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Liver morphology in acute viral hepatitis related
to the hepatitis B antigen1
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University of Gdteborg, Goteborg, Sweden

SYNOPSIS The liver histology in infectious hepatitis or hepatitis A (HA) and serum hepatitis or

hepatitis B (HB) is generally described as identical. However, the clinical separation of the two types
has been a problem. Today a serological reaction based on the well documented association
between hepatitis antigen and HB is of great assistance in the differential diagnosis. The present
study of 165 hepatitis cases separated into hepatitis Aand B by this test method indicates quantitative
differences in the liver histology of the two types. Thus HB was associated with more prominent
parenchymal cell damage and Kupffer cell reaction, while intrahepatic cholestasis was found in
a significantly higher frequency in cases presumed to represent HA.
The presence of intrahepatic cholestasis was associated with higher levels of serum bilirubin but

otherwise no correlation was found between liver morphology and biochemical liver tests.
The patients included a group of young intravenous amphetamine addicts with HB. No differences

of importance were found histologically in addicts and other patients with hepatitis B.

In the late thirties needle aspiration liver biopsy was
developed into a clinically applicable technique by
Roholm and Iversen (1939) and became a useful tool
for the study of liver morphology in viral hepatitis.
Extensive information has been obtained after that
by examination of needle biopsy specimens from
non-fatal cases of viral hepatitis (Axenfeld and Brass,
1942; Dible, McMichael, and Sherlock, 1943;
Weinbren, 1952). The two main types, ie, infectious
hepatitis A (HA) and serum hepatitis B (HB), have
been described as histologically identical (Dible et al,
1943; Bianchi, 1967). However, the lack of a test
offering a mean to distinguish between the two types
has always been a problem since it is often impossible
to differentiate between them on clinical or epidemi-
ological grounds. Today the documented association
between the hepatitis-associated antigen (HAA) and
hepatitis B (Prince, 1968; Krugman and Giles, 1970)
has opened anewpossibilityofseparatingsporadically
occurring HA from HB and has inspired the present
comparative study of liver morphology in the two
main types of viral hepatitis, including also a study
of the correlation between histological and bio-
chemical findings.
("This study was supported by the Swedish Medical Research Council
project no. B71 - 21X - 3169-01).
Received for publication 27 July 1972.

Material and Methods

PATIENTS
Liver biopsy was performed routinely in hepatitis
patients admitted to the Clinic for Infectious
Diseases, Goteborg, Sweden, during the period
February 1969 until October 1971. The present study
includes patients with a clinical and histopathological
diagnosis of viral hepatitis, 15-44 years of age, and
with a maximal level of serum bilirubin above
2-5 mg/100 ml. Only patients in whom liver biopsy
was performed during the period of elevated serum
bilirubin () 1V5 mg/100 ml) and who were tested
for HBAg within 10 days after the onset ofjaundice
(or observation of dark urine), were included in the
study.

In all 165 hepatitis patients fulfilled the above
criteria and 114 (including 55 drug addicts) had
demonstrable HBAg in acute phase serum, while 51
patients had no detectable HBAg. The mean age of
the HBAg-negative group was 28 years, while the
mean age of the HBAg-positive group was 22 years
in the drug addicts and 27 years intheHBAg-positive
patients of other categories. The addicts had used
drugs intravenously (mostly amphetamines) but
none of them had been icteric before the actual
attack of serum hepatitis. The non-addicted patients
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with HBAg in serum were mainly hospital personnel
but included also sporadic cases without known
exposure to hepatitis. The patients without detect-
able HBAg included no drug addict or hospital
worker and about half of this group had had intra-
familial hepatitis contacts or had visited endemic
hepatitis areas within two months of the onset of
jaundice.

The patients were treated in the same fashion.
They were admitted to hospital during the period of
overt jaundice and after that followed up regularly
as outpatients as described in a previous report
(Iwarson and Hermodsson, 1971).

LIVER BIOPSY
In 72 patients biopsy was performed before serum
bilirubin had reached the maximal level (here
referred to as the 'early icteric phase of illness'),
while in the remaining 93 patients liver biopsy was
performed during the period of declining serum
bilirubin (referred to as the 'late icteric phase'). The
mean duration from onset of jaundice till perform-
ance of liver biopsy was eight days for the HBAg-
negative cases and 11 days for the HBAg-positive
cases of the early icteric phase, while the mean dura-
tion was 13 and 17 days respectively for the patients
being biopsied during the late icteric phase.

Needle biopsy was performed by a transthoracic
route according to a modified Menghini technique
(Lundvall and Iwarson, 1970). Only a few patients
had to be excluded from liver biopsy because of
coagulation abnormalities but 15 addicts refused
biopsy. No serious complications occurred.

LABORATORY METHODS
Serum specimens were obtained weekly during the
hospital stay and at about two weeks' interval during
the follow-up period, which was continued until the
liver function tests had become normal.

Hepatitis B antigen was demonstrated in serum
by a micromodification of the Ouchterlony double-
diffusion method as described previously (Iwarson
and Hermodsson, 1971). Sera found to be HBAg-
negative with this method were also tested by
an immunoelectroosmophoresis technique as de-
scribed by Hansson, Kindmark, and Johnsson
(1970).
The biochemical liver tests-total serum bilirubin,

serum alkaline phosphatase, and serum glutamic
pyruvic transaminase (SGPT)-were determined as
also described in a previous report (Iwarson and
Hermodsson, 1971). The study of a possible relation-
ship between serum levels of alkaline phosphatase
and intrahepatic cholestasis histologically included
only patients 20 years or older since younger persons

have different normal limits of serum alkaline
phosphatases.

HISTOPATHOLOGICAL METHODS AND
DEFINITIONS
All slides were examined by the pathologist of the
group without knowledge of clinical, biochemical, or
serological data. The biopsy specimens were fixed in
10(% formaldehyde, embedded in paraffin, and
sectioned. The sections were stained with haema-
toxylin-eosin and haematoxylin-van Gieson. Iron
was demonstrated with the prussian blue method as
modified by Hutchison (1953). The reticulin fibres
were revealed by silver impregnation according to
a modification (Gurr, 1962) of the Laidlaw method.
The histological description of the morphological

features was according to the principles given by an
international group in a recent review (Bianchi,
De Groote, Desmet, Gedigh, Korb, Popper,
Poulsen, Scheuer, Schmid, Thaler, and Wepler,
1971). The following lobular lesions were studied:
parenchymal cell damage, proliferation of sinusoid
lining (Kupffer) cells, cholestasis in the form of
'bile plugs' or 'bile thrombi', accumulation of
ceroid and iron pigments in sinusoid lining cells, and
histiocytes. The various changes were graded
according to the following schedule:

Parenchymal cell damage
(+) Slight to moderate hydropic degeneration

without acidophil degeneration.
+ Pronounced hydropic degeneration, some

balloon cells, and a few acidophil cells or
hyaline bodies (Councilman bodies).

+ + Apparent ballooning of the cytoplasm and
several hyaline cells or hyaline bodies.

+ + + General ballooning of the cytoplasm with
several acidophil cells and hyaline bodies.

Intrahepatic cholestasis
- No visible bile thrombi.
+ A few small thrombi in the centre of some

lobuli.
+ + Multiple small thrombi in the centre of most

lobuli.
The bile accumulation in the parenchymal liver

cells, which was fairly well correlated to the number
of bile thrombi, was not graded.
The proliferation of Kupffer cells was graded slight

(+), moderate +, or pronounced + +, while the
accumulation of ceroid and iron pigments in the
Kupffer cells were classified as -, + or + +,
according to a definition given previously for iron
(Lundvall, Weinfeld, and Lundin, 1969).

In the portal areas accumulation of inflammatory
cells, fibroblastic activity, and bile duct proliferation
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were studied. The portal accumulation of inflam-
matory cells was graded as slight (+), moderate +,
or pronounced + +.

Results

LIVER MORPHOLOGY

The morphological lesions in the 165 hepatitis
patients are summarized in Table I. In general, no

differences were found between the early and late
phases of jaundice, but ceroid pigmentation of
phagocytes was more common during the late icteric
phase (p < 0-05). This pigmentation was also noted
in a higher frequency within non-addicted HBAg-
positive patients (p < 0-05). Otherwise no signi-
ficant differences were found between drug addicts
and others within the HBAg-positive group. Neither
were any further significant differences found in the
lesions of the early and late icteric phases.
The comparison of the liver histology in patients

with and without demonstrable HBAg was made
without differentiation of the material into early and
late icteric phases, and certain quantitative histologi-
cal differences appeared (Fig. 1). Thus pronounced
parenchymal cell damage (+ + or + + +) as well as

proliferation of Kupffer cells (+ +) was found at a

significantly higher frequency within the HBAg-
positive group (p < 0(01 and P < 0-05 respectively).
On the other hand the presence of intrahepatic bile
stasis (+ or + +) in the form of bile thrombi was

Portal accumulotio,, of
mononuclear cells (L-)

Pronounced parenchymol
cell damoge (0t or -F+)

Prominent Kupffer cell
proliferotion (e)

Presence of introhepatic
"'bile thrombi"

p 0.5

25 ,,. 75 iwO
Patients wAth HBAg i, seru, H=1 4

Patierts vitSout de,ostrable ilBAg i, se,,,,,, 51

Fig. 1. Comparison ofprominent morphological lesiotns
in 165 hepatitis patients. The grading and
is defined in the text

more common within the HBAg-t1egative group
(p < 0 05). Only three HBAg-negative patients (6 %)
were completely without visible intrahepatic bile
thrombi, while this was the case in 26 of the
HBAg-positive patients (23 %).
The portal accumulation of inflammatory cells

showed no significant differences in the HBAg-
positive and HBAg-negative groups of patients.
Obvious bile duct proliferation was found in six
patients (two with HBAg) and histological signs of
fibroblastic activity with proliferation and increase
in the number of fibroblasts was also noted in six
patients (five with HBAg). In no patient was any
apparent tendency to septal formation noted.
The morphological lesions showed no sex

Early Icteric Phase Late Icteric Phase

HBAg-positive Patients (%) Au-positive Patients (%)
HBAg-negatii'e HBAg-negative

Morphological Lesions Addicts Others Patients (%) Addicts Others Patients (/)
n = 24 n = 27 n = 21 n = 31 n = 32 n = 30

Parenchymal cell damage (+) 0 0 14 13 9 13
+ 67 56 71 61 47 83
+ + 33 41 14 26 37 3
++4- 0 4 0 0 6 0

Proliferation of Kupffer cells (+) 0 0 0 3 0 3
+ 58 70 81 68 78 90
+±- 42 30 19 29 22 7

Intrahepatic cholestasis (bile thrombi) - 25 26 5 23 19 7
+ 67 44 43 70 75 63
+ 8 30 52 7 6 30

Accumulation of iron pigment in - 67 55 38 58 69 50
phagocytes + 17 30 24 32 16 37

+ + 17 15 38 9 15 13

Accumulation of ceroid pigment in - 83 48 77 54 19 57
phagocytes + 13 48 24 35 78 37

++ 4 4 0 10 3 7

Portal accumulatIon of inflammatory (+) 0 4 0 3 0 3
cells + 69 63 62 68 84 73

+ + 31 33 38 29 16 23

Table I Morphological lesions in 165 hepatitis patients
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differences except for iron pigmentation of phago-
cytes, which was more common in males (p < 0 01).
This might be explained by a larger hepatic iron
store in men (Weinfeld, Lundin, and Lundvall,
1968).

CORRELATION BETWEEN HISTOLOGICAL AND
BIOCHEMICAL FINDINGS
The maximal levels of serum bilirubin and SGPT
were compared in patients with parenchymal cell
damage classified as (+) or +, and in patients with
more severe parenchymal cell damage (+ + or
+++). However, no significant differences were
found, either within the HBAg-positive or within the
HBAg-negative group of patients (p < 0 05).
A study of the relationship between intrahepatic

cholestasis and the maximal levels of serum bilirubin,
serum alkaline phosphatases and SGPT respectively,
was also performed within the HBAg-positive and
HBAg-negative groups of patients. Higher levels of
serum bilirubin were noted in cases with intrahepatic
cholestasis (+ or + +) as compared with patients
with no signs of intrahepatic cholestasis (Fig. 2). The
difference was significant bothforthe HBAg-positive
group (p < 0-01) and for the HBAg-negative group
of patients (p < 0(05). No such differences were
found for the maxmial levels of serum alkaline
phosphatases or SGPT.

Serum- 25
bili rubin
mg/100mL
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Fig. 2 Correlation between maximal levels ofserum
bilirubin and intrahepatic cholestasis, classified as
- (lacking), + (moderate), and + + (pronounced).
* HBAg-positive patients (n = 114)
O HBAg-negative patients (n = 51)
Mean value.

Discussion

Earlier observations of an identical liver histology in
infectious hepatitis or hepatitis A (HA) and serum
hepatitis or hepatitis B (HB) were largely confirmed.
The classic histological picture with diffuse necrosis
and inflammation of the parenchyma with or without
coexistent intrahepatic cholestasis dominated in both
types, and it was impossible to differentiate between
them on histological grounds. However, apparent
quantitative differences in the histological lesions
were noted. Patients with hepatitis-B antigen in the
serum, who are considered as cases of HB, showed
more pronounced parenchymal cell damage and
more prominent Kupffer cell reaction as compared
with HBAg-negative patients, who are considered as
cases of HA. On the other hand the latter group had
a higher incidence of intrahepatic cholestasis in the
form of 'bile thrombi'. The finding of more severe
parenchymal cell damage as well as Kupffer cell
reactions in sporadic serum hepatitis, as compared
with HAA-negative hepatitis, is in accordance with
the more severe clinical and biochemical features
found in hepatitis associated with HBAg (Iwarson
and Hermodsson, 1971).

Mallory (1947) described intrahepatic cholestasis
as a very common histological feature in viral
hepatitis, and in the large Delhiepidemicof infectious
hepatitis Gupta and Smetana (1957) found prc-
minent features of intrahepatic cholestasis in 58% of
a series including 78 biopsy cases. Dubin, Sullivan,
LeGolvan, and Murphy (1960) tried to separate HA
from HB and they noted a significantly higher fre-
quency of intrahepatic cholestasis in a minor
epidemic of HA in Texas, but suggested some
unusual strain of the hepatitis A virus as responsible
for this find;ng, since no corresponding results had
been reported in earlierstudies of sporadicallyoccurr-
ing HA (Dible et al, 1943). In the present study
the total frequency of intrahepatic cholestasis
in the material corresponds well with the fre-
quency reported by Mallory and when a differentia-
tion into HA and HB is made a significantly higher
frequency of intrahepatic cholestasis is found in HA.
This is in accordance with the reports from the
Delhi and Texas epidemics, indicating that in
hepatitis material, where HB has been excluded
epidemiologically, or by a serological test, a higher
frequency of intrahepatic cholestasis is found.

Histological features of intrahepatic cholestasis
were regularly seen together with hepatocellular and
mesenchymal alterations, and the cases with intra-
hepatic cholestasis as a prominent feature differed
only quantitatively from the classic histological type
of hepatitis. This has also been pointed out by others
(Gupta and Smetana, 1957; Dubin et al, 1960). A
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pure cholestatic variant of viral hepatitis with a
prolonged and atypical clinical course has been
described (Watson and Hoffbauer, 1946; Shaldon
and Sherlock, 1957). This type seems to be rare and
is mostly found in older age groups (Gall and
Braunstein, 1955). No such case was observed in the
present material.
The mechanism of intrahepatic cholestasis in viral

hepatitis is not clear, but it is probably secondary to
dysfunction of the bile secretory apparatus of the
hepatocyte, which might cause a change in the com-
position of secreted bile, followed by precipitates in
the bile canaliculi (Mosley and Galambos, 1965).
The amphetamine addicts included in the present

study showed histological features of the same kind
and of about the same incidence and distribution as
the other patients within the HBAg-positive group.
This is in accordance with earlier observations
(Iwarson and Hermodsson, 1971; Iwarson and
Holmgren, 1972) in favour of a similar nature of
acute hepatitis B in young amphetamine addicts and
other patients.
An important factor in a comparative morpho-

logical study such as the present one is the time for
liver biopsy in relation to duration of illness since the
histological features change during the course of the
disease (Dubin, 1959; Bianchi, 1967; Bianchi et al,
1971). For that reason the present study includes
only patients in whom liver biopsy was obtained
during the icteric period or what Bianchi has called
'the fully developed stage of the disease' (Bianchi,
1967). As a rule liver biopsy was performed a few
days closer to the onset of jaundice in the HBAg-
negative patients, but it is unlikely that this is of any
importance since only slight histological differences
were found between the early and late phases of the
icteric period.

Intrahepatic cholestasis histologically was associ-
ated with higher maximal levels of serum bilirubin.
Similar findings have been reported by others
(Weinbren, 1952; Gall and Braunstein, 1955). How-
ever, no correlation was found between the paten-
chymal cell damage and the maximal levels of serum
bilirubin or SGPT. This is not an unusual finding
and it is well known that severe liver cell damagemay
be found in patients with clinically mild and anicteric
hepatitis, while a severe clinical illness is not necess-
arily accompanied by extensive necrosis on liver
biopsy (Bianchi et al, 1971). It has been suggested
that sampling error might play a role in this often
noted discrepancy between liver morphology and bio-
chemical liver tests (Mosley and Galambos, 1965),
but even if the sampling error might be a problem in
needle biopsy studies of liver histology, the lesions in
viral hepatitis tend to be diffuse throughout the liver
and the histological appearance quite uniform in any

one patient (Dible et al, 1943). A more probable
explanation for the difference may be that the out-
come of the usual liver function tests is dependent
not only on the extent and severity of the histological
parenchymal necrosis, but also on the functional
capacity of morphologically intact hepatocytes on
light microscopy. Cystic dilatation and fragmenta-
tion of the endoplasmatic reticulum in surviving liver
cells are detectable by the electron microscope,
suggesting impairment of several specific functions
(Schaffner, 1966).
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