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Table S2a. A complete list of viruses included in this review.

Parental strain Known as Mutations

Corresponding mutations in

SARS-CoV-2 Origins

Reference

NSP3: K38R P985L T1004I SL1265-
12661 A1892T NSP4 T4921
NSP5 P132Y
NSP6: A105-107 1189V NSP12 P303L
NSP14 142V
Spike: A67V A69-70 T951 G142D
A143-145 NL211-212I RD214-
215EPE G339D S371L S373P S375F
SARS-CoV-2 strain TY38-873 (Omicron)  K417N N440K G446S S477N T478K
Lineage BA.1 E484A Q493R G4965 Q498R N501Y
Y505H T547K D614G H655Y N679K
P681H N764K D796Y N856K Q954H
N969K LI981F
Envelope T91
Membrane: D3G Q19E A63T
Nucleocapsid: P13L A31-33 RG203-
204KR
ORF10 V30L

Naturally
occurring

(1]

NSP3: K38R SL1265-12661 A1892T
NSP4 T4921 NSP5 P132H
NSP6 A106-108
NSP12 P323L

Omicron variant, strain NSP14 142V
B.1.1.529, isolate hCoV- NSP16 L126F

SARS-CoV-2 19/USA/WI-WSLH- Spike: A67V A69-70 T951 G142D
221686/2021 A143-145 NL211-2121 214EPE

Lineage BA.1 insertion G339D S5371F S373P S375F
K417N N440K G446S5 S477N T478K
E484A Q493R G496R Q498R N501Y
Y505H T547K D614G H655Y N679K
P681H D796Y N856K Q954H N969K

Naturally
occurring

(2]




L981F Envelope: T91
Membrane: D3G Q19E A63T
Nucleocapsid: P13L A31-33 RG203-
204KR

SARS-CoV-2

hCoV-19/USA/NY-
MSHSPSP-PV44476/2021
Lineage BA.1

NSP3: K38R SL1265-12661 A1892T
NSP4 T4921 NSP5 P132H NSP6
A106-108
NSP12 P323L
NSP14 142V
Spike: A67V A69-70 T951 G142D
A143-145 NL211-2121 214EPE
insertion G339D S371F S373P S375F
K417N N440K G4465 S477N T478K
E484A Q493R G496R Q498R N501Y
Y505H T547K D614G H655Y N679K
P681H A701V D796Y N856K Q954H
N969K LI981F
Envelope: T91
Membrane: D3G Q19E A63T
Nucleocapsid: P13L A31-33 RG203-
204KR

Naturally
occurring

(2]

SARS-CoV-2

Omicron variant, lineage
BA.1, isolates:
hCoV-19/USA/NY-
MSHSPSP-PV44488/2021
hCoV-19/USA/GA-EHC-
2811C/2021
hCoV-19/Japan/NC928-
2N/2021

NSP3: K38R SL1265-12661 A1892T

NSP4 T4921

NSP5 P132H

NSP6 A106-108
NSP12 P323L
NSP14 142V
Spike: A67V A69-70 T951 G142D
A143-145 NL211-2121 214EPE

insertion G339D S371F S373P S375F
K417N N440K G446S S477N T478K
E484A Q493R G496R Q498R N501Y
Y505H T547K D614G H655Y N679K

Naturally
occurring

(2]




P681H D796Y N856K Q954H N969K
L981F Envelope: T9I
Membrane: D3G Q19E A63T
Nucleocapsid: P13L A31-33 RG203-
204KR

B.1.1.529/Omicron (R346K)

NSP3: K38R SL1265-12661 A1892T
NSP4 T4921 NSP5 P132H NSPé6:
A105-107 1189V NSP12 P323L
NSP14 142V Spike: A67V A69-70
T951 G142D A143-145 NL211-2121
214EPE insertion G339 R346K S371L

SARS-CoV-2 (GenBank: S373P S375F K417N N440K G4465 Naturally 53]
OM212473) S477N T478K E484A Q493R G4965 occurring
Lineage BA.1.1 Q498R N501Y Y505H T547K D614G
H655Y N679K P681H N764K D796Y
N856K Q954H N969K LI81F
Envelope T91 Membrane: D3G Q19E
A63T Nucleocapsid: P13L A31-33
R203K G204R
NSP3: K38R SL1265-12661 A1892T
NSP4 T4921
NSP5 P132H
NSP6: A105-107 1189V
B.1.1.529/Omicron (GenBank: NSP12 P323L
OM212472) NSP14 142V
SARS-CoV-2 SARS-CoV- Spike: A67V A69-70 T951 G142D Natura?lly 53]
2/human/HKG/HKU- A143-145 NL211-2121 214EPE occurring
691/2021 insertion G339D S371L S373P S375F
Lineage BA.1 K417N N440K G4465 S477N T478K

E484A Q493R G496S Q498R N501Y
Y505H T547K D614G H655Y N679K
P681H N764K D796Y N856K Q954H

N969K LI981F




Envelope TII
Membrane: D3G Q19E A63T
Nucleocapsid: P13L A31-33 R203K
G204R

SARS-CoV-2

SARS-CoV2 GZ69

Relative to AP66:
NSP3: P74S S370L
S protein: K74N 195T
N protein: R203K G204R

Relative to WuhanHu-1:
NSP3: P74S S370L
NSP12 P323L
S protein D614G
N protein: R203K G204R

Naturally
occurring

[4]

Serial passage

SARS-CoV-2 HK-13 Del-Mut-1 Spike A679-688 in Vero E6 cells [5,6]
Spike: P25L V367F del679-688
NSP3 A578V Serial passage
ARS-CoV-2 HK-1 -Del
SARS-Co 3 Ca-DelMut Envelope F20S in Vero E6 cells [6]
ORFS8: V621 1.84S
. Serial passage
SARS-CoV-2 SHO1 Sdel Spike A683-689 in Vero E6 cells [7]
SARS-CoV-2 strain . Serial passage
A 1 A679— 71
England/2/2020 (VE6-T) S Spike: A679-686 V68 in Vero E6 cells 8]
SARS-CoV-2 USA-WA1/2020 rSARS-CoV-2/ORFA3a ORF3a deletion :j;’s;iz 9]
) Reverse
SARS-CoV-2 USA-WA1/2020 rSARS-CoV-2/ORFA6 ORF6 deletion cenetics [9]
) Reverse
SARS-CoV-2 USA-WA1/2020 rSARS-CoV-2/ORFA7a ORF7a deletion genetics [9]
) Reverse
SARS-CoV-2 USA-WA1/2020 rSARS-CoV-2/ORFA7b ORF7b deletion [9]

genetics




Reverse

SARS-CoV-2 USA-WA1/2020 APRRA Spike A681-684 _ [10]
genetics
Codon pair deoptimized region: Reverse
SARS-CoV-2 USA-WA1/2020 CDX-005/COVI-VAC 24106-25378 (nt) , [11]
Spike A678-689 genetics
SARS-CoV-2 USA-WA1/2020
mNeonGreen (SARS-CoV-2 . Reverse
USA-WA1/2020 expressing APRRA mNeonGreen Spike A681-684 genetics [10]
mNeonGreen reporter)
SARS-CoV-2 USA-WA1/2020 Envelope deletion
mNeonGreen (SARS-CoV-2 .. OREF3 deletion Reverse
USA-WAT1/2020 expressing AORES-E virion TRS replacement (ACGAAC to genetics [12]
mNeonGreen reporter) CCGGAU)
Envelope deletion
SARS-CoV-2 USA-WA1/2020 ORES deletion Reverse
mNeonGreen (SARS-CoV-2 B TRS replacement (ACGAAC to genet.lcs+.
. AOREF3-E P10 virion CCGGAU) passaging in [12]
USA-WA1/2020 expressing
mNeonGreen reporter) NSP1 Y97N complen}entary
NSP4 K351 cell line
Spike P812R
Envelope deletion
ORF3 deletion Reverse
SARS-CoV-2 USA-WA1/2020 TRS replacement (ACGAAC to genetics+
mNeonGreen (SARS-CoV-2 .. CCGGAU) assaging in
USA-WA1/2020 expressing S-IV-P5-Vero-P2 virion NSP15 A54T cfmple?neitary [12]
mNeonGreen reporter) NSP16 D108N cell line and
Spike: N679D S689G N709D Vero E6 cells
Membrane: T130N
. Serial passage
SARS-CoV-2 WK-521 R685H Spike R685H in Vero E6 colls [13]
SARS-CoV-2 WK-521 del2 Spike A683-689 Serial passage [13]

in Vero E6 cells




Reverse

SARS-CoV-2 Wuhan-Hu-1/2019  rSARS-CoV-2 nsp14 Y420A NSP14 Y420A - cenetics [14]
SARS-CoV-2 Wuhan-Hu-1/2019 sCPD9 Codon };%1;5‘;3}1’ ;ggl(zrfs FEBIOT: - ::Z:;S; [15,16]
SARS-CoV-2 Wuhan-Hu-1/2019 sCPD10 Codon pair deoptimized region: i Reverse [15]
24308-25306 (nt) genetics
SARS-CoV-2 Wuhan-Hu-1/2019 CPD6 Codon pair deoptimized regions: i Reverse [15]
11969-13450; 13953-14306 (nt) genetics
NSP2: A82-84 M85V G233E
NSP3: N1184D G1585D S1922N
A2372V P2725L A2753V
NSP4: 52871G P2972S5 G2985R
NSP6: F3606L N3609K Serial passage
SARS-CoV- NSP7 D3926A in Vero E6 cells
2/human/Korea/CNUHV03/2020 CoV-2-CNUHV03-CA22°C NSP12: R4608W S4806N A5155V - - cold- [17]
NSP13: L5604F V58491 davtati
NSP16: C7038S P70595 acaptation
Spike: C38Y S86F G96E G1515
S968A
ORF7a: Y67C
Nucleocapsid: 361K
SARS-CoV MA15 mutPBM/ISARS-COV-MALS- b elope DLLV73-76GGGG Envelope DLLV72-75GGGG Reverse [18-20]
(E-PBM-) genetics
Reverse
SARS-CoV MA15 N15A/rSARS-CoV-E-N15A Envelope N15A Envelope N15A genetics [18,21]
. . . . Reverse
MERS-CoV EMC rMERS-CoV-AE Envelope protein deletion Envelope protein deletion genetics [22]
. . . . Reverse
MERS-MA30 rMERS-MA30-AE Envelope protein deletion Envelope protein deletion genetics [22]
MERS-MA30-A5 Reverse
(MERS-MA30 with ORF5 rMERS-MA30-A[5, E] Envelope protein deletion Envelope protein deletion genetics [22]

deletion)




rMERS-MA30-A[3, 4a, 4b, 5]

ERS-MA30-A[3, 4a, 4
(MERS-MA30 with ORF3-5 TMERS-MAS30-A[3, 4a, 4b, 5, Envelope protein deletion Envelope protein deletion Rever.se [22]
. E] genetics
deletion)
rSARS-CoV-Urbani-A[6-9b] R
(SARS-CoV Urbani with ORF6~  rSARS-CoV-A[E, 6-9b] Envelope protein deletion Envelope protein deletion everse 23]
. genetics
9b deletion)
MA15-AE/rSARS-CoV-
SARS-CoV MA15 ArE tSARS- éZV-M Al ;)_ AE Envelope protein deletion Envelope protein deletion gj;:’;scz [18,20,21.24-26]
SARS-CoV Urbani rSARS-CoV-AE (rU-AE) Envelope protein deletion Envelope protein deletion :j;’s:li‘; [23,24,27-30]
SARS-CoV MA15 V25F/tSARS-CoV-EV25F Envelope V25F Envelope V25F g:;’:;scz [18,21]
SARS-CoV MA15 A2 Envelope A38-45 Envelope A38-45 Reverse [18,26]
genetics
SARS-CoV MA15 A3 Envelope Ad6-52 Envelope A46-52 Reverse [18,26]
genetics
Envelope: Reverse
ARS- Al 1 Envelope:
SARS-CoV MA15 Mut nvelope: S3A V5L T9A T11A S3A V5L T9A T11A genetics [18,26]
. . mouse/human FIt3L gene
MHV-GP! MHV-FIt3L/gp murine FI3L gene m'serted between inserted between Orflab and Rever.se [31]
Orflab and Spike genes Spike genes genetics
. . mouse/human GM-CSF gene
MHV-GP! MHV-GM/GP murine GM-CSF gene inserted inserted between Orflab and Reverse 32]
between Orflab and Spike genes Spike genes genetics
. . mouse/human GM-CSF gene
MHV-MelA2 MHV-GM/Mel A murine GM-CSF gene inserted inserted between Orflab and Reverse 32]
between Orflab and Spike genes Spike genes genetics
. . mouse/human IL-15 gene
MHV-GP! MHV-IL15/gp murine IL-15 gene m'serted between inserted between Orflab and Rever.se [31]
Orflab and Spike genes Spike genes genetics
. . mouse/human IL-2 gene
IL-2
MHV-GP! MHV-IL2/gp urne gene 1n§erted between inserted between Orflab and Rever.se [31]
Orflab and Spike genes genetics

Spike genes




MHV JHM.WU

rWu.nspl K194

NSP1 K194R

NSP1 K125R

Reverse
genetics

MHV-A59

A59.nspl K194R

NSP1 K194R

NSP1 K125R

Reverse
genetics

SARS-CoV MA15

rSARS-CoV-nsp1-AC

NSP1 A122-130

NSP1 A122-130

Reverse
genetics

MHV JHM.WU

rWu.nspl R1935/K194E

NSP1: R193S K194E

NSP1: R124S K125E

Reverse
genetics

MHV-A59

A59.nspl R193S/K194E

NSP1: R193S K194E

NSP1: R124S K125E

Reverse
genetics

MHV-A59

F476L MHV

NSP12 F476L

NSP12 F480L

Reverse
genetics (based
on passaged
remdesivir-
resistant MHV
virus)

[34]

MHV-A59

V553L MHV

NSP12 V553L

NSP12 V557L

Reverse
genetics (based
on passaged
remdesivir-
resistant MHV
virus)

[34]

MHV-A59

F476L V553L MHV

NSP12: F476L V553L

NSP12: F480L V557L

Reverse
genetics (based
on passaged
remdesivir-
resistant MHV
virus)

[34]

SARS-CoV MA15 NanoLuc
(SARS-CoV MA15 expressing
nanoluciferase with ORF7a/7b

deletion)

F480L V557L SARS-CoV

NSP12: F480L V557L

NSP12: F480L V557L

Reverse
genetics (based
on passaged
remdesivir-

[34]




resistant MHV

H223A/H238A/K278A/Y334A

Y334A

Y342A

genetics

virus)
Reverse
MHV JHM.WU rWU.nsp13 A335V NSP13 A335V NSP13 A336V . [33]
p genetics
R
MHV-A59 D330A NSP14 D330A NSP14 D331A everse [14,35]
genetics
Reverse
MHV-A59 MHYV nsp14-N380A NSP14 N380A NSP14 N386A , [14]
p genetics
Reverse
IBV M41R-nsp10.14re M41R-nsp10re NSP14 V393L NSP14 V398L . [36]
P p P P genetics
Reverse
MHV-A59 Y414A/rMHVnspl4-Y414A NSP14 Y414A NSP14 Y420A cenetice [14,35]
MHV-A59 VUSS2 NSP14 Y414H NSP14 Y420H Reverse 37]
genetics
IBV strain YN rSD-H223A NSP15 H223A NSP15 H234A Reverse [38]
genetics
MHV-A59 N15m3 NSP15 H262A NSP15 H234A Reverse [39]
genetics
. Reverse
PEDV Colorado icPEDV-EnUmt NSP15 H226A NSP15 H234A , [40]
genetics
Reverse
HCoV-229E HCoV-229E H250A NSP15 H250A NSP15 H249A cenetice [41]
IBV strain YN rSD-H238A NSP15 H238A NSP15 H249A Reverse [38]
genetics
MHV-A59 MHV H277A NSP15 H277A NSP15 H249A Reverse [41]
genetics
IBV strain YN rSD-K278A NSP15 K278A NSP15 K289A Reverse [38]
genetics
IBV strain YN rSD-Y334A NSP15 Y334A NSP15 Y342A Reverse [38]
genetics
1BV strain YN 1SD- NSP15: H223A H238A K278A NSP15: H234A H249A K289A Reverse -




Reverse

HCoV-229E HCoV-D129A NSP16 D129A NSP16 D130A _ [42]
genetics
MERS-CoV EMC dNSP16 NSP16 D130A NSP16 D130A Reverse [43]
genetics
MERS-CoV MA1 dNSP16 NSP16 D130A NSP16 D130A Reverse [43]
genetics
MHV-A59 MHV-D130A NSP16 D130A NSP16 D130A Reverse [42]
genetics
PEDV PC22A D129A NSP16 D129A NSP16 D130A Reverse [44]
genetics
Reverse
SARS-CoV MA15 dNSP16 NSP16 D130A NSP16 D130A , [45,46]
genetics
SARS-CoV Urbani D130A NSP16 D130A NSP16 D130A Reverse [45]
genetics
SARS-CoV Urbani K170A NSP16 K170A NSP16 K170A Reverse [45]
genetics
SARS-CoV Urbani K46A NSP16 K46A NSP16 K46A Reverse [45]
genetics
MHV-A59 MHV-Y15A NSP16 Y15A NSP16 Y15A Reverse [42]
genetics
PEDV PC22A KDKE4A NSP16: K45A D129A K169A E202A  Vor 16: K46A DISOA K170A Reverse [44]
E203A genetics
. Reverse
GFP-expressing MHV-JHM IA D1329A NSP3 D497A NSP3 D226A , [47]
P & genetics
SARS-CoV MA15 D1022A NSP3 D204A NSP3 D226A Reverse [48]
genetics
SARS-CoV MA15 G1130V NSP3 G312V NSP3 G334V Reverse (48]
genetics
SARS-CoV MA15 HI1045A NSP3 H227A NSP3 H249A Reverse [48]
genetics
GFP-expressing MHV-JHM IA  N1347A/N1347A MHV NSP3 N515A NSP3 N244A Reverse [47,49-51]

genetics




Reverse

MHV-A59 MHV-N1348A NSP3 N516A NSP3 N244A . [52]
genetics
SARS-CoV MA15 N1040A NSP3 N222A NSP3 N244A Reverse (48]
genetics
R
GFP-expressing MHV-JHM IA A1438T/G1439V NSP3: A606G G607V NSP3: A333G G334V gszs;iz [47]
) . Reverse
SARS-CoV MA15 rSARS-CoV-MA15-A3a ORF3a deletion ORF3a deletion genetics [19]
rSARS-CoV-MA15-A3a
ORF3a deletion ORF3a deletion Reverse
ARS- A15 with ORF ARS-CoV-MA15-(A3a,EAT 1
(SARS Covdzllleﬁjn;m ORE3a  rSARS-COV-MAIS-ASAEAD  p o tein: S3A VAL T9A T11A E protein: S3A V5L T9A T11A genetics [19]
SARS.CoV MALS rSARS-CoV-MA15-((3a,E]- ORF3a SVPL271-274GMSM ORF3a SVPL272-275GMSM Reverse 191
PBM-) E protein DLLV73-76GGGG E protein DLLV72-75GGGG genetics
R
SARS-CoV MA15 rSARS-CoV-MA15-3a-TMD2- ORF3a: S40A S58A ORF3a: S40A S58A g;‘l’:;i‘z [19]
SARS-CoV MA15 ISARS-CoV-MAIS-Sa- ORF3a: Y109A Y113A Q116A ORF3a: YI09A Y113A Q116A Reverse [19]
TMDI2,3]- genetics
R
SARS-CoV MA15 rSARS-CoV-MA15-3a-TMD3- ORF3a: Y91A HO3A ORF3a: Y91A HI3A g;‘l’j;i‘z [19]
SJHM-RA59/S4R29 Reverse
MHV-A59 expressing MHV- STHM-L1114R Spike L1114R Spike L1012R . [53]
. genetics
JHM spike
Serial passage
in Vero E6 cells
SARS-CoV Urbani T332I Spike T3321 Spike T345I -5109.8 [54]
antibody
escape mutant
SJHM-RA59/S4R29 Reverse
MHV-A59 expressing MHV- SJHM-HR1/R120/R121 Spike: Q1067H Q1094H L1114R  Spike: Q965H Q992H L1012R _ [53,55]
. genetics
JHM spike
SARS-CoV MA15 CRG3-MA TRS replacement (ACGAAC to TRS replacement (ACGAAC to Reverse [56]

CCGGAU)

CCGGAU)

genetics




. TRS replacement (ACGAAC to TRS replacement (ACGAAC to Reverse
SARS-CoV Urbani CRG3 CCGGAU) CCGGAU) genetics (56l
TRS replacement (ACGAAC to TRS replacement (ACGAAC to Reverse
ARS-CoV MAL1 RG7-MA
SARS-Co > CRG UGGUCGCQ) UGGUCGQ) genetics [56]

IMHV-A59-based vector lacking NS2, HE protein, ORF4, ORF5a and E protein and with 99-nt deletion in NSP1 and encoding a LCMV epitope
gp33-41 and EGFP fusion protein; 2MHV-A59-based vector lacking NS2, HE protein, ORF4, ORF5a and E protein and with 99-nt deletion in NSP1

and encoding a human melanoma Mel-A26-35 epitope and EGFP fusion protein



Table S2b. A summary of the results of in vivo experiments involving the included viruses excluding experiments involving knock-out animal models.

Dose, route if not

Infection outcome (compared

Parental (WT) virus Mutations/virus name Model intranasal to WT if presented) Reference
No weight loss, less severe
el s
SARS-CoV-2 (Omicron) 4-week-old Syrian hamsters 105 TCIDso &% ] P Y [1]
) mechanics changes, no blood
Lineage BA.1 .
oxygen saturation drop, lower
viral loads
- h-old female K18-
Omicron variant, strain S-month-old emate 5 105 FFU No weight loss
: hACE2 mice
B.1.1.529, isolate hCoV- Reduced viral load in lungs
SARS-CoV-2 19/USA/WI-WSLH- Syrian hamsters 10° PFU & [2]
221686/2021 and nasal wash
Lineage BA.1 K18-hACE2 Syrian hamsters 10° PFU Reduced m(t);t;l;ty and viral
6—8—weel<—011;1i igmale 12951 104 PFU No weight l(:istse,rzeduced viral
hCoV-19/USA/NY- No weight loss, reduced lung
SARS-CoV-2 MSHSPSP-PV44476/2021 ’ 2
° . / 6-month-old female K18- CXCL10 and IL-6 2]
Lineage BA.1 . 104 PFU . . .
hACE2 mice concentrations, no increase in
lung TNF-a and IFN-y levels
6—8-week-01d‘ female 12951 104 PFU No weight lloss, .reduced lung
mice viral titer
Omicron variant, lineage =~ 10-20-week-old male and No weight loss, reduced lung
. . 106 PFU 1
BA.1, isolates: female 12951 mice viral titers
hCoV-19/USA/NY- 10-14-month-old C57BL/6 .
105 PF ht 1
SARS.Cov-2 MSHSPSP-PV44488/2021 mice 0°PFU No weight loss o)
hCoV-19/USA/GA-EHC- Reduced lung and nasal
2811C/2021 turbinate viral titers, no
- - i 5 ’
hCoV-19/Japan/NC92g-  O-week-old BALB/c mice 10°PFU changes in pulmonary
2N/2021 mechanics
Syrian hamsters 103 PFU Reduced lung CT pathology,

reduced lung viral titers, no




changes in lung respiratory

mechanics
Syrian hamsters 10° PFU No weight loss
Syrian hamsters 104 PFU No welght.loss, reduced viral
load in nasal wash
L infl i
Syrian hamsters 10° PFU ung inflammation but no
other lung pathology
Reduced lung and nasal viral
B.1.1.529/Omicron 6-8-week-old male and 2x10° PFU loads and titers, reduced lung
(GenBank: OM212472) female K18-hACE2 mice pathology, reduced lung
SARS-CoV-2 SARS-CoV- CXCL10 and IFN—V express.ion 3]
2/human/HKG/HKU- 6-8-week-old male and 2%10° PFU Reduced mortality and weight
691/2021 female K18-hACE2 mice loss
Lineage BA.1 6-8-week-old female 105 PFU Reduced lung and nasal viral
C57BL/6] mice titers and loads
E gene Ct: 11,6; RARP gene Ct:
k 1
SARS-CoV-2 SARS-CoV2 GZ69 Human patient Un Ii‘s;“e’?ﬁga)‘mra 13,9; N gene Ct: 15,5; no [4]
symptoms
. Reduced lung and tracheal
SARS-CoV-2 HK-13 Spike A679-688 7"8'Weekg:isgt‘;‘ien Syrian 1.5x10° PFU viral titer, no weight loss, 5]
reduced lung pathology
ike: P25L V367F
Spike: P25L V36 Decreased lung viral titers, no
del679-688 7-8-week-old golden Syrian weight loss, no lung IFN
SARS-CoV-2 HK-13 NSP3 A578V & y 10° PFU & 111055, &Y [6]
hamsters TNF-a, IL-6 expression
Envelope F20S increase
ORFS8: V62L L84S ?
No weight loss, reduced viral
SARS-CoV-2 SHO1 Spike A683-689 7—8-weel.<—old male golden 5+105 PFU titers in nasal turbinates, 7]
Syrian hamsters trachea and lungs, reduced
viral loads in different tissues
ARS-CoV-2 strai 16-20- -ol R iral ti iral
SARS-CoV-2 strain Spike: A679-686 V6871 6—20-week-old outbred 105 PFU educed viral titer and vira 8]

England/2/2020 (VE6-T)

female ferrets

load in nasal washes




6-8 week-old K18-hACE2

Slightly reduced mortality,
reduced lung viral titers,

SARS-CoV-2 USA-WA1/2020 ORF3a deletion . 105 PFU reduced lung pathology, [9]
mice
decreased IFN-a and IFN-y
levels, lower IL-6/IL-10 ratio
Reduced mortality, reduced
- -old K18-hACE2
SARS-CoV-2 USA-WA1/2020 ORF6 deletion 6-8 week Omciice -hAC 105 PFU lung pathology, decreased [9]
IFN-vy levels
SARS-CoV-2 USA-WA1/2020 ORF7a deletion 6-8 week—olc.l K18-hACE2 105 PFU Reduced mortality, decreased 9]
mice IFN-vy levels
Reduced mortality, decreased
SARS-CoV-2 USA-WA1/2020 ORF7b deletion 6-8 week—olc.l K18-hACE2 105 PFU IFN-a levels', increased TNF—OL 9]
mice concentrations at later time
points
7-8 weel_<-old male golden 105 PFU No weight IO‘SS,’ no reduced
Syrian hamsters activity
Reduced weight loss, milder
changes in pulmonary
ARS-CoV-2 USA-WA1/202 ike A681-684 i 1
SARS-CoV-2 USA-WA1/2020 Spike A681-68 5_9-week-old K18-hACE2 mechanics, reduced lung [10]
mice 10° PFU pathology, reduced lung IFN-
v and CXCL10 concentrations,
increased lung IL-1f3 and IL-6
concentrations
Codon pair deoptimized No weight loss, no lung
SARS-CoV-2 USA-WA1/2020  region: 2410625378 (nt) > 0 "veek-old male golden 5x104 PFU pathology other than [11]
. Syrian hamster i )
Spike A678-689 inflammation
. 4-5-week-old golden Syrian No weight loss, no detectable
105 TCID
SARS-CoV-2 USA-WA1/2020 Erglillfy,pz cieiehon hamsters 0° TCID=0 disease, reduced viral load
eletion
mNeonGreen (SARS_CO,VQ TRS replacement 7—9—week—ol('i KI8-hACE2 3x10% TCIDso No weight loss or death [12]
USA-WA1/2020 expressing (ACGAAC to mice
mNeonGreen reporter) CCGGAU) 7-9-week-old K18-hACE2 6x10* TCIDso, No morbidity, no mortality,
mice intracranial no weight loss




Envelope deletion

4-5-week-old golden Syrian No weight loss, no detectable

ORF3 deletion 5x103 TCIDso .
TRS replacement hamsters disease
SARS-CoV-2 USA-WA1/2020 (ACGAAC to
mNeonGreen (SARS-CoV-2 CCGGAU) 7-9-week-old K18-hACE2 .

2.5x10° TCID ht 1 h 12

USA-WA1/2020 expressing NSP15 A54T mice >x10° TCIDs0 Noweight loss or deat [12]
mNeonGreen reporter) NSP16 D108N

Spike: N679D S689G Y . i 1 .
N709D 7-9-week-old KIERACE2 5 1C1D4y, intracranial V0 MOTPidity, no mortality,
mice no weight loss

Membrane: T130N

No weight loss, reduced lung
microscopic pathology and
gross pathology, reduced
1.5x10* PFU expression of IFN-y, IL-6 and [13]
CXCL10 in lungs, reduced
viral titers in nasal turbinates
and lungs

4-6-week-old male golden

SARS-CoV-2 WK-521 Spike R685H .
Syrian hamsters

No weight loss, reduced lung
microscopic pathology and
gross pathology, reduced
1.5x104 PFU expression of IFN-y, IL-6 and [13]
CXCL10 in lungs, reduced
viral titers in nasal turbinates
and lungs

4-6-week-old male golden

SARS-CoV-2 WK-521 Spike A683-689 .
Syrian hamsters

No mortality, no or reduced
SARS-CoV-2 Wuhan-Hu-1/2019 NSP14 Y420A 8-week-old K18-hACE2 mice 10° PFU weight loss, reduced lung [14]
pathology,

Reduced weight loss, no signs
10¢ FFU of infection, reduced lung
pathology and inflammation [15]

6-week-old golden Syrian
Codon pair deoptimized hamsters

ARS-CoV-2 Wuhan-Hu-1/201
SARS-CoV-2 Wuhan-Hu-172019 | . 1 0358-21503 (nt)

5-7-week-old Roborovski Minimal weight loss, no signs
10° FFU . .
dwarf hamsters of infection




SARS-CoV-2 Wuhan-Hu-1/2019 Co@on pair deoptimized  6-week-old golden Syrian 104 FFU Reduced we.lght If)ss, no signs [15]
region: 24308-25306 (nt) hamsters of infection
Codon pair deoptimized . Reduced lung pathology and
SARS-CoV-2 Wuhan-Hu-1/2019  regions: 11969-13450; 6—week—c1)11:1n§;ﬁeszn Syrian 105FFU inflammation, reduced weight [15]
13953-14306 (nt) loss
No mortality, reduced weight
SARS-CoV- CoV-2-CNUHV03-  5-6-week-old female K18- 2104 PEU _ ﬂallli)rsr?;\:iiiuijitgg n 171
2/human/Korea/CNUHV03/2020 CA22°C hACE2 mice . ! . . &
viral loads, no virus in
extrapulmonary tissues
No mortality, reduced weight
loss, no lung gross pathology
SARS-CoV MA15 Envelope DLLV73- 16-week-old f'emale BALB/c 105 PFU and minimal ll‘mg pa.lthology [18-20]
76GGGG mice and pneumonia, no increase
in CXCL10 and IL-6
expression
Reduced mortality, reduced
SARS-CoV MA15 Envelope N15A 16-week-old f.emale BALB/c 105 PFU . lung Pat}}ology, smaller [18,21]
mice increase in airway IL-13, TNF-
a and IL-6 concentrations
MERS-CoV EMC Envelope'protem 16—24—week—o'ld K18-hDPP4 5x10° FFU No mortality, reduced weight [22]
deletion mice loss
Envel i 16-24- -old hDPP4-KI
MERS-MA30 nve ope.protem 6-24-week © d 10* FFU No mortality or weight loss [22]
deletion mice
MERS-MA30-A5 .
(MERS-MA30 with ORF5 Envelope protein 16-24-week-old hDPP4-KI 104 FFU No mortality or weight loss [22]
. deletion mice
deletion)
MERS-MA30-A[3, 4a, 4b, 5] Parental virus was already
(MERS-MA30 with ORF3-5 Envelope'protem 16—24—week—9ld hDPP4-KI 104 FFU hlgh'ly a’.ttenuated, no changes [22]
. deletion mice in virulence based on
deletion) :
published data
6-8-week-old BALB/c mice 1.2x10¢ PFU No mortality or weight loss [23,29]




rSARS-CoV-Urbani-A[6-9b]

Envelope protein

No mortality, no weight loss,

(SARS-CoV Urbani with ORF6- . hACE2-Tg mice 1.2x10* PFU . .
. deletion no neuroinfection
9b deletion)
6-week-old BALB/c mice 5x10¢ PFU No mortality or weight loss
12-month-old BALB/c mice 5x10* PFU No mortality or weight loss
6-week-old BALB/c mice 6x10° PFU No mortality, lung
inflammation
12-month-old BALB/c mice 6x10° PFU No mortality, no clinical
disease, lung inflammation
No mortality, no clinical
18-month-old BALB/c mice 6x103 PFU disease, lung inflammation,
minimal weight loss
8—week—oldnflei1CI;aIe BALB/c 6x10° PFU Reduced lung inflammation
SARS-CoV MAT5 Envelope‘protein No morta]ity or weight loss, [18,20,21.24—
deletion reduced lung viral titers, 26]
reduced TNF-o, CXCL10 and
16-week-olcirfiecr:ale BALB/c 105 PFU IL-6 expression, no disease
symptoms, no lung gross
pathology, reduced lung
pathology and inflammation,
No mortality, no weight loss,
no signs of disease, reduced
16-week-old BALB/c mice 105 PFU _lung pathology and
inflammation, smaller lung
TNF, CSCL10 and IL-6
expression
Reduced lung inflammation,
Golden Syrian hamsters 10 TCIDso no reduction in animal
SARS-CoV Urbani Envelope.protein activity, re.duced Vi.ral titers (23,2427-30]
deletion 12-month-old BALB/c mice 6x10° PEU No.mc_n‘tahty or weight loss,
limited lung pathology
6-8-week-old BALB/c mice 1.2x104 PFU No mortality or weight loss



hACE2-Tg mice

1.2x10¢ PFU

No mortality, no weight loss,
no brain infection,

SARS-CoV MA15

Envelope V25F

16-week-old female BALB/c
mice

1.2x10¢ PFU

Slightly reduced mortality

[21]

SARS-CoV MA15

Envelope A38-45

16-week-old BALB/c mice

105 PFU

No mortality, no weight loss,
no signs of disease, reduced
lung viral titers, reduced lung
damage and inflammation

[26]

SARS-CoV MA15

Envelope A46-52

16-week-old BALB/c mice

105 PFU

No mortality, no weight loss,
no signs of disease, reduced
lung viral titers, reduced lung
damage and inflammation,
reduced lung TNF, CXCL10,
IL-6 and IFN-y concentrations

[26]

SARS-CoV MA15

Envelope: S3A V5L T9A
T11A

16-week-old BALB/c mice

10° PFU

No mortality, reduced weight
loss, no signs of disease,
reduced lung damage and
inflammation

[26]

MHV-GP!

murine FIt3L gene
inserted between Orflab
and Spike genes

69 week-old C57BL/6 mice

10° PFU

Not described, parental virus
is already highly attenuated

[31]

MHV-GP!

murine GM-CSF gene
inserted between Orflab
and Spike genes

6-9 week-old C57BL/6 mice

10 PFU

Not described, parental virus
is already highly attenuated

[31]

MHYV-MelA?

murine GM-CSF gene
inserted between Orflab
and Spike genes

69 week-old C57BL/6 mice

10 PFU

Not described, parental virus
is already highly attenuated

[32]

MHV-GP!

murine IL-15 gene
inserted between Orflab
and Spike genes

6-9 week-old C57BL/6 mice

10° PFU

Not described, parental virus
is already highly attenuated

[32]

MHV-GP!

murine IL-2 gene
inserted between Orflab
and Spike genes

69 week-old C57BL/6 mice

10° PFU

Not described, parental virus
is already highly attenuated

[31]




MHV JHM.WU NSP1 K194R 4-week-old C57BL/6 mice 500 PFU intrahepatic Reduced liver viral titer [33]
MHV-A59 NSP1 K194R 4-week-old C57BL/6 mice 5000 PFU intrahepatic Reduced liver viral titer [33]
No mortality, reduced weight
16- -old female BALB
SARS-CoV MA15 NSP1 A122-130 6-week-o Cinie;:a € fe 105 PFU loss, no gross lung pathology, [18]
no lung damage
MHV-A59 NSP1: R193S K194E 4-week-old C57BL/6 mice 5000 PFU intrahepatic Reduced liver viral titer [33]
(SS:‘IIQ{S_((Z:O\\/]I\Z/IAA;: NanOLI,JC 10—week—olcinfiecr;1ale BALB/c 103 PFU No significant difference
-Co expressing
P12: F480L V557L 34
nanoluciferase with ORF7a/7b NS 80L V55 10-week-old female BALB/c 104 PFU Reduced lung viral titer, [34]
deletion) mice reduced weight loss
MHV JHM.WU NSP13 A335V 4-week-old C57BL/6 mice 500 PFU intrahepatic Reduced liver viral titer [33]
No mortality, no weight loss,
minimal liver inflammation
4-week-old @ale C57BL/6 2x10¢ PFU intrahepatic ~and no liver fibrosis, increased
mice .
MEV-A59 NSP14 D330A serum IFN-3 levels at 12 hpi 14,35]
i but not 24 hpi, [14,
No significant difference —
dweel-old r.nale C57BL/6 5x10° PFU subcutaneous parental virus did not
mice .
produce disease
105 PFU Shorter duration of infection,
IBV M41R-nsp10.14rep NSP14 V393L 8-days old chickens . . reduced symptoms, smaller [36]
intraocular+intranasal . .
reduction in ciliary activity
No mortality, no weight loss,
minimal liver inflammation
4—week—01(inr?ale C57BL/6 2x10¢ PFU intrahepatic and no liver fibrosis, increased
e serum IFN-{ levels at 12 hpi
but not 24 hpi,
MHV-A59 NSP14 Y414A [14,35]

4-week-old male C57BL/6
mice

No significant difference —
parental virus did not
produce disease

5x105 PFU subcutaneous

4-week-old male C57BL/6
mice

No mortality, minor increase

. . .
104 PFU intrahepatic in serum ALT, no




neuroinfection, no liver
pathology, increased serum
IFN- concentrations at 1 dpi
but lower at 3 dpi

4-week-old male C57BL/6
mice

No mortality, minor increase
in serum ALT, no liver
infection, no liver pathology,
smaller increase in serum
IFN- concentrations

104 PFU intracranial

4-week-old male C57BL/6
mice

Earlier alteration in gene
7.5x10% PFU intrahepatic monneg
expression in liver

MHV-A59

NSP14 Y414H

4-week-old C57BL/6 mice

Intracranial Increased LDso

4-week-old C57BL/6 mice

Reduced brain viral titers, no

5x104PFU intracranial . . .
liver infection

[37]

MHV-A59

NSP15 H262A

6-week-old female C57BL/6
mice

No mortality, no viral titer in
liver or spleen, reduced
weight loss, no liver
pathology

10¢PFU intraperitoneal

[39]

PEDV Colorado

NSP15 H226A

7-day-old piglets

reduced viral shedding, no
mortality, similar disease and
pathology

105 TCIDso oral

[40]

IBV strain YN

NSP15 H238A

1-day-old chickens

No clinical signs of disease,
reduced ciliary injury,
reduced viral loads, no

tracheal, lung and kidney
pathology

106 EIDso intraocular

[38]

MHV-A59

NSP15 H277A

8-10-week-old C57BL/6 mice

500 PFU intraperitoneal No virus in spleen or liver

[41]

IBV strain YN

NSP15 Y334A

1-day-old chickens

No clinical signs of disease,
reduced ciliary injury,
106 EIDso intraocular reduced viral loads, no
tracheal, lung and kidney

pathology

[38]




Ad5-hDPP4-transduced 10-to-

No viral replication at 2 dpi,

. .
20-week-old BALB/c mice 106 PFU parental virus was e_llready
non-pathogenic
MERS-CoV EMC NSP16 D130A Reduced IFN-{, IFN-a4 and [43]
10-20-week-old Dpp4 288- IFN-a7 expression, parental
. 10° PFU .
330+ mice virus was already non-
pathogenic
MERS-CoV MA1 NSP16 D130A 10-20-week-old Ppp4 288- 106 PFU No mortality, reduced weight [43]
330** mice loss, reduced lung pathology
; sl
MHV-A59 NSP16 D130A 6-9 week-old C57BL/6 mice 500 PFU intraperitoneal .0 ¥ 1" Present in spleen [42]
and liver at 2 dpi
10-week-old female BALB/c No mortality, no 51gmf‘1cant
. 105 PFU pulmonary mechanics
mice
changes,
10-week-old C57BL/6 mice 105 PFU Reduced weight loss, reduced
lung pathology
10-weekcold female BALB/c 100 PFU Minimal weight loss
mice
SARS-CoV MA15 NSP16 D130A 20 week-old C57BL/6 mice No data No mc?rtz?hty, d1.sease course
similar until 4 dpi
12-month-old female BALB/c Lethal infection, but viral titer
. 105 PFU .
mice reduced at 4 dpi
Reduced weight loss, no
12-month-old female BALB/c mortality, reduced lung viral
) 100 PFU . .
mice titer, reduced changes in
pulmonary mechanics
MHV-A59 NSP16 Y15A 6-9 week-old C57BL/6 mice 500 PFU intraperitoneal ~ T\C VIS Present in spleen [42]
and liver at 2 dpi
Reduced mortality, reduced
PEDV PC22A NSP16: K45A D129A 4-days-old piglets 100 PFU oral intestinal pathology, lower [44]

K169A E202A

and delayed peak titer of shed
virus




GFP-expressing MHV-JHM IA NSP3 D497A 5-8-week-old C57BL/6 mice 3x10°PFU Reduced mortality [47]
SARS-CoV MA15 NSP3 D204A 7-9 week-old female BALB/c 3x10¢ PEU Reduced mortality and weight (48]
mice loss
SARS-CoV MA15 NSP3 G312V 7-9 week-old female BALB/c 3x10¢ PFU No mortality, reduced weight (48]
mice loss
SARS-CoV MA15 NSP3 H227A 7-9 week-old female BALB/c 3x10¢ PEU Reduced mortality and weight (48]
mice loss
5-8-week-old C57BL/6 mice 3x10*PFU No mortality, no weight loss
No mortality, no weight loss,
>--weelcold male C7BL/6 4x104PFU refjifjxkgra;;;;aéft IItlslr\?[s
GFP-expressing MHV-JHM 1A NSP3 N515A mice IL-6 and TNF-a in brains, [47.50]
reduced brain pathology
5—8—week—old‘male C57BL/6 750 PFU No mortality, reduced weight
mice loss
— 5 1
6-9-week-old C57BL/6 mice . 5 5><10. PFU No liver pathology, reduced
intraperitoneal serum ALT increase
MHV-A59 NSP3 N516A Decreased liver and spleen [52]
6-9-week-old 129Sv mice 5 PFU intraperitoneal =~ IFN-a levels, decreased liver
and spleen IL-6
Reduced mortality, reduced
weight loss, larger increase in
SARS-CoV MA15 NSP3 N229A 7-9 week-old female BALB/c 3x104 PFU IFN-o, IFN-3, CX.CL-‘10, IL-6 (48]
mice and TNF expression in lungs
at 24 hpi but not at 72 hpi,
reduced lung pathology
GFP-expressing MHV-JHMIA  NSP3: A606G G607V 5_8'Week'°flizale 7L 3x10°PFU No mortality, no weight loss [47]
No mortality, reduced weight
16- -old BALB/c femal
SARS-CoV MA15 ORF3a deletion 6-week-old fe female 105PFU loss, reduced lung viral titer, [19]

mice

reduced disease symptoms

IMHV-A59-based vector lacking NS2, HE protein, ORF4, ORF5a and E protein and with 99-nt deletion in NSP1 and encoding a LCMV epitope
gp33-41 and EGFP fusion protein; 2MHV-A59-based vector lacking NS2, HE protein, ORF4, ORF5a and E protein and with 99-nt deletion in NSP1



ORF3a SVPL271-

SARS-CoV MA15 274'GMSM 16-week-old B.ALB/C female 105PFU No mortality, reduced weight [19]
E protein DLLV73- mice loss
76GGGG
16-week-old BALB/c femal
SARS-CoV MA15 ORF3a: S40A S58A 6-week-o fnice fe female 105PFU Slightly reduced mortality [19]
SARS-CoV MA15 ORF3a: YI09A Y113A 16-week-old I??ALB/C female 105PFU No mortality, reduced weight [19]
Q116A mice loss
SARS-CoV MA15 ORF3a: YO1A HO3A 16-week-old BALB/C female 105PFU No mortality, reducefi we.lght [19]
mice loss, reduced lung viral titer
Increased dose required to
cause symptomatic disease,
4-week-old male C57BL/6 . reduced replication and
B Varied, intranasal ) .. .
mice inflammation in brain,
SJHM-RA59/S4R29 rephfjft::oieséﬁ;ed to
MHV-A59 expressing MHV- Spike L1114R Y . [53]
. Increased dose required to
JHM spike -
cause symptomatic disease,
4-week-old male C57BL/6 L . reduced replication and
. Varied, intracranial . .. .
mice inflammation in brain,
replication restricted to
olfactory bulb
No mortality, reduced weight
12- h-ol le BALB
SARS-CoV Urbani Spike T3321 mont Or:izrela € fe 105 PFU loss, no lung pathology other [54]
than inflammation
Increased dose required to
cause symptomatic disease,
SJHM-RA59/54R29 Spike: Q1067H Q1094H 4-Week-ddmnincaele TR Varied, intranasal lﬂzﬁfﬁﬁf fszjiﬁiion
MHV-A59 expressing MHV- P& P [53,55]

JHM spike

L1114R

in brain, replication restricted
to olfactory bulb

4-week-old male C57BL/6
mice

Varied, intracranial

Increased dose required to
cause symptomatic disease,




increased LDso, reduced
replication and inflammation
in brain, replication restricted
to olfactory bulb,

4-week-old male C57BL/6

mice 10 PFU intracranial Reduced brain viral titers
4-week-old rTlale C57BL/6 5x10¢ PFU intranasal Rech’lced 1F)ram viral titer at' 3
mice dpi but increased at 5 dpi
10-week-old female BALB/c Not specified Reduced mortality
SARS-CoV MA15 IRSreplacement = th-old female BALB/c [56]
(ACGAAC to CCGGAU) mice Not specified Reduced mortality
10-week-old female BALB/c Not specified No significant difference
SARS-CoV Urbani TRS replacement 12-month-old female BALB/ [56]
(ACGAAC to CCGGAU) oo micee ae ¢ Not specified No weight loss
10-week-old female BALB/c Not specified No mortal%ty, r?duced lung
viral titer
12- th-old f le BALB
TRS replacement fonti-o ii:;na € fe 102PFU No mortality
SARS-CoV MA15 (ACGAAC to [56]
UGGUCGC) 12-month-old female BALB/C 10°PFU No mortality
12- h-old female BALB
month-o ii:éna € fe 10*PFU Reduced mortality

and encoding a human melanoma Mel-A26-35 epitope and EGFP fusion protein. Data on IFN, TNF, IL-1 and IL-6 cytokines as well as CXCL10
chemokine was selected for presentation.



Table S2c. A summary of the results of experiments that aimed to study the reversion to virulence of attenuated coronaviruses in vitro.

Corresponding mutations

Virus Mutations in SARS-CoV-2 Conditions Results Reference
SARS-CoV Urbani AEnvelope AEnvelope 16 passagesin  Spike S607F on passage 5. Minimal lethality after [29]
Vero E6 cells 16 passages.
SARS-CoV Urbani 16 passages in
with with deletion of AEnvelope AEnvelope passag Spike S607F and NSP8 T89I were detected. [29]
Vero E6 cells
ORF3-9b
5 passages in
MERS_MA:%O with Complen}entary No evidence of recombination with cellular E
deletion of ORF3, 4a, AEnvelope AEnvelope cell line . [22]
. protein RNA
4b and 5 expressing E
protein
SARS-CoV-2 Codor.1 pair deoptimized NA 10 passages in No phenotypic chaﬁgé or mutations in codon [15]
region: 20358-21503 Vero E6 cells pair deoptimized sequences
SARS-CoV-2 Codor1 pair deoptimized NA 10 passages in No phenot}‘/plc Chaﬁg? or mutations in codon [15]
region: 24308-25306 Vero E6 cells pair deoptimized sequences
12 i
MHV-A59 NSP3 N516A NSP3 N244A passages m No reversion [52]
1929 cells
. Virus gained a new protein with PDM-binding
16 passages in . . g e
SARS-CoV MA15 AEnvelope AEnvelope motif. Cell-line specific titer increase but no [18]
Vero E6 cells o
change in virulence.
. Virus gained a new protein with PDM-binding
16 passages in . . e
SARS-CoV MA15 AEnvelope AEnvelope motif. Cell-line specific titer increase but no [18]
DBT-mACE2 o
change in virulence.
8 or 16 passages in L
SARS-CoV MA15 Envelope A38-45 Envelope A38-45 Vero E6 cells No significant changes [18,26]
8 or 16 passages in L
SARS-CoV MA15 Envelope A46-52 Envelope A46-52 Vero E6 cells No significant changes [18,26]
SARS-CoV MA15 Envelope: S3A, V5L, T9A, Envelope: S3A, V5L, T9A, 8 or 16 passages in No significant changes [18,26]

T11A

T11A

Vero E6 cells




24 passages in

SARS-CoV MA15 Envelope N15A Envelope N15A Vero 6 cells Reversion through A15D mutation at passage 24 [21]
MHV-A59 NSP14 D330A NSP14 D331A 10 passages in No reversion [35]
Neuro 2a cells
MHV-A59 NSP14 Y414A NSP14 Y420A 10 passages in No reversion [35]
Neuro 2a cells
SARS-CoV MA15 Envelope V25F Envelope V25F 24 }z]aesrfgézs n Incorporation of reverting mutations at passage 8 [21]
Envelope DLLV73- Envelope DLLV72- 16 passagesin  The virus gained a novel PDZ-binding motif in E
SARS-CoVMAILS 76GGGG 75GGGG Vero E6 cells protein [18]
MHV-A59 NSP14 N380A NSP14 N386A Cell culture Reversion after 1 passage [14]
Envelope deletion ci)oml;iseiiiiial?y AOREF3-E P10 virion replicon was obtained with
ORF3 deletion . NSP1 Y97N, NSP4 K351 and Spike P812R
SARS-CoV-2 - cell line . . [12]
TRS replacement expressing E and mutations. The resultant replicon propagated to a
(ACGAAC to CCGGAU) . higher infectious titer in complementary cell line.
ORF3a proteins
5 passages in
Envelope deletion complementary  S-IV-P5-Vero-P2 virion with NSP15 A54T, NSP16
ORF3 deletion cell line D108N, Spike: N679D 5689G N709D and
SARS-CoV-2 - expressing E and Membrane: T130N mutations was obtained. It [12]
TRS replacement ORF3a proteins, 2 could be propagated in non-complementary Vero
(ACGAAC to CCGGAU) . ’ .
passages in Vero E6 cell line.
E6 cells
Envelope deletion
ORF3 deletion
TRS replacement
(ACGAAC to CCGGAU) 10 passages in
SARS-CoV-2 NSP15 A54T - Vero E6 cells No improved replication [12]
NSP16 D108N
Spike: N679D S689G
N709D

Membrane: T130N




Table S2d. A summary of the results of experiments that aimed to study immunogenicity of attenuated coronaviruses.

. Animal,
Corresponding route of Result
Virus Mutations mutations in administration Endpoint (attenuated/WT) Reference
SARS-CoV-2 ’ attentiate
dose
. Murine/human A2DR1 mice,
-CSF Tet-MelA+ CD8+ T cells/spl
MHV-MelA mrne M ,CS gene GM-CSF gene intravenous, et-MelA+ CD8+ h s/spleen at 28 1,07x105/ND [32]
insertion . . dpi
insertion 105 PFU
ARS-CoV MA1 %
BALB/c mice, e r(\L:e(:,l’cralizin5 steii:elfl " >1600/ND;
SARS-CoV MA15 NSP16 D130A NSP16 D130A Intranasal, SHCO1AMALS io % tralizi [45,46]
105 PFU - ser'um o neutralizing >800/ND
titer
TRS 10-week-old
SARS-CoV TRS replacement replacement BALB/c mice, SARS-CoV Urbani serum 50% 4820/ND [56]
Urbani (ACGAAC to CCGGAU) (ACGAACto Intranasal, neutralizing titer
CCGGAU) 102-103 PFU
TRS 12-month-old
SARS-CoV TRS replacement replacement BALB/c mice, SARS-CoV Urbani serum 50% 6420/ND [56]
Urbani (ACGAAC to CCGGAU) (ACGAACto Intranasal, neutralizing titer
CCGGAU) 102-10° PFU
SaLDlemice,  newtrabzimg thor a2t and g api °1 o4 S49ND
SARS-CoV MA15 AEnvelope AEnvelope ¢ mice, Z05 TR P [24]
Intranasal, 5366 peptide specific lung CD8+ IFN- 0.8%/ND
6x10° PFU y+ cells at 7 dpi o
- - ARS- %
BALBIc e, __ neuraliing rat 2 and podpi 125 7 120D
SARS-CoV MA15 AEnvelope AEnvelope ’ 21 e P [24]
Intranasal, 5366 peptide specific lung CD8+ IFN- 3,79 /ND
6x10® PFU y+ cells at 7 dpi e
celd VA i S s it and 2
MHV-A59 NSP14 D330A NSP14 D331A miee , ad P [35]
subcutaneous, Virus specific IFN-y+ CD8+ 0,79%/0,82%
5x105PFU splenocytes at 28 dpi e




4-week-old MHV-A59 serum 50% neutralizing 432 and 126/618 and
7BL i titer at 28 and 336 dypi 251
MHV-A59 NSP14 D330A NSP14D331A  CO/BL/6mice, T arso an Pl 35]
subcutaneous, Virus specific IFN-y+ CD8+ 0,95%/0,82%
5x10°PFU splenocytes at 28 dpi e
10-20-week-old
Dpp4 288-330++ ERS- E
MERS-CoV EMC NSP16 D130A NSP16D130a ~ PP4288-330 MERS-CoV EMC serum >800/ND [43]
mice, intranasal, 50%neutralizing titer
10ePFU
murine FIBL gene Murine/human C57BL/6 mice,
MHV-GP insertiong FIt3L gene intravenous, 10° Tet-gp34+ CD8+ splenocytes at 7 dpi 10,32%/2,69% [31]
insertion PFU
murine GM-CSF gene Murine/human C57BL/6 mice,
MHV-GP . —r 8 GM-CSF gene  intravenous, 10° Tet-gp34+ CD8+ splenocytes at 7 dpi 2,79%/1.20% [32]
nsertion . .
insertion PFU
murine I1-15 eene Murine/human C57BL/6 mice,
MHV-GP . 8 IL-15 gene intravenous, 10° Tet-gp34+ CD8+ splenocytes at 7 dpi 5,42%/2,69% [31]
Insertion . .
insertion PFU
murine I1-2 eene Murine/human C57BL/6 mice,
MHV-GP . i IL-2 gene intravenous, 10° Tet-gp34+ CD8+ splenocytes at 7 dpi 5,33%/2,69% [31]
Insertion . .
insertion PFU
. Murine/human A2DR1 mice,
MHV-MelA murine GM-CSEgene o1 SR gene  intravenous, Tet-MelA+ CD8+ T cells/spleen at 28 1,07x105/ND [32]
insertion . . dpi
insertion 105 PFU
CoV-2-CNUHV03 509
K18-hACE2 mice, S aligine fiter Zirfgrr:i : & 640-4960/ND
SARS-CoV-2 Cold adaptation NA intranasal, 2x10* VoK CD‘C’;:O 3 507, cor pm [17]
PFU O YA oL o Sertl 640-4960/ND
neutralizing titer at 19 dpi
NSP16:
K45A NSP16: K46A, . o ..
PEDV PC22A D129A D130A, K170A, 4'dayf (ilodolijﬁjets’ PEDV PCZZ?tserutnzlf ?f ‘neutralizing 125/ND [44]
K169A E202A oral reratelapl

E202A




Codon pair deoptimized

5-6-week-old
Syrian hamsters, SARS-CoV-2 serum 50% neutralizing

SARS-CoV-2 reglog: 12121810A66 ;556?;3798 (nt) NA intranasal, 5<10° titer at 21 dpi 1260/1000 [11]
P PFU
SARS-CoV-2 serum 50% neutralizing
5-6-week-old titer at 19 dpi 7661766
SARS-CoV-2 R685H NA .Syrlan hamsters, Lineage P.1 .serum 50% r'1eutrahzmg 274/229 [13]
intranasal, 1.5x10* titer at 19 dpi
PFU Lineage B.l.l.? serum 50‘7? neutralizing 2550/1560
titer at 19 dpi
SARS—COV—Z.serum 50% 'neutrahzmg 1360/766
5-6-week-old titer at 19 dpi
SARS-CoV-2 Spike A683-689 NA .Syrlan hamsters, Lineage P.1 serum 50% r.leutrahzmg 267/229 [13]
intranasal, 1.5x10* titer at 19 dpi
PFU Lineage B.1.1.7 serum 50% neutralizing 1710/1560
titer at 19 dpi
Syrian hamsters, o
ARS-CoV-2 % 1
SARS-CoV-2 Spike A681-684 NA intranasal, 5x105 2> 0V Ser‘értzfo % neutralizing 637/575 [10]
PFU
Syrian hamsters, SARS-CoV-2 serum 50% neutralizin
SARS-CoV-2 Vero E6 passaged NA intranasal, 1.25x105 . ’ & 243/211 [6]
titer
PFU
Ad5-hACE2
transduced 6-8
ike-specific IFN-y+ CD8+ cells i
SARS-CoV-2 Vero E6 passaged NA week-old BALB/c ~ Pike-specific [FN-y+ CD8+ cells in 0,75%/ND [6]
L lungs at 28 dpi
mice; intranasal;
105 PFU
ARS-CoV Urbani %
Syrian hamster, SARS-Co Ur' ant serum 507 280/367
SARS-CoV AEnvelope AEnvelope tranasal. 10° neutralizing titer 27]
, v nv intranasal, o
Urbani TCIDso SARS-CoV GPQ?; serum 50% 52/45
neutralizing titer
SARS-CoV 6-week-old SARS-CoV MA15 serum 50%
Urbani ABnvelope AEnvelope BALB/c mice, neutralizing titer at 21 and 66 dpi <10/ND and <LOD/ND [24]




Intranasal,

5366 peptide specific lung CD8+ IFN-

Very few/ND

6x10° PFU y+ cells at 7 dpi
12-month-old SARS-CoV MA15 serum 50% <LOD/ND and
- i tralizing titer at 21 and 66 dpi LOD/ND
SARS Cc.)V AEnvelope AEnvelope BALB/c mice, neutra 1.zmg i e'r .a and 66 dpi <LOD/ 24]
Urbani Intranasal, 5366 peptide specific lung CD8+ IFN- 0,03%/ND
6x10° PFU y+ cells at 7 dpi o
12-month-old SARS-CoV Urbani serum 50% <10/ND
SARS-CoV AEnvel AEnvel BALB/c mice, neutralizing titer at 21 dpi B 29]
Urbani velope nvelope Intranasal, S366 peptide specific blood CD8+ IFN- L6%/ND
1.2x10¢ PFU y+ cells at 7 dpi o
hACE2-Tg mice, SARS—CO‘V'Urb.?m serum 59 Yo <20/ND
SARS-CoV neutralizing titer at 21 dpi
Urbani AEnvelope AEnvelope Intranasal; 366 tid fic blood CDS+ IFN [29]
2 1.2x10¢ PFU peptide spediic b1ooc 2,37%/ND
y+ cells at 7 dpi
SARS-CoV 12-month-old SARS-CoV Urbani serum 50%
R . o . <10/ND
Urbani with with AEnvelope AEnvelope BALB/c mice, neutralizing titer at 21 dpi 29]
deletion of P P Intranasal, S366 peptide specific blood CD8+ IFN- 1.7%/ND
ORF3-9b 1.2x104 PFU y+ cells at 7 dpi e
SAI.QS—.COV . hACE2-Tg mice, SARS—CO‘V'Urb.?m serum 59 Yo <20/ND
Urbani with with neutralizing titer at 21 dpi
. AEnvelope AEnvelope Intranasal; ; T [29]
deletion of 1.9%10¢ PFU 5366 peptide specific blood CD8+ IFN- 1.3%/ND
ORF3-9b ‘ y+ cells at 7 dpi e
MERS-MA30
. . 16-24-week-old o
with deletion of AEnvelope AEnvelope  hDPP4-KI mice, MERS-CoV MA30 serum 50% 56,1/ND [22]
OREF3, 4a, 4b and neutralizing titer
5 Intranasal, 10¢ FFU
16-20-week-old o ..
SARS-CoV-2  Spike: A679-686, V6871 NA ferrets, intranasal, -’ x> -0V-2 serum 50% neutralizing 40-80/10-80 8]

10° PFU

titer




Table S2e. A summary of the results of the challenge studies.

Vaccine virus

dose Vaccination-
Parental (WT) virus Mutations/virus Model vaccination c.hallenge Challenge virus, dose, Difference in infection outcome References
name ) interval route
route (if not (days)
intranasal) y
7-8-week-old . . .
SARS-CoV-2HK-13  Ca-DelMut golden Syrian ~ 1.25x105 PFU 28 SARS-CoV-2HK-13and  Highly reduced weight loss, highly [6]
HK-95, 10° PFU reduced lung pathology
hamsters
No weight loss, no macroscopic lung
pathology, reduced viral load in lungs
4-6-week-old male . . .
golden Syrian 1.5%10¢ PFU 19 SARS-CoV-2 WK-521, and nasal turbinates, no virus in nasal

1.5x10¢ PFU turbinates and lungs at 5 dpi, increased
IFN-y expression in lungs and

hamsters

decreased IL-6 expression in lungs

No weight loss, no macroscopic lung
pathology, reduced viral load in lungs
4-6- -ol 1
SARS-CoV-2 WK-521  Spike A683-689 + 0-Week-old male SARS-CoV-2 TY7-501  and nasal turbinates, low viral titers in [13]

goilden Syrian 150" PFU 19 (lineage P.1), 1.5x10* PFU nasal turbinates at 5 dpi, virus not
amsters present in lungs at 5 dpi, decreased IL-6
expression in lungs
No weight loss, no macroscopic lung
4-6-week-old male SARS-CoV-2 QK002 pathology, reduced viral load in lungs
golden Syrian 1.5x104 PFU 19 (lineage B.1.1.7), 1.5x10*  and nasal turbinates, low viral titers in
hamsters PFU nasal turbinates at 5 dpi, no virus in

lungs at 5 dpi,

No weight loss, no macroscopic lung
pathology, reduced viral load in lungs

4-6-week-old male SARS-CoV-2 WK-521, and nasal turbinates, no virus in nasal

- - - 1 1 4
SARS-CoV-2 WK-521 Spike R685H golden Syrian 1.5x10¢ PFU 19 1.5%10¢ PFU turbinates and lungs at 5 dpi, increased [13]
hamsters Do
IFN-y expression in lungs and
decreased IL-6 expression in lungs
SARS-CoV-2 USA- iﬁdf;ﬁfél 5_63\1722:;) lcrlirTIe 5x10¢ PFU 16 SARS-CoV-2 USA- tilfeil;fj; 1::[2% V:allbh;es/r: dlfi?eﬁfi [11]
WA1/2020 P 8 yra WA1/2020, 5x10¢ PFU actory D, o et ’

region: 24106— hamsters no significant weight loss




25378 (nt)
Spike A678-689

SARS-CoV-2 Wuhan-

8-week-old K18-

SARS-CoV-2 Wuhan-Hu-

Hu-1/2019 NSP14 Y420A hACE2 mice 10¢ PFU Unspecified 1/2019, 5x10* PEU No mortality, no significant weight loss [14]
ARS-CoV-2- KCD ight 1 il
CoV-n- 5_6-week-old %103 PFU 21 SARS-Co CDCO03, No aPparent weight os.s, mild .
SARS-CoV-2/human/ CNULVO03 female K18-hAC? 2x10* PFU pneumonia, no detectable virus at 6 dpi [17]
Korea/CNUHV03/2020 . SARS-CoV-2- KCDCO03, No apparent weight loss, no
CA22°C mice 2x10* PFU 21 . . .
2x104 PFU pneumonia, no detectable virus at 6 dpi
7-8 week-old male
SARS-CoV-2 USA- . . SARS-CoV-2 USA- No weight loss, no signs of disease, no
A681-684 1 105 PF 2 1
WA1/2020 Spike A681-68 golden Syrian 0°PFU 8 WA1/2020, 10° PFU virus detectable in nasal wash at 4 dpi [10]
hamsters
Codon pair No weight loss, no signs of disease,
SARS-CoV-2 Wuhan-  deoptimized  6-week-old golden 104 FFU 21 SARS-CoV-2 lineage B.1, reduced lung pathology and [15]
Hu-1/2019 region: 24308— Syrian hamsters 105 FFU inflammation, reduced viral loads, no
25306 (nt) live virus present in lungs at 2-5 dpi
No weight loss, no signs of disease,
6-week-old golden 104 FFU 21 SARS-CoV-2 lineage B.1, reduced lung pathology and
Syrian hamsters 105 FFU inflammation, reduced viral loads, no
live virus present in lungs at 2-5 dpi
. No weight loss, no signs of disease, no
BetaCoV/Munich/ lung pathology and inflammation
BavPat1/2020 (B.1 tng pario’ogy a ammaton,
. . reduced viral loads, no live virus
Codon pair lineage), 105 PFU resent in lunes at 2-5 dpi
SARS-CoV-2 Wuhan- deoptimized No welzi) ht loss, no sig ns of disiase no [15,16]
Fu-1/2019 region: 20358~ 5-7-week-old BetaCoV/Germany/ lung Eatholo,gy ancgloy inﬂammatioél ,
21 t i 11 !
503 (nt) Roborovski dwarf 10° FFU 21 ChV%r21652/2020 (8117 reduced viral loads, no live virus
lineage), 105 PFU . .
hamsters present in lungs at 2-5 dpi

hCoV-19/Netherlands/
NoordHolland_20159/

2021 (B.1.351 lineage), 105

PFU

No weight loss, no signs of disease, no
lung pathology and inflammation,
reduced viral loads, no live virus
present in lungs at 2-5 dpi in most
animals




SARS-CoV-2 Wuhan-

Codon pair
deoptimized

6 week-old golden

SARS-CoV-2 lineage B.1,

No weight loss, no signs of disease,
reduced lung pathology and

L 5 5
Hu-1/2019 r;:g;(;r(;slélgif Syrian hamsters 10> FFU 2 105 FFU inflammation, reduced viral loads, no [15]
143 (’) 6 (nt) live virus present in lungs at 2-5 dpi
MERS-MA30-A5 Envelope 16-24-week-old No mortality, no weight loss, reduced
(MERS-MA30 with rotein deiztion hDPP4-KI mice 10¢FFU 21 MERS-MA30, 10° FFU viral loads, no live virus in lungs at 2-6 [22]
OREF5 deletion) P dpi
rMERS-MA30-A[3, 4a,
4b, 5] Envelope 16-24-week-old " . . D .
(MERS-MA30 with  protein deletion  hDPP4-KI mice 10¢FFU 21 MERS-MA30, 105 FFU  No mortality, no significant weight loss [22]
ORF3-5 deletion)
MERS-MA30 prof;;e;(;ﬁion ;%ﬁ;wgl;i‘: 104 FFU 21 MERS-MA30, 15 FFU  No mortality, no significant weight loss ~ [22]
Envelope 16-24-week-old 5 MERS-CoV EMC, 5x10* . .
MERS-CoV EMC protein deletion  K18-hDPP4 mice 5x103FFU 21 FFU No weight loss, no mortality [22]
Reduced lung inflammation, smaller
Golden Syrian 10° TCID 28 SARS-CoV Urbani, 103 reduction in animal activity, no live
hamsters » TCIDso virus in lungs at 2 and 5 dpi, no live
virus in nasal turbinates at 5 dpi
- - - 5
¢ Week;ﬁeBALB/ ¢ 6x10°PFU 21 SARS COIXE?J/IAB’ 10 No mortality, reduced weight loss,
12- h-ol ARS- A15, 105
month-old s ppyy 21 SARS-CoV MALS, 10 Reduced mortality
SARS-CoV Urbani Envelope BALB/c mice PFU (24,27-30]
-CoV Urbani -
. . - _ _ 5 4
protein deletion 6-week Izli(jeBALB/C 6x10° PFU 66 SARS COIE;II\J/IAB, 10 No difference
12-month-old 6x10°PFU 66 SARS-CoV MA15, 105 No difference except small decrease in
BALB/c mice PFU lung viral titer
6-8-week-old 1.9x104PFU 21 SARS-CoV MA15, 10° No mortality, reduced weight loss,
BALB/c mice ' PFU reduced lung pathology
ARS- i
hACE2-Tg mice 1.2x10¢PFU 21 5 15251?4/ Iir[l;am, Reduced mortality

References:



rSARS-CoV-Urbani- 6-8-week-old 1.2x10¢ PFU 21 SARS-CoV MA15, 105 No mortality, reduced weight loss,
A[6-9b] Envelope BALB/c mice ] PFU reduced lung pathology
(SAI,{S-COV Urbani protein deletion } SARS-CoV Urbani, . [29]
with ORF6-9b hACE2-Tg mice 1.2x104PFU 21 Reduced mortality
deletion) 1.2x10*PFU
6-week-old BALB/c 6x10°PFU 21 SARS-CoV MA15, 105 No mortality, no weight loss, reduced
mice PFU vural titer, no detectable virus at 4 dpi
No mortality, no weight loss, reduced
12-month-old 6x10°PFU 21 SARS-CoV MA15, 105 vural titer, no detectable virus at 4 dpi,
BALB/c mice PFU highly reduced lung pathology and
inflammation
Envelope 18-month-old s SARS-CoV MA15, 105 . .
SARS-CoV MA15 protein deletion BALB/c mice 6x10°PFU 21 PFU No mortality or weight loss [24]
No weight loss, reduced lung viral titer,
- -old BALB ARS- A15,10°
6 WeEkrEi(:e fe 6x103PFU 66 SARS COI:;II\;I 510 no detectable virus at 4 dpi, reduced
lung inflammation and pathology
No weight loss, reduced lung viral titer,
12- h-ol ARS-CoV MAT15, 10°
B AT;;:m?Cj 6x103 PFU 66 SARS COPFlltT/I 5 10 no detectable virus at 4 dpi, reduced
lung inflammation and pathology
— - - — 5
SARS-CoV MA15 Envek};e A= 6 Weekrili‘:eBALB/ € 6x103PFU 21 SARS COIXF?AB’ 10 No mortality, no weight loss [26]
Envelope Ad46— 6-week-old BALB ARS-CoV MAT15, 10°
SARS-CoVMA15 0 DF o brwee noli‘:e € eamprU 21 SARS COPFII\;[ > 10 No mortality, no weight loss [26]
Envelope:
534, 6-week-old BALB/c SARS-CoV MAT15, 10°
SARS-CoV MA15 V5L, . 6x10°PFU 21 ’ No mortality, no weight loss [26]
T9A mice PFU
T11A
- - - 5
SARS-CoVMAI5  NSP1A122-130 ° “];ilgBo/lcd Ifﬁzale 6x103PFU 21 SARS COIXE?J/IAB’ 10 No mortality, no weight loss [18]
4-week-old male 5x105 PFU MHV-A59, 2x107 PFU, No mortality, no weight loss, no liver
MHV-A59 NSP14 D330A C57BL/6 mice subcutaneous 30 intrahepatic pathology, smaller serum ALT increase [29]




B B . 3 . ; . .
MEV-A59 NSP14 YA14A 4-week-old @ale 5x105PFU 30 MHV A59, 2><1(? PFU, No mortality, no weight loss, 1.10 liver [29]
C57BL/6 mice subcutaneous intrahepatic pathology, smaller serum ALT increase
- - 4 - 4 1 1
MHV-A59 NSP15 H262A 6-week olfi . 6x10 ?FU 30 MHY A59, §><1O PFU,  Noliver pa'tho'logy, no detectable virus [39]
C57BL/6 mice intraperitoneal intraperitoneal in liver or spleen
10-20-week-old No mortality, reduced weight loss,
ERS- Al, 106
MERS-CoV EMC NSP16 D130A Dpp4 288-330++ 106 PFU 28 MERS C;;/UM 10 reduced lung viral titers, no lung [43]
mice pathology in most animals
10-week-old SARS-CoV MAT15, 10° , .
5
BALB/c mice 105 PFU 28 PFU No mortality, reduced weight loss
SARS-CoV MA15
SARS-CoV MA15 NSP16 D130A 10-week—qld 105 PFU 28 expressing SHC014—COV— No We%ght l.oss, no lung patholo.gy, no [45,46]
BALB/c mice derived spike gene, 10° live virus in lungs at 4 dpi
PFU
12-month-old SARS-CoV MA15, 10° _ . L
BALB/c mice 100 PFU 28 PFU No mortality, no viral replication
NSP16:
Kd>A PEDV icPC22A, 10° PFU No mortality, most animals were
PEDV PC22A D129A 4-days-old piglets 100 PFU, oral 21 ’ ' a/ity, most anima [44]
oral protected from symptoms
K169A
E202A
; ) } . . ; .
10-week-old female 10-10° PFU ” SARS-CoV MA15, 10 No weight loss, virus not.detectable in
BALB/c PFU lungs at 4 dpi
RS 10-week-old female 10>-10° PFU 22 SARS-CoV e.xpresimg Virus not detectable in lungs at 4 dpi
SARS-CoV Urbani replacement BALB/c HCSZ6103 spike, 106 PFU [56]
(ACGAAC to 12-month-old 10-10° PFU ” SARS-CoV MA15, 106 No weight loss, virus not detectable in
CCGGAU)  female BALB/c mice PFU lungs at 4 dpi
12-month-old 107-10° PFU ” SARS-CoV expressing No weight loss, virus not detectable in
female BALB/c mice HCSZ6103 spike, 10° PFU lungs at 4 dpi
TRS
replacement 12-month-old X SARS-CoV MA15, 105 . L .
SARS-CoV MA15 (ACGAACto female BALB/c mice 3,16x102PFU 22 PFU No mortality, no significant weight loss [56]
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