eosinophil counts at
6 years were similar in allergic and non-allergic
children, i.e. 4.1 (range 0.5 –9.3) · 108/l vs. 3.5
(range 0.3–14) · 108/l.
Of 23 infants with eosinophilia at 3 months of

age, 15 had allergic disease, two were probably
allergic and six non-allergic at 6 years when
compared with 12 allergic, two probably allergic
and 25 non-allergic of the 39 infants with normal
eosinophil counts (v2 ¼ 6.7, p < 0.01).
In 19 of the 23 children with eosinophilia at

3 months, an eosinophil count was also obtained
at 6 years. Nine of them (47%) continued to have

eosinophilia, while the counts were normal in the
remaining 10 children. Six of the nine children
with continuos eosinophilia were allergic at
6 years and three were non-allergic.
In 10 of 63 infants, IL-4 was detected in cord

blood. Only two of them were allergic at 6 years.
In contrast, 23 of 34 children with detectable IL-
4 at 18 months were allergic at 6 years, when
compared with six of the 24 children with
undetectable IL-4 (v2 ¼ 8.6, p < 0.01). Further-
more, the IL-4 levels at 18 months of age were
higher in children who were allergic at 6 years
when compared with those who were not
(0.35 lg/l, 95% CI: 0.10–1.48 vs. 0.17 lg/l,
95% CI: 0.10–0.72, p < 0.001) (Fig. 1b). At
6 years of age, nine of 57 children had detectable
levels of IL-4. Five of them were classified with
an allergic disease and four as not.

Discussion

Children with an allergic disease at the age of 6
more often had blood eosinophilia and detect-
able IL-4 in serum during infancy, when com-
pared with healthy children.
Infancy seems to represent a critical time

window for the initiation of immune responses
to allergens leading to tolerance or clinically
manifest allergy. IL-4 is of interest in this respect
as it enhances isotype switching to immunoglob-
ulin E and adhesion of eosinophils to endothe-
lium (21). Van der Velden and coworkers (12)
reported increased IL-4 levels at 6 months who
subsequently became allergic. These children
were followed until 12 months of age and
remarkably, IL-4 levels in the allergic children
decreased between 6 and 12 months of age. Our
study show a similar decrease, but over a longer
time period. Therefore, we hypothesize that IL-4
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Fig. 1. Eosinophil counts at 3 months of age (a) and interleukin (IL)-4 levels at 18 months of age (b) in relation to allergic
disease at 6 years. Squares represents allergic and triangles represents non-allergic individuals.
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may be essential in the skewing of the immune
systems towards the TH2 cytokine profile.
According to our data, IL-4 does seem to play
a less important role as effector cytokine in the
established allergic disease, as only nine children
of the total group had detectable levels and five
of them were classified as allergic. On the
contrary, Ohshima and co-workers have reported
significantly elevated serum levels of IL-4 in
allergic children in a cross-sectional study, par-
ticularly at the age of 13–24 months (3). It is
however, difficult to directly compare our find-
ings, as their study was not prospective.
The role of eosinophil counts as a predictor

of allergic disease has been subject to consider-
able attention. Thus, Öymar and coworkers (22)
showed eosinophil counts to be one of the best
variables for predicting wheezing symptoms.
Lönnkvist et al. (23) have shown that eosinophil
counts can be used to estimate the short-term
risk of deterioration in cases of mild and
moderate allergic asthma. However, eosinophil
counts were not related to asthma severity
according to recent work of Siroux and co-
workers (24) which is also in accordance with
our findings that eosinophilia might be more
useful in predicting allergic disease rather than
reflecting current disease.
The difference between these studies and ours

is that the children in our study had not
developed symptoms of allergic disease when
the eosinophils counts were performed at
3 months of age. In order to assess the predictive
value of an analysis, the study should be pros-
pective. Even if this was the case with our study,
it was too small to allow an accurate estimate of
sensitivity and specificity.
In conclusion, children who develop allergic

disease during the first 6 years of life have
eosinophilia and increased levels of IL-4 during
infancy and early childhood in comparison with
non-allergic children.
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