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Supplementary Fig. 1. Clinical and virological outcomes in shedder animals. a, b Scatter dot 
plots show body weight changes in shedder hamsters (n=3) infected with SARS-CoV-2 B.1 (a) or BA.5 
(b), with symbols representing individual values and thick horizontal lines showing group medians. c, d 
Viral genomic RNA (gRNA) levels in daily oral swabs of shedder hamsters infected with B.1 (c) or 
BA.5 (d). e, f Subgenomic RNA (sgRNA) copies in oral swabs of B.1- (e) and BA.5-infected (f) 
shedders. g, h gRNA levels determined 7 days post infection (dpi) in oropharyngeal swabs and 
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homogenized lung tissue, as well as replication-competent virus in lungs of shedder hamsters infected 
with B.1 (g) or BA.5 (h). (c-h) Log transformed data of shedders (n=3) are shown with individual data 
points represented by symbols. The bars represent the median values, and the dotted lines indicate 
the limits of detection. Source data are provided as a Source Data file. 
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Supplementary Fig. 2. Histopathological findings in shedder hamsters infected with SARS-
CoV-2 B.1 or BA.5. a Haematoxylin and eosin-stained sections of the left lung lobes obtained from 
shedder hamsters on day 7 after infection. Scale bars: 3 mm in the left column, and 20 µm in all other 
columns. b Semiquantitative scoring of lung consolidation is shown in percentage and all other scores 
are shown on a scale of 0-3. The pulmonary inflammation score includes influx of neutrophils, 
lymphocytes and macrophages, bronchial epithelial necrosis, bronchitis, alveolar epithelial necrosis, 
perivascular lymphocyte cuffs as well as pneumocyte type II hyperplasia. Immune cell influx score 
accounts for infiltration of lymphocytes, neutrophils and macrophages, as well as perivascular 
lymphocyte cuffs. Pulmonary edema score includes perivascular and alveolar edema. Symbols 
represent individual values (n=3) of shedder hamsters. Results are displayed as medians with range. 
Source data are provided as a Source Data file.   
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Supplementary Fig. 3. Serological findings in shedder hamsters. a Neutralizing antibody titers 
against SARS-CoV-2 variants B.1, BA.5, Delta and BA.1 in hamster sera collected on day 7 post 
infection (dpi). Individual values (n=3) are shown as symbols. The bars depict the mean, and the error 
bars indicate the SEM. Lower limit of detection is indicated by the dotted line (UDL=1:1,024). b SARS-
CoV-2-specific IgG antibody levels in serum of shedder animals collected 7 dpi. Individual values of 
shedders (n=3) are represented by the symbols, mean ± SEM are shown for optical density (OD) 
measurements at 450 nm. c IgA antibody levels against the spike protein of SARS-CoV-2 B.1 and 
BA.5 in nasal washes of shedder hamsters obtained 7 dpi. Individual values (n=3), mean ± SEM are 
shown for OD measurements at 450 nm. d Quantification of SARS-CoV-2 nucleocapsid protein (N) 
and pathological changes in nasal epithelium of vaccinated contacts. The presence of N in nasal 
epithelium was detected through immunohistochemical (IHC) staining. The quantity of N and 
pathological changes in the epithelium were assessed using a semi-quantitative approach. Scoring of 
inflammatory changes considered the presence of lymphocytes and neutrophils, olfactory and 
respiratory epithelial necrosis, apoptosis, loss of cilia and flattened epithelial cells. Shown are the 
individual scores of shedders (n=3), and the median with range. Source data are provided as a Source 
Data file. 
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Supplementary Fig. 4. Clinical, virological and histopathological findings in vaccinated and 
B.1-infected animals (v+i). a Body weight change of vaccinated and B.1-infected animals (n=3). 
Symbols indicate individual values and thick horizontal lines showing group medians. b, c Viral gRNA 
(b) and sgRNA (c) levels in oral swabs. d Viral gRNA levels in oropharyngeal swabs and homogenized 
lung tissue, and the number of infectious virus particles present in hamster lungs at termination. e 
Histopathological scoring of inflammatory changes. The extent of consolidated lung area is shown in 
percentage. All other scores are shown on a scale of 0-3. Pneumonia score includes the influx of 
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neutrophils, lymphocytes and macrophages, bronchial epithelial necrosis, bronchitis, alveolar epithelial 
necrosis, perivascular lymphocyte cuffs as well as pneumocyte type II hyperplasia. Immune cell influx 
score accounts for the infiltration of lymphocytes, neutrophils and macrophages, as well as 
perivascular lymphocyte cuffs. Pulmonary edema score includes perivascular and alveolar edema. 
Throughout b-e, symbols represent individual values of vaccinated and B.1-infected shedders (n=3), 
the detection limits are indicated by dotted lines, median values are represented by bars, and the 
range is displayed using error bars. b-d Log transformed data. b, c Ordinary two-way ANOVA with 
Tukey's multiple comparisons test was performed. d, e Ordinary one-way ANOVA with Tukey's 
multiple comparisons test was conducted. * p < 0.05, ** p < 0.01, *** p < 0.001, and **** p < 0.0001. f 
Haematoxylin and eosin-stained sections of the left lung lobes of vaccinated hamsters infected with 
SARS-CoV-2 B.1. Scale bars: 3 mm in the left and 20 µm in all other columns. Source data are 
provided as a Source Data file. 
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Supplementary Fig. 5. Clinical, virological and histopathological findings of vaccinated and 
BA.5 infected animals. a Body weight change of vaccinated and BA.5-infected animals (n=3). 
Symbols indicate individual values and thick horizontal lines showing group medians. b Viral gRNA 
levels in daily collected oral swabs. c Viral gRNA levels in oropharyngeal swabs and homogenized 
lung tissue, as well as the number of infectious virus particles present in hamster lungs obtained at 
termination, 7 days after infection (dpi). d sgRNA copies in oral swabs. e Histopathological scoring of 
lung sections. Lung consolidation is shown in percentage, and all other scores are shown on a scale 
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of 0-3, Pneumonia score includes the influx of neutrophils, lymphocytes and macrophages, bronchial 
epithelial necrosis, bronchitis, alveolar epithelial necrosis, perivascular lymphocyte cuffs as well as 
pneumocyte type II hyperplasia. Immune cell influx score accounts for infiltration of lymphocytes, 
neutrophils and macrophages, as well as perivascular lymphocyte cuffs. Pulmonary edema score 
includes perivascular and alveolar edema. Throughout b-d, log transformed data are shown, symbols 
represent individual values of vaccinated and BA.5-infected shedders (n=3), the detection limits are 
indicated by dotted lines, median values are represented by bars, and the range is displayed using 
error bars. b, d Ordinary two-way ANOVA with Tukey's multiple comparisons test was performed. c, e 
Ordinary one-way ANOVA with Tukey's multiple comparisons test was conducted. * p < 0.05, ** p < 
0.01, *** p < 0.001, and **** p < 0.0001. f Haematoxylin and eosin-stained sections of the left lung 
lobes of vaccinated hamsters infected with Omicron BA.5. Scale bars: 3 mm in the left column and 20 
µm in all other columns. Source data are provided as a Source Data file. 
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Supplementary Fig. 6. Humoral immune response in vaccinated and challenge-infected 
animals. a Neutralizing capacity against SARS-CoV-2 B.1 (n=6) and Omicron BA.5 (sCPD9-∆FCS 
n=4, mRNA and mock n=5) in sera collected prior to infection (0 dpi). The lower limit of detection 
(1:32) is shown as dotted line and the upper limit is set at 1:4,096. b, c SARS-CoV-2-specific IgG 
antibody levels in sera of vaccinated and infected hamsters. The IgG levels against different SARS-
CoV-2 proteins were quantified by ELISA. IgG levels against the spike protein of SARS-CoV-2 B.1 and 
BA.5 and the nucleocapsid protein (irrespective of the virus variant) were quantified in sera collected 
both before the infection (B.1 spike: sCPD9-∆FCS n=4, mRNA n=4, mock n=5; BA.5 spike: sCPD9-
∆FCS n=2, mRNA n=3, mock n=3; Nucleocapsid: sCPD9-∆FCS n=5, mRNA n=5, mock n=6) (b) and 
on day 7 after infection (n=3) (c). IgG antibody levels against the ORF3a protein were measured only 
in sera collected at 7 dpi, due to limited serum quantities of samples collected at 0 dpi. Values show 
optical density (OD) measurements obtained at 450 nm. d Serum neutralization titers against SARS-
CoV-2 variants B.1, BA.5, Delta and BA.1 in sera collected 7 dpi (n=3). The lower limit of detection is 
1:8, and the upper limit of detection is 1:1,024. In all panels (a-d) the data for vaccinated and infected 
animals is displayed as mean ± SEM, with individual values represented by symbols. Kruskal-Wallis 
test with Dunn's multiple comparisons test. * p < 0.05, ** p < 0.01, and *** p < 0.001. Source data are 
provided as a Source Data file. 
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Supplementary Fig. 7. Mucosal immunity in vaccinated and challenge-infected animals. a IgA 
antibody levels against the spike protein of SARS-CoV-2 B.1 and BA.5 detected in nasal washes of 
shedder hamsters (n=3) collected 7 days after infection. The IgA levels were quantified by ELISA. The 
OD was measured at 450 nm. The data are displayed as mean ± SEM, with individual values 
represented by symbols. Kruskal-Wallis test with Dunn's multiple comparisons test. * p < 0.05. b Semi-
quantitative evaluation of the presence of SARS-CoV-2 N protein in nasal epithelium of vaccinated 
and challenged shedders (n=3). The nucleocapsid (N) protein in nasal epithelium was detected 
through immunohistochemical (IHC) staining. The quantity of N protein and pathological changes in 
the epithelium were assessed in a semi-quantitative manner. Scoring of inflammatory changes 
accounts for the presence of lymphocytes, neutrophils, olfactory and respiratory epithelial necrosis, 
apoptosis, loss of cilia and flattened epithelial cells. Shown are the individual scores, and the median 
with range. c, d Immunohistochemical staining of SARS-CoV-2 N protein with DAB chromogen 
(expected brown precipitate) and hemalum counterstain (blue). Refer to Fig. 6 for the positive control. 
Scale bars: 20 µm. Source data are provided as a Source Data file. 
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Supplementary Table 1. Virological and serological outcomes in vaccinated contacts and their 
respective shedder hamsters, presented per group and cage. The table displays gRNA copy 
numbers detected in oral and oropharyngeal swabs, as well as in 2.5 mg of lung tissue. Oral swabs 
were collected daily from day 0 to day 6 post contact (dpc). Focus forming units (FFU) show the 
number of infectious virus particles present in 50 mg lung tissue. Negative results obtained in qPCR 
and plaque assays were set to 1.00E+00. The neutralizing capacity against B.1, Delta, BA.1 and BA.5 
was quantified in hamster sera collected 6 dpc. Negative results obtained in serum virus neutralization 
assays were set to 4. 
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Supplementary Table 2. Virological results and mucosal immunity of vaccinated contacts and 
infected shedders displayed per group and cage. The table shows sgRNA copies detected in oral 
swabs and SARS-specific IgA levels against B.1 and BA.5 spike protein in nasal washes obtained at 
6 days post contact (dpc), measured as optical density (OD) at 450 nm. Negative results obtained in 
qPCR assays were set to 1.00E+00.  
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Supplementary Table 3. Virological and serological outcomes of naïve contacts and their 
respective vaccinated and infected shedder hamsters, shown per group and cage. The table 
displays gRNA copy numbers detected in oral and oropharyngeal swabs, as well as in 2.5 mg lung 
tissue. Oral swabs were collected daily from day 0 to day 6 post contact (dpc). Focus forming units 
(FFU) show the number of infectious virus particles present in 50 mg of lung tissue, determined by 
plaque assay. Negative results obtained in qPCR and plaque assays were set to 1.00E+00. The 
neutralizing capacity against B.1, Delta, BA.1 and BA.5 was quantified in hamster sera collected 0 and 
6 dpc. Negative results obtained in serum virus neutralization assays were set to 4. Samples labelled 
as “n.t.” were not tested due to limited serum quantities.  
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Supplementary Table 4. Virological results and mucosal immunity of naïve contacts and their 
respective vaccinated and infected shedder animals, presented per group and cage. The table 
shows sgRNA copies detected in oral swabs, and SARS-CoV-2-specific IgA levels against B.1 and 
BA.5 spike protein in nasal washes obtained at 6 days post contact (dpc), measured in optical density 
(OD) at 450 nm. Negative results obtained in qPCR assays were set to 1.00E+00. 
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