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  vehicle molnupiravir 
 VOC nsp6 spike nsp6 spike 

delta 0/4 N950D (2/4) 0/4 N950D (2/5) 
  

 
D142G (4/4) 

 
D142G (4/5) 

  
 

A653V (0/4) 
 

A653V (1/5) 
  

 
V341I (0/4) 

 
V341I (1/5) 

gamma K8N (0/9) N20T (0/9) K8N (1/9) N20T (1/9) 
  T77A (0/9 E132K (0/9) T77A (1/9) E132K (1/9) 
  V117L (0/9) G268C (0/9) V117L (1/9) G268C (1/9) 
  V181F (9/9) S375P (0/9) V181F (8/9) S375P (1/9) 
  G255R (0/9) T417K (0/9) G255R (1/9) T417K (1/9) 
  F257L (4/9) L452R (0/9) F257L (3/9) L452R (1/9) 
  A846T (1/9) T478K (0/9) A846T (1/9) T478K (0/9) 
  

 
K484E (1/9) 

 
K484E (1/9) 

  
 

Y501N (0/9) 
 

Y501N (1/9) 
  

 
Y655H (0/9) 

 
Y655H (1/9) 

  
 

A903D (0/9) 
 

A903D (1/9) 
  

 
Y904F (0/9) 

 
Y904F (1/9) 

  
 

G932C (0/9) 
 

G932C (1/9) 
  

 
K933N (0/9) 

 
K933N (1/9) 

  
 

K933I (0/9) 
 

K933I (1/9) 
  

 
D936Y (0/9) 

 
D936Y (1/9) 

  
 

V1189I (1/9) 
 

V1189I (0/9) 
  

 
Y1206D (0/9) 

 
Y1206D (1/9) 

omicron L260F (11/11) L369F (0/11) L260F (16/16) L369F (1/16) 
  

 
L369P (0/11) 

 
L369P (1/16) 

  
 

P371S (0/11) 
 

P371S (1/16) 
  

 
F373S (0/11) 

 
F373S (1/16) 

  
 

N415K (1/11) 
 

N415K (3/16) 
  

 
K438N (2/11) 

 
K438N (3/16) 

  
 

R496Q (1/11) 
 

R496Q (0/16) 
  

 
Y499N (1/11) 

 
Y499N (0/16) 

  
 

H503Y (1/11) 
 

H503Y (0/16) 

Supplementary Table 1. Whole genome sequencing summary of VOC reisolated from dwarf hamsters. 21 

Animals were infected and treated as in Fig. 4a. Shown are mutations in nsp6 and spike that were absent from 22 

virus inoculum and reached a relative allele frequency >20% with a depth of ³10 reads. Numbers in parenthesis 23 

specify individual animals harboring viruses with the mutation per number of animals with readable sequencing 24 

results in this group. Mutations in dark grey shading reached a relative frequency of >75% in all animals of the  25 

group. Whole genome sequencing data for all animals are shown in Supplementary Datasets 1-3.   26 



biological sex tmax 
[h] 

Cmax 
[mol/ml] 

AUCinf 
[h*nmol/ml] 

AUCinf/dose 
[h*kg*nmol/ml/mmol] 

t1/2 
[h] 

male 0.5 0.876 1.42 1.88 1.23 
female 0.5 1.06 1.57 2.06 2.45 
combined 0.5 0.967 1.45 1.90 1.62 

Supplementary Table 2. Selected single oral dose PK parameters of molnupiravir in dwarf hamsters. Shown 27 

are calculations based on NHC plasma concentrations. Samples were analyzed by a qualified LC-MS/MS 28 

method, calculations with WinNonlin (n=4 per time point assessed).   29 



 30 

Supplementary Fig. 1.  Transepithelial electrical resistance measurements (TEER). HAE cultures were mock 31 

infected (× symbols) or infected with VOC alpha (triangles), beta (diamonds), gamma (circles), delta (squares), 32 

or omicron (hexagons) in the presence of 10 µM NHC (open symbols) or vehicle (0.1% DMSO; closed symbols).  33 

a, TEER measurements of HAE cultures taken at the time of infection with different SARS-CoV-2 VOC; n=3 34 

each. b, TEER measurements of HAE cultures taken 3 days after infection with different SARS-CoV-2 VOC; 35 

n=3 each. Symbols in (a-b) represent independent biological repeats (independent transwells). Color coding of 36 

VOC as specified is consistent across (a) and (b). P values are shown; NS, not significant. 1-way ANOVA with 37 

Dunnett’s post hoc multiple comparison tests (a-b). Bar graphs show the group mean ± SD. Source data are 38 

provided as a Source Data file. 39 



 40 

Supplementary Fig. 2. Confocal images of SARS-CoV-2 infection in HAEs with stained goblet cells. Images of 41 

HAE cultures infected with VOC. Organoids were apically infected with the specified VOC in the presence of 42 

basolateral vehicle (0.1% DMSO; left) or 10 µM NHC (right). Images were acquired on day 3 post infection. 43 

Images of HAE infected cultures in the presence and absence of NHC showing SARS-CoV-2 nucleocapsid 44 

(magenta), goblet cells (green) and nuclei (DAPI, blue). All images were acquired at 63× magnification. Per 45 

condition and viral target, two independent transwells were processed, one stained for SARS-CoV-2 nucleocapsid 46 

and one for SARS-CoV-2 spike (Supplementary Fig. 3); representative fields of view are shown. Scale bar 47 

represents 10 µM. 48 



 49 

Supplementary Fig. 3. Confocal images of SARS-CoV-2 infection in HAEs with stained ciliated cells. Images 50 

of HAE cultures infected with VOC. Organoids were apically infected with the specified VOC in the presence of 51 

basolateral vehicle (0.1% DMSO, left) or 10 µM NHC (right). Images were acquired on day 3 post infection. 52 

Images of HAE infected cultures in the presence and absence of NHC showing SARS-CoV-2 Spike (green), 53 

ciliated cells (magenta), and nuclei (DAPI, blue). All images were acquired at 63× magnification. Per condition 54 

and viral target, two independent transwells were processed, one stained for SARS-CoV-2 spike and one for 55 

SARS-CoV-2 nucleocapsid (Supplementary Fig. 2); representative fields of view are shown. Scale bar represents 56 

10 µM.  57 



 58 

Supplementary Fig. 4. Infection of ferrets with VOC beta. a, SARS-CoV-2 infectious virus present in nasal 59 

lavages from ferrets infected with VOC beta and treated with vehicle. b, SARS-CoV-2 RNA copies present in 60 

nasal lavages from ferrets infected with VOC beta and treated with vehicle Infectious titers of SARS-CoV-2 in 61 

nasal turbinates harvested four days after infection. LoD limit of detection. Lines connect group medians. Symbols 62 

represent independent biological repeats (individual animals). Source data are provided as a Source Data file.  63 



 64 

Supplementary Fig. 5. Viral RNA and upper respiratory tract viral titers from VOC delta infected ferrets. a, 65 

Infectious titers of SARS-CoV-2 in nasal turbinates harvested 4 days after infection. b, SARS-CoV-2 RNA 66 

copies present in nasal lavages from ferrets infected with VOC delta and treated with vehicle or molnupiravir. 67 

LoD limit of detection. Two-tailed t-test (a-b); P values are shown. Symbols represent independent biological 68 

repeats (individual animals). Bar graphs show the group mean. Source data are provided as a Source Data file.  69 



 70 

Supplementary Fig. 6. Viral RNA and upper respiratory tract viral titers from VOC alpha, gamma, and 71 

omicron infected ferrets. a, Infectious titers of SARS-CoV-2 VOC alpha in nasal turbinates harvested 4 days 72 

after infection of source ferrets treated with vehicle (black squares) or molnupiravir (blue circles) and of 73 

untreated vehicle (red diamonds) or molnupiravir (brown triangles) contact ferrets. b, Infectious titers of SARS-74 

CoV-2 VOC gamma in nasal turbinates harvested 4 days after infection of source ferrets treated with vehicle 75 

(black triangles) or molnupiravir (blue squares) and of untreated vehicle (brown × symbols) or molnupiravir 76 

(purple hexagons) contact ferrets. c, Infectious titers of SARS-CoV-2 VOC gamma in nasal turbinates harvested 77 

4 days after infection of source ferrets treated with vehicle (black diamonds) or molnupiravir (blue diamonds) 78 

and of untreated vehicle (black diamonds) or molnupiravir (blue × symbols) contact ferrets. LoD limit of 79 

detection. 1-way ANOVA with Tukey’s (a-c) post hoc multiple comparison tests; P values are shown. Symbols 80 

represent independent biological repeats (individual animals). Bar graphs show the group mean. Error bars 81 

represent ± SD. Source data are provided as a Source Data file.  82 



 83 

Supplementary Fig. 7. Lung pathology in Roborovski dwarf hamsters infected with different VOC. a-c, Lungs 84 

harvested from dwarf hamsters infected with 1 × 105 pfu of WA1 (a), VOC omicron (b), and VOC gamma (c) 85 

displayed acute lung injury and visible macroscopic lesions. Images boxed out (dashed boxes) represent lungs 86 

shown in Fig. 3f.   87 



 88 

Supplementary Fig. 8. Lung pathology in dwarf hamsters infected with VOC gamma or delta. a-b, Images of 89 

lungs from hamsters inoculated with 1 × 104 pfu of VOC delta 0.5 days (a) and 1 day (b) after infection. c, Images 90 

of lungs from hamsters inoculated with 1 × 104 pfu of VOC gamma 1 day after infection. Images boxed out 91 

(dashed boxes) represent lungs shown in Fig. 3i.   92 



 93 

Supplementary Fig. 9.  Clinical signs during treatment with molnupiravir. Roborovski dwarf hamsters infected 94 

with 1 × 104 pfu of VOC gamma, VOC delta, or VOC omicron and treated with molnupiravir or vehicle were 95 

infected and monitored for clinical signs for 14 days. a-b, Body weight (a) and temperature (b) were measured 96 

once daily. Symbols represent independent biological repeats (individual animals). Source data are provided as 97 

a Source Data file.  98 



 99 

Supplementary Fig. 10. SARS-CoV-2 RNA copies in dwarf hamsters infected with different VOC. RNA 100 

copies were determined in dwarf hamsters infected with 1 × 104 pfu of VOC gamma, VOC delta, or VOC 101 

omicron treated with molnupiravir or vehicle. SARS-CoV-2 RNA copies present in lungs (top) and trachea 102 

(bottom). Symbols represent independent biological repeats (n, individual animals), columns show group 103 

medians and error bars represent the 95% confidence intervals. Significance was determined using unpaired 104 

two-tailed t-tests; P values are shown. Source data are provided as a Source Data file.  105 



 106 

Supplementary Fig. 11. Effect of biological sex on survival of vehicle treated dwarf hamsters. Animals were 107 

infected with 1 × 104 pfu of VOC gamma, VOC delta, or VOC omicron. Survival curves for females (♀ 108 

symbol) and males (♂ symbol) are shown. Source data are provided as a Source Data file.  109 



 110 
Supplementary Fig. 12. Lungs of vehicle treated infected dwarf hamsters. a-c, Images of lungs from hamsters 111 

mock infected or inoculated with 1 × 104 pfu of VOC delta (a), gamma (b), or omicron (c), treated with vehicle, 112 

and harvested 3 days after infection. Lungs boxed out (dashed boxes) shown in Fig. 6a. 113 



 114 
Supplementary Fig. 13. Lungs of molnupiravir treated infected dwarf hamsters. a-c, Images of lungs from 115 

hamsters mock infected or inoculated with 1 × 104 pfu of VOC delta (a), gamma (b), or omicron (c), treated 116 

with molnupiravir, and harvested 3 days after infection. Lungs boxed out (dashed boxes) shown in Fig. 6a.   117 



 118 



Supplementary Fig. 14. Histopathology of dwarf hamster lungs 3 days after infection. Staining with 119 

hematoxylin and eosin. Histopathology photo-micrographs boxed out (dashed boxes) are shown in Fig. 6c. Each 120 

image represents tissue from an individual animal. Arrows highlight pleuritis. Br, bronchioles; Bl, blood vessel; 121 

scale bar 50 μm.   122 



 123 

Supplementary Fig. 15. Histopathology of dwarf hamster lungs 14 days after infection. Staining with 124 

hematoxylin and eosin. Each image represents tissue from an individual animal. Scale bar 50 μm.  125 


