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Introduction
The ultimate goal of antiviral treatment is prevention of 

hepatocellular carcinoma (HCC). Currently the end point of successful 
antiviral treatment for patients with chronic hepatitis B (CHB) 
is to achieve hepatitis B surface antigen (HBsAg) loss or HBsAg 
seroconversion. However, studies showed that even those who had 
bona fide acute hepatitis B with spontaneous production of anti-HBs, 
HBV DNA was found in the liver several decades later [1].

Occult hepatitis B (OHB) has been well described in the literature. It 
is defined as the presence of HBV DNA in liver tissue and/or serum with 
negative HBsAg. OHB is an important entity as it has been associated 
with HBV transmission through blood transfusions, chronic liver 
disease, and HCC [2]. Currently there are no guidelines for screening, 
but studies have shown that OHB is likely a risk factor for cryptogenic 
HCC [3]. Methods of diagnosis consist of livery biopsy or HBV DNA by 
polymerase chain reaction (PCR). Though the commercial method of 
PCR has had good sensitivity, false negatives can still occur [4]. 

Here we report two patients who successfully developed anti-HBs 
with or without antiviral therapy and yet developed HCC while being 
HBsAg(-)/ anti-HBs(+)  and HBV DNA (-) by the commercial assay. 
However, they were found to have detectable HBV DNA by a new 
laboratory-developed HBV DNA assay.

Case Report 1
The patient is a 64 year old Asian female with no significant past 

medical history who initially presented with right shoulder pain. On 
physical examination, she showed no stigmata of chronic liver disease 
but a large firm mass was palpable in the right side of the abdomen 
reaching down close to pelvic rim.  A 9 x 10 x 10 cm mass occupying 
the entire right hepatic lobe was found on MRI. The left lobe was 
free of tumor with no sign of cirrhosis. Laboratory work at that time 
revealed hemoglobin 16.3 gm/dL, platelets 229,000/mm3, albumin 
4gm/dL, total bilirubin 0.7mg/dL, aspartate transaminase 97 U/L, 
alanine transaminase 17U/L, and alkaline phosphatase 98 IU/L. She 
was HBsAg negative, anti-HBs positive, anti-HBc negative, HBV DNA 
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Abstract
The ultimate goal of antiviral treatment is prevention of hepatocellular carcinoma (HCC). Currently the end 

point of successful antiviral treatment for patients with chronic hepatitis B is to achieve HBsAg loss or HBsAg 
seroconversion. We report two patients who successfully developed anti-HBs with or without antiviral therapy and 
yet developed HCC. Initial commercial assay showed negative HBV DNA for both patients. However, they were 
found to have detectable HBV DNA by a new laboratory-developed HBV DNA assay. These cases show that patients 
with HBsAg seroclearance continue to be at risk for HCC and surveillance for HCC should be continued. The 
diagnosis of occult hepatitis B with an improved HBV DNA assays is also necessary as it is important for treatment 
for chronic HBV and prevention of HCC.

undetectable and hepatitis C antibody negative. Alpha-fetoprotein 
(AFP) was 7,981 ng/ml. One of her two daughters was HBsAg(+)/anti-
HBs(-). The other daughter was anti-HBs (+)/anti-HBc (+). The patient 
subsequently underwent a right hepatic lobectomy with pathology 
consistent with moderately differentiated HCC. Biopsy of the left lobe 
showed no fibrosis or cirrhosis. Three years later a lung metastasis (1 
cm diameter) was noted and successfully removed by video assisted 
thoracic surgery. The pathology was again HCC.  At this time serum 
samples at the time of initial HCC diagnosis and at lung metastasis 
(both negative for HBV DNA by the commercial assay), and the excised 
liver tumor were retrospectively examined by the new laboratory 
developed assay (see Materials and Method). Both serum samples were 
positive for HBV DNA at the level of 3271 copies/ml and 52 copies/ml 
respectively. The excised liver tissue was also positive for HBV DNA. 
This confirmed the diagnosis of HBV-related HCC and the patient was 
started on lamivudine 150 mg daily. Subsequent sera have been HBV 
DNA negative by the new assay for the past several years. The patient 
has survived without further development of HCC or metastasis for the 
past 8 years and she has remained HBV DNA negative on lamivudine 
therapy. She is currently HBsAg(-)/anti-HBs(+) and HBV DNA (-).

Case Report 2 
Patient is a 50 year old Asian male who presents with HCC. 

He reports being diagnosed with chronic hepatitis B on routine 
examination 10 years ago when he was found to be HBsAg(+). He 
was started on lamivudine and continued it for three years. Treatment 
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was discontinued when he showed HBsAg seroconversion; HBsAg (-)/
anti-HBs (+), HBeAg(-)/anti-HBe (+) and undetectable HBV DNA. 
Laboratory tests were routinely monitored and he remained well until 
an elevated AFP prompted an MRI that showed a 5 cm left lobe mass 
consistent with HCC. His serum was undetectable for HBV DNA by 
the commercial PCR assay. However given high suspicion for OHB, 
the serum was retested with our new assay. He was found to have 847 
copies/ml of HBV DNA at the time of presentation of HCC. He was 
then restarted on lamivudine 150 mg daily. Subsequent sera while on 
antiviral therapy were HBV DNA negative by the new HBV DNA assay.

Methods and Materials

DNA isolation from the patient serum samples

DNA was isolated from patient serum samples using the 
QIAamp DNA Blood Mini kit (Qiagen) according to manufacturers’ 
instructions.  Briefly, 200 µl of sample was mixed with 200 µl buffer 
AL and 20 µl Protease K, and incubated at 56°C for 10 min. Pure 
ethanol (200 µl) was added and mixed by vortexing. The mixture 
was then applied to a QIAamp Mini Column connected to a vacuum 
manifold via a disposable adaptor (to prevent cross contamination).  
The column was washed sequentially with 750 µl buffer AW1 and 
750 µl buffer AW2 on the vacuum manifold, and spun at 14,000 
rpm for 1 min to remove residual wash buffer. The viral DNA was 
eluted in 50 µl of buffer EB. To prevent potential cross-contamination 
during centrifugation, the columns were wrapped with parafilm, 
and the aerosol-free centrifuge was cleaned and irradiated under an 
ultraviolet lamp before use.

Laboratory-developed total HBV viral load assay

A TaqMan real time PCR for HBV total viral load was developed 
using the primers (HBV1F, HBV1R) and the probe (HBVTAQ) 
described in [5], with modifications in the forward primer. A 
discontiguous megablast analysis revealed significant nucleotide 
polymorphism at the 3’-end of the forward primer (data not shown). 
Thus, the assay was supplemented with a new forward primer (HBV1Fa, 
5’-tccccgtctgtkccttctc-3’).  Briefly, 35 µl PCR reactions were assembled 
using the LightCycler480 Probe Master Mix (Roche), 0.5 µM HBV1F 
(5’-ccgtctgtgccttctcatctg-3’), 0.5 µM HBV1Fa, 0.5 µM HBV1R (the 
reverse primer; 5’-agtccaagagtyctcttatgyaagacctt-3’), 0.1 µM HBVTAQ 
probe (5’-6FAM-ccgtgtgcacttcgcttcacctctgc-BHQ1), and 17.2 µl of DNA 
purified from the patient samples. The PCR conditions were optimized 
in a LightCycler480 instrument as 95°C 10 min followed by 45 cycles of 
95°C 10 sec, 60°C 30 sec, and 74°C 10 sec.  A plasmid carrying wild type 
HBV sequence that matches the primers and the probe was constructed 
and used for assay optimization.  The same plasmid was serially diluted 
and included in each assay as concentration standards.  The analytical 
sensitivity of the assay is 15-30 copies of viral DNA per ml of serum.  
The presence of 1 µg of human genomic DNA did not generate any 
positive signal or diminish the signals for viral DNA (data not shown), 
indicating high sensitivity.  

Discussion
OHB has been shown in several studies to be associated with the 

development of HCC [3, 6]. Though awareness of the relationship is 
increasing, the diagnosis of OHB still presents to be a challenge.  A 
high clinical suspicion and a reliable HBV DNA detection method 
are both important for the diagnosis.  The HBV genome tends to have 
polymorphism which can affect the performance of the PCR primers 
and probe, and cause false negative detection.  Commercial HBV DNA 

PCR assays consist of only one set of primers/probe.  Given the high 
rate of HBV DNA polymorphism, it is not surprising for any assay to 
have false negatives.  In our assay, we took gene polymorphism into 
consideration and redesigned primers based on the BLAST analysis of 
all GenBank deposited HBV sequences.  Although the cases presented 
here by no means prove that our assay is superior to the commercial 
assay, they do highlight the importance of a more reliable HBV DNA 
assay.  Perhaps two or more sets of primers/probe are required in one 
assay can significantly reduce the chance of false negative detection.  
On the other hand, because the primer and probe sequences for the 
commercial assays are not readily available, it is difficult for us to prove 
that the two cases are indeed false negatives due to sequence mismatch.  
Thus, we do not yet know what exactly caused the discrepancy between 
our detection and the commercial detection.  Differences in assay 
sensitivity and DNA purification methods may also impact HBV 
detection to some extent.

How do we reconcile that a patient may have low levels of viral 
DNA in the circulation while being HBsAg negative? Previous reports 
showed that HBVs defective in HBsAg may not be secreted into the 
circulation but may remain active in replication inside hepatocytes, 
thereby causing HCC [7]. It is interesting to note that both the primary 
HCC and the corresponding serum specimens in Case #1 are positive 
for HBV DNA.  It is possible that the serum HBV DNA may be released 
directly from the dying tumor cells. Alternatively, the secreted virus 
may have an HBsAg mutation that escapes detection.  

These two cases also demonstrate that despite HBsAg sero clearance, 
whether spontaneously or with antiviral therapy, the risk for HCC still 
exists. This is concerning because the success of antiviral therapy is often 
measured by HBsAg seroclearance.  Yuen et al. has shown that patients 
with spontaneous HBsAg seroclearance do not signify eradication of 
HBV and may still develop HCC [8]. Papatheodoridis et al. similarly 
found that virological on-therapy remission did not eliminate the risk 
for HCC [9].

In conclusion, patients with HBsAg seroclearance continue to be 
at risk for HCC and surveillance for HCC should be continued. The 
diagnosis of OHB with an improved HBV DNA assays is also necessary 
as it is important for treatment for chronic HBV and prevention of 
HCC.
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