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Serum hepatitis B virus RNA in low-level
viremia of chronic hepatitis B: clinical features
and association with virological response

Yongbin Wu"", Guifang Tang?, Jian Wen?, Ying Wan', Yufei Wang* and Ling Li®

Abstract

Background The role of hepatitis B virus (HBV) RNA in the management of patients with chronic hepatitis B (CHB)
experienced with low-level viremia (LLV) remains poorly defined. This study was designed to evaluate the prognostic
utility of serum HBY RNA as a biomarker for predicting treatment outcomes in this population.

Methods A retrospective cohort analysis was conducted on 117 pediatric patients with LLV (mean age: 13.14
years; 34% female) treated with continuous entecavir (ConT) or modified regimens (switching to or combining with
tenofovir disoproxil fumarate) for > 120 weeks. Virological response was defined as HBY DNA < 10 IU/mL at week 120.

Results No significant baseline differences existed between ConT and modified regimen groups. Compared to ConT,
modified regimens achieved greater reductions in serum HBV DNA, HBV RNA, and quantitative HBsAg, with higher
cumulative undetectable rates at week 120 (HBV DNA: > 80.0%; HBV RNA: > 54.8%; P < 0.05). Notably, gHBsAg levels
remained elevated in most patients, with only 3 individuals achieving undetectable levels (< 0.05 IU/mL). Multivariate
analysis identified higher HBV RNA levels at week 48 as an independent risk factor for non-virological response
(adjusted odds ratio: 5.86; 95% confidence interval: 1.40-24.62; P=0.016). Although HBV RNA alone was less predictive
than HBV DNA (area under the receiver operating characteristic curve [AUC]: 0.76 vs. 0.80; P=0.459), combining both
markers improved prediction accuracy (AUC: 0.82; P<0.05 vs. single markers).

Conclusions In children with LLV, serum HBV RNA level is an independent risk factor for non-virological response and
may serve as a complementary biomarker to HBV DNA for guiding antiviral therapy adjustments.
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Introduction

Low-level viremia (LLV) represents a special case of
suboptimal virological response (VR) in clinical prac-
tice, which is closely associated with poor prognosis and
may lead to disease progression and terminal events [1,
2]. Globally, oral nucleos(t)ide analogs (NUCs) - such as
entecavir (ETV), tenofovir disoproxil fumarate (TDF),
and tenofovir alafenamide fumarate (TAF) - remain first-
line antiviral therapies for chronic hepatitis B (CHB).
However, persistent or intermittent LLV occurs in over
20% of patients despite continuous NUC therapy [3], rais-
ing concerns about its clinical significance. Current evi-
dence is insufficient to conclusively determine the impact
of LLV on treatment efficacy and long-term prognosis,
and clinical guidelines lack consensus on its management
[4]. To address this gap, identifying reliable biomarkers to
evaluate LLV-associated risks and therapeutic outcomes
is critical for guiding timely clinical interventions.

The ineffectual clearance or silencing of covalently
closed circular DNA (cccDNA) may be associated with
the development of LLV in CHB patients [5]. Hepati-
tis B virus (HBV) pregenomic RNA (pgRNA) is derived
from cccDNA within the nuclei of infected hepatocytes,
and its biosynthesis is not suppressed by NUCs, provid-
ing a true reflection of intra-patient cccDNA levels and
transcriptional activity. Despite the clinical promise of
serum HBV RNA quantification, evidence supporting
its utility in LLV management remains limited, particu-
larly in pediatric populations. For patients receiving NUC
therapy, the degree of on-treatment viral suppression is
a critical determinant of clinical outcomes. In this study,
we employed non-virological response (NVR) as the pri-
mary endpoint and conducted a retrospective cohort
analysis of pediatric CHB patients with LLV treated with
NUC:s. Longitudinal measurements of serum HBV RNA,
and other markers were analyzed to (1) assess the prog-
nostic implications of LLV in children, (2) identify risk
factors for NVR, and (3) evaluate HBV RNA as a comple-
mentary biomarker to optimize therapeutic strategies.

Methods

Study design, setting, and patients

The study cohort consisted of real-world outpatients
who received ETV as initial treatment between Febru-
ary 2009 and September 2021 at Nanxishan Hospital of
Guangxi Zhuang Autonomous Region (Guilin, China).
Participants were divided into two sequential cohorts:
(1) treatment-naive patients initially enrolled (n=559)
who received ETV monotherapy for 48 weeks, and (2)
patients diagnosed with LLV at week 48 (n=142), who
were subsequently treated with either continued ETV
(ConT), switched to TDF (SwiT), or combined ETV and
TDF (ComT) until week 120 based on clinical decision
and patient preference (n=117). The inclusion criteria
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for the first cohort were as follows: (1) age <18 years; (2)
diagnosis of CHB under the guidelines [6] with hepa-
titis B surface antigen (HBsAg) present for >6 months;
(3) serum alanine aminotransferase (ALT)>upper limit
of normal (30 U/L) in 4 separate measurements taken 3
months apart; (4) baseline HBV DNA >2,000 IU/mL; and
(5) treatment naive and started on ETV monotherapy.
Exclusion criteria for the first cohort were as follows:
(1) co-infection with other hepatitis viruses or human
immunodeficiency virus; (2) the presence of liver dis-
eases from other etiologies (e.g., autoimmune liver dis-
ease, drug-induced liver injury); (3) incomplete related
data; (4) poor clinical adherence; (5) treatment with other
antiviral medications; (6) HBV DNA levels >2,000 IU/mL
after 48 weeks of ETV treatment; and (7) achieving a VR
in the first 48 weeks. After applying exclusion criteria,
patients with LLV at week 48 were eligible for the second
cohort, with additional exclusion criteria including poor
clinical adherence (e.g., loss to follow-up or spontaneous
withdrawal). These individuals were classified as miss-
ing data during screening and excluded prior to cohort
assignment, as detailed in the flowchart (Fig. 1).

LLV was defined as persistent or intermittent detect-
able HBV DNA levels (=10 IU/mL but <2,000 IU/mL),
with first confirmation at week 48 in this study. VR was
defined as undetectable HBV DNA (< 10 IU/mL) at week
120, while NVR was defined as detectable HBV DNA
(210 IU/mL) at the same endpoint. Antiviral therapy
was maintained until week 120, with routine laboratory
assessments (including serum HBV RNA quantification)
conducted at 3—6 month intervals. The primary outcome
focused on NVR occurring at week 120 after the initial
detection of LLV. This retrospective analysis of de-iden-
tified clinical data and archived samples was conducted
under ethical approval (2020NXSYYEC-003) with a
waiver of informed consent, in accordance with the Dec-
laration of Helsinki guidelines for minimal-risk research.

Laboratory assessment

Baseline demographic and clinical characteristics,
including sex, age, body mass index (BMI), historical use
of NUCs, family history of hepatitis B, and serum bio-
markers including ALT, hepatitis B e antigen (HBeAg),
HBsAg, HBV DNA, and HBV RNA, were systematically
documented at study enrollment. Serum HBV DNA
levels were quantified via a TagMan HBV diagnostic kit
(Sansure Bio, Changsha, China), with 10 IU/mL as the
lower limit of detection (LLOD). Serum HBV RNA lev-
els were measured via an RNA capture probe assay kit
(Rendu Bio, Shanghai, China), with 50 copies/mL as the
LLOD. Detailed procedures have been described pre-
viously [7]. Serum quantitative HBsAg (qHBsAg) was
measured via an Elecsys HBsAg II assay kit (LLOD: 0.05
IU/mL; Roche, USA). Serum HBeAg was measured via
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Fig. 1 Schematic diagram of the cohort study on pediatric patients with low-level viremia

a chemiluminescent immunoassay (Mindray Medical,
Shenzhen, China). Residual serum samples were stored at
-80°C for subsequent supplementary assays. The values
derived from these assays in scientific notation were log-
transformed prior to statistical analysis, and if the values
were below the detection limits of the assays, thresholds
were substituted.

Statistical analysis

Descriptive statistics for continuous variables are
expressed as the means+standard deviations or medi-
ans plus interquartile ranges (IQRs), while categorical
variables are expressed as numbers and percentages.
Correlations were compared using Mann-Whitney U,
Chi-Squared, Pearson’s, or other non-parametric tests
as required. Generalized estimating equations were
employed to analyze longitudinal repeated-measures
data, and Kaplan-Meier curves were used to plot differ-
ences in the cumulative incidence of undetectable HBV
DNA and RNA between cohorts and to compare them
with the log-rank test. Multivariate logistic regression

was performed using variables with P<0.05 in the uni-
variate analysis to evaluate factors associated with VR at
120 weeks, and the predictive power of HBV DNA and
RNA was assessed by receiver operating characteris-
tic (ROC) curves. Statistical significance was defined as
P<0.05. SPSS version 26.0 (IBM Corporation, Armonk,
USA) and Origin Pro 2023 (OriginLab Corporation,
Northampton, USA) were used for statistical analysis and
graphical display.

Results

Baseline characteristics and virological outcomes by
treatment regimens

The baseline characteristics of the eligible children with
CHB are detailed in Table 1. The differences between
SwiT, ComT, and ConT at baseline levels of serum HBV
DNA, HBV RNA, and qHBsAg were not statistically sig-
nificant (P> 0.05). At week 48, the serum HBV RNA levels
in the SwiT and ComT groups were higher than those in
the ConT group (3.95 vs. 3.54 log;, IU/mL, P=0.008; 3.79
vs. 3.54 log;, IU/mL, P=0.08), and essentially similar to
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Table 1 Clinical characteristics of patients with CHB at baseline and on-treatment emergent low-level viremia

Characteristics All patients ConT® SwiT? P ComT(n=31) P VR'(n=74) NVR?! P
(n=117) (n=71) (n=15) value value (n=43) value
(avs. (avs.
b) <)

Age, years 13.14+£2.70 12.92+2.74 1361+£254 037 13394271 042 12.98+2.84 1340+244 038

Sex, male/female 77/40 45/26 10/5 0.83 22/9 044  49/25 28/15 0.90

BMI, kg/m 2 18.53+3.71 1825+3.73 19.76+3.18 0.15 18.58+3.88 0.69 19.12+3.83 1753+£3.29 0.025

HBV genotype, B/C/other* 41/74/2 25/45/1 5/10/0 093 11/19/1 091 34/38/2 7/36/0 0.002

ALT, U/L 100(82-121) 98(84-120) 92(67-108) 0.57 109(83-125) 0.28 102(82-122)  95(84-121) 0.74

HBeAg, positive/negative 98/19 60/11 12/3 0.67 26/5 093 58/16 40/3 0.038

Baseline

gHBsAg, log,, IU/mL 427(4.09-451) 4.25(4.07- 427(4.02- 065 439(4.10-4.66) 0.19 4.26(4.07- 427(4.02- 0.62
443) 446) 443) 4.46)

HBV DNA, log; o IU/mL 748(6.89-7.76) 7.39(6.88— 7.52(6.75- 063 769(6.93-794) 0.12 7.39(6.88- 7.52(6.75- 0.007
7.66) 7.60) 7.66) 7.60)

HBV RNA, log,, copies/mL 6.55(6.20-6.86) 6.56(6.21- 6.54(6.20-  0.65 6.55(6.14-6.87) 084  6.54(6.21- 6.56(6.20— 0.06
6.89) 6.82) 6.89) 6.82)

Week 48

gHBsAg, log;, IU/mL 390(3.51-4.12) 3.89(3.52- 386(3.73- 071 3.99(3.45-4.28) 043 3.88(3.46— 3.90(3.67- 0.22
4,04) 402) 4.08) 4.19)

HBV DNA, log;, IU/mL 261(2.13-2.95) 2.51(2.02- 2.78(248- 0.8 2.77(2.23-3.00) 0.038 223(201- 2.89(262- <0.001
2.87) 2.96) 2.73) 3.09)

HBV RNA, log;,, copies/mL 3.77(3.04-4.03) 3.54(2.95- 395(3.75- 0.008 3.79(3.34-430) 0.08 3.48(2.98- 406(3.54- <0.001
3.97) 4.16) 3.90) 433)

TVR, virological response: HBV DNA < 10 IU/mL at week 120
TNVR, non-virological response: HBVY DNA > 10 IU/mL at week 120

* Unknown or undetected types

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; ComT, TDF-combination treatment; ConT, ETV-continuing treatment; ETV, entecavir; HBeAg,
hepatitis B e antigen; qHBsAg, quantitative hepatitis B surface antigen; HBV, hepatitis B virus; SwiT, TDF-switching treatment; TDF, tenofovir disoproxil fumarate
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Fig. 2 Longitudinal trends in serum biomarker levels during antiviral therapy. (A) HBV DNA, (B) HBV RNA, and (C) HBsAg. Line plots represent median
values at each time point, with interquartile ranges (25th-75th percentiles) indicated by error bars

this episode, the serum HBV DNA levels in the SwiT and
ComT groups were higher than those in the ConT group,
but not serum qHBsAg levels (Table 1). At week 120 of
follow-up, 36.8% of the patients had still not achieved a
VR. Those who developed NVR presented, at baseline, a
lower BMI, predominantly genotype C, HBeAg positivity,
and higher HBV DNA levels. At 48 weeks, these patients
still presented higher HBV DNA and HBV RNA levels,
with median values of 2.89 log;, IU/mL and 4.06 log,,
copies/mL, respectively (Table 1).

Longitudinal trends of serum biomarkers during initial
entecavir therapy

Figure 2 depicts longitudinal trends in serum biomark-
ers (HBV DNA, HBV RNA, and qHBsAg) from baseline
to week 48 of antiviral therapy, prior to the occurrence
of LLV. All three markers exhibited biphasic kinetics:
a rapid initial decline during the first 12 weeks of treat-
ment, followed by a slower reduction thereafter. The most
pronounced decreases occurred within the first three
months. At weeks 12 and 24, the median serum HBV
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RNA levels in the ConT group decreased by 1.32 and
1.83 log;, copies/mL from baseline (P<0.001), respec-
tively. Similarly, the median serum qHBsAg levels in
ConT declined by 0.20 and 0.26 log;, IU/mL (P<0.001),
while HBV DNA levels showed more pronounced reduc-
tions of 3.50 and 4.34 log;, IU/mL (P<0.001) at the same
time points. Comparable trends were observed in the
modified regimen groups (SwiT and ComT), with HBV
RNA reductions ranging from 1.09 to 1.60 log,, copies/
mL at week 12 and 1.70-1.99 log,, copies/mL at week 24.
Notably, HBV DNA suppression was consistently greater
than that of HBV RNA and qHBsAg within each cohort
(P<0.001 for intragroup comparisons).

Impact of treatment adjustment on biomarker kinetics

Following treatment adjustment at week 48, the SwiT and
ComT groups exhibited renewed declines in HBV DNA,
HBV RNA, and qHBsAg levels, breaking the prior plateau
observed during continuous ETV therapy (ConT group),
as detailed in Fig. 2. Longitudinal analysis revealed sig-
nificantly steeper reductions in these biomarkers for
SwiT and ComT compared to ConT (P<0.001 for both
intergroup comparisons). By week 72, the SwiT group
achieved additional median reductions of 0.74 log,, IU/
mL (HBV DNA), 0.77 log,, copies/mL (HBV RNA), and
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0.15 log;, IU/mL (qHBsAg) from week 48 baseline val-
ues. Similarly, the ComT group showed reductions of
0.88, 0.70, and 0.22 log;, for the respective biomarkers. In
contrast, the ConT group demonstrated minimal declines
(0.50, 0.50, and 0.08 log,,), underscoring the superiority
of regimen modification.

Superior viral suppression with modified treatment
regimens

The cumulative rates of undetectable serum HBV DNA
(<10 IU/mL) and HBV RNA (<50 copies/mL) increased
progressively across all treatment groups (ConT, SwiT,
ComT) during the study period (Fig. 3). After regi-
men adjustment (switching to or combining with TDF),
the SwiT and ComT groups demonstrated significantly
higher virological suppression rates compared to the
ConT group (HBV DNA: P<0.05; HBV RNA: P<0.05,
Fig. 3). By week 120, undetectable HBV DNA rates
reached 80.0% in SwiT and 83.9% in ComT, which were
1.6-fold higher than the ConT group (50.7%). Similarly,
undetectable HBV RNA rates were 60.0% (SwiT) and
54.8% (ComT), compared to 32.5% in the ConT group.
In contrast, qHBsAg levels remained elevated in most
patients, with only 3 individuals achieving undetectable
qHBsAg (<0.05 IU/mL) across the entire cohort (Fig. 2).
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HBV RNA as a risk factor for non-virological response and
ROC analysis

To identify risk factors of NVR at week 120, we first per-
formed univariate analyses of baseline and on-treatment
variables. In univariate analysis, BMI, genotype, treat-
ment regimen, HBeAg status, baseline serum HBV DNA
levels, and week 48 serum HBV DNA/RNA levels dem-
onstrated associations with virological suppression at
week 120 in NUC-treated children with LLV (Fig. 4A).
Variables with P<0.05 were subsequently included in
multivariate regression analysis. The results demon-
strated that genotype C (adjusted odds ratio [aOR]: 6.89;
95% confidence interval [CI]: 1.56-30.49; P=0.011),
continuous ETV therapy, and higher week 48 serum

HBV DNA (aOR: 63.73; 95% CI: 7.58-535.97; P<0.001)
and HBV RNA levels (aOR: 5.86; 95% CI: 1.40-24.62;
P=0.016) were independent risk factors for NVR at week
120 (Fig. 4B).

To assess the predictive value of biomarkers, ROC
curves were analyzed. At week 48, HBV DNA and HBV
RNA showed area under the curve (AUC) values of 0.80
(sensitivity: 0.88, specificity: 0.66) and 0.76 (sensitivity:
0.58, specificity: 0.88), respectively, though the difference
between them was not statistically significant (P=0.459;
Fig. 5A). However, combining HBV DNA and RNA sig-
nificantly improved predictive accuracy (AUC: 0.82; sen-
sitivity: 0.88, specificity: 0.65; P<0.05 vs. single markers;
Fig. 5A). Stratification by the optimal HBV RNA cut-off
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(3.97 log,, copies/mL at week 48) revealed that patients
with RNA levels below this threshold achieved higher
virological suppression rates at week 120 across all treat-
ment strategies (continuation, switch, or add-on strate-
gies) compared to those above the threshold (P<0.05;
Fig. 5B).

Discussion

Whether it is necessary to initiate treatment or adjust the
initial treatment strategy for children with LLV remains
a point of controversy in current guidelines and expert
opinions [8-11]. In the real world, the majority of pedi-
atric patients are not subjected to antiviral treatment,
primarily due to the limited efficacy of current therapies
in eradicating HBV infection. A recent editorial ques-
tioned the rationale for prolonging antiviral therapy in
all patients with CHB, particularly in cases where long-
term treatment benefits remain uncertain [12]. However,
untreated patients with compensated cirrhosis and LLV
should also be closely monitored and selectively targeted
[13, 14]. By acknowledging the above facts, and from the
perspective of assisting in clinical decision-making, this
study focuses more on evaluating potential biomark-
ers for pediatric patients who have chosen treatment,
emphasizing the complexity of managing LLV in pediat-
ric patients receiving NUC therapy.

The actual incidence of LLV may be grossly underes-
timated. As quantitative testing techniques continue to
improve, the lower limit of detection of viral load con-
tinues to decrease, leading to an invisible increase in the
detection rate of LLV. In our study, the detection rate of
LLV at week 48 was as high as 25.4% in patients receiving
standard ETV therapy (Fig. 1), a result that is generally
consistent with previous studies [5, 15]. HBV DNA quan-
tification remains the reference method for assessing the
level of viral replication in HBV-infected patients and is
an important indicator for the selection of indications
for antiviral therapy and the judgment of its efficacy. For
CHB patients receiving antiviral therapy, lower HBV
DNA levels are associated with a greater likelihood of
early VR and HBeAg seroconversion [16, 17]. Therefore,
in clinical practice, serum HBV DNA levels in patients
with CHB should be dynamically monitored for timely
recognition of LLV, when economically and conditionally
feasible.

In recent years, studies on LLV therapy have focused
on the adult population and have transitioned from
evaluating the therapeutic effects of traditional antivi-
ral drugs such as ETV or TDF to newer agents such as
TAF [18]. A multicenter study suggested that patients
with LLV who switched to TAF treatment after being
treated with ETV, TDE, or a combination of NUCs until
week 144 achieved complete virological suppression in
>80% of cases, regardless of their baseline HBV DNA
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levels [19]. Similarly, a study from China indicated that
switching from ETV to TAF is beneficial for achieving
HBV DNA levels <20 IU/ml by week 24 in patients with
LLV, regardless of sex, age, family history of CHB, HBV
DNA, and liver cirrhosis status [20]. As a complement
to these studies, our study filled a long-standing gap in
assessment of the efficacy of NUCs on LLV in pediatric
population. Specifically, children who developed LLV by
week 48 of ETV monotherapy demonstrated significantly
higher rates of virological suppression at week 120 when
switching to TDF or adding TDF to their regimen, com-
pared to those continuing EVT alone. Nevertheless, cur-
rent data are limited in exploring which strategy is the
better approach and the optimal time point for consider-
ing a change in therapy; decisions regarding whether to
continue, switch, or add another NUC should be based
on available evidence, precise follow-up, and a thorough
assessment of risks and benefits.

Emerging evidence highlights the critical role of intra-
hepatic HBV persistence in driving the progression of
liver pathology [21, 22]. In the present study, we exten-
sively profiled the dynamic characteristics of HBV RNA,
a novel noninvasive HBV biomarker, in patients with LLV
and explored its application in monitoring the effective-
ness of antiviral therapy. Longitudinal analysis revealed a
more pronounced decline in HBV DNA levels compared
to HBV RNA and qHBsAg during antiviral therapy. This
observation underscores the unique value of HBV RNA
as a surrogate marker of intrahepatic cccDNA transcrip-
tional activity, as residual HBV RNA may reflect ongoing
viral replication despite suppressed HBV DNA levels.
Notably, serum HBV RNA levels remained significantly
higher in non-virological responders than in respond-
ers, aligning with recent evidence [23]. In contrast, qHB-
sAg levels exhibited limited correlation with therapeutic
outcomes. This discrepancy may be related to the char-
acteristics of our study cohort and the fact that qHBsAg
production depends not only on cccDNA activity but also
on integrated HBV DNA fragments, which are unaffected
by NUCs [24]. Our study provides the first evidence vali-
dating HBV RNA as a biomarker for monitoring NUC
efficacy in pediatric LLV populations and highlight the
need for complementary markers beyond qHBsAg to
assess intrahepatic viral activity.

Expanding on the clinical implications of HBV RNA,
emerging studies suggest its potential applications in
predicting virological relapse after treatment interrup-
tion, evaluating qHBsAg seroconversion, and assess-
ing the efficacy of novel antiviral agents [25-27]. Our
previous study suggested that on-treatment HBV RNA
dynamic predicted ETV-induced HBeAg seroconver-
sion in children with CHB [28]. However, evidence on
HBV RNA in LLV populations remains sparse. In this
study, after adjustment for baseline and on-treatment
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variables—including BMI, genotype, treatment regi-
men, HBeAg status, baseline serum HBV DNA levels and
week 48 serum HBV DNA/RNA levels—lower serum
HBYV RNA levels at week 48 were associated with a more
favorable virologic response, irrespective of age and sex
at baseline. Furthermore, HBV RNA emerged as an inde-
pendent predictor of NVR at week 120. While HBV RNA
alone showed suboptimal predictive performance com-
pared to HBV DNA, combining both markers signifi-
cantly improved accuracy. These results underscore the
utility of HBV RNA as a complementary biomarker to
refine therapeutic strategies in LLV management.

This study has several limitations inherent to its retro-
spective design. First, potential selection bias may arise
from the non-randomized assignment of treatment
regimens (ConT, SwiT, or ComT) at week 48, as clinical
decisions and patient preferences influenced therapeu-
tic choices. This non-randomized allocation could also
explain the heterogeneous distribution of baseline char-
acteristics across subgroups. Although we attempted to
analyze the risk of NVR separately for ConT and modi-
fied regimens (SwiT/ComT), the limited sample size
restricts subgroup analyses. Second, the single-center
cohort predominantly comprised Han Chinese children,
which may limit the generalizability of findings to other
ethnicities or regions with differing HBV genotypes and
healthcare practices. Third, the 120-week follow-up
duration, while sufficient to assess short-term virologi-
cal outcomes, precludes evaluation of long-term clinical
endpoints such as cirrhosis or hepatocellular carcinoma.
Future multicenter studies with larger, ethnically diverse
cohorts and extended follow-up periods are warranted
to validate these findings, refine patient selection criteria
for regimen modification, and elucidate the long-term
benefits of HBV RNA-guided therapy in pediatric LLV
populations.

Conclusions

In children with LLV, serum HBV RNA level is an inde-
pendent risk factor for NVR at week 120 and may serve
as a complementary biomarker to HBV DNA for guiding
antiviral therapy adjustments. Our findings advance the
understanding of LLV dynamics in pediatric CHB and
underscore the clinical utility of integrating HBV RNA
monitoring into current management protocols. Future
studies should focus on validating HBV RNA-based
prognostic models and exploring its role in tailoring per-
sonalized treatment strategies for children with LLV.
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