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[Abstract] The persistent global circulation of influenza viruses poses severe challenges to public health systems. Current seasonal
influenza vaccines, characterized by strong strain specificity and limited duration of protection, cannot fundamentally address the risks
of antigenic drift, cross-species transmission and pandemics. Consequently, developing universal influenza vaccines with broad-
spectrum and long-lasting protection has become an urgent need in the field. In August 2026, the U.S. Food and Drug Administration
(FDA) approved mRNA-1010, the first commercial messenger RNA (mRNA) seasonal influenza vaccine in the world. This milestone
marks the official entry of the mRNA platform into commercial application in the influenza field and establishes a manufacturing and
regulatory foundation for the clinical translation of universal influenza vaccines. The approval of this platform underscores the
distinctive advantages of mRNA technology over conventional vaccines: it offers greater flexibility and convenience in multivalent
antigen presentation, precise recapitulation of native epitope conformations, and simultaneous activation of humoral and cellular
immunity. Together, these advantages provide a novel strategic pathway for universal vaccine research and development. However,
insufficient immune persistence remains one of the primary technical bottlenecks for current mRNA vaccines. Addressing this
bottleneck, this review systematically examines recent advances in applying conventional mRNA and two long-acting RNA platforms—
self-replicating RNA (saRNA) and circular RNA (circRNA) — to universal influenza vaccines. It summarizes antigen design strategies
targeting conserved epitopes, such as the matrix protein 2 ectodomain (M2e), hemagglutinin (HA) stem region, neuraminidase (NA), and
nucleoprotein (NP). It further consolidates technical strategies such as delivery system optimization, immunogenicity enhancement, and
adjuvant combination. Ultimately, this review offers practical insights for the development of broad-spectrum universal influenza
vaccines and helps advance influenza immunization strategies toward greater durability and broader coverage through future RNA
vaccines.
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(hemagglutin-ation inhibition, HAI) i & $T {4 % &
(=1 : 40 MG PRI HME) . NA MGIPTiA . £x 7
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2.2 saRNA B R H7E AR BEEREnEh

saRNA J£ 1 & 76 H J mRNA JEflb &% R
B mE N, EfE ARG IR, ATRENE R
WERRPZE T 1 2T o FEBL AL T D B S R 4
FEA, PR AES RNA MKEPE RNA B4 RS
FEEE T, DL B AP RS R 4 1 454 8
B, MR EAE ST RNA HEALMGE e #AE
WA, FERL A BB R TG, I S B
B B2 %63k . Chang Z55E T /)N B B Xof
MBAFsE o, FECH M mRNA ZEH, saRNA {KEE
SRR, FEOUH 10% 25 24575 s B A3 5 0 =K
SR ORI, BTG T SR A BT RE SE CDSS T 41
MR, FHAER AN NPT IR R GARTK . BB H AR
W 2, saRINA I JER P T 0 0t 2 . 400 it 0 60 i By
B, i AIGIRRIEAL S G IREEAIFATI B, AT
FNFINMEAL . 3k R Mt S PR 3 A1
PTG )

Sun 5Pt 2 N HR L DK 4K EE  (Venezuelan
equine encephalitis virus, VEEV) & 48 2 R 4tk
i, MR E A RS BRI E AT 10 f5 D) L
INEUSEERE A DAL IS B9 VEEV-saRNA ‘B 48 1] 2 25 40
] JLAIE , AR ARG B v fih 2 e ELBIRAR A AR 5 40
MOARRE , BORL TR mRNA SEHT . Cui 25275 [
4 AR 23 (Al F 4 19 H5-HA saRNA $E7, fIESCEAY
FEARK HA BRI RAE; A1 pg R RIATIE &
AR HAL R (LIRS > 12 160) . 584 CD8*
T 40ME I 255 R I B sIgA, RFECAEH & HANT Fdk
TR /N ELEE I 100% 1447

KA R BT RS saRNA W 1 5 i) AfA
I IIER B . Arcturus 5 CSL Seqirus 28 7] S ERY
UL VE S e 2 B ARCT-2138 58 LA Ilfs PR 12k 56
(NCT06125691), Frfat R s 3t B 47 (4T 32
Py 55— Bk ) CSL400 7R 45 5 THA I IR 3 56
(NCT06028347), Jf-HF AN F saRNA 11, I
PRETAFFE /s FE AT AE /N BR 75 5 38 S M B 28 Jij
%, ISR WIR YL, KIS, saRNA i
BE T B2 A TUIHNIG RIS, R EOE DT
GRVEVEN 5 IRt G SRR I . saRNA HLA IG5
AL REENE R . PURRIAFREAFMRE, KR
BEAHE RS 25 1T G2 i 22 R TP B st 26 B 7 7)o 1
AR, S 2 T TR 1 1 95 H TR SRR
2.3 circRNA & #: X H=E5ERRBEEHZIT

circRNA B 1 SE A Ihps 0 P IR S5 4, 78 7e i f%
GUPEWER A B I R ey T Az )
2 KTE, Qu S URIE IRES /B 5 1 ARG
HABHEERR, M nl Rk fl R & 1 = R IR Z RS &
3 (receptor binding domain, RBD) HY circRNA $&
H, RS EREAR NS S T E R iR S R
Sk T 4G, P ER ) Delta 25 5 0E 1 1 2R
PR TR I, RN B AR R A
¥k . Delta #f 5 Omicron ¥RILES: .

Fy it —2 T cireRNA BER ezl 1, #2540
PEROR R A . Wan S5 IR CXC #
B T4 13 (C-X-C motif chemokine ligand 13,
CXCLI13) SHuldtRik ) cireRNA E AR, I
BRIk LS5 5 1) LNPs 3%, 3 o 55 9 9k (0 245 fl 2R
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BERR PRI 2 . PR RS X S AR AR RO
UEAbh, Xt cireRNA HE A7 1& i . 4k JE B 3F X
(untranslated region, UTR) #3450 Filtid, JRnl
ARERTH PR TR EOR S e A 1

H AT circRNA JiJBRs 1 i & 38 A4 T 1Ifs R 11T 30
YISCE BB, 29T EIFSE H B e v 4R
PRE 1. Yue SR ZE H ORI (HINT, H3N2,
H5N1, H7N9) 5 Z R BRI NA i),
BEHl# =M circRNA J SRR, /MBS
A 0 NA Fr 51 1gG R S S4B E T 40 1
(T helper 1, Thl) TI4RfE G, X2 SIRFEARIL
T AR, FERRARM R B A S ARREH G
M2e =5 R SF, 2 R i A BLARHE A5 Zhang
LGPV G i M2e R 5F R A7 Y circRNA-M2e-LNP
PEWT, 2t 2 T 78 /N FRAA PN 0K SRR VT I T
A0 0% 5 5 7K F M2e 57 577 CD4+/CD8* T 4 Jfd [
&, FEEOEREPREREE LR, 2
T (FEEE100%), HZE4etE R,

SRS, circRNA B i L8 4 M e e T 5 4
KPR FRILN R, EAELPURETT . IR s L i
O 1) 3 05 A5 T A B B e RCR , LR AR ek
R St R P B G R A ME AR R T A
AR A HATZISE AR R BE cireRNA 5K
B AR Bz RGUIG IR LIRS, 5
AT AR £ T2 F 52 BRI 9T

3 H@E AR ER RNA B AR R
3.1 JTighRIEH R

T FH 0 S B F K 0 DB TR AR LR AL
UL AR A A S e e S XE RS . RNA 6 BAT
FEA AT At S hU R s R, A R AR EYR
BIRSF RN . BT i s, Hirh M2e, HA
ZEX . NA fR5FIX 5 NP SRS R E, 2
AT R ST, AT X N EE 3
JIi7R o RNA -5 it gt X sefpsp s, wif S
WA AN & SRR AN e, AT S Y
G PRI R LA
3.1 AREG 2R M2e 42 H AL BUR P
RSP ROMANE, A RAL 23 NMEIEIR, AF#EE
ok 18] )7 5] ) Y5 95%, L3 K OR A 138 B 4
55, W Bh 224 D1 AR I ol AR 155 R I 1 iR S E AL
RO RNA B 51 M2e B4 d 5 5 08 7 1Y
BH B L. Grovenstein 25275 1 4 i 5 % D1 BB B
M2e HLJR RN ) mRNA 1T, 4 LNPs #i% J5 7£/)\
B N5 S B K M2e $ 20E 1gG 5y TR

(interferon-y, IFN-y) FHME T 4UAEN % 7F HINI,
H3N2, H5NI1 BOLHAIE s, G/ s
B 100% F715 ,  HAZ9% v 5 4% G0 NG P2 1 6 FH AT 3
— SRR RO, PR M2e 1 RNA 211 H
AL ISR BV T

3.1.2 HA 2K HA ZAXJE HA & TR RSF X
B, ORISR T LAY R T RNA S
TR R RS TT S RE R RS, RS
HA ZEX PR AP S A0RP . (0 HA 25X H B
SRR BGER, H B RREEAR R, B S
FAMPUR . W E T LR 5 S PRI TR #
B HARE EYE, A OFR TR 2 28 — 24
JER GO, ELE 2B HA KR . B SRR E X
WIS . IR 2 RGBSR SR
M) R AR E e R Resiiie,
T e BRI X ZE X e N 2% . Arevalo 25
T CH ] mRNA-LNP £ A, 21 20 F i j20r 24
1) HA PUIR A st 20, /RS S5 T
PEFEF XTI 20 Ff HA AR PESUIAR, X HSNT
H7N9 %5 55 R 2R FE AL 100% PR . R e iR)Eias
YiJFW2: (original antigenic sin, OAS), 4HjHHE
HL2RAEPURA S ikE HA K& I
HA A AR SL35 AR HA PRSF2ETRE5 G, IR
PESFPAN FEZE AR R AT, vl X 25380
SN H R N AR E R E I R HA ZEER4EH
INA BT B 4N 22 A rhih g | 5 2 HAR RN .
3.1.3 NA 5 NP NA RIS ILIR 5 51 (R 7
PR, AR R [R]JE T 80%, B IA ki
SIS e n R A SRR ] A e R R
TR, BRI A T P A0 fe g 1 R
SPFAL, Chen PR B F ARG IRESS Al 7=
) NA B 3558 U PERTAR Ly 50—
B2 Bl AR AR B R s BE TR CAV-F6 5
CAV-F34, A4 Z R4 NA BEHE, 72/ R
X2 (HINT, H3N2) SEBL 100% {497,
WATET X HSNT 5 H7NO 33X 2 HA B 1 AL 3% Sk
ATV 108 TR R R 3 A AR, $oR
NA &P T RE R 3 S I SRR ST 5 . NP
EHINEERST, S22 ER CD8 T 41 RA7 ;
it NP Kok 2207 IR, n]4hrlife 240
) FEEHEMAENEE A T2 (major histocom-
patibility complex class I, MHC-1) i [ & %% 5216
PG AR EEYE T k4R (cytotoxic T lymphocyte,
CTL) 3858 5 A0 R

3.1.4 Htbit Rt HEPURRITHR KRR AR 2
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55K, MEANTERSITEAEYEN KR,  FROE%E RGN B2 A ) B A8 1 5l A 35 )
RNA P& WU B EZ D g g e . SusRahee v Rk, &SPt Ed)ide 2408 (antigen-
A% DRPESE IR TR R A I YRR S5 presenting cell, APC) NRYMIT S SIS0,

#fitE, AlphaFold 3/Multimer®¥, ESM3P% MUNISE® SVAITE 8 AR A% O A TR A
FTHOCHHTREGRSESERNA RS A0, B SRR, S ITES 0 R L A 5 A
P RIS R Ar MR S, IR AR SS M M, Gl RS 2GRN, IR A TR R
SR GRS RNA S-SRl gy likit S EREfbikit, RNA R — @ fE R
ik R, (EHUR RS BA T RREER] LS I B f R R — A AR Rk T I I ik
MR G E3 INTEGRAS TS o] ARSI MME RNA BRI AT e vh T 2Pl &1 t, B
WiERl G SR, WU ROEREM S, W AR S NEIRSFPUR A UL, A BB R
RS T BN R RS DULNPs S W, SRR S IR RE T RS A b e R

RS B ZRIR
M2e TRsp i o, 5T LRt GeBENESS . PRIVEE R, R o T AR
HA Z[X S g G, R R D3 HA SR BER AT, Bt =A%
NA TSR R R DRI, I A L e B RCRA IR, RBEEABIE A
NP L ORST, AT SRS AL CDS8 T 41 R HMEVARHITER S, T3 M OR g AN AL

M2e: LM 2 UAMX; HA: MBEER; NA: MZLERE; NP. BHEM

32 BERGESERIEEIHF S HEOREAE . AR R 2 FRAE TR U 4

IR ARG UE RNA S RO R OCHERS S B IREHE ] ki 25 R 4E T 5 RNA B 5 1
W, PRSP A 0 M R AR RO, WOt HEHE AN, B S G A A R K R S A
DAL . Fe b S et miEAwEE Y T, fEEet EEA e
Wk, BBIRERTT IR AL 2 TR ARl . A RO 18 1 R GE R PRI T 5 P IR AR ) SR S A
WE R s, A RIEZ R EE M TR R AP MDCAC . U G2 ol iy e oy 02—, T
k. B4 LNPs HIR R EAEZ LU0 RNA e BAROE S RS0 166G 5 T Ak, Btk
SR AR, (H A RIS AE S8Ry, (A P0GE 265 sigA IIRE AR,
FHEA RN, AR I P OE A TR R B T A A AN A2 o B AT SRR T e fik
YRR ARE TS Sy T AT T I Bk HE S IR I APC (AN DU 40 ) , AT 7RI

Styles %1% Xf b % ML mRNA-LNP 5 H & il Fl&k FAROE AN Gt H S 247 300,
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BILRG, F5HURG HA U EE HEE HOF  PUsUER BIFIGERREE, AR T SRER slgA 5
FETE A AR Y T X RS, 2 B mRNA-LNP 76 U2V R0 ICANME, Dok o dlE 7 0 38 Jm 38 7 4
V)i HA 25 Buik . dr KA ic e el SR (B AR [m) i I 2GRSV BR D . g
AR AL . BTSSR R LNPs IS AR IR, X B iR R AR T R R (i
AL FZEN 2 AT T . JARCHR BT Sy, TEORRE  SRITIRHIBERN R R 5 4 i 22 it e A8 ] A6 %) i 1 2
EIA ORI RTHE T 5510 EA S S RE S 5 (B LNP™) . R RATAF 45 AW, HAe AR i)
mIACHA, W7 LNPs $8mPFIGE SR gs B RIRE ST, LS BRI RO AT AL RAF ST 40T
PR R 3.3 REREMIGE SRR

HUbREy, ZFpE LNPs B 6 #R/E a1 3.3.1 SR R ed Bkt G RS
FYOT R, W TRAEWAKBR ARG NAY 5, IR 15 RNA B E A HBES
AR A S TR R, R T IREALEM, P, RNA ARG RIRE N R R E S, JFAT
A HERR G FR ARG BB S 2R E AR 0 AMIMARSERAR S ANEEAA R EIE] O I g A A T
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SFHEBUARIE], AT RIS Z AR, A
A5, A% B AL mRNA GE -t
FIB G RPERIE , TERFAT Toll BE324A 7/8 (Toll-like
receptor 7/8, TLR7/8) -t BEARAE AR, AThid
Y IRE S IHLA 1 (retinoic acid-inducible gene I,
RIG-I) / B & R 5 4 LA X 3 K 5 (melanoma
differentiation-associated gene 5, MDAS) &% #2{it
WEAERIES AL JERS 52 R AN A p a5 38 1 M o
PERIE™), saRNA O 7EANME N FELEE ], 575
SHRR . ERFAR RIG-1 - RAIEL IFN [, A F)
THG5E CD8* T Ay circRNA D AP & BRAR S,
) VR T A% T Tk AR A, 2 300 R XYL R 1) 2 R B s
POIEFRIE, E25 MDAS RAHE, bR
IRRCR G ARIAE R F AL T 55 —Fh Al R

332 SMRMAEA L RNA & 2hikix  ysRolif
FERPENE, AMEPEA RS RNA P2 i ik 25 2 58
A5 1) VRS BB IO 25 A A O SR o IR RISy
AN W5 S, Al TR BN A B 5 e S0
i, WO PR BE R S E - R S U (cyclic
guanosine monophosphate-adenosine monophosphate
synthase, cGAS) -T4EZE LK A F (stimulator
of interferon gene, STING) il i 34 8l 57 AT 5205
T IHLIFN 5400/ % -12 (interleukin-12, I1L-12)
G3Wh, A CTL 4304k FiCtO I e, X EE% i 8 2
PIFRORST 2R 0 T 40 A S e BoA 22 Y5 Toll
FESZARTE S AR 25 | SRR Ak . TLR7/8 ¥
B (10 R848) REA WU SR I AN AR SR AN ML 5
B 4L TE AL N4 = BTN 2, TLRO s [an i
W E - R - 5 WS BE RN A AL 1 R (cytosine-
phosphate-guanine oligodeoxynucleotide, CpG ODN)]
DN g T2 2F Th A2 e i, ik 40 oK 3 ik
(4 LNP) Ki i gmit RNA 5 R4k ) 3k [m) 2%
AL B R — APC SR IR, DA T4 5 B[]
YERL.

333 iRk Emie ek IS IEE I AR AL
R BEMRI AR R Sy 5 Al S i o ot At 2 B
BRI RSP (A7ESS M AR Y2245 5 P RE L)
HA Z5 X ol i AL SF I NP) , FR45Gad e k7 5
BIRIRAR, PIAE—E R b SN A ALY SE ]
o n, EHxF HA 25X mRNA 225864 TLR7/8
Wahsl, TSR T R R A gl NP S
INERORST 2 P K STING 8l Y RNA

RE R ARG, U] B R P A 5 SUROREYE Y CD8* T 4
J G g™ SR BB S IR AR A i 2R
5 RNA BEHT, R RBZ MR B 45
T A HT R R, W 2 SR i Z LD
T RAFAE . WA IS AN [ o B b A
i I E T 1]

4 i mRNA BENIGRENL S HH#HH
=

WF & REMG AR AL IS T AY | )3 e A PR b A3 O
JRPETE I H AR AR SEBL, H RNA - 6 7 I 40 3
T RS S 2 PR32 1 I AR 2 1 5 WA A R
i AL IR T T S AR AT
TCEERZE 2026 4F 8 H AT mRNA ¥ 1 I IR
Bl SRt
4.1 T mRNA RREENXBIEREES EH#

itk

2026 4F 8 H 5 H, FDA 4t Moderna ) mRNA
TUEE I mRNA-1010 FHF 50 2 LA BRI, ik
SEERE AR B mRNA 295 P i R,
Moderna £ Bk5S 5 FARALAY mRNA B =0, %
JEW A LNPs L2 19 —Hh mRNA $E7, Zmhd 3 Ff
WHO #E#REPRID HA $iJ5 . FDA SRS ARHEAE :
50 ~ 64 % i A FE T & HE 1Y FLUENT i %
(NCT06602024, i 11 A~ E S . Ik 40 805 4 4F
1% =50 2 N ) IRIHES e b, X SR
4 B 5% )2 . (reverse transcription-polymerase chain
reaction, RT-PCR) #1257 & 58 I JBORE B0 A1
X} ¥ B %0 71 (relative vaccine efficacy, rVE) ik
26.6%[95% ‘& {5 X 8] (confidence interval, CI) :
16.7 ~ 35.4], HLF hx o 5 12 K6 2 1 IF 8 0L 3hs
HEDT s 65 5 J LA 1 3 1 G 328 Ik 5 4 S i e 41t ofe
(NCT05827978, 2992 Z4E#4 > 65 % I, Xf Lt
R KT, T LR IR Y WA Sy
Mrigas, PR A/HIND (rVE 29.6%) . A/H3N2
(rVE 22.2%) 5 B/Victoria (rVE 29.1%) ¥ —%H
By AR = 65 % NBE rVE R 27.4% (95% CI:
12.1% ~ 40.0%) , A48 730 ol ) e K g e i
GAVET I, PEA AR RN (5B
PR 907 . KO DU ZTXHR4, ZhRH
B —ad s CEAR IS 2 A (2.2% vs
1.9%), KHBUHZ 2507 HAEER R,
H mRNA-1010 g & % 1 17 76 £ 8 3t SO 5
(influenza B virus, IBV) s JsiPE 55 A4 n) @, B
“B RIGpe Rk 117, 2R R B e R R

K
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HEF 2025 4 6 HEM. raME (2~20pg) ¥
A livt, 2 ug EH RIS HAL 5 NA Fi 5
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