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HEPATITIS B virus (HBV) infection in man has a
variety of manifestations. One of these, the HBV car-
rier, is a person with hepatitis B surface antigen
(HBsAg) in the blood for at least 6 months, without
clinical manifestations and no, or minor, abnor-
malities of laboratory tests referable to the liver.'
This definition sometimes is extended to HBsAg-
negative individuals with antibody to hepatitis B core
antigen (HBcAg, anti-HBc), including IgM type anti-
HBc in the serum23 or HBV markers in the liver.
Many carriers have HBsAg in the cytoplasm of hepat-
ocytes, resulting in positive orcein reaction of
Shikata4 and ground-glass appearance.5 The large
number of HBsAg carriers throughout the world, ap-
proaching 200 million, represents a significant health
problem.6 One obvious significance of this state is the
potential infectivity of HBV carriers for others.
Many questions concerning the carrier state are not

resolved. These include the relative number of in-
dividuals who acquire this state by perinatal ("ver-
tical") transmission from the mother or horizontal
transmission from others in early childhood, in con-
trast to those who develop it following symptomatic
or asymptomatic acute hepatitis later in life; the de-
gree of persistence of viral replication; variations in
the degree of infectivity; the spontaneous termina-
tion of the carrier state; the histologic manifesta-
tions, which are reported to vary from normal liver
to nonspecific changes to various types of chronic
hepatitis and cirrhosis; the evolution of the hepatic
lesions; the risk of development of hepatocellular

carcinoma; the reason for the male predominance of
chronic HBV infection; and, finally, the patho-
genesis, about which contradictory reports have been
published.

All three major forms of acute viral hepatitis
(hepatitis A, B, and non-A/non-B) have been repro-
duced in chimpanzees and are associated with
different histologic changes.7 8 Chronic persistent
hepatitis B9'10 and non-A/non-B8 have been described.
The availability of chimpanzees with known long
duration of the HBsAg carrier state, fulfilling the
criteria mentioned above, prompted the description
of this model.

Biologic Features

The HBV carrier chimpanzees, 5 males and 4
females, varied in age from 3 to 14 years, with a
mean of 8.6 years. They had been positive for HBsAg
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Table 1-Morphologic and Serologic Findings in Chimpanzee Carriers of HBV and Control Chimpanzees
Serum TissueMinimum ____________

Chimpanzee interval DNA SGPT/ HBV markers* Inflammation- ~ ~~ .of HBsAg poly- lCD___________________
Age carriage HBs HBe mer- Anti- ele- Orcein Lobu-

No. (years) Sex (months) Ag Ag ase HBc vation stain HBsAg HBcAg lar Portal
28 12 M 45 + + + + +/+ - + +/+ + + +/+ +++ ± +
29 9.5 F 40 + + + + -/ + + + +
39 14 F 23 + + + + -+ + + +++/+ +/+ + + - +
40 11 M 23 + + ± +/+/- - - ++
56 8 M 16 + + + + +/+ ++ + +++/+ ++ + - -
57 7.5 M 16 + + + + +/+ + ++ + ++++ + +
800 7 F 60 + + + + +/+ - +/+ -- + + +
904 5 M 22 + + + + +/+ - + +/- + +
A-20 3 F 15 + + + + -/- /+ + + -/+++ + + +
A-19 3 M (control) - - - - -/- - -/- -/- +
A-20 1.5 F (control) - - - - -/- - -/- -/- +
A-39 2.5 F (control) - - - - -/- - -/- -/- +

Immunoperoxidase/immunofluorescence: -, none; + ++, most.

for a minimum of 15 months prior to study (average
29 months). Only one (A-20) was experimentally in-
fected with HBV; the others were HBsAg-positive
when first tested or contracted HBV from HBsAg
carrier mothers. The 3 control chimpanzees, 2
females and 1 male, 1.5, 2.5, and 3 years old, showed
no significant histologic changes, and all serologic
studies revealed normal results. One of the control
animals (A-20) subsequently became an HBsAg car-
rier that was included in this study. Serum alanine
aminotransferase (SGPT) activity of the carrier
chimpanzees was slightly elevated in all but two in-
stances. In 3 chimpanzees, the levels were slightly

above 1.5 times the normal value, and in only 1

serum 4 times the normal value. Isocitric dehydro-
genase (ICD) activities were regularly elevated.
HBsAg, HBeAg, and anti-HBc were found in all car-
riers by radioimmunoassay. Antibody to HBeAg was
found in 1 chimpanzee, and antibody to delta an-
tigen"1 in 3 chimpanzees. DNA polymerase activity12
was significantly elevated in 8 HBV carriers and
slightly elevated in 1 (Table 1). There was no correla-
tion between the level of DNA polymerase activity
and the other findings.
Menghini needle liver biopsy specimens were

available from all 9 HBV carrier chimpanzees and

Figure 1-Liver biopsy specimen
from a chimpanzee carrier of hepati-
tis B virus, showing dense infiltration
of portal tract by mononuclear cells,
mainly lymphocytes. The limiting
plate of the lobules is intact, as seen
in chronic persistent hepatitis. (H&E,
x 100) Figure 2-Liver biopsy
specimen from a chimpanzee HBV
carrier showing ground-glass hepato-
cytes containing HBsAg (arrows).
(H&E, x 400)
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were compared with 3 controls, some of the latter
with multiple biopsies. Histologically, 1 HBV carrier
chimpanzee had an essentially normal liver, while the
rest had lobular alterations, reflected in focal necrosis
and sinusoidal cell activation, significant in only 1

case. The portal tracts were infiltrated by lym-
phocytes and macrophages, few of them positive for
the periodic acid-Schiff (PAS) reaction. The bile
ducts were not altered. The inflammation extended
focally into the periportal parenchyma, without
significant hepatocellular necrosis. The portal tracts
were not uniformly involved, and the degree of
inflammation was not related to their size. In two
specimens, the inflammation of the portal tracts was

rather extensive and resembled chronic persistent
hepatitis in man (Figure 1). There was no correlation
between the intensity of lobular and portal changes.
Four chimpanzees showed scattered hepatocytes with
ground-glass appearance of the cytoplasm (Figure 2).
The relation of ground-glass hepatocytes to HBsAg
was confirmed by orcein stain (Figure 3). The number
of orcein-positive cells was greater than the number
of ground-glass hepatocytes in all 4 cases. In one in-
stance, orcein-positive hepatocytes were seen without
ground-glass hepatocytes. Demonstration of HBsAg
in the hepatocyte cytoplasm by the peroxidase-anti-
peroxidase method on paraffin sections13 corre-

sponded to the positive results by orcein staining.
However, immunoperoxidase staining for HBsAg
was more sensitive than the orcein stain, since the
former demonstrated more positive cells than the lat-
ter (Figure 4). In addition, the presence of cytoplas-

Figure 3-Liver biopsy specimen from
a chimpanzee HBV carrier, showing
orcein-positive material in the cyto-
plasm of scattered hepatocytes. (Shi-
kata's orcein, x 250) Figure 4-
Immunohistochemical demonstra-
tion of HBsAg in a liver biopsy speci-
men from a chimpanzee HBV carrier
by the peroxidase-antiperoxidase
technique. HBsAg is identified as
dark brown reaction product in the
cytoplasm of some hepatocytes.
(Anti-HBs, x 400)

mic HBsAg was detected by immunohistochemical
reaction in hepatocytes of the 4 HBV carrier chim-
panzees with negative orcein reaction. Moreover, the
presence of HBsAg along the plasma membrane was

demonstrated by immunoperoxidase staining in 8
HBV carriers (Figure 5), but not by orcein stain.
There were fewer cells with membranous expression
of HBsAg than with cytoplasmic HBsAg by immuno-
peroxidase staining. Immunofluorescence studies
were carried out on frozen liver tissue from all 9 car-

rier chimpanzees and revealed HBsAg (along the
hepatocellular membrane) in 8 of these. HBcAg was

found by immunofluorescence in the hepatocyte
nuclei of eight of the nine carrier chimpanzees, but
by immunoperoxidase staining in only 3 (Figure 6).
There was no discernible quantitative relationship be-
tween expression of HBcAg and expression of
HBsAg. Furthermore, there was no correlation be-
tween the pattern of HBV markers in the liver and
the histologic type of liver disease.

In summary, the 9 HBV carrier chimpanzees (in
contrast to the controls) revealed a spectrum of
histologic findings ranging from normal liver to
features of human chronic persistent hepatitis. Com-
parison of the techniques for demonstration of in-
trahepatic HBV markers indicated greater sensitivity
of immunoperoxidase staining for HBsAg in paraffin
sections over immunofluorescence on frozen sections
and orcein staining of paraffin sections. In contrast,
immunofluorescence was far more sensitive than the
immunoperoxidase technique for the detection of
HBcAg.
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Figure 5-Immunohistochemical iden- ~
tification of HBsAg in a liver biopsy ~-
specimen from a chimpanzee HBV
carrier by the peroxidase-antiperoxi- ;-W
dase technique. HBsAg is expressed-; AA
along the plasma membrane of hepa- ,.i
tocytes as brown reaction product (at- ~~~
rows). (Anti-HBs, x 400) Figre !-
-Immunohistochemical identifica- -M-
tion of HBcAg in a liver biopsy speci- 1 i
men from a chimpanzee HBV carrierL
by the peroxidase-antiperoxidase ~~J~

brown reaction product in the nuclei -
of hepatocytes (Anti-H Bc, x 400)
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Comparison With Human Disease

In this limited sample, HBV carrier chimpanzees,
in contrast to man, showed no male predominance"4
and were characterized by persistent viral replication,
as indicated by HBeAg and DNA polymerase activity
in the serum."5 There was no correlation between the
biochemical abnormalities and the histologic find-
ings, which ranged from normal liver to chronic per-
sistent hepatitis. In these aspects, the animal model
corresponds well with the disease in human carriers.
Orcein-positive ground-glass hepatocytes represent a
characteristic finding in human carriers and are
described here in chimpanzees. Both in human and
chimpanzee carriers, abundant HBsAg is present in
the hepatocyte cytoplasm, but membranous expres-
sion of HBsAg and intranuclear HBcAg is not com-
monly seen in healthy human carriers."6 Similar to
most, but not all, human carriers, the hepatocyte
nuclei in the carrier chimpanzees showed no signifi-
cant histologic variations. Progression to chronic ac-
tive hepatitis has not been noted to date in carrier
chimpanzees.

Usefulness of the Model

The availability of HBV carrier chimpanzees may
facilitate studies of the role of various parameters,
particularly immunologic factors, in the development
of the carrier state. The pathogenesis of chronic viral
hepatitis may be explored under well-defined circum-
stances. Long-term observations of the natural his-
tory of the carrier state and evolution of chronic viral

liver disease, perhaps including cirrhosis and hepato-
cellular carcinoma, may be carried out. The effect of
environmental agents such as alcohol and other he-
patotoxins on the chronically infected liver may be
studied. Therapeutic trials may be undertaken with
the goal of terminating the carrier state or preventing
progressive liver disease. Some of these uses of the
chimpanzee model have already been explored;
others are currently being examined.
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