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Research progress of human metapneumovirus vaccines
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[Abstract] Human metapneumovirus (hMPV) belongs to the genus Metapneumovirus of the family Pneumoviridae. Tt was first
discovered in the Netherlands in 2001. hMPV can cause repeated infections in infants, the elderly and immunocompromised
population, which is one of the major pathogens causing severe acute lower respiratory tract infections. hMPV has spread across the
world, becoming a serious public health and financial burden. Vaccination is supposed to be one of the most important approaches to
prevent the hMPV infection and transmission as well as to reduce the severeness of symptoms. Up to now, there is no approved hMPV
preventive vaccine, and most clinical treatments are limited to symptomatic reduction. In recent years, significant progress has been
made in the research on hMPV vaccines. Many vaccines have entered the clinical research stage, and there are also numerous studies
in the preclinical stage. This review discusses the virological characteristics, epidemiological features and molecular mechanisms of the
hMPV infection of host cells, introduces the latest clinical development of hMPV vaccines, and presents the preclinical research and
development of the hMPV vaccine from the perspective of different technical strategies , hopefully providing references to accelerate the
hMPV vaccine development.
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J& , 5 NI I8 & 9% B (human respiratory syncy-
tial virus, RSV) JE A [FEEANE J& . hMPV Ny # A% 71
B RNA A 8, 0 8 W0RL T3 BLAR 2978 200 nm, J5 B
RNA 5B\ 0B H4 6, RINPEEE F.G A SHIE R
13~17 nm [FRIRS R4 G BCF (#1751, hMPV 1] 73
NATSFIBAY, JERT 40 9 A1 A2.B1.B2 4 MIE AL,
AT E AR, AN FE L hMPV A 7E [F]— X [
AR, I B MRARAE 1-3FENSREDHY. &
BRI N R RS 028 SR RIS RSN LL 3R 45
FIR, hMPV A BRI B R (1470 5 e o AH O
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2 FE BRI NN, R 2 K2 55« S # i)
SRS PR il A BE S N . HRR I, I
hMPV ] 2 4E B & T 40% K AE K™ . 2009—
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He4 55 8, MR N 4.1% . BUHE B3 40 B & B0,
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X5 DR T —8" . hMPV 5 RSV @l i B 5
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hMPV %t RSV AT V&R 1~2 4 H o 2023 457, 5
PR X 5 255650 % 1 B Ao, MY At
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A: Genomic organization of hMPV. B: Genomic organization of RSV.
El1 hMPVFIRSV HEFEH
Figure 1 Genomic organization of hMPV and RSV
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hMPV A1 PIV 3 #UEX 1 mRNA-1653, RSV fIl hMPV Bt
1 mRNA - 1365, RSV, hMPV A PIV Bf 11 SP0256,
RSV 1 hMPV Bt 1 VXB-241, PL A ik 55 1% 5%
rHMPV-Pa.,
3.1 IVX-A12

IVX-A12 [ T T8 00 5395 B R
(virus-like particle, VLP)I53-50, #§ Fft VLP 43 5 & 7
RSV Pre F #1 J& (DS-Cavl) #1 hMPV Pre F #ii
IVX-A121f R T B85 (NCT05664334) () 3= 5 H )
F2 VA B VRPN [ 370 2 R LG9 R B R VILP, DL R
B BN MFSO®) 2 A VRN G g Sk, B2 AT o g
FEEAFN. HHEEE TR, B IR 2 R AT, o
WA A, B0 FE RSV A hMPV #5052 <
N, PR T4 T3 . TVX-A12 5 S/ hMPV-A
FhMPV -B i 5 1 R B A4 L AR ~F- 350 30 B 2 0 240
3 300 assay units/mLA123 900 assay units/mL, fj 227
A2 900 assay units/mLAT11 500 assay units/mLe
AR W R SR 2 BE VT R 6 A B S % I 2
PR, T IR AR R B (NCT05903183) 1 H () ik
{2 A N AP 570 B BN MFS9® TVX-A12 1
AR G SR A, T B K 2 A R RE A
PER. H AT, e S R R A
3.2 mRNA-1365

mRNA-1365 K H mRNA B ARG, 40T 1 #AlA
PR (NCT0574388 D A FE M BY, = B 5222 =k
B 5, 2 ANBERN 5~24 AR 2L, BT M A
VTR Rt S
3.3 SP0256

SP0256 & £t X % 45 A\ Wit i mRNA W Y 38
AT, PrE E EAFE RSV.hMPY AT PIV. H
BT, 185 1 IT J& 1Y) RSV AT hMPV B¢ 228 1 10 1 PR 1t
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ST THEHEN R Z —. Dubois 25 LIAN A B3
KUFHT hMPV 58N & 40 8 SH B0 G kR 55 . 12
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RSV HIhMPV F [ F7 51 F1 25 ¥4 AH AL EE AR &1 5 DA
FEWEFE I, U5 in — B8 W] 4 RSV 1 Bovine RSV F
Fa g T Pre f 5, B8 ORI B, 0 51 N LAk [R]
T8 CGinterprotomer disulfide bonds, IP-DS) o Stew-
art-Jones 557 1B UH L T hMPV, #3 T — R 5
RAK(E L 5 1~5) . DNRABEVE 45 1%
B, Joi8 Pre B Post #4 4, % IP-DS H R K 75 5 1)
rhOR FE B . AR AR B IP-DS RAZ (1)
PR G 2 S 135 X6 B2 WAL A FK B Y. Ou
SED2VR Kwong %574k 48 DL A IR 4 A v 1 Pre I 52
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BRI GR L, P9 6~10) . HLETRAZ kG
985 /I8 BR A LY R A M R B, 1 3 A IR B I R AR
NS =V S R I E R N E I K= N Y N A S L
oIk 5 5, v3-BA12DS454 5 5 (1) /)8 B b R i 44
KB v » FAA NG 92 T R
BETHAEE I hMPV Pre F J5 &1}, 2% RSV 4
55, w S, FHI R ARRE R A A DI E, R R R
Feik o FLUR BN TBRERE I TS Al A SN & R
[ 5 B 7 s S A, 38 ek e G Ay B TR T A
HomAsE M. BT DL SRR W T B R 2 R
(K2, lWEFRIA R RERE T8 T S s 5
MRS, JRIG IR AR K DS-CavEs2, H 541X} Pre F 1)

z1

FATLREPUR MPES 1556 FIRE B R 32 2, 17 H. = 22455
SRR A", 45, B R Pre S5 HU I
DS-CavEs2 ¥ B hMPV % AR

hMPV FO [0S 75 & I BE DI 14K, 171 RSV
FO ZHG D)%) 2 /K. Bakkers 5P\ A2 RSV {2 7%
DI A AR 3E hMPV FO B0 , BF 78 A5 48, 4 4T FO,
B 26 2 DIRIAT s o 25 SRR, 2 IRIRIER 15 1A e
hMPV Pre F = SRR GEGE T 5w /K FHuikfizg X rp
FHAE L, JLF 58 45 R A hMPV XA B Bk
75 I A 8 1 W) # hMPV Pre F = BB A& BN A W 5]
FIHG LS T

VLP H197 85 45 ¥4 55 (1 41K, 7 57 B0 90 2 25 1)
% . EAR VLP SO FERIZ, (H v G 2055 T AR

R REIIIE

Table 1 The construction process of mutants

Confor- Disulfide bond mutation
No. Mutants ) Other mutations
mation  [ntrapromoter  Interpromoter
1 vl-B PreF  A113C/A339C - T160F,1177L
2 v2-B PreF  A113C/A339C A120C/Q426C T160F,1177L
3 v3-B Prel  A140C/A147C  V84C/A249C -
4 v4-A/B’ PostF 60C/A63C™ 182C/K188C™ A140C, A147C,K450C,S470C™
5 v5 PostF 60C/A63C 182C/K188C  A140C,A147C
6 v3-BA12 Prel"  A140C/A147C  V84C/A249C  Modify the F2-F1 link region, 89-112 GSGGSG, 185P
7  v3-BA12DS365 PreF  A140C/A147C  V84C/A249C, Modify the F2-F1 link region, 89-112 GSGGSG, 185P
T365C/Q455C
8  v3-BA12DS454 Prel"  A140C/A147C  V84C/A249C  Modify the F2-F1 link region, 89-112 GSGGSG, 185P
D454C/V458C
9 v3-BA12DS3653P PreF  A140C/A147C  V84C/A249C  Modify the F2-F1 link region, 89-112 GSGGSG, 185P, with
T365C/Q455C  additional mutations E131P, R163P, and A459P
10 v3-BA12DS4543P  PreF  A140C/A147C  V84C/A249C  Modify the F2-F1 link region, 89-112 GSGGSG, 185P, with
D454C/V458C  additional mutations E131P, R163P, and A459P

*:v4-A was derived from A1 NL/1/00, and v4-B was derived from B2 CAN98-75, respectively. **: Original design of v4 involved A140C-A147C,
A63C-K188C, and K450C-S470C; cryo-EM defined model delineated 60C-A63C and 182C-K188C (with A140C, A147C, K450C, S470C).

%2 DS-CavEs2 #9372

Table 2 The construction process of DS-CavEs2

Name Mutation Advantage
BaseCon A185P/H368N/Q100R/S101R -
DSx2 Base Con+T127C/N153C/T365C/V463C Expression level was increased, and thermostability was enhanced
DS-CavEs DSx2+1.219K/V2311 Expression level was higher than DSx2, and Tm was higher than BaseCon
MM-1H DS-CavEs+L110C/N322C/N368H/ Expression level was decreased
MM-4H MM-1H +A140C/A147 Expression level was close to MM-1H, and Tm was increased
DS-CavEs2 MM-4H +E453Q

Expression level was increased, with 1 L FreeStyle 293 -F cells expressing

15.7 mg of Pre F, and Tm increased to 71.8 °C
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SEVERRIGE L G | N, B — @ R E . 5
B W50 N S % B F 9% 5 Chuman immunodeficiency
virus, HIV) ff] Gag % 15 hMPV F il & #2 VLP, £
/NE T, 5 hMPV F A EL, hMPV-F-Gag VLP (1) % 5%
JE 1 T A, R AU AR OK T . FE T VLP BRI
hMPV % Wi 7E B RS R AL BUAR 7 — e gk e, o
9% B T A B AL TR SR

hMPV F 1)K 2 #b S5 A7 s [5) B A7 75 T Pre Al
Post, F2 5 B Post F & A[ AT TR o Pilaev 25594
# % > hMPV Pre F fll Post F R 4814 (% 3), LL& M
FlRa) A G IR T DU 8 7. /N RS b, 4R
#5520 R A T160N. A185P. A125C/1260C A1 454 -
HQWH-457 i 37742 1 Agids, HoKSFHE, Af H]

T B3R/ RS ARSI B0 B L, B TS IAA, Pre
FIFTREY)S Post FAH LA R B EAR ALY,

ZE 5T TP I F N Pre £ Post VRS W, N3RS
SEA [ hMPV Post F = &4k, 55 CHI# F, fEfT A &
30N Posto FVARBR R [ S /)N B A2 1 1LV g
G B AR R, T H3E s e S A T AR E
IgG1 A1 1gG2a/2b 7K~F-, ~F % 1] Th1/Th2 % 5% N3 .
G MR R, PUAREE [ hMPV F 1 Site TLATIVE,
W8I T hMPV F IREHTRRAE , 3X AT 58 8 9% B 1) 6
RILPEH M EE(E B
43 hMPV ZAHARE G

L 2H R 92 R e e R 0 TR AR A R e TR 1)
BE R4 N B R A1 R, BN B , R
K REPUR, 55 R T Y S 0L, 38 55 N AR 52
I B e 7o EE ZH AR T R R0 A ) e A

K3 HERARTER

Table 3 The mutations constructed

Mutant Mutation strategy Conformation
T160N Cavity filling Post conformation
A161IN Cavity filling Likely in the Post state or a mixture of Pre and Post conformations
A185P Potential stabilizing Likely in the Post state or a mixture of Pre and Post conformations
A125C/1260C Incorporation of disulfide bridges Predominant Pre and less-abundant Post conformations
T127C/1260C Incorporation of disulfide bridges Likely in the predominant Pre conformation

454-HQWH-457

Reduction of negative charges

Predominant Pre and less-abundant Post conformations

SRAR w7, 38 5 3 R AR B0 1 SR E0 1 199 5 5
BRAE B R . hMPV #5215 0t 78 i & PIV AT
JER R AR

Chan 2559 4 LLhMPV A2 B CAN97-83 F At
JE 4L, AT B AR AN N2 ) Pre F o L)
FAR, ARG, 48N F AT HN FE (K] 5 4 hPIV3 FH 1 3 4]
(") Bovine PIV3 # /4, HLIR1G 8 AN EHH T (K 4. )
Yiscm g R W], HA 15 5 4 hMPV A% 4 i
() FR R AR K 22 3 LG i 2 s BEE s,
HH T RSP S H RO B RGP hMPY,
AL S0 il 0 R g, RATAR 3.6 17 B BRI EH
HR A KR E . JEEH 24
B/hPIV3-hMPV F 5 51 E AR w5 A 7T e K i8££ 1
i 1 P

A I LA B A EUA, B hMPV F R 4
NST L, #) 8 AT rFLU-hMPV/F-NS.  h¥)5¢
56 v, BT R G A0 5 B 2 rFLU-hMPV/F-NS 35 7]
TS m A PUA AR . FLU-hMPV/F-NS

AR R R, /N R 400 BE AR AL R, 9 T
k. % L, rFLU-hMPV/F-NS & — F 1R 5 77 5 11
hMPV {3 2 1
44 hMPV #:5% %

hMPV FI RSV ) = £ 50 5354 F, 1 H AL =555
YRS, A hifk O S e B Rl . %
RSV F [ 2 BARY AL 582 2 hMPV F A 7= AR 35 7
PRI B TR AT ARG B 5 [R5 S X 7 o
R EE S SN o McLellan Z89% i1 T 24 RSV F
HUARChMPV F site o188 H , 2856 f1 ) IR IE K- L
B, 913819 Chimera 1k &8 . SRJE 4L Chime-
ra | B FERR, #9% RSV F A1 hMPV F [8] 2h 4%, $2 5
Tk K, HAORFE Pre RO E BV . HIK, 5F
hMPV 4 25 [ 51 % 1F 5 AL A0 5838 7 & (R
5, S REmEAREKTFRARRE . KB
ff) DS-CavEsP 5 D25 (RSV Pre F 45 5 M 5448 1135
A1 JJAIRSV Pre F PRDM #{24, 5 MPE8 (hMPV/RSV
A X BEHUARD (1) 55 F1 ) FTDS-CavEs2 A 2, 5
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%4 B/MPIV3-hMPV F BT igit
Table 4 The mutation design of B/hPIV3-hMPV F

Mutant

Mutation position

1

- VSN ]

(e e Y |

Wildtype, hMPV CAN97-83 F
Codon-optimized (with no change in amino acid coding)

Codon-optimized (with no change in amino acid coding)

A modification of Mutant 3, in which the transmembrane and cytoplasmic tail domains of the hMPV F ORF were replaced

with BPIV3 F
Based on Mutant 2, introduced mutations D185P/Q100R/S101R

Based on Mutant 3, introduced mutations D185P/Q100R/S101R
Based on Mutant 2, introduced mutations N46V/T160F
Based on Mutant 3, introduced mutations N46V/T160F

hMPV F Site Il . V5 T 4 57 % s RG0S5 F0 ) Al
DS-CavEs2 #H 247,
4.5 hMPV &4z &

PAZR AT T A AR 1) S A5 B S BOR o v
WA SR 1R B ER , 2 A BN S B S5 o
MR AL T IGUE VA, M FLGLSH.M Fl M2 H i

1% CTL-CD4" T 41 f A1 B 4 281 R A, 40 A Hopi it
PE B TE BRI L SO L 5 N TR A REJE M, DL
ANTA) S TR ) A s o 8GR, TN A RS W AT AE N
AR R, B RE 2B EEs, BA AT
568 A YN 2 B e RS ) . K R 2 SR A
mRNA P 1, fo P 155 0L 38 BH % 58 1 vl AE 9 T B

&5 DS-CavEsPH#iEidi2
Table 5 The construction process of DS-CavEsP

Mutant Mutation position
Chimera 1 MPV F 50-84: RSV F 59-96; MPV F 163-201: RSV F 193-229
MPV:Q100R; S101R; T127C/N153C; V2311; T365C/V463C
RSV:N67I;S215P
DS- CavEsP MPV F 50-84: RSV F 59-96; MPV F 163-201: RSV F 193-229

MPV:Q100R; S101R; T127C/N153C; V2311; T365C/V463C; L110C/N322C; A107P; L219K; E4530Q

RSV:N67I; L95R; S215P

hMPV B ) fiz i 2% p
5 INESREE

A BRE FE N hMPV 26 3L (1 34T T 3475 4E H ™
VR, G T2 A 5 2 I B A I 0 A R A PR I P A
o FEH AN A TBE hMPV JE YL (A R0 it , 7]
DABRAR RT3 2 VIR BB %, I HL AT AT 20 B AR 2 (10 4%
&, HH AR A hbMPV &8 LT . BT hMPV 1]
S| T R R, HE DLTE SRR A g% s S RN
TR A, B FE JLEE RN Z N, B AU | G2 7K1 Al
HRAES TR AANEER, it E T REBURF
(I8 T TR T SR S 5 X A PR 3% R 9 8 1 R I R
Phdk. BT, B E A 23K hMPV i 3k IR R i
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