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Abstrac t t 

BackgroundBackground In children at high risk of inhalation allergy, food sensitization 

iss associated wi th an increased risk for sensitization to inhalant allergens. 

Furthermore,, this association was also found in a cross-sectional study. 

ObjectiveObjective To examine in a prospective study, whether levels of IgG to foods 

(i.e.. mixture of wheat and rice, mixture of soybean and peanut, egg white, 

cow'ss milk, meat, orange and potato) indicate an increased risk for the 

futuree development of IgE antibodies to inhalant allergens in a low-risk 

populationn and whether they can be used as predictors of the subsequent 

developmentt of IgE antibodies in young, initially IgE negative children. 

MethodsMethods Coughing chi ldren, aged 1-5, visiting their GPs, were tested for IgE 

antibodiess to mite, dog and cat (RAST) and IgG (ELISA) to foods. All IgE 

negativee children were retested for IgE antibodies after two years. The IgG 

resultss (66-percentiles) of the first blood sample were compared to the 

RAST-scoress of the second blood sample. 

ResultsResults After two years, 51 of 397 (12.8%) originally IgE negative children, 

hadd become IgE positive for cat, dog and/or mite. An increased IgG antibody 

levell to wheat-rice (OR= 2.2) and to orange (OR= 2.0) indicated an 

increasedd risk of developing IgE to cat, dog or mite allergens. In addition to 

IgGG to mixture of wheat-rice and orange; total IgE, breastfeeding, eczema as 

aa baby and age were the most important predictors for the subsequent de-

velopmentt of IgE to inhalant allergens. 

DiscussionDiscussion An increased IgG antibody level to mixture of wheat-rice or 

orange,, indicates an increased risk of developing IgE to cat, dog or mite 

allergens.. This indicates that excessive activity of the mucosal immune 

systemm is present before IgE antibodies to airborne allergens can be demon-

strated.. Nevertheless, IgG to foods is not very helpful (with a positive predic-

tivee value of 16.5%, and negative predictive value of 90.6%) in identifying 

individuall children at risk in clinical practice. However, besides other risk 

factors,, IgG to wheat-rice and to orange could be useful as a screening test 

forr studies in the early identification, i.e. before IgE antibodies can be de-
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tected,, of children with an increased risk of developing IgE antibodies in the 

future. . 

Introductio n n 

Cross-sectionall [1] and prospective [2] studies strongly indicate that expo-

suree to allergens during a critical period early in life, may influence the 

developmentt of both IgE antibodies and allergic diseases later in life [3]. 

Variouss environmental factors have been thought to enhance or protect 

againstt the development of both IgE antibodies and allergic disease [4]. 

Calkhovenn et a/. [5] found that IgG to foods is associated with an increased 

futuree risk for sensitization to inhalant allergens. However, this study was 

performedd in a high-risk group of children and comprised many children 

withh atopic eczema. When the results were corrected for eczema, statistical 

significancee did not persist. Several other studies [6-10] reported that atopic 

childrenn have higher levels of IgG subclass, particularly lgG4, antibodies to 

mi lkk and egg than non-atopic children. However, the children in these 

studiess were at a high risk for the development of specific IgE (either they 

hadd a parental history of atopic disease [6,7] and/or they had eczema (or 

asthma)) themselves [9-11]). In an earlier, cross-sectional, study [12], we 

foundd that the levels of IgG to a panel of foods were associated with the 

presencee of IgE to common allergens in a group of low-medium risk young 

children.. However, only longitudinal prospective studies can determine 

whetherr high IgG antibody levels to foods predict the subsequent develop-

mentt of IgE to inhalant allergens. As this was a cross-sectional study, the 

questionn if IgG to foods might be useful as an early marker for the develop-

mentt of IgE-mediated allergy remains open. 

Threee possible explanations have been suggested as to why IgG to foods is 

associatedd with IgE to inhalants: (1) a mucosal defect in the gut which results 

inn an increased permeability to macromolecules [13], (2) enhanced immu-
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nologicall hyperreactivity [14,15] and, (3) immunological cross-reactivity of 

inhalant-allergenss with food-antigens [16]. Therefore, immunological prim-

ingg (e.g. IgG antibody responses) towards foods could predispose to the 

developmentt of inhalant allergy. 

Thee aim of the present study was to confirm the observation that high levels 

off IgG to foods predict the future development of IgE-mediated allergy in 

childrenn even when not at high risk. In other words: can IgG antibodies to 

foodss measured in the first blood sample, be used to predict the outcome: 

IgEE antibodies to airborne allergens in the second sample (two years later)? 

W ee therefore evaluated in a prospective, longitudinal study whether IgG to 

foodss can be used as an early biomarker for the development of IgE antibod-

iess in young, initially IgE negative chi ldren. 

Subject ss and Method s 

SelectionSelection of the study population 

Inn this study, 136 general practitioners from the north-western and centre 

partt of The Netherlands (urban and rural areas) participated. The general 

practitionerss included all 1-5 year old children with coughing complaints 

lastingg for more than five days, who visited the general practice from Febru-

aryy 1995 to January 1997. Informed consent was obtained from the parents 

off the children. 

Onn entrance, the parents completed a questionnaire with 11 questions on 

coughing,, asthma and allergy in the family, breastfeeding, eczema as a 

baby,, contact wi th pets and bedroom floor covering. 

BloodBlood samples 

Onn entrance to the study, a blood sample was collected by blotting three 

dropss of capillary blood from the children's fingers on filter paper for the 

determinationn of total IgE and specific IgE for house dust mite, cat and dog. 

Childrenn scoring > 0 . 2 RU/ml on one or more of the allergens were ex-
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eludedd from further participation in the study. All children with a blood 

samplee representing >10 u,l plasma and scoring less than 0.2 RU/ml on the 

threee allergens were also tested for their IgG antibody response to a panel of 

selectedd foods. The foods tested were cow's milk, chicken's egg white, 

orange,, meat, potato, a mixture of wheat and rice and a mixture of soybean 

andd peanut. These foods were selected in an earlier study [1 7]. The selected 

antigenss cover the normal spectrum of foods given to infants in The Nether-

lands. . 

Afterr a two year follow-up, the originally IgE negative children (n= 530) 

weree invited into the general practitioner's office for a second blood sample. 

Again,, blood was spotted on filter paper and tested for total IgE and specific 

IgEE for house dust mite, cat and dog. 

LaboratoryLaboratory methods 

DeterminationDetermination of total IgE and specific IgE 

AA convenient method for obtaining blood from young children was used: 

essentiallyy three drops of blood, obtained by fingerprick, were adsorbed on 

filterr paper (Schleicher & Schuell 2294, K120258). Blood samples were 

elutedd from the filter paper using 1 ml of PBS/0.05% [v/v] Tween-20. Assays 

forr measuring total serum IgE and specific IgE were adjusted for application 

off small amounts of plasma. Total IgE was measured essentially as described 

earlierr [18]; specific IgE directed against house dust mite, cat and dog dan-

derr was determined by RAST as described by Aalberse et a/. [16], with slight 

modifications.. Total IgE results were expressed in international units per 

millilitree (lU/ml), RAST results were expressed in RAST units per millilitre 

(RU/ml,, based on a calibration curve of chimeric IgE antibody [19], one 

RASTT unit represents approximately 2.4 ng of specific IgE). All test results 

weree corrected for actual amounts of plasma used in the tests. The amount 

off plasma per eluate was determined on the basis of the albumin content 

assumingg that plasma corresponds with 42 g/l. Human serum albumin in 
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elutedd plasma was assayed using a nephelometric method (BN®), Behring 

Werke,, Freiburg, Germany. 

DeterminationDetermination of food-specific IgG antibodies 

Measurementt of food-specific IgG antibodies in blood sample eluates was 

performedd by ELISA, essentially as previously described [12]. Foods were 

obtainedd from local food stores, and homogenized at 10% (w/v), essentially 

accordingg to Björksten et al. [20], wi th minor modifications. Briefly, orange 

andd potato were extracted in 0.1 mol/l phosphate buffer pH 7.5, containing 

2 %% polyvinylpolypyrrol idone, 7 mmol/ l diethyldithiocarbamate, 2 mmol/ l 

ethylenediaminetetraaceticc acid disodium salt (EDTA) and 2.6 mmol/ l NaN3. 

Peanut,, soy and rice were extracted in water at pH 8.0. Wheat flour was 

extractedd in water and in 0.5 mol/l NaCI; extracts were mixed afterwards. 

Porkk was homogenized in water, containing 2.6 mmol/l NaN3 . After stirring 

forr 1 hour particulates were removed by centrifugation at 18.000 g for 30 

m in .. Extracts were defatted, dialyzed against distilled water and lyophil ized. 

Cow'ss milk and egg whi te: pH of skimmed milk was adjusted to 4.8 with 

aceticc acid, resulting in precipitation of the casein fraction. The casein pre-

cipitatee was resuspended in 0.9% NaCI, pH 8.5. The whey supernatant and 

thee resuspended casein were stirred for 1 h, centrifuged, dialyzed against 

disti l ledd water and lyophi l ized. After separation from the yolk, egg white 

wass diluted 1/10 with saline. After stirring, centrifugation and dialysis, the 

preparationn was lyophi l ized. 

Forr the ELISAs, 1 p.g of food extract per well was coated to Maxisorp (Nunc, 

Denmark)) ELISA plates, and 0.1 LII of plasma was used per test (all blood 

sampless were diluted until they contained 42 j ig of albumin/ml}. 100 \x\ of 

serumm sample was added to each we l l . Optical density was read at 450 nm 

inn an automatic ELISA reader (Bio-Tek Instruments, Winooski , VT, USA). On 

everyy ELISA plate tested, a number of wells were coated with a-gliadin, and 

thesee wells were incubated with twofold dilutions of a gliadin-positive 

referencee serum, attributed with 100 arbitrary units per mil l i l i tre (AU/ml) of 

gliadin-specificc IgG, serving as a calibration curve. Therefore, it was possible 
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too express the ELISA results, obtained with different serum samples for food-

specificc IgG, as AU/ml. All tests were performed in duplicate. 

Becausee some sera showed some non-specific IgG binding to the plate 

material,, all sera were tested in a parallel ELISA procedure in which no food 

wass coated, and the results were corrected for this non-specific binding. 

Somee blood samples did not (after IgE testing) contain sufficient amounts of 

plasmaa for testing all food antigens. In those cases the following test-se-

quencee of the foods was used: orange, milk, egg, mixture of soybean-pea-

nut,, mixture of wheat-rice, potato and meat. In all blood samples IgG to 

orangee and milk was tested. The samples without results for the remaining 

foodss (nine missing values for potato, two for egg, five for wheat-rice, two 

forr soybean-peanut, eight for meat), received a modus-value of the con-

cernedd food. 

DataData analysis 

Thee results of the RAST were dichotomized as IgE negative or IgE positive. 

Childrenn were considered IgE negative if they scored <0.5 RU/ml for all 

threee allergens in the second RAST. 

Thee results of the food assays were dichotomized high or low using the 66-

percentilee of the total group as a cut-off value (P66). The 66-percentile was 

chosenn because for all foods the lower boundaries of the 95% confidence 

intervall around the 66-percentile [21] were higher than the detection limit of 

2.00 AU/ml. 

Logisticc regression analysis was used to assess the independent effects (odds 

ratioss (ORs) with 95% confidence intervals) of IgG to foods on becoming IgE 

positive,, adjusted for family history of allergy, breastfeeding, eczema as a 

baby,, age and total IgE in the first blood sample. Total IgE was not normally 

distributedd and therefore logtransformed before entering into the logistic 

regressionn model. Likelihood ratio statistics were used as a criterion for 

selectionn in the logistic regression model. In all analyses, a P-value <0.05 

wass regarded as statistically significant. 
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Dataa analysis was performed with SPSS 9.0 for Windows. 

Result s s 

GeneralGeneral characteristics 

Fromm February 1995 to January 1997, 654 eligible children were tested. 

However,, 126 (19.3%) of them scored >0.20 RU/ml for cat, dog and/or 

housee dust mite. These children were excluded from the present analyses. 

Duee to technical reasons or because there was not enough eluate available, 

311 of the remaining 528 eluates were not used for IgG-food-analyses. Thus, 

inn the blood samples of 497 children food-specific IgG antibodies were 

measured. . 

Afterr 24 months 419 children participated in the second IgE test: five chil-

drenn had a blood sample that was too small for IgE analysis. As to the re-

mainingg 414 children, food-specific IgG measures in the first blood sample 

weree available for 397 of them. Thus, for 397 children both food-specific 

IgGG measures in the first blood sample and IgE results in the second blood 

samplee were available. No statistical significant differences were found in 

age,, gender, and food-specific IgG antibodies between the 397 children 

withh both a first and a second blood sample and children with only a first 

bloodd sample (n= 100). 

Thee general characteristics of the 397 children with all IgE and all IgG mea-

suress in the study population are presented in Table 4.1. Of these children, 

511 (12.8%) had become IgE positive (>0.50 lU/ml for one or more allergens) 

duringg the two year foilow-up. The children who had become IgE positive 

duringg the two year follow-up were somewhat younger than the children 

whoo were still IgE negative, but this was not statistically significant (P-

value== 0.21). 

Off the 51 children who had become IgE positive, 36 (70.6%) had one posi-

tivee RAST score, 11 (21.6%) had two positive RAST scores and 4 (7.8%) 

childrenn were IgE positive for cat, dog and mite. 
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Tablee 4.1 General characteristics of the children in the study population (n= 397) 

totall number (%) 

genderr boys 

girls s 

agee at the time of the 1 
(years)) 1 

2 2 

3 3 

4 4 

stt RAST 

meann age at the time of the 1st 

RASTT (months) (  sd) 

agee at the time of the 2 
(years)) 3 

4 4 

5 5 

6 6 

7 7 

ndnd RAST 

meann age at the time of the 2nd 

RASTT (months) (  sd) 

numberr of positive RAST scores 

0 0 

1 1 

2 2 

3 3 

totall IgE (95% CI) of 1st 

samplee (lU/ml) 

totall IgE (95% CI) of 2nc 

samplee (lU/ml) 

blood d 

blood d 

IgEE positive1 

511 (12.8) 

29(56.9) ) 

22(43.1) ) 

19(37.3) ) 

211 (41.2) 

55 (9.8) 

6(11.8) ) 

28.33 ) 

155 (29.4) 

15(29.4) ) 

111 (21.6) 

7(13.7) ) 

33 (5.9) 

58.55 ) 

0(0) ) 

366 (70.6) 

111 (21.6) 

44 (7.8) 

34.77 (2.3-529.0) 

109.9(6.0-2025.0) ) 

IgEE negative2 

3466 (87.2) 

178(51.4) ) 

168(48.6) ) 

1388 (39.9) 

911 (26.3) 

633 (18.2) 

54(15.6) ) 

30.11 ) 

77(22.3) ) 

899 (25.7) 

87(25.1) ) 

622 (17.9) 

311 (9.0) 

61.33 ) 

346(100.0) ) 

0(0) ) 

0(0) ) 

0(0) ) 

12.22 (0.7-223.3) 

25.44 (1.5-426.5) 

total l 

397(100.0) ) 

207(52.1) ) 

190(47.9) ) 

157(39.5) ) 

1122 (28.2) 

688 (17.1) 

60(15.1) ) 

29.88 ) 

922 (23.2) 

1044 (26.2) 

988 (24.7) 

699 (1 7.4) 

344 (8.6) 

61.00 ) 

346(87.2) ) 

36(9.1) ) 

111 (2.8) 

4(1.0) ) 

14.0(0.7-269.6) ) 

34.7(1.5-603.7) ) 

dataa expressed as numbers (percentages), means (  sd) or geometric means (95% CI) 
11 IgE positive (>0.5 RU/ml) at the second RAST 
22 IgE negative (< 0.5 RU/ml) at the second RAST 
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Thee children had predominantly become IgE positive for mites (40/51: 1 5 of 

thee 19 IgE positive one year olds, 1 6 of the 21 IgE positive two year olds, all 

fivee IgE positive three year olds and four of the five IgE positive four year 

olds). . 

Inn Figure 4.1 the cumulative frequency of the food-specific IgG antibody 

assayss in the first blood sample for the study population are shown. In all 

childrenn food-specific IgG antibodies to at least four foods could be mea-

sured.. The range in IgG to foods varied per food, e.g. orange ranged from 

< 2 . 00 to 60.5 AU/ml , whi le milk ranged from 3.3 to 1259.5 AU/ml . IgG to 

mostt foods did not change with age, except milk, which decreased with age, 

andd egg, which increased with age (Figure 4.2). 

Figur ee 4.1 Cumulative frequency of IgG to foods (AU/ml) in first blood sample for the 

studyy population (n= 397). Curve of IgG to soybean-peanut is not displayed 

becausee this curve is similar to the curve of IgG to egg. 

IgGG to foods (AU/ml) 
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Figuree 4.2 IgC ant ibody response to foods (AU/ml) in first b l o o d sample , for the study 

popu la t ionn (n= 397). The bars indicate the 66-percent i les + 1 standard error 

off the 66-percent i le . 

orangee wheat & rice milk 

|| | 1 year olds j ] 2 year olds | 3 year olds 44 year olds 

LogisticLogistic regression analyses 

Logisticc regression analyses with increased IgG antibody levels of the foods 

(66-percentiles)) were carried out to find predictors for developing IgE to 

inhalants.. Mixture of wheat-rice (OR= 2.2 (95% C l = 1.2-3.9)) and orange 

(OR== 2.0 (95% CI = 1.1-3.7)) were the most important (significant) predic-

torss of becoming IgE positive after two years (Table 4.2). Because IgG to 

milkk and IgG to egg changed with age, we also performed logistic regression 

analysess adjusted for age at the time of the first blood sample. The ORs did 

nott change with age in the model (data not shown). When a multivariate 

logisticc regression was performed with all foods in the model, both mixture 

off wheat-rice and orange were borderline significant (Table 4.2). Again, age 

didd not influence the results. 
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Tablee 4.2 Development of IgE {in second blood sample) in relation to IgG to foods in 
firstt blood sample; odds ratios (with 95% CI) (n= 397) 

P666 food 

potato o 

milk k 

egg g 

orange e 

mixturee of 

mixturee of 

meat t 

soybean-peanut t 

wheat-rice e 

IgEE positive1 

1.4(0.7-2.5) ) 

1.4(0.8-2.6) ) 

1.0(0.5-1.8) ) 

2.0(1.1-3.7)* * 

1.6(0.9-2.9) ) 

2.22 (1.2-3.9)* 

0.9(0.5-1.8) ) 

IgEE positive2 

1.11 (0.5-2.2) 

1.22 (0.6-2.2) 

0.7(0.4-1.4) ) 

1.88 (0.9-3.6) 

1.44 (0.7-2.7) 

1.8(1.0-3.8) ) 

0.7(0.3-1.4) ) 

IgEE positive3 

1.33 (0.7-2.4) 

1.4(0.7-2.6) ) 

1.0(0.5-1.9) ) 

1.9(1.0-3.5)* * 

1.55 (0.8-2.8) 

2.0(1.1-3.6)* * 

0.9(0.5-1.7) ) 

11 univariate analyses 
22 multivariate analyses 
33 logistic regression analyses per food adjusted for age at the time of the first blood 

sample,, eczema as a baby, breastfeeding and family history of allergy 
** P <0.05 

Onn the basis of known risk factors (such as family history of allergy, breast-

feeding,, eczema as a baby, age and total IgE in the first blood sample) and 

thee 66-percentile of wheat-rice or of orange, we wanted to predict which 

childrenn were to become IgE positive after two years. An increased IgG 

antibodyy level of mixture of wheat-rice and orange (adjusted for family 

history,, breastfeeding, total IgE in first blood sample, age at the time of the 

firstt blood sample, and eczema) were most important predictors of becom-

ingg IgE positive to inhalants (Table 4.2). Of these predictors, an increased 

IgGG antibody level of mixture of wheat-rice and orange, breastfeeding, 

higherr total IgE in first blood sample, age and having had eczema as a baby 

weree the most important ones for the subsequent development of IgE to 

inhalant-allergenss (Table 4.3). For the multivariate analyses, the ORs for 

wheat-ricee are shown, the results for orange are similar (data not shown). 
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Tablee 4.3 Development of IgE (in second blood sample) in relation to IgG to foods (in 
firstt blood sample) adjusted for total IgE, breastfeeding, family history of al-
lergy,, eczema and age, odds ratios (with 95% CI), (n= 397) 

IgEE positive1 IgE positive2 

totall IgE3 3.5(1.8-5.1)* 3.2(1.9-5.3)* 

agee at the time of 1st RAST (1-2 years vs. 3-4 years) 0.4 (0.2-0.9)* 0.4 (0.2-0.9)* 

positivee family history of allergy 1.3 (0.7-2.5) 

breastfeedingg 2.7(1.2-6.3)* 2.9(1.3-6.6)* 

havingg had eczema as a baby 1.9 (0.9-4.0) 2.0 (1.0-4.0) 

orangee 1.4(0.7-2.9) 

mixturee of wheat & rice 1.6(0.8-3.1) 1.8(1.0-3.5) 

11 logistic regression analyses with orange, wheat-rice, total IgE, age at the time of the first 
bloodd sample, eczema as a baby, breastfeeding and family history of allergy in the 
modell and being IgE positive (>0.5 RU/ml) at the second RAST as the dependent 
variable e 

22 logistic regression-analyses with wheat-rice, total IgE, age at the time of the first blood 
sample,, eczema as a baby, and breastfeeding in the model and being IgE positive (>0.5 
RU/ml)) at the second RAST as the dependent variable 

33 total IgE was logtransformed before entering into the logistic regression model 
** P <0.05 

Discussio n n 

Inn this study, we have investigated the (longitudinal) relation between IgG to 

foodss (i.e. mixture of wheat and rice, mixture of soybean and peanut, egg 

white,, cow's milk, meat, orange and potato) in originally IgE negative chil-

drenn and the subsequent development of IgE antibodies to inhalant allergens 

(cat,, dog and/or house dust mite). Increased IgG antibody levels to wheat-

ricee and to orange were most important in predicting the subsequent devel-

opmentt of IgE antibodies to cat, dog and/or mite. Furthermore, in breastfed 

childrenn and in children having had eczema as a baby, an increased IgG 

antibodyy level to wheat-rice and to orange indicates an increased risk of 

developingg IgE to cat, dog, and mite allergens in all age groups. 
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Alll foods selected for logistic regression analyses were dichotomized high or 

loww using the 66-percentile as a cut-off value. A lower cut-off, e.g. the me-

dian,, in most cases leads to a less robust classification. The reason is that a 

largee number of sera score close to this lower cut-off value and therefore 

retestingg wou ld have a high probability of resulting in a change in classifica-

t ion.. Higher cut-off values, like the 75-percentile, were less discriminating 

thann the 66-percentile as a cut-off value, which led to a decreased sensitivity 

andd specificity. 

Afterr two years of fol low-up, 419 out of 528 originally IgE negative children 

participated.. The children who did not participate for the second test did not 

differr in age, gender, and food-specific IgG antibodies from the children 

whoo participated in the second test. 

Thee coughing children who had become IgE positive during the two year 

fo l low-upp were somewhat younger at the time of the RASTs than the chi l-

drenn who were still IgE negative, but this was not statistically significant. 

Thiss could mean that children who wi l l become IgE positive in the future, 

havee coughing complaints at a younger age than the children who wi l l stay 

IgEE negative. Coughing and becoming IgE positive seem to be more strongly 

associatedd in younger children than in older children. This is in contrast 

w i thh asthma-like complaints, e.g. wheezing, in which wheezing seems to be 

associatedd wi th allergy at a later age [22-24]. 

Almostt a quarter of the children was younger than four years of age at the 

t imee of the second RAST. As reported in other studies [6,25], few children 

w i l ll become sensitized to airborne allergens during the first three years of 

life.. Therefore, the younger children in our study had less chance of becom-

ingg IgE positive. So, if all the IgE negative three and four year olds had had 

theirr RAST at five or six years of age, some of them would also have become 

IgEE positive to inhalant-allergens. This could mean that some potentially IgE 

positivee children are now classified as IgE negative and this wi l l have influ-

encedd our results. This might underestimate the predictive relationships wi th 

foodd antigens. 
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Inn all chi ldren, IgG antibodies to foods could be measured. IgG antibody 

levelss to potato, orange, wheat-rice, meat and soybean-peanut did not 

changee wi th age. The IgG antibody responses to egg increased with age and 

responsess to milk decreased with age from one year onwards. These f ind-

ingss are in accordance with previous cross-sectional [26] and prospective 

[6,8,27]] studies, showing that egg-specific IgG reaches a peak around three 

too four years of age and IgG antibodies to milk start to decrease from 6 to 18 

monthss onwards. 

Inn contrast to the findings in this study, all food-specific IgGs were associ-

atedd with IgE in a previous, cross-sectional, study [12]. However, in that 

studyy the children were one year of age and most of the atopic children 

weree IgE positive for egg and milk. In the current study, we only measured 

IgEE to inhalant allergens and not IgE to egg and milk. Furthermore, the previ-

ouss study was a cross-sectional study and the present study is a longitudinal 

study.. This could partly explain why all foods were associated wi th IgE in 

thee previous study. Nevertheless, we expected to find an association be-

tweenn IgG to egg and the subsequent development of IgE to inhalant aller-

gens,, because IgG to egg and IgE to egg are closely associated [28,29]. 

Moreover,, in several studies [30-34], it was found that IgE antibodies to egg 

att the age of one year were predictive of subsequent sensitization to inhal-

antt allergens at the age of three. In our study, however, we could not con-

firmm this observation, probably because of the small group of children that 

becamee IgE positive among the one year olds. 

Mostt strongly associated with the development of IgE to inhalants were 

increasedd IgG levels of wheat-rice and orange. It is not likely that the tested 

foodss and tested inhalants share common epitopes. Therefore, the third 

possiblee explanation for the association between IgG to foods and IgE to 

inhalantss mentioned in the introduction, i.e. immunological cross-reactivity, 

iss not supported. The starting point of our study was that cross-reactivity 

betweenn food antigens and airborne allergens, e.g. between grass pollen 

andd wheat, might result in cross-reactive priming. In the earlier study of 
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Calkhovenn et al. [5], the measurement of IgE to grass pollen was included 

andd the predictive value of elevated levels of IgG to foods was found to be 

similarr for grass pollen and for mite. However, no cross-reactivity between 

wheatt and mite can be demonstrated. The two other explanations, i.e. 

mucosall defects or enhanced immunological hyperreactivity, are still valid 

andd plausible possibilities, because hyperactivity of the immune system 

(eitherr reacting sooner or slowed down less fast, or both) is also present in 

tetanuss [14] and Helix pomatia hemocyanin [1 5]. 

Thee ability to predict which children wi l l become allergic is very important. 

Severall predictors have been proposed, e.g. elevated titres of IgE in cord 

b loodd and elevated serum levels of IL-4, but they have not yet shown to be 

usefull as screening tests for the prediction of atopy. At present only family 

historyy appears to have some useful predictive value in the development of 

asthmaa and atopic disease [35]. Most children have IgG antibodies to foods 

andd these IgG antibodies can often be detected before IgE antibodies to 

inhalantss [6,10]. Furthermore, in this study we found that increased levels of 

IgGG to wheat-rice and to orange are associated wi th an increased risk of 

developingg IgE antibodies in the future. Nevertheless, IgG to foods are 

probablyy not very useful as a screening test in individual chi ldren, mainly 

becausee of their low specificity (53.0%) and low positive predictive value 

(16.5%).. However, wi th respect to the results of this study, IgG antibodies to 

wheat-ricee and to orange could be useful as markers for the (early) identifi-

cationn of at-risk children in studies. 

Inn conclusion, increased IgG antibody levels of mixture of wheat-rice and 

orange,, breastfeeding, total IgE and having had eczema as a baby were the 

mostt important predictors for subsequent development of IgE to inhalant-

allergens.. An increased IgG antibody level to wheat-rice indicates an inde-

pendentt increased risk of developing IgE to cat, dog or mite allergens in all 

agee groups. This indicates that an excessive activity of the mucosal immune 

systemm is present before IgE antibodies to airborne allergens can be demon-

strated.. This might reflect either a deficiency of the mucosal barrier or an 

immunologicall hyperactivity. Nevertheless, IgG to foods is not very helpful 
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inn identifying individual children at risk in clinical practice. However, be-

sidess family history and breastfeeding, IgG to wheat-rice or IgG to orange 

couldd be useful as a screening test for future prospective studies, in the early 

identification,, i.e. before IgE antibodies can be detected, of children with an 

increasedd risk of developing IgE antibodies in the future. 
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