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Background. Serum HBV-RNA levels can predict antiviral response in chronic hepatitis B (CHB) patients; however, its role in
HBV-related ACLF (HBV-ACLF) remains unclear. Here, we determined its implications for HBV-ACLF. Methods. Baseline
serumHBV-RNA levels were retrospectively detected in HBV-ACLF and CHB patients.,e association of serumHBV-RNA level
with clinical outcomes was evaluated by performing multiple logistic regression. A nomogram was developed to formulate an
algorithm incorporating serum HBV-RNA for predicting the survival of HBV-ACLF patients. After being discharged from the
hospital, the HBV-ACLF patients were followed up for 36 weeks. Results. In this study, 82 HBV-ACLF patients and 33 CHB
patients were included. Serum HBV-RNA levels were significantly higher in CHB patients than in HBV-ACLF patients
(4.15± 2.63 log10 copies/mL VS 5.37± 2.02 log10 copies/mL) (P< 0.05). Among the HBV-ACLF cases, patients with poor
outcomes had lower serum HBV-RNA levels, but the difference was not significant. ,e area under the receiver operating
characteristic curve of the serumHBV-RNA inclusive model was 0.745, superior to 0.66 fromMELD scores (P< 0.05). During the
follow-up for four weeks, the serum HBV-RNA levels, especially in the survival group, were found to be lower than the baseline
levels. Conclusions. Serum HBV-RNA levels were associated with disease severity and might predict the long-term clinical
outcome of HBV-ACLF patients.

1. Introduction

Acute-on-chronic liver failure (ACLF) is a life-threatening
syndrome in humans with possible causes including alcohol,
drugs, viral infections, and autoimmune hepatitis (AIH)
[1, 2]. During decompensated cirrhosis, ACLF displays the
characteristics of organ failure with a high rate of short-term
mortality [2]. ,e incidence of ACLF is predicted in one out
of four inpatients who experience decompensated cirrhosis,
with mortality rates of up to 25% and 40% at 28 and 90 days,
respectively [3, 4]. Accurately predicting ACLF can have
important clinical effects. By identifying high-risk patients
with 28-day mortality, early management of the precipi-
tating factor becomes feasible. ,is helps to prioritize
emergency liver transplantation and plan artificial liver
support systems. To help the process, many prognosis

prediction systems have also been developed, such as the
Child-Pugh score, the Sequential Organ Failure Assessment
(SOFA), and the model for end-stage liver disease (MELD)
[5–7]. However, these scoring systems are based on the
populations of Western countries. Due to regional differ-
ences in etiology, alcohol and drugs are the most common
causes of ACLF in Western countries, while in China, HBV-
related ACLF (HBV-ALCF) accounts for 96.5% of ACLF
cases [8, 9].

Completely preventing HBV infections is not possible
due to the presence of persistent covalently closed circular
DNA (cccDNA) in the affected hepatocyte nuclei [10].
Actively replicating HBV-DNA accounts for an important
pathogenic mechanism that initiates and aggravates HBV-
related ACLF [11]. Regardless of the status of the HBVe
system, the higher levels of HBV-DNA might aggravate the
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HBV-ACLF, which can be deadly in some cases [12]. Ad-
ditionally, the administration of lamivudine (LAM) for
treatment enhances the long-term prognostic outcomes and
reduces the short-term mortality rates among HBV-ACLF
cases [13]. ,e presence of HBV-RNA in serum is consid-
ered to be a novel marker of cccDNA [14]. Wang et al. found
that HBV-RNA in serum has a stronger relationship with
cccDNA compared to HBV-DNA, HBcrAg, or HBsAg,
irrespective of the therapeutic outcome [15]. During a
chronic HBV infection, the levels of HBV-RNA also change
in the serum [16]. However, information on the HBV-RNA
levels in the serum of HBV-ACLF patients is limited. Ad-
ditionally, whether the HBV-RNA content in serum can
predict patient prognosis is not known. ,us, in this study,
we assessed whether the HBV-RNA content in serum can
predict HBV-ACLF.

2. Patients and Methods

2.1. Patients. ,e participants included naive chronic hep-
atitis B (CHB) patients (n� 33) and HBV-ACLF patients
(n� 82) admitted to the Second Affiliated Hospital of
Chongqing Medical University between May 2020 and
January 2021. We diagnosed the HBV-ACLF patients fol-
lowing the guidelines of the Asian Pacific Association for the
Study of the Liver (APASL) [17], while the naı̈ve CHB
patients were diagnosed following the Chinese guidelines for
the prevention and treatment of CHB (2019 version) [18].
,e patients had negative antibodies for antihepatitis A/C/
D/E viruses (HAV/HCV/HDV/HEV) and human immu-
nodeficiency virus (HIV). Also, we eliminated cases diag-
nosed with hepatocellular carcinomas (HCC)/metastatic
hepatoma, or autoimmune liver disease. ,e clinical, viral,
and biochemical data were collected at the time of
enrollment.

,e HBV-ACLF patients were followed up for nine or
more months through telephone calls. Also, blood samples
were collected in the fourth week in case the patient was still
hospitalized. We classified HBV-ACLF cases into death or
survival groups based on whether they survived three
months after admission. All HBV-ACLF patients were ad-
ministered tenofovir (TDF), entecavir (ETV), or propofol
Tenofovir fumarate (TAF) tablets for antiviral treatment.

,e identity of the participants was not revealed. ,e
informed consent of all subjects and/or their legal guardians
was obtained for this study. According to the Declaration of
Helsinki, the protocol was approved by the Ethics Com-
mittee of the Second Affiliated Hospital of Chongqing
Medical University.

2.2. Laboratory Measurements. We determined the MELD
score using the following formula: 3.8× Ln (TBiL (mg/
dL)) + 9.6× Ln (creatinine (mg/dL)) + 11.2× Ln (INR) + 6.43
[8]. An Abbott ARCHITECT assay (Abbott, Abbott Park,
Illinois, USA) was performed to determine the HBsAg
content. ,e lower limit of detection (LOD) was <0.05 IU/
mL. Also, we used the AxSYM automatic rapid immuno-
assay system (Abbott Diagnostics) to detect the HBeAg

content in the serum. A qPCR assay was performed to
measure the content of HBV-DNA in the serum. ,e lower
LOD was 100 IU/mL.

2.3. Quantification of the Serum HBV-pgRNA. We used the
HBV-RNA Quantitative Detection Kit (Sansure Biotech,
sansure003) to determine the serum levels of HBV-RNA.
,e HBV-RNA was isolated from the serum (200 μL), and
the sample was incubated with DNase I for 30min at 37°C to
digest the HBV-DNA. ,en, the First Strand cDNA Syn-
thesis Kit (Roche, Mannheim, Germany) was used to syn-
thesize cDNA. ,e 2×RealStar Power Probe Mixture (Gen
Star, Beijing, China) was used to conduct qPCR at a density
of 102–109 copies/mL; the lower LOD was 50 copies/mL.

2.4. Statistical Analysis. ,e levels of HBsAg, HBV-RNA,
and HBV-DNA in the serum were presented as logarithmic
units (log10 IU/mL). ,e normally distributed data were
displayed in the form of mean± SD, while the nonnormally
distributed data were expressed as the median (interquartile
range, IQR). Also, for data with normal distribution, we
conducted one-way ANOVA and Student’s t-tests, while for
data with nonnormal distribution, we conducted Krus-
kal–Wallis and Mann–Whitney U-tests. Pearson’s correla-
tion coefficient was evaluated to determine the correlations
among variables. ,e correlation between the parameters
and patient prognosis was analyzed by performing a mul-
tivariate logistic regression analysis. We performed the
Kaplan–Meier (K–M) analysis to determine patient survival.
,e SPSS 18.0 (SPSS Inc, Chicago, Illinois, USA) software
was used for analyzing the data.

3. Results

3.1. Demographics and Clinical Characteristics at the Baseline
Level. ,e characteristics of the CHB and HBV-ACLF pa-
tients are presented in Table 1. We included 82 HBV-ACLF
patients and 33 CHB patients for further analysis. Patients
with HBV-ACLF showed higher ALT, AST, TBil, INR, and
lower platelet (Plt) counts than the CHB patients (P< 0.05).
,e HBV-RNA level in the serum of the HBV-ACLF pa-
tients was significantly lower than that in the serum of the
CHB patients (4.15± 2.63 log10 copies/mL VS 5.37± 2.02
log10 copies/mL). Irrespective of the HBeAg status (HBeAg-
positive cases: 4.99± 2.05 log10 copies/mL vs. 6.45± 2.09
copies/mL, negative patients: 3.66± 2.02 log10 copies/mL vs.
4.46± 1.41 log10 copies/mL), significant differences were
found in the HBV-RNA levels (P< 0.05) (Table 1 and
Figure 1).

Data were expressed as the mean± standard deviation
(SD) for data passed normality check and median
(interquartile range, IQR) for data showing a non-normal
distribution. ALB, serum albumin; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; GFR, glo-
merular filtration rate; HBV-ACLF, HBV-related acute-on-
chronic liver failure; INR, international normalized ratio;
Lym, lymphocyte; MELD, model for end-stage liver disease;
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Ne, neutrophils; PT, platelet; Scr, serum creatinine levels;
Tbil, total bilirubin; and WBC, white blood cell.

Among the 82 HBV-ACLF patients, 46 patients survived,
with a survival rate of 56.1%, while 36 (43.9%) patients were
reported dead after a follow-up of three months. ,e age of
the patients in the survival group was less than that of the
patients in the death group. Also, the patients in the death
group stayed longer at the hospital (P< 0.05). ,e PT, INR,
TBiL, and MELD scores of the survival group were signif-
icantly lower than those of the death group (P< 0.05). Al-
though the serum HBV-RNA levels of the patients in the
survival group were higher than those of the patients in the
death group, the difference was not significant (P> 0.05).
,e differences between the groups were not significant for
other variables (Table 2).

3.2.  e Correlation between Serum HBV-RNA Levels and
Other Laboratory Parameters. As revealed by Pearson’s
analysis, the HBV-RNA content in the serum showed a
positive correlation with HBV-DNA (r� 0.58, P< 0.001),
HBsAg (r� 0.301, P � 0.006), and HBeAg (r� 0.321,
P � 0.003). As for the biochemical indicators, HBV-RNA
contents in serum showed a positive relationship with ALT
(r� 0.325, P � 0.003), but not with PT, TBil, MELD, or INR
scores.

3.3. Dynamic Changes in the HBV-RNA Levels of the Serum
among the HBV-ACLF Cases. To determine the relationship
between HBV-RNA levels in the serum and the length of
hospital stay, we analyzed the dynamic changes in the HBV-
RNA levels in the serum of 25HBV-ACLF patients who were

still hospitalized in the fourth week. ,e serum HBV-RNA
levels in the fourth week (2.64± 1.15 log10 copies/mL) were
significantly lower than the baseline levels (3.64± 2.22 log10
copies/mL) (P � 0.004).

,e stratified analysis showed that the serum HBV-RNA
levels of the patients in the survival group (n� 20) in the
fourth week (2.79± 1.23 log10 copies/mL) were significantly
lower than the baseline levels (4.06± 2.24 log10 copies/mL)
(P � 0.002). ,e serum HBV-RNA levels were slightly de-
creased from 3.10± 1.19 log10 copies/mL to 2.06± 0.52 log10
copies/mL in the death group (n� 5), although the difference
was not significant (P � 0.12) (Figure 2).

3.4. Predictive Value of Serum HBV-RNA Levels in the HBV-
ACLF Cases. ,e univariate logistic analysis revealed that
neither serum HBV-RNA levels at the baseline nor on the
fourth week were related to the survival of the patients.
However, the differences in the HBV-RNA levels between
the baseline and the fourth week (∆HBV-RNA) were as-
sociated with the survival rate (odds ratio (OR)� 0.78; 95%
confidence interval (CI): 0.06–0.967; P � 0.047).

,e clinical outcomes showed that for the 25 patients
whose serum samples were collected, the area under the
characteristic operating curve (AUC) of ∆HBV-RNA was
0.745 (95% CI: 0.52–0.97, P< 0.05) while the threshold value
was 0.815 log10 copies/mL. ,e specificity and sensitivity
were 0.5 and 1, respectively. ,e MELD score had an AUC
value of 0.66 (95% CI: 0.47–0.89, P< 0.05) (specificity and
sensitivity: 0.53 and 1, respectively).

To enhance the prediction value, we developed a new
prognosis prediction nomogram (RNA score) by

Table 1: ,e baseline characteristics of the population.

Characteristics HBV-ACLF n� 82 CHB n� 33 P value
Demography
Male, n (%) 65 (79.27) 24 (72.73) 0.57
Age, years 47.18± 11.44 43.29± 10.28 0.23
Cirrhosis, n (%) 29 (35.4) NA
Treatment
ETV, n (%) 56 NA
TDF, n (%) 24 NA
TAF, n (%) 1
MELD score 23.19± 4.66 NA
Laboratory results
HBeAg positive, n (%) 30 (36.59) 15 (45.45) 0.18
qHBsAg, log10 IU/mL 2.62± 1.37 2.98± 1.75 0.26
qHBV DNA, log10 IU/mL 5.51± 2.04 5.98± 1.57 0.71
qHBV RNA, log10 copies/mL 4.15± 2.13 5.37± 2.02 0.006
INR 2.92± 1.41 1.2± 0.3 0.001
Alb, g/L 30.91± 4.06 41.28± 3.78 0.014
TBil, mg/dL 17.01 (4.30, 29.51) 0.84 (0.58, 2.74) 0.001
ALT, IU/L 411.00 (34.28, 2068.17) 48.11 (11.25, 218.69) 0.001
AST, IU/L 352.00 (29.30, 1744.29) 35.26 (7.18, 198.21) 0.001
Scr, mg/dL/L 0.64 (0.47, 1.43) 1.24 (0.97, 1.87) 0.001
WBC, 109̂/L 6.64 (4.18, 9.87) 5.84 (3.29, 8.86) 0.28
Ne, 109̂/L 4.82 (3.39, 7.07) 5.14 (4.18, 8.29) 0.39
Plt, 109̂/L 89.78 (64, 134) 188 (108, 297) 0.001
Lym, 109̂/L 1.78 (0.65, 1.39) 1.56 (0.38, 1.76) 0.49
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introducing the ∆HBV-RNA and MELD scores. ,e details
regarding it are as follows: ∆HBV-RNA-MELD
score� −2.70–1.40× lg [∆HBV-RNA (IU/
mL)] + 0.08×MELD score. ,e ∆HBV-RNA-MELD score
had an AUC value of 0.76 (95% CI: 0.56–0.97, P< 0.05), the
sensitivity and specificity were 1 and 0.55, respectively, with
a cut-off value of 0.17 (Figure 3), but there was no statistical
difference among the three prognosis prediction nomo-
grams (P> 0.05).

3.5. Survival Analysis. To conduct a survival analysis, all
patients were classified into two groups, i.e., group 1 (n� 11)
and group 2 (n� 14), based on the cut-off value of 0.17
(∆HBV RNA-MELD score). ,e K-M curves, which in-
cluded the data on a follow-up of nine months, are shown in
Figure 4. ,e results showed that the ∆HBV-RNA-MELD
score was strongly associated with mortality due to the
differences of the survival parameters between the groups.
After a follow-up of nine months, the cumulative survival

rates were found to be significantly higher for patients in
group 1 (100%; 11/11) than for patients in group 2 (64.29%;
9/14) (P � 0.03) (Figure 4).

4. Discussion

HBV-ACLF is a clinically severe syndrome, and several
factors influence its occurrence and progression. In China,
chronic infection with HBV is a common cause of ACLF
[19]. ,e activity level of HBV strongly influences the
pathogenic mechanism of HBV-ACLF, which is the path-
ological basis of the disease. Mutations in the HBV basal core
or precore promoters can enhance viral replication, which
accounts for the main pathogenic mechanism that might
induce the progression of HBeAg-negative ACLF [20, 21].
,e persistently active cccDNA maintains CHB. Many
markers of HBV replication frequently used, including
HBV-DNA and HBsAg, cannot accurately predict the
intrahepatic activity of the virus [22]. ,e main strategy for
treating HBV infection involves the inhibition of viral
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Figure 1: ,e serum HBV-RNA level in the HBV-ACLF and CHB patients. (a) ,e mean serum HBV-RNA level (mean± standard error
(SEM)) was significantly lower in the HBV-ACLF patients than in the CHB patients (P< 0.01), in HBeAg-positive patients (b) and HBeAg-
negative patients (c). In CHB and HBV-ACLF patients, the serum HBV-RNA levels in the HBeAg-positive patients were higher than that in
the HBeAg-negative patients (d and e); ∗P< 0.05 and ∗∗P< 0.01.
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Table 2: ,e comparison of the surviving and nonsurviving patients with HBV-ACLF.

Characteristics Surviving n� 46 Nonsurviving n� 36 P value
Demography
Male, n (%) 36 (78.26) 29 (80.56) 0.47
Age, years 43.93± 11.04 51.11± 10.57 0.012
Cirrhosis, n (%) 13 (28.26) 16 (44.44) 0.123
Treatment
ETV, n (%) 12 (26.09) 12 (33.33) 0.22
TDF, n (%) 32 (26.57) 24 (66.67) 0.84
TAF, n (%) 1 (0.02) 0 (0) 0.79
Hospital stay, days 42 (28, 50) 18 (10, 39) 0.004
HBV parameters
HBeAg+, n (%) 20 (43.48) 10 (27.78) 0.147
HBsAg, IU/mL 3.10± 1.68 2.82± 1.67 0.589
HBV DNA, IU/mL 5.76± 1.54 5.14± 2.48 0.192
qHBV RNA, log10 copies/mL 4.44± 1.39 3.90± 2.35 0.705
MELD score 21.78± 4.69 24.39± 3.07 0.007
Laboratory results
PT, S 26.69± 4.72 29.30± 5.47 0.001
INR 2.44± 0.55 2.74± 0.55 0.001
Alb, g/L 30.79± 4.02 31.10± 3.74 0.28
TBil, mg/dL 15.02 (4.30, 29.51) 18.69 (6.93, 27.65) 0.001
ALT, U/L 401.28 (34.28, 1923.58) 438.51 (66.72, 2068.17) 0.79
AST, U/L 365.27 (65.28, 1744.29) 313.44 (29.36, 1697.41) 0.47
Scr, mg/dL 0.64 (0.47, 1.43) 0.57 (0.48, 0.99) 0.25
WBC,109̂/L 5.17 (4.42, 8.46) 7.92 (5.93, 9.58) 0.38
Ne,109̂/L 4.40 (2.89, 6.32) 6.07 (4.18, 7.36) 0.015
Plt,109̂/L 95 (74, 137) 89 (60, 132) 0.69
Lym,109̂/L 1.06 (0.48, 1.39) 0.81 (0.25, 1.27) 0.001
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Figure 2:,e serumHBV-RNA levels in the HBV-ACLF patients at baseline and on the fourth week. (a),emean serumHBV-RNA levels
(mean± (SEM)) in 25 patients were significantly lower after four weeks of treatment relative to the baseline levels; the mean serum HBV-
RNA levels in the survival group showed a similar pattern (b), but no significant difference was found in the death group (c); ∗∗P< 0.01.
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replication through the suppression of HBV polymerase.
Hence, HBV-DNA has been extensively used for monitoring
antiviral treatment [23]. However, nucleotide analogs (NAs)
do not influence cccDNA. ,erefore, the detection of HBV-
DNA has some limitations [24]. Fragments of HBV-DNA
are integrated into the human genome to generate serum
HbsAg. ,is suggests that serum HBsAg might not be the
best viral marker for cccDNA replication in the liver of CHB
patients [25].

,e HBV pgRNA in the serum can reflect the tran-
scription of cccDNA in the hepatic tissues of CHB patients
[14, 26, 27]. A positive correlation was found between serum
HBV pgRNA and most of the commonly used HBV rep-
lication markers, such as HBV-DNA and HBsAg by Pear-
son’s analysis in our study. In chronic HBV infection, the
average levels of HBV-RNA in the serum differ at different
phases; they are higher in HBeAg-positive patients than in
HBeAg-negative patients. ,is pattern was also observed in
our study. In both CHB and HBV-ACLF patients, serum
HBV-RNA levels were higher in the HBeAg-positive

patients than in the HBeAg-negative patients (Figure 1).
Chen et al. found that the HBV-RNA levels in the serum
were associated with the progression of liver fibrosis [28].
However, studies on the predictive value of serum HBV-
RNA levels in HBV-ACLF patients are limited.

,is is the first study to assess the value of HBV-RNA
levels in the serum of HBV-ACLF patients.,e serumHBV-
RNA level was significantly correlated with the pathological
scores of necrotic inflammation [29]. One study found that
the serum HBV-RNA level was substantially higher in pa-
tients with elevated ALT levels than in those patients with
lower ALT levels [30]. In our study, the serum HBV-RNA
levels were positively related to the ALT levels in patients
with HBV-ACLF, which is consistent with other studies. But
no correlations between PT, TBil, MELD, or INR scores and
HBV-RNA levels were observed. We think this is due to the
limited sample size. Furthermore, a study with more samples
is needed to warrant this observation.

,e serum HBV-RNA is derived from the liver nucleus,
and the MELD score is closely related to the residual liver
function [31, 32]. In addition, a large number of hepatocytes
are necrotic in HBV-ACLF patients [33]. According to our
results, the serum HBV-RNA levels were significantly lower
in the HBV-ACLF patients than in the CHB patients
(Figure 1). ,e death group had lower HBV-RNA levels in
the serum and higher MELD scores at the baseline, which
indicated that fewer residual hepatocytes were present in the
patients of the death group than in the patients of the
survival group. After treatment, the serum HBV-RNA levels
did not change significantly in the death cases, while the
MELD scores increased. ,is reflected the parenchymal
necrosis levels. Also, the number of hepatocytes decreased
during the development of HBV-ACLF due to cytokine-
related secondary immune injury. We found that the pa-
renchymal necrosis/fibrosis levels were related to the out-
come of ACLF, as shown in another study [34]. In the
survival group, the MELD scores decreased after treatment,
suggesting a decrease in the number of necrotic liver cells.
,e liver cells regenerated as the liver function improved.
However, after Neucleos(t)ide analogues (NAs) antiviral
treatment, the serumHBV-RNA levels decreased, which was
similar to the findings of Wang et al. [15]. A study by Diogo
et al. showed that cccDNA conversion was faster than
previously suggested, with a half-life of 5.6 weeks to 21 weeks
[35]. Our study supported this finding, considering that the
serum HBV-RNA levels of our patients decreased after four
weeks of antiviral therapy. However, the mechanism asso-
ciated with the change needs to be investigated.

Our study showed the value of ∆HBV-RNA in predicting
prognosis, and we also established a novel model where the
∆HBV-RNA and MELD scores were used to predict patient
prognosis, which can improve the area under the ROC
curve. However, our sample size was too small to reflect the
statistical differences among the three models.

Our study had some limitations. First, only a few patients
participated in the study. ,erefore, further studies with
more patients needed to be conducted. Also, only Chinese
patients with viral genotype B or C were enrolled. We did
not compare genotype differences as the relevant data were
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lacking. More studies need to be conducted that include
patients of different genotypes.

Overall, our findings suggest that serum HBV-RNA
levels might serve as a prognostic marker for HBV-ACLF.
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