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Abstract

Background: Hepatocytes infected by hepatitis B virus (HBV) produce different HBV RNA species, including pregenomic
RNA (pgRNA), which is reverse transcribed during replication. Particles containing HBV RNA are present in serum
of infected individuals, and quantification of this HBV RNA could be clinically useful.

Methods: In a retrospective study of 95 patients with chronic HBV infection, we characterised HBV RNA in serum
in terms of concentration, particle association and sequence. HBV RNA was detected by real-time PCR at levels
almost as high as HBV DNA.

Results: The HBV RNA was protected from RNase and it was found in particles of similar density as particles containing
HBV DNA after fractionation on a Nycodenz gradient. Sequencing the epsilon region of the RNA did not reveal
mutations that would preclude its binding to the viral polymerase before encapsidation. Specific quantification of
precore RNA and pgRNA by digital PCR showed almost seven times lower ratio of precore RNA/pgRNA in serum
than in liver tissue, which corresponds to poorer encapsidation of this RNA as compared with pgRNA. The serum
ratio between HBV DNA and HBV RNA was higher in genotype D as compared with other genotypes.

Conclusions: The results suggest that HBV RNA in serum is present in viral particles with failing reverse transcription
activity, which are produced at almost as high rates as viral particles containing DNA. The results encourage further
studies of the mechanisms by which these particles are produced, the impact of genotype, and the potential clinical
utility of quantifying HBV RNA in serum.

Background
Chronic infection with hepatitis B virus (HBV) may in-
duce inflammation and lead to liver cirrhosis and hepa-
tocellular carcinoma (HCC) [1]. The risk of developing
these complications is greater if a high degree of viral
replication persists beyond the age of 30–40 years. Ac-
cordingly, quantification of HBV DNA in serum is the
main marker for predicting the risk of cirrhosis and
HCC [2], and HBV DNA levels are also measured to
monitor the response to antiviral treatment [1]. During
nucleoside analogue treatment, HBV DNA usually soon
declines to low or undetectable levels in serum. After
that, quantification of HBV DNA gives no indication of

whether the treatment reduces the number of infected
hepatocytes or number of covalently closed circular
(cccDNA) copies in these cells, and therefore quantifica-
tion of hepatitis B surface antigen (HBsAg) [3–5] and re-
cently HBV RNA [6, 7] have emerged as adjunctive
markers for on-going HBV replication.
The cccDNA episome of HBV in the nucleus of in-

fected hepatocytes is transcribed to several mRNAs dur-
ing the viral replication. One of these transcripts, the
pregenomic RNA (pgRNA), is reverse transcribed to
HBV DNA by the viral polymerase during the formation
of new viral capsids in the cytoplasm of the hepatocytes
before release of the enveloped virions, but HBV RNA
containing particles can also be detected in serum [8]. A
potential diagnostic value of quantifying HBV RNA in
serum was suggested in a few studies from Japan 10 years
ago [9], but was not established in clinical diagnostics. A
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clinical interest for this analysis has been revived by two
recent studies, which proposed HBV RNA quantification
as a complement to HBV DNA to monitor therapeutic
effects [6, 7]. Because nucleoside analogues act on re-
verse transcription, the HBV RNA levels should not be
directly influenced by the drug, but a decline of HBV
RNA should rather represent indirect effect of treat-
ment, including effects on the amount of cccDNA or the
rate of transcription. The results from the mentioned
studies reported that HBV RNA in serum was contained
in virus-like particles, that serum levels of HBV RNA
and HBV DNA correlated, and that levels of HBV RNA
declined less than HBV DNA during antiviral treatment,
but significantly more than HBsAg levels.
In the present study we compared HBV RNA and

DNA levels in 95 patients with chronic HBV infection,
and performed targeted analyses to further characterise
the HBV RNA.

Methods
Patients and samples
This is a retrospective analysis of stored samples from a pre-
vious study [10], which included 160 patients with chronic
HBV infection. The present study includes 95 patients
(32 HBeAg-positive, 63 HBeAg-negative) from whom stored
samples were available and whose HBV strains in previous
testing have been classified as genotype A, B, C or D.

Extraction of HBV nucleic acids from serum
Nucleic acids were extracted in a MagNA Pure LC in-
strument (Roche Applied Science) using the Total NA
protocol and 200 μL of serum as input volume and
100 μL elusion volume.

Quantification of HBV DNA and HBV RNA in serum
A real-time PCR assay targeting a conserved segment of
the core region was used to quantify HBV DNA and HBV
RNA in parallel. Amplifications were performed in an ABI
Quantstudio 6 instrument, using forward primer,
GGTCCCCTAGAAGAAGAACTCCCT (nt 2367–2390),
reverse primer, CATTGAGATTCCCGAGATTGAGAT
(nt 2454–2431), and probe, TCTCAATCGCCGCGTCG-
CAGA (nt 2408–2428). DNA and RNA amplification was
carried out in 25 μL reaction mixtures containing 12.5 μL
TaqMan Universal PCR master mix (Applied Biosystems,
CA, USA) for DNA and 12.5 μL SuperScript III Platinum
One-Step qRT PCR kit with ROX (Invitrogen) for RNA, 0.
2 μM of each primer and probe, and 5 μL of extracted nu-
cleic acids. Initial UNG and RT (48°C, 30 min) and de-
naturation steps (95°C, 10 min) were followed by 45 cycles
of amplification (95°C, 15 s; 58°C, 1 min). All measure-
ments were carried out in duplicates.
Quantification of HBV RNA was preceded by a

TURBO DNase (Thermo Fisher Scientific) incubation step

according to the instructions from the manufacturer). In
parallel with the one-step RT-PCR, the DNase treated sam-
ples were also run in the real-time PCR with a DNA master
mix (without reverse transcriptase and without an RT step)
to confirm that DNA degradation had been effective and
that the RT-PCR did not amplify undigested HBV DNA.

Characterisation of HBV RNA particles by RNase
treatment and fractionation
In order to study if HBV RNA was encapsidated, one
serum sample with a high HBV RNA level was reana-
lysed with or without an RNase incubation step prior to
MagNA Pure extraction. To characterise the particles
that contained HBV RNA we centrifuged serum in order
to identify the type of particles that contained HBV
RNA. First, 1.5 mL of each of six concentrations of
Nycodenz (50, 42, 33, 25, 16 and 8 wt%) in Williams
medium was added to two thinwall Ultra-Clear 17 mL
ultracentrifuge tubes (Beckman Coulter), with care not
to disturb interfaces. Then, two tubes each with 2.5 mL
HBsAg-positive serum mixed with 3.5 mL medium was
prepared, and 30 μL Tween-80 was added to one of the
tubes followed by mixing and 45 min incubation at RT.
Thereafter, each mixture was added on the top of one
gradient and covered with ~ 500 μl mineral oil, followed
by centrifugation at 28,000 rpm in 10 °C for 8.5 h, using
a SW28 rotor (Beckman Coulter). Mineral oil was re-
moved thoroughly and 27 fractions were drawn from the
top of the gradient (500 μl for the first 1–4 fractions and
then 300 μl for the rest), and were kept at 4 °C on ice.
Nucleic acid extraction was carried out as described
above after dilution of 20 μL of each fraction with
180 μL dH2O. Then, 5 μL of extracted material were ana-
lysed by real-time PCR of HBV RNA and HBV DNA as
described above.

Reverse transcriptase PCR using a polyA-targeting reverse
primer
In order to study the size and polyadenylation of HBV
RNA in serum, samples from four HBeAg-positive pa-
tients were analysed by PCR analysis of cDNA that was
created using a primer that binds to polyA sequences.
The amplifications were designed to visualise full-length
HBV RNA and the 3′ part of the HBV RNA, or to quan-
tify two target regions (core and X) of the genome, as
described in detail in the Additional file 1.

Sequencing of amplicons of cDNA from 5′ and 3′ epsilon
regions of HBV RNA
Observations in the present study and previously by
others indicate that HBV RNA is present in virus like
particles, and thus should have a functional encapsida-
tion signal. There might still be mutations, that change
the structure of the loop in epsilon segment where
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polymerase initiates reverse transcription. Therefore, we
sequenced amplicons from a reverse transcription (RT)
PCR comprising an RT step using a reverse primer
(TTTTTTTTTTTTTTTTTGWAGCTC) that binds to
the 3′ terminal poly-A tail, followed by PCR specific for
the 5′ part of full-length RNA using primers 1819F
(ACTTTTTCACCTCTGCCTAATCATC) and 1966R
(TCAGAAGGCAAAAACGAGAGTAACT), and for the
3′ part using primers 1603F (GTTGCATGGAGAC-
CACCGTGAAC) and 1882R (GCACAGCTTGGAGG
CTTGA). The obtained amplicons were subjected to
Sanger sequencing including cycle sequencing reaction
using the same primers as in the PCR and automated
reading of chain terminated fragments in an ABI 3130
XL Genetic Analyzer.

Extraction of HBV nucleic acids from liver tissue
These procedures were performed as described previ-
ously [11]. Briefly, liver tissue pieces (≈ 5 mg), which
had been stored in – 70 °C, were homogenized in a
MagNA Lyser instrument (Roche Diagnostics). Nucleic
acids were extracted in the MagNA Pure (Roche) instru-
ment according to the manufacturer’s protocol.

Digital PCR quantification of precore and pregenomic
RNA
In order to study if the HBV RNA in serum was prege-
nomic RNA (as would be expected) or to some extent
also precore RNA (which includes an additional ≈ 25 nt
in the 5′ end) we quantified HBV RNA with PCR spe-
cific for either precore RNA or pregenomic and precore
RNA by means of different forward primers targeting
the 5′ end (HBV1803F, GCACCAGCACCATG-
CAACTT for precore, and HBV1825F, TCACCTCT
GCCTAATCATCTCTTG, for pregenomic RNA. Dis-
crimination of these RNA species was previously re-
ported by Laras et al. using conventional PCR and
quantitative estimates from gel electrophoresis [12]. We
instead applied digital PCR, using HBV1966R as reverse
primer and HBV1862–1886 as probe with a FAM fluor-
ophore. The digital PCR technique has two advantages:
It provides absolute copy numbers and is less sensitive
to differences in PCR efficiency which might influence
comparison based on so-called Ct (threshold cycle)
values from real-time PCR.
These analyses provided one count for precore RNA

and one for precore RNA + pgRNA; pgRNA was then
calculated by subtraction (precore RNA+pgRNA) – pre-
core RNA.

Statistics
The correlations between HBV RNA in serum and HBV
DNA in serum, as well as pgRNA in liver tissue were
analysed by Spearman’s rho and by regression analysis.

Genotype impact was analysed by comparing the HBV
RNA/HBV DNA ratio between genotypes using
Kruskall-Wallis (all genotypes) or Mann-Whitney U
(genotype D vs. non-D) tests.

Results
General
As shown in Table 1 the study includes both HBeAg-
positive and HBeAg-negative patients, with high and low
HBV DNA levels, moderate to minimal inflammation
and viral genotypes A-D.

HBV RNA in serum correlated with HBV DNA in serum
and pgRNA in the liver
As shown in Fig. 1a, serum levels of HBV DNA and
HBV RNA correlated with a Spearman’s rho of 0.93 and
an overall R2 of 0.83, and with a similar slope for HBeAg
positive (0.77) and negative (0.81) samples. In addition,
the HBV RNA levels correlated with pgRNA in liver
tissue, but with weaker correlations for HBeAg negative
patients (Fig. 1b).

HBV RNA in serum was present in particles with similar
properties as HBV virions
In order to see if HBV RNA in serum was present within
particles, amplification was performed with RNase diges-
tion applied either directly to serum or after nucleic acid
extraction in the MagNA Pure instrument (i.e. after lysis
of viral envelopes and capsids). RNase treatment applied
prior to nucleic acid extraction had no significant impact
(the Ct value increased by 0.3 cycles), whereas RNase
treatment after nucleic acid extraction removed almost
all HBV RNA. These results suggest that there was es-
sentially no free circulating HBV RNA in serum. A rep-
resentative example of the effect of DNase and RNase
treatment is shown in Table 2. The Ct value increased
by 12 cycles indicating that the DNase and RNase de-
graded more than 99.9% of the HBV DNA and HBV
RNA, respectively. This example, from an HBeAg-
positive patient, also shows that the levels of HBV DNA
and HBV RNA may be of the same magnitude.
To further characterize the HBV RNA particles, a

serum sample was fractionated on a Nycodenz gradient
and analysed for viral DNA, RNA and HBsAg. As shown
in Fig. 2, the fractions showed that HBsAg and viral
DNA/RNA were well separated demonstrating that the
gradient had enough resolution to separate viral particles
from subviral particles in analogy with previous reports
[13, 14]. The distribution of viral RNA in the fractions
was almost identical to that of viral DNA (Fig. 2a), sug-
gesting that the two different types of nucleic acids were
indeed found in particles with similar densities. To verify
that the DNA and RNA peaks corresponded to envel-
oped viral particles the serum sample was treated with
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detergent before centrifugation on the Nycodenz gradi-
ent. The detergent treatment led to a broadening of both
the DNA and RNA peak towards higher Nycodenz con-
centration (Fig. 2b), probably reflecting the emergence
of non-enveloped virus particles. In summary, the RNase
and gradient experiments suggest that the viral RNA is
associated with enveloped virus particles that are similar
to the particles containing viral DNA.

The HBV RNA was polyadenylated and of genomic length
After reverse transcription using a primer that targets
polyA, different PCR strategies were applied. Primers de-
signed to amplify the whole genome produced ampli-
cons of the expected size (≈3100 bp), as shown in
Additional file 1: Figure S1A-B. Amplification of the 3′
part of the HBV RNA showed weaker bands for the
product that would be expected if the RNA was polyade-
nylated at nt 1807 (truncated form) rather than at nt
1933 (full-length form), as shown in Additional file 1:
Figure S2. Real-time PCR of the cDNA using primers
that target core and X regions showed similar levels of
the two templates (Additional file 1: Figure S3).

The lack of reverse transcription of HBV RNA was not
explained by mutations in the 5′ epsilon sequence
The demonstration that HBV RNA was found in
particles resembling infectious virus particles suggests
that pgRNA was encapsidated, but not reverse

Table 1 Clinical and virological information for the 95 patients with chronic HBV infection

HBeAg+
(n = 32)

HBeAg–
(n = 63)

Age (years, median, IQR) 27 (24–31) 34 (30–43)

Sex (M/F) 22/10 37/26

Genotypes (A/B/C/D) 4/7/9/12 13/9/3/38

HBV DNA (log copies/mL, median, IQR) 8.63 (7.73–9.42) 4.60 (3.94–5.79)

HBsAg (log IU/mL, median, IQR) 4.72 (4.14–5.24) 3.70 (3.14–4.05)

ALT/ULN (mean, SE) 1.47 (0.93–2.89) 0.84 (0.60–1.51)

IQR interquartile range, SE standard error

Fig. 1 The HBV RNA level in serum correlated with HBV DNA in serum
(a, n= 95), and with pgRNA (b, n= 65) in the liver. Filled circles, HBeAg+,
unfilled circles HBeAg–

Table 2 Cycle threshold (Ct) values obtained for one HBeAg-
positive sample treated (or not treated) with DNase or RNase
after nucleic acid extraction

DNA amplification
(PCR with DNA
master mix and
no RT step)
Ct value

RNA amplification
(RT-PCR with RNA
master mix (incl
reverse transcriptase
and an initial RT step)
Ct value

No enzymatic pretreatment 18.49 17.63

DNase 30.76 19.26

RNase 18.98 18.52

DNase and RNase 33.56 30.85
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transcribed. To investigate whether mutations that
could be expected to affect reverse transcription were
present in the epsilon (ε) sequence, the 5′ end of
HBV RNA from three samples, representing geno-
types B-D, was sequenced. No mutations predicted to
influence the structure of the epsilon loop or priming
of polymerase were observed (Fig. 3). The identifica-
tion of the 5′ part of HBV RNA after reverse tran-
scription with a reverse primer specific for the poly-A
tail, indicates that the particle associated HBV RNA
in serum represents the whole HBV genome.

Nucleotide analogue treatment had little effect on the
HBV RNA level
To further confim that the detection of HBV RNA was not
due to unspecific amplification of HBV DNA we analysed a
serum sample taken before and two months after the initi-
ation of tenofovir therapy. During this time, the serum levels
of HBV DNA declined from 6.98 to 4.23 log10 units, whereas
HBV RNA levels declined from 5.12 to 4.66 log10 units.

The ratio between HBV RNA and HBV DNA was
genotype-related
The ratio between HBV DNA and HBV RNA levels in
serum was significantly associated with HBV genotype

(p = 0.0009 by Kruskal-Wallis test). As shown in Fig.
4, a higher DNA/RNA ratio was observed in genotype
D as compared with the other genotypes (median 2.
10 vs. 0.45; p = 0.0001 by Mann-Whitney U test). The
higher DNA/RNA ratio in genotype D was present in
both HBeAg-positive (p = 0.01) and HBeAg-negative
patients (p = 0.0007).

Precore HBV RNA was present in serum
In order to explore if the full-length HBV RNA in serum
was pregenomic RNA (pgRNA) only, or if also precore
RNA was present, we used two digital PCR assays, which
discriminate between the two transcripts. These assays
were applied on both serum and liver tissue samples
from 5 patients. As shown in Fig. 5, the concentration of
pgRNA in liver tissue was 30 times higher (1.5 log10
units) than of precore RNA. In serum, the levels of
pgRNA were 200 times higher (2.3 log10 units) than pre-
core RNA levels. The higher ratio in serum than in liver
tissue corresponds with 6.6 times more efficient encapsi-
dation of pgRNA than precore RNA.

Discussion
In this study, we have analysed HBV RNA in serum
from patients with chronic infection with the virus. A
strong correlation between viral RNA and DNA was
identified, and their relation was influenced by HBV
genotype. Gradient fractionation and RNase treatment
suggested that HBV RNA in serum was present in parti-
cles that resemble infectious particles carrying viral
DNA. Sequencing of the 5′ epsilon part of the RNA did
not reveal any mutations that would explain the lack of
reverse transcription. Not only pgRNA, but also precore
RNA was identified in the serum samples.
The serum levels of HBV RNA in our study were al-

most as high as HBV DNA levels. In previous studies
the RNA levels have been between 0.8 and 2.8 logs lower
than the DNA levels [6, 7, 15]. We believe that the
quantitative relation between HBV RNA and HBV DNA
observed in our study is accurate because we used the
same extracted nucleic acid specimen for both analyses,
which were performed in parallel using the same
primers and probes for DNA and RNA. To ensure that
the RNA assay did not amplify DNA we pre-treated the
extracted nucleic acids with DNase and ran PCR assay in
parallel without the reverse transcriptase enzyme. By
doing so, we verified that the high HBV RNA levels were
not due to amplification of HBV DNA (the DNase had
> 99% efficiency). The strategy to use the same primers
and probes and to run DNA and RNA amplifications in
parallel probably contributed to the strong correlation
between HBV DNA and HBV RNA levels with R2 of 0.
82. This correlation was stronger than between HBV
RNA in liver tissue and serum, suggesting that the

Fig. 2 HBV RNA in serum was present in particles with similar properties
as HBV virions. a) Quantification of HBV DNA, HBV RNA and HBsAg in
Nycodenz gradient fractions from HBV positive serum. b) A parallel
experiment in which the serum was treated with the detergent
Tween-80 before fractionation
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secretion of viral particles containing HBV RNA into the
blood is strongly linked to that of mature viral particles,
and less representative of intracellular HBV RNA levels.
The experiments with RNase treatment and gradient

centrifugation showed that HBV RNA was contained
in particles with similar properties like that of infec-
tious HBV particles, findings that support and extend
previous observations in patients and in vitro. Like
Jansen et al. [7], we found that RNase treatment be-
fore nucleic acid extraction did not affect the RNA
levels detected. Wang et al. recently used sucrose gra-
dient fractionation to show that HepAD38 cells
treated with the nucleoside analogue entecavir secrete
HBV RNA in particles with similar density as HBV
virions [15]. Our results extend those observations by
showing that HBV RNA particles with a similar dens-
ity as HBV DNA particles were observed also in

serum of infected individuals and also in the absence
of treatment with nucleotide analogues.
The finding that HBV RNA was packed in capsids

suggested that the epsilon (ε) sequence of pgRNA is
functional, because this sequence is critical for encapsi-
dation. There might still be mutations in the short loop
that carries a signal to the polymerase to initiate reverse
transcription [16]. In order to check this, we sequenced
the 5′ epsilon part of HBV RNA from 3 patient serum
samples (1 for each of HBV genotypes B, C and D) after
creating cDNA with a reverse primer that targets poly-A

Fig. 3 Sequences of the core promoter and precore regions of HBV identified in serum from three patients. The sequences were obtained by
Sanger sequencing of products from separate amplification of DNA and RNA. The RNA sequences represent a merge of data from the 5′ end
(amplified by primers 1819F and 1966R) and the 3′ end (amplified by primers 1603F and 1882R) of pgRNA. The DNA sequences were obtained
from PCR using primers 1603F and 2058R. ORF, open reading frame. The priming (1863–1866 in the 5′ loop) and primer recipient sites (nt 1824–1827
in the 3′ loop) are boxed

Fig. 4 The ratio between HBV DNA and HBV RNA levels in serum
was significantly higher in patients infected with HBV genotype D
(n = 51) as compared with non-D genotypes (n = 44; p = 0.0001)

Fig. 5 Levels of precore RNA and pgRNA in liver tissue (a) and
serum (b) as measured by digital PCR. The level of pgRNA was on
average 30 times higher (1.5 log10 units) than precore RNA in liver
tissue, as compared with 200 times higher (2.3 log10 units) in serum,
indicating that precore RNA is encapsidated and secreted to serum
6.6 times less effectively than pgRNA
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in the 3′ end. The results indicated that the HBV RNA
in these particles was full-length pgRNA, and the finding
that cDNA could be synthesised by using a primer tar-
geting poly-A indicates that RNA not at all had been
digested by RNase H activity of the polymerase. No mu-
tation was found in epsilon that would explain the lack
of polymerase activity in these defective viral particles.
Amplifications after reverse transcription with a primer
that binds to polyA confirmed that the RNA was of gen-
ome length and that a truncated form with an alternative
polyadenylation site constituted a minor fraction of the
RNA. Real-time PCR quantification of the core and X
regions showed similar concentration of the two tem-
plates, which further supported that the RNA was of
genomic length.
The high levels of HBV RNA in serum seem to reflect

that reverse transcription often fails, resulting in the se-
cretion of RNA containing viral particles. Our findings
indicate that this failure rate might be influenced by
HBV genotype. The ratio between HBV DNA and HBV
RNA was higher in genotype D suggesting that genotype
D viruses might have a more effective reverse transcrip-
tion. Reverse transcription of HBV RNA to DNA com-
prises a priming at a bulge of the 5′ epsilon loop [16],
followed by translocation of the primed DNA to a re-
ceptor sequence located in the 3′ part of pgRNA,
which has a complex secondary structure [17]. Se-
quence differences in this secondary structure might
influence the efficiency of the primer translocation in
a manner that results in genotype related differences
in the DNA/RNA ratio.
After identifying that the HBV RNA in serum was

likely of full length, we used digital PCR to analyse the
quantitative relationship between the two full-length
RNA species, precore RNA and pgRNA. This was
achieved by using two different forward primers, one
specific for precore RNA and one targeting both precore
and pregenomic RNA, as previously shown by Laras
et al. [12]. By using digital PCR for this analysis rather
than real-time PCR we reduced the risk of bias from dif-
ferences in amplification efficiency that might be caused
by using different forward primers. By analysing both
liver tissue and serum from the same patients we could
also study if a difference of the proportions of these
HBV RNA species in serum was due to selective encap-
sidation of either of them. In serum the concentration of
pgRNA was approximately 300 times higher than pre-
core RNA, which is consistent with a previous report
that concluded that precore RNA represented less than
1% of the total pgRNA and precore RNA in serum [7].
This mainly seems to be the result of relatively less tran-
scription of precore RNA, because in liver tissue the
concentration of pgRNA was approximately 30 times
higher than precore RNA. Comparison of serum and

liver tissue ratios suggests that encapsidation and
secretion of precore RNA indeed occurs, although this
process appears to be almost seven times less efficient
than for pgRNA.

Conclusions
In summary, we detected high levels of HBV RNA in
serum from patients with chronic HBV infection. These
levels seem to reflect production of high amounts of de-
fective viral particles containing full-length pgRNA that
of some reason are not reverse transcribed into DNA.
Additional studies are required to clarify if this is due to
the absence of polymerase in these particles or has other
explanations.

Additional file

Additional file 1: Figures S1-S3. In order to study the size and
polyadenylation of HBV RNA in serum, samples from four HBeAg-positive
patients was analysed by different PCR strategies. (DOCX 1019 kb)

Abbreviations
HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus;
HCC: Hepatocellular carcinoma; pgRNA: pregenomic RNA

Funding
This work was supported by the Swedish Cancer Foundation (grant CAN
2013/624), and by governmental funds to the Sahlgrenska University
Hospital [ALFGBG-146611].

Availability of data and materials
The datasets generated and analysed during this study are not publically
available, but anonymised data are available from the corresponding author
on reasonable request.

Authors contributions
Study concept and design: ML. Establishment of assays: KP, GER, MA, SBL.
Analysis and interpretation: ML, KP, GER, SBL, GN, HN. Drafting the manuscript:
ML, KP. Critical revision: HN, GER, SBL, MA. All authors read and approved the
final manuscript.

Ethics approval and consent to participate
The studies were conducted in accordance with the Declaration of Helsinki
and approved by the Regional Ethical Review Board in Gothenburg, Sweden.
An informed consent was obtained from each patient.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Received: 13 January 2018 Accepted: 1 May 2018

References
1. Lampertico P, Agarwal K, Berg T, Buti M, HLA J, Papatheodoridis G, et al.

EASL 2017 Clinical Practice Guidelines on the management of hepatitis B
virus infection. J Hepatol. 2017;67:370–98.

2. Chen C-J, Yang H-I, Su J, Jen C-L, You S-L, Lu S-N, et al. Risk of
hepatocellular carcinoma across a biological gradient of serum hepatitis B
virus DNA level. JAMA. 2006;295:65–73.

Prakash et al. Virology Journal  (2018) 15:86 Page 7 of 8

https://doi.org/10.1186/s12985-018-0994-7


3. Larsson SB, Eilard A, Malmström S, Hannoun C, Dhillon AP, Norkrans G, et al.
HBsAg quantification for identification of liver disease in chronic hepatitis B
virus carriers. Liver Int. 2014;34:e238–45.

4. Thompson AJV, Nguyen T, Iser D, Ayres A, Jackson K, Littlejohn M, et al.
Serum hepatitis B surface antigen and hepatitis B e antigen titers: disease
phase influences correlation with viral load and intrahepatic hepatitis B virus
markers. Hepatology. 2010;51:1933–44.

5. Cornberg M, Wong VW-S, Locarnini S, Brunetto M, Janssen HLA, Chan HL-Y.
The role of quantitative hepatitis B surface antigen revisited. J Hepatol.
2017;66:398–411.

6. van Bömmel F, Bartens A, Mysickova A, Hofmann J, Krüger DH, Berg T, et al.
Serum hepatitis B virus RNA levels as an early predictor of hepatitis B
envelope antigen seroconversion during treatment with polymerase
inhibitors. Hepatology. 2015;61:66–76.

7. Jansen L, Kootstra NA, van Dort KA, Takkenberg RB, Reesink HW, Zaaijer HL.
Hepatitis B virus Pregenomic RNA is present in Virions in plasma and is
associated with a response to Pegylated interferon alfa-2a and Nucleos(t)ide
analogues. J Infect Dis. 2015;213:224–32.

8. Breitkreutz R, Zhang W, Lee M, Hoffmann A, Tokus M, Su Q, et al. Hepatitis B
virus nucleic acids circulating in the blood: distinct patterns in HBs carriers
with hepatocellular carcinoma. Ann N Y Acad Sci. 2001;945:195–206.

9. Rokuhara A, Matsumoto A, Tanaka E, Umemura T, Yoshizawa K, Kimura T,
et al. Hepatitis B virus RNA is measurable in serum and can be a new
marker for monitoring lamivudine therapy. J Gastroenterol Springer-Verlag.
2006;41:785–90.

10. Lindh M, Horal P, Dhillon AP, Norkrans G. Hepatitis B virus DNA levels,
precore mutations, genotypes and histological activity in chronic hepatitis
B. J Viral Hepat. 2000;7:258–67.

11. Malmström S, Larsson SB, Hannoun C, Lindh M. Hepatitis B Viral DNA
Decline at Loss of HBeAg Is Mainly Explained by Reduced cccDNA Load –
Down-Regulated Transcription of PgRNA Has Limited Impact. Ryu W-S,
editor. PLoS ONE. 2012;7:e36349.

12. Laras A, Koskinas J, Hadziyannis SJ. In vivo suppression of Precore mRNA
synthesis is associated with mutations in the hepatitis B virus Core
promoter. Virology. 2002;295:86–96.

13. Désiré N, Ngo Y, Franetich JF, Dembele L, Mazier D, Vaillant JC, et al. Definition
of an HBsAg to DNA international unit conversion factor by enrichment of
circulating hepatitis B virus forms. J Viral Hepat. 2015;22:718–26.

14. Rydell GE, Prakash K, Norder H, Lindh M. Hepatitis B surface antigen on
subviral particles reduces the neutralizing effect of anti-HBs antibodies on
hepatitis B viral particles in vitro. Virology. 2017;509:67–70

15. Wang J, Shen T, Huang X, Kumar GR, Chen X, Zeng Z, et al. Serum hepatitis
B virus RNA is encapsidated pregenome RNA that may be associated with
persistence of viral infection and rebound. J Hepatol. 2016;65:700–10.

16. Beck J. Hepatitis B virus replication. WJG 2007;13:48.
17. Kidd AH, Kidd-Ljunggren K. A revised secondary structure model for the 3’-end

of hepatitis B virus pregenomic RNA. Nucleic Acids Res. 1996;24:3295–301.

Prakash et al. Virology Journal  (2018) 15:86 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients and samples
	Extraction of HBV nucleic acids from serum
	Quantification of HBV DNA and HBV RNA in serum
	Characterisation of HBV RNA particles by RNase treatment and fractionation
	Reverse transcriptase PCR using a polyA-targeting reverse primer
	Sequencing of amplicons of cDNA from 5′ and 3′ epsilon regions of HBV RNA
	Extraction of HBV nucleic acids from liver tissue
	Digital PCR quantification of precore and pregenomic RNA
	Statistics

	Results
	General
	HBV RNA in serum correlated with HBV DNA in serum and pgRNA in the liver
	HBV RNA in serum was present in particles with similar properties as HBV virions
	The HBV RNA was polyadenylated and of genomic length
	The lack of reverse transcription of HBV RNA was not explained by mutations in the 5′ epsilon sequence
	Nucleotide analogue treatment had little effect on the HBV RNA level
	The ratio between HBV RNA and HBV DNA was genotype-related
	Precore HBV RNA was present in serum

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Funding
	Availability of data and materials
	Authors contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	References

