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ABSTRACT The measurement and interpretation of HBV DNA and RNA levels in HBV
infected patients treated with antiviral therapy supports the objective of HBV disease
management. Here, we quantified circulating HBV RNA through a standardized and
sensitive assay in follow-up samples from both naive and treated patients as a marker
of infection evolution. HBV DNA (HBV DNA for use in Cobas 6800/8800 Automated
Roche Molecular Systems), RNA (Roche HBV RNA Investigational Assay for use in the
Cobas 6800/8800; Roche), HBeAg and HBsAg (Elycsys HBsAg chemiluminescence immu-
noassay by Cobas 8000; Roche), and core-related antigen (Lumipulse G chemilumines-
cence assay; Fujirebio) levels were measured in cohorts of untreated or nucleos(t)ide
treated, HBV-infected subjects in an outpatient hospital setting. HBV DNA levels in
untreated people were 3.6 log10 higher than corresponding RNA levels and were stable
over 5 years of observation. While only five of 52 treated patients had DNA levels
below the lower limit of quantification (10 IU/mL) at the end of follow-up, 13 had HBV
RNA levels persistently above this limit, including eight with undetectable DNA. In sam-
ples with undetectable core-related antigen we observed a median HBsAg titer 2.7-fold
higher than in samples with undetectable RNA (adjusted P = 0.012). Detectable HBV
RNA with undetectable HBV DNA was a negative predictor of HBsAg decrease to a
level #100 IU/mL (P = 0.03). In naive patients the difference between HBV DNA and
RNA was higher than previously reported. HBV RNA rapidly decreased during treat-
ment. However, in some cases, it was detectable even after years of effective therapy,
being a negative predictor of HBsAg decrease. The investigational RNA assay for use
on the Cobas 6800/8800 instruments is a sensitive and standardized method that could
be applied in general management of HBV infection.

IMPORTANCE This study focused on the quantification of circulating HBV RNA by using
a standardized and sensitive assay. Thanks to this system we observed a higher differ-
ence between circulating HBV DNA and RNA than previously reported. In treated
patients, HBV RNA decreased together with DNA, although some patients presented
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detectable levels even after years of successful antiviral treatment, suggesting a persis-
tent viral transcription. Of note, the detection of viral RNA when HBV DNA is undetect-
able was a negative predictor of HBsAg decrease to a level #100 IU/mL. This assay
could be extremely helpful in HBV patients management to study viral transcription
and to identify those treated patients that may achieve sustained viral suppression.

KEYWORDS HBV, HBV-RNA, RT-PCR, antiviral treatment, biomonitoring

Over 250 million people worldwide are living with chronic hepatitis B virus infection
(HBV) (1), which is the leading cause of hepatocellular carcinoma (HCC) world-

wide. It has been estimated that by 2030, 17 million people could die due to chronic
HBV-related complications (2).

The HBV life cycle involves the generation of a molecular intermediate, covalently
closed circular DNA (cccDNA) that persists in the nucleus of infected hepatocytes. This
molecule acts as a template for the synthesis of pregenomic RNA (pgRNA), which is
reverse transcribed in nascent viral capsids to synthesize new viral DNA genomes. The
establishment of the cccDNA molecules in hepatocyte nuclei generates a persistent
infection. Viral DNA can also be randomly integrated into the cellular genome. Due to
its linearization and the activity of cellular DNA repair at integration, inserted HBV DNA
is truncated (3) and, together with episomal DNA, are the source of continued produc-
tion of surface antigen (HBsAg) (4), which assembles into subviral particles that are up
to 10,000 times more abundant than infectious virions (5, 6).

Treatment of HBV-infected patients with nucleos(t)ide analog (NA) antivirals results in
suppression of viral replication and long-term suppression of HBV DNA in most patients.
Loss of HBsAg in the blood (functional cure) is the primary goal of antiviral therapy (7)
but is achieved in a very limited number of patients because available NAs do not inter-
fere with transcription of pgRNA from integrated DNA or cccDNA, despite suppression of
HBV DNA replication. Because integrated HBV DNA also produces HBsAg, HBsAg might
not be an adequate marker for the identification of cccDNA transcription.

Most HBV-infected patients who attend our outpatient clinics are HBV e antigen
(HBeAg) negative. HBeAg detection is essential to define the infection status and dis-
ease management (7). HBeAg seroconversion during treatment might be indicative of
a low viral replicative phase (7), however, a direct marker of viral transcription is essen-
tial to prevent viral rebound after therapy interruption. The level of HBV core-related
antigen (HBcrAg) has been considered a potential biomarker for early prediction of
HBeAg seroconversion (8). HBcrAg is considered a surrogate marker for cccDNA tran-
scriptional activity (9, 10). It consists of proteins produced by the core gene: core anti-
gen, free or antibody-bound HBeAg, and the p22 pre-core protein. HBcrAg is a candi-
date marker for the classification of chronic infection together with low HBV DNA
(,2000 IU/mL) (11), and persistent high HBcrAg titers are associated with HCC (12).
However, HBcrAg detection tests are somewhat insensitive, and HBcrAg levels can be
influenced by protein secretion from infected cells in addition to the size of the
cccDNA reservoir, thus limiting its clinical utility. HBV RNA could be an optimal surro-
gate of cccDNA activity, being exclusively produced by the cccDNA minichromosome
(13). HBV RNA is a natural product of the HBV replication cycle (14) and may be found
in viral particles in serum as a result of variation in the efficiency of encapsulation and/
or reverse transcription (5, 15). HBV RNA levels in the blood vary during chronic hepati-
tis and depend on the clinical disease stage (16, 17). This new marker has been pro-
posed as an early predictor of HBeAg seroconversion (18) and as a factor in the classifi-
cation of HBeAg chronic infection (17). Historically, HBV RNA in blood has been
quantified using different in-house real-time reverse-transcription PCR RT-PCR techni-
ques, with a sensitivity of approximately 1.6 log10 U/mL or 2 log10 copies/mL (19–21),
and suboptimal interlaboratory reproducibility.

Here, we present results from a study of naive and NA-treated HBV infected patients
using a reproducible, highly sensitive, and fully automated method to quantify circulat-
ing HBV RNA (limit of detection [LOD]=5 cps/mL and lower limit of quantification
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[LLOQ]=10 cps/mL). We evaluated the prognostic value of this marker for reaching a
low HBsAg titer (#100 IU/mL) during anti-HBV therapy.

RESULTS
Viral markers in naive patients. Plasma samples with valid (no errors during quan-

tification) RNA results (n = 232) were collected from 50 antiviral drug-naive patients
during the study period. HBV RNA was detectable (.LOD) in 120 samples from 43
patients. Mean HBV DNA and HBV RNA loads remained essentially unchanged during
the follow-up period (Fig. 1). DNA levels were substantially higher than RNA. The mean
difference between the HBV DNA and RNA was 3.6 log10 copies/mL (P , 0.000; around
3 log10 if we considered HBV DNA in IU/mL). The two markers partially correlated with
each other (rho = 0.7, P , 0.0001). A similar correlation was observed between HBcrAg
and HBV RNA (rho = 0.5; P , 0.0001), whereas no correlation was observed between
HBV RNA and qHBsAg (rho = 0.02; P = 0.72).

Viral markers in treated patients. Valid results for both DNA and RNA were
obtained from a total of 191 samples from 52 patients who received NA treatment for
up to 9 years, including baseline samples from 26 patients. Of the 165 on-treatment
samples, DNA and RNA were both undetectable in 86, both detectable (including
,LLOQ) in 19, RNA detected but DNA undetected in 27, and RNA undetected but DNA
detected in 33. RNA titers partially correlated with HBV DNA (rho = 0.5; P , 0.0001)
and to some degree with HBcrAg and qHBsAg (rho, 0.4; P, 0.001).

At baseline (before treatment), the difference between HBV DNA and HBV RNA was
like that observed in naive patients (mean of differences: 3.6 log10 copies/mL; 2.9 if
considering HBV DNA in IU/mL). Patients were grouped based on the patterns of HBV
RNA during treatment, relative to baseline or the earliest sample with detectable RNA
if the baseline sample was not available. In group A (n = 14), on-treatment RNA levels
decreased and dropped below the LLOQ (Fig. 2A; patient 113, with an isolated blip
when RNA was 1.05 log10 copies/mL, were retained in group A). In group B (n = 13),
on-treatment RNA levels remained above the LLOQ (Fig. 2B). HBV DNA titers decreased
rapidly with time on treatment in all excluding four patients that reached levels below
the LLOQ after 2 to 3 years (Fig. 2C and D).

FIG 1 HBV DNA and HBV RNA trends over time in naive patients. HBV DNA (black open circles) and
HBV RNA (gray open squares) titers (log10 copies/mL) throughout follow-up in treatment-naive
patients. The number of patients (N) at each time point is shown in italics above the x-axis.
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HBsAg levels in HBV RNA and HBcrAg undetectable samples. Considering that HBV
RNA and HBcrAg are promising predictors of viral suppression and HBsAg loss in treated
patients, we analyzed HBsAg levels in samples from treated patients with undetectable
HBV RNA (,LOD) or HBcrAg (#2.5 log10 U/mL; Fig. 3). Only those samples with both HBV
RNA and HBcrAg analyzed were included in the analysis. The median HBsAg concentra-
tion in samples with undetectable HBcrAg (2237 IU/mL; n = 57) was 2.7-fold higher than
in samples with undetectable HBV RNA (817 IU/mL, n = 91; Kruskal Wallis adjusted
P = 0.012).

HBV RNA as a predictor of HBsAg decrease. To identify predictors of HBsAg
decrease to low levels in treated patients, different parameters were analyzed by
multivariate analysis. Only 12 of the treated patients reached a very low HBsAg titer
(,100 IU/mL) at the end of the study. Different independent variables were consid-
ered, both categorical (sustained, detectable HBV RNA during follow-up, detectable
HBV RNA at the time of earliest HBV DNA undetectability, undetectable HBcrAg at
the end of follow-up, both undetectable HBV RNA and HBcrAg at the end of follow-
up, previous antiviral treatment) and continuous (HBV RNA and years of treatment).
Detectable HBV RNA was a negative predictor of HBsAg decrease to #100 IU/mL (P =
0.03; Table 1). As expected, the year of treatment was a positive predictor of HBsAg
decrease (P = 0.03). Of note, the presence of constant HBV RNA levels during follow-up
showed a tendency of association with the outcome although not statistically significant.

A B

C D

FIG 2 HBV RNA and HBV DNA during follow-up in NA-treated patients. The graphs show HBV RNA and DNA titers (log10 copies/mL) during years of
treatment. Patients in group A ([A and C] for viral RNA and DNA, respectively) had HBV RNA in on-treatment samples below the lower limit of
quantification (LLOQ), except for isolated blips in three patients. Patients in group B ([B and D] for viral RNA and DNA, respectively) had HBV RNA levels
. LLOQ except for an isolated detectable but , LLOQ result for one patient. Patients with RNA , LLOQ at baseline and all on-treatment time points
(n = 20) are not shown.
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Notably, HBcrAg undetectability (#2.5 log10 U/mL) at the end of follow-up was not asso-
ciated with the outcome.

DISCUSSION

Circulating HBV RNA is a promising biomarker to study infection state and progres-
sion of HBV infection, being predominantly composed by pgRNA (22) which is a direct
transcription product from cccDNA. Several different in-house procedures for HBV RNA
quantification have been developed (23), however, they are usually characterized by a
low sensitivity that restricts the study to those patients with HBV RNA titers higher
than 100 copies/mL. Here, we used a novel, fully automated, and highly reproducible
real-time HBV RNA RT-PCR quantification method with a low limit of quantification (10
copies/mL), specifically designed for a widely implemented analytical system (Cobas
6800/8800). The use of the Cobas 6800 system allows for the testing of multiple analy-
tes in the same sample on one platform. Assays with increased sensitivity (lower LLOQ)
enhance the ability to identify patients with detectable HBV RNA, which could be
underestimated using other methods. As previously reported, the circulating HBV RNA
measured with this system correlated with intracellular 3.5 kb HBV RNA and with the
3.5 kb RNA/cccDNA ratio, which is an indicator of cccDNA transcriptional activity (24).
HBV RNA might be a useful marker to evaluate cccDNA activity in NA-treated patients
when the measurement of DNA levels is unreliable.

FIG 3 HBsAg titer in patients with undetectable HBcrAg or HBV RNA. The plot shows the HBsAg titer
in those treated patients with undetectable HBcrAg (#2.5 log10 U/mL) or undetectable HBV RNA
(,LOD). Only those samples with both markers analyzed were included. Horizontal bars represent the
median and interquartile range.

TABLE 1 Predictors of HBsAg decrease in treated patientsa

Categorical variables Univariate P value Multivariate P value Odds ratio
Sustained, detectable HBV RNA 0.09
Detectable HBV RNA 0.04 0.03 0.09
Undetectable HBcrAg 1
Undetectable HBV RNA and HBcrAg 0.5
Previous treatment 1

Continuous variables
HBV RNA 0.28
Yrs of treatment 0.05 0.04 1.4

aP values were obtained by applying the Fisher test for categorical and binomial regression for continuous
variables related to the outcome (HBsAg,1000 IU/mL). Only those variables with a P,0.05 were included in
the multivariate logistic regression. P values were corrected by Wald correction. HBcrAg: HBV core-related.
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In the treatment-naive patients studied here, DNA and RNA levels correlated with
each other and were stable over time, maintaining a difference of ;3.6 log10 copies/
mL (;4000-fold). Notably, HBV RNA and DNA assays have important differences,
including amplified target, internal controls, and other procedural details, such that
results may not be directly comparable. Of note, the main goal of this study was to
describe trends over time in the two markers, and we observed that HBV RNA titer was
lower than what has been previously observed. Previous studies have reported HBV
DNA titers between one to 1000-fold higher than RNA (16, 19, 24). There are several
possible explanations for the difference between our results and previous studies (25).
There is some uncertainty about the relationship between DNA measured in IU/mL
and copies/mL. If we measured DNA levels in IU/mL instead of copies/mL, the mean
difference was 2.8 log10. The proportion of arbitrarily assigned values for results that
were , LLOQ could also play a role. For methods with higher LOD and LLOQ, the arbi-
trary values assigned to these samples may be higher. Additionally, different RNA
assays have different target locations and may be calibrated differently.

After the first year of treatment, HBV DNA (reflecting viremia and ongoing replica-
tion) declined dramatically, whereas, in some cases, the HBV RNA decrease was smaller.
This is in accordance with previous studies, where higher circulating HBV RNA concen-
trations (20) and delayed reduction (15) were observed. Notably, some successfully
treated patients had detectable and sustained HBV RNA levels for years, even when
HBV DNA is undetectable. The presence of HBV RNA after prolonged HBV DNA sup-
pression highlights the potential role of interference with cccDNA expression using the
new therapeutic approaches based on gene silencing (26).

A relevant percentage of successfully treated patients with viral suppression on
therapy experience viral relapses after treatment is stopped (27, 28). To better manage
therapy discontinuation, prevent viral relapses, and achieve a functional cure, optimal
viral markers of cccDNA activity are required.

HBcrAg and HBV RNA can be detected even after years of HBV DNA suppression
(29) and undetectable HBcrAg and HBV RNA are negative predictors of viral relapses in
NA-treated patients (18, 20, 29). An end-of-treatment HBsAg level ,100 IU/mL helped
to identify patients with a greater likelihood of HBsAg clearance (30) and limited prob-
ability of viral relapse (21).

The HBsAg titer in samples with undetectable HBcrAg was around four times higher
than in samples with undetectable HBV RNA. The detectable titer of HBV RNA at HBV
DNA undetectability was negatively associated with HBsAg concentration ,100 IU/mL,
whereas no association was observed when considering HBcrAg alone or in combina-
tion with viral RNA undetectability at the end of treatment. Moreover, the presence of
constant levels of HBV RNA even in the presence of viral suppression could be another
negative factor associated with HBsAg decrease, although the relationship was not
statistically significant. Patients with a positive response to interferon-based treatment
were characterized by an early decline of HBV RNA during treatment (31–33). Very low
HBV RNA levels and undetectable HBV DNA could be a predictor of a durable antiviral
response after NA treatment discontinuation (34). Patients with HBsAg titer #1000 IU/
mL and undetectable HBV RNA at the end of treatment had a lower rate of viral relapse
after 2 years off-therapy (35). As previously reported by Carey et al. (29), HBV RNA and
HBcrAg are sensitive biomarkers of continued transcription from cccDNA in HBeAg
negative patients, despite marked HBV DNA suppression by NAs. In the same study,
patients that experienced severe ALT flares after treatment withdrawal had higher HBV
RNA or HBcrAg when therapy was stopped (29).

These conclusions are subject to some limitations. Due to sample volume con-
straints, it was not possible to analyze HBcrAg in all samples in our study, and the num-
ber of patients that presented with constant HBV RNA levels was low. This study was
focused on HBeAg-negative patients, which represent most HBV-infected patients in
Spain and the entire Mediterranean basin. Furthermore, this was a real-life study in
which the number of newly treated patients included was limited by the availability of
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appropriate baseline samples. Further studies with a larger cohort that includes more
HBeAg-positive, naive, and treated patients, as well as patients undergoing treatment
interruption, are required to evaluate the utility of HBV RNA quantification in treated
patients as a predictor of viral relapse.

In summary, we used a new fully automated method for quantification of circulat-
ing HBV RNA that enables its detection with high sensitivity that could be applied in
the general management of HBV infection. We observed that the difference between
HBV DNA and HBV RNA in naive patients was greater than previously reported. In
some NA-treated patients, HBV RNA was still detectable after years of successful treat-
ment, suggesting persistent viral transcription from cccDNA. Of note, HBV RNA unde-
tectability at the time of HBV DNA suppression could be related to a lower HBsAg level
during follow-up, suggesting a reduction of transcription that could help identify those
treated patients that may achieve a sustained viral suppression.

MATERIALS ANDMETHODS
Viral marker quantification. HBsAg and HBeAg were analyzed by chemiluminescence immunoas-

say by Cobas 8000 (Roche Molecular Systems, Pleasanton, CA). HBcrAg was quantified by Lumipulse G
chemiluminescence assay (Fujirebio). HBcrAg titers# 2.5 log10 U/mL were considered undetectable.

HBV DNA was measured with the Cobas HBV test on the Cobas 6800 automated system (Roche). The
lower limit of quantitation (LLOQ) of this test is 10 IU/mL, and the LOD for plasma samples is 6.6 IU/mL
(21). Of note, this assay enables viral DNA quantification without any overestimation due to the presence
of circulating HBV RNA because it lacks a retro-transcription step (36). Samples with detectable DNA
results below the LLOQ were assigned an arbitrary value of 0.5 log10 IU/mL. Those with results below the
LOD were assigned an arbitrary value of 0 log10 IU/mL.

Circulating HBV RNA levels were measured with the Cobas HBV RNA real-time quantitative RT-PCR
assay for use on the Cobas 6800/8800 Systems (Roche) Molecular Systems (36, 37). This assay has an
LLOQ of 10 copies/mL and a linear range of 10 to 109 copies/mL on armored RNA (37). HBV RNA was
considered undetectable when the result was less than 0.5 log10 copies/mL. Samples with detectable
RNA results below the LLOQ were assigned an arbitrary value of 0.5 log10 copies/mL. Those with unde-
tectable results were assigned an arbitrary value of 0 log10 copies/mL.

Comparison of HBV RNA and DNA levels is complicated by the lack of an international standard to
define IU for RNA assays. Moreover, both assays are different in terms of target, internal control, and
sample volume, which further limits the comparison between the markers. However, this study mainly
aimed to analyze the HBV RNA trend over time and its association with HBV DNA. To facilitate this pur-
pose, we converted DNA test results from IU/mL to copies/mL using the conversion factor of 5.82 (38).

Patient characteristics. Patients attending the outpatient clinics of Vall d’Hebron Hospital
(Barcelona, Spain) were informed about the aims of the project and signed an informed consent form.
Plasma samples were collected at various times during follow-up and analyzed for HIV, hepatitis C, and
delta virus coinfection. HBV-monoinfected patients were included in the anonymized data set (see
Tables S1 and S2 for additional details).

A total of 102 HBV DNA and HBsAg positive patients (both markers $ assay LOD) were included in
the study: 50 were untreated, and 52 were treated with NA antiviral therapy. All the naive patients were
HBeAg-negative, whereas five of 52 treated patients were HBeAg-positive at baseline, but rapidly
became HBeAg-negative during the first year of treatment. The duration of follow-up ranged from zero
to 5.5 years for untreated patients, and zero to 9 years for treated patients. Patient samples were
grouped according to time since the first sample (untreated) or treatment initiation (treated) by round-
ing up to the nearest bi-annual (untreated) or annual (treated) time point. Among the treated patients,
45 patients initiated treatment with tenofovir disproxil fumarate (TDF), three with entecavir, one
received a combination of entecavir and TDF, one TDF and emtricitabine, and for two the nucleos(t)ide
analog (NA) used was not specified. Twenty-five of the treated patients were already on treatment at
the time of study enrollment. HBV RNA could not be quantified in pretreatment samples from these
patients because the previously collected samples had not been stored under conditions required for
the preservation of HBV RNA. Two of the 52 treated patients lost detectable HBsAg during follow-up.

Statistical analysis. Means and medians were compared using a Mann-Whitney or Kruskal-Wallis
test, respectively. P values were adjusted by applying the Bonferroni correction for multiple compari-
sons. Correlations were analyzed by the Spearman test. Multivariate analysis to detect possible predic-
tive factors of HBsAg decrease to below 100 IU/mL was performed based on patterns of DNA and RNA
detectability. Patients were categorized as “RNA detectable” if the RNA result was greater than the LOD
at the earliest time point after treatment with undetectable HBV DNA, or as “sustained, detectable HBV
RNA” if HBV RNA decreased by ,0.5 log10 starting from the earliest time point after treatment with
undetectable HBV DNA. Categorical variables were studied using the Fisher Exact test, whereas continu-
ous variables were analyzed by applying a binomial regression. Only those variables with a P , 0.05
were included in the multivariate logistic regression analysis. All statistical analysis was carried out with
R software (version 3.3.3; https://www.r-project.org/).
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