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Abstract

Background: Sensitization to birch pollen causes cross-sensitization to nuts, but rarely leads
to clinical nut allergy. The aim is to study sensitizations to nuts in individuals sensitized to

birch pollen and examine cross-reactivities between birch and nut species.

Methods: All subjects with skin prick tests (SPT) for birch pollen conducted during 1997-

2013 in the Skin and Allergy Hospital in Helsinki (n = 114 572) and their available SPTs for
nuts (n = 50 606) were included. Nut sensitizations were analyzed both with and without co-
sensitization to birch and stratified into age-categories. Cross-reactivities were analyzed with

hierarchical clustering. One group of 1 589 patients was surveyed for symptoms. Data were
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gathered also from Lapland to examine sensitizations in an area with less birch-pollen

exposure.

Results: Of subjects with birch sensitization, 84% were co-sensitized to hazelnut, 71% to
almond, and 60% to peanut. In a subgroup without birch sensitization, young children (<5
years) were most commonly nut sensitized (8 to 40%); and this prevalence decreased in
adolescents and further in adults (4 to 12%). Cashew and pistachio, (p = 0.66; P <.001) and
pecan and walnut (p = 0.65; P <.001) correlated the strongest. The majority of nut-sensitized
patients (71% hazelnut, 83% almond, 73% peanut) reported no or mild symptoms. Co-
sensitizations between nuts and birch were similar in Lapland with its lower birch-pollen

exposure.

Conclusion: Birch-sensitized individuals are frequently co-sensitized to hazelnut, almond,
and peanut. Among the birch-negatives, prevalences of nut sensitizations decrease from early

childhood to adolescence. Cashew and pistachio, and pecan and walnut cross-react the most.
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INTRODUCTION

Nut allergy develops at an early age and often persists into adulthood (1) (2), causing the
majority of food-induced anaphylactic reactions. (3) Allergy-screening tests even in young
children can show sensitization to multiple nut species, (4) but not all nut sensitizations

indicate severe or any symptoms. (5)

In northern Europe, pollen from the birch tree is the most important sensitizer, with one-
fourth of young adults affected. (6) Birch sensitization commonly leads to cross-reactivities
to nuts and other plant-derived foods. (7) Hazelnut is especially considered birch-pollen
related, and the major allergen in birch pollen, Bet v 1, has a 80.5 to 83% sequence similarity
to hazelnut Cor a 1. (8) Many individuals have a mild nut allergy which is merely pollen-
related and without severe symptoms. In birch-endemic areas, birch-pollen sensitization may
occur also in patients who suffer a severe nut allergy which is unrelated to pollen. To
determine the nature of nut allergy is crucial in reducing unnecessary diet restrictions and yet

keeping severely allergic patients safe.

Avoidance of all nuts is common advice for patients diagnosed as allergic to one nut species,
because of cross-reactivity between species (4) (9) (10), the possibility of cross-
contamination, and difficulties in recognizing species. (11) Certain species such as peanut

and cashew, some suggest, cause more severe reactions. (12)

Although the effect of birch pollen sensitization on simultaneous nut sensitizations is strong,
the extent of the phenomenon and the specific characteristics of various nut species remain
unknown. The aim of this study was to examine nut sensitizations from a large registry of

skin prick tests in a population that is very highly exposed to birch pollen.
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METHODS

We gathered data on SPTs from the Skin and Allergy Hospital (Helsinki) database between
1997 and 2013, selecting all SPTs to birch pollen and available nut testing. The database
includes all SPTs conducted in the hospital, and indications comprise respiratory allergy,
allergic rhinitis, atopy and food allergy screening, and history of food allergy. The nuts were
walnut, pecan, pistachio, cashew, coconut, Brazil nut, macadamia, almond, hazelnut, and
peanut. If an individual was tested several times, we included only the most recent result. In
cross-reactivity analyses, we included only those subjects with all ten nut species examined.
To assess age-differences in sensitization prevalences, we formed three age-groups. Included
in the analysis were only those subjects with at least four nut species examined.

Survey of symtoms was according to Haahtela et al (13) in 1 307 subjects sensitized to
hazelnut, in 1 158 to peanut, and in 1 032 to almond. The symptoms were collected using a
structured interview conducted by nurses on the site. Symptoms were categorized as follows:
conjunctival, oral allergy syndrome (sneezing, rhinitis, congestion, pruritus of the throat or
ears), lower airway, skin, contact urticaria, gastrointestinal (diarrhea or vomiting), and
anaphylaxis. Anaphylaxis was defined according to the Second National Institute of Allergy
and Infectious Disease/Food Allergy and Anaphylaxis Network. (14) Helsinki, which served
as the study center in southern Finland, is located at 60° N, 24° E. The Skin and Allergy

Hospital in Helsinki provides skin prick diagnostics for 1 603 388 regional inhabitants. (15)

To assess co-sensitizations in an area with less exposure to birch pollen, we gathered data
from northern Finland from an archive of skin prick tests conducted in Lapland Central
Hospital (Rovaniemi). The central city of Lapland, Rovaniemi, is located on the Arctic Circle
at 66° N, 25° E. Its hospital provides skin prick diagnostics for 118 145 area inhabitants. (15)
We selected subjects who were sensitized to almond, hazelnut, or peanut and had been tested
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for birch pollen. Prevalence of birch sensitization in the north was assessed from a population

of 359 subjects tested for birch pollen during 2011-2012.

Our skin prick-testing method utilized raw nuts with a prick-prick technique. Nuts were
ground up unpeeled and mixed with 0.9% saline. Birch pollen was tested with a commercial
extract (ALK-Abell6; Harsholm, Denmark or Allergopharma; Reinbek, Germany). Histamine
hydrochloride (10 mg/ml) served as a positive control, and allergen solvent as a negative
control. The skin was pricked with a single-headed lancet on the volar forearm. Results were
read after 15 minutes, and wheal sizes 3 mm or larger documented in millimeters, with sizes
below 3 mm documented as zero. We considered a wheal size of at least 3 mm to be positive.
All the results from Rovaniemi were analyzed as dichotomous variables because before mid-
2009, results were reported as 0 through 4+ presenting the wheal size arbitrarily. A wheal
size at least 1+ was considered positive.

The seasonal pollen counts in two study regions were provided by the University of Turku,
Aerobiology Unit, Turku, Finland. Median seasonal birch pollen count in Helsinki was

15 000 grains/m3 (range 2 047-97 453) (years 1995-2012) and in Rovaniemi 7 300 grains/m?3

(range 665-22 770) (years 2002-2012) (P = .04).

The study was approved by the ethics committee of Helsinki and Uusimaa Hospital District.

Data were analyzed with Chi square and Fisher exact tests, Spearman rank-order correlation,

binomial logistic regression, and hierarchical clustering with euclidean distance and method

of average linkage were selected for clustering. Trends in age-differences were analyzed with

the Linear-by-Linear association test and Poisson regression. All tests were done two-sided,
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with P value <.05 considered significant. We used IBM SPSS Statistics 22 (IBM; Armonk,

NY) and R-program 3.0.2 (R Project for Statistical Computing, http://www.r-project.org/).

RESULTS

Co-sensitizations to birch and nuts

Skin prick tests with birch were available from 114 572 subjects, of whom 35 941

(31.4% [95% CI, 31.1-31.7%]) were sensitized. At least one nut was tested in each of 50 606

subjects (Fig 1).

Of the subjects with sensitization to birch, 84.1% (95% CI, 83.5-84.7%) were sensitized to
hazelnut, 70.8% (95% CI, 70.1-71.5%) to almond, and 59.9% (95% ClI, 59.2-60.6%) to
peanut. In subjects without sensitization to birch, sensitization to all nuts was significantly

less common (P <.001 for all species) (Fig 2).

Hazelnut was most strongly linked to birch, with a 15.9-fold prevalence in birch-sensitized
subjects compared to subjects without birch sensitization (PR 15.9 [95% CI, 15.03 to 16.74]).
Cashew was least linked to birch, with a 2.25-fold prevalence in birch-sensitized subjects (PR

2.25 [95% CI, 1.84 to 2.76]) (Table I).

Subjects with larger wheal sizes to birch were sensitized to more nut species (Spearman p =
0.63, P <.001) (Fig 3a).

With increasing wheal sizes to birch, wheal sizes to nuts also increased, this correlation being
strongest with birch and hazelnut (Spearman p = 0.84, P < .001; vs. birch and almond,

Spearman p = 0.74; P < .001 vs. birch and peanut Spearman p = 0.61, P <.001) (Fig 3b).
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Symptoms related to nut sensitizations
With increasing wheal size to a nut, the proportion of symptomatic patients increased (Fig

4).

Of 1 307 patients sensitized to hazelnut, 900 (69%) reported symptoms, with 518 (58%) of
those reporting oral allergy syndrome (OAS). Of 1 099 patients sensitized to almond, 569
(52%) reported symptoms, of whom 378 (66%) showed OAS. Of 1 159 peanut-sensitized
patients, 737 (64%) reported symptoms, of whom 421 (57%) had OAS. Anaphylaxis
occurred in 19 (1.6%) patients sensitized to peanut, in 8 (0.6%) sensitized to hazelnut, and in

2 (0.2%) sensitized to almond.

Of the 1 589 patients who answered the symptom questionnaire 1 520 had results available
for birch. Those patients who reported symptoms from nuts had larger birch wheal sizes than
did asymptomatic patients. For peanut, the birch wheal size was 6 mm (median, IQR 5-7 mm)
vs. 5 mm (4-6) (P <.001), for hazelnut, 6 mm (5-7) vs. 5 mm (5-6) (P <.001), and for almond,

6 mm (5-7) vs. 5 mm (5-7) (P =.001).

Cross-sensitizations between nut species
All ten nut species were examined in 780 subjects. In hierarchical clustering, cashew and
pistachio formed a pair. Birch, almond, hazelnut, and peanut fell into a single cluster. Other

species formed the third cluster, which included paired pecan and walnut (Fig 5).

The strongest bivariate correlation appeared between hazelnut and almond (Spearman p =
0.80, P <.001). Pecan and walnut, and cashew and pistachio also correlated strongly

(Spearman p = 0.66, P < .001; Spearman p = 0.65, P <.001).
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Of 326 subjects sensitized to peanut and tested for all nine tree nuts, 303 (92.9% [95% CI,
89.6-95.3%]) were sensitive to at least one tree nut. In a subgroup of 264 birch-sensitized
subjects, the co-sensitivity of peanut and at least one tree nut was 99.2% (95% Cl, 97.3-
99.8%), whereas in a subgroup of 62 without birch sensitization, 66.1% (95% CI, 53.7-

76.6%) had co-sensitization to peanut and tree nuts (P <.001).

Nut sensitizations by age-group

At least four nut species were examined in 1 769 subjects. In subjects without birch
sensitization, prevalences of sensitizations to all nut species decreased with age (Fig 6 and
Table S1). In subjects with birch sensitivity, their hazelnut, almond, and peanut sensitizations

remained high (Fig 6 and Table S1).

Sensitization to birch pollen among nut-sensitized populations between south and north
Overall prevalence of birch pollen sensitization was lower in the north (24.0% [95% ClI, 19.6-

28.4%] vs. 31.4% [95% Cl, 31.1-31.7%] P = .003).

In the north, 141 subjects were positive for hazelnut, almond, or peanut and were tested also
for birch pollen. In the south, similar population (hazelnut, almond, or peanut sensitization

and available result for birch) comprised 18 558 subjects (Table S2).

In hazelnut-sensitized subjects, prevalence of birch sensitization was 91.3% (95% ClI, 90.8-
91.8%) in the south, and 89.7% (95% ClI, 84.2-95.2%) in the north (P = .51). Of almond-
sensitized subjects, 89.6% (95% CI, 89.1-90.1%) were birch sensitized in the south, and
84.9% (95% ClI, 78.1-91.7%) in the north (P = .15), and of peanut-sensitized subjects, 82.8%
(95% ClI, 82.2-83.4%) in the south and 82.7% (95% ClI, 74.1-91.2%) in the north (P = 1.0)

had concurrent birch-pollen sensitization.
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DISCUSSION

This is, to our knowledge, the largest study to date to examine cross-sensitization to nuts in
population as high as 50 000 birch-sensitized and non-sensitized patients. Prevalence of
sensitization to nuts is usually high in those with birch sensitization, but this study has the
power to show that with higher levels of birch sensitization, an increasing proportion of
tested subjects were sensitive to multiple nuts. Moreover, with increasing wheal size to birch
pollen, nut wheal size increased. The most prominent co-sensitizations with birch pollen were
hazelnut, almond, and peanut. A highly interesting finding was that non-birch-induced
sensitization to nuts commonly begins in young children, with prevalences decreasing with

age.

Hazelnut is an important symptom-eliciting food in birch-allergic individuals (16), supporting
our finding of close linkage between these sensitizations. In the Finnish population, birch
sensitization is mainly directed toward the pathogenesis-related 10 (PR-10) protein Bet v 1,
which drives other sensitizations toward PR10-proteins. (17) (18) Among nuts, PR-10

proteins are characterized in hazelnut, almond, and peanut. (19)

The vast majority of our study subjects reported no symptoms or merely oral allergy
syndrome from hazelnut, almond, and peanut. Monosensitization to Bet v 1-homologues Cor
a1 in hazelnut and Ara h 8 in peanut usually causes mild or no symptoms. (20) (21)
Sensitization to seed storage proteins Cor a 9 and 14 in hazelnut and Ara h 2 and 6 in peanut
associates with severe symptoms. (22) (23) Our symptom profile indicates that nut

sensitization in birch-endemic areas is mostly pollen-related and without severe symptoms.
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Our study is limited by the fact that we have evaluated mere sensitizations, with their clinical
relevance assessed only in a subgroup of patients and based on reported symptoms without
confirmation by challenge. Some patients may possibly experience more severe symptoms
when challenged to high doses of nuts, though even the severe reactions reported were not
confirmed by challenge. Further, our study population included subjects with clinical
suspicion of birch and nut allergies and our data are thus subject to overestimation of those
co-sensitizations. The findings of age-related changes can be regarded only as suggestive and
may be skewed by any possible differences in patient selection or changes in population
rather than at an individual level. Our research extends to the year 1997 and was designed to
study cross-sensitizations in skin prick tests. We are limited by the lack of serum samples,
and due to the large sample size we would be unable to analyze serum-specific IgE. In
clinical use, however, component resolved diagnostics is adapted to discriminate cross-

sensitization and true allergy.

Young children without birch sensitization had the highest sensitization prevalences to all
nuts, but this decreased by age, perhaps because nut sensitization develops early and already
during the first years of life begins to decrease. (24)

Subjects sensitized to birch showed, however, no decrease in sensitization prevalences to
most nut species during childhood and adolescence, perhaps due to an increase in their pollen
sensitization and in their subsequent cross-sensitizations to nuts. Asymptomatic sensitization
to peanut increases until adulthood, whereas clinical reactivity increases only during early
childhood. (25) (26) This suggests that asymptomatic peanut sensitization is secondary to
pollen sensitization. Pollen-related allergy to hazelnut is also more common in adults than in

children. (21) (27)
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Our most prominent co-sensitizations were pecan and walnut from the family Juglandaceae,
and cashew and pistachio from Anacardiaceae (28); skin prick tests and specific IgEs
between these species link strongly. (29) (10) (30)

Almond, hazelnut, and peanut formed a group with birch. Sensitizations to seed storage
proteins in hazelnut and peanut are mostly independent in a birch-endemic region; meaning
that the cross-reactivity of these species relies on pan-allergens and primary pollen
sensitization. (31)

Knowledge of cross-reactivities allows more detailed patient advising, although further

studies with food challenges will be necessary.

In the north, sensitization to birch pollen was less common, in accordance with the lower
exposure in Lapland. Southern Finland is an area with very high birch-pollen exposure, with
markedly higher pollen counts than in most of Europe and the USA. (34) (35) For individuals
with sensitivity to nuts, concurrent sensitization to birch was common in both regions. We
found no significant differences between south and north, though our finding is affected by
the small northern sample size. Peanut and hazelnut allergies associate more strongly with
birch pollen sensitization in northern Europe than in southern Europe or the USA. (32) (33)
(27) That sensitization to hazelnut and almond was slightly higher in the southern Finland
may suggest that in the north, linkages between the most birch-pollen related nuts and birch

are weaker.

One strength of our study is the great number of individuals examined. This allowed detailed
assessment of levels of sensitization and their linkages and examination of individuals of all
ages. The wide selection of nut species gives a comprehensive picture of the nuts most

commonly consumed. Further, the data from Northern Finland make our results more
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generalizable to other regions as we show the strong linkage between birch pollen and nut

sensitizations in an area with less exposure and sensitization to birch pollen.

In conclusion, in birch-endemic areas, sensitization to birch pollen associates strongly with
nut sensitizations, mostly with hazelnut, almond, and peanut. A major proportion of subjects
sensitized to these nut species experience only mild or no symptoms. The strongest linkages
among edible nuts occured between cashew and pistachio, and pecan and walnut. Our results
imply that patients sensitized to some nuts may be able to receive more specific directions
about which nuts can be safely consumed and which should be avoided. Further clinical

studies, preferably with double-blind controlled nut challenges, are warranted.
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TABLE 1. Prevalence ratios of nut sensitization in subjects with and without sensitization to

birch pollen.
Prevalence ratios 95% CI for prevalence ratios

Hazelnut 15.86 15.03to 16.74
Almond 12.96 12.28 to 13.68
Peanut 8.31 7.97 to0 8.66
Coconut 4.63 3.26 10 6.57
Macadamia 4.37 3.26t0 5.85
Pistachio 3.90 3.28104.63
Walnut 3.78 3.08 to 4.63
Pecan 2.44 1.89t0 3.15
Brazil nut 2.30 1.76 to 3.01
Cashew 2.25 1.84t0 2.76

ClI, Confidence interval

Figure legends

Figure 1. Flow chart of the study. All subjects with available results for birch and nut skin
prick tests were selected. Age- and cross-reactivity analyses included subjects with at least
four or all ten nut species examined. A subgroup of nut-sensitized patients was compared to a
similar population from Lapland. A symptom survey was conducted in a separate group of

nut-sensitized patients.
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Figure 2. Sensitization prevalences to nut species stratified by birch pollen sensitization. P

<.001 for difference between the two groups in all nut species.

Figure 3. a) Wheal size for birch and percentage of subjects with at least three nut
sensitizations. Wheal sizes below 3 mm are reported as zero.

3. b) Mean wheal sizes for hazelnut, almond, and peanut at different levels of birch
sensitization. Correlations with birch: hazelnut, Spearman p = 0.84, P <.001; almond,

Spearman p =0.74 P <.001, and peanut, Spearman p = 0.61, P <.001.

Figure 4. Skin prick wheal sizes and the proportion of symptomatic patients (%) sensitized to

a) peanut, b) hazelnut, or c) almond. Confidence interval of 95% is shown as a dashed line.

Figure 5. Hierarchical cluster analysis of nut species and birch pollen based on results of skin

prick tests.

Figure 6. Prevalences of sensitizations to nut species in age groups stratified by birch pollen

sensitization. * P <.001; + P =.02; 1 P =.40. P values for trend, detailed information in

Table S1.
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in Helsinki

114 572 tested for birch

(31.4% positive)

for nuts

50 606/114 572 tested

18 603 birch positive (36.8%)

84% hazelnut positive
71% almond positive
60% peanut positive

(Fig 2)

32 001 birch negative (63.2%)

5% hazelnut positive
6% almond positive
7% peanut positive
(Fig 2)

1 769 tested for
at least four nut
species (age
analyses)

780 tested for
ten nut species
(cross-
reactivity
analyses)

50 537/50 606
tested for almond,
hazelnut, or peanut

|

18 558 subjects
sensitized to almond,
hazelnut, or peanut
(comparison with

141 subjects from
Lapland sensitized to
almond, hazelnut, or
peanut

Lapland)

1 589 almond-,
hazelnut-, or
peanut-sensitized
subjects surveyed
for symptoms
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Subjects without birch sensitization Subjects with concurrent birch sensitization

Prevalence of nut sensitization (%)
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Under 5years 5-to15years

% n %
No birch Hazelnut 34 41 19
sengitization
Almond 28 31 17
Peanut 35 46 26
Pistachio 39 51 18
Cashew 40 54 15
Walnut 31 41 14
Macadamia 22 18 13
Brazil nut 21 28 11
Pecan 25 33 11
Coconut 8 10 5
% n %
Birch sensitization Hazelnut 89 71 92
=>3mm
Almond 77 52 84
Peanut 76 64 78

TABLE S 1. Prevalences of nut sensitizations by age-group

*Pvauefor trend

n

26

22
38
27
23
21
11
16
17

7

195

173
182

16-to29years P value*

%

7

7
12

O PSS NOOO

%
90

74
62

n

11

11
20
16
14
12
3
7
10
7

201

163
139

<.001

<.001
<.001
<.001
<.001
<.001

.02
<.001
<.001

40

.95

15
.001



TABLE S 2. Characteristics of nut-sensitized populations in two regions with differing birch pollen

exposure
South, n=18 558 North, n=141 Pvalue

Age, y; median (IQR) 23 (11 -36) 24 (16 -33) A3
Female, (%) 62 73 .01
Birch sensitization, n (%) 15446 (83) 118 (84) .99
Hazelnut sensitization, n (%) 14547 (88) 117 (85) .36
Almond sensitization, n (%) 12402 (75) 106 (79) 48
Peanut sensitization, n (%) 13385 (72) 75 (54) <.001

IQR, Interquartile range
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