
Pathogenicity, immunogenicity, and protective ability of an attenuated SARS-CoV-2 
variant with a deletion at the S1/S2 junction of the spike protein 
 

Supplementary Table 1*  

Deletion and mutations in Ca-DelMut virus genome compared to Wuhan-Hu-1   

Nucleotide 
coordinate 

Wuhan-Hu-1 
Ca-DelMut 

Nucleotide Amino acid Protein ORF 

1663 C T No change NSP2 ORF1a 

4455 C T A578V NSP3a ORF1a 

8782 C T No change NSP4 ORF1a 

21636 C T P25L S S 

22661 G T V367F S S 

23598-23627 No deletion 
30-base-pair 

deletion 
10 aa deletion S S 

24034 C T No change S S 

26303 T C F20S E E 

26729 T C No change M M 

28077 G C V62L ORF8 ORF8 

28144 T C L84S ORF8 ORF8 

*Details of deletion and mutations in the Ca-DelMut variant with reference to the Wuhan-
Hu-1 SARS-CoV-2 strain (Wu et al., 2020) 

Wu, F., Zhao, S., Yu, B., Chen, Y.M., Wang, W., Song, Z.G., Hu, Y., Tao, Z.W., Tian, J.H., 
Pei, Y.Y., et al. (2020). A new coronavirus associated with human respiratory disease in 
China. Nature 579, 265-269. 

 

 

 

 

 

 

 

 



Figure S1 

 

 

Figure S1. Ca-DelMut exhibits a cold-adapted phenotype in vitro. Vero E6 cells were infected 
with Ca-DelMut and other viruses at 0.01 moi and incubated at 30oC. At the indicated time 
points, supernatants were collected and virus titer determined by plaque assay. Error bars 
represent mean ± s.d. (n=3). h.p.i.:  hours post infection.  
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Figure S2 
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Figure S2. Infection with Ca-DelMut causes only mild pathological changes. Hamsters were  

infected with 1x103 pfu of either Ca-DelMut or HK-13 (WT), or mock infected. At days 2 and 
4 post-infection, lungs and small intestine were collected and fixed in 10% formalin, and then 
processed into paraffin blocks and sections H&E stained.  

(a) The top panel shows normal lung structures in the lungs of mock-infected control hamsters 
at 4x (left) and 20x (right) magnification. At day 2 after infection with Ca-DelMut, lung tissues 
showed only mild regional alveolar septal infiltration and blood vessel congestion. No obvious 
bronchiolar epithelium desquamation or luminal debris (arrows), and no alveolar space 
infiltration or exudation were observed. At day 4, no deleterious progression of histopathology 
was observed.  

For WT virus at day 2 post-infection, the low magnification image (left) showed regional lung 
consolidation and focal pulmonary hemorrhage (arrows). The higher magnification image 



(right) showed massive alveolar space infiltration (arrowheads) and hemorrhage, with a little 
bronchiolar luminal cell debris (arrows) visible. At day 4 post WT-infection, the low 
magnification image (left) showed intensive alveolar exudation, infiltration and hemorrhage 
resulting in pulmonary consolidation (arrows), while the higher magnification image (right) 
showed intensive protein rich exudates filling the alveolar space (arrows), in addition to 
massive infiltration and alveolar hemorrhage; a blood vessel shows moderate infiltration 
(arrowheads).  

(b) Representative histological images of hamster small intestines. The left-most image shows 
mock-infected control hamster small intestinal villi with normal structure. At day 4 post infection 
with Ca-DelMut, no apparent histopathological changes were detected in the small intestine 
(middle). For WT virus infection, small intestinal lamina propria blood vessel congestion, 
infiltration and edema resulting in swelling of the villi (solid arrows) and enterocyte desquamation 
(open arrows) were observed.   

  



Figure S3     

 

 

 

Figure S3. Ca-DelMut does not induce elevated levels of proinflammatory cytokines in 
hamsters. Hamsters were infected intranasally with 1x103 pfu of either Ca-DelMut or WT HK-
13 virus. At days 2 and 4, RNA was extracted from lung and nasal turbinate tissues using 
RNAsol RT procedures. cDNA was synthesized using oligo dT primers. Expression of 
different proinflammatory cytokines was examined by qPCR, normalized to the internal 
reference gene (hamster γ-actin), and the comparative Ct (2-ΔΔCt) method was utilized to 
calculate the cytokine expression profile. Statistical comparisons between means were 
performed by Student’s t-test: *** p<0.001, ** p<0.01, * p<0.05, ns: not significant. 

 

  



Figure S4 
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Figure S4. Lower dose (103 pfu) Ca-DelMut immunization is able to induce a strong humoral 
response in hamsters. Hamsters were infected intranasally with 1x103 pfu of either Ca-DelMut 
or HK-13 virus, or mock immunized. At day 21, blood was collected from hamsters and tested 
for anti-S1 RBD IgG titers (a) and neutralization activity against HK-13 virus (b). Error bars 
represent mean ± s.d. (n=3).   LOD: level of detection.  

  



Figure S5 

 

 

Figure S5. Lower dose Ca-DelMut immunization still provides complete protection against 
WT HK-13 virus. Hamsters were infected intranasally with 1x103 pfu of either Ca-DelMut or 
HK-13 virus, or mock immunized. At day 28 after immunization, hamsters were challenged 
with 1x103 pfu of HK-13 virus. Body weight change and disease symptoms were monitored 
for 5 days. At day 5 post-infection, lungs and nasal turbinate tissues were collected for virus 
titration. Error bars represent mean ± s.d. (n=3).  

  



Figure S6 

 

Figure S6. Low inoculum of Ca-DelMut provides protection againstreinfection of wild type 
SARS-CoV-2. Hamsters were infected intranasally with 1x103 pfu of either Ca-DelMut, HK-
13 strain or mock immunized. At day 28 after immunization, hamsters were challenged with 
1x103 pfu of HK-13 virus. At day 5 post infection, lungs were collected for histopathological 
study. Lungs were fixed in 10% formalin, and then processed in paraffin blocks and H&E 
staining. Mock vaccinated hamster lung showed  bronchiolar epithelial cells death and  luminal 
secretion mixed with cell debris (arrows); diffuse alveolar infiltration and exudation 
(arrowheads);  Ca-DelMut immunized lung showed no apparent bronchiolar epithelium cell 
death (arrows), alveoli showed  regional  septal infiltrationIn HK-13 strain immunized hamster 
lung showed no apparent histopathology other than alveolar wall thickening (arrowheads) after 
re-challenge.  
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