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# E:. BHW ARIZETAEM X (chronic hepatitis B, CHB) & #4224 (82 ) FE404 [nucleos(t)ide analogues, NAs]
%97 TR AR e (low-level viremia, LLV) 6 SR B FAMH . Fik LI 2021 F5 A ~ 2023 F3 AT 5
— BB LA 43058 NAs 3697 77 2 K T 48 B AL &4 HBV DNA<2 000IU/ml #9 115 %] CHB &%, 3% &4 HBV
DNA EZ 4R 5 AHFSMW LLV 4 (n=34) . BB LLV 40 (n=32) A #4945 B4 (sustained virologic response,
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Ao B E; B NAs 67 6 i AT S Ab 4647 . CRUAT J ok 2 442 b 204k DNA(hepatitis B virus double-
strand relaxed circular DNA, HBV rcDNA) Z 7 2k ) 48 RNA (pregenomic RNA, pgRNA) A& JF 4745 Raga i) e, 4K
W LLV R A0 huhl, R HZH LLV 40, FBok LLV 24% SVR AT AT £ e 302 (hepatitis B e antigen, HBeAg)
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P=0.005,<0.001) , ZFH A%+ FEL, &8 CHB % NAs /& 77 37 HBeAg M2 L A LLV 91k 3 B 1% B &5
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Abstract: Objective To investigate the risk factors and mechanism of low-level viremia (LLV) in patients with chronic hepati-
tis B (CHB) who receive nucleos(t)ide analogues (NAs) treatment. Methods 115 CHB patients who received NAs treatment for
more than 48 weeks and had HBV DNA<2 000IU/ml were selected from the Department of Infection Diseases of Zibo First Hos-
pital from May 2021 to March 2023. Based on the results of high sensitivity HBV DNA quantification, patients were divided into
persistent LLV group (7=34) , intermittent LLV group (#=32) , and sustained virologic response (SVR) group (n=49 ) .
Clinical characteristics and laboratory indicators of patients with NAs before treatment were collected for inter group compari-
son. Logistic regression analysis was used to determine the risk factors for LLV occurrence. The serum of patients under NAs
treatment was extracted for liver function indicators, hepatitis B virus double-stranded relaxed circular DNA (HBV rcDNA) and

pregenomic RNA (pgRNA) detection. The results were compared between groups to explore the mechanism of LLV occurrence.
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Results The HBeAg positive rates in the persistent LLV group, intermittent LLV group, and SVR group were 70.59%,
53.13% and 10.20%, respectively. The HBsAg (1glU/ml) results were 3.27 (3.03, 3.61), 3.04 (2.93, 3.26) and 2.99 (2.20, 3.16),
respectively. The HBeAg positive rates in the intermittent LLV group and the persistent LLV group were higher than those in the
SVR group ( ¥’=14.005, 27.192, all P<0.001) , and the HBsAg values in the persistent LLV group were higher than those in
the SVR group(Z=-3.375, P=0.001) with statistical significance. Logistic regression analysis found that HBeAg positivity(OR:
8.660, 95%CI: 2.865~26.183) before treatment was an independent risk factor for the development of LLV in patients. The posi-
tive rates of HBV rcDNA in the persistent LLV group, intermittent LLV group, and SVR group were 58.82%, 6.25% and 0.00%,
respectively. The positive rates of pgRNA were 52.94%, 18.75% and 4.08%, respectively. The positive rate of HBV rcDNA in the
persistent LLV group was higher than that in the SVR group and intermittent LLV group ( x’=20.504, 37.974, all P<0.001),
the positive rate of pgRNA in the persistent LLV group was higher than that in the intermittent LLV group and SVR group
(=8.328, 26.199; P=0.005, <0.001), the differences were statistically significant. Conclusion HBeAg positivity before
NAs treatment in CHB patients is an independent risk factor for the development of LLV. Some patients under treatment with

NAs with LLV had positive HBV pgRNA and high quantitative levels, the synthesis of HBV rcDNA was high level, NAs can not

complete the inhibition of rcDNA synthesis, leading to the occurrence of LLV.
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1Pk LRI % (chronic hepatitis B, CHB) J&
CAIFS9% % (hepatitis B virus, HBV) 835 [E (1 i
IS PE SO RE MG . CHB A2 H (1R ) 24
¥ [nucleos(t)ide analogues, NAs] $T %4 & 16 J7 AJ Ik
BRRFIESAE . Gl S R LT AR AL RS, AR T4 i
TR K e K. ITAERAFIE A E Y, R4 CHB i
FRWIEZ NAs BUREEIRYT, 1A 29 30% MG
KA B IMUAE (low-level viremia, LLV), SUN 45 7
5% & B LLV J& CHB B PURREIRIT G A 4 4
it e K & AR E SRR R . B+ LLV
KA GRS R 2 KL v AR . B B 7R AT
CHB B # K2 NAs 1697 5 & 42 LLV IfER A
£, I LLV ZAHHLH] .

1 #MRl5FE
1.1 AFRAT% PEHL 2021 4E 5 F ~ 2023 4F 3 H I
TS — B BB T2 20 115 6 CHB 4 .
PAbRAE: OFTA CHB B ES (181 LB 4%
BiiGHEm (2022 i) ) ; @/ H L NAs IR Y7 ]
KT 48 Ji; @t HBV DNA BEZLAGI 2 /0 2 1k,
RRRIARRE /D 34~ H, B HBV DNA<2 0001U/ml
s BAPE. HEBRPRIE: OIFRM . . TRFREEE
S A B R O, QI R Pl At oAl
JFRFE ;. @I RSB, @WHE . s b5
IR IRFES i s 2K EH . A
WFFTIRAF IR e B B2 51 2ttt
12 ME5KA  SLAN 96P 4 A3h7d )t i PCR
(B REA BT RHEARAT ) , EZ Bead &1
IR ARIUY % 255 HBV DNA SE Al & 1L
RILHE I RHE A RA R ), i20008R 122 % AL
Je AT 9 HIUE AR & (LR A R ) |
AUS5821 4 H sl A= 46 20 B AR ) s A6 4t 7] &2
(EENTFEBNAF]) , LEIFFRIFIEATIEHL RNA

(hepatitis B virus pregenomic RNA, HBV pgRNA) &
RS (RRMAEYRHE IR ARAR) , &
Y 5 05 B SUEE R 5t AR DNA - (hepatitis B virus
double-strand relaxed circular DNA, HBV rcDNA )
S\ SedSREE RV A IR AR A L) o
1.3 7k

1.3.1 S M ¥ CHB 3 NAs 6775 19
 HBV DNA & 54528, f B0 2L LLV 41 |
(B8R LLV 41 FRESEH 7527 W 2 (sustained virologic
response, SVR) 4. 4k LLV 4 X N4 NAs
WD 48 LU, B ESAG if HBV DNA
Z/D 2R, HIRIERG 3 ~ 617, HBV DNA ¥J[H 1,
{H <2 000 TU/ml; [A18k LLV 2H5E XA NAs iG97
Z/ A8 JHLLG, A SR = A HBYV DNA &
D3, IR 3 ~ 61, HBV DNA [A] BRFH M,
{H <2 000 IU/ml; SVR 415 X NH:%Z NAs 1697 &
A48 JLAG , SR SIS HBV DNA %70 2
W, BERKEFE3 ~ 6 17, HBV DNA ¥,
1.3.2 3 NAs{RITRTIREFIE S L = fabn: [
Bl B RGO SR IR TR Im PRARFIE X S0 % 48
Pro SEIREFETRRE LRI % e HUJE (hepatitis B e
antigen, HBeAg) . ZHIAFR R MEPTR (hepatitis B
surface antigen, HBsAg) . ZAUFRZ.OPUA (an-
tibody to hepatitis B core antigen, HBcAb ) . TNk
AKRAEFME (alanine aminotransferase, ALT ). K4
TR FEEE 4 (aspartate aminotransferase, AST) .
MOH 21 & (total bilirubin, TBil) . ~y- 2 & Bt 3
T #% W (v -glutamyl transpeptidase, GGT)., ik &
[ (albumin, Alb), & H V12 (total biliary acid,
TBA ) Flifil/MiiT4C ( platelet count, PLT) .

133 & NAsJRITJEITIIRE . 8L HBV DNA,
HBV rcDNA 2 HBV pgRNA #:1: $l1 5 % NAs
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RIT IR AL, B0 B S A THF DI RE (ALT,
AST, TBil, GGT, Alb, TBA) #:l| . 5% HBV DNA,
HBV rcDNA F1 HBV pgRNA #:ll . H g fif HBV
DNA K3l (K5 H1BR 10 TU/ml ) 5% 1] TaqMan 52 i 5¢
e 5k, HBV pgRNA Kl ( 45 HiFR 50 copies/ml )
K FH TagMan 5 I 90 5E 55, HBV reDNA (£
HUBR 20 TU/ml) 2K JH TaqMan 52 i} ¢ 5% 75, HBV
reDNA A& 2 UL SCilifdRE @
1.4 %it$ 54 K SPSS23.0 AT 5 4k
L, OB R Z AL R DT oF) R, 4l
HE—2L W LR H Bonferroni K565 1E 7040 1Y
THE ORI + ArifE2E cxs) R, Z4lEILL
R FHMST REA T 225081, IR — 25 WA LR
JH LSD-¢ K 55 E 1IE 25 43 A7 B 32 98 Ak b 07 4%
(VU BEENHE ) [M(Pys, Pus)] #Frm, Z411A] LA H
Kruskal-Wallis H &%, 2H 8] 7 — 25 99 W He 3R
Nemenyi fi55; ZHZE Logistic [HIH4347 CHB &
NAs {697 5 &4 LLV S faks 25 P<0.05 24
ERAGH L
2 H#R
2.1 EH NAsBITERA LLV 69 e B Z 5
2.1.1  BE NAsTRITIE K4 LLV B R Hr
W21, ABFFEILgy A CHB B 115 4], Hirpd

e LLV 41 34 {5 [B]E LLV 4 32 {51 SVR 41
49 Bl FpeetE LLV 41, B8 LLV 41 &% SVR 41
R NAs IR YT HT A I PRAF AR F 5250 % F8 bR A7 LE
BRI, ZHIRFEAERS . YRR AL . HBcAb &g
B FIheFE bR R i/ T 18] 22 S 4 0 4e 12
X (4/F/7=0.027, 5.386, 0.275, 0.406, 1.308, 2.442,
1.064, 0.030, 1.344, 1.151, ¥] P>0.05) ; HBeAg [
PESRAE = 41 [R) (4 22 8 Go it 22 7 L (1/=33.678,
P<0.001) , ZH[E) S —25 PP L3¢ & 3R, )
LLV 2 Fl £ 42 ¥ LLV 40 HBeAg FH ¥ R ¥ & T
SVR 41 (,*=14.005, 27.192, ¥J P<0.001) ; HB-
sAg(1glU/ml) 53R 7E =AM 2 R A G225 X
(Z=12.314, P=0.002) , (6] —25 W W L3 &
P, Frektk LLV 41 HBsAg(1gIU/ml) {8 T SVR 4
(7=-3.375, P=0.001) .
2,12 HB#E NAsIRITIE & E LLV B ZH & Logistic
BUEA M. W36 2. 66 6l LLV B35 (34 il fF2k
LLV H& & 32 flla actt LLV &) 5 49 i) SVR
B DRGSR LLV /BN A8 &, HBeAg FHM:
HBsAg(1glU/ml) 1E K H 28 5 51T Logistic [B1J 50 #Hr
RI, HBFIEITHT HBeAg FHPE (OR:8.660, 95%CI:
2.865 ~ 26.183 ) J&:HH NAs IAIT A K4 LLV (i

*x1 BE NAs BT ERAE LLV MEBREZRERNH [x+5, n(%), M(P,,Pys)]
5 H PR LV AL (n=34)  [EEREELLV 41 (2=32) SVR 41 (n=49) 1 IFIZ {8 P{E
(%) 48.85£10.61 48631026 49.14+9.29 0.027 0.973
B (%)) 19(55.88) 17(53.13) 37(75.51) 5.386 0.068
HBeAg P [n(%)] 24(70.59) 17(53.13) 5(10.20) 33.678 <0.001
HBsAg(lgIU/ml) 3.27(3.03,3.61) 3.04(2.93,3.26) 299 (2.203.16) 12314 0.002
HBCAB(S/CO) 94.35(22.40,130.97) 112.42(69.36,129.80) 95.03(51.13,136.73) 0.275 0.872
ALT(UML) 26.90(17.70,61.00) 25.20(18.95,84.50) 27.90(19.75,50.60) 0.406 0816
AST(UL) 34.35(25.80,50.00) 29.05(23.50,50.25) 28.45(21.85.48.50) 1.308 0.520
TBil( . mol/L) 14.50(12.20.20.20) 13.65(12.55.21.25) 17.10(13.45.21.45) 2442 0.295
GGT(UIL) 21.70(18.70,36.80) 20.10(14.10,39.25) 23.95(17.00,38.10) 1.064 0.587
Alb(g/L) 42.45(40.40,44.40) 42.50(39.75.44.45) 42.35(40.20,44.10) 0.030 0.985
TBA(j mol/L) 3.40(2.00,6.70) 2.85(2.00,7.50) 2.80(1.85,4.70) 1.344 0.511
PLT(10°/L) 190.79 +74.45 21642£5571 189.97 +61.75 1151 0.323

x2 £E NAs IBITEE 4% LLV MEEE Logistic B354
250 B Wald OR 95%CI

HBeAg P [n(%)] 2.159 0.564 14.626 8.660 2.865 ~ 26.183
HBsAg(lglU/ml) 0.805 0.435 3425 2.236 0.954 ~ 5245

22 ®BF A A LLV 5 NAs & 57 5 A 2 42, HBV
rcDNA, HBV pgRNA #9748 % M
22,1 BE NAsHIT IR IFIIREFRbn b . W3R 3,

FRevk LLV 4. 18 87k LLV 40 & SVR 4 & 1E
NAs A7 G W F DI REFE AR LA R B, — 4l 22 [A] i) 22
BTG E X (Z=1.405, 0.297, 0.996, 1.471, 0.172,
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0.979, 1 P>0.05)

222 HBFENAsSIAYTFG HBV reDNA Kol 2 5
115 5] # % b HBV rcDNA BH 4 4t 22 7], Hiorp %
2Pk LLV 41 20 ], [A] 8k Pk LLV 41 2 f4], SVR 41
0 l, =48] HBV rcDNA BH #5510 58.82%,

6.25%, 0.00%, 22534 4it2E5E X (1'=49.649,
P<0.001) , dHiEHE—LWIm i kB0, Freetk LLV
24 HBV reDNA BHVE %55 T SVR 41 Fl[A] )Pk LLV
AN, ZRYHGEIHE X (1=20.504, 37.974, ¥
P<0.001)

=3 B3E NAs BT EFTIhBEFEARELEL [M(Pys,Ps)]

el FEEEME LLV 4 (n=34) P LLV 41 (n=32) SVR 41 (n=49) AL:] P
ALT(UML) 16.70(13.50,25.50) 21.25(13.20,26.50) 22.60(13.80,26.90) 1.405 0.495
AST(UL) 23.85(19.00,29.00) 22.60(20.20,30.40) 22.90(19.20,29.00) 0.297 0.862
TBil( . mol/L) 15.50(10.80,19.60) 13.50(11.25,18.00) 15.30(12.40,19.80) 0.996 0.608
GGT(UL) 19.15(14.30,22.50) 19.80(13.95.26.25) 21.40(15.30,29.40) 1471 0.479
Alb(g/L) 4420(43.20,45.70) 44.80(42.40,45.55) 44.50(43.30,46.10) 0.172 0918
TBA(j mol/L) 2.55(1.70,4.10) 2.60(1.90,4.55) 3.20(2.10,4.80) 0.979 0.613

223 H#F NAsIHYTG HBV pgRNA K45 5 g
115 1 # % o HBV pgRNA FH¥E3E 26 41, Hirp i
2Pk LLV 20 18 fi], [Pk LLV 44 6 4], SVR 41
2], =#H[a] HBV pgRNA BHYEZR 51K 52.94%,
18.75% 1 4.08%, 2R A LI (=27.763,
P<0.001 ) ; =#i[a] HBV pgRNA (lg copies/ml) &
AR08 5.56 £ 1.02,4.29 +0.84 F13.42 + 0.34,
ERAGHFE X (F=7.211, P=0.004) ; ]k
— PP LR B, RRZE Pk LLV 41 HBV pgRNA
PH: R Tl Bt LLV 4081 SVR 4, 25344511
Y (=8.328, 26.199; P=0.005, < 0.001) ;
4k LLV 20 HBV pgRNA & 2 45 5% 8 T [a] #j Pk
LLV A fI SVR 4, ZRAFITF#E XL (12728,
3.080, P=0.013, 0.007) .
3 iTie

bfiF HBV DNA Kl R AR, 494
20% ~ 30% K H14E57 NAs AT 18 1 iE rh A 7E
f7KF-f HBV DNA,  [E A& R Pl (e L
SRR R IMLE (LLV ) B0 HET, LLV A9 5E X
A oA b of, B RS L R A0k CHB
BEEZBERS. 9B nHmT NS 5w
W5 —Z2YinIr 20 48 FLL Lk, 1
i HBV DNA R 55 R # TagMan 32 298 )6 1
(real-time quantitative PCR detecting system, qPCR)
AT R IE], {H <2 000 TU/ml, 7EHER A E: 7] i
MR et 2558248 )5, & XA LLV; LLV A] LISk
P2 FREePE LLV APk LLV, CHB & #:3%Z
NAs Z9¥1697 5 & 4= LLV 80 H i HBV U6 TR4
I7 HME s ARSI FEARYE LLV 19 SR o2
XFANABEFE R 115 491 5855 o3 I FF Sk LLV 41, [8]
HPE LLV 4001 SVR 41, F:XF & NAs IGITRTIGIR
FRAE S SE U0 E AR bR LR R B, FREEE LLV 41 2 1h)

BPE LLV 41 HBeAg BHYE R B I &5 F SVR 4, #F
2k LLV 41 HBsAg(1glU/ml) 45 507 i %25 F SVR 41,
55 5FE Y s R —8. £ EK Logistic [
I HT B, & NAs JRY7 R HBeAg BH & LLV
KA IS SR R 2

HBV ¥ 5 kL JF A 40 i, 9 75 J0RE P9 19
rcDNA 9% B i 2 240 i 4% v I I B cccDNA; i B
pgRNA M cccDNA #% 5% FF B U 8 4 1, 7E 40
famirh, REER GRS pgRNA 455 I 0 EH
O35 TERARSEI, pgRNA £8 300 s 5 I A1 5 3
A EEIE 8 reDNA 3 AR e g4 I3 i 2 430
& (multivesicular body, MVB) 43 i i& 1215 718
WREEORI 4TI, SERL HBV BOA I 9, NAs /&
— P EEE D IRPUR T, B R e R
A B AL BRI pgRNA 35555 5% 4 reDNA,
AT T B TG T e BE 7 A B DR 4L Bl B 10 o 7
o U RS U A CHB 1% NAs T
WEFRIGIT )R & LLV B Rl BEAIL T A 5 35 5 55 1 Ha
PE IV TR AR T NAs 58 4P 300 61995 25 &2 T kA 19
JrIBR Y

VAR SRR & IR M, ALT 7K 7 RE % [ i HILAA
H B i AR AS, NAs 18T ALT K r BE 5
LLV AR K ALT KA, ML G 2455,
AFIFIEGE HBV [ 20 AL i BR AT cccDNA [ E2K
B, ALT KPR A rTRES) &4 LLV., #Rifi,
WAMIE LI ALT K5 LLV #% A ek Sk .
AW K, NAsiRITE ALT, AST &M Tfets
PREERFZEME LLV 41 . [E)ctE LLV 2014 S SVR 4[]
ERIG R L

NAs 5 440 il 995 75 52 61 BT R A7 16— Fl sy B
PER R AN i ANTP EAE IS LT, NAs 6
158 4> B W HBV pgRNA ¥ #% 5 reDNA 194 i,
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A BT Y 7 reDNA 11855 35 F00R 43 06 A I Y T 24K
S YL HR T A0 I 2 i HBY Y & R 0L A
T X RE S LLV 41, (B 8K LLV 41 fi1 SVR 41
B P17 HBV reDNA K& & 88, etk LLV 41
reDNA PHM: R B 5 & T 8k LLV 4181 SVR 41,
FEEtE LLV 4188 M P 7% reDNA (95 2 B0k
FHMLIE H HBV DNA R 5 R A qPCR A7 A 46
], I FBEH NAs AT JE &4 LLV. IR
& reDNA. 1975 75 URE 1] 20k 4 Jak gy 8 3% T 200 1t 52 ik
HBV (251 E W, SELLV 2 4 b ik ) P
%E/:_E [15-16]O

NAs 5 P40 995 75 52 6 T Re 41 19 55 — P s
B 7 4 NAs 55 4+ P 410 ] HBV pgRNA i 5% 5% 8
rcDNA, {HXF A ] A 20k DNA(covalently closed
circular DNA, cccDNA) ¥ 5 M ¢ /), cccDNA 1Y
KIWIAFAE L HBV 18 PR g s 22 (4 U7 B
1, cceDNA 7K 1202 S0 15 1Y) e B AR A
SR, T H A AR ARG A 3 1 452475
cccDNA R A2 2RI U0 iP5 & B, peRNA J&
cccDNA (1) B #2575 77 ¥, pgRNA 5 cccDNA
1EARSE LBt cccDNA F3G s i B2 ARt
Fraett LLV 41 | [ 8PE LLV 41 5 SVR 418 & k4T
pgRNA K % R, FR2LE LLV 41 pgRNA P %
. TRl EEE LLV 41 SVR 4, 78tk LLV 4
pgRNA & 2 45 5 W] 5l = T [AltE LLV 4081 SVR 4 .
M, HREEPE LLV 3% pgRNA BHPES e e ok
T, W cccDNA BYFESRIG R, reDNA 4ERF7E
R A KT, NAs J6ik 58 B il e DNA 15 1L,
reDNA 7] # AR e 259l 1 MVB 20 ik 12 1
SR AR B R A A LR, S 2L HBV
DNA K H 5 R qPCR yEAT AR 2], M 534
BH NAs IRYT R &4 LLV,

z5 LTk, JAJT T HBeAg BH 1 /& CHB # %
NAs J&I7 5 &4 LLV Bl fa 5 [ 2 CHB /3
NAs JAI7Ja i LLV (B (Reil 2 Reglik LLV &
) pgRNA PHPE FE 7K F 55, cccDNA #5533 P
3%, reDNA AERFAER R A K, NAs Joik 58 i
1] reDNA B, reDNA 7] # ok e 22 5108
it MVB 5@ AR E R T BRI AL
M ' HBV DNA SR H =5 2 i qPCR 7445 7] £
W], NI FEEE NAs /7R &4 LLV, BTl
Wi rcDNA [IFEAE, HBV A] 4k S5 B AT 20 i 52 i
HBV WG, WmSE8k4 LLV BE et
J B R . ARTFFRAFLELL P LSRN B2 4b: D
R NAs AT HT HBV DNA SE 45 ks,
APEATHLE HBV DNA ZKFEXT 48 JE 5 NAs (I 7AL
REWITAL; QARZEAY S5, M 5EY

AR EAEHIXS—4R NAs Brm s EHIf ] fgsgmd;
FEAC AR, WFoEas R T REAATE R fAr . DIt
CHB #5552 NAs 1697 Ja R AR 75 MLAE A fE 16 [
R NHUHNE T EIAEAFZ O 2P

B 3L -
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