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Research progress on preventive and therapeutic drugs for viruses
causing respiratory infections

ZHANG Run-ze, ZHONG Wu’

(National Engineering Research Center for the Emergency Drug, Beijing 100850, China)

Abstract: Viruses infect humans and cause diseases through respiratory transmission, which is the most
common pathogenic route for viruses. Viruses with respiratory transmission capabilities typically exhibit periodic
and seasonal epidemic characteristics. Due to the wide variety of viruses and significant differences in their
structures and life cycles, effective prevention and treatment drugs for various viruses are relatively scarce and
have limited efficacy. In recent years, significant progress has been made in the repositioning of antiviral drugs,
high-throughput screening and ligand-based drug design. This article systematically summarizes the approved
drugs for several major viruses that primarily cause respiratory infections and reviews the latest research progress
of antiviral drugs currently in clinical trials, aiming to provide a reference basis for the research and further
development of antiviral drugs.
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adenovirus, HAAV). #7 24 7 1K 955 B (SARS-CoV-2). fi
| 9% & (human bocavirus, HBoV). 1k fii /5§ # (human
metapneumovirus, HMPV) %5, It 2805 75 48 5 M A% 44
PR, 25 5 5l R B R AT« NGS5 32 2RI &L
AN & AT R R R AR LR b IR I TE R G
IEAR, 7 EE I R R SOV AR M 28 L 18 1 B 28 i
0 9 90 55 S R P JE JK G (acute lower respiratory
infections, ALRIs) JiE IR, 4 BR 9% 7 7 $0 #F 7T 2021
(Global Burden of Disease Study 2021) [ 78 i 3 T
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2024 4F 4 A R AR, 45 B B IR 2021 4 i SARS-CoV-2 5]
i 18 6 il 46 (COVID-19) Bh 4x Bk 88 2 KA
ALRIs H 2019 FF [ 56 4 fr R B 258 7 67, 72 PRI
[l 5% ALRIs 2 2 3 1 Bt RIS P9 20 T2 ff) 3 22 5 R Y

25 I T [ G B A R [ R AT 1R Ol A Bk 3
A, El TR E AN OB E &SRS REERETY
TR 53 A AN 50 58 DR 3R, A% R Rk e XU B 9 2 2P
P I 2 97 T 4 ) e 0 RS I — TS I 0 E B
2009 4 EE 04 [E 24 48 4 35 108 ZM i PR B () ALRIs
B E BT I 5 T, R 3 5 FEAREAT 4
WG RILRSV B KT % (9.9%) A7 & A7, IEV (6.6%)-
HRV (4.8%)HAAV (3.4%) 2593 53 256 15 = 10 R i %
RSVIELZ KT 22 LTI JLE, 1 IFV &KL W,
THRRANECEF N, B#F G55 K ALRIs(E R iR yT, B
B B RO FNBET (B 1D,

I i 20 P IR R 8 3 1V T K RS2 R T 0] k2
I 5 A B (R FLIR B, T IFV.RSV.SARS-CoV-2 %
W T IR NI 5, 2 TR 2 45 1 Wt 5o i e 178
BT )1 FH S it A5 1R FLA S i 24 17, TE I IR YA
J7 RIS IR T 5 R R Z BUR B AR T IR A
SCRPIEIR ST AR AT RE A8 U R 4F (1997 2% 11 HRV \HPIV
S HAAV 5595 B3 BF FCAHRT 8D, R 4 e NI J5
HH IR IR 9 5 R 8 1, 0 EE I B RN B R AU
/N, 2R LI AR N B R R, XS A I R IR
5 M DU F&, B0 55 29 T S RSN, B R B0 1A A2 .
AR S P R 3 J e B b T 2t AT g A B
F 11 A e R0 B B 1) = B HUR EE 4 (1 2) R Lt

FUiEFE, DA Xof 22 W I Je G 9 B (14 11 IR 24 0 V8 9T 42
%,
1 RERE
1.1 REREET

IFV /& IF %6 9% 5 £} (Orthomyxoviridae) 437 Bt .
B £ U RNA 3, LA 8 A RNA 1Y B A7t 5t 4 i 10 F
LA R 25 82 117, 3 MK 1 RNA 7 BUdi % RNA K
1) RNA % & B (RNA dependent RNA polymerase,
RdRp) 3 MY SR A BRI 5 1 (polymerase acidic
protein, PA) Fl17 A~ % & B 4 & A (polymerase basic
protein 1 and 2, PB1 and PB2); H % RNA 17 B 4 i #%
& M (nucleoprotein, NP) L K& 4§ A~ B¥ &5 1 ifl & &
(hemagglutinin, HA) £l ## £ % 2 &§ (neuraminidase,
NA). H, NP 5EABFIEA (PA, PB1, PB2) DL LR
B RNA L7 ¥ BOm 2 A% 5 1 2 A48 PIAN U
() RNA 15 Bt g i 25 i 25 11 1 (matrix protein 1, M1) F
FE 7 K 11 2 (matrix protein 2, M2), 3 i 85 (1 2 L FR &
T & A AR AE R NP A ML PR M0 A [F
IFV 73 9 H L L TIANT 4 F S P10 A 6] R TR A 2,
BRIV ¥k 5 % B R AT R g m AT, fE 5
YO A AR N A S B AT E A AR Rl AT
SR A UM TR TPV G S > (B IV il i Bt i
A AE A B BRI AR e 1, 5 R AR e P 1 iR R
il VR R ORI R o N T IR P U B SR ) R
I A AR AE IRURSE, /N B0 B 244 AR B e o A
(monoclonal antibody, mAb) 252t 1 T £ F= KK J& B 7
FE G PRI 7 A5 TR7 3 7 rh R 45 55 =1 2 R Y

Statistics of confirmed viral infections among ALRI inpatients of all age groups
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Figure 1 Statistics of confirmed viral infections among ALRI inpatients of all age groups. The data source is the statistics and analysis of
inpatients with ALRI in China from 2009 to 2013 by the Chinese Center for Disease Control and Prevention in 2014, ALRI: Acute lower

respiratory infection; RSV: Respiratory syncytial virus; IFV: Influenza virus; HPIV: Human parainfluenza virus; HAdV: Human adenovirus;

HBoV: Human bocavirus; HMPV: Human metapneumovirus; HCoV: Human coronavirus
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Figure 2 Summary of approved and major investigational drugs for viruses causing respiratory infections. Data source from Synapse Drug
Finder, U.S. Food & Drug Administration on May 15, 2025. NA: Neuraminidase; HA: Hemagglutinin; RdRp: RNA dependent RNA poly-
merase; 3CLpro: 3C-like protease; mAb: Monoclonal antibody; NDA/BLA: New drug application/biologics license application

H 1968 4 3 [H 1% i 24 i i B & ¥ ") (Food and Drug
Administration, FDA) #L1E & WIGE & H T IFV & G697
ZJa, A LA 11 FhOAS [F) SR R B 2 SR
(£ 1).

12 EMRRRSHY

1.2.1 BPR3P0128 BPR3P0128 (K3, 1) /& —FhLLig
Wbk A BEAZ 18 1 RARp #1041 770, A F 7 38 3 DA 1)
B 5 5 1 4 B S 7AR 0R Dg R Al PR A4 AR K R R T
IFV ¥ ik J57% (large-scale anti-influenza virus cell-
based assay), X 7> L 2 TN A AN T

Table 1 Approved antiviral drugs against influenza

& Wi AT BEALR 3%, 7 € B Sk 16 &4 CSV0C019002
(EC,,=4.27 umol-L", A/WSN/33) X} I RL A1 2 R TFV B
A —ERIENEYE . JEX X — R G RAT R RO R
W50 S S R ARAL, e 2058 L IRV S 30 2 25 141 45
M. G B 200 M E 9, i€ BPR3P0128
A AR IFV 178 ", 5 2 IFV 284 i 0 1
FUAH LG B B B A 454 . R A/ZWSN/33 B kit
171 78 R B BPR3P0O128 A K 4 I #1351 (EC,, =
0.083 £ 0.022 umol-L", A/WSN/33), HJ fit /& i i # [
PB2 7. &40 IFV 1) “ F AL G S Um B EH . £E

Antiviral drug Approved year

Summary

M2 ion channel blocker

Amantadine 1968 (USA), 1985 (China)

Inhibit the conduction of proton through ion channels, prevent the process of virus RNA

unpacking and releasing, and block the viral replication process; only effective against

Rimantadine 1993 (USA), 2001 (China)
clinical use

Neuraminidase inhibitor

Zanamivir 1999 (USA), 2009 (China)
Oseltamivir 1999 (USA), 2001 (China)
Peramivir 2010 (Japan), 2013 (China)
Laninamivir 2010 (Japan) influenza virus

Hemagglutinin inhibitor

Arbidol 1993 (Russia), 2006 (China)

influenza A; poor tolerance and serious drug resistance; no longer recommended for

Block the release and spread of progeny virus particles from the host cells to infect the
surrounding cells; only effective against influenza A and B; well-tolerated with certain
drug resistance but no cross—resistance; core medication for the current treatment of

Prevent the membrane fusion of the virus with the host cell; effective against influenza A

and B and shows in vitro activity against some other viruses; few side effects; high safety

and is less likely to develop drug resistance

RNA dependent RNA polymerase inhibitor

2014 (Japan), 2020 (China)
2018 (Japan), 2021 (China)
2025 (China)

2025 (China)

Favipiravir
Baloxavir marboxil
Suraxavir marboxil
Onradivir

Block the process of virus replication; only effective against influenza A and B but are
effective against strains resistant to neuraminidase inhibitors; high safety and well-
tolerated; certain broad-spectrum antiviral characteristics
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Figure 3 The structures of BPR3P0128 and ZSP1273

1.2.2  CC-42344 iz AT 45259 kK P &+
A (structure-based drug discovery platform technology)
RILT —Fp A8 ¥ PB2 # i 71) CC-423441"7, 4k #1512 56
F W HT AT R M AL TPV B A R AR 0 g
P, B HTALT IO RAER B B, AH R GE R D .

1.2.3 BhidbE  #5 IFV 36k ORI B R H I
PR AT 25 245 10320 T 7 AR T 24 1, DA X — [ /L 2
e kg GHHLHI P IEV 2590 AN Wi 3. i i ox v =k
AP VX-787 FAT A MIRAL, 15 MEBE R 1) 6 AL 5] AR
NS T 5B KEE & DS ISR 78 B 2% M| R 3R
SN FBGE TS B B R, 15 3 S
f) B AL TRV PA #4157 ZSP1273 (&1 3, 2), X 4 & it
FU9, WS R BN B B L e SR A VX-787
R BH A 243 UG iz =5 B A B I B H R IRV SRS B S
P (1C,,= 0.562 = 0.116 nmol-L™), XF 1 B IFV % Fh &tk
Py ELAG ) A 0, B A =5 R B D T e 24 R A
(EC,,= 0.012~0.063 nmol-L™)"™, {F A1 5k PB2 4l
FZ 2P AN T B 7 IFV 5 & B PB2 0 3% (19 115 R 2=
F1, 5 AR 250 I 26 1 ) . 45 e I R IR
6 BE TR e B AL 45 25 ) B, TR IR PR 1156 45 2R
AT JE SE RS Bl T AR I8, 5 4 b 33 4 45 01
1) PB2 #E s ML L 5 35 1) S RE R 2% i AIs 25 77 B e
JINEIHEI 22 A, OB IRV B GRI897 STUE ) S8 1E
259, 202545 H 22 H, 1 285 25 & i th 5 3R 43 [
A 2 i B B R v b, 3 T RN Al
IRV B 1R TT -

1.2.4  AL-794 AL-794 5% JNJ-64155806 1t &
ALS-033719 (1) 1 il T 24, 68 B8 1\ IFV 2 & B 1) PA
W FE R FEINRIE R, SRR AR IFV A EA . 2018
SEFFRE T — T AL-794 2580 J1 50 R e A LA
S 52 (1 R R 56, AL-794 5 H PV 4s T 200 Z 70
7 & (200 mg BID) HE %1k 3 ALS-033719 [ 25 #2

B, REDU R RO BN 2 VT 2P0 IR PR IR T
T2 BB —, AN M2 55 1 HRE A /N, (H
£ 200 mg BID 7 & T SL A 2% 2 #5 HLif 52 1 v %52,
1B F LR 350 o 2238 70 B, % 25 B UL IFV
YL A 9T 1 B AN AT, ETE S8 B DI R 8 5 R
BB RE .

1.2.5 AVI-7100 AVI-7100 (radavirsen) +&—Fhfiz —
Tk fiée i kAR 5 4% 2 (phosphorodiamidate morpholino
oligomer, PMO) &5 #41¥12547), 1@ #E 7] IFV 51 57 4ifih M 1
FIM2 25 [ mRNA #3575 B 128 S 4 47 4, 40998 55 2
FI A . PMOs (£ 458 _F 5 DNA AL, &2 br ik
()% TR Bl 5L HL PMOs DA e b & [ 85 A% 10t S R% b, o
IR — WE L AR, AVI-7100 ¥t TR 9 945 &
FIRS TRV 2L 5 B4 8 mRNA 741, FF I8 Bk M1
M2 B S 0 B 432, % 18] 7 BHL FHL 07 368 1% 5T mRNA 1)
TR AR, — T4 X 18 & 60 % fd B N BE /) THAIG
PRARES T, 56 44 2 52 1 ANE 57 & 1) AVI-7100 #
JokE S, 25 R OR B 4 2 (B 8 mgrkg ) MOE SR
SREH—RMZIREY 8 mgke") FRWEFDNH R
UF A E R 2. B BT A S PTE TG R 58
J& A WL S PRI 78 B AIE 1% 25 M) 3t TRV IR G 1) S PR iR
1.2.6 MHAA4549A £ IFV % 1FH mAb 259t H
BT PR T ROR, MHAA4549A JE 4T IFV 1gG1 A
JEAL mADb 254, 38 5 ¥ 5] TFV T s B AR <7 R HA 35 55
[X (stalk region) SEILXF IFV [ A1/E ™. 2016 47
Ji& ) LA PR B 3k 79 T AL S U 2 Tt 51 ) B
BRI B S E T, T (g R R T A R X ) e Y
Sl 58 B N A eV T I S . 4
R XAYBA R U H) 2 A R 52 2, BRIk
SR YGTEAR R N R 22 A 58, T 2 Ve 5, BLAS RROBE
REBWCET . ZAMEME A REES N 23K, B
IR 24 T 7 5 Y B FR, LG BH BT 2R Al A R BT AR AR
) 40 A 3 I 4R e 22 /E H (antibody-dependent cell-
mediated cytotoxicity, ADCC)™, IIa #1Ifi PR 124 56 i i
F K S Z 206 9T S s B Bl IRV H3N2 0 4 R &
NI AT RO AT R, I8 B A B IR RRE IR
95 J AN PR EUHE 55 5 T A3 A iR 2 I e (1 32 60, 9T
F B SR 2 1 R4, TEAYIAH O™ A R R BB 24
FAF, AR . A& 3.6 g [ MHAA4549A
AR SR PR B 1, B R d R (98%~
100%) ~ 22 i i AR REAR Y B R IR PR VR T BEE TRV &
oA B J8 3 B AT Bk = A R 7 i, TE 25 I R X5
B BB I > 1) E S N FEURE, A 2R A7 770 2 A0 i IR
S A AR R . B RER S HARE HALHI 25
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e A AVTAS ik 1R FH 3802 A2 H A 2900 R 1
FH SR &, AEREE R b 5 — 1 F AL 24 7 K 458 T
AR IR 24 1 1) R R 08 7E — o R BE b v RO B AN T
AR S 125 B T B — 2 W R AP BRI 11 ] i
2 FREERRS
2.1 MEERMREEN

RSV 72 & % 7 75 £l (Paramyxoviridae) FJ £k 14 5
B SCHA R RNARTE, B A B MR 2R
B, 10N EER LY 11 AN, AWM S 5
RN FE IS B AR 1 P EBEER T (G glycoprotein).
fill & BE 5 1 (F glycoprotein) 43 7l 47 57 1R 1) Wi B A A
A FERY . E R IAEE R RSV R GBIE R H A, 2R
MM AR A BR RSV P H2 F E B E N 2 —, 5%
PATF ) L3 G 2 24 ) L b RO R A B ) S e A
RO, NG RSV JG A5 2~8 KM AR 1, %9 )5 5l
I R U G R, T R IS AT S BN R R ) 4k
KRG . E i BT RSV R YL 2 i A (1 [ R g
I, BT LA SCREVR T BOMRE VR IT R R IR AR . Bl
O L H RSV W HE /N o T Rl e
Tk, LA HE [ RSV F 25 (A A JE mAb 1H 7 2k 541
(palivizumab), FJ & 5 bk i1 -8 B & B AN R S B 1T
ANHE S 5 RASE P Y, M Bk R U It 45 A RSV F &R A
BEL W95 2 5 1 = 0 A 5 00 R, DT BEL 1k 25 3 N\ T
F i, HETI 22k 2 B AR N S G2 LRSY
TR B . mAb 259 3 ZE R T Fp i 4E 76 57 RSV
SR, iz B AT N B ST 3 L E BT, Ak S
ot BIE VG A R, AR & Z TR (R2).
22 EHAMERES BRRSHY

TERF4L RSV 254 K36 43 LA F 8 A 0 s, 8 417
il F 8 1 BELAS 06 25 60 1555 1 = 400 S 5 3 P2 08 B Bt
I 2, 45 GS-5806.INJ-53718678 .AK0529 2,
2.2.1 GS-5806 GS-5806 (& 4,3) X4 Wi+
(presatovir) & —Ffi /)N 737 RSV $ll il 71, 8 15 $1 ) BH B
RSV F & [ 1 5 10 158 fal £ Jo 2 338 1 FEL T 3 25 1 52 1,
H X RSV B A £ 20 A 86 1F A, HF 3 EC,, =
0.43 nmol-L' P, fR#h 5256 1, 7 HEK293 2 g &

FIE RSV F & A I W5 GS-5806 % 25 [ 45 #4 1 A& 4L ik
&, K1 GS-5806 17 {E W] F £ [ ¥ 45 14 48 4k i 35 [
%, Jol I F 85 B 45 0 A8 A0S R B AS F 2 A R
EHIBY . 2020 - HF J& 1 — T4t X GS-5806 ¥4 7 i IfiL T
4 A% 1 RS RSV G I BE AL BUE 2 B 770t 1 1T
W RS, I8 25 B, 1% A WAE S B i N e
M 32 Ve R A, 5 WA RN CNIETE B0, KAERYS
LRV 2 o 545 R 53 M, 1% 251 1E Ik T8 4 Y ek
ADRE )RR A R R I R T Ak, B A R
g O 58 UG 25 ST N bR HE AL AN TE G
PR LTV, A BT R A E R B NBEITR AN
W5t

cl 5
N o
o) cl 7 '
1l
o HN-S=0 o

N
i~ QTNMQ e F%F
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HoN
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Figure 4 The structures of GS-5806, ALS-8112/ALS-8176, JNJ-
53718678 and AK-0529

2.2.2 ALS-8112/ALS-8176 A T #i&HL RSV A W 7Y
251, AR TN — R PUBE RS k% B R R 4T 1
ik, T T — RYVET LR 20 4B AL R A
HrP ol HE ALS-8112 (K4, 4)PY, ALS-8112 EHLH T
XF RSV PN B AS 6] Bk R T 1 o 23 05, Hd
B E) RSV L 8 A #0564 B 1R Vs 1, 72 B 23 BT S 3

Table 2 Approved antiviral drugs against respiratory syncytial virus (RSV)

Antiviral drug Approved year

Summary

Nucleoside analogues
Ribavirin

1986 (USA), ~1990s (China) Inhibits viral replication through multiple mechanisms; nebulized inhalation therapy in high-risk

groups or hospitalized children with RSV infection; side effects are obvious and the risk is

relatively high; not recommended for regular use

Monoclonal antibody

Palivizumab 1998 (USA)

Binds to the F (Fusion) protein on the surface of RSV, blocking its ability to fuse with the host

cell membrane and thereby preventing viral entry; prevention of severe RSV disease in high-risk

infants and children, with chronic lung disease of prematurity, or with significant congenital heart

disease; the first choice of prevention but with high cost and narrow application scope
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HROR L ALS-8112 ) 5"t = IR £ 20 (ALS-8112-TP) g
% LI 58 & BE S PE, 76 RNA A it f2 v S 8st i & 1
T S 8 PR B E . N T 2% ALS-8112 552
) IR AR BE, AR AR R I 2, 3 AR S R
PR GE TSR 1, 153 T A
ALS-8176 (4, 5) X 4 /7 K P i i (lumicitabine)™™ .
T — TR AL XU 22 B0 )98 75 B AR Y B 9T
PEAN ALS-8176 [ PRIGI7 R, 1550 Bl i H2 i 5
TN B AR IR, oV E e R B4 ) LB K R A
T, (EL BB 08 R 1 42 i) JEk L B[] 93 25 75 0K R0 45 24 B AL,
IR R . R 2 (5 K) FE48 B RE A b 22
R, 5 RILEF AN R ER 73%~88% M
PG, 203 I ARORE IR IR0 . 2 25 ) 78 I R IR 56 vh
FEBLH T 5 3 B 2 0 1 A R e B ), SR T
BT 77 B 2 24 SRS, LA T RS 245t 35 v 24 o e %
RIOHE A2, RERSERRBRLEES
(0 & B &)y )L AR FERE G 8 $0of) S8 ) R R FE IR IT AR
FH A A 2 75 36 A2 22 A 1 R B SR AT TR IR AN A
2.2.3 JNJ-53718678 INJ-53718678 (I& 4, 6) 5% —Fib
NG FIEIWESRAL AW, SR R RSV F 2 [ FH W7
B I FR A B 4 T CIEAR N T 32 40 B AT SE B B
FER®Y . 78 BEHLSUE X HE R TG R IR 5 o B IRTE A
R 7K P INJ-53718678 [ 42 4 1 it 52 4 LA [ 25 4X38)
J1ENE AT T VRN, B T A 2R3N i
XTSI Z O AT R I F A, A IR B T i 4k & e
Z WA =K T EA RUF 52 Mz R, 78
YL RSV ()L (12~24 H &%) B4R o 3E 4T 516 PR
B[R] FEAIE S T INJ-53718678 B A B I At 52 1, [7] i
REfE B 25 PR R H R N R R, B R I
FAEAL ZAEY H AT 2 AT 2 T IR R, H
FHOCHRTE /D

2.2.4 AKO0529 AKO0529 (K4, 7) & —Fl B AH AL
T eSS H I IR RSV F & (A 4061550, fg 0% 38 i 40 i) 99
51 T2 20 M 1 B sk A, BEL WS 7 3k N 40 i R S 4t
Hil. AK0529 75 20 M K~ f& I HH AL 55 1) RSV #l il 3%
P (ECy,= 3 nmol-L"), HAERL 0 & It X RSV 7 #r
VA B R FE R PR 2024 4EAE T 28 FKIE BT
J&— 152 s JBEAL OUE 22 7 R I PR R 5, BF AT
LIRS YL RSV 1) 1~24 4 H #2240 LAY
WOR . AT R4, AK0529 VAT 4H 5 R I 2
W R E TR, AR RN ARSI TR - 2
MIVE R, A RR LR AR 28U, AH 9% ¥R I 4H A I
I T RSV F 2 AN 25 58748 . 156 45 JLIE 52 AK0529
0T RE 08 PR S B B IR R AEIR | 2 3 PRI B3 4%
w=U. AK0529 75 1 N TE 24 LA IR S A

FARBL RSV 254, Foyr RORE F) v Re % S Re it — Dt
R, WNNTE T2 BEAA LA 245 22 5 W R0 7 2 BB A
2507 155

RSV B YL 22 5 J A8 A DR B it o o 43 B 1) 25 35
e R NIRIT AT KIS e R S E A R, B
RSV @i = 51 FE O 57 H 5 B8 1) 1) B 5 A7 A, R & 2
EE RGeS B & 1 B R A 84k, Wt 25 7
o 1A BP0 1) o A o () S ME P R . (R B RSV K
% A R, BRE B IR T 7 SR H EE AR T M
A R, B & 3 SR T U R 254 Ei
3 HEERFS
3.1 FMBERFSEN

1T 20 4K, e R B 1 2 IR R IRAT 51K HORE
PRAIE DA FAF, & — S B RNA 8, IR i
HIMI 92 85 (spike protein, S) 7EHL&E N IS« B &
MRS A3 48, 6 R 5 R A= = IR A 20 AR e 1) JL 36
=, IR A2 WAL 5 2. SARS-CoV-2 42 i 4R
B Pt (coronaviridae) A H 5 ¥ 26 14 5 % IR 4 RNA Btk
N A ok R Y Pa  N R Y AR S B O A =
(nucleocapsid protein, N). X £5 [1 (membrane protein,
M). LK & [ (envelope protein, E) 1S £ [ & = F# 4E
sERE A™, 3C FEEE AR (3C-like protease, 3CLpro)
FIANFR L 1 (papain-like protease, PLpro) & SARS-
CoV-2HisZ REO M Lt fEh kK EHEEEHNEA
iy, BE 8% 43 7 7E 2 IK AN [R A7 s DD % BAS [R] 1) 99 25
HEA™), 3CLpro B2 A 2 1 U1 B AL a5 A0 I & AR
()R BT PSR BTV 25 24540 11 v RO w2 — 16471,

I B £ AT DAROR 8 AR AR, 7R B A A
R E M M R R R B A, e 518 6
95 S LA RS9 HL R o 2 5 0 40 B IR T A AR S
SARS-CoV-2 ANV 3 B WP W T8 RE IR 34 2 52 1 22 45 B DA
KRR RGN IR DRE, "EHEE R S H EE
FLARIETY Bt s 5 UL VR 9T 254 = B g TH
1573 T3 T8 BRF « 32F N 4 i DA B 00 1) 253 1 52 ) S AL o R
HEYUREER, B3 10 M2 el 5 77 254 UL K
mAb 25 %) C b #E F 17 F T SARS-CoV-2 1R YT . 4 Fk
mAb Zj ) G IR AR S A, AH R T A e A A
I 0 B A BRORT 38 A8 S/ R TG 28, 35 43 AN P A FH B
BB (R 3).

3.2 7ERIR SARS-CoV-2 %54

3.2.1 PF-07817883 {E /i it SARS-CoV-2 254 4 K
2 H0P 25900 B 8 A SR N b T 25 W) AT R IE REAE
Rl PR 58, B 4 A 25 L I . e rb PF-07817883
N 4 ibuzatrelvir & A4S HhRF 43 42 s R AT S5 i AR AL 1S
2 (1) 5 Ak 3CLpro #1771, B A B 4 B £2 €
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Table 3 Approved antiviral drugs against SARS-CoV-2

Antiviral drug

Approved year

Summary

3CL protein inhibitor
Atilotrelvir/Ritonavir

Simnotrelvir/Ritonavir
Nimatrelvir/Ritonavir
Leritrelvir

Ensitrelvir

Nucleoside analogues
Molnupiravir

Remdesivir
Deuremidevir hydrobromide

Azvudine

Monoclonal antibody
Amubarvimab/Romlusevimab

Casirivimab/Imdevimab

Bamlanivimab/Etesevimab

Tixagevimab/Cilgavimab

2023 (China)
2023 (China)
2022 (EU), 2022 (China)
2023 (China)
2022 (Japan)

2021 (UK), 2022 (China)

2020 (Japan)
2023 (China)

2021 (China)

2021 (China)

2020 (EUA in USA)

2021 (EUA in USA)

2021 (EUA in USA)

Inhibit the activity of the SARS-CoV-2 3CL protease, which is essential for cleaving
viral polyproteins into functional non-structural proteins required for replication; the
target is highly conserved in the coronavirus and the development of drug resistance
is slow; most of these drugs (except ensitrelvir) are often used in combination with
CYP3A4 inhibitor ritonavir to prolong the half-life and reduce the frequency of
administration; should be used in the early stage of infection and is prone to drug
interactions

Functions as a mutagenic ribonucleoside analogue; its active form is incorporated
into viral RNA by RdRp, causing erroneous base pairing during replication and
introducing numerous mutations, ultimately leading to error catastrophe and loss of
viral infectivity; the target is relatively conservative and maintains a certain activity
against the variant strain; more antiviral advantages when used in the early stage of
viral infection; the safety still needs further verification, and there are controversies
regarding genotoxicity, etc

Monoclonal antibodies target specific epitopes, primarily on the viral spike protein;
by binding to the spike protein they neutralize the virus by blocking its attachment
to the host cell receptor and/or entry into cells; to mitigate the risk of resistance due
to viral mutations, "antibody cocktail therapy" is often employed; often used in the
early stage of infection and has a significant therapeutic effect, but are usually not
suitable for oral administration.; the mutation of the virus has produced more escape
effects, reducing or rendering the efficacy of the drugs ineffective; some monoclonal

Sotrovimab 2021 (EUA in USA)

antibody drugs have been discontinued or their authorizations have been revoked

PR AR 245 A3 0 2 o DA R e /0 I 2 A ELAE B
PF-07817883 £ IIff R V6 97 H L M A FH W i 3 Bt SARS-
CoV-2 i 75 BT 75 [ ML 25 94 B, AN 75 B2 15 41 i 2 3% P450
Pt 400 1) 700 A R FE TR 5 S, AR R 259036 97 07 £ 1
(] B 38 4 T 5 FAh 2459 B A ELAE FHEOY. PF-07817883
X 2R I 25 A5 AIE 76 K 95 B (middle east respiratory
syndrome coronavirus, MERS-CoV) 1 B & — & FJ %L
B EY S MR A 345 177 U 3 1A
A FH 45 5 % I PF-07817883 45 ¥4y v ) = 4l F JL Rk 1%
HMEANS2 RS DML &, NHEMHREERA
SR AR T B A M BT A R
3.2.2 VIR-7831 ZHALFHHL (sotrovimab, VIR-7831)
SR A SARS-CoV-2 i # S B H I N VR S BR & A G
Puik, AradE I R S B S AR G A I AR
PR e PSP B VE o 2021 4 5 F 4 36 [ #2
B 2ufd T B COVID-19 #i 3%, BRI T 2021 48
12 Akl T 12 % LL DA N 1) COVID-
1978775,
4 BRES5ERS
4.1 BRRES5ERSENT

HAAV A2 795 7 £} (Adenoviridae) fx & WL [ — Fh
XU TG AL 1Y) DNA 9% B, AR5 95 58 HA F¢ 1% 208 7%
1 G 2 B K Fok HAAV 20 9 7 M (A~G) Fi
I 100 AN L3 AT, HAAV YL {d e R Gl 51 &

PR PR32 B I PR TR, QU1 HIR 3508 R B0 I Il 3 J )
BROVH A L S H 2 R g ) L I I8 2 5] K ALRIs
B Gk k™ R G, A B N, HAd V-1~
HAAV-7 & 585 UL s 28, s HAd V-4 fIHAdV-5
TENTE AP BH M e g im0, HAAV X F )L IR 2
G e BRI D LBV B2 K, B AT R VR 97 B = 5 200
2IRTT F B, BRI AR TE 248 (cidofovir, &5,
8) L AT AR B RA — i, HIR
1BIT HAAV B 32199 25 5 1l i br e 16 7 F B
HRV #/)s RNA ¥ # £} (Picornaviridae) ) — Ff 1

(|)H
0=P-OH
H,N N
Wl/\ 9
N \[r N \/\/OH
(0]

Pleconaril, 10

Rupintrivir, 11

Figure 5 The structures of cidofovir, vapendavir, pleconaril and

rupintrivir
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SCHURE RNA R B, MR95 0 8 0 N 18 TN T 24K 1)
ANIE 3 9 A, BRI C3 A, J3 i) o 45 A 40 8] &G B 20
“F-1 (intercellular adhesion molecule 1, ICAM-1). ik %
J5 JE & 1 524 (low-density lipoprotein receptor, LDLR)
1S 6 B AR 5% K K B -3 (cadherin-related family
member 3, CDHR-3) /- 5% # # A\ 75 340 fg )9, H.
MR8 6 B 2L 10 2R IS [\ X 4 7 160 A L i
R HRV IR G N 2 J5, & 51 208 58 ik E R AR,
1 S | S FE VAR AN i S, L 8 R B A R Y
J&, HRV J# L J5 75 2 5 ) ALRIs, %t 1 58 45 B2 ity w1 ok
L 2 M4 il T <5 2 A4 i 50 5 0 1) S SR 5, HRV B 4L 1]
RE T 2T 0 7 E ) W T B RGR . & X HRV &S H
T 1 TG A AE A F B vR 9T VR B, DA TR TT B
F2 A h TR R B R G P SRS KRR, T AN 2 410 )
maEE AR
42 EHBRHEEHN

VG 248 5 2 — i it 8N AR R 2R LA, Re e
il =i IR 2 i S8R 5 % 7 DNA 45 & S EUREZL
1k, KAEMHE R EHIEH, BAl#H TPiHAV A
IT o FLIR 4 £ X R 70072 5 B i N 2 AR BE LA,
A5G 2248 T3 IR RASE FH )97 R0 B, A A 55 PR ok
DYIR TSRS T/ T2 S D™, i T HAdV DNA
SIS TE 2 40 L ) DNA SR G iy, 7E 25 Wi & A 4 )
I 15 S HIBL IR X 2540 25 T DRIk =2 ade 438 e T 7 2 7 LI
BREIEH, HHAAV ISR 2, AR A5 5 2k K 41
ZE S BUR, PURRALAR 5 2 45 ) 1 P00 55 257 DA
LB B BN . IR 1 90% Y HAV I G e
T8RN R R N2 P 1) P T B A T R R AR,
J& T H BRI B R, BRI R T
2 5 I HAAV B4 7= A2 7 51 I ARCRE IR, (1% N BRI
B AIMERF AW BN JIAS 2 o B B F I ik [R] G
+i R (clustered regularly interspaced short palindromic
repeats/single-guide RNA, CRISPR/sgRNA). # [X] 2 fiii
IEEETTEN B 4L HAAV #EATHEFE, KILFF € 7 —FfE
SR HAAV-B 4 X R A5 98 58 35 v v 2R 1 1 4
o & Bt A1 F~ (leukocyte cell adhesion molecule, ALCAM),
PEy— M AE i f i g R b R AR 7 1, 7T
A BP0 5 290 1E ) OB B 1, N R SR DU B 2
VIRIAIE R SR AT 1) LR T
43 EMMEREHN

Vapendavir (K 5, 9) F13 v B F] (pleconaril, & 3,
10) 2 7 0o 75 A 52 45 & 40 1) 770, e 0% ok BH 1B 5 75
B 1 2 20 B SE IO B, AL A IR E PRI T
X} T 9 B AT HRV B0 83 398 PR, 7] i A 0t 780 245
VEAT S5 DA LA DR TR 24 5 22 AN 20 Ji € 3% P450 g

AHEAE F &5 0] ) G B T8 B R A I 2 it
J7 i3] T HUHRY 259075 i 5 (rupintrivir, &5,
11), 9 3% 3CLpro i 717, 76 240 i1 52 3o oy, 75 ~F i
TR L T SRR O BRI, BE 0% R/ H HRV J Gy
SRS A FRET, AR BIHEAT I BE AL XUE 22 )
X B EG h, JE X 23 TR 2H 5 R 9T 40 AR ST 2
FIPE I RCR, 25 R AT 32 1 R AN R SONE R 288
K, 1% 259 7 H 00 ) B 5 35 1R E I AR B 3 PR AIC
BE MR AR IR R 2 RURIE R AT RE BT 1%
LA T A R ) B D RE, T kb BE T 50
SONE AR FAALH, FLAE A8 A EAS [R5 vh B A AR
I OR ST, A BRI FEAE FI AL 5 5 o Ah 25 Wy B 5
187 F LSBT 5400 B2 AR o
5 PHFXRAFYHEBHRSELENRELED

T AR Hh RS2 AT A AE T 75 26 G Y 77 7 ST A
T W E R, JUH R AEIR YT IFV Al SARS-CoV-2 & 4L
TTHMA R T FEEMIGKS KK LK, h A sRA =Y
Hh P B FRLAA AL S P R R BB 5 2 ) 1) EE R
W2 —, S EVF 2 3E M R S Y B HE S B A
AROEAR R o
51 ZiERUED

=l A B — R R IR B IR AR ),
HA T =i 5K B 28, FER YR I8 W R R T
o3 JER A 0 B S P ) A A U o B B R BB i
H 5 7 51-2 (heptad repeat-2, HR-2) #&— 3395 # it & 1K
F R ST o BRI 25 A4 42k, 7295 F2 b & J5 11 5 HR-1 %
R e = B AR (trimer-of-hairpins) 3K 30 5 B 5 4
PR ) R el R I R I =i 2R A S [ S
W (oleanolic acid, OA, 12). # K (betulinic acid,
BA, 13). Jll %% (echinocystic acid, EA, 14) %%, € 6] &
i ) HR-2 L3k % 3k | B X} & ” (head-to-head and
tail-to-tail) [ 7% [A] B[] 5 88 HR-2 2 [f1, 15 0§ ik 5L T
B K AR P B 2V, BRI 75 5 1 2 40 i ik 5 il RN
i 1) 22 b AL BB B N AR o F T R I =5 KA &)
3 99 % 52 18 4976 7 (ebola virus, EBOV). Iy /R 48 5 7
(marburg virus, MARV). A % %% @ [ % # (human
immunodeficiency virus, HIV) A1 H & [FV ) R I H .
R AENE . EPUIFV R b, A RE OA M AT
Y3 (B 6, 15) il 45 & IFV I & 1 HA 2514011
TAREAN R G LA R AT REE L, Y21 (E 6, 16) 2
FE 2 FUREHE 1 51N & BB SR T ) =i KPRk
B, —H BRI I TRV $) iEET
52 BREELED

KEETILERRE T TIREE (epigallocatechin gal-
late, EGCG, K 7,17) B FZH S ERFE N —FRILE
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Echinocystic acid, 14

Y21,16

Figure 6 The structures of oleanolic acid, betulinic acid, echino-
cystic acid, and anti-influenza triterpenoid lead Y3 and its photo-

crosslinking probe Y21

# (E7,18), B T kRGN, Ko Taitb&a
8 AN Moy 28 A1 HL HL A B M P A PR AT 22 51 AU AR )
WP, RS TR A O T X EGCG it IFV
SR E VEEAT R Y B2 5 B 78 R B, EGCG A EE T oAt
JLZR A G B A T SR 0P 10 T, G B
B 5 %) (40 mgkg'-d") Ag 8 £ K IFV HINT j& 4
BALB/c /)N B P39 B 2R 22 93 75 51 S 19 fili 28 AR
I e R A A7 R 07, @6 EGCG 1 F LI 7¢
R, AR08 38 B I B 0 1Y) S B A A B KL
T 5 2 b ) i G 3o AR ek 55 3 N AR T S 4 PR 1

Ae S,
EGCG it £ & Ll vl BA &K £ HT SARS-CoV-2 [
OH
OH
OH
OH O OH OH

OH

Epigallocatechin gallate, 17 Catechin, 18

Figure 7 The structures of epigallocatechin gallate and catechin

PR R, Fal o & SR A0 ) 456 8 55 1 R 1 2 AR 45 5
RE A 25 kb 5 A PE AN 1 B8 5 10 A0 M I R ok 3R
{LH 2 (angiotensin converting enzyme 2, ACE2) 521K 1]
&k M BEL BT 975 25 F IR B RN AR I FET. EGCG e 3
[F] 43 S ¥4 1K RE % £2 58 45 & SARS-CoV-2 3CLpro ) f#
TR, F0 R 22 B /K R 2, BRI 55 . Ak
SRS IE 52 EGCG fE 40 pg-mL™ 5t B K FE N 0 40 o 25
P, X695 8 3CLpro 1 3 A1E 50% LA L, 5/ G Hi i
29I 8 F RS 3 9T RIOR BRAR B R KU

53 MEENLEY

R B8 (Zanthoxylum myriacanthum var. Pubescens,
Magian) A& & [E 75 7 Hh X o 25 2 BF (B9, R 75 0 il
(Magian essential oil, MQEO) & I == B i%, 4 D/L-F7 15
15 HAA T RSP R AP A A AU AT SR
MDCK 1 A549 40 il & iFAf MQEO & D/L-F7 15 ¥ % H
B IFV (HIN1, H3N2). Z 2 IFV (B/Lee/40) 1 B =] A
F3 T 245 ¥k (PR/8-R292K) H# il £ H, A& A SE2 56k FH
BALB/c /R EAEH & IFV L EE AL, 4 5 LLEE B 45
7 (250 mg-kg™") FH 54525 (30 mg-kg™) W 7 2%
BRef 245 5 R, MR/ BRI AR A7 i E R ROE A
TR E AR L . &5 R B 7R MQEO X B8] il 55 i 24 #&
(995 25 I VE F (EC,, = 1.87 + 1.04 ug-mL™"), 44 Py 52
36 R ILHE B 45 24 D-Fr a8 00 I L-F7 48 0 43 3 /N AT
TR A 55.56% H160.00%, J677 4/ 5 4 2305 B¢
A PR IE B it 2 23 R 28 R i 3Rk o Jl e x
B AR FPLE PR ST R B, 3 24 RE A% 38 I 40 1 e B
HENTE 405 E R BORFEAE H, JRd it s
F DR A 5 K A s iE B, ) 1E TRV 5] & 1 4 0 i
BoE™,

H A, B PR 70 B0 BT 2 R 1 2 T AL
WAL BT IR R, 0P 8 1R & 07 4R 16 Ml 25 J50kL
S5 25 ¥ Al RN IR B 9 R B T R ) O B AR
Ao TR RIS H AR B A IR 5 A% O PR A E T
JERFEARSIE . B A 5 B AE GE = 2 1) IR A BT
T, YU B P2 AE DU IRV YR FUHT R A% eI B 16 7
TATIZR T AN Bl FH 2457 1) “ 25 327 IR R g
6 RES5RE

2 WP I A 398 )3 7342 5 5| S N KR IRAT (1)
B 5K 2 —, PLIFVL.SARS-CoV-2 A 3= f W I i
5y I B AR A e 0 75 J I 8] Y KRS IREA T B 22 R A
FRAFRIAT « BEIPREAL R R 20 2N LR
Wt P9 i A5 g AR 1 5 B N B I ™ B R,
T BRI G S 22 5] ™ E I IR I e L 2 R T,
X N F A B R AR R Ak A S B B K R R
A4 X 5 23 18 e R 1 PR 249 4046 T 75 SR ATD AR 45 A2
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5 G50 5 2 VB R FR FE I SCTh F AR, A E A
DL 2 I PR 259036 97 H 28 3K 1 75 oK, 75 RO 9% K0
BEATINN AL o Bl T JLAE N T fE (artificial
intelligence, AI) 442k F 38 % g, AT 40 B 25 9 ¥ it
(AT drug design, AIDD) 1F &b PR i 30F (1) 9% 4 B B,
FOR A3 JE 3 H 5 K1 PN 7E DR Bl ) 15 R 7 1 A% A
71 LA AlphaFold Y43 1 8 1 5T 45 #4 5000 5 Jin i
THE AU B0 IE R HERR, HEZ) T O AN T] B2 A
BT RIS IR R . ALZE A mVERe T VIR B AR A 20 55
WO T VE B LR IR SR T 1 4 7405 45 4 Tt
(0K FEE AN 02, A8 o UL 077 326 A0 23 1 30 ) 2 AU B T
FE, L BE G I 2 i D SR HOHE O A0 I PR 56 1K
it P il ae s D F AR . B R T R
AN 25 R HME S5 07 T ALSE Bh 259 8- A7 Bk, 15
FLAE ST+ 25 2 R0 AR AR IO 40 i T i 24 7 )
77 T BRI A OB B IR 7EIR YT 2K
L7 T, mRNA 2454 ¥ v 4008 5] 4 Jeg 0L L0 0 B R A 1)
505 BV 71, 3T 6 mRINA P T AR R AN AN AT
N BT FE A2 FTIE B T mRNA 5B AT & 1l 47
P, RS TIRIT AN AR R ATREME . TEIR YT
B RYLTT T, £F 0T IFV RSV HIV 28 4% 45 92 1 5T o 1N
HME (795 S A, DA R T 387 R 9 A e s TR RS HE TR 9T e
717& mRNA 29 [ [8 A L35 . 7588 ) ik K AR
TR VAR TS A T R A 4 A T AT A A L R
%, (H LR T R 7 0 i K B A R BB ) DA
b7 B T A AR PR M AR, AN T AR 1) i M T U

FEOOT T2 ¥ 1) TLBI A R, /N4 P03 2459
A LA L 1 ) 90 A ) L BRI % B 10 5 B -1 R AH L
TEF, JE8 2 75 e P ik 72 1 ¥ o] LLGE I /N 43 7 P 35
ZIIEAT EARERIR T, LS TR X B L 1)
YR IT AT DR ek D E R R R I ACRER . H AT BT
o EE AR LN T 3 G 25 VE 4 iR DL G SR T
PP ACR, B BT T B B AR SR A
RdRp.3CLpro 25 G H 8t [ . — LB 25 WP W JE A% 45 90 35
U1 HRV \HPIV.HAdV .HBoV fl HMPV 2511 11 5 /1 ¢
559 A I8 BOIRAT, H R0 B 2B AR AR
i, AT R RIS R I 2459 22 g o 2 SRR 4 A Bh iR
JT 45 . 4y 24 i 2454 8 e A6 SR mT DA SE I A PR
() B B B AE L, P EF 25 W0 T 4 T R
B B (B AT 7E 45 IR, 0 B OC R A B S Re e
TR E I BT SR AL, R O B AT R R
WEIE =5 & BUW B 2459 FE I R S A a8 T N SR THD0 R
RV T R R (R E RIS, B0 v 200 Rk 2 b THT %o AR R0
BRI -

1B TTEK: 5K P SIS R A S E RS B e
SCHAT BT VRARIR S AME . P 1R B BRI R
MRS AT A AEE FE IR B RK R

References

[11 Linden D, Guo-Parke H, Coyle PV, et al. Respiratory viral
infection: a potential "missing link" in the pathogenesis of
COPD [J]. Eur Respir Rev, 2019, 28: 180063.

[2] Chaw PS, Wong SWL, Cunningham S, et al. Acute lower
respiratory infections associated with respiratory syncytial virus
in children with underlying congenital heart disease: systematic
review and meta-analysis [J]. J Infect Dis, 2020, 222: S613-S619.

[3] GBD 2021 causes of death collaborators. Global burden of 288
causes of death and life expectancy decomposition in 204
countries and territories and 811 subnational locations, 1990 —
2021: a systematic analysis for the Global Burden of Disease
Study 2021 [J]. Lancet, 2024, 403: 2100-2132.

[4] Mineva GM, Purtill H, Dunne CP, et al. Impact of breastfeeding
on the incidence and severity of respiratory syncytial virus
(RSV)-associated acute lower respiratory infections in infants: a
systematic review highlighting the global relevance of primary
prevention [J]. BMJ Glob Health, 2023, 8: €009693.

[5] Shang LH, Xu JY, Cao B. Viral pneumonia in China: from
surveillance to response [J]. Lancet Public Health, 2020, 5: ¢633-
e634.

[6] Feng LZ, Li ZJ, Zhao SW, et al. Viral etiologies of hospitalized
acute lower respiratory infection patients in China, 2009-2013
[J]. PLoS One, 2014, 9: €99419.

[7] Bobrova NA, Lisenenkova ED, Avsievich ES, et al. Reassort-
ment dynamics: phylogeography and evolution of H4N9 influ-
enza viruses [J]. Pathogens, 2025, 14: 469.

[8] Bonazza S, Coutts HL, Sukumar S, et al. Identifying cellular
RNA-binding proteins during infection uncovers a role for
MKRN?2 in influenza mRNA trafficking [J]. PLoS Pathog, 2024,
20: e1012231.

[91 Bi YH, Yang J, Wang L, et al. Ecology and evolution of avian
influenza viruses [J]. Curr Biol, 2024, 34: R716-R721.

[10] Chen YL, Tang F, Cao ZC, et al. Global pattern and determinant
for interaction of seasonal influenza viruses [J]. J Infect Public
Health, 2024, 17: 1086-1094.

[11] Te Velthuis AJ, Fodor E. Influenza virus RNA polymerase:
insights into the mechanisms of viral RNA synthesis [J]. Nat Rev
Microbiol, 2016, 14: 479-493.

[12] Paules C, Subbarao K. Influenza [J]. Lancet, 2017, 390: 697-708.

[13] Principi N, Senatore L, Esposito S. Protection of young children
from influenza through universal vaccination [J]. Hum Vaccin
Immunother, 2015, 11: 2350-2358.

[14] Lederhofer J, Tsybovsky Y, Nguyen L, et al. Protective human

monoclonal antibodies target conserved sites of vulnerability on



2450 - 242224 Acta Pharmaceutica Sinica 2025, 60(8): 2440-2452

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

the underside of influenza virus neuraminidase [J]. Immunity,
2024, 57: 574-586. ¢7.

Hsu JT, Yeh JY, Lin TJ, et al. Identification of BPR3P0128 as an
inhibitor of cap-snatching activities of influenza virus [J]. Anti-
microb Agents Chemother, 2012, 56: 647-657.

Tang WF, Chang YH, Lin CC, et al. BPR3P0128, a non-
nucleoside RNA-dependent RNA polymerase inhibitor, inhibits
SARS-CoV-2 variants of concern and exerts synergistic antiviral
activity in combination with remdesivir [J]. Antimicrob Agents
Chemother, 2024, 68: ¢0095623.

Beigel JH, Nam HH, Adams PL, et al. Advances in respiratory
virus therapeutics- a meeting report from the 6th isirv antiviral
group conference [J]. Antiviral Res, 2019, 167: 45-67.

Chen XX, Ma QH, Zhao MY, et al. Preclinical study of
ZSP1273, a potent antiviral inhibitor of cap binding to the PB2
subunit of influenza a polymerase [J]. Pharmaceuticals (Basel),
2023, 16: 365.

Yang ZF, Li ZT, Zhan YQ, et al. Safety and efficacy of onradivir
in adults with acute uncomplicated influenza A infection: a
multicentre, double-blind, randomised, placebo-controlled, phase
2 trial [J]. Lancet Infect Dis, 2024, 24: 535-545.

Kakuda TN, Yogaratnam J, Rito J, et al. Phase I study on safety and
pharmacokinetics of a novel influenza endonuclease inhibitor,
AL-794 (JNJ-64155806), following single- and multiple-ascending
doses in healthy adults [J]. Antivir Ther, 2017, 23: 555-566.
Meng M, Zhang JB, Liu AH, et al. Quantitative determination
of AVI-7100 (radavirsen), a phosphorodiamidate morpholino
oligomer (PMOplus®), in human plasma using LC-MS/MS [J].
Bioanalysis, 2017, 9: 827-839.

Beigel JH, Voell J, Mufioz P, et al. Safety, tolerability, and
pharmacokinetics of radavirsen (AVI-7100), an antisense oligo-
nucleotide targeting influenza A M1/M2 translation [J]. Br J Clin
Pharmacol, 2018, 84: 25-34.

Wang YM, Wang H, Zhang Y, et al. Single-dose suraxavir
marboxil for acute uncomplicated influenza in adults and
adolescents: a multicenter, randomized, double-blind, placebo-
controlled phase 3 trial [J]. Nat Med, 2025, 31: 639-646.

Lim JJ, Deng R, Derby MA, et al. Two phase 1, randomized,
double-blind, placebo-controlled, single-ascending-dose studies
to investigate the safety, tolerability, and pharmacokinetics of an
anti-influenza a virus monoclonal antibody, MHAA4549A, in
healthy volunteers [J]. Antimicrob Agents Chemother, 2016, 60:
5437-5444.

McBride JM, Lim JJ, Burgess T, et al. Phase 2 randomized trial of
the safety and efficacy of MHAA4549A, a broadly neutralizing
monoclonal antibody, in a human influenza A virus challenge
model [J]. Antimicrob Agents Chemother, 2017, 61: e01154-17.
Gatt D, Martin I, Alfouzan R, et al. Prevention and treatment
strategies for respiratory syncytial virus (RSV) [J]. Pathogens,
2023, 12: 154.

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Li Y, Wang X, Blau DM, et al. Global, regional, and national
disease burden estimates of acute lower respiratory infections
due to respiratory syncytial virus in children younger than 5
years in 2019: a systematic analysis [J]. Lancet, 2022, 399: 2047-
2064.

Boeckh M, Englund J, Li Y, et al. Randomized controlled multi-
center trial of aerosolized ribavirin for respiratory syncytial virus
upper respiratory tract infection in hematopoietic cell transplant
recipients [J]. Clin Infect Dis, 2007, 44: 245-249.

Garegnani L, Styrmisdottir L, Roson Rodriguez P, et al. Palivi-
zumab for preventing severe respiratory syncytial virus (RSV)
infection in children [J]. Cochrane Database Syst Rev, 2021, 11:
CDO013757.

Perron M, Stray K, Kinkade A, et al. GS-5806 inhibits a broad
range of respiratory syncytial virus clinical isolates by blocking
the virus-cell fusion process [J]. Antimicrob Agents Chemother,
2015, 60: 1264-1273.

Mackman RL, Sangi M, Sperandio D, et al. Discovery of an oral
respiratory syncytial virus (RSV) fusion inhibitor (GS-5806) and
clinical proof of concept in a human RSV challenge study [J]. J
Med Chem, 2015, 58: 1630-1643.

Samuel D, Xing WM, Niedziela-Majka A, et al. GS-5806 inhibits
pre- to postfusion conformational changes of the respiratory
syncytial virus fusion protein [J]. Antimicrob Agents Chemother,
2015, 59: 7109-7112.

Chemaly RF, Dadwal SS, Bergeron A, et al. A phase 2, ran-
domized, double-blind, placebo-controlled trial of presatovir for
the treatment of respiratory syncytial virus upper respiratory
tract infection in hematopoietic-cell transplant recipients [J].
Clin Infect Dis, 2020, 71: 2777-2786.

Wang GY, Deval J, Hong J, et al. Discovery of 4’-chloromethyl-
2'-deoxy-3',5'-di-o-isobutyryl-2'-fluorocytidine (ALS-8176), a
first-in-class RSV polymerase inhibitor for treatment of human
respiratory syncytial virus infection [J]. J Med Chem, 2015, 58:
1862-1878.

Deval J, Hong J, Wang GY, et al. Molecular basis for the selec-
tive inhibition of respiratory syncytial virus RNA polymerase
by 2'-fluoro-4'-chloromethyl-cytidine triphosphate [J]. PLoS
Pathog, 2015, 11: €1004995.

Devincenzo JP, McClure MW, Symons JA, et al. Activity of oral
ALS-008176 in a respiratory syncytial virus challenge study [J].
N Engl ] Med, 2015, 373: 2048-2058.

Roymans D, Alnajjar SS, Battles MB, et al. Therapeutic efficacy
of a respiratory syncytial virus fusion inhibitor [J]. Nat Com-
mun, 2017, 8: 167.

Huntjens DRH, Ouwerkerk-Mahadevan S, Brochot A, et al.
Population pharmacokinetic modeling of JNJ-53718678, a novel
fusion inhibitor for the treatment of respiratory syncytial virus:
results from a phase I, double-blind, randomized, placebo-con-

trolled first-in-human study in healthy adult subjects [J]. Clin



R PEA 2RO RS B B 24 Tt

2451

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Pharmacokinet, 2017, 56: 1331-1342.

Martinon-Torres F, Rusch S, Huntjens D, et al. Pharmacokinetics,
safety, and antiviral effects of multiple doses of the respiratory
syncytial virus (RSV) fusion protein inhibitor, INJ-53718678, in
infants hospitalized with RSV infection: a randomized phase 1b
study [J]. Clin Infect Dis, 2020, 71: €594-e603.

Zheng XF, Gao L, Wang LS, et al. Discovery of ziresovir as a
potent, selective, and orally bioavailable respiratory syncytial
virus fusion protein inhibitor [J]. J Med Chem, 2019, 62: 6003-
6014.

Zhao SY, Shang YX, Yin Y, et al. Ziresovir in hospitalized
infants with respiratory syncytial virus infection [J]. N Engl J
Med, 2024, 391: 1096-1107.

Cui J, Li F, Shi ZL. Origin and evolution of pathogenic coronavi-
ruses [J]. Nat Rev Microbiol, 2018, 17: 181-192.

Lu RJ, Zhao X, Li J, et al. Genomic characterisation and
epidemiology of 2019 novel coronavirus: implications for virus
origins and receptor binding [J]. Lancet, 2020, 395: 565-574.
Yang HT, Rao ZH. Structural biology of SARS-CoV-2 and
implications for therapeutic development [J]. Nat Rev Microbiol,
2021, 19: 685-700.

Moustaqil M, Ollivier E, Chiu HP, et al. SARS-CoV-2 proteases
PLpro and 3CLpro cleave IRF3 and critical modulators of
inflammatory pathways (NLRP12 and TABI): implications for
disease presentation across species [J]. Emerg Microbes Infect,
2021, 10: 178-195.

Hou NK, Shuai L, Zhang LJ, et al. Development of highly potent
noncovalent inhibitors of SARS-CoV-2 3CLpro [J]. ACS Cent
Sci, 2023, 9: 217-227.

Kuang Y, Ma XD, Shen WJ, et al. Discovery of 3CLpro inhibitor
of SARS-CoV-2 main protease [J]. Future Sci OA, 2023, 9:
FSO853.

Wang MY, Zhao R, Gao LJ, et al. SARS-CoV-2: structure,
biology, and structure-based therapeutics development [J]. Front
Cell Infect Microbiol, 2020, 10: 587269.

Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus
disease 2019 in China [J]. N Engl J Med, 2020, 382: 1708-1720.
Allerton CMN, Arcari JT, Aschenbrenner LM, et al. A second-
generation oral SARS-CoV-2 main protease inhibitor clinical
candidate for the treatment of COVID-19 [J]. J Med Chem,
2024, 67: 13550-13571.

Brewitz L, Schofield CJ. Fixing the achilles heel of Pfizer's
Paxlovid for COVID-19 treatment [J]. J] Med Chem, 2024, 67:
11656-11661.

Chen P, Van Oers TJ, Arutyunova E, et al. A structural compari-
son of oral SARS-CoV-2 drug candidate ibuzatrelvir complexed
with the main protease (Mpro) of SARSR-CoV-2 and MERS-
CoV [J]. JACS Au, 2024, 4: 3217-3227.

Heo YA. Sotrovimab: first approval [J]. Drugs, 2022, 82: 477-
484.

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Grasa C, Monteagudo-Vilavedra E, Pérez-Arenas E, et al. Adeno-
virus infection in hematopoietic and solid organ paediatric trans-
plant recipients: treatment, outcomes, and use of cidofovir [J].
Microorganisms, 2023, 11: 1750.

Calzado-Dacasin C, Foronda JL, Arguelles VL, et al. Serotype
identification of human adenoviruses associated with influenza-
like illnesses in the Philippines from 2006-2012 by microneu-
tralization and molecular techniques [J]. Int J Infect Dis, 2022,
117: 326-333.

Aloraij Y, Alsheikh A, Alyousef RA, et al. Development of a
rapid immuno-based screening assay for the detection of adeno-
virus in eye infections [J]. ACS Omega, 2022, 7: 17555-17562.
Liu HB, Li QF, Xiang Y, et al. An outbreak of acute respiratory
disease caused by HAdV-55 in Beijing, China, 2020 [J]. J] Med
Virol, 2022, 94: 6111-6115.

Chen Y, Lin T, Wang CB, et al. Human adenovirus (HAdV)
infection in children with acute respiratory tract infections in
Guangzhou, China, 2010-2021: a molecular epidemiology study
[J]. World J Pediatr, 2022, 18: 545-552.

Wang JJ, Feng QY, Duan YL, et al. Human adenovirus type 4
(HAdV-4) associated acute respiratory tract infection in children
& genetic characteristics of HAdV-4 in China: a prospective mul-
ticenter study [J]. BMC Infect Dis, 2024, 24: 936.

Gopalkrishna V, Ganorkar NN, Patil PR. Identification and
molecular characterization of adenovirus types (HAdV-8, HAdV-
37, HAdV-4, HAdV-3) in an epidemic of keratoconjunctivitis
occurred in Pune, Maharashtra, Western India [J]. J] Med Virol,
2016, 88:2100-2105.

Haque E, Banik U, Monowar T, et al. Worldwide increased
prevalence of human adenovirus type 3 (HAdV-3) respiratory
infections is well correlated with heterogeneous hypervariable
regions (HVRs) of hexon [J]. PLoS One, 2018, 13: e0194516.
Siew JX, Seah XFV, Chew YR, et al. Epidemiology of adenovirus
infections and outcomes of cidofovir treatment in severely ill
children [J]. Pediatr Infect Dis J, 2020, 39: 907-913.

Conzemius R, Ganjian H, Blaas D, et al. ICAM-1 binding rhino-
viruses A89 and B14 uncoat in different endosomal compart-
ments [J]. J Virol, 2016, 90: 7934-7942.

Kim JH, Jang JY, Jang YJ. Human rhinovirus serotypes induces
different immune responses [J]. Virol J, 2021, 18: 232.
Ambrosioni J, Bridevaux PO, Aubert JD, et al. Role of rhinovirus
load in the upper respiratory tract and severity of symptoms in
lung transplant recipients [J]. J Clin Virol, 2015, 64: 1-5.
Zaleman J, Pasternak Y, Kenan D, et al. Safety of cidofovir
treatment for suspected or confirmed adenovirus infection in
immunocompetent pediatric population [J]. Pediatr Infect Dis J,
2024, 43: 198-202.

Xie YS, Mei H, Wang W, et al. ALCAM is an entry factor for
severe community acquired pneumonia-associated human adeno-

virus species B [J]. Nat Commun, 2024, 15: 10889.



2452 - 242224 Acta Pharmaceutica Sinica 2025, 60(8): 2440-2452

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

Tijsma A, Franco D, Tucker S, et al. The capsid binder vapen-
davir and the novel protease inhibitor SG85 inhibit enterovirus
71 replication [J]. Antimicrob Agents Chemother, 2014, 58:
6990-6992.

Egorova A, Kazakova E, Jahn B, et al. Novel pleconaril deriva-
tives: influence of substituents in the isoxazole and phenyl rings
on the antiviral activity against enteroviruses [J]. Eur J Med
Chem, 2020, 188: 112007.

Yuan S, Fan KY, Chen ZH, et al. Structure of the HRV-C 3C-
rupintrivir complex provides new insights for inhibitor design
[J]. Virol Sin, 2020, 35: 445-454.

Hayden FG, Turner RB, Gwaltney JM, et al. Phase II, random-
ized, double-blind, placebo-controlled studies of ruprintrivir
nasal spray 2-percent suspension for prevention and treatment of
experimentally induced rhinovirus colds in healthy volunteers
[J]. Antimicrob Agents Chemother, 2003, 47: 3907-3916.

Li YL, Wang J, Li LY, et al. Natural products of pentacyclic
triterpenoids: from discovery to heterologous biosynthesis [J].
Nat Prod Rep, 2023, 40: 1303-1353.

Yuan C, Wang JY, Wang BY, et al. Heptad repeat 1-derived N
peptide inhibitors improve broad-spectrum anti-HIV-1 activity
[J]. Curr Res Microb Sci, 2025, 8: 100364.

Polo-Megias D, Cano-Mufioz M, Berruezo AG, et al. Investigating
vulnerability of the conserved SARS-CoV-2 spike's heptad repeat
2 as target for fusion inhibitors using chimeric miniproteins [J].
Int J Biol Macromol, 2024, 262: 130132.

Yu MR, Si LL, Wang YF, et al. Discovery of pentacyclic triterpe-
noids as potential entry inhibitors of influenza viruses [J]. J Med

Chem, 2014, 57: 10058-10071.

[76]

[77]

(78]

[79]

[80]

(81]

[82]

[83]

Wang TT, Xu H, Wu SS, et al. Mechanisms underlying the
effects of the green tea polyphenol EGCG in sarcopenia preven-
tion and management [J]. J Agric Food Chem, 2023, 71: 9609-
9627.

Mou QJ, Jiang Y, Zhu LL, et al. EGCG induces f-defensin 3
against influenza A virus HIN1 by the MAPK signaling pathway
[J]. Exp Ther Med, 2020, 20: 3017-3024.

Kim M, Kim SY, Lee HW, et al. Inhibition of influenza virus
internalization by (-)-epigallocatechin-3-gallate [J]. Antiviral Res,
2013, 100: 460-472.

Chiou WC, Chen JC, Chen YT, et al. The inhibitory effects of
PGG and EGCG against the SARS-CoV-2 3C-like protease [J].
Biochem Biophys Res Commun, 2022, 591: 130-136.

Jang MS, Park YI, Cha YE, et al. Tea polyphenols EGCG and
theaflavin inhibit the activity of SARS-CoV-2 3CL-protease in
vitro [J]. Evid Based Complement Alternat Med, 2020, 2020:
5630838.

Li R, Yang JJ, Shi YX, et al. Chemical composition, antimicro-
bial and anti-inflammatory activities of the essential oil from
Magqian (Zanthoxylum myriacanthum var. Pubescens) in Xish-
uangbanna, SW China [J]. J Ethnopharmacol, 2014, 158: 43-48.
Yang JJ, Zhao L, Li R, et al. In vitro and in vivo antiviral activity
of Magqian (Zanthoxylum myriacanthum var. Pubescens) essential
oil and its major constituents against strains of influenza virus
[J]. Ind Crops Prod, 2022, 177: 114524.

Song J, Huang R, Cai J, et al. Targeted isolation of antiviral
cinnamoylphloroglucinol-terpene adducts from Cleistocalyx
operculatus by building blocks-based molecular networking

approach [J] Acta Pharm Sin B, 2024, 14: 4443-4460.



