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Subtropical grass pollen allergens are
important for allergic respiratory diseases
in subtropical regions
Janet Mary Davies1*, Hongzhuo Li1, Melissa Green1,2, Michelle Towers1,2 and John Warrick Upham1,2

Abstract

Background: Grass pollen allergens are a major cause of allergic respiratory disease but traditionally prescribing

practice for grass pollen allergen-specific immunotherapy has favoured pollen extracts of temperate grasses. Here

we aim to compare allergy to subtropical and temperate grass pollens in patients with allergic rhinitis from a

subtropical region of Australia.

Methods: Sensitization to pollen extracts of the subtropical Bahia grass (Paspalum notatum), Johnson grass

(Sorghum halepense) and Bermuda grass (Cynodon dactylon) as well as the temperate Ryegrass (Lolium perenne)

were measured by skin prick in 233 subjects from Brisbane. Grass pollen-specific IgE reactivity was tested by ELISA

and cross-inhibition ELISA.

Results: Patients with grass pollen allergy from a subtropical region showed higher skin prick diameters with

subtropical Bahia grass and Bermuda grass pollens than with Johnson grass and Ryegrass pollens. IgE reactivity was

higher with pollen of Bahia grass than Bermuda grass, Johnson grass and Ryegrass. Patients showed asymmetric

cross-inhibition of IgE reactivity with subtropical grass pollens that was not blocked by temperate grass pollen

allergens indicating the presence of species-specific IgE binding sites of subtropical grass pollen allergens that are

not represented in temperate grass pollens.

Conclusions: Subtropical grass pollens are more important allergen sources than temperate grass pollens for

patients from a subtropical region. Targeting allergen-specific immunotherapy to subtropical grass pollen allergens

in patients with allergic rhinitis in subtropical regions could improve treatment efficacy thereby reducing the

burden of allergic rhinitis and asthma.
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Background

Grass pollens are amongst the most frequently recog-

nised aeroallergens worldwide [1,2]. Allergic rhinitis is

an important health problem causing itching, fatigue,

decrease in quality of life, reduced productivity and

complications such as sleep apnoea and sinusitis [3].

Allergic rhinitis poses a significant ongoing health bur-

den per se but it carries additional adverse consequences

such as increasing the risk of developing asthma and

being associated with poor asthma control [4]. Recent

studies have established an association between hospital

admissions for asthma and airborne grass pollen allergen

levels [5] as well as a causal relationship between grass

pollen challenge and asthma exacerbation [6]. Further-

more, epidemics of thunderstorm-induced asthma due

to grass pollen allergy have been well documented in

Australia and elsewhere [7-11]. The most recent epi-

demic that occurred in November 2010 in Melbourne

Australia, followed days with extremely high grass pollen

counts and affected people without a previous history of

asthma [7].

Despite the clinical importance of grass pollen allergy

in allergic respiratory diseases, it has not been established
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which of the grass pollens are most relevant to Australian

environments, with the exception of Ryegrass (Lolium

perenne) which is the major clinically relevant allergenic

grass pollen in temperate regions of Australia [12,13].

The subtropical climate throughout parts of Queensland

supports a wider range of grasses than some other

regions with predominance of many species of subtropi-

cal grasses from several botanical subfamilies of Poaceae

grasses (Figure 1). Environmental surveys on grass distri-

bution in Queensland in the 1960s indicated that Bahia

grass (Paspalum notatum), Johnson grass (Sorghum hale-

pense) and Bermuda grass (Cynodon dactylon) were

among the most abundantly observed grasses [14],

although Ryegrass is also observed in south east Queens-

land[15]. Aerobiological pollen sampling conducted in

Brisbane in 1990s showed that grass pollens contribute

the major part (65%) of airborne pollen load [16]. The

environmental distribution of subtropical grasses is likely

to spread with climatic increases in temperature and car-

bon dioxide levels, escalating the importance of their con-

tribution to allergic respiratory diseases in future [17].

However, there is very little clinical data on allergic sensi-

tization to grass pollens in patients with allergic rhinitis

in subtropical regions. Such information is likely to be

valuable for optimal use of allergen specific immunother-

apy in Australia as well as other warmer regions of the

world, including the southern states of America where

these types of subtropical grasses are also important aller-

gen sources [18,19].

Here we examine allergic sensitization by skin prick test-

ing and assess IgE reactivity in subjects from Brisbane to a

panel of subtropical grass pollens from separate botanical

subfamilies; Bahia, Johnson and Bermuda grasses, in com-

parison with pollen of the temperate Ryegrass. The relative

strength of IgE reactivity with the different grass pollen

allergens and presence of species-specific IgE reactivity

with subtropical grass pollen allergens are examined.

Methods

Study participants

Two hundred and thirty three participants were

recruited consecutively from amongst laboratory and

healthcare workers or patients who were living in

the Brisbane region presenting to an Immunology or

Respiratory clinic at the Princess Alexandra Hospital.

Written informed consent was obtained from each parti-

cipant; the study was approved by the Metro South

Human Research Ethics Committee. Symptoms of aller-

gies and asthma were recorded and participants were

assessed for allergic sensitivity by skin prick testing and

ELISA with a panel of common aeroallergens including

pollen extracts of Bahia grass, Johnson grass, Bermuda

grass or Ryegrass. Subjects were assigned to the grass

pollen allergic group based on clinical history of allergic

rhinitis and SPT to any grass pollen extract, the other

allergy group based on clinical history of allergy and

SPT response to allergens other than grass pollen, or

the non-atopic group for those without clinical history

of allergy and negative SPT (Figure 2). Plasma and sera

were obtained from study participants by venepuncture.

Skin prick tests

Skin prick testing were performed according to the

guidelines of the Australian Society for Clinical Immu-

nology and Allergy [20]. Briefly, droplets of commer-

cially supplied allergen extracts (Holister Steir, Spokane,

WA, USA) that were registered by the Therapeutic

Goods Authority and widely used in standard clinical

practice in Australia, were placed on inside forearm and

the skin was superficially pricked with a lancet (ALK-

Abello, Horsholm, Denmark). Reactions were measured

at 15 min post prick. Patients were requested to with-

draw anti-histamine medication for four days prior to

testing. Histamine and saline solutions were used as

positive and negative controls respectively. Wheals equal

or greater than 3 mm in average diameter were consid-

ered positive. The allergen extracts included Bermuda

(standardized at 10,000 BAU/ml), Ryegrass (standardized

at 10,000 BAU/ml), Bahia (1/10 weight/volume), John-

son (1/10 weight/volume) and Southern grass mix (Ken-

tucky Bluegrass Poa pratensis, Orchard Dactylis

glomerata, Redtop Agrostis gigantea, Timothy Phleum

pratense, Sweet Vernal Anthoxanthum odoratum,

Chloridoideae

Poaceae

Cynodon dactylon

(Bermuda)

Paspalum notatum 

(Bahia)

Zea mays

(maize)

Panicoideae

Panicoidae

Pooideae

family

Sorghum halepense

(Johnson)

Lolium perenne

(Ryegrass)

Phalaris aquatica

(Canary)

Phleum pratense

(Timothy)

Aveneae

Andropogonodae

Poodae

Figure 1 Phylogenetic tree of Poaceae grasses with allergenic

pollens. Subfamily levels are underlined and clinically relevant

species whose pollen investigated herein are coloured.
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Bermuda, Johnson at 1/10 volume/volume) grass pollen

extracts, house dust mites (Dermataphagoides pteryni-

sius, standardized at 30,000 AU/ml), cat hair (standar-

dized at 10,000 AU/ml), moulds (Apergillus fumigates 1/

10 weight/volume, and Alternaria tenuis 111.33 Units/

ml of Ant. E.), and Ragweed pollen (Giant, Short and

Western mixture, 1/20 weight/volume).

Allergen extracts

Proteins from non-defatted pollen grains of Ryegrass,

Bahia, Timothy, Johnson and Bermuda grasses (Greer

Laboratories, Lenoir NC, USA) were extracted in phos-

phate buffered saline with complete protease inhibitor

cocktail (Roche Diagnostics, Basel, Switzerland) for

three hours on a rotating wheel at 4°C and clarified as

Subjects consecutively 

recruited in Brisbane

n = 233 

Non-atopic group

No history of allergy 

symptoms

Negative SPT to 

common aeroallergens

n = 77 

Grass pollen 

allergic group

History of allergic 

rhinitis, positive 

grass pollen SPT

n = 76

Other allergies group

History of allergic rhinitis

Positive SPT to allergens 

other than grass pollen

n = 80 

Tested by Tested by Tested by 

ELISA

n = 55

Recall of subset of subjects 

grown up in Brisbane, 

IgE cross-reactivity studies

n = 5

ELISA

n = 70

ELISA

n = 50

Figure 2 Inclusion of participants to subject groups. The number recruited to the grass pollen allergic group, other allergies group, or the

non-atopic group based on clinical history and skin prick test (SPT) are given. The number in each group from whom plasma was available for

IgE testing is given in the next level. A subset of grass pollen-allergic subjects were recalled for IgE cross-reactivity studies.
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previously described [21]. Raw peanut (Arachis hypogaea

extract) was prepared as a control allergen [22].

ELISA

Plasma samples diluted 1/10 were tested by ELISA with

microtiter plate wells coated with 5 μg/ml of whole

grass pollen extract as described previously [23]. Inhibi-

tion ELISA assays were conducted for individual sera

diluted to a concentration within the linear phase of

titration curves of IgE reactivity with grass pollen

extracts giving approximately 1 Optical Density units

(OD). Reciprocal cross-inhibition ELISA were performed

to test the capacity of various pollen extracts or crude

peanut extract to block serum IgE reactivity with each

of the four grass pollen extracts from Ryegrass, Bahia,

Johnson and Bermuda grasses as previously described

[23]. Briefly, inhibitor allergen extracts including Rye-

grass, Bahia, Johnson, Bermuda and Timothy grass pol-

lens, or peanut extract control, (0.05 to 50 μg/mL) were

pre-incubated with diluted sera for 90 min prior to addi-

tion in triplicate to antigen-coated and blocked microti-

ter plate wells.

Statistics

Data was assessed for normality by Kolmogorov-Smir-

nov test and assessed for differences by Friedman’s

ANOVA with Dunn’s multiple comparison tests. P

values less than 0.05 (*), < 0.01 (**), or < 0.001 (***)

were considered significant. Correlations of SPT and IgE

reactivity between different grass pollens were deter-

mined by Spearman’s rank test for paired data.

Results

Allergic sensitivity to different grass pollens assessed by

skin prick test

Participants were recruited from amongst patients pre-

senting to an Immunology or Respiratory clinic at a

major public hospital in Brisbane, as well as amongst

healthcare and laboratory workers. Seventy seven parti-

cipants were skin prick test (SPT) negative to all aeroal-

lergens tested. Eighty subjects were SPT positive to

allergens other than grass pollens with house dust mite

being the most frequently recognized allergen. Seventy

six of the 233 participants assessed by skin prick tests

showed positive reactions to at least one grass pollen

extract (Ryegrass, Bahia, Johnson, Bermuda or Southern

grass mix). There were 48 grass pollen-allergic subjects

for whom SPT data was available for each of Ryegrass,

Bahia, Johnson and Bermuda grass pollens. Of these 48

subjects there were eight (16%) who only showed posi-

tive SPT to subtropical grasses, whereas three (6%)

showed a positive SPT to Ryegrass pollen only.

SPT wheals were significantly larger with Bahia and

Bermuda grass pollens than with Ryegrass pollen (Figure

3). Interestingly, although Johnson grass is also a subtro-

pical grass of the Panicoideae subfamily, SPT wheals in

response to Johnson grass pollen were smaller than with

Bahia grass pollen (Figure 3).

There were significant correlations in allergic sensitiv-

ity between each of the grass pollens (Table 1). The

strongest correlation was between Bahia and Johnson

grass pollens (r = 0.841, 95% confidence intervals (CI) of

0.729-0.909) whereas the weakest correlation was

between Ryegrass and Bermuda grass pollens (r = 0.516,

CI 0.263-0.702).

Plasma IgE reactivity with different grass pollen extracts

IgE reactivity with each of the grass pollens was tested

by ELISA in 175 subjects for whom plasma was avail-

able. The IgE reactivity of the 70 SPT-negative, non-ato-

pic donors was used to define the normal range.

Concentrations greater than three standard deviations

above the mean IgE reactivity of normal subjects were

considered positive; these cut off values were as follows

- Bahia grass (0.190 OD; Johnson grass (0.163 OD), Ber-

muda grass (0.129 OD) and Ryegrass (0.187 OD). Using

this definition, of 50 subjects with allergies other than

grass pollen, there were one, two, two and four subjects

who tested positive for IgE reactivity with Bermuda,

Johnson, Bahia and Ryegrass pollen, respectively. Forty

five of 55 (81%) of grass pollen-allergic subjects with

positive SPT to any grass pollen showed IgE reactivity

with at least one of the four grass pollens by ELISA.

There were ten subjects (18%) who only showed IgE

reactivity with subtropical grass pollens whereas only

four (7%) subjects showed IgE reactivity with Ryegrass

pollen only. Mostly, subjects showed IgE reactivity with

more than one grass pollen but there were differences

in the levels of IgE reactivity.

The IgE reactivity of the grass pollen-allergic donors

was higher with Bahia grass pollens than with Johnson

and Ryegrass pollens (Figure 4). IgE reactivity with

Bahia grass pollen was significantly higher than with

Bermuda grass pollen (Figure 4).

Plasma IgE reactivity with each of the grass pollens

were well correlated amongst the grass pollens (Table

2). However, the correlation between Bahia and Johnson

grass pollens (r = 0.884, CI 0.806-0.932) was higher than

between Ryegrass and Bermuda grass pollens (r = 0.641,

CI 0.446-0.778).

Species-specific serum IgE reactivity with subtropical

grass pollens

Reciprocal cross-inhibition assays were performed in a

subset of subjects known to have grown up in the Bris-

bane area and who would represent patients primarily

exposed to subtropical grass pollens, in order to com-

pare the strength of IgE reactivity with subtropical
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versus temperate grass pollen allergens (Figure 5). The

relative avidity of interaction between serum IgE and a

particular grass pollen is indicated by the maximum

level of inhibition achieved with 10 fold excess of pollen

inhibitor in solution over solid-phase pollen allergen, as

well as the concentration of pollen inhibitor required to

block 50% (IC50) of IgE reactivity. Mostly, IgE reactivity

with Bermuda grass pollen was only blocked effectively

by Bermuda grass pollen whilst pollen of the Bahia and

Ryegrass pollens, failed to reach 50% inhibition indicat-

ing the presence of unique IgE binding sites on Ber-

muda grass pollen allergens. In contrast, IgE reactivity

with Ryegrass pollen, in most subjects, was inhibited by

other grass pollens to a comparable level as Ryegrass
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Figure 3 Allergic sensitization to different grass pollen extracts. A. Average skin prick test diameters for subtropical Bahia, Johnson and

Bermuda grass pollens and temperate Ryegrass pollen. Box and whisker plots show median, interquartile range, 10th and 90th percentiles and

minimal and maximal individual values for data from 48 grass pollen allergic donors from Brisbane. Significant differences by Friedman ANOVA

and Dunn’s multiple comparison test. B and C. Pairwise data for individual patient sensitivity comparing either Bahia or Bermuda grass pollen

with Ryegrass pollen.

Table 1 Correlation between skin prick reactivity with

grass pollens in subjects with grass pollen allergy in

Brisbane

Johnson Bahia Bermuda Ryegrass

Johnson 1.0

Bahia 0.841
(0.729-0.909)

1.0

Bermuda 0.825
(0.704-0.900)

0.779
(0.639-0.870)

1.0

Ryegrass 0.687
(0.494-0.816)

0.717
(0.538-0.835)

0.516
(0.263-0.702)

1.0

Spearman’s r with 95% confidence intervals shown in brackets. All correlations

were significant (p < 0.0001) based on Gaussian approximations.
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pollen, indicating a lack of specific IgE to unique

epitopes of Ryegrass pollen allergen. For sera 188 and

56, Bermuda grass pollen had lower capacity to inhibit

IgE reactivity with Ryegrass pollen than the other grass

pollens indicating low avidity IgE binding to epitopes of

Ryegrass pollen allergens or difference in allergen com-

position between Ryegrass and Bermuda grass pollen. In

all the subjects, IgE reactivity with Bahia and Johnson

grass pollens showed higher maximal inhibition by

Bahia and Johnson grass pollens than by the other grass

pollens, indicating species-specific IgE reactivity with

these subtropical grass pollens. There was partial inhibi-

tion of IgE reactivity with Bahia grass pollen by Ryegrass

and Timothy grass pollen in most subjects (except 104),

but with lower maximal inhibition and 100 to 1000 fold

higher concentrations of inhibitor required to yield 50%

inhibition (IC50), indicating less avid IgE binding to

temperate grass pollens. Notably, the two pairs of pol-

lens from the one botanical subfamily mostly showed

similar cross-inhibition capacity as each other with

almost identical inhibition curves for Ryegrass and

Timothy grass pollens. However, in sera of three sub-

jects, 56, 110 and 104, Johnson grass pollen did not

inhibit IgE reactivity with the other grass pollens to the

same extent as Bahia grass pollen.

Discussion
Hitherto grass pollen allergy has been primarily studied

in subjects living in regions with temperate climates

such as parts of Europe and North America where

Timothy grass pollen is the predominant clinically

important grass pollen. Ryegrass pollen has been consid-

ered to be the most clinically important grass pollen

allergen in Australia [12,13]. However, subtropical grass

pollens also make a contribution as significant sources

of grass pollen allergen in Australia [21,24,25]. This is

the first study to undertake a detailed comparison of

allergic sensitization to grass pollen allergens in patients

from a subtropical region. A strength of the study is

that it examined pollens sourced from both Panicoideae

and Chloridoideae subfamilies of subtropical grasses.

The outcomes of this investigation provide evidence

that patients recruited from a subtropical region of Bris-

bane show significantly higher skin prick test and

plasma IgE reactivity with subtropical grass pollens than

Ryegrass pollen and the presence of unique epitopes in

subtropical grass pollens recognised by serum IgE.

Here we show marked differences in the relative avid-

ity of IgE binding between different grass pollens in

dose responsive four-way reciprocal cross-inhibition

experiments. Other studies of patients from temperate

regions focused on inhibition of IgE reactivity with

Timothy grass pollen extract or its allergenic compo-

nents with an excess of pollen inhibitor and reported

maximal inhibition capacity but not relative avidity as

revealed by decreasing doses of pollen inhibitor [26,27].

Pooled sera from volunteers in the armed forces in the

US, of unknown origin, revealed asymmetric cross-reac-

tivity and unique allergenicity of Bahia and Bermuda

grass pollen [27]. In keeping with this, our data from

individual patients from a subtropical region showed

higher avidity of serum IgE reactivity with Bahia, John-

son, Bermuda grass pollens than with Ryegrass pollen.

The inability of temperate Ryegrass and Timothy grass

pollens, to fully inhibit IgE reactivity with pollen of sub-

tropical species, Bahia, Johnson and Bermuda grasses,

confirms the presence of unique epitopes in subtropical
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Figure 4 Plasma IgE reactivity with pollen of subtropical Bahia,

Johnson and Bermuda grasses and temperate Ryegrass pollen.

Box and whisker plots show median, interquartile range, 10th and

90th percentiles and minimal and maximal individual values for data

from 55 grass pollen allergic donors from Brisbane. Significant

differences by Friedman ANOVA and Dunn’s multiple comparison

test. Data on IgE reactivity with Bahia and Ryegrass pollen for 47 of

these subjects were published in ref 21.

Table 2 Correlation between plasma IgE reactivity with

grass pollens in subjects with grass pollen allergy in

Brisbane

Johnson Bahia Bermuda Ryegrass

Johnson 1.0

Bahia 0.884
(0.806-0.932)

1.0

Bermuda 0.854
(0.758-0.914)

0.805
(0.682-0.884)

1.0-

Ryegrass 0.815
(0.697-0.890)

0.766
(0.624-0.859)

0.641
(0.446-0.778)

1.0

Spearman’s r with 95% confidence intervals shown in brackets. All correlations

were significant (p < 0.0001) based on Gaussian approximations.
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Figure 5 Cross-inhibition ELISA of serum IgE reactivity with different grass pollen extracts. Serum numbers are given on the top right of

each row and the target grass pollen extract with botanical subfamilies are given for each column of graphs. Inhibitors were added to diluted

sera from 0.05 to 50 μg/ml (red triangle symbol, Bahia grass; orange inverted triangle symbol, Johnson grass, pink diamond symbol, Bermuda

grass, blue square symbol, Ryegrass, light blue circle symbol, Timothy grass and * Peanut extract; a non-grass pollen, allergen control). Data is

expressed as the percentage inhibition of uninhibited IgE reactivity with standard errors for three technical replicates shown. The relative avidity

of interaction between serum IgE and a target grass pollen is indicated by the maximum level of inhibition achieved with 10 fold excess of

pollen inhibitor in solution over target solid-phase pollen allergen, as well as the concentration of pollen inhibitor required to block 50% (IC50;

indicated dotted line) of IgE reactivity. Pooled data from four of these donors for inhibition of IgE reactivity with Bahia and Ryegrass pollen was

published in reference 21.
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grass pollen allergens that are not represented in pollen

allergens of the temperate grasses.

There were differences in the degree of correlation of

SPT sensitivity (Table 1) and plasma IgE reactivity

(Table 2) between Ryegrass and Bermuda grass pollen.

This is consistent with European studies showing that

specific IgE levels to Bermuda, Bahia and Johnson grass

pollens were not tightly correlated with IgE reactivity to

Timothy grass pollen as other temperate grass pollens

[28]. Data from another large panel of European sub-

jects showed markedly lower correlation of IgE reactivity

between Timothy and Bermuda grass pollens than

amongst the temperate grass species including Timothy

and Ryegrass [29]. This current study extends our earlier

work showing a trend for higher IgE reactivity with

Bahia grass pollen than Ryegrass pollen in 47 grass pol-

len-allergic subjects from Brisbane [23]. Here, with com-

parative data IgE reactivity with four grass pollens for 55

grass pollen allergic donors the observation of higher

IgE reactivity with Bahia grass pollen achieved statistical

significance.

There are known to be differences in allergen compo-

sition amongst grass pollens. Pollens of different species

of temperate grasses all contain several major allergen

families including group 1, 2, 4 and 5 whereas the sub-

tropical grass pollens lack the group 2 and 5 allergen

families [30]. There are substantial variations in the two

major Pooideae pollen allergens of group 1 and group 5,

even amongst five phylogenetically related temperate

grass species [26,31-34]. The variability between aller-

gens of more distantly related grass pollens of the

Chloridoideae and Panicoideae subfamilies, and allergens

of the Pooideae temperate grass subfamily are conse-

quently likely to be substantially greater. For example

similarity amongst group 1 allergens of temperate grass

pollens is higher than between subtropical and tempe-

rate grass pollen allergens; Lol p 1 of Ryegrass and Phl

p 1 of Timothy grass share from 86-88% amino acid

identity, depending on the isoforms of the allergens,

whereas the major group 1 allergen of Bahia grass pol-

len, Pas n 1, has only 66 and 64% amino acid identity

with Lol p 1 or Phl p 1, respectively [33,35]. It is not

entirely unexpected then, that grass pollen-allergic sub-

jects from a subtropical region exhibit species-specific

IgE epitope recognition of subtropical grass pollens.

The difference in allergic sensitivity and allergen

recognition depends not only on biological differences

between the pollens but also upon the origin of the

patients investigated. Our observations with patients

from a subtropical region is in contrast to IgE reactivity

of patients from the temperate region city of Melbourne,

who showed substantially higher IgE reactivity with pol-

lens of Ryegrass compared with Bahia and Bermuda

grasses [23]. Similarly, the asymmetric cross-inhibition

data of Brisbane patients showed the opposite trend to

inhibition data from Melbourne subjects where IgE reac-

tivity with pollen of Bahia was fully blocked by Ryegrass

grass pollen but not vice versa [23]. Regional variation

in serological recognition of pollen allergens could be

attributable to differences in exposure to particular

grasses in diverse climatic regions, however data on the

environmental distribution of pollens from particular

grasses is lacking because of the inability to distinguish

different types of grass pollens in aerobiological samples

by current microscopy-based techniques. Although the

numbers of cross-inhibition experiments are small, the

data presented here nonetheless demonstrates that indi-

viduals produce IgE that recognise unique antigenic

determinants within particular grass pollen allergens

and this recognition appears to vary regionally. Regional

variation in IgE reactivity with grass pollen allergens has

been also been described in Europe [36]and North

America [18].

We also sought to compare the allergic sensitivity and

IgE reactivity amongst subtropical grass pollens. The

same heterogeneity evident within temperate grass pol-

len allergens discussed earlier might be expected for

pollen allergens of the subfamilies of subtropical grasses.

Indeed we observed Johnson grass pollen elicited lower

SPT and plasma IgE reactivity than Bahia grass pollen

as well as lower capacity to inhibit serum IgE reactivity

with other grass pollens, including Bahia grass pollen

suggesting that there may be allergenic differences

between these Panicoideae grass pollens. It is worth

considering that although both these grasses belong to

the one subfamily they align to different subtribes, Pani-

ceae for Bahia grass and Andropogoneae for Johnson

grass, which may explain why these grass pollens were

not interchangeable. A difference between Bahia and

Bermuda grass pollens was not evident by SPT but

Bahia grass pollen showed higher levels of IgE reactivity

than Bermuda grass pollen. We noted that Bermuda

grass pollen appeared to be more allergenically distinct

from Ryegrass than Bahia grass pollen since in three of

five donors IgE reactivity with Bermuda was only sub-

stantially inhibited by itself and it had only limited capa-

city to block IgE reactivity with Ryegrass, Johnson or

Bahia in some subjects. Also, SPT and plasma IgE reac-

tivity with Bermuda showed the least correlation with

Ryegrass suggesting greater allergenic differences

between Bermuda and Ryegrass pollens than between

Bahia and Ryegrass. However, further studies are war-

ranted to confirm this observation with a wider repre-

sentation of patients from subtropical regions.

The outcomes of this study are likely to impact upon the

clinical efficacy of grass pollen allergen-specific immu-

notherapy in patients from a subtropical region. Whilst for

many treatment for allergic rhinitis can be managed by
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allergen avoidance and pharmacotherapy, for others with

more severe disease, specific immunotherapy is indicated

[37]. Grass pollen allergen immunotherapy for prevention

of hay fever has been in clinical use for 100 years [38], and

provides relief from symptoms, limits the acquisition of

new allergic sensitivities, decreases cost of medication in

the long term and may reduce the risk of developing

asthma in older children [39,40]. However, many immu-

notherapy reagents, in particular the new generation of

allergy vaccine tablets for sublingual immunotherapy, are

based solely on temperate grass pollen allergens [41,42].

Given the species-specific pollen IgE reactivity observed

here, it is likely that tailoring of grass pollen immunother-

apy to subtropical grass pollen allergen vaccines would

improve treatment efficacy in patients primarily sensitized

to subtropical grass pollens such as Bahia and Bermuda

grasses.

Conclusions

Here we demonstrate higher SPT and IgE reactivity with

subtropical grass pollens than Ryegrass in patients from

a subtropical region. We also observed incomplete and

asymmetric cross-inhibition of serum IgE between sub-

tropical grass pollens and the Ryegrass pollen allergen in

patients with grass pollen allergy in Brisbane. Further

studies are warranted to assess difference in allergic sen-

sitization in other parts of Australia, including arid and

wet tropical regions where there are hotter climates and

subtropical grass pollens are likely to contribute to grass

pollen sensitization. It will be necessary in the longer

term to investigate whether differences observed here in

IgE recognition of subtropical and temperate grass pol-

len affect the efficacy of immunotherapy for patients pri-

marily sensitized to subtropical grass pollen allergens in

Australia and other regions with similar climates

Abbreviations

ELISA: Enzyme-linked immunosorbant assay; IC50: Inhibitor concentration

giving 50% inhibition; IgE: Immunoglobulin E; OD: Optical density units; SPT:

Skin prick test.

Acknowledgements

This work was funded by the Asthma Foundation of Queensland, the

Australian Society for Clinical Immunology and Allergy, The University of

Queensland and the National Health and Medical Research Council of

Australia. We thank Dr Tiffany Hughes, Dr William Smith, Dr Graham Solley,

Dr Daman Langguth, Assoc. Prof. Peter Smith, Dr Peter Bourke and Dr

Andrew Mclean-Tooke for helpful discussions and their support for this

project and future research.

Author details
1Lung and Allergy Research Centre, School of Medicine, The University of

Queensland, Princess Alexandra Hospital Clinical Division, Woolloongabba,

QLD 4076, Australia. 2Department of Respiratory Medicine, Princess

Alexandra Hospital, Woolloongabba, QLD 4102, Australia.

Authors’ contributions

JD was the senior author of this manuscript. JD designed the study,

analysed data, prepared and edited the manuscript. HZL performed the

ELISA experiments. MG and MT assisted with patient recruitment and skin

prick testing. JWU was involved with subject recruitment and provided

intellectual input to the study. All authors read and approved the final

manuscript.

Competing interests

JMD has received grants from the Asthma Foundation of Australia,

Australian Society for Clinical Immunology and Allergy, The University of

Queensland and the National Health and Medical Research Council of

Australia, has collaborations with Sullivan Nicolaides Pathology (Queensland)

and Phadia Pty Ltd (Uppsala, Sweden), and is an inventor on an Australian

and US patent on “Novel immunogenic molecules and uses thereof (Bahia

grass)”. JMD has also received consulting fees from Stallergenes Pty Ltd

(Antony, France) and has a collaborative research agreement with this

company. MT has received Honoraria from Novartis for asthma nurse

education presentations. JWU has been paid Honoraria from Astra Zeneca to

present updates on asthma at approved medical education events.

Received: 15 December 2011 Accepted: 5 March 2012

Published: 5 March 2012

References

1. Bauchau V, Durham SR: Prevalence and rate of diagnosis of allergic

rhinitis in Europe. Eur Respir J 2004, 24(5):758-764.

2. Scala E, Alessandri C, Bernardi ML, Ferrara R, Palazzo P, Pomponi D,

Quaratino D, Rasi C, Zaffiro A, Zennaro D, et al: Cross-sectional survey on

immunoglobulin E reactivity in 23 077 subjects using an allergenic

molecule-based microarray detection system. Clin Exp Allergy 2010,

40:911-921.

3. Walls RS, Heddle RJ, Tang ML, Basger BJ, Solley GO, Yeo GT: Optimising the

management of allergic rhinitis: an Australian perspective. Med J Aust

2005, 182(1):28-33.

4. Passalacqua G, Durham SR: Allergic rhinitis and its impact on asthma

update: allergen immunotherapy. J Allergy Clin Immunol 2007,

119(4):881-891.

5. Erbas B, Chang JH, Dharmage S, Ong EK, Hyndman R, Newbigin E,

Abramson M: Do levels of airborne grass pollen influence asthma

hospital admissions? Clin Exp Allergy 2007, 37(11):1641-1647.

6. Suphioglu C, Singh MB, Taylor P, Bellomo R, Holmes P, Puy R, Knox RB:

Mechanism of grass-pollen-induced asthma [see comments]. Lancet

1992, 339(8793):569-572.

7. Howden ML, McDonald CF, Sutherland MF: Thunderstorm asthma - a

timely reminder. Med J Aust 2011, 195(9):512-513.

8. Bellomo R, Gigliotti P, Treloar A, Holmes P, Suphioglu C, Singh MB, Knox B:

Two consecutive thunderstorm associated epidemics of asthma in the

city of Melbourne. The possible role of rye grass pollen Thunderstorm

asthma due to grass pollen. Med J Aust 1992, 156(12):834-837.

9. Marks GB, Colquhoun JR, Girgis ST, Koski MH, Treloar AB, Hansen P,

Downs SH, Car NG: Thunderstorm outflows preceding epidemics of

asthma during spring and summer. Thorax 2001, 56(6):468-471.

10. Newson R, Strachan D, Archibald E, Emberlin J, Hardaker P, Collier C: Acute

asthma epidemics, weather and pollen in England, 1987-1994. Eur Respir

J 1998, 11(3):694-701.

11. Huynh BT, Tual S, Turbelin C, Pelat C, Cecchi L, D’Amato G, Blanchon T,

Annesi-Maesano I: Short-term effects of airborne pollens on asthma

attacks as seen by general practitioners in the Greater Paris area, 2003-

2007. Prim Care Respir J 2010, 19(3):254-259.

12. Smart IJ, Knox B: Aerobiology of grass pollen in the city of Melbourne:

quantitative analysis of seasonal and diurnal changes. Aust J Botany 1979,

27:317-331.

13. Ong EK, Singh AB, Knox B: Grass pollen in the atmosphere of Melbourne:

seasonal distribution over nine years. Grana 1995, 34:58-63.

14. Moss JE: Airborne pollens in Brisbane. Aust J Bot 1965, 13:23-37.

15. Australian Virtual Herbarium. [http://www.rbg.vic.gov.au/].

16. Green BJ, Dettmann M, Yli-Panula E, Rutherford S, Simpson R: Atmospheric

Poaceae pollen frequencies and associations with meterological

parameters in Brisbane, Australia: a 5-year record, 1994-1999. Int J

Biometeriology 2004, 48:172-178.

17. Beggs PJ, Bennett CM: Climate change, aeroallergens, natural

particulates, and human health in Australia: state of the science and

policy. Asia Pac J Public Health 2011, 23(2 Suppl):46S-53S.

Davies et al. Clinical and Translational Allergy 2012, 2:4

http://www.ctajournal.com/content/2/1/4

Page 9 of 10

http://www.ncbi.nlm.nih.gov/pubmed/15516669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15516669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20214663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20214663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20214663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15651945?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15651945?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17418661?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17418661?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17877763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17877763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1347092?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22060077?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22060077?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1603007?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1603007?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1603007?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11359963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11359963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9596123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9596123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20532465?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20532465?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20532465?dopt=Abstract
http://www.rbg.vic.gov.au/
http://www.ncbi.nlm.nih.gov/pubmed/21242152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21242152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21242152?dopt=Abstract


18. White JF, Bernstein DI: Key pollen allergens in North America. Ann Allergy

Asthma Immunol 2003, 91(5):425-435, quiz 435-426, 492..

19. Phillips JW, Bucholtz GA, Fernandez-Caldas E, Bukantz SC, Lockey RF: Bahia

grass pollen, a significant aeroallergen: evidence for the lack of clinical

cross-reactivity with timothy grass pollen. Ann Allergy 1989, 63(6 Pt

1):503-507.

20. Skin prick testing for the diagnosis of allergic disease: a manual for

practitioners. Australian Society for Clinical Immunology and Allergy skin

prick testing working party. [http://www.allergy.org.au].

21. Davies JM, Bright ML, Rolland JM, O’Hehir RE: Bahia grass pollen specific

IgE is common in seasonal rhinitis patients but has limited cross-

reactivity with Ryegrass. Allergy 2005, 60(2):251-255.

22. de Leon MP, Glaspole IN, Drew AC, Rolland JM, O’Hehir RE, Suphioglu C:

Immunological analysis of allergenic cross-reactivity between peanut

and tree nuts. Clin Exp Allergy 2003, 33(9):1273-1280.

23. Davies JM, Dang TD, Voskamp A, Drew AC, Biondo M, Phung M,

Upham JW, Rolland JM, O’Hehir RE: Functional immunoglobulin E cross-

reactivity between Pas n 1 of Bahia grass pollen and other group 1

grass pollen allergens. Clin Exp Allergy 2011, 41(2):281-291.

24. Bass DJ, Delpech V, Beard J, Bass P, Walls RS: Late summer and fall (March-

May) pollen allergy and respiratory disease in Northern New South

Wales, Australia. Ann Allergy Asthma Immunol 2000, 85(5):374-381.

25. Eusebius NP, Papalia L, Suphioglu C, McLellan SC, Varney M, Rolland JM,

O’Hehir RE: Oligoclonal analysis of the atopic T cell response to the

group 1 allergen of Cynodon dactylon (bermuda grass) pollen: pre- and

post-allergen-specific immunotherapy. Int Arch Allergy Immunol 2002,

127(3):234-244.

26. Chabre H, Gouyon B, Huet A, Boran-Bodo V, Nony E, Hrabina M, Fenaille F,

Lautrette A, Bonvalet M, Maillere B, et al: Molecular variability of group 1

and 5 grass pollen allergens between Pooideae species: implications for

immunotherapy. Clin Exp Allergy 2010, 40(3):505-519.

27. Martin BG, Mansfield LE, Nelson HS: Cross-allergenicity among the grasses.

Ann Allergy 1985, 54(2):99-104.

28. Andersson K, Lidholm J: Characteristics and immunobiology of grass

pollen allergens. Int Arch Allergy Immunol 2003, 130(2):87-107.

29. Johansen N, Weber RW, Ipsen H, Barber D, Broge L, Hejl C: Extensive IgE

cross-reactivity towards the Pooideae grasses substantiated for a large

number of grass-pollen-sensitized subjects. Int Arch Allergy Immunol 2009,

150(4):325-334.

30. Suphioglu C: What are the important allergens in grass pollen that are

linked to human allergic disease? Clin Exp Allergy 2000, 30:1335-1341.

31. Suphioglu C, Blaher B, Rolland JM, McCluskey J, Schappi G, Kenrick J,

Singh MB, Knox RB: Molecular basis of IgE-recognition of Lol p 5, a major

allergen of rye-grass pollen. Mol Immunol 1998, 35(5):293-305.

32. Suphioglu C, Mawdsley D, Schappi G, Gruehn S, de Leon M, Rolland JM,

O’Hehir RE: Molecular cloning, expression and immunological

characterisation of Lol p 5 C, a novel allergen isoform of rye grass

pollen demonstrating high IgE reactivity. FEBS Lett 1999, 462(3):435-441.

33. Smith PM, Ong EK, Knox RB, Singh MB: Immunological relationships

among group I and group V allergens from grass pollen. Mol Immunol

1994, 31(6):491-498.

34. Dolecek C, Vrtala S, Laffer S, Steinberger P, Kraft D, Scheiner O, Valenta R:

Molecular characterization of Phl p II, a major timothy grass (Phleum

pratense) pollen allergen. FEBS Lett 1993, 335(3):299-304.

35. Davies JM, Mittag D, Dang TD, Symons K, Voskamp A, Rolland JM,

O’Hehir RE: Molecular cloning, expression and immunological

characterisation of Pas n 1, the major allergen of Bahia grass Paspalum

notatum pollen. Mol Immunol 2008, 46(2):286-293.

36. Barber D, de la Torre F, Lombardero M, Antepara I, Colas C, Davila I,

Tabar AI, Vidal C, Villalba M, Salcedo G, et al: Component-resolved

diagnosis of pollen allergy based on skin testing with profilin, polcalcin

and lipid transfer protein pan-allergens. Clin Exp Allergy 2009,

39(11):1764-1773.

37. Calderon M, Mosges R, Hellmich M, Demoly P: Towards evidence-based

medicine in specific grass pollen immunotherapy. Allergy 2010,

65(4):420-434.

38. Noon L: Prophylactic inoculation against hay fever. Lancet 1911,

i:1572-1573.

39. Calderon MA, Casale TB, Togias A, Bousquet J, Durham SR, Demoly P:

Allergen-specific immunotherapy for respiratory allergies: from meta-

analysis to registration and beyond. J Allergy Clin Immunol 2011,

127(1):30-38.

40. Jacobsen L, Niggemann B, Dreborg S, Ferdousi HA, Halken S, Host A,

Koivikko A, Norberg LA, Valovirta E, Wahn U, et al: Specific immunotherapy

has long-term preventive effect of seasonal and perennial asthma: 10-

year follow-up on the PAT study. Allergy 2007, 62(8):943-948.

41. Bufe A, Eberle P, Franke-Beckmann E, Funck J, Kimmig M, Klimek L,

Knecht R, Stephan V, Tholstrup B, Weisshaar C, et al: Safety and efficacy in

children of an SQ-standardized grass allergen tablet for sublingual

immunotherapy. J Allergy Clin Immunol 2009, 123(1):167-173, e167.

42. Didier A, Malling HJ, Worm M, Horak F, Jager S, Montagut A, Andre C, de

Beaumont O, Melac M: Optimal dose, efficacy, and safety of once-daily

sublingual immunotherapy with a 5-grass pollen tablet for seasonal

allergic rhinitis. J Allergy Clin Immunol 2007, 120(6):1338-1345.

doi:10.1186/2045-7022-2-4
Cite this article as: Davies et al.: Subtropical grass pollen allergens are
important for allergic respiratory diseases in subtropical regions. Clinical
and Translational Allergy 2012 2:4.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Davies et al. Clinical and Translational Allergy 2012, 2:4

http://www.ctajournal.com/content/2/1/4

Page 10 of 10

http://www.ncbi.nlm.nih.gov/pubmed/14692424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2596759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2596759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2596759?dopt=Abstract
http://www.allergy.org.au
http://www.ncbi.nlm.nih.gov/pubmed/15647049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15647049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15647049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12956750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12956750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21231976?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21231976?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21231976?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11101179?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11101179?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11101179?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11979049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11979049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11979049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19895591?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19895591?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19895591?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3970392?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12673063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12673063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19571564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19571564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19571564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10998006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10998006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9747889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9747889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10622741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10622741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10622741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7514270?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7514270?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8262175?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8262175?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18817975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18817975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18817975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19877313?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19877313?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19877313?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20028374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20028374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20965551?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20965551?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17620073?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17620073?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17620073?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19130937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19130937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19130937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17935764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17935764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17935764?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study participants
	Skin prick tests
	Allergen extracts
	ELISA
	Statistics

	Results
	Allergic sensitivity to different grass pollens assessed by skin prick test
	Plasma IgE reactivity with different grass pollen extracts
	Species-specific serum IgE reactivity with subtropical grass pollens

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

