Statistics and Application 47t 58, 2026, 15(1), 79-86 Hans X
Published Online January 2026 in Hans. https://www.hanspub.org/journal/sa
https://doi.org/10.12677/sa.2026.151008

ETMetafthy P EANE AR E MR

HEER# %<

NN
bR R F 2, b
ks HiH: 20254F12A6H; FAHEM: 2025412 H27H; KA HM: 20264F1A8H

=Ll

=

Pi-HBsPH M2 VPl 2 A B AR o Ta bR, 28T B iTAHSBE AR R M. —BRHEHE
WEME AT REEZEHRLRKE: —REAEFSREERRITHERAERS T Tk, S8
THREBK, BRERSFIAGRER, mHTEHERATEME. Nk, ST RAMetaZM 7%, BE
P4 B ABEST-HBsFH MR IR @ ST HEWT, AL 2R B e BR IR IR L AT SR (K48 . B i Meta 437
BE13WA R (322,312 A) KB, HE15~59 % A # i -HBs [H 1 & 5 55.60% (95%CI:
49.44%~61.69%) . BUBRMEMTENERESITEEEL2%UAN, RRBERBERTHITER (P =
0.418), H—BHESL T A &5 R R @I . A5 78 2 B RIS R ARAL R 4 7 R 224K 35 . T Meta
SAHT A& B 16 B Hi-HBsFH R BT FORa (R HENT,  RRas 5 AER M S BRI 8 A\ B Z R B R K
AT AL PAYSEHE B SRR, SEEERIE, &S AR T

>3 4L

CRIFF A B, Pi-HBsPHIER, MetaZdr, SUBiEoT

Inference of Hepatitis B Vaccine Antibody
Seropositivity Rate in the Chinese
Population Based on Meta-Analysis

Xinyue Chen

College of Science, Beijing University of Civil Engineering and Architecture, Beijing

Received: December 6, 2025; accepted: December 27, 2025; published: January 8, 2026
Abstract
The anti-HBs seropositivity rate is a key indicator for evaluating the immunization effectiveness of
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the hepatitis B vaccine. However, current data face two prominent issues: firstly, localized surveys
struggle to comprehensively reflect the actual level at the national scale; secondly, studies with lim-
ited sample sizes or those conducted in low-prevalence areas often still employ traditional statisti-
cal methods. This leads to significant estimation errors and a failure to fully utilize historical data,
thereby compromising the reliability of the results. To address this, this study employs a Meta-anal-
ysis approach, aiming to achieve robust statistical inference of the anti-HBs seropositivity rate for
the national population, thereby providing a reliable basis for optimizing hepatitis B vaccine immun-
ization strategies. By integrating 13 studies (total sample size n = 22,312) via Meta-analysis, the anti-
HBs seropositivity rate among the Chinese population aged 15~59 years was found to be 55.60% (95%
CI: 49.44%~61.69%). Sensitivity analysis showed that the result fluctuation remained within 2%,
and the publication bias test was not statistically significant (P = 0.418), further confirming the ro-
bustness of the findings. This study provides important scientific evidence for the optimization of
hepatitis Bimmunization strategies. The robust inference of the nationwide anti-HBs seropositivity
rate based on meta-analysis can more accurately reflect the level of hepatitis B vaccine-induced im-
mune protection in the general population. This aids public health decision-makers in formulating
targeted vaccination plans, rationally allocating resources, and strengthening intervention measures
for key populations.
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1. 518

CEYFREFPENT 98 72 SR 90 85 (HBV) &G 5 2 T DU 980E S ZERFAE A% G i, w7 LU if
W AR RS R R, O AATER R IR A XU, HAS IR T i — 20 S BT R AL AT 1]
HEEERCHEIITER L —, 29RO RIREAIREFE — Bk E IS Wiy, Bt 2
¥4 1 (Hepatitis B vaccine, HepB) /2 Tl HBV B4 HA & FBt. " EH 1992 444 HepB 49N ) LE 1R 9%
IR, T 2002 EIERAINJLE TR (EP), % 2005 4ESCHL 1 4 EVE A B 5 2 4 8 e A2, P
H g6 TAERS R R, H8 2006 F4x[E £ Myd AT i g, RIE 1~59 5 AB R PE
AT 2N 1992 4[] 9.75% % %2 7.18%, AE ANBE LR IPEZS 50.09%, 15~59 & AffH LRt
PR 2 47.38% [3]. 2020 4 J& B A8 DU R L& AT - R A 45 R B, 1~69 % ABFIY HBsAg /& ¢
KIEALE 5.86% [4].

Pi-HBs BHPE 2L PPl 2 v AR B R A% O Fabs, R Py H AT 73 B0 AL A T 3 27 A A SR ECEL
o BB FAFAE T2 AR 10, FEARRMMIRE AR, MO E 2R Hik, 2l
TE/ANFER BURTAT b X S HAR M B = P AGTHERERRK, AL a AT AE R, SEEATE
Yoo bAl, KU = A AR o B St PR, 7™ e R 1) T s 1) A T 1 S A

NTEIR EIR R, HIRS R SR B4 [ 15~59 % 5@ A BEFi-HBs PR R fafdflitt, AHE 5l
I RS ) Meta 7y Hrifife, B4 [ ) R R e [ 15~59 & A FEI-HBs FHIEZR KHSCHEAL,
PATE B iZ A bn 4 B K AR S v HE T, 5 e 3R E 2 92 1 e s I AR A0 S TR B AR ARk 4 5
R SCHF
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2. Bk
2.1, MBI FRREE

BT SO 2 SR . DL S R e [ A (CNKIE) . 577 80 e L 4 2508 e vh kA7 Hh 5
SRR, PASESCHE R ATE PubMed AT S SCAR G SCIRIG R - 53X %A A (“anti-HBs” OR “HBsAb”
OR “hepatitis B surface antibody” OR “anti-HBs antibody”) AND (“prevalence” OR “seroprevalence” OR “pos-
itive rate” OR “epidemiology”) AND (“Chinese” OR “China”) AND (“15~59 years” OR “adult™); ' 3Ck: 2 Al
N “Pi-HBs” Bi “ ZJHREHiA” B “HBsAb” B¢ “ LR R FHHUIA” 8L “FHi-HBs Hfk” YFI( “ ILiE
PRI B “far 27 B “BHPEZR” BL “WATE” )FI( “15~59 &7 B “MAFEN” Bl “HHAAE” ), mERK
%] 2015~2025 A K LR EHUARBAERI SR 5350, LS HE OB . T LRSI,
ZANEIE . BOK AT AEHSCEEAE 5SSOk

2.2. MANFIHERRIFE

AR FIBIEIMNARE: 1) F R E 15~59 5350 AFEHI-HBs PR FIRWTAT 7T; 2) SCHk2i
PRAEHT-HBs BHPE N B S AGIANEL; 3) SCRR 20 A 158 B HU-HBs 115256 = A0 77 72:(ln ELISA. L2k
HeiEEE): 4) WEFLTIFRERTIA] Y 2015~2025 4F; 5) DL Bl i S0 & 2 (1 STk .

AT IR bR dE: 1) SRR BT ER . B VRIS, SUCHE. EERRULEIEAS
SEREBRI S AR SR 2) WHACH H bR ABERRFRARE, e TAER . S22 DLAGE K 9 v 5

WA
2.3. BB
{5 FH SCRRE FRARF Endnote X5 H FISCEREAT & H, DI RIEERFES R B EE )G, RIEH
SE R AR BT RIS B AR R SR
(n=267) K] (n=44) J7 )5 (0=37) . B AR
3 (n=83) . Pubmed (n=103) HIRNTESCHR (n=0)

v

HIMRER SR (n=42)

v

AR B (0=225)

HEBRBIF S N 25 R4 6 3278 1 3C
B, 2uig3. Gk, WwE
\ 2 (n=151)

PSR (n=74)

\ 4

HERBR TSR R ST A
——>| ok, AREIRA SRS R R
R IREIER TR (n=61)

v
RAHAKISCER (n=13)

Figure 1. Flowchart of literature screening for the meta-analysis
1. Meta 53 #7 SCRR 18 SR A2 &
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NSHEERARE, t1 3 AT T I B AR AR A T SRSk, F AR IR A R, RETT &S
e RAFAE G-I ST, ARSI B i 4o 7 ANEHAT 2%, R e e it B A A LS R, B
FFF IR BRI B SR « o RAE S S BETHIF (0%, th 3 AT ST SRR A AN\ SCRR N 15 5 S 8
T IS o BRI A A6 SCREIEE 18 RORI T BT TR BEFC H AR AT AE X
FUe . FEAR . Pi-HBs FIVEANEL. Hi-HBs BIVEZR . ATk, FAARSCRRIGEAAE WA 1.

ZeOCHR L EIFUR )G, XA 225 R FUHAT AR 30T, Wil 2 DA R E TR, %
FWFUAE R OCE T 2015 Ik BEAE (48 F) Ja R AIE TR
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Figure 2. Annual trend in the number of included studies (2013~2024)
2. XHAEEFE#5T(2013~2024)

2.4. $i-HBs PRMRANTSTHFE

Pi-HBs FHPERBF LI T 13 RISk, FEARFEWE 1 fim. 13 B P 1 FAERT 2018 4F,
3RERFT 2019 4, 5 KK T 2020 4, 1w KRT 2021 4F, 2 KR T 2022 48, 1 KK T 2023 4F,
1R RFRT 2024 . PINSCHRIGFEA BB ER /N A 108, KON 4361, EFEACEA 22,312, Hi-HBs B
AR 38.33%, H iy 76.48%. NiEMHIX YR AR EARA T, HbE g X a4 2 &, 270kE
WA WA BRXKAESR LR, A RHRABX, TR ALL XA 10 /. 13 B kb A 8 5
i HBsAb B 5 FH 1 SI2 56 25 7 ¥ A IRk S 72 W Bt 367 (enzymee-linked immunosorbent assay, ELISA), 5
e 5 Y PR A A 22 R AMORE T %% 29 BT (chemiluminescent microparticle immunoassay, CMIA)H A .

Table 1. Characteristics of studies included in the anti-HBs seropositivity rate analysis
F 1. $1-HBs PAM RPN RIFE

= L0150 T = A Hh X SRR FAYEAE BEMEER ATV
$ 5] 2018 15~59 WHT A 2294 1349  58.81% ELISA
7k 4[6] 2023 15~59 WAL A T 783 339 4330% ELISA
ZEF[7] 2019~2021  15~59 TR M T 1031 687 66.63% CMIA
e8] 2022 15~59 T VEAM T = VAR A B 2000 931 46.55%  ELISA
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¥75#[9] 2019~2020  15~59 finjeea) 4168 3188  76.48% ELISA
Wit Hi[10] 2021 15~59 TP AR T e e 087 478  48.43% ELISA
Mtk Hi[11] 2018 15~59 iz N 349 209  59.89% CMIA
WsR[12] 2017 15~59 TR ST 2159 1157  53.59% ELISA
M 485 [13] 2016 15~59 AR BT R X 180 69 38.33% ELISA
XKz [14] 2018 15~59 IR ER X 4361 2618  60.03% CMIA
MRAELL[15] 2015 15~59 8 AR SR T 3676 1989  54.11% ELISA
P REE[16] 2018 15~59 JTHEE T AR 108 68 62.96% CMIA
T E[LT] 2018 15~59 IR Hs T 216 110  50.93% CMIA
W: ELISA: BEBCFEWRIHRLGE; CMIA: fb2: R Rk % ik,
3. #R

3.1. i-HBs FREZE S

XFIX 13 A SCHRSR FH BE LN AR A HEAT Meta 20 b7, 450K, iT 10 4538 [E 15 % ~59 % il A
FEA IE470-HBs BHE 2 55.60% (95% Cl: 49.44%~61.69%), FLAWA K 13 AN ST AEAE B B (0 S s ik (12 =
98.88%, P < 0.05), £ 3.

BENLA AR B S 45

author sample_size ES (95% CI)
I
BE 2204 |- 0.58805580 (0.56759499, 0.60829137)
I
KB 783 —— ' 0.43295019 (0.39791503, 0.46849208)
|
Z=HEE 1031 : —— 0.66634336 (0.63663283, 0.69510058)
1
%% 2000 - E 0.46550000 (0.44345336, 0.48764793)
WHEE 4168 i # 0.76487524 (0.75169774, 0.77768048)
s 987 —— i 0.48429585 (0.45269811, 0.51598751)
Wi 349 w—O—: 0.59885387 (0.54533922, 0.65067631)
% 2159 -0-‘: 0.53589625 (0.51459162, 0.55710330)
BB 180 —_—— i 0.38333333 (0.31198859, 0.45858824)
IR 4361 E - 0.60032103 (0.58560521, 0.61490233)
ML 3676 -04: 0.54107726 (0.52480527, 0.55728387)
ERE 108 —5—0— 0.62962963 (0.53137154, 0.72058585)
/e 216 —0—:~ 0.50925926 (0.44055070, 0.57771022)
Overall (12 = 9.876e+01%, p = 0.00000000) <> 0.55602517 (0.49441477, 0.61678635)
I
I
:
f T T T !
-5 0 5 1 1.5

Figure 3. Forest plot of the meta-analysis for Anti-HBs seropositivity rate in the Chinese general population aged 15~59 years
[# 3. F{ZE 15~59 S L i@ ABfin-HBs BRMEZERA Meta S HTFRKE
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3.2. SRS

it U 3 (IR I3 B E TE32%) VAT S F O & 0 RO B RE AR BE . DURHIG 45 R KA ik o AR
Yo 2 GRETR, AT BURIE DT i & R RN BN AR B AE-1.33% % 1.89% 2 [A], RIS LKL R

7 R ) R T

Table 2. Results of the sensitivity analysis
2. BURM AR

HEbrgn's  HEBRSCER £ RN HE[95% Cl] 1(%) Tau? AL FEE (%)
1 SN [5] 0.55315842 [0.48470570, 0.62061785] 98.86 0.0563104 0.29
2 K$[6] 0.56644205 [0.50375239, 0.62808666] 98.75 0.04714195 -1.04
3 FRE(T] 0.54638024 [0.48104496, 0.61092649] 98.83 0.05112547 0.96
4 e8] 0.56383718 [0.50118483, 0.62548747] 98.66 0.04697486 -0.78
5 75 #[9] 0.53715706 [0.49868361, 0.57541122] 95.86 0.01648481 1.89
6 gt Hn[10] 0.56210011 [0.49780248, 0.62537165] 98.80 0.04960075 -0.61
7 BtE[11] 0.55248126 [0.48770989, 0.61637412] 98.86 0.05043118 0.35
8 Ee[12] 0.55768456 [0.49062315, 0.62371054] 98.82 0.05401246 -0.17
9 M 4 E5[13] 0.56934867 [0.50622257, 0.63136711] 98.82 0.04823783 -1.33
10 XKz [14] 0.55201793 [0.48008769, 0.62287539] 98.86 0.06235463 0.40
11 MRAELL[15] 0.55720061 [0.48815461, 0.62515854] 98.88 0.05734894 -0.12
12 F3 A HE[16] 0.55066096 [0.48665369, 0.61383940] 98.86 0.04969801 0.54
13 W E[17] 0.55968793 [0.49550408, 0.62288899] 98.85 0.04971141 -0.37

Table 3. Results of egger’s test
2 3. Egger’s ISR
A RH PR i t {8 P>t [95% & 15 X [1]]
FoE 0.5463807 0.2672255 2.04 0.066 [-0.0417786, 1.13454]
% —4.491777 5.332143 -0.84 0.418 [-16.22775, 7.244191]
AR ERE
Funnel plot with pseudo 95% confidence limits
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Figure 4. Funnel plot for assessing publication bias
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3.3. fmerEH

AHTFERM T Egger’s K I b AT A % hife VP A, K56 45 R (P = 0.418 > 0.05) 3% HIANF AL & 35 K R i e »
W7 3o K 4 BIEXFR MG, 3 PAESE T 2R AT FEE

4, gEip

AT I T 4R R [ 15~59 % 3l AREHT-HBs PR A AT 7T, 38Id Meta 43 #r & 3F 13 A #
HRCEBEASE n = 22,312), 13 HiZ ABES IEPI-HBs FHE 2N 55.60% (95%Cl: 49.44%~61.69%). ik
ST IR, B UG R L IRURIE 7 B S 2R 38 BN R 5 /1N (—1.33% 22 +1.89%) , 3 HA 45 T B AT By i) A e vk 5
Egger’s £ M [A AR 36 45 B oR L R R WP = 0.418). SR1, AZBRTIUA SCHRABE DMLY, A
W e g RAEHEWT & EARRVER AR E— g R PR . &5 fa it — It R S T 2 B X ek, el H T3
PRI BT, DRI R B A [ VAT T, DR 5e s A 3L T AR SRS SR ALK 5
5. Wig

AW TE RSV T 2015~2025 48] 1 [H 15~59 % 5@ AFFHi-HBs FH 1% 227K . Meta 73 #7285 SR R,
A HPi-HBs BHIEZE A 55.60% (95%Cl: 49.44%~61.69%), ixX iz e % [ A HEE 2 F P T b 5 S0 3 k)
J7 T OB B R R, 45 BMIRRTE 2 44% % NBERBER H A U KE TR, 00
I 2 9 3 B R XU, G2 Bt B e A 10— 2D Do

EAERRE, AR EERET “Pi-HBs FHME” (B F5e N > 10 mIU/mL)IX — /3 AR it 47 & 9t
T TR A Z R VPG AN S AR SR A, AEPUMAT /KPR ST T R S s R (R Rf A1
HAEEERZ . WAMAEY, BOFETE, Pi-HBs M SR ROR W, VIdGEmEr= LR
T E (W1=>100 mIU/mL)FAMA, s (RaP RREE i (@ # s K, Fsic iz AR . RItk, A “PHME
B A REHE 5 AN [F) A SO E 2 (8] 52 BRI S e (R AP BR 22 5. BEX 15~59 & BUAE A B, JLHR I fugs
JIRERHME T o BRO 5 5 JRURS A5 iy B0 120 AR IR R e i [R5 K R S (L Mg P FR . B 55 AR SRSl
WO ANHESE), HbuiaKFrge oAb TIE SR E B s D = Bt X8R, fEAL TS, BT
WIS RE, Rok B TE B G B s AR P R BRI R UK IR A, TP R, R
A SN 58 G % G L BN S BAR T R, T HE T o 8 ORI DR Y M FH AR 1

TEJVESF T, BUBRE /2 HT R AW S 45 R ABUNTRE, BT S/ Egger’s K50 A 32 R 1Y
RHIREmGE . SR, FTEEEZ, AUFRKRREZ —7E T Fran N SCRR B o> A FE A Y i,k
HOIX I FBAR R 2, 1T 55— b [X (R A 78 3 23 23 328 48 0 RO A A KT s = B K o IX — b 340 AT
A i M AT R E — EFE T LR & i EXT “ &K R, R, 7RSS JL B8 it
Tty “AEME Hik.

i b, AWtES RS IA mR R, NZABEP-HBs BHPEZRSRAE T IR B s 2 — et i ik ik,
N J5 B SRS RS HE R T RS . AR L BEfE A EVE RN, JUHE B A s E A
JERHIX, PR 2 B XIEAE R A, DORBUE 4. BRI SEESGE; FR, &
JE I ALBU ) TAE R SR IS Bi-HBs T FE RIS 2B, I 3 SR s AT R AN R R ST 1) i
FEAMEZES, WA e 22 A I DU O 2 7w RN 2 SR s S i L gaiE s, i — S IAKERA &
BRI e B B A 2R o

SE K
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