Glossary:
Innate immunity: Genetically predetermined, unspecific and quick immune response, following on the recognition of pathogen- and or danger-associated molecular patterns. 
Adaptive immunity: Antigen-specific memory conferred by clonal selection of optimized antigen recognition and subsequent expansion of T and B cells.
Innate trained immunity: Mechanisms depending on metabolic and epigenetic reprogramming in innate cells following first antigenic contact. These cells can mount more efficient immune responses upon subsequent encounter to related or unrelated antigens. 
ILC: Innate lymphoid cells can be associated with type 1, 2 or 3 immune response.
Self-antigen: Own proteins and their epitopes recognized by the immune system that do not trigger an immune response and instead are tolerated 
Non-self-innocuous antigen: Harmless structures not associated with one self, for which the immune system will be tolerant, as they are part of our environment (e.g. pollens)
Type 1 immunity: Type 1 immunity is mounted against intracellular pathogens like Mycobacterium tuberculosis or viruses. ILC1, Th1, NK, NKT, Tc1 cells recognize and kill infected cells and their content, and macrophages and neutrophils ingest the dead cells and kill the pathogens. 
Type 2 immunity: Type 2 immunity protects against large protozoan pathogens (helminths), toxins and venoms. It is characterized by ILC2, Th2 and Tc2 cells and involves IgE and effector cells basophils, eosinophils and mast cells.
Type 3 immunity: Type 3 immune responses fight against extracellular bacteria or fungi and are characterized by ILC3, neutrophils and Th17 cells, with IL-17 being the main effector cytokine and the neutrophils the primary effector cells.
AIT: allergen immunotherapy is an immune modulation procedure targeting type 2 immunity
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1. Introduction:
A. The purpose of the EAACI position paper
Immune modulation is a key therapeutic tool for allergic diseases and asthma. It can be achieved in an antigen-specific way via allergen immunotherapy (AIT) or in endotype-driven approach using biologicals that target the major pathways of the type 2 (T2) immune response: IgE, IL-5 and IL-4/IL-13. 
COVID-19 vaccine provides an excellent opportunity to tackle the global pandemics and is currently being applied in an accelerated rhythm worldwide. It works as well through immune modulation.
Thus, as there is an obvious interference between these treatment modalities recommendations on how they should be applied in sequence are expected.
The European Academy of Allergy and Clinical Immunology (EAACI) gathered an outstanding expert panel under its Research and Outreach Committee (ROC). This expert panel was called to evaluate the evidence and formulate recommendation on the administration of COVID-19 vaccine in patients with allergic diseases and asthma receiving AIT or biologicals. The panel also formulated recommendations for COVID-19 vaccine in association with biologicals targeting the type 1 or type 3 immune response.
In formulating recommendations, the panel evaluated the mechanisms of COVID-19 infection, of COVID-19 vaccine, of AIT and of biologicals and considered the data published for other anti-infectious vaccines administered concurrently with AIT or biologicals. 

B. Immune responses to COVID-19 infection 
The immune system protects the host against pathogens while maintaining tolerance against self- and innocuous non-self-antigens. Type 1 immune responses are mounted against intracellular pathogens and are orchestrated by specialized immune cells that recognise, kill and remove the infected host cells. Different groups of immune cells orchestrate Type 2 and Type 3 immune responses to fight against helminths or venoms/toxins and extracellular bacteria or fungi, respectively [endnoteRef:1], [endnoteRef:2]. Deviation of these immune responses may lead to immune deficiencies, autoimmunity, cancer and allergies.  [1:  Akdis CA, Arkwright PD, Brüggen MC, Busse W, Gadina M, Guttman-Yassky E, Kabashima K, Mitamura Y, Vian L, Wu J, Palomares O. Type 2 immunity in the skin and lungs. Allergy. 2020 Jul;75(7):1582-1605. doi: 10.1111/all.14318. Epub 2020 May 10. PMID: 32319104.
]  [2:  Annunziato F, Romagnani C, Romagnani S. The 3 major types of innate and adaptive cell-mediated effector immunity. J Allergy Clin Immunol. 2015 Mar;135(3):626-35. doi: 10.1016/j.jaci.2014.11.001. Epub 2014 Dec 18. PMID: 25528359.
] 

The secretion of interferons (INFs) is one of the most potent antiviral components of the innate immune response. IFNs work by blocking virus attachment, entry, movement, protein production and genome amplification, virus assembly and exit. IFNs also activate other innate and adaptive immune responses. However, in the case of COVID-19, these responses appear to be weakened or deregulated [endnoteRef:3]. SARS-CoV and MERS-CoV viruses can inhibit IFN signalling at various levels [endnoteRef:4]. A decreased antiviral response through the inhibition of the IFN pathway, along with an ongoing pro-inflammatory response, presumably increased by viral load, can lead to excessive inflammation and worsening of the disease. In the SARS-CoV animal model, a delayed-type I IFN response resulted in the accumulation of inflammatory monocytes and macrophages, leading to elevated cytokines and chemokines in the lungs, vascular leakage, and an impaired T-cell response.  [3:  Chu H, Chan JF, Wang Y, Yuen TT, Chai Y, Hou Y, Shuai H, Yang D, Hu B, Huang X, Zhang X, Cai JP, Zhou J, Yuan S, Kok KH, To KK, Chan IH, Zhang AJ, Sit KY, Au WK, Yuen KY. Comparative Replication and Immune Activation Profiles of SARS-CoV-2 and SARS-CoV in Human Lungs: An Ex Vivo Study With Implications for the Pathogenesis of COVID-19. Clin Infect Dis. 2020 Sep 12;71(6):1400-1409. doi: 10.1093/cid/ciaa410. PMID: 32270184; PMCID: PMC7184390.
]  [4:  Kindler E, Thiel V, Weber F. Interaction of SARS and MERS Coronaviruses with the Antiviral Interferon Response. Adv Virus Res. 2016;96:219-243. doi: 10.1016/bs.aivir.2016.08.006. Epub 2016 Sep 9. PMID: 27712625; PMCID: PMC7112302.
] 

[bookmark: _Hlk71308894][bookmark: _Hlk71309292][bookmark: _Hlk71308926][bookmark: _Hlk71309087]Monocytes, macrophages, and DCs play a key role in antiviral response by interlinking innate and adaptive immunity. Peripheral activation and accumulation of the activated pro-inflammatory agent monocytes and macrophages in the lungs have become the hallmark of symptomatic SARS-CoV-2 infection [endnoteRef:5]. Coronaviruses can induce NLRP3 inflammasome activation in monocytes and macrophages, producing high amounts of pro-inflammatory mediators such as IL-6, GM-CSF, IL-1beta, TNF, CXCL-8 or CCL-3, increased cell death, up to the cytokine storm, or the cytokine release syndrome (CRS) [endnoteRef:6]. Neutrophils are the dominant cells infiltrating the lung in severe SARS-CoV-2 infection [endnoteRef:7]. During systemic inflammation (CRS), neutrophil activation occurs, which may be associated with the release of extracellular neutrophil traps (NETs). This is a way to entrap pathogens, but on the other hand, NET formation is associated with lung diseases, especially acute respiratory distress syndrome (ARDS). In severe COVID-19 the uncontrolled progressive inflammation likely induces intense cross-talk between NET-releasing neutrophils and macrophage IL-1β secretion, which may lead to further complications [endnoteRef:8]. CD8 + T cells directly neutralize infected cells, and CD4 + T cells help B cells initiate a humoral response against the pathogen. T cells play an essential role in developing virus-specific memory CD8 + and CD4 + T cells [endnoteRef:9], [endnoteRef:10], [endnoteRef:11]. SARS-CoV-2 specific CD8 + and CD4 + T cells have recently been identified in ~ 70% and 100% of patients following COVID-19, respectively. Delayed development of adaptive responses along with prolonged virus clearance has been reported in cases of severe SARS-CoV-2 infection [endnoteRef:12]. The mechanisms related to lymphocytopenia are still unknown in SARS-CoV. Moreover, as with SARS-CoV, alteration of antigen-presenting cell (APC) function followed by impairment of T cell stimulation may lead to the ineffective and delayed formation of virus-specific T cells [endnoteRef:13], [endnoteRef:14], [endnoteRef:15]. Data on NK cell counts in COVID-19 patients are variable. Functional depletion of NK cells and CD8+ T cells has been described in relation to severe SARS-CoV-2 infection [endnoteRef:16]. The number of Treg cells is reduced during SARS-CoV-2 infection [endnoteRef:17]. The intense cytokine response can induce apoptosis of T cells [endnoteRef:18].  [5:  Channappanavar R, Fehr AR, Vijay R, Mack M, Zhao J, Meyerholz DK, Perlman S. Dysregulated Type I Interferon and Inflammatory Monocyte-Macrophage Responses Cause Lethal Pneumonia in SARS-CoV-Infected Mice. Cell Host Microbe. 2016 Feb 10;19(2):181-93. doi: 10.1016/j.chom.2016.01.007. PMID: 26867177; PMCID: PMC4752723.
]  [6:  Ratajczak MZ, Kucia M. SARS-CoV-2 infection and overactivation of Nlrp3 inflammasome as a trigger of cytokine "storm" and risk factor for damage of hematopoietic stem cells. Leukemia. 2020 Jul;34(7):1726-1729. doi: 10.1038/s41375-020-0887-9. Epub 2020 Jun 1. PMID: 32483300; PMCID: PMC7262681.
]  [7:  Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng Z, Xiong Y, Zhao Y, Li Y, Wang X, Peng Z. Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA. 2020 Mar 17;323(11):1061-1069. doi: 10.1001/jama.2020.1585. Erratum in: JAMA. 2021 Mar 16;325(11):1113. PMID: 32031570; PMCID: PMC7042881.
]  [8:  Barnes BJ, Adrover JM, Baxter-Stoltzfus A, Borczuk A, Cools-Lartigue J, Crawford JM, Daßler-Plenker J, Guerci P, Huynh C, Knight JS, Loda M, Looney MR, McAllister F, Rayes R, Renaud S, Rousseau S, Salvatore S, Schwartz RE, Spicer JD, Yost CC, Weber A, Zuo Y, Egeblad M. Targeting potential drivers of COVID-19: Neutrophil extracellular traps. J Exp Med. 2020 Jun 1;217(6):e20200652. doi: 10.1084/jem.20200652. PMID: 32302401; PMCID: PMC7161085.
]  [9:  Murali-Krishna K, Altman JD, Suresh M, Sourdive DJ, Zajac AJ, Miller JD, Slansky J, Ahmed R. Counting antigen-specific CD8 T cells: a reevaluation of bystander activation during viral infection. Immunity. 1998 Feb;8(2):177-87. doi: 10.1016/s1074-7613(00)80470-7. PMID: 9491999.
]  [10:  Libraty DH, O'Neil KM, Baker LM, Acosta LP, Olveda RM. Human CD4(+) memory T-lymphocyte responses to SARS coronavirus infection. Virology. 2007 Nov 25;368(2):317-21. doi: 10.1016/j.virol.2007.07.015. Epub 2007 Aug 13. PMID: 17692881; PMCID: PMC2094716.
]  [11:  Ng OW, Chia A, Tan AT, Jadi RS, Leong HN, Bertoletti A, Tan YJ. Memory T cell responses targeting the SARS coronavirus persist up to 11 years post-infection. Vaccine. 2016 Apr 12;34(17):2008-14. doi: 10.1016/j.vaccine.2016.02.063. Epub 2016 Mar 5. PMID: 26954467; PMCID: PMC7115611.
]  [12:  Cameron MJ, Bermejo-Martin JF, Danesh A, Muller MP, Kelvin DJ. Human immunopathogenesis of severe acute respiratory syndrome (SARS). Virus Res. 2008 Apr;133(1):13-9. doi: 10.1016/j.virusres.2007.02.014. Epub 2007 Mar 19. PMID: 17374415; PMCID: PMC7114310.
]  [13:  Zhao J, Zhao J, Legge K, Perlman S. Age-related increases in PGD(2) expression impair respiratory DC migration, resulting in diminished T cell responses upon respiratory virus infection in mice. J Clin Invest. 2011 Dec;121(12):4921-30. doi: 10.1172/JCI59777. Epub 2011 Nov 21. PMID: 22105170; PMCID: PMC3226008.
]  [14:  Yoshikawa T, Hill T, Li K, Peters CJ, Tseng CT. Severe acute respiratory syndrome (SARS) coronavirus-induced lung epithelial cytokines exacerbate SARS pathogenesis by modulating intrinsic functions of monocyte-derived macrophages and dendritic cells. J Virol. 2009 Apr;83(7):3039-48. doi: 10.1128/JVI.01792-08. Epub 2008 Nov 12. PMID: 19004938; PMCID: PMC2655569.
]  [15:  Zhao J, Zhao J, Van Rooijen N, Perlman S. Evasion by stealth: inefficient immune activation underlies poor T cell response and severe disease in SARS-CoV-infected mice. PLoS Pathog. 2009 Oct;5(10):e1000636. doi: 10.1371/journal.ppat.1000636. Epub 2009 Oct 23. PMID: 19851468; PMCID: PMC2762542.
]  [16:  Zheng M, Gao Y, Wang G, Song G, Liu S, Sun D, Xu Y, Tian Z. Functional exhaustion of antiviral lymphocytes in COVID-19 patients. Cell Mol Immunol. 2020 May;17(5):533-535. doi: 10.1038/s41423-020-0402-2. Epub 2020 Mar 19. PMID: 32203188; PMCID: PMC7091858.
]  [17:  Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, Xie C, Ma K, Shang K, Wang W, Tian DS. Dysregulation of Immune Response in Patients With Coronavirus 2019 (COVID-19) in Wuhan, China. Clin Infect Dis. 2020 Jul 28;71(15):762-768. doi: 10.1093/cid/ciaa248. PMID: 32161940; PMCID: PMC7108125.
]  [18:  Bahl K, Kim SK, Calcagno C, Ghersi D, Puzone R, Celada F, Selin LK, Welsh RM. IFN-induced attrition of CD8 T cells in the presence or absence of cognate antigen during the early stages of viral infections. J Immunol. 2006 Apr 1;176(7):4284-95. doi: 10.4049/jimmunol.176.7.4284. PMID: 16547266.
] 

Infection with human SARS-CoV-2 activates the immune mechanisms of B and T helper cells, with production of neutralising antibodies. The antibody response occurs 4-8 days after the onset of COVID-19 symptoms and is dominated by IgM [endnoteRef:19]. This initial IgM response is followed by consecutive IgA and IgG (10-18 days). The development of mucous IgA can prevent re-infection with SARS-CoV-2, while circulatory IgA can contribute to the systemic neutralisation of SARS-CoV-2 and the reduction of inflammation during active infection [endnoteRef:20]. SARS-CoV-2 IgG neutralising antibodies specific to the spike (S) protein are detected in the serum 2-3 weeks after infection. Both the extent and quality of the IgG response during the neutralisation of SARS-CoV-2 are critical. For this reason, passive transfer of human serum obtained during convalescence, was suggested as therapeutic approach [endnoteRef:21]. However, low affinity or suboptimal levels of IgG may increase viral entry through IgG binding to the Fcγ receptor expressed on immune cells. This mechanism may induce the release of inflammatory cytokines and contribute to the CRS associated with severe COVID-19 [endnoteRef:22]. The potential contribution of the B cell population to COVID-19 pathology has not yet been elucidated. The main issue with B-cell resistance to SARS-CoV-2 is the duration of the antibody response (IgG) after the infection and the ability of SARS-CoV-2-specific memory B cells to expand or replenish the plasma cell compartment after re-infection [endnoteRef:23](figure 1). [19:  Huang AT, Garcia-Carreras B, Hitchings MDT, Yang B, Katzelnick LC, Rattigan SM, Borgert BA, Moreno CA, Solomon BD, Rodriguez-Barraquer I, Lessler J, Salje H, Burke D, Wesolowski A, Cummings DAT. A systematic review of antibody mediated immunity to coronaviruses: antibody kinetics, correlates of protection, and association of antibody responses with severity of disease. medRxiv [Preprint]. 2020 Apr 17:2020.04.14.20065771. doi: 10.1101/2020.04.14.20065771. Update in: Nat Commun. 2020 Sep 17;11(1):4704. PMID: 32511434; PMCID: PMC7217088.
]  [20:  Breedveld A, van Egmond M. IgA and FcαRI: Pathological Roles and Therapeutic Opportunities. Front Immunol. 2019 Mar 22;10:553. doi: 10.3389/fimmu.2019.00553. PMID: 30984170; PMCID: PMC6448004.
]  [21:  Casadevall A, Pirofski LA. The convalescent sera option for containing COVID-19. J Clin Invest. 2020 Apr 1;130(4):1545-1548. doi: 10.1172/JCI138003. PMID: 32167489; PMCID: PMC7108922.
]  [22:  Iwasaki A, Yang Y. The potential danger of suboptimal antibody responses in COVID-19. Nat Rev Immunol. 2020 Jun;20(6):339-341. doi: 10.1038/s41577-020-0321-6. PMID: 32317716; PMCID: PMC7187142.
]  [23:  Sokolowska M, Lukasik ZM, Agache I, Akdis CA, Akdis D, Akdis M, Barcik W, Brough HA, Eiwegger T, Eljaszewicz A, Eyerich S, Feleszko W, Gomez-Casado C, Hoffmann-Sommergruber K, Janda J, Jiménez-Saiz R, Jutel M, Knol EF, Kortekaas Krohn I, Kothari A, Makowska J, Moniuszko M, Morita H, O'Mahony L, Nadeau K, Ozdemir C, Pali-Schöll I, Palomares O, Papaleo F, Prunicki M, Schmidt-Weber CB, Sediva A, Schwarze J, Shamji MH, Tramper-Stranders GA, van de Veen W, Untersmayr E. Immunology of COVID-19: Mechanisms, clinical outcome, diagnostics, and perspectives-A report of the European Academy of Allergy and Clinical Immunology (EAACI). Allergy. 2020 Oct;75(10):2445-2476. doi: 10.1111/all.14462. PMID: 32584441; PMCID: PMC7361752.
] 
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Figure 1. Immune response to SARS-CoV-2.
DC present SARS-CoV-2 derived antigenic peptides on MHC II to CD4+ T cells, in the setting of IL-12. CD4+ T cells differentiate to Th17 in the setting of IL-6 and TGF-β, TFH in the setting of IL-6 and IL-21 and Th1 cells. Moreover, Mφ can also present SARS-CoV-2 derived antigenic peptides on MHC II to activate CD4+ T cells and Th1 cells. DC also present SARS-CoV-2 derived antigenic peptides on MHC I to CD8+ T cells, which in turn become activated and release IFN-y and elicit direct killing of virus infected cells via perforin and granzyme B. CD4+ T cells and CD8+ T cells undergo clonal expansion into CD4+ MTC and CD8+ MTC, constituting immunological memory. TFH cells release IL-21 which induces class switching in B-cells to virus specific IgA, IgG and IgM. Furthermore, SARS-CoV-2 virus can directly bind to B-cells. High affinity B-cells differentiate into PC, which secrete antibodies. Furthermore, positively selected high affinity B cells differentiate into MBC and LLPC secreting IgA, IgG and IgM, also constituting immunological memory. The local sites of infection for SARS-CoV-2 are the lung and the nasal and oral mucosa. DC, Dendritic Cell; MHC, Major Histocompatibility Complex; Th1, T helper Type 1 cell; Ig, immunoglobulin; TFH, T Follicular helper cell; SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2; TGF-, transforming growth factor ; IFN, Interferon-; IL, Interleukin; LLPC, Long-lived high affinity plasma cell; MBC, Memory B-cell; Mφ, macrophage; Th17, T helper 17 cell; PC, plasma cell; MTC, memory T cell.

C. Immune mechanisms of COVID-19 vaccination
The major mechanism of protection against viral infection triggered by the licensed vaccines relies on generating a protective antibody responses that persist over time [endnoteRef:24]. Persistent antibodies against viruses are generated at microanatomical sites of secondary lymphatic organs called germinal centres (GCs), where antigen-activated B cells generate antibodies with the high-affinity for the pathogen [endnoteRef:25]. Only the B cells reaching high affinity are positively selected and saved from apoptosis. This process produces long-lived high-affinity plasma cells (LLPC) and memory B cells (MBC), which are the desired cell types induced by vaccination. [24:  Plotkin SA. Correlates of protection induced by vaccination. Clin Vaccine Immunol. 2010 Jul;17(7):1055-65. doi: 10.1128/CVI.00131-10. Epub 2010 May 12. PMID: 20463105; PMCID: PMC2897268.
]  [25:  Mesin L, Ersching J, Victora GD. Germinal Center B Cell Dynamics. Immunity. 2016 Sep 20;45(3):471-482. doi: 10.1016/j.immuni.2016.09.001. PMID: 27653600; PMCID: PMC5123673.
 ] 

The efficacy of vaccination against SARS-CoV-2 may to a large extent dependent on the induction of T-cell responses for several reasons. Among CD4+ T cells, follicle T helper cells (Tfh) are key regulators of GCs affinity matured antibody responses [endnoteRef:26], [endnoteRef:27]. Other subsets of CD4+ T cells may serve various essential functions, including facilitating optimal CD8 T cell responses. In addition, cytotoxic CD8+ T cells responsible for the direct killing of pathogen-infected cells by releasing molecules such as granzyme and perforin provide an important "safety net" that has to be created by vaccination in case protective antibodies do not completely control the viral infection [endnoteRef:28].  [26:  Crotty S. T Follicular Helper Cell Biology: A Decade of Discovery and Diseases. Immunity. 2019 May 21;50(5):1132-1148. doi: 10.1016/j.immuni.2019.04.011. PMID: 31117010; PMCID: PMC6532429.
]  [27:  Vinuesa CG, Linterman MA, Yu D, MacLennan IC. Follicular Helper T Cells. Annu Rev Immunol. 2016 May 20;34:335-68. doi: 10.1146/annurev-immunol-041015-055605. Epub 2016 Feb 22. PMID: 26907215.
]  [28:  Sallusto F, Lanzavecchia A, Araki K, Ahmed R. From vaccines to memory and back. Immunity. 2010 Oct 29;33(4):451-63. doi: 10.1016/j.immuni.2010.10.008. PMID: 21029957; PMCID: PMC3760154.
] 

The immune response is induced by SARS-CoV-2 mRNA vaccines administered intramuscularly. Both mRNA-lipid nanoparticle and the locally produced antigen (spike protein) are taken up by antigen-presenting cells (APCs) such as dendritic cells (DCs). The APCs then travel to the lymph nodes, where they activate CD4+ and CD8+ T cells. Stimulation of CD8 T cells can induce the formation of cytotoxic T cells that are capable of killing infected cells directly. Stimulated CD4+ T cells can differentiate into Th1 cells or follicle T helper cells (Tfh). By delivering costimulatory molecules and cytokines to B cells, Tfh cells mediate GC formation and select affinity matured GC B cells, which may further differentiate into LLPC or MBC. Tfh cells may differentiate towards the Th1 or Th2 phenotype, which will affect the switching of antibodies produced by LLPC to Th1- or Th2-dependent antibody class [endnoteRef:29].  [29:  Bettini E, Locci M. SARS-CoV-2 mRNA Vaccines: Immunological Mechanism and Beyond. Vaccines (Basel). 2021 Feb 12;9(2):147. doi: 10.3390/vaccines9020147. PMID: 33673048; PMCID: PMC7918810.
 ] 

Specific immune reactions occur during vaccination, depending on the route, dose and type of vaccine and adjuvants. The work on 200 new potential vaccine preparations is underway around the globe. Researchers are currently testing 82 vaccines in clinical trials in humans, and 23 have reached the final phase. At least 77 preclinical vaccines are under active investigation in animal models. The vaccine platform used for specific COVID-19 vaccines include mRNA-based, recombinant viral vectors (Viral vector non-replicating), inactivated vaccine virus, subunit (recombinant protein vaccines), viral-like Proteins (VLP). Live-attenuated, or recombinant viral vectors (Viral vector Replicating).

2. COVID-19 vaccination:
A. RNA-based vaccines 
Two RNA-based COVID-19 vaccines have been the first to be approved globally, produced by Pfizer and Moderna [endnoteRef:30]. The Pfizer vaccine BNT162b2 is a lipid-nanoparticle formulated nucleoside-modified RNA (modRNA) encoding SARS-Cov-2 full-length spike glycoprotein modified by 2 proline mutations to lock it in the prefusion conformation [endnoteRef:31], [endnoteRef:32], [endnoteRef:33]. The Moderna vaccine mRNA-1273 is also a lipid nanoparticle-encapsulated mRNA-based vaccine that encodes the prefusion stabilised full-length spike protein of SARS-CoV-2 [endnoteRef:34].  [30:  Teijaro JR, Farber DL. COVID-19 vaccines: modes of immune activation and future challenges. Nat Rev Immunol. 2021 Mar 5:1–3. doi: 10.1038/s41577-021-00526-x. Epub ahead of print. PMID: 33674759; PMCID: PMC7934118.
]  [31:  Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, Perez JL, Pérez Marc G, Moreira ED, Zerbini C, Bailey R, Swanson KA, Roychoudhury S, Koury K, Li P, Kalina WV, Cooper D, Frenck RW Jr, Hammitt LL, Türeci Ö, Nell H, Schaefer A, Ünal S, Tresnan DB, Mather S, Dormitzer PR, Şahin U, Jansen KU, Gruber WC; C4591001 Clinical Trial Group. Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N Engl J Med. 2020 Dec 31;383(27):2603-2615. doi: 10.1056/NEJMoa2034577. Epub 2020 Dec 10. PMID: 33301246; PMCID: PMC7745181.
]  [32:  Vogel AB, Kanevsky I, Che Y, Swanson KA, Muik A, Vormehr M, Kranz LM, Walzer KC, Hein S, Güler A, Loschko J, Maddur MS, Ota-Setlik A, Tompkins K, Cole J, Lui BG, Ziegenhals T, Plaschke A, Eisel D, Dany SC, Fesser S, Erbar S, Bates F, Schneider D, Jesionek B, Sänger B, Wallisch AK, Feuchter Y, Junginger H, Krumm SA, Heinen AP, Adams-Quack P, Schlereth J, Schille S, Kröner C, de la Caridad Güimil Garcia R, Hiller T, Fischer L, Sellers RS, Choudhary S, Gonzalez O, Vascotto F, Gutman MR, Fontenot JA, Hall-Ursone S, Brasky K, Griffor MC, Han S, Su AAH, Lees JA, Nedoma NL, Mashalidis EH, Sahasrabudhe PV, Tan CY, Pavliakova D, Singh G, Fontes-Garfias C, Pride M, Scully IL, Ciolino T, Obregon J, Gazi M, Carrion R Jr, Alfson KJ, Kalina WV, Kaushal D, Shi PY, Klamp T, Rosenbaum C, Kuhn AN, Türeci Ö, Dormitzer PR, Jansen KU, Sahin U. BNT162b vaccines protect rhesus macaques from SARS-CoV-2. Nature. 2021 Feb 1. doi: 10.1038/s41586-021-03275-y. Epub ahead of print. PMID: 33524990.
]  [33:  Walsh EE, Frenck R, Falsey AR, Kitchin N, Absalon J, Gurtman A, Lockhart S, Neuzil K, Mulligan MJ, Bailey R, Swanson KA, Li P, Koury K, Kalina W, Cooper D, Fontes-Garfias C, Shi PY, Türeci Ö, Thompkins KR, Lyke KE, Raabe V, Dormitzer PR, Jansen KU, Sahin U, Gruber WC. RNA-Based COVID-19 Vaccine BNT162b2 Selected for a Pivotal Efficacy Study. medRxiv [Preprint]. 2020 Aug 20:2020.08.17.20176651. doi: 10.1101/2020.08.17.20176651. Update in: N Engl J Med. 2020 Oct 14;: PMID: 32839784; PMCID: PMC7444302.
]  [34:  Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R, Diemert D, Spector SA, Rouphael N, Creech CB, McGettigan J, Khetan S, Segall N, Solis J, Brosz A, Fierro C, Schwartz H, Neuzil K, Corey L, Gilbert P, Janes H, Follmann D, Marovich M, Mascola J, Polakowski L, Ledgerwood J, Graham BS, Bennett H, Pajon R, Knightly C, Leav B, Deng W, Zhou H, Han S, Ivarsson M, Miller J, Zaks T; COVE Study Group. Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N Engl J Med. 2021 Feb 4;384(5):403-416. doi: 10.1056/NEJMoa2035389. Epub 2020 Dec 30. PMID: 33378609; PMCID: PMC7787219.
] 

The efficacy of BNT162b2 mRNA COVID-19 Vaccine was evaluated in a multinational, placebo-controlled pivotal phase 2/3 trial with 43,548 participants aged 16 years old or older over the course of two months. Intramuscular administration of 30-µg BNT162b2, 21 days apart compared with placebo, elicited 95% protection against COVID-19 31,[endnoteRef:35]. A case-control study compared 596,618 people who were newly vaccinated in Israel and matched them to unvaccinated controls according to demographic and clinical characteristics. The outcomes were collected from 20 December 2020 to 1 February 2021 in time periods: days 14 to 20 after the first dose of vaccine or day seven or more after the second dose. Two doses of the mRNA vaccine reduced symptomatic cases by 94%, hospitalisation by 87%, and severe COVID-19 by 92%. In Israel, the second dose of vaccine is given on day 21 in line with the trials and the manufacturer’s recommendation. The study also suggests the vaccine is effective against the B.1.1.7 variant, which was first identified in the UK. During the study period, this variant was isolated in Israel in up to 80% of cases [endnoteRef:36]. [35:  Walsh EE, Frenck RW Jr, Falsey AR, Kitchin N, Absalon J, Gurtman A, Lockhart S, Neuzil K, Mulligan MJ, Bailey R, Swanson KA, Li P, Koury K, Kalina W, Cooper D, Fontes-Garfias C, Shi PY, Türeci Ö, Tompkins KR, Lyke KE, Raabe V, Dormitzer PR, Jansen KU, Şahin U, Gruber WC. Safety and Immunogenicity of Two RNA-Based Covid-19 Vaccine Candidates. N Engl J Med. 2020 Dec 17;383(25):2439-2450. doi: 10.1056/NEJMoa2027906. Epub 2020 Oct 14. PMID: 33053279; PMCID: PMC7583697.
]  [36:  Dagan N, Barda N, Kepten E, Miron O, Perchik S, Katz MA, Hernán MA, Lipsitch M, Reis B, Balicer RD. BNT162b2 mRNA Covid-19 Vaccine in a Nationwide Mass Vaccination Setting. N Engl J Med. 2021 Apr 15;384(15):1412-1423. doi: 10.1056/NEJMoa2101765. Epub 2021 Feb 24. PMID: 33626250; PMCID: PMC7944975.
] 

The efficacy of the Moderna vaccine was investigated in phase 3 randomised placebo-controlled trial with 30,420 participants (15210 participants in each group) across the United States. Similar to Pfizer vaccine efficacy, the Moderna vaccine also elicited 94.1% protection against symptomatic COVID-19 when injected at 100-µg after the second dose on day 29 34. Binding and neutralising antibodies were produced in 33 healthy adult participants in an ongoing phase 1 trial [endnoteRef:37], stratified according to age, at 180 days after the second dose of 100 μg (day 209) [endnoteRef:38]. Prospective cohorts of health care personnel, first responders, and other essential and frontline workers over 13 weeks in eight U.S. locations confirmed that authorised mRNA COVID-19 vaccines (Pfizer-BioNTech’s BNT162b2 and Moderna’s mRNA-1273) are highly effective in real-world conditions [endnoteRef:39]. FDA has demonstrated in a retrospective analysis of 31,069 individuals receiving at least one dose of either mRNA-1273 or BNT162b2 vaccine a 88.7% protection against SARS-CoV-2 infection with onset at least 36 days after the first dose. Furthermore, vaccinated patients who were subsequently diagnosed with COVID-19 had significantly lower 14-day hospital admission rates than propensity-matched unvaccinated COVID-19 patients [endnoteRef:40]. [37:  Anderson EJ, Rouphael NG, Widge AT, Jackson LA, Roberts PC, Makhene M, Chappell JD, Denison MR, Stevens LJ, Pruijssers AJ, McDermott AB, Flach B, Lin BC, Doria-Rose NA, O'Dell S, Schmidt SD, Corbett KS, Swanson PA 2nd, Padilla M, Neuzil KM, Bennett H, Leav B, Makowski M, Albert J, Cross K, Edara VV, Floyd K, Suthar MS, Martinez DR, Baric R, Buchanan W, Luke CJ, Phadke VK, Rostad CA, Ledgerwood JE, Graham BS, Beigel JH; mRNA-1273 Study Group. Safety and Immunogenicity of SARS-CoV-2 mRNA-1273 Vaccine in Older Adults. N Engl J Med. 2020 Dec 17;383(25):2427-2438. doi: 10.1056/NEJMoa2028436. Epub 2020 Sep 29. PMID: 32991794; PMCID: PMC7556339.
]  [38:  Doria-Rose N, Suthar MS, Makowski M, O'Connell S, McDermott AB, Flach B, Ledgerwood JE, Mascola JR, Graham BS, Lin BC, O'Dell S, Schmidt SD, Widge AT, Edara VV, Anderson EJ, Lai L, Floyd K, Rouphael NG, Zarnitsyna V, Roberts PC, Makhene M, Buchanan W, Luke CJ, Beigel JH, Jackson LA, Neuzil KM, Bennett H, Leav B, Albert J, Kunwar P; mRNA-1273 Study Group. Antibody Persistence through 6 Months after the Second Dose of mRNA-1273 Vaccine for Covid-19. N Engl J Med. 2021 Apr 6. doi: 10.1056/NEJMc2103916. Epub ahead of print. PMID: 33822494.
]  [39:  Thompson MG, Burgess JL, Naleway AL, Tyner HL, Yoon SK, Meece J, Olsho LEW, Caban-Martinez AJ, Fowlkes A, Lutrick K, Kuntz JL, Dunnigan K, Odean MJ, Hegmann KT, Stefanski E, Edwards LJ, Schaefer-Solle N, Grant L, Ellingson K, Groom HC, Zunie T, Thiese MS, Ivacic L, Wesley MG, Lamberte JM, Sun X, Smith ME, Phillips AL, Groover KD, Yoo YM, Gerald J, Brown RT, Herring MK, Joseph G, Beitel S, Morrill TC, Mak J, Rivers P, Harris KM, Hunt DR, Arvay ML, Kutty P, Fry AM, Gaglani M. Interim Estimates of Vaccine Effectiveness of BNT162b2 and mRNA-1273 COVID-19 Vaccines in Preventing SARS-CoV-2 Infection Among Health Care Personnel, First Responders, and Other Essential and Frontline Workers - Eight U.S. Locations, December 2020-March 2021. MMWR Morb Mortal Wkly Rep. 2021 Apr 2;70(13):495-500. doi: 10.15585/mmwr.mm7013e3. PMID: 33793460; PMCID: PMC8022879.
]  [40:  Pawlowski C, Lenehan P, Puranik A, et al. FDA-authorized COVID-19 vaccines are effective per real-world evidence synthesized across a multi-state health system. medRxiv [Preprint posted online February 27, 2021]. https://www.medrxiv.org/content/10.1101/2021.02.15.21251623v3 Accesses May 7, 2021
] 

Phase I and II trials of both Pfizer and Moderna vaccines were shown to induce neutralising antibodies against the spike protein, as well as cellular immune responses. Because viral antigens are recognised by T cells, these cells respond to viruses by producing several protective molecules such as interferon γ (IFN-γ), which is secreted by CD4+ and CD8+ T-cells and their corresponding memory compartment [endnoteRef:41].  [41:  Sewell HF, Agius RM, Kendrick D, Stewart M. Covid-19 vaccines: delivering protective immunity. BMJ. 2020 Dec 17;371:m4838. doi: 10.1136/bmj.m4838. PMID: 33334862.
] 

The mRNA-1273 vaccine was also shown to induce robust binding antibody responses to both full-length S-2P and receptor-binding domain in all participants after the first vaccination in a time- and dose-dependent manner. CD4 T cell responses were elicited at the 25-μg and 100-μg doses. Upon stimulation by S-specific peptide pools, these responses were strongly biased toward the expression of Th1 cytokines with minimal type 2 helper T-cell (Th2) cytokine expression. CD8 T-cell responses to S-2P were detected at low levels after the second vaccination in the 100-μg dose group [endnoteRef:42]. [42:  Jackson LA, Anderson EJ, Rouphael NG, Roberts PC, Makhene M, Coler RN, McCullough MP, Chappell JD, Denison MR, Stevens LJ, Pruijssers AJ, McDermott A, Flach B, Doria-Rose NA, Corbett KS, Morabito KM, O'Dell S, Schmidt SD, Swanson PA 2nd, Padilla M, Mascola JR, Neuzil KM, Bennett H, Sun W, Peters E, Makowski M, Albert J, Cross K, Buchanan W, Pikaart-Tautges R, Ledgerwood JE, Graham BS, Beigel JH; mRNA-1273 Study Group. An mRNA Vaccine against SARS-CoV-2 - Preliminary Report. N Engl J Med. 2020 Nov 12;383(20):1920-1931. doi: 10.1056/NEJMoa2022483. Epub 2020 Jul 14. PMID: 32663912; PMCID: PMC7377258.
] 

Possible escape of a new SARS-Cov-2 variant called B.1.1.7 from BNT162b2-mediated protection was investigated in a study using pseudoviruses bearing SARS-CoV-2-S spike protein variants of either Wuhan reference strain or the B.1.1.7 with sera of 16 participants from a previously reported trial.  The immune sera were reported to have equivalent neutralising antibody titres to both variants, emphasising that the new variant will unlikely compromise the efficacy of BNT162b2 [endnoteRef:43]. Another preliminary study investigating the immune responses of Moderna’s vaccine against the same variant revealed similar reactions to Pfizer’s vaccine [endnoteRef:44]. [43:  Muik A, Wallisch AK, Sänger B, Swanson KA, Mühl J, Chen W, Cai H, Maurus D, Sarkar R, Türeci Ö, Dormitzer PR, Şahin U. Neutralization of SARS-CoV-2 lineage B.1.1.7 pseudovirus by BNT162b2 vaccine-elicited human sera. Science. 2021 Mar 12;371(6534):1152-1153. doi: 10.1126/science.abg6105. Epub 2021 Jan 29. PMID: 33514629; PMCID: PMC7971771.
]  [44:  Wang Z, Schmidt F, Weisblum Y, Muecksch F, Barnes CO, Finkin S, Schaefer-Babajew D, Cipolla M, Gaebler C, Lieberman JA, Oliveira TY, Yang Z, Abernathy ME, Huey-Tubman KE, Hurley A, Turroja M, West KA, Gordon K, Millard KG, Ramos V, Da Silva J, Xu J, Colbert RA, Patel R, Dizon J, Unson-O'Brien C, Shimeliovich I, Gazumyan A, Caskey M, Bjorkman PJ, Casellas R, Hatziioannou T, Bieniasz PD, Nussenzweig MC. mRNA vaccine-elicited antibodies to SARS-CoV-2 and circulating variants. bioRxiv [Preprint]. 2021 Jan 19:2021.01.15.426911. doi: 10.1101/2021.01.15.426911. Update in: Nature. 2021 Feb 10;: PMID: 33501451; PMCID: PMC7836122.
] 


B. Recombinant vaccines
Gam-COVID-vac (Sputnik V) is the world’s first registered vaccine based on human adenoviral vectors (rAd26 and rAD5) and the world`s first registered vaccine against SARS-CoV-2. The vaccine is administered intramuscularly in a prime-boost regimen: a 21-day interval between the first dose (rAd26) and the second dose (rAd5), both vectors carrying the gene for the full-length SARS-CoV-2 glycoprotein. The vaccine’s efficacy is confirmed at 91.6% based on the analysis of data from 21,977 volunteers: the vaccine-induced strong humoral and cellular immune responses [endnoteRef:45]. [45:  Logunov DY, Dolzhikova IV, Shcheblyakov DV, Tukhvatulin AI, Zubkova OV, Dzharullaeva AS, Kovyrshina AV, Lubenets NL, Grousova DM, Erokhova AS, Botikov AG, Izhaeva FM, Popova O, Ozharovskaya TA, Esmagambetov IB, Favorskaya IA, Zrelkin DI, Voronina DV, Shcherbinin DN, Semikhin AS, Simakova YV, Tokarskaya EA, Egorova DA, Shmarov MM, Nikitenko NA, Gushchin VA, Smolyarchuk EA, Zyryanov SK, Borisevich SV, Naroditsky BS, Gintsburg AL; Gam-COVID-Vac Vaccine Trial Group. Safety and efficacy of an rAd26 and rAd5 vector-based heterologous prime-boost COVID-19 vaccine: an interim analysis of a randomised controlled phase 3 trial in Russia. Lancet. 2021 Feb 20;397(10275):671-681. doi: 10.1016/S0140-6736(21)00234-8. Epub 2021 Feb 2. Erratum in: Lancet. 2021 Feb 20;397(10275):670. PMID: 33545094; PMCID: PMC7852454.
] 

ChAdOx1 nCoV-19 vaccine contains DNA delivery within a non-replicating recombinant adenovirus (AdV) system consists of a chimpanzee adenoviral vector ChAdOx1, containing the SARS-CoV-2 structural surface glycoprotein antigen (spike protein; nCoV-19) gene. The vaccine efficacy is 91%, respectively, based on data from blinded, randomized, controlled trials done across three countries, on 23,848 participants. Effective neutralizing antibodies were induced following prime vaccinations and significantly increased after a booster dose on day 28 [endnoteRef:46]. [46:  Voysey M, Clemens SAC, Madhi SA, Weckx LY, Folegatti PM, Aley PK, Angus B, Baillie VL, Barnabas SL, Bhorat QE, Bibi S, Briner C, Cicconi P, Collins AM, Colin-Jones R, Cutland CL, Darton TC, Dheda K, Duncan CJA, Emary KRW, Ewer KJ, Fairlie L, Faust SN, Feng S, Ferreira DM, Finn A, Goodman AL, Green CM, Green CA, Heath PT, Hill C, Hill H, Hirsch I, Hodgson SHC, Izu A, Jackson S, Jenkin D, Joe CCD, Kerridge S, Koen A, Kwatra G, Lazarus R, Lawrie AM, Lelliott A, Libri V, Lillie PJ, Mallory R, Mendes AVA, Milan EP, Minassian AM, McGregor A, Morrison H, Mujadidi YF, Nana A, O'Reilly PJ, Padayachee SD, Pittella A, Plested E, Pollock KM, Ramasamy MN, Rhead S, Schwarzbold AV, Singh N, Smith A, Song R, Snape MD, Sprinz E, Sutherland RK, Tarrant R, Thomson EC, Török ME, Toshner M, Turner DPJ, Vekemans J, Villafana TL, Watson MEE, Williams CJ, Douglas AD, Hill AVS, Lambe T, Gilbert SC, Pollard AJ; Oxford COVID Vaccine Trial Group. Safety and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: an interim analysis of four randomised controlled trials in Brazil, South Africa, and the UK. Lancet. 2021 Jan 9;397(10269):99-111. doi: 10.1016/S0140-6736(20)32661-1. Epub 2020 Dec 8. Erratum in: Lancet. 2021 Jan 9;397(10269):98. PMID: 33306989; PMCID: PMC7723445.
] 

Johnson & Johnson vaccine is a vector vaccine as well (working name Ad.26.COV2.S or JNJ-78436725). It uses the replication-defective human type 26 adenovirus vector expressing SARS-CoV-2 virus S glycoprotein. Previously, the same vector (AdVac® technology) was used in the Ebola vaccine [endnoteRef:47].  [47:  Thanh Le T, Andreadakis Z, Kumar A, Gómez Román R, Tollefsen S, Saville M, Mayhew S. The COVID-19 vaccine development landscape. Nat Rev Drug Discov. 2020 May;19(5):305-306. doi: 10.1038/d41573-020-00073-5. PMID: 32273591.
] 


C. Inactivated vaccines 
The inactivated vaccines platform was the first technology used in a plethora of vaccination strategies developed since the beginning of the SARS-CoV-2 pandemic. 
Authorized vaccines of this type are the Chinese CoronaVac, BBIBP-CorV, and WIBP-CorV; the Indian Covaxin; and the Russian CoviVac  [endnoteRef:48], [endnoteRef:49], [endnoteRef:50], [endnoteRef:51]. [48:  Wu Z, Hu Y, Xu M, Chen Z, Yang W, Jiang Z, Li M, Jin H, Cui G, Chen P, Wang L, Zhao G, Ding Y, Zhao Y, Yin W. Safety, tolerability, and immunogenicity of an inactivated SARS-CoV-2 vaccine (CoronaVac) in healthy adults aged 60 years and older: a randomised, double-blind, placebo-controlled, phase 1/2 clinical trial. Lancet Infect Dis. 2021 Feb 3:S1473-3099(20)30987-7. doi: 10.1016/S1473-3099(20)30987-7. Epub ahead of print. PMID: 33548194; PMCID: PMC7906628.
]  [49:  Palacios R, Patiño EG, de Oliveira Piorelli R, Conde MTRP, Batista AP, Zeng G, Xin Q, Kallas EG, Flores J, Ockenhouse CF, Gast C. Double-Blind, Randomized, Placebo-Controlled Phase III Clinical Trial to Evaluate the Efficacy and Safety of treating Healthcare Professionals with the Adsorbed COVID-19 (Inactivated) Vaccine Manufactured by Sinovac - PROFISCOV: A structured summary of a study protocol for a randomised controlled trial. Trials. 2020 Oct 15;21(1):853. doi: 10.1186/s13063-020-04775-4. PMID: 33059771; PMCID: PMC7558252.
]  [50:  A Phase III, observer-blind, randomized, placebo-controlled study of the efficacy, safety, and immunogenicity of SARS-COV-2 inactivated vaccine in healthy adults aged 18–59 years in Indonesia. Registri Penyakit Indonesia. Retrieved 15 August 2020. https://www.ina-registry.org/index.php?act=registry_trial_detail&code_trial=16202009080721WXFM0YX Accesses May 7, 2021
]  [51:  A Phase III clinical trial for inactivated novel coronavirus pneumonia (COVID-19) vaccine (Vero cells). Chinese Clinical Trial Registry. Retrieved 15 August 2020. http://www.chictr.org.cn/showprojen.aspx?proj=56651 Accesses May 7, 2021
] 

These vaccines elicit antibody response which target not only the S-protein of the SARS-Cov-2 virus but also other antigens such as virus N proteins. [endnoteRef:52], [endnoteRef:53].  [52:  Dai L, Gao GF. Viral targets for vaccines against COVID-19. Nat Rev Immunol. 2021 Feb;21(2):73-82. doi: 10.1038/s41577-020-00480-0. Epub 2020 Dec 18. PMID: 33340022; PMCID: PMC7747004.
]  [53:  Wang H, Zhang Y, Huang B, Deng W, Quan Y, Wang W, Xu W, Zhao Y, Li N, Zhang J, Liang H, Bao L, Xu Y, Ding L, Zhou W, Gao H, Liu J, Niu P, Zhao L, Zhen W, Fu H, Yu S, Zhang Z, Xu G, Li C, Lou Z, Xu M, Qin C, Wu G, Gao GF, Tan W, Yang X. Development of an Inactivated Vaccine Candidate, BBIBP-CorV, with Potent Protection against SARS-CoV-2. Cell. 2020 Aug 6;182(3):713-721.e9. doi: 10.1016/j.cell.2020.06.008. Epub 2020 Jun 6. PMID: 32778225; PMCID: PMC7275151.
] 

Compared to vaccines that target only the S-protein of the SARS-Cov-2 virus, inactivated vaccines may benefit from the broader antigenic spectrum of the whole virus resulting in a more heterogenous immune response.

D. Covid-19 subunit vaccinations
Currently, most of the protein subunits vaccines have focussed on the virus's spike protein subunits or the domain directly involved in receptor binding [endnoteRef:54]. In contrast with traditional vaccines, subunit vaccines should have fewer side effects and higher safety at the injection site. These vaccines require adjuvant activities to exert an optimal effect because of the poor immunogenicity of the subunit's proteins. Adjuvants are included as vehicles to target antigen-presenting cells or to enhance the innate immune response.  [54:  Callaway E. The race for coronavirus vaccines: a graphical guide. Nature. 2020 Apr;580(7805):576-577. doi: 10.1038/d41586-020-01221-y. PMID: 32346146.
] 

Further vaccine development could aim at structural, non-structural and accessory proteins of SARS-CoV-2 could potentially serve as targets of vaccine-induced immune responses. B-cell and T-cell epitopes are highly conserved between SARS-CoV-2 and SARS-CoV, indicating that a vaccine against such a conserved epitope may elicit cross-immune responses to mutant viruses. Among viral structures, S protein is the main protein used as a target in COVID-19 vaccines. In experimental models, recombinant S trimeric protein mimics the native S form inducing high neutralizing antibodies titres accompanied by high Th1 and low Th2 cell responses that reduce viral loads in lungs and confer clinical protection after the SARS-CoV-2 challenge. The authorized COVID-19 subunit vaccines include peptide preparation EpiVacCORONA and RBD-Dimer [endnoteRef:55]. [55:  Yang S, Li Y, Dai L, Wang J, He P, Li C, Fang X, Wang C, Zhao X, Huang E, Wu C, Zhong Z, Wang F, Duan X, Tian S, Wu L, Liu Y, Luo Y, Chen Z, Li F, Li J, Yu X, Ren H, Liu L, Meng S, Yan J, Hu Z, Gao L, Gao GF. Safety and immunogenicity of a recombinant tandem-repeat dimeric RBD-based protein subunit vaccine (ZF2001) against COVID-19 in adults: two randomised, double-blind, placebo-controlled, phase 1 and 2 trials. Lancet Infect Dis. 2021 Mar 24:S1473-3099(21)00127-4. doi: 10.1016/S1473-3099(21)00127-4. Epub ahead of print. PMID: 33773111; PMCID: PMC7990482.
] 


3. Immunological mechanism of allergen immunotherapy and biologicals
A. Allergen immunotherapy 
Allergen immunotherapy (AIT) is an intervention for allergic diseases and asthma inducing tolerance to the allergen responsible for eliciting the symptoms [endnoteRef:56]. By continuous administration of high amount relevant allergen(s), a tolerogenic immune response is generated. Main mechanisms involve early effector cell desensitization and progressive onset of a regulatory B and T cell response followed by significant decreases in allergen-specific Type 2 especially Th2 cells and Type 2 ILCs in circulation and the affected tissue [endnoteRef:57], [endnoteRef:58], [endnoteRef:59]. Although AIT induced changes are antigen-specific, recent data support a positive effect in the overall rebalance of Th2 skewed innate immune system [endnoteRef:60], [endnoteRef:61].  [56:  Roberts G, Pfaar O, Akdis CA, Ansotegui IJ, Durham SR, Gerth van Wijk R, Halken S, Larenas-Linnemann D, Pawankar R, Pitsios C, Sheikh A, Worm M, Arasi S, Calderon MA, Cingi C, Dhami S, Fauquert JL, Hamelmann E, Hellings P, Jacobsen L, Knol EF, Lin SY, Maggina P, Mösges R, Oude Elberink JNG, Pajno GB, Pastorello EA, Penagos M, Rotiroti G, Schmidt-Weber CB, Timmermans F, Tsilochristou O, Varga EM, Wilkinson JN, Williams A, Zhang L, Agache I, Angier E, Fernandez-Rivas M, Jutel M, Lau S, van Ree R, Ryan D, Sturm GJ, Muraro A. EAACI Guidelines on Allergen Immunotherapy: Allergic rhinoconjunctivitis. Allergy. 2018 Apr;73(4):765-798. doi: 10.1111/all.13317. Epub 2017 Oct 30. PMID: 28940458.
]  [57:  Barker-Tejeda TC, Bazire R, Obeso D, Mera-Berriatua L, Rosace D, Vazquez-Cortes S, Ramos T, Rico MDP, Chivato T, Barbas C, Villaseñor A, Escribese MM, Fernández-Rivas M, Blanco C, Barber D. Exploring novel systemic biomarker approaches in grass-pollen sublingual immunotherapy using omics. Allergy. 2020 Aug 19. doi: 10.1111/all.14565. Epub ahead of print. PMID: 32813887.
]  [58:  Varona R, Ramos T, Escribese MM, Jimeno L, Galán A, Würtzen PA, Vega F, Marín A, Martín S, Carrera AC, Blanco C, Barber D. Persistent regulatory T-cell response 2 years after 3 years of grass tablet SLIT: Links to reduced eosinophil counts, sIgE levels, and clinical benefit. Allergy. 2019 Feb;74(2):349-360. doi: 10.1111/all.13553. Epub 2018 Oct 11. PMID: 30003552; PMCID: PMC6585999.
]  [59:  Celebi Sözener Z, Mungan D, Cevhertas L, Ogulur I, Akdis M, Akdis C. Tolerance mechanisms in allergen immunotherapy. Curr Opin Allergy Clin Immunol. 2020 Dec;20(6):591-601. doi: 10.1097/ACI.0000000000000693. PMID: 33002895.
]  [60:  Eljaszewicz A, Ruchti F, Radzikowska U, Globinska A, Boonpiyathad T, Gschwend A, Morita H, Helbling A, Arasi S, Kahlert H, Berek N, Nandy A, Akdis M, Willers C, Moniuszko M, Akdis CA, Sokolowska M. Trained immunity and tolerance in innate lymphoid cells, monocytes, and dendritic cells during allergen-specific immunotherapy. J Allergy Clin Immunol. 2020 Oct 9:S0091-6749(20)31396-8. doi: 10.1016/j.jaci.2020.08.042. Epub ahead of print. PMID: 33039478.
]  [61:  Golebski K, Layhadi JA, Sahiner U, Steveling-Klein EH, Lenormand MM, Li RCY, Bal SM, Heesters BA, Vilà-Nadal G, Hunewald O, Montamat G, He FQ, Ollert M, Fedina O, Lao-Araya M, Vijverberg SJH, Maitland-van der Zee AH, van Drunen CM, Fokkens WJ, Durham SR, Spits H, Shamji MH. Induction of IL-10-producing type 2 innate lymphoid cells by allergen immunotherapy is associated with clinical response. Immunity. 2021 Feb 9;54(2):291-307.e7. doi: 10.1016/j.immuni.2020.12.013. Epub 2021 Jan 14. PMID: 33450188.
] 

COVID-19 does not considerably increase in severity in allergic disease, with conditions such as rhinitis, urticaria, and atopic dermatitis or even asthma, if controlled under background treatment [endnoteRef:62], [endnoteRef:63]. The immunological mechanisms of AIT and COVID-19 vaccine do not seem to interfere as both primarily target the immune system in a specific, non-overlapping manner.  [62:  Zhang JJ, Dong X, Cao YY, Yuan YD, Yang YB, Yan YQ, Akdis CA, Gao YD. Clinical characteristics of 140 patients infected with SARS-CoV-2 in Wuhan, China. Allergy. 2020 Jul;75(7):1730-1741. doi: 10.1111/all.14238. Epub 2020 Feb 27. PMID: 32077115.
]  [63:  Klimek L, Jutel M, Akdis C, Bousquet J, Akdis M, Bachert C, Agache I, Ansotegui I, Bedbrook A, Bosnic-Anticevich S, Canonica GW, Chivato T, Cruz AA, Czarlewski W, Del Giacco S, Du H, Fonseca JA, Gao Y, Haahtela T, Hoffmann-Sommergruber K, Ivancevich JC, Khaltaev N, Knol EF, Kuna P, Larenas-Linnemann D, Melen E, Mullol J, Naclerio R, Ohta K, Okamoto Y, O'Mahony L, Onorato GL, Papadopoulos NG, Pawankar R, Pfaar O, Samolinski B, Schwarze J, Toppila-Salmi S, Shamji MH, Teresa Ventura M, Valiulis A, Yorgancioglu A, Matricardi P, Zuberbier T; ARIA-MASK Study Group. Handling of allergen immunotherapy in the COVID-19 pandemic: An ARIA-EAACI statement. Allergy. 2020 Jul;75(7):1546-1554. doi: 10.1111/all.14336. PMID: 32329930; PMCID: PMC7264744.
] 

The effect of AIT on the effector cell desensitization, especially mast cell desensitization is rather limited, antigen/allergen specific and occurrs early during AIT [endnoteRef:64]. However, mast cells are not considered to be relevant for antiviral immune response.  [64:  Kortekaas Krohn I, Shikhagaie MM, Golebski K, Bernink JH, Breynaert C, Creyns B, Diamant Z, Fokkens WJ, Gevaert P, Hellings P, Hendriks RW, Klimek L, Mjösberg J, Morita H, Ogg GS, O'Mahony L, Schwarze J, Seys SF, Shamji MH, Bal SM. Emerging roles of innate lymphoid cells in inflammatory diseases: Clinical implications. Allergy. 2018 Apr;73(4):837-850. doi: 10.1111/all.13340. Epub 2017 Nov 22. PMID: 29069535.
] 


B. Biologicals targeting the Type 2 immune response (anti-IgE, anti -IL-4R, IL-5, IL-13, TSLP)
Biologicals block specific players within the cascade of immunological events that result in chronic allergic inflammation and or acute exacerbations. Their availability transformed the way severe allergic diseases are treated beyond systemic steroids or immunosuppressants. Despite their specificity for molecular targets, pathways of allergic inflammation may overlap with immunologic events that serve to cope with viral infections or are associated with vaccine response. Real-life relevance is sometimes difficult to predict due to redundancies within the human immune system. 
Up-stream of allergen-specific responses innate cells drive allergic inflammation in tissue and mucosal surfaces. Tezepelumab blocks the epithelial-derived cytokine TSLP and thereby is considered to address upstream events in the tissue/mucosa. TSLP promotes epithelial inflammation and initiates Type 2 dendritic cells, activates ILC2 and adaptive Type 2 T and B-cells. It is considered a central regulator of environmental triggers such as allergens, pollutants and viruses and is upregulated in the airways of asthmatics. The clinical relevance of TSLP blockade via the monoclonal antibody Tezepelumab demonstrated clinical efficacy in treating adults with uncontrolled asthma [endnoteRef:65]. During COVID infection, TSLP levels in serum are not altered, neither over time nor in patients with severe disease [endnoteRef:66]. Very recent findings demonstrate a suppressive effect of TSLP on recall responses of CD8+ T-cells in the context of infections [endnoteRef:67]. Bone marrow-derived cells from TSLP -/- mice display an enhanced viral response in a neonatal rodent model of RSV infection [endnoteRef:68]. Despite the lack of human data, blocking TSLP may have beneficial effects in suppressing viral infections, while no information is available on vaccine response under TSLP blockade. [65:  Corren J, Parnes JR, Wang L, Mo M, Roseti SL, Griffiths JM, van der Merwe R. Tezepelumab in Adults with Uncontrolled Asthma. N Engl J Med. 2017 Sep 7;377(10):936-946. doi: 10.1056/NEJMoa1704064. Erratum in: N Engl J Med. 2019 May 23;380(21):2082. PMID: 28877011.
]  [66:  Lucas C, Wong P, Klein J, Castro TBR, Silva J, Sundaram M, Ellingson MK, Mao T, Oh JE, Israelow B, Takahashi T, Tokuyama M, Lu P, Venkataraman A, Park A, Mohanty S, Wang H, Wyllie AL, Vogels CBF, Earnest R, Lapidus S, Ott IM, Moore AJ, Muenker MC, Fournier JB, Campbell M, Odio CD, Casanovas-Massana A; Yale IMPACT Team, Herbst R, Shaw AC, Medzhitov R, Schulz WL, Grubaugh ND, Dela Cruz C, Farhadian S, Ko AI, Omer SB, Iwasaki A. Longitudinal analyses reveal immunological misfiring in severe COVID-19. Nature. 2020 Aug;584(7821):463-469. doi: 10.1038/s41586-020-2588-y. Epub 2020 Jul 27. PMID: 32717743; PMCID: PMC7477538.
]  [67:  Ebina-Shibuya R, West EE, Spolski R, Li P, Oh J, Kazemian M, Gromer D, Swanson P, Du N, McGavern DB, Leonard WJ. Thymic stromal lymphopoietin limits primary and recall CD8+ T-cell anti-viral responses. Elife. 2021 Jan 13;10:e61912. doi: 10.7554/eLife.61912. PMID: 33439121; PMCID: PMC7806261.
]  [68:  Malinczak CA, Parolia A, Fonseca W, Morris S, Rasky AJ, Bawa P, Zhang Y, Mire MM, Ziegler SF, Ptaschinski C, Chinnaiyan AM, Lukacs NW. TSLP-Driven Chromatin Remodeling and Trained Systemic Immunity after Neonatal Respiratory Viral Infection. J Immunol. 2021 Mar 15;206(6):1315-1328. doi: 10.4049/jimmunol.2001205. Epub 2021 Jan 29. PMID: 33514510.
] 

IL-4 and IL-13 receptors share the IL4R alpha chain. Similar to TSLP, IL-13 reduces barrier function, facilitates virus entry and negatively affects rhinovirus induced immune responses. IL-4 is the critical cytokine that promotes the isotype switch direction IgE and is a key cytokine in B-cells function. It also acts on innate APCs and effector cell populations. IL-4 also plays a role in neutrophil function [endnoteRef:69]. IL-4 producing CD8+ T cell subsets can dampen the development of effective Th1 immunity in several viral infections, including chronic HIV-1 [endnoteRef:70]. Inhibition of IL-13 expression may enhance antiviral immunity [endnoteRef:71]. In the context of vaccine immune response, it has been shown that IL-4, IL-4Ra, and IL-13 polymorphisms influence pneumococcal serotype-specific IgG antibody responses [endnoteRef:72]. Transient inhibition of IL-4 and or IL-13 at the vaccination site has been shown to induce sustained solid, high-quality CD8+ T cell immunity against a mucosal pathogen such as HIV-1 and IL-4/IL-13 receptors/antagonist have also been proposed as vaccine adjuvants [endnoteRef:73].  [69:   Woytschak J, Keller N, Krieg C, Impellizzieri D, Thompson RW, Wynn TA, Zinkernagel AS, Boyman O. Type 2 Interleukin-4 Receptor Signaling in Neutrophils Antagonizes Their Expansion and Migration during Infection and Inflammation. Immunity. 2016 Jul 19;45(1):172-84. doi: 10.1016/j.immuni.2016.06.025. PMID: 27438770.
]  [70:  Maggi E, Giudizi MG, Biagiotti R, Annunziato F, Manetti R, Piccinni MP, Parronchi P, Sampognaro S, Giannarini L, Zuccati G, Romagnani S. Th2-like CD8+ T cells showing B cell helper function and reduced cytolytic activity in human immunodeficiency virus type 1 infection. J Exp Med. 1994 Aug 1;180(2):489-95. doi: 10.1084/jem.180.2.489. PMID: 8046328; PMCID: PMC2191625.
]  [71:  Wijesundara DK, Tscharke DC, Jackson RJ, Ranasinghe C. Reduced interleukin-4 receptor α expression on CD8+ T cells correlates with higher quality anti-viral immunity. PLoS One. 2013;8(1):e55788. doi: 10.1371/journal.pone.0055788. Epub 2013 Jan 31. PMID: 23383283; PMCID: PMC3561338.
]  [72:  Wiertsema SP, Baynam G, Khoo SK, Veenhoven RH, van Heerbeek N, Zhang G, Laing IA, Rijkers GT, Goldblatt J, Sanders EA, Le Souëf PN. Impact of genetic variants in IL-4, IL-4 RA and IL-13 on the anti-pneumococcal antibody response. Vaccine. 2007 Jan 4;25(2):306-13. doi: 10.1016/j.vaccine.2006.07.024. Epub 2006 Aug 2. PMID: 16914241.
]  [73:  Ranasinghe C, Trivedi S, Wijesundara DK, Jackson RJ. IL-4 and IL-13 receptors: Roles in immunity and powerful vaccine adjuvants. Cytokine Growth Factor Rev. 2014 Aug;25(4):437-42. doi: 10.1016/j.cytogfr.2014.07.010. Epub 2014 Jul 23. PMID: 25159217.
] 


C. Mechanisms of biologicals targeting the non-Type 2 pathway
Biologicals represent an essential cornerstone in the management of non-Type 2 inflammatory diseases. Anti-cytokine antibodies are applied in patients with inflammatory bowel disease, rheumatic diseases or inflammatory skin diseases [endnoteRef:74]. These antibodies modulate cytokine dysregulation being involved in disease onset and progression. In autoimmunity, B-cell depletion via anti-CD20 biological is used in organ specific but also systemic diseases for elimination of auto-reactive B-cells and plasma cells [endnoteRef:75]. Moreover, Natalizumab is a humanized anti–α4 integrin monoclonal antibody impeding cell migration by interference of integrin binding to their endothelial receptors. This antibody is used to suppress CNS inflammation in multiple sclerosis patients. Also in oncological patients, immune modulating therapies are applied [endnoteRef:76]. Small molecules result in immune-check-point inhibition leading to better tumor defense in a variety of cancers [endnoteRef:77]. Besides substantial treatment efficacy, biologicals substantially influence the immune response to microorganisms, often resulting in the enhanced susceptibility to infections. [74:  Click B, Regueiro M. Managing Risks with Biologics. Curr Gastroenterol Rep. 2019 Jan 11;21(2):1. doi: 10.1007/s11894-019-0669-6. PMID: 30635807.
]  [75:  Barnas JL, Looney RJ, Anolik JH. B cell targeted therapies in autoimmune disease. Curr Opin Immunol. 2019 Dec;61:92-99. doi: 10.1016/j.coi.2019.09.004. Epub 2019 Nov 14. PMID: 31733607; PMCID: PMC6982404.
]  [76:  Adams GP, Weiner LM. Monoclonal antibody therapy of cancer. Nat Biotechnol. 2005 Sep;23(9):1147-57. doi: 10.1038/nbt1137. PMID: 16151408.
]  [77:  Park JJ, Thi EP, Carpio VH, Bi Y, Cole AG, Dorsey BD, Fan K, Harasym T, Iott CL, Kadhim S, Kim JH, Lee ACH, Nguyen D, Paratala BS, Qiu R, White A, Lakshminarasimhan D, Leo C, Suto RK, Rijnbrand R, Tang S, Sofia MJ, Moore CB. Checkpoint inhibition through small molecule-induced internalization of programmed death-ligand 1. Nat Commun. 2021 Feb 22;12(1):1222. doi: 10.1038/s41467-021-21410-1. PMID: 33619272; PMCID: PMC7900207.
] 


4. COVID-19 vaccination in patients receiving allergen immunotherapy or biologicals
A. Kinetics of the immune reaction during the COVID-19 vaccine
BNT162b1 and b2 (BioNTech/Pfizer): Vaccine doses are administered intramuscularly on day 0 and 21. Concentrations of RBD-binding IgG and SARS-CoV-2-neutralizing titres were assessed at baseline, 7 and 21 days after the BNT162b1 priming dose, and 7 and 21 days after the boost dose (days 29 and 43). Twenty-one days after the first dose, concentrations of RBD-binding IgG had increased in a dose-dependent manner, ranging from 265 to 1,672 units (U) ml−1, with an increase (21 days after boost) up to in the range of 3,920–18,289 (U) ml−1. SARS-CoV-2 neutralising antibodies increased in a dose-dependent manner 21 days after the priming dose. Substantially higher serum-neutralising titres were achieved seven days after the booster dose. On day 43 (21 days after the boost), the neutralising and RBD-binding start decreasing. The intensity of RBD-specific CD4+ T cell responses correlated positively with both RBD-binding IgG and SARS-CoV-2-neutralizing antibody titres. The intensity of RBD-specific CD8+ T cell responses correlated positively with vaccine-induced CD4+ T cell responses but did not significantly correlate with SARS-CoV-2 neutralising antibody titres. RBD-specific CD4+T cells secreted IFN-γ, IL-2, or both, but in most individuals, they did not secrete IL-4. Similarly, fractions of RBD-specific CD8+ T cells secreted IFN-γ and IL-2. Five vaccinated participants were stimulated ex vivo with overlapping RBD peptides and produced the proinflammatory cytokines TNF, IL-1β and IL-12p70, but neither IL-4 nor IL-5. In summary, these findings indicate that BNT162b1 induces functional and proinflammatory CD4+ and CD8+ T cell responses with detection of IFN-γ, IL-2 and IL-12p70, but not IL-4 or IL-5, which indicates a favourable Th1 profile and the absence of a potentially deleterious Type 2 immune response [endnoteRef:78]. With this in mind, antigen-specific T-cell responses were characterised in mice 12 and 28 days after BNT162b vaccine immunisation. A strong IFN-γ producing CD4+ and CD8+ T-cell responses, and a high fraction of CD8+ cells that produced IL-2 were observed. Moreover, 28 days after immunisation with 1-μg BNT162b2, splenocytes revealed high levels of Th1 cytokine production (IL-2 or IFN-γ), along with undetectable levels of the Th2 cytokines IL-4, IL-5 or IL13. In addition, one immunisation with BNT162b2 induced high dose level-dependent receptor-binding domain (RBD)- and S1-binding serum IgG titres. Furthermore, IgG elicited by BNT162b2 revealed a strong binding affinity for the recombinant RBD target antigen 32.  [78:  Sahin U, Muik A, Derhovanessian E, Vogler I, Kranz LM, Vormehr M, Baum A, Pascal K, Quandt J, Maurus D, Brachtendorf S, Lörks V, Sikorski J, Hilker R, Becker D, Eller AK, Grützner J, Boesler C, Rosenbaum C, Kühnle MC, Luxemburger U, Kemmer-Brück A, Langer D, Bexon M, Bolte S, Karikó K, Palanche T, Fischer B, Schultz A, Shi PY, Fontes-Garfias C, Perez JL, Swanson KA, Loschko J, Scully IL, Cutler M, Kalina W, Kyratsous CA, Cooper D, Dormitzer PR, Jansen KU, Türeci Ö. COVID-19 vaccine BNT162b1 elicits human antibody and TH1 T cell responses. Nature. 2020 Oct;586(7830):594-599. doi: 10.1038/s41586-020-2814-7. Epub 2020 Sep 30. Erratum in: Nature. 2021 Feb;590(7844):E17. PMID: 32998157.
] 

mRNA-1273 (Moderna): Vaccine doses are administered intramuscularly on day 0 and 29. Binding antibodies specific to S-2P protein (anti-spike) together with serum neutralising antibody titres against SARS-CoV-2 were measured on days 1, 29, 43, 57, 209, and 394. The vaccine induced increases in the levels of anti-SARS-CoV-2-spike binding antibodies by 28 days after the first vaccination. Their titer substantially increased by 14 days (day 43) after the second vaccination to peak levels of 189 mg/ml in younger participants and 153 mg/ml in older participants [endnoteRef:79]. Neutralising antibodies increased from baseline by 28 days post-vaccination. Fourteen days following the booster (day 43), their level significantly increased to a maximum of 1909 mg/ml at 100 mg mRNA-1273 in younger adults and 1686 mg/ml in older adults. Both antibodies remained elevated in all participants 3 months after the booster vaccination. Serum neutralising antibodies continued to be detected in all the participants on day 119 [endnoteRef:80], [endnoteRef:81].  [79:  Chu L, McPhee R, Huang W, Bennett H, Pajon R, Nestorova B, Leav B; mRNA-1273 Study Group. A preliminary report of a randomized controlled phase 2 trial of the safety and immunogenicity of mRNA-1273 SARS-CoV-2 vaccine. Vaccine. 2021 Feb 9:S0264-410X(21)00153-5. doi: 10.1016/j.vaccine.2021.02.007. Epub ahead of print. PMID: 33707061; PMCID: PMC7871769.
]  [80:  Widge AT, Rouphael NG, Jackson LA, Anderson EJ, Roberts PC, Makhene M, Chappell JD, Denison MR, Stevens LJ, Pruijssers AJ, McDermott AB, Flach B, Lin BC, Doria-Rose NA, O'Dell S, Schmidt SD, Neuzil KM, Bennett H, Leav B, Makowski M, Albert J, Cross K, Edara VV, Floyd K, Suthar MS, Buchanan W, Luke CJ, Ledgerwood JE, Mascola JR, Graham BS, Beigel JH; mRNA-1273 Study Group. Durability of Responses after SARS-CoV-2 mRNA-1273 Vaccination. N Engl J Med. 2021 Jan 7;384(1):80-82. doi: 10.1056/NEJMc2032195. Epub 2020 Dec 3. PMID: 33270381; PMCID: PMC7727324.
]  [81:  Jackson LA, Anderson EJ, Rouphael NG, Roberts PC, Makhene M, Coler RN, McCullough MP, Chappell JD, Denison MR, Stevens LJ, Pruijssers AJ, McDermott A, Flach B, Doria-Rose NA, Corbett KS, Morabito KM, O'Dell S, Schmidt SD, Swanson PA 2nd, Padilla M, Mascola JR, Neuzil KM, Bennett H, Sun W, Peters E, Makowski M, Albert J, Cross K, Buchanan W, Pikaart-Tautges R, Ledgerwood JE, Graham BS, Beigel JH; mRNA-1273 Study Group. An mRNA Vaccine against SARS-CoV-2 - Preliminary Report. N Engl J Med. 2020 Nov 12;383(20):1920-1931. doi: 10.1056/NEJMoa2022483. Epub 2020 Jul 14. PMID: 32663912; PMCID: PMC7377258.
] 

Ad26.COV2.S (Janssen/Johnson&Johnson) AdV vaccine: Participants received 1 or 2 intramuscular injections with 5 × 10e10 viral particles or 1 × 10e11 viral particles of Ad26.COV2.S. By day eight following immunisation, binding antibodies against full-length S protein were observed in 65% of vaccine recipients and against the S receptor-binding domain (RBD) in 90% of vaccine recipients.Virus-neutralising antibodies were observed in 25% of vaccine recipients. By day 15, S-specific and RBD-specific binding antibodies were observed in 100% of vaccine recipients, and neutralising antibodies were observed in 85% of vaccine recipients. Binding and neutralising antibodies continued to increase on days 29, 57, and 71. By days 57 and 71, 100% of vaccine recipients showed neutralising antibodies and S- and RBD-specific binding antibodies. The boost dose on day 57 increased binding antibody titres by 2.56-fold and neutralising antibody titres by 4.62-fold. Detailed assessment of antibodies type showed that Ad26.COV2.S induced S- and RBD-specific IgA1, IgA2, IgG1, IgG2, IgG3, IgG4, and IgM subclasses; FcγR2a, FcγR2b, FcγR3a, and FcγR3b binding.  Antibody-dependent complement deposition, neutrophil/monocyte phagocytosis, NK cell activation and functional antiviral responses were observed together with the induction of central memory CD27+/CD45RA−/CD4+ and CD8+ T-cell responses. IFN-γ responses were observed in 65% of vaccine recipients by day 15 and in 84% of vaccine recipients by day 71 [endnoteRef:82].   [82:  Stephenson KE, Le Gars M, Sadoff J, de Groot AM, Heerwegh D, Truyers C, Atyeo C, Loos C, Chandrashekar A, McMahan K, Tostanoski LH, Yu J, Gebre MS, Jacob-Dolan C, Li Z, Patel S, Peter L, Liu J, Borducchi EN, Nkolola JP, Souza M, Tan CS, Zash R, Julg B, Nathavitharana RR, Shapiro RL, Azim AA, Alonso CD, Jaegle K, Ansel JL, Kanjilal DG, Guiney CJ, Bradshaw C, Tyler A, Makoni T, Yanosick KE, Seaman MS, Lauffenburger DA, Alter G, Struyf F, Douoguih M, Van Hoof J, Schuitemaker H, Barouch DH. Immunogenicity of the Ad26.COV2.S Vaccine for COVID-19. JAMA. 2021 Mar 11:e213645. doi: 10.1001/jama.2021.3645. Epub ahead of print. PMID: 33704352; PMCID: PMC7953339.
] 

ChAdOx1 Nov-19 (Astra-Zeneca): Anti-spike IgG antibodies to SARS-CoV-2 spike and receptor-binding domain (RBD) titres rose after the first vaccination, with a further increase after the second. Vaccination increased anti-spike IgM and IgA titres with a peak response 28 days after priming. IgG1 and IgG3 responses were detectable on day 28 and remained at a similar level before boosting. Neutralising antibodies were induced following prime vaccinations and significantly increased after the booster dose. Anti-spike antibody function was explored to determine the ability of antibodies induced by vaccination to support antibody-dependent monocyte and neutrophil phagocytosis. Both functions were induced by the first vaccination and substantially increased by the second dose. Antibody-dependent complement deposition was also induced by prime vaccination and increased following booster doses. Single-dose ChAdOx1 nCoV-19 induced low anti-spike antibody-dependent NK cell activation, boosted by the second dose given either on day 28 or day 56. Antigen-specific T cell responses measured by IFN-γ were induced and peaked 14 days after the first dose [endnoteRef:83],46. [83:  Barrett JR, Belij-Rammerstorfer S, Dold C, Ewer KJ, Folegatti PM, Gilbride C, Halkerston R, Hill J, Jenkin D, Stockdale L, Verheul MK, Aley PK, Angus B, Bellamy D, Berrie E, Bibi S, Bittaye M, Carroll MW, Cavell B, Clutterbuck EA, Edwards N, Flaxman A, Fuskova M, Gorringe A, Hallis B, Kerridge S, Lawrie AM, Linder A, Liu X, Madhavan M, Makinson R, Mellors J, Minassian A, Moore M, Mujadidi Y, Plested E, Poulton I, Ramasamy MN, Robinson H, Rollier CS, Song R, Snape MD, Tarrant R, Taylor S, Thomas KM, Voysey M, Watson MEE, Wright D, Douglas AD, Green CM, Hill AVS, Lambe T, Gilbert S, Pollard AJ; Oxford COVID Vaccine Trial Group. Phase 1/2 trial of SARS-CoV-2 vaccine ChAdOx1 nCoV-19 with a booster dose induces multifunctional antibody responses. Nat Med. 2021 Feb;27(2):279-288. doi: 10.1038/s41591-020-01179-4. Epub 2020 Dec 17. PMID: 33335322.
] 

Gam-COVID-Vac (Sputnik V): RBD-specific IgG were detected in 98% samples and neutralising antibodies in 95%. Cellular immune response was evaluated with the secretion of IFN-γ of peripheral blood mononuclear cells upon stimulation with SARS-CoV-2 glycoprotein S. By day 28 after the first vaccination, all participants had significantly higher levels of IFN-γ secretion compared with the day of administration of the first dose 45.
CoronaVac: Antibody titres of neutralising antibodies to live SARS-CoV-2 and RBD-specific IgG were induced after two doses on days 0 and 14 and days 0 and 28 in adults 18-59 years old. Data showed persistence of neutralising antibody titres beyond 28 days. Seroconversion of neutralising antibodies was seen for 92% of participants receiving the 3 μg dose of vaccine, and in 98% receiving the 6 μg dose. Neutralising antibody titres induced by the 3 μg dose were similar to those of the 6 μg dose, supporting the use of the 3 μg dose CoronaVac in phase 3 trials to assess protection against COVID-19. At 14 days after the second dose of study, the levels of IFN-γ were measured. T-cell responses were low in participants given the vaccine, which provided no clear evidence that the vaccine induced T-cell answers [endnoteRef:84]. Similar observations were made in the group of adults over 60 years of age 46. [84:  Zhang Y, Zeng G, Pan H, Li C, Hu Y, Chu K, Han W, Chen Z, Tang R, Yin W, Chen X, Hu Y, Liu X, Jiang C, Li J, Yang M, Song Y, Wang X, Gao Q, Zhu F. Safety, tolerability, and immunogenicity of an inactivated SARS-CoV-2 vaccine in healthy adults aged 18-59 years: a randomised, double-blind, placebo-controlled, phase 1/2 clinical trial. Lancet Infect Dis. 2021 Feb;21(2):181-192. doi: 10.1016/S1473-3099(20)30843-4. Epub 2020 Nov 17. PMID: 33217362; PMCID: PMC7832443.
] 

In summary, the levels of antibodies (binding Ab specific to S-2P protein and neutralising Ab) were assessed on different days after the first dose of the vaccine (from day 7 to 40) and at various time points after the booster dose, up to 3 months. The antibody levels rise at least until day 28. Limited data available after day 28 show antibody increase up to day 40 after the first dose (Moderna, Pfizer). 

B. Potential effects of COVID-19 vaccination on AIT
Safety and efficacy are crucial for an allergic patient under AIT, who (plans?) to receive an anti-infectious vaccine (AIV). 
Current guidelines recommend that administration of AIT and AIV should be separated by a minimum of a 7-day interval [endnoteRef:85]. This recommendation is based on the hypothesis that AIV may act as a co-factor of an allergic reaction to AIT, as it can happen with "natural" infection and other stimuli (e.g., exercise), a mechanisms well-established for food-dependent exercise-induced anaphylaxis or for oral food immunotherapy induced anaphylaxis [endnoteRef:86]. However, this is based on a pragmatic approach rather than on existing evidence from clinical studies. A retrospective analysis of 875 subjects showed that patients receiving AIT and AIV on the same day did not experience more systemic reactions than those receiving AIT alone [endnoteRef:87]. Data on AIV impact on AIT suggest that booster vaccines can be effectively and safely administered in allergic patients receiving AIT [endnoteRef:88]. From the mechanistic point of view, AIT and COVID-19 immune responses do not seem to interfere negatively. AIT patients might even benefit by rebalancing the innate immune system and favouring protective responses (Table 1, figures 2 and 3).  [85:  Alvarez-Cuesta E, Bousquet J, Canonica GW, Durham SR, Malling HJ, Valovirta E; EAACI, Immunotherapy Task Force. Standards for practical allergen-specific immunotherapy. Allergy. 2006;61 Suppl 82:1-20. doi: 10.1111/j.1398-9995.2006.01219_1.x. PMID: 16930249.
]  [86:  Brockow K, Kneissl D, Valentini L, Zelger O, Grosber M, Kugler C, Werich M, Darsow U, Matsuo H, Morita E, Ring J. Using a gluten oral food challenge protocol to improve diagnosis of wheat-dependent exercise-induced anaphylaxis. J Allergy Clin Immunol. 2015 Apr;135(4):977-984.e4. doi: 10.1016/j.jaci.2014.08.024. Epub 2014 Sep 27. PMID: 25269870.
 ]  [87:  Ullrich D, Ullrich K, Mussler S, Thum-Oltmer S. Vaccination during concurrent subcutaneous immunotherapy: safety of simultaneous application. Eur Ann Allergy Clin Immunol 2015; 47:10-4.
]  [88:  Garner-Spitzer E, Seidl-Friedrich C, Zwazl I, Hofer M, Kinaciyan T, Jarisch R, Stiasny K, Zlabinger GJ, Kundi M, Wiedermann U. Allergic patients with and without allergen-specific immunotherapy mount protective immune responses to tick-borne encephalitis vaccination in absence of enhanced side effects or propagation of their Th2 bias. Vaccine. 2018 May 11;36(20):2816-2824. doi: 10.1016/j.vaccine.2018.03.076. Epub 2018 Apr 16. PMID: 29673942.
] 

No data on the effects of AIT on the COVID-19 vaccine-induced antibody production are available. Due to different antigen specificity, it can be speculated that there is no interference. The data on the inflammatory marker induction, e.g. CRP protein, IL-1, TNF-α, are very limited. Consequently, it is not possible to recommend the interval between AIT and COVID19-vaccination based on objective measures. This should be considered on a case by case basis. Studies show that the COVID-19 vaccines elevate IFN-γ production but have no influence on IL-4 production. This might account for the synergistic effect of COVID-19 and AIT.

Recommendation 1: COVID-19 vaccines should be administered at the interval of 7 days from the subcutaneous allergy vaccines to unequivocally assign potential side effect of each one. Likewise, sublingual daily dose should be stopped 3 days before COVID-19 vaccine administration and restarted 7 days after. 
[image: ]
Figure 2. Immune modulatory responses of COVID-19 vaccination, allergen immunotherapy and Biologicals T2 responses.
Reslizumab, mepolizumab and benralizumab are anti-IL-5/IL-5 receptor targeted biologicals. Dupilumab is an IL-4  subunit receptor targeted biological treatment which inhibits the action of the IL-4 and IL-13. Omalizumab is an anti-IgE biological treatment. Red inhibition lines indicate where these five biologicals elicit inhibitory actions within the T2 allergic response. Biological inhibition of the T2 immune response deviates to a Th1-driven cellular response. 
AIT, administered subcutaneously or sublingually, results in an increased allergen-load captured by DC, skewing naïve Th0 cell differentiation into iTreg, nTreg cells and Th1 cells in the setting of IL-27 and IL-12. iTreg, nTreg cells and Th1 cells release anti-inflammatory cytokines IL-10, IL-35 and TGF-, which induce class-switching in Breg and BC cells to IgA1, IgA2 and IgG4. IgA1, IgA2 and IgG4 inhibit IgE-cross linking, preventing effector cell activation. iTreg and nTreg cells also inhibit TFH and Th2 cellular responses. AIT therefore causes immunodeviation to a Th1 cellular response due to increased allergen exposure. 
During SARS-Cov2 vaccination, mRNA-LNP (encoding SARS-Cov2 modified spike (S) protein) enters the cell and releases its mRNA. The host-APC then builds the encoded immunogens, and presents them on MHC I to CD8+ T-cells which subsequently secrete antiviral IFN-. DC also present the encoded immunogen antigen on MHC II to CD4+ T-cells, which secrete IFN- and IL-2, and differentiate into TFH and Th1 cells. TFH and Th1 cells release IFN- and IL-21, promoting B-cell isotype class-switching to SARS-Cov-2 S protein specific and neutralising antibodies; IgA, IgG and IgM. B-cells with high affinity are positively selected and further differentiate into LLPC and MBC. The SARS-Cov2 vaccination immune pathway is therefore mediated through a Th1 cellular response. 
T2; Type 2; DC, Dendritic Cell; Th0, naïve T Cell; BC, B Cell; Breg, regulatory B cell; MC, Mast Cell; MHC, Major Histocompatibility Complex; E, eosinophils; B, basophil; Th2, T helper Type 2 cell; Th1, T helper Type 1 cell; Ig, immunoglobulin; TFH, T Follicular helper cell; iTreg; induced regulatory T cell; nTreg, natural regulatory T cell; SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2; TGF-, transforming growth factor ; TNF-; IFN, Interferon-; IL, Interleukin, TFR, T Follicular regulatory cell, long-lived high affinity plasma cells (LLPC); MBC, Memory B-cell; mRNA-LNP, lipid nanoparticle.
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Figure 3: The potential impact of the COVID-19 vaccination on the efficacy and safety of AIT and biological treatment.
SARS-CoV-2 vaccine has been demonstrated to induce T1 polarisation. Therefore, through increasing T1 immunity, the COVID-19 vaccine may decrease the effect of biologicals targeted against T1 inflammation. Moreover, T1 polarisation may provide an additive effect to AIT and biologicals which target T2 immunity. It can be postulated that the suppression of T2 immunity and induction of Treg cells observed during AIT may increase the risk of early inflammatory adverse reactions by a short interval. Moreover, the reduction of T2 immunity may potentially suppress vaccine-induced IFN- release and decrease the risk of anaphylaxis. T1, Type 1; T2, Type 2; Treg, T regulatory cells; AIT, Allergen immunotherapy; IFN-, Interferon-. 

C. Potential effect of COVID-19 vaccine on biological therapies targeting the T2 immune response
Five mAbs are currently approved for severe Type 2 asthma: omalizumab, mepolizumab, benralizumab, reslizumab and dupilumab [endnoteRef:89]. The use of these mAbs during the COVID-19 pandemic is considered safe, as they do not increase the rate of viral transmission [endnoteRef:90], [endnoteRef:91]. Conversely, international guidelines recommend the withdrawal of these drugs in case of active SARS-CoV-2 infection because of reports of delayed and diminished anti-SARS-CoV-2 antibody production in asthmatic patients who became infected while receiving mAbs [endnoteRef:92], [endnoteRef:93]. In a series of 4 cases, asthmatic patients on mepolizumab experienced COVID-19 of varying severity [endnoteRef:94]. However, the production of anti-SARS-CoV-2 antibodies was not investigated. The inhibition of Type 2 response in severe and critical COVID-19 cases may cause an aggravation of the disease and hamper recovery. Therefore, EAACI recommends that such biologicals should be discontinued until the COVID-19 infection is cleared. Due to their long in vivo half-life in the range of a few weeks, it remains unclear to which extent such an action would impact acute management and what the risk of losing disease control and comorbidity, later on, could be. [89:  Agache I, Akdis CA, Akdis M, Canonica GW, Casale T, Chivato T, Corren J, Chu DK, Del Giacco S, Eiwegger T, Flood B, Firinu D, Gern JE, Hamelmann E, Hanania N, Hernández-Martín I, Knibb R, Mäkelä M, Nair P, O'Mahony L, Papadopoulos NG, Papi A, Park HS, Pérez de Llano L, Pfaar O, Quirce S, Sastre J, Shamji M, Schwarze J, Palomares O, Jutel M. EAACI Biologicals Guidelines-Recommendations for severe asthma. Allergy. 2021 Jan;76(1):14-44. doi: 10.1111/all.14425. Epub 2020 Aug 10. PMID: 32484954.
]  [90:  Lommatzsch M, Stoll P, Virchow JC. COVID-19 in a patient with severe asthma treated with Omalizumab. Allergy. 2020 Oct;75(10):2705-2708. doi: 10.1111/all.14456. Epub 2020 Jun 27. PMID: 32544254; PMCID: PMC7323189.
]  [91:  García-Moguel I, Díaz Campos R, Alonso Charterina S, Fernández Rodríguez C, Fernández Crespo J. COVID-19, severe asthma, and biologics. Ann Allergy Asthma Immunol. 2020 Sep;125(3):357-359.e1. doi: 10.1016/j.anai.2020.06.012. Epub 2020 Jun 14. PMID: 32553608; PMCID: PMC7293849.
]  [92:  Vultaggio A, Agache I, Akdis CA, Akdis M, Bavbek S, Bossios A, Bousquet J, Boyman O, Chaker AM, Chan S, Chatzipetrou A, Feleszko W, Firinu D, Jutel M, Kauppi P, Klimek L, Kolios A, Kothari A, Kowalski ML, Matucci A, Palomares O, Pfaar O, Rogala B, Untersmayr E, Eiwegger T. Considerations on biologicals for patients with allergic disease in times of the COVID-19 pandemic: An EAACI statement. Allergy. 2020 Nov;75(11):2764-2774. doi: 10.1111/all.14407. PMID: 32500526; PMCID: PMC7300800.
]  [93:  Bhalla A, Mukherjee M, Radford K, Nazy I, Kjarsgaard M, Bowdish DME, Nair P. Dupilumab, severe asthma airway responses, and SARS-CoV-2 serology. Allergy. 2021 Mar;76(3):957-958. doi: 10.1111/all.14534. Epub 2020 Aug 24. PMID: 32767400; PMCID: PMC7436521.
]  [94:  Azim A, Pini L, Khakwani Z, Kumar S, Howarth P. Severe acute respiratory syndrome coronavirus 2 infection in those on mepolizumab therapy. Ann Allergy Asthma Immunol. 2021 Apr;126(4):438-440. doi: 10.1016/j.anai.2021.01.006. Epub 2021 Jan 13. PMID: 33453381; PMCID: PMC7804376.
] 

Interestingly the upregulation of IgE, IL-5, IL-13 and eosinophils have been reported in severe COVID-19 66. Although eosinopenia is not an exclusive feature of severe COVID-19, a reduced number of eosinophils has been associated with worse outcomes of COVID-19, while their restoration precedes recovery [endnoteRef:95], [endnoteRef:96]. Moreover, eosinophils may play a role in virus recognition, presentation and clearance [endnoteRef:97]. Thus, IL-5 targeting biologicals mepolizumab and reslizumab and the IL-5 receptor targeting mAb benralizumab could affect the antiviral response. This hypothesis has not been supported by in vivo data [endnoteRef:98], [endnoteRef:99], [endnoteRef:100], [endnoteRef:101]. However, the increased pulmonary presence of eosinophils and acute eosinophilic pneumonia in post-mortem findings after SARS-CoV-2 indicate that IL-5-induced reduction in eosinophils might be beneficial in the pathological response in the lung. Vaccines for the previous SARS-COV have been associated with an immunopathology eosinophilic lung infiltrate. This point should be considered in the development of a vaccine strategy for COVID-19 [endnoteRef:102].  [95:  Vultaggio A, Agache I, Akdis CA, Akdis M, Bavbek S, Bossios A, Bousquet J, Boyman O, Chaker AM, Chan S, Chatzipetrou A, Feleszko W, Firinu D, Jutel M, Kauppi P, Klimek L, Kolios A, Kothari A, Kowalski ML, Matucci A, Palomares O, Pfaar O, Rogala B, Untersmayr E, Eiwegger T. Considerations on biologicals for patients with allergic disease in times of the COVID-19 pandemic: An EAACI statement. Allergy. 2020 Nov;75(11):2764-2774. doi: 10.1111/all.14407. PMID: 32500526; PMCID: PMC7300800.
]  [96:  Outh R, Boutin C, Gueudet P, Suzuki M, Saada M, Aumaître H. Eosinopenia <100/μL as a marker of active COVID-19: An observational prospective study. J Microbiol Immunol Infect. 2021 Feb;54(1):61-68. doi: 10.1016/j.jmii.2020.12.005. Epub 2021 Jan 8. PMID: 33468435; PMCID: PMC7792500.
]  [97:  Sabogal Piñeros YS, Bal SM, Dijkhuis A, Majoor CJ, Dierdorp BS, Dekker T, Hoefsmit EP, Bonta PI, Picavet D, van der Wel NN, Koenderman L, Sterk PJ, Ravanetti L, Lutter R. Eosinophils capture viruses, a capacity that is defective in asthma. Allergy. 2019 Oct;74(10):1898-1909. doi: 10.1111/all.13802. Epub 2019 May 15. PMID: 30934128; PMCID: PMC6852198.
]  [98:  Agache I, Beltran J, Akdis C, Akdis M, Canelo-Aybar C, Canonica GW, Casale T, Chivato T, Corren J, Del Giacco S, Eiwegger T, Firinu D, Gern JE, Hamelmann E, Hanania N, Mäkelä M, Hernández-Martín I, Nair P, O'Mahony L, Papadopoulos NG, Papi A, Park HS, Pérez de Llano L, Posso M, Rocha C, Quirce S, Sastre J, Shamji M, Song Y, Steiner C, Schwarze J, Alonso-Coello P, Palomares O, Jutel M. Efficacy and safety of treatment with biologicals (benralizumab, dupilumab, mepolizumab, omalizumab and reslizumab) for severe eosinophilic asthma. A systematic review for the EAACI Guidelines - recommendations on the use of biologicals in severe asthma. Allergy. 2020 May;75(5):1023-1042. doi: 10.1111/all.14221. Epub 2020 Feb 24. PMID: 32034960.
]  [99:  Agache I, Rocha C, Pereira A, Song Y, Alonso-Coello P, Solà I, Beltran J, Posso M, Akdis CA, Akdis M, Brockow K, Chivato T, Del Giacco S, Eiwegger T, Eyerich K, Giménez-Arnau A, Gutermuth J, Guttman-Yassky E, Maurer M, Ogg G, Ong P, O'Mahony L, Schwarze J, Werfel T, Canelo-Aybar C, Palomares O, Jutel M. Efficacy and safety of treatment with omalizumab for chronic spontaneous urticaria: A systematic review for the EAACI Biologicals Guidelines. Allergy. 2021 Jan;76(1):59-70. doi: 10.1111/all.14547. Epub 2020 Sep 7. PMID: 32767573.
]  [100:  Agache I, Song Y, Posso M, Alonso-Coello P, Rocha C, Solà I, Beltran J, Akdis CA, Akdis M, Brockow K, Chivato T, Del Giacco S, Eiwegger T, Eyerich K, Giménez-Arnau A, Gutermuth J, Guttman-Yassky E, Maurer M, Ogg G, Ong PY, O'Mahony L, Schwarze J, Werfel T, Canelo-Aybar C, Palomares O, Jutel M. Efficacy and safety of dupilumab for moderate-to-severe atopic dermatitis: A systematic review for the EAACI biologicals guidelines. Allergy. 2021 Jan;76(1):45-58. doi: 10.1111/all.14510. Epub 2020 Oct 4. PMID: 32691892.
]  [101:  Agache I, Song Y, Rocha C, Beltran J, Posso M, Steiner C, Alonso-Coello P, Akdis C, Akdis M, Canonica GW, Casale T, Chivato T, Corren J, Del Giacco S, Eiwegger T, Firinu D, Gern JE, Hamelmann E, Hanania N, Mäkelä M, Martín IH, Nair P, O'Mahony L, Papadopoulos NG, Papi A, Park HS, Pérez de Llano L, Quirce S, Sastre J, Shamji M, Schwarze J, Canelo-Aybar C, Palomares O, Jutel M. Efficacy and safety of treatment with dupilumab for severe asthma: A systematic review of the EAACI guidelines-Recommendations on the use of biologicals in severe asthma. Allergy. 2020 May;75(5):1058-1068. doi: 10.1111/all.14268. Epub 2020 Apr 1. PMID: 32154939.
]  [102:  Bolles M, Deming D, Long K, Agnihothram S, Whitmore A, Ferris M, Funkhouser W, Gralinski L, Totura A, Heise M, Baric RS. A double-inactivated severe acute respiratory syndrome coronavirus vaccine provides incomplete protection in mice and induces increased eosinophilic proinflammatory pulmonary response upon challenge. J Virol. 2011 Dec;85(23):12201-15. doi: 10.1128/JVI.06048-11. Epub 2011 Sep 21. PMID: 21937658; PMCID: PMC3209347.
] 

Very few data are available regarding AIV administration while receiving anti-T2 mAbs. Evidence for the safety of the biologicals and vaccine responses is available for omalizumab, dupilumab and benralizumab, with no proof yet of a negative impact of the respective biological on the vaccine response [endnoteRef:103], [endnoteRef:104]. [103:  Blauvelt A, Simpson EL, Tyring SK, Purcell LA, Shumel B, Petro CD, Akinlade B, Gadkari A, Eckert L, Graham NMH, Pirozzi G, Evans R. Dupilumab does not affect correlates of vaccine-induced immunity: A randomized, placebo-controlled trial in adults with moderate-to-severe atopic dermatitis. J Am Acad Dermatol. 2019 Jan;80(1):158-167.e1. doi: 10.1016/j.jaad.2018.07.048. Epub 2018 Aug 6. PMID: 30092324.
]  [104:  Zeitlin PL, Leong M, Cole J, Mallory RM, Shih VH, Olsson RF, Goldman M; ALIZE study investigators. Benralizumab does not impair antibody response to seasonal influenza vaccination in adolescent and young adult patients with moderate to severe asthma: results from the Phase IIIb ALIZE trial. J Asthma Allergy. 2018 Nov 20;11:181-192. doi: 10.2147/JAA.S172338. PMID: 30510434; PMCID: PMC6248228.
] 

Omalizumab has been linked to positively affect pDC-dependent interferon Type I production in asthmatics and CSU patients [endnoteRef:105]. It may even restore reduced Type I interferon production in patients with allergic diseases, thereby supporting antiviral immune responses. Omalizumab has been used in several AIT trials as co-medication to reduce IgE-mediated side effects. Current data from AIT trials do not suggest that omalizumab impacts allergen-specific IgG responses and T-cell responses outside of the AIT related immunomodulation. In addition, on a case report basis, omalizumab was applied successfully to treat COVID-19 driven urticaria [endnoteRef:106].  [105:  Gill MA, Liu AH, Calatroni A, Krouse RZ, Shao B, Schiltz A, Gern JE, Togias A, Busse WW. Enhanced plasmacytoid dendritic cell antiviral responses after omalizumab. J Allergy Clin Immunol. 2018 May;141(5):1735-1743.e9. doi: 10.1016/j.jaci.2017.07.035. Epub 2017 Sep 1. PMID: 28870461; PMCID: PMC6013066.
]  [106:  Criado PR, Criado RFJ, Pincelli TP, Yoshimoto TA, Naufal GGA, Abdalla BMZ. Chronic spontaneous urticaria exacerbation in a patient with COVID-19: rapid and excellent response to omalizumab. Int J Dermatol. 2020 Oct;59(10):1294-1295. doi: 10.1111/ijd.15134. Epub 2020 Aug 17. PMID: 32808279; PMCID: PMC7461406.
] 

A preclinical study showed that omalizumab does not affect the ability of T and B cells to mount protective responses after vaccination with tetanus toxoid (Novartis, data on file). Moreover, published trials of omalizumab did not consider the recent AIV administration course as an exclusion criterium. Therefore, several AIV (diphtheria, inactivated hepatitis B, tetanus toxoid, influenza, or pneumococcal vaccines) were administered within the trial period, without specific reports of adverse events [endnoteRef:107]. Nevertheless, this is not sufficient to guarantee that omalizumab does not impair the production of protective antibodies after AIV. There are only limited data available on vaccination safety under Omalizumab: A recent small retrospective study reported the safety of yellow fever vaccination under omalizumab treatment for CSU [endnoteRef:108]. Omalizumab inhibits FcεRI expression on DCs and, very significantly, restores the capacity of plasmacytoid DCs (pDCs) to produce high levels of Type I IFN-α [endnoteRef:109], [endnoteRef:110], which has been associated with the reduction of asthma exacerbations triggered by viral infections [endnoteRef:111], [endnoteRef:112]. Omalizumab also restores in vitro the capacity of atopic pDCs to polarize Treg cells, contributing to proper antiviral immune responses [endnoteRef:113].  [107:  Turner PJ, Fleming L, Saglani S, Southern J, Andrews NJ, Miller E; SNIFFLE-4 Study Investigators. Safety of live attenuated influenza vaccine (LAIV) in children with moderate to severe asthma. J Allergy Clin Immunol. 2020 Apr;145(4):1157-1164.e6. doi: 10.1016/j.jaci.2019.12.010. Epub 2019 Dec 18. PMID: 31863808; PMCID: PMC7156909.
]  [108:  Epidemic yellow fever immunization: Is that a problem to Omalizumab treatment? https://www.wcd2019milan-dl.org/abstract-book/documents/abstracts/43-urticaria-angioedema/epidemic-yellow-fever-immunization-is-4936.pdf Accesses May 7, 2021
]  [109:  Gill MA, Bajwa G, George TA, Dong CC, Dougherty II, Jiang N, Gan VN, Gruchalla RS. Counterregulation between the FcepsilonRI pathway and antiviral responses in human plasmacytoid dendritic cells. J Immunol. 2010 Jun 1;184(11):5999-6006. doi: 10.4049/jimmunol.0901194. Epub 2010 Apr 21. PMID: 20410486; PMCID: PMC4820019.
]  [110:  Schroeder JT, Bieneman AP, Xiao H, Chichester KL, Vasagar K, Saini S, Liu MC. TLR9- and FcepsilonRI-mediated responses oppose one another in plasmacytoid dendritic cells by down-regulating receptor expression. J Immunol. 2005 Nov 1;175(9):5724-31. doi: 10.4049/jimmunol.175.9.5724. PMID: 16237063.
]  [111:  Busse WW, Morgan WJ, Gergen PJ, Mitchell HE, Gern JE, Liu AH, Gruchalla RS, Kattan M, Teach SJ, Pongracic JA, Chmiel JF, Steinbach SF, Calatroni A, Togias A, Thompson KM, Szefler SJ, Sorkness CA. Randomized trial of omalizumab (anti-IgE) for asthma in inner-city children. N Engl J Med. 2011 Mar 17;364(11):1005-15. doi: 10.1056/NEJMoa1009705. PMID: 21410369; PMCID: PMC3093964.
]  [112:  Teach SJ, Gill MA, Togias A, Sorkness CA, Arbes SJ Jr, Calatroni A, Wildfire JJ, Gergen PJ, Cohen RT, Pongracic JA, Kercsmar CM, Khurana Hershey GK, Gruchalla RS, Liu AH, Zoratti EM, Kattan M, Grindle KA, Gern JE, Busse WW, Szefler SJ. Preseasonal treatment with either omalizumab or an inhaled corticosteroid boost to prevent fall asthma exacerbations. J Allergy Clin Immunol. 2015 Dec;136(6):1476-1485. doi: 10.1016/j.jaci.2015.09.008. Epub 2015 Oct 27. PMID: 26518090; PMCID: PMC4679705.
]  [113:  López-Abente J, Benito-Villalvilla C, Jaumont X, Pfister P, Tassinari P, Palomares O. Omalizumab restores the ability of human plasmacytoid dendritic cells to induce Foxp3+Tregs. Eur Respir J. 2021 Jan 14;57(1):2000751. doi: 10.1183/13993003.00751-2020. PMID: 32675208.
] 

In a double-blind, placebo-controlled study in 87 and 91 patients with atopic dermatitis treated with dupilumab and placebo respectively, received subcutaneous Tdap (tetanus toxoid, reduced diphtheria toxoid, acellular pertussis vaccine) or meningococcal polysaccharide vaccine after 12 weeks of treatment. At week 16, the proportion of patients showing satisfactory IgG responses against both infectious agents and the median titles of the protective antibodies were similar in both groups [endnoteRef:114] (table 2). [114:  Blauvelt A, Simpson EL, Tyring SK, Purcell LA, Shumel B, Petro CD, Akinlade B, Gadkari A, Eckert L, Graham NMH, Pirozzi G, Evans R. Dupilumab does not affect correlates of vaccine-induced immunity: A randomized, placebo-controlled trial in adults with moderate-to-severe atopic dermatitis. J Am Acad Dermatol. 2019 Jan;80(1):158-167.e1. doi: 10.1016/j.jaad.2018.07.048. Epub 2018 Aug 6. PMID: 30092324.
] 


Recommendation 2: A 7 day interval between administration of a biological targeting the T2 immune response and COVID-19 vaccine is recommended to unequivocally assign potential side effects of each other. 

D. Potential effect of COVID-19 vaccination on biologicals targeting non-Type 2 inflammation
Applying biologicals in non-type 2 inflammatory diseases may interfere significantly both with the antiviral and the vaccine responses. Therapeutics affecting cell trafficking (e.g. natalizumab) may reduce local viral clearance. Anti-cytokine antibodies (anti-TNF-alpha, anti- IL1beta, anti-IL6) can suppress antiviral cellular responses and secondary humoral responses. On the other hand, autoimmune inflammatory conditions may negatively impact vaccine responses and treatment may theoretically restore and promote a more robust vaccine response. Although patients with immune-mediated inflammatory conditions seem to develop less commonly COVID-19, severity and mortality are increased compared to the general population once they acquire it, especially if the disease is not controlled with background therapy [endnoteRef:115].  [115:  Attauabi M, Seidelin JB, Felding OK, Wewer MD, Vinther Arp LK, Sarikaya MZ, Egeberg A, Vladimirova N, Bendtsen F, Burisch J. Coronavirus disease 2019, immune-mediated inflammatory diseases and immunosuppressive therapies - A Danish population-based cohort study. J Autoimmun. 2021 Mar;118:102613. doi: 10.1016/j.jaut.2021.102613. Epub 2021 Feb 12. PMID: 33592545; PMCID: PMC7879155.
] 

Depletion of B-cells via the anti-CD20 biologicals such as rituximab, obinutuzumab, ocrelizumab and ofatumumab or biosimilars are anticipated to impact COVID-19 vaccine responses as they efficiently suppress early IgM, IgG and IgA responses. In B-cell depletion, vaccine response is dependent on the number of B-cells still “available”; thus “, titration” of the induced immune suppression is of note. Patients on these treatments have per se a higher risk to develop severe or fatal COVID-19 due to concomitant risk factors and or additional systemic immune suppression. An increased risk of hospital and ICU admission following COVID-19 infection has been reported for rituximab and ocrelizumab (OR 2.37) and recent usage of methylprednisolone (<1 month; OR 5.24), but not for other disease-modifying drugs used for multiple sclerosis [endnoteRef:116].  [116:  Sormani MP, De Rossi N, Schiavetti I, Carmisciano L, Cordioli C, Moiola L, Radaelli M, Immovilli P, Capobianco M, Trojano M, Zaratin P, Tedeschi G, Comi G, Battaglia MA, Patti F, Salvetti M; Musc-19 Study Group. Disease-Modifying Therapies and Coronavirus Disease 2019 Severity in Multiple Sclerosis. Ann Neurol. 2021 Apr;89(4):780-789. doi: 10.1002/ana.26028. Epub 2021 Feb 9. PMID: 33480077; PMCID: PMC8013440.
] 

A recent systematic review on the impact of COVID-19 on demyelinating diseases highlighted the complexity of estimating risks associated with immunomodulatory treatment in these patient groups regarding the severity of COVID19 infection. It reported higher mortality in rituximab treated patients (4%) vs the overall multiple sclerosis (MS) population (1.8%) [endnoteRef:117]. Data from the post-marketing safety, real-world data and clinical trials on ocrelizumab reported comparable mortality rates compared to the normal population, and the non-ocrelizumab treated MS population [endnoteRef:118]. The VELOCE study investigated the impact of ocrelizumab on responses to a 23-valent pneumococcal polysaccharide vaccine (23-PPV; not received within >5 years) or the 13-valent conjugate pneumococcal vaccine (13-PCV), tetanus toxoid (TT) containing vaccines (not applied for >2 y) and influenza vaccine (no vaccination last two seasons) by comparing it in MS patients on INFbeta/ no additional therapy. Ocrelizumab significantly reduced vaccine responses, but an appropriate number of patients could mount an antibody response to TT (24% vs 55%), a neoantigen, an influenza vaccine (56 vs 80%). In the pneumococcal vaccines, there was a reduced response to serotypes from 23-PPV (75% vs 100% pos response to >5 serotypes) reported but not for the 13-PCV [endnoteRef:119].  [117:  Sharifian-Dorche M, Sahraian MA, Fadda G, Osherov M, Sharifian-Dorche A, Karaminia M, Saveriano AW, La Piana R, Antel JP, Giacomini PS. COVID-19 and disease-modifying therapies in patients with demyelinating diseases of the central nervous system: A systematic review. Mult Scler Relat Disord. 2021 Jan 29;50:102800. doi: 10.1016/j.msard.2021.102800. Epub ahead of print. PMID: 33578206; PMCID: PMC7845520.
]  [118:  Hughes R, Whitley L, Fitovski K, Schneble HM, Muros E, Sauter A, Craveiro L, Dillon P, Bonati U, Jessop N, Pedotti R, Koendgen H. COVID-19 in ocrelizumab-treated people with multiple sclerosis. Mult Scler Relat Disord. 2020 Dec 30;49:102725. doi: 10.1016/j.msard.2020.102725. Epub ahead of print. PMID: 33482590; PMCID: PMC7772086.
]  [119:  Bar-Or A, Calkwood JC, Chognot C, Evershed J, Fox EJ, Herman A, Manfrini M, McNamara J, Robertson DS, Stokmaier D, Wendt JK, Winthrop KL, Traboulsee A. Effect of ocrelizumab on vaccine responses in patients with multiple sclerosis: The VELOCE study. Neurology. 2020 Oct 6;95(14):e1999-e2008. doi: 10.1212/WNL.0000000000010380. Epub 2020 Jul 29. PMID: 32727835; PMCID: PMC7843152.
] 

In the context of inflammatory diseases, TNF-alpha suppresses B- and T-cell function, which can be restored by anti-TNF-alpha treatment [endnoteRef:120], [endnoteRef:121], [endnoteRef:122]. Undesired effects of this treatment on vaccine responses are not anticipated. Nevertheless, reduced pathogen-related responses and an increased risk for specific pathogens to cause severe disease has been reported under anti-TNF-alpha treatment due to its pleiotropic effect on immune responses to pathogens (e.g. Mycobacterium tuberculosis). Patients with inflammatory bowel disease (IBD) and rheumatoid arthritis (RA) receiving anti-TNF-alpha antibodies experience reduced response/seroconversion rates to influenza vaccines; hepatitis B vaccine compares to other treatment regimens in this cohort. However, a significant percentage of patients on this treatment can mount protective vaccine titres [endnoteRef:123], [endnoteRef:124], [endnoteRef:125]. Data on certolizumab suggests that pneumococcal and influenza vaccine responses were not impaired when applied during therapy initiation [endnoteRef:126]. A systematic review on biologicals on vaccine responses in the context of autoimmune inflammatory rheumatic diseases concluded that vaccine responses to influenza and pneumococcal vaccine are adequate under anti-TNF-alpha drugs, tocilizumab (anti-IL6) and belimumab (anti-BAFF; data only for the pneumococcal vaccine) [endnoteRef:127]. Accurate vaccine treatment responses have also been reported under treatment with ustekinumab in Crohn’s disease patients [endnoteRef:128] and secukinumab in patients with psoriatic arthritis [endnoteRef:129] or ankylosing spondylitis [endnoteRef:130].  [120:  Frasca D, Romero M, Diaz A, Alter-Wolf S, Ratliff M, Landin AM, Riley RL, Blomberg BB. A molecular mechanism for TNF-α-mediated downregulation of B cell responses. J Immunol. 2012 Jan 1;188(1):279-86. doi: 10.4049/jimmunol.1003964. Epub 2011 Nov 23. PMID: 22116831; PMCID: PMC3700394.
]  [121:  Parish ST, Wu JE, Effros RB. Modulation of T lymphocyte replicative senescence via TNF-{alpha} inhibition: role of caspase-3. J Immunol. 2009 Apr 1;182(7):4237-43. doi: 10.4049/jimmunol.0803449. PMID: 19299722; PMCID: PMC3773494.
]  [122:  Bryl E, Vallejo AN, Weyand CM, Goronzy JJ. Down-regulation of CD28 expression by TNF-alpha. J Immunol. 2001 Sep 15;167(6):3231-8. doi: 10.4049/jimmunol.167.6.3231. PMID: 11544310.
]  [123:  Shirai S, Hara M, Sakata Y, Tsuruoka N, Yamamoto K, Shimoda R, Gomi Y, Yoshii H, Fujimoto K, Iwakiri R. Immunogenicity of Quadrivalent Influenza Vaccine for Patients with Inflammatory Bowel Disease Undergoing Immunosuppressive Therapy. Inflamm Bowel Dis. 2018 Apr 23;24(5):1082-1091. doi: 10.1093/ibd/izx101. PMID: 29538682; PMCID: PMC6176891.
]  [124:  Hagihara Y, Ohfuji S, Watanabe K, Yamagami H, Fukushima W, Maeda K, Kamata N, Sogawa M, Shiba M, Tanigawa T, Tominaga K, Watanabe T, Fujiwara Y, Hirota Y, Arakawa T. Infliximab and/or immunomodulators inhibit immune responses to trivalent influenza vaccination in adults with inflammatory bowel disease. J Crohns Colitis. 2014 Mar;8(3):223-33. doi: 10.1016/j.crohns.2013.08.008. Epub 2013 Sep 5. PMID: 24011513.
]  [125:  Szczygielska I, Hernik E, Gazda A, Kołodziejczyk B, Gietka P. Assessment of anti-HBs antibody concentration in children with juvenile idiopathic arthritis treated with biological drugs, vaccinated against viral type B hepatitis in infancy. Reumatologia. 2020;58(1):15-20. doi: 10.5114/reum.2020.93508. Epub 2020 Feb 28. PMID: 32322119; PMCID: PMC7174793.
]  [126:  Kivitz AJ, Schechtman J, Texter M, Fichtner A, de Longueville M, Chartash EK. Vaccine responses in patients with rheumatoid arthritis treated with certolizumab pegol: results from a single-blind randomized phase IV trial. J Rheumatol. 2014 Apr;41(4):648-57. doi: 10.3899/jrheum.130945. Epub 2014 Mar 1. PMID: 24584918.
]  [127:  Rondaan C, Furer V, Heijstek MW, Agmon-Levin N, Bijl M, Breedveld FC, D'Amelio R, Dougados M, Kapetanovic MC, van Laar JM, Ladefoged de Thurah A, Landewé R, Molto A, Müller-Ladner U, Schreiber K, Smolar L, Walker J, Warnatz K, Wulffraat NM, van Assen S, Elkayam O. Efficacy, immunogenicity and safety of vaccination in adult patients with autoimmune inflammatory rheumatic diseases: a systematic literature review for the 2019 update of EULAR recommendations. RMD Open. 2019 Sep 9;5(2):e001035. doi: 10.1136/rmdopen-2019-001035. PMID: 31565247; PMCID: PMC6744079.
]  [128:  Doornekamp L, Goetgebuer RL, Schmitz KS, Goeijenbier M, van der Woude CJ, Fouchier R, van Gorp ECM, de Vries AC. High Immunogenicity to Influenza Vaccination in Crohn's Disease Patients Treated with Ustekinumab. Vaccines (Basel). 2020 Aug 14;8(3):455. doi: 10.3390/vaccines8030455. PMID: 32824111; PMCID: PMC7565576.
]  [129:  Furer V, Zisman D, Kaufman I, Arad U, Berman M, Sarbagil-Maman H, Elias M, Hadad A, Paran D, Drori Y, Friedman N, Mandelboim M, Elkayam O. Immunogenicity and safety of vaccination against seasonal influenza vaccine in patients with psoriatic arthritis treated with secukinumab. Vaccine. 2020 Jan 22;38(4):847-851. doi: 10.1016/j.vaccine.2019.10.081. Epub 2019 Nov 22. PMID: 31767465.
]  [130:  Richi P, Martín MD, de Ory F, Gutiérrez-Larraya R, Casas I, Jiménez-Díaz AM, Cava F, Muñoz-Fernandez S. Secukinumab does not impair the immunogenic response to the influenza vaccine in patients. RMD Open. 2019 Sep 3;5(2):e001018. doi: 10.1136/rmdopen-2019-001018. 
] 

Immune checkpoint inhibition (ICI) via anti-PD-1/anti-PD-L1 and or CTLA reduces immune-regulatory responses to benefit better anti-neoplastic responses. Thus, viral responses could even be enhanced. COVID-19 morbidity and mortality are considered comparable in oncological patients on ICI than matched patient groups who are not on this treatment [endnoteRef:131]. Vaccine response data are scarce. A recent systematic review reported a normal humoral response and an increased seroconversion under ICI. The majority of investigations focused on influenza vaccines. Notably, the rate of immune-related adverse events was elevated [endnoteRef:132]. CLTA-4 targeting therapy via abatacept in AIRD was associated with a mildly reduced vaccine response in a systematic review based on controversial data with low evidence. [131:  Rogiers A, Pires da Silva I, Tentori C, Tondini CA, Grimes JM, Trager MH, Nahm S, Zubiri L, Manos M, Bowling P, Elkrief A, Papneja N, Vitale MG, Rose AAN, Borgers JSW, Roy S, Mangana J, Pimentel Muniz T, Cooksley T, Lupu J, Vaisman A, Saibil SD, Butler MO, Menzies AM, Carlino MS, Erdmann M, Berking C, Zimmer L, Schadendorf D, Pala L, Queirolo P, Posch C, Hauschild A, Dummer R, Haanen J, Blank CU, Robert C, Sullivan RJ, Ascierto PA, Miller WH Jr, Stephen Hodi F, Suijkerbuijk KPM, Reynolds KL, Rahma OE, Lorigan PC, Carvajal RD, Lo S, Mandala M, Long GV. Clinical impact of COVID-19 on patients with cancer treated with immune checkpoint inhibition. J Immunother Cancer. 2021 Jan;9(1):e001931. doi: 10.1136/jitc-2020-001931. PMID: 33468556; PMCID: PMC7817383.
]  [132:  Desage AL, Bouleftour W, Rivoirard R, Magne N, Collard O, Fournel P, Tissot C. Vaccination and Immune Checkpoint Inhibitors: Does Vaccination Increase the Risk of Immune-related Adverse Events? A Systematic Review of Literature. Am J Clin Oncol. 2021 Mar 1;44(3):109-113. doi: 10.1097/COC.0000000000000788. PMID: 33350679.
] 

In summary, non-Type 2 diseases encompass a paramount of immune dysregulation and treatment approaches with biologicals. Most of the biological-based therapies either affect vaccine responses only mildly or not significantly. Robust evidence for a reduced considerably yet not abolished vaccine response is reported for B-cell depleting therapies.

Recommendation 3: A 7 day interval between administration of biological targeting the non-Type 2 immune response and COVID-19 vaccination is recommended to unequivocally assign potential side effect of each other.

Conclusions:
EAACI recommendations are based on the mechanistic evaluation as well as clinical experience and evidence involving other anti-infective vaccines.
The current assessment does not suggest any relevant interference compromising neither the safety nor the efficacy of AIT, biologicals or COVID-19 vaccines.
Further evidence from disease registries and other real world data bases must be accumulated in order to refine current recommendations.

Table 1. COVID-19 vaccines and immunological effects [endnoteRef:133].  [133:  Draft landscape and tracker of COVID-19 candidate vaccines. https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines Accesses April 15, 2021
] 

	Vaccine platform 
	Name/Manufacturer
	Administration route
	Immunological mechanism
	Ref

	Approved or in Phase 3 clinical trials

	mRNA
	1. BNT162; Pfizer/BioNTech
2. mRNA -1273; Moderna + NIAID
3. CVnCoV; CureVac AG
	im
	Antigen-specific cytotoxic CD8+ T cells (IFN-γ released)

Antigen-specific CD4+ T cells (Th1; Th2-not detected)

Antigen-specific and neutralizing antibodies
	31
32
34
42


	Recombinant viral vectors (Viral vector non-replicating)
	1. ChAdOx1 nCoV-19 (AZD1222) (Astra Zeneca + University of Oxford)
2. Recombinant novel coronavirus vaccine (Adenovirus type 5 vector); CanSino Biological Inc./Beijing Institute of Biotechnology
3. Gam-COVID-Vac (Sputnik V) Adeno-based (rAd26-S+rAd5-S); Gamaleya Research Institute; Health Ministry of the Russian Federation
4. Ad26.COV2.S; Janssen Pharmaceutical (Janssen/Johnson &Johnson)
	im
	Antigen-specific cytotoxic CD8+ T cells (IFN-γ released)

Antigen-specific CD4+ T cells (Th1; Th2-not detected)

Antigen-specific and neutralizing antibodies
	45
46
82

	Inactivated vaccine virus
	1. SARS-CoV-2 vaccine (inactivated); Sinovac Research and Development Co., Ltd
2. Inactivated SARS-CoV-2 vaccine (Vero cell); Sinopharm+ China National Biotec Group Co + Wuhan Institute of Biological Products 
3. Inactivated SARS-CoV-2 vaccine (Vero cell), Sinopharm + China National Biotec Group Co + Beijing Institute of Biological Products
4. SARS-CoV-2 vaccine (vero cells); Institute of Medical Biology + Chinese Academy of Medical Sciences
5. QazCovid-in® - COVID-19 inactivated vaccine; Research Institute for Biological Safety Problems, Rep of Kazakhstan
6. Whole-Virion Inactivated SARS-CoV-2 Vaccine (BBV152); Bharat Biotech International Limited

	im 
	? 
	 


	Subunit (recombinant protein vaccines)
	1. SARS-CoV-2 rS/Matrix M1-Adjuvant (Full length recombinant SARS CoV-2 glycoprotein nanoparticle vaccine adjuvanted with Matrix M) (Novovax)
2. Recombinant SARS-CoV-2 vaccine (CHO Cell); Anhui Zhifei Longcom Biopharmaceutical + Institute of Microbiology, Chinese Academy of Sciences
3. SCB-2019 + AS03 or CpG 1018 adjuvant plus Alum adjuvant  (Native like Trimeric subunit Spike Protein vaccine) ; Clover Biopharmaceuticals Inc./GSK/Dynavax
4. UB-612 (Multitope peptide based S1-RBD-protein based vaccine); COVAXX + United Biomedical Inc
	im
	?
	 

	Less advanced COVID-19 vaccine candidates

	Viral-like Proteins (VLP)
	1. Coronavirus-Like Particle COVID-19 (CoVLP); Medicago
	im
	?
	 

	Live-attenuated 
	1. Codagenix/Serum Institute of India-phase I_NCT04619628
	im 
	? 
	 

	Recombinant viral vectors (Viral vector (Replicating) 
	1. Coronavirus-Like Particle COVID-19 (CoVLP); Medicago Inc.
2. RBD SARS-CoV-2 HBsAg VLP vaccine; Serum Institute of India + Accelagen Pty + SpyBiotech

	 im
	 ?
	 



Table 2. Summary of studies on patients under treatment with AIT / biologicals receiving anti-infectiousvaccines. 
	Treatment
	Vaccine
	Underlying disease
	Patients number
	Conclusion

	Allergen Immunoterapy (Garner-Spitzer, 2018) 88
	Booster of tick-borne encephalitis 
	Allergic rhinoconjunctivitis and asthma
	119 (49 allergic, 21 allergic on AIT and 49 non-allergic)
	No effect of AIT on antibody response

	Omalizumab (Criado PR, 2019) 106
	Yellow fever
	CSU
	28
	No cases of mild yellow fever 

	Omalizumab (Turner P, 2020) 107
	Live attenuated influenza 
	Moderate- severe asthma
	478
	Well tolerated

	Dupilumab (Blauvelt A, 2019) 114
	-Tdap (tetanus toxoid, reduced diphteriua toxoid, acellular pertussis vaccine)
- meningococcal polysaccharide vaccine 
	Atopic dermatitis
	87 treated by dupilumab / 91 with placebo
	Satisfactory and equal IgG response with or without dupilumab 4 weeks after injection



Table 3. Immunological characteristics of AIT and COVID-19. (put to the supplement)
	
	AIT
	Biologicals targeting T2 inflammation
	COVID-19
	COVID-19 vaccine 

	Immunological changes
	· No impact on the whole immune system; no systemic immune deficiency
· response targets allergen-specific T and B
	· No impact on the whole immune system (only on specific blocked pathways); no systemic immune deficiency reported
· Response targets specific T2 pathways: IgE (Omalizumab), IL-4Rα (Dupilumab), IL-5 (Mepolizumab, Reslizumab), IL-5Rα (Benralizumab), Alarmins (anti-TSLP or anti-IL33 under development) 
	· does not significantly increase the severity of allergic disease 
· the disruption of Type 1 and innate antiviral immunity plays a role in the pathogenesis and severity of COVID-19
	· The formation of high-affinity long-lived plasma cells (LLPCs) and memory B cells (MBCs)
· Induced a dose-dependent SARS-CoV-2-specific Ab response
· Germinal Center-derived B cell response induced by SARSCoV-2 mRNA vaccines     

	T cell responses
	· decreases allergen-specific Type2 responses (Th2 cells and ILC2) in circulation and in the affected organs such mucosal tissues 
· induction of allergen-specific Treg
· together with  B regulatory cells T regs create a tolerogenic milieu: by the release of IL-10, TGF-β and by direct cell contact mediated bymolecules like CTLA-4 and PD1
· switch between Type2 and Type 1
	· Decreases expansion and activation of memory Th2 responses (Omalizumab and Dupilumab) and effector responses by directly or indirectly blocking specific effector cytokines (all of them).
· Induction of Treg cells (showed in vitro for Omalizumab) 
	· CD4 and CD8 T cells decrease (lymphopenia in severe cases)
· inhibition of IFN-γ signaling results in reduced antiviral response and ongoing pro-inflammatory response
· excessive inflammation and worsening of the disease
· decreased number of Treg cells 
· progressive increase in follicular helper T (TFH) in non-severe COVID-19
· in severe disease a systemic severe inflammatory response occurs with a cytokine release syndrome (CRS) - Type 1 and Type 3-driven
· these inflammatory responses are potentially counteracted by anti-inflammatory cytokines, such as IL-10 and TGF-β, and potentially by Type 2 responses which facilitate recovery
	· T follicular helper (Tfh) cells are crucial regulators of GC and affinity-matured Ab responses
· Other CD4 T cell subsets might serve different important functions, including facilitating optimal CD8 T cell responses
· SARS-CoV-2 mRNA-LNP vaccines favor the functional polarization of total CD4 T cells toward Th1, while Tfh cells are characterized by the production of both Th1 (IFNgamma) and Th2 (IL-4) cytokines

	CD8+ T cells
	· No major change
	· Inhibition of tissue and mucosal infiltration of CD8 + T cells and Tc2 in particular.
	· total number of NK and CD8+ T cells markedly decreased in severe COVID (functional exhaustion of cytotoxic T lymphocytes)
	· No indication that the induction of cytotoxic CD8 T cells is required for successful protection against SARS-CoV-2 via vaccination

	Th1 – Th2 response
	· 

	· Specific blocking of Th2 responses. 
	· 
	· Th1- and Th2-biased Tfh cells are both relevant in shaping a neutralizing response to SARS-CoV-2
· mRNA-LNP vaccines skewed Tfh cells towards a Th1 phenotype when using full-length S D furin as immunogen, or towards a mixed Th1/Th2 phenotype when RBD was the immunogen
· rRBD-AddaVax induced Th2-biased Tfh cells
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