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Summary

Grass pollen allergy affects approximately 40% of allergic patients. Subcutaneous allergen 

immunotherapy (SCIT) is the only allergen-specific and disease-modifying treatment available. 

Currently available therapeutic vaccines for the treatment of grass pollen allergy are based on 

natural grass pollen extracts which are either made from pollen of one cross-reactive grass species 

or from several related grass species. Clinical studies have shown that SCIT performed with 

timothy grass pollen extract is effective for the treatment of grass pollen allergy. Moreover, it has 

been demonstrated that recombinant timothy grass pollen allergens contain the majority of relevant 

epitopes and can be used for SCIT in clinical trials. However, recent in vitro studies have 

suggested that mixes consisting of allergen extracts from several related grass species may have 

advantages for SCIT over single allergen extracts. Here, we review current knowledge regarding 

the disease-relevant allergens in grass pollen allergy, available clinical studies comparing SCIT 

with allergen extracts from timothy grass or from mixes of several related grass species of the 

Pooideae subfamily, in vitro cross-reactivity studies performed with natural allergen extracts and 

recombinant allergens and SCIT studies performed with recombinant timothy grass pollen 

allergens. In vitro and clinical studies performed with natural allergen extracts reveal no relevant 

advantages of using multiple grass mixes as opposed to single grass pollen extracts. Several 

studies analysing the molecular composition of natural allergen extracts and the molecular profile 

of patients’ immune responses after SCIT with allergen extracts indicate that the major limitation 

for the production of a high quality grass pollen vaccine resides in intrinsic features of natural 

allergen extracts which can only be overcome with recombinant allergen-based technologies.
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Introduction

Grass pollen is a major cause for IgE-mediated allergy throughout the world. A survey 

carried out in Switzerland has shown that more than 12% of the population is sensitized to 

grass pollen allergens [1]. A recent European study confirmed the high prevalence of grass 

pollen allergy demonstrating that more than 30% of allergic patients showed positive skin 

prick test reactions to grass pollen [2]. In sensitized patients, grass pollen contact triggers 

IgE-mediated symptoms of acute inflammation, such as allergic rhinitis, conjunctivitis and 

asthma [3]. Due to a relatively long flowering period and the release of heavy loads of 

pollen, grasses are also among the clinically most relevant allergen sources and can induce 

severe symptoms of allergy such as asthma [4].

Although many patients achieve satisfactory disease control with symptomatic medication, 

subcutaneous allergen-specific immunotherapy (SCIT) is the only allergen-specific and 

disease-modifying treatment available [5, 6]. In fact, the first reported SCIT trial was 

performed with grass pollen extract in 1911 [7]. Since then numerous clinical studies have 

documented the efficacy of grass pollen SCIT [8]. Furthermore, it has been demonstrated 

that SCIT has long-lasting effects even after discontinuation of treatment and prevents the 

progression from allergic rhinitis to allergic asthma [9, 10]. Current forms of grass pollen 

immunotherapy are still based on crude allergen extracts, which unfortunately are often of 

poor quality [11]. However, new allergy vaccines based on purified recombinant allergens 

have been used successfully in SCIT trials and recombinant allergen-based tests have 

become available as routine diagnostic tests for improved patients selection and monitoring 

of SCIT [12, 13]. Still the selection of therapeutic extracts is often based on patients’ clinical 

history, IgE testing to crude allergen extracts from different sources and patients’ responses 

to skin prick tests with allergen extracts [14, 15].

Due to high cross-reactivity among related grass species diagnostic tests and SCIT are 

frequently conducted with single extracts derived from one grass species [16].

Two more recent studies provided additional evidence for extensive IgE cross-reactivity 

towards Pooideae grasses and it has been suggested that timothy grass pollen allergens are 

sufficient for SCIT against allergy to Pooideae [17, 18]. However, another study suggested 

that there may be a considerable variability in cross-reactivity even among the major group 1 

and 5 allergens of the Pooideae [19]. This study suggested that a mix of grass pollen extracts 

from five grasses of the Pooideae would be better suited for grass pollen SCIT. The question 

whether one should use one or a mix of several grass pollen extracts for immunotherapy is 

not a new one but has been investigated since the concept of immunotherapy has been 

described [7, 20]. Two more recent studies, one in favour of single and another one in favour 

of mixed allergen extracts, rekindled the interest in this question [21, 22]. Here, we review 

scientific evidence from in vitro and in vivo data regarding advantages and disadvantages of 

using multiple grass mixes as opposed to single grasses for SCIT of grass pollen allergy. 

However, after more than one hundred years of clinical practice, the drawbacks of allergen 

extract-based immunotherapy come increasingly into view. In many points, these drawbacks 

are identical regardless whether single or mixed natural extracts are used because they are 

due to intrinsic features of natural allergen extracts. The authors of this article are convinced 
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that major improvement for SCIT can only be achieved with synthetic or recombinant 

allergen-based vaccine technologies.

Grass pollen allergens

Allergenic grasses are unequally distributed in different geographical regions. Most 

allergenic grasses belong to the Poaceae family, which comprises about 9000 species; three 

of its subfamilies [Chloridoideae e.g. Bermuda grass (Cynodon dactylon); Arundinoideae 

e.g. Common Reed (Phragmites communis), Panicoideae e.g. Corn (Zea mays)] have their 

centres of distribution in the Southern hemisphere, whereas in the Northern hemisphere the 

sub-family of Pooideae grasses is widely distributed in the temperate regions [17, 23, 24]. 

Well-known allergenic members of this latter subfamily include Timothy grass (Phleum 
pratense), orchard grass (Dactylis glomerata), Fescue grass (Festuca pratensis), Ryegrass 

(Lolium perenne), Kentucky blue grass (Poa pratensis), sweet vernal grass (Anthoxatum 
odoratum), wheat (Triticum aestivum) and rye (Secale cereale) [17, 23, 24]. (Fig. 1). The 

geographical distribution of selected representative grass species is shown in Table 1.

All grass species are wind pollinated and release allergenic pollen grains in great abundance 

in their peak flowering season [23–25].

The allergenic activity of grass pollen can be attributed to a limited number of proteins and 

glycoproteins, which are rapidly released from the pollen grain upon hydration [4, 26, 27]. 

Individual allergenic pollen proteins have been identified, described and classified (see 

websites of the WHO/IUIS Allergen Nomenclature Sub-Committee at http://

www.allergen.org/; Allergome at http://www.allergome.org/). Allergen molecules from 

different grass species have been grouped according to IgE-binding frequencies and 

physicochemical properties in extracts of related grasses [17, 23, 28, 29]. To date, 10 

different groups of grass pollen allergens are officially recognized. Some of these allergens 

are exclusively present in the pollen of grasses, whereas other allergens also are expressed in 

other botanically unrelated plants (e.g. trees, weeds) and thus represent a source of inter-

species cross-reactivity [30, 31]. Table 2 shows that grass pollen allergens can be grouped 

according to their distribution across the grasses as allergens which are present in all grasses, 

allergens which are present only in some grasses, and allergens, which are expressed in 

grasses and other botanically unrelated plants. Highly cross-reactive allergens occurring in 

many species have been designated as pan-allergens [32].

Allergens found in most grasses

Group 1 and group 13 allergens seem to be present in most allergenic grasses. Group 1 

allergens have been isolated or cloned from more than 19 species [23, 33– 35]. About 90% 

of grass pollen allergic patients show IgE reactivity to group 1 allergens [17, 23, 34, 36–39]. 

In several species, IgE reactivity to Group 1 allergens accounts for a considerable amount of 

grass pollen specific IgE and in vivo allergenic activity of group 1 allergens is well proven 

[23, 35]. The Phl p 1 allergen shows a sequence identity of ca 90% to allergens from other 

members of the Pooideae subfamily and extensive IgE cross-reactivity [23, 36, 38].
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Group 13 allergen was described in P. pratense as a by-product of fractionating P. pratense 
extract using chromatography and found to be a 55 kDa protein distinct from Phl p 4 but 

with a similar molecular weight [40, 41]. The frequencies of group 13-specific IgE 

responses in patients were found to be at 50% of the sera that were examined; however, the 

purified protein is not stable to protease digestion and degrades rapidly [41, 42]. Group 13 

allergens show almost no cross-reactivity with allergens from other plants and are hence 

specific for grasses [42, 43]. They display relatively low clinical allergenic reactivity as 

demonstrated in basophil activation experiments and in a skin test study in allergic patients 

[44, 45]. In summary, group 1 and 13 allergens can be considered markers of genuine grass 

pollen sensitization [43].

Allergens found in some grasses

Group 5 allergens are the most important allergens in this group, as 65% to 85% of grass 

pollen allergic patients from temperate regions display IgE reactivity to group 5 allergens 

and their allergenic activity is extremely high [23, 46–48]. Homologous allergens were 

found in all grasses from the Pooideae subfamily, such as timothy grass (P. pratense), rye (S. 
cereale), Kentucky bluegrass (Poa pratense) and rye grass (L. perenne); however, group 5 

allergens are not present in all grasses. No group 5 allergens were found in Z. mays and C. 
dactylon [49] and not in Oryza sativa, which are members of the Panicoideae, Chloridoideae 

and Bambusoideae subfamily respectively. The latter subfamilies are highly prevalent in the 

Southern hemisphere. In fact, it has been found that patients in such areas are preferentially 

sensitized to group 1, 4 and 13 allergens but show less frequently reactivities to group 2, 5 

and 6 allergens [50]. Phl p 5, one of the best characterized group 5 allergen molecule, is one 

of several allergens within a species, of which exist different isoallergens, in this case Phl p 

5a (i.e. Phl p 5.01) and Phl p 5b (i.e. Phl p 5.02); isoallergens differ in sequence but most 

patients show extensive IgE cross-reactivity to Phl p 5 isoallergens [23].

Group 2 allergens have been found to react with IgE from 40% to 60% of grass pollen 

allergic patients with varying prevalence in different reports and display high allergenic 

activity [23, 51]. IgE-reactive group 2 allergens are not expressed in pollens of all 

subfamilies of grasses; for instance, they were not detected in C. dactylon, Z. mays and 

Phragmites australis [49]. Group 3 allergens have a sequence identity of 58% with group 2 

allergens and were traditionally assigned a separate group number; however, they show 

similar 3-D structures and conformational epitopes to group 2 grass pollen allergen as well 

as cross-reactivity to group 2 grass pollen allergens in grass pollen allergic patients [23, 52]. 

Although group 2 allergens exhibit significant sequence identities with the C-terminal 

portions of group 1 grass pollen allergens, there seems to be no relevant IgE cross-reactivity 

in patients [51].

Group 6 allergens have been shown to react with 60% to 70% of sera of grass pollen allergic 

patients [23, 53]. They have been identified in P. pratense and Poa pratensis and may occur 

also in A. odoratum [49, 53].

Group 10 grass pollen allergens have been purified from P. pratense, L. perenne, P. pratensis 
and C. dactylon; however, the results could not be reproduced. Although this allergen group 
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is mentioned in several data bases, it is not recognized by the WHO/IUIS Allergen 

Nomenclature Sub-Committee as an official allergen group [23] (http://www.allergen.org/).

Group 11 allergens have been found in other plants than grasses but IgE cross-reactivity is 

very limited [54]. Group 11 grass pollen allergens have been purified as 18 kDa 

glycoproteins from L. perenne [55] and P. pratense [54]. IgE responses to recombinant non-

glycosylated Phl p 11 were found in approximately 32% of examined grass pollen allergic 

patients. Phl p 11 is therefore not regarded as a major allergen [23]. Reactivity to group 11 

allergens is not confined to grasses, as homologues include also Ole e 1, maize (Zea m 13) 

and tomatoes but cross-reactivity is very limited.

Allergens from groups 1, 2, 5 and 6 have been found exclusively in grass pollen [3, 23, 30]. 

IgE antibodies to these allergens are therefore considered diagnostic markers for true grass 

pollen sensitization [30].

Pan-Allergens, not grass-specific

The third group of allergens, designated ‘pan-allergens’, occurs not only in grass pollen but 

also in other botanically unrelated plants. (Table 2).

Group 7 grass pollen allergens are proteins containing two binding sites for calcium, termed 

EF-hands. Not only have they been identified in pollens of several grasses (C. dactylon, P. 
pratense) but also in numerous pollens from other plant species (trees, weeds). Because of 

cross-reactive IgE epitopes in these allergens patients with sera containing antibodies, which 

react with group 7 allergens, are at risk of experiencing symptoms when confronted with 

pollen from a large number of plants [30]. Only approximately 10% of grass pollen-

sensitized patients show IgE responses to Phl p 7. However, Phl p 7 possesses high 

allergenic activity [23, 56]. It is a marker for broad sensitisation against pollen from various 

sources.

Group 12 grass pollen allergens are members of the profilin protein family. Profilin was first 

identified in birch pollen [57] and since then has been found in many pollens of grasses, 

trees and weeds and in plant-derived foods [23, 30]. As a consequence extensive cross-

reactivity of allergic patients’ IgE antibodies with profilins from different sources has been 

described [30]. Specific IgE binding occurs in 15–30% of pollen allergic individuals. 

Profilin is considered a marker allergen for broad allergic sensitization.

Up to 85% of grass pollen sensitized individuals show IgE reactivity to group 4 allergens, 

which represent oxidoreductases [58, 59]. However, average levels of IgE to natural group 4 

allergens (e.g. Phl p 4) are relatively low [23]. Moreover, allergenic reactivity of Phl p 4 was 

found to be low by skin prick testing and patients who react in vitro exclusively to group 4 

allergens, often do not display clinical symptoms of grass pollen allergy [48]. Group 4 

homologues have been found in timothy grass, mugwort and birch pollen, but also in peanut, 

apple, celery root and carrot root, and thus occurring in pollen of unrelated plants and in 

plant foods [58, 59]. IgE cross-reactivity seems to be primarily due to the presence of cross-

reactive carbohydrates and the term ‘pan-allergen’ may therefore not be fully applicable for 

group 4 allergens.
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If one reviews the data regarding contents of the so far described allergens in various grass 

species, it is evident that only timothy grass pollen has been shown to contain each of the so 

far described grass pollen allergens. Based on the analysis of the allergen-distribution in the 

various grass species, timothy grass pollen seems to be sufficient for grass pollen SCIT but it 

is also important to consider the degree of cross-reactivity among the grass species, results 

of clinical data and the question what allergens need to be present in a grass pollen vaccine.

Cross-reactivity among grasses

Clinical and in vitro studies regarding cross-reactivity obtained with allergen extracts and 
natural allergens

Almost thirty years ago, clinical studies directly compared subcutaneous injection 

immunotherapy with single pollen extracts and mixtures reaching the conclusion that 

timothy grass pollen extract and birch pollen extract are equally effective or even better than 

SCIT performed with mixes of extracts from various grasses and trees respectively.

These studies and their findings are summarized in Table 3. As for tree pollen one study 

found no difference in the effect of subcutaneous immunotherapy with birch pollen extract 

compared to a mixture from four different tree pollen [60]. Another study compared 3 years 

of subcutaneous immunotherapy with birch pollen only to treatment with a combination of 

alder, birch and hazel and found no significant difference between the two groups 

concerning decrease in reactivity in skin prick tests and specific sensitivity of the nasal 

mucosa [61–63]. Concerning grass pollen, one study compared refined Timothy grass pollen 

extract, in which high molecular weight non-allergenic components and all low molecular 

weight components had been removed by gel filtration and diafiltration, with crude aqueous 

Timothy grass pollen extract and with a four grass pollen mix and found that patients treated 

with the refined extract needed significantly less antihistaminic medication than patients 

having received the crude extract or the four grass mix [64]. Another study comparing a 

tyrosine-bound grass pollen extract mixture with mixed grass pollen extract and refined 

timothy pollen extract found the tyrosine-bound mixture to be less active in reducing 

symptom and medication scores, whereas results obtained with mixed grass and with refined 

timothy pollen were comparable, and even in favour of the refined timothy pollen extract 

[65].

Quite recently several studies again brought up the question whether one extract or a mix of 

extracts should be used for SCIT. These studies were not based on clinical data but were 

performed only by serological IgE-cross-reactivity testing with allergen extracts, natural 

allergens and by comparing sequences of major allergens regarding similarities. Yet, these 

studies have generated interest because different companies offer either immunotherapy 

based on one grass pollen extract or based on vaccines consisting of mixtures of several 

allergen extracts.

One large scale study reports that specific IgE response in sera from grass pollen allergic 

subjects mainly from Northern Europe to four different combined extracts (mixes) was 

correlated with the response to timothy grass pollen extract and was found to be of the same 

magnitude for pollen mixes and timothy pollen alone. In IgE inhibition studies, timothy 
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grass pollen extract completely inhibited the binding of specific IgE to mixed allergen 

extracts from different related grass species. Also, cross-reactivity of SCIT-induced IgG4 

was found to be complete [18]. In yet another study, specific IgE binding to extracts of 

various grass pollen was found to be of the same magnitude when correlated with specific 

IgE binding to extract of timothy grass pollen in population samples ranging from 1075 to 

3293 subjects. Complete cross-inhibition of binding to extracts of nine different grass pollen 

species in 49 sera from grass pollen allergic patients with extract of timothy grass pollen was 

found [17].

On the other hand, it was shown in ELISA competition experiments with sera from 27 

patients that there are two groups of patients, one group where complete cross-inhibition can 

be achieved using only P. pratense extract to inhibit binding to natural group 1 or group 5 

species-specific allergens, whereas in another group of patients this complete inhibition can 

only be achieved with a mix of extracts from five related grasses. This result was considered 

as evidence that patients have both cross-reactive and species-restricted epitopes [19].

Another recent study sought to investigate differences in RAST-inhibition patterns in sera 

from SCIT-naïve patients from central Italy comparing binding inhibitions to single grass 

pollen extracts using timothy grass pollen extract and a 5 grass pollen mix as inhibitors. The 

study found a significantly higher inhibition of binding of patients’ sera to A. odoratum and 

P. pratensis using the 5 grass mix than using timothy grass pollen extract and concluded that 

this was evidence favouring clinical immunotherapy with a mix of several extracts [21]. In 

yet another recent study, grass pollen allergic patients received a short course of injection 

immunotherapy with timothy grass pollen extract and were tested for IgE and IgG4 levels 

and cutaneous sensitivity to a five grass-mix extract and to timothy grass pollen extract 

before and after the intervention. Cutaneous sensitivity to both extracts was equally reduced, 

and IgG4 levels to both extracts increased significantly in the intervention group. A positive 

and high correlation between IgG4 levels to the major group 5 allergen of timothy and rye 

grass was found. The results indicate that the response induced by SCIT with one grass 

induces cross-protective IgG responses [22].

Problems occurring when cross-reactivity is determined with allergen extracts and natural 
allergens

The above-mentioned serological cross-reactivity studies have been performed mainly with 

crude allergen extracts, which represent relatively ill-defined mixtures of allergens and non-

allergenic components [11]. It is therefore not possible to determine the specificity of IgE 

and IgG antibodies for the clinically relevant allergen molecules.

In fact, several studies demonstrate that grass pollen contains on the one hand allergens, 

which elicit strong allergic reactions in patients, but also components, which show only in 
vitro IgE reactivity but elicit poor or no clinical symptoms [45, 48]. In this context, it should 

be mentioned that carbohydrate epitopes with poor or without clinical relevance represent 

major IgE-reactive structures in grass pollens [66, 67].

A recent study demonstrated that a considerable percentage of grass pollen allergic patients 

show specific IgE to cross-reactive carbohydrate-bearing epitopes [68]. Several naturally 
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occurring grass pollen allergens (group 1, 4, 11, 13) contain one or several carbohydrate 

residues, and the most heavily glycosylated grass pollen group 4 allergens are thought to 

carry 10–15% carbohydrate moieties [23]. About 20–40% of individuals sensitized to group 

4 grass pollen allergen exhibit reactivity to carbohydrate epitopes [58, 59]. However, earlier 

studies showed that in vitro serum reactivity with carbohydrate epitopes, while widespread 

in grass pollen allergic patients, is not an indicator of clinical symptoms in sensitized 

patients [45, 69, 70]. Glycoproteins seem to elicit only a monovalent IgE-binding, which 

yields positive results in serum-based assays without having clinical significance [69, 70]. 

Therefore, carbohydrate cross-reactive determinants are generally considered of little 

clinical importance in grass pollen allergy [31, 71] and it has been suggested to designate 

carbohydrate allergens as ‘IgE reactive antigens’ to prevent confusion with biologically 

active allergens [71].

Another grass pollen allergen family with low clinical relevance are group 13 allergens 

showing high frequency of IgE recognition (56%) but poor clinical reactivity by SPT. 

Sensitization to group 13 allergen is practically never found without patient reactivity to 

other major grass pollen allergens [45].

The clinical relevance of group 11 allergens has not been investigated in detail, but they are 

recognized only by approximately 30–40% of grass pollen allergic patients [54, 55].

For group 1, 2 and 5 allergens, it has been demonstrated that they induce strong allergic 

reactions in a high percentage of grass pollen allergic patients [23, 48]. Group 6 allergens 

are major grass pollen allergens, which induce basophil activation in grass pollen allergic 

patients and thus seem to be clinically relevant [53]. Therefore, reactivity to these allergens 

is a marker of true grass pollen sensitization [23, 30, 72].

Cross-reactivity studies should therefore take group 1, 2, 5 and 6 allergens in consideration. 

Another cause for confusion is the presence of highly cross-reactive allergens such as the 

pan-allergens, group 7 and 12 in grass pollen, which are responsible for extensive cross-

reactivity with other non-related plants and may yield a false positive result for grass pollen 

sensitization in extract-based diagnostic tests.

In our opinion, recombinant allergen-based inhibition data or data with purified allergen 

molecules with defined protein and carbohydrate epitopes are needed to identify clinically 

relevant major allergens and settle the question, which allergens need to be used in grass 

pollen immunotherapy [49, 50].

Cross-reactivity as measured with recombinant allergens

For grass pollen allergy, several IgE cross-reactivity studies were performed with 

recombinant allergens and the allergenic activity of several allergens was assessed. In 

experiments with purified recombinant grass pollen allergens, a mixture of a few major 

allergens of one grass species (Phl p 1, Phl p 2, Phl p 5, Profilin) was sufficient to diagnose 

most grass pollen allergic patients in different populations, thus confirming earlier results 

that were achieved using purified natural and recombinant allergens [37, 73–75]. Indeed, 
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group 1 and group 5 allergens accounted for 60–80% of grass pollen allergic patients’ IgE 

even in different populations from different geographical areas [75].

Recombinant allergen-based inhibition experiments with purified allergens have 

demonstrated extensive IgE cross-reactivity for major allergens. Recombinant Phl p 1 

inhibited binding of patients’ sera to extracts of eight different grasses (P. pratense, A. 
odoratum, A. sativa, C. dactylon, L. perenne, P. communis, P. pratensis, S. cereale) yielding 

an average inhibition of 76% [36]. Extensive cross-inhibition of patients’ IgE binding to nine 

different grass pollen extracts (A. odoratum, A. sativa, C. dactylon, L. perenne, P. australis, 
P. pratensis, S. cereale, Triticum sativum, Z. mays) was achieved with a panel of several 

purified recombinant grass pollen allergens (Phl p 1, Phl p 2, Phl p 5) and purified 

recombinant cross-reactive profilin, Bet v 2 [49]. Group 6 allergen, although it has been 

described only in P. pratense and Poa pratensis, is a major allergen with modest cross-

reactivity to group 5 allergen despite extensive sequence homology, and thus seems to be a 

necessary candidate for inclusion in a grass pollen vaccine formulation, as it elicits basophil 

activation in sensitized patients [53].

A recent study examined sequence differences and post-translational modifications in group 

1 and 5 isoforms of L. perenne, P. pratense, D. glomerata, A. odoratum and P. pratensis by 

mass spectrometry analysis of purified natural allergens, sequence alignment and computer 

modelling [19]. Although this study contained only very limited IgE-binding data from 27 

patients, the authors argued that better allergen coverage is achieved by mixing allergen 

extracts from different grasses. In fact, earlier, many attempts were made to quantify the 

percentage of sequence identity predictive of cross-reactivity [76]. However, sometimes the 

substitution of just a few amino acids results in non-allergenic isoforms of allergen 

molecules, whereas in other cases relatively low sequence homology may be sufficient for 

structural similarity leading to conserved conformational epitopes [77–79]. As a 

consequence, sequence analysis or pure structural data are not sufficient to predict or 

exclude immunological cross-reactivity, but IgE cross-reactivity needs to be established by 

testing large groups of patients [71].

One such study was performed with a large number of patients (i.e. more than 1000 patients) 

and reconfirmed extensive IgE cross-reactivity [17]. Furthermore, the authors highlighted 

extensive sequence homology of a large portion of the Phl p 1 surface (aa 1–240) and found 

that the surface is relatively unaffected by the amino acid substitutions identified in both Phl 

p 1 isoforms and group 1 allergens from other species within the Pooideae subfamily (Hol l 

1, Poa p 1 and Lol p 1) [17]. Two other studies using Phl p 1-specific antibodies found 

extensive cross-reactivity towards natural group 1 allergens from different Pooideae species: 

A recent study described a strong reaction of recombinant human Phl p 1–specific IgE Fabs 

with natural group 1 allergens from sweet vernal grass, rye grass, common reed, Kentucky 

blue grass and rye and pointed out that IgE epitopes on Phl p 1 cluster in one region of the 

molecule [80]. In another study, monoclonal antibodies were raised against Phl p 1 and 

defined at least four distinct epitopes on Phl p 1. These antibodies recognized most wild 

grasses from the temperate regions of the Poeae tribe family, in particular L. perenne, P. 
pratensis, F. pratensis and D. glomerata, with similar immuno-logical strength [81].
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Limited cross-reactivity thus does not seem to be a major bottleneck when it comes to the 

choice of allergens for treating allergies to Pooideae (i.e. temperate grasses). However, there 

seems to be a considerable difference regarding the composition of allergens between 

Pooideae and Panicoideae/Chloridoideae (i.e. subtropical grasses).

Different allergen repertoires in subtropical grasses and temperate grasses

As for the Southern Hemisphere, subtropical grasses may deserve special attention. 

Subtropical grasses from the Chloridoideae, for example, Bermuda grass (C. dactylon); 

Arundinoideae, for example, Common Reed (P. communis), Panicoideae such as Bahia grass 

(Paspalum notatum) reportedly lack allergenic group 2/3, group 5 and group 6 allergens 

(Table 2). In those tropical grasses, only groups 1, 4 and 13 seem to occur. Cross-reactivity 

towards group 1 allergen is lower between P. pratense and C. dactylon or Paspalum notatum 
[18, 23]. Also, a lower degree of sequence homology between group 1 allergens from 

Pooideae grasses and the other three subfamilies has been described [17, 82]. In patients 

from temperate climate zones, P. notatum extract could not inhibit binding to P. pratense 
extract, but in patients from a subtropical region complete cross-inhibition between P. 
pratense and P. notatum extract was found, indicating different sensitization patterns in 

patients from different regions [82]. Furthermore, in patients from a subtropical region in 

Australia, complete cross-inhibition of patients sera binding to L. perenne extract could be 

achieved with C. dactylon or P. notatum extract, but not the other way round indicating 

species-specific IgE epitopes [83]. Whether species-specific IgE epitopes in subtropical 

grasses represent carbohydrates or protein epitopes has not been investigated in detail but 

there is preliminary evidence that carbohydrates are frequently recognized but clinically 

irrelevant in subtropical areas (Cabauatan & Valenta, unpublished observations). Therefore, 

further studies are warranted to define the allergens, which are required for treating patients, 

who are sensitized to subtropical grasses.

Features of natural extracts for immunotherapy

To date, grass pollen immunotherapy is carried out with natural extracts, as recombinant 

allergen-based therapeutic vaccines for respiratory and food allergy are still in clinical trials 

[reviewed in 84–92]. There are several common features of natural allergen extracts, which 

are responsible for the problems when natural allergens are used for the production of 

vaccines (Table 4).

Natural allergen extracts are by definition mixtures of allergenic and undefined non-

allergenic components, which are obtained from natural sources and therefore subject to 

variation [6, 11]. Interestingly, some of the non-allergenic components in pollen extracts are 

not just innocuous bystanders but have been shown to prime Th2 responses [93]. Moreover, 

it is by no means guaranteed that natural grass pollen extracts contain even sufficient 

quantities of the clinically important allergens such as group 1, group 2, group 5 and group 6 

grass pollen allergens. Most manufacturers measure only group 1 and/or group 5 allergens in 

their extracts using house-made assays which in most cases have not been compared 

between different manufacturers. Efforts have been made to establish reliable assays, which 

can be used by all manufacturers, but these efforts include mainly group 5 allergens and are 
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not yet in routine use [94]. In fact, it has been demonstrated that timothy grass pollen 

extracts from different manufacturers differ greatly regarding allergen content and often lack 

important allergens [11]. Similar results were obtained for other Pooideae grass pollen 

extracts which were found to contain varying amounts of group 1 and group 5 allergens [18, 

95].

The precise content of most allergens in natural extracts is therefore not known and will vary 

from batch to batch depending on the used source. Nowadays, measurement of allergen 

content in commercial pollen extracts frequently is also done by biochemical analysis of 

allergen content [11, 96]. Traditionally, it was done by determination of IgE reactivity of 

extracts with pooled sera of allergic subjects or determination of certain allergens in extracts 

by monoclonal antibodies [11, 14, 81, 94, 97–99]. None of the methods currently employed 

on a routine basis is very precise (i.e. tests often cannot discriminate between intact 

allergens, less IgE-reactive isoforms and allergen fragments), and usually economical and 

practical considerations lead to the measurement of one or few allergen only for which 

assays are available, leaving doubt about the concentration of most other important allergens 

in the mixture.

Pollen is a product from a natural source. Therefore, it is evident that pollen quality and 

allergen content varies over the different pollen seasons and depending on environmental 

factors [100]. As a consequence variation in allergen content may be substantial between 

batches of natural extracts from the same company and even more so between natural 

extracts from different companies, which are produced according to different production 

protocols [11, 99]. Most importantly, if allergens are lacking or present in too low quantities, 

there are no possibilities for adding these components once an extract has been prepared. In 

this sense, standardization means at best that the concentrations of certain allergens have 

been measured. Furthermore, companies use different forms of units for the measured 

allergens which therefore cannot be compared between different manufacturers [101].

Contaminations of natural pollen extracts from unrelated allergen sources or with bacterial 

toxins have been described [102, 103]. Storage of pollen extracts over time also leads to 

degradation depending on the presence of proteases [11, 104].

Also, production according to current quality guidelines is not possible as many natural 

pollen extracts were introduced to the market at a time when quality guidelines were not as 

stringent as today.

Finally, natural grass pollen extracts are highly allergenic and may induce anaphylactic side-

effects if the concentration of certain components is too high. As a consequence, grass 

pollen allergy vaccination with natural extracts requires tedious up-dosing protocols and 

many administrations, which is a costly and time-consuming procedure.

What has been said for extracts in general makes it already difficult to produce vaccines 

based on single allergen sources. Mixing different grass pollen extracts from related 

Pooideae grasses will certainly exacerbate these problems while diluting the overall dose of 

individual important allergens from the individual sources in the mixture.
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In summary, a number of problematic features are related to the intrinsic nature of natural 

extracts in immunotherapy, which will certainly exacerbate if different extracts are mixed.

Recombinant allergens for diagnosis and grass pollen immunotherapy

Recombinant allergen-based vaccines can address and solve many, if not all of the problems 

which occur with natural allergen extracts [84, 101, 105, 106]. Some of the advantages of 

recombinant allergen-based vaccines are listed in Table 5. Recombinant allergen-based 

vaccines contain defined amounts of well-characterized molecules without contaminations 

with unwanted non-allergenic material or unwanted allergenic substances. For each of the 

components, detailed production protocols are established and the physicochemical, 

immunological and allergenic properties of the active ingredients are known. Thus, the 

components can be produced at any time and in any place in the same quality. Allergenic 

and immunogenic activity of recombinant allergen-based vaccines is not limited to 

characteristics of wild-type pure molecules, but can be modified by various molecular 

biology methods with the aim of minimizing unwanted side-effects of immunotherapy and 

enhancing properties which are of advantage for SCIT (e.g. Reduction in allergenic activity, 

increase in immunogenicity). Thus, so-called hypoallergenic derivatives have been produced 

as fragments of recombinant allergens, reassembly of fragments in mosaics and mutants 

[107–115] and hybrid molecules containing most of the epitopes of major grass pollen 

allergens [116–118]. One of the most recent techniques is the strategy of coupling allergenic 

fragments of grass pollen allergens to unrelated carrier proteins (e.g. from virus proteins), so 

that T cell help from T cell epitopes of carrier proteins induces a strong IgG antibody 

response against the IgE epitopes used in the molecule without unwanted IgE- or T cell 

induced side-effects [119, 120]. Recombinant allergen molecules and hypoallergenic 

derivatives can be routinely produced in bacteria or insect cells in huge amounts at relatively 

low costs according to high quality standards. Therefore, they meet current quality 

guidelines required for vaccines in the European Union [121]. Moreover, these techniques 

allow the production of compound vaccines for large populations as well as the production 

of patient-tailored vaccines.

While several clinical studies with recombinant allergens from different sources have proven 

the general efficacy of recombinant allergen-based vaccines [84–87, 122, 123], in the 

context of grass pollen allergy studies need to be highlighted, which provided a proof of 

principle for the effectiveness of immunotherapy with defined recombinant allergens from 

one grass pollen species. In a double-blind, placebo-controlled Phase II clinical vaccination 

study, grass pollen allergic patients received subcutaneous immunotherapy with a mixture of 

5 recombinant grass pollen allergens from P. pratense (Phl p 1, Phl p 2, Phl p 5a, Phl p 5b, 

Phl p 6) covering group 1, 2, 5 and 6 allergens and experienced a substantial reduction in 

clinical symptoms and the need for symptomatic medication in comparison to the placebo 

group [124]. Results from a dose-finding and safety study have just become available and 

document that patients tolerated also high doses very well and mounted immune responses 

associated with success of SCIT towards the natural allergens [125]. A therapeutic 

hypoallergenic vaccine for grass pollen allergy containing epitopes of the most important 

grass pollen allergens (Phl p 1, Phl p 2, Phl p 5 and Phl p 6) bound to a virus carrier protein 
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was tested for safety by skin testing and in a phase II study and currently is being evaluated 

for efficacy in a large multi-centre vaccination study with promising results [92].

Today, the prescription and monitoring of SCIT can be effectively achieved with 

recombinant allergen-based tests which in the format of micro-arrayed allergens allow 

establishing the sensitization profile against the clinically relevant grass pollen allergens and 

the monitoring of the vaccine-induced immune response [13, 30, 126]. The recombinant 

allergen-based diagnostic tests allow identifying different sensitization profiles which are 

indicative for sensitization to temperate and/or subtropical grasses, and/or to clinically less 

relevant carbohydrate structures. Population-wide testing with recombinant allergen-based 

diagnostic test will therefore be a basis for the development of new generations of allergy 

vaccines, which meet the needs of patients best [105].

In summary, we have given an overview of the known grass pollen allergens and have 

reviewed clinical and in vitro studies showing that immunotherapy with one grass species 

containing all important allergen groups, that is, P. pratense is as effective as immunotherapy 

with several related grass pollen species in temperate climate zones. Moreover, we have 

enumerated a number of problems, which are associated with the use of natural grass pollen 

extracts in immunotherapy and have given an overview of the advantages of recombinant 

allergens. Instead of further fruitless discussion of the advantages and disadvantages of using 

one or more than one natural grass pollen extract for immunotherapy, we recommend to 

focus on the development of recombinant allergen-based vaccines because the sophisticated 

diagnostic and therapeutic possibilities of recombinant allergen technology provide better 

options for diagnosis and therapy of grass pollen allergy than allergen extracts.
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Fig 1. 
Phylogenetic relationship between important allergenic grasses [adapted from Andersson 

and Lidholm 2003 (23) and modified according Grass World 2011 (24)]
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Table 1
Geographical distribution of selected Poaceae grasses [Regions according to http://
grassworld.myspecies.info/content/maps-tdwg at the Database Grass World 2011 (24)]

Subfamily Grass species Geographical distribution

Ehrhartoideae Oryza sativa Africa, Temperate Asia, Tropical Asia, Australasia, North America, Pacific, South America

Arunidinoideae Phragmites ssp Europe, Africa, Temperate Asia, Tropical Asia, Australasia, North America, Pacific, South America

Chloridoideae Cynodon dactylon Europe, Africa, Temperate Asia, Tropical Asia, Australasia, North America, Pacific, South America, 
Antarctica

Panicoideae Paspalum notatum Europe, Africa, Temperate Asia, Tropical Asia, Australasia, North America, Pacific, South America, 
Antarctica

Pooideae Phleum pratense Europe, Temperate Asia, Tropical Asia, North America, South America, Antarctica.

Lolium perenne Europe, Africa, Temperate Asia, Tropical Asia, Australasia, North America, Pacific, South America, 
Antarctica

Triticum aestivum Europe, Africa, Temperate Asia, Tropical Asia, Australasia, North America, South America
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Table 2
Presence of groups 1–13 grass pollen allergens in pollen of different grass species as 
determined by cloning, specific antisera/antibodies and IgE-binding/inhibition 
experiments

Allergens MW Phl p Poa p Lol p Dac g Fes p Ant o Ave s Hol l Sec c Pas n Zea m Cyn d Phr a Ory s

Allergens found in all grasses

Group 1 31–35 kDa + + + + + + + + + + + + + +

Group 13 ~55 kDa + + + + + + + + + + + + + ±

Allergens found in some grasses

Group 2/3 10–12 kDa + + + + − + + + + n.d. − − − ±

Group 5 27–33 kDa + + + + + + + + + n.d. − − + −

Group 6 ~13 kDa + + − − − + − − − n.d. − − − −

Group 11 ~20 kDa + n.d. + n.d. n.d. n.d. n.d. n.d. n.d. n.d. + n.d. n.d. +

Allergens, not grass-specific

Group 4 50–67 kDa + + + + + + + + + n.d. + + + n.d.

Group 7 ~9 kDa + n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. + n.d. +

Group 12 ~14 kDa + + + n.d. n.d. + + n.d. + n.d. + + + +

MW, molecular weight; +, allergen cloned or found by specific antiserum/antibody probe or IgE-binding/inhibition experiment; −, allergen not 
cloned or found by specific antiserum/antibody probe or IgE-binding/inhibition experiment; ±, presence of allergen predicted by in silico sequence 
analysis; n.d., no data. Phl p, Phleum pratense; Poa p, Poa pratensis; Lol p, Lolium perenne; Dac g, Dactylis glomerata; Fes p, Festuca pratensis; 
Ant o, Anthoxantum odoratum; Ave s, Avena sativa; Hol l, Holcus lanatus; Sec c, Secale cereale; Pas n, Paspalum notatum; Zea m, Zea mays; Cyn 
d, Cynodon dactylon; Phr a, Phragmites australis; Ory s, Oryza sativa.
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Table 4
Features of natural extracts for grass pollen immunotherapy

Traditionally used for SIT

Clinical efficacy documented by several studies

But,

Contain in addition to allergens undefined allergen source-derived materials

May lack important allergens

Amounts of different allergens may vary

Precise contents of many allergens unknown

Variations regarding allergen composition depending on extraction and production protocols and different raw materials

Contaminating allergens from other allergen sources

Degradation of allergens due to presence of proteases

High allergenic activity requires tedious up-dosing protocols

Unsuitable for vaccine production according to current quality guide lines

Clin Exp Allergy. Author manuscript; available in PMC 2019 July 11.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Gangl et al. Page 27

Table 5
Features of recombinant allergen-based vaccines

Contain defined amounts of well-characterized molecules

Allergenic and immunogenic activity of components is known

Formulation of composite vaccines for large populations but also of vaccines for patient-tailored therapy possible

Can be produced in large amounts, at low costs, according to high quality standards

Meet current quality guidelines required for vaccines

But,

So far only few clinical studies performed

No registered product available
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