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ATOPIC ALLERGY AND SERUM IgE
IN RANDOMLY SELECTED EIGHT-YEAR-OLD
CHILDREN

By
N.-I. M. KJELLMAN, L.-O. HANSSON & J. LUDVIGSSON

Atopy has been defined as a tendency to produce specific anti-
bodies of immunoglobulin class E (1gE) as the result of
repeated exposition to common environmental antigens (25).
It has been possible to analyse serum concentrations of IgE
for the last 10 years (13, 14, 27). In healthy newborns the
serum IgE level is below 1 kU/! (1 kU is equivalent to about
2.4 p#g) and its concentration increases slowly during child-
hood to reach a maximum in children 10-14 years of age
(18). A rather rapid decrease is found after puberty (9).

Atopic diseases—atopic dermatitis, allergic rhinitis, bron-
chial asthma and certain forms of urticaria—are, apart from
parasitic infestation, the most common causes of high IgE
levels (15). However, IgE levels show a great dispersion in
health as well as in atopic disease.

Hence, there have been difficulties in discriminating be-
tween atopic and non-atopic individuals and in interpretating
isolated IgE values (12). After having established a highly
selected reference material of non-atopic children from o to
15 years of age (21) we were able to evaluate the new re-
ference limits on a randomly selected group of 8-year-old
schoolchildren living in the same region as the reference
children. The aims of the study were:

a) to compare two different radioimmunoassay techniques
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for the determination of serum IgE levels in a non-selected
group of children,

b) to evaluate the clinical significance of serum IgE and
RAST in relation to family and individual histories, and

c) to find out if high IgE levels could predict atopic disease
during the first 2 years after blood sampling in this age group
as has been shown previously in younger infants and children
(11,21).

MATERIAL AND METHODS

A sample of 212 children was selected at random from among the 1483
8-year-old school children in the community of Linképing, Sweden, in 1973.
Case histories were collected using a questionnaire with main emphasis on the
occurrence of allergic disease and infections in the children as well as in their
family members {parents and siblings). Answers were received from 210 of
the children. Among these, 164 assented to blood sampling which in all cases
was performed with the consent of their parents, All samples were taken in
November to minimize the effect of possible seasonal allergy in the children.
Serum was separated and frozen at —20° C. When all samples had been col-
lected they were simultaneously apalysed. Case histories were evaluated with-
out knowledge of the IgE results.

Serum IgE was analysed using two different radioimmunoassays: Phadebas®
IgE (radioimmunoscrbent) test (RIST), an inhibition radicimmunocassay with
Sephadex coupled anti-IgE (27), and Phadebas IgE PRIST®, a direct sand-
wich technique using paper discs as the solid phase. The PRIST technique
was described by Cesca & Lundquist in 1972 (5) and evaluated recently (17).
The results were expressed in kU/l and compared with those in a selected
group of healthy non-atopic children (21).

A screening for specific reaginic antibodies was performed using the radio-
allergosorbent test, Phadebas RAST®, in all 28 sera with a total IgE level
above the geometrical mean 4 2 standard deviations (s.d.) for age using
RIST, and in a further 28 children selected at random ameng those with
lower IgE levels. The test was performed in accordance with the recommenda-
tions of the manufacturer. The following five allergens were used in the RAST :
horse and cat dander, dust (Greer Incorp.), birch pollen and timothy pollen.

About 2 years after the blood sampling a new questionnaire was sent to all
the families to find out the occurrence of possible allergic symptoms in the
children and/or the family members. The parents were asked to describe the
symptoms and to give the time of their onset in relation to the blood sampling.
Furthermore, all possible information was collected from clinical records, when-
ever available, at the Department of Pediatrics, Linkdping University Hospital.
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Comparison between IgE levels with the RIST and PRIST methods.

Obwious alepic disease was defined in the case of evident symptoms and/or
signs of atopic disease: atopic dermatitis, allergic rhinitis, allergic urticaria
and bronchial asthma.

Probable atopic disease was considered to be present when there was a history
of any of the following symptoms not documented in previous medical re-
cords: itching flexural eczema, wheezing during three or more respiratory
infections or on other occasions, a constant nasal discharge or sneezing and
nasal itching without respiratory infections. Episodes of urticaria without known
aetiology were also classified as expressions of a probable atopic disease.

Bronchial asthma and allergic rhinitis will be referred to as respiratory alier-
gies, atopic dermatitis and urticaria as skin allergies. When diseases of both
the respiratory and the skin types occurred in the same child the disease will
be called combined allergy.
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IgE lewels were in this study regarded as high if they exceeded the + 2z s.d.
limit for age in healthy non-atopic children (18, z1), otherwise they were
classified as normal.

RASTs were regarded as positive when the RAST score was 2-4, otherwise
they were called negative.

RESULTS

The serum IgE levels showed a wide range from 1 kU/I to
1600 kU/1 using PRIST and from 10 to 2000 kU/! using
RIST. The results of these analyses are compared in Fig. 1.
There is a good correlation between the two methods for
IgE levels exceeding 50 kU/l. For lower levels RIST tends
to give somewhat higher results than PRIST. At IgE levels
above 250 kU/I, t.e. the 4 2 s.d. limit for age, using both
methods, the differences are small. Using RIST, 28 children
had IgE levels above this limit in comparison with 24 using
PRIST (Table 1).

Fourteen of 21 (66.7 per cent) children with obvious atopic
disease had high 1gE levels using RIST. The corresponding
incidence was 13/21 (61.9 per cent) using PRIST. No differ-
ence was found in the ability of the methods to discriminate
between atopic and non-atopic individuals. Hence, the results
of PRIST were used for the following presentation.

The case histories of the initial material (210 children),
including the 164 who were submitted to IgE analyses, are
presented in Table 2. The total incidences of obvious and
probable atopic disease were 19.0 and 18.9 per cent, respec-
tively. Thus, there was no significant difference in the inci-
dence of atopic disease between the groups. Five children
with bronchial asthma in the initial material who did not
want to participate in the study were all known outpatients
at the Department. Their IgE levels ranged from 28-17000
kU/1 (RIST).

A family history of atopic disease was found in 11 out of
21 children with obvious atopic disease and in three out of 10
cases with probable atopic disease as compared with 38 out
of 133 healthy children (Fig. 2). In all, 52 of the 164
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Fig. 2.
Comparison between the discriminative value of a positive family history of
atopic disease, a high IgE level and a positive RAST screening in atopic disease.

children, i.e. 31.7 per cent, had a family history of atopic
disease.

The IgE levels were significantly more often (chi*test,
P<o0.001) above the + 2 s.d. limit for age in the children
with atopic disease (14/31) than in those without (10/135)
(Table 1). The distribution of logarithm-transformed IgE
levels was found to be approximately Gaussian for healthy
as well as for atopic children (Fig. 3) with an overlap be-
tween the curves. Twelve of the 13 children with obvious
atopic disease who had high IgE levels had a respiratory type
allergy, two of them combined with skin allergy. Only one of
11 children with probable atopic disease had a high IgE level.

A recent history of oxyuriasis was revealed in seven of the
164 children. All of them had normal IgE levels. There was

7 Acta Allergologica, 32, 2
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Fig. 3.
L, 1gE (PRIST) in the children with atopic disease and in those without.

no history of any other recent disease known to give high IgE
levels (x5).

The IgE levels are compared with the family and individual
histories in Table 4. There was a higher incidence of atopic
disease with higher IgE levels. Only one of our 21 children
with obvious atopic disease had an IgE level below the geo-
metrical mean for age. A family history of atopic disease was
found in 34/123 (27.6 per cent) of the children with normal
IgF. levels as compared with 4/10 with higher levels; hence,
no significant difference was found in this respect.

The results of RAST are presented in Table 5. Ten of
the children with high IgE levels had positive RAST. Three
of these children developed their symptoms of atopic disease
after the blood sampling. There was no positive RAST in
any child who was healthy during the whole observation
period. Only one positive RAST was found in the randomly
selected group of 28 children with IgE levels below the
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TABLE 3
IgE Lewels tn Relation te Diagnosis.

. No. of

Type of disease ” A{:::]T‘ Range samples
>+ 2sd.

Obawious cases
Respiratory 12 453 21-1000 10
Skin 7 134 4.6-385 1
Combined 2 950 300~1600 2
Total 21 394 4-6—1600 13
Probable cases
Respiratory 2 175 39—310 1
Skin 3 2L.5 —57 o
Total 10 52.2 1-110 1
TOTAL 31 284 1—1600 14

4 2 s.d. limit. This positive test was found in a boy with a
perennial rhinitis of probable atopic aeticlogy.

The incidence of positive RAST was /15 in the children
with obvious atopic disease, 2/§ with probable and o/36 with-
out such disease (Fig. 2).

Twenty-four children had IgE levels above the - 2 s.d.
limit (Table 4). In seven of these, the high level was ex-
plained by the presence at sampling of an actual atopic dis-
ease, one probable and six obvious cases. In all, 11 cases of
obvious and six cases of probable atopic disease developed
during the observation period. In seven of these, all of them
obvious cases, the onset of disease was preceded by a high
serum IgE level. The positive family history of atopic disease
may possibly explain the high IgE levels in a further four of
the children. In all, 18 of the 24 cases with high IgE levels
may thus be explained, whilst six such cases, i.e. 3.7 per cent
of the whole material, remain unexplained.

The distribution of the IgE levels in relation to the occur-
rence of atopy is compared with theoretical figures of incidence

P
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TABLE 4

IgE Lewels (PRIST) in Relation to the Diagnosis at the

No atopic disease at either investigation

Total
IgE levels Total Percent NoFH FH
n Per cent n
< —zs.d. 1 0.6 1 100.0 1 o
>—zsd. < —r1sd. 12 7. Ir 91.7 9 2
>—1sd. <Y 18 23.2 14 89.5 10
>Y¥ < +1sd 62 37.8 54 87.1 19 15
> 4+ 1sd. < 4 25s.d. 27 16.5 23 85.2 16 7
> +2sd. 24 14.5 10 41.7 6 4
Total n 164 133 95 38
Per cent 100.0 gr.1 57.9 32.2

FH = family history of atopic disease.
¥ = geometric mean.
s.d. = standard deviation.

calculated by Hamburger (11) in Table 6. Atopic disease is
highly probable at IgE levels above 700 kU/] and rather im-
probable below 100 kUJ/l at this age, but no distinct discri-
minaticn is possible between atopy and non-atopy.

DISCUSSION

Serum IgE levels occur in minute concentrations in healthy
children, but the range is very wide (Fig. 1), indeed much
wider than for any other immunoglobulin. This necessitates
a refined technology for serum IgE determinations. Most
current methods include the use of radioactive IgE (inhibi-
tion methods) or anti-IgE (direct methods). Inhibition me-
thods such as the original Phadebas IgE test tend to over-
estimate serum IgE levels in the lower range, i.e. below about
5o kU/IL, because of the non-specific interference of serum
proteins (3, 17). This may be overcome by the use of a
correction factor in the calculations, but in newborns there
is, even so, a tendency for the RIST to give higher IgE values
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Imtial Inwvestigation and at the Follow-Up (2 Years Later).

Probable atopic disease Obvious atopic disease
Total Initially Follow-up Total Initially Follow-up

o [ [ o [ o
1 o H o o o
3 1 2 1 1 o
3 2 3 3 L 2
o o o 1 2 2
1 I o 13 6 7

10 4 6 21 10 11
6.1 2.4 3.7 12.8 6.1 6.7

than the direct sandwich radioimmuncassay PRIST in which
paper discs are used as the solid phase (7).

Also in the present study the correspondence between the
two methods was good for IgE levels above 50 kU/l. At
lower levels the PRIST values tended to be lower than the
RIST values. The PRIST, which also is more simple to per-
form (17), equalled the RIST in the ability to discriminate
between atopic and non-atopic subjects. The PRIST is there-
fore recommended for IgE determinations in all ages of child-
hood as well as in adults (16}.

One of the difficulties in allergy research is the lack of
agreement as to which symptoms should be regarded as ex-
pressions of atopy. Perhaps there are no distinct differences
between atopic and non-atopic, but rather degrees of “atopic-
ness’” (11). It seems justified to use the term “atopic” only
for diseases in which IgE-mediated reactions have been
proven to occur frequently. This is why the study was restrict-
ed to allergic rhinitis, bronchial asthma, atopic dermatitis and
urticaria.

The total incidence of atopic disease as well as of the four
diseases listed above was nearly identical in the initial mate-
rial (19.0 per cent) and in the children in which IgE was
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TABLE ;
Results of RAST in the 28 Children with High IgE Lewels and the 28 Ran-
domly Selected Controls.

RAST IgE level Atopic disease
Total
score (RIST) Obwvious Probable Not present
o1 > +z2sd. 5 (2} o 13 18 (2)
< 4 2 s.d. 1 3 23 27
23 > + 2 s.d. 9 (5) 1 o 10 (5)
< + zsd. o 1 (1) o 1 (1}
Total > 4 2sd. 14 {7) I 13 28 (7)
< 4 zsd. ¥ 4 (1) 23 28 (1)
Total 15 (7) 5 (1) 36 56 (8)

Figures in brackets indicate cases who developed symptoms of atopic disease
during the observation time.

determined (18.9 per cent). As the initial group was selected
at random among all 8-year-old children in the community
the material may be regarded as a representative sample of
8-year-old children. The initial drop-out (2/212) was small
and at the follow-up of the 164 IgE-investigated there was
no drop-out at all.

The data in the medical records were in good agreement
with the questionaire data. It is of course difficult to obtain
reliable information about former and present atopic symp-
toms through questionnaires, but even after a direct investiga-
tion it may be difficult to differentiate between atopy and non-
atopy (20). Atopic symptoms are often misunderstood,
especially if they occur in early childhood, and may also be
forgotten, However, the total incidence of atopic disease
which was found is in accordance with findings in other
studies, such as in a larger group of seven-year-old children
living in the same region (18), and in other reports from
Europe and North America (1, 10, 26).

The incidence of obvious bronchial asthma, 3.3 per cent, is
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in accordance with findings by e.g. Williams & McNicols
(28).

The incidence of a family history of atopic disease (31.7
per cent} was high but in accordance with other findings (2,
18). As a disposition for atopic disease and elevated IgE
levels seems to have a common genetic background (23) the
high incidence of IgE levels above the 4- 2 s.d. level for age
is not surprising (24/164 = 14.6 per cent). However, a posi-
tive family history of atopic disease was not found significant-
ly more often among children with high IgE levels than
among those with normal levels.

The distribution of the natural logarithms of IgE levels
in children with obvious atopic disease (IgE from 4.6 to 1600
kU/1) and in non-atopic children (IgE from below 1 to 1100
kU/1) approximates the Gaussian distribution (Fig. 3) with
a significant shift to the right of the IgE maximum of the
atopic group as has also been reported by Grundbacher (g)
among others. It was impossible to detect a distinct discrimi-
nating IgE as could be expected from many other studies
(15).

Hamburger (11) has made an attempt to evaluate the
significance of a single IgE value by calculating the theo-
retical distribution of IgE values at different levels as shown
in Table 6. Such a procedure may prove of some value for the
clinician. However, the theoretical incidences were calculated
for IgE in adults. As there is a peak of IgE levels in children
from 10 to 14 years of age (18), figures of incidences at
different numerical IgE levels will differ between age groups
during childhood. Account should also be taken of the chang-
ing incidence of the four atopic diseases at different ages
during childhood, the first disease to occur being atopic
dermatitis followed by bronchial asthma, and from about ;
years of age, allergic rhinitis (4). Thus accordingly, eight
of 11 cases of atopic disease which developed during the
observation period were allergic rhinitis. After puberty there
is a decrease in the incidence of new cases of atopic disease.

Another approach to the problem was made by Marsh et al.
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(22) who calculated a “cut-off” limit which was defined as
the IgE level at which the combined percentage of healthy
individuals with high IgE levels and atopic individuals with
normal IgE levels was minimized. The cut-off limit as cal-
culated for the present material was 149/ kU/1. This limit
was exceeded by 36 (22.0 per cent) of the children. Seven-
teen out of 21 children with obvious atopic disease had IgE
levels above the cut-off limit. Such a cutt-off lLimit, if calcu-
lated for each age group, might be of value in future screen-
ing programmes. However, all such calculations based on
numerical IgE values would have to be established for all
ages during childhood before they could be useful to the
pediatrician. For clinical use, the gecometrical mean seems of
interest as in this material only one case of obvious atepic
disease (a very mild case of atopic dermatitis) had an IgE
level below this limit. This finding is in agreement with that
stated by others (16).

The + 2 s.d. level is also of interest as such a level is
frequently used as the upper reference limit. Thirteen of the
21 children with obvious atopic disease had an IgE level above
this limit, but at the time of sampling the diagnosis was estab-
lished in only six of these, and in one child with probable
atopic disease. Six of the remaining 17 cases with high IgE
levels, i.e. 35.3 per cent, were explained later on by the deve-
lopment of atopic disease. Probably, in an extended study,
an even larger number of the children with high IgE levels
will develop atopic disease in the near future, predominantly
those with a family history of atopic disease (18). It has
been shown by Chambers & Glaser (6) that positive skin tests
may often be found before the onset of clinical hay fever,
especially during childhood. More recently, Foucard (7, 8)
demonstrated the presence of positive RAST and high IgE
levels in children with “asthmatoid bronchitis” but before
evident symptoms of atopic allergy. Also studies by the Ham-
burger group (24) and by our group (18, 19, 20) have
revealed that atopic symptoms in infants and children are
often preceded by high serum IgE levels. In our experi-
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ence of 439 children who were followed-up 18—24 months
after sampling, 30 out of 44 (68.2 per cent) children who
developed obvious atopic disease during the observation peri-
od had high IgE levels before the onset of symptoms. An IgE
screening in high risk groups should enable prophylactic mea-
sures to be taken already in the preallergic state.

RAST, here used as a screening, was significantly more
often positive in children with obvious atopic disease (Fig. 3)
than in the remainder. A comparison was made between the
discriminating value of a family history (taken by question-
naire), an IgE test (with PRIST) and the RAST screening
(five allergens), and the result is in definite favour of the
immunochemical diagnosts. Thus, with an equivocal case
history, an IgE determination (with PRIST), preferably
combined with a RAST screening (with allergens adapted to
the age of the client) is of definite value for the discrimina-
tion between atopy and non-atopy.

SUMMARY

The incidence of atopic allergy and serum IgE levels as well
as specific IgE antibodies was studied in a randomly selected
sample of 164 8-year-old children who were followed-up for 2
years. The total incidence of atopic disease was 18.9 per
cent. Serum IgE levels were above + 2 s.d. for the age before
the onset of atopic disease in seven of 11 children who deve-
loped an atopic disease during the observation period. The
direct paper disc sandwich radioimmunoassay, PRIST®, equall-
ed the Phadebas® IgE test for discriminating between atopy
and non-atopy, but PRIST is preferred because of its simpli-
city. Actual or future atopic disease is most probable when the
serum IgE is above the 4+ 2 s.d. limit for age. Serum IgE
levels below the geometrical mean for age are rarely found
in atopic disease. An IgE determination with PRIST will
give more discriminative information than the family history
and is recommended for routine purposes when there is a
history of possible atopic allergy in a child.



3.

14.

107

REFERENCES

. Arbeiter, H. 1. (1967): How prevalent is allergy among U.S. schoo! chil-

dren? Clin. pediat. 6, 140-142.

. v. Arsdel, P. P. & Motulsky, A. G. (1959) : Frequency and hereditability

of asthma and allergic rhinitis in college students. Acta genet. (Basel) o,
101-114.

. Bazaral, M, Orgel, H. A. & Hamburger, R. N. (1971): IgE levels in nor-

mal infants and mothers and an inheritance hypothesis. J. Immunol. 707,
794~8o4.

Blair, H. (1974} : The incidence of asthma, hay fever and infantile eczema
in an East London Group Practice of 9145 patients. Clin. Allergy ¢, 389-399.

. Ceska, M. & Lundkvist, U. (1972): A new and simple radioimmunoassay

method for the determination of IgE. Immunochemistry ¢, 1021-1030.

. Chambers, V. V. & Glaser,. J. (1958): The incidence of subsequent rag-

weed pollinosis in symptom-free persons having positive reactions to rag-
weed pollen extract. J. Allergy, 29, 239-257.

Foucard, T. (1973): A follow-up study of children with asthmatoid bron-
chitis. I. Skin test reactions and IgE antibodies to common allergens. Acta
paediat. scand. 62, 633—644.

Foucard, T. (1974): A follow-up study of children with asthmatoid bron-
chitis. II. Serum IgE and eosinophil counts in relation to clinical course.
Acta paediat. scand. 63, 129-139.

Grundbacher, F. J. (1975): Causes of variation in serum IgE levels in
normal populations. J. Allergy clin. Immunol. 56, 104-111.

. Halpern, S. R., Sellars, W. A., Johnson, R. B., Anderson, D. W., Saper-

stein, S. & Reisch, J. S. (1973) : Development of childhood allergy in in-
fants fed breast, soy or cow milk. J. Allergy clin. Immunol. 57, 13g9-151.

. Hamburger, R. N. (1974): Development and inheritance of IgE and

allergy. Allergol. Immunopathol. Suppl. 2, ro1-r106.

Havnen, J., Amlie, P. A, Hvatum, M., Oseid, S., Veggan, T. & Aas, K.
(1973) : IgE concentrations in allergic asthma in children. Arch. Dis. Child.
¢8, 850-855.

Ishizaka, K., Ishizaka, T. & Hornbrook, M. M. (1966): Physicochemica!
properties in reaginic antibody. J. Immunol. g7, 840-853.

Johansson, S. G. O. (1967): Raised levels of a new immunoglobulin class
(IgND) in asthma. Lancet #Z, 951-953.

. Johansson, S. G. O, Bennich, H. H. & Berg, T. {1972) : The clinical signi-

ficance of IgE. In Schwartz, R. (ed.): Progress in clinical immunology,
p. 157=181, vol. 1. Grune & Stratton Inc, New York.

Johansson, 8. G. O. (1975) : Radioimmunocassay of IgE and IgE antibody
and its clinical application. . clin. Path. 28, Suppl. 6, 13-17.

Johansson, S. G. O., Berglund, A. & Kjellman, N.-1. M. (1976) : Compari-
son of IgE values as determined with different solid phase radioimmuno-
assay methods. Clin. Allergy 6, g1—¢8.



18.

19.

21.

22.

23.

24.

25,

26.

27.

28.

108

Kjeliman, N.-I. M. (1976} : Immunoglobulin E and atopic allergy in child-
hood. Linképing University Medical Dissertations No. 36.

Kjellman, N.-1. M. (:976): Predictive value of high IgE levels in chil-
dren. Acta paediat. scand. 65, 465-471.

. Kjellman, N.-I. M. & Johansson, S. G. O. (1976): IgE and atopic allergy

in newberns and infants with a family history of atopic disease. Acta
paediat. scand. 635, 6oz—607.

Kjellman, N.-I. M., Johansson, 8. G. 0. & Roth, A. (1976} : Serum IgE
levels in healthy children quantified by a sandwich technique (PRIST).
Clin. Allergy, 6, s1~59.

Marsh, D. G., Bias, W. B. & Ishizaka, K. (1974): Genetic control of
basal serum immunoglobulin E level and its effect on specific reaginic
sensitivity. Proc. nat. Acad. Sci. U.S.A. 77, 3588-3592.

Oprée, W., Krause, H. & Stockberg, H. (1972) : Genetic aspects of serum
IgE levels in atopic families. Acta allergol. 27, 297-256.

Orgel, H. A., Hamburger, R. N., Bazaral, M., Gorrin, H., Groshoeng, T,
Lenoir, M., Miller, J. R. & Wallace, W. (1975): Development of IgE and
allergy in infancy. J. Allergy clin. Immunol. 56, z96-307.

Pepys, J. {1975): Atopy. In Gell, P. G. H,, Coombs, R. R. A. & Lachmann,
P. J. (eds.): Clinical aspects of immunology, p. 877902, Blackwell Sci.
Publ., Oxford.

Rapaport, H. G., Appel, 8. J. & Szanton, V. L. {1960) : Incidence of allergy
in a pediatric population. Ann. Aliergy 18, 45—49.

Wide, L. (1971) : Solid phase antigen-antibody systems. In Kirkham, K. E.
& Hunter, W, M. (eds.) : Radioimmunoassay methods, p. 405—-412, Churchill
& Livingstone, Edinburgh and Londen.

Williams, H. E. & McNicol, K. N. (1969): Prevalence, natural history
and relationship of wheezyv bronchitis and asthma in children. An epide-
miological study. Brit. med. J. 4, 321-325.

Authors’ address: N.-I. Max Kjellman

Department of Pediatrics
University Hospital
§-581-85 Linkoping
Sweden



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.





