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Allergen-Specific Immunoglobulin E Antibodies in Wheezing Infants:
The Risk for Asthma in Later Childhood

Anne Kotaniemi-Syrjänen, MD*; Tiina M. Reijonen, MD*; Jarkko Romppanen, MD‡; Kaj Korhonen, MD*;
Kari Savolainen, PhD‡; and Matti Korppi, MD*

ABSTRACT. Objective. To evaluate whether the mea-
surement of specific immunoglobulin E (IgE) antibodies
to food and/or inhalant allergens in infants who are
hospitalized for wheezing can be used to predict later
asthma.

Methods. Eighty-two children who were hospitalized
for wheezing at <2 years of age were followed prospec-
tively until early school age. The baseline data and the
characteristics of infancy had been collected at enroll-
ment. At school age, the children were evaluated for
asthma and allergic manifestations, including skin prick
tests to common inhalant allergens. Frozen serum sam-
ples obtained during the index episode of wheezing were
available for 80 children for determination of food and
inhalant allergen-specific serum IgE antibodies by flu-
oroenzyme-immunometric assay, UniCAP, applying the
Phadiatop Combi allergen panel.

Results. Asthma was present in 32 (40%) children at
school age. Food-specific IgE antibodies of >0.35 kU/L
were found in 37 (46%) wheezing infants, but only spe-
cific IgE to wheat and to egg white at the level of >0.35
kU/L were significantly associated with later asthma. In
regard to specific IgE to the mixture of food allergens, the
cutoff level of >0.70 proved to be significant. Inhalant
allergen-specific IgE of >0.35 kU/L was found only in 14
cases (18%), but when present, it was significantly pre-
dictive of asthma. Elevated levels of specific IgE antibod-
ies to food or inhalant allergens were significantly asso-
ciated with allergic rhinitis and skin-test reactivity at
school age.

Conclusions. When present in wheezing infants, spe-
cific IgE of >0.35 kU/L to wheat, egg white, or inhalant
allergens are predictive of later childhood asthma. Con-
sequently, detection of those specific IgE antibodies in
wheezing infants may facilitate the early diagnosis of
asthma, especially in cases with no clinically evident
atopic manifestations. Pediatrics 2003;111:e255–e261.
URL: http://www.pediatrics.org/cgi/content/full/111/3/
e255; asthma, infant, follow-up study, sensitization, spe-
cific IgE antibodies, wheezing.

ABBREVIATIONS: IgE, immunoglobulin E; ECP, eosinophil cat-
ionic protein; SPT, skin prick test; RAST, radioallergosorbent test;
RSV, respiratory syncytial virus; FEV1, forced expiratory volume
in 1 second; OR, odds ratio; CI, confidence interval; PV�, positive

predictive value; LR�, positive likelihood ratio; ROC, receiver
operating characteristic.

Approximately 20% of all children experience
wheezing in infancy,1 and these children are
at increased risk for asthma in later child-

hood. On the basis of recent prospective follow-up
data, up to 40% of them experience asthma at school
age.2 The majority of children with asthma have
clinically evident atopic manifestations in later child-
hood, although allergies may not be apparent in
infancy.2,3 Total serum immunoglobulin E (IgE),2
blood eosinophilia,2 and serum eosinophil cationic
protein (ECP)4 are markers that are often used to
determine subclinical atopy and susceptibility to
respiratory allergy. However, these markers are non-
specific, and to point out the allergen-specific re-
sponses, skin prick tests (SPTs) or radioallergosor-
bent tests (RAST) thus far have had to be performed.
Both of these tests are qualitative, and for technical
reasons, only a restricted number of allergens are
applicable in SPTs in young children. These tests
may also be susceptible to technical errors and vari-
ations as a result of either nonstandardized or non-
automated methods. Consequently, new approaches
are needed to screen those prone to atopy or aller-
gen-induced asthma among the large group of
wheezing infants.

We have followed up prospectively a group of
children who were hospitalized for wheezing at �2
years of age from 1992–1993 onward.5 In 1999–2000,
the children were examined for asthma, and the al-
lergen-specific IgE antibodies were measured from
frozen sera obtained during the hospitalization for
wheezing in infancy. The aim of the present study
was to evaluate whether specific IgE antibodies to
food and/or inhalant allergens in wheezing infants
are predictive of later asthma.

METHODS
In 1992–1993, 100 children, aged 1 to 23 months, were recruited

into this study. All of the children had infection-related wheezing
resulting in hospital treatment in the Department of Pediatrics,
Kuopio University Hospital. The baseline data were charted by
using a structured questionnaire at enrollment, including the his-
tory of earlier episodes of wheezing, the history of atopic derma-
titis, pet contacts in infancy, and the family history of asthma and
atopy.6 More details are presented in Table 1. In addition, total
serum IgE and ECP concentrations and blood eosinophil counts
were determined. The IgE concentration of �60 kU/L,7 the ECP
concentration of �16 �g/L,8 and the eosinophil count of �0.45 �
109 cells/L9 were considered as elevated. Seven common respira-
tory viruses were studied by antibody and antigen assays; there
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were 25 respiratory syncytial virus (RSV) and 18 other viral iden-
tifications.10

The children were followed up prospectively, and in 1999, 82
children, 61 boys and 21 girls, participated in the follow-up visit.
The age of the children varied from 5.6 to 8.8 years (median: 7.2
years), and the time from enrollment (the index episode of wheez-
ing) ranged from 5.3 to 7.2 years (median: 6.3 years). Frozen serum
samples, which were obtained during the index episode of wheez-
ing at �2 years of age (median: 0.9 years), were available for
allergen-specific IgE antibody determinations in 80 children, who
form the subjects of the present study.

In the follow-up study from January to March 1999, a struc-
tured questionnaire was used to record the symptoms suggestive
of asthma associated with exercise, infections, or allergens. In
addition, physician-diagnosed allergic rhinitis and atopic derma-
titis were recorded. Allergic diseases were classified as current
when there had been clinical manifestations during the preceding
12 months. The exercise challenge test was performed in all chil-
dren. The baseline pulmonary function was examined by flow-
volume spirometry (Medikro, Kuopio, Finland), and forced expi-
ratory volume in 1 second (FEV1) was the parameter used in
challenge tests. First, the children were carefully instructed on
how to perform the test. Thereafter, the measurements were re-
peated at least 3 times and accepted when the FEV1 variation was
�5% and when the printed graphic curves were appropriate and
equal in shape. The highest FEV1 value was used in later compar-
isons. The baseline pulmonary testing was followed by exercise
that consisted of free running outdoors for 8 minutes at the heart
rate of 80% or more of the predicted maximum. The heart rate was
monitored by telemetry (Polar Sport Tester; Polar Elektro Ltd,
Kempele, Finland) at 1-minute intervals. Flow-volume spirometry
was performed 10 minutes after the exercise. FEV1 changes were
calculated as follows: [(preexercise FEV1 � postexercise FEV1)/
preexercise FEV1] � 100%.

The children’s lungs were auscultated before the baseline lung
function testing and immediately after the exercise. Symptoms
and auscultatory findings, when present, were recorded. The ex-
ercise challenge test was regarded as positive when there was
auscultatory wheezing present after the exercise and/or a �15%
fall in FEV1.11 Asthma was considered to be present when 1) the
patient was on continuous maintenance medication for asthma or
when 2) she or he had had repeated (�2) episodes of wheezing
and/or prolonged (�4 weeks) cough apart from infection during
the preceding 12 months and the exercise challenge test was
regarded as positive.12

The allergens tested by SPTs were (the outdoor allergens) birch,
common alder, timothy grass, meadow grass, and mugwort pol-
lens and spores of Cladosporium herbarum; and (the indoor aller-
gens) cat and dog epithelial dander and home dust mites Dermato-
phagoides pteronyssinus and D farinae. The concentration of a
nonstandardized extract of C herbarum spores was 1:20 wt/vol.
Other allergen extracts were standardized, the concentrations be-
ing 10 histamine equivalent points. Histamine hydrochloride (10
mg/mL) was used as a positive and 50% glycerol as a negative

control. Wheals with a mean diameter of at least 3 mm were
regarded as positive,13 and no reactions were allowed in negative
controls.

In 2000, allergen-specific IgE antibodies (Phadiatop Combi)
were determined from frozen serum samples, which had been
obtained at enrollment into the study in 1992–1993, by the flu-
oroenzyme-immunometric assay, UniCAP (Pharmacia, Uppsala,
Sweden).3 First, the presence of IgE antibodies to the mixtures of
inhalant and food allergens was screened, the concentrations of
�0.35 kU/L being detectable in both assays. On occasions with
detectable antibodies, additional determinations were performed
to assess individual allergen-specific IgE antibody concentrations.
The detection limit was the same (0.35 kU/L) as for the allergen
mixtures. The other cutoff concentrations proposed by the manu-
facturer (�0.70 kU/L and �3.50 kU/L) were also explored in the
present analyses. Phadiatop Combi panel for food allergens in-
cluded egg white, cow milk, fish, wheat, peanut, and soy bean and
for inhalant allergens timothy grass pollen, birch pollen, mugwort
pollen, cat dander, dog dander, horse dander, house dust mite D
pteronyssinus, and spores of the mold C herbarum.

The data were analyzed using SPSS/PC � 9.0 software (SPSS
Inc, Chicago, IL). Statistical significances of the differences be-
tween the groups were assessed by the �2 test for proportions. The
Fisher exact test was used when the expected frequency for any
cell was �5. The logistic regression analysis was used to calculate
the adjusted odds ratios (ORs) and the related 95% confidence
intervals (CIs). Two-tailed tests were used in all analyses. P � .05
was regarded as statistically significant. The � statistics was ap-
plied to compare agreement between allergen-specific IgE and
other markers and characteristics of atopy. � � 0.80 indicates good
agreement, 0.61 to 0.80 indicates substantial agreement, 0.41 to
0.60 indicates moderate agreement, 0.21 to 0.40 indicates fair
agreement, and �0.20 indicates poor agreement.14 Sensitivity,
specificity, positive predictive values (PV�), and positive likeli-
hood ratios (LR�) were calculated by using routine equations.
LR� values of �3 are considered to have moderate effects on
pretest probability, and LR� values of �10 (or of �5) significant
effects.15 The receiver operating characteristic (ROC) curves were
applied to evaluate the optimal cutoff concentrations for specific
IgE antibodies, maximizing true-positives (sensitivity) and mini-
mizing false-positive cases (1-specificity).

The study was approved by the Research Ethics Committee of
Kuopio University Hospital. Informed written consent was ob-
tained from the parents of the children.

RESULTS
The baseline data of the 80 subjects of the present

study, obtained at enrollment in 1992–1993, are
shown in Table 1. The characteristics of early child-
hood in these 80 children did not significantly differ
from those 20 with specific IgE antibody determina-
tions or follow-up data not available (data not
shown). At school age, asthma was present in 32
(40%) children. Twenty-nine (91%) children were on
continuous maintenance medication for asthma, and
24 (83%) of them reported repeated wheezing (4
children) or prolonged cough (4 children) or both (16
children) during the preceding 12 months. The exer-
cise challenge was positive in 7 (24%) children with
maintenance medication and, based on the defini-
tion, in all 3 children now considered as having
asthma present but having no maintenance medica-
tion for asthma. When the logistic regression analysis
was done separately for each baseline characteristic
with adjustment for gender and age at entry to the
study, atopic dermatitis (P � .008; OR: 4.24; 95% CI:
1.47–12.27), total serum IgE of �60 kU/L (P � .048;
OR: 3.36; 95% CI: 1.01–11.17), blood eosinophil count
of �0.45 � 109 cells/L (P � .001; OR: 6.87; 95% CI:
2.20–21.37), and a history of an earlier episode of
wheezing before the index episode at �2 years of age
(P � .043; OR: 4.39; 95% CI: 1.04–18.43) were signif-

TABLE 1. Baseline Data and Characteristics of Infants During
the Index Episode of Wheezing

Baseline Data Children
(n � 80; %)

Boys 59 (74)
Age �12 mo 31 (39)
History of an earlier episode of wheezing 11 (14)
Atopic dermatitis* 23 (29)
Family history of atopy† 45 (56)
Family history of asthma‡ 15 (19)
Pet contacts in infancy§ 25 (31)
Blood eosinophils of �0.45 � 109 cells/L 26/78 (33)
IgE of �60 kU/L 17/77 (22)
ECP of �16 �g/L 15 (19)
RSV identification 20 (25)

* Cases diagnosed by a physician.
† Allergic rhinitis or atopic dermatitis in parents or siblings, diag-
nosed by a physician.
‡ Asthma in parents or siblings, diagnosed by a physician.
§ Furry pets at home or at day care.
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icantly associated with school-age asthma. In addi-
tion, RSV identification during the index episode of
wheezing was negatively associated with later
asthma (P � .034; OR: 0.22; 95% CI: 0.06–0.89). The
family history of asthma or atopy was not signifi-
cantly predictive of school-age asthma. Accordingly,
16 children had both asthma and atopy in the family;
in 7 (44%) of them, asthma was present at school age
(P � .482; OR: 1.52; 95% CI: 0.47–4.90).

The results of the specific IgE antibody determina-
tions are shown in Table 2. Almost half (46%) of the
children were sensitized to food allergens, whereas
only 18% were sensitized to inhalant allergens. All
children, except 1 with specific IgE to inhalant aller-
gens, were older than 12 months. Sensitization to
food allergens was more evenly distributed: 35% of
the children younger than and 65% of those older
than 12 months were sensitized. Concerning food
allergens, the sensitization was most frequent to egg
white (39%), followed by cow milk (28%), peanut
(18%), and wheat (15%), and concerning inhalant
allergens to dog (10%) and cat (9%) dander. Sensiti-
zation to the house dust mite D pteronyssinus was

rare (3%), and no one was sensitized to the mold C
herbarum. All except 2 children with specific IgE to
inhalant allergens had specific IgE also to food aller-
gens; the corresponding figure for specific IgE to
inhalant allergens was 32% among the children who
were positive for food allergen.

Specific IgE of �0.35 kU/L to the mixture of in-
halant allergens but not to the mixture of food aller-
gens was significantly associated with school-age
asthma (Table 3). However, among individual food
allergens, specific IgE of �0.35 kU/L to egg white
and to wheat were associated with later asthma. In
contrast, cases with cow milk-specific IgE of �0.35
kU/L were almost equally common in children both
with and without later asthma, and, thus, association
with asthma was not to be seen.

When a cutoff concentration of 0.70 kU/L was
applied, specific IgE to the mixture of food allergens
associated significantly with school-age asthma inde-
pendent of age and gender (P � .031; OR: 2.97; 95%
CI: 1.10–7.97). Furthermore, at the level of 3.5 kU/L,
the respective OR was even higher (4.23; 95% CI:
1.16–15.50; P � .029). For cow milk-specific IgE, even
the higher cutoff concentrations of 0.70 to 3.50 kU/L
were not predictive of asthma (data not shown).
Thus, specific IgE to cow milk did not predict later
asthma at any level. Sensitization to individual in-
halant allergens was rare, and no significant associ-
ation was seen between asthma and specific IgE to
any individual inhalant allergen at any concentration
level.

When allergen-specific IgE antibodies were com-
pared with the other markers or characteristics of
atopy on entry, significant associations were seen
with elevated total serum IgE, elevated serum ECP,
blood eosinophilia, and the presence of atopic der-
matitis (Table 4). However, all except 1 of the �
values were �0.40, indicating only fair agreement.
The family history of atopy or asthma had no asso-
ciation with allergen-specific IgE antibodies. It is in-
teresting that only 4 (16%) of the 25 infants with a
furry pet at home or at day care had specific IgE to
inhalant allergens. Among the 20 RSV-positive chil-
dren, only 4 (20%) children had specific IgE to food
allergens and 1 (5%) child had specific IgE to inhal-
ant allergens. Thus, RSV identification was associ-
ated with nondetectable concentrations of specific

TABLE 2. Specific IgE Antibodies to Food and Inhalant Aller-
gens in Wheezing Infants During the Index Episode of Wheezing

Specific IgE of
�0.35 kU/L to

All
(n � 80)

Age

�12 Months
(n � 49)

�12 Months
(n � 31)

Food allergens 37 (46%) 17 (35%) 20 (65%)†
Egg white 31 13 18
Cow milk 22 9 13
Fish 5 1 4
Wheat 12 4 8
Peanut 14 4 10
Soy bean 4 2 2

Inhalant allergens 14 (18%) 1* (2%) 13 (42%)‡
Timothy grass 1 - 1
Birch 3 - 3
Mugwort 1 - 1
Cat 7 - 7
Dog 8 - 8
Horse 5 - 5
D pteronyssinus 2 - 2
C herbarum 0 - 0

* Individual inhalant allergen-specific IgE determinations not
done because of an inadequate blood specimen.
† P � .009 vs �12-month-old children (the �2 test).
‡ P � .001 vs �12-month-old children (the �2 test).

TABLE 3. Allergen-Specific IgE Antibodies in Infancy as Predictive Factors for School-Age
Asthma

Specific IgE of
�0.35 kU/L to

Asthma at School Age PV� P OR 95% CI

Present
(n � 32)

Not Present
(n � 48)

Food allergens 20 17 54% .075 2.48 0.91–6.74
Egg white 18 13 58% .048 2.85 1.01–8.02
Cow milk 12 10 55% .253 1.85 0.65–5.28
Wheat 9 3 75% .030 4.93 1.16–20.89
Peanut 8 6 57% .471 1.61 0.44–5.85

Inhalant allergens 11 3 79% .006 9.75 1.91–49.71
Cat 5 2 71% .257 2.94 0.46–18.90
Dog 5 3 63% .522 1.74 0.32–9.49

P values, ORs, and 95% CIs were determined by logistic regression with adjustment for gender and
age at entry. Analyses have been done separately for each factor. Allergens with �5 positive cases
were not included in analyses.
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IgE to food (16 of 20 cases; P � .007) or to inhalant (19
of 20 cases; P � .170) allergens.

Allergic rhinitis was diagnosed in 29 (36%) chil-
dren and atopic dermatitis in 39 (49%) children at
school age. A significant association was found be-
tween allergic rhinitis and specific IgE of �0.35 kU/L
to the mixture of inhalant allergens (P � .003; OR:
12.40; 95% CI: 2.35–65.42) and specific IgE of �0.35
kU/L to the mixture of food allergens (P � .001; OR:
7.29; 95% CI: 2.34–22.71) in infancy. However, no
such association was found with the later occurrence
of atopic dermatitis (data not shown). When specific
IgE in infancy was compared with SPT reactivity at
school age, all 14 children with specific IgE to inhal-
ant allergens (P � .001) and 26 (70%) of 37 with
specific IgE to food allergens (P � .002) had positive
SPT results. Conversely, 9 (24%) SPT-positive chil-
dren had specific IgE neither to food nor to inhalant
allergens in infancy.

When evaluated as an asthma-predicting marker,
specific IgE of �0.35 kU/L to the mixture of food
allergens had a moderate sensitivity (63%) and spec-
ificity (65%), whereas specific IgE of �0.35 kU/L to
the mixture of inhalant allergens was less sensitive
(34%) but very specific (94%). The PV� were 54%
and 79% (Table 3), and the LR� were 1.76 and 5.50,
respectively. Among individual allergens, specific
IgE of �0.35 kU/L to wheat had the highest speci-
ficity (94%) and PV� (75%), with an LR� of 4.50. The
cutoff concentrations �0.35 kU/L for specific IgE

were evaluated in relation to school-age asthma by
applying ROC curves (Figs 1 and 2). There were no
substantially better cutoff concentrations for the mix-
ture of inhalant allergens or for any individual inhal-
ant or food allergens (data not shown) than the de-
tection concentration. However, for the mixture of
food allergens, the optimal cutoff concentration of
specific IgE was higher, close to 0.70 kU/L (P � .031;
OR: 2.97; 95% CI: 1.10–7.97).

Finally, we evaluated whether specific IgE com-
bined with other atopic manifestations improves the
applicability of specific IgE as an asthma-predictive
marker. In the present cohort, atopic dermatitis was
the only clinically evident atopic manifestation on
admission in infancy. We found that the combination
of atopic dermatitis and food-specific IgE of �0.35
kU/L gave the best result (P � .0038; OR: 8.13; 95%
CI: 1.97–33.54; Table 5). Because specific IgE to the
mixture of inhalant allergens was rarely detectable in
infancy and, whenever present, highly predictive for
asthma at the detection level, any combinations with
atopic dermatitis or use of other than detection con-
centrations in analyses gave no additional advan-
tages (data not shown).

DISCUSSION
There are 3 main results in the present study on

allergen-specific IgE antibodies as predictors of
asthma in wheezing infants who are treated in the
hospital. First, sensitization to food allergens was
common: 35% to 65%, depending on age. Specific IgE
to the mixture of food allergens, however, was not

Fig 1. Food-specific IgE concentrations in relation to later child-
hood asthma displayed as a ROC curve. The concentrations—
expressed by a black point, a square, and a triangle—are 0.35
kU/L, 0.70 kU/L, and 3.50 kU/L, respectively.

Fig 2. Inhalant allergen-specific IgE concentrations in relation to
later childhood asthma displayed as a ROC curve. The concentra-
tions—expressed by a black point, a square, and a triangle—are
0.35 kU/L, 0.70 kU/L, and 3.50 kU/L, respectively.

TABLE 4. Specific IgE to Food and to Inhalant Allergens Compared With Other Atopy Markers or Characteristics at Entry

Baseline Data Specific IgE of �0.35 kU/L to

Food Allergens Inhalant Allergens

n � 37 P � n � 14 P �

Atopic dermatitis (n�23) 15 .031 0.225 9 .001 0.344
Blood eosinophils of �0.45 � 109 cells/L (n�26) 16/35* .036 0.230 10/13* .001 0.374
Total serum IgE of �60 kU/L (n�17) 14/36† .002 0.326 8† �.001 0.396
Serum ECP of �16 �g/L (n�15) 12 .004 0.266 8 �.001 0.453
Family history of atopy (n�45) 21 .932 0.009 6 .226 �0.087

* Data were available for 78 children.
† Data were available for 77 children.
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associated with school-age asthma at the detection
level of 0.35 kU/L, whereas concentrations of �0.70
kU/L were predictive. However, among individual
food allergens, specific IgE to egg white and to wheat
predicted later asthma even at the detection level,
but specific IgE to cow milk did not, at any level.
Second, sensitization to inhalant allergens was less
common and only exceptionally present before the
age of 12 months. When present, specific IgE anti-
bodies to inhalant allergens were highly predictive of
later childhood asthma. Third, there was a significant
association between specific IgE to food and inhalant
allergens and other markers of atopy in infancy.
However, the � statistics showed that different mark-
ers, including allergen-specific IgE antibodies,
“found” partly different children at risk for later
atopy and asthma.

An automated in vitro screening method, UniCAP
fluoroenzyme-immunometric assay, which allows
detection of allergen-specific serum IgE antibodies
quantitatively, was applied in the present study. The
accuracy of the UniCAP assay has been good com-
pared with earlier, nonautomated laboratory meth-
ods, such as the CAP System RAST.3 The storage of
serum samples as frozen for several years, as was
done in the present study, has not significantly in-
terfered with the results.3 The detection concentra-
tion for specific IgE, 0.35 kU/L, has been used by
Sigurs et al.16 Other investigators have preferred
higher cutoff concentrations, such as 0.70 kU/L, for
“positive” results.17,18 According to the manufac-
turer, the specific IgE concentrations of 0.35 kU/L to
0.69 kU/L are comparable to RAST class 1, the con-
centrations of 0.70 kU/L to 3.49 kU/L to RAST class
2, and the concentrations of �3.50 kU/L to RAST
classes 3 to 4. In food allergy, confirmed by elimina-
tion-challenge tests, the diagnostic concentrations of
specific IgE have varied from 6 kU/L for egg white
to 32 kU/L for cow milk.19 Low to moderate IgE rises
to cow milk are found in infancy even without clin-
ical consequences.17 Thus, the clinically significant
concentrations for specific IgE seem to depend on
tested allergens, the age of the child, and the clinical
questions in consideration.19

There are only 2 previous follow-up studies on
allergen-specific IgE antibodies as asthma-predicting
markers in wheezing infants. Delacourt et al20 stud-
ied 67 children, aged 1 to 25 months, the majority of
whom already had a diagnosis of asthma, and
Wever-Hess et al21 studied 231 children, �2 years of
age, who were referred to the outpatient clinic be-

cause of suspicion of asthma. Delacourt et al found
that specific IgE antibodies to inhalant allergens were
rare in infants with asthma, whereas Wever-Hess et
al21 found an association with asthma and specific
IgE to both food and inhalant allergens. In both
studies, the assays applied to determine specific IgE
antibodies gave the results as either positive or neg-
ative,20,21 not as concentrations, and, thus, the results
are not directly comparable with the results of the
present study. The follow-up time in both studies
was no more than 2 years, Delacourt et al reported
only specific IgE to the mixture of inhalant allergens,
and neither study reported specific IgE for individ-
ual allergens.

In our study, a large panel of specific IgE antibod-
ies to several common allergens, including 6 individ-
ual food and 8 inhalant allergens, was investigated as
a predictor of asthma in infants that had been hos-
pitalized for the first time for wheezing. Among
analyzed allergens, specific IgE to egg white was
both common in infancy and predictive of school-age
asthma, being thus an applicable marker. However,
IgE responses to food allergens, such as responses to
egg white and wheat in the present study, may
rather reflect the atopic reactivity in general than
specific contribution to the development of atopic
symptoms or later asthma. In addition to large panel
size, the other strengths in our study were a prospec-
tive follow-up of a 6-year duration and a good par-
ticipation of �80% of the original cohort of 100 in-
fants in the long-term follow-up. In addition, the
diagnosis of asthma, being based on the presence of
symptoms, the need for maintenance medication,
and the changes in lung function tests, was done at
the age when symptomatic children have real
asthma, not any more transient wheezing.1,2

Other studies on specific IgE in infants have been
either cross-sectional studies in wheezing infants
with22,23 or without24 controls or follow-ups of non-
selected17 or selected16,18,25 birth cohorts or of chil-
dren selected by other criteria26 not particularly aim-
ing at the outcome of wheezing infants. In addition,
such large panels of allergens, such as Phadiatop
Combi, or automated quantitative methods for de-
termining specific IgE antibodies, such as UniCAP,
have been rarely available.

In a German birth-cohort study, specific IgE anti-
bodies to food allergens were found in 10% of all
children in infancy17 and in a Dutch follow-up study
in 20% of infants with asthma.21 In the present study,
the occurrence of specific IgE to food allergens was

TABLE 5. Specific IgE to Food Allergens, Combined With the Presence of Atopic Dermatitis in Infancy, as a Predictor of Asthma at
School Age

Combination Asthma at School Age PV� P OR 95% CI

Present
(n � 32)

Not Present
(n � 48)

Specific IgE of �0.35 kU/L to food allergens
And atopic dermatitis 12 3 80% .0038 8.13 1.97–33.54
Or atopic dermatitis 23 22 51% .0696 2.53 0.93–6.87

Specific IgE of �0.70 kU/L to food allergens
And atopic dermatitis 10 3 77% .0136 6.15 1.45–26.03
Or atopic dermatitis 23 18 56% .0086 3.79 1.40–10.24
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much more common, up to 50%, in children selected
by hospitalization for wheezing in infancy, suggest-
ing a connection between atopy and wheezing in
infancy.2 In fact, the figure was close to that of 60% in
infants with clinical atopy26 and clearly higher than
that of 10% to 20% in nonsymptomatic infants at risk
for atopy.25 Consistent with the recent findings of
Yunginger et al,27 specific IgE antibodies to an indi-
vidual food allergen, egg white, were common, ap-
proximately 40%, being predictive for later asthma
and atopy. In our study, another asthma-predictive
individual food allergen was wheat, and we could
find no earlier report emphasizing the association
between wheat-specific IgE in infants and asthma in
later childhood. Specific IgE to cow milk was com-
mon, next to egg-specific IgE. However, it was not
associated with later asthma at any cutoff concentra-
tion level.

In the Dutch birth-cohort study, specific IgE anti-
bodies to inhalant allergens were present in 8% of
children with asthma younger than 2 years.21 In the
present study, specific IgE antibodies to inhalant al-
lergens were more common, 18%, in wheezing chil-
dren who were treated in the hospital at the same
age. Although sensitization to any certain inhalant
allergen alone, probably as a result of small numbers
of positive cases, was not significant in predicting
asthma, sensitization to inhalant allergens as a mix-
ture was highly predictive, which is consistent with
the Dutch findings.21 Opposite to the observations of
a North American group22 and in line with a Scan-
dinavian pediatric study,16 specific IgE to house dust
mites was rare, as is typical in the northern climate,
and it was not able to predict later asthma.

In the present study, specific IgE antibodies to
both food and inhalant allergens in infancy signifi-
cantly predicted allergic rhinitis and SPT reactivity.
Thus, allergen-specific IgE antibodies, when found at
young age, can be used to predict later atopy25 and,
in the case of wheezing infants, also later atopic
asthma.21 Allergen-specific IgE antibodies are espe-
cially useful in discovering subclinical atopy in chil-
dren. Sensitivities and specificities of all tests are
highly dependent on the cutoff concentration levels
used. In the present ROC analyses, raising the cutoff
level over the detection concentration of �0.35 kU/L
led to diminished sensitivity, with no substantial
improvement in specificity, concerning most aller-
gen-specific IgE antibodies. In recent studies, algo-
rithms based on atopic findings and family histories
of atopy have been developed to predict later asthma
in young children.2,28 These algorithms have thus far
included blood eosinophilia (�4%–5%) as the only
laboratory marker of atopy.2,28 Our results suggest
that elevated specific IgE, especially to egg white and
wheat, even in children with no clinical atopy or
family history of atopy, may be used to predict
asthma after infantile wheezing.

CONCLUSION
Specific IgE antibodies to food allergens are com-

mon and to inhalant allergens are uncommon in
infants who are hospitalized for wheezing. Specific
IgE antibodies to the mixture of inhalant allergens, as

well as to the individual allergens egg white and
wheat, are predictive for later asthma. Detection of
specific IgE antibodies in wheezing infants thus may
facilitate the early diagnosis of asthma, especially in
cases with no clinically evident atopic manifesta-
tions.
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