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Vaccine—induced Immune Response and Dynamics in Responders and Non-

responders to Primary Vaccination against Measles
Zhou Xiaoyu, Wang Qianli, Yang Juan, et al (Shanghai Institute of Infectious Disease and Biosecurity, Fudan University,
Shanghai 200032)

[Abstract] Objective To evaluate the differences in the dynamics of vaccine-induced immunity and potential
influencing factors after receiving 2 doses of measles-containing vaccine (MCV) between non-responders and responders to
primary vaccination against measles (MCV1). Methods Serum samples were collected from two prospective cohorts between
2013 and 2021 in Anhua County, Hunan Province, and measles-specific IgG antibody concentrations were tested using enzyme
linked immunosorbent assay. The antibody concentrations, decay rates, risks of seroconversion and potential influencing
factors of MCV1 responders and non-responders after MCV2 vaccination were analysed using statistical models. Results A
total of 452 MCV1 responders (91.5%) and 42 non-responders (8.5%) were enrolled. The GMC of MCV1-induced
antibodies among MCV1 non-responders was lower than that of MCV1 responders (3.0 vs. 7.7 log mIU/mL). Although
antibody concentrations were comparable between the two groups following the second dose of MCV (MCV2), the significant
differences of decline (0. 008 versus 0. 004 log mIU/mL per month, P < 0.001) and persistence (7.3 years vs. 4.3 years) in
immunity were observed. Furthermore, multivariate analysis revealed that the pre-existing antibody level prior to MCV2
vaccination was the only factor associated with the antibody decay rate after vaccination (f = =3.75e=04, P = 0.004) ,
suggesting that higher pre-existing antibody levels correlate with faster waning of immunity. Conclusion The insufficient
immunity conferred by two doses of MCV in MCV1 non-responders indicates the need for optimization of immunization
strategy to accelerate the measles elimination process in China.

[Key words] Measles-containing vaccine; Antibody dynamics; Non-responder; Immune dynamic modeling

JBRIZ 2 H RRIZ I 5 5 | S 118 2 P I 2 3 A% i
Bifi 75 %5 WK 92 Wl 43 9% 17 (measles—containing vaccine,
MCV) 1Tz # e, 2 BRERIZ K 560 3 N RE
SR, B RIAT LOE, A STAEZE NI T Z
PEIE K, AAETE G L IRRZ R 2 E R 6+
FOR”, S E B MENEHLE " RS

# S IUE T T QOB R % 0(ZD2021CY001) s 58 1 48Rt
54> (821300933592369118 ;82304202 ;82304205)

1. 52 B [ T o KA i R 42 A5 B (200032)

2. B RRAAIED A E B NI DA R H R R

3. 2 B R E AL L B B iR e B

NEAEVEH £, E-mail : wangww@fudan. edu. cn

R F B W i PR ER A G s — R e a, B
75 T G P B () 0 0 T I 5 R SR fe e (RIS —
FIR MCV ,MCV 1) I, RIS 43422 Fh 5 A 6 7= A= 24
HPENZE (MCV TR ), [ 2010 44, 3 [H
T RO 5 KD e T A G G B SRS, 7R IR T B
AR A B e R S R FE e 20. 4/100 JT B R
2.8/100 J7'' o SRIM, 2013 4F- LISk | JFRIZ S e PR B UL Hb
B M LT (N 22% L F+ 2 75%) 75 1Ak, 2025 4F 3%
] PG 0 b X 59 0810 5 2024 4T W) 3 I S 386 i
5 40k S W B A L, L3 SR AE ST RE R
ol s e N HE R E K. RO AR E RSN T
MCV i 5 G (1) R B2 070, FF A SCRk s R SE Atk



Chinese Journal of Health Statistics, Oct.2026,Vol.43,No.5

EE R TR 5 M Ji 252 790 U B 3 I 25 ) DG B R R A2
RUXTF MCV 1 JE I 28 R 1) e 5 17 25 81 2485 11T
SRATIRE R, REAE A 9T 78 A BRI e $E b
T SRAERA YRS 5 T A A R R AR, 5 =5k
MCV #F1 (MCV2, RVINsE G558 ) X MCV 1 G 2 #
FEARF BRI AN BB . R, AT MCV T 2
BTN H KA s A 0 25 5, 6 B R ) 2 i
(R RRIZ B R Bt 11 28 G 2L

BT I W R A A BB WA T REYE BRI, A
FEEAL T MCV 1 W2 35 5 J0 I 23 10 S i o 225 8 24
225 VA T MCV 8 LG5 J5 P2 BEOR 3 b e i
AIRFE T ], IFRT T AR AE P2 R e 7R 3R &
B PE RO R R X MCV 2 75 00 5 T2 1 520

13- ISJ

£ 643 -

BREHE

1. W55 K LR I

A 7T T 2013—2021 4E 78 1) 1 44 25 BH T 264k
B ST A AT HEPE BB T R (1), 49 53] ok B A
X BAS (R kB2 EAS ) A 1~9 %2 L BASI (R FR“ L
NS ) BEELBAF T 2013—2015 4 7E Y b e
&%P’%FE&%‘EEJL A FRAER - DA T FE B 5T b

FAEN O RAERE =34 A) 5 @242 15343 % i (8] 78
2013@9)%%2015@10)%%@!% JLE BN T 2013 4F
AL X HE 5 1~9 & H A LEE , A FRiE R - D JLE R i
ST A RAEREI=34H ) ;@ JLE T 2013 4F
9% 11 I 1~9 1% .

BHAZ) JLEZ)
[ BEHUN066EFTEIL, j [ FHIMA4L9641-9% )L, j
TR LIS RS F2013ZE20214F BV F2013Z20214EBETH IR MR
T R R A R HEHERR
g | LSuaLE 555(52.1%) & M RB1gChL ik 2071(49.4%) 2 KM HB1gGHk | | 21258)LE
s Hh B ERA T TREEE Sk, B 5B BTREIEEN
AP 514555, 555, 312, 378, AE4-3I42071, 528, 1795,
4541438 465, 1736, 463F11710
[
|
( 2626(50.0%)% JLEH STgGHAR LR ) 8244, JLEE
8314 JLEH % 5 3 } R
) f%&\g{;v?ﬁ ( 1802(34.2/)@JLE?§I75¥E‘JMCVE$FIE§< )
B i "
% AR ( onasswaLBAMCVBRMR KIS WlE ) pr—
5 f RAES A iEefh
2 ( B&HIA494(9.4%) % LT j MCV1g3kE
[
(MOV%&K\%%ASZ(M.S%) ) ( MCV U To 2 3 :42(8.5%) )

1 BASI RS X R AL

2. Bt 5 R4

(1) FELR S Bt Ui P8 45 - 1 24 b P 0 A B N B 2L BA
GBI R G2 R A 7 4 L A= 1 A1 J) e ik 4 3 A L
JFHE 1ML 2~4 mL, Il 28 R GBI AG T H T AE A B 58
SR AA A LA S 2.4.6.12.24 1236 H #4331
BT 1. JLEE BABF 78 X 52 A ZH 24 K i S8 K 4T A
S LT Y 3 DR e AT R L PR A, 58 R R ) 45
PR TTRAE 2~4 mLAMNEFHIKIIAEA, T2014—20164FFF
J&& 6 YR BE T, 2021 47X} 95 BA S 23 B #b S RE DT 1 I T
YR 7 8 A T 1) B 5 % 52 3 S8 B B 17 ) 2 0 A Ak
JEL Ik 4 M FE AR B

(2) Bt e 4 < 3 2o 285 4 Ak 1] 36 Wi 5 BR B L 25 11
AN D225 E 7RG B AL S 23R . Bl
(] 50 LR E P A AR IO B 2 st

(3) Jo o 42 ol 5 il - B 0 D77 UK B U R 2 T, 5 A%
PRS0 B BT IS AR R, A 2 K o
N ST R A (7] 4 5 A AR R 2 5 5 S PR Bl 17 B —
) N A e

3. SEG A RGN Tk

R FH B 0922 W% B 92 (enzyme linked immunosor-
bent assay, ELISA) % & K il JL 2 1l 7 H fR 2 R S b
IgG HU M B2, i 32K 50] & o R 9B 25 TG Bt dAk
ELISA & i & ] iz ] & (SERION ELISA classic
measles virus IgG, Institut Virion/Serion GmbH , Wurz-
burg, Germany ) . Kl 25 5 58— Ak k[ Brbs 407
(mIU/ml) J5 4’ 5

4. BAE RIS R

i3 Epidata 3. 1 4G g (] 45 000 e, AR AT 22 1
FEFPA B SR AL R RR S B o Kdla AR i XA
SEMOF S A A .l REAF (A 4. 2. 1) BEFT R
THUEAI T

5. geitorbr

WEFE R AN 22 SCHIT Il 375 27 PR - OBt ik i
FH L 375 B B (200 mIU/mL) " LT T 57 2 B {8 LA
e B B T 04 TR IV AR AS PR B R
>44% . JLEIEF MCV1 G KA G 5 IR 5 @ Loh



- 644 -

MCV1 %%, R Z I MCV1 LA

WEFE T T LS RIS PR 09 JLART - 247 2 (geo-
metric mean concentrations, GMCs ) & H. 95% &= X [f]
(confidence interval, CI) , 31 % JH ¢ K 56 . - 7 5 56 5%
Fisher } ff 45 56 FL 3 MCV 1 0 2535 F1 G L 285 2 114 4L [R)
225 KK Ea = 0. 05, FEEAE ST ) SO
R A & A Y (generalized additive mixed models,
GAMMs) LA PR S AAZ AL M2, I3 T 48 BOL I
AU B PRI H R . K ] Kaplan - Meier 7387 HL %
MCV 1 02 FIC I 2 4 19 2 ILTE 27 5% B XU | #)

A 22 R 3R 2 [l DA R YA T A 2 sl

Gt oA IR 4.
6. fEH

5. 158 .

w

M A 3R o

TP PASL 2026 4F 10 A5 43 F55 53

A5 B A5t T A 21 27 RO 7 X ek Ak 12
P A¥ 2% 5123(2013. 10. CHN. 2. ESR) , H* [= 55 15 By
il e (201224) LU R A2 HLR 2248 B B 45 (2019—
05-0756;2020—11-0856;2020—11-0856-S ) It 1f .,

£ R

1. FEAE

AW A 0~6 % L2 494 &, 1 T0 BRI R YL
L 52.4% B (R D) . AJLENRE 4524
(91.5%)MCV1 Ji 2% F1 42 4 (8.5%) TC W 25 % (2
1) MCV1IJER &3 6 T RE LI IR Ho ] 2 &K
TR (P =0.013) , Ho Al % 28 k¢ 1F 35 JC 41 ] 2%
(1),

5% X G2 B FL WS 3 N3 28 28 45 1 i IRl J 45
F1 MCVI1RBENE A FTCI B 1Y BL R
- a1 MCV 1 e R % MCV1 ) )
. ) vy ot rit
FEERATHE (%)
LR VR QU X Va1 ED) 0.0(0.0~1.2) 0.0(0.0~1.2) 0.0(0.0~1.1)
0~7 A% 341(69.0) 312(69.0) 29(69.0) - 0.941°
8~17 H iy 100(20.2) 92(20. 4) 8(19.4)
18~24 A %y 33(6.7) 30(6.6) 3(7.1)
25 J1i%~6 % 20(4.0) 18(4.0) 2(4.8)
P51 (%)
L 235(47.6) 218(48.2) 17(40.5) 0. 642 0.423
5 259(52.4) 234(51.8) 25(59.5)
ZHJE (%, JH)*
LR VA QR X VR T FEED) 40.0(39.3~40.9) 40.0(39. 1~40.9) 40.3(39.7~41.4)
F=JL(<37) 16(3.2) 10(2. 6) 1(2.0) - 0.078
JEH 7 IL(37~<42) 454(91.9) 353(93.1) 45(91.8)
= L (>42) 24(4.9) 16(4.2) 3(6.1)
I35 (%)*
gz 285(60. 4) 264(61.0) 21(53.8) 0. 490 0.484
e 187(39. 6) 169(39.0) 18(46.2)
AR (%, 52)
e LR CPY A B R RE ) 3300(3000~3600) 3300(3000~3600) 3250(3000~3700)
<2500 15(3.0) 12(2.7) 3(7.1) - 0.196
2500~3999 444(89.9) 408(90.3) 36(85.7)
>4000 35(7.1) 32(7.1) 3(7.1)
6 HIRHTRFE Ir(%)* ©
T REFLIRSE 49(11.6) 40(10.4) 9(23.1) - 0.013
FEFLERFE<2 N 13(3.1) 10(2.6) 3(7.7)
BEFLME SR 2~4 4 H 14(3.3) 12(3.1) 2(5.1)
BEFLE SR 5S~6 1 H 346(82.0) 321(83.8) 25(64.1)
ST (%)™
ik 55(13.0) 49(12.7) 6(16.7) - 0.754
rh 238(56.4) 218(56.5) 20(55.6)
[ 129(30. 6) 199(30. 8) 10(27.8)
MCV it 5% (%)
A2 flk MCV 490(99.2) 449(99.3) 41(97.6) - 0.300
FER 3R MCV 4(0.8) 3(0.7) 1(2.4)
T BT GAR B OB T NBOAN T 494 N5 P4t 2 28 D b AR IS R BE AR5 5 R F Fisher KK 50



Chinese Journal of Health Statistics, Oct.2026,Vol.43,No.5

2. FERH G NT R PR B K s A AR Ak

MCV 1 [ 2 3 FITC N 2853 AR B ) R B AR v
53518 6.7 log mIU/mL(95%CI-6 5~6.8) Fl17.0 log
mIU/mL(95%CI: 6. 6~7.5) U5 B0 A VA B 43 0]
I 2 3.4 log mIU/mL (95%CI: 3.3~3.5) 1 3.8 log
mIU/mL (95%CI: 3. 2~4.3) , 4 (8] 2 R LG it 5 X
(P=0.146) (K 2). b frE)s , MCV1 A H it
T e BE W% FF (7.7 log mIU/mL [95%CI: 7. 4~
8. 1), M Jo 1 28 3 i Pt A4 W B2 A4< SR AR T BH 4 1 i
(3.0 log mIU/mL [95%CI:2.4~3.7]) . GAMM #J&
SER R BRI IS MCV 1R 23 AR e B A
PR TCI B E 2. 345(7. 8 vs. 3.4),

— MCVIMEH - - MCVIERZEH®

107 MCV1

E

B 8t

&

Q L

g s

N4

o

B 2r

e

0 2 4 6 8 10 12 14 16

HikH)

VKK T HE e ML 2 B B0
B2 MCVI s Ja Ptk s 54514k
3. g e oAk B e sh AR AR AL
FAMCV2 5 6 M H W, P L E 1T P ik
FES4R 7. 4 log mIU/mL, Bb 5 5 BLSEREE THE 2218
TREREF (I 3A) . GAMM #1445 5 s, I 4
S5, MCV 1 JC 24 3 PR FE (7. 1 log mIU/mL
[95%CI: 6.6~7.7] ) 5 i % 3 (7.6 log mlU/mL

[95%CI:7.4~7. TDHIZ (K 3A) . HMCVI1 LW EH
A 030 MOV B
g 025 ~MCVIRREH
£
5 0.20F
g 0.15} P=5e-0.5§
ﬁ 0.10}
£ 0.05} Xt

OI‘W 1 1 1

0 12 24 36 48 60

BEBSMC V287 ity ] ()
M5 B R A
MCVIRNZ&E 01428 31236 71155 91154 181140
MCVIEREE 0138 2120 4112 4112 511
B4 MCV2H9¥E i iy
S

AW T T AL B ATIEE L E BB, RGPl
T MCV1 P23 5 T0 I 25 38 1 30 G e I 2% sl 245 14 22

£ 645 -

() T A 5 B E 2R (0,008 log mIU/mL/H |, 95%CI.:
0. 006~0. 011) {2 2 = T )i & 4 (0. 0039 log mIU/mL/
H [95%CI:0.0036~0.0041]) (P <0.001), — &A%
PERRAPRE AME W AAAE I % 25 5 (4.3 4F vs. 7.34F)
(3B),

A — MCVINZE#H - - - MCVIEREH
~10 MCV2
B v
2 8
& | T T
24
b
R
iz
g, . . . . ,
-24 -12 0 12 24 36
BEEMC V28R BBt R ()
B
127 12
E 9 9
©6 B\ 6 Dy ~ o~
3 . L L : ) 3 . .: ~. = .
0 2 4 6 8 0 2 4 6 8
B BSMCV2EERY IR B[] (4F)
TR A0 7K R LR O I 75 2 PH A B
B3 MCV2faenia ik sh 454k
FERMCV2 5 5S4, MCV1 L & # 1) Bt i i

2P0 B XU, S 2 T (22, 7% [95%CI - 0. 0%~
40.8% ] vs. 4.7% [95%CI:1.6%~7.7%],P < 0.001)

(F4A) . ZHZE TR, MCV2 /i (1) FAE P4k
W B 5 A i o U A 2 UM OC (B = 3. 75e—04, P =
0. 004) , FiAFHTAA MR B2 8 w5y 0 1A S Vsl o5 B i Pk
i T ISR T R AR R 5 R e R TG I 2 A

KPE(E 4B) .

TR B 05%Cl) P
3

B ' SHHE -

%% = —3.56e-05(-6.88c-04,6.17e-04)  0.9147
() 5

RAT(ET~<42) ZHfH =

BiE)l<37) < ——— —1.86e-04(~1.90e-03,1.53e-03)  0.831

SUr SV NETY) p e -6.240-04(-3016-03,1.76-03)  0.6076
BRI :

B s ' BHfH -

MR 2.000-04(-8326-04,1.230-03)  0.7037
AR (5E) :

<2500 = 155¢-04(-179%-032100-03)  0.8752

2500~<4000 ' -

=4000 T 1M( 291e-042730-03)  0.1131
BB F(Log mIU/mL)

—3.75e-04(-6.260-04,-125¢-04) 0.0035

e AU

4mm®s

SY &S AIEES

SN T RBER R AE IR T AR e R
PSR 2 . WFoE 3, 4SS Je W41 L bt

PR BE A 24, (H MCV 1 TR 2 5 78 s Se 5 I S 4F N

PU AR T2 Yol 38 TP | IV 2 A I XU B R . MCV2 42



£ 646 -

R G FAF O AR U B 5 MCV2 322 Rl S Pt 44 5 il 1l 5
PO . A ISR S HE S MCV 1 G b 24 77 $2
HERIA ORI A R AEA o I, R X%
N TG A 5 Ah B 92 56 W, 3 4 3 36 I RR 92 0 B
Hr.

AWFFE T 8. 5% W WFFE X5 MCV 1 JE R &4
PEIR BFIR MCV R iz o N St 1 g0 7 O 40 A7
PR, X 5 Wang 55 [ HE — 3. InsE %5, MCV1
TR F TR B 1o e, S B H R, X
Gans 25"l Wang 25 R IE—2 . AW LE
TIN5 G 33 I BT AR 2 00 I T Brinkman 450 4 38 19
S A S B L RER IR TSR B MCV e
PERR P AR

JAE MCV 1 JC I 2 35 T 3 8 o G 75 £ /5 fe 93
N2 K B G e PR LUK I 4EFE . AHEE T MOV
N TCR A H R MCV2 J5 B B = R 5 J%
PEo 455 3 E Y FT m 1Y BRIE SR B G L1 L) K
FEELAFAE (M BT A A RS, 2 WF 98 45 3 W T 4+ X
MCV 1 TR B4 A RRIZ SR A G928 SR 118 2

FEVRBEVE S |t A= 20 WSRO 2R AR R A
WTEIRZ2 R R G, A5 & IR MCV2 1 (1 FlAE BT
PRV BE 5 MCV2 #5940 1A 5 Dl 338 238 52 67 4 G ¢
F o HOBTEDLH AT RE S PUAE UM E o 3 iR e S i
A0 A AR AL HE B 2N B S A O O 4 R S
AR AN AR I IRRIZ G 28 I 28 7K B Ap 2 it
)30 32 Z2 b DR 2R 4, B0 45 35 4% 15 5 BB PLIR MR |
FE Al o R R TAF U B, DL SR IR ol = Athye v
(938 AR PE R0

AW FEAFAEM T JRy FRYE < 8 5, WF R A3 F 1ML iS
TG HUMA I B TE Al B98I 24 /KT, R 7% 1 4 i B 5 il
(B A B 8 0725 5 LU, Y T RRIZ LT PR 47 1 1 (/K -
i oGt — AR, BRI A58 R F B2 A T Y A
KAF-(200 mIU/mL) S FEAT 5307 3 45 =, 2 AFEAC iR A
ARHFFEARBEPEAL MCV2 5 548 J5 1 S e s 8284k 5
SV B G AR TEAN [R)E B HE R ) 9 25 5

25 BT AR AR, R RRIE % 1
o FRMEXT MCV 1 JC 20 L SR i) o s PR AP A BR
AR AF DA AT X 12 B B JRRIZ iR A 56 952 SR W O o 3 4
HEFR E RIS IR B xR

£ % X W

[ 1] Minta AA, Ferrari M, Antoni S, et al. Progress Toward Measles
Elimination - Worldwide, 2000-2022[J]. MMWR Morb Mortal
Wkly Rep, 2023, 72(46): 1262-1268 .

[ 2 ] Makarenko C, San Pedro A, Paiva NS, et al. Measles resurgence in
Brazil: analysis of the 2019 epidemic in the state of Sdo Paulo[J].
Rev Saude Publica, 2022, 56: 50 .

[ 3 ] Boroez K, Markovics A, Csizmadia Z, et al. Imported Infections

—
~
[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

TP PASL 2026 4F 10 A5 43 F55 53

Versus Herd Immunity Gaps; A Didactic Demonstration of Com-
partment Models Through the Example of a Minor Measles Out-
break in Hungary[J].
2021, 5(1): 1-16.

South Eastern European Medical Journal,

Funk S, Knapp JK, Lebo E, et al. Combining serological and con-
tact data to derive target immunity levels for achieving and main-
taining measles elimination[J]. BMC Med, 2019, 17(1): 180 .

World Health Organization. Measles cases surge worldwide, infect-
ing 10.3 million people in 2023[EB/OL]. (2024-11-14) [2025-01-
10]. https://www. who. int/news/item/14-11-2024-measles-cases-
surge-worldwide--infecting-10. 3-million-people-in-2023.

Ma C, Rodewald L, Hao L, et al. Progress Toward Measles Elimi-
nation - China, January 2013-June 2019[J]. MMWR Morb Mortal
Wkly Rep, 2019, 68(48): 1112-1116 .

Musa N, Ghoniem A, Hsu CH, et al. Progress Toward Measles
Elimination - World Health Organization Eastern Mediterranean
Region, 2019-2022[J]. MMWR Morb Mortal Wkly Rep, 2024, 73
(7): 139-144.

FP DG Ty b o s . R A N 0 S o A O XU
T4l #i% 45 [EB/OL]. [2025-09-24]. https://www. chinacdc. cn/jksj/
jksj02/.

Wang Q, Wang W, Winter AK, et al. Long-term measles antibody
profiles following different vaccine schedules in China, a longitudi-
nal study[J]. Nat Commun, 2023, 14(1): 1746.

Wang W, ODriscoll M, Wang Q, et al. Dynamics of measles
immunity from birth and following vaccination[J]. Nat Microbiol,
2024, 9(7): 1676-1685.

Nic Lochlainn LM, de Gier B, van der Maas N, et al. Effect of
measles vaccination in infants younger than 9 months on the
immune response to subsequent measles vaccine doses: a systematic
review and meta-analysis[J]. Lancet Infect Dis, 2019, 19(11): 1246-
1254.

Li Volti S, Giammanco-Bilancia G, Grassi M, et al. Duration of the
immune response to MMR vaccine in children of two age-different
groups[J]. Eur J Epidemiol, 1993, 9(3): 311-314.

Hr TN, Barlianto W, Wiyasa IWA, et al. Analysis of specific anti-
body and cellular immune response to first-dose measles vaccine
Edmonston-Zagreb in 9-month-old infants[J].
pathol (Madr), 2021, 49(3): 193-201.

Allergol Immuno-

LeBaron CW, Beeler J, Sullivan BJ, et al. Persistence of measles
antibodies after 2 doses of measles vaccine in a postelimination
environment[J]. Arch Pediatr Adolesc Med, 2007, 161(3): 294-301 .
Techasena W, Sriprasert P, Pattamadilok S, et al. Measles antibody
in mothers and infants 0-2 years and response to measles vaccine at
the age of 9 and 18 months[J]. J Med Assoc Thai, 2007, 90(1):
106-112.

Wei X, Yang J, Gao L, et al. The transfer and decay of maternal
antibodies against enterovirus A71, and dynamics of antibodies due
to later natural infections in Chinese infants: a longitudinal, paired
mother-neonate cohort study[J]. Lancet Infect Dis, 2021, 21(3):
418-426.

Zhou J, Zhou Y, Luo K, et al. The transfer of maternal antibodies
and dynamics of maternal and natural infection-induced antibodies
against coxsackievirus A16 in Chinese children 0-13 years of age: a
longitudinal cohort study[J]. BMC Med, 2022, 20(1): 436.

(T 55 654 51)



£ 654 -

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

483-486.

Shang L, Zhou X. Spatially aware dimension reduction for spatial
transcriptomics[J]. Nature Communications, 2022, 13(1): 7203.
Korsunsky I, Millard N, Fan J, et al. Fast, sensitive and accurate
integration of single-cell data with Harmony[J]. Nature Methods,
2019, 16(12): 1289-1296.

Kodinariya TM, Makwana PR. Review on determining number of
Cluster in K-Means Clustering[J]. International Journal, 2013, 1(6):
90-95.

LiJ, Ding Y, Li A. Identification of COL1A1 and COL1A?2 as can-
didate prognostic factors in gastric cancer[J]. World Journal of Sur-
gical Oncology, 2016, 14: 1-5.

Zhang G, Li T, Tan G, et al. Identity of MMP1 and its effects on
tumor progression in head and neck squamous cell carcinomalJ].
Cancer Medicine, 2022, 11(12): 2516-2530.

Yu Y, Liu D, Liu Z, et al. The inhibitory effects of COL1A2 on
colorectal cancer cell proliferation, migration, and invasion[J]. Jour-
nal of Cancer, 2018, 9(16): 2953.

Hayashi M, Nomoto S, Hishida M, et al. Identification of the colla-
gen type 1 alpha 1 gene (COL1A1) as a candidate survival-related
factor associated with hepatocellular carcinomalJ]. BMC Cancer,
2014, 14: 1-10.

Wang Z, Wang Q, Wang Q, et al. Prognostic significance of CD24
and CD44 in breast cancer: a meta-analysis[J]. The International
Journal of Biological Markers, 2017, 32(1): 75-82.
Barkal AA, Brewer RE, Markovic M, et al. CD24 signalling

through macrophage Siglec-10 is a target for cancer immunotherapy

[32]

[33]

[36]

[37]

[38]

Chinese Journal of Health Statistics, Oct.2026, Vol.43,No.5

[J]. Nature, 2019, 572(7769): 392-396.

Chang TM, Chiang YC, Lee CW, et al. CXCL14 promotes metasta-
sis of non-small cell lung cancer through ACKR2-depended signal-
ing pathway[J]. International Journal of Biological Sciences, 2023,
19(5): 1455.

Parikh A, Shin JH, Faquin W, et al. Malignant cell-specific
CXCL14 promotes tumor lymphocyte infiltration in oral cavity
squamous cell carcinoma[J]. Journal for ImmunoTherapy of Can-
cer, 2020, 8(2):e001048.

Lee JU, Kim WH, Lee HS, et al. Quantitative and specific detection
of exosomal miRNAs for accurate diagnosis of breast cancer using a
surface-enhanced Raman scattering sensor based on plasmonic head-
flocked gold nanopillars[J]. Small, 2019, 15(17): 1804968.
Bourguignon LYW. Hyaluronan-mediated CD44 activation of
RhoGTPase signaling and cytoskeleton function promotes tumor
progression[C].

2008, 18(4): 251-259.

Seminars in Cancer Biology. Academic Press,

Long Y, Ang KS, Li M, et al. Spatially informed clustering, integra-

tion, and deconvolution of spatial transcriptomics with GraphST[J].

Nature Communications, 2023, 14(1): 1155.

Ma Y, Zhou X. Accurate and efficient integrative reference-

informed spatial domain detection for spatial transcriptomics[J].

Nature Methods, 2024, 21(7): 1231-1244.

Chen Y, Zhen C, Mo Y, et al. Multiscale Dissection of Spatial Het-

erogeneity by Integrating Multi-Slice Spatial and Single-Cell Tran-

scriptomics[J]. Advanced Science, 2025,12(15): e 2413124.
(DTS AR L)

(35 646 1)

[18]

[19]

[20]

Argiielles MH, Orellana ML, Castello AA, et al. Measles virus-
specific antibody levels in individuals in Argentina who received a
one-dose vaccine[J]. J Clin Microbiol, 2006, 44(8): 2733-2738.
Gans HA, Arvin AM, Galinus J, et al. Deficiency of the humoral
immune response to measles vaccine in infants immunized at age 6
months[J]. JAMA, 1998, 280(6): 527-532.

Brinkman ID, de Wit J, Smits GP, et al. Early Measles Vaccination
During an Outbreak in the Netherlands: Short-Term and Long-Term

[21]

[22]

Decreases in Antibody Responses Among Children Vaccinated
Before 12 Months of Age[J]. J Infect Dis, 2019, 220(4): 594-602.
Mok DZL, Chan KR. The Effects of Pre—Existing Antibodies on
Live—Attenuated Viral 2020, 12(5):
12050520.

Vaccines[J].  Viruses,
Amanna IJ, Slifka MK. Mechanisms that determine plasma cell
lifespan and the duration of humoral immunity[J]. Immunol Rev,
2010, 236(1): 125-138.

(ST Gt - IG5



