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is the reduced life span of erythrocytes coated with antibody,
presumably from phagocytosis by reticuloendothelial cells.
A further possibility, however, is the relative failure of ery-
thropoiesis or haemopoiesis in general. This might explain the
leucopenia and thrombocytopenia in some more severely
affected fetuses, with an absence in some of them of reticulo-
cytosis or erythroblastaemia. A megaloblastic crisis, where an
arrest of haemopoiesis due to folic acid or vitamin B occurs, is a
recognised complication of chronic haemolytic anaemia.20 21
Although in theory this could apply to some cases of erythro-
blastosis, one study showed that administering high doses of
vitamin B, folic acid, and other known haematinics to the mother
did not noticeably benefit the fetal blood.'"
Our findings suggest that in the late mid-trimester the rhesus

isoimmunised fetus has a large adaptive functional reserve that
maintains tissue oxygenation despite severe anaemia. When the
haemoglobin concentration is reduced to one third of the
normal value, however, tissue hypoxia, indicated by increased
erythropoiesis, becomes apparent. Evidence suggests that more
severe tissue hypoxia ultimately leads to widespread haemopoietic
failure.
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Hepatitis B virus DNA and e antigen in serum from blood
donors in the United Kingdom positive for hepatitis B
surface antigen
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Abstract

Serum samples from 214 blood donors in the United
Kingdom who were carriers of hepatitis B surface
antigen (HBsAg) were examined for hepatitis B virus
deoxyribonucleic acid (DNA) by DNA:DNA hybridisation
and for hepatitis B e antigen (HBeAg) and its antibody.
One fifth of the donors carried infectious virus in their
circulation. The presence of hepatitis B virus DNA
correlated well with that of HBeAg, although hepatitis B
virus DNA was found in five serum samples that were
negative for HBeAg.
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It is concluded that analysis of serum samples for
hepatitis B virus DNA by hybridisation should be the
method of choice for determining whether carriers of
HBsAg are infectious.

Introduction

In carriers of hepatitis B surface antigen (HBsAg) viral replica-
tion may be continuing in the hepatocytes, with release of
infectious virus into the blood stream, or may have stopped,
with subsequent clearance of virus from the circulation.
Hepatitis B virions may be detected in samples of serum or
plasma by assaying for endogenous deoxyribonucleic acid (DNA)
polymerase,1 2 although a more direct assay, based on the
hybridisation of a cloned hepatitis B virus DNA probe to
extracts of such samples, has become the method of choice
because of its greater sensitivity and ease of application.5
The serological presence of hepatitis B e antigen (HBeAg) is

correlated with that of infectious virus,6 7 and clearance of
virus from the circulation often results in seroconversion with
the appearance of antibodies to HBeAg (anti-HBe).8 Recent
reports, however, have established that an appreciable proportion
of patients with anti-HBe have detectable amounts of hepatitis B
virus DNA in the serum and so are potentially infectious.91-
We examined serum samples from 214 blood donors, who were
positive for HBsAg, for the presence of hepatitis B virus DNA
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by DNA:DNA hybridisation and for HBeAg and anti-HBe to
determine the prevalence of infectious virus, and to investigate
whether the presence of HBeAg or its antibody correlated with
the presence of infectious virus in blood donors in the North
East Thames region of Greater London.

Materials and methods

The 214 serum samples tested were obtained from blood donated
to the Regional Blood Transfusion Centre, Brentwood, from February
1974 to December 1982. The presence of HBsAg in each sample was
confirmed by solid phase radioimmunoassay (Blood Products
Laboratory, Elstree, England). The presence of HBeAg and its
antibody was determined by enzyme linked immunosorbent assay
(Organon Technika BV, Boxtel, Holland).

Detection of hepatitis B virus DNA by hybridisation was as
described previously4 except that a simplified procedure, modified
from that of Scotto et al,5 was used to prepare the samples for
application to the nitrocellulose filter. Serum samples (50 t4l) were
mixed with 20 FdI 100% NP40 and 20 btl 3%' 2-mercaptoethanol to
disrupt any virus present. The samples were then mixed with an
equal volume of 2M sodium chloride and denatured by addition of a
double volume of 1M sodium hydroxide, and 180, 90, and 45 ,ul
aliquots were applied to a nitrocellulose filter via a Hybridot manifold
(BRL, Paisley, Scotland). Each filter comprised up to 20 test samples,
known positive and negative control serum samples, and a recon-
struction containing hepatitis B virus DNA that had been cloned in a
plasmid (figure). Hybridisation conditions were as described
previously4; autoradiography was for 24-48 hours followed by
extensive re-exposure of one to two weeks.
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Dot hybridisation assay of serum samples from 10 donors (A-J). Auto-
radiograph was exposed for 10 days. Sample A was strongly positive for
hepatitis B virus DNA and sample F weakly so. The eight other samples
were scored negative for hepatitis B virus DNA. Sample K was a recon-
struction containing cloned hepatitis B virus DNA (152, 76, and 38 pg
plasmid). Sample L was the negative control.

Results

The table presents data from the analysis of the 214 serum samples
for HBeAg and anti-HBe and for the presence of hepatitis B virus DNA
by hybridisation. Most of the samples (160) were positive for anti-HBe;
of these, only four were positive for hepatitis B virus DNA. Eight
samples that were positive for hepatitis B virus DNA gave a weak

Analysis of serum samples containing HBsAg for HBeAg, anti-HBe, and
hepatitis B virus DNA

Hepatitis B virus DNA

Serological state Present Absent

HBeAg negative, anti-HBe positive 4 157
HBeAg positive, anti-HBe negative 39 2
HBeAg and HBeAb negative 1 11

Total 44 170

hybridisation signal that could be detected on a two week, but not
on a three day, autoradiographic exposure. All five serum samples
that were negative for HBeAg and positive for hepatitis B virus
DNA fell into this group.

Discussion

HBeAg was detected in 42 of 214 (20%) blood donors positive
for HBsAg. This finding closely agrees with that of Dow et al,
who found that 18 3%' of Scottish blood donors positive for
HBsAg were also positive for HBeAg.12Our detection of
hepatitis B virus DNA in five serum samples that were negative
for HBeAg, as well as in all but two of the samples positive
for HBeAg, suggests that in this population one fifth of carriers
of HBsAg who are otherwise apparently healthy have infectious
virus in their circulation.
Our findings showed a good correlation between HBeAg and

anti-HBe state and the presence of infectious virus as detected
by DNA:DNA hybridisation in the population of the United
Kingdom. This contrasts with findings in southern Europe9 10
and Israel,"1 where up to half of patients with HBeAb and liver
disease may have detectable levels of hepatitis B virus DNA in
their serum. Of the five donors who were negative for HBeAg
and positive for hepatitis B virus DNA, one was born in India,
one was Chinese, and the remaining three were British.
The detection of hepatitis B virus DNA in five serum samples

that were negative for HBeAg, with the implication of the
presence of infectious virus, has important consequences in the
assessment of risk-for example, in pregnant women who are
carriers. We therefore believe that analysis of serum samples
for hepatitis B virus DNA by hybridisation should be the
method of choice for determining whether a carrier of HBsAg
is infectious.
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