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Abstract

Background: Occult Hepatitis B Infection (OBI) is characterized by
the detection of Hepatitis B Virus (HBV) DNA in serum (usually HBV
DNA <200 IU/ml) or liver but negativity for hepatitis B surface antigen.
The diagnosis of OBl is based on the sensitivity of assays used in the de-
tection of HBV DNA and HBsAg. HBsAg assays with inadequate sensitiv-
ity or inability to detect HBV S variants may lead to a false negative HB-
sAg result and misdiagnosis of OBI in people with overt HBV infection.
An OBI patient was followed 4 years with the analysis of HBV detection.

Methods: The Human Leucocyte Antigen (HLA)-A2 genotypes were
determined by 2% agarose gel electrophoresis. The pre-S and S protein
sequences were detected by sequencing analysis. The HBV markers
and HBV DNA sequence and a-determinant of HBsAg were analyzed in
the longitudinal sera, the whole follow up period was 4 years.

Results: The HBsAg was negative while HBV DNA level is compa-
rable to overt infection, the HBeAg and HBsAb are positive at a low
level. The pre-S and S protein sequencing analysis showed an insertion
of four amino acids at 120~124 location next to antigenic determinant.
The cloning analysis of the a determinant of HBsAg showed a unique
immune escape mutant, there are insertion of four amino acids af-
fects the formation of disulfide bond and then the formation of loop.
Meanwhile, this insertion site is in Polymerase/Reverse Transcriptase
Domain (RT).

Conclusions: Considering the overt HBV DNA infection and S-escape
variants, this patient was a false OBI infection. No matter OBI or false
OBI, all are difficult to diagnosed due to mutations in the S gene and
low prevalence in clinical practice, Positive HBeAg and detectable HBV
level are key clues to identify whether it is relative with OBI. Test for
o determinant of HBsAg is key evidence to exclude whether it is a real
OBI.
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Introduction

A European Association for the Study of the Live (EASL) en-
dorsed international workshop on occult HBV infection was
held in Taormina (ltaly). 2008 to review the biology and clini-
cal implications of OBI [1]. After 10 years, “Update of the state-
ments on biology and clinical impact of occult hepatitis B vi-
rus infection” was published to reach a consensus about OBI
in Journal of Hepatology 2019 [2]. Clinical physicians are not
familiar with the diagnosis and disease characteristics of OBI
due to the low prevalence of OBI and slowly progress in the
update of OBI Taormina statement. Occult HBV Infection (OBI)
is defined as the presence of HBV DNA in the liver and/or HBV
DNA in the blood of people who test negative for hepatitis B
surface antigen (HBsAg) [2]. Recently published meta-analysis
show the global prevalence of OBI is only 0.82% (95% Cl 0.69
to 0.96) in general population. And the reported prevalence in
china is similar with it, as low as 0.88% in general population
[3]. As 2019 Taormina OBI statement described, OBI Prevalence
rates have varied from as low as <1% to as high as 87% but
these results need to be interpreted with caution, because a
number of factors can influence rates of OBI including the par-
ticular risk group studied, sampling issues, assay sensitivity, and
the prevalence of HBsAg in the geographical region in which the
study was conducted. Higher rates have also been found in indi-
viduals with risk factors for HBV infection, e.g., those coinfected
with Hepatitis C Virus (HCV) (15%~33%) or Human Immunode-
ficiency Virus (HIV) (10%~45%), people who inject drugs (45%),
and people on dialysis (27%). Prevalence rates are also higher in
patients with HCC (62%), cryptogenic cirrhosis (32%), or those
who have undergone liver transplantation (64%). In carefully
conducted studies of blood donors, HBV DNA was detected in
0% to 4.6% of those who were HBsAg-negative and anti-HBc
positive, with or without anti-HBs, with a median prevalence
of 1%.

Let’s have a look at the diagnostic criteria of OBI, both 2008
and 2019 OBI Taormina statement were point out that the de-
tection of HBV DNA in the blood or the liver of HBsAg nega-
tive individuals. While few people noticed the HBV DNA level
requirement was very low <200 IU/ml (about 1,000 copies/ml)
since 2008 version. Cases with serum HBV DNA levels compa-
rable to those usually detected in the different phases of sero-
logically evident (overt) HBV infection have to be considered as
“false” OBI and the identification of S-gene variants is essential
for a correct diagnosis and for the possible clinical implications
[1]. Since the mutation in HBsAg was first recognized in 1990,
several HBV variants with residue substitutions, deletion, or in-
sertion in the a determinant have emerged worldwide in vari-
ous conditions. Such variants may result in immune prophylaxis
failure and false negative in detection of HBsAg. Therefore, the
use of multivalent anti-HBs antibodies in the HBsAg assays is
strongly recommended for optimal detection of these variants.

Here we described one “OBIl”patients who were negative
for HBsAg with positive HBeAg and HBV DNA overt infection
for 4ys, at last the S antigen variation was confirmed, which re-
minded us that the patient was a false OBI.

Case report

70y-old woman, hospitalization for cerebral ischemia caused
by hypertension and appeared abnormal hepatitis B markers

pattern during routine hospitalization detection in Dec 2017.
HBV serologicmarkers, detected by the commercial qualitative
Enzyme Immunoassay (EIA) kits (CMIA, Architect System, Ab-
bott Laboratories), were HBsAg negative and Anti-HBc/ Anti-
HBe negative, but positive for anti-HBs (>1000 mIU/ml) and
HBeAg (60.64 S/Co). Serum HBV DNA level, detected by a real-
time PCR kit (Sheng Xiang Biotech) with Roche Z480 Real-Time
PCR System was found 3.82 x 10* IU/mL, all liver function tests
were generally normal, such as ALT (13 U/I), AST (26 U/I), total
bilirubin level (9.7 umol--/1), PT (12.2 s), INR (1.01), FIB (3.4
g/l), APTT (24.6 s), TT (18.5 s), AFP (2.16 ng/ml). All autoimmu-
nity indexes were normal. She denied any history of HBV infec-
tion and family HBV infection history. Her vaccination history
of hepatitis B is not known. She denied any history of blood
transfusion, jaundice, and any liver disease. She never been
treated with interferon or anti-HBV nucleoside/nucleotide ana-
logs, Additionally, she denied any risk factors for HBV infection
such as HCV or HIV infection or inject drugs. During hospital-
ization in cardiovascular department, the patient was regard as
OBl and assumed no need to receive CHB management because
of the absence of HBsAg and normal ALT and AST. Since that
the patient was hospitalization every year because of coronary
atherosclerotic heart disease between 2017-2022. Due to her
history of OBI the patient was reexamined hepatitis B markers
during every hospitalization. HBV markers, liver function and
liver B-ultrasound examination were recorded in the follow-
ing 4 ys (Table 1). During the follow up period, the ALT and AST
and total bilirubin levels were generally normal, and the last
time HBV DNA level was detected 2.72 x 10* IU/mL in July 2021
which is comparable with the first time in 2017.

The laboratory department can’t explain why this patient
can present with positive HBeAg situation in OBI. So they clone
analysis of the a determinant of HBsAg showed a unique im-
mune escape mutant, and there are insertion of four amino ac-
ids affects the formation of disulfide bond and then the forma-
tion of loop (Figures 1,2).
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Figure 1: An insertion of four amino acids is at 120~124 location

\?f HBsAg. Y.

It is well known that there is an overlap of gene coding se-
guence between S protein and Pol protein. The 336~ 679 amino
acids are the polymerase/reverse transcriptase domain of HBV.
In this patient, this insertion of four amino acids in S protein
also located in polymerase/reverse transcriptase domain indi-
cating RT activity change during HBV infection (Figure 3).

Finally, considering the overt HBV DNA infection and S-es-
cape variants, this patient was confirmed as a false OBl infection
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Figure 2: The inserted amino acid sequences of HBsAg is next to

\\the disulfide bond involving with the formation of loop.
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CTabIe 1: Biochemical, serological, and virological follow-up data.

ref 2017.12 2018.3 2019.4 2019.6 2019.8 2019.10 2020.6 2021.7
ALT (U/1) <40 13 36 11 14 31 24 17 13
AST (U/1) <35 26 23 17 18 25 18 14 14
TBIL (umol/1) <15 9.7 6.2 6.2 9.7 9.8 8.6 9 8.2
PT (s) 11~13 12.2 17.9 / / / / / 12.5
INR 0.8~1.5 1.01 1.55 0.97 1.09 0.96 0.93 0.93 1.06
FIB (g/1) 1.8~3.5 3.4 4.37 / / / / / 2.72
APTT (s) 25~31.3 24.6 30.8 / / / / / 229
TT (s) 14~21 18.5 16.3 / / / / / 17.8
AFP (ng/ml) <7 2.16 1.77 1.67 1.75 1.86 1.79 2 1.7
HBsAg (1U/ml) <1 -(0.650) -(0.377) -(0.287) -(0.330) -(0.371) -(0.288) -(0.394) -(0.397)
Anti-HBs (mIU/ml) <10 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000
HBeAg (S/Co) <1.0 60.64 134.4 62.69 27.9 17.72 12.79 10.4 11.82
Anti-HBe (S/Co) >1.0 -(1.3) -(1.39) -(1.2) 0.994 -(1.01) - (1.06) - (1.09) -(1.03)
Anti-HBc (S/Co) >1.0 0.009 0.007 0.007 0.008 0.008 0.007 0.007 0.006
HBV DNA (1U/ml) / 3.82E+04 / / / 6.82E+05 / / 2.72x104U/mL
HCV DNA(IU/mL) <50 <50 <50 <50 <50 <50 <50 <50 <50
HIV antibody Negative Negative Negative Negative Negative Negative Negative Negative Negative
HLA / HLA-A2 / / / HLA-A2 / / HLA-A2
e R R R T R

<Table 2: Clinical characteristics and HBV markers of OBI patients with positive HBeAg.

Biochemical, virological
characteristics

serological
characteristics

HBV infection
history and treatment
experience

sequencing of the S gene

ALT(U/I): normal
AST(U/I): normal
HBV DNA (IU/ml): 234-567

HBsAg: -
HBsAb: +
HBeAg:+
HBeADb: -
HBcAb: +

assumed to have
resolved HBV infection.
treatment naive

double mutations (A1762T and
G1764A) in BCP

no mutations in the pre C/C gene

the a determinant sequences were all
mutant type

ALT(U/1): normal
AST(U/I): normal

HBV DNA (IU/ml): 1130-135

HBsAg: -
HBsAb: +
HBeAg:+
HBeAb: -
HBcAb: +

diagnosed with HCC
while not known HBV
infection history.

double mutations (A1762T and
G1764A) in BCP,

no mutations in the pre C/C gene,
three residue substitutions in the a
determinant (1le126The, Thel31Asn
and Met133Thr)

Author year, Number of
country cases
Case 1l
56 y-old man
Z.Han et al.
2015, China [4]
Case 2
81-y-old man
Y. H. Zhou et al.
2009, China [5] Case 1
50-year-old man

ALT(U/I): normal
AST(U/I): not done
HBV DNA: 370-491 copies/ml

HBsAg: -
HBsAb: +
HBeAg:+
HBeAb: -
HBcAb: +

Not known

the insertion is a perfect repeat of the
preceding 15 nts. This insert resulted
in 5 amino acids insertion between
residues 128 and 129 in HBsAg, which
is in the o determinant. HBV variant
had mutations both in preS2 and S
proteins.
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HBsAg: - . . -
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after literature review. Post hoc analysis shows there was some
important information ignored. Such as, noninfectious physi-
cians did not pay attention to the patient’s HBV DNA overt in-
fection, the conflict situation about positive HBeAg coexist with
negative HBsAg is unusual in OBI. After all, Insensitivity com-
mercial kits in detecting HBsAg mislead the diagnose especially
for noninfectious physicians.

Literature review

To give an overview of OBI with positive HBeAg, we also per-
formed a literature review in PubMed using the following key-
words: (Occult hepatitis B [MeSH Terms]) AND (positive HBeAg)
and choose Filters applied: Case Reports. Totally there are 10
articles and we identified only 3 articles reported appearance
of HBeAg in OBI. (Table 2).

Discussion

The case we reported here was HBsAg negative but positive
for HBeAg and HBV DNA overt infection, at first it was diagnosed
as OBI because in the opinion of noninfectious physicians that
HBsAg-/HBV DNA+ means OBI, they are not familiar with OBl due
to the global prevalence of OBI is only 0.82% [3]. Even in 2018
AASLD CHB Guideline [7], there is no special section to discuss
OBI. In 2017 EASL [8] and 2019 CHINA CHB Guideline [9], the
definition of OBI was only mentioned HBsAg-/HBV DNA+ while
not mentioned the requirement of HBV DNA <200 IU/ml. only
in the Taormina Statements of OBI 2008/2019 which highlight
that HBV DNA is the only reliable diagnostic marker of OBl and
the low HBV DNA required less than 200 IU/ml. The molecular
basis of OBI can be explained as the low level of transcription-
ally active cccDNA in OBI cases results in low or undetectable
HBV RNA transcription and subsequent protein translation and
expression. The low viral load is an indicator that the immune
system is effective in controlling HBV (even if it is not definitively
cleared) in most OBI patient. HBV DNA level is a key factor in de-
termining treatment and follow-up, and false OBI patients could
miss the optimal treatment. Hence, here is needed to highlight
HBV DNA overt infection is a key clue to imply the possibility
of active chronic hepatitis B. Because noninfectious physician
is unfamiliar with this HBV DNA level requirement, it is very sig-
nificant reporting this case.

The Taormina Statements of OBl also propose the concept of
“False” OBI: Cases with serum HBV DNA levels comparable to
those usually detected in the different phases of serologically
evident (overt) HBV infection have to be considered as “false”
OBI and are usually due to infection by HBV variants with mu-
tations in the S gene (escape mutants) producing a modified
HBsAg that is not recognized by some or all commercially avail-
able detection assays [1]. So, in this patient, the laboratory de-
partment clone analysis of the a determinant of HBsAg again
because they think maybe the routine HBsAg assays with inad-
equate sensitivity or inability to detect HBV S variants may lead
to a false negative HBsAg result. Our report reveals a unique
insertion, and which shows that an insertion of amino acids at
120~124 location affects the formation of disulfide bond and
then the formation of loop. It is well known that there is an
overlap between S protein and Pol protein. Furthermore, we
found this new insertion site is in Polymerase/reverse tran-

scriptase domain indicating this insertion might involve in HBV
pathogeny. Finally, considering the HBV DNA level was as high
as 38,200 U/ml and confirmed immune escape mutant existed.
Post hoc analysis show it is a false OBl based on the Taormina
Statements.

Another thing needs to be pay attention is why HBeAg was
persistent positive in this patient? It is well documented that
HBeAg is associated with active replication and its appearance
usually combined with HBsAg seroconversion and/or an in-
crease of serum HBV DNA which means hepatitis B reactivated
in OBI patients. As the result of literature search show, 7 out of
10 articles are described the reactivation of HBV [10-16], only
3 articles report 4 cases with HBeAg positive in confirmed OBI.
Furthermore, all patients were containing S gene escape while
only 2 cases reported HBV DNA level <200 IU/ml. The first case
Y.-H. Zhou et al reported in 2009 only discussed that the test of
HBeAg may find out HBV carriers with mutant HBsAg and no
more other comments about HBeAg positive. The second case
Paparella C et al reported in 2010 claimed that they speculated
that this patient either experienced a reactivation of a latent
HBV infection, linked to the selection of escape mutants, or
acquired an infection sustained by an HBV strain carrying one
significant mutation in the ‘s’ gene. In both instances, the weak
replication competence of this mutant or the neutralizing effect,
albeit incomplete, of the pre-existing anti-HBs antibodies, justi-
fies the occult pattern. Another 2 cases with HBV DNA above
200 IU/ml were described in one article published by Z. Han et
al. in 2015. They think infection with the S gene escape mutants
may also be the true OBI and regard the patients with negative
HBsAg but positive HBeAg may represent a unique type of OBI.
Test for HBeAg would be critical to identify such type of OBI.

We try to figure out whether HBeAg positive is a unique type
of OBI or not. There is one recently published data collected
1,261 HBsAg-/HBV DNA+ blood donor plasmas identified in 29
blood centers located in 19 different provinces in China were
shipped to the National Center for Clinical Laboratories (NCCL)
between January 2010 and December 2013 [17], Samples con-
firmed as HBsAg-/HBV DNA+ (HBV DNA load <200 IU/mL) which
are anti-HBc and/or anti-HBs positive were classified into the
OBI group. Samples that were both anti-HBc and anti-HBs nega-
tive were excluded in the absence of follow-up because a pre-
seroconversion window period could not be ruled out. Among
the 1,261 blood donors initially screened, 918 donors (72.8%)
were proved to be OBI carriers. Host and viral markers were
available for 906 OBI donors. But none of them was reported as
HBeAg positive or discussed as unique OBI with positive HBeAg.
We think this is the up to date the biggest OBl database and
used the unified testing method of central laboratory which is
more reliable than those case reports. Taken together, we think
HBeAg positive with HBsAg-/HBV DNA+ is a key clue to imply
the possibility of active chronic hepatitis B rather than a unique
type of OBl while it needs more data to confirmed.

Last but not least is about how to manage these true or false
OBl patient. For true OBI cases, Currently, antiviral therapy is not
recommended for individuals with OBI in guideline and 2019
Taormina Statements update of OBI, which mentioned current
drug to eradicate cccDNA and integrated HBV DNA is likely im-
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possible. But OBl may result in transmission of HBV infection to
blood or organ transplant recipients, and reactivation of HBV
replication in patients receiving cancer chemotherapy or other
immunosuppressive therapies, those at moderate risk may re-
ceive prophylactic antiviral therapy and if not, they should be
closely monitored, and antiviral therapy initiated at the earli-
est sign of HBV reactivation. Risk stratification, indications for
prophylactic antiviral therapy and frequency of monitoring are
described in professional society guidelines.

Fewer discussion about False OBI case can be found, Not
arnicola A, et al. reported a false OBl developed in a patient
with psoriatic arthritis under infliximab and methotrexate ther-
apy which published in 2014 [18]. The definition of False OBl is
based on HBV infection occur without the warning of the se-
roconversion and achieved very high level of serum HBVDNA,
although HBsAg is always undetectable, Interestingly, no matter
this OBI patient was firstly treated with Infliximab plus Metho-
trexate in 2005 or this OBI patient firstly referred to the author
in Dec 2010, theHBV DNA has not been performed either. Until
half a year later the HBV DNA increased to 85554 U/mL with
HBsAg still negative and it was reported as a False OBI.

Here we discussed false OBl is quite different with above cas-
es, we want to highlight with clinical physicians to pay attention
to “False” OBI which means it isan infectious CHB rather than
OBI, because their DNA is overt infection and HBsAg is not rec-
ognized by some commercially available HBsAg assays. If we use
the criteria of Chinese CHB guidelines published in 2019, pa-
tients with HBV DNA positive (>20 IU/ml), and ALT sustained el-
evated (>ULN) are the Indications for antiviral therapy. Recently
published case report maybe can give us some pointers [19], it
reported an “OBI” with positive HBeAg and HBsAg-/HBV DNA+
(2.32 x 10° IU/ml) and received ETV treatment, 4 weeks after
initiation of ETV treatment HBV DNA dropped below 100 IU/ml
(Minimum detection value line) and maintained for 6 months.
After that the patient spontaneously stopped taking ETV for
6 month and then the HBV DNA rebounded to 2.79 x 10° 1U/
ml, the patient was encouraged to continue ETV treatment and
achieve HBV DNA undetectable again. But unfortunately, the
patient spontaneously stopped ETV therapy again and finally
the patient had become a chronic HBV infection with drug resis-
tance. In the discussion the author didn’t analysis why patient
stop treatment again and again, it is reasonable to speculate
that patient lack of disease cognition about OBI, as we know
even in hepatitis B patients, it is difficult to manage long-term
compliance, let alone OBI.

Limitations

There are limitations to the present study, first, it is a case
report and never received the consultation from Infection de-
partment; second, this is the first time to report a unique inser-
tion of amino acids at 120-124 location which need to verify the
modifications of the HBsAg production pattern.

Conclusion

In conclusion, the significance of this case report is to high-
light 2 update points with all infectious and non-infectious phy-
sicians, one is the diagnosis of OBI, which is based on the de-
tection of HBV DNA less than 200 IU/ml since 2008 Taormina
Statements published, another point is about CHB treatment
criteria which patients with HBV DNA positive (>20 1U/ml) and
ALT sustained elevated (>ULN) is the Indications for antiviral
therapy.
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