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Symptoms of Acute HBV Infection
After exposure, there is an incubation period ranging
from 45-180 days during which the patient will not
exhibit symptoms or positive serologic results.4

Symptoms, if they appear, usually appear within 4-6
weeks of exposure to the virus. More than 50% of people
infected with HBV develop symptoms of acute disease
including jaundice, nausea, anorexia, malaise, and/or
fatigue.1 Unfortunately, the symptoms of hepatitis B are
easily and frequently mistaken for influenza. 

Laboratory Diagnosis and Monitoring 
HBV Serologies
The potentially severe consequences of acute and
chronic HBV infection make it important to detect and
monitor disease progression closely. Various antigens
and antibodies appear and disappear at specific stages
of the disease, although the timing and length of each
stage can be highly variable. Documentation of the
presence of these antibodies and antigens has allowed
the clinician to evaluate the patient’s current stage. 
(See Charts 1 and 2, also Figure 3.)

Hepatitis B surface antigen (HBsAg) – is the first serologic
marker, developing after an incubation period ranging
from 6 weeks to 6 months following HBV infection, but
prior to the appearance of symptoms. The presence of
HBsAg indicates the patient has HBV infection, either
acute or chronic. In the patient with acute infection,
HBsAg usually disappears within 1-2 months after the
onset of symptoms, with antibody to HBsAg (anti-HBs)
appearing with the resolution of the infection (after
disappearance of HBsAg). Because the length of the
incubation period is variable, and the antigen is
detectable for a relatively short period, HBsAg may be
undetectable in the patient’s serum. HBsAg persists (in the
absence of anti-HBs) in patients with chronic hepatitis.

Antibody to hepatitis B surface antigen (Anti-HBs) –
develops several weeks after HBsAg has disappeared.
The time between disappearance of HBsAg and
development of antibody to HBsAg is known as a “core
window period.” The length of the core window is
variable, as anti-HBs development may be delayed up to
6 months. Detection of anti-HBs usually indicates clinical
recovery and subsequent immunity to HBV. However, the
very rare presence of both anti-HBs and HBsAg in a
patient with fulminant hepatitis indicates a poor
prognosis.5 Because anti-HBs may persist after resolution
of the infection, the detection of anti-HBs does not
discriminate between a current or preexisting infection. 
Successful vaccination for HBV usually results in a

positive anti-HBs response. The quantitative
measurement of anti-HBs is valuable in assessing the
level of the immune response to the HBV vaccine. Anti-
HBs also may be detected in the case of passive transfer
by blood transfusion, by therapeutic administration of
hepatitis B immune globulin (HBIG), or in utero. 

Hepatitis B envelope antigen (HBeAg) – develops 1 week
after HBsAg is detectable (roughly 7 weeks after
exposure), yet still before symptoms appear. The
presence of HBeAg correlates with the level of
infectivity, the quantity of virus present, the presence of
core antigen in the nucleus of the hepatocyte, and the
presence of viral DNA polymerase in the serum. The
patient is most likely to transmit the virus when HBeAg
is present in the acute stage of infection. Present for only
a short time, HBeAg is generally not detectable about 3
weeks before HBsAg disappears. There is a high
probability of progression to a chronic carrier state when
HBeAg persists longer than 12 weeks. In a chronic
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Chart 1. Acute Hepatitis B Virus Infection with
Recovery Typical Serologic Course

Chart 2. Progression to Chronic Hepatitis B Virus
Infection Typical Serologic Course



carrier (positive for HBsAg), HBeAg indicates high
infectivity and is associated with liver disease. Pregnant
women who are HBsAg positive should be tested for
the presence of HBeAg, as there is a high risk of
transmission to the fetus (90%) if the mother is HBeAg
positive. HBeAg is usually detectable in a chronic
carrier.5

Antibody to hepatitis B envelope antigen (anti-HBe) – is
usually detectable when HBeAg disappears (usually
between 12-16 weeks), although anti-HBe and HBeAg
may be present at the same time. When both anti-HBe
and HBsAg are positive (HBeAg - negative), there is
reduced infectivity and the patient is expected to resolve
the infection.5 Anti-HBe antibodies may be detectable in
a chronic carrier.5 The presence of anti-HBe does not
imply immunity to HBV infection.

Antibody to Hepatitis B core (Anti-HBc) – appears during
the first few weeks after infection shortly after the onset
of symptoms and rises to high levels during
convalescence. Levels remain high in patients who have
progressed to the chronic carrier state. 

IgM class antibodies develop in the acute phase of
infection, representing an exposure to HBV within the
past 3-6 months. Anti-HBc IgM may be the only
antibody detectable during the core window; that is,
after HBsAg has disappeared (3 months) and before
anti-HBs appears (6 months). Anti-HBc may be
passively acquired, either by transfusion or in utero.
However, prenatally acquired antibody will gradually
disappear in the first 2-4 months of life.5

Anti-HBc IgG develops in the late acute phase of
infection and may be the only serologic marker
remaining in the years after exposure to HBV and
recovery from the infection. The presence of anti-HBc
IgG can indicate progression to chronic disease.
However, it is also a marker of past infection in the
patient whose infection is resolved.

MML offers several serology tests for detection of an
HBV infection:
• #9013 Hepatitis Bs Antigen (HBsAg), Serum is

designed to detect the presence of a recent acute or
chronic HBV infection. 

• #8254 Hepatitis Bs Antibody (Anti-HBs), Serum is a
qualitative test for the presence of antibody to HBsAg.
A positive test for anti-HBs can be a useful adjunct for
assessing immunity or clinical recovery of the patient.

• #8347 Hepatitis Bc Antibody, IgG and IgM (Anti-HBc
[IgG and IgM]), Serum is a reflex test. This test detects

both IgG and IgM and will therefore detect both
short-term infection, which will give rise to IgM
antibodies, and longer-term infection, which will give
rise to IgG antibodies. If this test is positive, #9015
Hepatitis Bc Antibody (IgM)(Anti-HBc [IgM]), Serum
is then performed to differentiate between an acute
(IgM) infection and an infection of longer duration
(possibly chronic) that has generated IgG antibodies.

• #80510 Hepatitis Be Antigen (HBeAg), Serum is a test
for which the presence of HBeAg usually indicates
active viral replication and infectivity.

• #80973 Hepatitis Be Antibody (Anti-HBe), Serum is a
test useful for recognition of resolution of hepatitis B
infection with seroconversion of HBeAg to hepatitis
Be antibody (anti-HBe). 

In addition, acute and chronic hepatitis profiles are
available when hepatitis A and C are also considerations.

Direct Detection of HBV
While serologic markers are used routinely as
diagnostic indicators of acute and chronic HBV
infection, they are indirect evidence of disease and often
do not reflect disease progression. The presence and
quantity of HBV DNA in serum (#82416 Hepatitis B
Viral DNA Assay (HBV-DNA), Quantitative, Serum and
#82960 Hepatitis B Viral DNA (HBV DNA) Ultra-
Sensitive, Quantitative, Serum) is an accurate marker of
viral replication. HBV DNA levels that persist longer
than 8 weeks may indicate progression to chronic
hepatitis B. With the advent of new potent nucleoside
analog drugs, it has become increasingly important to
monitor very low levels (<104 copies/mL serum) of HBV
DNA. In recent years, technological improvements have
resulted in the development of new, highly sensitive
tests to detect HBV, to provide prognostic information,
and to monitor disease progression. 

HBV Vaccine 
Individuals now can protect themselves against the risk
of HBV infection by vaccination. Developing an
adequate concentration of HBsAg antibody is essential.
While the vaccines are highly effective in most people,
they are not perfect:1

• Individuals respond differently to the HBV vaccine
- 10-15% of vaccinees do not respond at all
- 30-40% of immunocompromised persons do not 

respond
- 80-90% of heavily immunocompromised persons 

do not respond
- Younger vaccine recipients respond better than 

older ones
• Antibody concentrations decline over time
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• Levels of antibody differ between individuals 
• Length of “protection” depends on antibody

concentration reached at time of final vaccination

Currently, HBV protection is recognized at 10 mIU/mL.1

The mIU/mL value for a specimen can be determined
using #81753 Hepatitis Bs Antibody (Anti-HBs),
Quantitative, Serum. This test provides anti-HBs titers
and is recommended as a tool in determining the level of
antibodies developed after the vaccination series. Anti-
HBs quantitation can be a useful tool to monitor
vaccinees or to establish the approximate time for
revaccination. For example, those who share a high risk
of “non” or “hypo” response after the initial vaccine
series include persons who are:
• >30 years old at the time of vaccine receipt (especially

health care workers)
• Immunocompromised for any reason 

(eg, posttransplant patients)
• Obese 
• Patients undergoing dialysis or with protein-losing

nephropathies 
• Entering high-risk, endemic areas where long-term

exposure is likely (eg, medical missionaries)

HBV Treatment 
Several forms of hepatitis B prophylaxis and treatment
are available. Active immunizations with recombinant
vaccines or passive immunization through injection of
pooled serum containing high titers of anti-HBs (HBIG)
are effective. Current Food and Drug Administration-
approved treatments of chronic hepatitis B include
interferon-alpha, to which about 20% of patients respond
favorably; lamivudine, a nucleoside analog that has
recently shown great promise by drastically reducing
viral load in nearly all patients treated for chronic
hepatitis B; and famciclovir, an antiviral that inhibits viral
DNA replication. However, mutations within the HBV
polymerase gene may be associated with lamivudine
and/or famciclovir resistance. 

Genotyping
There are currently 7 distinct HBV genotypes (A-G),
which have been described. A number of preliminary
studies have also suggested that HBV genotype may
correlate with clinical outcome in patients with chronic
HBV infection. Molecular analysis may be useful in
determining the presence or absence of key mutations in
both the polymerase and HBsAg genes of HBV, as well as

in the determination of HBV genotype. Mutations within
the HBV polymerase gene may be associated with
lamivudine and/or famciclovir resistance. Mutations
within the HBV HBsAg gene may be associated with
vaccine breakthrough or HBIG breakthrough. The ability
to accurately determine the presence of these mutations,
as well as viral genotype, may be important in the
management of HBV-infected patients.

Hepatitis B virus genotyping and mutation analysis
(polymerase and surface antigen) testing is currently
under development at Mayo and will become available
in 2003. This test analyzes the polymerase and HBsAg
genes for specific amino acid changes that have
previously been associated with in vivo and in vitro
lamivudine and/or famciclovir resistance (V521L,
L528M, M552V, M552I, and V555I) or vaccine and HBIG
breakthrough (G145R). Final genotyping reports will
contain all nucleotide mutations found within the
analyzed portions of the polymerase and HBsAg genes in
addition to viral genotype.

Conclusion
The key to preventing hepatitis B is vaccination and
elimination of exposures. However, for individuals who
are unable to mount an immune response from
vaccinations or who are unvaccinated, early detection
and close monitoring following exposure are the primary
tools to increasing awareness and preventing spread of
the disease to uninfected individuals. Meanwhile,
advances in serologic and molecular testing support the
development and application of appropriate treatments
for those who have contracted hepatitis B.
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Test

Profile
1

HBsAg
2

Anti-HBs
3

Anti-HBc 
(Total)

4
Anti-HBc

(IgM Only)

5a
HBeAg

5b
Anti-HBe

8
Anti-HAV 

(Total)

9
Anti-HAV 
(IgM Only)

10
Anti-HCV Interpretation

Acute, enteric 
exposure

+ Acute type A hepatitis

ñ
Consider HEV 
infection*

Acute, non-
enteric or type 

unknown

- - + - Acute type A hepatitis
+ + - - Acute type B hepatitis**

- - +

Acute or chronic type C 
hepatitis with co-
existing acute illness of 
other etiology*

- - - -

Consider early type C 
hepatitis or infection 
with HEV, CMV, or 
EBV*

Chronic, type B 
(HBV monitor 

or prenatal 
screen)

- T NT
Recovery from type B 
hepatitis

+ + -
Chronic type B hepatitis, 
active replicating 
virus**

+ +
Chronic type B hepatitis, 
non replicating virus**

Chronic, type 
unknown

+ - + - -
Chronic type B 
hepatitis**/***

- +/- - + Chronic type C hepatitis

- - - NT -
Non-B, C hepatitis 
(consider HCV-RNA 
test)

+ + - +
Chronic hepatitis, HBV 
and HCV co-infection**

HBV immunity 
screen

+
Past exposure to HBV 
with recovery and/or 
immunity

HAV immunity 
screen

+
Past exposure to HAV 
with recovery and/or 
immunity

Hepatitis screen 
(previous 
exposure)

- - - + - -
Past exposure to HAV 
with recovery and/or 
immunity

- - - + + - Recent type A hepatitis

- - - - NT +
Exposure to HCV with 
recovery or chronicity

+ - - NT -
Exposure to HBV, early 
infection, asymptomatic

+ - + - NT -
Type B hepatitis, 
chronic or carrier state

+ - NT -
Exposure to HBV with 
recovery/immunity

- - - - NT -
Possible exposure to non 
A, B, C hepatitis

*HEV testing - contact Mayo Medical Laboratories
**Consider delta co-infection HDV (delta)
***Consider HBV-DNA test
NT = not tested

-

N

-

-

+/-

-

+/-

Figure 3. Hepatitis Serologic Profile Interpretation Guide
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Paraneoplastic Autoantibody Panels Expand
The addition of several tests has resulted in changes to the
paraneoplastic autoantibody panels: 
#80784 Paraneoplastic Autoantibody Basic Panel, Serum or
Spinal Fluid
#81181 Paraneoplastic Autoantibody Comprehensive
Panel, Serum
#81256 Paraneoplastic Autoantibody Lung/Thymoma
Panel, Serum 
The new components, available only as part of these
paraneoplastic panels, are used to investigate patients
suspected to have a neurological autoimmune disorder
and are clinically recognized as markers of a patient's
immune response to specific cancers (paraneoplastic
autoantibodies).

Purkinje Cell Cytoplasmic Autoantibody, Type Tr (PCA-Tr),
Serum or Spinal Fluid - The name, PCA-Tr, distinguishes
this IgG autoantibody from 2 other paraneoplastic neuronal
autoantibodies that bind in distinctive patterns to the
cytoplasm of cerebellar Purkinje neurons: PCA-1 (a marker
of ovarian or breast carcinoma, also known as “anti-Yo”)
and PCA-2 (a marker of small-cell lung carcinoma [SCLS]). 

PCA-Tr-positive patients usually have Hodgkin's
lymphoma and present with subacute cerebellar ataxia.
PCA-Tr has not yet been identified in any other context.
Serological testing for PCA-Tr is indicated in patients with
acquired cerebellar ataxia of undetermined etiology,
particularly if the patient has a history of Hodgkin's
lymphoma. A positive value is consistent with neurological
autoimmunity and justifies a thorough search for
Hodgkin's lymphoma. This test is included in the
Comprehensive (#81181) and Lung/Thymoma (#81256)
panels.

Purkinje Cell Cytoplasmic Autoantibody, Type 2 (PCA-
2), Serum or Spinal Fluid - PCA-2 is an IgG marker of
neurological autoimmunity that has an 80% predictive
value for SCLC. Seropositive patients characteristically
present with a subacute multifocal neurological disorder.
Testing for PCA-2 is indicated in patients who present
with a subacute neurological disorder of undetermined
etiology and have risk factors for lung cancer. A positive
value is consistent with neurological autoimmunity and
justifies a thorough search for a lung cancer, particularly
small-cell carcinoma. This test is only available as a
component of the Lung/Thymoma (#81256) panel.

Collapsin Response-Mediator Protein-5 Neuronal
Autoantibody (CRMP-5-IgG), Serum or Spinal Fluid -
CRMP-5-IgG (also known as “anti-CV2”) is currently

the second most common of the neuronal nuclear and
cytoplasmic autoantibodies predictive of SCLC. Its

predictive value for SCLC is 77% and for thymoma is 7%.
Serological testing for CRMP-5-IgG is indicated in
evaluating patients with a suspected neurological
autoimmune disorder, particularly patients with risk
factors for lung cancer. Seropositive patients
characteristically present with a subacute multifocal
neurological disorder. Peripheral and autonomic
neuropathies and dementia are most common
presentations. Associations of chorea, or other basal
ganglionic disorder, or a cranial neuropathy, particularly
loss of vision or abnormal sense of taste or smell, are
considered syndromic because of their high frequency in
CRMP-5-IgG-positive patients. A negative immuno-
fluorescence result in these syndromic contexts justifies
further testing by recombinant Western blot assay.
Detection of IgG autoantibody specific for the neuronal
cytoplasmic antigen CRMP-5 confirms that the patient's
subacute neurological disorder has an autoimmune basis
and predicts an SCLC or thymoma with 75-80% certainty.
This test is only available as part of the Lung/Thymoma
panel (#81256).

Antineuronal Nuclear Antibody-Type 3 (ANNA-3), Serum
or Spinal Fluid - ANNA-3 is a newly recognized IgG
marker of an immune response to SCLC in patients
presenting with a subacute, usually multifocal,
paraneoplastic neurological disorder. Serological testing
for ANNA-3 is useful in patients who present with a
subacute neurological disorder of undetermined etiology
and have risk factors for primary lung carcinoma. A
positive result confirms that a patient's subacute
neurological disorder has an autoimmune basis and
predicts with 90% certainty that the patient has an
aerodigestive carcinoma, usually SCLC, new or recurrent
and confined to the chest. ANNA-3 has not yet been
encountered in patients with lung carcinoma without a
neurological accompaniment, or with other cancers, or in
healthy subjects. This test is only available as part of the
Lung/Thymoma panel (#81256).

Paraneoplastic Autoantibody, Western Blot Confirmation,
Serum or Spinal Fluid - Western blot analysis using native
neuronal proteins is indicated when interference by
coexisting autoantibodies precludes unambiguous
detection of neuron-specific antibody specificities (eg,
ANNA-1 and ANNA-2). The recombinant Western blot
for detecting CRMP-5-IgG in low titer will be introduced
in early 2003. Positive results provide serological support
for the diagnosis of neurological autoimmunity related to
specific cancers, and confirm that a patient's subacute
neurological disorder has an autoimmune basis,
predicting a definable neoplasm with 80-90% certainty.
The native Western blot test is included as needed in all 3
paraneoplastic panels.
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Detection of Vaccinia Virus, Herpes Simplex Virus, Varicella-Zoster Virus, and Bacillus anthracis 
DNA by LightCycler Polymerase Chain Reaction After Autoclaving: Implications for Biosafety of
Bioterrorism Agents

Mark J. Espy, MS; James R. Uhl, MS; Lynne M. Sloan, MT(Ascp); Jon E. Rosenblatt, MD; 
Franklin R. Cockerill III, MD; and Thomas F. Smith, PhD

• Objective: To determine whether autoclaving suspensions of vaccinia virus, herpes simplex virus (HSV),
varicella-zoster virus (VZV), and Bacillus anthracis inactivate infectivity of these agents but allow detection of
target DNA by LightCycler polymerase chain reaction (PCR).

• Material and Methods: Swabs were inserted into tubes containing serial 10-fold dilutions (10-1 to 10-5; 500 µL;
6 samples per dilution) of vaccinia virus, HSV, VZV, or a single suspension of 108 colony-forming units of B
anthracis (2 samples). One half of the samples were autoclaved, and the remainder were not. An aliquot of each
not autoclaved sample served as a control for infectivity.

• Results: Autoclaving swabs saturated with suspensions of vaccinia virus, HSV, or VZV eliminated the
infectivity of these agents; however, DNA was detectable in most autoclaved samples in dilutions of 10-1 to 10-
4 by LightCycler PCR. All not autoclaved specimens were detected by culture (infectivity) except for VZV and,
in most dilutions of 10-1 to 10-3, by assay of target DNA by LightCycler PCR. Similarly positive results were
obtained for PCR assessment of sporulated B anthracis.

• Conclusions: Standard autoclaving procedures eliminated the infectivity of viruses (and B anthracis), but target
DNA was often retained for detection by LightCycler PCR. Current recommendations indicate that the
laboratory diagnosis of smallpox virus infection be performed only within Biosafety Level 4 facilities. We
suggest that, in addition to the requirement for immediate coordination with public health officials, the federal
government consider expanding the existing guidelines for processing these specimens to encourage
immediate collection, autoclaving, and testing by LightCycler PCR to differentiate smallpox virus from other
dermal pathogens such as HSV and VZV by specific qualified laboratories.

Mayo Clinic Proceedings 2002;77:624-628

Abstracts of Interest

Tetanus Toxoid IgG Antibody Reference Value Change
As a result of client requests, the reporting format for
#82506 Tetanus Toxoid IgG Antibody Assay, Serum was
changed from a qualitative value to a quantitative
value. This also resulted in a change in the
interpretation.

New Reference Value:  >0.16 IU/mL
Previous Reference Value:  Positive

Interpretation
Results greater than or equal to 0.16 IU/mL suggest a
vaccine response.

C-Peptide Method Change
#8804 C-Peptide, Serum was moved from an
immunochemiluminometric assay (ICMA) to an
automated chemiluminometric immunoassay. This
method change resulted in changes to the reference
values and reporting units. 

New Reference Values:  0.9-4.3 ng/mL
Previous Reference Values:  170-900 pmol/L

Carnitine Testing Method Change
Both carnitine tests, #8802 Carnitine, Plasma or Serum
and #81123 Carnitine, Urine, have been converted from
a radioenzymatic assay to tandem mass spectrometry
(MS/MS). There are no other changes to these tests.

Cytomegalovirus DNA Method Change
#82986 Cytomegalovirus (CMV) DNA Quantitation by
Rapid Polymerase Chain Reaction (PCR), Plasma was
converted from a COBAS PCR test to real-time PCR
(LightCycler), as reflected by the addition of the term
“rapid” to the test name. The real-time PCR test is faster
and more sensitive, detecting as few as 10 copies of
CMV DNA (The COBAS assay had a lower limit of 
400 copies and required 8 hours to complete the test). In
addition, the linear range of the real-time PCR test is 
10 copies/mL to 107 copies/mL, which is greater than
the COBAS test range of 400 copies/mL to 105 copies/mL.
Validation studies also have demonstrated that the
specimen can be sent either refrigerated (preferred) or
frozen (acceptable).



Q: What is considered a significant change in HBV viral load results?

A: There is no consensus on a definition of “significant change” in HBV DNA level because assays for 
HBV DNA quantitation are not well standardized. 

An arbitrary value of >100,000 copies/mL is widely accepted as a diagnostic criterion for chronic hepatitis B,
recognizing that some of these patients have fluctuating HBV DNA levels that may at times fall below this level.
The goal of antiviral therapy is to decrease serum HBV DNA level to undetectable levels, as determined by #82960
Hepatitis B Viral DNA (HBV DNA) Ultra-Sensitive, Quantitative, Serum.

Some target amplification (polymerase chain reaction) assays are reported to detect HBV DNA levels as low as 100
copies/mL, but the clinical significance of low HBV DNA levels is uncertain at present.

Q: When is HBV genotyping appropriate?

A: The current role for HBV genotyping test in the management of chronic hepatitis B is not yet clearly 
defined. The purpose of this test is to determine the presence of mutant HBV strains resistant to 
lamivudine (a major antiviral drug used in the treatment of chronic hepatitis B). Genotypic resistance can

be detected in 15-30% after 1 year of treatment in HBeAg-positive patients receiving lamivudine monotherapy.
Resistance manifests as a reappearance of HBV DNA in serum on >2 occasions after its initial disappearance while
on therapy. However, most patients harboring these mutant HBV strains and continuing treatment on lamivudine
have lower serum HBV DNA levels than their pretreatment levels, with 25% of these patients losing HBeAg.
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