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Abstract: Seasonal allergic asthma prevalence has been increasing over the last decades and is one of global 
health concerns now. Pollen is one of the main reasons to cause seasonal allergic asthma and influenced by mul-
tiple risk factors. Thunderstorm-related asthma is a typical type of seasonal allergic asthma that thunderstorms 
occurring can induce severe asthma attacks during pollen season. The diagnosis of seasonal allergic asthma relies 
on precise medical history, skin prick tests (SPT) and specific IgE detection. Component resolved diagnosis is greatly 
significant in determining the complex situation. Allergen specific immunotherapy (AIT) is the only disease-modifying 
therapy that can change the natural course from seasonal allergic rhinitis to seasonal allergic asthma.
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Introduction

Asthma is a chronic airway inflammation 
defined by a series of respiratory symptoms 
such as wheeze, shortness of breath, chest 
tightness and cough, together with reversible 
expiratory airflow limitation, affecting 1-18% of 
the population in different countries [1]. The 
increasing morbidity of asthma over the years 
seriously affects patient quality of life and 
causes a heavy financial burden [2]. Seasonal 
allergic asthma is one of the most common 
phenotypes of asthma, and partly related to 
pollen induced respiratory allergic diseases  
[3]. In this review, we summarize the update  
of clinical and mechanism of seasonal allergic 
asthma and its treatment.

Etiology

Pollen allergen

Pollen allergy was first described by John Bos- 
tock, who was a physician at Guy’s Hospital in 
London in 1819 [4]. Millions of individuals were 
diagnosed as seasonal allergic rhinitis and al- 
lergic asthma in the 20th century [5]. For now, 
it is recognized that more than 150 pollen aller-

gens play a significant role in an allergic proce- 
ss originating from grasses, trees and weeds. 
(www.allergen.org) [6] Birch pollen is one of  
the most important spring pollens all over the 
world, while Artemisia and Humulus scandens 
pollens are the major causes of autumnal sea-
son allergic rhinitis and asthma in north of 
China [7, 8]. In Europe, 70% of birch pollen al- 
lergic rhinitis or allergic asthma patients have 
accompanying food allergy [9]. Pollen-related 
food allergy has become the most frequent 
form of food allergy in Europe [10].

Natural course of seasonal allergy

Although pollen is a well-known cause for sea-
sonal allergic rhinitis and allergic rhino-conjunc-
tivitis [11, 12], its role in developing seasonal 
allergic asthma is not fully clear. Epidemiologi- 
cal and pathophysiological studies have sug-
gested that allergic rhinitis increases the risk  
of asthma development [13, 14]. Autumnal pol-
lens (mainly refer to mugwort pollen and humu-
lus pollen) may induce allergic asthma during 
autumnal season in northern China [15]. Among 
a total of 1096 Chinese patients with autumnal 
respiratory allergic diseases, almost half of al- 
lergic rhinitis patients develop to seasonal aller-
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gic asthma within 9 years [16]. It is suggested 
that the natural course from allergic rhinitis to 
allergic asthma in the patients with autumnal 
pollen allergy, based on the theme of “one air-
way, one disease”. Allergic rhinitis and allergic 
asthma are two major manifestations of one 
common allergic respiratory syndrome [11]. 

Risk factors

Many factors, such as climate change (espe-
cially for extreme weather events, temperature 
and change of weather patterns), urbanization, 
loss of biodiversity contribute to the rise  
morbidity of pollen-induced allergic asthma  
[17]. Based on the external exposome study, 
pollen aeroallergens, air pollutants and envi-
ronmental factors are the key factors affect- 
ing the concentration of allergens and the 
severity of asthma [18, 19]. Taking thunder-
storm-related asthma as an example, a com- 
bination of extreme environment factors has 
contributed to allergic exacerbation. There we- 
re several thunderstorm-related asthma out-
breaks throughout the world, the worst one  
was happened in Melbourne (Australia) [20- 
22]. To our knowledge, storms can induce the 
release of pollens from their cytoplasm of air-
borne allergenic components into the atmo-
sphere, where they act as trigger factors of 
allergic rhinitis and asthma during pollen sea-
sons [23]. One explanation about the phenom-
enon is the rapidly increased exposure con- 
centration of allergenic pollens, highly related 
to the degree of symptoms. During the period 
of 2006-2008, Jia Yin et al observed that the 
concentration of Artemisia pollen and Humulus 
scandens pollen in the air is strongly associat-
ed with severity of seasonal allergic asthma, as 
measured by the pulmonary ventilation func-
tion and the peak expiratory flow (PEF) through 
whole year [24]. Another explanation lays on 
pollen flies and encounters a high-humidity 
zone and then breaks into smaller pollen parti-
cles, which makes it easier to get to the lower 
respiratory tract and induce asthma [21]. Abo- 
ve all, the thunderstorm-asthma outbreaks are 
characterized, at the beginning of thundersto- 
rms by a rapid increase of visits for asthma in 
general practitioner or hospital emergency de- 
partments [20]. As for the air pollutants, the in- 
crease of air temperature and CO2 also directly 
or/and indirectly affects the plant growth, pol-
len distribution and production, which has been 
studied in ragweed pollen for the past 20 years 
[25, 26]. This finding is likely to attract clinical 
attention for these extreme events that may  

be an important cause of severe exacerbation 
of asthma. Even though thunderstorms can in- 
duce severe asthma exacerbations, there is no 
direct evidence for asthma exacerbation [27]. 
According to Yin’s observation, it is the sunny 
and windy dry autumn that the morbidity of 
artemisia pollen allergy gets to the peak point 
in north of China. Among the 1096 patients, 
more than 16% asthma patients experienc- 
ed severe allergic exacerbation that needs  
emergency intravenous steroid therapy while  
42% patients feel difficult to lie down at night  
and require inhalant corticosteroid or oral 
amchamine.

Pathogenesis 

Traditional view believes that allergic asthma  
is associated with allergen-specific IgE depen-
dent activation. Pollen allergen cross-linking of 
the IgE that is bound to FcεRI on sensitized 
mast cells and basophils, leading to the rele- 
ase of histamine, tryptase and the formation  
of sulphidopeptide leukotrienes, platelet-acti-
vating factor and prostaglandin D2 [28-30].  
To our knowledge, Type-2 driven inflammation 
contribute to the pathology of allergic asthma 
by producing Th 2-related cytokines (IL4, IL5, 
IL9, IL13) and influencing the formation of IgE 
[31, 32]. Type 2 immune response involves Th2 
cells, group 2 innate lymphoid cells (ILC2), B 
cells, IL-4-secreting NK-T cells, basophils, eos- 
inophils, mast cells and related cytokines [33, 
34]. Apart of Type 2 inflammation, newly emerg-
ing cytokines IL-33, IL17 and its producing cells 
Th17 contribute to the pathogenic immune 
responses of allergic asthma [35]. In the early 
age of human, the mutations of FOXP3 may 
lead to X-Linked Syndrome named as the im- 
munodeficiency polyendocrinopathy and enter-
opathy (IPEX), which is a combination of auto-
immunity and severe allergic disorders [36]. 
Unlike Th17, it is suggested that Foxp3+CD4+ 
CD25+ regulatory T (Treg) cells suppress the 
allergic inflammation mainly via cell contact or 
secretion of soluble cytokines, such as interleu-
kin-10 (IL-10) and transforming growth factor- 
β (TGF-β) [33, 37]. Treg cells alleviate allergic 
asthma patients’ symptoms by not only inhibit 
mast cell and the production of pollen specific 
IgE, but also inhibit DCs maturation [38].

Diagnosis

Appropriate allergy diagnosis is directly influ-
encing decisions for therapeutic interventions, 
and thus reliable biomarkers are pivotal when 
diagnosing seasonal allergic asthma. The diag-
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nosis of pollen-induced seasonal allergic asth-
ma is based on asthma manifestations and eti- 
ologic biomarkers. Asthma diagnosis is strictly 
based on guideline of the global strategy for 
asthma management and prevention (GINA), 
while traditional etiologic diagnostic approach-
es in seasonal allergic asthma include precise 
medical history, routine clinical asthma diagno-
sis methods as well as skin prick tests (SPT), 
specific IgE detection and pollen provocation 
test, which is rarely used in clinic for its sub-
stantial risk to patients. The key point of etio-
logic diagnosis is to distinguish dust mites and 
mold induced seasonal allergic asthma. Now- 
adays, more and more new technologies have 
been implied in etiologic diagnosis. Component 
resolved diagnosis (CRD), also known as molec-
ular diagnosis, is an allergen detection method 
developed over the past 20 years [39]. Since 
the 1990s, purified recombinant pollen aller-
gens was investigated to detect serum specific 
IgE level. CRD is currently performed to distin-
guish between genuine sensitization and clini-
cal mostly irrelevant IgE cross-reactivity due to 
panallergens or carbohydrate determinants [6]. 
Basophil activation test (BAT), a flow cytometry-
based functional assay, to assess the change 
of specific markers such as CD63 and CD203c 
expressed upon basophils after challenge. It is 
generally believed that BAT is more suitable for 
the diagnosis of complex allergy situations than 
simple pollen allergy [40]. Multiple omics tech-
nologies also showed a great potential in the 
diagnosis of seasonal allergic asthma [41, 42].

Treatment

In clinical trials, avoidance measure is the most 
important part of treatment. To cut down the 
amounts of pollen into the respiratory system, 
pollen allergic patients are usually suggested 
to stay indoors or wear masks outdoors to keep 
away from pollen allergens during pollen sea-
son. For worse, it is suggested to move to live in 
a non-pollen area.

Symptomatic drug treatment

For treatment, first- and second-generation H1- 
antihistamines and leukotriene receptor antag-
onists are of great clinical evidence existence. 
Inhaled corticosteroid acting beta-agonist is 
used for allergic asthma patients strictly based 
on the severity of asthma according to the GINA 
guidelines during pollen season. Interestingly, 
some researchers suggested that seasonal 

omalizumab treatment from four to six weeks 
before the peak period of pollen could reduce 
autumn asthma exacerbation [43].

Allergen specific immunotherapy (AIT)

However, the European Academy of Allergy and 
Clinical Immunology (EAACI) recommended th- 
at allergen specific immunotherapy (AIT) is the 
only way to effectively control allergy symp-
toms, induce tolerance and change the natural 
courses from allergic rhinitis to allergic asth- 
ma [44]. Allergen-specific immunotherapy (AIT) 
was reported first to treat grass pollen allergy 
patients for one year by Leonard Noon in 1911 
[45]. AIT is defined as the repeated administra-
tion of specific pollen allergens to provide pro-
tection against the same pollen induced aller-
gic inflammation in seasonal allergic asthma 
patients [46]. EAACI guidelines on allergen im- 
munotherapy suggest a more efficient and safe 
use of AIT for personalized health care [47].  
AIT is widely used for numerous advantages. 
Firstly, AIT uses the immune system of patients 
to establish a tolerant immune response and 
keep a long-lasting effects even after discon-
tinuation of treatment [48]. Secondly, AIT is a 
cost-saving method especially compared with 
anti-cytokine antibodies and can reduce the 
usage of symptomatic drug treatment. A review 
examined 27 publications of seasonal allergic 
conditions that conducted across Southern, 
Europe, Scandinavia, Northern Europe, North 
America, and the Czech Republic spanning 18 
years. It suggests that cost saving conferred  
by AIT over symptomatic drug treatment [49]. 
Thirdly, AIT is the only disease-modifying thera-
py and can prevent the development of new 
sensitivities to allergens [50, 51].

Mechanism of AIT

Most studies show that the alleviation of allergy 
symptoms is related to the suppression of Th2 
response, decrease the level of Th2-producing 
cytokines, such as IL-4, IL-5, IL13 or of Th17-
producing cytokines [31, 52-56]. IgG4 are wide-
ly considered as blocking antibodies. AIT may 
induce the production of specific IgG4 (IgG2a in 
mice) to compete with specific IgE for binding to 
the allergens, thus inhibit mast cell activation 
[57, 58]. Conversely, suppressor cells or regula-
tory T cells can suppress allergic response and 
diseases [59-61]. For example, IL-10 produc- 
ing regulatory T cell (Treg) and regulatory B cell 
(Breg) also play a vital role in SCIT [28, 62]. The 
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infusion of Treg holds a suppression effect on 
asthma and other allergic responses [63, 64]. 
One hypothesis is that pollen-specific Treg cell 
produce IL-10 and TGF-β, which may suppress 
mast cells, basophils, and eosinophils degranu-
lation, release histamine and leukotriene [65]. 
In innate immune phase, Treg inhibit dendritic 
cell (DCs), B cells and seasonal increase of 
group 2 innate lymphoid cells (ILC2) [66-69]. 
The long-lasting clinical tolerance is associated 
with long-lived B cell or plasma cells secreting 
high-affinity antibodies induced by increasing 
pollen content [70]. 

Animal models of AIT

Using a mouse model to study seasonal aller- 
gic asthma, birch pollen mouse model is the 
most typical component for studying the me- 
chanisms of seasonal allergic asthma and AIT. 
Many publications have demonstrated the in- 
nate immune and adaptive immune change 
after AIT [28, 71, 72]. Currently, some research-
ers have reported that birch pollen SCIT can 
alleviate food allergy symptoms and reduce  
the occurrence of anaphylaxis in mouse [71]. 
As for Chinese most important autumnal pol-
lens (Mugwort pollen), there is a successful 
mouse model and SLIT treatment case pub-
lished in 2012 [73].

Classification of AIT

Subcutaneous immunotherapy (SCIT) is the  
traditional form of allergen-specific injection 
immunotherapy in treating seasonal allergic 
disorders [74]. Seasonal asthma patients have 
shown long-term clinical and immunological tol-
erance after pollen subcutaneous immunother-
apy (SCIT) [70, 75, 76]. Since injection immuno-
therapy must be supervised by allergists on  
a repeated basis, sublingual immunotherapy 
(SLIT) is generally gaining interest due to its 
more accessible and lower risk of anaphylaxis 
[77]. Although multiple studies have proven its 
safety and efficacy for allergic asthma pati- 
ents, the desired schedule and the optimal  
dosage of SLIT remains unclear [78, 79]. SLIT 
requires daily self-dosing for at least 3 years, 
leading to considerable treatment costs and 
low treatment compliance [46]. To shorten the 
treatment period, rapid intradermal allergen 
injection raises allergist’s attention. However, a 
randomized controlled trial showed no signifi-
cant differences in evaluating the efficacy of 
intradermal grass pollen immunotherapy [80].

Limitations of AIT

Although patients take advantage of AIT, the 
concern about systemic side-effects and ana-
phylaxis keep their paces [81]. One of the safe 
and effective strategies is to combine AIT with 
immunomodulators. The latter is defined as su- 
bstance that can augment or reduce the reac-
tion between antibodies and pollen allergens, 
like Omalizumab and Toll-like receptor agonists 
[82]. Omalizumab can bind the circulating IgE 
molecule and decrease free IgE interacting with 
IgE receptors on effector cells. Toll-like receptor 
agonists works on activating innate immune 
system. Another concern is that crude pollen 
allergen extracts are used in AIT lacking stan-
dard reference based on potency and stability 
[66]. This means different manufactures can 
perform differently in patients and allergist feel 
hard to choose optimal dosage based on past 
studies [78]. This affects allergist awareness 
on the side-effect of AIT products [47]. New 
effective modification of allergens like re- 
combinant should be adopted through genetic 
engineering. To our knowledge, recombinant 
wild-type allergen and recombinant hypoaller-
gen have been used for clinical treatment [83-
85]. The development of T cell epitope peptide-
based vaccines aims to reduce allergic inflam-
mation by inhibition of T cell responses [66]. 
The recombinant B cell epitope-based grass 
pollen has proved safe and effective in treat- 
ing seasonal grass pollen allergy [86]. Allergen 
immunotherapy is time-wasting and involves 
weekly up-dosing treatments for at least 3 
years, which needs further study [28]. 

Conclusion

Pollen induced seasonal allergic asthma is one 
of the most important subtypes of asthma and 
affects millions of population all over the world. 
Appropriate diagnosis methods and precision 
treatment are of crucial significance. With the 
development of omics technologies, more and 
more reliable biomarkers will be found for ther-
apeutic interventions and the mechanisms of 
seasonal allergic asthma will be clarified.

Acknowledgements

This research was supported by the Innovation 
Fund for Medical Sciences from Chinese Aca- 
demy of Medical Sciences (grant No. 2016- 
I2M-1-003).



The review of seasonal allergic asthma

5 Am J Clin Exp Immunol 2019;8(1):1-8

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Jia Yin, Department 
of Allergy, Peking Union Medical College Hospital, 
Chinese Academy of Medical Sciences and Peking 
Union Medical College, NO. 1 Shuai Fu Yuan, Wang 
Fu Jing street, Beijing 100730, P.R. China. Tel: +86-
10-69156346; Fax: +86-10-69156346; E-mail: 
doctoryinjia@163.com

References

[1] Bateman ED, Hurd SS, Barnes PJ, Bousquet J, 
Drazen JM, FitzGerald JM, Gibson P, Ohta K, 
O’Byrne P, Pedersen SE, Pizzichini E, Sullivan 
SD, Wenzel SE, Zar HJ. Global strategy for asth-
ma management and prevention: GINA execu-
tive summary. Eur Respir J 2008; 31: 143-178.

[2] Linneberg A, Dam Petersen K, Hahn-Pedersen 
J, Hammerby E, Serup-Hansen N and Boxall N. 
Burden of allergic respiratory disease: a sys-
tematic review. Clin Mol Allergy 2016; 14: 12.

[3] D’Amato G, Cecchi L, Bonini S, Nunes C, Anne-
si-Maesano I, Behrendt H, Liccardi G, Popov T 
and van Cauwenberge P. Allergenic pollen and 
pollen allergy in Europe. Allergy 2007; 62: 976-
990.

[4] Bostock J. Case of a periodical affection of the 
eyes and chest. Med Chir Trans 1819; 10: 161-
165.

[5] Smith M, Berger U, Behrendt H and Bergmann 
KC. Pollen and pollinosis. Chem Immunol Al-
lergy 2014; 100: 228-233.

[6] Pablos I, Wildner S, Asam C, Wallner M and Ga-
dermaier G. Pollen allergens for molecular di-
agnosis. Curr Allergy Asthma Rep 2016; 16: 
31.

[7] Yin J, Wang RQ, He HJ, Xu T, Yue FM, Wang  
LL, Zhang HY and Ye ST. Values of intradermal 
skin test and serum sIgE detection in diagnos-
ing Humulus scandens pollinosis. Zhonghua Yi 
Xue Za Zhi 2006; 86: 1906-1911.

[8] Yin J, He HJ, Wang RQ, Xu T, Yue FM, Wang LL, 
Zhang HY and Ye ST. Value of intradermal skin 
test and serum sIgE detection in diagnosing 
artemisia pollinosis. Zhonghua Yi Xue Za Zhi 
2006; 86: 1759-1763.

[9] Erler A, Hawranek T, Kruckemeier L, Asam C, 
Egger M, Ferreira F and Briza P. Proteomic pro-
filing of birch (Betula verrucosa) pollen extra- 
cts from different origins. Proteomics 2011; 
11: 1486-1498.

[10] Bohle B. The impact of pollen-related food al-
lergens on pollen allergy. Allergy 2007; 62: 
3-10.

[11] Panzner P, Malkusova I, Vachova M, Liska M, 
Brodska P, Ruzickova O and Maly M. Bronchial 
inflammation in seasonal allergic rhinitis with 

or without asthma in relation to natural expo-
sure to pollen allergens. Allergol Immunopa- 
thol (Madr) 2015; 43: 3-9.

[12] Meltzer EO, Farrar JR and Sennett C. Findings 
from an online survey assessing the burden 
and management of seasonal allergic rhino-
conjunctivitis in US patients. J Allergy Clin Im-
munol Pract 2017; 5: 779-789, e776.

[13] Eriksson J, Bjerg A, Lotvall J, Wennergren G, 
Ronmark E, Toren K and Lundback B. Rhinitis 
phenotypes correlate with different symptom 
presentation and risk factor patterns of asth-
ma. Respir Med 2011; 105: 1611-1621.

[14] Guerra S, Sherrill DL, Martinez FD and Barbee 
RA. Rhinitis as an independent risk factor  
for adult-onset asthma. J Allergy Clin Immunol 
2002; 109: 419-425.

[15] Yin J, Yue FM, Wang LL, He HJ, Xu T, Zhang HY, 
Li H, Wen LP, Sun JL, Gu JQ, Han SM and Ye ST. 
The clinical study of the relationship between 
allergic rhinitis and allergic asthma in the pa-
tients with autumnal pollinosis. Zhonghua Yi 
Xue Za Zhi 2005; 85: 1683-1687.

[16] Yin J, Yue FM, Wang LL, He HJ, Xu T, Li H, Wen 
LP, Sun JL, Gu JQ, Han SM, Zhang HY and Ye 
ST. Natural course from rhinitis to asthma in 
the patients with autumnal pollinosis: a clini-
cal study of 1096 patients. Zhonghua Yi Xue 
Za Zhi 2006; 86: 1628-1632.

[17] D’Amato G, Vitale C, Lanza M, Molino A and 
D’Amato M. Climate change, air pollution, and 
allergic respiratory diseases: an update. Curr 
Opin Allergy Clin Immunol 2016; 16: 434-440.

[18] Cecchi L, D’Amato G and Annesi-Maesano I. 
External exposome and allergic respiratory 
and skin diseases. J Allergy Clin Immunol 
2018; 141: 846-857.

[19] Brandt EB, Myers JM, Ryan PH and Hershey 
GK. Air pollution and allergic diseases. Curr 
Opin Pediatr 2015; 27: 724-735.

[20] D’Amato G, Vitale C, D’Amato M, Cecchi L, Lic-
cardi G, Molino A, Vatrella A, Sanduzzi A, Mae-
sano C and Annesi-Maesano I. Thunderstorm-
related asthma: what happens and why. Clin 
Exp Allergy 2016; 46: 390-396.

[21] D’Amato G, Annesi Maesano I, Molino A, Vitale 
C and D’Amato M. Thunderstorm-related asth-
ma attacks. J Allergy Clin Immunol 2017; 139: 
1786-1787.

[22] Andrew E, Nehme Z, Bernard S, Abramson MJ, 
Newbigin E, Piper B, Dunlop J, Holman P and 
Smith K. Stormy weather: a retrospective anal-
ysis of demand for emergency medical ser- 
vices during epidemic thunderstorm asthma. 
BMJ 2017; 359: j5636.

[23] D’Amato G, Annesi-Maesano I, Vaghi A, Cecchi 
L and D’Amato M. How do storms affect asth-
ma? Curr Allergy Asthma Rep 2018; 18: 24.

[24] Wen Zhi-hua YJ. Correlation of the artemisia 
and humulus scandens pollen count in the air 
and the severity of asthma symptoms in pa-

mailto:doctoryinjia@163.com


The review of seasonal allergic asthma

6 Am J Clin Exp Immunol 2019;8(1):1-8

tients with autumnal pollinosis. Chinese Jour-
nal of Allergy and Clinical Immunology 2012; 
6: 10-17.

[25] Smith M, Cecchi L, Skjoth CA, Karrer G and 
Sikoparija B. Common ragweed: a threat to  
environmental health in Europe. Environ Int 
2013; 61: 115-126.

[26] Stinson KA, Albertine JM, Hancock LM, Seidler 
TG and Rogers CA. Northern ragweed ecotypes 
flower earlier and longer in response to elevat-
ed CO2: what are you sneezing at? Oecologia 
2016; 182: 587-594.

[27] D’Amato G, Cecchi L and Annesi-Maesano I. A 
trans-disciplinary overview of case reports of 
thunderstorm-related asthma outbreaks and 
relapse. Eur Respir Rev 2012; 21: 82-87.

[28] Shamji MH and Durham SR. Mechanisms of  
allergen immunotherapy for inhaled allergens 
and predictive biomarkers. J Allergy Clin Immu-
nol 2017; 140: 1485-1498.

[29] Naclerio RM, Proud D, Togias AG, Adkinson NF 
Jr, Meyers DA, Kagey-Sobotka A, Plaut M, Nor-
man PS and Lichtenstein LM. Inflammatory 
mediators in late antigen-induced rhinitis. N 
Engl J Med 1985; 313: 65-70.

[30] Creticos PS, Peters SP, Adkinson NF Jr, Nacle-
rio RM, Hayes EC, Norman PS and Lichtenstein 
LM. Peptide leukotriene release after antigen 
challenge in patients sensitive to ragweed. N 
Engl J Med 1984; 310: 1626-1630.

[31] Yu QN, Guo YB, Li X, Li CL, Tan WP, Fan XL, Qin 
ZL, Chen D, Wen WP, Zheng SG and Fu QL. ILC2 
frequency and activity are inhibited by gluco-
corticoid treatment via STAT pathway in pa-
tients with asthma. Allergy 2018; 73: 1860-
1870.

[32] Fort MM, Cheung J, Yen D, Li J, Zurawski SM, 
Lo S, Menon S, Clifford T, Hunte B, Lesley R, 
Muchamuel T, Hurst SD, Zurawski G, Leach 
MW, Gorman DM and Rennick DM. IL-25 in-
duces IL-4, IL-5, and IL-13 and Th2-associated 
pathologies in vivo. Immunity 2001; 15: 985-
995.

[33] Palomares O, Akdis M, Martin-Fontecha M and 
Akdis CA. Mechanisms of immune regulation 
in allergic diseases: the role of regulatory T 
and B cells. Immunol Rev 2017; 278: 219-
236.

[34] Aron JL and Akbari O. Regulatory T cells and 
type 2 innate lymphoid cell-dependent asth-
ma. Allergy 2017; 72: 1148-1155.

[35] Gupta RK, Gupta K and Dwivedi PD. Patho-
physiology of IL-33 and IL-17 in allergic disor-
ders. Cytokine Growth Factor Rev 2017; 38: 
22-36.

[36] Noval Rivas M and Chatila TA. Regulatory T 
cells in allergic diseases. J Allergy Clin Immu-
nol 2016; 138: 639-652.

[37] Palomares O, Martin-Fontecha M, Lauener R, 
Traidl-Hoffmann C, Cavkaytar O, Akdis M and 

Akdis CA. Regulatory T cells and immune regu-
lation of allergic diseases: roles of IL-10 and 
TGF-beta. Genes Immun 2014; 15: 511-520.

[38] Meiler F, Klunker S, Zimmermann M, Akdis CA 
and Akdis M. Distinct regulation of IgE, IgG4 
and IgA by T regulatory cells and toll-like re- 
ceptors. Allergy 2008; 63: 1455-1463.

[39] Gonzalez-Mancebo E, Gonzalez-de-Olano D, 
Trujillo MJ, Santos S, Gandolfo-Cano M, Melen-
dez A, Juarez R, Morales P, Calso A, Mazuela O 
and Zapatero A. Prevalence of sensitization to 
lipid transfer proteins and profilins in a popula-
tion of 430 patients in the south of Madrid. J 
Investig Allergol Clin Immunol 2011; 21: 278-
282.

[40] Hoffmann HJ, Santos AF, Mayorga C, Nopp A, 
Eberlein B, Ferrer M, Rouzaire P, Ebo DG, Sa-
bato V, Sanz ML, Pecaric-Petkovic T, Patil SU, 
Hausmann OV, Shreffler WG, Korosec P and 
Knol EF. The clinical utility of basophil activa-
tion testing in diagnosis and monitoring of al-
lergic disease. Allergy 2015; 70: 1393-1405.

[41] Ferreira MA, Matheson MC, Tang CS, Granell R, 
Ang W, Hui J, Kiefer AK, Duffy DL, Baltic S, Dan-
oy P, Bui M, Price L, Sly PD, Eriksson N, Mad-
den PA, Abramson MJ, Holt PG, Heath AC, 
Hunter M, Musk B, Robertson CF, Le Souef P, 
Montgomery GW, Henderson AJ, Tung JY, Dhar-
mage SC, Brown MA, James A, Thompson PJ, 
Pennell C, Martin NG, Evans DM, Hinds DA, 
Hopper JL; Australian Asthma Genetics Con-
sortium Collaborators. Genome-wide associa-
tion analysis identifies 11 risk variants associ-
ated with the asthma with hay fever phenotype. 
J Allergy Clin Immunol 2014; 133: 1564-1571.

[42] Panganiban RP, Wang Y, Howrylak J, Chinchilli 
VM, Craig TJ, August A and Ishmael FT. Circulat-
ing microRNAs as biomarkers in patients with 
allergic rhinitis and asthma. J Allergy Clin Im-
munol 2016; 137: 1423-1432.

[43] Pike KC, Akhbari M, Kneale D and Harris KM. 
Interventions for autumn exacerbations of as- 
thma in children. Cochrane Database Syst Rev 
2018; 3: CD012393.

[44] Halken S, Larenas-Linnemann D, Roberts G, 
Calderon MA, Angier E, Pfaar O, Ryan D, Aga- 
che I, Ansotegui IJ, Arasi S, Du Toit G, Fernan-
dez-Rivas M, Geerth van Wijk R, Jutel M, Kle-
ine-Tebbe J, Lau S, Matricardi PM, Pajno GB, 
Papadopoulos NG, Penagos M, Santos AF, 
Sturm GJ, Timmermans F, van Ree R, Varga 
EM, Wahn U, Kristiansen M, Dhami S, Sheikh  
A and Muraro A. EAACI guidelines on allergen 
immunotherapy: prevention of allergy. Pediatr 
Allergy Immunol 2017; 28: 728-745.

[45] Noon L. Prophylactic inoculation against hay 
fever. Historical document. Ann Allergy 1960; 
18: 287-291.

[46] Bachmann MF and Kundig TM. Allergen-specif-
ic immunotherapy: is it vaccination against tox-
ins after all? Allergy 2017; 72: 13-23.



The review of seasonal allergic asthma

7 Am J Clin Exp Immunol 2019;8(1):1-8

[47] Muraro A, Roberts G, Halken S, Agache I, Angi-
er E, Fernandez-Rivas M, Gerth van Wijk R, Ju-
tel M, Lau S, Pajno G, Pfaar O, Ryan D, Sturm 
GJ, van Ree R, Varga EM, Bachert C, Calderon 
M, Canonica GW, Durham SR, Malling HJ, 
Wahn U and Sheikh A. EAACI guidelines on al-
lergen immunotherapy: executive statement. 
Allergy 2018; 73: 739-743.

[48] Valenta R, Campana R, Focke-Tejkl M and Nie-
derberger V. Vaccine development for aller- 
gen-specific immunotherapy based on recom-
binant allergens and synthetic allergen pep- 
tides: lessons from the past and novel me- 
chanisms of action for the future. J Allergy Clin 
Immunol 2016; 137: 351-357.

[49] Hankin CS and Cox L. Allergy immunotherapy: 
what is the evidence for cost saving? Curr Opin 
Allergy Clin Immunol 2014; 14: 363-370.

[50] Jacobsen L, Niggemann B, Dreborg S, Ferdousi 
HA, Halken S, Host A, Koivikko A, Norberg LA, 
Valovirta E, Wahn U and Moller C. Specific im-
munotherapy has long-term preventive effect 
of seasonal and perennial asthma: 10-year 
follow-up on the PAT study. Allergy 2007; 62: 
943-948.

[51] Valovirta E. Effect of AIT in children including 
potential to prevent the development of asth-
ma. Allergy 2011; 66 Suppl 95: 53-4.

[52] Shamji MH and Durham SR. Mechanisms of 
immunotherapy to aeroallergens. Clin Exp Al-
lergy 2011; 41: 1235-1246.

[53] Akdis CA and Akdis M. Mechanisms of aller-
gen-specific immunotherapy. J Allergy Clin Im-
munol 2011; 127: 18-27; quiz 28-19.

[54] Madouri F, Guillou N, Fauconnier L, Marchiol T, 
Rouxel N, Chenuet P, Ledru A, Apetoh L, Ghir-
inghelli F, Chamaillard M, Zheng SG, Trovero F, 
Quesniaux VF, Ryffel B and Togbe D. Caspase-1 
activation by NLRP3 inflammasome dampens 
IL-33-dependent house dust mite-induced al-
lergic lung inflammation. J Mol Cell Biol 2015; 
7: 351-365.

[55] Lawless OJ, Bellanti JA, Brown ML, Sandberg 
K, Umans JG, Zhou L, Chen W, Wang J, Wang  
K and Zheng SG. In vitro induction of T regula-
tory cells by a methylated CpG DNA sequence 
in humans: potential therapeutic applications 
in allergic and autoimmune diseases. Allergy 
Asthma Proc 2018; 39: 143-152.

[56] Besnard AG, Togbe D, Couillin I, Tan Z, Zheng 
SG, Erard F, Le Bert M, Quesniaux V and Ryffel 
B. Inflammasome-IL-1-Th17 response in aller-
gic lung inflammation. J Mol Cell Biol 2012; 4: 
3-10.

[57] Geroldinger-Simic M, Zelniker T, Aberer W, Eb-
ner C, Egger C, Greiderer A, Prem N, Lidholm  
J, Ballmer-Weber BK, Vieths S and Bohle B. 
Birch pollen-related food allergy: clinical as-
pects and the role of allergen-specific IgE and 

IgG4 antibodies. J Allergy Clin Immunol 2011; 
127: 616-622, e611.

[58] Fernandez-Rivas M, Bolhaar S, Gonzalez-Man- 
cebo E, Asero R, van Leeuwen A, Bohle B, Ma 
Y, Ebner C, Rigby N, Sancho AI, Miles S, Zuid-
meer L, Knulst A, Breiteneder H, Mills C, Hoff-
mann-Sommergruber K and van Ree R. Apple 
allergy across Europe: how allergen sensitiza-
tion profiles determine the clinical expression 
of allergies to plant foods. J Allergy Clin Immu-
nol 2006; 118: 481-488.

[59] Zheng SG, Wang JH, Gray JD, Soucier H and 
Horwitz DA. Natural and induced CD4+CD25+ 
cells educate CD4+CD25- cells to develop sup-
pressive activity: the role of IL-2, TGF-beta, and 
IL-10. J Immunol 2004; 172: 5213-5221.

[60] Horwitz DA, Zheng SG and Gray JD. Na- 
tural and TGF-beta-induced Foxp3(+)CD4(+) 
CD25(+) regulatory T cells are not mirror im-
ages of each other. Trends Immunol 2008; 29: 
429-435.

[61] Liu ZM, Wang KP, Ma J and Guo Zheng S. The 
role of all-trans retinoic acid in the biology of 
Foxp3+ regulatory T cells. Cell Mol Immunol 
2015; 12: 553-557.

[62] Pipet A, Botturi K, Pinot D, Vervloet D and Mag-
nan A. Allergen-specific immunotherapy in al-
lergic rhinitis and asthma. Mechanisms and 
proof of efficacy. Respir Med 2009; 103: 800-
812.

[63] Xu W, Lan Q, Chen M, Chen H, Zhu N, Zhou X, 
Wang J, Fan H, Yan CS, Kuang JL, Warburton D, 
Togbe D, Ryffel B, Zheng SG and Shi W. Adop-
tive transfer of induced-Treg cells effectively 
attenuates murine airway allergic inflamma-
tion. PLoS One 2012; 7: e40314.

[64] Su W, Fan H, Chen M, Wang J, Brand D, He X, 
Quesniaux V, Ryffel B, Zhu L, Liang D and 
Zheng SG. Induced CD4+ forkhead box pro-
tein-positive T cells inhibit mast cell function 
and established contact hypersensitivity th- 
rough TGF-beta1. J Allergy Clin Immunol 2012; 
130: 444-452, e447.

[65] Akdis M and Akdis CA. Mechanisms of aller-
gen-specific immunotherapy: multiple suppre- 
ssor factors at work in immune tolerance to  
allergens. J Allergy Clin Immunol 2014; 133: 
621-631.

[66] Satitsuksanoa P, Globinska A, Jansen K, van 
de Veen W and Akdis M. Modified allergens  
for immunotherapy. Curr Allergy Asthma Rep 
2018; 18: 9.

[67] Zhong H, Liu Y, Xu Z, Liang P, Yang H, Zhang  
X, Zhao J, Chen J, Fu S, Tang Y, Lv J, Wang J, 
Olsen N, Xu A and Zheng SG. TGF-beta-induc- 
ed CD8(+)CD103(+) regulatory T cells show 
potent therapeutic effect on chronic graft- 
versus-host disease lupus by suppressing B 
cells. Front Immunol 2018; 9: 35.



The review of seasonal allergic asthma

8 Am J Clin Exp Immunol 2019;8(1):1-8

[68] Xu A, Liu Y, Chen W, Wang J, Xue Y, Huang F, 
Rong L, Lin J, Liu D, Yan M, Li QZ, Li B, Song J, 
Olsen N and Zheng SG. TGF-beta-induced regu-
latory T cells directly suppress B cell responses 
through a noncytotoxic mechanism. J Immunol 
2016; 196: 3631-3641.

[69] Lan Q, Zhou X, Fan H, Chen M, Wang J, Ryffel B, 
Brand D, Ramalingam R, Kiela PR, Horwitz DA, 
Liu Z and Zheng SG. Polyclonal CD4+Foxp3+ 
Treg cells induce TGFbeta-dependent tolero-
genic dendritic cells that suppress the murine 
lupus-like syndrome. J Mol Cell Biol 2012; 4: 
409-419.

[70] James LK, Shamji MH, Walker SM, Wilson DR, 
Wachholz PA, Francis JN, Jacobson MR, Kim-
ber I, Till SJ and Durham SR. Long-term toler-
ance after allergen immunotherapy is accom-
panied by selective persistence of blocking 
antibodies. J Allergy Clin Immunol 2011; 127: 
509-516, e501-505.

[71] Utsch L, Logiantara A, Wallner M, Hofer H, van 
Ree R and van Rijt LS. Birch pollen immuno-
therapy inhibits anaphylaxis to the cross-reac-
tive apple allergen Mal d 1 in mice. Clin Exp 
Allergy 2016; 46: 1474-1483.

[72] Siebeneicher S, Reuter S, Wangorsch A, Krau- 
se M, Foetisch K, Heinz A, Naito S, Reuter A, 
Taube C, Vieths S, Scheurer S and Toda M.  
Epicutaneous immunotherapy with a hypoal-
lergenic Bet v 1 suppresses allergic asthma in 
a murine model. Allergy 2015; 70: 1559-1568.

[73] Ma WJ, Bao MJ, Zhu JP, Yao HY, Xie YC, Guan Y, 
Li FF, Dong XW, Zheng YM and Xie QM. Oral 
administration of allergen extracts from mug-
wort pollen desensitizes specific allergen-in-
duced allergy in mice. Vaccine 2012; 30: 
1437-1444.

[74] Roche AM and Wise SK. Subcutaneous immu-
notherapy. Int Forum Allergy Rhinol 2014; 4 
Suppl 2: S51-54.

[75] Durham SR, Walker SM, Varga EM, Jacobson 
MR, O’Brien F, Noble W, Till SJ, Hamid QA and 
Nouri-Aria KT. Long-term clinical efficacy of 
grass-pollen immunotherapy. N Engl J Med 
1999; 341: 468-475.

[76] Durham SR, Emminger W, Kapp A, de Monchy 
JG, Rak S, Scadding GK, Wurtzen PA, Andersen 
JS, Tholstrup B, Riis B and Dahl R. SQ-stan-
dardized sublingual grass immunotherapy: co- 
nfirmation of disease modification 2 years af-
ter 3 years of treatment in a randomized trial. 
J Allergy Clin Immunol 2012; 129: 717-725, 
e715.

[77] Lin SY and Leatherman B. Sublingual immuno-
therapy. Otolaryngol Clin North Am 2011; 44: 
753-764, x-xi.

[78] Larsen JN, Broge L and Jacobi H. Allergy im-
munotherapy: the future of allergy treatment. 
Drug Discov Today 2016; 21: 26-37.

[79] Devillier P, Wahn U, Zielen S and Heinrich J. 
Grass pollen sublingual immunotherapy tab-
lets provide long-term relief of grass pollen-as-
sociated allergic rhinitis and reduce the risk  
of asthma: findings from a retrospective, real-
world database subanalysis. Expert Rev Clin 
Immunol 2017; 13: 1199-1206.

[80] Slovick A, Douiri A, Muir R, Guerra A, Tsioulos 
K, Hay E, Lam EPS, Kelly J, Peacock JL, Ying  
S, Shamji MH, Cousins DJ, Durham SR and Till 
SJ. Intradermal grass pollen immunotherapy 
increases TH2 and IgE responses and worsens 
respiratory allergic symptoms. J Allergy Clin Im-
munol 2017; 139: 1830-1839, e1813.

[81] Abramson MJ, Puy RM and Weiner JM. Injec-
tion allergen immunotherapy for asthma. Co-
chrane Database Syst Rev 2010; CD001186.

[82] Kopp MV. Role of immunmodulators in aller-
gen-specific immunotherapy. Allergy 2011; 66: 
792-797.

[83] Valenta R, Ferreira F, Focke-Tejkl M, Linhart B, 
Niederberger V, Swoboda I and Vrtala S. From 
allergen genes to allergy vaccines. Annu Rev 
Immunol 2010; 28: 211-241.

[84] Marsh DG, Lichtenstein LM and Campbell DH. 
Studies on “allergoids” prepared from natural-
ly occurring allergens. I. Assay of allergenicity 
and antigenicity of formalinized rye group I 
component. Immunology 1970; 18: 705-722.

[85] Focke-Tejkl M, Weber M, Niespodziana K, Neu-
bauer A, Huber H, Henning R, Stegfellner G, 
Maderegger B, Hauer M, Stolz F, Niederberger 
V, Marth K, Eckl-Dorna J, Weiss R, Thalhamer J, 
Blatt K, Valent P and Valenta R. Development 
and characterization of a recombinant, hypoal-
lergenic, peptide-based vaccine for grass pol-
len allergy. J Allergy Clin Immunol 2015; 135: 
1207-7, e1201-1211.

[86] Niederberger V, Neubauer A, Gevaert P, Zidarn 
M, Worm M, Aberer W, Malling HJ, Pfaar O, 
Klimek L, Pfutzner W, Ring J, Darsow U, Novak 
N, Gerth van Wijk R, Eckl-Dorna J, Focke-Tejkl 
M, Weber M, Muller HH, Klinger J, Stolz F, Breit 
N, Henning R and Valenta R. Safety and effica-
cy of immunotherapy with the recombinant B-
cell epitope-based grass pollen vaccine BM32. 
J Allergy Clin Immunol 2018; 142: 497-509, 
e499.


