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On July 20, 2020, BioNTech SE (the “Company”) issued a press release, announcing initial data from their ongoing German Phase 1/2, open-label, non-randomized, non-placebo-controlled, dose-escalation trial, that is part of the global mRNA-based vaccine program against SARS-CoV-2. The manuscript describing the preliminary data is now available on a preprint server. The press release is attached hereto as Exhibit 99.1, and the manuscript is attached hereto as Exhibit 99.2.
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Pfizer and BioNTech Announce Early Positive Update

from German Phase 1/2 COVID-19 Vaccine Study, Including First T Cell Response Data

· The data further demonstrated the ability of BNT162b1 to elicit high SARS-CoV-2 neutralizing titers

· BNT162b1 elicited strong CD4+ and CD8+ T cell responses against SARS-CoV-2- receptor binding domain (RBD), compared to baseline

· The RBD-specific, interferon-g+, IL-2+, CD8+ T cells elicited by BNT162b1 in immunized participants indicate a strong potential for cell mediated anti-viral activity

· T cell cytokine profile shows vaccine elicited T cells exhibit a Th1 phenotype, which is associated with antiviral properties

· BNT162b1 induced antibodies had broadly neutralizing activity in pseudovirus neutralization assays across a panel of sixteen SARS-CoV-2 RBD variants identified in published SARS-CoV-2 sequences and against the newly dominant D614G strain

· Robust specific antibody and T cell responses, (both of which are considered by experts as key to a vaccine ensuring protection against disease) elicited by the BNT162b1 mRNA vaccine against RBD suggest a potential for multiple beneficial protective mechanisms against COVID-19

· Local reactions and systemic events after immunization with BNT162b1 were dose-dependent, generally mild to moderate and transient, with occasional severe adverse events (Grade 3, e.g. flu-like symptoms and injection site reactions) that resolved spontaneously or could be managed with simple measures - no serious adverse events were reported

MAINZ, GERMANY and NEW YORK, USA, July 20, 2020 — BioNTech SE (Nasdaq: BNTX, “BioNTech” or “the Company”) and Pfizer Inc. (NYSE: PFE) today announced initial data from their ongoing German Phase 1/2, open-label, non-randomized, non-placebo-controlled, dose-escalation trial, that is part of the global mRNA-based vaccine program against SARS-CoV-2. The data are available on an online preprint server at medRxiv and are concurrently undergoing scientific peer-review for potential publication.

The preliminary clinical results are for the most advanced investigational vaccine candidate in Pfizer’s and BioNTech’s BNT162 mRNA-based vaccine program against SARS-CoV-2, BNT162b1. This vaccine candidate is a lipid nanoparticle formulated, nucleoside-modified messenger RNA that encodes an optimized SARS-CoV-2 receptor binding domain (RBD) antigen. Overall, the new preliminary data from this German study support and expand upon the recently disclosed early results from the corresponding U.S. trial with BNT162b1.

Preliminary data for BNT162b1 in the German Phase 1/2 trial were evaluated with a total of 60 healthy adults 18 to 55 years of age enrolled in the study. Of these 60 participants, 12 subjects per dose level (1 µg, 10 µg, 30 µg, and 50 µg; 48 participants in total) were vaccinated with BNT162b1 on day 1 and day 22 (n=12 per prime-boost cohort, except n=11 for the 10 µg and 50 µg cohorts from day 22 on). Furthermore, 12 participants received a single injection of 60 µg.
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The vaccine elicited high, dose level-dependent SARS-CoV-2-neutralizing titers and RBD-binding IgG concentrations after the second dose. Day 43 SARS-CoV-2 neutralizing geometric mean titers were in the range of 0.7-fold (1 µg) to 3.2-fold (50 µg) compared to that of a panel of SARS-CoV-2 infection convalescent human sera. Furthermore, sera of vaccinated subjects displayed broadly neutralizing activity in pseudovirus neutralization assays across a panel of sixteen SARS-CoV-2 RBD variants represented in publicly available SARS-CoV-2 sequences and against the newly dominant D614G strain.

In addition, the initial German trial results demonstrate, for the first time for the BNT62b1 candidate, a concurrent induction of high level CD4+ and CD8+ T cell responses against the SARS-CoV-2 RBD.

The strength of T cell responses varied between subjects. There was no clear dose level dependency of the T cell response between 1 µg to 50 µg, indicating that stimulation and robust expansion of T cells might be accomplished at low mRNA dose levels.

All subjects in the prime-boost cohorts, except for two at the lowest dose level, had CD4+ T cell responses. Cytokine profiling of the RBD-specific CD4+ T cells demonstrated a TH1-dominant profile for these cells. 29 of the 36 tested subjects also mounted an RBD-specific functional, CD8+ T cell response that was comparable to memory responses observed against cytomegalovirus (CMV), Epstein Barr virus (EBV) and influenza virus.

Overall, the data suggested that BNT162b1 could potentially be administered safely, with a manageable tolerability profile. Local reactions and systemic events after injection with BNT162b1 at all dose levels were transient, generally mild to moderate, with occasional severe events (Grade 3) of flu-like symptoms and injection site reactions. All adverse events resolved spontaneously and were managed with simple measures. No serious adverse events (SAEs) were reported, and there were no withdrawals due to adverse events related to the vaccine.

“It is encouraging that the data on BNT162b1 from the German study cohort are very much in line with what we have seen in the U.S. study cohort. The preliminary data indicate that our mRNA-based vaccine was able to stimulate antibody as well as T-cell responses at remarkably low dose levels. We believe both may play an important role in achieving effective clearance of a pathogen such as SARS-CoV-2.” said Özlem Türeci, M.D., CMO and Co-founder of BioNTech.

“These interim results from the German study, combined with initial data from the U.S. study, highlight the potential of this mRNA-based vaccine approach and represent an important step forward in our development efforts for the BNT162 program,” said Kathrin U. Jansen, Ph.D., Senior Vice President and Head of Vaccine Research & Development, Pfizer. “We remain dedicated to developing an effective vaccine to fight the COVID-19 pandemic, with safety at the forefront and look forward to sharing additional data as the program progresses.”

Preliminary data from both the German and U.S. Phase 1/2 studies, together with additional preclinical and clinical data being generated, will be used by the two companies to determine a dose level and select among multiple vaccine candidates to seek to progress to an anticipated large, global Phase 2b/3 safety and efficacy trial. That trial may involve up to 30,000 healthy participants and is anticipated to begin in late July 2020, if regulatory approval is received.

The BNT162b1 candidate remains under clinical study and is not currently approved for distribution anywhere in the world. If the ongoing studies are successful and the vaccine candidate receives regulatory approval, the companies expect to manufacture up to 100 million doses by the end of 2020 and potentially more than 1.3 billion doses by the end of 2021. In that event, BioNTech and Pfizer would work jointly to distribute the potential COVID-19 vaccine worldwide (excluding China, where BioNTech has a collaboration with Fosun Pharma for BNT162 for both clinical development and commercialization).
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About Pfizer: Breakthroughs That Change Patients’ Lives

At Pfizer, we apply science and our global resources to bring therapies to people that extend and significantly improve their lives. We strive to set the standard for quality, safety and value in the discovery, development and manufacture of health care products, including innovative medicines and vaccines. Every day, Pfizer colleagues work across developed and emerging markets to advance wellness, prevention, treatments and cures that challenge the most feared diseases of our time. Consistent with our responsibility as one of the world's premier innovative biopharmaceutical companies, we collaborate with health care providers, governments and local communities to support and expand access to reliable, affordable health care around the world. For more than 150 years, we have worked to make a difference for all who rely on us. We routinely post information that may be important to investors on our website at www.Pfizer.com. In addition, to learn more, please visit us on www.Pfizer.com and follow us on Twitter at @Pfizer and @Pfizer News, LinkedIn, YouTube and like us on Facebook at Facebook.com/Pfizer.

Pfizer Disclosure Notice

The information contained in this release is as of July 20, 2020. Pfizer assumes no obligation to update information or forward-looking statements contained in this release as the result of new information or future events or developments.

This release contains forward-looking information about Pfizer’s efforts to combat COVID-19, the BNT162 mRNA vaccine program, and a collaboration between BioNTech and Pfizer to develop a potential COVID-19 vaccine, including their potential benefits, anticipated publication of data, manufacturing and distribution and the expected timing of clinical trials, that involves substantial risks and uncertainties that could cause actual results to differ materially from those expressed or implied by such statements. Risks and uncertainties include, among other things, the uncertainties inherent in research and development, including the ability to meet anticipated clinical endpoints, commencement and/or completion dates for clinical trials, regulatory submission dates, regulatory approval dates and/or launch dates, as well as the possibility of unfavorable new preclinical or clinical trial data and further analyses of existing preclinical or clinical trial data; risks associated with preliminary data; the risk that clinical trial data are subject to differing interpretations and assessments, including during the peer review/publication process, in the scientific community generally, and by regulatory authorities; whether the scientific journal publications referenced above will occur and, if so, when and with what modifications; whether regulatory authorities will be satisfied with the design of and results from these and future preclinical and clinical studies; whether and when any biologics license applications may be filed in any jurisdictions for any potential vaccine candidates under the collaboration; whether and when any such applications may be approved by regulatory authorities, which will depend on myriad factors, including making a determination as to whether the product’s benefits outweigh its known risks and determination of the product’s efficacy and, if approved, whether any such vaccine candidates will be commercially successful; decisions by regulatory authorities impacting labeling, manufacturing processes, safety and/or other matters that could affect the availability or commercial potential of any such vaccine candidates, including development of products or therapies by other companies; manufacturing capabilities or capacity, including whether the estimated numbers of doses can be manufactured within the projected time periods indicated; uncertainties regarding the ability to obtain recommendations from vaccine technical committees and other public health authorities regarding any such vaccine candidates and uncertainties regarding the commercial impact of any such recommendations; and competitive developments.

A further description of risks and uncertainties can be found in Pfizer’s Annual Report on Form 10-K for the fiscal year ended December 31, 2019 and in its subsequent reports on Form 10-Q, including in the sections thereof captioned “Risk Factors” and “Forward-Looking Information and Factors That May Affect Future Results,” as well as in its subsequent reports on Form 8-K, all of which are filed with the U.S. Securities and Exchange Commission and available at http://www.sec.gov/ and www.pfizer.com.
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About BioNTech

Biopharmaceutical New Technologies is a next generation immunotherapy company pioneering novel therapies for cancer and other serious diseases. The Company exploits a wide array of computational discovery and therapeutic drug platforms for the rapid development of novel biopharmaceuticals. Its broad portfolio of oncology product candidates includes individualized and off-the-shelf mRNA-based therapies, innovative chimeric antigen receptor T cells, bi-specific checkpoint immuno-modulators, targeted cancer antibodies and small molecules. Based on its deep expertise in mRNA vaccine development and in-house manufacturing capabilities, BioNTech and its collaborators are developing multiple mRNA vaccine candidates for a range of infectious diseases alongside its diverse oncology pipeline. BioNTech has established a broad set of relationships with multiple global pharmaceutical collaborators, including Genmab, Sanofi, Bayer Animal Health, Genentech, a member of the Roche Group, Genevant, Fosun Pharma, and Pfizer.

For more information, please visit www.BioNTech.de.

BioNTech Forward-looking statements

This press release contains “forward-looking statements” of BioNTech within the meaning of the Private Securities Litigation Reform Act of 1995. These forward-looking statements may include, but may not be limited to, statements concerning: BioNTech’s efforts to combat COVID-19; the timing to initiate clinical trials of BNT162 and anticipated publication of data from these clinical trials; the collaboration between BioNTech and Pfizer, and BioNTech and Fosun Pharma, to develop a potential COVID-19 vaccine; the nature of the clinical data, which is subject to ongoing peer review, regulatory review and market interpretation; and the ability of BioNTech to supply the quantities of BNT162 to support clinical development and, if approved, market demand, including our production estimates for 2020 and 2021. Any forward-looking statements in this press release are based on BioNTech current expectations and beliefs of future events, and are subject to a number of risks and uncertainties that could cause actual results to differ materially and adversely from those set forth in or implied by such forward-looking statements. These risks and uncertainties include, but are not limited to: competition to create a vaccine for COVID-19 and potential difficulties. For a discussion of these and other risks and uncertainties, see BioNTech’s Annual Report on Form 20-F filed with the SEC on March 31, 2020, which is available on the SEC’s website at www.sec.gov. All information in this press release is as of the date of the release, and BioNTech undertakes no duty to update this information unless required by law.
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Exhibit 99.2

Concurrent human antibody and TH1 type T-cell responses elicited by a COVID-19 RNA vaccine
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An effective vaccine is needed to halt the spread of the SARS-CoV-2 pandemic. Recently, we reported safety, tolerability and antibody response data from an ongoing placebo-controlled, observer-blinded phase 1/2 COVID-19 vaccine trial with BNT162b1, a lipid nanoparticle (LNP) formulated nucleoside-modified messenger RNA encoding the receptor binding domain (RBD) of the SARS-CoV-2 spike protein. Here we present antibody and T cell responses after BNT162b1 vaccination from a second, non-randomized open-label phase 1/2 trial in healthy adults, 18-55 years of age. Two doses of 1 to 50 µg of BNT162b1 elicited robust CD4+ and CD8+ T cell responses and strong antibody responses, with RBD-binding IgG concentrations clearly above those in a COVID-19 convalescent human serum panel (HCS). Day 43 SARS-CoV-2 serum neutralising geometric mean titers were 0.7-fold (1 µg) to 3.5-fold (50 µg) those of HCS. Immune sera broadly neutralised pseudoviruses with diverse SARS-CoV-2 spike variants. Most participants had TH1 skewed T cell immune responses with RBD-specific CD8+ and CD4+ T cell expansion. Interferon (IFN)γ was produced by a high fraction of RBD-specific CD8+ and CD4+ T cells. The robust RBD-specific antibody, T-cell and favourable cytokine responses induced by the BNT162b1 mRNA vaccine suggest multiple beneficial mechanisms with potential to protect against COVID-19.
[image: ]
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Introduction

In December 2019, the novel coronavirus SARS-CoV-2 emerged in China causing coronavirus disease 2019 (COVID-19), a severe, acute respiratory syndrome with a complex, highly variable disease pathology. On 11 March 2020, the World Health Organization (WHO) declared the SARS-CoV-2 outbreak a pandemic. As of 29 June 2020, over 10 million cases have been reported worldwide, with deaths approaching half a million1.

The high and worldwide impact on human society calls for the rapid development of safe and effective therapeutics and vaccines2.

Messenger RNA (mRNA) vaccine technology allows to deliver precise genetic information encoding a viral antigen together with intrinsic adjuvant effect to antigen presenting cells3. The prophylactic effectiveness of this technology has been proven in preclinical models against multiple viral targets4–6. LNP- and liposome-formulated RNA vaccines for prevention of infectious diseases and for treatment of cancer have been shown in clinical trials to be safe and well-tolerated7. mRNA is transiently expressed and does not integrate into the genome. It is molecularly well defined, free of animal-origin materials and synthesized by an efficient, cell-free in vitro transcription process from DNA templates4,8,9. The fast and highly scalable mRNA manufacturing and lipid-nanoparticle (LNP) formulation processes enable rapid production of many vaccine doses5,6,10, making it suitable for rapid vaccine development and pandemic vaccine supply.

Two Phase 1/2 umbrella trials in Germany and the US investigate several LNP-encapsulated RNA vaccine candidates developed in `Project Lightspeed`. Recently, we have reported interim data obtained in the US trial (NCT04368728) for the most advanced candidate BNT162b111. BNT162b1 encodes the receptor-binding domain (RBD) of the SARS-CoV-2 spike protein, a key target of neutralising antibodies. The RBD antigen expressed by BNT162b1 is fused to a T4 fibritin-derived “foldon” trimerisation domain to increase its immunogenicity by multivalent display12. The RNA is optimized for high stability and translation efficiency13,14 and incorporates 1-methyl-pseudouridine instead of uridine to dampen innate immune sensing and to increase mRNA translation in vivo15. In the placebo-controlled, observer-blinded US trial, dosages of 10 µg, 30 µg (prime and boost doses 21 days apart for both dose levels) and 100 µg (prime only) were administered. No serious adverse events were reported. Local injection site reactions and systemic events (mostly flu-like symptoms) were dose-dependent, generally mild to moderate, and transient. RBD-binding IgG concentrations and SARS-CoV-2 neutralising titers in sera increased with dose level and after a second dose. Fourteen days after the boost, geometric mean neutralising titers reached 1.9- to 4.6-fold of a panel of COVID-19 convalescent human sera.
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This study now complements our previous report with available data from the German trial (NCT04380701, EudraCT: 2020-001038-36), providing a detailed characterisation of antibody and T-cell immune responses elicited by BNT162b1 vaccination.

Results

Study design and analysis set

Between 23 April 2020 and 22 May 2020, 60 participants were vaccinated with BNT162b1 in Germany. Twelve participants per 1 µg, 10 μg, 30 μg, and 50 µg dose level groups received a first dose on Day 1 and were boosted on Day 22 (except for one individual each in the 10 and 50 µg dose-level cohort who discontinued due to non-study drug related reasons), and 12 participants received a 60 μg prime dose on Day 1 only (Extended Data Figure 1). The study population consisted of healthy males and non-pregnant females with a mean age of 41 years (range 18 to 55 years) with equal gender distribution. Most participants were Caucasian (96.7%) with one African American and one Asian participant (1.7% each). Preliminary data analysis focused on immunogenicity (Extended Data Table 1).

Preliminary available safety and tolerability data

Briefly, no serious adverse events (SAE) and no withdrawals due to related adverse events (AEs) were observed for any dose. Similar to the
U.S. trial, most reported solicited events in the 10 mg and 30 mg groups were reactogenicity (e.g., fatigue and headache), with a typical onset within the first 24 hours after immunisation. Injection site reactions within 7 days of the prime or boost were mainly pain and tenderness (Extended Data Figure 2). Symptomatology was mostly mild or moderate with occasional severe (Grade 3) reactogenicity such as fever, chills, headache, muscle pain, joint pain, injection site pain, and tenderness within 7 days after each dose. Reactogenicity resolved spontaneously, or could be managed with simple measures (e.g. paracetamol). Based on the reactogenicity reported after the 50 µg boost dose, a second 60 μg dose was not administered to participants who had received an initial 60 μg dose.

Whereas no relevant change in routine clinical laboratory values occurred after BNT162b1 vaccination, a transient increase in C-reactive protein (CRP) and temporary reduction of blood lymphocyte counts were observed in a dose-dependent manner in vaccinated participants (Extended Data Figure 3). CRP is a well-known inflammatory serum protein previously described as biomarker for various infectious disease vaccines and an indicator of vaccine adjuvant activity16–19. Based on our previous clinical experience with RNA vaccines the transient decrease in lymphocytes is likely attributable to innate immune stimulation-related redistribution of lymphocytes into lymphoid tissues20. Both parameters are considered pharmacodynamics markers for the mode-of-action of RNA vaccines.
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Vaccine-induced antibody response

RBD-binding IgG concentrations and SARS-CoV-2 neutralising titers were assessed at baseline, 7 and 21 days after the BNT162b1 priming dose (Days 8 and 22), and 7 and 21 days after the boosting dose (Days 29 and 43), except for the 60 µg cohort, which received a priming dose only (Figure 1).

Immunised participants showed a strong, dose-dependent vaccine-induced antibody response. Twenty-one days after the priming dose (for the four dose levels ranging from 1-50 µg), geometric mean concentrations (GMCs) of RBD-binding IgG had increased in a dose level dependent manner, with GMCs ranging from 265-1,672 U/mL (Figure 1). Seven days after the boosting dose (Day 29), RBD-binding IgG GMCs in participants vaccinated with 1-50 µg BNT162b1 showed a strong, dose-level dependent booster response ranging from 2,015-25,006 U/mL. At Day 43 (21 days after boost), RBD-binding antibody GMCs were in the range of 3,920-18,289 U/mL in BNT162b1 vaccinated individuals as compared to a GMC of 602 U/mL measured in a panel of convalescent sera from 38 SARS-CoV-2 infection patients. The patients were 18-83 years of age, and sera were drawn at least 14 days after PCR-confirmed diagnosis. In the 60 µg dose-level cohort, which received a priming dose only, RBD-binding IgG GMCs were 1,058 U/mL by Day 29, indicating that a boosting dose to increase antibody titers may be necessary.

SARS-CoV-2 neutralising antibody geometric mean titers (GMTs) increased modestly in a dose-dependent manner 21 days after the priming dose (Figure 2a). Substantially higher serum-neutralising GMTs were achieved 7 days after the booster dose, reaching 36 (1 µg dose level), 158 (10 µg dose level), 308 (30 µg dose level), and 578 (50 µg dose level), compared to 94 for the convalescent serum panel. On Day 43 (21 days after the boost), the neutralising GMTs decreased (with exception of the 1 µg dose level). Neutralising antibody GMTs were strongly correlated with RBD-binding IgG GMC (Figure 2b). In summary, antibody responses elicited by BNT162b1 in study BNT162-01 largely mirrored those observed in the U.S. study11.

To demonstrate the breadth of the neutralising response, a panel of 16 SARS-CoV-2 RBD variants identified through publicly available information21 and the dominant (non-RBD) spike variant D614G22 was evaluated in pseudovirion neutralisation assays. Sera collected 7 days after the second dose of BNT162b1 showed high neutralising titers to each of the SARS-CoV-2 spike variants (Figure 2c).

Vaccine-induced T cell responses

CD4+ and CD8+ T cell responses in BNT162b1 immunised participants were characterised prior to priming vaccination (Day 1) and 7 days
after boost vaccination (on Day 29) using direct ex vivo IFNg ELISpot with peripheral blood mononuclear cells (PBMCs) from 36 participants across the 1 µg to 50 µg dose-level cohorts (Figure 3). In this assay, CD4+ or CD8+ T cell effectors were stimulated overnight with overlapping peptides representing the full-length sequence of the vaccine-encoded RBD.
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Of 36 participants, 34 (94.4%, including all participants treated with ≥10 µg BNT162b1) mounted RBD-specific CD4+ T cell responses. While the magnitude varied between individuals, participants with the strongest CD4+ T cell responses to RBD had more than 10-fold of the memory responses observed in the same participants when stimulated with cytomegalovirus (CMV), Epstein Barr virus (EBV), influenza virus and tetanus toxoid-derived immuno-dominant peptide panels (Figure 3a-c). No CD4+ T cell responses were detectable at baseline, except for one participant with a low number of preexisting RBD-reactive CD4+ T cells, which increased significantly after vaccination (normalised mean spot count from 63 to 1,519, in the 50 µg dose cohort). The strength of RBD-specific CD4+ T cell responses correlated positively with both RBD-binding IgG and with SARS-CoV-2 neutralising antibody titers (Extended Data Figure 4a, d), in line with the concept of intramolecular help23. The two participants lacking CD4+ response had no detectable virus neutralising titers (VNT50) (Extended Data Figure 4d).

Among vaccine-induced CD8+ T cell responses (29/36 participants, 80.6%), strong responses were mounted by the majority of participants (Figure 3a) and were quite comparable with memory responses against CMV, EBV, influenza virus and tetanus toxoid in the same participants (Figure 3b, c). The strength 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 titers (Extended Data Figure 4b, c).

Of note, although at 1 µg BNT162b1 the immunogenicity rate was lower (6/8 responding participants), the magnitude of vaccine-induced CD4+ and CD8+ T cells in some participants was almost as high as with 50 µg BNT162b1 (Figure 3a). To assess functionality and polarisation of RBD-specific T cells, cytokines secreted in response to stimulation with overlapping peptides representing the full length sequence of the vaccine encoded RBD were determined by intracellular staining (ICS) for IFNγ, IL-2 and IL-4 specific responses in pre- and post-vaccination PBMCs of 18 BNT162b1 immunised participants. RBD-specific CD4+ T cells secreted IFNγ, IL-2, or both, but did not secrete IL-4 (Figure 4 a-c). Similarly, fractions of RBD-specific CD8+ T cells secreted IFNγ+ and IL-2.

The mean fraction of RBD-specific T cells within total circulating T cells obtained by BNT162b1 vaccination was substantially higher than that observed in six participants who recovered from COVID-19. Fractions of RBD-specific IFNγ+ CD8+ T cells reached up to several percent of total peripheral blood CD8+ T cells (Figure 4c). Analysis of supernatants of PBMCs stimulated ex vivo with overlapping RBD peptides from a subgroup of five vaccinated participants detected proinflammatory cytokines TNF, IL-1β and IL-12p70, but neither IL-4 nor IL-5 (Figure 4d).

In summary, these findings indicate that BNT162b1 induces functional and proinflammatory CD4+/CD8+ T cell responses in almost all participants, with TH1 polarisation of the helper response.
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Discussion

We observed concurrent production of neutralising antibodies, activation of virus-specific CD4+ and CD8+ T cells, and robust release of immune-modulatory cytokines such as IFNγ, which represents a coordinated immune response to counter a viral intrusion (for review 24). IFNγ is a key cytokine for several antiviral responses. It acts in synergy with type I interferons to inhibit replication of SARS-CoV-225. Patients with IFNγ gene polymorphism related to impaired IFNγ activity have been shown to display 5-fold increased susceptibility to SARS26. The robust production of IFNγ from CD8+ T cells indicates a favourable immune response with both anti-viral and immune-augmenting properties.

The detection of IFNγ, IL-2 and IL-12p70 but not IL-4 indicates a favorable TH1 profile and the absence of a potentially deleterious TH2 immune response. CD4+ and CD8+ T cells may confer long-lasting immunity against corona viruses as indicated in SARS-CoV-1 survivors, where CD8+ T-cell immunity persisted for 6-11 years24,27.

Some cases of asymptomatic virus exposure have been associated with cellular immune response without seroconversion indicating that SARS-CoV-2 specific T cells could be relevant in disease control even in the absence of neutralising antibodies28. Almost all vaccinated volunteers mounted RBD-specific T cell responses detected with an ex vivo ELISpot assay, which was performed without prior expansion of T cells that captures only high-magnitude T cell responses. Although the strength of the T-cell responses varied considerably between participants, we observed no clear dose dependency of the T-cell response strength using vaccine dose levels of 1 µg to 50 µg, indicating that stimulation and robust expansion of T cells might be accomplished at the lowest mRNA-encoded immunogen levels.

The study confirms the dose-dependency of RBD-binding IgG and neutralisation responses and reproduces our previous findings for the 10 and 30 µg dose levels of BNT162b1 in the US trial.

A notable observation is that two injections of BNT162b1 at a dose level as low as 1 µg are capable of inducing RBD-binding IgG levels higher than those observed in convalescent sera, and serum neutralising antibody titers that were still increasing up to Day 43. Considering that it is not known which neutralising antibody titer would be protective, and given the substantial T-cell responses we observed for some participants in the 1 µg cohort, a considerable fraction of individuals may benefit even from this lowest tested dose level.

A purely RBD-directed immunity might be considered prone to escape of the virus by single amino acid changes in this small domain. To address this concern, neutralisation assays were conducted with 17 pseudo-typed viruses, 16 of which enter cells using a spike with a different RBD variant found in circulating strains and one of which uses the dominant spike variant D614G. All 17 variants were efficiently neutralised by BNT162b1 immune sera.

Limitations of our clinical study include the small sample size and its restriction to participants below 55 years of age. Another constraint is that we did not perform further T cell analysis e.g. deconvolution
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of epitope diversity, characterisation of HLA restriction and TCR repertoire analysis before and after vaccination, due to the limited blood volumes that were available for biomarker analyses. Further, as vaccine-induced immunity can wane over time, it is important to study persistence of potentially protective immune responses over time. However, samples to assess persistence are not yet available but are planned per study protocol and will be reported elsewhere.
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Materials and Methods

Clinical trial design

Study BNT162-01 (NCT04380701) is an ongoing, first-in-human, Phase 1/2, open-label dose-ranging clinical trial to assess the safety, tolerability, and immunogenicity of ascending dose levels of various intramuscularly administered BNT162 mRNA vaccine candidates in healthy men and non-pregnant women 18 to 55 years (amended to add 56 -85 of age) of age. Key exclusion criteria included previous clinical or microbiological diagnosis of COVID‑19; receipt of medications to prevent COVID‑19; previous vaccination with any coronavirus vaccine; a positive serological test for SARS-CoV-2 IgM and/or IgG; and a SARS-CoV-2 NAAT-positive nasal swab; those with increased risk for severe COVID-19; and immunocompromised individuals. The primary endpoints of the study are safety and immunogenicity.

In the part of the study reported here, five dose levels (1 μg, 10 μg, 30 μg, 50 μg or 60 μg) of the BNT162b1 candidate were assessed at one site in Germany with 12 healthy participants per dose level in a dose-escalation/de-escalation design. Sentinel dosing was performed in each dose-escalation cohort. Progression in that cohort and dose escalation required data review by a safety review committee. Participants received a BNT162b1 prime dose on Day 1, and a boost dose on Day 22±2. Serum for antibody assays was obtained on Day 1 (pre-prime), 8±1 (post-prime), 22±2 (pre-boost), 29±3 and 43±4 (post-boost). PBMCs for T cell studies were obtained on Day 1 (pre-prime) and 29±3 (post-boost). Tolerability was assessed by patient diary. One subject of the 10 µg, and one subject of the 50 µg dose cohort left the study prior to the boosting immunisation due to withdrawal of consent and private reasons.

The presented data comprise the BNT162b1-immunised cohorts only and are based on a preliminary analysis with a data extraction date of 13 July 2020, focused on analysis of vaccine-induced immunogenicity (secondary endpoint) descriptively summarised at the various time points and on reactogenicity. All participants with data available were included in the immunogenicity analyses.

The trial was carried out in Germany in accordance with the Declaration of Helsinki and Good Clinical Practice Guidelines and with approval by an independent ethics committee (Ethik-Kommission of the Landesärztekammer Baden-Württemberg, Stuttgart, Germany) and the competent regulatory authority (Paul-Ehrlich Institute, Langen, Germany). All participants provided written informed consent.

Manufacturing of RNA.

BNT162b1 incorporates a Good Manufacturing Practice (GMP)-grade mRNA drug substance that encodes the trimerized SARS-CoV-2 spike glycoprotein RBD antigen. The RNA is generated from a DNA template by in vitro transcription in the presence of 1-methylpseudouridine-5’-triphosphate (m1YTP; Thermo Fisher Scientific) instead of uridine-5’-triphosphate (UTP). Capping is performed co-transcriptionally using a trinucleotide cap 1 analogue ((m27,3’-O)Gppp(m2’-O)ApG; TriLink). The antigen-
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encoding RNA contains sequence elements that increase RNA stability and translation efficiency in human dendritic cells13,14. The mRNA is formulated with lipids to obtain the RNA-LNP drug product. The vaccine was transported and supplied as a buffered-liquid solution for IM injection and was stored at -80 °C.

Proteins and peptides.

A pool of 15-mer peptides overlapping by 11 amino acids and covering the whole sequence of the BNT162b1-encoded SARS-CoV-2 RBD, was used for ex vivo stimulation of PBMCs for flow cytometry, IFNγ ELISpot and cytokine profiling. CEF (CMV, EBV, influenza virus; HLA class I epitope peptide pool) and CEFT (CMV, EBV, influenza virus, tetanus toxoid; HLA class II epitope peptide pool) (both JPT Peptide Technologies) were used as controls for general T-cell reactivity.

Human convalescent sera and PBMC panel.

Human SARS-CoV-2 infection/COVID-19 convalescent sera (n=38) were drawn from donors 18-83 years of age at least 14 days after PCR-confirmed diagnosis and at a time when the participants were asymptomatic. Serum donors had symptomatic infections (n=35), or had been hospitalized (n=1). Sera were obtained from Sanguine Biosciences (Sherman Oaks, CA), the MT Group (Van Nuys, CA) and Pfizer Occupational Health and Wellness (Pearl River, NY). Human SARS-CoV-2 infection/COVID-19 convalescent PBMC samples (n=6) were collected from donors 41-79 years of age 45-59 days after PCR-confirmed diagnosis when donors were asymptomatic. PBMC donors had asymptomatic/mild infections (n= 4; clinical score 1 and 2) or had been hospitalized (n=2; clinical score 4 and 5). Blood samples were obtained from the Frankfurt University Hospital (Germany).

Cell culture and primary cell isolation.

Vero cells (ATCC CCL-81) and Vero E6 cells (ATCC CRL-1586) were cultured in Dulbecco’s modified Eagle’s medium (DMEM) with GlutaMAX™ (Gibco) supplemented with 10% fetal bovine serum (FBS) (Sigma-Aldrich). Cell lines were tested for mycoplasma contamination after receipt and before expansion and cryopreservation. Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll-Hypaque (Amersham Biosciences) density gradient centrifugation and cryopreserved prior to subsequent analysis.

RBD binding IgG antibody assay.

A recombinant SARS-CoV-2 RBD containing a C-terminal Avitag™ (Acro Biosystems) was bound to streptavidin-coated Luminex microspheres. Heat-inactivated participant sera were diluted 1:500, 1:5,000, and 1:50,000. Following an overnight incubation at 2-8 °C while shaking, plates were washed in a solution containing 0.05% Tween-20. A secondary fluorescently labelled goat anti-human polyclonal antibody (Jackson Labs) was added for 90 minutes at room temperature while shaking, before plates were washed once more in a solution containing 0.05% Tween-20. Data were captured as median fluorescent intensities (MFIs) using a Bioplex200 system (Bio-Rad) and converted to U/mL antibody

Page 11
[image: ]

concentrations using a reference standard curve (reference standard composed of a pool of five convalescent serum samples obtained >14 days post-COVID-19 PCR diagnosis and diluted sequentially in antibody-depleted human serum) with arbitrary assigned concentrations of 100 U/mL and accounting for the serum dilution factor. Three dilutions are used to increase the likelihood that at least one result for any sample will fall within the useable range of the standard curve. Assay results were reported in U/mL of IgG. The final assay results are expressed as the geometric mean concentration of all sample dilutions that produced a valid assay result within the assay range.

SARS-CoV-2 neutralisation assay.

The neutralisation assay used a previously described strain of SARS-CoV-2 (USA_WA1/2020) that had been rescued by reverse genetics and engineered by the insertion of an mNeonGreen (mNG) gene into open reading frame 7 of the viral genome29. This reporter virus generates similar plaque morphologies and indistinguishable growth curves from wild-type virus. Viral master stocks (2 x 107 PFU/mL) were grown in Vero E6 cells as previously described29. With patient convalescent sera, the fluorescent neutralisation assay produced comparable results to the conventional plaque reduction neutralisation assay30. Serial dilutions of heat-inactivated sera were incubated with the reporter virus (2 x 104 PFU per well to yield approximately a 10-30% infection rate of the Vero CCL81 monolayer) for 1 hour at 37 ⁰C before inoculating Vero CCL81 cell monolayers (targeted to have 8,000 to 15,000 cells per well) in 96 -well plates to allow accurate quantification of infected cells. Total cell counts per well were enumerated by nuclear stain (Hoechst 33342) and fluorescent virally infected foci were detected 16-24 hours after inoculation with a Cytation 7 Cell Imaging Multi-Mode Reader (BioTek) with Gen5 Image Prime version 3.09. Titers were calculated in GraphPad Prism version 8.4.2 by generating a 4-parameter (4PL) logistical fit of the percent neutralisation at each serial serum dilution. The 50% neutralisation titre (VNT50) was reported as the interpolated reciprocal of the dilution yielding a 50% reduction in fluorescent viral foci.

VSV-SARS-CoV-2 spike variant pseudovirus neutralisation assay.

Vesicular stomatitis virus (VSV)-SARS-CoV-2-S pseudoparticle generation and neutralisation assays were performed as previously described21. Briefly, human codon optimized SARS-CoV-2 spike (GenBank: MN908947.3) was synthesised (Genscript) and cloned into an expression plasmid. SARS-CoV-2 complete genome sequences were downloaded from GISAID Nucleotide database (https://www.gisaid.org). Sequences were curated and genetic diversity of the spike-encoding gene was assessed across high quality genome sequences using custom pipelines. Amino acid substitutions were cloned into the spike expression plasmid using site-directed mutagenesis. HEK293T cells (ATCC CRL-3216) were seeded (culture medium: DMEM high glucose [Life Technologies] supplemented with 10% heat-inactivated fetal bovine serum [FBS; Life Technologies] and penicillin/ptreptomycin/L-glutamine [Life Technologies]) and transfected the following day with spike expression plasmid using Lipofectamine LTX (Life Technologies) following the manufacturer’s protocol. At 24 hours post-
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transfection at 37 °C, cells were infected with the VSVΔG:mNeon/VSV-G virus diluted in Opti-MEM (Life Technologies) at a multiplicity of infection of 1. Cells were incubated 1 hour at 37 °C, washed to remove residual input virus and overlaid with infection medium (DMEM high glucose supplemented with 0.7% Low IgG BSA [Sigma], sodium pyruvate [Life Technologies] and 0.5% Gentamicin [Life Technologies]). After 24 hours at 37 °C, the supernatant containing VSV-SARS-CoV-2-S pseudoparticles was collected, centrifuged at 3000xg for 5 minutes to clarify and stored at -80 °C until further use.

For pseudovirus neutralisation assays, Vero cells (ATCC CCL-81) were seeded in 96-well plates in culture medium and allowed to reach approximately 85% confluence before use in the assay (24 hours later). Sera were serially diluted 1:2 in infection medium starting with a 1:40 dilution. VSV-SARS-CoV-2-S pseudoparticles were diluted 1:1 in infection medium for a fluorescent focus unit (ffu) count in the assay of ~1000. Serum dilutions were mixed 1:1 with pseudoparticles for 30 minutes at room temperature prior to addition to Vero cells and incubation at 37 °C for 24 hours. Supernatants were removed and replaced with PBS (Gibco), and fluorescent foci were quantified using the SpectraMax i3 plate reader with MiniMax imaging cytometer (Molecular Devices). Neutralisation titers were calculated in GraphPad Prism version 8.4.2 by generating a 4-parameter logistical (4PL) fit of the percent neutralisation at each serial serum dilution. The 50% pseudovirus neutralisation titre (pVNT50) was reported as the interpolated reciprocal of the dilution yielding a 50% reduction in fluorescent viral foci.

IFNγ ELISpot.

IFNγ ELISpot analysis was performed ex vivo (without further in vitro culturing for expansion) using PBMCs depleted of CD4+ and enriched for CD8+ T cells (CD8+ effectors), or depleted of CD8+ and enriched for CD4+ T cells (CD4+ effectors). Tests were performed in duplicate and with a positive control (anti-CD3 monoclonal antibody CD3-2 [1:1,000; Mabtech]). Multiscreen filter plates (Merck Millipore) pre-

coated with IFNg-specific antibodies (ELISpotPro kit, Mabtech) were washed with PBS and blocked with X-VIVO 15 medium (Lonza) containing 2% human serum albumin (CSL-Behring) for 1-5 hours. Per well, 3.3 x 105 effector cells were stimulated for 16-20 hours with an

overlapping peptide pool representing the vaccine-encoded RBD. Bound IFNg was visualized using a secondary antibody directly conjugated with alkaline phosphatase followed by incubation with BCIP/NBT substrate (ELISpotPro kit, Mabtech). Plates were scanned using an AID Classic Robot ELISPOT Reader and analysed by ImmunoCapture V6.3 (Cellular Technology Limited) or AID ELISPOT 7.0 software (AID Autoimmun Diagnostika). Spot counts were displayed as mean values of each duplicate. T-cell responses stimulated by peptides were compared to effectors incubated with medium only as a negative control using an in-house ELISpot data analysis tool (EDA), based on two statistical tests (distribution-free resampling) according to Moodie et al.31,32, to provide sensitivity while maintaining control over false positives.
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To account for varying sample quality reflected in the number of spots in response to anti-CD3 antibody stimulation, a normalisation method was applied to enable direct comparison of spot counts/strength of response between individuals. This dependency was modelled in a log-linear fashion with a Bayesian model including a noise component (unpublished). For a robust normalization, each normalisation was sampled 1000 times from the model and the median taken as normalized spot count value. Likelihood of the model:, where is the normalized spot count of the sample, is a stable factor (normally distributed) common among all positive controls, a sample specific component (normally distributed) and is the noise component, of which is Cauchy distributed and is Student’s-t distributed. ensures that each sample is treated as a different batch.
[image: ]

Flow cytometry.

Cytokine-producing T cells were identified by intracellular cytokine staining. PBMCs thawed and rested for 4 hours in OpTmizer medium supplemented with 2 µg/mL DNase I (Roche), were restimulated with a peptide pool representing the vaccine-encoded SARS-CoV-2 RBD (2 µg/mL/peptide; JPT Peptide Technologies) in the presence of GolgiPlug (BD) for 18 hours at 37 °C. Controls were treated with DMSO-containing medium. Cells were stained for viability and surface markers in flow buffer (DPBS [Gibco] supplemented with 2% FCS [Biochrom], 2 mM EDTA [Sigma-Aldrich]) for 20 minutes at 4 °C. Afterwards, samples were fixed and permeabilized using the Cytofix/Cytoperm kit according to manufacturer’s instructions (BD Biosciences). Intracellular staining was performed in Perm/Wash buffer for 30 minutes at 4 °C. Samples were acquired on a FACS VERSE instrument (BD Biosciences) and analysed with FlowJo software version 10.5.3 (FlowJo LLC, BD Biosciences). RBD-specific cytokine production was corrected for background by subtraction of values obtained with DMSO-containing medium. Negative values were set to zero. Cytokine production in Figure 4b was calculated by summing up the fractions of all CD4+ T cells positive for either IFNγ, IL-2 or IL-4, setting this sum to 100% and calculating the fraction of each specific cytokine-producing subset thereof.

Cytokine profiling.

Human PBMCs were restimulated for 48 hours with SARS-CoV-2 RBD peptide pool (2 µg/mL final concentration per peptide). Stimulation with DMSO-containing medium served as negative controls. Concentrations of TNF, IL-1β, IL-12p70, IL-4 and IL-5 in supernatants were determined using a bead-based, 11-plex TH1/TH2 human ProcartaPlex immunoassay (Thermo Fisher Scientific) according to the manufacturer’s instructions. Fluorescence was measured with a Bioplex200 system (Bio-Rad) and analysed with ProcartaPlex Analyst 1.0 software (Thermo Fisher Scientific). RBD-specific cytokine production was corrected for background by subtraction of values obtained with DMSO-containing medium. Negative values were set to zero.
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Data availability.

The data that support the findings of this study are available from the corresponding author upon reasonable request. Upon completion of this clinical trial, summary-level results will be made public and shared in line with data sharing guidelines.
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Figure 1 | BNT162b1-induced IgG concentrations.

Participants were immunised with BNT162b1 on Days 1 (all dose levels) and 22 (all dose levels except 60 µg) (n=12 per group, from Day 22 on n=11 for the 10 µg and 50 µg cohort). Sera were obtained on Day 1 (Pre prime) and on day 8, 22 (pre boost), 29 and 43. Pre-dose responses across all dose levels were combined. Human COVID-19 convalescent sera (HCS, n=38) were obtained at least 14 days after PCR-confirmed diagnosis and at a time when the donors were no longer symptomatic. For RBD-binding IgG concentrations below the lower limit of quantification (LLOQ = 1.15), LLOQ/2 values were plotted. Arrowheads indicate vaccination. Chequered bars indicate that no boost immunisation was performed. Values above bars are geometric means with 95% confidence intervals. At the time of submission, Day 43 data were pending for all participants of the 60 µg cohort.
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Figure 2 | BNT162b1-induced virus neutralisation titers.

The vaccination schedule and serum sampling are described in Figure 1. a, SARS-CoV-2 50% neutralisation titers (VNT50) in immunised participants and COVID-19 convalescent patients (HCS). For values below the lower limit of quantification (LLOQ) = 20, LLOQ/2 values were plotted. Arrowheads indicate days of immunisation. Chequered bars indicate that no boost immunisation was performed. Geometric mean titers (values above bars) with 95% confidence interval are shown. At the time of submission, Day 43 data were pending for all participants of the 60 µg cohort, b, Correlation of RBD-binding IgG geometric mean concentrations (GMC) (as in Figure 1) with VNT50 on Day 29 (all evaluable participant sera). Nonparametric Spearman correlation. c, Pseudovirus 50% neutralisation titers (pVNT50) across a pseudovirus panel displaying 17 SARS-CoV-2 spike protein variants including 16 RBD mutants and the dominant spike protein variant D614G (dose levels 10, 30 and 50 µg, n=1-2 each; Day 29). Lower limit of quantification (LLOQ) = 40. Geometric mean titers are displayed.
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Figure 3 | Frequency and magnitude of BNT162b1-induced CD4+ and CD8+ T-cell responses.

The vaccination schedule is described in Figure 1. PBMCs obtained on Day 1 (Prevaccination) and on Day 29 (Postvaccination, 7 days after boost) (1 and 50 µg, n=8 each; 10 and 30 µg, n=10 each) were enriched for CD4+ or CD8+ T cell effectors and separately stimulated over night with an overlapping peptide pool representing the vaccine-encoded RBD for assessment in direct ex vivo IFNγ ELISpot. Common pathogen T-cell epitope pools CEF (CMV, EBV, influenza virus HLA class I epitopes) and CEFT (CMV, EBV, influenza virus, tetanus toxoid HLA class II epitopes) served to assess general T-cell reactivity, cell culture medium served as negative control. Each dot represents the normalized mean spot count from duplicate wells for one study participant, after subtraction of the medium-only control. a, Ratios above post-vaccination data points are the number of participants with detectable CD4+ or CD8+ T cell response within the total number of tested participants per dose cohort. b, Exemplary CD4+ and CD8+ ELISpot of a 10-µg cohort subject. c, RBD-specific CD4+ and CD8+ T cell responses in all prime/boost vaccinated participants and their baseline CEFT- and CEF-specific T-cell responses. Nonparametric Spearman correlation.
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Figure 4 | Cytokine polarisation of BNT162b1-induced T cells.

The vaccination schedule and PBMC sampling are described in Figure 3. PBMCs of vaccinees and COVID-19 recovered donors (HCS n=6; in (c)) were stimulated over night with an overlapping peptide pool representing the vaccine-encoded RBD and analysed by flow cytometry (a-c) and bead-based immunoassay (d). a, Exemplary pseudocolor flow cytometry plots of cytokine-producing CD4+ and CD8+ T cells from a 10-µg cohort participant. b, RBD-specific CD4+ T cells producing the indicated cytokine as a fraction of total cytokine-producing RBD-specific CD4+ T cells. c, RBD-specific CD8+ (left) or CD4+ (right) T cells producing the indicated cytokine as a fraction of total circulating T cells of the same subset. One CD4 non-responder (<0.02%total cytokine producing T cells) from the 30-µg cohort was excluded in (b). Values above data points are the mean fractions across all dose cohorts. d, PBMCs from the 50-µg cohort. Each dot represents the mean from duplicate wells subtracted by the DMSO control for one study participant. Lower limits of quantification (LLOQ) were 6.3 pg/mL for TNF, 2.5 pg/mL for IL-1β, 7.6 pg/mL for IL-12p70, 11.4 pg/mL for IL-4 and 5.3 pg/mL for IL-5. Mean (b).
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Extended Data Figure 1 | Schedule of vaccination and assessment.

Study participants received a prime immunisation with BNT162b1 on Day 1 (all dose levels), and a boost immunisation on Day 22±2 (all dose levels except 60 µg). Serum was obtained on Day 1 (pre-prime), 8±1 (post-prime), 22±2 (pre-boost), 29±3 and 43±4 (post-boost). PBMCs were obtained on Day 1 (pre-prime) and 29±3 (post-boost).
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Extended Data Figure 2 | Solicited adverse events.

Number of participants with local (a) or systemic AEs (b). Participants were immunised with BNT162b1 on Days 1 (all dose levels) and 22 (all dose levels except 60 µg) (n=12 per group; n=11 for 10 µg and 50 µg cohort from Day 22 on; discontinuation of patients due to non-vaccine related reasons; missing data points are indicated). As per protocol AEs were recorded up to 7 days after each immunisation (Days 1-7 and 22-28), and for some participants 1-2 additional days of follow-up were available. Grading of adverse events was performed according to FDA recommendations33.
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Extended Data Figure 3 | Pharmacodynamic markers.

Participants were immunised with BNT162b1 on Days 1 (all dose levels) and 22 (all dose levels except 60 µg). a, Kinetics of C-reactive protein (CRP) level and b, Kinetics of lymphocyte counts. Dotted lines indicate upper and lower limit of reference range. For values below the lower limit of quantification (LLOQ = 0.3), LLOQ/2 values were plotted (a).
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Extended Data Figure 4 | Correlation of antibody and T-cell responses.

Participants were immunised with BNT162b1 on Days 1 (all dose levels) and 22 (all dose levels except 60 µg). a, Correlation of RBD-specific IgG responses (from Figure 1a) with CD4+ T-cell responses on Day 29 (1 and 50 µg, n=8 each; 10 and 30 µg, n=10 each). Nonparametric Spearman correlation. b, Correlation of CD4+ with CD8+ T-cell responses (as in Figure 3) from Day 29 in dose cohorts 10 to 50 µg. Parametric Pearson correlation. c, Correlation of RBD-specific IgG responses (as in Figure 1a) with CD8+ T-cell responses (as in Figure 3) on Day 29. Nonparametric Spearman correlation. d, Correlation of VNT50 (as in Figure 2a) with CD4+ T-cell responses (as in Figure 3) in dose cohorts 10 to 50 µg (1 and 50 µg, n=8 each; 10 and 30 µg, n=10 each).
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Extended Data Table 1 | Subject disposition and analysis sets.

Antibody analysis: Values indicate number of participants for whom virus neutralisation assays and RBD binding IgG antibody assays were

performed. T-cell analysis: Values indicate number of participants for whom IFNγ ELISpot and flow cytometry (values in parentheses) was

performed. N/A: Samples not yet available.
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Sahin et al., Concurrent human antibody and TH1 type T-cell responses elicited by a COVID-19 RNA vaccine
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Supplementary Figure 1 | Gating strategy for flow cytometry analysis of data shown in Figure 4.

Flow cytometry gating strategy for identification of IFNγ, IL-2 and IL-4 secreting T cells in study subject PBMC samples. a, CD4+ and CD8+ T cells were gated within single, viable lymphocytes. b, c, Gating of IFNγ, IL-2 and IL-4 in CD4+ T cells (b), and IFNγ and IL-2 in CD8+ T cells (c).
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