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ABSTRACT

Purpose: Pollen from trees, grasses, and weeds is a common allergen source. The characteristics
of pollen allergy in China are obviously different from Europe. Most studies have focused on tree
and weed pollen, but there is a paucity of data on grass pollen sensitisation in China. Therefore, we
used component-resolved diagnostics to investigate the serum-specific immunoglobulin E (sIgE)
to grass pollen in Chinese patients with pollinosis.

Methods: We retrospectively analysed 547 patients with pollen allegy from an outpatient Allergy
Department in Beijing, China. All the patients answered questionnaires about their clinical allergy
histories. Total immunoglobulin E (IgE) and sIgE levels to grass pollen (Bermuda, Timothy grass)
were quantified by ImmunoCAP using 0.35 kUA/L as a threshold for positivity.

Results: Of the 547 pollinosis patients, 389 (71.1%) showed a positive sIgE reaction to either
grass pollen, or both. The prevalence of food allergy was significantly lower in patients with grass
pollen sensitisation. Among the 389 patients with grass pollen sensitisation, the prevalence of sIgE
to allergen extracts of bermuda, mugwort, ragweed, plane, hop, ash, birch, and timothy grass was
97%, 96%, 94%, 88%, 88%, 84%, 78%, and 78%, respectively. However, only 134/389 (34%) were
positive for Cyn d 1, 29/389 (7%) for Phl p 1, and 8/389 (2%) for Phl p 5b. For pollinosis patients,
62/547 (11%) were sIgE-positive for cross-reactive carbohydrate determinants (CCDs), and their
grass pollen-sIgE was also positive.

Conclusions: The prevalence of in vitro IgE sensitisation to grass pollen extract is high in Chinese
patients with pollinosis. But mostly spurious and characterized by IgE sensitisation to profilins and
CCD, induced by other pollen. Component-resolved diagnostics is an extremely useful tool precise
diagnostics of pollen allergy in China.
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INTRODUCTION

The prevalence of allergic diseases has
increased significantly over the last few decades
and has resulted in a high socioeconomic burden
worldwide.1,2 Pollen from trees, grasses, and
weeds is the most clinically important and
abundant allergen source, which can induce
allergic rhinitis, allergic conjunctivitis, and
bronchial asthma.3 Due to the cross-reactivity of
pollen and food allergens, patients with a pollen
allergy often display food allergy after consuming
fresh fruits, vegetables, or nuts, with clinical
symptoms like the oral allergy syndrome, urticaria,
angioedema, and anaphylaxis.4

Grass is ubiquitous throughout the world, with 3
common allergenic, pollen-producing grass sub-
families: the temperate Pooideae (eg, timothy
grass and ryegrass), subtropical Chloridoideae
(eg, bermuda grass) and Panicoideae (eg, bahia
grass) subfamilies.5 According to a systematic
review, unlike for tree and weed pollen, high
grass pollen levels were a necessary factor for
thunderstorm asthma events6 and mugwort was
also considered a contributing factor in
thunderstorm asthma attacks.7

In China, a study of seasonal and geographical
dispersal regularity of airborne pollens showed that
most regions only have 2 seasonal peaks of airborne
pollen: tree pollen in spring and weed pollen in
autumn.8 This finding has been substantiated by
other studies on pollen allergens that have shown
a high prevalence of tree pollen and weed
pollen.9–11 There was only 1 study that focused on
grass allergens in Guangdong, the largest
province of southern China; however, the study
showed a relatively low prevalence of allergy to
grass pollen.12 Nonetheless, there is a known
cross-reactivity of pollen allergens and many polli-
nosis patients often experience a multi-sensitisation
to diverse pollen allergens. In this study, we aimed
to investigate the serum-specific immunoglobulin E
(sIgE) of the grass pollen extracts and its compo-
nents in Chinese patients with pollen allergy.
MATERIAL AND METHODS

Study population

This was a retrospective study of pollinosis pa-
tients from the outpatient Allergy Department of
the Peking Union Medical College Hospital be-
tween January 2011 and August 2012. They were
diagnosed by an experienced allergist and
enrolled in the study. All the patients had
convincing clinical histories of allergic rhinitis,
allergic conjunctivitis, or bronchial asthma during
the pollen season in China and positive IgE tests
for at least one pollen allergen. A survey ques-
tionnaire on self-reported food allergy was
completed by patients or their parents/caregivers.
In total, 547 pollinosis patients signed written
informed consent forms before study enrolment.
This study was reviewed and approved by the
Ethical Committee of Peking Union Medical Col-
lege Hospital (No.PUMCH1103).

Blood sampling and storage

A 5 ml peripheral venous blood sample was
obtained from each participant, incubated at 18–
25 �C for 15 min, and centrifuged for 10 min at
4000 g. The serum supernatant was divided into
1.5 ml tubes and stored at �80 �C until further
analysis to reduce the number of freeze/thaw
cycles.

Total IgE and specific IgE testing

The total serum IgE and allergen-specific IgE
antibody levels were measured using the Immu-
noCAP system (Thermo Fisher Scientific, Uppsala,
Sweden). The allergen-specific IgE tests included
tests for tree pollens (birch [t3], juniper [t6], plane
[t11], ash [t15]), weed pollens (ragweed [w1],
mugwort [w6], kochia [w17], and hop [w22]), grass
pollens (bermuda [g2] and timothy grass
[g6]).Common pollen components, such as
pathogenesis-related protein group 10 [PR-10],
[Bet v 1], profilin [Bet v 2], polcalcin [Bet v 4], and
pectate lyase [Amb 1], defensin-like protein [Art v
1], non-specific lipid transfer proteins [nsLTP], [Art v
3], beta-expansins ([Phl p 1] and [Cyn d 1]), the
grass group 5 [Phl p 5b], and cross-reactive car-
bohydrate determinants (CCDs) MUXF3 were also
tested. Specific IgE values above the threshold of
0.35 kUA/L were considered positive.

Statistical analysis

SPSS 22.0 (IBM Corp., Armonk, NY, USA) and
Prism 8.0 (GraphPad, California, USA) was used to
analyse the data. Pearson’s Chi-square test was
used to compare the frequencies of the
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categorical variables. The Wilcoxon rank-sum test
was used to compare the specific IgE levels be-
tween the groups. Correlation analyses for para-
metric data were performed using Pearson’s Chi-
square tests, with the correlation coefficients
expressed as “r.” P-values <0.05 were statistically
significant.
RESULTS

Clinical characteristics of pollinosis patients

Five hundred and forty-seven pollinosis patients
were enrolled in this study (Table 1). Of these, 389
(71.1%) patients showed positive sIgE reactions to
grass pollen with 97% being bermuda sIgE-
positive and 78% being timothy grass sIgE-
positive. We found no differences in the de-
mographic data of pollinosis patients with and
without grass pollen sensitisation. The majority of
pollinosis patients (55.8%) had asthma and 14.1%
had drug allergies. Moreover, 270 of 547 (49.4%)
participants reported having had allergic reactions
to plant food and 54 (20%) had experienced food-
induced anaphylaxis at least once. A significant
higher proportion of patients without grass pollen
sensitisation experienced plant food allergy
compared to patients with grass pollen sensitisa-
tion, but the incidences of anaphylaxis were not
different between the 2 groups. In addition, the
total IgE levels of patients with grass pollen sensi-
tisation (median 332 kU/L; range 23.3–5000 kU/L)
were significantly higher than that of patients
without grass pollen sensitisation (median 209 kU/
L; range 27.3–2472 kU/L) (see Table 1).
Non-G

Female, n (%) 89 (56

Age, mean � SD 29.4 �
Asthma, n (%) 83 (52

Drug allergy, n (%) 20 (12

Plant food allergy, n (%) 93 (58

OAS, n (%) 77 (82

SR, n (%) 16 (17

Total IgE in kU/L, median (range) 209 (27.3

Table 1. Clinical and demographic characteristics of pollinosis patient
Specific IgE profiles to natural pollen allergens
and components

The serological analysis of specific IgE to natural
pollen allergens identified mugwort (468, 86%),
ragweed (425, 78%), ash (406, 74%), hop (400,
73%), birch (385, 70%), and plane (382, 70%) pol-
len as major sources of pollen allergy in Chinese
pollinosis patients. All of the grass pollen sensi-
tized patients were also sensitized to other pollen
species. The percentage of patients with a positive
sIgE to 8 common pollens in China were signifi-
cantly higher in patients with a grass pollen
sensitisation than in those without (Fig. 1A). The
dominant cosensitizer, mugwort (96%), followed
by ragweed (94%), plane (88%), hop (88%), ash
(84), birch (78%) sIgE-positive.

Among the 389 patients with grass pollen
sensitisation, the prevalence of IgE antibodies
specific to Cyn d 1, Phl p 1, and Phl p 5b was only
34%, 7%, and 2%, respectively (Fig. 1B). The
prevalence of other pollen components-sIgE was
higher in patients sensitized to grass pollen extract
compared with those without grass pollen sensiti-
sation. One hundred twenty-five patients with grass
pollen positive and Phl p 1/Cyn d 1 negative were
CCD positive and/or Bet 2/4 positive. In 302 birch
sIgE-positive patients with grass pollen sensitisa-
tion, only 125 (41%) patients had sIgE to Bet v 1.
However, 72 of 83 (87%) birch sIgE-positive pa-
tients without grass pollen sensitisation had sIgE to
Bet v 1, and only 8% had sIgE to Bet v 2.

About patients with plant food allergy, Bet v 1
was more prevalent among patients without grass
rass Grass P-value

.3%) 197 (50.6%) 0.257

14.9 28.4 � 14.3 0.477

.5%) 222 (57.1%) 0.334

.7%) 57 (14.7%) 0.590

.7%) 177 (45.5%) 0.005

.8%) 139 (78.5%) 0.429

.2%) 38 (21.5%) 0.429

–2472) 332 (23.3–5000) <0.001

. OAS, oral allergy syndrome; SR, systemic reaction; kU/L, kilo unit per litre



Bermuda Timothy Bermuda Timothy Cyn d 1 Phl p 1 Phl p 5b

SEN
(%)

SPE
(%)

SEN
(%)

SPE
(%)

SEN
(%)

SPE
(%)

SEN
(%)

SPE
(%)

SEN
(%)

SPE
(%)

SEN
(%)

SPE
(%)

SEN
(%) SPE (%)

Bermuda 100 100 82.8 93.9 Cyn d 1 61.4 87.6 67.3 86.1 Cyn d 1 100 100 70.0 86.5 62.5 77.0

Timothy 85.7 90.5 100 100 Phl p 1 64.3 67.5 70.0 64.8 Phl p 1 65.4 81.0 100 100 62.5 96.8

Birch 86.5 47.3 91.4 43.9 Phl p 5b 65.9 68.6 72.6 66,4 Phl p 5b 66.2 82.7 43.3 89.6 100 100

Sabina 84.4 62.13 88.8 66.4 Bet v 1 81.2 37.9 64.4 49.2 Bet v 1 80.1 48.9 36.7 61.7 75.0 49.2

Plane 80.4 88.8 80.50 80.7 Bet v 2 65.1 82.8 69.6 73.8 Bet v 2 69.9 56.2 56.7 57.6 75.0 68.5

Ash 70.4 74.6 63.7 86.1 Bet v 4 37.6 87.6 55.8 74.2 Bet v 4 74.3 68.1 20.0 91.7 37.5 96.8

Ragweed 92.6 68.6 79.9 79.5 Amb a 1 70.4 69.8 67.3 75.0 Amb a 1 72.8 75.4 43.3 74.7 50.0 63.6

Mugwort 69.0 71.0 89.1 40.6 Art v 1 46.0 84.0 47.2 75.8 Art v 1 47.1 79.6 30.0 93.8 87.5 36.0

Kochia 88.6 75.1 79.2 74.2 Art v 3 78.6 52.7 84.2 36.1 Art v 3 75.0 44.0 23.3 91.9 75.0 61.0

hop 80.4 75.7 85.5 70.9 CCDs 55.8 78.1 46.5 88.5 CCDs 70.6 88.3 40.0 74.5 75.5 35.3

Table 2. Sensitivity and specificity between pollens and allergen components. SEN: sensitivity; SPE: specificity
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pollen sensitisation than with grass pollen sensiti-
sation (60% vs 33%, p < 0.001). On the other hand,
the Bet v 1-sIgE levels was significantly higher in
patients without grass pollen sensitisation, Bet v 2,
Art v 1 and Art v 3-sIgE levels was significantly
lower in patients with grass pollen sensitisation.
The relationship between grass pollen and other
pollen species

A correlation analysis on sIgE levels to common
pollen and grass pollen in patients with grass
pollen sensitisation, was conducted (Table 3). Of
Fig. 1 Frequencies of specific pollen allergens and components by dif
***, significantly different at P < 0.001; Non-grass, pollinosis patients w
sensitisation
the bermuda sIgE-positive patients (n ¼ 378),
there was a strong correlation with timothy grass
(r ¼ 0.945, P < 0.001), plane (r ¼ 0.817, P < 0.001),
ash (r ¼ 0.826, P < 0.001), and ragweed-sIgE levels
(r ¼ 0.837, P < 0.001). Among the timothy grass
sIgE-positive patients (n ¼ 303), there was a strong
correlation with bermuda (r ¼ 0.942, P < 0.001),
ash (r ¼ 0.763, P < 0.001), ragweed (r ¼ 0.768,
P < 0.001), and plane-sIgE levels (r ¼ 0.811,
P < 0.001). However, the correlation for the spe-
cific IgE between mugwort and grass pollen
(bermuda, r ¼ 0.237, P < 0.001; timothy, r ¼ 0.207,
P < 0.001, respectively) was low.
ferent groups. Specific IgE >0.35 kUA/L were considered positive.
ithout grass sensitisation; Grass, pollinosis patients with grass



Bermuda
(n ¼ 378) P-value Timothy

(n ¼ 303) P-value CCDs
(n ¼ 62) P-value

bermuda 1 <0.001 0.942 <0.001 0.005 0.971

timothy 0.945 <0.001 1 <0.001 0.180 0.160

birch 0.540 <0.001 0.483 <0.001 �0.107 0.410

sabina 0.120 0.019 0.127 0.027 0.6060 <0.001

plane 0.817 <0.001 0.811 <0.001 0.24 0.854

ash 0.826 <0.001 0.763 <0.001 �0.1 0.937

ragweed 0.837 <0.001 0.768 <0.001 �0.21 0.869

mugwort 0.237 <0.001 0.207 <0.001 �0.026 0.839

kochia 0.598 <0.001 0.653 <0.001 0.231 0.07

hop 0.387 <0.001 0.401 <0.001 0.278 0.029

Table 3. Correlations between sensitisation to grass pollen, cross-reactive carbohydrate determinants and other pollen types
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We also used correlation analysis to evaluate the
pollen components-sIgE levels (Table 4). We
identified only a strong correlation between Bet v
2 and grass (bermuda, r ¼ 0.842, P < 0.001;
timothy, r ¼ 0.738, P < 0.001). All the Bet v 2
sensitive patients were sensitized to bermuda
while 87% were sensitized to timothy grass. There
was a weak correlation between grass pollen
allergen components and the grass pollen-sIgE
levels. However, of the 29 Phl p 1-sIgE-positive
Bermuda
(n ¼ 378) P-value Tim

(n ¼
Cyn d1 0.369 <0.001 0.3

Phl p1 0.324 <0.001 0.3

Phl p 5b 0.008 0.881 0.0

Bet v 1 0.097 0.061 0.0

Bet v 2 0.842 <0.001 0.7

Bet v 4 0.351 <0.001 0.4

Amb a 1 0.112 0.03 0

Art v 1 0.149 0.004 0.1

Art v 3 0.119 0.02 0.0

CCDs 0.088 0.086 0.1

Table 4. Correlations between sensitisation to grass pollen, cross-reacti
patients with grass pollen sensitisation, there was a
strong correlation between the timothy grass and
Phl p 1-sIgE levels (r ¼ 0.830, P < 0.001) and the
bermuda and Cyn d 1-sIgE levels (r ¼ 0.904,
P < 0.001) (Fig. 2).
The characteristics of CCDs-specific IgE

In our study, the CCDs marker the MUXF3-
specific IgE in pollinosis patients was analysed
othy
303) P-value CCDs

(n ¼ 62) P-value

27 <0.001 0.945 <0.001

15 <0.001 0.112 0.385

84 0.143 0.040 0.756

39 0.496 �0.086 0.505

38 <0.001 �0.115 0.371

91 <0.001 �0.047 0.718

.1 0.081 0.148 0.253

43 0.012 �0.055 0.669

87 0.13 �0.011 0.935

56 0.007 1 <0.001

ve carbohydrate determinants and other allergen component types

https://doi.org/10.1016/j.waojou.2021.100624


Fig. 2 Results of the correlation analysis between grass pollen (timothy and bermuda) and their components (rPhl p 1 and nCyn d 1) in Phl p
1-sIgE-positive patients
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(Table 2). None of the patients without grass pollen
sensitisation were sIgE-positive for CCDs. Among
the patients with grass pollen sensitisation, 16%
(62/389) were sIgE-positive for CCDs. The sIgE
levels of pollen allergens were significantly higher
than CCDs-sIgE levels (median, 0.69 kUA/L; range,
0.35–17.5 kUA/L) (Fig. 3). The Spearman’s rank
correlation analysis showed a strong correlation
between the CCDs and Cyn d 1-sIgE levels
(r ¼ 0.945, P < 0.001), and a moderate correlation
between CCDs and Sabina-sIgE levels (r ¼ 0.606,
P < 0.001).
DISCUSSION

In the present study, we analysed the serum IgE
profiles of pollinosis patients with grass pollen
sensitisation in China. Of the 547 patients with
pollinosis visiting our outpatient allergy
Fig. 3 Specific IgE levels of pollen allergens in CCDs-sIgE-positive
patients. CCDs, cross-reactive carbohydrate determinant; sIgE,
specific immunoglobulin E; kUA/L, kilo unit of allergen per litre
department, 71.1% of patients with pollinosis
showed a positive sIgE reaction to grass pollen,
virtually all the grass pollen sensitized patients are
also sensitized to other pollen species. This was a
high prevalence of sensitisation to grass pollen.
There were no differences between the patients
with grass pollen sensitisation and patients without
grass pollen sensitisation with regard to de-
mographic data, the rate of asthma, or drug al-
lergy. When we analysed the serum-specific IgE
profiles of natural pollen allergens, grass pollen
sensitized pollinosis patients were more often
multi-sensitized to diverse pollen sources
compared to patients without grass pollen sensi-
tisation. The multi-sensitized patients were more
prone to higher IgE levels as previous shown.13

While our study showed that patients with grass
pollen sensitisation had a lower prevalence of
plant food allergy compared to patients without
grass pollen sensitisation, a previous study sug-
gested that pollen pan-allergen sensitized patients
were more likely to show pollen-related food al-
lergy.14 From the allergen component testing, we
found that the percentage of specific IgE to Bet v
2 in patients with grass pollen sensitisation was
significantly higher than the percentage in
patients without pollen sensitisation; however, the
Bet v 1 was significantly lower, suggesting that
the high frequency of sensitisation to Bet v 1 was
correlated with pollen-related food allergies.
These results were supported by a previous study
in China.15

Phl p 1 belongs to the grass pollen group 1
antigen, and is a marker of a true sensitisation to
grass pollen.16In our study population only a small
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minority (7.5% (29/389)) of patients with grass
pollen sensitisation were positive for Phl p 1 and
even less (2.1% (8/389)) were positive to Phl p 5.
This is notably different from the data from the
findings of studies conducted in Europe,17–19

and slightly lower than the findings of a study in
the north of China.10 Phl p 1 and Cyn d 1 each
had stronger correlations with timothy grass and
bermuda grass in Phl p 1-sIgE-positive patients.
This indicated that Phl p 1 is a major marker of
grass pollen allergy in China. Cyn d 1 also belongs
to the grass pollen group 1 antigen, and has a high
homology in amino acid sequence compared with
Phl p 1.20 In our study, population only 134/378
(35.4%) of patients showing bermuda pollen sIgE
positivity were really sensitized to Cyn d 1, which
was significantly lower than that in the study in
Guangdong. BY contrast, in Europe,21 it
sensitized 76–100% of patients allergised to
bermuda grass areCyn d 1 positive.

The clinical relevance for pollen allergy di-
agnostics in China is obvious. Our results suggest
that CRD must be performed in China to discrim-
inate genuine from spurious IgE sensitisation to
grass pollen extract. The high prevalence of pa-
tients with IgE to grass pollen extract but no IgE to
Phl p 1 or Phl p 5 is mostly explained by the high
sensitisation to mugwort and Art v 1. Our data
suggest that mugwort pollen induces a genuine
IgE response in mugwort allergic patients which
involves also Art v 5 and/or Art v 4 and/or CCD.
Then the mugwort allergic patients develop a
spurious atopic reactivity also to Phl p 12 and/or
Phl p 7 and, with that, to grass pollen extract. This
phenomenon is mirroring the situation in Europe,
where genuine grass pollen allergy is dominant
and IgE reactivity to extracts of weeds (mugwort,
ragweed) is often spurious.22,23

CCDs, which can cause cross-reactivity between
extensive allergen sources, such as plants, latex,
and insects, was shown to cause non-specific false-
positive results with in vitro serum-specific IgE
tests.24 This was because most patients with IgE
against CCDs did not seem to have any clinically
relevant allergy symptoms.25 In our study, 16% of
bermuda grass positive patients, were also
CCDs-sIgE-positive. However, this was signifi-
cantly lower than in the patients in the study in
Guangdong (41.4%). There was a strong correla-
tion between CCDs and Cyn d 1-sIgE levels and no
correlation between CCDs and Phl p 1, This can be
explained considering that Cyn d 1 is in native
form in the ImmunoCAP system, while Phl p 1 is in
a recombinant, and hence CCD-free, formulation.
Furthermore, the CCDs-sIgE levels were extremely
low in pollinosis patients. This indicated that CCDs
was cross-reactive between grass pollen, but not
as a consequence of the high prevalence of grass
pollen sensitisation in China.

Several limitations of our study should be
acknowledged. First, we diagnosed food allergy
based on clinical histories using a questionnaire
and allergen-specific IgE testing, instead of using a
double-blinded placebo-controlled food chal-
lenge. Therefore, there may have been some
recollection bias. Second, because patients were
enrolled in this study from our outpatient depart-
ment, there was an inherent selection bias.
Furthermore, most patients came from northern
China, so the generalization of our results to the
whole population of China is questionable. In
addition, due to the lack of inhibition assays, the
cross-reactivity between allergen components,
could not be explained completely.

CONCLUSION

In conclusion, there was a high prevalence of
grass pollen sensitisation in China, but most of
grass pollen in vitro sensitisation was spurious, the
main reason was CCDs and other cross-reactivity
molecules, such as profilins, which simulate
in vitro IgE sensitisation to grass and other cross-
reactivity molecules containing pollens. We used
component-resolved diagnosis to find that some
patients have true allergies to grass pollen in
China. Therefore, we recommend that further
studies focus on grass pollen allergy in China and
that component-resolved diagnostics is used in the
routine diagnostic procedures of Chinese grass
pollen allergic patients.
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