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Summary

In the present investigation we have tested the hypothesis that children with a high 1gG
antibody response to foods have an increased risk of developing IgE antibodies to
inhalant allergens. Sera from 106 children with an increased risk of developing IgE-
mediated allergy were analysed. During the follow-up, in 54 of these children IgE
antibodies to inhalant allergens appeared. A positive/negative IgG, and IgG, anti-food
score was determined as described previously: sera from age-clustered unselected
children were tested for the levels of IgG, and IgG, antibodies to common foods. For
each IgG RAST and each age group, the 75-percentile was chosen as cut-off value. Each
antibody level was thus converted into a positive (higher than the 75-percentile of the age
group) or negative value. The number of positive tests was used as the score. High-risk
children with a high IgG, anti-food score more often developed inhalant-specific IgE
antibodies than high-risk children with low IgG; titres: 50% of the children with a high
IgG; anti-food score developed IgE antibodies to grass pollen, whereas only 16% of the
children with a low IgG, anti-food score acquired IgE anti-grass pollen. Fifty per cent of
the children with a high and 14% of the children with a low IgG, anti-food score
developed IgE antibodies to cat dander. For the prediction of the development of IgE
anti-mite (house dust mite), the IgG, anti-food scores appeared less useful than the IgG;
anti-food scores; 46% of the IgG, high responders versus 22% of the IgGy low
responders acquired IgE anti-mite, whereas for IgG, these precentages were 73 and 19,
respectively.
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towards food antigens, leading to an IgE immune res-
ponse, can occur when pregnant women eat some foods in
Many retrospective as well as prospective studies have  excess [1-5]. Breast-feeding was proposed as a general
been performed to unravel the relationship between preventive measure against allergic onset. Breast milk
nutrition and allergic disorders. Fetal sensitization  offers several undisputed advantages over cows’ milk, e.g.
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of solid food has been associated with a significant
prevention of atopic diseases [10,11].

Because some inhalants, e.g. pollen of grasses, trees and
weeds, show immunological crossreactivity with foods
[12,13], we investigated the hypothesis that immuno-
logical priming towards foods predisposes to the develop-
ment of inhalant allergy. We used the I1gG, and 1gGy
antibody responses to foods as an indicator of immuno-
logical priming.

In a previous paper [14], we established an age- and (to
some extent) diet-independent scoring system for 1gG,
and IgGy responsiveness to foods. The IgG, as well as
IgG,4 antibody response to eight foods was determined.
Using the 75-percentile for the corresponding age as the
cut-off value, each IgG, and IgG, response was dichoto-
mized by conversion into score 1 (positive, response
higher than the cut-off value) or score 0 (negative).
Children with four or more positive responses for either
IgG, or IgG,y were considered 1gG, or IgGy high res-
ponders. Applying these criteria to an unselected refer-
ence group, 25% of the children were high responders
[14].

In the present follow-up study, we investigated whether
young children, who on the basis of family history and/or
atopic eczema were considered to have an increased risk
of IgE-mediated allergy, show an abnormal IgG antibody
response to foods prior to the development of IgE
antibodies to inhalant allergens.

Subjects and methods
Population

Young children with an increased risk of developing IgE
antibodies to inhalant allergens were studied in a follow-
up project. The parents were informed about the objec-
tives of this study and gave their consent.

The children (aged between 3 months and 8 yr) were
selected by the paediatricians in our group. The parents
were asked to let their child participate if their child had
(1) a positive family history of atopy, and/or (2) atopic
eczema, and/or (3) IgE antibodies to foods: furthermore,
(4) the RAST had to be negative for at least three of the
five inhalant allergens tested (grass pollen, house dust
mite and dander from cat, dog and rodent).

Two or more serum samples were collected from 106
high-risk children. The median ages were 27 months at
enrolment and 52-5 months at the last follow-up. The
median follow-up time was 18 months. The median age at
enrolment of the children who had a high 1gG, anti-food
score was 22 months, for the other children 30 months.
The median age at enrolment of the children who had a
high 1gG, anti-food score was 25 months, for the other
children 29-5 months. During the period of follow-up,

Table 1. Frequency of IgE antibodies in the present high-risk
group

Active

Al A2
Any RAST 13 41
Grass 22 6
Mite 22 23
Cat 18 15
Dog 10 20
Rodent 11 4

For each row, the total number of children was 106.

In the active group, IgE antibodies to the indicated inhalants
were absent in the first serum sample, but were detected in later
serum samples. In this group, two subpopulations can be
distinguished.

Al: children whose first serum sample did not contain detectable
IgE antibodies to any inhalant; all IgE antibodies to inhalant
allergens arose during the follow-up; and

A2: children who developed IgE antibodies to the indicated
inhalant; however, in contrast to subgroup Al, IgE antibodies
to other inhalants were already present in the first serum sample.

54 children (20 female) developed IgE antibodies to one
or several of the above-mentioned inhalant allergens.
This group will be referred to as group A (‘active’). The
group of IgE sero-convertants had IgE antibodies to one
or more inhalants which were not detected in the first
serum sample. In this group, two subpopulations can be
distinguished:

Al: children whose first serum sample did not contain
detectable IgE antibodies to any inhalant; all IgE anti-
bodies to inhalant allergens arose during the follow-up
(n=13); and

A2: children whose first serum sample already contained
IgE antibodies to inhalant allergens; in addition, IgE
antibodies to other inhalants arose during the follow-up
(n=41).

The specificity of IgE antibodies to inhalant allergens in
these children is indicated in Table 1.

A second group consisted of high-risk children who
had no IgE antibodies to inhalant allergens at the start of
the investigation and did not develop IgE antibodies to
inhalant allergens during the observation period; this
group will be referred to as group I (‘inactive’; n=52,
17 female).

Classification of atopic eczema

From all children the clinical history with respect to
atopic eczema was obtained. The criteria for atopic
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eczema were based on Hanifin and Raijka [15]. The
following classification of atopic eczema was made: score
0=no eczema (n=42; 19 female); score 1 =mild eczema,
but doubtful whether it was atopic (n=4; 2 female); score
2 =definite atopic eczema (n=55; 15 female). In five cases
(2 female), no suitable data with respect to the eczema
history were available.

In the active group A, the eczema was more frequent
(for scores 0, 1 and 2: n=10, 2 and 39, respectively) than
in the inactive group I (for scores 0, 1 and 2: n=32, 2 and
16. respectively).

Chemicals

All chemicals were obtained from Merck (Darmstadt,
FRG), unless otherwise indicated.

Extracts

All (immobilized) extracts prepared and described pre-
viously [14] were also used in the present study.

The inhalant allergens tested were: grass (Dactylis
glomerata) pollen (GRASS). Dermatophagoides pteronys-
sinus (MITE), cat dander (CAT), dog dander (DOG) and
a mixture of rabbit and guinea-pig dander (RODENT).

Rabbit dander and guinea-pig dander extracts (10%
w/v) were obtained from HAL (Haarlem, The Nether-
lands). For rodent dander, a mixture of 10 ml of guinea-
pig dander extract and 4 ml of rabbit dander extract were
coupled to 1 g of CNBr-activated Sepharose 4B (Pharma-
cia Fine Chemicals, Uppsala, Sweden) as previously
described [14].

The foods tested were: hens’ egg white (EGG), orange
(ORA), banana (BAN), pork (PRK), potato (POT), a
mixture of legumes (soy bean and peanut, LEG), a
mixture of grains (wheat and rice, GRN) and cows’ milk
(MLK).

Assays

Total IgE, specific IgE to inhalant allergens, total 1gGy
and the IgG, and IgG, assays to a panel of eight foods or
food mixtures were performed as previously described
[14].

Classification of results

The results of the radioimmunoassays were dichotomized
1 (positive) or 0 (negative) by comparing the results with
those of a population of age-clustered unselected children
using the 75-percentile as cut-off [14]. The scores for the
eight foods tested were added to obtain a summed IgG,
score (£G;) and a summed IgG, score (£Gy), both

theoretically ranging from 0 to 8. For approximately 25%
of the children, both the £G, and £G, score was 4 or
more. A score of 4 or higher was used to classify a child as
a high responder.

Statistics

Statistical analysis was performed using chi-square statis-
tics including relative risk and 95% confidence intervals
[16] as calculated by the Statistical Package for the Social
Sciences (SPSS-PC); the correction for continuity accord-
ing to Yates was applied. The effect of eczema on the
observed association between IgG antibodies to foods
and the development of IgE antibodies was analysed
further by calculating partial correlation coefficients from
the phi values of the 2 x 2 tables [17].

Results

In the present group of high-risk children as a whole,
compared to the unselected group studied previously [14],
no, or only modest increases in the percentage of children
with an elevated response to foods were found (Table 2).
However, as indicated in Table 3 (columns 5 and 8) and in
Fig. 1, a clear-cut distinction with respect to the chance of
later developing IgE anti-inhalants was found between
children with low IgG anti-food scores and children with
high 1gG anti-food scores.

In general, IgGy antibodies to foods were not better
predictors than IgG, antibodies to foods (Fig. 2); in fact,
for IgE antibodies to house dust mite, the 1gG, anti-food
response was a better predictor than the corresponding
IgGy response (P <0-001).

In Fig. 3, we analysed how the IgG response to
individual foods was related to the risk of developing IgE
antibodies to inhalant allergens. The results suggest that
for grass pollen, house dust mite and cat dander especial-
ly, the IgG, anti-LEG as well as IgG, to GRN and EGG
are suitable as predictors. In general, the relative risk
scores for IgGy as predictor were lower than those for
IgG:

In Fig. 4, the frequencies of high IgG, and IgG, anti-
food responses were analysed in relation to the presence
or absence of (a history of) atopic eczema. In this
analysis, only children with eczema scores 0 (no eczema)
or 2 (definite atopic eczema) were included. As expected,
for most of the foods tested, high IgG, and IgG, antibody
responses were found more frequently in children with
eczema score 2 than those with score 0. In addition,
children with eczema score 2 had higher levels of total IgE
(P<0-001). However, elevated total lgG_.: levels were not
observed more frequently in children with (a history of
atopic) eczema than in children without eczema.
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Table 2. Percentage of children in the present high-risk group
with elevated levels (adjusted for age) of total IgE, total 1gGa,
high 1gG, or 1gG, anti-food scores, or a high score towards
individual food antigens compared to our reference group

Percentage of children with elevated
antibody levels (age-adjusted)

Present Unselected
high-risk group reference group [14]
(n=106) (n=213)
Total IgE 60-4 249
Total 1gGy 21-7 25:4
G, 189 235
G, 274 239
IgG|
EGG 30-2 249
ORA 208 24-4
BAN 217 24-4
PRK 6-6 24-4
POT 14-2 239
LEG 40-6 24-4
GRN 17-9 239
MLK 24-5 249
1gGy
EGG 387 24-4
ORA 217 24-9
BAN 16:0 24-4
PRK 22:6 239
POT 29-2 24-9
LEG 377 239
GRN 358 254
MLK 19-8 24-4

In an unselected population, an incidence of approximately
25% is expected for each of these parameters [14].

The IgG anti-food levels tended to be higher in the
eczema group, but the effect was significant only for IgG,
(P <0-05).

For all five inhalant allergens investigated, the fre-
quency of (a history of ) atopic eczema was higher in the
active group than in the inactive group (Fig. 5). There-
fore, we analysed whether the difference between the
group A and group 1 with respect to the IgG anti-food
response could be due to the association with atopic
eczema.

Table 4 contains data similar to those in Table 3, but
includes in the analyses only children with definite atopic
eczema. A difference between the active and the inactive
group with respect to the IgG anti-food responses was still
found. However, the observed difference was often not

statistically significant as determined by chi-square
analysis, most likely because of the small number of
subjects.

Furthermore, the effect of eczema on the observed
association between IgG antibodies to foods and the
development of IgE antibodies was analysed by calcu-
lating partial correlation coefficients from the phi values
of the 2 x 2 tables [17]. In this way, a statistical correction
was made for the contribution of atopic eczema to the
observed association between the inhalant-specific IgE
antibody response and the IgG antibody response to
foods (Fig. 6). The results indicate that the association
between the IgG anti-food responses and the develop-
ment of IgE antibodies to inhalants was to a small extent
only due to the association between IgG to foods and
atopic eczema on the one hand and between atopic
eczema and the development of IgE to inhalant allergens
on the other.

Discussion

The primary aim of the present study was to investigate
a possible relationship between a general food hyper-
responsiveness and the subsequent development of IgE
antibodies to inhalant allergens. We found a clear effect
using this general food hyperresponsiveness as a para-
meter.

In this discussion, we will focus on three questions:
(1) is the IgGy antibody response to foods a better
predictor for the development of IgE to inhalant allergens
than the corresponding IgG, antibody response?; (2) is
the observed association between IgG anti-foods and the
development of IgE to inhalant allergens due to an
association of these two parameters with atopic eczema?;
and (3) is the observed association between 1gG to foods
and the development of IgE to inhalant allergens a non-
specific effect, e.g. due to an increased permeability of the
mucosal membranes; or, alternatively, is immunological
specificity involved?

The role of 1gGy

The role of IgG, antibodies in human allergic disease is
controversial and has given rise to much speculation. In
several studies it has been shown that the total serum IgGy
level was elevated in patients with atopic eczema [18-20].
In contrast, Homburger ez al. [2] reported that total IgGy
levels were not different in children with asthma and non-
allergic children. They stated that the presence of detect-
able IgG, antibodies or a raised concentration of total
IgGy, is not useful as a diagnostic indicator of asthma but
more likely results from antigen exposure occurring at
mucosal surfaces. Bjorksten er al. [22] did not find any
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Table 3. Association between IgG antibody response to foods and the development of IgE antibodies to
inhalant allergens

RAST n* n (AT ZG — (%)t ZGi+(%)% P** Z2Gi—(%) ZGi+(%) P
Any RAST 65 13 153 667 0014 16-1 44-4 0-127
Grass 100 22 15-9 50-0 0-004 13-3 480 0:001
Mite 83 a2 19-4 72-7 0-001 22-1 46-7 0-103
Cat 91 18 14-3 50-0 0-007 143 381 0037
Dog 86 10 96 23-] 0-353 60 316 0-008
Rodent 102 11 9:5 16:7 0:640 79 19-2 0214

* Indicates the number of children RAST negative for the indicated inhalant allergen at the start of the follow-
up study.

+ Indicates the number of children who developed IgE antibodies to the indicated inhalant allergen during the
study, being RAST negative for the other tabulated allergens at the start of the follow-up study (subgroup
Al).

i Indicates the percentage of children with low IgG, anti-foods who developed a positive RAST for the
indicated inhalant allergen.

§ Indicates the percentage of children with high IgG, anti-foods who developed a positive RAST for the

indicated inhalant allergen.

** Indicates the statistical significance as calculated from the 2 x 2 table by chi-square analysis.
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Fig. 1. Summed IgG, (a) and summed IgG, (b) antibody
responses to foods (see Subjects and methods) predicting the
development of IgE antibodies to inhalant allergens. For several
allergens, the percentage of children showing IgE seroconver-
sion is given. Based on the scoring system described in the first
part of our study [14], serum samples from children were
classified as £G, — or £Gy-positive (M) (at least four out of eight
food-specific IgG, or IgG, RASTSs positive in comparison with
age-clustered (unselected children) or negative (H).

role in children with cows™ milk allergy. In addition,
Shakib er al. [23] concluded that the detection of milk-
and egg-specific IgGy in patients with atopic eczema had
no clinical value.

Our results do not indicate that IgGy is more closely
associated with atopy than IgG,. In general, for the
prediction of development of IgE antibodies to any of the
inhalant allergens tested, the IgG, antibody response to
foods appeared more informative than the corresponding
IgG4 antibody response. For the prediction of IgE sero-



104 P. G. Calkhoven et al.

307 1
(a)
[e]3
ar rL} 1
L
iEy R l t
O.3L 4
EGG ORA BAN PRK POT LEG GRN MLK
3071 1

(b)

Relative risk
W

0-3

0l ]
MGG ORA BAN PRK POT LEG GRN MLK

3071 1
(c)

10k

3_

: |

0-3

0.1 = 4

EGG ORA BAN PRK POT LEG GRN MLK

Fig. 3. 1gG, (O) and 1gG, () antibody responses to individual
foods (see Subjects and methods) predicting the development of
IgE antibodies to the inhalant allergens, grass pollen (a), house
dust mite (b) and cat dander (c¢). Results are expressed as relative
risk (95% confidence interval).

conversions for cat dander and especially mite, the I1gG;
anti-food response was more informative. However, for
the development of IgE antibodies to dog dander, the
IgGy anti-food response was a better predictor than the
corresponding IgG, response. For the prediction of grass-
pollen specific IgE sero-conversions, both the IgG, and
the IgGy anti-food responses were informative, the IgGy
response being slightly better than the IgG, response.
Surprisingly, in the present high-risk group we did not
find elevated levels of total 1gGy more frequently in
children with (a history of ) atopic eczema than in children
without (a history of) eczema. In addition, the IgG, and
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Total IgE Total IgG, 6, 5G4

Global serological parameter

Fig. 4. Global serological parameters in relation to the presence
(m) or absence (M) of (a history of) atopic eczema. The
percentage of children with high levels of total IgE or total IgGs
(higher levels than the 75-percentiles of age-clustered unselected
children; [14]) as well as the percentage of children with a
positive ZG, or £Gy score are given.

50r

Percentage of children converting
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Allergen tested

Fig. 5. IgE sero-conversion in relation to the presence (M) or
absence (W) or (a history of ) atopic eczema. The percentage of
children developing IgE antibodies to grass pollen, house dust
mite and danders from cat, dog and rodent are given.

IgG, anti-food responses tended to be higher in the
eczema group, but this phenomenon was statistically
significant only for IgG, anti-food. Therefore, we con-
clude that, in general, the IgG, antibody response to
foods is not a better predictor than the corresponding
IgG, antibody response.

The effect of atopic eczema

In the present study we found a marked association
between the levels of IgG, and also IgGy antibodies to
foods and the development of IgE antibodies to inhalant
allergens at a later time. However, the observed associa-
tion might be due to the association of each of these
parameters with atopic eczema.
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Table 4. Association between IgG antibody response to foods and the development of IgE antibodies to
inhalant allergens in children with (a history of) atopic eczema

1gG, 1gGy

RAST n* n(ADt G — (%)t ZG 4+ (%)Y P+ E2Gi— (%) IGi+(%) P

Any RAST 23 3 10-0 333 0-842 95 50-0 0-599
Grass 49 15 23:7 46-2 0:286 17-6 60-0 0-009
Mite 39 17 323 875 0016 36-5 75:0 0-107
Cat 41 13 250 556 0-182 24-1 50:0 0-211
Dog 38 7 14:3 300 0-532 7-1 50:0 0:012
Rodent 51 9 15-8 231 0-862 14-3 250 0:592

* Indicates the number of children with (a history of ) atopic eczema and RAST negative for the indicated
inhalant allergen at the start of the follow-up study.

t Indicates the number of children with (a history of ) atopic eczema who developed IgE antibodies to the
indicated inhalant allergen during the study, being RAST negative for the other tabulated allergens at the
start of the follow-up study (members of subgroup Al).

{Indicates the percentage of children with (a history of) atopic eczema with low IgG, anti-foods who
developed a positive RAST for the indicated inhalant allergen.

§ Indicates the percentage of children with (a history of) atopic eczema with high IgG, anti-foods who
developed a positive RAST for the indicated inhalant allergen.

**Indicates the statistical significance as calculated from the 2 x 2 table by chi-square analysis.

As mentioned above, in the present population the
frequency of children with (a history of) atopic eczema
was higher in the group who developed IgE antibodies to
grass pollen, house dust mite, or danders from cat, dog
and rodent than in the group who remained negative to
RAST. In addition, in patients with atopic eczema an
increased gut permeability was observed [24], in contrast
to Bjarnason et al. [24], and a decreased clearance rate of
ingested proteins [26]. Consequently, an elevated IgG
antibody response to foods might occur.

Therefore, we analysed the association between the
IgG anti-food response and the inhalant-specific IgE
response by applying a statistical correction for the
contribution of atopic eczema. The results indicated that
the observed association was only to a small extent due
to the association between IgG anti-foods and atopic
eczema on the one hand and between atopic eczema and
the development of IgE anti-inhalants on the other.

Crossreactivity between foods and inhalant allergens

The observed association between the IgG antibody
response to foods and the development of IgE antibodies
toinhalant allergens might result from a general increased
permeability of mucosal membranes in atopic subjects.
Such a defect in antigen exclusion might elicit an elevated
antibody response to both food and inhalant antigens.
Alternatively, immunological specificity might be

involved. In our hypothesis, IgE antibodies to inhalant
allergens might be generated after priming by cross-
reacting antigens present in foods.

Different routes of immunological priming are known:
T-cell priming and B-cell priming. In the case of T-cell
priming (‘carrier priming’), after preimmunization with a
carrier protein, the anti-hapten immune response will be
enhanced subsequent to immunization with a hapten
coupled to that carrier protein [27,28]: the T-helper cells
induced after pre-immunization co-operate with hapten-
specific B cells. Analogously, after pre-immunization with
foods T-helper cells might be generated against cross-
reacting structures present in those foods. Subsequent
contact with inhalant allergens containing these cross-
reacting structures might result in an enhanced immune
response to inhalant allergens. Because the crossreactivity
is present at the T-cell level, the antibodies generated
presumably do not crossreact themselves. However, those
antibodies are directed against antigens that carry the
crossreacting structures.

In the case of B-cell priming after pre-immunization
with a carrier-coupled hapten, the anti-hapten immune
response is often enhanced subsequent to immunization
with the same hapten coupled to a different carrier [29].
The antibodies generated will usually react with both the
primary antigen (food) and the secondary antigen (in-
halant allergen).

In our hypothesis, crossreactivity between foods and
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Fig. 6. Total (O) and partial ((&) correlation between the
summed IgG, (a) or summed 1gGy (b) antibody responses to
foods and the development of IgE antibodies to inhalant
allergens. Partial correlation coefficients were from calculated
phi values of 2 x 2 tables [9], a statistical correlation being made
for the contribution of atopic eczema to the association between
the inhalant-specific IgE antibody response and the 1gG
antibody response to foods.

inhalant allergens plays an essential role. Therefore, the
existence of such crossreactivity is of crucial importance.
We, and others [12, 13, 30-34], demonstrated the presence
of immunologically crossreacting structures in vege-
tables, fruits, pollen and even Hymenoptera venom.

In the active group of the present high-risk children, we
also studied the specificity of the newly generated IgE
antibody response to grass pollen, house dust mite and cat
dander in detail. Special attention was paid to the
immunological crossreactivity between foods and inha-
lant allergens. In early serum samples of several high-risk
children, we demonstrated crossreactivity on the level of
IgE antibodies, (1) between grass pollen and potato, and
(2) between cat serum and components present in pork
(pig serum). In both situations, the IgG antibodies to
components present in these foods generally preceded the
development of IgE antibodies to grass pollen and cat
dander [unpublished observations]. Therefore, these
results support our hypothesis involving immunological
specificity: IgE antibodies to inhalants might be generated
after priming by crossreacting antigens present in foods.
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