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Abstract: Human cytomegalovirus (HCMV) infection poses significant morbidity and/or mortality risks for
individuals with compromised immune systems, rendering it one of the most prevalent congenital infections
worldwide. The pursuit of HCMV vaccines has spanned over five decades, with clinical trials primarily focusing
on various vaccine candidates, including live attenuated vaccines, viral vectored vaccines, subunit vaccines,
peptide vaccines, DNA vaccines, RNA vaccines, and viral-like particle vaccines, usually accompanied by the use of
adjuvants. Although the development of vaccines against HCMV is being actively promoted, there are still
numerous obstacles and challenges persisting in the research process, due to unique pathogenic characteristics and
infection mechanisms of HCMV. Based on the summarized research progress, this article analyzes and discusses
the faced challenges and potential approaches to provide valuable insights and guidance for the exploration and
development of new vaccines candidates, and ultimately achieve prevention and control of HCMV infection.

Key words: human cytomegalovirus; infection mechanism; antigen; immunosuppression; vaccine

AN K E 4 M2 % # (human cytomegalovirus,
HCMV) 1 94 2R Bl 9 BB 5200 5 1) 2 g R B i,
At F T Z o0 R AU S B EUEE A B

AR H: 2024-11-16; 18181 H T 2025-01-06.
*E T E-mail: 18560617508@163.com
DOI: 10.16438/j.0513-4870.2024-1137

(1) B PR B e, B 2 5K 2 52 SR AR B AR DA B i /1 1T
20 MR A ) 20 S IR ) LR i 35 AR, 5 B0
A LIS R HCMV B 5 2 H AR B fa ), A B HCMV
Bl et RN E B S 55, 52 Ro% MR
RABTIF P, X HCMV YL & % H 5k 524
YRTT, BRI YT 7 U B bR A s S, (H



- 896 - 222224 Acta Pharmaceutica Sinica 2025, 60(4): 895-902

M B 2 A M R 24 P Tl R R VR T I B R R A
P T R B VA AR G e B U Tz —, B H ol
KA HCMV ¥ 13743 T v T, B I PR S A 8 1
WA E R R . T BN, ASCIR BN
£ TR A SR, DA HCMV JBE 8 1) iy 425 3R 437 11 S8,
AT
1 HCMYV HYfR R Z 45 K R AL
1.1 HCMVHIFREZHFE HCMV ¥4 8 N FIE2
g S, R R pI R R ER ) — R %
93 A2 —FPOOUEE DNA W 2, AT NN LT BT A (1)
MM T, HFFELL LR, HCMV BerE NMAZ
A 20 b A A, L AT 4 4 A b R 4 Y R 4
H B WG 4 i 2% . HCMIV 3 B3 3 44 vk« L vk < 1k 3%
ke L BB ok e SR BB S IR AL . R R ThRE
N, HCMV L T8 8 A 42 5] e 7™ R, Al
RE H B DAL JERRERE R A R AIE 1 A e AR A (PR AZ 4
MRS 2 0E) LRAAE. AR, 76 ThBE AR T EUF/ER
T B3, HOMV 5 R T8 B P 50 K 5 3500 B 45
BAE, HAFFAE R R ARG, LA A0 if /AR 9D
AAFEG T o LI GL T, AT H I 28 BT 98 i FEE fi
KRR R B

HCMV R 7 K1 23K, B2 48 150~
200 nm, J§ FF FORL B A 8] AMK IR %0 A 5 Bk
AL S (B 1), LB 7 40 SR AR RN 2
Tl B B 2 11 PR IR JSO0L)Z, 1 R N I TR 2 P ik
JiEE 1, A 5T FH 2 o B AT R BRI OE T A 2
K, W0 & 4 M XUk DNA JE R 40, K (235 +
1.9) kbp, #& NFH B0 3 h i KRR 4. HCMV 5
DRI R 751 AT TB05 A, He A 1 282 /> 7 4 o
ARG BB, HCMV Al 3k 1 8 A R 55 4514
HAMAESME G, AR E AR B & 505
JEPERFAES ( 1). 45 K6 B R A 1 996 B UKL (1 4 B
SERY, AR5 R B P R B I B L A T g
R IR K 4T M 1 45 55 2 R I RE . R EERNAR AN B A

Tegument proteins

dsDNA
/7 -
éggj/% A
PPN

Figure 1 Schematic structure of human cytomegalovirus (HCMV)
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Table 1

characteristics. +: Weak effect; ++: Moderate effect; +++: Strong

effect

Protein types of HCMV and their immunogenicity

Humoral Cellular

Type Protein _ . :
immunity immunity
Glycoprotein ¢B + ++
gH/gL/gO + ++
gM/gN + +
gH (PC) +++ ++
Tegument protein  pp65 (UL83) 4+ i
pp150 (UL32), pp28 (UL99) + ++
pp71 (UL82) ++ ++
Regulatory protein IE1 (UL123) ++ -+
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Table 2 HCMYV vaccines during clinical trials. DISC: Disabled infectious single cycle; eVLP: Enveloped virus-like particle; MF59: Oil-in-

water emulsion adjuvant composed of squalene droplets stabilized with small amounts of the surfactants Tween 80 and Span 85;

PF03512676: Synthetic single-stranded phosphorothioate DNA containing CpG motifs, also known as CpG 7909 and CpG 2006; CRL1005:

Nonionic triblock copolymer composed of blocks of polyoxypropylene (POP) and polyoxyethylene (POE); BAK: Benzalkonium chloride

Vaccine category Vaccine (sponsor) Antigens used Adjuvant NCT number  End date
Attenuated/DISC V160 (Merck Sharp) PC / NCT03486834  2021(1I)
virus vaccine Towne-Toledo (CMV Research / / NCTO01195571  2014(I)

Foundation)
Viral vectored AVX601 (AlphaVax) ¢B, pp65, IE1 / NCTO00439803  2008(I)
vaccine CMV-MVA Triplex (City of pp65, IE1-exon4, IE2-exon5 / NCT06059391  2028(11)
Hope) NCT06075745  2028(1I)
Subunit vaccine gB/MF59 (NIAID) ¢B MF59 NCTO00133497  2013(1D)
Chimeric peptide ~ CMVPepVax (City of Hope) HLA-A*0201-specific pp65 CD8" T cell PF03512675 NCT02396134  2024(11)
vaccine epitope +P2 epitope of tetanus toxin or pan-
DR epitope
DNA vaccine ASPO0113 (Astellas) ¢B, pp65 CRL1005-BAK NCTO01877655  2022(III)
mRNA vaccine mRNA-1647 (Moderna) ¢B, PC / NCT05683457  2025(1I)
NCT04975893  2026(1I)
NCT05085366  2026(I1I)
VLP vaccine VBI-1501 (VBI Lab) gB-G eVLPs AIPO, NCT02826798  2017(I)
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M HCMV & 18 1] e 75 2 2 KPR, BA A F 5t
JER AL, Fg e by S A7 VR 400 B 2, T 5 K PR FE
R BT 51 R 0 % AR o A8 AR B 5T, Wl LA ik
W G-I s AN/ B G 25 24 (1) 7 A& AN TR S8 2 1) 9% v
SEPLF B %, QA Se WOk A0 I e 5 IR, ) SR FRIOR
AR G 28 s I, 3 3 e S SO T 4 T 4 2 A I SRR
(19 AR Y e 58 ) B T A e B R A 6 88 S N ) T 1
515, DA SR A K PR b B w5 40 B e S AR A T e B 1)
ARk

4.6 IGKRIRIERIEAI I HCMV E ZE AR . i
VR Ak REER B A R AR E A SR AR R
b, HCMV 2 i R i) H b N ALHE 4 25 137 BA £ 1
B W L L35 BH P 1) B W 10 L Sk 3 B R AR RN I 1
T 20 B A A A2 A 3 T 20 RS A A AR . S X RS A
MR/ 32 AR A HCMV 2 1, % FH 556 Hi 2
VAJT (pre-emptive antiviral therapy, PET) A B A HITG
I7 SR, T LA A A5k S BT 9 2 B e Bk PR O R
hE R AR BETI R . BRI H AT IR R AT 7 45 R W,
HCMV i 18 75 T B 2o P95 25 J G J7 T 1A 38 I 9 F A 2
L RREDT Ik HCMV 86 e 500 2 0S5 — R B4R
U PRARAR LI R AR AR NI R 28 5, 7R
ey 25 7 i B 35 A D A 2 s b, S e AP HOMV 22 1 46L
AR Ty SEIRE e R AR AL TR o — TiE XT3 461 44

P )R AL A BB T3 B, I 9 4 7 4 B AR 2 LI
P KA HCMV R Y N 3%, 1 L3 BH 1 7= 40 iy 2 22
JUHI e R 1% HCMV &3 204 1%, e fA £/ 3 28 B
PP 775 AR I B 1 00 KU A OGP B AE
UL YR B2 W A7 TE BHAR HCMV IR YS, 45 F 7= i
SN G BREE 1 A AT FRAR G ) Lo R PR B AU

IR T 4G SR R R AE S A B R AR B B8 IE, BB
H9E 2 v BE RhCMV A1 R TR I AN §E BH 1k BE 448 e
{H RS TR R Lo R i e, B AH7E BE & CD4™ T 41 i
FEUB IS OL R, AR B8 BRI BR A0 5 MR /K7, 1% P 5
ILE C 4% TIF B8 2 5 30 R ECY . BRIk, 570
B BVA T RN TR YA B, TREF HCMV 3 B A& 3% ]
RE A J I T W R PR AP 28500 1 B B AR R 7 1) o
5 RESERE

HCMV &1 T & TAE B A R4 T 504F, RESE
AT A HCMV 1 3845 b1 VT, (HAE I PR T A0k
PRARES FEREAT T 4 NE SR FIA A S R . HCMV
FRYL AT S 2 RO T 40 B A 5 5 G B e, FF
Hax 7 G 92 e B #5 AR AP AH OG o T8 T IR ON BE AR
HCMV [P G AL, 18 510905 2 26 e o 72w i) Ot B
Ak R, %2 P R/ERME A S, BT R
HCMV {5 146 3% 1 7] LA 5| S A I e 2 e 8, FFad i 7
B 1 75 S AN [F) SIS 28 2 1 1) e R B A, AT Bk
PR B2 Hb 4 5 5 HCMV B G (PR3 T o 2 T e (5 B
SFIAE OGN A e PR ke, I 5 4% Gt S 06 5 HiF A
ShEr, WO IO TT R FE O K A R MR 3, S5 28 1 Th
TR HCMV 1

YEZ K TR IE 5 TR ] CER S LS5 R
FHFN ] A A8 s 67 57 D S0 E B AR T N A IS B H
DL d A o R A7 B R S T A K FR B B AR, JER SR
Be5 PR ATIEOC .
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