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most difficult to organise such a unit could be grafted on to
existing day hospitals to avoid capital expenditure and large
running costs. Certainly a day unit or domiciliary service
represents a relatively easy way of starting to meet the needs of
dying patients and their families; but a back-up of beds and
hospital facilities is also needed-83% of our patients died as
inpatients. Moreover, patients seem to find it convenient and
reassuring to have the day hospital integrated with the inpatient
unit. We believe that this should be the arrangement of choice
and the pattern of the future.

Mrs Linda Liddamant collected and analysed the data under the
supervision of Mrs Maureen Naylor. Secretarial assistance was

provided by Mrs Sheila Harris. Valuable advice was received from
Professor J Knowelden. Grateful thanks are due to the nurses,
rehabilitation professionals, and all other colleagues who have
sustained this enterprise.
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Summary and conclusions

Antibodies in the serum reacting with antigens on the
surface of radiolabelled Dane particles distinct from
hepatitis B surface and core antigens (HBsAg and
HBcAg) were detected, using a double antibody pre-
cipitation assay, in 12 out of 15 patients early in the
course of acute type B hepatitis and at the time of
disappearance of circulating Dane particles. No such
antibody activity was found in 15 of the 16 patients with
HBsAg-positive chronic active hepatitis, 13 of whom had
complete Dane particles in the serum. In a group of 16
asymptomatic HBsAg carriers (without Dane particles
in serum) antibody activity was shown in nine.
This demonstration of antibodies precipitating Dane

particles may be relevant to the clearance of circulating
hepatitis B virions and the termination of infection in
acute type B hepatitis. Their absence in all but one of the
cases of chronic active hepatitis might explain why the
virus infection persists in this group of patients.

Introduction

Recovery from acute hepatitis type B, as with many other virus
infections, is probably a complex process in which lymphocytes,
macrophages, neutralising antibody, and interferon all play a
part. Cytotoxic, virus-specific T lymphocytes1 2 are likely to be
important in removing infected hepatocytes, but the mechanisms
that prevent reinfection of liver cells and clear the virus from the
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circulation are poorly understood. Dane particles, which
represent the complete hepatitis B virion,3-disappear from the
blood early in the course of acute hepatitis B, while the small
round particles consisting solely of surface coat antigen (HBsAg)
usually persist for much longer.4 Detection of anti-HBs is a late
and inconstant finding, 6 and although antibody reacting with
the core of the Dane particle (anti-HBc) is present earlier in the
illness, this does not react with the intact virion and cannot,
therefore, be implicated in clearance of the virus. In healthy
HBsAg carriers large amounts of HBsAg but not of Dane
particles are usually detected in serum.7 Thus the immune
mechanisms responsible for removing Dane particles may be
different from those involved in HBsAg clearance. Indeed,
aggregation of Dane particles by sera free of anti-HBs has been
shown by electron microscopy. 8
We report here the detection in acute type B hepatitis of

antibodies reacting with new specificities on Dane particles.
The absence of such anti-Dane activity in most cases of chronic
active hepatitis may explain the persistence of hepatitis B virus
infection in these patients.

Patients and methods

We investigated three groups of patients. Fifteen patients had acute
hepatitis type B; within three months of the onset of hepatitis they
recovered completely and HBsAg was cleared from their sera. Sixteen
patients had HBsAg-positive chronic active hepatitis proved on
biopsy; at the time of presentation eight were untreated while eight
had been on immunosuppressive drugs (prednisolone and azathio-
prine) for four to 24 months. The third group comprised 16 asympto-
matic HBsAg carriers whose liver biopsies showed either normal
histology (seven cases); minor abnormalities including hydropic
changes (one case) or fatty changes (one case); or focal parenchymal
necrosis (seven cases). All the carriers with focal parenchymal necrosis
and the carrier with hydropic changes had only scattered liver cells
positive for HBsAg in the cytoplasm of the hepatocytes as shown by
the orcein method or by immunofluorescence, while in the other eight
patients there were many sheets of HBsAg-positive cells.9

RADIOIMMUNOASSAY FOR ANTIBODIES TO DANE PARTICLES

The principle of the assay is to label complete Dane particles with
3H-thymidine using their own endogenous DNA polymerase and then
to incubate them with the serum under test. Antibody-coated virions
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are precipitated by adding anti-immunoglobulin serum, and the loss
of radioactivity from the supernatant is then a measure of the anti-
Dane antibody activity.
A preparation enriched in Dane particles was obtained by density

gradient ultracentrifugation"° from sera of HBsAg carriers with high
levels of DNA polymerase activity associated with Dane particles.
Dane particles in this preparation were labelled by the DNA poly-
merase reaction with 3H-thymidine triphosphate (3H-TPP,
Radiochemical Centre, Amersham, England) and then dialysed
extensively against TRIS buffer (pH 7-4). That the labelled Dane
particles were still intact after this procedure was shown by the
finding that 970 were precipitated by rabbit anti-HBs sera (Behring-
werke, West Germany) but only 4% by human high-titre anti-HBc
sera. In the assay system 50 ,u of labelled Dane particles (about 300
3H cpm) was mixed with 50 t,l of sera (diluted 1/10), and after 72
hours at-4°C immune complexes were precipitated with 200 ,u of
anti-immunoglobulin sera (Miles Laboratories). After a further 18
hours' incubation the tubes were centrifuged at 3000 rpm for 30
minutes and the 3H cpm in 200 d supernatant was measured.

3H cpm serum - 3H cpm TCA
Percentage precipitation = 100-3H cpm buffer H cpm TCA 1000

where 'H cpm TCA represented cpm detected in 200 ,ul of super-
natant with 200 Ad of 250, trichloroacetic acid added instead of the
anti-immunoglobulin serum and 3H cpm buffer those detected when
50 ,lI of buffer was substituted for 50 Ad of serum.

Sera from 16 normal subjects, all negative for HBsAg and anti-
HBs by radioimmunoassay, gave a mean percentage precipitation of
1 88 i 11 56. In one of these subjects the value was significantly higher
than in the others at 39%,, which was 3 3 standard deviations higher
than the mean for the whole group (P < 00005). This patient was
therefore excluded, giving a mean normal value of - 08 +6-50, and
an upper limit of 12 2%/ (mean+2 SD).

SEROLOGICAL TESTS

HBsAg and anti-HBs were tested by solid phase radioimmunoassay
(Abbott). HBsAg was titred by passive haemagglutination (Hepatest,
Wellcome). Anti e antigen (anti-HBe) was investigated by immuno-
diffusion. Hepatitis B virus-specific DNA polymerase was measured
in sera using twentyfold concentrated pellets,'" the upper limit of the
normal range being 250 3H cpm.

Results

In 12 of the 15 patients with acute hepatitis the serum samples
obtained within six days of presentation were found to contain
antibodies reacting with Dane particles (fig 1). Specificity testing
carried out with sera from two of these patients showed that pre-
cipitation of Dane particles in the assay was reduced by 57-1 %O and by
69 9%o when 50 Al of unlabelled Dane particles was added. In contrast,
the addition of 50 ,u of purified HBsAg prepared by density gradient
ultracentrifugation"2 and containing only small round forms on
electron microscopy had no effect, although this preparation had the
same HBsAg titre as that containing the unlabelled Dane particles.
Sera from all 15 patients were negative for anti-HBs by radioimmuno-
assay and contained no detectable anti-HBe, confirming the suggestion
that the anti-Dane antibodies were reacting with different specificities.

In 10 patients, all positive for Dane-particle antibodies, further
samples were tested 15 and 30 days after presentation. Four had
become negative, while precipitating antibodies could still be detected
in the other six (fig 2). Three patients in whom no significant pre-
cipitation was observed in the first serum sample were also negative in
two further follow-up samples. Complete Dane particles had already
disappeared from the circulation in the first serum sample in eight
cases, as shown by the absence of DNA polymerase activity, and all
these eight patients were positive for antibodies to Dane particles.
The remaining four patients who had antibodies to Dane particles
in their first serum samples had raised DNA polymerase levels
(516-1036 3H cpm), indicating that complete virions were still present
in the circulation. These had, however, disappeared by the time the
next serum sample was taken (fig 2). Clearance of virions was slower
in two of the three patients with no detectable antibodies to Dane
particles, both still being positive for DNA polymerase 15 days after
presentation (fig 2).

In contrast to the findings in acute hepatitis, only one of the 16
patients with HBsAg-positive chronic active hepatitis had serum
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FIG 1-Percentage of radiolabelled Dane-particles precipi-
tated when sera from various patient groups were used in the
radioimmunoassay. Shaded area shows normal range.
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FIG 2-Values of Dane-particle precipitation obtained with
serial serum samples from patients with acute hepatitis B.
Broken line shows upper limit of normal range.

antibodies reacting with Dane particles. Thirteen of these 16 patients
had complete Dane particles in serum with levels ofDNA polymerase
activity ranging from 261 to 837 3H cpm. Anti-HBe was found in two
cases, but neither had antibodies reacting with Dane particles.

Asymptomatic HBsAg carriers-Only two of the eight carriers with
extensive sheet distribution of HBsAg-positive liver cells had
circulating antibodies to Dane particles compared with seven out of
the eight cases, including six of the seven with focal parenchymal
necrosis, who had scattered HBsAg-positive hepatocytes (P <0.02).
DNA polymerase was not detected in any case, suggesting the absence
of complete Dane particles in serum. None of the 16 carriers had
anti-HBs by radioimmunoassay, and of the nine patients with anti-
HBe six were positive and three were negative for Dane-particle
antibodies (fig 1). In two ofthe positive cases the addition ofunlabelled
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Dane particles to the assay system significantly reduced the precipita-
tion of labelled particles (-55 3% and -615°o respectively), while
the addition of small round particles (with the same HBsAg titre)
had little effect (+3 3% and - 12% respectively).

Discussion

Our finding of antibodies reacting with antigenic determinants
at the surface of the Dane particle in sera free of anti-HBs
implies that the antigens taking part in this reaction are distinct
from the HBsAg. The failure of a preparation containing small
round forms of HBsAg but free of Dane particles to block the
reaction together with the clear reduction in binding after the
addition of a preparation enriched in Dane particles are further
evidence in support of this view. Similarly, although antibodies
to the HBcAg were likely to have been present in the sera of
most of these patients,1' the absence of Dane-particle precipi-
tation using high-titre anti-1HBc serum excluded any involvement
of this antibody in the test system. Moreover, negative results
were obtained in most of the patients with HBsAg-positive
chronic active hepatitis, in whom the highest titres of anti-HBc
are detected.14
The finding by Neurath et al'8that sera from one asymptomatic

HBsAg carrier, free of anti-HBs but positive for anti-HBe,
could aggregate Dane particles but not small round forms of
HBsAg led them to suggest that this was due to the presence of
HBeAg on the surface of Dane particles. In our series there was
no correlation between anti-HBe and anti-Dane antibodies. The
e antigen system has, however, been shown to be hetero-
geneous,'5 and it is possible that only one of the various HBeAg
determinants is implicated.
These antibodies to Dane particles appearing early during

acute infection might help to eliminate the complete hepatitis
B virus, and their absence in patients with chronic active
hepatitis may explain why the infection persists with
continuation of active virus replication. Indeed, in most of the
patients with chronic active hepatitis, DNA polymerase activity
was detected in serum, indicating the presence of complete
Dane particles. These circulating virions are unlikely to have
interfered with the detection of anti-Dane antibodies since
negative results were also obtained in the three cases without
DNA polymerase activity. Furthermore, levels of enzyme
activity, when present, were lower in chronic active hepatitis
than in acute hepatitis.
The striking difference in the frequency of antibodies to Dane

particles between asymptomatic HBsAg carriers with normal
liver histology and those showing focal parenchymal necrosis

suggests that these two groups differ in their immune response
to the infection. This agrees with the findings of El Sheikh et al,2
who showed that T-lymphocyte sensitisation to HBsAg is
present only in the cases of focal parenchymal necrosis. In
recent studies we have also been able to show that only in these
cases can HBcAg be detected in a few liver cells (unpublished).
In the patients with focal parenchymal necrosis active replication
of the virus may continue in a few liver cells, although Dane
particles are not detected in serum as they are rapidly removed
by the circulating antibodies we have shown. These might also
limit the spread of the virus to uninfected cells, thus explaining
the finding of only a few hepatocytes containing viral antigens
and the absence of more severe liver damage. These cases could
represent a slow resolving hepatitis following a subclinical
course from the onset, and, indeed, about a quarter of a similar
group of patients have been shown to eventually clear HBsAg
12 to 24 months after its first detection (Realdi, personal
communication). In those carriers with normal liver histology
there is usually no evidence of replication of the complete
virion, and the absence of anti-Dane antibodies in these cases
may simply reflect the absence of antigenic stimulus.

We thank Professor A J Zuckerman and Mrs Y White for HBsAg
and anti-HBs testing and Linda Rimmer for editorial help. AA was in
receipt of an Anna Villa Rusconi Foundation Fellowship, and the
work was also supported by the Wellcome Trust.
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ONE HUNDRED YEARS AGO The returns asked for by the
Society of Arts from the medical officers of health throughout the
country as to their water-supply are now, it is reported, as complete as
it is likely they will be. It was intended that they should all have been
sent in and printed for the use of the Conference on Water-Supply,
held at the request of the Prince of Wales. Such as were ready were
then printed and circulated; but many returns have arrived since,
and these have been, with the others, issued in the society's journal,
accompanied by a request that any further available information
should be communicated. There are now altogether some one hundred
and six replies received; and, coming as they do from all parts of the
country, from towns and rural districts, from manufacturing, agri-
cultural, and mining communities, they give a fair idea of the existing
state of water supply. The first question inquired what was the source
of supply, and the replies to this are of course various; but the great
difference in answers to the second question, as to what is the daily
amount of supply per head, is astonishing. It ranges from 4A gallons
per head per day up to 40, and in a large number of cases the supply
is reported as constant. The lowest supplies mentioned in the returns
are-Pudsey, 4j gallons per head per day; Leigh, 5 (for domestic
purposes); Morley, 6; Colne and Marsden, 5 in summer, "very
uncertain", and here "notices are up to forbid swilling steps, cleaning
windows, etc." Ossett has- 10, St. Helen's 12k, Whitby 15; but the

majority of returns are from 20 to 30. The replies to the question,
"Can you give any information from your own observation of sewage-
polluted water spreading epidemic diseases ?" give useful additional
information to the official reports of the Local Government Board.
In some cases, the spread of typhoid fever is merely referred to as
"probably due" to sewage-contamination; but there are several in
which not only are the cases directly traced to sewage-polluted water,
but with a change of water the epidemic has ceased. The returns
should be seen by those who have the charge of local sanitary arrange-
ments. Two cases are mentioned of the spread of fever by milk
mixed with sewage-polluted water. The attempt to elicit information
about the effect of water on health and the production of diseases
not epidemic has not been so successful; but diarrhoea, dyspepsia,
and malaise are in many cases referred to. Diphtheria, too, is several
times mentioned. The return from Chadderton (near Oldham)
gives a good typical instance of the ignorance throughout the country
generally on water-supply. The medical officer found a cesspool
near a pump, and asked the farmer what he did with the contents.
"Strange to say," he replied, "the cesspool never needs to be cleaned
out." The reason is obvious: the excrement in a liquid state filtered
into the well, and no one suffered till the outbreak of typhoid epidemic.
(British Medical3'ournal, 1878.)
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