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WE @ a RS, 7l e A2 %% 8 %% & (human immunodeficiency virus, HIV) & ™ & 2 M 9% 4 A E E W m &
2(severe acute respiratory syndrome coronavirus 2, SARS-CoV-2)% 5| & £ 44/, *f A K& B fr a3k a4 T A% R
TRAMEM. EBREHNTREL WA S KB IR TR E N Z DM S\ 40 10 J5 0 A 7 B HA R 300 o R 3.
XML EREFEBNREN, FTRIEREA LR, MEEFFER AN ELENFHERN. TakRF
ERPEABAR-—RTAECRATHERSAIRAL LR AN FEEOR SR, AT EAXERENL
- ®@ % G (envelope glycoproteins, Envs)F ) — M £ ML AMHEER, B ARECEEO T ABFEL
EABHE, ANMERELAEREN. EREENE, EAXRERRAENAENEAN T FEAWEFAER
AR X, BERAN AR FRREHNELS, HRBERZEXE AXSHE-—LUHRRLSORELRTE,
E & /)-4 7 HIV, SARS-CoV % SARS-CoV-2, & # J% & (dengue virus, DENV) X % £ J5 % (Zika virus, ZIKV)H# & &
RKAERERENNARG R AR, UREATRANSHFAFFIAREARL. KRITHE.

Kiial EREAE, AREO, RERRREA, FxmBIALRE, AEREE

IAESR, e U PR B 5 R I A s e 4t
XA ERAIE TAER O™ Uy, AR 241
PR THUX s e = e Y Har,
3R R RPN A 5 1 A 2 B B R (Food
and Drug Administration, FDA) 22 fbUE 130 & A%
B e EE R TIRIT AR S e wh e 2

(human immunodeficiency virus, HIV). /8% (in-

gov/scripts/cder/daf/). X EEHTHE EE 254 1) HAE AR
P LR FE T B G A B ) A TR R, B R R
NZ. Al BEAR. AR SR
BRI R AT A 25 BH I SRR (R 2454, AN T s
BRAENUA N I E. EOTFRIN, X5 A1
MNAFAERITEOL S A RERAEPURTEER, e B i
BEMURL R B RE VE . B2, HZizE, R

fluenza virus). & AT % i ¥ (hepatitis B virus,
HBV). AT 47 % (hepatitis C virus, HCV)F1#.40
S5 B (herpes simplex virus, HSV)ZF95 5 1B 4L
(https://www.nmpa.gov.cn/, https://www.accessdata.fda.

BRI 25K EE T LB BIAR v, JFRERS ST
F 995 B UKL 5 D) e fid,  (HL R AN BE A0 52K 25 IR etk
XA A BE Bl 3t S A R TR AR A M PR Y
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Figure 1 Mechanism comparison of conventional antiviral drugs and the protein-based virus inactivators. A: Conventional antiviral drugs only have
a function in the presence of target cells; B: protein-based virus inactivators act directly on free virions through 3 different mechanisms
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EARGURF MR DY, ZR A
“CEFPELC, AR B B S R R AR H
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HIVZ — K180 85, T2 AR Sz g, 117
2 IR G B 2 R AR AR VE fo B B 25 A Ak (ac-
quired immunodeficiency syndrome, AIDS), %)% &5t
Fro gt e LA A H AT 23545 % EFDAM#
HEMRF R EBTHIVEGY) £ 250 ML R LS DUERS
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AL E ) B HEEHH) 7 (protease  inhibitors,
PIs) LA J% % 4 g 0141 77 (integrase inhibitors, INIs)2&!",
& CATRES A PR AIDS R R ST, (HEY
5 EAEHI VIR G020 i Bl e 5 RIEAVEH, ok
SRS EE, BT A] Re i 25 R ZA% . w0
ZAFH . BRIERH ST T O ORI TS
FHILE S 75 5 B2 0 52 4 45 - 22 TR R o R0 R 1 U 9 0
B, NMROL IR 1) R A 158 1) SRR

HIV- 1R A — Fh 60 B 25 1 Env,  HofRd)
PLgp160#E £ TR B bk I8 ik, K REZ1°4850
MEIERR(E2A), 2055 H R BT Y)Y R L i 4
(gp120Flgpd 1 F i — Ak, = ANXFEM — B AR
20 e B AR I = AR (E2B). WnEI2A, K
egp 120 4EV1I~V5 JUAN T AL X AN H AR EA PR 1 X
SR, W FEAE S H 2 T A A AR S AR C DA 45 45 45
(CD4 binding-site, CD4bs)(&12B), 7L ANAHHL1)
R, Rels 52 AR DT AR K G, PS5 TEY Fgpa 1
Hi & Bk (fusion peptide, FP). Ntk E & JF4I(N-
terminal heptad repeats, NHR). Ci-tJik & & /- 41(C-
terminal heptad repeats, CHR). [ #T /5 [X (mem-
brane-proximal external region, MPER). 5% [X (trans-
membrane, TM)HIJE P [X (cytoplasmic region, CP)ZH 1,
F B BRI, B AR R R AT Ry, fE IR G
gaIy, gpl20 5 ERA R [ ICD4A TAHEAEH, S
gp 120K A= 14 G ARk 2 5 H 4l 52 ARk 45 6 A7 1 (co-recep-
tor binding site, CoRbs), M5 3432 AKCCRSEL
CXCR445 4. Fififagp120/ii &, gp4 1 IFPHE A 2 #E4H iy
JEEr, B RN ET R RS B 1A A4 R (prehairpin fu-
sion intermediate, PFI). #&% —/>gp4 1L FINHRAI
CHR [ 47 & JE 7S HEE R (6-helix bundle, 6-HB)%E
A, T e 30 4 i P2 s 23 B R R, 5 BB Rk & 1) K
AL Rk, gp120F0gpd1 fiT2H Bl ) B & (H Envi2 /5
HIV-VE LA E SR H, WRHIV-1EH IR
FUBIE A g e 1,

FEHIV-1 2540 5 1) 5, Bl S 050N S1iE
JURRAT g B ATHIV-12R3EE VI i B 82 ik, ABAEX) J
PURBEE AR b, FELR AT TR AN M A7 A
TEOUT, EATRTHIV- 1RGS2 M ) H0 35 1, AR ™
DA AE AT A f A7 76 B2 75 B R V5 Vi 2 I HIV-1 3
Fi, X —REH AR EETCD45r T K. T
CD4%yF N B K S 5k 4o a5 ki, —

4

BCg K A 51X DL R i P X 4R, AT C D4 H (so-
luble CD4, sCDA)YE eV HTHIV-1 2454 & -4l
K, AFECDAS T HIMAID1-DAG I, BXD1FID24%5
R R [ gp 120 CDAZE A 7 s, R BT LA
I A HIV-1 gpl120, fFHIGEH 52 ACDAS
A M2 0455 253 2 25 e MR Rk L. s b, Aot
FLA K, sCDARASE AT LAAPHIHIV-1EK G, 1Cs(F-Ed
HIASE, FRAMH 0% T YL BT 75 (1 25 W0k B Y L
40~700 nmol/L""'™. ZEAk Y sz rh, A RO BEK T
M m s, HREHRREE. B0 E,
SCDAM - TEHAM 240, 75— S ke b dR
P,V R R HAN, HANER ek
L, sCDA7EAKH JE I (<20 nmol/L)ANME A REA 25 il
HIV-1E e, [ i 2 58630 5 s PREF IR A R e, oL
HIE T BE R sCDALE & R gp 120 CDA%E S 47 £ 53
AR GE AL SRR, S H— 1 epdl NHRER/ 2
#& M gp120/gpa 1 fl & AR HIES, HELbp # bk PRI 22 mf
DAZE =R Aa s fEAE D hA B2t B4 PRIAG S8 Tkl 2k
Z TR T RRANM, R LR S E ARG S T
Je A R, R T A S B i A2 AR I B 4
M. BRIk, Bk sCDATCIENE A AR SEFIH T
PR IEYY, HIER S A 12 SUE sCDAB AR flsC D4
VE AL, RO B ARG IV 2 B 2 —.

AW T4 K CDARI 45 M D 1 D2 FI N e s 3R R
IgG2 a7 X Ala ik, B4 & A CD4-1gG21,
CD4-1gG2I/E ML S5sCDAZEALL, B 5 U7 25
MHIV-1 A RIGMEH, {2 MR A 0 ARG RE 156
EREE. BRI ER I S IR 45 SRR B, HsCD4AH
Ll CDA4-TgG23d HIV- 1K 5 fr 1) R0 SR B8 o A b sz
LA X HIV- 1 R 2 B Ak FR L T S84 R ot 3
1C5o95~80 nmol/LPY;  HLHLRE 5 76kt KB A o
BEACR R Y R, IR RIGSE KW, CD4-
IgG2AEAR AT 3~4 K[ 1, bsCD4R K% JEH
S T 7 R AE, T IR 80% A mi B R A P (95
M LR 245 2 5 LA 2 3 B BT SR,
KT sCDANI G5 & 43 38 i 5L SL T AR BRIk (0 i, R
AW ST CD4-TgGik A7 FAUTEAY, (EAREHERRFL R FE
AP TSGR BSR4, I BTN L CD4 4y
TI%E 255 gp 1 2011191 S Bk I 5 e 52 0 2 2% 0 ik
scyllatoxin ) 45 14 [F] U5 XI5, TEAk 12742 BRI 2 ik
CD4M9"*. CDAMO9RELE: & gp120 1 [)CD4bs, Mifi T4
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B 2 HUHIV-1E A SR B RIS IR T, A HIV-TEEE (A 1)7 514 R 5 B B: EnvRIIRE I 5 (PDB ID: 5V8M)
FAEWFREE X HIV-1 R AR RIE R, = A gpl20EHE 3 HIbRE AL, KA OAEGES, = A gpd R HIb ARG, gk
AN B (Rag). MILOURLE 5, Jedinl i 32 224 R CD4bs KB T — ANk A 48, BIFT Sk prfa i &

Figure 2 The design of protein-based HIV-1 inactivators. A: Schematic representation of HIV-1 Env composition; B: Env prefusion conformation
(PDB ID: 5V8M) and protein-based HIV-1 inactivators under investigation. Three gp120 subunits are colored in green, amaranth, and marine, and
three gp41 subunits in orange, cyan, and gray (hidden), respectively. Observed from a side view, CD4bs, the main target of HIV-1 inactivators, lies in

the shallow pocket, pointed to by the arrows

CD4Fgp 120145 &, B bR ZAEAE — e R L ARyE
HIV-1, {H AR A 0 3T R IE RE 1 EHE. 558
(973 B4 S 06 45 SR B,  CDAMORERS HN I HIV-15K
U0 = 0E MR X4 SRS IEHE, 1C5°40.4~5.0 pmol/L. [i#
J&, BEFN G L AECDAMO IR 3 T 0 =1
/NEE T, SREGEE R I, BEAR AT PR A pr
Th, AERIE AR B sCDAP,

HT-sCD47r FEHUK, & MAE =, MCD44r
FHIDI X AT € H 5gpl2035 M AR, K14 #F
FON GF PG B A SR PERAR, MK D1 RAG A J2E
7 16 HA P b s FE AR e HOnT A AP D1 R AE A mD 1. 1A
mD1.2, [FIES A0 gpl20/9 52 A0 Jy s 58 @5l b s,
AT S & B 3R T HE 70 SR S W B A R R PR R,
EH T —/AmD1.21 A AmD1.22, HAEHSSHE
FEFR FRAET BANRA(AS5—-VSS). MEETmDI1.2,
mD1.22 54 5 i ) e e AT, Hepl20/45
G R EGE, EARA SIS, HAHIHIV-1R 4G

R5%} B #kBal fIJRFLAIE A& D1D2FImD1. 2 7451,
MR T #E— SR EmD 122 (3N L) it v, #F
A SmD1.22 5 = 2 HIV- 140577 m36.4(Fu AR i —
ANGER SR, B A gp 120 L (14 52 1A 45 A A 5. CoRbs )il
A, MWET =X RN 2 S & H2Dm2m,
4Dm2mA6Dm2m, 432, 46 ~mD1.22F124
m36.4, HENS[EINHE [ gp120_E ICD4bs MICoRbs. LI
SERRE, X T TR R AT HIV-18 0, A1 A
ARG A M DA E 32 EERAT 41T HIV-15 55
PR, 2Dm2m, 4Dm2mA6Dm2m¥ 5 H AT A 11155
PR, HAPHIC 431,70, 0.2210.20 nmol/L;
4Dm2m M 6 Dm2m (1435 P4 Lt 3% E FD AL ifE 1) 22 ik
17 T20 LA 2 CD4-1gG24> Al = i S0f5 120065, 1
Ah, S TR RIEHIV-1F R 8 F1, SR 1T 1R
FRY S 2 v I AR AT X B 2 5 3 R 0 A
BE BT 7C R ETHR N, — Se B 70 4 2 R B X
Il B R AR 1 PR EE 25 ] B EL A R R O 75
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P —— T B SR I B R TR R, Lugg DY
TEAERIE L A 1 RIS T IR R B R R R
TE T B SR S B E RIS, FRE R A A AE 1
AR 6 B BT (1 2R 1 2R R A R HIV-1 88K (1)
BEJHEAT TR, iZ A R T AU R
R4 F, 4 N2DLT, MNUf 2] Ci ik I 2 CD41
DID2 X3 35 HL I linker LA 2 fiT 24 T-gp4 1
CHR 1% IKT1144(35 =ACHIVEL & 40H1 7). b
FTi&, D1D25gp120 CD4bs4h & J5 215 5 H— 1 gpal
NHR 45 5 5% (f1gp120/gpd 1T & R aa e &2, i
T11445 580 )45 5 L4y 2 @5 gp41 NHR, ffirp (a3
ReFFE P, MM RE 05 P 2R V7 2570 2. Seah 4 Rk
B, 2DLTHIRIERCR B TD1D2, HRTHFHIV-1
Bal, HIV-1 TIIB LAz AN A3 2 (IR S PR 43 B AR I ECs
Y FI217.3~78.6 nmol/L, i& 1= DID2/I2~61%, MT20
FIT11447E 9 FE 55 T-500 nmol/LISHJ5 A 2 B 2 3 1)
Jimim e, H2DLT AR 24 DI1D2ANFE A 1 SR HIV- 18 e
HIN. ek, a3 2DLT R R TEHIV-1 5840, T1144[X
WA REAN ) B S AN ML I R, TR I LR B
W&, [R2DLTA A5 Bk e BT — R HTHIV-1 24547,
TR BIE T HIV-1ER Gy, DAAE N TRBTHIV- 11444 R 1
AR B, fATERIC T 2DLT S A A PU
2B F R BOR, A FEHIV-1I NI Bt K ek
T 8 i s g ) 7R AN B A 7). SR s SRR,
¥ 2DLT HiX B hpyi 2e 25 WA S, X T X4FIRS
e P AT HI V-1 B bR R e B A R SR A B R 2508207 e ah,
TR AR T 4K sCD4, DID2LL K ESCprik
fJmD1.22, m36.4, 2Dm2m ;2 4Dm2m 2 iEFHIV-1 5 [
AE 7, ALFEXAWE M 1 S0 5 08 B PR TTTB AR S 1 11 5
U6 =38 Mk Bal. 45 % B, mD1.22, 2Dm2mAl4Dm2m
92 RE LLsCDARID1D2 5 fin i A5 AR FEHIV-1: B4R
TEIIBHIECs, 7 74313, 1.10410.31 nmol/L, [fisCD4
FND1D2#1 43 3l &1 1537164.7 nmol/L"*.

BT BB B X sCD4RE AT MU 15 2R R A K £,
A — S BN MRR (SRS AR . R R
INERAR, RN R — AN 2R R 2 K
12p1(RINNIPWSEAMM), 1% % JikGE A I #0 i gp120-5
sCD4 e st FE SR 17O EAE, A 17b & —Fh# )
gp120 CoRbsiHHIFLIA, FW12p1 HE[FII 455 CD4bs
LR CoRbs™ . {H&, 12p1%tgpl 20151 F1 LU,
HERIERIREE R B A, Ja s it L5 Z Rk 12p1 (&5

6

FIANEMEBEAT 0L, AT H— 2 = R 22 ik,
BATHE LA 35 A1 77 [H] I 45 & gp120_E [ CD4bs Al
CoRbs, 5 Z50IEHE 2 AR, AN AN AT 3 1 2R v
T M4 S MBI 2 BRKR 13, 7T LA 5
Sap 1205 75 A 72 28 1 p24 HIV- 1% 2 B4,
TN IR R, 5 &K E KR 13(AuNP-
KR13) LG5 — 1 2 IRKR 13 I H 5 558 114 993 5 2K 9 4
N, K AAuNP-KRI3HLKRI3 A H £ gpl12045 51
AL SRR, SCEACINR T 22 MO R EE A 2
AEJT, FEARX = EMAE M 1) 2 K R FEHIV- 15 5 2 1
BE ST HEAT IR, Chaiken®F 78 4" B3 7 —FhE 40
H ADAVEICR RS BE 3 N FHI ), W8 S0 &
# A (cyanovirin-N, CVN)FIKJHEFHIV-1 gp4l MPER
()7 FIZH A% S 4 SRR B, DAVEIRES A UK TEHIV-
118955 8 Bal.01, ECso~428.3 nmol/L. R 7¢ HALH| &
CVNAELE A HIV-1 gpl120 L BEIALAL &5, MPERAEFI
HIV-1 gp4l BAE, T H AR ICVNEL S FIMPER £ ik
HABESIEIRTE; T DAVEDGH B 22 2% 15 1 i
T HREWS [N 45 S HIV-1/1gp120 1 gpal, BRI 551
BRREN. FFFRIEZ, SCEREBANR T & xR
T EE RIS BE

A FUARGE T — 2RI T gp4 IR P X Rl ik
3(lentiviral lytic peptide-3, LLP3)F 51 HisEPE 2 ik
FO170", %% Ik iod 730k 5k 1 TV A 2 1 P O 3
13, BENESRIH2 VPP AN [F) I 2R R8T () s R B AR, 2 T20
PUPERI 578K, ECs0040.09~0.95 pmol/L. 14k, F9170
R85 FHIV- 1B YL A0 B IR L, RS V8 PRI e (1 41
. ShScab A LW, FO1706EW5 K18 M IR G SIVIK
ETAL AR AR PN P78 B AR R A A PR DR . (B — 4
(2, FOLT0MIRIGHLHIEE] TIRANMERTE: AR LS
(45 FAESEFO 170 1T e 25 A S I ) A B 2 11 DR < (1) i
P AR R L(LLP )AL s, H Western fIRT-qPCR )
SRR, HLARRIIR R B URL I o R M R TR R 21
RNA, AT A5 5 35 1 2 R % 70 i SR 10
PRICIF 5 R 7 A TE ML () 2R 41 7 2 ok %o 5 82 (1
Fe D B B PR E .

RARSKRUE, HIVE A 28505 7 0 RS0 40
R JLZS(KE2B): B IAlgp120 EHICDALE &AL s Al
B[ gp120fICDALE A 7 25 NG 52 AR 45 A0 st RIS 4
] gp 120 ICDA%E &4 i FE S H I gpd 1 AT KRRl &
HAIZS; (Rl EE ] gp 120 2 Ml £ gpd 1 b BT )
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(BIUIMPER); LA #E 1) fe 8 R B H I gp41 LLP 1A i 5%
HIVE ARG FI R o 2 864k, 1T SCHTid HAh
I3 5 2R I 2R RIE I BB — e FE B A5 T Xt
K.

2 ER R R R R H R H R
Wrotit e

FH ™ B St IR 2% A AiE e IR i 552 (severe  acute
respiratory syndrome coronavirus 2, SARS-CoV-2, f&
PR 76 3 55 ) 51 K 17 284 58 BR 0 B Wil 4 (coronavirus
disease, COVID-19) 154 4t A1 B Yk 51 1
TR BEIX — RIIR R F R, R dE 2 — KA E
H I EFERNATR EE, 43 HNa, B, v, SVUANE, THBIE X
53 HA, B, C, DIYANTEJE™. Horf, A5 7 et 2 7T LA
YN, B a)E THCoV-229EFIHCoV-NL63 LA & B
J&MHCoV-0C43, HCoV-HKUI, SARS-CoV, MERS-
CoVHISARS-CoV-2!"""". HCoV-229E, HCoV-NL63#!
HCoV-OC43/& 4L A Jm — B 5| ke i f& E e B BRI
WG AR, (H e LB, 2 N GE JIK T I
F o] R U A s TTSARS-CoV,
MERS-CoV LA X SARS-CoV-2Jg 4 N Ji5 Ml f2: 55 Fl
SERRAEALE, BEmEE, =SB EN R, 91K
IS 7K b FH S PR S B £R -G iE (acute  respira-tory  dis-
tress syndrome, ARDS)""". H#T O\ £ Fhgl o stk
953 B IR 29 SIT VSRS FDARLHE B 7T, S Erg
F AT REGEN-COV2 Y A3k 13 5% & f
FH#% AL (Emergency Use Authorization, EUA)fJCOVID-
19#.4isotrovimab™. L £ KT SARS-CoV-2 11l R 2
VHERE LR, AR [F) I B S R e B R I )
PUERIR R ). % FRHIVE [ R RIE R T
BEg, A Re B o e R R R E 2R R
T

R BN AR A =N EEN g EA:
REHAS. OREAEULEEAM. SEHZ 1
180~200 kDS MR 1, AL R ) = 2 A B Ahks
FRERCR 2535 B Rt A ) SR PR A ), Xt 2 T AR
AT I K(EI3B). SHE A EAESIRIS2HAN T :
SIS G JH 2 AR 25 G, AL FE N 45 74 38 (N -
terminal domain, NTD)FIC3iiy (1) 52 14 45 & 45 #4938 (recep-
tor binding domain, RBD) /™ .45 #4/45(€]3A). MERS-

CoVH|HRBD4 & 52 4k — Ik J: Ik B4 (dipeptidyl  pepti-
dase-4, DPP4)""! {fiSARS-CoVHISARS-CoV-2#5F]
RBD % 25 & 52 4R L8 K 5K 22 7% AL 1T (angiotensin-
converting enzyme 2, ACE2)'"™"), it A7 — Lo (2
78, SARS-CoV-2if i il i NTD ek RBD 45 4 HoAth 21 Jifd
TR 1) S e 2 0 B 5 2 PR e, S
Ak, BIKE S FEHTR2(HRIATHRR), 5K 5 [
P IX 50 20, A SRR A R N T R A
KA, EHRERAENEAMESIFIS25Z i -
BEATEIY), ESTMS2WEIENGE T AL BT R, 2R
RAMAGES SXA TR, 10 8 208 s
T A2 PR IR AR N 200 it (B B il 5 o 2 E T B P i
JE R bR AR T RE B T B A B R 2 B A 2
2 A BRI AN R, 5%, BlA I FE AT R
TE PRI I 412 I SARS-CoV-2 4151, S [ T/
S TR EE SR PR S RE T A D SER (Il
ST EE L G AR 245, 2 iR mem 7k
R EREXTS 1/S280 N T, HH R SR SR K i & i 1Y)
TRRE). BEESEARE — RIS, Rz
S23IF 3 Y FP, Hoddi N PR A b, T Rl & = k& o 1]
R R, P53 N HR X I 5 il i i2ie (1) = 4K, 3
AMHR2IX PACPAT 7 A BIHR T = BRI 5 /K VA 1S
W, TR R6-HBEE I, 15973 23 RN 40 B S B 9 A SRz 3T,
LR PR R A R, 9 15 LI 3 DR 2R A i e .

T SARS-CoVHISARS-CoV-2 B 78 FH X4 %2,
BR] A 0 DA A 36 2 R 8 5o e R 6 75 (1 2 1
RIGEFIMBF RS, HHIV-13TsCD4E A — %
FIRAEFNZEL, FET I U ACE2 £ 1 (sACE2) A
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Infectious diseases caused by enveloped viruses, such as human immunodeficiency virus (HIV) and severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), pose significant threats to global public health. Most currently available antiviral drugs
inhibit viral infection by inhibiting the viral entry process or intracellular viral replications. However, these agents have little antiviral
effect while in circulation and instead exert their inhibitory activity during or after virions infect cells. In contrast, protein-based virus
inactivators are antiviral proteins or peptides able to directly inactivate free virions. Virus inactivators primarily function by
interacting with one or more sites on virion envelope glycoproteins (Envs), causing Env impairment or viral genome release. Protein-
based virus inactivators have attracted increasing attention as they are expected to have a higher utilization rate than current antiviral
drugs and be safer for in vivo human applications than chemical-based virus inactivators. Herein, we summarize recent progress in
developing protein-based virus inactivators against several important enveloped viruses, including HIV, SARS-CoV and SARS-CoV-
2, dengue virus (DENV), and Zika virus (ZIKV). Further, we discuss their potential uses during outbreaks or pandemics caused by
emerging or re-emerging viruses.
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