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Abstract

Occult B Hepatitis Infection (OBI) is a condition in which HBsAg tests are negative, but Hepatitis B virus (HBV)
DNA is detectable in the liver, with or without low levels of HBV DNA in the blood (<200 IU/mL). The Hepatitis B



surface antigen (HBsAg) negative status in OBI may result from the absence or low production of HBsAg due to
immune system defense mechanisms or mutations in the S genome of HBV DNA, which make HBsAg
undetectable. The gold standard for diagnosing OBI is testing for HBV DNA from liver tissue, with an alternative
method being HBV DNA testing from serum. Patients with OBI may be at risk of transmitting HBV to others
through blood transfusions or organ transplants. Reactivation may occur, especially in OBI patients who are
immunocompromised or undergoing immunosuppressive therapy. Antiviral prophylaxis may be considered for OBI
patients at risk of reactivation. Additionally, OBI patients also carry a risk of developing hepatocellular carcinoma
(HCC), similar to those with non-occult hepatitis B infection. Antiviral therapy for OBI is generally not required
unless the case represents false OBI due to HBsAg mutation.
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Introduction

Hepatitis B is a disease caused by the Hepatitis B virus (HBV). It is a major global health issue; with 360 million
people chronically infected worldwide. This disease has a wide spectrum, ranging from occult'infection to fulminant
hepatitis with cirrhosis and hepatocellular carcinoma (HCC).[1] In 2019, the'World Health-Organization (WHO)
reported that 296 million people were living with HBV infection, with 1.5‘million new cases and 820,000 deaths
annually due to complications such as cirrhosis and HCC.[2] The majority of HBV-related deaths occurred in Asia
(74%). In Indonesia, the prevalence of HBV infection was 7.1%, based on data from Riskesdas in 2013. Occult B
Hepatitis Infection (OBI) plays a significant role in Hepatitis B cases in Indonesia.[3]

OBI is a condition in which Hepatitis B surface antigen (HBsAg) is negative, but viral replication is present in the
liver, with low levels of HBV DNA (<200 IU/mL). Although HBV DNA is detected at low levels, patients with OBI
can still transmit the virus.[4] The global prevalence of OBI among blood donors who tested negative for HBsAg
was found to be 6.2% in a sample of 6,757,391 blood donors. Southeast Asia showed a higher prevalence of 16.73%
among 2,243 blood donors.[5] In Indonesia, OBI prevalence was 8.1% among 309 blood donors with negative
HBsAg. This variation is attributed to differences in the endemicity of HBV infection.[1]

OBI was first reported in the 1970s in‘a post-transfusion patient who developed HBV infection despite receiving
HBsAg-negative blood. In 1999, HBV DNA was detected in a liver biopsy from a patient with chronic liver disease
who tested negative for HBsAg. Since then, the term OBI has appeared in numerous medical publications. The
primary concern regarding OBI is its clinical impact. Blood or liver transfusion from OBI donors places recipients at
risk of Hepatitis B infection, similar to transfusions from donors who test positive for HBsAg. OBI can reactivate
into full-blown Hepatitis B infection-and progress to cirrhosis and HCC, particularly in immunosuppressed
patients.[4] This paper explores the virology of HBV and the definition of OBI, disease progression, diagnosis,
transmission risk, reactivation, complications, and treatment.

Definition of OBI

OBI is defined as the presence of competent HBV capable of replication, indicated by the detection of HBV DNA in
the liver with or without the presence of HBV DNA in the patient’s blood, along with a negative HBsAg result using
currently available HBsAg tests. The HBV DNA detected in OBI is typically intermittent and at low levels, usually
less than 200 TU/mL or 1,000 viral copies/mL. This characteristic distinguishes OBI from overt Hepatitis B
infection, in which a positive HBsAg result is accompanied by a high viral load.

OBI can be classified based on antibody profiles against HBV into seropositive and seronegative OBI. In
seropositive OBI, antibodies against the HBV core (anti-HBc) are present. Approximately 80% of OBI cases are
seropositive. In contrast, anti-HBc is absent in seronegative OBI. The undetectable HBsAg in OBI may result from
HBsAg levels being too low to be detected, failure of HBsAg production, or mutations in HBsAg itself. Mutations in



HBsAg cause “false OBI,” in which HBsAg tests are negative despite high levels of HBV DNA due to active viral
replication.[4,6]

Hepatitis B Virology

Hepatitis B virus is an enveloped virus of small size (42—50 nm) containing partially double-stranded circular DNA.
The viral envelope consists of lipids and HBsAg proteins on the surface, which vary in size (small, medium, and
large). The nucleocapsid has an icosahedral shape with 90—120 Hepatitis B core (HBc) proteins or Hepatitis B core
antigen (HBcAg). Inside the nucleocapsid are the HBV genome and viral polymerase. Hepatitis B e-antigen
(HBeAg) is a product generated during the translation process and serves as a marker of viral replication.[7,8]

The genomic structure of HBV consists of the S, P, C, and X genes, which overlap with each other. The S gene,
comprising the pre-S1, pre-S2, and S open reading frames (ORF), is responsible for the production of HBsAg. The P
gene, the longest gene, encodes the viral polymerase. The C gene consists of the pre=C ORF/and C ORF, which
contribute to the formation of the HBc protein and the secretion of HBeAg. The X gene encodes the HBx protein, a
non-structural protein of HBV.

Disease Progression

The absence of HBsAg in OBI is caused by several mechanisms, including recovery from acute and chronic
Hepatitis B infections, the absence of Hepatitis B infection markers in early infection (as seen in seronegative OBI),
and mutations in the HBV S variant. A positive result for HBsAg and IgM antibodies against HBcAg (anti-HBc) can
be found during acute Hepatitis B infection. The persistence of HBsAg for more than six months indicates chronic
infection. Recovery from Hepatitis B infection may result in HBsAg becoming negative. In addition to anti-HBc,
anti-HBs may also be detected as a marker of prior acute infection. However, it should be noted that in some cases
of Hepatitis B infection, HBsAg may disappear spontaneously without'any treatment.[1,6,9]

Seronegative OBI may result from the loss‘of anti-HBc or anti-HBs during disease progression or from the complete
absence of serological markers except for HBV DNA.[6,10] A summary of OBI progression is shown in Figure 1.

The persistence of HBV DNA in the hepatocytes of OBI patients is caused by the suppression of viral replication
and protein expression by the host immune system. However, the immune system cannot completely eradicate the
virus from infected hepatocytes. Suppression.of HBV DNA transcription and replication results in low plasma HBV
DNA levels. Nevertheless, the covalently closed circular DNA (cccDNA) of HBV in OBI remains capable of viral
replication. Factors involved in suppressing HBV replication in OBI include the host immune response, coinfection,
and epigenetic mechanisms. The immune system limits antigen expression through efficient T-cell responses.
Coinfection with otherviruses, such as Hepatitis C, can inhibit HBV replication. Epigenetic modification, such as
CpG methylation of cccDNA, can enhance histone methylation of cccDNA. This alteration modifies transcriptional
activity and reduces HBV mRNA formation, ultimately resulting in decreased HBV protein synthesis.[4,6,11]

Overt HBV infection begins with the presence of circulating virus in the bloodstream. The HBs protein on the viral
surface initially binds to heparan sulfate proteoglycan (HSPG) with low affinity. High-affinity binding occurs
between the HBs protein and sodium taurocholate co-transporting polypeptide (NTCP), forming the HBV-NTCP
complex. The HBV-NTCP complex then enters hepatocytes via endocytosis. Inside the hepatocyte, the relaxed
circular DNA/(rcDNA) is released into the nucleus, where it is converted into cccDNA or integrated into host DNA.
The cccDNA is transcribed into HBV mRNA, which is then translated into viral proteins. The viral proteins,
including HBsAg, are released into circulation and become detectable by diagnostic tests.[6,11,12]

In OB, the infection starts with HBV nucleocapsids already present within hepatocytes, which then enter the
nucleus to form rcDNA. The rcDNA is converted into cccDNA. The cccDNA undergoes methylation, specifically
CpG methylation by DNA methyltransferase (DNMT), which prevents its expression. DNA methylation leads to the
binding of DNA methyl-binding proteins (DNA MBP) to the methylated DNA, which then recruits transcriptional
corepressors such as histone deacetylase (HDAC). Elevated levels of HDAC, along with histone methyltransferase
(HMT) and Sirtuin 1 (Sirtl), enhance histone methylation, further suppressing cccDNA expression. This process



results in HBx-mutated HBV, which produces less HBV mRNA. In HBx-mutated HBV, the increase in
apolipoprotein B mRNA-editing enzyme catalytic polypeptide-like 3 (APOBECS3) inhibits heterogeneous nuclear
ribonucleoprotein K (hnRNPK), further decreasing HBV mRNA synthesis. The reduced HBV mRNA leads to the
production of fewer HBV proteins. Additionally, increased microRNA (miRNA) activity also inhibits HBV protein
synthesis, further decreasing the amount of protein formed.[6,11,12]

There are some cases in which HBsAg may not be detected by assays due to mutations. These conditions are
referred to as “false OBI.” HBV DNA detected in false OBI cases can be high—comparable to that in overt
Hepatitis B infection—but with negative HBsAg due to mutation. HBV with mutations in the S gene, particularly in
the pre-S region, is referred to as the S variant. The S variant HBV can form modified HBsAg with, low antigenicity.
This modified HBsAg in HBV S variants cannot be detected by some commercial HBsAg tests, although cases of
OBI due to S gene mutations are rare. S gene mutations most frequently occur in the o determinant sequence region.
The substitution of glycine with arginine at position 145 (G145R) is the most frequently reported mutation. This
mutation was first identified by Carman in 1990 in an infant born to a carrier mother.-who had been vaccinated and
given immunoglobulin therapy since birth, yet the baby developed HBV infection.[13] A study by Araujo et al.[14]
in Brazil, which sequenced DNA from OBI patients, found S mutations in the E164D, 1195M, P217L; and P120S
regions, with E164D and P120S located in the o determinant sequence region.

Diagnosis of OBI

The diagnosis of OBI is based on the detection of HBV DNA from a patient’s liver biopsy along with a negative
HBsAg result. The gold standard for diagnosing OBI is testing for HBV DNA in liver biopsy samples; however, this
test has not yet been standardized or validated. Other tests that may be performed include testing for HBV DNA in
blood samples, as well as HBsAg, anti-HBc, and anti-HBs.[6,15] The diagnostic pathway for suspected OBI is
illustrated in Figure 2.

1. HBV DNA

The recommended method for HBV DNA testing in liver tissue samples is nested PCR (Polymerase Chain
Reaction) or real-time PCR, which amplifies at least three regions of the viral genome.[4,6] A study by Faria et
al.[16] compared nested PCR from liver biopsy using two protocols. Protocol 1 amplified four regions of the viral
genome, while Protocol 2 amplified two regions to confirm the diagnosis of OBI in 104 HBsAg-negative patients
with chronic liver disease. Protocol 1 demonstrated higher sensitivity in detecting HBV DNA (12.5%) compared to
Protocol 2 (8.7%).

HBYV DNA testing from blood samples is more commonly used than liver tissue testing due to the ease of obtaining
blood samples, whereas liver biopsy is more invasive. However, HBV DNA found in liver tissue remains the gold
standard for diagnosing OBIL. This is supported by a study conducted by Wang et al.[15], which compared HBV
DNA testing from liver tissue. Table 1 presents the results of three studies compiled by Wang et al.[15], showing
that HBV.-DNA detection in liver tissue had higher sensitivity for OBI than detection in blood samples.[17-19] This
finding is also supported by another study from Cakal et al.[20], which assessed the presence of OBI in 59 patients
with chronic Hepatitis C and negative HBsAg. In that study, 16 patients with negative HBsAg had positive HBV
DNA in theirliver tissue, but none of these patients had positive serum HBV DNA.[20]

HBYV DNA detected in the blood of OBI patients is typically at low levels, usually <200 IU/mL, and 80-90% of
cases show levels <20 IU/mL. Meanwhile, the detection limit of current commercial HBV DNA tests is 10-20
[U/mL. HBV DNA in the blood is also detected intermittently, making it harder to identify. Therefore, it is
recommended that blood HBV DNA testing be performed more than once, using a sample volume of at least 1 mL.
HBYV DNA testing is crucial for distinguishing between true occult infection and “false OBI.”[15,21]

2. HBsAg

The detection limit for HBsAg testing ranges from 0.005-0.05 IU/mL (Table 2). HBsAg testing with a minimum
detection limit of 0.005 IU/mL can detect HBsAg in 5-48% of patients who were previously HBsAg-



negative.[4,11,22-24] Although current commercial HBsAg tests can detect small amounts of HBsAg, they still
have limited ability to identify HBsAg S variants. Therefore, the use of anti-HBs conjugates targeting multiple
epitopes of HBsAg improves the ability to detect HBV S variants.[4,6]

Kuhns et al.[24] found in their study that the latest prototype HBsAg test with a lower detection limit could detect
OBI in 3 of 7 HBV samples carrying HBsAg escape mutations. In the remaining four samples that were not
detected, it was likely due to HBsAg levels being below the detection threshold rather than due to the mutations
themselves. These mutations were detectable in other studies using HBsAg tests with the same prototype.[24,25]

3. Anti-HBc

The anti-HBc test can serve as an alternative for diagnosing OBI in organ or blood donors, patients who are about to
receive immunosuppressive therapy, or for use in epidemiological studies. This test is particularly useful when liver
tissue is unavailable and access to HBV DNA testing is limited or delayed. A negative result for HBV. DNA in the
blood on the first test does not rule out the diagnosis of OBI; therefore, additional anti-HBc testing is necessary.
However, a negative anti-HBc result also does not exclude OBI, as seronegative OBl cases exist.[6,11]

This is supported by a study conducted by Cakal et al.[20], which found that 18.71% of OBI patients were
seronegative for both anti-HBc and anti-HBs. A positive anti-HBc result indicates past or current HBV infection;
however, confirming the diagnosis of OBI still requires HBV DNA testing.[6,11]

4. Anti-HBs

Anti-HBs is a protective marker against HBsAg infection. Its presence can neutralize the virus and resolve OBI,
thereby reducing the likelihood of OBIL.[11] This was demonstrated in a study by Cai et al.[26], which showed that
the incidence of OBI was higher in patients who were anti-HBs negative, as shown in Table 3. The data in Table 3
highlight the role of anti-HBs in neutralizing HBV infection, resulting in a lower OBI incidence in individuals who
are anti-HBs positive.

5. HBeAg

HBeAg is a circulating HBV antigen found in patient serum. Although HBeAg is not required for replication, its
presence indicates active viral replication. Therefore, a negative HBeAg result does not rule out the diagnosis of
OBI. A positive HBeAg in OBI'cases contradicts the typically negative HBsAg result.[7] In a case report by Han et
al.[27], two patients were HBsAg negative but both HBV DNA and HBeAg were positive. They were later found to
have HBV escape mutations.

6. HBcrAg

Hepatitis B core-related antigen (HBcrAg) consists of HBcAg, HBeAg, and the 22 kDa precore protein (p22cr).
According to the European Association for the Study of the Liver[28] and a systematic review by Mak et al.[29]
(Table 4), HBcrAg reflects intrahepatic DNA and cccDNA. This is also supported by a case report by Yokoyama et
al.[30] in Japan. In that case, a patient who was negative for HBsAg, HBeAg, anti-HBc, anti-HBs, and anti-HBe,
and had undetectable HBV DNA (<1300 IU/mL), was found to have elevated HBcrAg levels and experienced
recurrence of hepatocellular carcinoma (HCC).

The use of HBcrAg to detect HCC complications in patients with negative HBsAg is also supported by a study by
Hsieh et al.[31], which found that positive HBcrAg significantly increased the risk of developing HCC compared to
patients with negative HBcrAg (OR 9.3 [3.3-26.4]; p<0.001). This demonstrates that HBcrAg can help monitor the
progression of OBI toward HCC. However, since HBcrAg testing is relatively new and studies on its correlation are
still limited, it cannot yet be routinely used to diagnose OBI.

Transmission of OBI



In OBI, cccDNA can persist in hepatocytes for a long time, even when HBsAg is not detectable. Various studies
related to blood donation from patients with OBI have shown that it can lead to Hepatitis B infection in the recipient.
Blood product screening to prevent the transmission of HBV infection through transfusion usually relies on HBsAg
testing. However, HBV infection from an OBI donor will not be detected using this parameter alone. Therefore,
some blood transfusion units implement PCR screening for HBV DNA using a pooling system to reduce costs. Six
to fifty HBsAg-negative donor samples are collected, pooled, and tested for HBV DNA by PCR. If a positive result
is found, further HBV DNA testing is conducted on each sample to identify the positive one.[32]

The transmission rate of OBI through blood products is highest with fresh frozen plasma (FFP) and thrombocyte
concentrate (TC), at 85% and 51%, respectively. Blood products such as packed red cells (PRC) have a lower
transmission rate, at 24%.[33] This is because FFP and TC contain more plasma volume than PRC, resulting in a
higher number of virions being transfused. This is supported by a case report by Candotti et al.[34], which identified
nine cases of HBV infection in recipients from OBI donors. Seven of these cases involved FFP tecipients, while two
involved PRC recipients.

The risk of HBV transmission from OBI patients can also occur through organ transplantation. Livertransplant
recipients are at a similar risk of HBV infection whether the organ donor has overt HBV infection or OBL.[4] A
systematic review conducted by Cholongitas et al.[35] found that the incidence of HBV transmission from OBI
donors was highest in recipients who had never been infected with HBV. The-administration of prophylaxis, such as
lamivudine, significantly reduced the proportion of recipients who developed HBV infection. The most significant
reduction was observed in recipients who were HBV naive, as shown in Table 5. Table 5 also highlights the
protective effect of anti-HBs, with populations positive for anti-HBs showing a lower incidence of HBV infection
compared to those who were anti-HBs negative.

Reactivation and Complications of OBI

Patients with OBI are at risk of reactivation. The reactivation of HBV in OBI patients is defined as seroconversion
to HBsAg positivity or an increase in serum HBV DNA by atleast 1 log above the lower detection limit in patients
who were previously undetectable, or a 1-log increase in those who previously had low HBV DNA levels.
Reactivation typically occurs in patients receiving chemotherapy or immunosuppressive therapy. Approximately
40% of OBI patients experience HBV reactivation during immunosuppressive treatment, with the highest risk
observed in those receiving anti-CD20.therapy.

HBYV reactivation can also occur in patients with immunodeficiency due to HIV infection. The American
Association for the Study of Liver Diseases (AASLD) and the Infectious Diseases Society of America (IDSA)
recommend that HIV patients undergo HBV DNA testing and Hepatitis B serology to detect potential OBI and
assess the risk of reactivation. Antiviral prophylaxis, such as nucleotide analogs, may be given to OBI patients who
are at risk of HBV reactivation. Patients considered at low risk do not require prophylaxis but should be closely
monitored.[6,36]

OBI patients are also at risk of progressing to hepatocellular carcinoma (HCC), particularly those with chronic
Hepatitis B. A study by Mak et al.[11] found that 60-70% of patients with HCC of unknown etiology in Asia and
Europe had OBI in their liver tissue. Furthermore, among 82 patients with cirrhosis of unknown cause who had OBI,
100% developed HCC within 5.8 years, while cirrhosis patients without OBI had only a 17.6% risk of developing
HCC within 10 years.

Co-infection of OBI with Hepatitis C virus (HCV) further increases the risk of developing HCC. This co-infection
leads to more severe liver damage compared to OBI without HCV co-infection.[4,7,11]

The presence of HBV DNA in OBI patients contributes to HCC progression because HBV DNA is proto-oncogenic
within hepatocytes. HBV can integrate into the host genome and produce proteins with carcinogenic properties, such
as the HBx protein, and also induce liver inflammation. The integration of HBV into the host genome disrupts the
cell cycle and promotes tumor progression. The HBx protein, a non-structural protein of HBV, can regulate the cell



cycle, leading to dysregulation. This dysregulation causes mitochondrial dysfunction and uncontrolled cell
proliferation, which supports HCC carcinogenesis.

Chronic liver inflammation can result in continuous hepatocellular damage, progressing to liver cirrhosis. In cases of
OBI with HBsAg mutations, HBsAg becomes undetectable and may accumulate within cells. This accumulation
induces endoplasmic reticulum stress, leading to DNA damage, genomic instability, and progression toward
cancer.[4,7,11]

Treatment

Treatment of OBI patients currently does not require antiviral therapy. If the goal is to completely eliminate HBV
from the hepatocytes of OBI patients, strategies involving the direct elimination of cccDNA in hepatocytes can be
considered. One such approach includes gene-editing techniques, such as CRISPR/Cas9, which specifically target
cccDNA.

In addition to cccDNA elimination, another potential strategy is to enhance T-cell responses to eliminate infected
hepatocytes in the liver. However, this therapeutic approach still requires further research. Thetefore, current OBI
management focuses primarily on preventing reactivation, transmission, and complications such as HCC.

It is important to note that in cases of false OBI, where HBsAg has mutated and is undetectable with current HBsAg
tests, treatment should follow the same approach as for non-occult HBV infection, including the administration of
antiviral therapy. Suspicion of mutation is particularly supported by a reactive HBeAg, which indicates active viral
replication.[6,11]

Prophylactic therapy, such as lamivudine, may be given to’OBI patients at risk of reactivation, especially those with
detectable serum HBV DNA, even in small amounts. Prophylactic therapy should be continued for up to six months
after the end of immunosuppressive treatment, or for 12 months after therapies targeting B cells. Monitoring should
include liver function tests, HBV DNA, and HBsAg every three months.[37-39]

Conclusion

It is important to consider OBI'when HBsAg is found to be negative, especially in endemic areas. Patients with OBI
are at risk of transmitting HBV infection through blood transfusion and organ transplantation. Reactivation may
occur, particularly in patients with HIV or those receiving immunosuppressive therapy, leading to overt HBV
infection. They'are also at risk of developing hepatocellular carcinoma due to persistent HBV infection.
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Table 1. OBI incidence based on detected HBV DNA from liver tissue compared to blood[15]
OBI incidence

Study Country Year Sample size Liver fissue Blood
Yuki et al.[17] Japan 2003 13 100% 21%
Komori et al.[18] Japan 2001 15 100% 13.3%
Knoll et al.[19] Germany 2006 545 41% 8.1%

HBV: Hepatitis B virus; OBI: Occult B hepatitis infection.

Table 2. Lower limit detection of HBsAg test[11]

HBsAg test Manufacturer Lower limit detection
(IU/mL)
Architect HBsAg QT Abbott Laboratories 0.05
Elecsys HBsAg I1 Roche Diagnostics 0.05
Liaison XL Murex HBsAg Quant DiaSorin 0.03

Lumipulse HBsAg-Quant Fujirebio, Inc. 0.005



Ultrahigh sensitive HISCL HBsAg Sysmex Co, Ltd 0.0005
HBsAg: Hepatitis B surface antigen; HISCL: Highly sensitive chemiluminescent.

Table 3. Incidence of OBI based on HBV serology[26]

Anti-HBs Anti- HBc Anti-HBe OBI incidence
+ + - 1.87% (13/695)
- + - 3.73% (10/268)
+ + + 6.27% (53/845)
- + + 15.61% (32/205)

HBs: Hepatitis B surface; HBc: Hepatitis B core; HBe: Hepatitis B e antigen; OBI: Occult B
hepatitis infection.

Table 4. HBcrAg correlation with intrahepatic HBV DNA and cccDNA [29]

HBcrAg with HBV DNA
Sample size Correlation coefficient p
93 0.7 <0.001
305 0.67 <0.0001
HBcrAg with cccDNA
Sample size Correlation coefficient p
93 0.64 <0.001
138 0.7 <0.0001
31 0.482 <0.006

HBV: Hepatitis B virus; HBcrAg: Hepatitis B core-related antigen.

Table S. Post-transplantation HBV infection incidence in recipient from HBsAg negative donor[35]

Recipient serology HBY incidence without HBY incidence without
Anti-HBs Anti-HBc¢ prophylaxis prophylaxis
B - 47.8% 12%¢
- + 13.1%® 3.4%°
+ - 9.7%? 0%
+ + 1.4%* N/A

“statistically significant compared with naive HBV (negative anti-HBs and anti- HBc) without prophylaxis
bstatistically significant compared with positive anti-HBs and anti HBc without prophylaxis
“statistically significant compared with group without prophylaxis

HBYV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; HBs: Hepatitis B surface; HBc: Hepatitis B
core

Figure Legends



Figure 1. Progression from hepatitis B infection to seropositive and seronegative OBI
Figure 2. Diagnosis pathway of OBI

&
XS



