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Table 1 Taxonomic Relationships Between Common Grasses

Esch Grass Pollen Allergens

Subfamily Tribe Genus and species Common name

Bambusoideae

Arundinoideae

Panicoideae

Chloridoideae

Pooideae

Oryzeae

Arundineae

Arist ideae
Stipeae
Paniceae

Andropogoneae

Chlorideae

Aeluropodeae
Eragrosteae

Poaceae

Avenae ( including
Agrostideae and
Phalarideae)

Triticeae

Oryza sativa
Zizania aquatica
Ehrharta erecta
Phragmites communis
Cortoderia
Aristida spp.
Sftpa spp.
Digitaria sanguinalis
Paspalum notatum
Panicum miliaceum
Panicum virgatum
Ste ntaph ru m sec u n datu m
E remoch I oa op h i u roi d es
Saccharum officinarum
Sorghum halepense
Sorghum sudanense
Zea mays
Bouteloua spp.
Buchloé dactyloides
Chods spp.
Cynodon dactylon
Distichlis spicata
Eragrostis spp.
Eleusine indica
Tridens flavus
Bromus inermis
Dactylis glomerata
Festuca elatior
Lolium multiforme
Lolium perenne
Poa compressa
Poa pratensis
Agrostis alba
Anthoxanthum odoratum

Avena sativa
Holcus lanatus
Koeleria cristata
Phalaris arundinacea
Phalaris canariensis
Phleum pratense
Agropyron repens
Elymus spp.
Hordeum vulgare
Secale cereale
Triticum aestivum

Cultivated rice
Wild r ice
Panic, veldt grass
Common reed
Pampas grass
Three-awns
Needlegrass
Crabgrass
Bahia grass
Common mi l le t
Switch grass
Buffalo grass, Saint Augustine grass
Centipede grass
Sugar cane
Johnson grass
Sudan grass
Corn, maize
Grama grass
Buffalo grass
Finger grass
Bermuda, couch grass
Salt grass
Love grass
Goose grass
Purpletop
Smooth brome
Orchard grass, cocksfoot
Meadow fescue
Ital ian rye
Perennial rye
Canada bluegrass
Kentucky bluegrass (June grass)
Redtop, bent grass
Sweet vernal

Cultivated oat
Velvet grass
June grass
Reed canary
Canary
Timothy grass
Quack, wheat grass
Wild rye
Barley
Cultivated rye
Wheat

F igure 1  Grass l t
A) Kentucky bluel

cranches; (B) orch
C) timothy grass \\
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The pollen grain wall consists of two layers, the exine (outer wall) and the intine (inner wall),
and a single germination aperture or pore. Pollen antigens are stored in both the exine and
intine walls, most being localized in the intine. A wide range of pollen antigens, including
those that are allergenic, undoubtedly have a major role in the recognition of a suitable
reproductive partner and thus may be expected to be species specific. Many Eyass pollen
antigens also have wide taxonomic spans. On moistening, exine- and intine-associated
components are released into the medium (Fig. 3). The kinetics of antigen release from grass
pollen suggests minimal structural compartmentalization as compared to pollen derived from
other plant families (5).

Variations in a patient's allergic symptoms during the year depend, in part, on the
pattern of seasonal poilen exposure. The expected seasonal levels of grass pollen for a given

f.
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1 1 0 Grass Pollen Allergens
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Figure 3 Ryegrass pollen ruptures after slight
wetting with sedimenting mist droplets. The cyto-
plasmic debris from the ruptured pollen forms an
aerosol of respirable pafticles that are loaded with
allergens. Source: From Ref. 10.

ECOLOGY AND HABITAT

Grasses occur on all continents, from desert to polar regions and in freshwater to marine

habitats and account for about 25% to 35% of the earth's vegetation. The steppes of Eurasia, the

prairies and plains of central and western North America, and the Pampa of Argentina

iepresent the most extensive grassland areas of the temperate zone. Less extensive grasslands

arè found in the velds of South Africa and in Australia and New Zealand. Tropical and

subtropical grasslands are located in central Africa and in central South America- In the

grasslands, drought, fire and grazing by animals are the major ecological challenges for a

flant's survival. Íhe g.o*th tissue in most plants is located at the tip of the leaf or shoot and

ònce clippecl, it will not grow back. In contrast, the growth tissue in the grasses is located near

the basé òt tne leaf or thi shoot, and growth continues even after the grass plant is cropped,

burned, or grazed. This and other distinctive features including basal tillering, protection of

the flower and fruit within the spikelet, a great diversity of habitats, alternative photosynthetic

pathways, breeding systems, and dispersal mechanisms allow them to survive and dominate

in areas where other plants cannot.
The distribution of grass species are delimited by conditions of soil, moisture,

temperature, exposure, and altitude. Some species are restricted in habitat, being found only

in sàlt marshes or alpine summits. Their geographical range, however, may be extensive. A

species found o., onè mountain range may also be found at the same altitude on another

mountain range. Other more tolerant species, such as Festuca rubra, can be found in meadows,

bogs, marshes and hills of North America, Eurasia, and North Africa.
Seventy percent of the world's farmland is planted in crop grasses with sugar cane

(Saccharum-oflicinarum), wheat (Triticum aestivum), rice (Oryza sativa), and maize (Zea

mays) being the most widely cultivated. Bamboos are a critical part of the economy of many

tropical ur"as because they contribute yourlg shoots for food, fiber for paper, and stems for

construction. Grasses are cultivated for livestock feed, erosion control and as ornamentals'

Many grasses introduced into cultivation escape and become established over wide areas.

Theii séeds may be carried long distances in cattle cars as impurities in the seed of crop plants

and by birds and insects. Often, they may become troublesome weeds. The turfgrasses are

planted to cover lawns, parks, roadsides, cemeteries, golf courses, and sporting fields.

bonsiderable energy is spent maintaining turfgrasses in areas where they would normally not

survive. The lawn industry, which accounts for more than a billion dollars of sales of seed,

fertilizers, chemicals, paraphernalia, and services, supports the maintenance of grasses in

regions that would otherwise be deciduous forests and deserts. Of the hundreds of genera of

gtàm"r recognizecl, only a few are known to cause allergic disease. The major grass species

iesponsible fór inducing allergic symptoms are usually those that are cultivated and, therefore,

are prevalent where people live (Table 1).

Bambusoideae
The Bambusoideae are the most primitive extant grasses and are associated n'ith forest and

aquatic habitats. Bamboos are distributed on the continents of Asia, Africa, North and South

America. They are the least understood in terms of their classification and evolution among the
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Panicoideae
The subfamily Panicoideae dominates the humid, tropical to subtropical environments of the
savannas of Indochina and Africa as well as the moist New World tropics, especially
northeastern South America. Over 75% of the grasses in the Panama Canal Zone are panicoid,
50Vo in the southern United States, but only about 5% of the species belong to this subfamily in
the northwestern United States. The subfamily includes the largest of the grass genera,
Panicum, with about 600 species distributed throughout the warmer parts of the world and the
cultivated species Saccharum officinarum (sugar cane) and Sorghum vulgare (sorghum).
Allergenically important species include Paspalum notatum (Bahia grass), an important forage
and erosion control grass in the Gulf Coast states of the United States, and Sorghum halepense
(Johnson grass), a forage grass and frequently a troublesome weed in the warmer and tropical
regions of both hemispheres.

MOLECULAR CHARACTERISTICS AND CROSS.REACTIVITIES
OF GRASS POLLEN ALLERGENS

Since the pioneering work of David Marsh and coworkers (13-15) with the perennial ryegrass
groups 7, 2, and 3 allergens during the 1960s and 1970s, a number of new allergens have been
identified, isolated, and characterrzed. The International Union of Immunological Societies
(IUIS) allergen nomenclature subcommittee's current official list identifies 13 grass pollen
allergen groups (Table 2). The techniques of molecular biology and protein chemistry have
contributed to the increased knowledge regarding the structure and possible function of grass
pollen allergens. Murine monoclonal antibodies raised against specific allergens have been
used to define allergenically important and cross-reactive B-cell epitopes as well as to develop
specific assays for their detection and quantitation in allergen extracts. Cloning of cDNA and
nucleic acid sequencing has accelerated the availabil ity of primary structure data.
Recombinant allergen fragments, mutated recombinant proteins, and syntl-retic peptides
have been useful in delineating determinants involved in B- and T-cell recognition. High
resolution protein separation and immunoblotting techniques and more recently, the

Table 2 Grass Pollen Allergen Groups

Allergen group Biochemical name/characteristics lgE reactivity

Grass Pollen Allergens
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1 B-expansins; 27 to 35 kDa major grass pollen allergen produced by every
grass species examined so far.

2 Acidic protein (11 kDa); highly homologous to group 3 and C-terminal
portion of group 1 allergens

3 Basic protein (11-14 kDa); highly homologous to group 2 and C-terminal
portion of group 1 allergens

4 High molecular weight (50-60 kDa) basic glycoprotein; member of the
berberine bridge enzyme family, plant pathogen response system.

519 Heterogeneous proteins (27-35 kDa) found in pooid grass species;
ribonuclease activity; associated with submicronic cytoplasmic starch
particles.

6 Phl p 6 (12-13 kDa), associated with submicronic cytoplasmic
P-part icles; homologous to internal Phl p 5 sequences

7 Calcium-binding protein (8-12 kDa) with novel dimer assembly;
cross-reactive with birch (Bet v 4), ol ive (Ole e 3) and rape (Bra r 1)
pol len al lergens.

Cytochrome c (11 kDa)
Glycoprotein (16-20 kDa); trypsin inhibitor; structural ly similar to pol len

al lergens from ol ive tree (Ole e 1) and lamb's quarter (Che a 1).
Profi l in (13-14 kDa); possible associat ion with pol len-plant food cross-

sensit izat ion.
High molecular weight glycoprotein (45-€0 kDa); polygalacturonase;

highly susceptible to protease degradation; associated with
submicronic cytoplasmic P-particles

Cyn d 22; enolase (42 kDa)
Cyn d 24; pathogenesis-related protein (21 kDa)
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comparable in activity to native Phl p 1 (41). The allergenic epitopes of the group 1 allergen of
Bermuda grass (Cyn d 1) appear to be different from those defined for the pooid grasses (42) in
spite of a 70% to 75% sequence homology. Nonconservative amino acid substitutions in
allergenically important regions may explain the lack of cross-reactivity between Cyn d 1 and
the other grass group 1 allergens (19).

A major human T cell determinant has been localized within amino acid residues 191 to
270 utllizing overlapping peptides spanning the entire Lol p 1 molecule (17). Subsequent
studies revealed multiple T-cell determinants distributed throughout the molecule including
cross-reactive T-cell epitopes shared with grass group 2, group 3, and group 5 allergens (4347).
An immunodominant epitope within residues 726 to 134 was identified in a study employing
class II Major Histocompatibility Complex (MHC) tetramers in grass pollen-allergic individuals
(48). DR.0401 tetramers loaded with this peptide consistently detected CD4+ T cells expressing a
TM cytokine profile in allergic but not nonallergic subjects. Nonallergic subjects exhibited very
low frequency of such tetramer-specific cells even after allergen stimulation and cell expansion,
suggesting a fundamental difference in T-cell responses to group 1 allergens in allergic and
nonallergic individuals.

Group 2 Ant igens
The grass group 2 allergens are acidic proteins (MW : 11,000) toward which 35 to 507o oî
grass-allergic subjects are sensitive. The perennial ryegrass group 2 antigens exist in at least 2
immunochemically indistinguishable isoforms, Lol p 2,{ (pI : 5.0) and Lol P 28 (pI : 5.1-5.3).
The complete primary structure of Lol p 2,A. was determined by peptide sequencing of the
purified protein and found to contarn 97 amino acids without evidence of glycosylation sites
(47). The complete primary structures of Lol p 2, Dac g 2, and Phl p 2 was deduced from the
nucleotide sequence of the cDNA encoding the protein and was found homologous to the Lol
p 2 sequence (49-51).

Mapping of lgE-reactive epitopes was attempted using a model on the basis of the
solution structure of Phl p 2 and recombinant Phl p 2 fragments spanning the entire molecule
(52). Only relatively long fragments representing the N-terminal and C-terminal regions of the
molecule showed strong IgE reactivity. No reactivity could be detected when synthetic
dodecapeptides spanning the complete Ph1 p 2 sequence were evaluated. These results
indicate that grass group 2IgE epitopes are highly conformation dependent.

The amino acid sequences of group 2 and 3 allergens are also llighly homologous. Lol p
2A and Lol p 3 possess 59% identical amino acids and this percentage increased to 67% when
similar amino acids are equated. A similar homology was found for Dac g 2 and Dac g 3 with
667o se1uence identity and 797o seluence similarity. This sequence homologv translates to a
high degree of cross-reactivity at the B- and T-cell levels (43,53). The grass group 2 and group 3
allergens also show sequence similarity with the C-terminal portion of the group 1 allergens,
although the clinical significance of this has not been thoroughly investigated. It has been
suggested that the three allergen groups may share a common origin, with groups 2 and 3
being generated by partial gene duplication of the C-terminal portion of group 1 (54).

Group 3 Ant igens
The grass group 3 allergens are basic proteins (MW : 77Jr4 kDa, pI : 8.9-9.4) with a reported
frequency of sensitization of 35o/a to 70% among grass pollen-allergic subjects. The group 3
allergens from perennial ryegrass, orchard grass and timothy grass pollen l'rave been isolated and
characterized at the molecular level (55-57). The complete primary structures of Lol p 3 and Dac g
3 revealed a 92.67o similarity and 84.2% identity and the mature proteins lack cysteine and show
no evidence of glycosylation. In spite of this high degree of homology, computer analyses
detected differences in their predicted secondary structure and antigenic sites.

Group 4 Ant igens
The grass group 4 allergens are high moiecular weight basic glycoproteins (MW : 50-ó0 kDa,
pI : 8.6-70.4) with sequence similarity to the berberine bridge enzymes, a member of a
flavoprotein oxidoreductase superfamily. The initial report by Marsh found only a 20%
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in the Phl p 5 sequence caused a large reduction in IgE reactivity in a subset of allergic sera and
a double deletion (775-798 and 94-713) further reduced IgE reactivity in ali sera tested. The
hypoallergenic double mutant retained its T-cell reactivity, an important attribute for
immunotherapy. A more subtle approach utilizing site-direct mutagenesis involving amino
acid exchanges in highly conserved sequence domains may also be good candidates for
hypoallergen immunotherapy.

A remarkable characteristic of the group 5 allergens is their association with intracellular
starch granules within the pollen grain. The cDNA sequence of Lol p 5 revealed the flanking
transit peptide sequences typical of chloroplast-targeted proteins and thus, it has been proposed
that the Lol p 5 is synthesized as a preallergen in the cytosol and transported to the amyloplast for
posttranslational modification (83). This model may explain the existence of the multiple isoforms
and the molecular weight heterogeneity of group 5 allergens isolated from pollen extracts. The
size of the starch granules (0.62.5 prm in diameter) and their sudden appearance in air samples
following rainfall is suggestive of a role in triggering asthmatic reactions. Ph1 p 5, has been shown
to possess ribonuclease activity and the homologous group 5 allergens from the other grass
species may be expected to possess this activity as well (84). lt is interesting to speculate on the
role of ribonuclease activity at the level of pollen-stigma interaction: Its release during hydration
and stigma contact might facilitate the reproductive responses of the stigma.

T-cell determinants have been localized on Lol p 5 and Ph1 p 5 allergens by generating
specific T cell lines or clones and measuring proliferative responses to a series of overlapping
group 5 synthetic peptides spanning the entire sequence of the molecule (45,46,85,86). T-cell
determinates were spread throughout the allergen molecule. Regions of high reactivity were
found in specific patients but they differed amon€i patients. Isoform-specific T cell epitopes
were also detected with Phl p 5a and Ph1 p 5b fragments. A HLA-DR ligand prediction
software (TEPITOPE) identified DR ligands within the Lol p 5a sequence that proved to be
novel T-cell epitopes (87). Most of these ligands were clustered at the C-terminal part of a
repeated 32-amino acid sequence motif, whicir occupies about 50"/o of the Lol p 5 sequence. A
similar structural organization is shared by other group 5 allergens suggesting that this
repeated motif may be a molecular signature of group 5 allergens. The observed diversity of
the human T-cell response and specificity shown by individual patient responses suggest that
immunotherapy with allergen peptides is not feasible.

Group 6 Ant igens
The group 6 allergens from timothy grass pollen, Ph1 p 6, are polypeptides (MW :72-73kDa,
pI = 5.2-5.5) towarrd which a majority of timothy grass poilen-sensitive subjects react (88,89).
The group 6 allergens have so far been detected only in timothy pollen extracts. Ph1 p 6 is a
pollen-specific protein localized on the polysaccharide-containing wall-precursor bodies or
P-particles (88). The amino acid sequence deduced from the cDNA sequence revealed no
cysteines and one potential glycosylation site, although no carbohydrate structures were detected
(89). The N-terminal sequence of Ph1 p 6 is highly homologous to internal Ph1 p 5 sequences and
epitope mapping studies with rPhl p 6 fragments indicated that the N-terminus of the molecule is
required for IgE recognition. Secluence analysis of a cDNA encoding the complete Ph1 p 6
allergen provides evidence for an independent gene family arising from gene duplication.
Comparison of the complete Ph1 p 6 and Ph1 p 5 sequences showed only a 55% to 60% match
even though the N- and C-termini of Ph1 p 6 showed about a95% similarity to tl-re internal Ph1 p
5 protein sequence. Both unique and sl"rared epitopes have been identified on Ph1 p 5 and 6
allergens using antibodies raised against Ph1 p 5 and Ph1 p 6, and allergenic crossreactivity has
been detected by immunoadsorption studies (90). Epitope mapping studies with rPhl p 6
fragments indicated that the N-terminus of the molecule is required for IgE recognition.

Group 7 Ant igens
The group 7 allergens (MW : B-72 kDa) from Bermuda (Cyn d 7) and Timothy Éyass pollen
(Ph1 p 7) were identified and isolated from a cDNA expression library using serum IgE from a
grass-allergic individuals (91,92). The group 7 allergens belong to a family of Ca'*-binding
proteins, characterízed by the presence of two potential EF-hand calcium-binding domains
(93). Approximately 35% of grass pollen-allergic subjects possessed IgE antibodies toward the
recombinant Cyn d 7. In addition, approximately 70% of pollen-allergic patients possessed IgE
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homologous but, profilins from unrelated sources are much more variable and typically are

less thai 50% homoiogous (104,105). Allergic patients with multiple pollen and-plant-derived

food sensitizations freluentty possess IgE antibodies toward profilin. Evidence for both cross-

reactive and unique Igf-Uinding epitopes exist and potential conformational epitopes have

been predicted by stiuctural analyr"r (106). However, the clinical relevance of the cross-

reacting or species-specific IgE antibodies could not be established (107).

Group 13  Ant igens
The group 13 aliergens (MW : 50-ó0 kDa, pI : 6.01.5) have similar molecular weights to the

grorí group 4 alteigens and are difficult to distinguish by one-dimensional SDS-PAGE. This

Ind tló finding thai group 13 ailer€lens are highly susceptible to_groteo]ytic degradation may

explain why tÉey *ér" not identified earlier. Approximately 42oh to 75% of grass-sensitive

sutjects poér"r, ÍgE antibodies to the group 13 ailergens and allergenic proteinslomologous

to tíre plit p 13 hive been detected in àtt grass polien extracts examined to date. The deduced

amino acid sequence from the cloned coùR of Ph1 p 13, consrsting of 394 residues, indicated

homology with pollen-specific polygalacturonases (108,109). IgE-binding epitopes have been

*upp"iio the làss-conserved regions of the C-terminus of the molecule and cross-reactivity

wai ìestricted to polygalacturonaies from grass pollens. The carbohydrate moiety of Phl p 13

has been shown tà ciois-link IgE receptors ón baéophils and induce mediator release (23). This

has been attributed to the p."r"t-t." of multiple N-glycan epitopes on tl're molecule. In contrast,
phl p 1, which has at ,lroit a single N-glyiosylaiion site, bound IgE antibodies but did not

cause mediator release. phl p 13 Íras bee; loóahzed on submicronic particles released from

hydrated timothy pollen grains and like Phl p 5, may be considered as environmental markers

for grass pollen exposure (110,111).

Group 22 and 24 Antigens
The group 22 (enolase)ind group 24 (PR-l) antigens were identified in Bermuda grass pollen

extract .,ilt-,g a proteomic approàch combining two-dimensional electrophoretic separations,

immunoblot"ting, MALDI-M^S, f-C-frrfSZMS, and bioinformatics to identify these novel pollen

allergens (112). Both proteins have been purified from whole Bermuda grass pollen extracts

and lhown to possess allergenic activity on the basis of histamine release or skin test responses

in allergic pati,ents. Cyn d lq it u glycoprotein (MW : 7927 kDa, pI : 5.9) structurally similar

to the ifo"t pathogenesis-related protéins (PR-1). Sequence identity ranged from 45.% to 50%

with piì-1s fiom birley, wheat, ,iurt", and rice (113). The carbohydrate moiety, which makes

up about 6% of the totil weight of the glycoprotein resembles the structure possessed by Cyn d

4 (8G60): An L-fucose a-(l,Ó-linked tó an ill-acetyl glucosamine without xylose linked to the

branching mannose. As with Cyn d 4, there is evidence that the carbohydrate moiety is

involved with IgE binding.

GRASS POLLEN ALLERGEN CROSS.REACTIVITY

Grass-allergic subjects almost always display multiple gra_ss pollen sensitivities. Because many

grass speciès coexist in the same góog.upnical area, simultaneous sensitization to pollen from

írultipie grass species is expecteé. Vari,ous approaches have been used to investigate grass

pollen aliergen cross-reactivities and most òi these studies support the_hypothesis that

iensitization to one grass pollen species leads to multiple pollen sensitivities' RAST and ELISA

inhibition assays hàve ròvealed extensive allergenii cròss-reactivity among taxonomically

related grasses (114). Much data have been generated using whole pollen extracts.but more

precise information about cross-reactivity, i.e. re-lative affinity, can only be obtained by using

individual specific allergens. Structural éetails of homologou: grass pollen allergens may also

reveal potential cross-reactive epitopes (115,116). These studies may be on the basis of the

primary amino acid sequence dita or on more sophisticated 3-dimensional structural data of

surface exposed residues.
The pattern of allergenic cross-reactivity among the pollen species follows closely their

taxonomii relationships Fig. +1. All studies found the highest degree of allerg_enic cross-

reactivity among pollàn extiacts derived from grasses of the same subfamily. Martin et al.

(777),.rrir-,g a human serum pool from allergic North American subjects with pollen extracts
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profilins may explain the reports of coincident oral allergies to fruits and vegetables eaten by
grass-allergic subje cts (702,722,723) as well as allergenic cross-reactivities occasionally detected
between unrelated pollen. The group 4 and group 7 allergens may also be useful diagnostic
markers to identify patients with muitiple sensitizations caused by cross-reactivity. For
example, grass group 4-related proteins have been identified in unrelated plant foods
including peanut, apple, celery, and carrot root as well as mugwort and birch pollen.
Approximately 20o/o of polysensitized individuals possess IgE antibodies toward calcium-
binding pollen proteins. Among the calcium-bincling proteins, Ph1 p 7 contained most of the
relevant IgE epitopes in the population studied and may be a useful molecule for detecting
sensitization to this group of cross-reactive pollen allergens.

Cross-reactive carbohydrate determinants of grass pollen allergens have also been
implicated in serological cross-reactions amorìg a variety of pollen and vegetable foods (124-126).
The 0(1-2)-xylose- and u(1-3)-fucose-containing glycans on glycoproteins from several plants,
mollusks, and insects have been shown to be highly cross-reactive. The clinical significance of
anti-carbohydrate IgE antibodies has not been established and the role of CCD in allergic
sensitization remains to be explored. In this regard, the grass group 11 allergens, Cyn d 4 (8G60),
and Cyn d 24 may present a unique opportunity to investigate the role of both carbohydrate and
peptide epitopes in allergenic cross-reactivity among glycoproteins from related and unreiated
sources. The presence of conserved amino acids and cysteine positions in the primary strucfure of
Lol p 11 suggests homology with pollen glycoproteins from maize, rice, tomato, olive tree, and
privet.

Since grass pollen immunotherapy was pioneered by Freeman and Noon (127) almost a
century ago, the specificity of grass immunotherapy has been questioned. Freeman advocated
the use of only extracts/vaccines from timothy grass pollen for the diagnosis and treatment of
grass allergy in Great Britain as did Cooke and Vander Veer (128) in the United States.
Le;rvengood et al. (729) selected a group of patients showing multiple sensitivities to pooid,
panicoid, and chloridoid grasses and treated them with vaccines prepared only from timothy
and Bermuda grass pollen. The treatment significantly reduced the skin test responses to all of
the grass pollen, suggesting that treatment with the two grass pollen vaccines may be sufficient
for effective treatment in these grass-allergic patients. The current practice parameters for
allergen immunotherapy established by both the American Academy of Allergy Asthma and
Immunology and the American College of Allergy Asthma and Immunology specifically states
that information regarding allergen cross-reactivity should be used in the selection of relevant
allergens for immunotherapy because limiting the number of allergens in a treatment vial rnay
be necessary to attain optimal therapeutic doses for the individual patient (130). The molecular
and clinical evidence for cross-reactivity among grass pollen allergens supports the premise
that effective diagnosis and immunotherapy can be accomplished with a limited number of
grass pollen extracts/vaccines. The use of representative extracts/vaccines from the major
grass subfamilies appears to be a reliable strategy, and the selection of the species should be
based on their prevalence. For example, timothy grass (or anv of the pooids), Bermuda grass
and Johnson grass, which represent the three major allergenic grass subfamilies should be
sufficient for clinical practice.

CONCLUSION

Grasses are ubiquitous and their pollens are important aeroallergens in mclst parts of the
world. Only a few grass species have been positively identified as important sources of
allergens, but less conspicuous grass species may add to the aeroallergen load due to their
cross-reactivity. The degree of allergenic cross-reactivity tends to correlate with their
taxonomic grouping and the treatment of grass allergy with vaccines derived from
representative species have been shown to be efficacious. Cross-reactivities between homol-
ogous proteins from different grass species and their clinical relevance have long been
established. There is evidence of cross-reactivities between grass poilen allergens and proteins
derived from diverse plant sources including other pollen, fruits, and vegetables. Clinical
investigations to establish the relevance of such cross-reactivities are still needed.

New immunochemical and molecular biological approaches to the study of grass pollen
allergens have greatly increased the knowledge about this important group of pollen allergens.
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