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In searching for a new host of the hepadna virus, we found a virus with many of the unique
properties of the human hepatitis B virus (HBV) in sera from Manchurian chipmunks inhabiting

Korea.

Of 192 tested animals, 8 chipmunks were found to have weak HBsAg reactivities and par-
ticles similar in size and shape to the particles assoicated with HBV infection.

The HBsAg-reactive particles contained DNA of similar size to that of HBV and a DNA
polymerase activity which appeared to repair a single-stranded region of the DNA molecule.

Histologic examination of liver tissues from chipmunks containing the viral particles in sera

showed no evidence of liver disease.

Experimental infection of chipmunk by inoculation of HBsAg-reactive chipmunks sera led to
frequent occurence of acute and chronic hepatitis without antigenemia of HBsAg.
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INTRODUCTION

Hepatitis B virus (HBV), the prototype human
hepadna virus, was identified by the discovery of
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hepatitis B surface antigen (HBs Ag)"’, and its uni-
que characteristics, including its ultrastructure, an-
tigenic makeup, size and structure of DNA, virion
DNA polymerase, liver tropism, and features of per-
sistent infection were revealed by extensive subse-
quent studies.

The virion of HBV (Dane particle) is a double-
layered spherical particle approximately 42nm in
diameter®’ consisting of a lipid-containing outer shell
bearing HBsAg and an inner spherical core or nu-
cleocapsid approximately 27nm in diameter. The
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viral core contains the hepatitis B core antigen
(HBcAg)®, the viral DNA%, a DNA polymerase
activity®®, and hepatitis Be antigen (HBeAg) in a
cryptic form”,

The viral genome is a circular, partially double-
stranded DNA molecule with a length of approx-
imately 3200 base pairs, which has a single strand-
ed region variable in length from 15% to 50% of the
circle length in different molecules®®. DNA poly-
merase activity in the virion can repair the single
stranded region in the viral DNA to make fully dou-
ble stranded molecule®®.

Iinfection with HBV is accompanied by the
presence in the blood of Dane particles and much
higher concentrations of small spherical particles
22nm in diameter and long filamentous particles with
22nm width and variable length, consisting of excess
viral coat protein materials bearing HBsAg*'®.

Persistent infection with HBV is common, con-
tinues for many years, and may be associated with
chronic hepatitis, cirrhosis, and hepatocellular
carcinomat'-'#,

The host range of HBV is confined to humans,
the natural host, and a few other higher primates
such as chimpanzees'®. The narrow host range and
the lack of a tissue culture system for HBV replica-
tion has hampered progress in studying viral gene
expression and replication.

Recently, three HBV related viruses named wood-
chuck hepatitis virus (WHYV), ground squirrel hepatitis
virus (GSHV), and duck hepatitis B virus (DHBV)
have been found in Eastern woodchucks!!, Beechey
ground squirrels'”?, and Pekin ducks'®. These
viruses infecting nonprimates have many features
of HBV including similar ultrastructure, partially
double stranded DNA of similar size and
structure'®-*»  a virion DNA polymerase activity,
cross-reacting surface and core antigens*-?% com-
mon occurence of persistent infection and associa-
tion with hepatitis and hepatocellular carcinoma?”-32,
HBV and the three related viruses of lower animals
are now called the hepadna viridiae®, and such
animal viruses have been useful models for the study
of replication and pathogenesis of HBV.

In serching for a new host of hepadna virus, we
found evidence of a hepadna virus infection in Man-
churigh chipmunks®.

In this report, we present data showing the
evidence and features of this viral infection.

MATERIALS AND METHODS

1. Animals

The animals used in this study were apparently
healthy Manchurian chipmunks (Tamias sibiricus
asiaticus), weighing approximately 80gm, captured
from fields in the Kyunggido and Kangwondo pro-
vinces of Korea. Sera were obtained from all animals
by cardiac puncture and extracted liver tissues were
fixed in 10% neutral formalin.

2. Detection of HBV Markers

Each serum was tested for HBsAg, anti-HBs, and
anti-HBc by radioimmunoassay using commercial
kits (Abbott laboratories, North Chicago, HI).

3. Electron Microscopy

To test for the presence of particles similar to HBV
in chipmunk sera, sera were pélietted and examin-
ed by electron microscope. Each serum sample was
centrifuged at 10,000 rpm for 10 min to remove
precipitated protein and other debris; 200 ul of each
supernatant diluted with 800 ul of buffer was layered
over an 11 ml gradient of 10-20% (Wt/Vol) sucrose
containing 10mM Tris-HC! (pH 7.4), 0.1M NaCl, and
5mM EDTA.

After centrifugation for 13 hr at 35,000 rpm in a
Spinco SW 40.1 rotor at 20°C, the supernatant was
thoroughly removed by aspiration, and the pellet was
suspended in 100 4l of the buffer. The suspension
was spotted on a carbon-coated grid and the material
was stained with 1% phosphotungstic acid and ex-
amined by electron microscope.

4. Detection of Virion DNA Polymerase Activity and
viral DNA

Pooled sera from Manchurian chipmunks contain-
ing HBsAg reactivities and virus-like particles and
pooled human sera positive for HBsAg and HBeAg
were used for an extensive virion DNA polymerase
reaction in the presence of [a-3?P] dCTP to radiolabel
the viral DNA by the method described by Landers
et al. Serum samples from chipmunks and humans
were claritied by centrifugation at 10,000 rpm for 10
min; 4mi of each supernatant was layered over 8 mi
of 30% sucrose (wt/vol) in TNEMBSA (10mM Tris-
HCI, 0.1M Nacl, 0.001M EDTA, 0.1% 2-mer-
captoethanol, and Img of bovine serum albumin per
ml, pH7.5) and pelleted in a SW 40.1 rotor for 5 hr
at 39,000 rpm and 4°C. The pellet was redissolved
in 200wl of 0.01M Tris-HCI (pH 7.5), 0.1M NaCl, 0.5%
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Nonidet P-40, and 0.1 % 2-mercaptoethanol.

The 504 of Tris-phosphate mixture (2.0M Tris-
HCI [pH 7.5], 0.08M MgCl,, 0.24M NH,CI, 1mM each
dGTP) dTTP and dATP, 2.5uM [a-**P] dCTP [800
ci/mmol] was added and the reaction mixture was
placed at 37°C for 20 min. Unlabeled dCTP was then
added to a final concentration of 0.2mM and the reac-
tion mixture was incubated for 3hr at 37°C.

The reaction mixture was digested with pro-
teinase K in 0.01M Tris-HCI (pH 7.5)-0.01M EDTA-
0.15% sodium dodecy! sulfate for 2 hr at 56°C. The
reaction mixture was extracted three times with
phenol equilibrated with TNEME. A one-tenth volume
of 2M sodium acetate (pH 5.2) and 2 volumes of
100% ethanol were added to precipitate the DNA.,
After 2hr at -20°C, the ethanol precipitate was
pelleted in a Microfuge for 5 min and resuspended
in 10mM NaCl-10mM Tris (pH7.5)-1mM EDTA.

Agarose gel electrophoresis was conducted in
a horizontal apparatus using gels of 1% agarose.
Gels were run for 12hr at 30V. The size markers
were Hind lll fragments of bacteriophage lambda
DNA. The electrophoresis buffer consisted of 89mM
Tris-89mM boric acid-2.5mM EDTA. The gel was
subjected to autoradiography at-70°C for 120 hr us-
ing a Dupont Cronex lightning-plus intensifying
screen and Kodak XR-5 film.

5. Histologic Examination

Liver tissue fixed in 10% neutral formalin was
embeded in paraffin, sectioned at 5 ym and stained
with hematoxylin and eosin.

6. Experimental Infection

Each of fifteen Manchurian chipmunks without
serologic markers of HBV was inoculated with 100ul
of pooled HBsAg-reactive sera from chipmunks. The
animals were sacrificed two months later and
serologic tests for HBV markers and histologic ex-
ams of liver tissues were performed.

RESULTS

1. Detection of HBV Markers

Of 192 tested animals, HBsAg reactivities were
found in the sera of 8 animals and anti-HBs in 11
animals by radioimmunoassay. Anti-HBc was not
detected in any case (Table 1). No HBsAg-positive
serum produced more than 10-fold amount of '23I-
labeled anti-HBs binding than that of the HBsAg-
negative control serum.
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Table 1. Testing of sera of Chipmunks for HBV markers

No. of positive sera %
HBsAg 8 4.2
anti-HBc 0 0
anti-HBs 11 5.7

Total tested 192

2. Detection of HBV-like Particles by Electron
Microscope

All the HBsAg-positive sera contained the par-
ticles shown in Fig. 1. The most abundant form in
all of the HBsAg-positive sera was a small spherical
particle 20-22nm (mean 21nm) in diameter. The
HBsAg-positive sera also contained doublelayered
spherical particles 39-42nm (mean 41nm)in diameter
with an outer shell and an inner spherical core,
similar to the Dane particles of HBV. However,
filamentous form of the particle was not observed
in any of the HBsAg-positive sera. No such particles
were found in HBsAg-negative sera including anti-
HBs-positive sera.

3. Viral DNA and DNA Polymerase Activity

The DNA polymerase activity in HBV repairs a
single-stranded region in the viral DNA, and the reac-
tion catalyzed by this enzyme can be used to
radiolabel the viral DNA and make it fully double
stranded. Similarly prepared preparations of particles
from HBsAg-positive Manchurian chipmunk and
human sera were used for an extensive virion DNA
polymerase reaction in the presence of {a-**P]dCTP
to radiolabel the DNA and close the single-stranded
gap. The DNA was then extracted from each reac-
tion mixture and analyzed by agarose gel elec-
trophoresis and autoradiography.

The results in Fig. 2 show that after an extensive
DNA polymerase reaction the radiolabeled DNA from
Manchurian chipmunks and human serum particles
formed moderately sharp bands with similar elec-
trophoretic mobilities. This form of HBV DNA is ful-
ly double-stranded circular molecules®. These
results indicate that particles in the HBsAg-positive
chipmunk sera contain DNA with a similar size to
that of HBV DNA and a virion DNA polymerase that
can repair the single-stranded region.
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Fig. 1. Electron micrograph of particles in HBsAg-reactive sera ot chipmunks. ‘
Large arrow; Dane particle-like spherical double shelled particles (41nm)
Smalt arrow, Small spherical particles (21nm)

Bar represents 100nm

4. Histologic Examination

Histologic examination of liver tissues from chip-
munks containing HBsAg reactivities and virus-like
particles in their sera reavealed no evidence of cell
necrosis, infiltration of inflammatory cells or fibrosis
(Fig. 3). Chipmunks without HBsAg reactivities show-
ed no ‘evidence of liver diseases, either.

5. Experimental Infections
No HBsAg-reactivity was detected in sera obtain-

ed from 15 Manchurian chipmunks two months after
inoculation with HBsAg-positive sera. However,

histologic exams of liver tissues revealed pathologic
findings of acute hepatitis in 4 animals, chronic per-
sistent hepatitis in 2, and chronic active hepatitis in
5 including 2 cases showing various appearances
of dysplastic hepatocytes with hyperchromatic giant
nuclei and ground-glassy ballooned cytoplasms (Fig.
4).

This frequent occurence of significant hepatitis
in the inoculated animals is in sharp contrast to the
silent histologic findings of the other animals examin-
ed immediately after capture without inoculation.

DISCUSSION
We have found, in the sera of apparently healthy
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Fig. 2. Autoradiogram of [**P] DNA from preparations of
HBsAg-reactive particles from Manchurian chip-
munk sera (fane A) and from human sera (lane B)
after gel electrophoresis. Base pairs are shown on
the left.

Manchurian chipmunks, particles that have many of
the unique characteristics of HBV and related hepad-
na viuses.

By electron microscopy, double-layered spherical
particles 41nm in diameter, similar in appearance to
hepatitis B virions (Dane particles), and higher con-
centration of small spherical particles 21nm in
diameter, similar to surface antigen particles of HBV,
have been found in all the HBsAg-positive sera from
the chipmunks.

Detection of weak HBsAg reactivities in sera of
these animals aiso indicates an antigenic relatedness
of the particles to the particles of HBV that have
HBsAg reactivity. The low binding of anti-HBs by the
particles of the chipmunks may indicate that the chip-
munk serum antigen crossreacts with HBsAg but is
not identical 1o it.

The DNA isolated from preparations of HBsAg-
positive particles from chipmunks sera appeared to
be a circular molecule with similar size to that of HBV
and it appeared to contain a single-stranded region
which was repaired by a virion DNA polymerase.

The findings described above indicate that some
of Manchurian chipmunks inhabiting Korea are in-
fected with a virus that is similar to HBV, WHV and
GSHV. Although Manchurian chipmunks belong to
the Sciuridae family like woodchucks and ground
squirrels, the particles found in the sera of chipmunks
appear to be closely related but not identical to
virions of WHV and GSHV. The 41nm double-
layered particles are smaller than virions of WHV

Fig. 3. Hematoxylin/Eosin-stained sections of liver from a chipmunk, which
contains HBsAg-reactive particles in serum.
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Al Acute mild hepatitis showing scattered acidophilic degeneration of hepatocytes

B) Diffuse, apparently acute, hepatitis showing intralobular accumulations of inflammatory cells, hepatoceliular
necrosis, ballooning degeneration and acidophilic necrosis (infet)

C) Chronic active hepatitis with inflammatory portal space widening, piecemeal necrosis and two dysplastic

hepatocytes

D) Various appearances of dysplastic hepatocytes with bizarre hyperchromatic giant nuclei and ground-glassy

ballooned cytoplasms.

(45nm) and GSHYV (47nm) and the filamentous form
of particle found in sera associated with WHV and
GSHV infection was not observed. Direct com-
parison of viral antigenic proteins and DNA would
be required to determine whether this virus is the
same or different from other hepadna viruses.

infections of all four well-characterized members
of hepadna viruses frequently persist for many years
and are associated with various levels of liver inflam-
mation and hepatocellular carcinoma. In this study,
persistency of infection could not be confirmed since
all animals were sacrificed at the initial experiment.
Histologic examination of liver tissues from chip-
munks containing viral particles in sera revealed no
evidence of associated liver disease.

The frequent occurence of acute and chronic

hepatitis without antigenemia of HBsAg after ex-
perimental infection is quite interesting but inex-
plicable at present. They may represent liver dis-
eases associated with this viral infection not detected
by the assay we have used (Ausria-ll, Abbott), which
appeared to be insensitive due to weak cross-
reaction, or they may be the consequence of im-
munologic response to allogenic proteins. The
presence of dysplastic cells in two cases of chronic
active hepatitis is also interesiting in relation to the
known oncogenic potential of hepadna viruses.
Thus, long-term study of chipmunks with natural and
experimental infection would be required to clarify
the existence of associated liver diseases.
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