Journal of Molecular Histology
https://doi.org/10.1007/s10735-023-10162-5

ORIGINAL PAPER q

Check for
updates

Serum HBV RNA levels among untreated adults with chronic hepatitis
B in distinct immune phases and liver histopathology statuses

Qin Xu'2 . Hai Ding' - Tao Bai® - Rui Huang*® - Jian Wang* - Jun Zhang? - Hewei Luan? - Jun Wang' - Yue Yang* -
Yuxin Chen'?

Received: 11 May 2023 / Accepted: 21 September 2023
© The Author(s), under exclusive licence to Springer Nature B.V. 2023

Abstract

HBYV RNA is a novel serum biomarker that reflects intrahepatic HBV covalently closed circular DNA (cccDNA) transcription
activity. Serum HBV RNA levels among treatment-naive adults during the natural history of chronic hepatitis B (CHB) and
distinct liver histopathology statuses remain elusive. In our study, we include a total of 411 treatment-naive CHB patients,
among which 43 patients were HBe Ag-positive immune-tolerant [IT(e*)], 84 patients were HBe Ag-positive immune active
[TA(e*)], 65 patients in HBeAg-negative immune active phases [[A(e7)], 149 patients were HBeAg-negative inactive phases
[IC(e™)], and 70 patients were in Gray Zone (GZ). HBV RNA was measured in this cohort and its potential correlation with
traditional serological markers and liver histopathology were analyzed. Our data showed that HBV RNA was strongly cor-
related with HBV DNA, HBeAg, HBsAg and ALT. Further subgroup analysis revealed a close correlation between HBV
RNA and HBV DNA in patients in the IA (e*) and IA (e”) phases, but neither in IT(e*) nor IC(e™) phase. HBV RNA levels
were consistently increased with the advanced degrees of hepatic inflammation, but not hepatic fibrosis. Of note, HBV RNA
from HBeAg-positive patients negatively correlated with liver fibrosis, whereas HBV RNA from HBeAg-negative patients
was weakly associated with liver inflammation. To sum up, serum HBV RNA shows a distinct profile among CHB patients
in different immune statuses and hepatic histopathology stages/grades. Simultaneous testing of HBV RNA and traditional
indicators might provide a comprehensive clinical assessment of CHB patients.
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Introduction

It is estimated by World Health Organization (WHO) that
about 296 million people are suffering from chronic hepa-
titis B virus (HBV) infection globally. Chronic HBV infec-
tion has continuously become a huge public health problem,
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Organization 2021). Chronic hepatitis B (CHB) is a chronic
necroinflammatory liver disease caused by persistent hepati-
tis B virus infection (presence of HBsAg and/or HBV DNA
for at least 6 months) (Lok and McMahon 2007; Terrault
et al. 2018). According to natural history in adults, CHB
patients can be classically divided into four immune phases
depending on the levels of alanine aminotransferase (ALT)
and HBV DNA: immune-tolerant CHB [IT(e*)], hepatitis B
e antigen (HBeAg)-positive immune active CHB [IA(e*)],
HBeAg-negative immune active CHB [IA(e™)] and inactive
CHB [IC(e™)] (Terrault et al. 2016, 2018). Meanwhile, there
are still some CHB patients who do not fit into these deter-
mined phases, known as indetermined “Gray Zone (GZ)”
patients (Bonacci et al. 2018; Ren et al. 2022). In our previ-
ous studies, GZ patients were classified into four subgroups
from GZ-A to GZ-D in one-to-one correspondence to the
four immune phases (Yao et al. 2021; Wang et al. 2023).
Our previous study also showed that more than one-quarter
of CHB patients are in GZ, and a relatively small but non-
negligible proportion of CHB patients in GZ are at risk for
advanced liver fibrosis or cirrhosis.

It is widely promoted that “clinical cure of CHB” has
been a realizable goal of treatment, with increasing CHB
patients receiving anti-HBV therapy including nucleos(t)
ide analogues (NAs) or interferon (IFN) (Tang et al. 2018;
Nguyen et al. 2020). According to the 2018 American Asso-
ciation for the Study of Liver Diseases (AASLD) guidance
and the 2019 Chinese guidelines for CHB management,
CHB patients with only mild intrahepatic inflammation and
fibrosis are not recommended to initiate anti-HBV treatment
immediately (Terrault et al. 2018; Chinese Society of Infec-
tious Diseases, Chinese Medical Association 2019). It is
also remained unclear whether GZ patients should receive
anti-HBV therapy. In clinical practice with a CHB patient,
the timing of treatment initiation is primarily decided by
his/her serum ALT level, HBV DNA and hepatitis B sur-
face antigen (HBsAg) level, which could not fully reflect
intrahepatic HBV replication (Honer zu Siederdissen et al.
2017; Zhou et al. 2021). It is the gold standard to have liver
biopsy to evaluate the hepatic immune status, which is both
costly and invasive (Russo et al. 2018). Thus, solid and reli-
able serum indicators are in urgent need to help determine
the histopathological status without invasive liver biopsy,
assess the intrahepatic virus activity and evaluate the timing
of anti-HBV therapy.

Recently, novel serum surrogates for covalently closed
circular DNA (cccDNA), particularly HBV RNA, have
attracted research interest (Kock et al. 1996; Coffin et al.
2019; Liu et al. 2019). HBV RNA is in essence the HBV
pregenomic RNA (pgRNA) in the viral-like particle (Shen
et al. 2020). It is originated from the transcription of
cccDNA, and then released into blood directly without the
reverse transcription. An important reason why intrahepatic
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HBYV is so hard to eliminate is the presence of cccDNA
within hepatocytes (Nassal 2015; Allweiss and Dandri
2017). Since HBV RNA is less affected by the presence
of immune complexes of HBsAg and HBsAb, serum HBV
RNA is considered to be a novel HBV biomarker with great
clinical potential (Coffin et al. 2019). Emerging evidence
has demonstrated that serum HBV RNA reflects intrahepatic
cccDNA level and its transcriptional activity (Giersch et al.
2017; Wang et al. 2021). In CHB patients after long-term
NAs s treatment, cccDNA is also associated with HBV RNA
level (van Bommel et al. 2018; Carey et al. 2020; Liu et al.
2020). Furthermore, serum HBV RNA shows superiority
in monitoring the sustained viral respond (SVR) and the
exhaustion of the intrahepatic cccDNA in comparison with
HBYV DNA in CHB patients after NAs treatment (Tsuge et al.
2013). Opinion has risen that HBV RNA might be a reliable
indicator to reflect the activity of HBV in hepatocytes and
guide the initiation of anti-HBV treatment (Fanning et al.
2019; Mak et al. 2021). We aimed to investigate the distri-
bution of HBV RNA over the natural course of treatment-
naive CHB patients and the correlation of HBV RNA with
serological indicators and liver histopathology.

Methods
Objects

In this study, 498 treatment-naive CHB patients hospital-
ized at Nanjing Drum Tower Hospital (Nanjing, China) from
October 2017 to December 2021 were recruited. All the
patients were HBsAg-positive for at least 6 months. Eighty-
seven of these patients were excluded from this study with
the following conditions: (1) co-infection with any other
virus including hepatitis C virus (HCV), hepatitis D virus
(HDV) and human immunodeficiency virus (HIV); (2) co-
existence with decompensated liver cirrhosis, hepatocelluar
carcinoma or other malignancies; (3) concurrent with other
liver diseases, including primary biliary cirrhosis, autoim-
mune hepatitis, alcoholic liver disease, nonalcoholic fatty
liver disease; (4) had received liver transplantation before
enrollment. This study was approved by the Ethics Commit-
tee of Nanjing Drum Tower Hospital.

Definitions of CHB immune phases and Gray Zone
subgroups

The immune phases of CHB patients were defined
according to AASLD 2016 CHB guidance (Supplemental
Table 1). Recently, CHB patients who do not meet the
criteria above were categorized as indetermined “Gray
Zone (GZ)” (Yao et al. 2021; Wang et al. 2023). We
further classified these CHB patients in GZ status into
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four subgroups in one-to-one correspondence to the four
immune phases as following: (1) GZ-A: HBeAg-positive,
normal ALT levels, serum HBV DNA < 10° TU/mL; (2)
GZ-B: HBeAg-positive, elevated ALT levels, serum HBV
DNA <2 x 10* IU/mL; (3) GZ-C: HBeAg-negative, nor-
mal ALT levels, serum HBV DNA > 2 x 10° IU/mL; (@Y
GZ-D: HBeAg-negative, elevated ALT levels, serum HBV
DNA >2x 10° TU/mL.

Quantification of serum HBV RNA

Serum HBV RNA was determined using RNA simultane-
ous amplification testing method (HBV-SAT) assay (Rendu
biotechnology, Shanghai, China) which provides direct
detection of HBV RNA by a capture probe method, with a
lower limit of quantification (LLOQ) of 50 copies/mL (i.e.,
1.70 log,, copies/mL). The linear range of assay was from
1 x 10%copies/mL to 1 x 10%copies/mL. When the results
were in the range of (0-5)x 10'copies/mL, the assay was
repeated to calculate the mean value for statistical purposes.
Undetectable results were regarded as negative set to 0 log;,
copies/mL.

Clinical data collection

Demographic and laboratory parameters including age,
gender, ALT, aspartate transaminase (AST), alkaline phos-
phatase (ALP), glutamyl transpeptidase (GGT), albumin
(ALB), total bilirubin (TBIL), HBsAg, hepatitis B surface
antibody (HBsAb), HBeAg, hepatitis B e antibody (HBeAb),
hepatitis B core antibody (HBcAb), serum HBV DNA were
retrospectively collected from electronic medical records
(EMR) of all the patients. The lower limits of quantification
and detection for HBV DNA were 500 and 100 copies/mL,
respectively. Values below these thresholds were randomly
estimated using a uniform distribution [(1.70-2.70) and
(0.01-1.70) log,, copies/mL, respectively].

Assessment of liver histology

Liver biopsy was performed in standard procedures. Liver
histopathology was evaluated by two independent patholo-
gists in a double-blind fashion. Scheuer scoring system
(Schcuer 1991) was used for liver inflammation grades
(G0-4) and fibrosis stages (S0—4) (Rockey et al. 2009). If
the results of the two pathologists were inconsistent, the final
outcome will be evaluated by a third independent pathology
expert. Significant fibrosis was defined as a fibrosis stage of
S2-4, severe fibrosis as S3-4 and cirrhosis as S4. Significant
inflammation was defined as an inflammation grade of G2-4.

Statistical analysis

Data are presented as mean + standard deviation (SD) or
median (interquartile range, IQR) or count (percentage) as
appropriate. Kruskal-Wallis test and Fisher’s exact test were
performed for comparisons. Spearman rank correlation coef-
ficient (p) was used to assess the correlations between serum
biomarkers. Statistical analysis were performed in Graph-
pad prism 9 (version 9.0; GraphPad software, San Diego,
California, USA) and R4.1.3 (R Foundation for Statistical
Computing, Vienna, Austria). P value <0.05 was considered
statistically significant.

Results
Baseline characteristics of CHB patients

A total of 498 treatment-naive CHB patients were recruited
from October 2017 to December 2021. Among them, 411
patients were finally enrolled in this study, and 87 patients
were excluded (Supplemental Fig. 1). The baseline char-
acteristics of CHB patients are summarized in Table 1.
Among the enrolled patients, 140 were HBeAg-positive and
271 were HBeAg-negative, while 234 received liver biopsy.
Forty-three patients (10.46%) with immune tolerance CHB
[IT(e")], 84 (20.44%) with HBeAg-positive immune active
CHB [1A(e1)], 65 (15.82%) with HBeAg-negative immune
active CHB [IA(e™)], and 149 (36.25%) are inactive carriers
[IC(e7)]. The median age of the participants was 41 (IQR
33-52) years, and 40.10% were female. The median HBV
DNA was 4.03 (IQR 2.73-7.34) log,, copies/mL, and the
median HBV RNA was 3.31 (IQR 1.89-6.90) log,, copies/
mL. Among the four immune phases and the GZ group, we
identified distinct profile of age, biochemical markers (ALT,
AST, ALB, GGT and ALP), virological markers (HBsAg,
HBsAb, HBeAg, HBeAb and HBcAb), HBV DNA load and
serum HBV RNA levels (all P<0.001).

Clinical characteristics of different GZ subgroups
and patients who received liver biopsy

In our study, seventy CHB patients included were classified
into the GZ group, in which 6 (8.57%) in GZ-A, 8 (11.43%)
in GZ-B, 12 (17.14%) in GZ-C, and 44 (62.86%) in GZ-D.
The clinical characteristics of the GZ group patients are
shown in Supplemental Table 2. The majority (80.00%) of
GZ patients were HBeAg-negative. Patients in the GZ-A
and GZ-B subgroups were slightly younger than the other
two subgroups (P <0.05). There was no difference in gen-
der among the four subgroups (P=0.822). The laboratory
parameters including ALB, ALP, TBIL, HBsAg, HBsAb,
HBcAb were comparable among four groups of patients in
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Table 1 Baseline characteristics of all CHB patients

Total HBeAg -positive HBeAg -negative GZ P value
IT (e*) IA (e*) 1A (e7) IC (e7)
N=411 N=43, 12* N=284, 49* N=65, 26 N=149, 77* N=70%
Age 41.0 [33.0;52.0] 31.0[28.5;37.0] 34.0[31.0;39.0] 51.0[38.0;61.0] 45.0[38.0;57.0] 41.0[33.2;51.0] <0.001
Gender 0.9
Female 165 (40.1%) 19 (44.2%) 30 (35.7%) 26 (40.0%) 61 (40.9%) 29 (41.4%)
Male 246 (59.9%) 24 (55.8%) 54 (64.3%) 39 (60.0%) 88 (59.1%) 41 (58.6%)
ALT (U/L) 24.4[20.0;34.8] 24.2[21.5;29.9] 62.3[44.3;124] 54.4[42.8;92.9] 20.5[17.5;22.9] 40.2[30.1;59.9] <0.001
AST (U/L) 31.7[20.9;55.7] 20.8[19.1;24.3] 36.4[27.3;69.0] 38.4[28.0;60.6] 19.0[14.2;24.9] 25.8[20.8;35.9] <0.001
ALB (g/L) 43.1 [40.7;45.1] 43.1[41.7;44.8] 42.6 [39.5;44.4] 42.7 [40.3;44.6] 44.2[42.0;45.9] 41.5[37.5;43.1] <0.001
GGT (U/L) 21.6 [15.7;39.5] 16.0[13.3;19.6] 31.0[18.7;46.8] 33.7 [21.6;45.0] 17.7[13.3;22.0] 32.1[20.6;44.7] <0.001
ALP (U/L) 63.0 [50.7;77.4] 59.9 [50.9;72.2] 65.6 [54.9;81.1] 67.6 [53.5;88.6] 61.5[51.6;72.2] 60.2 [41.4;73.1] 0.009
TBIL (umol/L) 11.5[8.90;15.6] 10.5[8.40;14.1] 11.9[9.30;15.5] 12.1[10.0;17.0] 11.4 [8.90;15.7] 11.9[7.98;15.5] 0.286
Serum HBV RNA 3.31[1.89;6.90] 7.19[6.94;7.45] 7.29[6.91;7.63] 3.40[2.60;4.44] 1.89[0.00;2.61] 2.98[0.00;3.82] <0.001
(Logcopies/mL)
Serum HBV DNA 4.03[2.73;7.34] 7.80[7.61;8.13] 7.83[7.31:8.11] 4.93 [4.24;5.68] 2.34[1.30;3.12] 3.16[2.73;:4.11] <0.001
(Log,,copies/mL)
HBsAg (Log,,IU/mL) 3.43[2.59;4.26] 4.70 [4.60;4.88] 4.45[3.94;4.76] 3.18 [2.90;3.67] 2.70[1.58;3.36] 3.42[2.75;3.72] <0.001
HBsAb (mIU/mL) 0.31 [0.00;0.98] 0.10 [0.00;0.58] 0.21 [0.00;0.83] 0.28 [0.00;1.27] 0.49 [0.10;1.55] 0.31 [0.02;0.88] 0.002
HBeAg (S/CO)(among 3.12[2.82;3.17] 3.15[3.12;3.19] 3.11[2.71;3.17] N/A N/A 0.00 [0.00;0.00] <0.001
HBeAg positive)
HBeAb (S/CO) 0.02[0.01;39.2] 56.6 [51.7;64.3] 49.4[28.9;57.7] 0.02[0.01;0.02] 0.02[0.01;0.02] 0.02[0.01;0.18] <0.001
HBCcAD (S/CO) 9.19[8.11;10.2] 7.57 [6.12;8.64] 8.55[7.42;9.74] 9.74[9.20;10.6] 9.23 [8.43;10.3] 9.46[8.74;10.2] <0.001

IT immune tolerant, /A immune active, /C Inactive carrier, GZ Gray Zone, ALT alanine aminotransferase, AST aspartate transaminase, ALB
albumin, GGT glutamyl transpeptidase, ALP alkaline phosphatase, TBIL total bilirubin, HBsAg hepatitis B surface antigen, HBsAb hepatitis B
surface antibody, HBeAg hepatitis B e antigen, HBeAb hepatitis B e antibody, HBcAb hepatitis B core antibody, N/A Not applicable

#Number of liver biopsy specimen

the gray zone (P> 0.05). AST, ALT and GGT levels were
similar in GZ-A and GZ-C groups, but were significantly
lower than those in GZ-B and GZ-D groups (P <0.05). HBV
DNA and HBV RNA levels from patients in the GZ-D group
were significantly lower than other groups (P <0.05).

The clinical characteristics of CHB patients who received
liver biopsy are summarized in Supplemental Table 3.
Among these patients, 149 (63.70%) had no significant or
mild inflammation was defined as GO-1, 58 (24.80%) had
significant inflammation as G2, 27 (11.50%) had severe
inflammation as G3-4. Meanwhile, 164 (70.09%) had none
to mild fibrosis as SO-1, 53 (22.65%) had significant fibrosis
as S2, and 17 (7.26%) had severe fibrosis or cirrhosis as
S3-4.

Comparison of HBV RNA, HBV DNA and HBsAg
in CHB patients in different immune phases

Serum HBV RNA and HBV DNA were detected in all

HBeAg-positive patients. Seventy-three percent of
HBeAg-negative patients had positive HBV RNA and
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63.12% were HBV DNA positive. HBV DNA, HBsAg
and HBV RNA levels were strongly associated with each
other (Fig. 1a—c). The median level of HBV RNA were
different in every phase of CHB (P < 0.001): IT(e*) phase
7.19 (IQR 6.94-7.45) log,, copies/mL, IA(e*) phase 7.29
(IQR 6.91-7.63) log,, copies/mL, IA(e™) phase 3.40 (IQR
2.60-4.44) log,, copies/mL and IC(e™) group 1.89 (IQR
0-2.61) log,, copies/mL, the highest HBV RNA was in
the IA(e*) phase, and the lowest in the IC(e”) phase. GZ
patients had 2.98 (IQR 0-3.82) log, copies/mL of HBV
RNA (Fig. 1b). ALT level was different in the GZ group
compared to all other groups (P <0.001) (Fig. 1d). The
distribution of HBV RNA and other serological mark-
ers in the GZ subgroups was summarized in Fig. le-h.
HBsAg levels were comparable among four GZ subgroups,
whereas HBV RNA and HBV DNA levels from GZ-D sub-
group were lower than that of all the other subgroups. The
median ALT levels were significantly higher in the GZ-D
subgroup [52.1 (IQR 40.1-62.4) U/L] than other GZ sub-
group (Fig. 1h).
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Correlations between serum HBV RNA, HBV DNA
and HBV biomarkers

The potential correlations between serum HBV RNA, HBV
DNA and different HBV biomarkers were determined. As
shown in Fig. 2, HBV RNA correlated with all the biomark-
ers except TBIL and ALB in all patients (Fig. 2a). HBV RNA
was strongly positive correlated with HBV DNA (p=0.77,
P<0.001), HBeAg (p=0.76, P<0.001), HBsAg (p=0.64,
P <0.001), while moderately positive correlated with ALT
(p=0.41,P<0.001) and AST (p=0.35,P<0.001). Among
HBeAg-positive patients (Fig. 2b), HBV RNA was mod-
erately correlated with HBV DNA (p=0.48, P<0.01) and
HBsAg (p=0.49, P<0.001). Among HBeAg-negative
patient (Fig. 2c), HBV RNA had a moderate correlation with
serum HBV DNA (p=0.44, P <0.01). In the GZ group, HBV
RNA had a moderate correlation with HBV DNA (p=0.46,
P<0.01) and HBeAg (p=0.44, P<0.01) and no correla-
tion with other serum markers. Further subgroup analysis
revealed a close correlation between HBV RNA and HBV
DNA in patients in the IA (e*) phase (p=0.52, P<0.001;
Fig. 2d), IA (e™) phase (p=0.64, P <0.01; Fig. 2e) and GZ
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(p=0.46, P<0.01; Fig. 2f) but neither in IT (e™) nor IC (e™)
phase (Fig. 2g, h).

HBV RNA level with liver inflammation grade
and liver fibrosis stage

Since HBV RNA is a novel CHB virological biomarker
which represent the hepatic cccDNA level, we further deter-
mined whether HBV RNA was associated with the grades
of hepatic inflammation and fibrosis. HBV RNA levels var-
ied among different inflammation grades, with the lowest
median level in GO-1 [3.01 (0-3.96) log,,copies/mL], inter-
mediate level in G2 [3.69 (2.11-6.58) log,,copies/mL], and
the highest level in G3-4 [4.86 (3.72-7.23) log,,copies/mL]
(Fig. 3a). HBV DNA showed a similar trend as HBV RNA
(Fig. 3b), but there was no difference of HBV DNA between
G2 and G3-4 stages. Both HBV RNA and HBV DNA were
not comparable among CHB patients with different liver
fibrosis stages (Fig. 3c, d).

The correlations of HBV RNA with liver inflammation
grades and fibrosis stages were then further analyzed. HBV
RNA levels were weakly correlated with liver inflammation
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Fig.2 Heatmap of pairwise correlations between different serologi- indicate positive correlations. The numbers in the fields represent
cal and viral biomarkers. The correlations of each serum HBV mark- Spearman's correlation coefficient (p) and associated P-values. HBV

ers in the overall patients (a), HBeAg-positive patients (b), HBeAg- hepatitis B virus, TBIL total bilirubin, ALT alanine aminotransferase,
negative patients (c), IT(e+) patients (d), IA(e™) patients (e), IA(e™) AST aspartate transaminase, HBeAg hepatitis B e antigen, HBsAg
patients (f), IC(e™) patients (g), and GZ patients (h). Orange fields hepatitis B surface antigen

grade (p=0.28, P<0.01, Fig. 3e) and not correlated with  with S3-4 fibrosis had the lowest HBV DNA level (Fig. 4g),
liver fibrosis stage (p=0.07, P=0.32; Fig. 3g); Similarly, = which had a negative correlation with degree of liver fibrosis
HBYV DNA levels were weakly correlated with liver inflam- (p=-10.44,P<0.01; Fig. 4h).

mation grade (p=0.21, P<0.01; Fig. 3f) and not with liver In HBeAg-negative patients, the highest HBV RNA level
fibrosis stage (p=0.01, P=0.86; Fig. 3h). Our data sug-  was in G3-4 patients (Fig. 5a), and there was a weak cor-
gested that serum HBV RNA and HBV DNA both correlated  relation with liver inflammation (p=0.21, P<0.01; Fig. 5b).
weakly with liver inflammation grades and not with fibrosis =~ HBV RNA level had no statistical difference across different
stages. However, serum HBV RNA (p=0.28, P<0.01) had  hepatic fibrosis stages (Fig. 5e), and had no correlation with
a slightly higher correlation with inflammation grade than  the stage of liver fibrosis (p=0.11, P=0.23; Fig. 5f). HBV

HBV DNA (p=0.21, P<0.01). DNA level was not significantly altered among patients with

different inflammation grades and fibrosis stages (Fig. 5c
HBV RNA level with liver inflammation grade and g). Consistently, HBV DNA was not correlated with the
and liver fibrosis stage in subgroups degree of inflammation (p=0.11, P=0.18; Fig. 5d) and liver

fibrosis (p=— 0.01, P=0.95; Fig. 5h).

We further analyzed the correlation of HBV RNA with

hepatic inflammation and fibrosis in either HBeAg-positive

patients or HBeAg-negative patients. Among HBeAg-pos-  Discussion

itive patients, HBV RNA level had no statistical difference

across inflammatory grades (Fig. 4a), and had no correla-  In this study, serum HBV RNA of 411 CHB patients who
tion with the grade of inflammation (Fig. 4b). HBV DNA  had never been treated with anti-HBV drugs were analyzed.
level was the highest in GO-1 patients (Fig. 4c), with a weak =~ There were statistic differences in serum HBV RNA level
negative correlation with inflammation grade (p=— 0.37,  among treatment-naive CHB patients who were in differ-
P<0.01; Fig. 4d). HBV RNA level was the lowest in S3-4  ent immune phases, as well as those defined as GZ phase.
patients (Fig. 4e), which had a negative correlation with the =~ Meanwhile, liver histopathology was evaluated among 234
stage of liver fibrosis (p=— 0.4, P<0.01; Fig. 4f). Patients  of these participants. In all cases, we did not observe the
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correlation of HBV RNA with inflammation grade and
liver fibrosis stage, which is different from previous reports
(Wang et al. 2018a; Huang et al. 2020). In addition, the cor-
relations between HBV RNA and liver inflammation grade
and fibrosis stage are different in patients with different
HBeAg status. Therefore, HBV RNA is more likely to be an
effective indicator for CHB monitoring.

Consistent with previous studies (Butler et al. 2018; Mak
et al. 2021; Ghany et al. 2021), serum HBV RNA and HBV
DNA levels were comparable among different immune
phases of CHB, while HBV RNA was 1-2 logs lower than
HBYV DNA. HBV RNA level was relatively higher in the
IT(e*) and IA(e*) phases, intermediate in patients in the
TIA(e™) and GZ phases, and the lowest in the IC(e™) phase.
These findings suggest that baseline serum HBV RNA level
varies over the course of chronic HBV infection, but is not
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(d). Correlations between serum HBV RNA and inflammation grades
in patients with chronic HBV infection (e), Correlations between
serum HBV DNA and inflammation grades in patients with chronic
HBYV infection (f), Correlations between serum HBV RNA and fibro-
sis stages in patients with chronic HBV infection (g), Correlations
between serum HBV DNA and fibrosis stages in patients with chronic
HBYV infection (h)

as effective as serum HBV DNA and ALT when utilized for
distinguishing between different immune phases.
Consistent with previous reports (Ghany et al. 2021;
Liao et al. 2022), Our study also revealed a good correlation
between serum HBV RNA and HBV DNA, higher than the
correlations with all other traditional HBV biomarkers. HBV
RNA and HBV DNA were moderately correlated in IA(e™),
IA(e™) and GZ phases, while in IT(e*) and IC(e™) phases
they were not correlated. HBV RNA and HBsAg were mod-
erately correlated in IA(e™) and IA(e™) phases, but not in
other immune phases or GZ phases. HBV RNA and ALT
were positively correlated in the IA(e™) phase, negatively
correlated in GZ phases, and not correlated in other phases.
In contrast to the overall natural history, the correlation
between serum HBV RNA and HBV DNA was reduced or
vanished at different immune phases. These results differed
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to some extent from previous reports (Wang et al. 2018a;
Liao et al. 2022).

According to current guidelines (Terrault et al. 2018),
CHB patients with elevated levels of HBV DNA, ALT
and AST should initiate anti-HBV treatment, as these are
the populations with the greatest risk of advanced hepatic
fibrosis, liver cirrhosis and hepatocellular carcinoma (Zhou
et al. 2021). Many studies have elucidated that HBV RNA
is specifically transcribed from intrahepatic cccDNA, thus it
can directly reflect the transcriptional activity of intrahepatic
cccDNA and has been considered as a surrogate biomarker
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(d); Correlations between serum HBV RNA levels and inflammation
grades in HBeAg-positive CHB patients (e), Correlations between
serum HBV DNA levels and inflammation grades in HBeAg-positive
CHB patients (f), Correlations between serum HBV RNA levels and
fibrosis stages in HBeAg-positive CHB patients (g), Correlations
between serum HBV DNA levels and fibrosis stages in HBeAg-pos-
itive CHB patients (h)

for the transcriptional activity (Giersch et al. 2017; Huang et
al. 2018; Wang et al. 2021). Serum HBV RNA may play a
good complementary role in guiding clinical treatment.

We found small but meaningful differences in HBV RNA
level in GZ patients among different subgroups (GZ-A to
GZ-D). Compared with the lower levels in the GZ-D sub-
group some of which were below the detection limit. It is
possible that the intrahepatic cccDNA was cleared or in a
state of transcriptional silence (Huang et al. 2018), or the
detection sensitivity of the kit needs to be further improved.
Our previous study has found that GZ-D patients had the
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Fig.5 Distribution and correlations between serum HBV RNA and
HBV DNA with different histological inflammation grades and fibro-
sis stages in HBeAg-negative CHB patients. Serum HBV RNA levels
at different inflammation grades in HBeAg-negative CHB patients
(a), Serum HBV DNA levels at different inflammation grades in
HBeAg-negative CHB patients (b), Serum HBV RNA levels at dif-
ferent fibrosis stages in HBeAg-negative CHB patients (¢), Serum
HBV DNA levels at different fibrosis stages in HBeAg-negative

lowest proportion of advanced liver fibrosis and cirrhosis
(Yao et al. 2021; Wang et al. 2023). In addition, compared
with the other three subgroups of GZ, the levels of HBV
RNA and ALT in patients in the GZ-B subgroup were rela-
tively higher, suggesting that patients in the GZ-B subgroup
had higher activity of cccDNA transcription and viral rep-
lication (Mak et al. 2021; Wang et al. 2021). Serum ALT
level has always been considered as a sensitive traditional
hepatitis biomarker (Kim et al. 2008). With positive HBeAg,
elevated ALT and HBV RNA levels, we speculated that
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CHB patients (d); Correlations between serum HBV RNA levels and
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tions between serum HBV DNA levels and inflammation grades in
HBeAg-negative CHB patients (f), Correlations between serum HBV
RNA levels and fibrosis stages in HBeAg-negative CHB patients (g),
Correlations between serum HBV DNA levels and fibrosis stages in
HBeAg-negative CHB patients (h)

CHB patients in the GZ-B subgroup may have a higher risk
of further development of liver disease compared with other
GZ patients.

HBV RNA levels could reflect dynamic changes of in
CHB patients who had been treated with NAs (Lai et al.
2017; Wang et al. 2018b, 2021; Huang et al. 2018). Our
data showed that distinct profile of HBV RNA for patients
with different liver inflammation grades. HBV RNA
level was the highest in patients with severe liver inflam-
mation (G3-4), followed by those with moderate liver
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inflammation (G2). Patients without or with only mild
liver inflammation (GO-1) had the lowest HBV RNA level.
HBV RNA was weakly correlated with liver inflamma-
tion grade, indicating that the level of serum HBV RNA
may reflect liver inflammation in CHB patients. Never-
theless, we did not find a significant correlation between
serum HBV RNA and the severity of liver fibrosis. Our
data was different from a recent study (Huang et al. 2020),
which might be due to different methods of HBV RNA in
these two studies. In addition, our study had relative fewer
patients with S3-4 liver fibrosis in this study, which may
had caused selection bias.

HBV RNA was negatively correlated with fibrosis stage
in HBeAg-positive CHB patients, and the lowest level was
in patients with a liver fibrosis stage of S3-4, suggesting
that serum HBV RNA levels decreased with the progres-
sion of liver inflammation and fibrosis in HBeAg-positive
patients. Patients with positive HBeAg and high HBV viral
load were mostly in the IT(e*) phase or IA (e*), with mild
liver inflammation and low stage of fibrosis. Patients with
repeated inflammation and necrosis of liver cells had high
liver fibrosis stage, due to liver tissue damage (Bataller
and Brenner 2005; Henderson et al. 2020). Severe liver
tissue damage leads to the reduction of HBV RNA and
HBV DNA particles released from liver cells into the
blood (Nguyen et al. 2020). In HBeAg-negative patients,
there were differences in the levels of serum HBV RNA
among different liver inflammation grades. Serum HBV
RNA level was significantly higher in patients with an
inflammation grade of G3-4 than in patients with GO-1 and
G2. Serum HBV RNA was weakly correlated with liver
inflammation grade, and there was no statistic difference
in the distribution of serum HBV DNA levels. HBV RNA
and HBV DNA levels were neither statistically different
nor correlated in different liver fibrosis stages.

There were several limitations in this study. Firstly,
this study only recruited treatment-naive CHB patients.
Whether our finding could be generalized to the treated
CHB patients needs further verification. Secondly, the
correlations between HBV RNA and liver histological
severity needs further validation with larger sample size.
Thirdly, due to technical reasons, cccDNA levels in situ
liver tissue was not detected in this study, thus the cor-
relations between cccDNA and other indicators were not
investigated.

Serum HBV RNA varies in the natural course of chronic
hepatitis B infection, but its role in differentiating immune
stages of CHB is limited. In HBeAg-positive patients, HBV
RNA correlates with the degree of liver fibrosis, these find-
ings could help to improve understanding of the clinical
value of HBV RNA. Simultaneous surveillance of HBV
RNA and other serological indicators may be of benefit for
physicians in the management of patients with CHB.
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