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Abstract

A study of 52 liver biopsies (47 hepatitis type B and 5 asymptomatic carriers) was performed
to clarify the roles of HBe antigen (HBeAg), HB surface antigen (HBsAg) and HB core antigen
(HBcAg). In this study, the Gudat classification was modified so as to classify the patterns of
HB antigens into six reaction types including: type O (negative for both liver HBsAg and liver
HBcAg), type III-A (characterized by a spotty HBsAg pattern) and type III-B (characterized from a
sub-lobular to lobular HBsAg localization pattern). This classification enabled accurate prediction
of the prognosis of hepatitis. Patients with positive serum HBeAg had either minimal hepatitis with
mild clinical features or chronic aggressive hepatitis with severe clinical features. Ten patients
negative for both HBeAg and HBeAb were all positive for liver HBcAg. In all 3 patients on
corticosteroid administrations liver tissue was markedly positive for HBcAg and serum was usually
positive for HBeAb.
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Abstract. A study of 52 liver biopsies (47 hepatitis type B and 5
asymptomatic carriers) was performed to clarify the roles of HBe antigen
(HBeAg), HB surface antigen (HBsAg) and HB core antigen (HBcAg).
In this study, the Gudat classification was modified so as to classify the
patterns of HB antigens into six reaction types including : type 0 (nega-
tive for both liver HBsAg and liver HBcAg), type III-A (characterized
by a spotty HBsAg pattern) and type III-B (characterized from a sub-
lobular to lobular HBsAg localization pattern). This classification en-
abled accurate prediction of the prognosis of hepatitis. Patients with
positive serum HBeAg had either minimal hepatitis with mild clinical
features or chronic aggressive hepatitis with severe clinical features.
Ten patients negative for both HBeAg and HBeAb were all positive for
liver HBcAg. In all 3 patients on corticosteroid administrations liver
tissue was markedly positive for HBcAg and serum was usually positive
for HBeAb.

Key words : HBs antigen, HBc antigen, HBe antigen, hepatitis B
virus, hepatitis type B, chronic hepatitis

Carriers persistently positive for HB surface antigen (HBsAg) and HBe
antigen (HBeAg) in serum have been reported recently as sources of HB virus
infection (1). On the other hand, hepatitis type B with positive serum HBeAg is
thought to be liable to become chronic (2, 3, 4) and HB core antigen (HBcAg) is
thought to be more closely associated with virus replication than HBsAg (3, 6).
The roles of these antigens are still unclear.

This paper deals with classification of localization patterns of hepatic lobular
HBsAg and HBcAg by making some modifications on the schema reported by
Gudat et al. (7). Moreover, the localization patterns of liver lobular HBsAg and
HBcAg is discussed in relation to serum HBeAg.
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MATERIALS AND METHODS

A series of 47 hepatitis type B patients and 5 asymptomatic carriers was in-
vestigated. Liver biopsy specimens from all these patients were frozen rapidly
with dry-ice acetone, and preserved at —70°C in a deep freezer (Kelvinator Co.).
Other liver tissue specimens were fixed in Bouin’s fixation solution and embedded
in paraffin by a routine technique for staining.

The histological diagnoses of hepatitis patients based on the classification
reported by De Groote ¢f al. (8,9) were minimal hepatitis (5 cases), acute hepatitis
(1 case), chronic persistent hepatitis (CPH) (3 cases), chronic aggressive hepatitis
(GAH) with activity moderate (2A) (6 cases), CAH with activity severe (2B) (23
cases), chronic lobular hepatitis (CLH) (11 cases), and liver cirrhosis (LC) (3 cases).

Staining methods for liver HBsAg and HBcAg. Liver HBsAg was stained by
a direct immunofluorescent method (10) using fluorescein isothiocyanate (FITC)
labelled rabbit anti-HBsAg solution. HBcAg was stained by an immunofluores-
cent complement (IFC) technique using guinea pig C3 as previously reported (11).
For the paraffin embedded tissue specimens, HBsAg was stained by an enzyme-
labelled antibody method (10) using peroxidase-labelled swine anti-rabbit IgG
(Dakopatts Lab.),and HBcAg was stained by an enzyme-labelled antibody meth-
od using guinea pig complement.

Detection of serum HBeAg and HBeAb. Serum HBeAg and serum HBeAb
were detected with our technique (PEG-MO) (12). The method was as follows:
patient sera were concentrated with polyethylene glycol (PEG) (MW 6,000). To
0.5 ml of each serum specimen, 0.02 M acetate buffer, pH 4.6 (3.0 ml) was added,
followed by 31.5% PEG (1.0 ml). The final concentration of PEG was 7% w/v.
The pH was 5.2. These sample were then centrifuged at 3,000 r. p. m. for 15 min.
The precipitins were dissolved in a few volumes of 0.005M phosphate buffer
saline, pH 7.2 (PBS), and used as the concentrated materials for routine treatment
by the micro-Ouchterlony (MO) technique of Magnius (13).

Classification of localization patterns of HBsAg and HBcAg in hepatic lob-
ules. An attempt was made to classify the localization patterns of HBsAg and
HBcAg in hepatic lobules according to the classification of Gudat et al. (7). In
this study, type O (negative for both HBsAg and HBcAg) was added to their
classification. Furthermore, type III (characterized by the dominance of HBsAg
over HBcAg) was divided into type III-A (characterized by much HBsAg and a
spotty HBsAg pattern) and type III-B (characterized by much HBsAg and a sub-
lobular HBsAg localization pattern). Our modified classification consisted of six
reaction types of HBsAg and HBcAg, as shown in Fig. L.

Titration of HBcAb. The titer of serum HBcAb was determined by an im-
munofluorescent technique (11). The term “low titer” referred to serum of which
a five-fold dilution was still positive for HBcAb. The term “high titer” referred
to serum of which a 640-fold dilution was still positive for HBcAb,
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Type III-A Type III-B Type IV

Fig. 1. Our modification of the Gudat schema showing the features of HBsAg and
HBcAg in hepatic lobules (@ : HBcAg, |7 : HBsAg)

- RESULTS

Relationship between histological features of hepatitis type B and localization
patterns of liver HBsAg and HBcAg in hepatic lobules. HBsAg was detected in the
cytoplasm of hepatic cells. HBcAg was granular throughout the cytoplasm, near
the membrane, and in the nucleus of hepatic cells (Fig. 2). The features of these
two antigens in hepatitis type B are listed in Table 1. Four of 5 cases of minimal
hepatitis showed type III-A pattern, while 1 case of acute hepatitis showed type I
pattern and some localized HBsAg (Fig. 3). In the cases of chronic hepatitis,
type I1I-B pattern was the main observation in chronic severe cases which pro-
gressed from CPH through CAH2A to GAH2B (Fig. 4). This pattern was

TasLe 1. HiSTOLOGICAL DIAGNOSES OF HEPATITIS TYPE B AND LOCALIZATION
PATTERNS OF HB ANTIGENS IN HEPATIC LOBULES

Hésitaoglgi?:l No. of cases ; - Types

0 I 1I HI-A II1-B v
Minimal hepatitis 5 4 1
AH 1 1
CPH 3 2 1
CAH(ZA) 6 2 1 2 1
CAH(2B) 23 2 1 12 8
CLH 11 2 2 1 4 2
LC 3 3
Total 52 4 8 3 4 22 11
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Fig. 2. Biopsy specimen from a chronic aggressive hepatits (CAHZ2B) patieht with posi-
tive serum HBeAg.
a. Positive fluorescent HBsAg is localized in the cytoplasm and on the membrane of hepatic
cells (% 400). b. Identical section of the same case shows positive HBcAg. HBcAg is localized
mainly in the nucleus and in some parts of the cytoplasm and the membrane of hepatic cells
(< 400)
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G T Sl B o T U . .

Fig. 3. Biopsy specimen from an acute hepatitis patient without either serum HBeAg or
HBeAb. There is little positive peroxidase activity of HBsAg (<200).

b : H E
. " .

Fig. 4. Biopsy specimen from another case of CAH2B without either HBeAg or HBeAb.
Paraffin section stained by peroxidase-labelled antibody technique for HBsAg (< 100).
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Fig. 5. Biopsy specimen from a liver cirrhosi s patient without either serum HBeA g or
HBeAb.
a. Positive peroxidase activity of HBsAg in cytoplasm (% 100). b. High power view of the
same section. HBsAg is demonstrated in cytoplasm. Note positive HBsAg as a homogeneous
pattern in the submembrane area and as an inclusion body-like pattern in hepatic cells (X

400).
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Fig. 6. Biopsy specimen from a chronic persistent hepatitis (GPH) patient on corticoste-
roid administration. Positive fluorescent HBcAg in nuclei appear diffusely distributed
throughout a lobule. This case has serum positive for HBeAb (<100).

observed in 12 (52.2%) of 23 cases of CAH2B, and in all 3 cases of liver cir-
rhosis (Fig. 5).

On the relationship between clinical features and localization patterns, type
0 and I were found in florid stages, such as acute hepatitis, CAH2ZA and CAH2B.
One case of each of CPH, CAH2A and CLH was type II (Fig. 6), and all had been
given corticosteroids. All cases of type III-A (Fig. 7) and type III-B (Fig. 4) showed
relatively simply mild clinical features. Their serum transaminase levels were
normal. Type IV was noted in cases of chronic hepatitis suggesting recrudes-
cence of CAH2B.

The relationship between localization patterns of liver HBsAg and HBcAg, and
detection rates for serum HBeAg. The relationship between localization patterns
of liver HBsAg and HBcAg and detection rates for serum HBeAg was studied in
24 cases (Table 2). Two of 5 HBeAg positive cases were diagnosed as GAH2A
with type I, and the remaining 3 cases were diagnosed as minimal hepatitis with
type III-A. On the other hand, 4 of 9 HBeAb positive cases showed 0 type
pattern, and this group included one case each of type I, typell, and type III-B.
Five of 6 cases with type III-B were negative for both HBeAg and HBeAb.

A summary of the relationship between liver HB antigens and serum HBeAg
is shown in Table 3. It is clear from this table that all 5 HBeAg positive cases and
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Fig. 7. Biopsy specimen of an asymptomatic carrier with positive serum HBeAg.
a. Positive peroxidase activity of HBsAg is demonstrated in the cytoplasm of hepatic cells
and on the cell membrane (x200). b. Frozen section of the same case shows similar fluores-
cent HBsAg findings. Note the positive HBsAg of cell membrane (x400).
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TaBLE 2. LocaLizaTION PATTERNS OF HBsAc anp HBCAG IN HEPATIC
LOBULES, AND HBV-ASSOCIATED ANTIBODY IN SERUM

Type HBsAg and HBcAg  No. of Serum Titer of HBcAb in serum®
in liver tissue cases HBeAg HBeAb _ Low High
0 s(—), ¢(—) 4 0 4 0 4 0
1 s(—)~(%), c(+) 4 2 1 1 2 2
i1 s(+), c(+++) 1 0 1 0 0 1
III-A  s(+ ++) spotty, c(+) 3 3 0 0 0 3
III-B  s(+ + +) lobular,c(+) 6 0 1 5 0 6
v s(+)~(++), c(+4+) 6 0 2 4 0 o

a HBcAb (IFC method) ; low titer : 5%, high titer : 640X

TasLe 3. Liver HBsAc anp HBcAg, anp serum HBEAc or HBEAB

HBeAg or No. of HBsAg in liver cell HBcAg in liver cell
HBeAb in serum  cases ) (=) +) (=)
HBeAg + 5 3 2 5 0
HBeAb -+ 9 4 5 5 4
Both — 10 9 1 10 0

all 10 cases negative for both HBeAg and HBeAb were positive for liver HBcAg,
and that 5 (55.6% ) of 9 HBeAb positive cases were positive for liver HBcAg.

The relationship between localization patterns of liver HB antigens and the prog-
nosis of patients. Changes in the localization patterns of liver HB antigens during
the clinical courses of 9 patients are shown in Table 4. Three of 9 cases changed

TaBLE 4. HISTOLOGICAL DIAGNOSES, LOGALIZATION PATTERNS OF HB ANTIGENS
AND HBCAB TITERS IN SERO-POSITIVE PATIENTS

Gase Age Sex Ehange§ of Ca Changes of Initial HBcAb
istological diagnosis pattern (HBsAg & HBcAg) titer
Ko, D. 57 M 2A-2A-2B I-I-0 low
LJ 32 F  AH-(recovery) I-0 low
Na,S. 22 M 2A-2B-CLH 1.0 high
Go, T. 27 M 2B-CLH IvV-II high
Ni, M. 24 M 2B-2B-LC IV-III-III high
Hi, K. 34 M 2B-LC III-IIX high
Ha, M. 20 M 2B-2B II-III high
Ta, S. 33 M 2B-LC IV-III high
A, E. 18 F 2B-2B 1111 high

2 2A=CAH (2A), 2B=CAH (2B), LC=liver cirrhosis, AH=acute hepatitis, CLH=chronic
lobular hepatitis
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to type III-B and their clinical features were mild. There were also changes in
the histological diagnoses. For instance, some cases changed from CAH2A to
CPH to CLH. In addition, 2 cases with low titers of serum HBcAb, changed to

type 0.

DISCUSSION

The detection of serum HBeAg in hepatitis type B patients has been reported
by Nielsen et al. (2), Sheikh et al. (3), Eleftherion et al. (4), and Hess et al. (5),
and their results are much the same as ours. Murphy et al. (6) studied chimpan-
zees infected with HB virus, and Hess et al. (5) carried out study of humans with
a view to clarifying the relationship between HB antigens and serum HBeAg.
According to these investigators, all cases in which liver HBcAg was detected
also were positive for serum HBeAg, or at least, showed a very high detection
rate for serum HBeAg. Furthermore, it is reported that cases with positive liver
HBsAg have a low detection rate for serum HBeAb.

In the present study, liver HBcAg was detected in all five HBeAg positive
cases, in all 10 cases (100%) without both HBeAg and HBeAb, and in 5 (55.6%)
of 9 HBeAb positive cases. The detection rate for liver HBcAg was higher than
that reported in foreign reports. These results are interesting, when one con-
siders that transmission of HB virus from mother to infant is a very important
mode of transmission (1) and that the majority of chronic hepatitis patients in
Japan are thought to be due to such transmission (14). Another important find-
ing was that HBeAb was detected in 6 of 11 cases of CLH based on the Interna-
tional Group classification (9). These cases had a relatively favorable prognosis.
This suggests that chronic hepatitis with CLH type is a chronic hepatitis due to
horizontal infection by HB virus.

The schematic localization patterns of liver HB antigens were described in
detail by Gudat et al. (7). Inour study, this classification was modified partially
because there were some cases with positive tissue HBsAg and negative liver
HBsAg, and other cases with either spottily localized HBsAg in the hepatic lobule
or diffusely localized HBsAg in the lobule. The author anticipates that his classi-
fication underlining the above findings provides a useful means to predict the
prognosis of chronic hepatitis type B.
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