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Summary

Background The combination of genetic susceptibility and environmental factors induce

allergic sensitization and subsequently local in¯ammation, resulting in atopic manifesta-

tions.

Objective To examine whether immunological features re¯ecting sensitization (total and

speci®c IgE levels, allergen-induced proliferative responses and skin tests) and markers of

in¯ammation (plasma sE-selectin and blood eosinophils) are related to the clinical

expression of atopy and whether they precede atopic disease in children up to 2 years of age.

Methods The development of these markers during the ®rst 2 years of life was studied

prospectively in 133 newborns at high risk to develop atopic disease.

Results The prevalence of atopic disease increased from 25% at 12 months to 32% at

24 months of age. The children with food allergy at 12 months, who all had atopic dermatitis

(AD), turned out to have asthma-like disease in 40% and AD in 100% at the age of

24 months. Total IgE levels increased with time and from 12 months onward levels started

to differ markedly between atopics and nonatopics. Food-speci®c IgE antibodies were

signi®cantly associated with AD (relative risk [RR]� 2.39), food (RR� 1.32) and upper-

airway allergy (RR� 1.20), and house dust mite-speci®c IgE antibodies with upper-airway

allergy (RR� 5.00). A positive skin test was signi®cantly associated with AD (RR� 2.90)

and food allergy (RR� 1.36). The in¯ammation markers investigated, were not related to

the clinical expression or preceded atopic disease at 2 years of age in high-risk children.

Conclusion Positive skin tests and speci®c IgE to food or inhalant allergens were related

to the clinical expression of different atopic diseases. The combination of AD and food

allergy at 12 months re¯ected the strongest risk factor in this high risk cohort for the

development of asthma-like disease at 24 months of age.
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Introduction

The prevalence of atopic disease is increasing, particularly

among children [1]. This creates a necessity to detect
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children at risk of developing atopic disease and to initiate

preventive measures. During the ®rst year of life, atopic

dermatitis (AD) is the most common atopic disease. Sixty

percent of the children who will develop AD start to have

symptoms during the ®rst year of life and 85% during the

®rst 5 years [2]. Approximately 20% of children with AD

have allergic reactions to food constituents, mostly cow's

milk, egg and peanut [3,4]. The natural course of atopic

disease gradually evolves from AD with or without food

allergy in the ®rst years of life, to asthma and rhinitis in the

years thereafter. Similarly, in infancy allergic sensitization

occurs predominantly to foods, but in later childhood

allergic sensitization to inhalant allergens, such as house

dust mite (HDM) and pollen, is more prevalent [5,6].

The development of atopic disease is the result of com-

plex interactions between genetic susceptibility and envir-

onmental factors. These interactions can induce allergic

sensitization and subsequently lead to local in¯ammation

resulting in clinical symptoms of atopic disease.

Early diagnosis of children at high risk for the develop-

ment of atopic disease will allow measures to be taken to

prevent or diminish the clinical expression of atopic dis-

eases. Therefore, several in vivo and in vitro tests have to be

evaluated for detection of early sensitization and for their

role in the early diagnosis of atopic disease in children. IgE

is highly associated with atopic disease, but only a minority

of children who develop atopic disease are born with

increased total IgE levels [7,8]. However, in 80±85% of

children who had developed AD the serum total IgE levels

were elevated [9,10], and 20% of these children had positive

immediate skin tests and serum allergen-speci®c IgE anti-

bodies to various food or inhalant allergens [3].

Several procedures can be used to test for IgE-mediated

food sensitization or allergy. Skin tests and RAST are

widely applied, while oral challenge is still the gold stan-

dard test for the diagnosis of food allergy [11±18]. The

presence of IgE antibodies speci®c to hen's egg protein

during the ®rst year of life is proposed to precede the

development of atopic disease during childhood [19,20].

Increased proliferative responses of peripheral blood

mononuclear cells (PBMC) to food allergens were found

in children who subsequently developed food-sensitized AD

[21,22]. CD4�T lymphocytes were found to be the pre-

dominant responding cells in the PBMC fraction [23].

Moreover, increased proliferative responses were consid-

ered to be a more accurate predictor for atopic disease than

elevated cord blood IgE levels [21].

The RAST, proliferative responses of T lymphocytes and

skin tests are all tests to detect sensitization to allergens at

plasma, cellular and skin level, respectively. Allergic sensi-

tization tends to result in in¯ammation of the target organs

and subsequently in clinical expression of atopic disease.

We and others have previously described soluble E-selectin

(sE-selectin) as a marker of skin in¯ammation related to the

clinical severity of the AD [24,25]. In addition, the degree of

the eosinophilia has been shown to correlate with the

severity of in¯ammation and the degree of airway hyperre-

sponsiveness [26].

In this longitudinal study we investigated whether the

development of the above mentioned markers is related to

the clinical expression of atopic disease and whether they

precede the atopic manifestation at 24 months of age. To

select children with high genetic predisposition for atopy,

we included 133 newborns born to atopic mothers. We

investigated the time course of total- and speci®c-IgE

levels, allergen-induced proliferative responses, skin tests,

sE-selectin levels in plasma and blood eosinophil counts in

relation to the development of atopic disease up to 2 years of

age.

Materials and methods

Study population

High-risk children were followed from birth until 24 months

of age, in order to monitor the development of atopic

disease, such as AD, asthma-like disease, food or upper-

airway allergy.

All mothers of the newborns were atopic, as established

by a questionnaire concerning the clinical history of atopy

and current symptoms. Moreover, the atopic symptoms

were con®rmed by a positive skin test and/or speci®c IgE

to common inhalant and/or food allergens.

The Medical Ethical Committees of the participating

hospitals approved this study. Informed consent was

obtained from the parents of all children prior to their

participation in the study.

In total 133 newborns were included. For various reasons,

23 children dropped out the study before one year of age,

and seven children between 1 and 2 years of age. The main

reasons for drop out were transport dif®culties to the

hospital and nonacceptance by the parents of repeated

venapunctures of their child.

Physical examinations were performed, questionnaires

concerning environmental factors and histories of symptoms

of atopic disease were completed and venous blood samples

were obtained at ages 0, 6, 12, 18, 24 months. The clinical

evaluation during the different visits was made without

knowledge of the immunological or skin test results.

De®nition of atopic disease

AD was based on Sampson's criteria: erythema, oedema,

oozing and excoriation with evidence of itchiness lasting

longer than 4 weeks [2]. The severity of the eczema was

measured by the objective SCORAD [27].
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Asthma is dif®cult to de®ne in young children. There-

fore, we have introduced the term asthma-like disease to

classify the complaints that indicate asthmatic symptoms

before 2 years of age. This group of asthmatic children

include both children with ongoing and temporary respira-

tory problems after the age of 2 years. Based on criteria of

the American Thoracic Society [28] asthma-like disease is

diagnosed if children either have had at least three separate

wheezing episodes each lasting 3 days or more, or have

had more than two separate episodes of paroxysmal noc-

turnal cough with sleep disturbance for three consecutive

nights, or required antiasthma therapy during the last

6 months.

Food allergy was de®ned as clinical manifestation of

erythematous, papular, macrovesicular skin eruptions, diar-

rhoea, vomiting, or respiratory problems in relation to food

ingestion. For the de®nitive diagnosis a positive skin test or

speci®c IgE was necessary. All children suspected for food

allergy were asked for an open oral provocation test to

con®rm the diagnosis.

Upper-airway allergy was de®ned as seasonal or peren-

nial rhinoconjunctivitis, symptoms of sneezing, redness,

itching and tearing of the nose or eyes and/or respiratory

complaints. Diagnosis was con®rmed by the presence of

speci®c IgE in the plasma.

Sensitization to food or inhalant allergens was de®ned as

a positive skin test or speci®c IgE without clinical manifes-

tation.

The term atopic disease was used for high-risk children

with clinical manifestations of allergy, such as AD, asthma-

like disease, food or upper-airway allergy.

Total and speci®c IgE and eosinophil count

The total IgE concentrations in all cord blood samples were

determined with a modi®ed radio-immuno assay to result in

a lower detection limit of 0.2 kU/L. At the other time points,

in all plasma samples of the children total IgE was measured

using the Pharmacia CAP RAST (Kabi Pharmacia, Uppsala,

Sweden). Analysis of speci®c IgE antibodies directed

towards the most common inhalant allergens (HDM, grass

and birch pollen, cat, dog and moulds) and food allergens

(peanut, chicken egg white (EW), cow's milk (CM), cod-

®sh, wheat and (soy) were performed using the Pharmacia

CAP system PhadiatopÒ RAST and the Pharmacia CAP

RAST (Kabi Pharmacia), respectively. Speci®c IgE was

measured in all plasma samples of the children, whether or

not having symptoms after food ingestion or after exposure

to inhalant allergens at 12 (91/110 samples) and 24 (88/103

samples) months of age. Additionally, determination of

speci®c IgE in plasma samples obtained from children of

6 (38 samples) and 18 (32 samples) months of age was

considered to be relevant in those children with symptoms

of atopic disease, or speci®c IgE or a positive skin test

before 24 months of age.

The percentages of eosinophils were counted in periph-

eral blood by leucocyte differentiation.

Proliferative responses

From birth up to 24 months of age heparinized blood

samples were obtained every 6 months. After diluting 1 : 1

with PBS, PBMC were isolated by density gradient centri-

fugation over Ficoll-Hypaque (Pharmacia). Lymphocyte

proliferation assays were performed as described previously

[29]. Brie¯y, PBMC were cultured in RPMI-1640 medium

supplemented with 2 mM L-glutamine, 100 IU/mL penicillin,

50 mg/mL streptomycin, 1 mM pyruvate and 10% heat-inac-

tivated human serum in 96-wells round bottom microtitre

culture plates. PBMC were cultured in quadruplicate at

2 ´ 105 cells/well in the presence of D. pteronyssinus extract

(HDM, 50 mg/mL, ALK-Benelux, Groningen, The Nether-

lands) or EW extract (50 mg/mL, ALK) or CM extract

(25 mg/mL, ALK) or without additions in a total volume

of 200 mL. After 7 days of allergen-speci®c stimulation,

proliferation was measured using [3H]-thymidine incorpora-

tion. The results are expressed as stimulation index (SI),

equal to the ratio of mean c.p.m. in allergen-speci®c-

stimulated cultures over mean c.p.m. in unstimulated cul-

tures. A SI greater than three is considered a positive

proliferative response, as is generally accepted.

Determination of sE-selectin

After Ficoll centrifugation, plasma samples were obtained

and stored at ÿ70 8C until analysis. sE-selectin was mea-

sured at the different time points in plasma by ELISA as

described previously [30].

Skin tests and oral provocation test

Between 9 and 12 months of age, two different skin tests,

namely the skin application food test (SAFT) and the prick-

prick test [17,31], were performed for cow's milk, egg and

peanut in 97 children, independent of a history of AD. Only

in selected cases other foods were tested in children, on

account of a history of complaints to these foods. Children

were asked for an oral provocation test, when the skin test

was positive.

The SAFT is a reliable and child-friendly skin test, vali-

dated for AD in children, more speci®cally for evaluating

(suspected) food allergy in children younger than 4 years [17].

At the Paediatric Dermatology Unit of the Sophia Children's

Hospital, the SAFT is usually performed in AD children

younger than 3 years to evaluate food allergy. In this cohort,

both skin tests were performed in all children, independent of
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a history of AD. In the SAFT, the food was applied, in the

same condition as usually consumed, on the back of the child,

using large Finn chambers. The test was read after 10, 20, and

30 min. The results were scored as follows: 0� no reaction;

1�� erythema; 2�� erythema and oedema within the area

of the Finn chamber; 3� � eythema and oedema up to the

outer area of the Finn chamber. Reactions with a score of

2� or 3� were regarded as positive.

A microlancet with a 1-mm needle with shoulders (ALK,

Benelux) was used in the prick-prick test. The needle was

pricked into the food preparation and subsequently verti-

cally into the skin of the lower arm. A drop of histamine

dihydrochloride solution (10 mg/mL, ALK, Benelux) was

used as positive control and a drop of saline as negative

control. The test was read after 15 and 30 min. The reaction

to the food was evaluated by comparing it with the reaction

to histamine. The reaction to food was considered positive if

the average weal diameter was at least 3 mm larger than the

negative control.

The oral provocation test was performed in a standardized

way at the day-care unit, under appropriate safety con-

ditions. After examination and registration of the blood

pressure and pulse rate, a small amount of the food was

given to the child. All observed reactions were noted.

Positive reactions consisted of an urticarial rash, perioral

redness, ¯are-up of eczema, itching, increased pulse rate,

depression of blood pressure, and respiratory or gastro-

intestinal complaints. If no reactions were observed after

1 h, a double amount of the food was given; after 2 h, the

amount was doubled again. After 3 h, the food was given

without restrictions. The total amount given correlated to

age-related average `daily intake'. If a positive reaction was

observed, the test was stopped. If no reaction was observed,

the child was dismissed after 8 h. The parents were urged to

contact the dermatologist if any late reaction was observed,

in order to evaluate this reaction.

Statistics

Statistical analyses were performed using SSPS for Win-

dows, version 8.0. Parameters were evaluated by computing

the relative risk factor (RR) with Corn®eld's 95% con®-

dence interval (CI) as a measure of association or para-

meters were tested using an independent sample t-test. The

used t-test anticipated with a partial skewness of the values.

P-values less than 0.05 were considered signi®cant.

Results

Prevalence of atopic disease

In this group of high-risk newborns, the prevalence of atopic

disease was 16% (18/110 children) at 6 months of age, 25%

at 12 months of age and increased gradually to 32% (33/103

children) at 24 months of age (Fig. 1). The prevalence of AD

increased markedly after birth to 21% at 12 months and 25%

at 24 months. The severity of the eczema in these children was

in most children classi®ed as mild (objective SCORAD < 15).

The prevalence of asthma-like disease started to increase

mainly after the ®rst year of life from 4% at 12 months to

12% at 24 months of age. Five children (5%) had a food

allergy at 6 months of age, all in combination with AD. The

prevalence of food allergy did not show marked changes

during the ®rst 24 months of life, whereas the prevalence of

upper-airway allergy in the children started to develop after

12 months of life to 4% at 24 months of age.

Of the ®ve children with a food allergy in combination

with AD at 12 months, at 24 months two children revealed to

have asthma-like disease (40%) and all ®ve children still

had AD (100%).

Time course of total IgE levels

Figure 2(a) shows the development of mean total IgE levels

between birth and 24 months of age in children whether or

not they had developed AD or asthma-like disease at

24 months of age. The mean total IgE levels measured at

the consecutive time points increased gradually over time,

whereas this increase was more prominent in children with

atopic features at 24 months, especially AD. At all time

points tested, the difference in total IgE levels between AD

or asthma-like disease and nonatopic children just failed to

reach signi®cance.

Time course of speci®c IgE

Speci®c IgE in plasma of children at 12 months of age was
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Fig. 1. Prevalence of atopic disease at the consecutive time points

tested. Children were assessed for atopic symptoms at 6, 12, 18 and

24 months of age. Results were expressed as the total percentage

atopic children at the individual time points or the percentage of

the children with atopic dermatitis, asthma-like disease, food

allergy and upper airway allergy.



only found against food allergens, whereas in children at

24 months of age speci®c IgE against both food and

inhalant allergens was observed (Tables 1 and 2). Three

out of 12 children (25%) with food-speci®c IgE revealed

to have clinical symptoms to the corresponding food at

the age the speci®c-IgE was found (Table 1). Out of the

®ve children with HDM-speci®c IgE, four (80%) had

clinical symptoms of an upper-airway allergy. Food and

upper-airway allergy was signi®cantly more frequently

observed in children with speci®c IgE to food or inhalant

allergens, respectively, compared to children without

speci®c IgE (Table 1).

Food-speci®c IgE in children before 24 months of age

was signi®cantly associated with atopic disease

(RR� 2.86), AD (RR� 2.39), food allergy (RR� 1.32)

and upper-airway allergy (RR� 1.20) at 24 months of age.

Inhalant-speci®c IgE in children was signi®cantly asso-

ciated with upper-airway allergy (RR� 5.00) at 24 months

of age. We could not assess in our cohort a causal relation-

ship between speci®c IgE measured before 24 months of age

and the development of atopic disease at 24 months.

Time course of plasma sE-selectin levels and blood

eosinophil count

At the consecutive time points, sE-selectin levels were not

signi®cantly different between children diagnosed as having

no atopic disease, AD or asthma-like disease (Fig. 2b). In all

patient groups the sE-selectin levels were not signi®cantly

higher at birth than at later time points. Between the sE-

selectin levels and the development of atopic disease at

24 months of age no associations were observed.

The percentage eosinophils in peripheral blood did not

increase with consecutive time points and no signi®cant

differences were found between the different patient groups

at the consecutive time points (Fig. 2c).

Time course of proliferative responses

In vitro proliferative responses of PBMC to cow's milk,

egg-white (Fig. 3) and HDM were not signi®cantly different

for the various allergens at any time point tested between

children who had or had not developed atopic disease. Atopic
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Fig. 2. Total plasma IgE levels (a), sE-selectin levels in plasma (b),

and the percentage of eosinophils in peripheral blood (c) at

consecutive time points. The results are expressed as mean total

plasma IgE levels in kU/l, mean plasma sE-selectin levels in ng/

mL, or mean percentage eosinophils in nonatopic children, chil-

dren with atopic dermatitis, and children with asthma-like disease

as de®ned at 24 months of age. No signi®cant differences were

observed between the patient groups and these markers at the

different time points.

Table 1. Overall results of age-related plasma levels of allergen-speci®c IgE

Atopic disease at 24 months³

Food² or

upper airway allergy AD FA A UA

Speci®c IgE to food allergens (n� 12) 3* 8* 3 3 2

Speci®c IgE to inhalant allergens (n� 5) 4* 3 1 2 4

No speci®c IgE§ (n� 84) 2 17 1 8 0

AD, atopic dermatitis; A, asthma-like disease; FA, food allergy; UA, upper-airway allergy. *P< 0.05 relative to children without speci®c

IgE. ²Number of children with a food or upper-airway allergy corresponding with the speci®city of IgE. ³Number of children with atopic

disease at 24 months of age. §At all tested time points no speci®c-IgE was detectable in these children.



children who had developed a food or upper-airway allergy

or sensitization at any of the different time points, did not

differ in their proliferative responses from the other atopic

children without a food or upper-airway allergy or sensiti-

zation (children with clinical symptoms to egg or with

speci®c IgE to egg-white are marked in Fig. 3). Allergen-

speci®c proliferative responses were not related to the

development of atopic disease at 24 months of age.

Skin tests and oral provocation test

A positive skin test for food was observed in 11 out of 97

children tested (11%) (Table 3). Signi®cantly more children

with a positive skin test had AD at 12 months (8/11)

compared to skin test negative children (15/86). Also sig-

ni®cantly more children with a positive skin test had food

allergy (4/11) compared to children with a negative skin test

(1/86). A positive skin test at 12 months was signi®cantly

associated with atopic disease (RR� 2.86), AD (RR� 2.90)

and food allergy (RR� 1.36) at 24 months.

A positive skin test for egg-white or cow's milk could be

found in 5% of the children. Out of the 14 positive skin test

children, only 5 (36%) were related to the diagnosis of food

allergy (Table 4). This discrepancy between a positive skin

test and food allergy was mainly due to false positive peanut

prick-prick tests. Eight positive prick-prick tests for peanut

were observed, while no symptoms induced by this food

product were registered.

Oral provocation tests were performed in seven children

to evaluate the clinical impact of the skin tests. These

provocation tests were negative in all cases related to

peanut, whereas in one child with a history of symptoms

to egg, peanut and banana, the egg provocation test was

positive. Provocation to banana was not performed in this

child, because of a strong ¯are-up of the eczema during the

skin test with banana.

Discussion

Detection of children at risk for atopy is important for

initiating preventive measures. In 133 newborns at high

risk for the development of atopic disease, we studied the

development of several markers for allergic sensitization

and in¯ammation at consecutive time points up to 2 years of

age. An important difference in the conduct between this

and most other studies is that we did not select patient

groups retrospectively. This study underscored the rele-

vance of sensitization, but not of in¯ammatory markers in

relation to the clinical expression of atopic disease and

whether they preceded atopic manifestations up to

24 months of age.

The prevalence of atopic manifestations (AD, asthma-

like disease, food and upper-airway allergy) rose from 16%

at 6 months to 25% and 12 months and to 32% at 24 months,

which is in agreement with the expected genetic predispo-

sition of 30% in the case of an atopic mother [32]. The

prevalence for AD at 1 (21%) and 2 years (25%) of age is in

agreement with other studies [33,34]. Most children, who

had AD at 24 months of age, had their initial symptoms

within their ®rst 12 months. The prevalence for asthma-like

disease in our cohort at 1 (4%) and 2 (12%) years was lower

than that in the `Isle of Man study', being 19% and 27%,

respectively [33]. This could be due to differences in the

selection criteria for high-risk children or the severity of the

AD.

AD within the ®rst months of life, mostly the initial

expression of atopic disease, is considered to be a risk factor

for the development of asthma at later ages [35]. In

accordance with Sporik et al. [36] we could not con®rm

AD as a risk factor for asthma. However, our results suggest

that the combination of AD and food allergy at 12 months of

Markers for clinical manifestaions of atopic disease in infants 949

q 2000 Blackwell Science Ltd, Clinical and Experimental Allergy, 30, 944±953

Months

P
ro

lif
er

at
iv

e 
re

sp
o

n
se

 t
o

 e
g

g
 (

S
I)

12

10

8

6

4

2

0
0 6 12 18 24

Fig. 3. Proliferative responses of PBMC of children who had

developed atopic disease (B, W and O) and nonatopic children (A).

Proliferation of PBMC at the different time points was determined

by measuring [3H]-thymidine incorporation on day 7 of culture

after stimulation with 50 mg/mL egg-white extract. Results are

expressed as SI and means of the groups are indicated. Each point

represents the mean of four from an individual PBMC sample.

Atopic children were subdivided in children who had developed

clinical symptoms to egg (W), children with speci®c-IgE against

egg-white (O) and children without clinical symptoms or speci®c

IgE to egg-white (B). No signi®cant differences exist between the

patient groups and the different time points.



age was a risk factor for asthma-like disease at 24 months,

although the sample size of children who had a food allergy

was too small for de®nite recommendations.

Several studies have demonstrated that early and long-

lasting sensitization to food and inhalant allergens must be

regarded as a risk factor for the development of atopic

disease [20,23,35]. Allergic sensitization is frequently

asymptomatic, but sensitization is generally considered

the ®rst step in developing atopic disease [6,37].

Between 12 and 24 months the IgE levels increased

markedly in AD and gradually in the nonatopic children,

resulting in an increasing difference between the total IgE

levels. Surprisingly, the increase of the total IgE levels is

much stronger in AD children than in asthma-like disease

children. This could be explained by clinical heterogeneity

in the group of children with asthma-like disease or may

be related to disease progression in the affected target

organs.
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Table 2. Individual results of age-related plasma levels of allergen-speci®c IgE

Speci®c-IgE (kU/L)

Allergic* Clinical

study number sens. 6 months 12 months 18 months 24 months symptoms²

28 peanut 0.36 ND ± ± no

101 peanut 1.1 ± ± ± no

61 EW ± 0.58 ± ± no

70 EW 0.56 0.37 0.55 ± yes

91 EW 1.08 0.40 ± ND no

126 EW ± ± 0.78 0.83 yes

128 EW 2.31 0.47 0.43 ± no

109 EW 0.36 3.39 4.66 16.6 yes

wheat 0.42 2.81 2.75 8.96 ?

peanut ± ± 0.69 1.54 ?

Soy ± ± ± 0.88 ?

40 CM ± 1.19 ND 3.38 no

57 CM ± ± 0.45 1.42 no

113 CM ± 0.79 0.54 ± no

63 CM ± ± 0.46 1.72 no

39 HDM ± ± ± 4.9 yes

40 HDM ± ± ± 15.16 no

57 HDM ± ± 1.7 25.8 yes

109 HDM ± ± 22.7 93.3 yes

119 HDM ± ± ± 1.04 yes

CM, cow's milk; EW, egg-white; HDM, house-dust mite. (ÿ)< 0.35 kU/l; ND, RAST not done; ?, not clear. *Inhalant and food allergens to

which IgE was directed. ²Clinical symptoms to the food or inhalant allergen corresponding with the speci®city of IgE.

Table 3. Overall results of skin test results and atopic symptoms at 12 and 24 months of age

Atopic disease at 12 months§ Atopic disease at 24 months§

Food allergy³

Skin test² corresponding to SPT AD FA A UA AD FA A UA

Positive (n� 11) 4 8* 4* 0 0 8* 3 2 0

Negative (n� 86) 1 15 1 4 0 18 1 10 4

AD, atopic dermatitis; A, asthma-like disease; FA, food allergy; UA, upper-airway allergy; *P < 0.05. ²Skin tests for cow's milk, egg and

peanut were performed at the age between 9 and 12 months in all children, independent of having a history of AD. ³Children with a food

allergy as de®ned in Materials and Methods section, for the corresponding food as positive in the skin test. §Number of children with atopic

disease at 12 or 24 months of age.



The clinical heterogeneity in both groups of children,

atopic and nonatopic, may in¯uence the impact of these

total IgE levels, as well as of the other markers. The

nonatopic group of children can potentially be divided in

children who will not develop atopic disease and in children

who at 2 years have not yet developed atopic disease. The

heterogeneity in the atopic group of children is related to the

observation that before the age of 2 years it is dif®cult to

distinguish between temporary and persistent atopic symp-

toms, especially for asthmatic features [38]. This implies

that in the wheezing group a part of the children will appear

to be free of such symptoms and mostly nonatopic some

years later. Clinical implications of total IgE levels and the

other markers as risk factors for the development of atopic

disease will become more obvious after longer follow-up.

In agreement with the MAS-90 study, speci®c IgE anti-

bodies in children before the age of 2 years were predomi-

nantly observed against food allergens [39]. Out of the

children with food-speci®c IgE antibodies, however, only

25% had a clinically relevant food allergy. This percentage

is in agreement with previous studies, showing that only

30% to 40% of patients with food-speci®c IgE experienced

clinical symptoms after ingestion of the food-at-risk

[10,16].

Food-speci®c IgE antibodies were signi®cantly asso-

ciated with the clinical expression of AD, food and upper-

airway allergy, and HDM-speci®c IgE antibodies with

upper-airway allergy. However, we could not detect that

speci®c IgE preceded the clinical expressions of atopic

disease in our cohort, as most children with atopy at

24 months had that atopic manifestation already before

24 months. This is in contrast with the ®ndings of Lilja et

al. [16] showing that three out of four children with

detectable speci®c IgE to food at 6 months of age, devel-

oped clinical symptoms of atopic disease before 18 months

of age.

In 5% of the children a positive skin test was observed for

egg or milk, as is in line with other studies [32,40]. A

positive skin test was related to the clinical expression of

AD and food allergy. With regard to speci®c IgE, we could

not detect that a positive skin test preceded the clinical

expressions of atopic disease. Skin sensitivity and IgE

antibodies to egg in the ®rst year of life have been reported

to be associated with upper-airway allergy at 7 years of age

[19,40]. This predictive effect over prolonged periods is

important and underscores the further follow up of our

cohort.

We found that different markers related to in¯ammation,

plasma sE-selectin levels and blood eosinophil counts, were

not related to or would precede the clinical expression of

atopic disease in children before 2 years of age. This could

imply that the development of the in¯ammatory process has

not (yet) resulted in the presence of these markers in the

circulation. This may be a consequence of level of symp-

toms, since the determinations were performed in children

without exacerbations of their atopic disease at the moment

of examination.

In conclusion, in these genetically predisposed children

the total prevalence of atopic disease at 2 years of age was

32%. The prevalence of AD increased markedly during the

®rst 12 months, while asthma-like disease started to increase

mainly after 12 months of age. Markers for atopic disease

were a positive skin test in relation to the clinical expression

of AD and food allergy. Food-speci®c IgE antibodies were

associated with AD, food and upper-airway allergy, and

HDM-speci®c IgE antibodies with upper-airway allergy.

Moreover, the combination of AD and food allergy at

12 months is the strongest risk factor in our cohort for the

development of asthma-like disease at 24 months of age.

None of the markers for allergic sensitization or in¯am-

mation could be shown to precede the clinical expression of

atopic disease at 24 months. This may be the case in follow-

up after 2 years of age as in most other studies where

markers such as skin tests or speci®c IgE were claimed to

be useful in predicting atopic disease, the subjects studied

were older than 2 years [5,6,37,40].
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