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The clinical outcome of peanut allergy and some factors associated with
development of peanut allergy remain unsolved. It has not been clarified
to what extent peanut intake affects immunoglobulin (IgE) antibody
formation in peanut sensitized individuals. The aim of the study was to
investigate the development of peanut hypersensitivity in children and
adolescents with specific IgE antibodies to peanut, using questionnaires
and current serum tests and comparing it to information obtained 5-6 yr
earlier, to investigate how peanut intake during this period related to
subject age, IgE antibody levels and symptoms and to investigate what
information this patient group was given at the time of diagnosis
regarding avoidance of peanut related food. All patients with detectable
peanut-specific IgE antibodies investigated during 1994-1996 deriving
from two allergy laboratories in the western region of Sweden were traced
and reinvestigated (n=132). A total of 111 subjects (63 with peanut allergy
and 48 peanut sensitized) participated in the questionnaire. Eighty-six of
them consented to be enrolled in a further interview and renewed
testing of specific IgE antibody to peanut 5 yr later. All tests were done
using the Pharmacia CAP system®. Increased IgE antibody levels during
follow-up was related to age; subjects 0—6 yr at initial test occasion were
more likely to have higher IgE antibody class than the older individuals
(p=0.018). Exposure to peanut during the study, i.e. 5-6 yr since diag-
nosis, did not seem to affect the result. During the follow-up period, 29 out
of 86 (34%) increased their IgE antibody class. At the second test occasion
the remaining subjects had similar (28%) or lowered (38%) levels of IgE
antibodies. Exposure to peanut during follow-up was more common in
subjects with IgE antibody class 1-3 compared to subjects with high value
(> 3) at the initial test (p=0.003). Reported symptoms during follow-up
were also more common in subjects with initially high IgE antibody value.
Individuals with initially high IgE antibodies to peanut had been given
more information about peanut allergy and cross-reacting allergens than
other individuals. The subjects over 6 yr of age showed a decrease in
peanut-specific IgE class over a 5-yr period. Together with the literature,
our result suggest that follow-up and renewed testing is recommended,
since there may be a change in IgE antibody classes and clinical sensitivity
over time. Even in Sweden, with a low consumption of peanuts, the
youngest individuals with peanut sensitization experienced a similar
course of events that has been reported in other countries.
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During the last decade there has been an
increasing interest in peanut allergy and it is
reported to be one of the most fatal food
allergies (1). The highest incidence of peanut
allergy is among young children and is often
reported from countries where peanut consump-
tion is common in all age groups (2-4). Peanut
consumption seems to be low in the Nordic
countries compared to UK and USA (5).
However, peanut sensitization is common de-
spite recommendations to avoid giving peanuts
to children during the first years of life and
despite a low and steady peanut consumption
(6).

The prevalence of tree nut allergy in the general
population has not been independently assessed,
but studies of adults and children with peanut
allergy suggest a high co-prevalence of tree nut
allergy (7). Peanut allergy has earlier been regar-
ded as a life-long disease (8), and has shown fewer
signs of outgrowth than is found in allergy to milk
and egg (9). However, some recent studies have
shown that around 20% might outgrow their
peanut allergy. This positive prognosis of the
disease is associated with sensitization at low age,
low specific immunoglobulin E (IgE) antibodies,
and initially mild symptoms (10, 11). The first
study (10) was based on different diagnosis criteria
for peanut allergy and only on subjects with
initially low specific IgE antibodies while the other
study was based on challenge results in relation to
prior reactions. There is still a lack of information
concerning how specific IgE antibodies change
over time and how antibody formation is connec-
ted to peanut intake in relation to age of the
subject.

In recent years, quantification of IgE antibod-
ies identifying a certain clinical cut off has been
made for some food allergens including peanut
allergy (12). These guidelines were put forward
based on the recently described 95% predictive
decision points in food allergic patients and can
be regarded as guidelines for informing paediat-
ric patients. They can also be used to avoid
unnecessary food challenges. However, for
patients with lower IgE antibodies than these
proposed decision points (9), the guidelines are
less clear.

Aim

The primary aim of the current study was to
investigate development of peanut allergy and
peanut intake in children and adolescents with
peanut sensitization and peanut allergy, com-
pared with the situation 5 yr earlier. A secondary
aim was to investigate what information this
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patient group was given regarding their peanut
allergy. The study was performed using symptom
questionnaires, personal interviews with subjects
and their parents, and testing for specific IgE
antibodies to peanut.

Material and methods
Study population and design

All individuals 0-18 yr with detectable peanut-
specific IgE antibodies to peanut during the years
1994-1996 living in the western area of Sweden
(Goteborg and Skovde) were traced through the
Laboratory of Allergy at Sahlgrenska University
Hospital and the laboratory at Skévde hospital.
Altogether 144 persons fulfilled the inclusion
criteria. Twenty-one individuals had moved out
of the region during this period and could not be
contacted for follow-up. A questionnaire (Ql)
regarding peanut intake (deliberate or accidental)
and adverse reactions before the first serum test,
was sent out to the remaining 123 persons, aged
5-23 yr at follow-up (first test occasion). The
questionnaire also contained questions about
peanut intake and symptoms during this 5-yr
study period.

The subjects and their parents were offered
re-testing (second test occasion) and a follow up
interview. One hundred and eleven subjects
completed the questionnaire and 96 of them
agreed to participate. A second questionnaire
(Q2) was distributed to the follow-up partici-
pants. This time the questionnaire focused on
questions regarding pre-disposition for atopic
allergy, hypersensitivity to animals, pollen and
grass and other food allergens such as soy, lentils
and tree nuts. Repeated questions were included
about peanut intake (as a control question) and
also questions regarding what information they
had received about peanut allergy from their
physician or others at the time of the first test
result in 1993-1995. The subject together with an
investigator (JvO) reviewed this questionnaire
during the interview. Questions about exposure
to peanut and soy products were carefully
reviewed using pictures and photos of peanut
containing products and lists of soy containing
products.

Laboratory studies

Blood tests for peanut and soy were performed
and analyzed at the same Laboratory of Allergy
at Sahlgrenska University Hospital using the
same Pharmacia CAP system® (Pharmacia,
Uppsala Sweden) as in 1995.
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All serum tests were analyzed for circulating
IgE to peanut (and in current measurements from
year 2000 also for soy and hazelnuts). Serum was
separated and stored at —20°C. The assay had a
lower limit of detection of 0.35 kU 4 /L (kilounits
antibody per liter), and an upper limit of
100 kU, /L. Since specific kilounit values from
1993 to 1995 were not longer available for
analysis, the specific IgE antibodies from the first
measurement were grouped as specific IgE anti-
body classes as stated by the manufacturer’s
manual, measured in kilounit values (kU,/L).
Class 0: <0.35, class 1: 0.35-0.7, class 2: 0.7-3.5,
class 3: 3.5-17.5, class 4: 17.5-50, class 5: 50-100
and class 6: >100. Analysis of specific IgE
antibodies in relation to peanut intake, reported
symptoms and information given, 0.35-3.5
kUA/L (class 1-2) has been regarded as low, 3.5—
17.5 kUA/L (class 3) as moderate and >17.5
kUA/L (4-6) as high. Later research has estimated
the predictive decision point for predicting peanut
allergy to be 15 kU/L (12). To be able to
compare our tests with the earlier test result from
1993 to 1995, we have chosen the nearest cut off at
17.5 kUA/L.

Classification of symptoms and immunoglobulin E antibody
value

Symptoms following peanut intake in the first
questionnaire (Q1) were classified according to
the following criteria: skin symptoms only
(eczema and/or urticaria); respiratory symptoms
(angiooedema, throat tightness, eye symptoms,
asthma, itching in face and throat) and gastro-
intestinal symptoms (diarrhoea, stomach pain
and vomiting). Symptoms involving the skin
were characterized as mild, moderate if including
Oral Allergy Syndrome (OAS), facial swelling,
oedema or gastrointestinal symptoms and severe
if including asthma, hypotension or symptoms
from three organs or more.

Statistical methods

For comparison of distributions between differ-
ent groups the Chi-square test was used and in
case of less than five subjects in a row, Fisher’s
exact test. For changes in IgE antibody forma-
tion in relation to age, atopy, peanut intake and
initial peanut IgE antibody class, Odds Ratio
(OR) was estimated and confidence method was
used according to Wald. All statistics were
performed using spss version 10.0 for Windows
(SPSS, Chicago, IL, USA; 2002).

The Research Ethics Committee, Go6teborg
University had approved the study.
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Results

Altogether, 111 patients participated in the first
questionnaire regarding their exposure to pea-
nuts (Q1). The 111 subjects were used in the
analysis for clinical description of initial IgE
antibodies in relation to prior reactions and
reported reactions during follow up. Ninety-six
of them accepted participation in the follow-up
study. During the follow-up, three subjects
withdrew their consent, two subjects moved
out of the area during the study, and five
declined to give a blood sample. Therefore, 86
subjects participated in both interview (Q2) and
collection of blood samples. The 86 subjects in
the results were related to changes of IgE
antibodies during the study and reported reac-
tions in relation to IgE antibodies at second
test occasion.

There was no difference in the mean age
between those who participated and those who
did not. However, there was a trend towards
more subjects with low and medium high peanut-
specific IgE antibody class (1-3) in the group that
could not be traced or that did not answer the
first questionnaire (not significant).

In the 111 subjects, the distribution of specific
IgE antibody class at initial test 1993—-1995 was
as follows: low/medium (IgE antibody class 1-3):
63%; and high (IgE antibody class 4-6): 37%.
Twenty-nine out of the 86 (34%) showed an
increase in their IgE antibody class during the
follow-up period, and the remaining group had
similar (28%) or lowered (38%) IgE antibody
class.

Changes in immunoglobulin E antibodies over time

Immunoglobulin E antibody formation was
associated with age. Subjects over 6 yr of age
that had been assessed to have peanut IgE
antibodies in 1993-1995 were more likely to have
lowered the IgE antibody class during the 5-yr
study period compared to those below 6 yr at
first test occasion (OR: 0.12-0.72, p=0.008). The
initial peanut antibody value affected the results
slightly although not significantly (OR: 0.90-
1.83, p=0.16). Exposure and/or reaction to
peanut during the follow-up period did not seem
to affect the change of IgE antibody level (OR:
0.44-1.63, p=0.60). As shown in Fig. 1, changes
seemed related both to age and initial IgE
antibody value. Fifty-five percent of young
children (26/47) had high IgE antibodies at both
test occasions compared to 33% (13/39) of the
older individuals. In subjects with low IgE
antibodies at both test occasions, the result was
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Fishers exact test
11/47 vs. 22/39, p = 0.008
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Fig. 1. Changes of IgE antibody category during follow-up study in relation to age.

the opposite. Twenty-three percent of the sub-
jects tested and diagnosed at low age stayed in
the same low category, compared to 56% of the
subjects tested after 6 yr of age, which means
there is a significant difference between the age
groups at p=0.008. (Fig. 1).

Peanut intake and reaction prior to first test occasion

Fifty-six percent (62/111) had been exposed and
had experienced an adverse reaction to peanut
before the first test occasion. The remaining
subjects had been tested as part of an allergy
investigation and were not aware of their hyper-
sensitivity to peanuts. Reactions following intake
were less common among subjects with low/
moderate antibody level compared to subjects
with high antibody level (33/69 vs. 29/42, p=0.01).
Subjects with specific IgE antibodies above
17.5 (class 4-6) at first test occasion in 1993-1995
had experienced more severe symptoms before
the test than subjects with initially low IgE
antibodies (p=0.01, results not shown). In the
group with initially high IgE antibodies, no one
reported mild symptoms. No subjects had repor-
ted G-I symptoms alone upon peanut intake.

Serum specific levels at first test occasion in relation to
peanut consumption and to adverse reactions during follow-up
study

Of the 111 subjects, 86 accepted a second serum
test 5 yr later. Based on test results from the
initial IgE antibody test, 52% (27/52) of subjects
with low and moderate IgE antibody Ievel

(<17.5 kU4/L) had reported consumption of
peanuts, compared to 21% (7/34) with high IgE
antibody level (p=0.003). Forty-four percent
(12/27) of subjects with low/medium high anti-
bodies reported symptoms upon exposure com-
pared to 86% (6/7) with high IgE antibodies (p=
0.05, Fig. 2).

Subjects classified as peanut allergic due to
reported reaction before the first test are
marked with red colour in Fig. 2. In the group
with initially low IgE antibodies five of 24 had
no reaction upon re-exposure and in the group
with IgE antibody class 4-6, one of 24 had no

reaction. In all, six of 48 had lost their
reactivity to peanut during the follow-up
(12.5%).

Immunoglobulin E levels at second test occasion in relation to
reported reaction during follow-up

During the follow-up, in all 34 subjects reported
exposure to peanut, and 18 of them experienced
symptoms. Eighty-eight percent (14/16) of sub-
jects reporting no reaction during follow-up had
specific IgE antibodies below 3.5 kUA/L at
renewed test (Fig. 3). However, seven of 18
(39%) of reacting subjects had <3.5 kU,/L at
renewed testing, demonstrating that such low IgE
antibody levels were not safe and did not always
exclude from reactions to peanuts. The subjects
reporting reaction had higher mean values of
kU /l-values for peanut (37.5 vs. 9.0, p=0.003)
and higher proportion of reported atopic man-
ifestations (=3) compared to non-reacting indi-
viduals (9/18 vs. 3/16, p=0.05).

445



van Odijk et al.

o subjects with reactions
to peanut before the
first test

[
IgE antibody class 1-3 at first test
n=>52
mean age: 7.9 yr
reaction before test: 24 (46 %)
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n=27 (15) n=25 (9)
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|

exposed during follow-up

mean age: 6.3 yr

]
IgE antibody class 4-6 at first test
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reaction before test: 24 (71%)
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[ ] [
reported symptoms no symptoms

reported symptoms

]
no symptoms
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mean kKUA/I: 9.9 mean kUA/L: 2.4 mean kUA/: 65.1 KUA/I: 15.6 peanut intake during follow-up in

reported symptoms in relation to
specific IgE

antibody group at first test:
12/27 vs. 6/7, p: <0.05

relation to IgE antibody group at
first test
27/52 vs. 7/34, p: 0.003

Fig. 2. Peanut intake and reactions during follow-up study in relation to test result of specific peanut antibodies at first test

occasion.

Information about cross-reacting food in peanut sensitized
subjects

Since exposure to the allergen and to cross-
reacting allergens may impact on sensitization
and reaction, the subjects were inquired about

what information they had been received regard-
ing avoidance of allergens. Around one-fifth of
the subjects or parents did not receive any
information about peanut hypersensitivity or
eventual risk of cross-reactions (apart from the

O peanut reaction n = 18

O no peanut reactionn = 16

0.35 0.35-3.5

kUA/I peanut

3.5-17.5

17.5-50 50-100

Fig. 3. Grouping of reported peanut reaction in relation to specific IgE antibodies for peanut.
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information about the test result). Any informa-
tion given to the remaining group was related to
the IgE antibody class level. A significantly higher
proportion of subjects with high IgE anti-
body class had received information about
cross-reactive allergens compared to subjects with
low/medium high antibodies (20/23 vs. 13/52,
p=0.002). The information that were given, that
differed from subjects with low IgE antibodies,
was generally to avoid soy (21/34 vs. 18/52,
p=0.04) and peas (14/34 vs. 13/52, p=0.01).

Since many patients may be uncertain of
contents in different food items, intake of peanut
and soy were thoroughly reviewed during the
interview. An interesting result was that many
more subjects than the 30 who reported avoiding
soy, believed that they avoided this food com-
pletely. However, during the interview it was
revealed that soy products actually were con-
sumed and tolerated. A few subjects were not
well informed where soy and peanuts could be
found in food. Six subjects out of the 86 in the
interview (7%) had given incorrect answers in the
first questionnaire (Q1l) regarding exposure to
peanut. This result implied that a questionnaire
should be followed up by personal interviews
when collecting data on exposure.

Discussion

This study describes how the level of IgE
antibodies to peanut changes over time in many
subjects with peanut allergy and peanut sensiti-
zation, and that these changes seemed to be more
related to initial age than to exposure to peanuts.
Twelve percent of the subjects with earlier
symptoms to peanuts reported no reaction upon
re-exposure. These results emphasizes the
importance of follow-up testing of specific IgE
antibodies to peanut.

The majority of the subjects tried to avoid
peanuts and reported accidental exposure only.
We have earlier reported a low but steady
consumption of peanuts in Sweden (6), but
peanut allergy seems to affect patients’ beha-
viour, both physiologically and psychologically
to a considerable extent like in many countries
with a high consumption of peanuts (4, 13, 14).

During the interviews with patients and parents
it was revealed that exclusion of peanuts often
included soy products and tree nuts as well to
avoid misunderstandings and that patients felt
uncertain of the labelling guidelines. This often
led to avoidance of all confectionery products
including biscuits, chocolates and sometimes
ice cream despite varying advice about avoid-
ance from health personnel. The nationwide
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recommendation in Sweden is to avoid soy if
the patient has severe peanut allergy (http://
www.barnallergisektionen.se). Based on our find-
ings of exposure and IgE formation, as well as
findings of other studies about low prevalence of
cross-reaction between soy and peanut, we believe
patients with no severe peanut allergy should be
tested before recommendations are delivered.
Nearly all testing for IgE mediated allergy in
Primary Health Care and hospital care in Sweden
includes serum specific tests and/or skin prick
tests. Almost all serum specific tests for different
allergens performed in western Sweden are ana-
lyzed at the laboratories used in this study. We
are referring to this group as reflecting the peanut
sensitized children and adolescents in this area
during the study period. There was no difference
in age and initial peanut-specific IgE antibody
class between participants and dropouts. How-
ever, more subjects with high peanut-specific IgE
antibody class participated in our study.

Immunoglobulin E antibody formation and age

When studying changes in IgE antibody forma-
tion from the initial and the repeated test, it was
apparent that younger individuals had a different
antibody formation compared to older subjects.
Consumption of peanuts or any other nuts did
not interfere with the result. The production of
IgE antibodies to food allergens has been repor-
ted to be high in small children and is often
replaced by IgE antibodies to inhalant allergens
as the child grows (15). Whether this pattern also
includes peanut is not known, but in our study
there seemed to be a similar change towards
lower class of antibodies to peanut, as the child
grows older.

Symptoms in relation to specific immunoglobulin E

The optimal concentration of food specific IgE
antibodies for predicting symptoms from the
most common allergens has been developed both
in retrospective and prospective studies (12, 16).
A value for 95% prediction of positive reaction
for peanut has been described at 15 kU4/L
(12, 16). Furthermore, it has been proclaimed
that patients with specific IgE antibodies below
5 kUA/L could be considered for re-challenge
(10). These observations/guidelines do not con-
tradict our findings since there are some subjects
who report a reaction to peanuts despite specific
IgE antibody values below 3.5 kU 5/L. However,
all of these subjects had similar or raised IgE
antibodies during the follow-up period, suggest-
ing an ongoing sensitization.
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When classifying the subjects as peanut allergic
due to earlier reaction to peanuts, six of 48 lost
their reactivity to peanut. This figure is in line
with results from other studies and it has been
suggested by others that children and adolescents
with low peanut-specific IgE antibodies can
tolerate peanuts and some of them might exclude
peanuts based on very loose grounds. After
termination of this study we performed double
blind placebo controlled food challenge on six
subjects with current antibody values between 0.5
and 2.9 kUs/L and no previous reaction to
peanut. Seven out of these six had negative
challenges. One of the patients reacted with OAS
after 50 mg of peanut, and the other patient
reacted with respiratory symptoms after ingest-
ing a last dose of 8 g of peanuts (manuscript in
preparation). The result implies that it is difficult
to predict an eventual reaction but also empha-
sizes the importance of continuing to challenge
with high doses. However, the majority of
guidelines have focused on threshold doses of
lowest provoking dose for double-blind peanut
challenges (17-19).

Conclusion

In our study group where patients with both low
and high peanut-specific IgE antibodies have
been included, the older subjects over 6 yr at first
test showed a decrease in peanut-specific IgE
class over a 5-yr period. In accordance with the
literature our result suggest that follow-up and
renewed testing is recommended, since there may
be a change in IgE antibody classes and clinical
sensitivity over time. Even in Sweden, with a low
consumption of peanuts, the youngest individu-
als with peanut sensitization experienced a sim-
ilar course of events that has been reported in
other countries.
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