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HIFIRIGIR R B 28277, B
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—457.5 KbAYBAREIFAERNA(E), Z5tfdE: 5'UTR.
ORF . 3'UTRHIpoly(A)E. 5'UTRA S d R 254
A FIVPE(3B), 7 T P B WA 1 A A7 5 (in-
ternal ribosomal entry site, IRES), /~S4ifd X (1)L 1E
e B, B NZ9250 kKD ZREH. ZL2REAL
Y 15 2R 3 Cpro 515 R AR VI R, HZIE 4
P& M) B (VP 1~4) F6FAE S5 2 1 (2B~2C .
3A~3D). Hr: P1IX A AFEE FHVPO(H YIE VP2 Al
VP4). VP3HIVPL, MUK EEATIARTNEEE, P2IX g5
B2BAI2C; P3X4ifiB3A. VPg(3B). 3Cprofii3Dpoll®.
FLH413'UTR K polyA B[] RN AR & P,

HAV YA A7 =R s kg =0 s
5¢. MEALIESN R (quasi-enveloped HAV, eHAV)HITGL
[l 7 (non-enveloped HAV, nHAV). 25 4&K5¢ AT
FIVPO, VPIFIVP3ZLA. YA RNAGACEI
21 I SR R EE ORI, VPO A: A, 2R
VP2HIVP4. IETHAVIRAHURE, JEeHAY, FEAFAE
T AT, eHAV R] Pk rhoAIgo A ), {8475
YRy, eHAVIE AR S5 nHAY, FZEfEHE
. BN, TEHAVA RREAY R, 18 FoRME
H B2 p X Be (IR FR2ATE M VP FHIE] R 3k,
IHnHAV R pX A B

2 HAVIHLE R NFIE
55 TP 2 1 R VAT S P 28 1 1 A 0 Sl

(D). FIANY F2ZhE S TR R D i . SeREED
TR e 54T, VA LA BUREE AR, %2 HAV A H Al
IR S FIBAN LR Fe . ST L PR AR AL
s, S VP3E I Asp-70F1GIn-74, LK VP [1H)
Ser—102., Val-171, Ala—176F1Lys—221, & 13LRIH AL
THAVIELEh A ). Bosch: A vk & 304 T
VP31 £ RRE A1, /ﬁ\ﬁlbr?ﬁﬂﬂilVPMaallO 121,
FWRGDLVFDFQV). %54 HArgll2, Glyll3ﬂl
Aspl 14 #3425 23 l?“fz',ﬂﬁ s O RE J1 %, 1
E AT B SRR/ N o Khudyakov%k“”ﬁﬁﬁ
B HHAVZ R E A M237 545 E S WK (B0 2 5
) M 2k B s, o T2, Hds e
PEALHI, 4394 T'VP2(aa57~90). VPI1 Cliii/P2A
(aa767~842). 2C C¥ii/3A Niii(aal403~1456). 3B
(aal500~1519)LA }23C Ciiii/3D Nijfii(aal719~1764). {E
TREEMR, 508 SN 5o ) X3 A 3 AN
[FIHAV 2 H 8] () ) FI7 A5

Bl LR AW 0 R R, HAV I R0 5 LIRS
WEEN. Cao%5 AL ot vA vk i S SR 40 o T Sk
IR SHAVIE G045, R FRAE)
P TACTEER WA X PRSP IX BN diilE E A5G
FEVP3[IBCHAFEFR, #2557 545 5 VP2 FIVP3 K
BCH. Stuart® A\PHIER] THAVASE EAEE—AH
VP2FIVP3L G AL . A7 F SR A4 L 1T 1) 32 B2 e g bk
PEFIGE RN, 2 XSk R it 2 B A2 AR 25 A IX . Il

FHRUSIEAE(ORF)
II P1 . P2 P3 :
. .-f—. — e 0 RiEE (=L I e ,
@ I VPO | VP3 ‘ VP1 | Px 2B | 2C | 3cee | 3D AAA;{5
IRES vpa  vp2 (2A) 3B(VPg)
EES FEBES
wxzm [ vPo | [ VP3| j vei [ex [ 28 | 2¢ ] [3A\ [ 3cre | 3D |
38
eHAVD| vz | [ ves | [ ver |pPx [ 28 |[ 2c |[sa]] sce || 3w |
VP4 35
Hav [[[Cwe2 | [ves | [Pt \ [ | [aow [ apm |
T

VP4

3B

(][] 3o | oo |

B 1 HAVIEFE A K HADR R &R, IRES, NEBIBHAEAN &, *, 3CprotllEIf s, ACEEE), RANE ARERURAL A, HEGE), KAE £

H A

Figure 1 Schematic diagram of the HAV genome and encoded proteins. IRES, internal ribosome entry site; *, 3Cpro cleavage site; A (purple),

unknown protease cleavage site; H (green), unknown host protease
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%1 HAVHRERMILE
Table 1 Summary of HAV antigenic epitopes

FM(T/B) BHIF )y ¥ FEN S0k
N N VP1 (Ser-102, Val-171, Ala—176)
% %égzig VP1-Lys221 [9]
VP3 (Asp-70, GIn-74)
VP1 CHif#i/P2A: aa767~842 [10]
VP2: aa57~90
©) %ﬁ%gg%@ VP3,110-121: FWRGDLVFDFQV
B @) LAYy 2C CHfi/3A Niiij: aal403~1456 [11]
3B: aal500~1519
3C Cii/3D Niji: aal719~1764
VP3 BCH#: A68, S69, D70, S71, V72, G73, Q74, Q75, K77, V78 [12]
I e VP3 EF¥f: L141, D143, T145, G146, 1147, T148, L149, K150
@ FAITEFI L VP2: A198, S201
@ A VP2: aa64~71 131
VP3: aa68~78, aal43~150, 209, 246
3Dqa2220 KSPIYHHH
© BAIFE VP34418.20 SNYEDARAMSE
@ Gy B EE T VPLaaiog-114 NNKEYTPITLS
TAR R @ AP 7Yt VPla241252 EYLSSECYLSVT [14]
(5%@ 1%";%%;’;%%% VP1 255266 SEPYPRAPINS

2Caa169-130 ENNYTKYPASD
2C,a238-249 ATSNWSNPSPKT

SERUEYE, WIHR TR GE A VP 1k 5 AR 6 a5 (40
K221, S102)JF AN EHIES SPURLS G, HbmyLSnlfg
3 35 R 7 AR 2 A al LA S AR AR SR

HAVEESPET A0 AE H T 22 9 1 A2 vp A V6 FH i 77
UL, XABHES) T X TANE A IR AMISE. Misumids
N WA I nar T /NS Hp R G558 T HAVERS:
PETAMEZE . BB EHAV HMI1758 k2 B E 1)
2224 T & R BOR UGS /N BRIk R 40 i, 145 &40
AL P9 40 A R F 4 {5 (intracellular  cytokine staining,
ICCSHiA, ikt BTG CDS MICD4™ T FHAE
JREZ. it — 2L FH e A 5 2 (Immune Epitope Da-
tabase, IEDB)TINIFE61E T H-2bfR il O ik, %
2 A AR H-2K(b)FR FIMECDS™ T4 g 7
(3D 2a22~29)FI6 M -AbFRIPECD4A™ T FAL (531
TFVPL, VP3FI2CH ). X LR R 5T M E Bk g
JE IR ERE TN, HAR S5 Rk T AR
Vil 2 R G, RV T S e fEHAV e rp R 5
EE PR, 3 3 S 7 A o AR R o 4 0
T RIRER I3, X I B R TN e 4 A 1T e
A
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3 & iy irE s

R A ERA A G B TRE 1 B TS
AR, TR EDEME— R E PR B E A,
WRSEALfE KOG E . A BFOT 3 SO R S HAV
IgGH I FBR(10~20 mIU mL ")/Em i 44 e, 5
XTHIVIEGL 3 R R ARG B = br v, H i s i A 58
SR AR KRBT TR A ST S, PIERE i3
AES TR U TR IR, S it Re=254F, #5r
RNZSESUZ S VSR TR

3.1 KIEPEM
HAVAEHMLIG 7 P AR K208 B EERAIL, X AE R
W SR AT TR I R ERE. Bl A BE R AR
YRR ARFLE R R . SR AAIFRAITLA,  DASOKE
T AMERSE, W R TERE 1S DA & s, HRTH
JHE KT 8 R 2R E PRARERR (ANHM 175 . GBM),
22 NIt EMRC—59" 4, i1 B—P4 AR K0 f B G 40
e AL, g AT, RIS R 5
CIFREH . P FEPe i S e A5 30, AE DT R



GG T B P
3.1 BN KIERE &

EERE LR P F R IR E B S 1992455
22 22 (B AE F 3E (Havrix) . 19954F 2R Vb 45 14 4 1
FH(VAQTA). 19964FFE 1 3E I TR 1Y L 4115 (Avaxim)
FFs LR WA 2 0 98 (Epaxal ) (62). 1 KIS
Havrixk HHM 17558k, £ AR U1 246 5 40 il
(AGMK)EAR30RIRIFIE AR, ZAEMRC-540Merh
Tl r=, i irsE R, %R RTFERL T S8 L3
PP F11897%(95% CI 93%~99%), s )m 104F
PO B RAT 9 1% 0 — I %o 56 [ e a7 i fin L 2
RI2SAERETIF I R, Rt =5 KiGHavrixJ5, $iikJL
ARk B AT53491.5 mIU mL ™, 81.4% 192 5 FHifkk
SEAER220 mIU mL 'L b AR HH 2 SRR A
78.7% M NEAT (R PEHTARPY. 2 B4R (VAQTA) R H
CR326F#itk, Zefi IR B 4l (FRhK6) £t 1510,
FMRC-SAME P IE R 28, Kk S4F 1 BRI I IE
52, PR EHL-HAV IgGIHM:R4ER99.4%2 . Sk X 3kifi
PRI E W, Havrix 5 VAQTATE1~15% L& 5K
LS B L O R 35 <5%) SR AR SCR (15
AEGRAPIH>95%) 2. L4 (Avaxim)( FIGBM &k, 4
JEAC B 4 (pHK C) L1 10105 5 ZMRC-541 g ™
HE20AR 18, A BERERD Avaxim T, 20~304F [ Hi-HAVHL A&
ARG EEAE100%, ZRMEERYEHA0/10000 \AE) 2
[ 7R (Epaxal) >R FHRG-SBEEME, kA HoyZe bl o 750 3 JBvs
FRARIVIER], 10 pgli/&IiEE R (HIN1)S5100 pg
WIS F RIS B A 2% R 4. 128t aT R S AR
FVAH B i, T R B S 204 BT s 1 4 8 ik
95%, HAUAH R B B P4 HAUHE B e
PR KL P42,

20014F, H =R B H O FBCA 2E

F2 ESEWHIRFEE

Table 2 Hepatitis A vaccines: inactivated listed overseas

TWINRIX. —BL 105E M RE R 45 R s, A%
IRE P PR R Y, 5P PR R 34 7
86.5%LA I, X RUIZAE T REMS A NARER LS X AN
CHFR RO 5 — T4 %t 12~15% JL#E 2
TWINRIX/J5 1 S4E R ERERAF Y R BE, JLIEMAR N i H T
AR LS LR A Y. BT &5 Rt — 25
R, ERIZIERSO)R, A it 85% MR 4 g
Frif s pHPERT, B BT A e B HAT A I DA
{E, R EERRIR . RRARRAS . SRR N,
JHAN AR R A7

312 EFEWAXELZE

B EC A [ 3 n A BRI 5 K RE v el
KRR (F3). 2002486 B2 A Wi i A BR 2 7R
TZ84145 % K KA (Healive), 76 A IRATi4HHI2BS |35
Ferer. W R, 17 Healive A 55 H-AE R0 355 04 1.
T PR 2R 51193%. XHERP L#E HA KA 1S R R R
FHES, e v ] L3 S4Bl 1 R A AR T
7R, Healive [ iS22 /D304EA0FF A e (190, HRK
UK 35 5 F LG PR B, ELIE i W iR T
N B, PUAAR KT S U80S AT W 55 T % IR RE 1 Hav-
rix? 20034F, o BBl B B 2 A WA A TR
FHLV-SHRTE AR fii 4 I K MB 1 71 45 4 ZE Fii 4 (Weisair-
uian), XF1~15% JLE K 104EE RIS % L P,
20094, 2 IRARAE YA FIEFH Vero 4L i SR YNS#E,
il £% BB TR 1 4 2 15 (Veraxim), I RIFST o, 4k
P52 LE I H G PRI 100%, BUAEE K
16447 mIU mL™", 23 & T-Havrix™>.

20054, dbRRRA Wl A B2 RS 4 H
IR G B AR AR (Bilive), & W PR EETZ84 K%
PR E L R RPN A R 4
PRI, EFTAAE, 16~20% g5 SFTHAV AL

YEH 24 PR ] AR e RERIR B AER LA HAVG E PG
Glaxo
Havrix SmithKline HM175  adeg 20 ELU 1~18% 0.5mL -y ipe-sgni [16]
O 1440 EL.U 219% 1.0mL
Biologicals (UK)
L A 25U 1~18% 0.5 mL
2 2 k1 54
VAQTA Merck & Co., Inc (US)  CR326F  FREERERRSR 50U >19% LomL  MRC SHANE [17]
. Y 80 U 1~15% 0.5 mL s
Avaxim Sanofi Pasteur, Inc (UK) GBM AEAEE 160 U >16% 1.0 mL MRC-54HJig [18]
Crucell
Epaxal Vaccines RG-SB JiEIRE 251U 2% 05mL  MRC-540jiY [19]

Inc385 (CH)
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HBVIY ML BT FATESR 3 498.26%F197.71%°.

3 v [ B AL 0 7 $ A 5  SUR (adverse  event  fol-
lowing immunization, AEFI)N ik 55045 8w,
2013~20204F JIHHEFN0.534 LU P T ICHE 2, 24
PERGF. Kaim RIS R, 32 AR KR T 2
PERLF, AREH™EA R FF(https://www.who.int/pub-
lications/i/item/who-wer8728-29-261-276).

3.2 WIFEETRE M

BRI A P A 1) TSR (V2 3 A AR
I 353 4% 2 A M ) A A L S e I M 5 A B0 Ml 2k 1Y
SSEER, HAOPLEAE TEA0L A SRR, il Bk
SEPLH AR APE, B BT HER IR M R,
FHT L EPEESE b E A T X S L (23).

H AT E T s RS i A o IR A, A
Y FE A 7 (Biovac—A/Mevac—A, H2ER) A1 B v (HA-
VAC, L-A-1F¥E). H2U a5kt R Hr 1A B 2e Rl 22 B B
TLARBE AR, K H2w 3B 2 Ak 7 S 4 e ) 46 40 i
(primary rhesus monkey kidney cells, PRMK) [ %%}
eAtowk, &R T AR ARG (KMB17) 5 4k 4L
ARSI, ZE A i E AR A5 H2M 20K Sl 5 ¢ (TR AR
H2H)P Y. L-A- 18 M R A2 W il S A 52
28 NS A5 V20 (SL 782 BS IRl A% 1R 1 17~23
WG T e AR A2, — IO R S 9T R, 3
4.7 8 () LE R —4% Biovac-A, 154F 5 HTiAK
BER T B, R 3RiK100%57. #F5E SR, B
BB T 2E T 1) S SR R PP R R BAR 24 P8
POl B 5 928 P W) AR RN B e i, e e R AR
T, B TR, S R TR A .

*3 EFELWHRFES

VT —TBFSE AL T % THAVACIHI RS E R 7, /N
AE AR 7R, 0 A5 % B PR BR S R (3K
100%) FLAR]~F- Yoy B 5 e v A0 2, L, KR %R
R A2 RS, KA S SE . Rl
G A AN

TG X6 T Y2 o8 P A R T Y
HoR, HERG28 dINZY8.47%~11.44% W RN 5 2 (d
AR R RO, BRI R AR R P SR R4
P HE . FEP T & BUTA 0 B k44 S PR W B,
SRR bR, VP12 AR I 3[R Ui L5
AR, KB A FETR L, SR N AR N L Fa
SEVE R, A EEEE Ay [a142 Ze ARt

4 W

S AR v R BER AR T AL AR R I T
PR . AL U A RN TR R .
BB B sl L Sh M AR M Hh R ko 7 T2 A R
FIEU RN, 228 4. JRapAE R B i — 1
WA REL R H A 4LRIP s DR, AN SR,
OGN, (H 23 [RIZ5H 5 HOE iR RERL AR, BT R
U BORRE PR G I

4.1 WAHEAPER

Hi, B E A ot 2 LVP N5
HIFR. Lee5: NS HAV VP13 YL b Schneider 2
A, REFRERIAEAVPIAIME AR, 1 AREE
SHerE /N AT FHAV R S IgGRlIgABUIA, FW
HHEAVPLEA RIFny e ibt, nlfE s n
3%, ChungZs AP TBCTV(beet curly top virus)iit

Table 3 Hepatitis A vaccines: inactivated and live attenuated listed domestic

AT A i Wi U Sl G BB BRTA SER
ki Heative) REEIIE rzg s ;5)35 :f;’u (1)(5) Zi BSAN (28]
e ficveraimy “HOEEIER s g 0P 15;;; AT e
B mMEeaao CEEMMERST A1 X e oy ™ omsai )
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i BTk AR R G Al AL A5 F 4 B (THAV-VP1-Fc, 1%
SN A HAVE: e Tg G, H A0 /i I TEN—
YAL-47KF- 8 3 T i, B HA BRI S A A i e 3 17
2. ThanZg AV HAVHLE AL (& VP Coiit H Bt
(aa767~842)FI5E B2 AE H, TFRD2) S5 IR TEVPT
FEHFRETAPRRERIA RS, 7FR RSOk
WA AD2/VPT. %8 [ i 307 A [ B X
HAVAESRIFEE 1 Th BTk, HA TF & 20 WAy 5
BRI S). Jang®E NSRRI FT s 2615 = FHHAVE
#H7EH: VP1-His. VP1-3N-His(31>VP1-Ni100aa)Fll
3D2-His(31"D2 /Bt EL). = FHMREE /DR 4
HAVF: SPEMTgGhUA, K40 /3 MAIFN—y FIIL-6,
HFVP1-3N-Hisifs 3 09 s ATk Fde i, AEACH
HAV W FLA EERER . Gao%s A*O14r I ZRISHE V4
ORF2%E [ MHAVH VP, IFECH A GIE R E
(tuftsin) ABERR G0 I, PRI ERE & B N
PENTE SN U A I RE EE A 1gG . TgAPLIR X 40
JHI A5

RN, HFEAE SIS RS SOAES
RIS 5 A G E N 25, SR, T B2 B HAV
TR AR, HAE PR RO M RIS 2 PR, BEAh,
HAVHLU R A = BRI 2 A %, iRk i —E
AIRES RIRMGAFAEZE T, NI S8 JE 5.
TFOA WS EYF5E, HAVHRREN 204 T
VP1. VP2HIVP3KFEE [, ARIEHI R T RETH
BASVPY/VP2/ VP3RS R W Z M EHEN, s
ST FENUAT BT A Sk bR, AR
TR R SRS DR RN,
4.2 W EEREEURE

19914F, WinokurZs A\ 73R ek g HAV A A
ZHIFTRREAE (f V-ORF) W 4G PR B R I R G, 4%
REREMV-ORFZRE AL EHEABA M TG,
AITENFLsh YA i b B 28 HAVEE IR, HA 5K
SRR TERURAB LB 2, TTRERE AN IR 2 e RE TR
PO, BN E A BA AN M I HAVEERE . N
dE—0iMk, Rosen®: NITF & T 3T R &
YRR PSR ELH RS, ¥HAV ORFE S B4R
SR A% 22 FE AR 2 (ACMNPV)ZRAAK, 7EHeLaZfiff
FISURIAHAV Z R H. e eI 5 s v 7 iR
VESC R DR A S AR SeRE LR, JFREIE S
/N BRI 72 A 35> 14064 FR AT 1.

Bl Z N e RN, Kuide A0
HAV-HEVAGR- AR i3 22 linker(GGGGS)it:
BEHAVIY VPR X (aa24~171)5HEV ORF2CH#EZEF)
1(aa431~615), I KT R FRIAE A AKpBV-EA342. i%
TRER AR A 5 FAEA3 LB BT E 1R, vT H
2 E AR 2934 nmiP) i AR BERERURE,  ELISATIFSCH:
AJ [R] B HAV/HE VR SRR N, i se s BoR,
TRPE B P SR WA B R, LA
JEAT AR 1:128F11:64. R B UL A SRR, % AT AT
20174F9F & T I TFHAVEIR iR AR R fEHAV
2A2BE VI HIN s bR AHEV A SE 8 A F & A7
HEp148(aa459~606), 14t A9k BEHAV-Hep148. /{45
EHBURTEHAV 18R MRAE N B4, (HSEI0IE S5 A
75 B T /N B AR R THAY FR AR S HE VR S
IgGHUIAR, AFFL&H - i A s i it 7
o AT

R AR ORI WAL TG R BT A SE B B, 1
e A% Lo PR RS e 7 S AR B AR A AN
AL A HAVERMACK F Y 1 8Fi ik LA 2L
Sk, B AT FN R AR T U R R AL, (HRE AR
()2 MR AT 2588, AR AL R4S O SRAHE
S AR AR AR S 35 ) UG Ge s TR 1 R 4 @
FF CRISPRIE [H 4 4 5 R XTHAV ZAR AT 5 (7] V8 B
Wit @ i B a3 1 A5, X B A RURLZH 2 ST
PEATERE ST, AR i Ao Sk

5 PeikS e

RSS2 B 2 () I s, L 4% 2
FOR PR —— RGP 5 0B 15 P Y C RS2 & 4
AR U0 R IS REFE M, P RS 1 AE AR AL A
BAGORY, Ea) LEEE A A Wk i L
S, SCI BRI A9BSR . I R A U
B2 ORI R, AT il 2T PR

WG, ABRBERE L e BN ML A K
iRk, AR LR AT R AR LA 5 G s
B, PR AR 5 R SRBUY, 220 17 X B . RS
RIR, EFRZL SRR AR IR B MEAT R %, JEHUEHIV
BFE 45 ) L hoe o, IE S 7 2 o L
F, VW T R 2980% (B AE TR ], FLYERE 1 S Bt
i, SR B 28 AT FE ey 2 F- B L4 K
B AREAT, A B AR AR (L £ 5 DIl 25 T RE R X
FERB I R 5, ELIEAT A 5 A 7 B, PR M3 3oL I
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SR R U 1 F2 R

HR, FER TR S R AEAEBR 11 120, HIV Sk
P BB BEREF LRI A, R
R R IR NS IS IS AL YN £ 22 DT EOE UL GETIN N
PTG HR BRI, PR, X2 A 5 0 5
IR AR, A IR PRI 5 SRR 0
A, ISR 13 A SR 45 52 ¥ (13-valent  pneu-
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Infection by the hepatitis A virus (HAV), which causes acute viral hepatitis A, continues to be a major cause of acute liver
inflammation and jaundice worldwide. Although the broad deployment of inactivated and live-attenuated vaccines has
substantially lowered the disease burden in many parts of the globe, HAV remains a persistent public health issue. In
regions with limited sanitation infrastructure and developing countries, the virus is still highly endemic, frequently
infecting young children. By contrast, in industrialized nations with improved hygiene and routine childhood
immunization, incidence rates are generally low. This has, however, led to an accumulation of susceptible adults-a shift
in epidemiology that paradoxically raises the risk of severe outbreaks through imported cases or local contamination of
food and water. Thus, even in well-resourced settings, this enterically transmitted pathogen continues to present a tangible
threat.

Advances in vaccine technology are now accelerating the development of second-generation HAV vaccines. Promising
candidates, such as recombinant subunit vaccines and virus-like particle (VLP)-based formulations, offer potential
solutions to certain constraints of current options. These include the cold-chain dependency of some live-attenuated
vaccines and the multi-dose schedules required for durable immunity with inactivated vaccines. By building on progress in
structural virology and immunology, these next-generation approaches aim to produce vaccines that are more stable, cost-
effective, and potentially more immunogenic.

This review systematically examines the virological foundations of HAV relevant to vaccine design. We first outline the
distinctive genomic organization of HAV, a positive-sense, single-stranded RNA virus belonging to the Picornaviridae
family, and describe its capsid architecture. Special emphasis is placed on mapping its key antigenic epitopes, particularly
those on the structural proteins VP1 and VP3 that are responsible for inducing neutralizing antibodies. A precise
understanding of these epitopes is crucial for informed, rational vaccine development.

We then provide a detailed appraisal of currently licensed vaccines, covering their mechanisms of action, clinical
efficacy, safety records, global deployment strategies, and recognized limitations, such as the potential waning of immunity
in some groups or the uncertain need for booster doses over the very long term.

Finally, the article synthesizes recent advances in novel vaccine development. Beyond VLPs and recombinant proteins,
we survey other innovative platforms, including DNA vaccines, viral-vectored constructs, and the emerging potential of
mRNA technology against HAV. These candidates are evaluated in light of available preclinical and clinical data, with
discussion of their relative strengths in safety, immunogenicity, manufacturing scalability, and thermal stability.

By integrating perspectives from fundamental virology, current clinical practice, and frontier biotechnologies, this
review seeks to establish a coherent scientific foundation and conceptual framework to guide the design and development
of next-generation hepatitis A vaccines, ultimately supporting progress toward global control and elimination of the
disease.

hepatitis A virus, inactivated vaccines, live—attenuated vaccines, recombinant protein vaccines, virus-like particle
vaccines
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