
 Review 

 Int Arch Allergy Immunol 2004;135:357–373 
 DOI: 10.1159/000082332 

 Transition from a Botanical to a Molecular 
Classifi cation in Tree Pollen Allergy: 
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We exemplify for Fagales pollen allergy and Bet v 1 that 
major marker allergens are diagnostic tools to determine 
the disease-eliciting allergen source. Information ob-
tained by diagnostic testing with marker allergens will be 
important for the appropriate selection of patients for al-
lergen-specifi c forms of therapy. 

 Copyright © 2004 S. Karger AG, Basel 

 Introduction 

 Among the 250,000 well-described, pollen-producing 
plant species, less than 100 are signifi cant in terms of in-
ducing pollen allergy  [1–6] . Pollens from wind-pollinated 
plants are the most potent allergen sources, whereas pol-
lens from insect-pollinated plants less frequently elicit al-
lergic symptoms. The latter may be due to the fact that 
allergic sensitization to pollen allergens may occur pref-
erentially via the respiratory mucosa  [7, 8]  and thus re-
quires the exposure to certain threshold levels of pollen 
 [9, 10] . The presence of allergens in pollen and their lev-
els of expression may vary depending on the plant species, 
climate, maturation stage and environmental factors  [11–
14] . Furthermore, there is evidence that allergens are re-
leased in varying amounts and speed as well as by differ-
ent mechanisms from pollens of different plant species 
which may have impact on sensitization and the elicita-
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  Abstract 
 Tree pollens are among the most important allergen 
sources. Allergic cross-reactivity to pollens of trees from 
various plant orders has so far been classifi ed according 
to botanical relationships. In this context, cross-reactivi-
ties to pollens of trees of the Fagales order (birch, alder, 
hazel, hornbeam, oak, chestnut), fruits and vegetables, 
between pollens of the Scrophulariales (olive, ash, plan-
tain, privet, lilac) and pollens of the Coniferales (cedar, 
cypress, pine) are well established. The application of 
molecular biology methods for allergen characterization 
has revealed the molecular nature of many important 
tree pollen allergens. We review the spectrum of tree pol-
len allergens and propose a classifi cation of tree pollen 
and related allergies based on major allergen molecules 
instead of botanical relationships among the allergenic 
sources. This molecular classifi cation suggests the major 
birch pollen allergen, Bet v 1 as a marker for Fa gales pol-
len and related plant food allergies, the major olive pollen 
allergen, Ole e 1, as a possible marker for Scrophulariales 
pollen allergy and the cedar allergens, Cry j 1 and Cry j 2, 
as potential markers for allergy to Coniferales pollens. 
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tion of allergic symptoms. In this context it has been pro-
posed that allergens which are attached to respirable par-
ticles with adjuvant properties (e.g., diesel exhaust par-
ticles) induce strong Th2 reactivity and thus may favor 
allergic sensitization  [15, 16] . Furthermore, it has been 
reported that pollen allergens rapidly elute from pollen 
grains after contact with the respiratory mucosa explain-
ing the fast induction of allergic symptoms  [17] . On the 
other hand it has been demonstrated that tree pollen 
grains release small respirable allergen-bearing particles 
after hydration in rain water, which in contrast to intact 
pollen grains can intrude into the deep airways and thus 
induce allergic asthma  [18, 19] . 

 Tree pollen allergens originate from trees belonging to 
certain botanical orders which have rather defi ned geo-
graphical distributions and fl owering periods  [4] . Trees 
belonging to the order Fagales include birch, alder, hazel, 
hornbeam, oak and chestnut. They grow in the northern 
and middle parts of Europe, north-west Africa, east Asia 
and from North America to the area of the Andes where 
they represent a major component of the airborne aller-
gen load during spring  [4, 20–22] . Olive trees, belonging 
to the order Scrophulariales are the dominant tree pollen 
source in the Mediterranean areas, but can also be found 
in North and South America, South Africa and Australia 
 [23–26] . Ash, belonging to the Scrophulariales has been 
described as another important pollen allergen source in 
the USA and middle Europe  [25, 27, 28] . Certain other 
members of the angiosperms (Juglandaceae, walnut; Pla-
tanaceae, plane tree; Ulmaceae, elm; Salicaceae, willow; 
Fabaceae, wattle) are less important as pollen allergen 
sources  [20, 29–31] . 

 Other important tree families capable of inducing pol-
len allergy, belong to the non-fl owering plants (Gymno-
sperms). The Coniferales order includes several families 
not all with the same allergological relevance. They com-
prise the families of the Pinaceae (pine) and Cupressa-
ceae (cypress, cedar and juniper ) which grow in the Med-
iterranean areas, Australia, New Zealand, North Ameri-
ca, South America and certain parts of Asia (e.g., China, 
India)  [32–35] . The Pinaceae family seems to be of scarce 
allergological relevance, and rare reported cases do not 
correlate with sensitization to other Coniferales genera 
 [36] , whereas the Cupressaceae family are of great aller-
gological relevance. The Taxodiaceae (Japanese cedar), 
often considered as part of the Cupressaceae family, is 
another allergologically relevant and representative gen-
era of the Coniferales order. Taxodiaceae dominates in 
Japan and grows to a lesser degree in China, Mediterra-
nean areas and North America  [37] . 

   Botanical Relationships among Trees 

 As has already been noted and is now well established, 
there is allergic cross-reactivity to pollens of trees belong-
ing to certain botanical orders  [25, 38–42] . For this rea-
son, it was found useful to group pollen allergen sources 
according to botanical aspects, a classifi cation which also 
correlated well with the degree of allergic cross-reactivity 
 [42, 43] .  Figure 1  gives an overview of the botanical clas-
sifi cation of plants and important tree pollen allergen 
sources. The order Fagales which belongs to the Hama-
melides is one of the most important allergen sources and 
its members contain major cross-reactive allergens
( table 1 ). 

 Birch is the most important tree pollen allergen source 
in northern Europe. It grows in the cooler parts of the 
continent and is usually not found in the Mediterranean 
area. Depending on the area, climate and weather condi-
tions, the fl owering season may be variable starting from 
early March to May  [4] .  Alnus  is closely related to birch, 
however, the allergenicity of alder pollen is generally low-
er than that of birch. The distribution area of alder is 
similar to that of birch but alder usually fl owers earlier in 
the year than birch, depending on the weather  [4] . The 
Corylaceae family is closely related to the Betulaceae fam-
ily. Hazel is a cultivated plant generally grown in moun-
tainous areas of Europe. It frequently extends further 
south, reaching Mediterranean areas including southern 
Italy  [4] . Hornbeam (Carpinus betulus, also called wild 
hazel) generally grows in hilly/mountainous areas. Chest-
nut grows in areas infl uenced by the Atlantic climate such 
as France, the southern rim of the Alps, and mountainous 
areas of the Mediterranean. The fl owering period of the 
chestnut tree is generally in June and July. 

 Of comparable allergenicity are pollens of the other 
members of the subclass  Hamamelides , including the 
Platanaceae family (e.g., London plane tree). The plane 
tree is present almost everywhere in Europe and aller-
genic molecules from its pollen have been identifi ed
( table 1 ). 

 Besides the order Fagales, the order Scrophulariales,  
 which comprises the Oleaceae ( fi g. 1B ), represents an im-
portant source of tree pollen allergens  [4] . The family of 
the Oleaceae with its allergens is well documented and 
dominates as an allergen source predominantly the Med-
iterranean area. This family consists of the genera  Olea  
(olive tree),  Fraxinus  (ash),  Ligustrum  (privet) and  Sy-
ringa  (lilac) and fl owers in spring  [4] . 

 The third important cluster of allergenic trees is rep-
resented by the division of the non-fl owering plants (Co-
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niferophyta-Gymnosperms;  fi g. 1C ). They include the or-
der Coniferales which comprises the plant families of the 
Pinaceae (pine), the Cupressaceae/Taxodiaceae (cypress, 
cedar, juniper and Japanese cedar). Allergy to coniferous 
trees is a well-established pollinosis  [44] . In some Medi-
terranean areas it is as relevant as other major pollinoses, 
ranking second only to grasses  [36]  ( fi g. 1C ). 

   Spectrum of Tree Pollen Allergens according 
to Botanical Classifi cations 

 In  tables 1–3  we provide a list and description of al-
lergens in pollens of trees belonging to the order Fagales, 
Scrophulariales and Pinales. The allergens have been 

grouped according to allergen sources and are abbrevi-
ated according to the international allergen nomencla-
ture. We further display the molecular weight, informa-
tion about the determined and/or assumed biological 
function of the allergens as well as about cross-reactivity 
with other allergens and allergen sources. 

   Allergens of the Order Fagales with Emphasis 
on Birch Pollen 

 The cDNA coding for the major birch pollen allergen, 
Bet v 1, was one of the fi rst allergen-encoding cDNAs that 
could be isolated  [45] . Subsequently, recombinant Bet v 
1, a 17-kDa protein, was expressed as biologically active 

  Fig. 1.   A–C  Taxonomy of the most relevant allergenic trees. Plants are listed following taxonomical guidelines 
(http://www.itis.usda.gov; for further information see also: Watson L. and Dallwitz M.J. (1992 onwards)). The 
Families of Flowering Plants: Descriptions, Illustrations, Identifi cation, and Information Retrieval. Version: 14th 
December 2000 (http://biodiversity.bio.uno.edu/delta/angio/). Classifi cations are printed in bold: Kingdom, Sub-
kingdom, Division, Class, Subclass and Order. Family names are underlined. 
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Table 1

Cross-reactivity  Plant  
species 

Allergen 
  

kDa 
  

Allergen 
biological function 

source molecule 

Reference, 
accession No. 

Fagales             
Birch Bet v 1 17 Pathogenesis-related PPollen   45a 

(Betula verrucosa)   protein (PRP) Trees   
  RNAse      Alder Aln g 1  
  Plant steroid carrier      Hazel Cor a 1 46, 47 
  Nucleotide-binding protein      Hornbeam Car b 1  
        White oak Que a 1  
   FFood   
   Fruits   
        Apple Mal d 1 
        Cherry Pru av 1 
        Apricot Pru ar 1 
        Pear Pyr c 1  
   Vegetables    
        Celery Api g 1 
        Carrot Dau c 1 
        Soybean Gly m 4 54 
   Nuts   
        Peanut Ara h 8 AY328088 c  
   OOthers   
        Spices  55 
Bet v 2 14 Profilin PPollen   56a 

   Trees   
        Olive tree Ole e 2 57 
   Weeds   
        Sunflower Hel a 2 58 
   FFood   
   Fruits   
        Cherry Pru av 4  

        Peach Pru p 4 
59 

        Pear Pyr c 4 60 
   Vegetables   
        Celery Api g 4  
        Tomato Lyc e 1 61 
        Soybean Gly m 3 62 
   Spices   
        Bell pepper Cap a 2 61 
   OOthers   
   Latex Hev b 8 63 
Bet v 3 23.7   PPollen  64a 

   Trees   
        Alder Aln g 4  
        Prickly juniper Jun o 4 65 
   Grasses   
        Timothy grass Phl p 7  
Bet v 4 9.3   PPollen   66,  67a 

   Trees   
        Olive tree Ole e 3 68 
    Ole e 8 69 
Bet v 6 33.5 Isoflavone reductase   70       
Bet v 7 18 Cyclophilin   71 
Bet v 8 66 Pectin esterase   72 

 

a Molecules with experimentally determined function. 
  http://www.allergenonline.com. 
c International Union of Immunological Societies Allergen Nomenclature Sub-Committee:    http://www.allergen.org/List.htm. 
d SDAP-Structural Database of Allergenic Proteins: http://www.allergome.org. 
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allergen in  Escherichia coli  and shown to react with the 
majority of birch pollen allergic patients by serology, cel-
lular and in vivo tests  [110–113] . The cDNA of Bet v 1 
was found to hybridize with the RNAs coding for the ma-
jor allergens of alder (Aln g 1), hazel (Cor a 1), hornbeam 
(Car b 1) and apple (Mal d 1) by Northern blotting  [114, 
115] . It was thus possible to isolate the cDNAs coding for 
Aln g 1, Car b 1, Cor a 1 and Mal d 1 by reverse transcrip-
tion and polymerase chain reaction (rT-PCR) methods 
using degenerate primers designed according to the N-
terminal amino acid sequences of the allergens  [73, 75, 
77, 116] . Immunological cross-reactivity of the major al-
lergens of trees belonging to the Fagales, fruits, vegetables 
and spices has been well documented  [39, 40, 42, 46–55]  
and the corresponding allergens from carrot (Dau c 1) 
 [51] , celery (Api g 1)  [52] , cherry (Pru av 1)  [49, 50] , pear 
(Pyr c 1)  [117]  (International Union of Immunological 
Societies Allergen Nomenclature Sub-Committee; http://
www.allergen.org/List.htm; Accession No. AF05730) and 
apricot (Pru ar 1; International Union of Immunological 
Societies Allergen Nomenclature Sub-Committee; http://
www.allergen.org/List.htm; Accession No. U93165) were 
also obtained by rT-PCR approaches. By immunological 
cross-reactivity experiments it was demonstrated that the 
major birch pollen allergen, Bet v 1, contained most of 

the epitopes present in the pollen of related trees (alder, 
hazel, hornbeam) and plant-derived food (fruits, vegeta-
bles)  [47, 48, 118] . The latter fi nding indicated that
Bet v 1 represented the originally sensitizing agent for the 
majority of patients suffering from Fagales pollen allergy 
and birch pollen-related plant food allergy. The three-di-
mensional structures of Bet v 1 and Bet v 1-related aller-
gens  [119, 49]  have been determined and it is known that 
Bet v 1 shows high sequence homology to a group of plant 
proteins referred to as pathogenesis-related (PR)  [120] . 
However, up to now there are no experimental data prov-
ing that Bet v 1 is indeed a PR protein. Several other ideas 
exist about the possible biological functions of the
Bet v 1 allergen family. They include the hypotheses that 
Bet v 1 is an RNAse  [121] , has lipid carrier functions or 
acts as a nucleotide-binding protein but neither of these 
hypotheses has been proven  [122, 123] . 

 Immunological cross-reactivity to Bet v 1 and Bet v 1-
homologous proteins defi nes patients suffering from al-
lergy to Fagales pollen and concomitant plant-food allergy 
(i.e., oral allergy syndrome)  [118, 124] . Therefore, IgE re-
activity to Bet v 1 can be regarded as a proof of a true and 
genuine sensitization to Fagales pollen and is a basis for 
birch pollen-related plant food allergy  [118, 124–126] . 
Several other allergens (Bet v 2–8) have been identifi ed in 

Alder Aln g 1 17 PRP  Bet v 1-related allergens 73 
(Alnus glutinosa) Aln g 4  Ca2+-binding protein  Bet v 4-related allergens 74a 
Hazel Cor a 1  PRP  Bet v 1-related allergens 75 
(Corylus avellana) Cor a 2 14 Profilin  Bet v 2-related allergensc  
 Cor a 8 19 Lipid transfer protein   76 
 Cor a 10 70 Luminal-binding protein   AJ295617c 
Hornbeam Car b 1 17 PRP  Bet v 1-related allergens 77 
(Carpinus betulus)       
White oak Que a 1 17 PRP  Bet v 1-related allergens 78 
(Quercus alba)       
Chestnut Cas s 1 22 PRP  Bet v 1-related allergens 79 
(Castanea sativa) Cas s 5  Chitinase   CAA64868b 
 Cas s 8 19.7 Lipid transfer protein   80 

Hamamelidales            
London plane tree Pla a 1 18 Invertase inhibitor   81, 82 
(Platanus acerifolia) Pla a 2 43 ?   P82967c 

a Molecules with experimentally determined function. 
b http://www.allergenonline.com. 
c International Union of Immunological Societies Allergen Nomenclature Sub-Committee: http://www.allergen.org/List.htm. 
d SDAP-Structural Database of Allergenic Proteins: http://www.allergome.org. 
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birch pollen but these molecules represent highly cross-
reactive allergens which exist in a wide variety of plants 
(trees, grasses, weeds;  table 1 ). IgE reactivity to the latter 
allergens may therefore be a result of immunological cross-
reactivity to other pollen allergen sources (e.g., grasses, 
weeds) without underlying genuine sensitization to Fa-
gales pollens  [118, 125] . This assumption is supported by 
the observation that the percentage of Bet v 1-reactive pa-
tients is high in populations with high exposure to Fagales 
pollens, and that these patients show almost exclusive IgE 
reactivity to Bet v 1 but rarely react with birch pollen al-
lergens other than Bet v 1 (e.g., Bet v 2–8)  [126] . 

 Bet v 2, the second well-described birch pollen allergen 
has been identifi ed as a member of the family of profi lins 
which are ubiquitous eukaryotic 14-kDa proteins with 
actin-binding properties  [56, 127] . Profi lins represent the 
most cross-reactive allergens described to date  [128, 129] . 
Extensive cross-reactivities have been demonstrated for 
profi lins from the pollen of botanically unrelated plants 
(trees, grasses, weeds), plant food (fruits, vegetables, nuts, 
spices), latex up to human profi lin  [56–63, 130, 131] .  Ta-
bles 1–3  demonstrate that profi lins have been identifi ed 

in a large variety of plants and show extensive cross-reac-
tivity to Bet v 2. The high degree of cross-reactivity among 
profi lins may be attributed to their highly conserved 
three-dimensional structures  [132] . 

 After Bet v 2, another family of highly cross-reactive 
allergens, represented by Bet v 3 and Bet v 4 was discov-
ered in birch pollen by IgE immunoscreening of a birch 
pollen cDNA expression library  [64, 66, 67] . Bet v 3 and 
Bet v 4 were the fi rst calcium-binding pollen allergens 
identifi ed according to sequence comparisons and calci-
um-binding assays  [133] . Bet v 3, a protein with a calcu-
lated molecular weight of 23.7 kDa, contains three typical 
calcium-binding motifs and was found to be highly ex-
pressed in mature pollen  [64] . Bet v 4, an acidic protein 
of 9.3 kDa belongs to a novel family of calcium-binding 
allergens  [66, 67]  which contains two calcium-binding do-
mains and shares IgE epitopes with the structurally re-
lated two-EF-hand calcium-binding allergens present in 
grass pollens (Bermuda grass, Cyn d 7; timothy grass, Phl 
p 7 )  [134, 135] , weed pollens (rape: Bra r 1 and Bra r 2) 
 [136]  and tree pollens (alder, Aln g 4; olive, Ole e 3)  [74, 
86] . All of the described EF-hand plant allergens are pri-

Table 2

Cross-reactivity Allergen kDa  Ref. Plant  
species 

    

Allergen   
description 

source molecule    

Scrophulariales              
Olive tree Ole e 1 16  Pollen   83 
    Trees     
         Ash Fra e 1   
         Privet Lig v 1   27, 28 
         Lilac Syr v 1   
 Ole e 2 14.4 Profilin  Bet v 2-related allergens  84 
 Ole e 3 19.2 Ca2+-binding protein   Bet v 4-related allergens  85, 86a 

 Ole e 4 32     87 
 Ole e 5 16 Superoxide dismutase    87 
 Ole e 6 15 Reductase    88 
 Ole e 7 10     89 
 Ole e 8 21 Ca2+-binding protein   Bet v 4-related allergens  90 
 Ole e 9 46.4 Beta-1,3-glucanase    91, 92 
 Ole e 10      93 
Ash Fra e 1 20   Ole e 1-related allergens  27, 83 
(Fraxinus excelsior)        
Privet Lig v 1 20   Ole e 1-related allergens  94 
(Ligustrum vulgare)        
Lilac Syr v 1 20   Ole e 1-related allergens  95 
(Syringa vulgaris) Syr v 3 19 Ca2+-binding protein   Ole e 1-related allergensd   

a Molecules with experimentally determined function. 
b http://www.allergenonline.com. 
c International Union of Immunological Societies Allergen Nomenclature Sub-Committee: http://www.allergen.org/List.htm. 
d SDAP-Structural Database of Allergenic Proteins: http://www.allergome.org.  
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marily expressed in mature pollen and exhibit extensive 
immunological cross-reactivity  [137] . IgE reactivity to 
the EF-hand pollen allergens therefore indicates that a 
patient may exhibit allergic symptoms to pollens from a 
wide variety of botanically unrelated plants and thus is a 
marker for plant pollen polysensitization  [125] . Both, 
profi lins and calcium-binding allergens known as panal-
lergens can therefore be considered as markers of multi-
ple pollen sensitization  [36] . 

 Among the other allergens described in birch pollen, 
Bet v 6 was found to be an isofl avone reductase  [70] , Bet 
v 7 represents a cyclophilin  [71]  and Bet v 8 is closely re-
lated to plant pectinesterases  [72] . Pectinesterases are 
ubiquitously distributed in plants and are mainly known 
as ripening enzymes that cleave methoxylated pectins 
 [138] . Bet v 8, therefore, may represent a cross-reactive 
allergen useful as a marker allergen to defi ne a group of 
patients allergic to pollen, fruits, vegetables and spices 
 [72] . The clinical importance of Bet v 6–8 has not yet been 
studied in detail. 

 In conclusion, Bet v 1 and Bet v 1-related allergens can 
be considered as true markers for a genuine sensitization 
to Fagales pollens, whereas reactivity to the other de-
scribed allergens, Bet v 2–8, may also be due to cross-re-
activity with other unrelated plants and/or plant prod-
ucts. 

   Marker Allergens Indicating Sensitization to 
Scrophulariales and Coniferales 

 A variety of allergens in pollens of trees belonging to 
the order Scrophulariales, especially to the Oleaceae fam-
ily (olive, ash, privet, lilac), and the order Coniferales 
(cedar, cypress, pine, juniper) have been characterized by 
molecular biological methods and produced as recombi-
nant proteins ( tables 2, 3 ). Similar to Fagales ,  it is possible 
to discriminate major allergens which may serve as mark-
ers for genuine sensitizations from highly cross-reactive 
allergens which also occur in a variety of other unrelated 
plant-species. In this context, Ole e 1, the major olive pol-

Table 3

Cross-reactivity  Plant species Allergen kDa Allergen description  Ref. 

    source molecule   

Pinales              
Japanese cedar Cry j 1 40.6 Pectate lyase PPollen   96, 97  
(Cryptomeria japonica)    Trees    
         Japanese cypress Cha o 1   
         Arizona cypress Cup a 1  98 
         Mountain cedar Jun a 1   
         Common cypress Cup s 1    
 Cry j 2 56.6 Polymethyl-

galacturonase 
Pollen 
Trees 
     Japanese cypress 

 
 
Cha o 2 

 99, 100 
 
101 

Japanese cypress Cha o 1 40.2 Pectate lyase    102 
(Chamaecyparis obtusa) Cha o 2 46     103 
Cypress Cup a 1 43 Pectate lyase-like    104 
(Cupressus arizonica) Cup a 3 21 PRP    CAC05258b 
Common cypress Cup s 1 43 Pectate lyase-like    AAF72629b 
(Cupressus sempervirens)        
Mountain cedar Jun a 1 43 Pectate lyase-like    105, 106 
(Juniperus ashei) Jun a 2 55.7     107 
 Jun a 3 30 PRP     108 
Prickly juniper Jun o 4 18 Ca2+-binding protein     107 
(Juniperus oxycedrus)        
Eastern red cedar Jun v 1 43     109 
(Juniperus virginiana)        
 
 

a Molecules with experimentally determined function. 
b http://www.allergenonline.com. 
c International Union of Immunological Societies Allergen Nomenclature Sub-Committee: http://www.allergen.org/List.htm. 
d SDAP-Structural Database of Allergenic Proteins: http://www.allergome.org. 
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len allergen, may represent a marker allergen for sensiti-
zation to olive pollen and members of the Oleaceae fam-
ily  [139] . It cross-reacts with the major allergens of ash 
(Fra e 1), privet (Lig v 1) and lilac (Syr v 1)  [27, 28]  but 
shows no or only very limited cross-reactivity with ho-
mologous allergens in grasses and maize  [140, 141] . 
Among the other olive pollen allergens several highly 
cross-reactive molecules such as profi lin and calcium-
binding allergens have been described  [84–87] . 

 In the case of allergy to pollens of trees belonging to 
the order Coniferales, it seems that the two major aller-
gens of cedar, Cry j 1 and Cry j 2,  [96, 97, 99–101]  which 
fulfi ll the function of a pectate-lyase and polymethylga-
lacturonase  [142, 143] , respectively, can serve as marker 
allergens for sensitization to the Cupressaceae/Taxodia-
ceae families. However, only a few immunological cross-
reactivity studies have been performed to support this 
hypothesis. Polygalacturonases have also been identifi ed 
in grass pollens (i.e., group 13 allergens) but it seems that 
there is no relevant IgE cross-reactivity between polyga-
lacturonases from grasses, trees and weeds (Phl p 13) 
 [144] . So far one calcium-binding pollen allergen, Jun o 
4, has been characterized in trees belonging to the order 
Coniferales ( table 3 ). 

   Classifi cation of Allergic Sensitization 
According to Reactivity with Major Marker 
Tree Pollen Allergens 

 Clusters of cross-reactive allergen sources have so far 
been classifi ed according to botanical and clinical aspects 
 [42] . These principles have also been applied to defi ne 

birch pollen-related and olive pollen-related allergies as 
well as allergies to Coniferales. We suggest redefi ning 
these cross-reactivity clusters by using a molecular clas-
sifi cation based on IgE reactivity to the major allergens 
of birch pollen, Bet v 1, olive pollen, Ole e 1, and the Cu-
pressaceae/Taxodiaceae allergens, Cry j 1 and Cry j 2 ( fi g. 
2 ). In this classifi cation, IgE reactivity to Bet v 1 indicates 
genuine sensitization to birch pollen and to allergen 
sources containing Bet v 1-related allergens, such as pol-
lens of trees of the order Fagales (alder, hazel, hornbeam, 
oak), to certain fruits, nuts and vegetables ( fi g. 2 ). IgE re-
activity to Ole e 1, may be considered as a marker for 
olive pollen and Scrophulariales sensitization due to 
cross-reactivity to ash, privet, lilac and possibly plantain 
( fi g. 2 ). Cry j 1 and Cry j 2 are a pectate lyase and a poly-
galacturonase, respectively, from cedar with cross-reac-
tivity to homologous proteins in pollens of other members 
of the Coniferales, and hence may represent marker al-
lergens for sensitization to Coniferales pollen ( fi g. 2 ). 

 Besides these three main groups the order of Hama-
melidales, with its representative London plane tree oc-
curring almost everywhere in Europe, should be men-
tioned. The plane tree bears allergens (Pla a 1 and
Pla a 2) which do not seem to match any known allergen 
and thus could be markers of Platanus sensitization pos-
sibly identifying a botanical family-reactive subset of pa-
tients. 

 It should be emphasized that the molecular defi nition 
of cross-reactivity clusters cannot rely only on sequence 
homologies but requires experimental studies document-
ing extensive cross-reactivity because it has been found 
that there is little or no cross-reactivity among certain al-
lergens, although sequence homology has been signifi -

  Fig. 2.  Defi nition of cross-reactivity clus-
ters according to major marker allergens. 
Allergen sources which are associated with 
reactivity to the major birch pollen allergen, 
Bet v 1, the major olive pollen allergen, Ole 
e 1 and the major cedar allergens, Cry j 1 
and Cry j 2. Family names have been un-
derlined. Common names of the allergenic 
species are shown. 
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cant. For example, Ole e 1 did not show relevant cross-
reactivity with Phl p 11, the homologous protein from 
timothy grass pollen  [140] . 

   Major, Source-Specifi c Marker Allergens to 
Determine the Disease-Eliciting Allergen 
Sources: Diagnostic Tests for the Selection of 
Patients for Allergen-Specifi c Immunotherapy 

 Allergen-specifi c immunotherapy is one of the few 
causative forms of allergy treatment. It is based on the 
repeated administration of the disease-eliciting allergens 
to patients. At present, immunotherapy is most frequent-
ly and successfully performed by subcutaneous injection 
of allergens which in most cases are bound to adjuvants 
 [145, 146] . Other routes of administration such as sublin-
gual, oral or nasal application have been evaluated in clin-
ical trials but clinical and immunological effi cacy is still 
a matter of debate. 

 The analysis of immunological effects of immunother-
apy with recombinant allergens indicates that injection 
immunotherapy has vaccination character although sev-
eral other mechanisms have been proposed  [146–148] . 

 At present, patients are selected for allergen-specifi c 
immunotherapy on the basis of clinical criteria and prov-
ocation testing with allergen extracts. Serological testing 
for specifi c IgE antibodies using allergen extracts can be 
used to confi rm the diagnosis of an IgE-mediated allergy. 
However, using allergen extracts for diagnostic testing, it 
is impossible to discriminate between co-sensitization 
and cross-sensitization to different allergen sources  [125] . 
The accurate prescription of allergen-specifi c immuno-
therapy would require that the disease-eliciting allergen 
source is identifi ed so that the adequate allergens can be 
selected for treatment. For this purpose it has been sug-
gested that major allergens, specifi c for a given allergen 
source, be used as diagnostic markers to confi rm genuine 
sensitization to a given allergen source  [125] . Such mark-
er allergen tests can be used for the improved selection of 
patients for specifi c immunotherapy in addition to the 
well-established clinical criteria. A major feature of a 
marker allergen to be used as an inclusion criterion for 
specifi c immunotherapy with a certain allergen extract is 
its rather specifi c presence and abundance in the given 
allergen source. In this context, the major allergen of  Pa-
rietaria , rPar j 2, has been shown to represent a marker 
for a genuine sensitization to  Parietaria  pollen. Par j 2 is 
a major allergenic component of Parietaria pollen but 
absent from other weeds (e.g., ragweed, mugwort)  [149] . 

Likewise, the major house dust mite allergens, Der p 1 
and Der p 2, may be used as marker allergens to confi rm 
genuine sensitization to house dust mites  [150] . Further-
more, the major timothy grass pollen allergens, Phl p 1 
and Phl p 5, may be used as markers for genuine grass 
pollen sensitization and the major birch pollen allergen, 
Bet v 1, to confi rm original sensitization to birch and Fa-
gales pollen  [125] . 

 In fact, Ole e 1 and the Coniferales allergens Cry j 1 
and Cry j 2 may also be useful as marker allergens to con-
fi rm original sensitization to Oleaceae family and Conife-
rales order, respectively ( fi g. 2 ). Diagnostic testing with 
such marker allergens confi rms that patients are genu-
inely sensitized against a certain allergen source and helps 
to discriminate the patients with genuine sensitization to 
a given allergen source from those who appear wrongly 
positive in extract-based tests because of reactivity with 
highly cross-reactive allergens that also occur in other un-
related allergen sources. 

 The clinically important differentiation between co- 
and cross-sensitivity  [40],  later also termed co- and cross-
recognition  [151],  can thus only be achieved by the use of 
purifi ed recombinant allergens. 

   rBet v 1 as a Diagnostic Marker Allergen to 
Identify Genuinely Birch Pollen-Sensitized 
Patients 

 Bet v 1 is the major allergen in birch pollen and is also 
abundant in birch pollen extracts  [152] . Nevertheless, pa-
tients who exhibit allergic reactions to birch pollen with-
out IgE reactivity to Bet v 1 can be identifi ed  [125, 153] . 
These patients appear positive in a birch pollen extract-
based diagnostic test although they were not originally 
sensitized against birch pollen  [153] . For example, it has 
been found that even patients from Central Africa who 
were never exposed to birch pollen exhibited positive 
skin- and IgE reactivity to birch pollen due to profi lin 
sensitization  [153] . Birch pollen-reactive patients with-
out Bet v 1-specifi c IgE are rather rare in northern parts 
of Europe, but their number increases towards the south-
ern parts where other pollen allergen sources predomi-
nate, which again supports the assumption that such pa-
tients were genuinely sensitized against allergen sources 
other than birch pollen  [125] . The latter assumption is 
confi rmed by following experiments. 

 We found that natural birch pollen exposure primar-
ily increased the IgE responses to the major birch pollen 
allergen, Bet v 1, at 17 kDa whereas IgE reactivity to pro-
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fi lin (Bet v 2, 14 kDa) and higher molecular weight aller-
gens (30–90 kDa) was not boosted by seasonal birch pol-
len exposure.  Figure 3  shows the changes in the IgE re-
sponses to Bet v 1 and other birch pollen allergens in the 
sera of a group of birch pollen-allergic patients. Patients 
carrying IgE antibodies to Bet v 1 and other allergens in 
birch pollen ( fi g. 3,  panels 1–5) as well as patients with 
exclusive IgE reactivity to Bet v 1 were studied ( fi g. 3,  
panels 6–10). In both groups seasonal exposure to birch 
pollen primarily increased IgE responses to Bet v 1 ( fi g. 
3,  lanes A versus B). 

 In order to identify the allergen source responsible for 
the sensitization to profi lin and the high molecular weight 
allergens we performed IgE inhibition experiments ( fi g. 
4 ). We found that IgE reactivity to the high molecular 
weight allergens ( fi g. 4,  30–90 kDa) and profi lin (14 kDa) 
was completely inhibited by timothy grass pollen extract. 
This fi nding, together with the fact that natural birch pol-
len exposure did not boost IgE reactivity to profi lin and 
the high molecular weight allergens, supports the assump-
tion that in most cases IgE reactivity to profi lin and the 
high molecular weight allergens in the patients analyzed 
was due to sensitization and cross-reactivity with grass 
pollen allergens but not to birch pollen. 

 Several other arguments support the idea that Bet v 1 
can be considered as a true marker allergen for birch pol-

len and related Fagales and birch pollen-related plant 
food allergy. First, Bet v 1 is the major allergen in birch 
recognized by more than 95% of birch pollen-allergic pa-
tients  [152] . Second, rBet v 1 was found to inhibit the 
majority of IgE reactivity to pollen allergens from trees of 
the order Fagales (alder, hazel, hornbeam) and plant-de-
rived food in patients with birch pollen-related oral al-
lergy syndrome  [47, 118] . Third, it has been shown that 
immunotherapy with birch pollen extract was effective in 
treating allergies not only to birch, but also to pollens of 
trees of the Fagales order and to birch-related plant foods 
 [154–157] . Fourth, it has been demonstrated that pa-
tients who reacted exclusively with Bet v 1 had a better 
clinical outcome when treated with birch pollen extract 
than patients reacting also with other allergens  [158] .  Fig-
ure 5  from the latter study shows the IgE reactivity profi le 
of patients who showed clinical improvement after birch 
pollen immunotherapy versus patients who did not im-
prove. Patients without clinical improvement frequently 
reacted with other allergens in addition to Bet v 1. 

  Fig. 3.  Seasonal birch pollen exposure boosts IgE reactivity to the major birch pollen allergen, Bet v 1. Serum 
samples collected from birch pollen allergic patients (1–10) before (lanes A) and after (lanes B) birch pollen season 
were tested for IgE reactivity to birch pollen extract. Bound IgE antibodies were visualized by autoradiography. 
Molecular weights are indicated in kilodaltons (kDa) on the left margin. Seasonal birch pollen exposure strongly 
boosts IgE reactivity to Bet v 1 (17 kDa) but has little or no effect on IgE reactivity to other allergens in birch 
 pollen. 
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   Application of the Marker Allergen Concept 
for Improvement of Tree Pollen Allergen-
Specifi c Immunotherapy 

 Review of the tree pollen allergens characterized so far 
indicates that it is possible to identify marker allergens 
which can be used for diagnostic testing to confi rm genu-
ine sensitization against certain allergen sources. rBet v 1 
may be considered as a marker for birch pollen and re-

lated Fagales pollen as well as plant food allergy. While 
not yet studied, Ole e 1 may serve as a marker for Scro-
phulariales pollen allergy and Cry j 1 and Cry j 2 as po-
tential markers for Coniferales allergies. Diagnostic test-
ing with these marker allergens should enable defi nition 
of the disease-eliciting allergen sources and thus provides 
an additional criterion for the prescription of allergen-
specifi c immunotherapy. Diagnostic testing with marker 
allergens will likely contribute to increased success of al-

  Fig. 5.    Sera from patients with good or no 
clinical response to birch pollen immuno-
therapy exhibit different IgE reactivity pro-
fi les. Sera were collected from birch pollen 
allergic patients with good (patients 1–4) or 
no (patients I–IV) clinical response to birch 
pollen-specifi c immunotherapy before (left) 
and after (right lanes) treatment. These 
sera, serum from a non-allergic patient 
(lane N) or buffer alone (lane C) were ex-
posed to nitrocellulose-blotted birch pollen 
extract. Bound IgE antibodies were visual-
ized by autoradiography and molecular 
weights are indicated on the left margin. 
The position of the major birch pollen al-
lergen, Bet v 1 has been marked. Reprinted 
with permission from Birkner et al.  [158] . 

  Fig. 4.    Timothy grass pollen allergens inhibit IgE reactivity to birch pollen allergens other than Bet v 1. Sera from 
2 birch pollen allergic patients with IgE reactivity to multiple allergens (fi g. 3, sera 3 and 4) were pre-incubated 
with rBet v 1, rBet v 2, timothy grass pollen extract and BSA (negative control) before exposure to nitrocellulose-
blotted birch pollen extract. Pre-incubation with timothy grass pollen allergens inhibits IgE reactivity to all birch 
pollen allergens, except to the major birch pollen allergen, Bet v 1 at 17 kDa. Molecular weights are displayed in 
kilodaltons (kDa) on the left margin. 
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lergen-specifi c immunotherapy and thus broaden its ap-
plications. Ultimately it will pave the road for future 
forms of recombinant allergen-based forms of immuno-
therapy which are already in clinical evaluation and may 
replace allergen extract-based immunotherapy in the near 
future  [159] . 
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