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Allergen immunotherapy (AIT) is the sole disease-modifying treatment for allergic rhinitis; it prevents rhinitis from

progressing to asthma and lowers medication use. AIT against mites, insect venom, and certain kinds of pollen is

effective. The mechanism of action of AIT is based on inducing immunological tolerance characterized by increased IL-10,

TGF-β, and IgG4 levels and Treg cell counts. However, AIT requires prolonged schemes of administration and is

sometimes associated with adverse reactions. Over the last decade, novel forms of AIT have been developed, focused on

better allergen identification, structural modifications to preserve epitopes for B or T cells, post-traductional alteration

through chemical processes, and the addition of adjuvants. These modified allergens induce clinical-immunological effects

similar to those mentioned above, increasing the tolerance to other related allergens but with fewer side effects. Clinical

studies have shown that molecular AIT is efficient in treating grass and birch allergies. 
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1. Introduction

Allergen immunotherapy (AIT) originated in the early twentieth century . In 1954, the first controlled clinical trial was

developed, and AIT improved the symptoms in the group receiving the pollen extract compared with the control group .

AIT is recommended for the treatment of allergic rhinitis (AR) and asthma by many medical organizations, based on

controlled clinical trials and meta-analyses . Many of these beneficial effects are due to AIT being the unique therapy

able to induce allergen long-term tolerance after discontinuation. The administration of AIT for three years produces

persistent clinical-immunological changes for at least two years .

However, the conventional schemes used in AIT are prolonged. Subcutaneous immunotherapy (SCIT) comprises a build-

up phase (in which the allergen concentration increases gradually) and a maintenance phase (in which the projected dose

is applied), which must be administered for at least three years (Figure 1a). Additionally, the development of adverse

reactions is associated with first dosages, leading to treatment abandonment . Likewise, AIT has not shown clinical

benefits with all allergens.

Figure 1. Schemes of allergen immunotherapy. (a) Classical subcutaneous immunotherapy scheme consisting of build-up

and maintenance phase. (b) Recombinant scheme with grass (c) Recombinant scheme with birch allergen.

New methods and novel molecules have been developed to improve AIT for the last 30 years. Currently, allergoids,

recombinant allergens based on specific epitopes or joined to immunological adjuvants—also known as hypoallergenic

immunotherapy—even applied by new routes, constitute new variants of this therapeutic. The present review describes

the best advances reported concerning each of the AIT areas.

[1]

[2]

[3][4][5]

[6][7]

[8][9]



2. Efficacy of Allergen Immunotherapy

The benefits of AIT are not the same for each allergen responsible for sensitization and the different allergic diseases. For

example, SCIT or SLIT is strongly recommended for seasonal AR induced by pollen, while SLIT is recommended for HDM

in mild asthma but not for all allergens , and there is limited evidence for allergic respiratory disease caused by

fungal spores . The meta-analyses are considered the highest level of evidence, the SCIT meta-analyses for

seasonal AR showed an improvement in symptoms (SMD, −0.73; p < 0.0001; I  = 63.21%) and medication scores (SMD,

−0.57; p < 0.0001; I  = 64.02%). Interestingly, this evidence is mainly derived from articles on AIT for grass pollen.

However, SCIT against HDM also showed similar results (For the symptoms: SMD, −2.17; p = 0.001; I  = 96%%/For the

medication score: (SMD, −1.17; p = 0.03; I  = 86%). Concerning SLIT, the most up-to-date version of the Cochrane review

reports described a reduction in the outcomes mentioned above, primarily for grasses (For the symptoms: SMD, −0.49; p
< 0.00001; I  = 81%/For the medication score: SMD, −0.32; p = 0.00035; I  = 50%), and other robust reports concluded

the same for HDM (For the symptoms: SMD, −0.95; p < 0.00001; I  = 92%/For the medication score: SMD, −1.88; p <

0.00001; I  = 95%) . Some reports have found similar levels of efficacy using both routes, even comparing different

forms of SLIT (drops and tablets) . In relation to SLIT and asthma, a recent meta-analysis could not draw clinically

useful conclusions due to the non-validated scores and limited evidence for relevant outcomes such as asthma

exacerbations . For other allergens, there is scarce high-quality information. However, evidence supports a clinical

improvement in SCIT and SLIT for epitheliums in clinical outcomes such as ocular, nasal, or asthma symptoms, peak

expiratory flow rate, and medication scores .

Notably, some meta-analyses, particularly those using SLIT, are controversial because of the heterogeneity of the few

included trials, different presentations, and doses of the extracts used, and/or of the use of non-validated scales of

symptoms and medication scores, limiting the provision of clear clinical conclusions. Additionally, heterogeneity exists in

the different clinical trials included in the meta-analyses. Throughout history, an attempt has been made to improve the

effectiveness criteria and propose a consensus on the duration of SCIT and SLIT . Furthermore, one of the most

interesting properties of AIT is that it provides benefits for many years after the therapy schemes have been concluded.

Patients have a reduction in medication and the percentage of eosinophils, as well as an increase in the threshold to the

response to methacholine four years after finishing the AIT, according to prospective studies evaluating SLIT regimens

administered for at least three years, and even these effects are more prolonged with schemes applied for a longer time

. In a similar context, the application of a complete AIT scheme for mites avoids the development of new

sensitizations in 75% of patients at least three years after its conclusion .

Regardless of these scores, some previously discussed interleukins (IL-10, TGF-β), antibodies titers (IgG4) , IgE ,

specific IgE/total IgE , and cell lines (Treg cells, B regs and DC) have been used as biomarkers . Although the

modification of other types of lymphocytes and immune cells have also been described. For example, AIT for grasses

increase the expression of the transcriptional factor of DCreg (C1QA, FcεRIIIA, FTL) and reduced that of DC2 (C1QA,

FcεRIIIA, FTL,); in a similar way, it diminished the expression of CD63/CD203c in basophils, which correlates with the

medical score and is considered as a biomarker of efficacy .

SCIT and SLIT are generally well tolerated. However, as another therapeutic approach, they are not exempt from the

development of adverse reactions. The risk of a systemic reaction is more frequent with SCIT than SLIT. A systemic

response to AIT injection is documented in approximately 2% of patients, and the mortality related to a SCIT injection is

higher in non-controlled asthma patients in the build-up phase and maintenance . Low-risk fatal reactions occur in 1

per 2.5 million injections, although this rate has decreased in recent years . SLIT is considered the safest route,

even in asthma patients .

Recently, attempts have been made to improve the adaptability and success of immunotherapy using monoclonal

antibodies, particularly with the anti-IgE monoclonal antibody (Omalizumab). Omalizumab in immunotherapy is an off-

label treatment. However, clinical trials have shown that the use of Omalizumab in rapid regimens of AIT, such as rush,

reduces the adverse reactions attributed to immunotherapy . Another trial showed benefits in the symptom control of

seasonal rhinoconjunctivitis and asthma when used before or during immunotherapy schemes . However, it will

unlikely be approved as a general indication because of its high cost and limited and probably temporary clinical benefits.
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3. Clinical-Immune Efficacy of Recombinant Allergens

3.1. Cat

Fel d 1 is the most common cat allergen. Fel d 1 hypoallergenicity can be synthesized by introducing duplications of T cell

epitopes (DTE). In a murine cat allergy model, a type of recombinant DTE III induced high IgG2 levels. In mice, IgG can

reduce skin reactivity and improve airway hyperreactivity by blocking the binding of patients’ IgE to rFel d 1 . AIT for Fel

d 1 has been tested in vaccines based on T cell epitope peptides (SPIRES), which are short allergen peptides that make

up the allergen’s primary T cell epitopes, and MHC II has been used to construct immune-therapeutic mechanisms .

Allervax cats (cat peptide for AIT) showed clinical benefits; however, they had late adverse reactions in clinical phases .

Conversely, in phase-II and -III studies, a Cat PAD (also known as ToleroMune Cat) has also shown a reduction in

rhinoconjunctivitis symptoms and safety in cat-allergic patients using four intradermal doses of 6 nmol , decreasing

the CRTh2 expression but not altering the number of Fel d 1-TCD4+ cells .

In a phase-I research, rFel d 1 was also fused to the HIV-derived translocation peptide (TAT), mediating the cytoplasmic

uptake of extracellular proteins and the truncated human invariant chain (MALT-Fel d 1), which was administered

intralymphatically in a scheme of three dosages. MALT-Fel d 1 improved the symptoms during the nasal challenge and

increased the IgG4 and IL-10 levels ; this humoral response was greater than that of another IgG subclass, which

increased after the first month of treatment. Interestingly, rIgG4 for cat allergy has been evaluated in cat-allergic patients

in a phase-Ib study, demonstrating its ability to increase the IgG/IgE ratio and decrease the clinical symptoms in nasal

provocation, with similar results in a scheme of eight days. These data suggest that passive immunization can treat

allergies using allergen-specific IgG antibodies .

3.2. Birch

rBet v 1 is one of the first molecules evaluated as allergen immunotherapy . Niederberger V. realized in 2004 a phase-II

study and administered two fragments of rBet v1 (F1, aa 1–73 without methionine; F2, aa 74–159) and two trimers

(comprising three covalently linked copies of Bet v 1) applied in eight doses (maximum dose of 80 µg) before the birch

season. These recombinants induced the synthesis of IgG1 and IgG4 after treatment; despite a slight decrease, the

antibodies remained present during the pollination season and decreased the release of histamine in serum and IgE

levels . Interestingly, an increase in IgG1, IgG2, and IgG4 was identified in the nasal secretion and is associated with

reduced nasal sensitivity in the nasal birch challenge . Additionally, the trimer of Bet v 1 decreased the production of the

Th2 profile but increased the IL-12 levels, and both recombinant proteins decreased the nasal symptoms and skin

reactivity .

Allergen-specific T lymphocytes (LT CLA  and CCR4 , necessary for the migration of T cells from the blood to the skin)

were found to increase after an epicutaneous injection of both rBet v1 and two fragments of this protein, in addition to a

slight increase in IgG levels and its subclasses but a null humoral IgE response .

Other recombinants have been studied. For example, Meyer W. evaluated the response to the rBet v 1-folding variant,

which has intact T cell epitopes, in a phase-III study. After exposure to AR patients for eight hours in an environmental

exposure chamber with birch, the researcher applied a 10-dose injection scheme (20, 80, 160, and 320 µg) applied

weekly, noting that the 80-µg dose of this recombinant induced the greatest synthesis of IgG1, reduced the nasal

symptoms, and induced minimal adverse effects . rBet v1 was also tested sublingually in a phase-II study,

administering one sublingual tablet per day for five months before the pollination season; this treatment decreased the

symptoms and use of rescue medications during the pollination season, with mild effects .

3.3. Grasses

From 1999, Gehlhar K. applied two recombinants (5a and 5b) with a homogeneity of approximately 70% with Phl p 5 in

pediatric patients. These molecules decreased the AR symptoms and increased the levels of IgG, IgG2, and IgG4 at the

end of the study; even the quotient IgG1/IgG4 correlated with the clinical scenario .

Recently, a fusion protein based on allergen-derived peptide B cell epitopes of the four major allergens of timothy (Phl p 1,

2, 5, and 6) and PreS protein (an immunogenic carrier that fosters antibody responses  from the hepatitis B virus—

HBV), adsorbed to aluminum hydroxide, known as BM32, has been proven in patients with AR to grasses . A two-year

scheme was used to test BM32 in a phase-IIb study. In the first year, the researchers applied four injections; the initial

three dosages were applied three months prior to the European grass pollen season and a booster in the fall (after the

season) (Figure 1b). In the second year, they reapplied the first three doses of the scheme mentioned before the next
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pollination season. With this scheme, an increase in IgG, IgG1, and IgG4 was observed, but this effect declined after five

months, particularly for IgG1. However, the booster was sufficient to restore the titers of IgG1 and increase the allergen-

specific IgG4 levels. BM32 did not significantly modify the IgE levels compared with the baseline values. In terms of

therapeutic advantages, phase-IIb studies showed benefic changes in AR life quality and asthma symptoms during the

pollination, and these effects increased in the second year of treatment , with the main adverse reactions classified as

mild .

Allergic mast cell and basophil degranulation may be prevented by the presence of blocking IgG1 and IgG4 antibodies

against the IgE binding sites of the major grass pollen allergens. Likewise, as observed in phase II studies, blocking

antibodies hinders the IgE-facilitated allergen presentation and the consecutive T cell activation . In the same context, it

inhibited the allergen-specific T cell reactivity in both treated patients and in vitro models . Additionally, BM32 induces

IL-10 synthesis and low levels of IL-5 and interleukins used as markers of immunological efficacy and tolerance .

4. Conclusions

Despite the development of novel allergen-specific immunotherapy, licensing any vaccine for the clinic has proven difficult.

Currently, allergen-specific immunotherapy with natural allergen extracts is the only viable disease-modifying treatment for

allergic patients based on long-term symptom relief, and it can also prevent AR from progressing to asthma. However,

caution should be taken because allergen injection can be associated with adverse reactions and because of the

allergenicity of natural extracts. The side effects are usually harmless and, in rare cases, can cause fatal reactions.

Importantly, patients must not show symptoms because of AIT allergenicity, particularly in asthma . Traditional allergen

extract-based AIT may be revolutionized in the future by some molecular AIT technologies. The latest generation of

carrier-bound B-cell epitope-based allergy vaccines has the potential to transform AIT because it may prevent side effects,

allowing the administration of high doses to induce strong allergen-specific IgG responses and providing sensitized

patients with lasting effects (Supplementary Table S1).

References

1. Ring, J.; Gutermuth, J. 100 years of hyposensitization: History of allergen-specific immunotherapy (ASIT). Allergy 2011,
66, 713–724.

2. Frankland, A.W.; Augustin, R. Prophylaxis of summer hay-fever and asthma. Lancet 1954, 263, 1055–1057.

3. Bousquet, J.; Schünemann, H.J.; Togias, A.; Bachert, C.; Erhola, M.; Hellings, P.W.; Klimek, L.; Pfaar, O.; Wallace, D.;
Ansotegui, I.; et al. Next-generation Allergic Rhinitis and Its Impact on Asthma (ARIA) guidelines for allergic rhinitis bas
ed on Grading of Recommendations Assessment, Development and Evaluation (GRADE) and real-world evidence. J. A
llergy Clin. Immunol. 2020, 145, 70–80.e3.

4. Global Initiative of Asthma. Global Strategy for Asthma Management and Prevention. GINA. 2021. Available online: http
s://ginasthma.org/wp-content/uploads/2021/05/GINA-Main-Report-2021-V2-WMS.pdf (accessed on 15 September 202
1).

5. Pfaar, O.; Bachert, C.; Bufe, A.; Buhl, R.; Ebner, C.; Eng, P.; Friedrichs, F.; Fuchs, T.; Hamelmann, E.; Hartwig-Bade,
D.; et al. Guideline on allergen-specific immunotherapy in IgE-mediated allergic diseases. Allergo J. Int. 2014, 23, 282–
319.

6. Durham, S.R.; Walker, S.M.; Varga, E.-M.; Jacobson, M.R.; O’Brien, F.; Noble, W.; Till, S.J.; Hamid, Q.A.; Nouri-Aria, K.
T. Long-Term Clinical Efficacy of Grass-Pollen Immunotherapy. N. Engl. J. Med. 1999, 341, 468–475.

7. Penagos, M.; Durham, S.R. Duration of allergen immunotherapy for inhalant allergy. Curr. Opin. Allergy Clin. Immunol.
2019, 19, 594–605.

8. Pavon-Romero, G.F.; Larenas-Linnemann, D.E.; Xochipa Ruiz, K.K.E.; Ramirez-Jimenez, F.; Teran, L.M.; Ramirez-Jim
enez, F.; Teran, L. Subcutaneous Allergen-Specific Immunotherapy Is Safe in Pediatric Patients with Allergic Rhinitis. In
t. Arch. Allergy Immunol. 2021, 182, 553–561.

9. Larenas-Linnemann, D.; Luna-Pech, J.; Rodríguez-Pérez, N.; Rodríguez-González, M.; Arias-Cruz, A.; Blandón-Vijil,
M.; Costa-Domínguez, M.; Del Río-Navarro, B.; Estrada-Cardona, A.; Navarrete-Rodríguez, E.; et al. GUIMIT 2019, Me
xican Guideline on Immunotherapy. Guideline on the diagnosis of IgE-mediated allergic disease and immunotherapy fol
lowing the ADAPTE approach. Rev. Alerg. Mex. 2019, 66 (Suppl. S1), 1–105.

10. Virchow, J.C.; Backer, V.; Kuna, P.; Prieto, L.; Nolte, H.; Villesen, H.H.; Ljørring, C.; Riis, B.; De Blay, F. Efficacy of a Ho
use Dust Mite Sublingual Allergen Immunotherapy Tablet in Adults With Allergic Asthma. JAMA 2016, 315, 1715–1725.

[52]

[53]

[50]

[54]

[55]

[56]



11. Fortescue, R.; Kew, K.M.; Leung, M.S.T. Sublingual immunotherapy for asthma. Cochrane Database Syst. Rev. 2020,
9, CD011293–CD011293.

12. Calderón, M.A.; Alves, B.; Jacobson, M.; Hurwitz, B.; Sheikh, A.; Durham, S. Allergen injection immunotherapy for seas
onal allergic rhinitis. Cochrane Database Syst. Rev. 2007, 2007, CD001936.

13. Dhami, S.; Nurmatov, U.; Arasi, S.; Khan, T.; Asaria, M.; Zaman, H.; Agarwal, A.; Netuveli, G.; Roberts, G.; Pfaar, O.; et
al. Allergen immunotherapy for allergic rhinoconjunctivitis: A systematic review and meta-analysis. Allergy 2017, 72, 15
97–1631.

14. Coop, C.A. Immunotherapy for Mold Allergy. Clin. Rev. Allergy Immunol. 2013, 47, 289–298.

15. Bozek, A.; Pyrkosz, K. Immunotherapy of mold allergy: A review. Hum. Vaccines Immunother. 2017, 13, 2397–2401.

16. Radulovic, S.; Calderón, M.A.; Wilson, D.; Durham, S. Sublingual immunotherapy for allergic rhinitis. Cochrane Databa
se Syst. Rev. 2010, 2010, 002893.

17. Sieber, J.; Shah-Hosseini, K.; Mösges, R. Specific immunotherapy for allergic rhinitis to grass and tree pollens in daily
medical practice—Symptom load with sublingual immunotherapy compared to subcutaneous immunotherapy. Ann. Me
d. 2011, 43, 418–424.

18. Nelson, H.; Cartier, S.; Allen-Ramey, F.; Lawton, S.; Calderon, M.A. Network Meta-analysis Shows Commercialized Su
bcutaneous and Sublingual Grass Products Have Comparable Efficacy. J. Allergy Clin. Immunol. Pract. 2015, 3, 256–2
66.e3.

19. Dhami, S.; Agarwal, A. Does evidence support the use of cat allergen immunotherapy? Curr. Opin. Allergy Clin. Immun
ol. 2018, 18, 350–355.

20. Calderon, M.A.; Casale, T.B.; Nelson, H.S.; Demoly, P. An evidence-based analysis of house dust mite allergen immun
otherapy: A call for more rigorous clinical studies. J. Allergy Clin. Immunol. 2013, 132, 1322–1336.

21. Marogna, M.; Spadolini, I.; Massolo, A.; Canonica, G.W.; Passalacqua, G. Long-lasting effects of sublingual immunothe
rapy according to its duration: A 15-year prospective study. J. Allergy Clin. Immunol. 2010, 126, 969–975.

22. Marogna, M.; Bruno, M.; Massolo, A.; Falagiani, P. Long-Lasting Effects of Sublingual Immunotherapy for House Dust
Mites in Allergic Rhinitis with Bronchial Hyperreactivity: A Long-Term (13-Year) Retrospective Study in Real Life. Int. Arc
h. Allergy Immunol. 2006, 142, 70–78.

23. Pajno, G.B.; Barberio, G.; De Luca, F.; Morabito, L.; Parmiani, S. Prevention of new sensitizations in asthmatic children
monosensitized to house dust mite by specific immunotherapy. A six-year follow-up study. Clin. Exp. Allergy 2001, 31, 1
392–1397.

24. Inal, A.; Altintas, D.; Yilmaz, M.; Karakoc, G.; Kendirli, S.; Sertdemir, Y. Prevention of new sensitizations by specific imm
unotherapy in children with rhinitis and/or asthma monosensitized to house dust mite. J. Investig. Allergol. Clin. Immuno
l. 2007, 17, 85–91.

25. Tabar, A.I.; Prieto, L.; Alba, P.; Nieto, A.; Rodríguez, M.; Torrecillas, M.; Huertas, B.; Gómez, E.; Fernández, F.J.; Blanc
a, M.; et al. Double-blind, randomized, placebo-controlled trial of allergen-specific immunotherapy with the major allerg
en Alt a 1. J. Allergy Clin. Immunol. 2019, 144, 216–223.e3.

26. Soyyigit, S.; Guloglu, D.; Ikinciogullari, A.; Secil, D.; Oztuna, D.; Mungan, D.; Misirligil, Z.; Sin, B.A. Immunologic alterati
ons and efficacy of subcutaneous immunotherapy with Dermatophagoides pteronyssinus in monosensitized and polyse
nsitized patients. Ann. Allergy Asthma Immunol. 2016, 116, 244–251.e2.

27. Kucuksezer, U.C.; Ozdemir, C.; Cevhertas, L.; Ogulur, I.; Akdis, M.; Akdis, C.A. Mechanisms of allergen-specific immun
otherapy and allergen tolerance. Allergol. Int. 2020, 69, 549–560.

28. Özdemir, S.K.; Sin, B.A.; Güloğlu, D.; Ikincioğulları, A.; Gençtürk, Z.; Mısırlıgil, Z. Short-Term Preseasonal Immunothera
py: Is Early Clinical Efficacy Related to the Basophil Response? Int. Arch. Allergy Immunol. 2014, 164, 237–245.

29. Epstein, T.G.; Liss, G.M.; Murphy-Berendts, K.; Bernstein, D.I. Risk factors for fatal and nonfatal reactions to subcutane
ous immunotherapy. Ann. Allergy Asthma Immunol. 2016, 116, 354–359.e2.

30. Bernstein, D.I.; Wanner, M.; Borish, L.; Liss, G.M.; The Immunotherapy Committee of the American Academy of Allergy,
Asthma and Immunology. Twelve-year survey of fatal reactions to allergen injections and skin testing: 1990–2001. J. All
ergy Clin. Immunol. 2004, 113, 1129–1136.

31. Casale, T.B.; Busse, W.W.; Kline, J.; Ballas, Z.; Moss, M.H.; Townley, R.G.; Mokhtarani, M.; Seyfert-Margolis, V.; Asare,
A.; Bateman, K. Omalizumab pretreatment decreases acute reactions after rush immunotherapy for ragweed-induced s
easonal allergic rhinitis. J. Allergy Clin. Immunol. 2006, 117, 134–140.

32. Kuehr, J.; Brauburger, J.; Zielen, S.; Schauer, U.; Kamin, W.; Von Berg, A.; Leupold, W.; Bergmann, K.-C.; Rolinck-Wer
ninghaus, C.; Gräve, M.; et al. Efficacy of combination treatment with anti-IgE plus specific immunotherapy in polysensi



tized children and adolescents with seasonal allergic rhinitis. J. Allergy Clin. Immunol. 2002, 109, 274–280.

33. Kopp, M.V.; Hamelmann, E.; Zielen, S.; Kamin, W.; Bergmann, K.-C.; Sieder, C.; Stenglein, S.; Seyfried, S.; Wahn, U.; f
or The DUAL Study Group. Combination of omalizumab and specific immunotherapy is superior to immunotherapy in p
atients with seasonal allergic rhinoconjunctivitis and co-morbid seasonal allergic asthma. Clin. Exp. Allergy 2009, 39, 2
71–279.

34. Saarne, T.; Neimert-Andersson, T.; Grönlund, H.; Jutel, M.; Gafvelin, G.; van Hage, M. Treatment with a Fel d 1 hypoall
ergen reduces allergic responses in a mouse model for cat allergy. Allergy 2010, 66, 255–263.

35. Klimek, L.; Pfaar, O.; Worm, M. New opportunities for allergen immunotherapy using synthetic peptide immuno-regulato
ry epitopes (SPIREs). Expert Rev. Clin. Immunol. 2016, 12, 1123–1135.

36. Maguirea, P.; Nicodemusb, C.; Robinsonb, D.; Aaronson, D.; Umetsu, D.T. The Safety and Efficacy of ALLERVAX CAT i
n Cat Allergic Patients. Clin. Immunol. 1999, 93, 222–231.

37. Worm, M.; Lee, H.-H.; Kleine-Tebbe, J.; Hafner, R.P.; Laidler, P.; Healey, D.; Buhot, C.; Verhoef, A.; Maillère, B.; Kay, A.
B.; et al. Development and preliminary clinical evaluation of a peptide immunotherapy vaccine for cat allergy. J. Allergy
Clin. Immunol. 2011, 127, 89–97.e14.

38. Couroux, P.; Patel, D.; Hafner, R.P.; Armstrong, K.; Larche, M. Fel d 1-derived synthetic peptide immuno-regulatory epit
opes show a long-term treatment effect in cat allergic subjects. Clin. Exp. Allergy 2015, 45, 974–981.

39. Rudulier, C.D.; Tonti, E.; James, E.; Kwok, W.W.; Larché, M. Modulation of CRTh2 expression on allergen-specific T cel
ls following peptide immunotherapy. Allergy 2019, 74, 2157–2166.

40. Senti, G.; Crameri, R.; Kuster, D.; Johansen, P.; Martinez-Gomez, J.M.; Graf, N.; Steiner, M.; Hothorn, L.A.; Grönlund,
H.; Tivig, C.; et al. Intralymphatic immunotherapy for cat allergy induces tolerance after only 3 injections. J. Allergy Clin.
Immunol. 2012, 129, 1290–1296.

41. Grönlund, H.; Gafvelin, G. Recombinant Bet v 1 vaccine for treatment of allergy to birch pollen. Hum. Vaccines 2010, 6,
970–977.

42. Schülke, S.; Kuttich, K.; Wolfheimer, S.; Duschek, N.; Wangorsch, A.; Reuter, A.; Briza, P.; Pablos, I.; Gadermaier, G.; F
erreira, F.; et al. Conjugation of wildtype and hypoallergenic mugwort allergen Art v 1 to flagellin induces IL-10-DC and
suppresses allergen-specific TH2-responses in vivo. Sci. Rep. 2017, 7, 11782.

43. Niederberger, V.; Horak, F.; Vrtala, S.; Spitzauer, S.; Krauth, M.-T.; Valent, P.; Reisinger, J.; Pelzmann, M.; Hayek, B.; Kr
onqvist, M.; et al. Vaccination with genetically engineered allergens prevents progression of allergic disease. Proc. Natl.
Acad. Sci. USA 2004, 101, 14677–14682.

44. Reisinger, J.; Horak, F.; Pauli, G.; van Hage, M.; Cromwell, O.; König, F.; Valenta, R.; Niederberger, V. Allergen-specific
nasal IgG antibodies induced by vaccination with genetically modified allergens are associated with reduced nasal aller
gen sensitivity. J. Allergy Clin. Immunol. 2005, 116, 347–354.

45. Gafvelin, G.; Thunberg, S.; Kronqvist, M.; Grönlund, H.; Grönneberg, R.; Troye-Blomberg, M.; Akdis, M.; Fiebig, H.; Pur
ohit, A.; Horak, F.; et al. Cytokine and Antibody Responses in Birch-Pollen-Allergic Patients Treated with Genetically Mo
dified Derivatives of the Major Birch Pollen Allergen Bet v 1. Int. Arch. Allergy Immunol. 2005, 138, 59–66.

46. Campana, R.; Moritz, K.; Neubauer, A.; Huber, H.; Henning, R.; Brodie, T.M.; Kaider, A.; Sallusto, F.; Wöhrl, S.; Valenta,
R. Epicutaneous allergen application preferentially boosts specific T cell responses in sensitized patients. Sci. Rep. 201
7, 7, 11657.

47. Meyer, W.; Narkus, A.; Salapatek, A.M.; Hafner, D. Double-blind, placebo-controlled, dose-ranging study of new recomb
inant hypoallergenic Bet v 1 in an environmental exposure chamber. Allergy 2013, 68, 724–731.

48. Nony, E.; Bouley, J.; Le Mignon, M.; Lemoine, P.; Jain, K.; Horiot, S.; Mascarell, L.; Pallardy, M.; Vincentelli, R.; Leone,
P.; et al. Development and evaluation of a sublingual tablet based on recombinant Bet v 1 in birch pollen-allergic patient
s. Allergy 2015, 70, 795–804.

49. Gehlhar, K.; Schlaak, M.; Becker, W.-M.; Bufe, A. Monitoring allergen immunotherapy of pollen-allergic patients: The rat
io of allergen-specific IgG4 to IgG1 correlates with clinical outcome. Clin. Exp. Allergy 1999, 29, 497–506.

50. Cornelius, C.; Schöneweis, K.; Georgi, F.; Weber, M.; Niederberger, V.; Zieglmayer, P.; Niespodziana, K.; Trauner, M.;
Hofer, H.; Urban, S.; et al. Immunotherapy With the PreS-based Grass Pollen Allergy Vaccine BM32 Induces Antibody
Responses Protecting Against Hepatitis B Infection. EBioMedicine 2016, 11, 58–67.

51. Valenta, R.; Campana, R.; Niederberger, V. Recombinant allergy vaccines based on allergen-derived B cell epitopes. I
mmunol. Lett. 2017, 189, 19–26.

52. Niederberger, V.; Neubauer, A.; Gevaert, P.; Zidarn, M.; Worm, M.; Aberer, W.; Malling, H.J.; Pfaar, O.; Klimek, L.; Pfütz
ner, W.; et al. Safety and efficacy of immunotherapy with the recombinant B-cell epitope–based grass pollen vaccine B



M32. J. Allergy Clin. Immunol. 2018, 142, 497–509.e9.

53. Zieglmayer, P.; Focke-Tejkl, M.; Schmutz, R.; Lemell, P.; Zieglmayer, R.; Weber, M.; Kiss, R.; Blatt, K.; Valent, P.; Stolz,
F.; et al. Mechanisms, safety and efficacy of a B cell epitope-based vaccine for immunotherapy of grass pollen allergy.
EBioMedicine 2016, 11, 43–57.

54. Eckl-Dorna, J.; Weber, M.; Stanek, V.; Linhart, B.; Ristl, R.; Waltl, E.E.; Merino, S.V.; Hummel, A.; Focke-Tejkl, M.; Froe
schel, R.; et al. Two years of treatment with the recombinant grass pollen allergy vaccine BM32 induces a continuously
increasing allergen-specific IgG4 response. EBioMedicine 2019, 50, 421–432.

55. Rauber, M.M.; Möbs, C.; Campana, R.; Henning, R.; Schulze-Dasbeck, M.; Greene, B.; Focke-Tejkl, M.; Weber, M.; Val
enta, R.; Pfützner, W. Allergen immunotherapy with the hypoallergenic B-cell epitope-based vaccine BM32 modifies IL-
10- and IL-5-secreting T cells. Allergy 2020, 75, 450–453.

56. Martin, J.G.; Panariti, A. Fenotipos del asma, ¿son importantes? Arch. Bronconeumol. Engl. Ed. 2017, 53, 177–179.

Retrieved from https://encyclopedia.pub/entry/history/show/43522


