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Reported symptoms to peanut between 4 and 8 years among
children sensitized to peanut and birch pollen — results from the

BAMSE birth cohort

Background: Specific IgE tests are sometimes difficult to interpret due to struc-
tural similarities between certain food and pollen allergens. This may be the
reason why concomitant sensitization to peanut and birch pollen is frequently
seen. The aim of this study was to investigate reported symptoms to peanut- and
birch pollen in relation to sensitization.

Methods: The data originate from 1928 children in the BAMSE birth cohort.
Background factors and clinical parameters were obtained and the levels of IgE
antibodies to peanut and birch pollen measured at 4 and 8 years.

Results: IgE antibodies to peanut were found in 5.5% and 7.4% of the children
at 4 and 8 years, respectively. The IgE antibody levels to peanut were higher in
children sensitized to peanut but not birch than in children sensitized to peanut
and birch among both 4- and 8-year-olds (P = 0.093 and P = 0.003, respec-
tively). Eight-year-olds sensitized to peanut but not birch, more often reported
symptoms to peanut than children sensitized to both peanut and birch pollen
(76% vs 46%, P = 0.002). The probability of reported symptoms to peanut
increased significantly with increasing IgE levels to peanut, especially in 8-year-
olds not sensitized to birch.

Conclusions: Children sensitized to both peanut and birch pollen are less likely to
report symptoms to peanut than children sensitized to peanut but not to birch
pollen at 8 years. This is likely due to cross reactions between birch pollen and
peanut and can explain the high sensitization rate to peanut in areas where birch
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Peanut allergy is potentially life threatening and has
previously been reported to affect 0.2-1.5% of all
children (1-5). Symptoms range from mild oral allergy
syndrome (OAS) to anaphylactic reactions and even
death (6-8). Skin prick testing and measurement of
allergen-specific IgE antibodies to peanut is widely used
when diagnosing peanut allergy. Positive allergy test
results prompt selective avoidance of foods suspected to
be a potential problem (9-12). However, elimination of
food from the diet may have a negative impact on quality
of life (13, 14). Moreover, avoidance may be unnecessary
since sensitization to peanut, even with high IgE levels,
may occur without clinical symptoms from peanut (15).

Abbreviations: BAMSE, Children, Allergy and Milieu in Stock-
holm, an Epidemiological study; CI, confidence interval; IgE,
immunoglobulin E; OAS, oral allergy syndrome; OR, odds ratio.

Serological cross-reactivity between pollens and several
plant-derived foods has been reported; such cross-reac-
tions might influence the specificity of IgE tests (16, 17).
Thus, it has been found that over 90% of school children
who are sensitized to peanut have a concomitant sensi-
tization to grass pollen, and a correlation between peanut
and grass pollen sensitization has been suggested (18). In
Northern Europe, where birch trees are common, birch
pollen is the major cross-reacting allergen (19-21).
Furthermore, the peanut allergen Ara h 8 is known to
cross-react with the major birch pollen allergen Bet v 1
(22). We have recently reported that early sensitization to
birch pollen in childhood may serve as a ‘promotor’ in the
process of further sensitization to airborne allergens (23).
We have also described the patterns of food-specific IgE
in relation to symptoms, particular to peanut, in 4-year-
old children (15).

So far no study has examined the process of sensitiza-
tion to birch pollen and peanut in relation to peanut



Asarnoj et al.

allergy and age. The aim of this study was therefore to
investigate reported symptoms of peanut allergy in
relation to the levels of IgE antibodies to peanut and
birch pollen in a cohort of children who were evaluated at
both 4 and 8 years of age.

Methods
Study subjects

A total of 4089 children born 1994-1996 in Stockholm, Sweden was
included at birth in a population-based birth cohort (BAMSE).
Study design, enrolment, criteria for inclusion and procedures for
data collection have been described elsewhere (24). Briefly, data on
background factors were obtained shortly after birth (at 2 months).
At 1, 2, 4 and 8 years of age the parents answered detailed ques-
tionnaires on symptoms of allergic diseases and key exposures. At 4
and 8 years of age all children with completed questionnaires at the
respective follow-ups were invited to a clinical testing. Definitions of
symptoms (asthma, rhinitis and eczema) used in the BAMSE cohort
have been described elsewhere (25). Blood was drawn from 2614
and 2480 of the children at 4 and 8 years of age, respectively. Data
concerning symptoms to peanut and IgE antibody levels to birch
and peanut at both 4 and 8 years of age were available for 1928
children, constituting the basis for the analysis presented in this
study. Permission for the study was obtained from the Ethics
Committee of Karolinska Institutet. The parents of all participating
children gave their informed consent.

Definition of symptoms

Questionnaire data, obtained prior to blood-sampling, at 4 and
8 years of age were used. A symptom was defined as a positive
answer to any of the following questions in the 4- or 8-year ques-
tionnaires:

Symptoms to peanut at 4 years. ‘After 2 years of age, has your child
at any occasion experienced any problems from eating peanuts such
as vomiting, diarrhoea, eczema, urticaria/itching rash, swollen lips/
eyes, itchy, blocked or runny nose or asthma?’

Symptoms to peanut at 8 years. ‘Is your child allergic to peanuts’. If
yes, symptom options were ‘nose/eye symptoms’, ‘mouth-itching’,
‘breathing difficulties’, ‘vomiting/diarrhoea’, ‘eczema’, ‘urticaria’ or
‘excluded because of early symptoms’. Peanut had to be indicated
on at least one of these symptoms.

Symptoms to birch at 4 years. ‘Has your child at any occasion after
2 years of age experienced problems with wheeze, cough, itching
skin rash, sneezing, runny or blocked nose or red itchy eyes when
the trees are leafing (month of May)?

Symptoms to birch at 8 years. ‘Has your child experienced wheeze
or disturbing cough, itching eczema or sneezing, runny or blocked
nose or red itchy eyes related to birch pollen?

Determination of sensitization

The blood samples were analysed with Phadiatop® [a mix of com-
mon inhalant allergens: birch, timothy, mugwort, cat, dog, horse,
mould (Cladosporium herbarum) and house dust mite (Dermato-
phagoides pteronyssinus)] and fx5° (a mix of common food

allergens: cow’s milk, egg white, soy bean, peanut, cod fish and
wheat) (ImmunoCAP™, Phadia AB, Uppsala, Sweden). Sera that
were scored positive for Phadiatop® or fx5®, defined as an IgE
antibody level of >0.35 kU,/l was further analysed for allergen-
specific IgE antibodies to the single airborne and food allergens
listed above. Levels between 0.35 and 100 kU, /1 were registered,
and an IgE antibody concentration 2100 kU 4/l was given the value
of 100 kU 4/l in the statistical evaluation.

Statistical analysis

Prevalence rates are expressed in percent of total number of
observations available. Ninety-five percent confidence intervals
(95% CI) were calculated and intervals that did not overlap were
considered as statistically different. Chi-square test was used for
dichotomous variables, for example, comparisons of prevalence
between groups. Allergen-specific IgE levels were log normally
distributed and subject to a logarithmic transformation before
analysis. Student’s 7-test was used for analysis of the continuous
IgE-variables. Mean IgE levels are presented as geometric mean.
The relationship between symptoms to peanut and IgE antibody
levels was estimated using a logistic regression model. The odds
ratios (ORs) were estimated using regression models and 95% CI
were generated. Fitted predicted probability curves according to the
levels of the specific IgE to peanut were plotted using the results
from the logistic regression. All tests were according to Wald.
Logistic regression was also used to investigate peanut symptoms in
relation to sensitization to birch and timothy. Several models for
identifying confounders were run. Among others, variables of
heredity, sex and exposure to tobacco smoke were tested but since
they did not confound the results by 10% or more, they were not
included in the analyses. P values < 0.05 were considered statisti-
cally significant. All analyses were performed with the software
STATA® version 9.

Results

The children participating in this study (z = 1928) did
not differ from the original study base of 4089 children in
any major background factors of importance at 2 months
of age (data not shown). Furthermore, no significant
differences were seen in the prevalence of asthma, rhinitis,
eczema or geometric mean IgE levels (Phadiatop® and
fx5®), between children in this study and children of the
original cohort at the age of 4 and 8 (data not shown).

At 4 years, 106 (5.5%) of the children were sensitized
to peanut and 181 (9.4%) were sensitized to birch. At
8 years the corresponding figures were 142 (7.4%) and
293 (15.2%) (Fig. 1). From 4 and 8 years the proportion
of children sensitized to peanut, but not birch (subgroup
1), remained essentially unchanged, 2.2% and 1.9% at the
two respective ages, whereas the proportion of children
sensitized to both peanut and birch pollen (subgroup 2)
seemed to increase over the same period (3.3% and 5.4%,
respectively, P = 0.002) (Fig. 1).

At 4 years 2.9% (n = 56) of the 1928 children reported
symptoms to peanut and at 8 years the corresponding
proportion was 5.7% (n = 109).The prevalence of
sensitization to peanut in combination with reported

© 2009 John Wiley & Sons A/S Allergy 2009



Symptoms to peanut among 4- and 8-year-old children sensitized to peanut and birch pollen

Peanut

42 (2.2%) 64 (3.3%)

Ta-7T
Loss of sensitization __
1«7

de novo-

sensitized 16

Peanut

Birch

4 years

117 (6%)

Loss of sensitization
3

8 Years

de novo-

sensitized
95

Birch

Figure 1. Changes in sensitization to peanut and birch among the same 1928 children residing in Stockholm, tested at both 4 and

8 years of age.

symptoms to peanut was 1.8% (n = 34) at 4 years and
3.9% (n = 76) at 8 years of age.

At 4 years of age the proportion of children reporting
symptoms from peanut did not differ among peanut
sensitized children with or without concomitant sensiti-
zation to birch pollen (subgroup 2 vs subgroup 1); 34% vs
29% (P = 0.53) (Table 1). However, at 8 years of age
76% of the children who were sensitized to peanut but
not to birch pollen (subgroup 1) reported symptoms to
peanut, whereas among children sensitized both to peanut
and birch pollen (subgroup 2) only 46% reported such
symptoms, P = 0.002. All types of peanut-related symp-
toms at 8 years of age (see definition of symptoms),

except eczema, were reported more frequently among
children in subgroup 1 than in subgroup 2 (data not
shown). Significant differences were seen for breathing
difficulties; 27% vs 10%, P = 0.008 and urticaria; 16% vs
6%, P = 0.048).

Interestingly, children de novo-sensitized to peanut
between 4 and 8 years (n = 52) were mostly asymptom-
atic (85%) to peanut and concomitantly sensitized to
birch pollen (87%).

At 4 years of age, although the difference was not
statistically significant, the mean IgE antibody level to
peanut was higher among children sensitized to peanut
and not birch pollen (subgroup 1) than among children

Table 1. Reported symptoms to birch and peanut in relation to sensitization to birch and peanut at 4 and 8 years of age, n = 1920 and 1917, respectively

No symptoms from

Symptoms from birch

Symptoms from Symptoms from birch

birch or peanut not peanut peanut not birch and peanut
Sensitization at 4 years n(1711) % n (153) % n (37) % n(19) %
Not peanut/not birch, n = 1699 1583 93 96 56 16 09 4 02
Birch nat peanut, n = 116 80 69 34 29 0 0 2 1.7
Peanut not birch, n = 411 26 63 3 7.3 1 27 1 2.4
Birch and peanut, n = 641* 22 34 20 31 10 16 12 19
Sensitization at 8 years n (1664) % n (144) % n (59) % n (50) %
Not peanut/not birch, n = 1588 1532 96 40 2.5 16 1.0 0 0
Birch nat peanut, n = 1871 108 62 62 33 5 27 12 6.4
Peanut not birch, n = 378 7 19 2 54 24 65 4 1
Birch and peanut, n = 105}8 17 16 40 38 14 13 34 32

Data on symptoms induced by birch pollen were missing in 8 and 11 of the questionnaires at 4 and 8 years, respectively.
*P=10.012 symptoms from birch among birch-sensitized children with or without concomitant sensitization to peanut at 4 years.
TP =0.531 symptoms from peanut among peanut-sensitized children with or without concomitant sensitization to birch at 4 years.
1P < 0.0001 symptoms from birch among birch-sensitized children with or without concomitant sensitization to peanut at 8 years.
8P = 0.002 symptoms from peanut among peanut-sensitized children with or without concomitant sensitization to birch at 8 years.
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sensitized to both peanut and birch pollen (subgroup 2),
being 8.2 kUa/l (95% CI 4.5-14.9) and 4.5 kUy/1
(2.9-6.9), respectively, P = 0.093 (Table 2). However,
at 8 years this difference in IgE antibody concentrations
was significant: 12.0 kU,/l (6.1-23.9) and 4.3 kU,/I
(3.1-6.0), respectively, P = 0.003).

Children who remained sensitized (n = 90) to peanut
between 4 and 8 years had statistically higher mean levels
of IgE antibodies to peanut at 4 years of age than
children who lost their sensitization (n = 16) to peanut;
7.5 kUx/l (95% CI 5.2-11.0) and 1.2 kUA/1 (0.7-1.8),
respectively. The same children who remained sensitized
(n = 90) to peanut between 4 and 8 years had also
statistically higher mean levels of IgE antibodies to
peanut at 8§ years of age than children with de novo
sensitization (n = 52) to peanut; 10.3 kU,/l (6.9-15.3)
and 2.0 kU,/1 (1.4-2.7), respectively.

Further analysis among the peanut-sensitized children
regarding the association between IgE—antibody levels to
peanut and the probability of reporting symptoms to
peanut at 4 and 8 years of age is presented in Fig. 2A and
B (children sensitized to peanut but not to birch pollen =
subgroup 1, children sensitized to both birch pollen and
peanut = subgroup 2). At 4 years the increase in IgE
antibody levels to peanut was associated with a rather
modest increase in probability of symptoms in both
subgroups [subgroup 1; OR 1.51 (95% CI 1.01-2.25),
subgroup 2; OR 1.49 (1.08-2.05)]. At 8 years of age the
corresponding probability curves were different: there
was a statistically significant increase in the risk of
symptoms with increasing peanut-IgE-level, especially in
subgroup 1 (OR 2.57; 1.36—4.88). However, the proba-
bility curves for peanut symptoms in subgroup 1 and 2 at
8 years did not differ significantly from each other.

Among children with symptoms to peanut and sensi-
tized both to peanut and birch pollen the IgE antibody
levels to peanut did not differ significantly from IgE

antibody levels to birch pollen at 4 and 8 years, P = 0.70
and P = 0.16, respectively. However, in those who were
sensitized to both birch and peanut, but did not report
symptoms to peanut, the IgE levels to birch were signif-
icantly higher both at 4 and 8 years (P = 0.002 and
P < 0.001, respectively).

The influence of timothy sensitization on peanut
symptoms was also examined among peanut-sensitized
children. At 4 years the OR of having symptoms to
peanut, if the children in addition to peanut were
sensitized to birch or timothy, was not significantly
increased or decreased (data not shown). At 8 years,
timothy sensitization was not associated with a significant
reduction of reported symptoms to peanut (OR 0.7; 95%
CI 0.3—-1.5). However, the reduction of peanut symptoms
was significant among those sensitized to birch (OR 0.3;
0.1-0.8).

When the children were 4 years of age, 13 of them had
not yet been exposed to peanuts. Exclusion of these 13
children from the analysis did not change the results.

Discussion

The most important finding in this study is that school-
aged children who are sensitized to both peanut and birch
pollen not only report symptoms to peanuts significantly
less often than children sensitized to peanut but not birch
pollen, but also report milder symptoms. Our findings can
probably be explained by cross-reactivity between birch
pollen and peanut allergens (22, 26, 27). When the same
children were at preschool age, no similar pattern of
peanut symptoms and sensitization to peanut and birch
allergen could be demonstrated. One explanation for the
change in reported peanut symptoms with age could be
that sensitization to peanut precedes symptoms, as has
been shown earlier. An alternative explanation is that at

Table 2. Geometric mean levels of peanut-specific IgE at 4 and 8 years among children sensitized to peanut and birch allergen, n = 1928

Total Symptoms from peanut No symptoms from peanut

n IgE (kUp/1) 95% Cl n IgE (kUa/1) 95% Cl n IgE (kUa/1) 95% Cl
Sensitization at 4 years
Peanut 106 5.7 40-8.1 34 12.7% 12-224 72 39 26-59
Peanut not birch 42 8.2* 45-149 12 2171 8.3-56.7 30 56 2.7-115
Peanut and birch 64 45 29-6.9 22 95 46-19.8 42 30 1.8-5.0
Sensitization at 8 years
Peanut 142 5.6 41-76 76 14.0%* 9.2-21.3 66 20 1.5-2.6
Peanut not birch 37 12.08 6.1-23.9 28 24.39 12.8-46.2 9 1.3 0.4-47
Peanut and birch 105 43 3.1-6.0 48 10.1 59-175 57 2.1 1.6-2.8

Four years. * P = 0.093 for difference in peanut-specific IgE between children sensitized to peanut not birch and children sensitized to peanut and birch. 1P = 0.16 for difference
in peanut-specific IgE between peanut-symptomatic children sensitized to peanut not birch and peanut-symptomatic children sensitized to peanut and birch. P = 0.0014 for
difference in peanut-specific IgE between children with and without symptoms from peanut.

Eight years. 8P = 0.0032 for difference in peanut-specific IgE between children sensitized to peanut not birch and children sensitized to peanut and birch.

9P = 0.045 for difference in peanut-specific IgE between peanut-symptomatic children sensitized to peanut not birch and peanut-symptomatic children sensitized to peanut and

birch.

**P < 0.0001 for difference in peanut-specific IgE between children with and without symptoms from peanut.

© 2009 John Wiley & Sons A/S Allergy 2009
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Figure 2. (A) Probability of symptoms to peanut in relation
to levels of peanut-specific IgE antibodies among 4-year-old
children with or without concomitant sensitization to birch
pollen. (B) Probability of symptoms to peanut in relation to levels
of peanut-specific IgE antibodies among 8-year-old children with
or without concomitant sensitization to birch pollen.

4 years, the children have had only limited exposure to
peanut (28). The difference is not explained by the fact
that some of the children had not yet tasted peanut at all
at that age.

The proportion of children sensitized to peanut
remained stable from age 4 to age 8, or even showed a
slight decrease. In contrast, the number of children
sensitized both to peanut and birch increased by more
than 60% during this period. This is in line with our
previous results showing that birch pollen is the dominant
allergen in our region and that sensitization to birch
pollen seems to facilitate the further sensitization process
(23). Most of the children with de novo sensitization to

© 2009 John Wiley & Sons A/S Allergy 2009

peanut at 8 years of age reported no symptoms to peanut,
although they were sensitized to both peanut and birch
pollen, suggesting that peanut-sensitized children who
also show symptoms to peanut are likely to be sensitized
early in life. Our results suggest that in children with
concomitant birch sensitization, peanut sensitization is
rather weakly associated to current peanut allergy, in
particular if the levels of IgE to birch are higher than
those of IgE to peanut.

Our results are in agreement with a recent study on
sensitization and symptoms to hazelnut in relation to
birch sensitization, where Flinterman and colleagues
reported a pattern similar to that seen in our study (29,
30).The prevalence of reported peanut allergy in our
study, 2.9% at 4 years and 5.7% at 8 years of age, is
higher than in other studies (3—5). However, when it was
required that peanut sensitized children also reported
symptoms to peanut, the proportions were 1.8% at age 4
and 3.9% at age 8, respectively. This is still rather high in
comparison with other reports but is likely to be partly
explained by mild symptoms mainly from the oral cavity
among birch-pollen- and peanut-sensitized children.
Furthermore, some children may have been diagnosed
as ‘peanut allergic’, based only on a positive allergy test to
peanut, in particular if high IgE levels are present,
without taking cross-reactivity to birch into consideration
(22). Such an interpretation may have a negative impact
on many children and their families by inducing fear of
severe reactions. This will result in over-reporting of
peanut allergy and avoidance of peanut in foods (14).

Elevated peanut-specific IgE levels have been shown to
increase the probability of symptoms from peanut (9—11).
In our study, this association was significantly stronger at
8 than at 4 years of age, and was most prominent in the
subgroup of 8-year-old children who were sensitized to
peanut but not birch. The prospective study by Sampson
(10) has as its study base children referred to a paediatric
department, with a wide range in age, and only 2% were
challenged orally in that study. Reported symptoms have
been shown to overestimate current food allergy (31).
However, when our data of nonchallenged children with
symptoms to peanut in relation to increased IgE to
peanuts are compared with similar data of children
sensitized to peanuts who have been partially challenged,
as mentioned above, it seems evident that there are
similarities although differences exist (Fig. 3) (10, 15). At
4 years of age, the children in our study may have high
levels of peanut-specific IgE, but this does not seem to be
strongly related to symptoms to peanut. At the age of
8 years in our population-based study, and in particular
among children who are not sensitized to birch, the
probability of symptoms to peanut increases with
increasing levels of peanut-specific IgE in the same way
as presented by Sampson (10). Taken together, the shape
of the probability curves in relation to levels of peanut-
specific IgE antibodies indicates that our study is unlikely
to have overestimated the occurrence of actual symptoms
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Figure 3. Comparison of the probability of symptoms to peanut
in relation to levels of peanutspecific IgE antibodies, as reported
in different studies.

among peanut-sensitized children by taking reported
symptoms at face value. The differences in the shape of
the probability curves in our study vs the Sampson study
are likely to be explained by the population-based design
of our study, with two homogenous age groups, vs the
highly selected group of individuals referred for paediat-
ric care, with a wide age range, in the study by Sampson
(10). Many of the peanut-sensitized children in our cohort
tolerated peanut even though they were sensitized. These
children would never have been tested for peanut
sensitization unless they participated in the study. As a
consequence, the peanut-specific IgE-levels corresponding
to a 95% probability of reporting peanut-related symp-
toms will be higher in a population based study where
children have not been challenged. However, it must be
borne in mind that reported symptoms of peanut allergy
in our study are not necessarily indicative of true peanut
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