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Summary
Thirty-nine children with rhinoconjunctivitis due to birch pollinosis were given
immunotherapy for 3 years v̂ -ith a potent, purified pollen preparation made from either
birch alone or from a mixture of birch, alder and hazel. The therapy was evaluated with
self-evaluation after each season, daily symptom score during the season, conjuncli\al
provocation test and skin-prick test. All children but one considered that their
condition had been improved by the treatment. Symptom scores decreased slightly
more in the group treated with the mixture than in the group treated with birch only
due to symptoms decreasing faster in the mixture treated group after eaeh pollen peak
(/*< 0-001). The sensitivity of the conjunctiva and the skin decreased significantly in
both groups but without any significant differences between the groups. After 3 years
the conjunctival sensitivity correlated strongly to eye symptoms during the season.
Immunotherapy with a mixture of birch, alder and hazel appears to be at least as
effective as a preparation made from birch only when treating birch pollinosis even in a
region where birch is totally dominating among the pollens from deciduous trees.

Introduction
There is a well known cross-reactivity among antigens from pollens of ditlercnl
deciduous trees as well as among grasses ofthe Gramineae family [1-5]. Although not
complete, this cross-reactivity could possibly be utilized to facilitate the diagnosis and
treatment of pollen allergy by using a well defined allergen preparation made from only
a single pollen source within each group of plants. The aim of this investigation was to
compare the efficacy of immunotherapy (IT) with either a birch pollen preparation (B)
or a mixture of birch, alder and ba/el (M) for treatment of deciduous tree pollinosis.
The study was done in an area of Scandinavia where oak is seldom found and hazel
does not grow.
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Materials and methods

Patients
Forty children with hayfever due to birch pollinosis were included. They had all
positive case history [6], skin-prick test (SPT) [7] and conjunctival provocation test
(CPT) [8] and were living within 20kmof the hospital of Umea. Although it was not an
inclusion criterion, all children had IgE antibodies in serum against birch pollen of
class 1 or more according to the Phadebas RAST® system (Pharmacia AB, Uppsala,
Sweden). In addition to the birch pollinosis, some of the children had a minor
sensitivity to other allergens, mainly grass pollens and animal danders. Children with
perennial rhinitis or asthma, children with severe asthma during the birch pollen
season or with significant allergy other than sensitivity to deciduous trees were
excluded.

Thechildren were allocated by oneof us (S.D.) into pairs based on symptom score,
CPT. SPT. age and sex without any other knowledge ofthe patients. Within each pair
one ofthe children was randomly assigned to treatment with a birch pollen preparation
and the other one with a mixture of birch, alder and hazel pollen allergen preparation.
The extracts were delivered in individually coded vials. The other author (CM.) had all
contacts with the patients and also made the clinical evaluations before breaking the
code. Those children who were treated with the birch pollen preparation constituted
the B group and those treated witb the three-tree mixture the M group. One of the
patients dropped out of the study before the start of IT. Results were thus obtained
from thirty-nine ofthe forty children, nineteen pairs being available for the statistical
analysis. For details of the two treatment groups see Table 1.

The children and their parents were fully informed regarding the purpose and
design of the study and the parents of all children gave their written consent. The
investigation was approved by the Ethics Committee of Umea University Hospital.

Table t, Pretreatment data on the two treaiment groups

Trealmeiil group

Birch
Mixture

Number of
patients

19
20

Mean symptom
score

93
91

Mean
CPT

3-05
3-10

Mean
SPT

3-40
3-45

Mean age
(range)

II 6(6-16)
11-6(7-16)

Sex
M/F

12/7
13/7

The figures for CPT and SPT are the '"log values of the extract poteneies as expressed in BU/ml.
The SPT value is the extract potency giving ihe same skin reaction as histamine 1 mg/ml.

Materials
For SPT and CPT against birch and alder freeze-dried. purified and biologically
standarized allergen preparations were used (Pharmalgen®, Pharmacia AB). The oak
preparation was a biologically standarized freeze-dried crude extract. (Pharmacia AB).
For all tests, except for the last CPT in 1983 when new batches of birch and alder were
used, the same batches of birch, alder and oak were employed. The potencies and the
compositions ofthe new batches were the same as for the previous ones [9]. Albumin
diluent® (0'03",, human albumin in 0-9\ NaCl with phenol 0-4"^ Pharmacia AB) was
used as negative control and histamine chloride (1 0 mg/ml or 5-43 mmol/1) as positive.
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Pollen preparations with the same composition as for the //(vivo tests were used for
IT. The mixture contained equal amounts in biological units (BU) of birch, alder and
hazel preparations. All extracts for IT were purified and delivered freeze-dried. The
extracts were reconstituted with Albumin diluent® during initial treatment and with
Depot diluent® (0-2% aluminium hydroxide) during maintenance IT.

Methods
The SPT were done just before the start of IT and 3 years later. On each occasion nine
concentrations were tested, increasing stepwise in 0-5 '"log steps, i.e., for birch and
alder 3-2; 10; 32. . . up to 32 000 BU/mland for oak 200; 640; 2000 . . . up to 2000000
BU/ml, together with negative and positive controls. The areas ofthe weals, calculated
with a digitizer were used for evaluations. During late autumn CPT with birch, alder
and oak were performed before the commencement of IT and after 1. 2 and 4 years. In
addition CPT with birch were done after 3 months and 3 years of IT. The tests were
performed according to Moller et al. [8] with successively higher doses ofthe allergen
administered dropwise into the eyes with 20-min intervals on alternating sides until an
allergic reaction i.e.. congestion and\ichmg. was noted. The test concentrations were
the same as used for SPT. On the last provocation, i.e.. after 4 years, for birch and alder
the concentrations 100000; 320000 and 1 000 000 BU/ml and for oak 6400000 BU/ml
were added.

The children carried out daily registration of their hayfever symptoms and
medication each year from 30 April to 10 June which covered the birch pollen season.
Nose and eye symptoms were registered separately using a four-grade scale; no
symptoms (0), mild symptoms (I), moderate symptoms (2) and severe symptoms (3).
The only medications allowed were clemastine in case of severe hayfever and
saibutamol inhaler in case ofasthma. If clemastine was used this added one point to the
daily symptom score. The maximal daily symptom score was thus seven points. After
each season the children reported their impression of whether their symptoms of
hayfever were more pronounced, similar to. less or much less pronounced than those in
1979.

During the scoring periods each year pollen counts were registered daily using a
Burkard volumetric trap. Thus the main alder season was not registered. However,
there are few alder pollens compared to birch in this geographical area [10].

Therapy was started either at the end of 1979 or at the beginning of 1980. the two
children in each matched pair starting on the same day. The initial IT was given in the
hospital as rush therapy with the pollen preparations reconstituted with Albumin
diluent®. Every 2 hr increasing doses were given up to five times a day until a clear-cut
allergic reaction was noted. The first depot injection was given I week after the first
injection in a dose equivalent to the highest earlier tolerated. Maximum tolerated doses
were then given with successively longer intervals up to every 4 weeks. Treatment was
not given during the birch pollen season i.e.. during 6 weeks every year. The therapy
was stopped after 3 years (Fig. 1). Side effects were continuously recorded.

Statistical methods
For calculations the potencies of allergen preparations and the areas of weals were
logarithmic transformed and pollen counts square root transformed. To compare the
symptom scores with the pollen counts a dynamic model was used by which it was
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possible to evaluate the instant effects of a pollen peak on symptom scores and the
duration of symptoms. The model for this study can be expressed as:

where

Yki(0=^symplom score for patient n:o i. day t, in treatment group k, i= I. . . . . , « .
/ ^ I. . . . . . 42. k ̂ 0 (birch group) or 1 (mixed group)

/J = overall average symptom score
Xki = individual variation
/Jk^ duration rate
rv; = instant impulse response

P(/)=^pollen counts
f;i(i(/) = independently and identically distributed random errors with zero means.

The model is described by Brostrom & Moller (submitted). Otbcr comparisons
between groups were done with paired /-tests. Thus, only complete pairs could be
analysed. Pearson produet-momeni correlation coefficient was used to calculate
significances of correlations. To estimate changes in skin sensitivity tested by SPT the
method of parallel line assay [I lj was used. All tests were two-tailed.

Results
The pollen counts 1979 1983 are shown in Fig. 1. The dominating pollen was birch

Mean weekly pollen counts

2 3 4 5 G Week

30/4 7/5 14/5 21/5 28/5 4/6 11/6 Date

Fig. t. Mean pollen coiitils (square rool Iraiisformed) for deciduous trees in Umea (1979 1983).
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Kig. 2. Total symptom scores 1979-1983.

although some alder, willow and aspen pollen were found. According to the self
evaluation after each season ail of the children with one exception considered their
condition to have improved from 1981 and onwards compared to 1979. The ehild who
did not improve showed the lowest sensitivity as measured with SPT, CPT and RAST
before IT.

Total symptom scores did not differ between the groups in 1979. 1980 and 1981. In
1982 (after 2 5 years of therapy) and in 1983 (3-6 months after the cessation of IT) the
symptom scores were significantly lower in the M group than in the B group (P<O-OOI
and /*^004 respectively). Within each group total symptom scores decreased
significantly from 1979 i.e., before IT, to 1981 and 1982, i.e., after more than I year of
IT and during years with similar pollen counts as 1979 (Fig. 2).

The dynamic analysis for 1982 and 1983 revealed that both groups responded in a
similar manner to every pollen peak but the time for the symptoms to disappear was
longer in the B group (/*< 0001 both years; Figs 3 and 4). Each year symptom scores
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from the nose were more than twice the scores from the eyes. The proportions of scores
from the nose and the eyes as well as clemastine medication were similar in the two
treatment groups.

The conjunctival sensitivity decreased from 1979 (before treatment) to 1983 (after
treatment) for all the three tree pollens ( / '<0001; Fig. 5). There were no significant
differences in this respect between the treatment groups. The CPT results 1979 and
1980 correlated poorly to symptoms 1982 and 1983. However, during 1983 a high
conjunctival sensitivity was associated with high eye symptom scores. In the B group
CPT for birch correlated better with eye symptoms (F< 0-01) than CPT results using
alder and oak extracts. In contrast, in the M group CPT for alder and oak correlated
better with clinical symptoms (P<001) than CPT for birch. The skin sensitivity for
birch, alder and oak decreased (P < 0'05) in a similar manner in both treatment groups.
There were only weak correlations between the decreases in SPT on one hand and the
symptom scores 1982 and 1983 and CPT results on the other.

Before the start of IT thirteen children had a mild asthma during the leafing season.
During IT the symptoms of asthma disappeared in five, improved in two, was similar in
two and worsened in four children. Another four children developed asthma during the
study period. All these children as well as those in whom the asthma worsened also had
wheezing outside the season. In one child asthma and arthritis appeared after 15 years
of therapy. Even though the symptoms were probably induced by a viral infection IT
was discontinued. The joint symptoms promptly disappeared. Generalized reactions
such as urticaria and asthma in connection with the injections were seen in five patients
during rush IT and in eleven patients during maintenance therapy. No anaphylactic
shock was seen. Local reactions such as swelling and itching at the site of the injection
were recorded in all but one of the children on at least one occasion. These reactions
lasted for more than i week in eleven children. For five of these children the itching

Mean doily
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Fig. 3. Mean daily symptom scores 1982.
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Fig. 4. Mean daily symptom scores 1983.

lasted for more than 6 months after the termination of IT.

Discussion
Immunotherapy with the mixed pollen extract seemed to yield better results than the
treatment with the birch pollen extract as measured by daily symptom scores. This
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Fig. 5. CPT results before (1979) and after IT (1983).
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finding was surprising since very few pollens except birch were found in the pollen trap.
Possibly the alder season starting in late April, could cause higher symptom scores for
the group treated with birch only by means of a priming mechanism with a carry-over
effect. But this explanation is unlikely as the difference between the treatment groups
was less in the beginning of the season than towards the end and as the difference was
not influenced by pollen counts. The reason for the differences between the treatment
groups therefore remains unexplained.

Symptom scores were higher in 1983 than in 1982 in both treatment groups. The
most likely explanation for this finding is the much higher overall pollen count during
the 1983 season, although the possibility of a decreasing effect of IT after completion of
the treatment has stopped cannot be excluded.

Conjunctival provocation tests and SPT were performed with birch, alder and oak
in all patients, i.e.. with one pollen given to both groups, one pollen given only to one of
the groups and one pollen not used for therapy inany of the patients. Conjunctival and
skin sensitivity decreased during IT and the decrease was similar in both groups. The
similar decrease in sensitivity to alder is surprising as only one group was treated with a
preparation containing alder. The CPT results for birch (but not for alder or oak)
correlated with eye symptom scores in the birch group whereas in the mixture group
CPT results using alder and oak but not birch correlated with the eye symptom scores.
This indicates that supplementary treatment with alder may influence the symptoms
even during a season dominated by birch pollen.

The skin-prick test is a precise method when performed by a trained nurse [7]. Like
CPT. SPT failed to reveal any differences between the two forms of IT. Thus, only the
daily symptom scoring indicated that treatment with the mixed tree pollen extract was
superior to the birch pollen extract. Two studies [12. 13] using grass pollens which cross
react to roughly the same extent as our tree pollens [1. 3] have shown IT with a purified
timothy pollen preparation to be superior to a crude mixture of different grasses. On
the other hand in another study a timothy pollen preparation containing eighteen
allergens was found to be superior to an extract containing only two of the major
allergens [14]. Recently it was shown that a purified five grass pollen mixture
preparation was slightly more effective than a purified extract of timothy alone [15].
These latter findings support our results and could indicate that a pollen preparation
made from a mixture of closely related species is superior to a preparation made from
only one species among both deciduous trees and grasses. In a study from Denmark,
with similar aims to ours, no differences were found between the treatment groups after
1 year of therapy [16]. However, in our study the difference between the groups was
apparent only after 2-5 years of IT.

In conclusion, IT with a preparation containing a mixture of allergetis from birch,
alder and hazel gave a better result than an equipotent birch allergen preparation even
in a region where birch is the dominating deciduous tree but this difference was small
and obvious only after 2 years of treatment. Neither CPT nor SPT prior to IT can
predict the outcome of the therapy.

Acknowledgments
The authors want to express their sincere gratitude to Ms Ina Backman. Christina
Engskiir, Evy Erhardsson. Eva Hambraeus and Mona Stridh for technical assistance,
to Ms Margareta Holgersson, Ph.D. for statistical calculations. Prof. Bengt Bjorksten
M.D. for fruitful discussions and Ake Lanner B.S. for part of the trial monitoring.



Cross-reactivity between deciduous trees 143

References
1 Juhlin-Dannfeldt C. Specificity and relationship of individual allergens. Nord. Med. 1945; 25:154 8.
2 Eriksson NE. Allergy to pollen from diflerenl deciduous Irees in Sweden. Allergy 1978: 31:299-309.
3 Dirkscn A, Osterballe O. Common components in pollen extracts. Allergy 1980; 35:611- 16.
4 Van Dalcn G. Voorhorst R. Allergen community in pollen from certain tree species. Ann Allergy 198!;

46:276 8.
5 Lowenstein H, Niichel Petersen B. Munch EPi?(u/. Characterization of, reaction to, and immutiochemi-

calpartialidentitybetweenallergensfromalder.birchandhazel. Allergy 1982, 37 (suppi 1):21 22: I9S2
(abstr).

6 Aas K. A simple scoring system for reliability of statements in scientific journals, and lor history with
respect to allergy or intolerance. Scandinavian (Nordic) Research Course in Allergy, Oslo, l')75.

7 Aas K. Some variables in skin prick testing. Allergy 1980; 35:250 2.
8 Moller C. Bjorksten B. Nilsson G, Dreborg S. The precision ofthe conjunctival provocalion test. Allergy

1984; 39:37^1.
9 Dreborg S. Einarsson R. Longbottom J. The chemislry and standardization of allergens. In: Weir DM.

Blackwell CC, Hertzenberg LA, eds. Handbook of experimental immunology. 4th edn. Oxftxd:
Blackwel! Scientific Publications, in press-

!0 Rosenhall L. Sahlin-Ingridsson C. Soderberg M. Moller C, Nilsson S. The pollen season in northern
Sweden. Allergy 1984; 39 (suppl 2); poster 8: 1984 (abslr).

11 Finney DJ. Statistical method in biological assay. London: Charles Griffin & Company Ltd. 1952:99-
138.

12 Berg T. Nordvall L, Lanner A. Clinical studies of a purified timothy pollen cxiract. liit Arch Allergy Appl
Immunol 1980; 63:266-74.

13 Frostad AB, Grimmer 0 , Sandvik L. Moxnes A. Aas K. Clinical effects of hyposensitization using a
purified allergen preparation from timothy pollen as compared to crude aqueous extracts from timotiiy
pollen and a four-grass pollen mixture respectively. Clin Allergy 1983; 13:337-57.

14 Osterballe O. Immunotherapy with grass pollen major allergens. Clinical results from a prospective 3-
ycar double bhnd study. Allergy 1982; 37:379 88.

15 Kjellman N-IM. Spectralgen®/Pharmalgcn® compared wilh other preparations. In: Chandler BN. ed.
Experience with Spectralger®/Piiarmalgen*': A new kind of allergen preparation. Funchal. Madeira. 12
May 1982. Excerpta Medica 1983: 71 81.

16 Bowadt H. Ipsen H-H. Janicke H- et al. A double blind clinical study on tree pollen allergic palients
treated with either extract from birch or with patient-laylored combinations of alder, bireh and hazel. X!
International Congress of Allergology & Clinical Immunology. London, 17 22 October 1982; abstr 297.






