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virus solution. VN titres were calculated according to the method described by Reed & Muench. If no
neutralization was observed (MNt <10), an arbitrary value of 5 was reported. Analyses were carried out
at VisMederi srl (Siena, Italy).

VN antibody titers of hamster serum samples were analysed upon heat inactivation of samples for 30
min at 56°C. Triplicate, serial two-fold dilutions were incubated with 102 TCIDso/well SARS-CoV-2 virus
for one hour at 37°C leading to a sample starting dilution of 1:10. The virus-serum mixtures were
transferred to 96 well plates with Vero E6 cell culture monolayers and incubated for five days at 37°C.
Plates were then scored using the vitality marker WST8 and (100% endpoint) VN titers were calculated
according to the method described by Reed & Muench. Analyses were was done at Viroclinics Xplore
(Schaijk, The Netherlands).

T cell analysis

The induction of antigen-specific T cells was determined using intracellular cytokine staining (ICS). For
ICS, splenocytes from vaccinated and control mice were isolated and single cell suspensions were
prepared in supplemented medium. 2x108 splenocytes (200 pl) per well were stimulated for 5-6 h at 37
°C using an SARS-CoV-2 peptide library (JPT, PM-WCPV-S2) at 0.5 pg/ml. After 1 h Golgi Plug (BD
Biosciences, Cat: 555029) was added in a dilution of 1:200 (50 ul) to the splenocytes to inhibit the
secretion of intracellular cytokines. After stimulation, splenocytes were centrifuged, resuspended in
supplemented medium and stored at 4 °C overnight. Following this, splenocytes were washed twice in
PBS and stained with AquaDye (Invitrogen, Cat: L34957) solution at 4 °C for 30 min. After an additional
washing step in FACS buffer (PBS with 0.5% BSA) cells were surface stained for Thyl.2, CD4 and CD8
and incubated with FcyR-block for 30 min at 4 °C in FACS buffer. After surface staining, splenocytes
were washed in FACS buffer and fixed using Cytofix/Cytoperm (BD Biosciences) according to the
manufacturer’s instructions. After fixation, splenocytes were washed in perm buffer and stained for IFN-
y and TNF for 30 min at 4 °C. After staining, the cells were washed with perm buffer, resuspended in
FACS buffer supplemented with 2mM EDTA and 0.01% Natriumacid and stored at 4 °C until analysis.
Splenocytes were analysed on a Canto Il flow cytometer (BD Biosciences). Flow cytometry data were
analyzed using FlowJo software (Tree Star, Inc, Ashland, USA.).

The following antibodies were used for flow cytometry analysis: anti-Thyl.2 FITC (clone 53-2.1;
Biolegend, Cat.14304), anti-CD4 V450 (clone RM4-5; BD Biosciences, Cat. 560468), anti-CD8a APC-
H7 (clone 53-6.7; BD Biosciences, Cat. 560182), anti-IFNy APC (clone XMG1.2, BD Biosciences, Cat.
554413) and anti-TNF PE (clone MP6-XT22, eBioscience, Cat. 25-7321-82).

Cytokine analysis

Blood samples were taken via retro-orbital bleeding 14h after administration of CVnCoV or buffer. Serum
cytokines (IFN-y, IL-1B, TNF, IL-6, IL-4, IL-5 and IL-13) were assessed using cytometric bead array
(CBA) using the BD FACS CANTO II. Serum was diluted 1:4 and BD Bioscience mouse cytokine flex
sets were used according to manufacturer’s protocol to determine serum cytokine levels.

The following flex set were used: Mouse IFN-y Flex Set RUO (A4) (BD Bioscience, Cat. 558296); Mouse
II-13 Flex Set RUO (B8) (BD Bioscience, Cat. 558349); Mouse IL-1f Flex Set RUO (E5) (BD Bioscience,
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Cat. 560232); Mouse II-4 Flex Set RUO (A7) (BD Bioscience, Cat. 558298); Mouse II-5 Flex Set RUO
(A6) (BD Bioscience, Cat. 558302); Mouse IL-6 Flex Set RUO (B4) (BD Bioscience, Cat. 558301);
Mouse TNF Flex Set RUO (C8) (BD Bioscience, Cat. 558299).

IFN-a was quantified using VeriKine-HS Mouse IFNa Serum ELISA Kit (pbl, Cat. 42115-1) according to

manufacturer’s instructions. Sera were diluted 1:100 and 50pl of the dilution was tested.
Viral load in the respiratory tract

Detectable levels of replication competent virus in throat swabs, lung and nasal turbinate tissues post
challenge were analysed. Quadruplicate, 10-fold serial dilutions were transferred to 96 well plates with
Vero E6 cell culture monolayers and incubated for one hour at 37°C. Cell monolayers were washed
prior to incubation for five days at 37°C. Plates were then scored using the vitality marker WST8 and
viral titers (Log10 TCID50/ml or /g) were calculated using the method of Spearman-Karber. Analyses

were done at Viroclinics Xplore (Schaijk, The Netherlands).
Histopathology upon challenge in hamsters

Histopathological analysis was performed on tissues sampled on day 4 post challenge. After fixation
with 10% formalin, sections were embedded in paraffin and the tissue sections were stained with
haematoxylin and eosin for histological examination. Histopathological assessment scoring is as follows:
Alveolitis severity, bronchitis/bronchiolitis severity: 0 = no inflammatory cells, 1 = few inflammatory cells,
2 = moderate number of inflammatory cells, 3 = many inflammatory cells. Alveolitis extent, 0 = 0%, 1 =
<25%, 2 = 25-50%, 3 = >50%. Alveolar oedema presence, alveolar haemorrhage presence, type Il
pneumocyte hyperplasia presence, 0 = no, 1 = yes. Extent of peribronchial/perivascular cuffing, 0 =
none, 1 = 1-2 cells thick, 2 = 3-10 cells thick, 3 = >10 cells thick. Histopathological analysis was
performed by Judith van den Brand DVM PhD dipl ECVP (Division of Pathology, Faculty of Veterinary
Medicine, Utrecht University, The Netherlands).
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Figure 2: CVnCoV elicits high levels of humoral and cellular immune responses. Female Balb/c
mice (n=8/group) were vaccinated IM on day 0, day 7, day 14 or day 21 with 2 pg of CVnCoV. All animals
received a second immunization on day 28. 1.5ug of Alum adjuvanted SARS-CoV-2 S ectodomain
(Secp) protein and 0.9% NaCl (buffer) administered on day 0 and day 28 served as positive and negative
control, respectively. (A) Cytokine induction in sera of vaccinated mice was assessed 14 h post injection.
Dotted lines represent the lower limit of quantification (B) Seco protein specific binding antibodies,
displayed as endpoint titres for IgG1 and 1gG2a and (C) CPE-based virus neutralising titres in serum
upon one (day 28) or two vaccinations (day 35 and day 42). (D) Multifunctional IFN-y/TNF positive CD4+*
T and CD8* T cells analysed in splenocytes isolated on day 49. Cells were stimulated with a specific
SARS-CoV-2 spike protein peptide library (15mers 11 overlapping) for 24h followed by intracellular
cytokines staining and detection by flow cytometry. Each dot represents an individual animal, bars depict
the median. Statistical analysis was performed using Mann-Whitney testing.
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Figure 3: CVnCoV elicits high titres of functional antibodies against S. Female Balb/c mice
(n=7/group) were vaccinated IM with 0.25, 1 and 4 pg of CVnCoV on day 0 and day 21. Animals
(n=5/group) vaccinated with NaCl (Buffer) served as negative controls (A) Spike protein specific binding
antibodies binding to Seco, RBD, S trimer and NTD, displayed as ELISA endpoint titres for IgG1 and
IgG2a for day 21 and day 42. (B) CPE-based VNTSs in serum samples taken on day 21 and day 42. (C)
Percent of Seco binding IgG1 and IgG2a antibodies remaining using serum from animals vaccinated with
2ug of CVnCoV or 1.5ug Alum adjuvanted Seco upon 30 min wash in 8% urea compared to buffer wash.
(D) S-specific signal detectable on the surface of HeLa cells expressing full length SARS-CoV-2 S upon
incubation with fluorescently labelled monoclonal neutralising antibody in the absence or presence of
mouse serum. Serum employed was either from mice vaccinated with 2ug of CvnCoV, 1.5 pg of Alum
adjuvanted protein or buffer. Each dot represents an individual animal, bars depict the median. Secp: S
ectodomain, RBD: receptor binding domain of S, NTD: N-terminal domain of S, nAb: neutralising
antibody
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Figure 4: CVnCoV protects hamsters from SARS-CoV-2 challenge infection. Syrian golden
hamsters (n=5/group) were vaccinated with 10 pg or 2 pg of CVnCoV, 1.5ug of Alum adjuvanted Seco
protein or buffer on day 0 and d28. As additional controls, animals were either left untreated or infected
intranasally (IN) with 102 TCIDso/dose of SARS CoV-2 on day 0 of the experiment. (A) Total 1gG
antibodies binding to Secp displayed as ELISA endpoint titres of all groups except for infected animals
that were not analysed or (B) VNTs determined via CPE-based assay upon one (day 28) or two
vaccinations (day 42 and day 56). On day 56, all animals except for the untreated group were challenged
by IN infection with 102 TCIDso/dose of SARS CoV-2 in a total dose volume of 0.1 ml. Animals in the
untreated groups were mock infected with buffer as a negative control. Animals were followed for four
days post challenge (p.c.) and euthanised on day 60 of the experiment. Detectable levels of replication
competent virus in (C) throat swabs on days 56 to day 60, (D) nasal turbinate on day 60 and (E) lung
tissues on day 60 were analysed. Each dot represents an individual animal, bars depict the median.
Statistical analysis was performed using Mann-Whitney testing.
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Figure 5: CVnCoV protects the respiratory tract from challenge infection with no signs of vaccine
enhanced disease. Histopathological analyses of hamsters vaccinated with 10 pg or 2 pg of CvnCoV,
1.5ug of Alum adjuvanted Seco protein or buffer on day 0 and d28, left untreated and mock infected,or
infected intranasally (IN) with 10?2 TCIDso/dose of SARS CoV-2 on day 0 of the experiment followed by
of SARS CoV-2 challenge infection on d56. Histopathological analysis was performed on day 60, four
days post challenge infection, on formalin-fixed, paraffin embedded tissues sections sampled on day 4
post challenge. Histopathological assessment scoring was performed according to severity of inspected
parameter. Each dot represents an individual animal, bars depict the median, Statistical analysis was
performed using Mann-Whitney testing.
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