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Abstract 24 

Allergen immunotherapy (AIT) is a disease-modifying treatment for some IgE-mediated allergic 25 

diseases with the potential to have important preventive effects. Children with allergic rhinitis 26 

have a high risk of developing asthma, and treating allergic rhinitis with AIT may interfere with 27 

disease progression and prevent onset of asthma. Although the evidence is limited due to relatively 28 

few and heterogeneous studies, data nevertheless suggests that AIT has a preventive effect on 29 

development of asthma especially in children with rhinitis due to grass pollen allergy. AIT may also affect 30 

the development of new sensitizations. Both the degree of sensitization and the specific 31 

sensitization pattern may influence future disease severity and development of comorbidities. 32 

Hitherto, the indication for AIT for prevention of development of asthma in grass/birch pollen 33 

allergic children has been the same as for treatment of allergic rhinitis. Probably, AIT should be 34 

applied in the early stage of the allergic disease to have the greatest preventive effect on disease 35 

progression. Consequently, in the future the potential preventive effects should influence the 36 

timing of initiating AIT. The window of opportunity to prevent asthma may primarily exist in young 37 

children with mild symptoms and a low degree of sensitization.  38 

 39 

Key words: allergen immunotherapy, prevention, asthma, sensitization, children 40 
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Highlights box 42 

 43 

 44 

 45 

 46 

 47 

Abbreviations 48 

AIT: Allergen immunotherapy 49 

AR: Allergic rhinitis 50 

CI: confidence interval 51 

CRD: component resolved diagnostics 52 

HDM: House dust mites 53 

RCT: Randomized controlled trial 54 

SCIT: Subcutaneous immunotherapy 55 

SLIT: Sublingual immunotherapy 56 

 57 

 58 

 59 

Key points 

AIT may prevent development of asthma in children with allergic rhinitis. 

The evidence is strongest for grass pollen. 

The effect may be best in younger children, which may influence the indication and 

timing of AIT in the future 
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Introduction 60 

Allergic diseases are very common and comprise atopic eczema, allergic rhinitis (AR) / rhinoconjunctivitis 61 

and asthma. Especially in infants and young children, allergy symptoms are often caused by food allergy, 62 

whereas later on allergy to inhalant allergens are dominating. (1-3) In addition, it appears that AR most 63 

often is associated with allergy to outdoor allergens (i.e. pollen) and allergic asthma with indoor allergens 64 

such as house dust mites (HDM) and furry pets. There is a high degree of comorbidity and AR often 65 

precedes and represents a high-risk factor for development of asthma, which often persists into 66 

adulthood.(1-5)  67 

For more than 100 years, allergen immunotherapy (AIT) has been used and accepted as a treatment option 68 

for allergic diseases, especially AR, asthma, and venom allergy with the best documented effect for pollen, 69 

HDM- and venom allergens and less documented for cat, dog and horse allergens, and with the effect 70 

lasting beyond end of treatment. (6-8) During the last decades, focus has also been on the possible 71 

preventive potential of AIT. Most of these studies have addressed the possible prevention of development 72 

of asthma in children with AR and some have investigated the possible preventive effect on the 73 

development of new allergic sensitizations.  74 

This has been thoroughly reviewed in a recent EAACI systematic review published in 2017 (9), resulting in 75 

the EAACI Guidelines on AIT for prevention of allergic diseases. (10) This review demonstrated a potential 76 

preventive effect on development of asthma in children with AR, especially pollen allergy and possibly HDM 77 

allergy, whereas there was no documentation for other populations or allergies. 78 

The aim of this review is to summarize the present knowledge on the preventive capacity of AIT according 79 

to the different allergens used with focus on prevention of development of asthma in different clinical 80 

situations and discuss its clinical implications and future perspectives. 81 

 82 
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Preventive effect of AIT on development of asthma 83 

Allergic rhinitis is a significant risk factor of asthma in children and adults.(11-13) The correlation may be 84 

stronger in cases of severe rhinitis symptoms (14), in cases of early onset of allergic rhinitis(15, 16), and also 85 

polysensitization seems to increase this risk. (16) Moreover, serum IgE to specific molecules may predict 86 

the persistence and severity of AR, and the development of an IgE response to other molecules (molecular 87 

spreading) may predict onset and persistence of asthma.(16) 88 

It is obvious that a higher risk of developing asthma is associated with a higher potential of a preventive 89 

effect of AIT. Consequently, one may expect young age and severe symptoms to be associated with the 90 

greatest preventive effect of AIT on onset of asthma in AR patients.  A systematic review from 2017 91 

concluded that a three-year course of AIT significantly reduced the risk of onset of asthma in patients with 92 

allergic rhinitis with the greatest effect in children, those receiving subcutaneous immunotherapy (SCIT) or 93 

sublingual immunotherapy (SLIT) and for pollen AIT.(9) This effect was found up to two years after end of 94 

treatment, but data was inconclusive regarding a maintained effect over a longer period.. The evidence is, 95 

however, limited due to relatively few, often small and heterogeneous studies. None of the studies on 96 

preventive effect of AIT on development of asthma included pre-school age children, and thus we have no 97 

evidence for a possible preventive effect in this age group. 98 

 99 

Grass-pollen 100 

Grass pollen studies provide the most data on the preventive effect of AIT. Three large multicenter 101 

randomized controlled trials (RCTs) have studied the preventive effect of grass pollen AIT on development 102 

of asthma/asthma symptoms in children with allergic rhinitis. In an open randomized study including 205 103 

children (mean age 10.7 years) with birch and/or grass pollen allergy (n=165), 3 years of SCIT had a 104 
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preventive effect on developing asthma at end of treatment and at five and 10 years follow up, odds ratio 105 

2.5 and 2.7 (95% confidence interval (CI): 1.1-5.9), respectively. (17-19) 106 

In an open Italian study with 113 grass pollen allergic children (mean age 7.7 years), 3 years of coseasonal 107 

SLIT drops reduced onset of asthma symptoms. (20)  At the end of treatment, the relative risk of 108 

development of asthma symptoms was 3.8 (95%CI: 1.5-10.0) in the control group compared with the SLIT 109 

group. No further follow-up was published. 110 

In a multinational double-blind placebo controlled RCT, 812 children (mean age 8.7 years) were randomized 111 

to SLIT tablet grass pollen or placebo for 3 years, and a subsequent blinded post-AIT follow-up period of 112 

two years. (21) At the end of the five-year trial period, 8.5% had asthma diagnosed by means of strict 113 

predefined criteria, including lung function and reversibility test, compared with 9.4% in the in the control 114 

group (p=0.67). Meanwhile, at the end of trial the number of subjects with asthma symptoms and/or 115 

asthma medication usage was significantly less in the SLIT group compared with the placebo group, odds 116 

ratio: 0.66 (p= 0.036)..In addition, data from this study indicated that younger children had a higher 117 

probability of developing asthma symptoms than older children, and thus the preventive effect was 118 

greatest among the younger children. (21)  119 

 120 

Overall, data supports that SCIT has a preventive effect on asthma in children with grass and/or birch pollen 121 

allergy and in parallel, SLIT has demonstrated a preventive effect on onset of asthma symptoms and use of 122 

asthma medication up to two years post-AIT. 123 

 124 

Birch pollen 125 
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In a double blind Swedish study from 1986, none of 14 children treated with birch pollen capsules for 10 126 

months developed asthma during treatment compared with five of 16 children in the placebo group. (22) 127 

The previous mentioned open randomized study demonstrated an asthma preventive effect of three years 128 

SCIT in children with birch and/or grass pollen allergy, but it is not possible to distinguish the effect of grass 129 

and birch pollen SCIT. (17-19). Thus, there are insufficient data for birch pollen AIT in itself for prevention of 130 

development of asthma. 131 

 132 

Parietaria judaica 133 

In an Italian double-blind study, 30 adults with allergic rhinitis were randomized to SCIT with Parietaria 134 

judaica or placebo for three years. (23) Two patients (9%) developed asthma at the end of treatment 135 

compared with nine patients (47%) in the placebo group, with no significant difference between the groups 136 

(p= 0.056). 137 

 138 

House Dust Mites 139 

Based on data from three RCTs, HDM AIT may have a preventive effect on asthma onset in children with 140 

allergic rhinitis. In an open study including 216 children with allergy to pollen or HDM and AR +/- 141 

intermittent asthma, 144 were randomized to SLIT drops for 3 years, of which 98 were allergic to HDM. At 142 

the end of treatment, the risk of onset of intermittent or mild persistent asthma was lower in the AIT group 143 

compared with the control group, odds ratio 0.04 (95%CI 0.01-0.17). (24)  144 

In an open small Chinese study, none of 51 children with AR and HDM allergy treated for 3 years with SCIT 145 

had developed asthma two years post treatment compared with 9/41 (22%) in the control group (p<0.01). 146 

(25)  147 
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In a small double-blind RCT of 44 children and adults with house dust mite allergy and AR, none developed 148 

asthma during 2 years of treatment with SCIT compared with 2 (9%) in the placebo group (p=0.49). (26)  149 

 150 

Prevention of development of asthma in children with no sensitization to inhalant allergens 151 

Only few RCTs have investigated the preventive effect of AIT on asthma in infants with no sensitization to 152 

inhalant allergens. In children aged 12-30 months with atopic dermatitis, 12 months of SLIT drops with 153 

HDM, grass and cat allergen extracts, had no effect on asthma onset. (27) Also, in a recent double-blind RCT 154 

12 months of oral AIT with HDM allergen extract had no preventive effect on onset of wheeze, eczema or 155 

food allergy in high risk infants <1 year. (28) 156 

 157 

Prevention of development of allergic symptoms in sensitized asymptomatic subjects 158 

A Japanese study randomized asymptomatic cedar sensitized adults to receive SLIT or placebo 5 months a 159 

year for two years. (29) Four out of 13 patients in the active group developed allergic rhinoconjunctivitis 160 

compared with 8 out of 14 patients in the placebo group. 161 

 162 

Prevention of new allergen sensitizations  163 

A systematic review from 2017 found that 10 of 18 studies reported a reduction in the onset of new 164 

sensitizations in allergic mono- or polysensitized patients treated with AIT, but this was not confirmed in a 165 

sensitivity analysis. The authors concluded that a low-grade level of evidence supports that AIT can prevent 166 

onset of new allergen sensitizations.(30) The two RCTs including non-sensitized infants report conflicting 167 

results. In infants with atopic dermatitis, AIT with HDM, grass and cat had no effect on new sensitizations 168 
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(27), whereas oral AIT with HDM in non-sensitized infants born to atopic parents reduced the risk of 169 

developing any sensitization to food or aeroallergens compared with placebo (9% vs. 26%, p=0.03).(28) 170 

Sensitizations to allergen components and AIT 171 

The development of molecular allergology and component resolved diagnostics (CRD) has potentially 172 

provided new possibilities for improving the effect of AIT and may predict the progression of AR to asthma. 173 

(31). It has been suggested that stratification of patients according to molecular sensitization profiles may 174 

enhance success of AIT. (32). In addition, it has been hypothesized that starting AIT at an early stage of 175 

sensitization to prevent progression of sensitization to more molecules would prevent development of 176 

comorbidities such as asthma. (31)  177 

 A few studies have found that AIT per se may pose a risk for development of new sensitizations to 178 

molecular components included in the vaccine that the patients were not sensitized to beforehand. A 179 

recent retrospective study suggested that patients undergoing SCIT might carry an enhanced risk of 180 

sensitization towards formerly unrecognized allergen components. (33) Out of 51 SCIT patients, 12 (24%), 181 

had new specific IgE against allergen components of the SCIT allergen source (grass pollen, birch pollen, 182 

HDM). Also in an adult population, SCIT with HDM induced a de novo development of allergen-specific IgE 183 

against HDM molecules that were not recognized before AIT in seven out of 24 HDM-allergic patients.(32) 184 

In contrast, however, 33 adults receiving SCIT with grass pollen and 30 children treated with SLIT with grass 185 

pollen had no new sensitizations against individual Phleum pratense molecules. (34, 35) 186 

In conclusion, one may speculate that CRD can be a valuable tool for future precision medicine in AIT. It is 187 

possible that AIT can be matched to the sensitization pattern of the individual patient making the therapy 188 

more effective, and may also have a positive effect on sensitization pattern and development of asthma. 189 

However, although the use of molecular profiling is promising, we lack good studies to document its 190 

benefits for the preventive effects of AIT.  191 
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 192 

Safety 193 

Safety issues for using AIT for prevention is regarded the same as for treatment of allergic rhinitis, which 194 

has been thoroughly described previously (6, 10, 36) , and the RCTs on AIT for prevention do not add 195 

further to this. AIT is regarded as a safe treatment, although adverse effect are described - mainly mild local 196 

reactions but also systemic reactions including rare cases of anaphylaxis. In general, SLIT has a better safety 197 

profile than SCIT with less systemic reactions and no fatalities as described in a metaanalysis (20), in a 198 

recently published pooled analysis of data from grass tablet studies (37), and in two real life clinical studies. 199 

(38, 39) 200 

 201 

Clinical implications: who should receive AIT for prevention? 202 

The decision to provide AIT should be individualized and based on a reflection of possible benefits and 203 

harms. Evidence is insufficient to recommend AIT for prevention of allergic disease alone. Subsequently, 204 

the indication for AIT should be as for the existing allergic disease. Thus, in a recently published guideline 205 

from EAACI (10) it is recommended that a 3-year course of SCIT or SLIT can be recommended for children 206 

and adolescents with moderate-to-severe AR triggered by grass/birch allergy to prevent asthma for up to 207 

two years post-AIT in addition to its sustained effect on AR symptoms and medication. The effect is possibly 208 

strongest for younger children (21), which may influence the decision when to treat grass pollen allergic 209 

children with AIT. The timing is important, and it may be optimal to initiate AIT treatment relatively soon 210 

after onset of clinical symptoms. (Figure 1) 211 

The available data on the preventive effect of AIT are almost exclusively based on immunotherapy with a 212 

single or very few allergens. The preventive effect on asthma of polyallergen AIT is unknown. Besides, it is 213 
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unknown if continuous high daily exposure to an allergen affects the preventive effect of AIT with the 214 

specific allergen.  215 

 216 

Future perspectives 217 

There is a high degree of heterogeneity of AIT prevention studies, which makes it difficult to make strong 218 

conclusions about the effects - it is difficult to distinquish if an observed effect in a study is a specific 219 

product-and-protocol effect or is a class effect of AIT. The studies use different populations and diagnostic 220 

criteria, if any, and therefore it is difficult to compare and evaluate the effects found. In addition, no studies 221 

compare the preventive effect of different AIT products or doses. High quality RCTs are necessary to 222 

confirm if AIT with all inhalant allergens have the potential to prevent asthma and to investigate the impact 223 

of the route of administration, dose and duration of AIT. In addition, there is a need to investigate how to 224 

design the most optimal study, how to select patients (e.g. optimal age, sensitization pattern, and disease 225 

severity/duration) and not least how to define the best outcome measure for preventive AIT.(10, 40) 226 

The potential of AIT to affect the sensitization pattern and the clinical relevance needs further research. 227 

Based on birth cohort studies a theory of molecular spreading has evolved. (31) Data from longitudinal 228 

studies suggests that sensitization to inhalant allergens often follows a certain pattern in children. (15, 41, 229 

42) The initial IgE response is directed against one or few specific molecules (e.g. Phl p 1, Bet v 1 and Der p 230 

1/ Der p 2/ Der p 23) at a time when the child has no symptoms and then broadens to polymolecular 231 

sensitization. A broad sensitization pattern is found to be associated with an increased risk of rhinitis and 232 

asthma. Thus, it would be interesting to see in future research if AIT in healthy children with 233 

monomolecular sensitization can prevent subsequent polymolecular sensitization and the development of 234 

allergic symptoms. 235 

 236 
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Conclusion 237 

AIT has a potential to modify the natural course of allergic diseases. AIT can prevent the development of 238 

asthma symptoms in children allergic to grass pollen especially. There are indications that AIT must be 239 

applied early in the phase of increasing sensitizations and allergic symptoms to achieve the greatest 240 

potential of a disease-modifying effect. Consequently, in the future the indication for AIT probably should 241 

be different for children and adults. Young children with mild symptoms during a single/few allergen 242 

season(s), probably have the greatest potential of achieving an asthma preventive effect in addition to 243 

alleviation of current symptoms. In adults on the other hand, the indication to apply AIT should be based on 244 

severity of symptoms. 245 

 246 

 247 

Role of funding source 248 

No financial support for this manuscript 249 

  250 

Jo
urn

al 
Pre-

pro
of



13 

 

References 251 

1. Christiansen ES, Kjaer HF, Eller E, Bindslev-Jensen C, Høst A, Mortz CG, et al. The prevalence 252 

of atopic diseases and the patterns of sensitization in adolescence. Pediatr Allergy Immunol. 253 

2016;27(8):847-53. 254 

2. Henriksen L, Simonsen J, Haerskjold A, Linder M, Kieler H, Thomsen SF, et al. Incidence rates 255 

of atopic dermatitis, asthma, and allergic rhinoconjunctivitis in Danish and Swedish children. J Allergy Clin 256 

Immunol. 2015;136(2):360-6.e2. 257 

3. Patil VK, Kurukulaaratchy RJ, Venter C, Grundy J, Roberts G, Dean T, et al. Changing 258 

prevalence of wheeze, rhinitis and allergic sensitisation in late childhood: findings from 2 Isle of Wight birth 259 

cohorts 12 years apart. Clin Exp Allergy. 2015;45(9):1430-8. 260 

4. Rochat MK, Illi S, Ege MJ, Lau S, Keil T, Wahn U, et al. Allergic rhinitis as a predictor for 261 

wheezing onset in school-aged children. J Allergy Clin Immunol. 2010;126(6):1170-5.e2. 262 

5. Martin PE, Matheson MC, Gurrin L, Burgess JA, Osborne N, Lowe AJ, et al. Childhood eczema 263 

and rhinitis predict atopic but not nonatopic adult asthma: a prospective cohort study over 4 decades. J 264 

Allergy Clin Immunol. 2011;127(6):1473-9.e1. 265 

6. Dhami S, Nurmatov U, Arasi S, Khan T, Asaria M, Zaman H, et al. Allergen immunotherapy for 266 

allergic rhinoconjunctivitis: A systematic review and meta-analysis. Allergy. 2017;72(11):1597-631. 267 

7. Dhami S, Kakourou A, Asamoah F, Agache I, Lau S, Jutel M, et al. Allergen immunotherapy for 268 

allergic asthma: A systematic review and meta-analysis. Allergy. 2017;72(12):1825-48. 269 

8. Dhami S, Zaman H, Varga EM, Sturm GJ, Muraro A, Akdis CA, et al. Allergen immunotherapy 270 

for insect venom allergy: a systematic review and meta-analysis. Allergy. 2017;72(3):342-65. 271 

9. Kristiansen M, Dhami S, Netuveli G, Halken S, Muraro A, Roberts G, et al. Allergen 272 

immunotherapy for the prevention of allergy: A systematic review and meta-analysis. Pediatr Allergy 273 

Immunol. 2017;28(1):18-29. 274 

10. Halken S, Larenas-Linnemann D, Roberts G, Calderón MA, Angier E, Pfaar O, et al. EAACI 275 

guidelines on allergen immunotherapy: Prevention of allergy. Pediatr Allergy Immunol. 2017;28(8):728-45. 276 

11. Shaaban R, Zureik M, Soussan D, Neukirch C, Heinrich J, Sunyer J, et al. Rhinitis and onset of 277 

asthma: a longitudinal population-based study. Lancet. 2008;372(9643):1049-57. 278 

12. Guerra S, Sherrill DL, Martinez FD, Barbee RA. Rhinitis as an independent risk factor for adult-279 

onset asthma. J Allergy Clin Immunol. 2002;109(3):419-25. 280 

13. Burgess JA, Walters EH, Byrnes GB, Matheson MC, Jenkins MA, Wharton CL, et al. Childhood 281 

allergic rhinitis predicts asthma incidence and persistence to middle age: a longitudinal study. J Allergy Clin 282 

Immunol. 2007;120(4):863-9. 283 

14. Savi E, Peveri S, Incorvaia C, Dell'Albani I, Marcucci F, Di Cara G, et al. Association between a 284 

low IgE response to Phl p 5 and absence of asthma in patients with grass pollen allergy. Clin Mol Allergy. 285 

2013;11(1):3. 286 

15. Custovic A, Sonntag HJ, Buchan IE, Belgrave D, Simpson A, Prosperi MCF. Evolution pathways 287 

of IgE responses to grass and mite allergens throughout childhood. J Allergy Clin Immunol. 288 

2015;136(6):1645-52.e8. 289 

16. Cipriani F, Tripodi S, Panetta V, Perna S, Potapova E, Dondi A, et al. Early molecular 290 

biomarkers predicting the evolution of allergic rhinitis and its comorbidities: A longitudinal multicenter 291 

study of a patient cohort. Pediatr Allergy Immunol. 2019;30(3):325-34. 292 

17. Möller C, Dreborg S, Ferdousi HA, Halken S, Høst A, Jacobsen L, et al. Pollen immunotherapy 293 

reduces the development of asthma in children with seasonal rhinoconjunctivitis (the PAT-study). J Allergy 294 

Clin Immunol. 2002;109(2):251-6. 295 

18. Niggemann B, Jacobsen L, Dreborg S, Ferdousi HA, Halken S, Høst A, et al. Five-year follow-up 296 

on the PAT study: specific immunotherapy and long-term prevention of asthma in children. Allergy. 297 

2006;61(7):855-9. 298 

Jo
urn

al 
Pre-

pro
of



14 

 

19. Jacobsen L, Niggemann B, Dreborg S, Ferdousi HA, Halken S, Høst A, et al. Specific 299 

immunotherapy has long-term preventive effect of seasonal and perennial asthma: 10-year follow-up on 300 

the PAT study. Allergy. 2007;62(8):943-8. 301 

20. Novembre E, Galli E, Landi F, Caffarelli C, Pifferi M, De Marco E, et al. Coseasonal sublingual 302 

immunotherapy reduces the development of asthma in children with allergic rhinoconjunctivitis. J Allergy 303 

Clin Immunol. 2004;114(4):851-7. 304 

21. Valovirta E, Petersen TH, Piotrowska T, Laursen MK, Andersen JS, Sørensen HF, et al. Results 305 

from the 5-year SQ grass sublingual immunotherapy tablet asthma prevention (GAP) trial in children with 306 

grass pollen allergy. J Allergy Clin Immunol. 2018;141(2):529-38.e13. 307 

22. Möller C, Dreborg S, Lanner A, Björkstén B. Oral immunotherapy of children with 308 

rhinoconjunctivitis due to birch pollen allergy. A double blind study. Allergy. 1986;41(4):271-9. 309 

23. Crimi N, Li Gotti F, Mangano G, Paolino G, Mastruzzo C, Vancheri C, et al. A randomized, 310 

controlled study of specific immunotherapy in monosensitized subjects with seasonal rhinitis: effect on 311 

bronchial hyperresponsiveness, sputum inflammatory markers and development of asthma symptoms. Ann 312 

Ital Med Int. 2004;19(2):98-108. 313 

24. Marogna M, Tomassetti D, Bernasconi A, Colombo F, Massolo A, Businco AD, et al. 314 

Preventive effects of sublingual immunotherapy in childhood: an open randomized controlled study. Ann 315 

Allergy Asthma Immunol. 2008;101(2):206-11. 316 

25. Song W, Lin X, Chai R. [Evaluation of long-term effect for house dust mite subcutaneous 317 

immunotherapy for patients with allergic rhinitis]. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi. 318 

2015;50(8):632-5. 319 

26. Grembiale RD, Camporota L, Naty S, Tranfa CM, Djukanovic R, Marsico SA. Effects of specific 320 

immunotherapy in allergic rhinitic individuals with bronchial hyperresponsiveness. Am J Respir Crit Care 321 

Med. 2000;162(6):2048-52. 322 

27. Holt PG, Sly PD, Sampson HA, Robinson P, Loh R, Lowenstein H, et al. Prophylactic use of 323 

sublingual allergen immunotherapy in high-risk children: a pilot study. J Allergy Clin Immunol. 324 

2013;132(4):991-3.e1. 325 

28. Zolkipli Z, Roberts G, Cornelius V, Clayton B, Pearson S, Michaelis L, et al. Randomized 326 

controlled trial of primary prevention of atopy using house dust mite allergen oral immunotherapy in early 327 

childhood. J Allergy Clin Immunol. 2015;136(6):1541-7.e11. 328 

29. Yamanaka K, Shah SA, Sakaida H, Yamagiwa A, Masuda S, Mizutani H, et al. Immunological 329 

parameters in prophylactic sublingual immunotherapy in asymptomatic subjects sensitized to Japanese 330 

cedar pollen. Allergol Int. 2015;64(1):54-9. 331 

30. Di Bona D, Plaia A, Leto-Barone MS, La Piana S, Macchia L, Di Lorenzo G. Efficacy of allergen 332 

immunotherapy in reducing the likelihood of developing new allergen sensitizations: a systematic review. 333 

Allergy. 2017;72(5):691-704. 334 

31. Matricardi PM, Dramburg S, Potapova E, Skevaki C, Renz H. Molecular diagnosis for allergen 335 

immunotherapy. J Allergy Clin Immunol. 2019;143(3):831-43. 336 

32. Rodríguez-Domínguez A, Berings M, Rohrbach A, Huang HJ, Curin M, Gevaert P, et al. 337 

Molecular profiling of allergen-specific antibody responses may enhance success of specific 338 

immunotherapy. J Allergy Clin Immunol. 2020;146(5):1097-108. 339 

33. Gellrich D, Eder K, Högerle C, Becker S, Canis M, Gröger M. De novo sensitization during 340 

subcutaneous allergen specific immunotherapy - an analysis of 51 cases of SCIT and 33 symptomatically 341 

treated controls. Sci Rep. 2020;10(1):6048. 342 

34. Rossi RE, Monasterolo G. Evaluation of recombinant and native timothy pollen (rPhl p 1, 2, 5, 343 

6, 7, 11, 12 and nPhl p 4)- specific IgG4 antibodies induced by subcutaneous immunotherapy with timothy 344 

pollen extract in allergic patients. Int Arch Allergy Immunol. 2004;135(1):44-53. 345 

35. Marcucci F, Sensi L, Incorvaia C, Dell'Albani I, Di Cara G, Frati F. Specific IgE response to 346 

different grass pollen allergen components in children undergoing sublingual immunotherapy. Clin Mol 347 

Allergy. 2012;10(1):7. 348 

Jo
urn

al 
Pre-

pro
of



15 

 

36. Roberts G, Pfaar O, Akdis CA, Ansotegui IJ, Durham SR, Gerth van Wijk R, et al. EAACI 349 

Guidelines on Allergen Immunotherapy: Allergic rhinoconjunctivitis. Allergy. 2018;73(4):765-98. 350 

37. Halken S, Roberts G, Valovirta E, Nolte H, Hulstrøm V, Blaiss MS. Safety of Timothy Grass 351 

Sublingual Immunotherapy Tablet in Children: Pooled Analyses of Clinical Trials. J Allergy Clin Immunol 352 

Pract. 2020;8(4):1387-93.e2. 353 

38. Calderón MA, Vidal C, Rodríguez Del Río P, Just J, Pfaar O, Tabar AI, et al. European Survey on 354 

Adverse Systemic Reactions in Allergen Immunotherapy (EASSI): a real-life clinical assessment. Allergy. 355 

2017;72(3):462-72. 356 

39. Rodríguez Del Río P, Vidal C, Just J, Tabar AI, Sanchez-Machin I, Eberle P, et al. The European 357 

Survey on Adverse Systemic Reactions in Allergen Immunotherapy (EASSI): A paediatric assessment. Pediatr 358 

Allergy Immunol. 2017;28(1):60-70. 359 

40. Wheatley LM, Wood R, Nadeau K, Liu A, Zoratti E, Bacharier L, et al. Mind the gaps: Clinical 360 

trial concepts to address unanswered questions in aeroallergen immunotherapy-An NIAID/AHRQ 361 

Workshop. J Allergy Clin Immunol. 2019;143(5):1711-26. 362 

41. Hatzler L, Panetta V, Lau S, Wagner P, Bergmann RL, Illi S, et al. Molecular spreading and 363 

predictive value of preclinical IgE response to Phleum pratense in children with hay fever. J Allergy Clin 364 

Immunol. 2012;130(4):894-901.e5. 365 

42. Asarnoj A, Hamsten C, Wadén K, Lupinek C, Andersson N, Kull I, et al. Sensitization to cat and 366 

dog allergen molecules in childhood and prediction of symptoms of cat and dog allergy in adolescence: A 367 

BAMSE/MeDALL study. J Allergy Clin Immunol. 2016;137(3):813-21.e7. 368 

 369 

Legends 370 

 371 

Figure 1 372 

 373 

The window of opportunity of AIT to prevent asthma. 374 

A left shift of the AIT indication to younger age / milder disease may increase the preventive effect on 375 

asthma. 376 

Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of


