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Geographical variation in prevalence of hepatitis
B virus DNA in HBsAg negative patients
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Abstract
Aims-To study the geographical varia-
tion of the prevalence of hepatitis B virus
(HBV) DNA in hepatitis B surface anti-
gen (HBsAg) negative subjects.
Methods-A nested polymerase chain
reaction (PCR) assay was used to amp-
lify the core region of HBV. The assay
was able to detect 10 molecules of a full
length HBV plasmid.
Results-When applied to HBsAg nega-
tive paraffin wax embedded liver samples
from Italy, Hong Kong, and the United
Kingdom, a geographical variation in the
prevalence of HBV-DNA positivity was
noted. Two of 18 (11%) of Italian samples
and 2/29 (6.9%) of Hong Kong samples
were positive for HBV-DNA while none
of the 70 cases from the United Kingdom
was positive by nested PCR.
Contamination by plasmid DNA was
excluded using a novel method based on
heteroduplex formation. One HBV-DNA
positive case had idiopathic chronic
active hepatitis, but the diagnoses in the
other three HBV-DNA positive cases did
not suggest any aetiological connection
between HBV-DNA positivity and liver
pathology.
Conclusions-HBV-DNA could be de-
tected in the liver tissues of a proportion
of HBsAg negative subjects. The preva-
lence of such cases is related to the
endemic rate of a geographical region.
The use of HBV PCR on paraffin wax
embedded tissues will be valuable for
future studies on the molecular epidemi-
ology ofHBV.

(7 Clin Pathol 1993;46:304-308)

Hepatitis B virus (HBV) infection is a major
public health problem, with an estimated car-
rier population of over 200 million world
wide.' Diagnosis used to be based solely on
serology, but development of molecular biol-
ogy has led to the generation of data inconsis-
tent with conventional serology, such as the
detection of HBV-DNA in a significant pro-
portion of patients with hepatitis B surface
antigen (HBsAg) negative chronic liver dis-
ease." Subsequently, however, other investi-
gators failed to confirm these observations.4 6
The development of the polymerase chain

reaction (PCR)7 has allowed these studies to
be repeated using a method with exquisite
sensitivity.8 The use of the PCR, however,

has not resolved the above controversy in that
some investigators have succeeded in amplify-
ing HBV-DNA from HBsAg negative individ-
uals9"2 while others have failed to do so."3
One explanation might be differences in
methodologies used by different laboratories,
but another reason might be a geographical
difference in HBV virology-the endemic
rate.
To address this important question, we

benefited from the ability of the PCR to
amplify from paraffin wax embedded liver tis-
sues"1 14 which can be transferred easily from
country to country. We used a modification
of the basic amplification system called nest-
ed PCR. This has been shown to be as sensi-
tive as PCR followed by Southern blotting,
and yet has the added advantages of being
non-isotopic and rapid.'5 Using this
approach, we examined paraffin wax embed-
ded liver tissues from HBsAg negative sub-
jects from three geographical regions: two
high incidence areas (Hong Kong and Italy)
and one low incidence area (United
Kingdom).

Methods
HBsAg TESTING
Patients were tested for serum HBsAg by a
radioimmunoassay (Abbott Laboratories;
Chicago, Illinois) in Milan and enzyme linked
immunosorbent assays (ELISAs) in Hong
Kong (using an assay produced by Abbott
Laboratories) and Oxford (using an assay
produced by Biokit). Orcein staining was
done for all liver samples; none stained.

PREPARATION OF PARAFFIN WAX EMBEDDED
SECTION FOR PCR
Paraffin wax embedded liver tissues from
HBsAg negative subjects were randomly cho-
sen from material collected between 1988
and 1991 stored in the pathological archives
of participating centres from three geographi-
cal localities. One to 10 5 um sections were
cut from paraffin wax blocks and placed in a
1-5 ml Eppendorf tube. Each tube contained
liver tissues with a total volume of 2 cm2 x
5 um. Subsequent processing was essentially
as described before."4 In brief, the sections
were dewaxed in 400 ,ul xylene (Aldrich,
HPLC grade), vortexed for 1 minute, and
spun for 5 minutes (Microcentaur). The
xylene was pipetted off and its residue was
removed with 400 ,ul of 95% ethanol. This
was followed by vortexing (1 minute) and
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SECOND ROUND PCR
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Figure 1 Sensitivity ofHBV-PCR assay. Serial dilutions of a plasmid containing a full-
length HBV insert (pHBVI309) were amplified by PCR. Results after both the first and
the second round are shown. The approximate number of target molecules in the lanes are:
lane 1, 107; lane 2, 105; lane 3, 103; lane 4, 102; lane 5, 10; lane 6, 1; lane 7, 0 1; lane
8, 0-01; lane 9, blank (negative control). M denotes (ix174 DNA digested with HaeIII
(marker). 270 and 258 denote the sizes in base pairs of the first and second round PCR
products, respectively.

spinning (5 minutes). Most of the ethanol
was pipetted off and a second 95% ethanol
wash was performed. Most of the ethanol was
removed and the rest was removed by incu-
bating in an 80°C oven for 10 minutes. One
hundred microlitres of digestion buffer (50
mM TRIS, pH8-5, 1 mM EDTA, 0-5%
Tween 20; Sigma) with 200,uglml proteinase
K (Boehringer Mannheim) was added to each
tube. Digestion with proteinase K was

allowed to proceed overnight at 37°C.
After digestion the tube was spun briefly

and heated to 94°C for 20 minutes to inacti-
vate the proteinase K. Ten microlitres were

then used for PCR assay.

Q)

A BC DE FGH J K LM NOPQ

Figure 2 Amplification offi-globin sequences from paraffin wax embedded tissues. Lanes
A to P are results ofPCR amplification of a fi-globin genomic sequencefrom a series of
formalin fixed, paraffin wax embedded liver biopsies from Hong Kong. Failed
amplifications are seen in lanes H, J3, and P. Lane Q is the negative control (blank).
Arrow indicates position of the 110 base pairf/-globin PCR product.

POLYMERASE CHAIN REACTION
The PCR was carried out as described.7
Reagents were obtained from a GeneAmp
DNA Amplification Reagent Kit (Perkin-
Elmer Cetus). PCR was performed in 50,ul
reactions with 1 25 units of Taq polymerase
(Perkin-Elmer Cetus). DNA amplification
was carried out using a Biometra Trio
Thermoblock. After an initial denaturation
step at 950C for 3 minutes subsequent cycling
profile was 94°C for 1 minute, 55°C for 1
minute, and 72°C for 1 minute.

Each sample was first amplified using
primers PC03 and PCO4'6 specific to the fB-
globin gene. Forty cycles of PCR were carried
out. Only samples producing a positive /1-glo-
bin signal were amplified using HBV primers.
The nested PCR system'5 for the core gene of
HBV consisted of 40 cycles of first round
PCR using primers 1763 and 2032R (PCR
product size: 270 base pairs). Two microlitres
of the first round PCR products were then
reamplified for 25 cycles using primers 1778E
and 2017RB (PCR product size: 258 base
pairs).

Primer sequences are listed below:
PC03: 5'ACACAACTGTGTTCACTAG-
C 3'
PCO4: 5'CAACTTCATCCACGTTCACC 3'
1763: 5'GCTTTGGGGCATGGACATTG-
ACCCGTATAA 3'
2032R: 5'CTGACTACTAATTCCCTGG-
ATGCTGGGTCT 3'
1778E: 5'GACGAATTCCATTGACCCG-
TATAAAGAATT 3'
2017RB: 5'ATGGGATCCCTGGATGCT-
GGGTCTTCCAAA 3'

ANALYSIS OF AMPLIFIED DNA

Ten to 20 ul of the PCR products were run

on a 1-5% agarose gel. DNA was visualised
by ultraviolet fluorescence after staining with
ethidium bromide.

PREVENTION AND DETECTION OF
CONTAMINATION
To minimise the risk of contamination, all of
the previously published guidelines were

observed.'7 18 As a plasmid containing a full-
length HBV insert (pHBV130)"9 was used as

a positive control in the PCR experiments,
contamination by PCR products from the
plasmid was potentially possible. Exclusion of
plasmid PCR products as the source of conta-
mination was carried out using the recently
described heteroduplex method.20 Thus all
PCR products from test samples were mixed
with an equimolar amount of the PCR prod-
uct from pHBV130, denatured at 94°C for 5
minutes and reannealed at 65°C for 5 min-
utes. The mixtures were cooled to 4°C for 10

minutes before being run on a 10% non-

denaturing polyacrylamide gel in TBE (0 089
M TRIS, 0-089 M boric acid, 2 mM EDTA,
pH8-0). In the presence of sequence differ-
ences between the PCR products from the
test samples and that from the plasmid,
heteroduplexes would be seen, and thus con-

tamination by plasmid derived DNA could be
excluded. Conversely, if no heteroduplexes

FIRST ROUND PCRI ..
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Table 1 HBVDNA in HBsAg negative subjectsfrom
Hong Kong

Disease category

Hepatocellular
carcinoma

Chronic active
hepatitis
(idiopathic)

Acute hepatitis
(idiopathic)

Biliary disease
Cryptogenic

cirrhosis
Alcoholic liver

disease
Fulminant hepatitis
Liver tumours

(non-hepatocellular
carcinoma, including
secondaries)

Miscellaneous

No of cases Cases positive for PCR

3 0

3 0

4 0

5 0
3 0

1 0

1 0
3 1*

Table 3 HBV-DNA in HBsAg negative subjects from
the United Kingdom

Disease category No of cases Cases positive for PCR

Alcoholic liver disease 7 0
Chronic active hepatitis 5 0

(idiopathic)
Biliary disease 28 0
Cryptogenic 3 0

cirrhosis
Acute hepatitis 5 0

(idiopathic)
Liver tumours 12 0

(non-hepatocellular
carcinoma, including
secondaries)

Genetic disorders# 1 0
Miscellaneous 9 0

# Haemochromatosis.

6 1§
* Secondary adenocarcinoma, anti-HBs negative, anti-HBc
not tested.
§ Non-specific changes, anti-HBs negative, anti-HBc not
tested.

were observed, contamination tracing back to
pHBV130 could not be excluded.

Results
SENSITIVITY OF HBV PCR SYSTEM
To determine the sensitivity of the nested
HBV PCR system, serial dilutions of a plas-
mid containing a full-length HBV insert
(pHBV130)19 were made in water. After 40
cycles of first round PCR, a signal was visible
in an ethidium stained gel for 105 molecules
(fig 1). After 25 cycles of second round PCR
the detection limit was extended to the equiv-
alent of 10 molecules (fig 1). This sensitivity
was similar to that previously reported by
Kaneko et al.'5

AMPLIFICATION OF f3-GLOBIN SEQUENCES FROM
WAX EMBEDDED TISSUES
Due to the existence of inhibitors in certain
paraffin wax embedded tissues,"' 14 PCR
amplification of fl-globin genomic sequences
was attempted in all tissue samples of the 33
HBsAg negative cases obtained from Hong
Kong. Twenty nine (88%) cases produced a
fl-globin signal. Representative data are
shown in fig 2. Of the 20 HBsAg negative
cases obtained from Italy, 18 (90%) gave rise
to a fl-globin signal. Of the 80 HBsAg nega-
tive cases obtained from the United
Kingdom, 70 (88%) cases produced a fl-glo-
bin signal. The proportion of cases giving
successful fi-globin amplification was consis-
tent with our earlier observations.2' These
cases were then chosen for amplification
using the nested HBV PCR system.

Table 2 HBV-DNA in HBsAg negative subjects from
Italy

Disease category No of cases Cases positivefor PCR

Genetic disorders# 4 0
Bilary disease 3 0
Alcoholic liver 1 0

disease
Chronic active hepatitis 8 1*

(idiopathic)
Post-necrotic cirrhosis 1 0
Miscellaneous 1 1§

# Haemochromatosis and Wilson's disease.
* Anti-HBs negative, anti-HBc negative.
§ Porphyria cutanea tarda, anti-HBs negative, anti-HBc
negative.

AMPLIFICATION OF HBV SEQUENCES USING
NESTED PCR
Twenty nine, 18, and 70 cases from Hong
Kong, Italy, and the United Kingdom,
respectively, were analysed using nested HBV
PCR. These were cases which gave a positive
f,-globin PCR signal and all were from
HBsAg negative subjects. The results are
summarised in tables 1-3. In all cases the
positive HBV-PCR signal was only visible
after the second round PCR. Representative
data are shown in fig 3. Two of 18 (I 1 %) and
2/29 (6 9%) of HBsAg negative cases from
Italy and Hong Kong, respectively, were posi-
tive by nested PCR. A total of 47 cases
(8 5%) tested in the high incidence areas
were therefore positive in the HBV PCR
assay. In the low incidence area (United
Kingdom) studied, none of the 70 cases stud-
ied was positive by nested PCR. These results
were significant (p < 0-05; x2 = 3-86; degree
of freedom = 1).

HETERODUPLEX FORMATION AS A MEANS TO
EXCLUDE CONTAMINATION
We have already described a method to
exclude contamination by cloned viral DNA
using heteroduplex formation.20 If heterodu-
plexes are formed between the PCR product
from a test case and that from the plasmid
pHBV130, then plasmid contamination can
be excluded. This procedure was done for
each of the four HBsAg negative cases (two
from Hong Kong, two from Italy) that pro-
duced a positive HBV PCR signal. In all
cases heteroduplexes with different mobility
patterns were observed (fig 4), thus confirm-
ing the validity of the results.

Discussion
The nested PCR system used was sensitive,
rapid, and completely non-isotopic. The sen-
sitivity of the method was such that 10 mole-
cules ofHBV DNA could be detected.
The presence of PCR inhibitors in paraffin

wax embedded tissues required the prior
exclusion of samples which were refractory to
PCR. This demonstrated the importance of
the fi-globin positive control. The proportion
of samples which were refractory to PCR
ranged from 10-12% and was consistent with
previous observations.2'
Our data confirmed previous observations
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Figure 3 Amplification ofHBVsequences from HBsAg negative subjects using nested
PCR. Results following the second round PCR are shown. Lane A denotes the positive
control (pHBVl309). Lanes B to N show results on a series of liver biopsy specimens from
Hong Kong. Lanes C and H show positive HBV amplifications. Lane 0 is the negative
control (blank). The low molecular weight bands in lanes N and 0 represent primer
dimers. Arrow indicates the position of the 258 base pair second round PCR product.

that HBV DNA could be detected in a pro-
portion of HBsAg negative subjects.9-12
Furthermore, the proportion of such cases
seems to be related to the endemic rate of
HBV infection in a geographical region. Thus
in high incidence areas such as Milan and
Hong Kong, with a carrier rate of 3.5%22 and
9.6%,23 respectively, the percentages of HBV
DNA positive cases were 11% and 6-9%,
respectively. The HBsAg positive carrier rate
in London has been estimated at 0Q5%24 and
the carrier rate in Oxford is likely to be much
lower. We have not been able to detect any
HBV DNA in any of the 70 cases from the
United Kingdom. It should be noted that our
figures for HBV DNA positivity in Milan and
Hong Kong should be regarded as gross esti-
mates because the numbers involved are too
small to provide a precise figure on the preva-
lence. Nevertheless, the difference in HBV

1 2 3 4

Figure 4 Heteroduplex analysis for excluding contamination. Lane 1, PCR productfrom
a liver biopsy specimen from Hong Kong (secondary adenocarcinoma); lane 2, PCR
productfrom a liver biopsy specimen from Hong Kong (non-specific changes); lane 3,
PCR productfrom a liver biopsy specimen from Italy (chronic active hepatitis); lane 4,
PCR productfrom a liver biopsy specimen from Italy (porphyria cutanea tarda). Arrow
indicates position of homoduplex of the 258 base pair second round PCR product.
Arrowheads indicate positions of heteroduplexes. Note mobility differences among
heteroduplexes from different cases.

DNA prevalence between the high and low
incidence areas is highly significant.
The commercially available tests for

HBsAg used in this study were radioim-
munoassay or ELISA based and these assays
had a sensitivity of < 0-5 ng/ml.25 In a direct
comparison between the three assays, the
ELISA made by Biokit was not as sensitive as
the radioimmunoassay and ELISA manufac-
tured by Abbott Laboratories (Dr J Kurtz,
John Radcliffe Hospital, personal communi-
cation). The assay used in Oxford would
therefore bias our results in that we may have
missed some cases with low concentrations of
HBsAg. Hence the observation that none of
the Oxford cases was positive by PCR is high-
ly significant.
Our data, however, did not provide conclu-

sive evidence of an aetiological link between
HBV DNA positivity and the liver pathology
seen. Interestingly, one Italian case diagnosed
as having idiopathic chronic active hepatitis
was shown to have HBV DNA by nested
PCR. HBV could potentially have been the
cause of liver pathology in this case.
However, for the other three cases (porphyria
cutanea tarda, secondary adenocarcinoma,
and non-specific changes), the role of HBV
was less clear. Nevertheless, these data show
that HBV is present in a proportion of
HBsAg negative subjects which may have
public health implications in high incidence
areas.
Some investigators have used multiple

primer sets for HBV detection by PCR"';
others have used only one set of primers.'2
The use of multiple primer sets might
increase the detection rate of HBV-DNA in
our samples, but we do not think that this
will alter our basic conclusions. Our belief is
based on the relatively large sample size of
our study (117 cases in total) and the fact
that the primer combination we used has
been used before to detect HBV DNA in
HBsAg negative subjects." 12

Finally, the heteroduplex method20 we
used to exclude contamination due to cloned
viral DNA has been confirmed to be reliable
and rapid. The differences in mobility of het-
eroduplexes from different cases shown in fig
4 were consistent with a previous report
showing a 2-15% difference in nucleotide
sequence in the core gene amplified from dif-
ferent HBV isolates.'2 We envisage that this
method could be widely applied in many viro-
logical laboratories. Furthermore, the method
could potentially be modified for typing virus-
es.
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