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Tree pollen allergy

ITI. Cross reactions based on results from skin prick tests and the RAST
in hay fever patients. A multi-centre study
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872 adult hay fever patients were investigated with skin tests, using 20 different tree
pollen allergens, and Phadebas RAST®, using eight different tree pollen allergens.
Correlation between test results with the different allergens were studied employing the
Spearman’s correlation coefficient (Rho). Most combinations showed statistically signifi-
cant correlations. The highest values of Rho (0.8-0.9) were found for pollen from
combinations of trees belonging to the families Betulaceae, Corylaceae and Fagaceae (birch,
alder, hazel, beech and oak). High values were also found between pollens from aspen
and sallow (belonging to Salicaceaz). With several of the trees a high degree of pollen cross
sensitization was found, even with trees from a different plant family. Since most of the
patients were allergic to birch pollen, some of the reactions to other pollens could be due
to allergens shared by birch. To exclude this possibility, a separate analysis was
performed for patients having no birch pollen allergy. Even in these patients evidence of
cross sensitization was found. It is concluded that cross reactions are common among
tree pollens and are most pronounced within botanical families.
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CLINICAL ASPECTS

The study shows that patients with springtime hay fever often react to several tree
pollens. To a large extent this is due to cross reactivity because of a partial
immunologic identity among tree pollen allergens. Several tree pollens share
allergens with birch pollen, which is dominant, and for diagnostic screening of tree
pollen allergy in Sweden it is sufficient to use birch pollen extracts.
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Dept., Boden, Sweden. Christina Irander, ENT Dept., Linkdping, Sweden. Sten B. Lindgren, Dept. of Allergology,
Sahlgren’s Hospital, Goéteborg, Sweden. Hans Matsols, Dept. of Medicine, Falun, Sweden. Maria Moberger, Dept. of
Medicine, Gillivare, Sweden. Jan-Erik Nilsson, Dept. of Medicine, Kristianstad, Sweden. Kjell Orvar Pegelow, Dept. of
Allergology, Huddinge, Sweden. Leif Rosenhall, Chest. Dept. Umed, Sweden. Jan Sandstrém, ENT Dept. Visteras,
Sweden. Odd Strémme, Sandefjord, Norway. Karl Bertil Tegner, Chest Dept. Gévle, Sweden.
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Knowledge of cross reactivity among different
pollens is of practical importance in diagnosing
allergic diseases. The knowledge is useful when
judging the significance of positive skin test
(SPT) reactions or RAST results obtained with
pollen allergens from non-indigenous plants.
Moreover, it is a valuable tool for minimizing
the number of allergen extracts used in diagnos-
tic screening. It is also of great value when
deciding which allergens should be included in
a hyposenzitation programme.

It is generally agreed that grasses, which rep-
resent one single family, are more antigenically
related than trees. Cross reactivity does exist
between different tree pollen allergens. How-
ever, the findings from various in vitro (2, 3, 4,
5, 13, 14)) and n vivo studies (8, 9, 10, 11, 20,
22, 23) are somewhat conflicting.

The purpose of the present study was to
further
among tree pollens by testing hay fever patients

analyse cross sensitization patterns
from various parts of Sweden with different tree
pollen extracts. SPT and RAST results obtained
with different tree pollen allergens were com-
pared and correlation coefficients were calcu-
lated.

PATIENTS AND METHODS

These data come from a multi-centre study in
which 16 clinics took part (11). The clinics were
scattered all over Sweden from Malmo in the
south to Gallivare in the north,
regions with different tree pollen environments.
The investigation comprised 872 hay fever
patients with a mean age of 27 (range 8-67)
years. Of the patients 464 were males and 408
females. The majority of the patients (734) had
springtime symptoms and 600 patients had hay
fever symptoms in summer.

covering

Skin tests

SPT were performed on the volar side of the
forearm or on the back as described elsewhere
(11). The wheal reactions were measured after
10-20 min and designated as 3 + when the
areas were of the same size as the positive
histamine reference, 4 + when double the size

of the histamine-induced wheal, etc (1).
Reactions larger than that of the negative saline
buffer reference but smaller than the positive
reference were graded as 1+ or 2 +. All reac-
tions > 1+ were defined as positive.

In vitro tests

Specific IgE as well as total IgE antibody con-
centrations were measured using Phadebas
RAST® and Phadebas Igk PRIST®, respec-
tively (Pharmacia Diagnostics AB, Uppsala,
Sweden). All in vitro determinations were per-
formed according to the instructions for use of
the test procedures.

Allergens

A botanical survey of the pollen represented in
the study has been given previously (19). All
patients were skin prick tested with a standard
allergen panel consisting of 20 different tree or
bush allergens (see Table 3). Neohelisen gly-
cerinated prick test extracts of 5000 PNU/ml
strength (Allergopharma, Reinbek, GFR) with
batch numbers given elsewhere (11) were
employed. For determination of specific IgE
antibody concentrations in the sera Phadebas
RAST allergens were used (Table 4).

Statistics

The statistical significances of correlations were
tested with Pitman’s non-parametric permuta-
tion test (6). The Spearman’s correlation coeffi-
cient (Rho) was also calculated in order to get a
quantitative measurement of the degree of cor-
relation. Phadebas RAST classes 0-4 and prick
test results graded according to the number of
plusses were used in the calculations.

Calculation of allergen panel for screening purposes

To find the allergen panel most suitable for
screening purposes, if 1, 2, 3, etc. allergens
were to be used for diagnosis of tree pollen
allergy, the allergen giving the highest number
of positive reactions was first calculated. All
individuals having a positive reaction with that



allergen were then excluded from the following
calculations. The allergen to which most of the
remaining patients reacted was then searched
for and all individuals showing a positive reac-
tion to that allergen were excluded from the
next calculations. The process was repeated
until all individuals having a positive skin test
reaction had been excluded. A similar calcula-

tion program has previously been used by
Osterballe et al. (23).

RESULTS

Correlations in pollen sensitization found
in the total patient material

Overall, a total number of 17,440 SPT (20
allergens in 872 patients) and 4,728 RAST-
analyses (8 allergens in 591 patients) were per-
formed. SPT results obtained with each of the
20 tree pollen allergens were compared with
those of each of the others, making 190 cross-
tables. As an example, one of these tables (the
comparison between birch and beech) is shown
in Table 1. Analogously, the Phadebas RAST
results with eight different tree pollen allergens
were compared two by two, making 28 tables,
an example of which is shown in Table 2 (the
comparison between birch and alder). Sim-
plified results from all tables, with test results
expressed only as negative or positive, appear
in the upper right of Table 3 (SPT results) and
Table 4 (Phadebas RAST results). In these
tables the test result figures are given as percen-
tages of the total number of patients. Noticeable
is the high frequency of sensitization against
birch and alder pollens. Very few cases with
negative test results for these allergens show
positive results for other allergens.

All different combinations of allergens, with
the exception of that between pine and heather
pollens, showed statistically significant corre-
lations (P < 0.001). A simple measure of the
strength of the correlations, the value of the
Spearman’s correlation coefficient (Rho), is
given in the lower left of T'ables 3 and 4. As seen
from the tables, the strongest correlations (with R
> 0.80) were found for birch/alder, alder/hazel,
hazel/beech, beech/oak and oak/hazel.
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Correlations in pollen sensitization found
in patients without birch pollen allergy

A high degree of correlation in patient sensitiza-
tion was found between birch pollen and other
tree pollens. Correlations in patient sensitization
between non-birch tree pollens could thus be due
to the allergens they each share with birch pollen.
To exclude the influence of birch pollen allergy a
separate analysis was performed on the patients
without signs of birch pollen sensitization. Table
5 presents 2 x 2 tables with Phadebas RAST
results for seven tree pollens in 189 patients who
had negative RAST results with birch pollens.
Statistically significant correlations (P < 0.001)
were found with all combinations.

Several of the combinations, e.g. alder/sal-
low, hazel/maple and oak/maple, showed Rho
higher than corresponding Rho in the total
patient group. However, with mutual com-
binations of alder, hazel, oak and beech the
values of Rho were considerably smaller in the
birch-negative group than in the total patient
group.

A similar analysis was performed using the
SPT results with 19 different tree pollen
allergens on 141 patients with negative SPT
results against birch pollen. Of the 171 tree
pollen combinations, 56 showed significant
positive correlations in patient sensitization (P
< 0.001). With some of the combinations, e.g.
alder/sallow and oak/plane, the Rho values
were higher in birch-negative patients (Table 6)
than in the total patient group (Table 3).

Those tree pollens which most often gave
positive SPT reactions in patients with a nega-
tive birch pollen SPT were elder, heather,
linden, horse chestnut, bog myrtle, privet, and
oak. Less than 1% of the birch pollen negative
patients showed clearly positive (> 3+ ) SPT
with alder, hazel, or aspen.

Correlations in pollen sensitization found
in patients liwing in northern Sweden

The correlation between different tree pollens
could depend on simultaneous sensitization to
pollens occurring together in the patient’s
environment. Several of the trees do not grow
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Table 1 Table 2
Comparison of skin prick test results with birch and beech Comparison of RAST results with birch pollen and alder
pollen pollen allergen
Prick Prick test with beech Phadebas Phadebas RAST® class with alder
test with number of plusses RAST class
. ith birch 0 1 2 3 4 Total
birch 0 1-2 3 4  >5 Toal 0
0 162 17 9 1 0 189
e @ o u & o @ 5 9 8 0 0 =
3_ 16 52 81 22 3 174 - o & - 7 0 107
3 0 0 48 118 16 182
4 8 41 77 75 11 212 4 0 0 0 19 64 83
=5 7 17 64 91 83 263
Total 195 45 128 145 80 593
Total 181 167 234 193 97 872 °
Table
Correlations between skin prick test results
The table is symmetrical. The upper right consists of 2 x 2 tables and the lower left gives
Birch  Alder Hazel Beech Oak Aspen Sallow Bog: Elm Maple
myrtle
-+ - 4+ -+ - 4+ -+ -+ -+ -+ -+
Birch - 15 1 14 2 14 2 14 2 15 1 15 1 15 1 15 1 15 1
- 6 78 7 77 7 77 17 67 52 32 46 38 17 67 51 33 46 38
Alder 0.83 - 18 3 17 4 17 4 20 1 19 2 19 2 19 2 19 2
- 4 75 4 75 13 66 48 31 42 37 12 67 46 33 42 37
Hazel 0.76 0.86 - 17 4 18 3 20 1 20 1 19 2 20 1 20 1
+ g 75 13 66 47 32 42 37 12 67 46 33 41 38
Beech 0.75 0.83 0.86 - 19 2 20 1 19 2 19 2 19 2 19 2
- 12 67 48 31 42 37 12 67 46 33 42 37
Oak 0.59 0.71 0.75 0.75 - 29 2 27 4 24 7 28 3 27 4
+ 38 31 34 35 7 62 38 31 34 35
Aspen 0.22 0.28 0.34 0.33 0.39 - 56 12 29 39 58 10 51 16
- 5 27 2 30 8 24 10 23
Sallow 0.24 0.29 0.34 0.34 0.36 0.71 - 28 33 53 8 49 12
+ 3 36 12 27 11 27
Bog-myrtle 0.62 0.75 0.79 0.76 0.77 0.40 0.41 - 29 2 29 3
+ 37 32 32 36
Elm 6.22 0.28 0.33 0.32 0.37 0.64 0.65 0.40 - 52 13
+ 9 26
Maple 0.32 0.36 0.40 0.40 0.42 0.48 0.52 0.46 0.58 -
+
Ash 0.24 0.29 0.32 0.34 0.37 0.60 0.61 0.39 0.57 0.54
Privet 0.21 0.24 0.28 0.28 0.31 0.52 0.54 0.32 0.49 0.47
Lime 0.22 0.21 0.26 0.28 0.31 0.44 0.49 0.28 0.45 0.45
Elder 0.31 0.30 0.34 0.38 0.37 0.35 0.34 0.39 0.33 0.32
Horse-chest- 0.43 0.48 0.50 0.52 0.51 0.47 0.47 0.55 0.45 0.49
nut
Plane 0.28 0.28 0.31 0.32 0.36 0.55 0.55 0.37 0.50 0.50
Juniper 0.16 0.16 0.20 0.20 0.25 0.40 0.41 0.21 0.39 0.35
Larch 0.12 0.15 0.16 0.15 0.22 0.26 0.25 0.17 0.25 0.21
Pine 0.16 0.19 0.18 0.16 0.19 0.15 0.22 0.21 0.24 0.25
Heather 0.15 0.14 0.18 0.19 0.21 0.45 0.46 0.21 0.40 0.30

-: negative prick test; +: prick test results > 1 plus.



in northern Sweden, however, namely beech,
oak, hazel, elder, horse chestnut, linden, plane,
ash, elm, privet, maple, and larch (19). For this
reason, those patients who lived in northern
Sweden were studied separately, since they
could not have been sensitized to the above
trees by the natural route (patients who had hay
fever before moving to northern Sweden were
excluded from the calculations). Using the
results from SPT and RAST the Rho values for
most of the combinations were found roughly to
be the same as corresponding values from the

3

with various pollens in 872 patients.
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total patient material. For some of the combina-
tions somewhat lower Rho were found than in
the total patient group.

Correlation studies using the SPT results
from 45 patients living in northern Sweden and
having a negative SPT result with birch pollen
allergen showed significantly positive corre-
lations for the following combinations: oak/
plane, ash/privet, horse chestnut/plane, (P <
0.001) beech/plane, bog myrtle/privet, bog
myrtle/lime, alder/plane and alder/heather (P
< 0.01).

the Spearman correlation coefficients (Rho). In the 2 x 2 tables figures indicate percentages

Ash Privet Lime Elder Horse- Plane  Juni per  Larch Pine Heather
chest-nut

- + - - - - - + - - = + - - - + - + - +
5 1 14 2 12 4 10 6 13 3 13 3 14 2 16 0 15 1 10 6
45 38 50 34 35 49 20 64 25 59 36 48 57 27 73 11 72 12 36 48
8 3 18 3 15 6 11 10 16 5 16 5 18 3 20 1 20 1 12 9
42 37 46 33 32 47 18 61 22 57 34 45 53 26 68 11 67 12 34 45
19 2 18 3 16 5 12 9 17 4 17 4 19 2 20 1 20 1 13 8
41 38 46 33 31 48 17 62 21 58 32 47 52 27 68 11 67 12 33 46
9 2 18 3 16 5 12 9 18 3 17 4 19 2 20 1 20 1 13 8
42 37 46 33 31 48 17 62 21 58 32 47 53 2 68 11 67 12 33 46
% 4 26 5 22 8 17 13 23 8 25 6 28 3 30 1 28 2 19 11
34 36 38 31 25 45 12 58 15 54 25 44 43 26 58 11 59 11 27 43
53 15 54 14 41 26 27 41 35 33 44 24 57 11 64 4 63 5 40 28
7 25 10 27 6 27 2 30 3 29 5 27 14 18 24 8 24 8 6 26
50 11 50 11 39 22 24 37 33 28 41 2 52 9 58 3 57 4 36 25
10 29 15 24 8 3l 5 34 5 34 9 3 19 2 3 9 30 9 10 29
97 4 927 4 21 10 17 15 23 9 24 7 27 5 3 1 3 1 19 13
33 36 38 31 26 43 12 56 15 53 26 43 44 24 58 11 58 11 27 41
51 15 53 13 40 26 26 40 34 32 42 23 55 11 62 4 61 5 38 28
9 25 12 22 7 27 5 30 4 30 4 927 16 18 26 8 26 8 8 26
48 13 49 12 38 23 25 36 34 27 48 21 51 10 58 3 57 4 34 27
12 27 15 24 9 30 5 34 4 35 9 3 20 19 31 8 30 9 12 27
50 8 40 20 25 35 33 27 41 19 52 9 57 3 56 4 36 24
+ 1327 7 33 4 36 5 35 8 32 19 21 31 9 31 9 10 30
0.63 _ 43 922 26 38 33 31 42 22 55 10 62 3 61 4 38 27
+ 4 31 3 33 5 31 8 28 16 19 27 9 27 8 8 27
0.57 0.61 - 25 922 29 18 34 13 42 5 45 2 44 3 30 17
+ 4 49 9 44 16 37 29 24 43 10 44 9 16 37
0.40 0.44 0.53 - 922 7 923 6 2 3 38 1 27 2 23 6
+ 17 54 2 45 45 26 60 11 60 11 23 48
0.50 0.47 0.48 0.56 - 31 7 34 4 37 1 37 1 25 13
+ 19 43 37 25 51 11 50 12 21 41
0.56 0.56 0.52 0.47 0.56 - 4 5 47 3 47 3 33 17
+ 27 2 41 9 40 10 13 37
0.42 0.45 0.46 0.34 0.42 0.46 - 68 3 66 5 41 30
+ 21 8 21 8 5 24
0.24 0.26 0.20 0.16 0.28 0.18 0.39 - 82 6 44 44
5 5 7 2 10
0.24 0.20 0.17 0.16 0.28 0.21 0.23 0.39 - 43 44
+ 3 10

0.42 0.43 0.44 0.48 0.41 0.51 0.46 0.22 0.08

14
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; ; : . pollens, only a few of the allergens should be
Allergens suitable for diagnostic screening

of tree pollen allergy

necessary for diagnostic screening of tree pollen
allergy (see Methods). If only birch pollen was
Because of cross-allergenicity as well as simul- used, 89% of the 785 patients with positive
taneous concomitant sensitization to several tree SPT to any of the 20 tree or bush pollen

Table 4

Correlations between RAST results with various pollens in 591 patients. The table is symmetrical. The upper right consists of
2 x 2 tables. The figures indicate percentages. The lower left gives the Spearman correlation coefficients (Rho). All
correlations are statistically significant (P < 0.001) according to Pitman’s test. In the statistical analyses RAST classes 0-4

were used

Birch Alder Hazel Beech Oak Sallow Elm Maple
- + - + - + - - - + - + - +
Birch - 27 4 29 3 29 3 23 9 22 10 23 9 26 6
+ 6 63 18 50 21 47 14 54 40 28 40 28 49 19
Alder 0.90 - 31 2 31 2 26 7 26 7 26 7 29 4
+ 15 52 18 49 12 55 37 30 38 29 46 21
Hazel 0.78 0.84 - 42 5 33 14 36 10 36 11 40 7
+ 7 46 4 49 27 27 28 25 35 18
Beech 0.75 0.80 0.86 - 34 15 38 11 38 11 43 7
+ 3 48 25 26 26 25 32 18
Oak 0.69 0.78 0.81 0.80 - 32 5 32 5 35 2
+ 31 32 32 31 40 23
Sallow 0.23 0.33 0.43 0.42 0.51 - 54 9 57 5
+ 10 27 18 20
Elm 0.19 0.27 0.38 0.39 0.47 0.70 - 58 6
- 17 19

Maple 0.17 0.25 0.29 0.32 0.40 0.61 0.56

-~ = RAST class 0; + = RAST class 1-4.
Table 5

Correlations between RAST results with various pollens in 189 patients with negative RAST to birch pollen. The table is
symmetrical (for explanations see Table 4)

Alder Hazel Beech Oak Sallow Elm Maple
- + - + - + - + - - - -
Alder - 83 3 81 4 69 16 66 20 69 17 76 10
+ 8 6 8 6 4 11 4 10 4 10 5 9
Hazel 0.61 - 86 4 7.2 19 67 23 71 20 78 12
- 4 6 1 8 3 7 2 7 3 7
Beech 0.50 0.54 - 72 18 67 23 73 16 77 13
+ 1 9 3 7 4 7 4 6
Oak 0.56 0.49 0.52 - 62 11 64 9 68 5
+ 8 19 9 18 13 14
Sallow 0.59 0.43 0.35 0.66 ~ 62 8 65 b
+ 11 19 16 14
Elm 0.54 0.49 0.37 0.67 0.62 - 67 6
+ 14 13

Maple 0.55 0.49 0.45 0.61 0.57 0.59




allergens used would be detected. The allergen
giving most positive test results in the remain-
ing 85 patients was elder. If elder and birch
pollen were used, 95% of the tree pollen
allergic patients could be detected. Table 7
shows that 99% of the patients with positive
SPT to any tree pollen could be detected by
screening with five allergens only.

Table 8 shows the corresponding findings
when the RAST was used for screening 438
patients with positive RAST to any of the eight
trees used in the RAST.

DISCUSSION

There are two principal methods of studying
cross reactions among allergens: to perform in
vitro inhibition studies on a limited number of
individuals, or to study sensitization frequencies
in relatively large numbers of patients and cor-
relate the test results with each other. The first
method will give a more accurate answer to the
question: Do cross reactions occur or not? It is
exceedingly difficult, however, to study large
numbers of patients with these laborious meth-
ods, and even then the results will depend on
the specific sensitization patterns of the patients
studied.

Table 6

Correlation coefficients (Rho) for skin prick test results with

the tree pollen combinations giving the highest Rho values

in 141 patients with negative prick test to birch pollen
allergen

Correlation

A o
llergen combination scefiioient (Bha)

Alder - sallow 0.67
- privet 0.49
Oak - aspen 0.47
- plane 0.59
- heather 0.44
Aspen - plane 0.45
Elm - maple 0.60
Ash - privet 0.54
- lime 0.48
Privet - lime 0.46
- juniper 0.58
Horse- - plane 0.56
chestnut - juniper 0.56
- larch 0.52
Plane - juniper 0.47

14*
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In the present study a great number of hay
fever patients were tested with SPT and Pha-
debas RAST. Several tree pollen allergens were
employed and cross-sensitization patterns were
studied. Simultaneous sensitization to two dif-
ferent allergens can be due to true cross reac-
tivity between these allergens or to both occur-
ring together in the same region and coincident-
ally sensitizing the same individual. For this
reason it is only possible to draw firm con-
clusions about cross reactions between two
allergens when they occur in separate regions.
Even when two allergens occur in the same
region, however, a high level of the correlation
coefficient suggests a high degree of cross
allergy (12).

Sixteen clinics took part in the study. As far
as RAST-results are concerned this does not
imply any problems, as all the in vitro work was
done at one centre and all determinations were
performed simultaneously. Skin test results,
however, will be influenced by variation in test
technique among different investigators. For

Table 7

Allergens found most useful for the screening of tree pollen
allergy when skin test was performed with 20 different tree
pollen allergens in 785 patients

Proportion
f No. of
Chosen Allergen (%.) o . 0.0
number patients patients left
detected
1. Birch 89 85
2 Elder 95 49
3. Heather 97 16
4. Lime 98 5
5. Hazel 99 4

For explanation of calculations, see Methods.

Table 8

Allergens found most useful for the screening of tree pollen
allergy when RAST was performed with eight different tree
pollen allergens on 438 patient sera

1. Birch 85 65
2. Oak 94 37
3 Elm 97 13
4, Sallow 98
5 Maple 99

For explanation of calculations, see Methods.
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this reason comparisons of skin test results
between clinics is of limited value. Comparisons
between different pollen allergens can, how-
ever, safely be done, as each test result is com-
pared with another in the same individual.

In an earlier paper (11), we measured patient
sensitization rates to 20 trees. We found that
the rates were almost the same in southern as in
northern Sweden, despite the fact that 12 of the
trees studied do not grow in northern Sweden.
These findings strongly indicate a high degree
of cross-reactivity among tree pollens.

In the present study, we further analysed the
sensitization of patients to a panel of tree pol-
lens and compared all the different pollens two-
by-two. We found strong (as measured by Rho)
and statistically significant correlations in
patient sensitization between the various tree
pollens tested. Since several hundred signifi-
cance tests were performed, the problem of
mass significance must be considered. Of the
380 comparisons performed in Table 3, 379
showed a significant correlation with P <
0.001. A few of these could depend cn the mass
significance but most of them obviously should
be regarded as truly significant. These findings
give further support to the existence of common
allergenic determinants among tree pollens.

The correlations found could result from the
pollens being truly cross reactive or from
being present together in a region and each
sensitizing the patients studied. To exclude the
latter possibility, a separate analysis was per-
formed for patients from northern Sweden,
where many of the trees tested are not found.
Even in this group of patients statistically sig-
nificant correlations were found for most of
the tree pollens.

Our results do not agree with those of Kurata
et al. (12) who, using SPT results with tree
pollen, found Pearson’s correlation coefficient
ranging from 0.20 to 0.57. Their abstract does
not state which tree pollen allergens were
included in their test panel. The results of the
present study, in which five botanical families
Oleaceae  and
Pinaceae) were represented by two or more spe-

(Betulaceae, Fagaceae, Salicaceae,

cies, are in agreement with other earlier studies,
indicating that cross reactions are most pro-

nounced between pollen from trees belonging to
the same family (8, 18, 20).

Among the trees belonging to Betulaceae and the
closely related family Corylaceae (birch, alder, and
hazel) Rho reached very high values (0.8-0.9),
which is consistent with a high degree of cross
allergy. Van Dalen & Voorhort (8), using SPT's
with three 10-fold dilutions of the allergen extrac-
ts, found correlation coefficients of the same
magnitude. This strongly suggests true cross
allergy, since with the same test method for two
identical extracts they got a correlation coeffi-
cient of 0.74. Similar results have been reported
by Dirksen & Osterballe (9). Furthermore, close
antigenic relationships between Betulaceae pollens
have been shown by Belin (2) using immu-
nodiffusion and haemagglutination inhibition
technique, by Lowenstein et al. (13, 14) employ-
ing crossed radioimmunoelectrophoresis tech-
nique and by Bessot et al. (4), using RAST
inhibition technique.

We found a Rho correlation value of 0.8 for
the correlation between beech and oak pollens,
indicating a high degree of cross reaction within
the Fagaceae family, corroborating the findings
of Van Dalen & Voorhorst (8). Furthermore, in
agreement with these authors (8), we got test
results indicating a pronounced cross allergy
between pollen from trees belonging to Bet-
ulaceae and those belonging to Fagaceae, 1i.e.
among trees belonging to the order Fagales. In
vitro studies, however, do not support this find-
ing (4, 13).

Like Van Dalen & Voorhorst (8) we also
found a high Rho value (0.7) for the correlation
between trees belonging to Salicaceae (aspen and
sallow).

The family Oleaceae was represented in our
study by privet and ash, and a relatively high
Rho value (0.6) was found for their correlation.
These results are in accordance with those of
Bousquet et al. (5) who, through RAST inhibi-
and focusing,
showed a high degree of similarity among pol-

tion experiments iso-electric
lens from four species belonging to the Oleaceae
family (olive, ash, privet and Phillyrea).
Pollen from the Pinaceae family, represented
in our study by larch and pine, gave very few
positive SPTs. The coefficient for the corre-



lation between larch and pine pollen sensitiza-
tion (0.4) was smaller than that for correlations
within families discussed above, and smaller
than Rho for their correlations with some decid-
uous trees. The correlation between larch and
juniper pollen sensitization (both belonging to
the order Coniferales) also showed a Rho value of
0.4. Cross reactivity between members of one
family among the coniferous trees (Cypressaceae)
have earlier been reported (21).

Besides the high degree of correlation found
within botanical families, some high Rho values
were also found between pollens from trees not
belonging to the same family. Thus pollen from
bog myrtle (belonging to Mpyricaceae) had Rho
values of 0.6-0.7 for correlations with pollen
from trees belonging to Betulaceae and Fagaceae.
Pollen from elm (belonging to Ulmaceae) as well
as ash (belonging to Oleaceae) showed a Rho
value > 0.6 for correlations with pollen from
trees belonging to Salicaceae. These findings
indicate that cross reactions may exist between
different families as well as within families.

Most of our patients were sensitized to birch
pollen. Earlier studies have shown that birch pol-
len contains major allergens of some other trees
(2, 14). Some of the cross sensitizations found in
our study could be due to a concomitant birch
pollen allergy. The results of correlation tests in
patients without signs of birch pollen allergy
(Tables 5, 6) indicate, however, that at least some
cross reactions depend on allergens not related to
birch pollen allergens.

The existence of cross reactions among tree
pollens has implications for the choice of
allergens in immunotherapy. One study indi-
cates that a mixture of birch pollen, alder and
hazel might give somewhat better results than
treatment with birch pollen alone (15), although
in another study treatment with birch pollen
extract gave as efficient protection as the com-
bined tree pollen extract (7).

CONCLUSIONS

Cross reactions are common among tree pollens
and are most pronounced within botanical families
(of which Betulaceae, Fagaceae, Salicaceae, Oleaceae and
Pinaceae were studied in this investigation).
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Birch pollen shares allergens with several
other tree pollens, but cross reactions not
dependent on birch allergen probably also exist.

Because of cross reaction as well as the domi-
nance of birch pollen allergy in Sweden, birch
pollen extracts are sufficient for allergy diag-
nosis in springtime hay fever in our country.
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