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Abstract: Objective To investigate the expression features of HBsAg and HBcAg in liver tissue and their correlation with HBV
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serum markers in children with chronic hepatitis B (CHB ). Methods A total of 257 patients who were consecutively admitted to The Fifth
Medical Center of Chinese PLA General Hospital from January 2013 to December 2023 and underwent liver biopsy to achieve a confirmed
diagnosis of CHB were enrolled in this study. The NIS-Elements system was used to capture the immunohistochemical images of HBsAg and
HBcAg in liver tissues, and Image J software was used for quantitative analysis. The one-sample chi-square test was used for within-group
comparison of continuous data, and the Pearson/Spearman/Kendall” s Tau-b correlation analysis was used to investigate the correlation
between viral antigen expression and serological markers. Results Among the 257 CHB patients, there were 162 children (76 children
aged<5 years and 86 children aged 5—18 years) and 95 adults. There were significant differences in the expression pattern, area, and
intensity of HBsAg and the area and intensity of HBcAg in liver tissue between different age groups and between the children with different
HBeAg statuses (all P<0.05). In the children aged<5 years, HBsAg staining area was significantly negatively correlated with anti-HBs and
HBeAg (both P<0.05) and was significantly positively correlated with ALT and AST (both P<0.05) , and HBsAg staining intensity was
significantly positively correlated with qHBsAg (P<0.05) and was significantly negatively correlated with anti-HBs (P<0.05). In the
children group, HBsAg staining area was negatively correlated with anti-HBs and HBeAg (both P<0.05) , and HBsAg staining intensity was
positively correlated with qHBsAg (P<0.05) and was negatively correlated with anti-HBs (P<0.05). In the adult group, HBsAg staining
area was positively correlated with ALT, AST, and liver inflammatory activity (all P<0.05) , and HBsAg staining intensity was positively
correlated with qHBsAg, HBeAg, and HBV DNA (all P<0.05) and was negatively correlated with liver inflammatory activity and fibrosis
degree (both P<0.05). In the children aged<5 years, HBcAg staining area was positively correlated with qHBsAg and HBV DNA (both P<
0.05) , and HBcAg staining intensity was significantly positively correlated with HBV DNA (P<0.001). In the children aged 5—18 years,
the area and intensity of HBcAg staining were positively correlated with qHBsAg, HBeAg, and HBV DNA (all P<0.05). In the children
group, HBcAg staining area was positively correlated with qHBsAg, HBeAg, and HBV DNA (all P<0.05), and HBcAg staining intensity
was positively correlated with qHBsAg and HBV DNA (both P<0.05). In the adult group, the area and intensity of HBcAg staining were
positively correlated with qHBsAg, HBeAg, and HBV DNA (all P<0.001), and HBcAg staining area was positively correlated with the
serum level of ALT (P=0.043). Conclusion The expression levels of HBsAg and HBcAg in liver tissue of children with CHB are
significantly correlated with serological markers, and in clinical practice, HBsAg and HBcAg combined with serological markers can help to

assess the condition of the liver, determine the immune stage , and provide evidence-based guidance for treatment timing.
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Figure 1 Detection of hepatitis B antigen staining by
immunohistochemical staining
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Table 1 Virological, serobiochemical, and histological

characteristics
iH BE
qHBsAg(log,, IU/mL) 3.96(3.33 ~ 4.50)
$t-HBs(log,, COT) 0.30(0.30 ~ 0.30)
HBeAg(log,, COI) 2.70(-0.91 ~ 3.14)
HBeAg FHPE[1(%) ] 175(68.09)
HBV DNA (log,, IU/mL) 6.89(3.74 ~ 8.00)
HBV JE KR (%) ]

B 38(14.79)

C 144(56.03)

D 3(1.17)

A 72(28.02)
ALT(U/L) 84.00(38.00 ~ 173.00)
ALT F5 [ 41)(%) ] 195(75.88)
AST(U/L) 67.00(40.00 ~ 126.00)
TBil (mol/L) 8.90(6.35 ~ 12.10)
Alb(g/L) 40.00(38.00 ~ 43.00)
JFA S0 1% Bl BE 1] (%) ]

GO~ Gl 97(37.74)

G2~G3 160(62.26)

S AR B [ (%) ]

S0~ S1 119(46.30)

S2~83 138(53.70)
By AR (%) ]

HBsAg FH % 235(91.44)

HBcAg [HE 150(58.37)

2.3 HBsAg# &

2.3.1 CHB & %4022 A HBsAg kA 4542 HBsAg

948 2H Ak A T 25 3R R, L EE A B R R 91.98% (149/
162) , BN 41 FEE 24 90.53% (86/95) . L 3 41 A [l 4F:
4 B LA AN TR HBe A IR 25 F 5 (1) HBsA g kB2t | i
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IS B A8 i L A AR Gt 24 22 5 (P9 <0.05) , A4
4 B LU TR EAT 33D 25 S (P 11<0.05) (3R 2 ~ 4) .
232 FFZB4 N HBsAg Rk 4 AE S o 7 5 Ao 20 0 5 4R
AR e AR £ <5 %4, HBsAg Y (4 1 A1 5 $T -HBs
HBeAg 5 i 3 A0 (PE14<0.05) , 5 ALT  AST & i 3 1F
AHIC(PE4<0.05) s HBsAg YL (5 iE 5 qHBsAg 2 i 3 1EAH
K(P<0.05), 54i-HBs 2 BFE A (P<0.05), 5~ 1854
1, HBsAg Y 2 I FRURITSR BE 5 4% 48 A [H] 4 O AR DG (P (E
¥7>005) . JLEEA ', HBsAg Y& {2 1 F1 5 HT-HBs . HBeAg
57RO (P B $4<0.05) ; HBsAg Yt 4,58 JiF 5 qHBsAg
IEAHR(P<0.05), 54i-HBs A (P<0.05) . AT,
HBsAg Je (o A5 ALT  AST FIH- AL SURAE T o B 44 52 1F
HHE (P <0.05) ; HBsAg e {03 J& 15 qHBsAg. HBeAg.,
HBV DNA ¥J 5 1EAHE (P{E34<0.05) , 5 FFHE A 5 175 50 B A
JHEAF A AR B S A DG (P 1<0.05) (3R 5) .
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2.4.1 CHB B2 A HBcAg Rik4ie 25K,
HBcAg # ik AV AE HBeAg M L3 20 b 2 B0 583
2225 5 (P<0.001) , 5 AT 156 B 7E )L EE B HBeAg 2R iAHE
3 Z HBeAg IR &M (R 6) . MeAh, JLFE A [F) AR 0% B
DL R AN [A] HBeAg IR 785 8 4 I HFZH 2 P HBeAg R 3k T
TG B G i LU B AEAE B G242 5 (P $4<0.05) , B
NZH AR B L R RE A X R 22 5 (PR #4<0.001) o [A]—4
W, N A HBeAg 235 I BURISR BE 1Y CHB £ 3 43 fi 4778
BERTEET~8),

242 FFZL4 A HBcAg R A HFIE Y o i 5 Ao 20 48 52 35
ARW AR K fE<S Z Y, HBeAg 19 44 o ] FH B
qHBsAg . HBV DNA 7K *F- 5 1EAH ¢ (P {E #4<0.05) ; HBcAg
14 Y 2,58 i 5 HBV DNA 5t i 2% 1F 4 3¢ (P<0.001) o 7
5~ 18 % 4, HBcAg 1Y 44 (4, T F1FN 5 FF 55 qHBsAg.

%2 HBsAgRiZENXERM
Table 2 Heterogeneity in HBsAg expression patterns

IR Bl (%) ]

A i Bt WEEE  mkmEne YN Pl
JLEH 162 13(8.02) 77(47.53) 72(44.44) 46.926 <0.001

<5 % 76 7(9.21) 40(52.63) 29(38.16) 22.289 <0.001

5~18% 86 6(6.98) 37(43.02) 43(50.00) 27.512 <0.001
LN 95 9(9.47) 33(34.74) 53(55.79) 30.653 <0.001
JLEE 4 HBeAg IR TS

B34k 52 4(7.69) 25(48.08) 23(44.23) 15.500 <0.001

FHE 110 9(8.18) 52(47.27) 49(44.55) 31.436 <0.001

£33 HBsAgRIZEMERM
Table 3 Heterogeneity in HBsAg expression areas
. TR (%) ] 5

H e 0 <5% 5% ~ 20% >20% X i P
JLEH 162 13(8.02) 62(38.27) 32(19.75) 55(33.95) 37.062 <0.001

<5 % 76 7(9.21) 34(44.74) 12(15.79) 23(30.26) 22.842 <0.001

5~18% 86 6(6.98) 28(32.56) 23(23.26) 32(37.21) 18.372 <0.001
WA 95 9(9.47) 26(27.37) 31(32.63) 29(30.53) 12.747 <0.001
JL#E 2 HBeAg R 25

14k 52 4(7.69) 14(26.92) 13(25.00) 21(40.38) 11.231 0.011

[H-P 110 9(8.18) 48(43.64) 19(17.27) 34(30.91) 31.891 <0.001

#4 HBsAgRIZEEERM
Table 4 Heterogeneity in HBsAg expression intensities
. FIRRIE[ (%) ] .

i R R ARG = X PE
JLEH 162 13(8.02) 32(19.75) 60(37.04) 57(35.19) 36.568 <0.001

<5 % 76 7(9.21) 18(23.68) 23(30.26) 28(36.84) 12.737 0.005

5~18% 86 6(6.98) 14(16.28) 37(43.02) 29(33.72) 27.581 <0.001
WA 95 9(9.47) 5(5.26) 33(34.74) 48(50.53) 52.326 <0.001
JLE 4 HBeAgIRZS

Yikids 52 4(7.69) 8(15.38) 19(36.54) 21(40.38) 15.846 0.001

FHE 110 9(8.18) 24(21.82) 41(37.27) 36(32.73) 22.145 <0.001
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Table 5 Correlation between HBsAg staining results and serological and histological indicators in pediatric and adult patients

5 HBsAg e <52 #(n=76) 5~ 18 4 41 (n=86) ILEH (n=162) A (n=95)
r{H PIE r{H PIE r{H PIH r{H PIE
qHBsAg [igAl 0.072 0.536 0.141 0.194 0.094 0.234 0.198 0.055
R 0.246 0.032 0.133 0.222 0.183 0.020 0.322 0.001
Pi-HBs [TEA -0.308 0.007 -0.103 0.345 -0.203 0.010 -0.149 0.644
R -0.351 0.002 -0.080 0.464 -0.218 0.005 -0.495 0.102
HBeAg TR -0.325 0.004 -0.139 0.201 -0.234 0.003 0.060 0.561
CiyEy -0.039 0.739 0.013 0.903 -0.023 0.772 0.212 0.039
HBV DNA [N 0.108 0.352 0.014 0.901 0.069 0.383 0.186 0.071
L5y 0.117 0.313 0.147 0.177 0.127 0.108 0.208 0.043
ALT [TEA 0.251 0.029 0.040 0.712 0.136 0.085 0.274 0.007
[iigi s -0.064 0.580 -0.126 0.247 -0.105 0.182 0.057 0.585
AST A 0.314 0.006 0.054 0.618 0.145 0.067 0.221 0.032
R -0.015 0.895 -0.206 0.057 -0.121 0.125 -0.110 0.290
TBil TR 0.171 0.139 -0.056 0.606 0.081 0.307 -0.107 0.303
[ 0.113 0.332 0.014 0.899 0.065 0.415 -0.127 0.221
Alb TR -0.011 0.925 0.104 0.342 0.026 0.747 0.108 0.297
G -0.114 0.327 -0.003 0.975 -0.065 0.415 0.089 0.389
LA ZUGENE 1 5 B [TEA 0.122 0.227 0.033 0.749 0.069 0.346 0.178 0.034
[iiis 0.097 0.363 -0.075 0.476 0.007 0.923 -0.235 0.007
A AR T AR 0.179 0.085 0.021 0.837 0.090 0.216 0.060 0.531
fi9is 0.097 0.375 -0.121 0.209 -0.018 0.799 -0.214 0.014
*6 HBcAgRIFERERM
Table 6 Heterogeneity in HBcAg expression patterns
. KB [(%) ] -
A i it WEhe  miwene X0 PE
JLEH 162 67(41.36) 52(32.10) 43(26.54) 5.444 0.066
<S54 76 34(44.74) 24(31.58) 18(23.68) 5.158 0.076
5~18% 86 33(38.37) 28(32.56) 25(29.07) 1.140 0.566
WA 95 40(42.11) 25(26.32) 30(31.58) 3.684 0.158
JLEE 2 HBeAg R 25
34k 52 29(55.77) 20(38.46) 3(5.77) 20.115 <0.001
FHE 110 38(34.55) 32(29.09) 40(36.36) 0.945 0.623
%7 HBcAgRZHEMERM
Table 7 Heterogeneity in HBcAg expression areas
" FRHAL (%) ] .
T Fis 0 <5% 5% ~ 20% >20% XY PH
JLEY] 162 67(41.36) 33(20.37) 51(31.48) 11(6.79) 42.938 <0.001
5% 76 34(44.74) 15(19.74) 22(28.95) 5(6.58) 23.474 <0.001
5~18% 86 33(38.37) 18(20.93) 29(33.72) 6(6.98) 20.512 <0.001
N 95 40(42.11) 17(17.89) 26(27.37) 12(12.63) 19.063 <0.001
JLEE 4 HBeAg IR
[ 52 29(55.77) 8(15.38) 13(25.00) 2(3.85) 30.923 <0.001
FH4E 110 38(34.55) 25(22.73) 38(34.55) 9(8.18) 20.691 <0.001

HBeAg & HBV DNA /K V¥ S IEH 5 (P(E9<0.05). L 4, HBeAg A9 Y& (4 i LRI 58 J& 5 qHBsAg . HBeAg J%
# 4 v, HBeAg 19 % 0, T £ 55 qHBsAg. HBeAg J2 HBV  HBV DNA /K V-1 5 i 25 1F AH 56 (P 5 <0.001) , HBcAg
DNA 7KF 52 IEAH G (PE<0.05) s HBeAg RO YL A5 B2 5 () 4 (8 1w AR 5 LT o ALT 7Kt A7 78 1 A8 M (P=
qHBsAg . HBV DNA 7K 5 1E A 56 (P {EH#<0.05) . BLA  0.043)(£9).
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#®8 HBcAgRIZEEERM

Table 8 Heterogeneity in HBcAg expression intensities

FikwEBl(%) ]

St B e B b R - P
JLEY] 162 67(41.36) 43(26.54) 43(26.54) 9(5.56) 42.148 <0.001
<5 % 76 34(44.74) 23(30.26) 16(21.05) 3(3.95) 26.632 0.005
5~18% 86 33(38.37) 20(23.26) 27(31.40) 6(6.98) 18.837 <0.001
A 95 40(42.11) 13(13.68) 27(28.42) 15(15.79) 19.653 <0.001
JLE 4 HBeAgIRZS
[ 52 29(55.77) 6(11.54) 16(30.77) 1(1.92) 35.231 <0.001
FHE 110 38(34.55) 37(33.64) 27(24.55) 8(7.27) 21.127 <0.001
x9 JEMRAEEHBAgRBERENFFRALFHERNEXRE

Table 9 Correlation between HBcAg staining results and serological and histological indicators in pediatric and adult patients

] <5 % 2 (n=76) 5~ 18 % 4H (n=86) JLE#H (n=162) N (n=95)
lE| HBcAg 4 {f, T P i PIE o P i Pl
qHBsAg g 0.288 0.012 0.273 0.011 0.274 <0.001 0.619 <0.001

[i953 0.211 0.067 0.277 0.010 0.228 0.003 0.588 <0.001
Pi-HBs Al -0.035 0.763 0.036 0.742 -0.006 0.942 -0.234 0.465
5 -0.039 0.737 0.032 0.771 -0.013 0.873 -0.367 0.240
HBeAg T FH -0.053 0.649 0.401 <0.001 0.219 0.005 0.701 <0.001
SR -0.010 0.928 0.283 0.008 0.130 0.099 0.629 <0.001
HBV DNA [TE:Al 0.580 <0.001 0.409 <0.001 0.499 <0.001 0.567 <0.001
[ii9iS 0.554 <0.001 0.331 0.002 0.449 <0.001 0.546 <0.001
ALT Al 0.029 0.802 0.023 0.834 0.024 0.762 0.208 0.043
CiYiS 0.064 0.585 -0.022 0.837 0.020 0.804 0.197 0.056
AST TR -0.092 0.430 0.027 0.803 -0.023 0.774 0.107 0.303
R -0.044 0.708 -0.033 0.761 -0.036 0.651 0.114 0.272
TBil A 0.040 0.734 -0.063 0.565 0.001 0.992 -0.138 0.184
[i353 0.118 0.309 -0.126 0.247 0.017 0.828 -0.160 0.121
Alb T AR 0.067 0.567 0.145 0.182 0.088 0.266 -0.110 0.290
R B 0.091 0.435 0.090 0.410 0.060 0.450 -0.052 0.614
JFHL ST B B TR -0.134 0.229 0.100 0.316 -0.010 0.895 -0.001 0.991
[1i5°8 -0.111 0.316 0.124 0.221 0.020 0.789 -0.024 0.789
i R TR -0.086 0.401 -0.192 0.060 -0.140 0.054 -0.138 0.150
iy -0.069 0.510 -0.083 0.418 -0.071 0.331 -0.147 0.099
3 Wi 5ILE L cecDNA £ 51955 75 & Hil B0 e—m 20

JLEE CHB R A 5 A — 2 5, AR s
JL# CHB B E AT LN 5 UL HBsA g it 3k , RAE TR AL
Z ORI TS S L EE CHB B35 3 3 RAEIRSE 5 41 2 fk
e 2y 5 /KOs LT 5 B dnb 2 R AT R A, 2
fifk

AR AR R, L3 5 N CHB A 1 i 4141
HBsAg YL (055 B 14 5 1l 7 qHBsAg K-S TEAR S BIIE T
JF PN HBs A g 23505 8 IUAE A OCTRErE 12 L (HA5 0 75 Y
S )L (R <5 2 WAL ) HP o sE 2 DL R R AEvE R B .
(1) I35 4E-HBs 5 JT P HBsAg ¢ 35 1 FR A58 3 1 52 740
O R PT-HBs A RBE A TP AR HI A0 HBsAg %3k 5 (2)
JHF P9 HBsAg 2235 TH A5 Il HBeAg /K -5 i AH G, AT g

HBsAg 73165 SO DYy BRIl D | B0 T2 21 Ak Yt ik
S0 M3 HBeAg Fh o LA, A ZH HBsAg YL a5 i 5
JFFFE A S /2 2 A R B 2 5t A7 R G 4945 B A 41 7y 1R
HBsAg 7KV Pk 5 35 P05 B4 1 i L B R T P i
5 ZFAEAR AR, AR R B OCHK . X 2R Il CHB [ 4F
W40y A PR TR . X 2 il 2 BE IR L3 7
] E o 7 AR G ) (A qgHBsAg . HBeAg) B 76
R PEAL 1S , T LS B3R .

A5 2], T 2040 HBeAg 235 2 7F Al HBV & i
TEPER A RE L 2 dE bR, L (3 B2 5 117% HBV DNA |
qHBsAg M HBeAg /K- (5 ~ 18 % JL# M il A 2H ) 24 5 &
FIFAX . X — KA UIE | HBeAg Kik SR
B0 TP 1) R I e W ) L R T AR R
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(HBV DNA/qHBsAg/HBeAg) Rl A %4 PF ik 45 7% & #1 IR
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