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LER

oo )y AN ZAEGYEO BIEEE CEIE(L ) 27 Db 2 BEDRFICIE. 7 A4 )V ARRRIAHE
BRAVONTEY, HEEOFHZ LT 2ERY A VAORAEDRZIN TS, HEEOBFICH
BERITTREEDOH 27 1V BERIIZEMEINTE Y, TNODOREFAEZT ) LY —_4 TV
A K o TR L. BRI~ OB LRG3 2 2 L 3. AR OM AN IcE W CRERAMA L &
%, RLFR—FTiE, HAREMNCTHRIEEIL X 1L PathoGenS (Pathogen Genomic data collection
System) 1C &k X N B G TRAMER O 2 5 2 v, BIREHNCEEL w3 YA A2 T 2
B, PURBREE L 1Y A VA ONRIHE 2 LT T2 3l L 72, 7272 L. 7 3/ BRiEHLA
B oThH, ZOEMEBLT L HIREREOMRICGEEZ KZE WG 0d 5 2 Lt BEGZHENT
»H5,

2. PR

2- 1 iR EROMNRICHE L5 X 2FREED H 5 7 I BB IC DWW T
ENCREA & LT 2 PURIARER~OBIEN R BN ER I NS E 40T I/ BiERIE, 24 7%V
NIBOL R TR —FESGICBEDIEICH Y UTObOBE TN,

+ Casirivimab
(336", C3617, K417"2, Y4532, | 45572 FA562, 147212, A475% G476'2, C480", E484'2, G485, F486'2,
N487'2, Y4892, Q4932
+ Imdevimab
C3617, N439™2, N440'2, S44372, K444'2 V445'2, G446"2, G447, N448"2, N4502, P499'2, P507"
- Sotrovimab
(3363, P337"3, E340"3, T3453, R346* K356'"3, 13583, C3613, Y365"3, Y3693 53713
- Tixagevimab
14725, A475"°, G476">, G485™>, F486™>, N487'°, Y489">
+ Cilgavimab
(336, R346"°, C3617, E406°, Q409", S4437, K444'°, V445°, G446">, G447">, N448'°, YA449°, N450",
P463", S494°

2-2EN RS hT7 3 ) BiER

LN, 2N Z N 0ZEmA 58 % RIT T EREO LM 2 1 HIN JNICEE 3. K1 ISR L 2R o 16 HEfH
(2026 455 15 H~2026 4E55 30 3, 2026 4F 8 H 25 HEFA R « BE) ICEN RIS /5 385 ¢F
DR D ERHTIZ. R346[Sotrovimab & Cilgavimab]. K444[Imdevimab & Cilgavimab]¥ X 8
N487[Casirivimab & Tixagevimab]® 7 3 / BB SWHE A I S vz, Z oftoEIRIZ. chbo%
#7270 BA3.2 it (2022 FE 1Tl L7z BA3 Rffisk) OEIAAML 72 2 & e, Rk
(2025 4F5 51 ~2026 455 14 3) Tlds L% 80% LA ETRR® b Tz, SHIRTIE 10-75%~
IR L7,



—7i. B2 1R L7 RIAMGET CEEEF S 7z 8 AT (2025 455 27 i ~2026 455 30 18, 2026 4 8
A 25 HRF &R : BE) oEBicswTid, 2hboiEan% 227\ BA3.2 R OE G 2388
L7z Z &t AR (2025 4255 51 ~2026 55 14 8) Tlk 80% U L TR b T - K EiD
BHEIA . SHRITIX 16-67%~ KT L 7z,

3.y ARE
-1V ANAREOHRICHEELE X 2VRELEDO B 52 7 I/ BEBRIEIICOWT
FEN TSN TV I T AV AE~OBENRFEENER I N ERT I/ BEKIZ. nsp5 5 \»
I nspl2 HfLicH b, LTodbonEFohns,

nsp5 ICEHEDS A B LT A L 3K

+ Nirmatrelvir
T216°14 T25™5, C44'5, S46'6, M49717, | 506891417-27 p5215 Y54102328 K909, P108°76, T135'6, G138%,
F140'6 N1421129 (14316 §144612141617223031 16016 H1631532 H164'6 M165'630 E16668-1214
17,1922,2327,29303334 | 167192831 p16g233335 T16Q161736 |{1721016173037 7173691635 p18431 \/18616,
R188'%26, Q18962933 A19116, Q1927617.23.28-30 A19316 A19428, | 23272, D248'6, A260'6, V29716, P2526,
S30123, T3046°1838 F30528

- Ensitrelvir
F831I T217’8’13’14’31, 62339’40, T2515,23,41,4ZI C4415, T4535’40, D4835’40_42, M497’17’23’34’35’41_43, L506’8’14’17’22,
P5215’41’42, Y5423’28, L5731I G143S40, 51446,14,17,22,23,31,34,35,41,42[ H1631SI H16415’ M16523, E1668’14’15’17’19’23’34’43,
L167'9283143 p1682335, T169"7, H172"7, P184%1, R188%0, Q192172328

nsp12 ICEHEDS A BT Y A L R HE

- Remdesivir

E136%, V166%°, N198%°, P323%°, A376, F480%, V5574°, S759%47, \/792364548-50 \7944950, E796%C,
C799%°0, E802°"°2, T803%

* Molnupiravir
WS 2 N

-2ENCTRINEI AT I BER

¥ 3 1R L7250 16 A (2026 455 15 3l ~2026 4E55 3038, 2026 4 8 A 25 HEFSER + &
) DEFFTIX. Nirmatrelvir DZIRICHE % KIT T HREME D H 2 B, nsp5 © K90 D2 62-85%
DEIGTHD b7z, K90 IX P132 & A285 L [RIFFIC T I /7 EIEAAHE Z 2 C L1 X U Nirmatrelvir D%
RICHEZRITTHOTH Y, KO ORIMDT I 7 EEHL TPy A V 2RI E 2 JITE nwl &
DIMEIN TS 3, 2o EFIF, K0 &% b D BA3.2 R4 (2022 FEI1cik L7z BA3 BifiHk) o
HEBBEML-cLick2 b0 EZH6N%, KOO DEHICOWTIZ, M4 1R L7z 8 HEA ORI



WD ERE (2025 F5 27 FH~2026 4£55 30 8, 2026 4 8 H 25 HEFfHE : ¥E) TH T L ERT
%77,

—77. Remdesivir DFRICHFEZ KITTAREMED H 2 B, nsp12 @ P323 Di&E#lE, 100%ICiT Y
4»xf@ﬁéht@\%BMVMG&EMCTi/ME@ﬁEC%CkKlO%m@ﬂh@%%ﬁ
WERRITT LA MESINTE Y, P23 0O T I/ BEIEHRCIIPIY 4 VAR ICEE L RIT X
mWEEZ b S,

4. BER

KL FE— MCEEINAET I BERIZ., YAV REEFORERENEK L 7o T, 7 4L 2RDOFUE
BERCTT AN AE~DRBRZHIHEELZRIZTODTH S, LrL, VAL RABLETFOEMOER

L. EANRPEICX > THAEROEF~DRIIZ(T 2REER D 2 2 L2 0, SHRINLDT 3
J BB DM AT S 2 AIREEDS B B, it:n6®7:/M%%%%om&®v4»xﬁ£W*
AN DM % b > TV 25 89 2. BB F v 72w 4 v 2 BE5EIH e PRS0 HIE I X -
THERINZLE LD Y, LT LIERICETEELZRKITT IRV L :%m%?ﬁwé%if%

55

5.7 7 LT DHER

FlEfeE N RFOMARME . 2 O x R R R T E 7> T 5,

2026 4F 2 ALIFEIZ NB.1.8.1 ik 8 o 2 EA& ER L. XFG R L RE0EEE Ho T3,
BA.3.2 %k, PQ16.1.1 Rt d —HEIcEI S ER L7228, 7 ALK TR TH 5,

(2026 4F 8 A 18 HITE).

MLF R, LP &5 0 INT RO H R
XFG %% LF.7 245 & LP.8.1.2 2 DfHa 2 {4k
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0% 100%
2 o 2 5 o
21-22 2324 25-26 27-28 29-30 [F3 N g & &
wk wk wk wk wk © = @ ~ ©
€336 0 0 0 0 0 0 0 0 . . .
P337 0 0 ] 0 0 0 ] 0 .
E340 0 0 ] 0 0 0 ] 0 .
T345 0 0 ] 0 0 0 ] 0 .
R346 0 0 9.09 0 9.62 0 7.14 0 . .
K356 4231 | 37.25 | 36.36 | 33.33 | 30.77 | 35.56 | 22.86 | 35.19 .
1358 0 0 0 0 0 0 0 0 .
. C361 0 0 0 0 0 0 0 0 . . . .
I Y365 0 0 0 0 0 0 0 0 °
= Y369 0 0 0 0 0 0 0 0 .
i S371 3462 | 29.41 | 31.82 | 23.08 | 25.00 | 2444 | 857 | 22.22 .
I E406 0 0 0 0 0 0 ] 0 .
£ Q409 0 0 0 0 0 0 0 0 o
) Ka17 3846 | 33.33 | 36.36 | 2564 | 25.00 | 3111 | 12.86 | 25.93 .
m N439 0 0 0 0 0 0 0 0 .
g N440 .
tf 5443 0 0 0 0 0 0 0 0 . .
3 Kad4 0 0 9.09 0 9.62 0 0 0 P P
& V445 . N
ﬁ G446 . N
ﬁrlf G447 0 0 0 0 0 0 0 0 0 °
EN N448 0 0 0 0 0 0 0 0 . .
Yl Y449 0 0 0 0 0 0 0 0 .
ﬁ N450 2885 | 2549 | 27.27 | 23.08 | 21.15 | 17.78 | 12.86 | 22.22 . .
B Y453 0 0 0 0 0 0 ] 0 .
) [455 2885 | 2549 | 27.27 | 23.08 | 21.15 | 17.78 | 12.86 | 22.22 .
[ F456 28.85 | 2549 | 27.27 | 23.08 | 21.15 | 17.78 | 12.86 | 22.22 .
5 P463 0 0 0 0 0 0 0 0 .
JI:IJ-I 1472 0 0 0 0 0 0 0 0 . .
% A4T5 0 0 0 0 0 0 0 0 . .
i G476 0 0 ] 0 0 0 0 0 0 .
- C480 0 0 0 0 0 0 0 0 .
% E484 .
0 G485 0 0 0 0 0 0 0 0 . .
F486 2885 | 2549 | 27.27 | 23.08 | 21.15 | 17.78 | 12.86 | 22.22 . .
NABT 0 0 9.09 0 7.69 0 ] 0 . .
Y489 0 0 0 0 0 0 0 0 . .
Q493 28.85 | 2549 | 27.27 | 23.08 | 19.23 | 17.78 | 10.00 | 20.37 .
5494 0 0 0 0 0 0 0 0 .
P499 0 0 ] 0 0 0 ] 0 .
P507 0 0 0 0 0 0 0 0 0
# of Sequences 52 51 22 39 52 45 70 54
100-
L]
8 75-
g
g 50 o2 51
Hé - .
% 25_ .
. =
E1. MEEREOMRICHEELRIZTAREEL»H D7 I/ BEROE : 2 BEO#E (2026 £5
15 B~2026 £ 30 &)
PURIRESE O Zh R I EE A AT T TREME DS B 2 B3, BA3.2 R DBAMICE 10-75%~ LK F L

7z, Sotrovimab & Cilgavimab IZX13" % R346 i&#4, Imdevimab & Cilgavimab 12432 K444 i&Efis X
X Casirivimab & Tixagevimab I1Z 53" 2 N487 EH#a73580 & 7z,

ARESIEYE SOk P

HIZh IR I

»;-EI/

- =

B RITT RSS2 T
522 LIERGT. FEEOT

4

]

I BRiEH T @ TR,
L/ REIRIC X 2 HANWLHED BB I N TR,

IhoDBEHIIHAT LD ERIK

XX 2026 4F 8 H 25 HIf S CTD PathoGenS #it57 — % (&) <9,




AR IE 2026 4F55 158 (2026/4/6) ~2026 455 30 3 (2026/7/26) T,



# of Sequences

1,250-

625-

0% 100 %
£
= = = 7 =
s @ =] L]
43-50 51-6 T7-14 15-22 K E‘? g £ -._éi':
wk wk wk wk © = @ = d
C33e 0 0 0 0 0 0 0 . . .
P337 0 0 0 0 0 0 0 .
E340 0 0 0 0 0 0 0 .
T345 0 0 0 0 0 0 0 .
R346 5.67 0 0 7.25 5.38 0 6.33 . .
K356 9559  97.07 9462  93.91  85.30 37.80 | 30.32 .
1358 0 0 0 0 0 0 0 .
_ C361 0 0 0 0 0 0 0 . . . .
s Y365 0 0 0 0 0 0 0 °
= Y369 0 0 0 0 0 0 0 .
i S371 94.40 9561 91.67 9246  8LT2 29.88 19.00 .
g E406 0 0 0 0 0 .
& Q409 0 0 .
n 9524  96.88 9435 9449  83.15 .
S .
@ 99.86  99.67  99.73  98.84  92.11 .
B 0 0 0 . .
= 0 0 0 . .
3 9944  97.81  98.66  98.55  92.11 . .
B 99.86  99.67  99.73  98.84  92.11 . .
F‘f‘{ 0 0 . .
EN N448 0 0 0 0 0 0 0 . .
W 0 0 0 0 0 0 0 .
% 99.86  99.67  99.73  98.26  83.51 18.10 . .
F4 0 L]
P 99.86  99.60 99.46  98.26  83.87 18.10 .
[} 99.86  99.67 99.73  98.26  83.87 18.10 .
5 0 0 0 0 0 0 0 .
#j 1472 0 0 0 0 0 0 0 o o
T A4TS 0 0 0 0 0 0 0 . .
1S G476 0 0 0 0 0 0 0 o o
ke C480 0 0 0 0 0 0 0 .
=z 99.86  99.67  99.73  98.84  92.11 .
(] [ ] L ]
99.86  99.67 99.73  98.26  83.87 . .
N487 0 0 0 0 ° °
Y489 0 0 0 0 0 . °
Q493 99.65 99.53 9973  98.26  83.87 [PELFF 16.29 .
5494 0 0 0 0 0 0 0 .
P499 0 0 0 0 0 0 0 .
P507 0 0 0 0 0 0 0 .
i of Sequences | 1,428 1,504 372 345 279 164 221
2,500-
1,875-
1428 1,504

32 245 70
0- e

2, MFEEEOMRICEELZRIZTIREELNHZ 7 I/ BEROEE : 8 BEMOIER (2025 F£5
27 5B~2026 %5 30 @)

ATHAR (2025 455 51 8~2026 55 14 8) 2> 551 2 Hi 2. Sotrovimab & Cilgavimab 12X 3 2 R346
BIEPRD bNTz, ZOMDT I BEHIT. D OEEDSL { Rz BA3.2 RO EI SN
L7z &, 16-67%~ &K T L 7=,
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3. MYVMNREOMRICHELZRIFTAHELH ST I/ BEROEE : 2 BEDIHERE (2026 F5
15 i8~2026 &5 30 @)

Nirmatrelvir IZX§ 3" 2 nsp5 @ K90 3588 b7z, K90 1% P132 & A285 & [FIRFIC 7 I / FEiE s
T 2% Z &1 XY Nirmatrelvir OFNRICGEE L KITTHDOTH Y, KO D HD T I/ BiEciIfiy
ANZNRIGEEERIT I R EAME I N TS B3, ZoMix, K0 @z b2 BA3.2 RitDHEl
HoEMcES> b eEZ LN, 72, Remdesivir ICXf3 2 nsp12 @ P323 13 V166 & [FIFICT I/
FRIEHAASEE Z 5 Z &1 X Y Remdesivir DRIRICHE 2 KITT T Lhx#E TN TH Y, P23 DHilin T
I BBEBTIII Y AN A RICGEEZ RKIT I R FEZ b D 5,

L7 AN IO RICHE R ST RS D 27 1V BRERZ@ TR, b DERIINT LD
BRI I B2 52 2 L RIBO T, 28807 I 7 BEHRIC X 2EANREELZBEIh vk
Vg
MM #E I 2026 4 8 H 25 HEFS TD PathoGenS it 7 — % (&) T,

XA X 2026 4F55 1538 (2026/4/6) ~2026 455 30 3 (2026/7/26) T,

¥nsp5 @ F8, P108, G138, G143, P168, A194, D248, A260, V297, S301, F305 (& #f 13 i35 HE M @ & T
Ak X 7z,

Xnsp5 D S46, T135, V186, A193 B35 #=MNIE T b N7 MR TRRGEE X LT 7w,

¥nsp12 @ V166, N198, P323, F480, V557, S759, V792, C799 Eflx < 7 v Y — iR SCEICR#EK T LT
%
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4, MIVANZREOMRICHEELZRIFTARELGH ST I/ BREROTE : 8 BEMDIERE (2025 F
55 27 58~2026 £ 30 38)

Nirmatrelvir ICF#29° % nsp5 @ K90 & 13 5 HART S 5 2 fc & M X 4172, K90 1% P132 & A285 LAl
RRiC 7 2 BRIEHESE 2 5 Z & 1T X Y Nirmatrelvir DR ICHE L KITTHDTH Y, K0 OH o T
I BEBETIIII ANV AR EL KT S A LB I TW S B, Zolid, K90 &%
b O BA32 ZMOENGOEMICAES b LEZSLNS, 7, Remdesivir ICFZ T 5 nsp12 D P323 D
BT 100%IE WETHEFRF S LT w5, 72721, P323 13 V166 L[HEIRFICT I/ BREIRSIEZ 5 Z &I
£ Y Remdesivir DRNIRICHE Z KIFT e AMEINTH Y, P23 0o T I/ BEHE IV A
WVARNRICEE R RITE I n e E 2 LD 43,

POy AN IO RICHE R ST RS D 27 1V BRERZ@ TR, b DERIINT LD
BRI I B2 52 2 L RIBO T, $2EBO 7 I 7 BEHRIC X 2EANREELZBEIh vk
W
MM #E I 2026 4 8 H 25 HEFS TD PathoGenS it 7 — % (&) T,

MHIRATIE 2025 4R35 27 38 (2025/6/30) ~2026 455 30 8 (2026/7/26) T3,

¥ nsp5 O F8, P108, G138, G143, P168, A194, D248, A260, V297, S301, F305 & a3 fE R HE G 0 & TR
Ak X 7z,

¥nsp5 D S46, T135, V186, A193 &I FEEMINE T O L2 MR TREE T LT e,

¥nsp12 @ V166, N198, P323, F480, V557, S759, V792, C799 E#ld < 7 v Y — iR CEICRE#EK T LT
%,

12



S 3CHk

1. Cao, Y. et al. Omicron escapes the majority of existing SARS-CoV-2 neutralizing antibodies.
Nature 602, 657-663 (2022).

2. Starr, T. N. et al. Prospective mapping of viral mutations that escape antibodies used to treat
COVID-19. Science 371, 850-854 (2021).

3. Starr, T. N. et al. SARS-CoV-2 RBD antibodies that maximize breadth and resistance to escape.
Nature 597, 97-102 (2021).

4, Palomino-Cabrera, R. et al. Frequent Emergence of Resistance Mutations Following Complex

Intra-Host Genomic Dynamics in SARS-CoV-2 Patients Receiving Sotrovimab. Antimicrob. Agents
Chemother. 67, €0026623 (2023).

5. Dong, J. et al. Genetic and structural basis for SARS-CoV-2 variant neutralization by a two-
antibody cocktail. Nat Microbiol 6, 1233-1244 (2021).

6. Iketani, S. et al. Multiple pathways for SARS-CoV-2 resistance to nirmatrelvir. Nature 613, 558-
564 (2023).

7. Bouzidi, H. S. et al. Generation and evaluation of protease inhibitor-resistant SARS-CoV-2
strains. Antiviral Res. 222, 105814 (2024).

8. Duan, Y. et al. Molecular mechanisms of SARS-CoV-2 resistance to nirmatrelvir. Nature 622,
376-382 (2023).

9. Rawson, J. M. O., Donaldson, E. F., O'Rear, J. J. & Harrington, P. R. Independent FDA analyses of

nirmatrelvir/ritonavir resistance in the Phase 2/3 trials EPIC-HR and EPIC-SR. Clin. Infect. Dis.
https://doi.org/10.1093/cid/ciae615 (2024) doi:10.1093/cid/ciae615.

10. Zhao, L. et al. Potent antiviral activity of simnotrelvir against key epidemic SARS-CoV-2 variants
with a high resistance barrier. Antimicrob. Agents Chemother. 69, e0155624 (2025).

11. Neilsen, G. et al. Strategy to overcome a nirmatrelvir resistance mechanism in the SARS-CoV-2
nsp5 protease. Sci. Adv. 11, eadv8875 (2025).

12. Yurgelonis, I. et al. Analysis of ibuzatrelvir's activity against SARS-CoV-2 circulating variants and
in vitro resistance mutations. Antiviral Res. 248, 106352 (2026).

13. Chen, L. et al. SARS-CoV-2 3CLpro mutations T211 and E166A confer differential resistance to
simnotrelvir, bofutrelvir, and ensitrelvir. J. Virol. 100, 0222325 (2026).

14, Chithelen, J. et al. Cross-resistance patterns in SARS-CoV-2 against 3CL protease inhibitors. Nat.
Commun. 17, 6575 (2026).

15. Rauch, S. et al. Highly specific SARS-CoV-2 main protease (Mpro) mutations against the clinical
antiviral ensitrelvir selected in a safe, VSV-based system. Antiviral Res. 231, 105969 (2024).

16. A¥mEy kDA77 7 b v— MICRHE,

17. Tan, H., Chi, X., Deng, X. & Wang, J. Characterization of the cross-resistance of SARS-CoV-2 main

protease inhibitors, ibuzatrelvir, ensitrelvir, and nirmatrelvir. ACS Pharmacol. Transl. Sci. 9, 404-413
(2026).
18. NETE Y Fo8y 7 ARSI

13



19. Jochmans, D. et al. The Substitutions L50F, E166A, and L167F in SARS-CoV-2 3CLpro Are
Selected by a Protease Inhibitor In Vitro and Confer Resistance To Nirmatrelvir. MBio 14, 0281522

(2023).

20. Kiso, M. et al. In vitro and in vivo characterization of SARS-CoV-2 strains resistant to nirmatrelvir.
Nat. Commun. 14, 3952 (2023).

21. Zhou, Y. et al. Nirmatrelvir-resistant SARS-CoV-2 variants with high fitness in an infectious cell
culture system. Sci. Adv. 8, eadd7197 (2022).

22. Lo, C.-W. et al. Replication capacity and susceptibility of nirmatrelvir-resistant mutants to next-
generation Mpro inhibitors in a SARS-CoV-2 replicon system. Antiviral Res. 231, 106022 (2024).

23. Zhang, L. et al. Resistance mechanisms of SARS-CoV-2 3CLpro to the non-covalent inhibitor
WU-04. Cell Discov. 10, 40 (2024).

24. Jadhav, P. et al. Design of quinoline SARS-CoV-2 papain-like protease inhibitors as oral antiviral
drug candidates. Nat. Commun. 16, 1604 (2025).

25. Detomasi, T. C. et al. Structure-based discovery of highly bioavailable, covalent, broad-spectrum
coronavirus MPro inhibitors with potent in vivo efficacy. Sci. Adv. 11, eadt7836 (2025).

26. Ma, Y. et al. A luminescent attenuated SARS-CoV-2 for the identification and validation of drug-
resistant mutants. J. Virol. e0082125 (2025).

27. Cai, Z. et al. Structure-based design of covalent SARS-CoV-2 main protease inhibitors targeting
the nirmatrelvir-resistant E166 mutants. JACS Au 6, 233-244 (2026).

28. Heilmann, E. et al. SARS-CoV-2 3CLpro mutations selected in a VSV-based system confer

resistance to nirmatrelvir, ensitrelvir, and GC376. Sci. Transl. Med. 15, eabq7360 (2023).
29. Sasi, V. M. et al. Predicting antiviral resistance mutations in SARS-CoV-2 main protease with

computational and experimental screening. Biochemistry 61, 2495-2505 (2022).

30. Hu, Y. et al. Naturally occurring mutations of SARS-CoV-2 main protease confer drug resistance
to nirmatrelvir. ACS Cent. Sci. 9, 1658-1669 (2023).

31. Costacurta, F. et al. A comprehensive study of SARS-CoV-2 main protease (Mpro) inhibitor-
resistant mutants selected in a VSV-based system. PLoS Pathog. 20, e1012522 (2024).

32. Luo, G. et al. Next-generation inhibitors of SARS-CoV-2 Mpro overcome the deficiencies of
Paxlovid. Nat. Commun. 17, 4897 (2026).

33. Le, U. N. P. et al. Glycyrrhizic acid conjugates with amino acid methyl esters target the main

protease, exhibiting antiviral activity against wild-type and nirmatrelvir-resistant SARS-CoV-2 variants.
Antiviral Res. 227, 105920 (2024).

34, Zhou, Y. et al. SARS-CoV-2 Mpro inhibitor ensitrelvir: asymmetrical cross-resistance with
nirmatrelvir and emerging resistance hotspots. Emerg. Microbes Infect. 14, 2552716 (2025).

35. Moghadasi, S. A. et al. Transmissible SARS-CoV-2 variants with resistance to clinical protease
inhibitors. Sci Adv 9, eade8778 (2023).

14



36. Nooruzzaman, M. et al. Emergence of transmissible SARS-CoV-2 variants with decreased
sensitivity to antivirals in immunocompromised patients with persistent infections. Nat. Commun. 15,
7999 (2024).

37. Clayton, J. et al. Integrative Approach to Dissect the Drug Resistance Mechanism of the H172Y
Mutation of SARS-CoV-2 Main Protease. J. Chem. Inf. Model. 63, 3521-3533 (2023).
38. Zhu, Y. et al. In vitro selection and analysis of SARS-CoV-2 nirmatrelvir resistance mutations

contributing to clinical virus resistance surveillance. Sci. Adv. 10, eadl4013 (2024).

39. Min, S. C. et al. A SARS-CoV-2 Mpro mutation conferring ensitrelvir resistance paradoxically
increases nirmatrelvir susceptibility. Nat. Commun. 16, 10737 (2025).

40. Ma, Y. et al. |dentification and characterization of a SARS-CoV-2 Mpro G23 deletion ensitrelvir-
resistant mutant. MBio 17, e0058426 (2026).

41. Uehara, T. et al. Ensitrelvir treatment-emergent amino acid substitutions in SARS-CoV-2 3CLpro
detected in the SCORPIO-SR phase 3 trial. Antiviral Res. 236, 106097 (2025).

42 V3 — N SCGE ICREHE

43. Kiso, M. et al. In vitro and in vivo characterization of SARS-CoV-2 resistance to ensitrelvir. Nat.
Commun. 14, 4231 (2023).

44, Rodriguez, L. et al. Virologic insights from the phase 3 REDPINE trial: remdesivir in renally

impaired and immunocompromised patients with COVID-19. Antimicrob. Agents Chemother. 70,
e0191225 (2026).

45, NI —IACE IR

46. Rodriguez, L. et al. SARS-CoV-2 resistance analyses from the Phase 3 PINETREE study of
remdesivir treatment in nonhospitalized participants. Antimicrob. Agents Chemother. e0123824 (2024).
47. Fernandez-Antunez, C. et al. SARS-CoV-2 remdesivir exposure leads to different evolutionary

pathways that converge in moderate levels of drug resistance. Viruses 17, 1055 (2025).

48. Hogan, J. . et al. Remdesivir Resistance in Transplant Recipients With Persistent Coronavirus
Disease 2019. Clin. Infect. Dis. 76, 342-345 (2023).
49, Iriyama, C. et al. Clinical and molecular landscape of prolonged SARS-CoV-2 infection with

resistance to remdesivir in immunocompromised patients. PNAS Nexus 4, gaf085 (2025).

50. Ichikawa, T. et al. Characterization of remdesivir resistance mutations in COVID-19 patients with
various immunosuppressive diseases. Antiviral Res. 242, 106264 (2025).

51. Gandhi, S. et al. De novo emergence of a remdesivir resistance mutation during treatment of
persistent SARS-CoV-2 infection in an immunocompromised patient: a case report. Nat. Commun. 13,
1547 (2022).

52. Szemiel, A. M. et al. In vitro selection of Remdesivir resistance suggests evolutionary
predictability of SARS-CoV-2. PLoS Pathog. 17, e1009929 (2021).
53. Yaghi, R. M. et al. An investigation of nirmatrelvir (paxlovid) resistance in SARS-CoV-2 Mpro. ACS

Bio Med Chem Au 4, 280-290 (2024).

15



54. Checkmahomed, L. et al. In Vitro Selection of Remdesivir-Resistant SARS-CoV-2 Demonstrates
High Barrier to Resistance. Antimicrob. Agents Chemother. 66, e0019822 (2022).

55. Mohammad, A., Al-Mulla, F., Wei, D.-Q. & Abubaker, J. Remdesivir MD Simulations Suggest a
More Favourable Binding to SARS-CoV-2 RNA Dependent RNA Polymerase Mutant P323L Than Wild-
Type. Biomolecules 11, (2021).

16



