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The appearance and course of serum immunoglobulin E-antibodies
(IgE-ab) to egg-white (EW), cow’s milk (CM) and inhalants (pollen,
danders and mite) were followed from birth to 12 years of age in 84
children unselected for family history of atopy. During the follow-up 36
children developed atopic symptoms and 48 children did not. IgE-ab to
EW and CM reached a peak prevalence at 8 months of age — with high
concentrations almost exclusively in atopics and disappeared successively
during childhood. IgE-ab to inhalants appeared from 2 years of age and
then in increasing frequency during childhood. Similar to the pattern of
IgE-ab to EW and CM, transient low levels of IgE-ab to inhalants were
commonly encountered in non-atopic children while high concentrations

G. Hattevig', B. Kjeliman',

B. Bjorkstén?

Departments of Pediatrics, 'Central Hospital,
Skévde, 2University Hospital, Linkdping, Sweden

We have previously reported the development of
atopic symptoms and serum IgE antibodies (IgE-
ab) to common allergens in 86 girls unselected with
regard to family history of allergy followed from
birth to 7 years of age (1, 2). We concluded that
IgE-ab to egg-white (EW) and cow’s milk (CM)
appeared frequently during infancy both in atopics
and non-atopics, but in high levels almost exclu-
sively in infants with present or future atopy. The
highest concentrations of IgE-ab to foods were
seen at 8 months and then decreased, while IgE-ab
to inhalants appeared later.

We report here the results of a follow-up per-
formed when the children were 12 years of age and
discuss the appearance and course of IgE-ab dur-
ing the first 12 years of age in atopic and non-
atopic individuals.
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without tendency to decline were almost exclusively seen in atopics.
High responders to EW-antigen during infancy were usually also high
responders to inhalants during childhood. Clinical allergy to EW and
CM and subsequent tolerance appeared early in childhood, whereas
allergy to inhalants appeared later and did not disappear. The tem-
porary low-grade IgE antibody response in non-atopic individuals to
eaten and inhaled allergens is similar to the results of animal studies
demonstrating a transient IgE production followed by tolerance.
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Subjects and methods

The study group, which originally comprised 86
girls, has been presented in detail previously (1, 2).
Since the follow-up at 7 years of age two non-
atopic children had died. All the remaining 84
children reported for the follow-up at 12 years of
age. Briefly, they were all Rh-negative and results
of uncomplicated pregnancies and deliveries. Clin-
ical examinations were made and blood samples
were taken at birth and at 3 and 8 months, and at
2,4 and 7 years of age. A clinical history emphasiz-
ing possible atopic symptoms was obtained and a
physical examination was made by one and the
same physician as previously. The clinical criteria
of atopy were the same as those used previously
(1). Briefly, bronchial wheezing three times or



Table 1. Cumulative number of children with clinical symptoms of atopy
{n=236) out of 84 children foilowed from birth to 12 years. EW = egg-white,
CM = cow’s mitk, m = months, y = years.

Symptoms Age

3m 8m 2y 4y Ty 12y

Atop. derm. 2 8 12 18 18 26
Alferg. rhinit 0 0 0 4 8 N
Urticaria 0 1 4 5 6 7
Asthma 0 1 1 2 2 2
Gastro-intest allergy 0 0 0 0 0 2
Allergy to EW/CM 0 3 7 7 7 7
Allergy to pollen/danders 0 0 0 1 6 10

more was regarded as asthma. Allergic rhinitis
(AR) was defined as rhinitis and conjunctivitis ap-
pearing at least twice after exposure to a particular
allergen and not associated with infection. Atopic
dermatitis (AD) was defined as pruritic, chronic or
chronically relapsing dermatitis with typical mor-
phology and distribution as described by Hanifin
and Rajka (3). Allergic urticaria was defined as
generalized urticaria appearing at least twice
within approximately 1 h after exposure to a par-
ticular allergen and not associated with infection.
Gastrointestinal allergy was defined as an obvious
reaction after an exposure to an allergen within 1 h
after exposure on at least two occasions.

Venous blood samples were obtained through a
cubital venepuncture and all were frozen and
stored at —20°C until analyzed. Total serum IgE
(S-IgE) levels were determined with Phada-ebas
PRISTR (Pharmacia Diagnostics AB, Uppsala,
Sweden) as recommended by the manufacturer
and described in detail elsewhere (1). The levels of
IgE-ab to EW and CM, house dust mite (Derma-
tophagoides pteronyssimus), birch, thimothy and
mixed animal danders were estimated with Phade-
bas RAST® (Pharmacia Diagnostics AB, Uppsala,
Sweden). Sera that were RAST®R negative, i.e.,
<0.35 PRU/mL (Phadebas RAST Units/mL),
were tested a second time with an extra sensitive
assay allowing identification of antibodies in levels
of = (.10 PRU/mL as described in detail elsewhere
(1). Sera that were positive to the mixed animal
dander discs were subsequently tested for IgE-ab
to cat-, dog- and horseepithelium.

The Mann-Whitney U-test was used for estima-
tion of differences between S-IgE concentrations
in different subgroups of children. Fisher’s exact
two-tailed test was used to estimate differences
between subgroups. Odds ratio (OR) and the 95%
confidence interval (CI) are given.

All parents of the children gave their informed
consent. The study was approved by the Human

IgE antibodies to ingested and inhaled allergens

Research Committee of the Medical Fauculty of
the University Gothenburg.

Results

The cumulative number of children with atopic
symptoms during the first 12 years of life was 36
(43%). Twelve of the 24 children reporting such
symptoms at the present follow-up had previously
not shown any atopic symptoms (Table 1). Allergy
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Fig. 1. Serum IgE levels (kU/L). Medians and 90 percentiles
(T) in children developing atopic symptoms during the 12 years
of follow-up (O) and they who did not (O).
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Fig. 2. Levels of IgE-antibodies to egg-white (a) and cow’s milk (b) (PRU/mL) at various ages in children who did or did not
develop atopic symptoms during the first 12 years of life. The unbroken horizontal lines indicate 0.35 PRU/mL, which is the lower

limit of Phadcbas RASTR class 1.

to EW or CM did not develop after two years of  children up to 12 years age. At that age all of them
age and was still present at 4, 7 and 12 yearsin 6,2  had clinical symptoms.

and 0 children respectively. Serum IgE levels did not differ significantly be-

Clinical allergy to pollen and/or danders ap-  tween the atopic and non-atopic children at any

peared between 2 and 4 years in one child, be-  time over the 12-year period (Fig 1). This was true

tween 4 and 7 years in 5 children and in other 4  both for cumulative incidence and prevalence at all
ages.
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The concentrations of IgE-ab against EW and
CM are shown in Fig 2. An essentially biphasic
response of IgE-ab to food allergens was seen both
in atopics and non-atopics with a peak at 8 months
of age prior to a decline. The differences between
atopics and non atopics are the higher peak con-
centrations in the atopics and the slower decline in
some of them. No child developed concentrations
above 0.35 PRU/mL after the first year of life and
high levels of IgE-antibodies, i.e. =0.35 PRU/mL
were almost exclusively seen in children who de-
veloped atopic disease at some time during the
observation period.

Table 2 shows the number of children with sera
available for titration and the number of children
with detectable IgE-ab to inhalants during the fol-
low-up. The 40 children with sera available for
titration up to 2 years of age included five of the six
children with IgE-ab =0.35 PRU/mL at 4 years
and four of the five children developing such anti-
bodies between 4 and 7 years. Their sera had no
detectable IgE-ab to inhalants before 2 years.

The concentrations of IgE-ab to inhalants are
shown in Fig 3. Such antibodies were detectable in
22 of the 36 children with atopic manifestation
(60%) and in 17 of the 48 (35%) non-atopic ones
(OR:2.9,95% CI: 1.1-7.8). The number of atopic
children with low levels of antibodies (8/36) was
similar to the number of non-atopics with low
levels (15/48) whereas high titres were seen in 14
atopic individuals and in only 2 non-atopic children
(OR: 14.6, 95% CI: 2.8-102.7). The two non-
atopic children had IgE-ab to pollen and only at
the last follow-up.

An essentially biphasic response of IgE-ab to
inhalants was seen in the non-atopics with low
peak concentrations between 2 and 7 years of age.
Declining concentrations were not scen in the
atopics.

Discussion

A pattern similar to the IgE-ab development to
EW and CM, was commonly found in the IgE-ab
development to inhalants both in atopics and non-
atopics, but high levels were almost exclusively
seen in atopics. The IgE-ab to inhalants appeared,
however, later both in atopics and non-atopics.
Furthermore, a biphasic pattern of IgE-ab to in-
halants was only seen in the non-atopics, consis-
tent with the picture seen in experimental animal

Fig. 3. Levels of IgE antibodies to pollen (birch and timothy)
(a), mixed animal danders (b), and to house dust mite (c) at
various ages in children who did or did not develop atopic
symptoms during the first 12 years of life. The unbroken hori-
zontal lines indicate 0.35 PRU/mL, which is the lower limit of
Phadebas RAST® class 1.
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Table 2. IgE-ab {PRU/mL) to inhalants obtained in 84 children followed from
hirth to 12 years of age

Age Number of children with
(years)
lgk-ab = 0.35 IgE-ab <0.35 available sera
0-2 1 1 40
4 5 22 84
7 10 15 76
12 16 14 84

models which demonstrate transient IgE-ab pro-
duction to inhaled allergens prior to the onset of
tolerance (6).

The pattern of clinical allergy followed the pat-
tern of IgE-ab; i.e. allergy to EW and CM ap-
peared early and tolerance developed during child-
hood whereas allergy to inhalants appeared later
with increasing prevalence.

Two groups of children could be identified with
regard to appearance of IgE-ab to foods and in-
halants. One group had no or only low concentra-
tions of IgE-ab (low responders) and another
group developed high concentrations of these anti-
bodies (high responders). In the high-responders
the high levels of IgE-ab to both foods and in-
halants were reached rapidly after their first ap-
pearence. This pattern agrees with experimental
data suggesting that subjects with propensity to
hyperproduction of IgE-ab have a genetically de-
termined deficiency in regulation of IgE-ab pro-
duction (4-7).

The reasons why the high-responders developed
high levels of IgE-ab to food allergens earlier than
to inhalants can only be speculated upon. We
know from previous studies of this cohort and of
children with heredity for atopy (high allergy risk
children) that high-responders develop high con-
centrations of IgE-ab to EW soon after stimulation
with very small doses of the antigen e.g. by the
small doses supplied through the breast-milk (1, 2,
8-10). As a matter of fact, almost all children in
this and another study with high levels of IgE-ab to
EW developed them during the first 8 months of
life and before eggs had been introduced into the
diet (1, 2, 8). It is not known why the small doses
of inhaled allergens such as pollen, danders and
mite elicted a similar response only later in life.
Differences in the immunological responsiveness
of the gut and lung, differences in allergenicity
between food and inhaled antigens or age-related
differences in IgE-response to the various aller-
genic proteins may explain the differences between
sensitization to nutrients and inhalants.
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The factors behind the development of clinical
and immunological tolerance are not fully known.
It has been proposed that high-responders develop
tolerance by switching T-cells from TH,, producing
IL-2 and I-4 to TH,, producing IFN-gamma (7,
11). Such switching concerning an individual al-
lergen seems not to facilitate a future switch for
another allergen, as 6 of 8 children developing high
levels of IgE-ab to EW also developed and pre-
served high levels of antibodies to inhalants during
the study period.

In conclusion, temporary, low-grade IgE-ab re-
sponse to both foods and inhalants was common
both in atopic and non-atopic children, whereas
high levels were almost exclusively seen in atopics.
IgE-ab to foods appeared during infancy and dis-
appeared during childhood, whereas IgE-ab to in-
halants appeared later and in increasing frequency
from 2 years of age. IgE-ab to foods during infancy
were strongly associated with future development
of IgE-ab to inhalants.
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