
Gut, 1983, 24, 618-624

Hepatitis B virus DNA in children's liver diseases:
detection by blot hybridisation in liver and serum
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SUMMARY Molecular hybridisation using cloned hepatitis B virus DNA (HBV DNA) was

applied to liver and serum samples from 46 children (39 with liver diseases and seven controls) for
detection of HBV DNA sequences, free and integrated into the liver cell genome. HBV DNA
integration was observed in 10 children. The young age of some of these cases indicates that such
integration can occur early in liver disease and is not related to the duration of viral infection.
Thirteen children exhibited serological evidence of active viral multiplication. All but one had
free HBV DNA in liver tissue and integrated HBV DNA sequences were found in four cases.

Integrated HBV DNA sequences alone were also detected in three children with neither
HBV-antigens nor HBV DNA in serum. One had inactive cirrhosis, and the two others, chronic
active hepatitis. Consequently DNA hybridisation may be useful for diagnosis, in the absence of
serological signs of HBV infection; its specificity was enhanced in the present investigation by
negative results in six children with autoimmune chronic active hepatitis. Taken together, the
above results imply that HBV-DNA integration can occur in both active and inactive liver
disease. Integrated HBV DNA was also observed in the liver of three children with fatal hepatic
failure who presented with antibodies to HBsAg and/or to hepatitis B core antigen in the serum.
This finding raises the question of the relationship between the host immune factors and the state
of HBV DNA.

Molecular hybridisation using a labelled nucleic acid
as probe allows detection of complementary DNA
or RNA sequences.

In liver disease, cloned HBV DNA provides such
a probe for detecting HBV DNA sequences and for
determining the state of viral DNA in the host cell -
that is, free or integrated into the host genome. The
presence of HBV DNA sequences integrated into
the cellular DNA was first shown in (1) the
tumorous and non-tumorous parts of livers in
subjects with hepatocellular carcinoma,' 2 (2) a
hepatoma cell line,3 4 and (3) the liver of patients
with chronic hepatitis and, in two cases, with acute
hepatitis.5 6

Studies of HBV DNA patterns in children with
liver diseases could prove useful, because HBV
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might be related to certain childhood liver diseases
of unknown aetiology. Further, studies of the state
of HBV DNA at an early stage of infection are
important to ascertain the time of possible HBV
DNA integration and to understand the physio-
pathology of HBV-related liver diseases and the role
of integrated HBV DNA sequences.
We therefore applied the blot hybridisation

technique to liver samples in order to detect the
presence and to study the state of HBV DNA in
various childhood liver diseases.

In previous studies concerning adults it has been
shown, in cases where the amount of extracted
DNA was sufficient to perform various controls,
that hybridisation of the high molecular weight
DNA after Hind III digestion corresponded to HBV
DNA integration into the host genome.5 6
Although, in the present study, the small quantity of
DNA obtained from needle biopsies did not allow
such controls, our results strongly suggest (1) that
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Hepatitis B virus DNA in children's liver disease

integration can be an early event in hepatitis B viral
infection, (2) that DNA hybridisation is of diag-
nostic usefulness in patients in whom no serological
markers of HBV infection can be detected, and (3)
that in cases with fatal hepatic failure the early
humoral immune response may be associated with
integrated HBV DNA sequences.

Methods

PATIENTS
Liver biopsies were obtained from 46 children who
were grouped according to their clinical, histo-
logical, and serological characteristics at the time of
biopsy.
Group I (Table 1) consisted of 15 children with

HBsAg and anti-HBc in their serum. All had
chronic hepatitis in varying histological degrees
ranging from chronic persistent to chronic
aggressive hepatitis.
Group II (Table 2) comprised 24 children with

liver disease but without HBsAg in the serum. Two
subgroups were defined: the first (Ila) included 11
children with liver disease which may have been
related to HBV: eight of them indeed presented
with a history of possible contact with HBV in the
form of anti-HBV antibodies or of a history of past
HBs antigenaemia and/or of possible familial
contact. We also included in this subgroup three
children whose chronic active hepatitis (patient 21)
or inactive cirrhosis (patients 23 and 24) may have
been owing to HBV despite the lack of evidence for
past HBV infection.8 The second subgroup (Ilb)
included 13 patients who presented with one fairly
well defined liver disease not so far known to be

related to HBV: acute hepatitis A virus infection,
chronic active hepatitis with serological markers of-
autoimmunity (smooth muscle antibodies (SM Ab)
or liver kidney microsomal antibodies (LKM Ab))
and cholestasis of various aetiologies.
Group III (Table 3) included seven control

children with normal liver or liver dysplasia at
histology and without any serological markers.

Liver samples were generally obtained by needle
biopsy, sometimes at necropsy (patients 17, 27), or

by surgical biopsy (patients 1, 22, 41-46). Tissues
were immediately frozen and stored in liquid
nitrogen.

SEROLOGICAL INVESTIGATIONS
Serum samples were collected at the time of the
biopsy. Immunological markers of HBV and
hepatitis A virus infection were tested by radio-
immunoassay (Abbott reagents). The autoanti-
bodies SM Ab or LKM Ab were investigated by
indirect immunofluorescence.

IMMUNOHISTOLOGICAL METHODS
Sections of liver tissue, when available, were

examined for HBsAg and HBcAg. We applied
indirect immunoperoxidase technique for both
antigens and added direct immunofluorescence for
HBcAg. The reagents used were rabbit antibody to
HBsAg (Behring), peroxidase-labelled sheep Fab
anti-rabbit Ig (Institut Pasteur), human antibody to
HBcAg (Pr Trepo, Lyon), and peroxidase-labelled
sheep antibody antihuman Ig for immunoperoxidase
technique. Direct immunofluorescence was per-
formed with human antibody to HBcAg conjugated
with fluorescein isothiocyanate (Pr Trepo, Lyon).

Table 1 Group I: hepatitis B surface antigen-positive children

Liver

Serum HBV antigens HBV DNA

Duration Smear
Patient of Liver HBV Inte- below
no Age disease histology HBeAg DNA HBsAg HBcAg grated Free 3.2 Kb

1-3 6y, 8y, 6y 19m, 6y, llm CPH + + + + + + +
4-10 18m, 6y, 3y, 5y, 9m, 2y, 16m, 10m, CPH + + + + or NT - + +

6y, 10y, 6y 2y, 2y, 2y
11 12y 14m CAH + + + NT - + +
12 1Oy 15m CAH + - + + + +
13* 14y Sm CH + + + + +
14 29m 15m CPH - - + NT
15 12y 2y CLH - - + - - - -

CPH = chronic persistent hepatitis; CAH = chronic aggressive hepatitis; CH = chronic hepatitis; CLH = chronic lobular hepatitis;
Kb = kilobase pair; NT = not tested.
* Child with congenital humoral immune deficiency. Liver histology could not distinguish between persistent and aggressive hepatitis.
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Table 2 Group II: hepatitis B surface antigen-negative children

Serum in liver HBVDNA
Duration

Patient of anti- anti- anti- HBV Inte-
Subgroup no Age disease Diagnosis HBs HBc HBe DNA grated Free

Children 16 l5y 2m FH + + - - + +
with 17 5m 2m FH - - + - +
HBV 18 8y 4m PHF - + - - +
context 19 7m 7m NPD - +

20 18m llm GCH* - - - -

21,22 16m, lly llm, 17m CAH - - - - +
23 16m 14m IC - - - - +
24-26 9y,9m, 17y 3y,9m,4m IC - - - - - -

Children 27,28 5y, 9y 2m, 2m HA - - - - - -

without 29-31 13y, lly, 15y 9m, 8y, 14m AICAH (SMAb) - - - - - -

HBV 32-34 lly, 3y, 8y 7y, 15m, 5y AICAH (LKMAb) - - - - - -

context 35,36 18m, 15m 18m, 15m EHBA - - - - - -

37 Sm Sm IHBA - - - - - -

38 4y 4y A1ATD - - - - - -
39 34m 32m FFC

FH = fulminant hepatitis; PHF = progressive hepatic failure; NPD = Niemann Pick disease; GCH = giant cell hepatitis;
CAH = chronic active hepatitis; IC = inactive cirrhosis; HA = hepatitis A; AICAH = autoimmune chronic active hepatitis;
SMAb = smooth muscle antibodies; LKMAb = liver kidney microsomal antibodies; EHBA = extrahepatic biliary atresia;
IHBA = intrahepatic biliary atresia; A1ATD = alpha-1-antitrypsin deficiency; FFC = familial fibrogenic cholestasis; anti-
HBs = antibody to hepatitis B surface antigen; anti-HBc = antibody to hepatitis B core antigen; anti-HBe = antibody to hepatitis Be
antigen.
* Giant cell hepatitis with autoimmune haemolytic anaemia.7

MOLECULAR DNA-DNA HYBRIDISATION
The methods used for molecular hybridisation in
serum and liver have already been described.1 5 9

Briefly, after extraction, liver DNA was digested
by Hind III, a restriction endonuclease which cuts
cellular DNA at a specific nucleotide sequence but
does not cut the HBV DNA so far studied.'0 The
DNA fragments resulting from digestion were
separated according to their size by agarose gel
electrophoresis and transferred to a nitrocellulose
filter according to the Southern technique." Serum
DNA was similarly treated but the digestion step
was omitted. Cloned HBV DNA12 was labelled by
nick-translation13 to a specific activity of 3X 108 to
4X 108 cpm/,ug. Hybridisation was carried out with
this probe after denaturation.

Table 3 Group III: control subjects

Patient Liver
no Diagnosis histology

40,41 Hepatomegalia Normal
42-44 Extrahepatic portal block Normal
45 Caroli's disease Fibrosis
46 Congenital hepatic fibrosis Fibrosis

Results

A needle biopsy sample (about 20 mg liver tissue)
generally provided about 20 ,ug of DNA, which
suffices to perform the Southern blot technique
correctly. Nevertheless some samples, smaller than
usual, provided less than 10 ,ug of DNA. This was
the case in patients 9, 12-14, 23, and 38. Some
positive results were obtained with under 10 gg but
when quantities are so small the negative ones
should be interpreted with caution.
When previously studied samples displayed Hind

III restriction liver DNA patterns, they were of one
of three types:5 9 (1) the first was characterised by a
band in the 3-2 kilobase pair position - that is, the
cloned HBV DNA position - with a smear below
it, this pattern corresponded to free cellular HBV
DNA and to intermediate replicative forms of viral
DNA, (2) the second was characterised by discrete
bands located above the 3X2 kilobase pair position,
corresponding to HBV DNA sequences integrated
into the liver cell genome, and (3) the third pattern
was a combination of the two others and indicated
the presence of both free and integrated viral DNA.
The age of our present groups of children

presenting with such patterns varied from five
months to 15 years and the duration of their disease,
from two months to six years.
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Hepatitis B virus DNA in children's liver disease

HBSAG-POSITIVE CHILDREN (GROUP I)
When suitable tissue was available for testing,
HBsAg and HBcAg were always detected in the
liver of these patients (Fig. 1).

In patients 1 to 12, the Hind III liver DNA
patterns always showed a band in the 3.2 kilobase
pair position with, in all patients but one (12), a long
smear below this position. In four of these children,
additional bands corresponding to high molecular
weight DNA fragments were observed. (Repre-
sentative cases of this pattern are shown in Fig. 2.)

Except for patient 12, all these patients also had
free viral DNA in the serum, concomitantly with
HBeAg. Because of the presence of HBV DNA in
the serum of patient 13, the absence of viral DNA in
his liver could be considered a false negative result,
especially as the amount ofDNA extracted was very
low (less than 6 ,ug) and as he also had HBsAg and
HBeAg in the serum and HBV antigens in the liver.
No hybridisation pattern could be found either in

the liver or in the serum of patients 14 and 15, no
HBeAg was detected in their serums either.

All the children in group I had chronic hepatitis
but no clear cut relationship could be established
between hybridisation and histological patterns,
especially in the cases of chronic active or chronic
persistent hepatitis.
Furthermore, integrated HBV DNA sequences

were found in some children with recent HBV
infection.

HBSAG-NEGATIVE CHILDREN (GROUPS IIA AND
IIB)
In group hIa, three children (patients 16-18) had
fatal hepatic failure with a fulminant course in two
cases, patients 16 and 17. Patient 16 has been
previously reported5 and considered as an acute
hepatitis but, like patient 17, he died within two
months from hepatic failure. At the clearly apparent
onset of their disease, HBsAg was only detected in
the serum of patients 18 and afterwards dis-
appeared. At the time of the biopsy, anti-HBc was
present in the three patients' serum with, in
addition, anti-HBs in patients 16. In patient 17,
anti-HBc appeared late in the disease and was
subsequently replaced by anti-HBe. In patient 18,
anti-HBc persisted from biopsy onwards and this
child eventually died six months after the onset of
disease. A liver test for HBsAg and HBcAg using
the immunoperoxidase technique was only
practicable in patient 16 and its result was negative.
No HBV DNA hybridisation pattern was found in
the serum of any of these children. Conversely, they
all had integrated HBV DNA sequences in their
Hind III liver DNA patterns. In addition, the

'-

Fig. 1 Immunohistochemical demonstration ofHBsAg and HBcAg in liver biopsies from patients ofgroup I. Antigens are
identified as dark brown reaction in some hepatocytes: A - HBsAg in the cytoplasm (patient no 2),
B - HBcAg in the nuclei (patient no 4). (X400, original magnification.) Immunoperoxidase staining.
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Fig. 2 Hybridisation of32P-labelled HBVDNA probe to Hind III digested liver DNA from 10 patients ofgroup I. The
lanes are composites from different blots. In each blot cloned HBVDNA was used as internal standard and the migration of
Hind III digested x plac 5c I857S7permitted to calculate the scale expressed in kilobase pair. Intensities ofsignals in 3-2
kilobase pair position and below variedfrom one sample to another. Discrete bands, clearly visible only on original
autoradiographs, were located in high molecular weight DNA position in liver specimens offour patients (arrows).
Numbers in lowerpart ofthe lanes correspond to patients' numbers in Table 1.

pattern of patient 16 showed the presence of free
viral DNA in the liver.
Three other children in this subgroup (Ha), all

without anti-HBV antibodies but two with a history
of HBV, presented also with only integrated HBV
DNA sequences in their liver cell DNA. Two had

16 17 21 22 HBV
Fig. 3 Hybridisation of32P-labelled HBV DNA probe to

Hind III digested liver DNA from four patients ofgroup II.

Numbers in lower part oflanes correspond to patients'
number in Table 2. General notes concerning Fig. 2 are also
validfor this Figure. A band in the 3-2 kilobase pair
position was visible only on the lane ofpatient no 16.
Hybridisation occurred in the highest molecular weight liver
DNA of all the patients (arrows).

chronic active hepatitis (patients 21 and 22) and the
third, inactive cirrhosis (patient 23). (Repre-
sentative cases of subgroup lla are shown in Fig. 3.)
No hybridisation was observed in all the

remaining patients of this subgroup.
In the second subgroup (Ilb), no HBV DNA was

found in the serum, and no HBV DNA sequences
were detected in the liver, regardless of the type of
liver disease.

CONTROL SUBJECTS (GROUP III)
HBV DNA was not detected in either liver or serum

samples from these children with normal liver or

liver dysplasia at histology.

Discussion

The detection of HBV DNA in the liver and serum
has both basic and clinical implications. An
important point emerging from our results concerns
the time of HBV DNA integration both in chronic
hepatitis and in fatal hepatic failure.
The existence of two HBV chronic carrier states

has already been shown.9 In the present study, the
HBeAg-positive children belong to the first state,
characterised by active viral multiplication in the
liver. In at least some of these cases, our results
show that integrated HBV DNA sequences are
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Hepatitis B virus DNA in children's liver disease

already present during the very first months or years
of the disease.

In some subjects, integration appears alone, a
phenomenon which defines the second HBV chronic
carrier state. The latter condition, already shown in
HBsAg-positive patients,9 can be extended to
HBsAg-negative cases, such as those in our group
IIb.

Patient 12 exhibited an uncommon pattern
characterised by the absence of HBV DNA in the
serum and by the absence of a long smear below the
3.2 kilobase pair position, which was considered to
reflect intermediate form of DNA during active viral
multiplication in the liver.5 Thus this case was
considered as intermediate between the two chronic
carrier states mentioned above. The absence of a
long smear may be related to a decreased viral
multiplication with an amount of viral particles
released into the serum which was probably below
the HBV DNA detection concentration. The
presence of HBeAg which has been shown to be
part of HBcAg14 15 might either have been because
of the release of empty capsids or to the expression
of the corresponding integrated HBV DNA
sequences. All these explanations call for further
investigation.
Although non A-non B hepatitis cannot be

excluded in patients totally seronegative for HBV
markers, the HBV DNA integration observed in
some cases suggests that their disease may be related
to HBV. Thus, HBV DNA hybridisation appears
especially important in diagnosis. Its usefulness is
enhanced in cases where neither past antigenaemia
nor any notion of HBV contagion can be found.
Such a condition was evidenced in patient 21, whose
familial contagion was detected after the result of
the hybridisation test was known, and in patient 22,
whose post-transfusion hepatitis had never been
serologically related to HBV. Conversely, because
of the negative hybridisation results observed in
patients with autoimmune hepatitis, it seems
unlikely that HBV is concerned in the pathogenesis
of this kind of chronic active hepatitis.

Integrated HBV DNA sequences in the Hind III
liver DNA pattern has already been found in totally
seronegative patients with inactive cirrhosis.5 Our
series included one case of inactive cirrhosis,
however, and two others of chronic active hepatitis
displaying a Hind III pattern. This suggests that
integration of HBV DNA alone is not always
associated with an inactive liver disease.
The three children who developed fatal hepatic

failure also proved of interest in clarifying the time
of integration, as the latter obviously occurred less
than two or four months after the clear onset of their
disease. Furthermore one of them was a five months

old child in whom an earlier HBV carrier state can
be certainly excluded.

In addition, the HBV serological patterns of these
three patients raise the question of the relationship
between the immune response and the state of HBV
DNA. In general, the severity of liver damage in
fulminant cases of hepatitis does not seem to be
directly related to the degree of viral multiplica-
tion. 16 One explanation suggested for massive
hepatocellular necrosis is the destruction of a large
number of infected hepatocytes by immune
mechanisms. In the connection, the occurrence of
an early enhanced humoral antibody response was
stressed in contrast with the late outcome of the
same humoral pattern during recovery in self-
limited acute hepatitis.17-19 Cell-mediated immunity
is also a probable factor determining the clinical
course of HBV infection.20

Integrated sequences were found in all our three
hepatic failure-cases. Free viral DNA and therefore
viral multiplication was absent in two of them. It was
present in the third child, but in this patient the
absence of HBsAg in the liver and of HBV DNA in
the serum suggests that viral multiplication was
decreasing, and may even have recently stopped.

It thus appears that in these severe cases, the host
immune factors are better able to rapidly destroy
cells where replication is taking place, than cells
containing only HBV DNA sequences integrated
into their genome. Whatever the cause of cellular
necrosis, the persistence of cells with integrated
sequences alone implies that in these cells, either
viral multiplication has spontaneously resolved or
integration has occurred independently of viral
multiplication.

Furthermore, in these three children as well as in
patients with chronic hepatitis, the presence of
discrete bands in the Hind III integration patterns
could be explained by the existence of preter-
ential sites in the host genome for HBV DNA
integration.5
The exact role of the remaining integrated HBV

DNA sequences and of their integration sites in the
outcome of the disease remains to be investigated.
The present results indicate that the integration of
HBV DNA sequences into the host cellular genome
is an early event which might occur as soon as two
months after the onset of hepatitis B, and is
consequently not related to the duration of viral
multiplication.

This study also shows that integrated HBV DNA
could be the only remaining marker of HBV
infection, even in the presence of an active liver
disease.

Finally, it should be remembered that integration
in adults was previously shown to be a potential
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624 Scotto, Hadchouel, Hery, Alvarez, Yvart, Tiollais, Bernard, and Brechot
factor in the development of hepatocellular
carcinoma.1 2 It remains to be proven that
integration occurring in childhood may persist and
may also be such a factor.
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324 News

Riemann, Dept of Internal Medicine, University of
Erlangen - Nuremberg, Krankenhausstrasse 12,
D-8520, Erlangen, W Germany.

10th Meeting of the European-Mediterranean
Association of Colo-Proctology
This meeting will take place in Oslo from 14-16 June
1984. Main topics are Crohn's disease of the colon,
colonic polyps, and anal incontinence. Free lectures
of eight minutes' presentation and seven minutes'
discussion are invited. Abstracts of 250 words
should be submitted by 15 April 1984. Further
details from the General Secretary, Dr M Parturier
Albot, 25 Quai Andre-Citroen, Eugene Flachat,
75017 Paris, France.

German Society for Digestive and Nutritive Illnesses
The Society will award the C A Ewald-Prize for
outstanding treatise in the field of pathogenesis of
the peptic ulcer. The treatise may be unpublished or
accepted for publication or have been already
published by a scientific magazine in 1983/1984. The
treatise must be in German or English. The entry
should comprise: five copies of the treatise, a
curriculum vitae with detailed information about
scientific activities to date, and evidence of work
previously published. The prize of DM 10 000 will
be awarded to a scientist under 40 years of age.

Please send entries before 30 April 1984 to: Herrn
Prof Dr W Creutzfeld, Direktor der Medizinischen
Universitatsklinik, Humboldtallee 1, D-3400
Gottingen, West Germany.

9th International Cytic Fibrosis Congress
This congress will take place in Brighton, England
from 9-15 June 1984. Further information from
Cystic Fibrosis Research Trust, Alexandra House,
5 Blyth Road, Bromley, Kent BR1 3RS.

Indian Journal of Gastroenterology
We are pleased to announce that the Indian Society
of Gastroenterology has started publishing the
above journal and we would like to wish them every
success with this new venture. Further details from
Dr F P Antia, Bombay Mutual Terrace, 534
Sandhurst Bridge, Bombay 400007, India.

Correction
Hepatitis B virus DNA in children's liver diseases,
detection by blot hybridisation in liver and serum. J
Scotto, Michelle Hadchouel, Christiane Hery et al.
(July issue, Gut 24: 618-24.) Table 2 in this paper
had incorrectly set headings and a corrected version
is printed below.

Table 2 Group II: hepatitis B surface antigen-negative children

HBV DNA

Duration Serum in liver

Patient of anti- anti- anti- HBV Inte-
Subgroup no Age disease Diagnosis HBs HBc HBe DNA, grated Free

Children 16 15y 2m FH + + - - + +
with 17 Sm 2m FH - - + - +
HBV 18 8y 4m PHF - + - - +
context 19 7m 7m NPD - +

20 18m rlm GCH* - - - -

21,22 16m, 1ly llm, 17m CAH - - - - +
23 16m 14m IC - - - - +
24-26 9y,9m, 17y 3y, 9m,4m IC - - - - - -

Children 27,28 5y, 9y 2m, 2m HA
without 29-31 13y, ily, 15y 9m, 8y, 14m AICAH (SMAb) - - - - - -

HBV 32-34 lly, 3y, 8y 7y, 15m, 5y AICAH (LKMAb) - - - - - -

context 35,36 18m, 15m 18m, 15m EHBA - - - - - -

37 Sm Sm IHBA - - - - - -

38 4y 4y A1ATD - - - - - -
39 34m 32m FFC - - - - - -

FH = fulminant hepatitis; PHF = progressive hepatic failure; NPD = Niemann Pick disease; GCH = giant cell hepatitis;
CAH = chronic active hepatitis; IC = inactive cirrhosis; HA = hepatitis A; AICAH = autoimmune chronic active hepatitis;
SMAb = smooth muscle antibodies; LKMAb = liver kidney microsomal antibodies; EHBA = extrahepatic biliary atresia;
IHBA = intrahepatic biliary atresia; A1ATD = alpha-l-antitrypsin deficiency; FFC = familial fibrogenic cholestasis; anti-
HBs = antibody to hepatitis B surface antigen; anti-HBc = antibody to hepatitis B core antigen; anti-HBe = antibody to hepatitis Be
antigen.
* Giant cell hepatitis with autoimmune haemolytic anaemia.7


