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Screening with hepatitis B surface antigen (HBsAg) is highly recommended for at-risk individuals. Mutations in the HBsAg can
result in an inability to detect the virus during routine screening. We describe a hemodialysis patient found to have high levels of
hepatitis B virus (HBV) DNA and HBV antibody but negative HBsAg on two routine assays.

CASE REPORT

In May of 2011, a 57-year-old woman with a prior lung trans-
plant and hemodialysis-dependent end-stage renal disease un-

derwent evaluation for renal transplant at an outside facility. She
received a left lung transplant in 2000 due to severe pulmonary
fibrosis as a consequence of talc toxicity from previous intrave-
nous drug use. Her last reported intravenous drug use was in 1993.
As part of her evaluation for kidney transplant, hepatitis serologies
were drawn, including hepatitis B surface antibody (anti-HBs),
hepatitis B surface antigen (HBsAg), hepatitis B e antigen, and
hepatitis B virus (HBV) DNA. One week after evaluation for
transplant, the patient presented to a different outside hospital
with complaints of fevers, chills, and shortness of breath. She was
transferred to this facility for further treatment of pneumonia. As
part of routine inpatient dialysis screening, the patient had an
HBsAg assay performed in our hospital that returned negative.

However, 1 week following her admission, the results of the
HBV workup done as part of her kidney transplant evaluation
revealed positive HBsAg, anti-HBs with a titer of 13.18 mIU/ml,
positive hepatitis B e antigen, and negative hepatitis B e antibody
results and an HBV DNA level of 11,188,000 IU/ml (Table 1).
Standard hemodialysis isolation protocols for active HBV infec-
tion were instituted. These results prompted review of her records
from this institution, which also demonstrated negative HBsAg
during previous hospitalizations (7/1999, 1/2006, 2/2010, 8/2010,
and 1/2011 [month/year]). The patient’s dialysis unit was also
contacted regarding previous HBV testing. She had HBsAg, hep-
atitis B core antibody (anti-HBc), and anti-HBs testing performed
at the start of hemodialysis in March of 2010, which revealed a
negative HBsAg result and was positive for both anti-HBc and
anti-HBs (Table 1). Based on these results, she was classified as
immune to HBV, and no further HBV testing was performed by
the outpatient dialysis unit. The patient previously had received
HBV vaccination with two doses of Recombivax (Merck), the last
in February 2006. Because the tests from her kidney transplant
evaluation were suggestive of an active HBV infection and testing
here failed to reveal the presence of HBsAg, repeat HBV serologies
and HBV DNA were sent. HBsAg testing performed as part of the
renal transplant workup was with the AxSYM assay from Abbott
Diagnostics (Abbott Park, IL), which utilizes microparticle en-
zyme immunoassay (EIA) technology. HBsAg testing performed
in March of 2010 at her previous dialysis unit and at our hospital

during this admission was assessed using direct chemilumines-
cence with the Advia Centaur assay from Bayer Diagnostics (Tar-
rytown, NY). Due to these discrepant results, HBsAg EIA was
repeated using ETI-MAK-2 PLUS (Diasorin, Piscataway, NJ).
HBV DNA was assessed using real-time PCR (COBAS AmpliPrep,
Roche Diagnostics). Based on the results of these tests, HBV DNA
sequencing to evaluate for mutations was performed as follows.

HBV DNA was extracted from 200 �l of serum using a
QIAamp DNA blood minikit (Qiagen, Valencia, CA) according to
the manufacturer’s instructions. The extracted DNA was eluted in
a final volume of 50 �l of the elution buffer supplied. For the first
round of a nested PCR, 5 �l of this extraction was amplified with
the following primers: 5=-GCCTCATTTTGTGGGTCACCAT
A-3= and 5=-AGTTCCGCAGTATGGATCGG-3=. A second round
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TABLE 1 Results of HBV serologic testing

Test Dialysis unit Outside hospital This hospitalization

HBsAg Negativea Positiveb Negativea/negativec

HBeAg Positive Positive
HBeAb Negative Negative
HBsAb Reactive Reactive Reactive
HBsAb Quant (in

mIU/ml)
13.18 17

Hbcore Ab
(IgG�IgM)

Reactive Reactive Reactive

Hbcore IgM NAd Nonreactive
HBV DNA (in

IU/ml)e

11,188,000 72,800,000

HBV (log)e 7.049 7.86
a Test performed using Advia Centaur.
b Test performed using Abbott AxSYM.
c Performed using ETI-MAK-2PLUS Diasorin kit.
d NA, not available.
e HBV DNA assessed using real-time PCR.

CASE REPORT

820 cvi.asm.org 1556-6811/12/$12.00 Clinical and Vaccine Immunology p. 820–822

http://dx.doi.org/10.1128/CVI.05696-11
http://cvi.asm.org


of amplification was performed using 2 �l of the first-round prod-
uct with the following primers: 5=-TTGGGGTGGAGCCCTCAG
GCT-3= and 5=-GTGGGGGTTGCGTCAGCA-3=.

The amplification conditions have been previously described
(1). The amplified product was purified using a QIAquick PCR
purification kit (Qiagen, Valencia, CA) according to the manufac-
turer’s instructions and directly sequenced at the Johns Hopkins
core sequencing facility using the following primers: 5=-TTGGG
GTGGAGCCCTCAGGCT-3=, 5=-GAAGATGAGGCATAGCAG
CAGG-3=, 5=-TTGGCCAAAATTCGCAGTC-3=, and 5=-GTGGG
GGTTGCGTCAGCA-3=.

The HBV consensus sequence was constructed using SeqScape
sequence analysis software (Applied Biosystems, version 2.5). The
resulting consensus sequence contained the envelope S gene and
the polymerase catalytic units of HBV, overlapping in a frame-
shifted manner. The HBV genotype and unique mutations were
identified by comparing the consensus sequence to the genotype
D reference sequence (GenBank accession number X02496.1) (2)
using CodonCode Aligner software (version 3.0.3).

The HBsAg was negative when tested on both the Advia Cen-
taur and ETI-MAK-2PLUS kits. The HBV DNA level was
72,800,000 IU/ml. The other serologies were similar to the previ-
ous testing performed at the outside facility (Table 1). At the time
these laboratory test samples were drawn, the patient’s aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and
bilirubin levels were within normal limits. The HBV DNA se-
quencing revealed that the virus was genotype D with envelope
mutations as follows: substitution I92I/T (sI92I/T), sY100Y/F,
sQ101R, sS136S/F, sC137Y, sP142R, sD144E, and sQ181R. The
amino acid substitutions for the “a” determinant of the HBsAg
between residues 124 and 147 are included in Fig. 1.

Chronic hepatitis B virus (HBV) infection is common world-
wide, with an estimated 350 million people afflicted with the dis-
ease and approximately 600,000 deaths annually (9, 20). Screening
with hepatitis B surface antigen (HBsAg), hepatitis B core anti-
body, and hepatitis B surface antibody are highly recommended
for at-risk individuals, and early detection is advocated in order to
ensure early access to treatment and future monitoring (20).

Mutations in the HBsAg can result in an inability to detect the
virus through routine screening methods, leading to occult HBV
infections, thereby creating a diagnostic dilemma. The prevalence

of occult HBV infections is not well established (18). In one study
that included only hemodialysis patients in North America, the
prevalence of occult HBV was 3.5% (13). Given the highly infec-
tious nature of the HBV virus, the failure to detect active disease
could result in increased exposure risk to personal contacts and to
both patients and health care workers in the health care setting.

In this case, the DNA level indicates an active HBV infection
despite an undetectable HBsAg on several assays. Importantly, in
addition to the HBsAg not being detected, the patient had a pro-
tective level of anti-HBs, which was not able to neutralize her
virus. If such mutant viruses are more widespread than recog-
nized, this would have significant public health implications for
the hemodialysis patient population. These patients could be ex-
posed to a mutant HBV virus that has the potential to infect the
immunized population. Though more prominent outside the
United States, occult HBV infections in North America (13) and
in the United States have been described (17). In occult HBV
infections, however, the HBV DNA is typically low (less than 200
IU/ml) and should be distinguished from “false” occult HBV in-
fections (16). In “false” occult HBV infections, HBV variants with
mutations occurring in the S gene produce an altered HBsAg that
goes undetected by several commercially available FDA-approved
assays but maintain viral loads consistent with active infection
(16). Though these variants have been reported in European, Af-
rican, and Asian patient populations (19), these mutants have
been described only in limited numbers in the United States,
among liver transplant recipients with previously known history
of HBV infection or in the setting of donor-positive hepatitis B
core antibody and de novo infection despite previous vaccination
in the recipient (7, 14). In this patient, the circulating levels of
anti-HBs would typically confer immunity. This antibody, de-
rived from either recovery from acute infection or vaccination, is
directed against the “a” determinant of the HBsAg, which is lo-
cated between amino acid residues 124 and 147 (5). Most of the
antigenicity of the “a” determinant is located from residues 138 to
147, which is known as the major hydrophilic region (3). Despite
the circulating antibody in this case, there is a high level of HBV
DNA, indicating that the antibody is not neutralizing the patient’s
virus. Amino acid substitution within the HBsAg “a” determinant
residues is probably the predominant mechanism by which the
virus can escape antibody detection, leading to subsequent selec-
tion of a mutant strain, subsequent failure of commercially avail-
able assays to detect the HBsAg, or both (19). Our patient had
multiple envelope mutations within this amino acid range that
could be responsible for the failure to detect the HBsAg and for
escape of the anti-HBs. In particular, the sD144E substitution that
is present in the patient’s virus has been implicated as a means of
immune escape (10). The inability of certain assays to detect
HBsAg mutants has been noted (11, 8, 6, 15). Two studies have
found that the Advia Centaur detection assay failed to identify
HBsAg variants that were detected by other assays (11, 8). In this
patient, the HBsAg was not detected by the Advia Centaur assay or
the Diasorin kit but was identified with the Abbott AxSYM assay,
which has been noted to better detect these HBV mutants (11).
However, this assay does not capture all mutants, and even mul-
tivalent HBsAg assays miss some of these mutant strains (12). The
accurate detection of HBV is critical since patients with these
“false” occult HBV infections could potentially be offered antiviral
therapy and should undergo routine surveillance for the develop-
ment of hepatocellular carcinoma and cirrhosis.

FIG 1 Hepatitis B surface antigen mutations with amino acid substitutions.
The amino acids in blue represent the wild-type for genotype D HBV. The
amino acids in yellow are polymorphisms, while those in green are
substitutions.
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In the dialysis population, such identification is vital, as cur-
rent recommendations for active HBV infections are to have des-
ignated separate rooms for treatment, as well as dedicated ma-
chines, instruments, supplies, and medications. Furthermore,
staff members caring for patients with active HBV should not care
for susceptible patients at the same time (4). Because this patient
was classified as being HBV immune based on her initial testing at
the start of outpatient hemodialysis, she was not placed in isola-
tion for her treatments. The inability to detect HBsAg by routine
screening and lack of clinical evidence suggesting hepatic inflam-
mation could have resulted in a prolonged exposure risk to health
care workers and other hemodialysis patients, especially if she har-
bors a variant capable of vaccine escape.

Furthermore, lack of detection could cause failure to consider
necessary therapeutic intervention and future risk management.
Of particular concern is that it is unknown how this patient ac-
quired her strain of hepatitis B and the fact that she had multiple
negative HBsAg assays over the preceding years. The mechanisms
by which she developed active hepatitis B could include a muta-
tion in an already existing but previously undetectable strain (oc-
cult hepatitis B infection), with immune escape from the host’s
either naturally occurring or vaccination-induced immunity, or
by acquiring a mutant strain via horizontal transmission that was
able to escape the patient’s previous hepatitis B vaccination. It is
the latter possibility which raises the greatest concern, as it may
signify strains of hepatitis B now in the U.S. community capable of
escaping both previous hepatitis B immunity and routine HBsAg
screening with certain commercial assays. Because of this finding,
it is essential that diagnostic assays that can detect these mutants
be developed. In populations such as dialysis patients, screening of
high-risk individuals should be performed with assays with
greater capacity to detect mutant strains of HBsAg. Until assays
are developed that can reliably detect these mutant strains, con-
sideration should be given to screening dialysis patients who are
anti-HBc positive with HBV DNA.
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