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Abstrac t t 

BackgroundBackground  Because IgG antibodies to foods can be detected before IgE 

antibodiess to inhalants, increased levels of IgG antibodies to foods might be 

usedd as a predictor of IgE-mediated allergy in initially non-atopic children. 

ObjectiveObjective  To examine the cross-sectional relation between IgG to foods (i.e. 

mixturee of wheat and rice, mixture of soybean and peanut, egg white, cow's 

milk,, meat, orange and potato) and specific IgE to cat, dog, mite, milk and 

eggg white in 1 year old children. 

MethodsMethods  All atopic children (n = 120; 58 with and 62 without eczema) and a 

randomm sample of the non-atopic children (n = 144) of the Bokaal study 

weree tested on their IgG response to foods. The IgG results of the food 

assayss were dichotomized high or low using the 66-percentile as a cut-off 

value. . 

ResultsResults  Atopic children more often had high IgG levels to foods than non-

atopicc children. IgG to egg white (OR= 7.50) and mixture of wheat and rice 

(OR== 4.79) were most strongly associated with positive specific IgE. In a 

stepwisee logistic regression analysis egg white, mixture of wheat and rice, 

andd orange were selected (OR = 3.76, OR = 2.43, and OR = 2.11 respec-

tively).. In children without eczema higher levels of IgG to foods were still 

significantlyy associated with atopy, which was most prominent for egg 

white,, orange and cow's milk. 

ConclusionConclusion  An increased IgG antibody level to foods, especially to egg 

white,, orange, and mixture of wheat and rice, indicates an increased risk of 

havingg IgE to cat, dog, mite, egg and/or milk allergens, even in the non-

eczematouss group. Therefore, in another prospective study we are currently 

investigatingg the usefulness of IgG in early identification, i.e. before IgE 

antibodiess can be detected, of children with an increased risk of developing 

allergicc diseases in the future. 
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Introductio n n 

Variouss environmental factors have been thought to influence the develop-

mentment of both IgE antibodies and allergic disease. Exposure to inhaled aller-

genn is important, but other environmental factors are also of influence such 

ass passive smoking [1-3], diet of mother and child perinatally [4-6], pets 

[3,7,8],, number of siblings [3,9,10], breast-feeding [8,11,12], month of birth 

[13,14]. . 

Inn allergic diseases, IgE is regarded as the most important immunoglobulin, 

butt IgG antibodies have also been reported as being associated with allergic 

diseasess [15-18]. Calkhoven et a/. [19] found that food sensitization is asso-

ciatedd with an increased future risk for sensitization to inhalant allergens. 

However,, this study was performed in a relatively high-risk group of chil-

drenn and comprised many children with atopic eczema. The results sug-

gestedd that IgG might be useful in determining a child's risk of becoming 

allergicc within a few years and therefore could be used as an early marker 

forr the development of IgE-mediated allergy. 

Withh respect to the future development of IgE-mediated allergy, it is impor-

tantt to assess the association between IgG to foods and IgE to inhalant aller-

genss in a low-medium risk population. To examine this association, we 

studiedd 264 children, not selected for allergy risk, at the age of 1 year (from 

thee Bokaal study). The children were tested for IgE antibodies to cat, dog, 

mite,, egg white and cow's milk and for IgG antibodies to a panel of com-

monn foods. 

Thee aim of the present study was to assess the cross-sectional relation be-

tweenn IgG to a panel of foods and IgE to common allergens (mite, dog, cat, 

milkk and egg) in young children. If there is an association, a procedure 

mightt be developed to help identify young children with an increased risk 

off developing allergic disease in the future. 
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Subject ss and Method s 

SelectionSelection  of  the study  population 

Thee Bokaal study is a prospective birth cohort study, not selected for allergy 

risk,, designed to investigate the effect of short-term cow's milk supplemen-

tationn of newborn breast-fed infants on the development of cow's milk 

allergyy and atopic manifestations during the first 2 years of life. In the Bokaal 

studyy 70 midwives from the western part and centre of The Netherlands 

(urbann and rural villages) asked all pregnant women who intended to breast-

feedd their child for at least 6 weeks to participate in a double-blind study. 

Alll healthy full-term born children were included and randomized; they 

weree either breast-fed and received a standard whey protein dominant cow 

milkk supplementation (containing 11.1 g proteins/100 g powder; Nutrilon 

Premium®,, Nutricia, Zoetermeer, The Netherlands) or were breast-fed and 

receivedd a placebo (maltodextrin, glucose and mineral solution emulsified 

withh vegetable fats). The cow's milk supplementation or the placebo was 

givenn for at least three times during the first 3 days after randomization. 

Informedd consent was obtained from the children's parents before birth. The 

childrenn were followed up until the age of 2 years. The results of the Bokaal 

studyy (presented in another paper [20]) show that early and brief exposure to 

coww milk proteins in (otherwise) breast-fed children does not increase the 

riskk of atopic disease in the first 2 years of life. 

Att the age of 1 year a venous blood sample was drawn from all participating 

childrenn for determination of total IgE and specific IgE for house dust mite, 

cat,, dog, cow's milk and egg. Also, IgG antibodies to a panel of selected 

foodss were determined in part of the children. The foods tested were cow's 

milk,, chicken's egg white, orange, meat, potato, a mixture of wheat and rice 

andd a mixture of soybean and peanut. These foods were selected in an 

earlierr study [21]. The selected antigens cover the normal spectrum of foods 

givenn to infants in The Netherlands. 

Childrenn scoring positive (> 1 lU/ml) on at least one of the allergens house 

dustt mite, cat, dog, cow's milk and egg, were IgE positive and were classi-
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fiedd atopic. The atopic group was divided into atopic with eczema and 

atopicc without eczema. All children were seen at the age of 1 year by two of 

thee Bokaal investigators (MdJ and VS), and were scored for the presence of 

atopicc eczema, as defined by Hanifin and Rajka [22\. The non-atopic chil-

drenn in the Bokaal study did not have any family risk of atopy, clinically 

obviouss or possible atopic disease or any positive RAST score >0.3 lU/ml 

(forr detailed description see [20]). 

Thee original Bokaal study cohort consisted of 1533 randomly selected chil-

drenn born between February 1992 and January 1994. From 1434 children, a 

venouss blood sample was obtained at 1 year of age. Of these 1434 children, 

124124 were IgE positive for cow's milk, chicken's egg, cat, dog and/or house 

dustt mite. For the present study these 124 atopic children and a random 

samplee of 150 non-atopic children from the Bokaal study cohort were se-

lected.. Due to technical problems or because there was not enough blood 

available,, 10 blood samples (four atopic and six non-atopic) were not used 

forr further analysis. Thus, in the blood samples of 264 children, food-spe-

cificc IgG antibodies were measured. 

LaboratoryLaboratory  methods 

Totall serum IgE was measured as previously described by Stallman and 

Aalbersee [23]. Specific IgE was determined by RAST, as described by Aalber-

see et al. [24], and results were expressed in RAST units per millilitre; one 

RASTT unit represents ~2.4 ng of specific IgE. Therefore a twofold diluted 

referencee serum was incubated with Sepharose-coupled antihuman IgE and 
125l-labelledd anti-lgE, raised in sheep. Values higher than 1 unit/ml were 

consideredd positive. All RASTs were performed in duplicate. 

Food-specificc IgG antibodies in sera were measured by enzyme-linked 

immunosorbentt assays (ELISA). Food extracts (10 ng/ml in PBS) were coated 

too microtitre plates (Maxisorp, Nunc, Denmark), using 100 \i\ per well. After 

coating,, plates were washed three times with washing buffer (PBS/0.02% 

(v/v)) Tween-20). For the determination of specific IgG, 100 ul of serum 
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samplee (diluted 1:1000 in PBS/O.05% (v/v) Tween-20) was added to each 

welll and plates were incubated for 1 hour under continuous shaking. To 

removee non-bound serum components, plates were washed three times with 

washingg buffer. For the detection of bound IgG, wells were incubated with 

1000 u,l of horse radish peroxidase-labelled antihuman IgG (CLB, Amsterdam, 

Thee Netherlands), diluted 1:3500 in PBS/0.02% (v/v) Tween-20/0.2% (w/v) 

gelatin/6%% (w/v) BSA, for 1 hour. After washing the plates three times with 

washingg buffer, 100 \i\ of 0.01% (w/v) of 3,5,3',5'-tetramethylbenzidine 

(Merck,, Darmstadt, Germany) /0.OO3% (v/v) of H202 in 0.11 M sodium 

acetatee pH 5.5 per well was added. The reaction was stopped by adding 

1000 til 2 mol/l H2S04, and optical density was read at 450 nm in an auto-

maticc ELISA reader (Bio-Tek Instruments, Winooski VT, USA). 

Onn each plate, apart from the food to be tested, two rows of wells were 

coatedd with the wheat protein gliadin (1 (ig/well), and these wells were 

incubatedd with a twofold dilution series of a reference serum, containing 

1000 arbitrary units per mill Mitre (AE/ml) of IgG to gliadin. This reference 

dilutionn curve was used to express all results obtained in our food ELISA in 

AE/ml.. All tests were performed in duplicate. 

Duringg our investigations it was found that some sera showed substantial 

non-specificc IgG binding to the plate material, and therefore all sera were 

testedd in a parallel ELISA procedure in which no food was coated, and the 

resultss were corrected for non-specific binding. 

DataData analysis 

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

Childrenn were considered atopic if they were IgE positive (>1 lU/ml) for 

onee or more allergens. 

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

percentilee of the total group as a cut-off value (P66totd|). The 66-percentile 

wass chosen because for all foods, except for meat, the lower boundaries of 

thee 95% confidence interval around the 66-percentile [25] were higher than 

thee detection limit of 2.4 AE/ml. Because the 66-percentile of IgG to meat 
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wass too close to the detection limit, the multivariate analyses were per-

formedd without meat in the model. 

Somee logistic regression analyses were also performed in the group of chil-

drenn without eczema. In these analyses all foods were dichotomized using 

thee 66-percentile of this group of children (P66ne). 

Logisticc regression analysis was used to calculate odds ratios (with 95% 

confidencee intervals) for the univariate and multivariate analyses. 

Discriminantt analysis was used for the probability of being atopic when 

havingg high levels of IgG to foods. On the basis of IgG to foods we tried to 

classifyy whether a child would be atopic or non-atopic. The discriminant 

analysiss was used to specify the sensitivity and specificity of IgG to foods 

andd the percentage correctly classified. 

Inn all analyses, a P-value <0.05 was regarded as statistically significant. 

Likelihoodd ratio statistics were used as a criterion for selection in the logistic 

regressionn model. 

Dataa analysis was performed with SPSS-PC+. 

Result s s 

GeneralGeneral  Characteristics 

Thee characteristics of the study population are shown in Table 3.1. Of the 

2644 children whose blood was available for data analysis, 144 were non-

atopicc and 120 children were atopic. There was no significant difference in 

thee distribution of boys and girls between the two groups (P = 0.4). Cow's 

milkk supplementation had been given to 132 children, 46.5% of the non-

atopicc and 54.2% of the atopic ones. The geometric mean total IgE for the 

non-atopicc children was 5.6 lU/ml, for the atopic children this was 55.8 

lU/ml.. Of the 120 atopic children, 56.7% had specific IgE for milk, 54.2% 

forr egg, 19.2% were IgE positive for cat, 9.2% for dog and 2.5% for mite 

(dataa not shown). 
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Tabl ee 3.1 Characteristics of 264 children in the study population (%) 

non-atopic c 
n -- 144 (%) 

atopic c 
n=n= 120(%) 

boys s 
girls s 

cow'ss milk supplementation 

anyany RAST* 
0 0 
1 1 
2 2 
3 3 
4 4 

totall lgE(IU/ml)** 

700 (48.6) 
744 (51.4) 

677 (46.5) 

644 (53.3) 
566 (46.7) 

655 (54.2) 

1444 (100) 
00 (0) 
00 (0) 
00 (0) 
00 (0) 

5.66 (4.3-7.4) 

00 (0.0) 
855 (70.8) 
211 (17.5) 
133 (10.8) 

11 (0.8) 

55.88 (43.8-71.1 

:: number of positive RASTs 
:** geometric mean (with 95% CI) 

Tabl ee 3.2 Characteristics of IgG food assays (AE/ml), with different cut-off points 

mixturee of wheat & 

mixturee of soybean 
peanut t 

cow'ss milk 

eggg white 

meat t 

orange e 

potato o 

rice e 

& & 

minimum4 4 

0.6 6 

0.8 8 

2.0 0 

0.3 3 

0.4 4 

0.5 5 

0.4 4 

P&C C 

7.8 8 

6.5 5 

58.6 6 

3.8 8 

1.8 8 

4.5 5 

3.3 3 

F > 6 6 t 0 . d i c c 

10.6 6 

8.8 8 

62.0 0 

5.9 9 

1.8 8 

5.0 0 

3.6 6 

P75d d 

13.9 9 

12.1 1 

74.6 6 

7.9 9 

2.2 2 

6.0 0 

4.5 5 

P90d d 

37.5 5 

39.2 2 

271.6 6 

23.0 0 

4.9 9 

17.0 0 

15.3 3 

maximum** * 

109.9 9 

254.0 0 

854.0 0 

51.6 6 

34.1 1 

34.2 2 

28.6 6 

dd minimum, 75-percentile, 90-percentile and maximum of the total group (n = 264) 
bb 66-percentile of the group of children without eczema (n = 206) 
cc 66-percentile of the total group (n = 264) 

Clinicallyy atopic disease was obvious in 39.2% of the atopic children, 

64.2%% of the atopic children had a family risk of atopy/allergy. Eczema was 
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presentt in 48.3% of the atopic children, respiratory and gastrointestinal 

problemss in 27.5% and 5.8%, respectively (data not shown). 

Inn Table 3.2 the characteristics of the IgG food assays are shown. The range 

inn IgG to foods (values of AE/ml) varies per food, e.g. meat ranges from 0.4 

too 34.1 AE/ml, while cow's milk ranges from 2.0 to 854 AE/ml. All lower 

boundariess of the 95% confidence intervals around the 66-percentiles of the 

foodss were higher than the detection limit of 2.4 AE/ml, with the exception 

off meat. 

AssociationAssociation  between  IgG and IgE in  all  children 

Inn a univariate analysis, all foods were associated with atopy using the 66-

percentilee as a cut-off value (P66tot, Table 3.3). The highest odds ratios were 

foundd for egg white (OR= 7.50) and mixture of wheat and rice (OR= 4.79). 

Becausee all foods were associated with atopy, a multivariate logistic regres-

sionn analysis was performed with all foods in the model (but not meat) and 

presencee of atopy as the dependent variable (Table 3.3). Logistic regression 

analysiss showed statistically significant differences in higher IgG levels of 

eggg white (OR = 3.76), mixture of wheat and rice (OR = 2.43) and orange 

(ORR = 2.11). Being atopic was not associated with higher IgG levels of mix-

turee of soybean and peanut, cow's milk and potato. 

Inclusionn of gender in the regression models did not influence the coeffi-

cientscients for the other variables. 

AssociationAssociation  between  IgG and IgE in  children  without  eczema 

Thee association between IgG to foods and atopy in the group of children 

withoutt eczema was also analysed. The foods were dichotomized high or 

loww using the 66-percentile for this non-eczematous group (P66ne). For all 

foodss the mean was significantly higher in the atopic children without ec-

zemaa than in the non-atopic children without eczema. Logistic regression 

analysiss showed that higher levels of IgG to foods were still associated with 

atopyy (Table 3.3). 
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Thee highest odds ratios were found for orange, egg white and meat 

(ORR = 5.12, OR = 4.04 and OR = 4.79, respectively). Atopy was significantly 

associatedd with orange (OR = 3.29), egg white (OR = 2.45) and cow's milk 

(ORR = 2.32), when a multivariate analysis was performed with all foods in 

thee model. 

PredictivePredictive  value  of  the models 

AA discriminant analysis was performed to classify on the basis of IgG to 

foodss whether a child was non-atopic or atopic (Table 3.4). In the model 

wi thh all foods (cut-off P66tota,) as independent variables and atopy as the 

dependentt variable, 75.4% of the children could be correctly classified. 

Sensitivityy in this model is 67.5% and specificity is 81.9%. 

Tablee 3.4 Discriminant analysis: IgE for cat, dog, house dust mite, milk and/or egg and 
IgGG to foods 

totaltotal groupb 

alll foods'1 

egg,, orange, mixture of wheat & rice 

non-eczematousnon-eczematousc c 

alll foods'1 

sensitivity y 

67.5 5 
65.8 8 

67.7 7 

spec c ficity y 

81.9 9 
81.3 3 

74.3 3 

%% correctly classified 

75.4 4 
74.2 2 

72.3 3 

aa all foods included in the discriminant analysis (meat excluded) 
bb foods dichotomized positive or negative using the 66-percentile of the total group as a 

cut-offf value (n = 264) 
cc foods dichotomized positive or negative using the 66-percentile of the non-eczematous 

groupp as a cut-off value (n= 206) 

Ass to the model with the foods (cut-off P66totai) wi th highest odds ratios (i.e. 

eggg white, mixture of wheat and rice, and orange), 74.2% of the children 

couldd be correctly classified. The sensitivity is 65.8% and specificity is 

81.3%. . 

CHAPTERR 3 IgG TO FOODS AND IgE TO MILK, EGG, CAT, DOG AND/OR MITE 59 9 



Inn the model with all non-eczematous children (cut-off P66ne), 72.3% of the 

childrenn could be correctly classified. The sensitivity and specificity were, 

respectively,, 67.7 and 74.3%. 

Discussion n 

Inn this study we have investigated the association between IgG to foods {i.e. 

mixturee of wheat and rice, mixture of soybean and peanut, egg white, cow's 

mi lk ,, meat, orange and potato) and specific IgE to milk, egg, cat, dog and/or 

mitee in 1 year old chi ldren. We found a strong relationship between IgG to 

foodss and atopy, for all foods, especially for egg white and mixture of wheat 

andd rice. Furthermore we tried to classify on the basis of IgG to foods, 

whetherr a chi ld was atopic or non-atopic. Atopy could be correctly classi-

fiedd for children with high levels of IgG to foods in 75.4% of the 1 year old 

chi ldren. . 

Nott all foods are equally important in classifying atopy in the children. Egg 

whi te,, mixture of wheat and rice, and orange are selected in a stepwise 

logisticc regression analysis. These three foods classify 74.2% of the children 

correctly,, whereas wi th a model wi th all foods 75.4% of the children are 

correctlyy classified. 

Al ll foods selected for logistic regression analysis were dichotomized high or 

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

diann rather than the 66-percentile, results in most cases, in a less robust 

classification.. The reason is that a large number of sera score close to this 

lowerr cut-off value and therefore retesting would have a high probability of 

resultingg in a change in classification. Higher cut-off values, like the 75-

percentile,, were less discriminating than the 66-percentile as a cut-off value, 

whichh led to a decreased sensitivity and specificity. 

AA limitation in our study was that most of the 120 atopic children were IgE 

positivee for egg and mi lk. We measured both IgG and IgE to cow's milk and 

too egg white. However, it has been well established that IgE to egg and milk 
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aree closely associated with the development of IgE to inhalant allergens 

[3,26-28].. In our study all but eight children in the atopic group had IgE to 

eggg and/or milk, this group of atopic children, however, being too small a 

groupp for additional analysis. It is therefore important to note that not only 

IgGG antibodies to egg and milk are associated with atopic manifestations, 

butt that also IgG antibodies to other foods (orange, mixture of wheat and 

ricee in the present study, legumes and mixture of wheat and rice in the study 

off Calkhoven et a/. [19]) are equally good predictors. 

Thee children were studied at 1 year of age. At this age IgE antibodies to 

inhalantt allergens are rare [29] and both the concentration and prevalence 

off specific antibodies increase from the second to the fifth year [29,30]. In 

thiss study only 32 of the 1434 children of the original Bokaal study cohort 

hadd IgE antibodies to cat, dog and/or mite (and/or egg and milk). 

Severall studies [19,29-34] have reported an association between IgG to 

certainn allergens and IgE to inhalants, but in these studies the children were 

att a high risk for the development of specific IgE (either they had a parental 

historyy of atopic disease [19,29,31] and/or they had eczema (or asthma) 

themselvess [19,32-34]). In the present study both atopic children with and 

withoutt eczema were studied. A logistic regression analysis was performed 

withoutt the eczematous atopic children. The results indicated that atopic 

childrenn without eczema have higher levels of IgG to foods than non-atopic 

children,, although the specificity and percentage of children correctly classi-

fiedd were lower in this model than in the model with all children (the ec-

zematouss children included). We also performed an analysis without the 

childrenn with persistent eczema (persistent meaning the eczema was still 

presentt at the age of 2 years). If these children were not taken into account, 

thee association between high levels of IgG and atopy still existed. 

Whyy IgG to foods is associated with IgE to inhalant allergens is not clear. 

Onee possibility is that both reflect hyperactivity of the mucosal immune 

systemm or an increased permeability to macromolecules (as suggested by 

Salvaggioo et al. [35]). 
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Inn all children IgG antibodies to foods could be measured, so if IgG antibod-

iess develop before or at the same t ime as IgE antibodies, as is suggested in 

otherr studies [29,33], high levels of IgG to foods might be used as a predic-

torr of IgE-mediated allergy in initially non-atopic children. The results in this 

studyy are promising in this respect and indicate that there is a relation be-

tweenn increased IgG antibody level to foods and IgE antibodies to inhalant 

allergens,, egg and milk, even in children without eczema. Since only a 

fo l low-upp study can show whether increased levels of IgG antifoods predict 

thee future development of IgE to inhalant allergens, such a study is currently 

beingg carried out at our department. 
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