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Serum Hepatitis B Virus RNA Levels

Among Patients in Need for Treatment
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Hepatitis B virus (HBV) RNA in serum is a novel biomarker for intrahepatic HBV replication and treatment response.
For its proper use, it is essential to identify factors influencing serum HBV RNA level. Using a rapid amplification of
complimentary DNA (cDNA) ends (RACE) PCR technique (lower limit of detection [LLD], 800 copies/mL [c/mL]),
serum HBV RNA levels were measured in samples of 488 untreated individuals with chronic HBV infection who were eli-
gible to treatment according to currently used recommendations. We explored the association of serum levels of HBV
RNA with patient- and virus-associated factors. HBV genotype distribution was 21/10/20/46/3% for A/B/C/D/other.
Mean HBV RNA serum level was 5.9 (1.6) logio ¢/mL (hepatitis B e antigen [HBeAg]-positive chronic hepatitis B
[CHB], 6.5 [1.2] log ¢/mL; HBeAg-negative CHB, 4.1 [1.2] log ¢/mL; P < 0.001). By multivariable linear regression,
factors associated with lower HBV RNA level were HBeAg negativity (f = -0.69; P < 0.001), HBV genotypes A (f = -
0.13; P = 0.002), B ( = —0.07; P = 0.049), and C (f = -0.61; P < 0.001) in comparison to D, and presence of HBV
basal core promoter mutation either alone (f = —0.14; P = 0.001) or in combination with precore mutation (f = —0.22;
P < 0.001). Higher serum alanine aminotransferase (ALT) was associated with higher HBV RNA (f = 0.23; P < 0.001).
HBV RNA correlated strongly with HBV DNA (HBeAg-pos, r = 0.72; P < 0.001; HBeAg-neg, r = 0.78; P < 0.001)
and moderately with quantitative hepatitis B surface antigen (QHBsAg; HBeAg-pos, r = 0.54; P < 0.001; HBeAg-neg,
r = 0.19; P = 0.04) and quantitative hepatitis B surface antigen (QqHBeAg; r = 0.41; P < 0.001). Conclusion: In this mul-
tiethnic cohort of 488 untreated individuals with CHB, factors associated with serum HBV RNA level were HBeAg sta-
tus, serum ALT, HBV genotype, and presence of basal core promotor mutations. For the future use of serum HBV RNA
as a clinical marker, it seems mandatory to take these factors into consideration. (HEPATOLOGY 2018; 68:839-847).

urrently available treatment strategies for
chronic hepatitis B virus (HBV) infection can
inhibit viral replication to a great extent as
reflected by suppression of HBV DNA in serum.
However, loss of hepatitis B surface antigen (HBsAg),
which is regarded as a functional cure, is achieved in
only a minority of patients, and treatment does not
eliminate the intrahepatic covalently closed circular

DNA (cccDNA), which is the main transcriptional
template of HBV. Also, the HBV genome that is inte-
grated in the host genome remains largely unaffected.
Therapeutic agents currently under investigation may
have a stronger effect on cccDNA and are potentially
more effective, and therefore serum markers that reflect
cccDNA activity are needed. These markers may allow
a reliable prediction of response, ideally before
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surface antigen; LLD, lower limit of detection; NA(s), nucleos(t)ide analogue(s); PC, precore; PCR, polymerase chain reaction; PEG-IFN, peginterferon;
qHBeAg, quantitative hepatitis B surface antigen; qHBsAg, quantitative hepatitis B surface antigen; ULN, upper limit of normal; W1, wild type.
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treatment initiation or early during treatment, and can
also help to individualize the use of already available
treatments.

HBV RNA in serum could fulfill criteria of such a
biomarker, as the 4 major types of HBV RNAs are
direct transcriptional products of the cccDNA. HBV
RNA can be detected in serum and can be quantified
by using PCR techniques.® The nature of HBY RNA
in serum has not fully been researched, but it most
likely includes the 3.5-kilobase pregenomic RNA,
which is the template for reverse transcription to HBV
DNA and for translation of core protein and polymer-
ase. It is probably released from infected hepatocytes in
virion-like capsids.®™

The potential of serum HBV RNA as a baseline
marker for treatment response was recently demon-
strated by studies revealing its strong correlation with
cccDNA activity on the one hand and its response to
currently available treatments on the other hand. Thus,
before and during treatment with nucleos(t)ide ana-
logue (NA) or pegylated interferon alfa (PEG-IFN), a
correlation between serum HBV RNA and the tran-
scriptional activity of cccDNA was demonstrated.® In
addition, serum HBV RNA levels were found to be
associated with the probability of response to treatment
with either NAs or PEG-IFN.%*7") However, before
the further development of serum HBV RNA as a
response-predicting marker, it is mandatory to evaluate

which factors which may influence HBV RNA levels in
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individuals who are eligible for treatment. To study
this, we measured serum HBV RNA level in a large,
multiethnic population of well-characterized individuals
with chronic HBV infection, who are in need for treat-
ment according to recent guidelines.’” We assessed

the association with between HBV RINA level and host

and viral factors, including levels of other biomarkers.

Patients and Methods

STUDY POPULATION
Full-length polyadenylated HBV RNA levels were

measured in available baseline serum samples of 441
hepatitis B e antigen (HBeAg)-positive and 133
HBeAg-negative chronic hepatitis B (CHB) patients
who participated in three previously conducted global
randomized, controlled trials (99-01 study, ARES
study, and PARC study) and had not received antiviral
treatment in the preceding 6 months. ™™ Specific
inclusion and exclusion criteria have been described
earlier. Serum samples were stored in -20 or
—80°Celsius since the original studies. Serum samples
were available for 366 HBeAg-positive patients and
122 HBeAg-negative patients. We specifically chose
to combine these three cohorts in order to create a
large population and to ensure a better generalizability
of HBV RNA level in serum as a biomarker for
patients with different characteristics.
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ENDPOINTS

We explored factors associated with serum level of
HBV RNA and the correlation of HBV RNA to other

serum markers.

SERUM HBV RNA
QUANTIFICATION

HBV RNA was quantified from serum samples
using a rapid amplification of complimentary DNA
(cDNA) ends (RACE)-based real-time PCR tech-
nique that has been described. Quantification of polya-
denylated HBV RNA was performed using specific
primers (including HBV RNA RT primer 5'-ACC
ACG CTA TCG CTA CTC AC (dT17)GWA
GCT C) designed according to van Bommel et al.?
For the current study the assay’s lower limit of detec-
tion (LLD) for HBV RNA was 800 (2.9 log1o) copies/
mL (¢/mL), with a corresponding linear range of 800
to 10° ¢/mL. HBV RNA levels measured below the
LLD were set to 450 ¢/mL before statistical analysis.

OTHER LABORATORY
MEASUREMENTS

Routine biochemical and hematological tests were
performed locally. Serum alanine aminotransferase
(ALT) levels were standardized by calculating the
value times for the upper limit of normal (ULN) per
center and sex. Virological tests were performed at one
central laboratory (Erasmus Medical Center, Rotter-
dam, The Netherlands). HBV DNA was measured
using TagMan-based PCR assays (Roche Diagnostics,
Basel, Switzerland; LLD of 400 ¢/mL, 35 ¢/mL, or 20
IU/mL depending on the study cohort). HBV-DNA
results in ¢/mL were converted into IU/mL using a
conversion factor of 5.8 copies per IU. The compara-
biltiy of the assays was assessed (Bland-Altman test, r
= 0.12; P = 0.49).%% Serum quantitative hepatitis B
surface antigen (qHBsAg) levels were measured using
the Architect HBsAg assay (Abbott Laboratories;
range, 0.05-250 IU/mL) or the Elecsys Assay (Roche
Diagnostics; LLD, 0.05 IU/mL). Serum HBeAg levels
were quantified using the Cobas Elecsys HBeAg assay
(Roche Diagnostics; measurement range, 0.2-100.0
IU/mL). HBV genotype analysis was performed using
the INNO-LiPA HBV genotype assay (Fujirebio
Europe, Ghent, Belgium). The presence of precore
(PC) and basal core promoter (BCP) mutants was
assessed using the INNO-LiPA HBV PreCore assay
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(Fujirebio Belgium, Ghent, Belgium), which detects
PC mutations at nucleotide position 1896 and BCP
mutations at nucleotide positions 1762 and 1764.
Results were classified into four groups: wild type
(WT; only WT virus detectable); PC (only PC or both
PC and WT detectable); BCP (either or both BCP
mutations detected, with or without WT); or as PC +
BCP when both types of mutants were found.

STATISTICAL ANALYSIS

SPSS software (version 21.0; SPSS, Inc., Chicago,
IL) was used to perform statistical analyses. Skewed
laboratory values were log-transformed before analyses
and were expressed as mean (SD). After log transfor-
mation, HBV RNA level showed a near to normal
distribution in both the HBeAg-positive population
(skewness, —0.59 [SE, 0.13]; kurtosis, 0.11 [SE,
0.25]), and the HBeAg-negative population (skew-
ness, 0.29 [SE, 0.24]; kurtosis, 0.03 [SE, 0.47]).
Associations between variables were tested using the
Student # test, chi-square, Pearson correlation, or
their nonparametric equivalents, when appropriate.
Subgroup analysis of mean HBV RNA levels was
performed using analysis of variance with Bonferroni
correction for intergroup comparison. We performed
linear regression analysis to determine factors associ-
ated with HBV RNA level. R* was calculated as a
measure of goodness of fit for the linear model. For
linear correlations, Pearson correlation coefficients (r)
were provided, and for skewed distributions, the
Spearman rank coefficients (p) were provided. Logistic
regression analysis was performed to determine factors
associated with HBV RNA level below LLD.
Genotypes other than A, B, C, and D were not ana-
lyzed in linear regression. All analyses were performed
two-sided at the 0.05 level of significance.

Results
STUDY COHORT

Study population characteristics are shown in
Table 1. Mean age was 33 (SD, 11) years for HBeAg-
positive patients and 42 (SD, 11) for HBeAg-negative
patients (P < 0.001), and the majority of patients were
male (n = 362; 74%). Patients were mostly of white
(n = 313; 64%) or Asian (n = 153; 31%) origin. All
main HBV genotypes were represented. Mean serum
HBV-DNA levels were 8.1 (1.1) log IU/mL for
HBeAg-positive patients and 6.0 (1.2) for HBeAg-
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TABLE 1. Patient Characteristics

All Patients HBeAg-pos HBeAg-neg
Characteristics (n = 488) (n = 366) (n=122) P Value
Demography
Age, years 35 (12) 33071 42 (1) <0.001
Male, n (%) 362 (74) 274 (74) 88 (72) 0.55
Race, n (%) <0.001
White 313 (64) 197 (54) 122 (95)
Asian 163 (31) 149 (41) 4 (3)
Other 22 (5) 20 (5) 22
HBV genotype, n (%) <0.001
A 91 (19) 75 (21) 16 (13)
B 50 (10) 49 (13) 1
C 113 (23) 110 (30) 3®@
D 222 (46) 125 (34) 97 (80)
Other 12 (2) 11 (2 5 (@)
INNO-LIPA result, n (%) <0.001
WT virus 81 (17) 75 (21) 6 (5)
PC mutation 52 (11) 38 (1) 14.(11)
BCP mufation 102 (21) 78 (21) 24 (20)
PC and BCP mufation 203 (42) 125 (34) 78 (64)
Hisfology
Cirrhosis, n (%) 31 (6) 27 (1) 4 (3) 0.13
Treatment hisfory
Previous NA 58 (12) 36 (10) 22 (18) 0.02
Previous (PEG-)IFN 86 (18) 64 (18) 22 (18) 0.89
Laboratory results
HBV RNA* 5.9 (1.6) 6.5 (1.2) 41 (1.2 <0.001
HBV RNA undefectable, n (%) 30 (6) 2 (0.5) 28 (23) <0.001
HBV DNA' 7.5 (1.4) 8.1 (1.1 6.0 (1.2) <0.001
gHBsAg' 4.2 (0.7) 4.3 (0.7) 3.8 (0.6) <0.001
qHBeAg' n.a. 2.4 (0.9 n.a. n.a.
ALT (x ULN)* 3.7 @B.2) 3.8 (3.4) 3.2 (2.5) 0.07

Continuous variables are expressed as mean (SD), categorical variables as n (%).

*Multiples of upper limit of the normal range.
WLLogalrithmic scale, IU/mL.

jIELogalrithmic scale, ¢/mL.

Abbreviation: n.a., not applicable.

negative patients (P < 0.001), and mean serum
qHBsAg levels were 4.3 (0.7) log IU/mL versus 3.8
(0.6) IU/mL (P < 0.001), respectively.

SERUM HBV RNA LEVEL IN
RELATION TO VIRAL AND
CLINICAL CHARACTERISTICS

Mean HBV RNA level was 5.9 (1.6) ¢/mL and dif-
fered by HBeAg status (HBeAg-positive CHB, 6.5
[1.2] log ¢/mL; HBeAg-negative CHB, 4.1 [1.2] log
¢/mL; P < 0.001; Fig. 1A). HBV RNA levels were
below LLD in 2 (0.5%) HBeAg-positive patients and
in 28 (23%) HBeAg-negative patients (P < 0.001). In
these 30 patients, mean HBV-DNA level was 4.7
(SD, 0.7) log IU/mL. HBV RNA levels were associ-
ated with degree of ALT elevation (r = 0.29; P <
0.001; Fig. 1B), and HBV RNA level varied by
HBV genotype (P < 0.001), with mean unadjusted
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HBV RNA levels of 6.0/6.5/6.0/5.6 log ¢/mL for gen-
otypes A/B/C/D (P = 0.003; Fig. 2A). In patients
infected with WT HBV, highest mean unadjusted
HBV RNA levels were found (6.7 log ¢/mL), and
presence of BCP mutation either alone or in combina-
tion with PC mutation led to lower HBV RNA levels
(Fig. 2B; 5.5 log and 5.3 log ¢/mL, both P < 0.001 in
comparison to WT HBV). HBV RNA level did not
differ by sex (P = 0.26), presence of cirrhosis (P =
0.55), or treatment history (previous IFN, P = 0.96;
previous NA, 0.38), but did negatively correlate with
age (r = -0.23; P < 0.001).

REGRESSION ANALYSIS OF
FACTORS ASSOCIATED WITH
HBV RNA LEVEL

By univariable linear regression, factors associated

with HBV RNA level were age, HBeAg status, HBV
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FIG. 1. HBV RNA level according to HBeAg status and ALT level. Dots represent individual HBV RNA measurements, with lines
representing the unadjusted mean level of HBV RNA (log ¢/mL) according to HBeAg status (A) and serum ALT level (B) expressed
in XULN. The LLD for the HBV RNA PCR is 800 ¢/mL (2.90 log ¢/mL).

genotype, and presence of any PC or BCP mutation
(Table 2). By multivariable linear regression,
factors associated with lower HBV RNA level were
HBeAg-negative CHB (ff = -0.69; P < 0.001), HBV
genotypes A, B, and C in comparison to genotype D
(genotype A: f = —0.13; P = 0.002; genotype B, f =
-0.07; P = 0.049; genotype C, f = —-0.61; P < 0.001),
presence of any BCP mutation either alone (f =
—-0.14; P = 0.001), or in combination with PC muta-
tion (f = —0.22; P < 0.001). Higher serum ALT was
associated with higher HBV RNA level (f = 0.23;
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A vs.D: p=0.27 C vs.D: p=0.41

P < 0.001). This particular linear model explains
56.2% of the variance of the HBV RNA level (* =
0.562), which diminishes to 25.3% if HBeAg is
excluded from the model. When studying the factors
associated with HBV RNA level below LLD using
logistic regression analysis, the only factors indepen-
dently associated with HBV RNA level below LLD
were HBeAg-negative CHB (odds ratio [OR], 86;
95% confidence interval [CI; 9.1-811]; P < 0.001) and
ALT (OR, 0.07; 95% CI [0.01-0.40]; P < 0.001)
(Supporting Table S1). Because HBeAg was negative

HBV RNA (log c/mL)

BCP + PC

Wildtype BCP

Wildtype vs. BCP: p<0.001
Wildtype vs. PC: 0.46
Wildtype vs. BCP + PC: p<0.001

BCP vs. PC: p=0.03
BCP vs. BCP + PC: p=1.00
PC vs. BCP + PC: p<0.001

FIG. 2. HBV RNA level according to HBV genotype and presence of precore and basal core promoter mutations. Dots represent
individual HBV RNA measurements, with lines representing the unadjusted mean level of HBV RNA (log ¢/mL) according to HBV
genotype (A) and presence of PC and BCP mutations (B). The LLD for the HBV RNA PCR is 800 ¢/mL (2.90 log ¢/mL).
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TABLE 2. Univariable and Multivariable Linear Regression Analysis of Factors Associated With Serum HBV RNA Level

Multivariable
Univariable (Full Model)
B 95% Cl P Value B 95% Cl Y P Value
Age, years -0.03 -0.04; -0.02 <0.001 0.003 -0.007; 0.01 0.02 0.59
Sex 0.26
Male reference
Female -0.19 -0.61; 0.14 0.26
HBeAg <0.001 <0.001
Pos reference reference
Neg -2.37 -2.62; -2.13 <0.001 -2.46 -2.74;, -2.18 -0.69 <0.001
HBV genotype 0.003 <0.001
A 0.39 0.01; 0.76 0.04 -0.63 -0.86; -0.19 -0.13 0.002
B 0.84 0.36; 1.31 0.001 -0.36 -0.72; -0.001 -0.07 0.049
C 0.32 -0.03; 0.67 0.07 -0.61 -0.91; -0.32 -0.16 <0.001
D reference reference
PC/BCP variants <0.001 <0.001
WT HBV reference reference
PC mutation -0.38 -1.68; -0.90 <0.001 -0.19 -0.566; 0.18 -0.05 0.44
BCP mutation -1.12 -1.66; -0.569 <0.001 -0.70 -1.09; -0.30 -0.14 0.001
PC and BCP mutation -1.29 -0.82; 0.07 0.10 -0.68 -1.02; 0.35 -0.22 <0.001
ALT (log XULN) 1.46 1.02; 1.90 <0.001 1.18 0.85; 1.61 0.23 <0.001

Patients with genotype other than one of the main genotypes genotypes A, B, C, and D were excluded for this analysis. When a signifi-
cance level of P < 0.20 was reached in univariable analysis, the factor was assessed in multivariable analysis. No interactions were found

between HBeAg status and genotype (P = 0.14), HBeAg status and INNO-LiPA result (P = 0.81), genotype and INNO-LiPA result

(P = 0.12), HBeAg status and ALT (P = 0.19), genotype and ALT (P = 0.64), or INNO-LiPA result and ALT (P = 0.42).

Abbreviations: B, unstandardized regression coefficient; f3, standardized regression coefficient.

in 28 of 30 patients with HBV RNA below LLD,
analysis was repeated in HBeAg-negative patients,
which did not result in any additional factors indepen-
dently associated with HBV RNA below LLD.

SERUM HBV RNA LEVEL IN
RELATION TO SERUM HBV DNA,
qHBsAg, AND QUANTITATIVE
HBeAg

Overall, HBV RNA correlated highly with HBV
DNA (r = 0.85/p = 0.84; P < 0.001) and moderately
with qHBsAg (r = 0.52/p = 0.60; P < 0.001) and
quantitative HBeAg (qHBeAg; r = 0.41/p = 0.34;
P < 0.001). Because HBeAg status is the strongest
factor independently associated with HBV RNA level
in linear regression, we also studied correlations of
HBV RNA to other markers in HBeAg-positive and
HBeAg-negative patients separately.

In HBeAg-positive patients, levels of HBV RNA
correlated strongly correlated with HBV DNA (r =
0.72; P < 0.001) and moderately correlated with
qHBsAg (r = 0.54; P < 0.001) and qHBeAg (r =
0.41; P < 0.001). Correlations of HBV RNA to other
HBV markers, however, were HBV-genotype depen-
dent, with strongest correlation with HBV DNA

observed for genotype A, strongest correlation with
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qHBsAg for genotypes B and C, and a weakest corre-
lation with qHBsAg for genotype D (Fig. 3).

In HBeAg-negative patients, overall correlation of
HBV RNA to HBV DNA was comparable to
HBeAg-positive CHB (r = 0.78/p = 0.80; P <
0.001). Unlike in HBeAg-positive CHB, the overall
correlation of HBV RNA to qHBsAg was weak (r =
0.19, P = 0.04; p = 0.17, P = 0.07). Genotype-
specific correlations of HBV RNA levels could only be
determined for HBV genotypes A and D. The correla-
tion of HBV RNA with HBV DNA was comparable
for these genotypes (genotype A, r = 0.69/p = 0.82;
P = 0.003; genotype D, r = 0.81/p = 0.84; P <
0.001), but the correlation of HBV DNA with
gHBsAg was genotype dependent, indicated by a weak
correlation within genotype D—infected patients (r =
0.23/p = 0.22; P = 0.03), but no significant correla-
tion within genotype A-infected patients (r = —0.16/
p = —0.14; P = 0.60; Fig. 3).

Discussion

HBV RNA in serum is a novel and promising
marker for cccDNA transcriptional activity and could
thus be used to monitor responses both to currently
available treatment, and particularly to future HBV
treatments targeting the HBV life cycle. However, its
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FIG. 3. Correlations of HBV RNA with serum levels of HBV DNA, qHBsAg, and qHBeAg. Correlations of serum levels of HBV
RNA (log ¢/mL) with serum levels of HBV DNA, qHBsAg, and qHBeAg (log IU/mL). Letters represent individual serum-marker
measurements according to HBV genotype. For linear correlations, Pearson correlation coefficients (r) were provided, and for skewed
distributions, the Spearman rank coefficients (p) were provided. The LLD for the HBV RNA PCR is 800 ¢/mL (2.90 log ¢/mL).

Abbreviation: n.a., not applicable.

interactions with host factors and viral factors, such as
markers of HBV transcription, have not yet been sys-
tematically studied. In this study, we investigate the
association of HBV RNA serum levels with currently
used HBV markers and patient characteristics in a
large, multiethnic cohort including 441 HBeAg-
positive and 133 HBeAg-negative individuals who
were candidates for antiviral treatment according to
current guidelines.’” We found that HBV RNA lev-
els are independently associated with HBeAg status,
ALT levels, BCP variants, and HBV genotype. Our
results indicate that these factors have to be taken into
consideration for a correct interpretation of HBV
RNA serum levels.

From recent studies, there is evidence that the level
of HBV RNA in serum reflects cccDNA transcrip-
tional activity.'> We identified HBeAg status as
the strongest factor associated with serum HBV RNA
levels, which is likely an expression of the higher
transcriptionally activity of cccDNA in HBeAg-

positive patients as compared to HBeAg-negative

patients. Mean HBV RNA level was 2.4 log; lower in
HBeAg-negative as compared to HBeAg-positive
patients, and the proportion of patients with undetect-
able HBV RNA serum level 23% in HBeAg-negative
as compared to only 0.5% in HBeAg-positive patients
(P < 0.001). This is in line with previous findings in
smaller patient cohorts.**”*® The correlation of HBV
RNA with HBV-DNA levels was similar in HBeAg-
positive and HBeAg-negative individuals. Interest-
ingly, however, the correlation between HBV RNA
and HBsAg was moderate in HBeAg-positive (r =
0.54), but only weak in HBeAg-negative patients (r =
0.19; Fig. 3). A possible explanation for this difference
is that in HBeAg-negative patients, HBsAg may be
derived not only from cccDNA, but also in a profound
number from an integrated HBV genome. This
hypothesis is supported by data of a recent study
assessing the effect of small interfering RNA-based
inhibition of messenger HBV RNAs, where a signifi-
cant decrease in HBsAg levels was found in HBeAg-
positive, but not in HBeAg-negative, patients.'”
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Applying this hypothesis to our observation could
imply that in HBeAg-negative patients, HBV RNA
and HBsAg are partially derived from different matri-
ces and that HBV RNA (and possibly also HBV
DNA) might be a better marker of for remaining
cccDNA in HBeAg-negative disease.

Another factor we found to be associated with lower
HBV RNA serum levels was the presence of BCP var-
iants. In presence of these variants, either alone or in
combination with PC variants, HBV RNA levels were
significantly lower than in WT virus (P < 0.002). We
also found lower HBV-DNA and HBsAg levels in
patients with BCP and/or PC variants (data not
shown). Other studies, however, have reported incon-
clusive results regarding the effect of BCP mutations
on HBV replication.’®?" These heterogenic results
may be explained by testing patients with different dis-
ease phases, genotype distributions, and frequency of
BCP mutants.*? It is yet unclear which mechanisms
would explain lower HBV-DNA and HBV RNA level
in presence of BCP mutations, but the key may be in
HBV RNA packaging. Recently, virus-like particles
have been proposed as a medium for transport of HBV
RNA in serum.®?® Therefore, lower HBV RNA lev-
els in patients bearing these variants may be a result of
decreased availability of those carriers of HBV RNA
instead of a direct effect of BCP mutation on HBV
replication.*"** Further studies are required to eluci-
date how BCP and PC variants truly affect serum
HBV RNA levels.

HBV genotype was associated with both absolute
levels of HBV RNA and correlations of HBV RNA
with other serum markers. In multivariable regression
analysis, genotype D was associated with the highest
HBV RNA level, followed by genotypes B, A, and C.
The HBV genotype mainly influenced the correlation
between HBV RNA and qHBsAg in our cohort. This
might be of relevance for the use of serum HBV RNA
as a clinical marker. HBV RNA levels were signifi-
cantly higher in patients with ALT level >2X ULN
compared to patients with ALT level <2X ULN,
which was similar for HBV DNA and qHBsAg. Age
and sex of individuals with chronic HBV infection did
not influence HBV RNA serum levels.

In conclusion, our study shows that HBeAg status,
serum ALT, HBV genotype, and presence of BCP
variants are independently associated with serum HBV
RNA level in a multiethnic cohort of patients currently
considered eligible for treatment. These factors should
be taken into consideration for the interpretation and
comparison of HBV RNA serum levels across different
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infected individuals and in the development of HBV
RNA as a potential serum marker for cccDNA tran-
scriptional activity. This is, in particular, relevant for

future studies with novel agents aiming targeting the
HBYV life cycle for functional cure of CHB.
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