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COMMENTARY
Chronic hepatitis B virus infection is a major cause of liver-related morbidity and mortality
worldwide. With more than 248 million infected persons, HBV is one of the most common
infections on the planet, eclipsing diseases such as HIV and HCV infection.1 The disease
leads to development of cirrhosis and predisposes infected people to hepatocellular
carcinoma. The natural history of the virus is quite complex and variable, and these features,
along with the long timeline between infection and the appearance of symptoms, has made
diagnostic classification quite challenging to health care providers. Knowledge of the stage
of disease has significant implications for deciding individual treatments, screening and
surveillance for HCC, and assessing risk for viral reactivation in those who have achieved
either nonreplicative status or functional cure.2
When a patient presents with serologic and virologic markers of HBV infection, the clinician
must either determine the stage of the disease from existing data or obtain tests that will help
determine it. Depending on the stage, this may require a single visit or a series of visits to
determine the true natural history of the process in each person. Following acute infection,
the majority of patients will pass through a series of events that may lead to clearance of
hepatitis B surface antigen from the serum.
First, anti-core IgM antibodies appear and signal the beginning of an immune response. This
is accompanied by elevated serum ALT levels as virus is cleared by an immunologically
mediated death of hepatocytes. Hepatitis B anti-surface antibody, which is initially not
detectable, becomes detectable when it is quantitatively greater than the HBV surface
antigen that it is binding. The “window period” is defined as the segment of time (lasting days
to weeks) that antigen:antibody binding are in equilibrium and neither is detectable by the
typical serological assays used in commercial laboratories. In this period, only HBV anti-core
IgM is detected. Eventually, excess HB anti-surface antibody appears. HBV DNA, which is
initially high in serum, begins to drop as hepatocytes that replicate HBV are cleared, and
new hepatocyte infections are prevented by the presence of high titers of circulating HBV
anti-surface antibody. Finally, replication ends, surface antigen is absent, and the serum
demonstrates both HBV anti-surface antibody and anti-core antibody, which change from
IgM positive to IgG positive. This patient has functional cure, as inactive covalently closed
DNA (cccDNA) may be present in some hepatocytes for years to come.3 In other patients,
complete viral nucleic acid clearance may occur. Over time, one or more serum antibodies
(anti-surface and/or anti-core) may decline and become unmeasurable.
In neonates and young children, as well as in immunosuppressed hosts (eg HIV-infected),
acute HBV infection may lead to a chronic disease state.4 These patients have persistent
HBsAg in serum and detectable HBV DNA. Anti-core IgG may be present, but anti-surface is
not. In most patients, and particularly those infected at or near birth, an immune-tolerant
phase characterized by high HBV DNA and low or normal serum ALT level is common. This
may be related to the failure of the immune system to recognize the invading virus, probably
due to the delay in thymic maturation early in life, which leads the host to incorrectly identify
HBV as “self.” Since HBV injury is immunologically mediated, a failed immune response
leads to productive infection without injury.5 At some point, patients shift from this state to
either a replicative and immunologically active state (high DNA, elevated ALT). The timing of
this is variable and unpredictable. Furthermore, some patients will remain in this state for
years, while others will move quickly, without intervention, to a nonreplicative chronic state
(low DNA, low ALT). A few patients will move further to functional cure or even true cure, but
this is both unpredictable and hard to prognosticate. This is why new tools, like quantitative
hepatitis B surface antigen levels, could be useful in determining who needs treatment and
who is responding to treatment that may lead to functional or true cure.
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Patients who achieve functional cure are capable of returning to any prior stage of disease,
depending upon the level of immunosuppression.6 Recent data suggest that use of
rituximab in cancer chemotherapy regimens is particularly likely to provoke this response.7
Steroids, HIV-associated immunosuppression, and other disease states can also lead to
sero-reversion and disease recrudescence.8 For this reason, we need better markers of
cccDNA that might identify those in functional cure vs those with true HBV viral cure,
particularly if those assays can use serum rather than liver tissue.9-12 Unfortunately, current
technologies are not sufficient to allow routine testing of cccDNA.
After we have those markers, we will need new treatment interventions that would facilitate
increased frequency of HBV cure. There is, therefore, particular interest in agents that can
block different elements of the HBV life cycle.13 In the end, however, the removal of cccDNA
remains a blockade to final cure. New CRISPR/cas9 technologies hold the promise of
cccDNA clearance, but the safe implementation of this and related technologies is still years
away.
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Hepatitis B continues to remain a disease with significant morbidity and mortality at a global
1

level, being more prevalent in certain parts of Asia and Africa. Worldwide, over 240 million
people are infected with hepatitis B, and 780,000 die from it annually. Patients with this
infection are at risk for cirrhosis (with all its sequelae), hepatocellular carcinoma, and

death.2

The diagnosis of hepatitis B includes testing for hepatitis B surface antigen (HBsAg) as well
as other serologies. The quantification of HBsAg has recently been shown to have a
correlation with the different stages of the hepatitis B infection.3 Quantification of HBsAg in
pregnancy has been shown to be able to predict the viral load in hepatitis B e antigen
(HBeAg)-positive women.4 HBsAg quantification has also been shown to predict the viral
response in HBeAg- positive patients who are taken off entecavir according to the APASLrecommended stopping guidelines rules.5
In this 2014 study, the authors were aiming to see if there was a correlation between the
changes in the HBsAg and the MELD score after initiation of lamivudine, and the overall
prognosis in chronic hepatitis B patients with acute-on-chronic liver disease. The study is
retrospective in design. Fifty-seven treatment naïve, HBsAg-positive and HBeAg-negative
patients were included in the study and were started on lamivudine. Patients who were coinfected with other viruses, as well as treatment-experienced patients or those with
decompensated liver disease or with other concurrent liver diseases or hepatocellular
carcinoma, were excluded.
Participants were followed for three months or until death (if they died within the three month
period). HBsAg was measured along with the standard MELD score at the time of enrollment
as well as at the end of the follow-up period. In the patients who survived, for those on
treatment, the MELD and total bilirubin decreased over the course of the follow up,
compared to the patients who died, in whom these parameters increased (P < .05). HBV
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DNA decreased in both groups. HBsAg did not drop with treatment and was higher in the
survival group, compared to the deceased group both at baseline and at the end of the
follow-up period. The authors concluded that the patients with higher pretreatment HBsAg
and early drop in MELD score with treatment had a lower three-month mortality.
The relationship of HBsAg quantification to the survival group vs the death group as
described in this trial is interesting, as the survival group was noted to have higher HBsAg
levels. Recently, Goyal et al have demonstrated an inverse relationship between the HBsAg
level and degree of fibrosis in patients with HBeAg.6 On the other hand, multiple studies
have suggested that HBsAg decline is seen with hepatitis B treatment with interferon and
can be used to assess response to treatment and even make decisions about stopping
therapy at the 12-week mark.
More information is needed to verify the predictive value of this test in various phases of
chronic hepatitis B and to better understand the dynamics of the HBsAg in response to
treatment with interferon as well as oral NA agents. Going forward, studies should
concentrate on evaluation of agents with greater efficacy in terms of viral clearance than
lamivudine, including tenofovir, entecavir, and perhaps newer agents like tenofovir
alafenamide (TAF). Overall, quantifying the HBsAg appears to be a promising marker and in
the future may become a part of the standard of care in managing and following patients with
chronic hepatitis B. At this time, however, FDA approved assays for HBsAg are not available
in the US.
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The disease course of hepatitis B is divided into phases based on the immune response to
the infection.1 These include the immune-tolerant phase, immune-clearance phase,
immune-reactive phase, low-replicative phase, and the reactivation phase.2 Other phase
characterizations are also noted in the literature. Patients may move from phase to phase,
return to a prior phase, or skip or never enter a particular phase. Thus, individual patient
categorization is difficult, especially without longitudinal evaluation of markers. Several
studies have looked at the HBsAg quantification as a marker for disease activity as well as
for response to treatment.3-6
HBsAg is synthesized in the hepatocytes infected with hepatitis B, and its serum
concentration correlates to the amount of intrahepatic covalently closed circular DNA (cccDNA). This article looks at the relation of HBsAg serum load and the HBV DNA during the
various phases of chronic HBV infection. The use of HBsAg as a marker of treatment
response is also examined.
The authors quantified serum HBsAg levels of 785 patients at the Seoul Metropolitan
Government Seoul National University Boramae Medical Center over a period of seven
months. Of these, 534 test results were included in the analysis. Definitions of the four
phases of CHB were adopted from EASL guidelines: immunotolerant (IT), immunoreactive
(IR), low replicative (LR) and HBeAg-negative chronic HBV (ENH). Definitions of response to
treatment were determined based on the HBeAg status as well as the degree of decrease in
HBsAg.
All subjects were Asian, and 64.3% were male. Samples were divided into eight groups,
based on their treatment status (IT, IR, LR, ENH) for the treated vs untreated patients, and
their titers were compared. The HBsAg titer was higher in patients in IT compared to those in
IR phase (P = .043). However, no difference was noted in patients in LR compared to ENH
phases. Virologic response was defined as undetectable HBV DNA, while partial response
was defined as decrease in HBV DNA of more than 1 log 10 IU/ml. In the treatment groups,
HBsAg titers in HBeAg+ patients with virologic response (E+VR) were much lower than in
those with partial response (E+pVR; P = .027). For HBeAb negative patients with virologic
response (E-VR), titers of HBsAg were significantly lower than those for HBeAg negative
patients with partial response (E-pVR; P = .009). Comparing different phases, HBsAg titers
were higher in the IT and IR phases compared to low replicative (LR) and ENH groups (P <
.001). Between the eAg+ and eAg- groups, HbsAg titers were higher in the former (P < .001).
A correlation was noted between the HbsAg and the HBV DNA in the IT and IR phases P <
.001), but not in the LR or the ENH phases. No correlation was noted between the two in all
types of the treatment response groups as described above.
HbsAg decreased gradually with each 10-year patient age stratum (P < .001) and was five
times higher in noncirrhotic patients than in those with cirrhosis (P < .001) when divided into
patients older or younger than 60 years. Similar trends were seen when comparing patients
without HCC (higher titers) compared to those with HCC, though the trend was only
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statistically significant in patients older than 60 years.
There is evidence to suggest that the concentration of HBsAg decreases with increasing
fibrosis and varies from genotype to genotype.7 The relationship of the HBsAg to various
phases, as well as the drop in HBsAg and the HBV DNA titers as predictors of response,
have also been outlined in previous studies.8 Although there is a clear correlation to phases
of disease, clear cutoffs were not assigned and receiver-operator curves of
sensitivity/specificity were not provided. However, this work leading to more precisely
characterizing disease stages has significant implications for decisions about treatment
candidacy and in treatment-intervention clinical trials. In the future, the HBsAg quantification
may become a routine part of monitoring disease activity as well as the response to
treatment.
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HBV Transmission by Donors with Occult Infection
Lieshout-Krikke RW, van Kraaij MG, Danovic F, Zaaijer HL. Rare transmission of hepatitis B
virus by Dutch donors with occult infection. Transfusion. 2016 Mar;56(3):691-698.
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In cases of hepatitis B acquired in adulthood through sexual transmission or IV drug use, a
large majority of patients are able to overcome the infection. With time the HBsAg is lost,
patients develop anti-HBS antibody, and HBV DNA becomes undetectable. However, the
phenomenon of persistent HBV DNA has been described in several reports.1-3 This
happens in the setting of undetectable HBsAg and is termed occult hepatitis B infection
(OBI). OBI has been associated with a risk of transmission of disease, chronic infection,
cirrhosis, and hepatocellular carcinoma.4,5 This 2016 paper looks at the rate of HBV
transmission using blood products from patients with occult hepatitis B.
The authors reviewed the blood donations in Holland from 2008 (when NAT testing was
introduced for screening) to 2011 to identify patients with occult hepatitis B and all the
transfusion products that resulted from these blood donations. Some 2.3 million samples
were tested for HBV DNA. Twenty-two donors were found to have the HBV DNA as the only
marker of hepatitis B. Four of these were in the seroconversion stage, two had had some
viral suppression from vaccination, and 16 had true occult HBV infection. One donor’s OBI
was diagnosed posthumously and was included, as he had donated 50 times. The hospitals
that received the blood product donations from these donors were asked to identify and test
the recipients of these products for hepatitis B infection using NAT, surface Ag, and anti-HBc
serology.
Overall, 442 patients received products from OBI repeat donors. Eighty of them (18%) were
tested, 193 (44%) had died, and 169 (38%) were not tested. Among those recipients tested,
four of 80 were HBsAg positive (but one recipient had previously diagnosed chronic
hepatitis B). Another two of 80 were positive for anti-HBc but negative for HBsAg. Three of
the positive results came from recipients who received products from a single donor. One
recipient came from an HBV-endemic area, so it was difficult to relate HBV status to the
transfusion. This overall rate of transmission was deemed to be 5% (four of 80). Similar
studies in Japan revealed a rate of 3% and in Australia, 0.85%.
In the current study, the rate could have been higher if all the recipients had been tested. In
areas that are endemic for HBV, the number of OBI donors is higher.6 A larger study with
more comprehensive tracking and testing of the recipients would be important in identifying
the true incidence of disease transmission of hepatitis B from OBI donors. HBV NAT testing
of donated blood is required to transfusion in the US (Federal Register, October 2012).
However, this practice is not standard worldwide. Consideration must be given to making
NAT testing a standard practice all over the world
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Reactivation of hepatitis B is seen sometimes with the use of immunosuppressive or
chemotherapeutic agents. Treating physicians are becoming more aware of this possibility
in patients with HBsAg positivity and increasingly will initiate antiviral therapy in anticipation
of the oncoming chemotherapy. Rituximab-based therapy in patients with HBsAg positivity is
1

associated with a high rate of HBV reactivation, resulting in liver failure and even death.

Risk factors for this complication have been identified.2,3 However, patients who may have
serological evidence of resolved hepatitis B infection can also be at risk for disease
reactivation. The authors of this manuscript prospectively assessed the rate of HBV infection
reactivation in patients with serologies suggestive of resolved HBV infection (positive HBcAb
with or without anti-HBs Ab positivity).
A total of 269 patients with non-Hodgkin’s lymphoma (NHL) who were going to receive
rituximab-steroid chemotherapy were enrolled in the study. Subjects had to have negative
HbsAg and positive anti-HBcAb and/or anti-HBsAb. During the six cycles of chemotherapy,
their HBV DNA titers were measured every four weeks. The duration of follow up was 1.5 to
2.5 years. The endpoint was to verify the reactivation of HBV infection in the setting of
chemotherapy.
Two hundred thirty-three patients finished the monitoring for 1.5 years. No HBV prophylaxis
was used. Twenty-one patients developed HBV reactivation, 19 of them in the first year of
follow up. Of these, 17 were male, with a median age of 69. Only five of those 21 patients
had a detectable (but not quantifiable) HBV DNA at baseline. In patients with low detectable
HBV DNA, initiation of antiviral therapy prevented hepatitis, and their viral load dropped
below detectable levels within one to two months of starting antiviral therapy. Seven of 21
patients discontinued antiviral therapy but continued to follow with DNA measurements.
Reactivation appeared to be more associated with older age (P = .008), male gender (P =
.02), diffuse large B-cell lymphoma (P = .04), lower HBsAb titers (P < .001), and a detectable
(below quantification) HBV DNA at baseline (P < .001). Anti-HBsAb titers <100 mIU/ml were
associated with HBV reactivation, compared to titers greater than 100 mIU/ml. The authors
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concluded that frequent measurement of HBV DNA could be used to monitor for reactivation
of hepatitis B.
The relation between the anti-HBs Ab titer to risk of reactivation has also been confirmed in a
recent study by Yilmaz et al.4 However, that study also showed that anti-HBs Ab titers drop
during chemotherapy. It might be useful, therefore, to check the HBs Ab titers prior to
initiating the chemotherapy and if needed, considering a booster immunization. Patients with
low titers should be monitored, and if there is any evidence of reactivation, anti-viral therapy
must be initiated.
This study has several takeaway messages. First: there appears to be a role for monthly
monitoring of HBV DNA during therapy. Second: the titer of anti-HBs does seem to display a
dose dependent effect related to risk of reactivation. This suggests (but does not prove) that
booster dosing of HBV vaccine could be a useful component of management when repeated
cycles of rituximab-based therapy are used. Finally: the risk of reactivation was found to be
related to type of lymphoma. Whether this is due to greater immunosuppression or some
other factor remains to be explored.
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HBV Eradication: CRISPR/Cas9 Nickase-Mediated
Disruption of Hepatitis B Virus
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disruption of hepatitis B virus open reading frame S and X. Scientific Report 5, Article
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Dee the large global disease burden of hepatitis B, and significant progress in vaccinebased disease prevention, no major breakthrough has been made for the eradication of
established infections. The current goal of therapy is to decrease viremia and thereby
minimize hepatic necro-inflammation and the progression of fibrosis. Covalently closed
circular DNA (cccDNA) is not eradicated by current approved therapies in the majority of
treated patients.1 Hence the treatment is aimed at viral suppression, which occasionally
leads to functional cure.2 Treatment with antiviral agents decreases the risk for
hepatocellular carcioma 3 as well as the risk for hepatic decompensation. Several novel
approaches to achieve eradication of the disease are currently being studied, including
prevention of entry of HBV into hepatocytes,4 inhibition of the HBV virion secretion,5 and
cleavage of the cccDNA. The latter mechanism holds the promise of true viral cure.
With their series of in vitro experiments, the authors studied the genome editing nuclease
known as CRISPR/Cas9 RNA guided system to see if the cccDNA present in the nuclei of
the HBV-infected hepatocytes could be targeted and cleaved to induce an error prone
repair, which could help eradicate HBV infection. Two regions on S and X genes of the
cccDNA that are well preserved across all the genotypes of HBV were selected as the target
for the Cas9 nickase (Cas9n). A double strand break was achieved with the help of single
guided RNAs (sgRNAs), which then resulted in a nonhomologous repair of the DNA break
and indel formation (error prone DNA). Cells from two human hepatocyte cell lines were
studied. Cells transfected with HBV alone (without the Cas9n) served as controls. Cas9n
activity was quantified and was higher in cells transfected with HBV as well as the Cas9n
along with single guided RNA (Cas9n/sgRNA), compared to that in cells infected with HBV
only (7.8%-8% vs 0.5%-1.5%). This result was reproducible in both hepatic cell lines that
were studied.
Cas9n/sgRNA induced mutations were studied using an assay with T7endonuclease I.
Smaller DNA products that are indicative of these mutations were only present in HBVinfected cells treated with Cas9n/sgRNA. The indel formation was verified with sequence
analysis and was noted in cells treated with the Cas9n/sgRNA. HbsAg ELISA was also done
and showed a progressive increase in the untreated cells, while no HBV particle release
was noted in the treated cells.
This data suggests that delivery of the Cas9n system to the infected hepatocytes in vitro can
result in inactivation the cccDNA.
This elegant study shows that the use of the Cas9n system is a potential therapy that may
become a part of the treatment of hepatitis B in the future and could promise eradication of
the virus from the hepatocytes. Words of caution are in order, however. The delivery
methods to ensure that the functional enzymes get to HBV-infected hepatocytes in a human
host are challenging. Within hepatocytes, the enzymes must be transported to the nucleus
and the targeting must be exact. For example, near-homologous introns or exons could be
cleaved, resulting in significant functional damage to the host. The treatment must be
effective in 100% of hepatocytes, or a nidus of cccDNA (which can lead to replicative
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infection) will remain present for a period of time. For this reason, it is quite likely that the
future treatment of hepatitis B will be multipronged and will include suppressing the
replication of the virus at one or more key sites and preventing entry of the virus into
uninfected hepatocytes, as well as cleavage of the cccDNA in the infected hepatocytes.
There may be a concomitant role for immune-based therapies (eg, therapeutic vaccines with
immunogenic complexes)6,7 before complete HBV cure is achieved.
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KEY TAKEAWAYS
Newer HBV assays being investigated may help monitor disease activity as well as
response to treatment.
These assays can help elucidate better various stages of chronic hepatitis B
infection.
There is a small but real risk of transmission of HBV infections from blood donors with
occult HBV infection.
Factors affecting the reactivation of hepatitis B in the setting of immunosuppression
with chemotherapy have been indentified and can be used to help identify patients
who may need suppressive antiviral therapy.
New treatment modalities, including gene editing therapies, are being actively

pursued and may become a part of the treatment regimen for eradicating HBV
infection in the future.
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