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Dane Particle-Associated Hepatitis B e Antigen
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A commercial radioimmunoassay was adapted to detect serum Dane particle-associated HBeAg
in patients whose sera contained the homologous antibody. HBeAg was released from Dane particles

with guanidine HCL

Dane particles were separated from anti-HBe by gel-filtration (Sepharose 4B) and ultracentrifu-
gation of the eluate. Dane particle-HBeAg was tested in 45 HBsAg carriers with anti-HBe and was
present in 8 (18%) carriers, all of whom had chronic liver disease. By contrast, HBeAg was not
found in 10 carriers with normal liver histology. Serum or liver HBcAg was found in 6 of 8 patients
with Dane particle-HBeAg. None of the carriers without Dane particle-HBeAg had other markers

of hepatitis B virion synthesis.

We conclude that Dane particle-HBeAg provides a sensitive index of active hepatitis B virus
replication, a guide to the presence of chronic hepatitis in HBsAg carriers with anti-HBe, and a
noninvasive method to follow infection in these patients.

The majority of individuals chronically infected by the
hepatitis B virus (HBV) either express HBe antigen
(HBeAg) in the blood or circulate the homologous anti-
body (anti-HBe) (1).

The presence in serum of HBeAg is associated with
synthesis of the Dane particle (2), now regarded as the
HB virion (3), and identifies highly infectious carriers of
HB surface antigen (HBsAg) (4) who are likely to have
liver disease (5-8). There is controversy on the signifi-
cance of anti-HBe. The assumption that it identifies
healthy noninfective carriers (5-8) has been disputed by
reports of liver disease in 31 to 44% of carriers with anti-
HBe (9-11) and by transmission of HBV to chimpanzees
by sera containing this antibody (12, 13).

In previous studies, HBV replication was assessed by
measurement of serum Dane particle-specific DNA
polymerase activity or enumeration of circulating Dane
particles by electron microscopy; a negative reaction or
count was correlated with lack of infectivity of the carrier
(14-16).

Recently, it was shown that radioimmunoassay (RIA)
of sera for an immunological marker, the Dane particle-
associated HB core antigen (HBcAg) (17), provides an
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index of HBV replication which is more sensitive and
specific than the enzymatic and morphological tests.
Based on the observation of Takahashi et al. (18) that
HBeAg may be found within the Dane particle core,
presumably representing a structural virion component
whose excess is released in blood as soluble-free HBeAg,
we developed a RIA for Dane particle-associated HBeAg
using a standardized commercial kit.

Dane particle-HBeAg was determined in HBsAg car-
riers with anti-HBe. The results were compared with
other markers of HBV, and the presence of HB virions
in serum was correlated with clinical status.

MATERIALS AND METHODS
SERA AND BIOPSIES

The sera examined in this study were collected over
several years from 45 HBsAg carriers with anti-HBe
undergoing clinical evaluation of hepatic status. A liver
biopsy was performed in 35 carriers; they included 10
healthy carriers with normal liver histology, 7 with
chronic persistent hepatitis, 9 with chronic active hepa-
titis with and without cirrhosis, and 9 with inactive
cirrhosis. Part of each liver biopsy was frozen for immu-
nofluorescence staining of HBcAg. Histological liver dis-
ease was diagnosed according to Geall et al. (19). Each of
the 10 patients in whom a biopsy was not done was
considered to have chronic liver disease on the basis of
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persistently elevated alanine-aminotransferase (ALT)
levels.

All of the carriers had antibody to HBcAg (anti-HBc)
at titers between 1:10* and 1:10°. None had antibody to
HBsAg (anti-HBs) or was positive for 8-antigen-antibody
system associated with HBV (20). Two follow-up serum
specimens collected over several months were available
from each of two patients. Serum specimens were stored
at —30°C for up to 5 years before use.

AssAaYS AND REAGENTS

Sera were tested for HBsAg, anti-HBs, anti-HBc,
HBeAg, and anti-HBe by commercial RIA (Ausria II,
Ausab, Corab, Kit HBe, Abbott Laboratories, North
Chicago, Ill.). Anti-HBe was titered to endpoint in 2-fold
dilutions, anti-HBe in 10-fold dilutions. Titers were ex-
pressed as the reciprocal dilution inhibiting the binding
of 50% of radioactivity in the negative control.

Purified anti-HBe¢ immunoglobulin G (IgG) and anti-
HBe IgG (containing 5 mg protein per ml) were prepared
by DE-52 chromatography. Anti-HBc¢ IgG was obtained
from a human serum containing anti-HBc at a titer of
1:10° and devoid of anti-HBs and anti-HBe. Anti-HBe
was obtained from a human serum containing high titers
of anti-HBe and anti-HBc and devoid of anti-HBs; puri-
fied anti-HBe IgG contained anti-HBe at a titer of 1:1,024
and anti-HBc at a titer of 1:10",

HBcAg immunofluorescence was performed by stain-
ing of frozen ether-fixed liver sections with fluorescein-
ated anti-HBc IgG (20).

Purified HBsAg (10 pg protein per ml), a rabbit pre-
inoculation anti-HBs negative serum and a postinocula-
tion hyperimmune antiserum to HBsAg were reference
reagents kindly provided by Dr. J. L. Gerin, Georgetown
University, Rockville, Md. Sera used as negative controls
were obtained from 10 healthy individuals without HBV
antigen-antibody markers.

PREPARATION OF DANE PARTICLES

Dane particles were purified (21) from a human serum
which contained Dane particle-specific DNA polymerase
activity and a high titer of HBeAg (positive over negative
ratio: 22).

PREPARATION OF SERUM PELLETS AFTER GEL
FiLTrRATION

Sera were tested for Dane particle-associated HBcAg
and HBeAg after gel filtration (17). Ten milliliters of
Sepharose 4B (Pharmacia Fine Chemicals, Piscataway,
N.J.) were packed in a 10-ml syringe and equilibrated
with phosphate-buffered saline (pH 7.4, 0.1 M, plus 1%
bovine serum albumin). Two milliliters of test sera were
applied on the column, the void volume eluate was dis-
carded, and the next 2.75-ml volume was collected, lay-
ered on 20% (w/v) sucrose, and centrifuged for 5 hr at
4°C and 40,000 rpm in the Beckman S.W. 50.1 rotor; the
final pellet (hereafter mentioned as pellet) was resus-
pended in 200 pl (Yo original serum volume) of phos-
phate-buffered saline plus 1% bovine serum albumin.
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SoLID-PHASE RIA rorR DANE PARTICLE-ASSOCIATED
HBcAcG. DANE PARTICLE-ASSOCIATED DNA
POLYMERASE ACTIVITY

HBcAg in Dane particle preparation was measured by
solid-phase RIA using beads coated with anti-HBc and
the trays of the Abbott Laboratories’ RIA kits. Polysty-
rene beads (% inch, Spherotech AG, Zurich, Switzerland)
were incubated for 4 hr at room terperature with a 1:10°
dilution of anti-HBc serum. The beads were washed,
incubated overnight in phosphate-buffered saline plus
1.5% bovine serum albumin, dried and stored at —20°C
until used. For the test, 150-ul aliquots of the Dane
particles preparation were incubated in wells containing
the beads, with the addition of 50 ul of 0.4% Nonidet.
After 12 hr at 4°C, the trays were washed and 200 pl of
%.anti-HBc IgG (6 X 10° cpm) were applied to each
well. After 4 hr, the beads were washed and counted for
residual radioactivity in a LKB gamma-counter. The
anti-HBc IgG fraction was radiolabeled by the chlora-
mine-T method (22).

Dane particle-HBcAg in pellets was measured by a
previously described microtiter RIA (17). Polyvinyl
plates (Cooke Laboratories, Inc., Alexandria, Va.) were
coated with a 1:10° dilution of the anti-HBc serum. Single
50-p] aliquots of each resuspended pellet were inoculated
in microtiter wells followed by 5 pl of 1% Nonidet to a
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Fra. 1. Titration curves of Dane particles with the HBeAg RIA after
addition of 1.5 M guanidine HCl (@---®) or 0.1% Nonidet P40
(@—@®), and with the HBcAg RIA after addition of 1.5 M guanidine
HCI ([} - -[J) or 0.1% Nonidet P40 (O—_{J). For the test, 50 ul of 6 M
guanidine or 50 pl of 0.4% Nonidet P40 were added to 150 g of serial 2-
fold dilutions of Dane particles.
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final detergent concentration of approximately 0.1%.
After 12 hr at 4°C, the plates were repeatedly washed
with phosphate-buffered saline and 70 ul (2 X 10 cpm)
of '"*I-anti-HBc IgG were applied to each well. Plates
were then incubated for 4 hr at 37°C, washed, and
counted for residual radioactivity. The titers of Dane
particle-HBcAg were expressed as the ratio (P/N) of cpm
of the test sample (P) to the average cpm of pellets from
negative controls (N); a test sample was considered pos-
itive if the titer (P/N) was 2.1.

DNA polymerase activity was tested by the method of
Kaplan et al. (23) in 20-fold concentrated serum pellets.
Dane particle specificity of the DNA polymerase was
confirmed by immunoprecipitation as described by Ka-
plan et al. (24).

SoLIp-PHASE RIA FOR DANE PARTICLE-ASSOCIATED
HBEAG

Dane particle-HBeAg RIA was performed with Abbott
Laboratories’ HBe RIA. Dane particle preparation and
controls were tested in 150-ul aliquots. Dane particle
preparation was tested with addition of 50 ul of phos-
phate-buffered saline, or 0.4% Nonidet P40 or different
concentrations of guanidine HCl. Controls were tested
with addition of 50 ul of 6 M guanidine.

For assaying Dane particle-HBeAg in pellets, the re-
maining 150 pl of each resuspended pellet were incubated
into wells of Abbott Laboratories’ trays with addition of
50 ul of 6 M guanidine. The titers of Dane particle-
HBeAg were expressed as the ratio of positive over
negative (P/N).

RESULTS
RIA ror DANE PaARTICLE-HBEAG

Positivity was detected by HBeAg RIA in the un-
treated original preparation of Dane particles (titer of 5);
no reactivity was observed with HBcAg RIA.

Strong reactivities were observed when Dane particles
were tested for HBcAg and HBeAg with addition of
Nonidet to a final concentration of 0.1% (titers of 45 and
60). Dane particles incubated with guanidine to a final
molarity of 0.5, 1.5, and 3 yielded, in the HBeAg RIA,
titers of 26, 98, and 65, respectively; the same guanidine
extracts of Dane particles were negative or yielded only
a borderline positivity when tested with HBcAg RIA.
The titration curves of Dane particles incubated with
Nonidet or guanidine and tested with HBcAg and HBeAg
RIA are shown in Figure 1.

Fifty microliters of purified anti-HBc IgG or anti-HBe
[gG were added to 150-pl aliquots of Dane particles. The
preparations were treated with 20 ul of 2% Nonidet or 40
pl of 8 M guanidine and tested with the HBcAg and
HBeAg RIA. Activity recovered with HBcAg and HBeAg
RIA after incubation of Dane particles with Nonidet was
completely blocked by anti-HBc¢ IgG or anti-HBe IgG
(which contained anti-HBc). Activity recovered with
HBeAg RIA after incubation of Dane particles with
guanidine was slightly inhibited by anti-HBc (titers from
87 to 65), but completely blocked by anti-HBe IgG.

One-milliliter aliquots of Dane particle preparation

DANE PARTICLE-ASSOCIATED HBeAg IN HBsAg CARRIERS WITH ANTI-HBe .

451

diluted 1:6 in phosphate-buffered saline (150 pl of which
yielded a titer of 10 in the HBeAg RIA with 1.5 M
guanidine and a titer of 3 in the HBcAg RIA with 0.1%
Nonidet) were incubated with 1 ml of a 1:5 dilution of
anti-HBs negative and hyperimmune rabbit antiserum
to HBsAg, brought to 5 ml with phosphate-buffered
saline, and left overnight at 4°C. The precipitates ob-
tained by centrifugation for 20 min at 3,000 rpm were
resuspended in 400 ul of phosphate-buffered saline plus
1.5 M guanidine.

The precipitate with anti-HBs negative serum yielded
a titer of 8 in the HBeAg RIA and a titer of 5 with
HBcAg RIA, the precipitate with hyperimmune serum
to HBsAg yielded a titer of 35 with HBeAg RIA and a
titer of 11 with HBcAg RIA.

No reactivity was observed when 10 pellets from nor-
mal controls or purified HBsAg were tested in the HBeAg
RIA with addition of guanidine to a final molarity of 1.5.

DANE ParTicLE-HBEAG IN SERUM oF HBsAaG
CARRIERS WITH ANTI-HBE. CORRELATION WITH
Di1agNosis, SERUM DANE PaRTicLE-HBCAG AND
DNA-POLYMERASE AcCTIVITY, AND LIVER HBcAG

None of the pellets contained detectable anti-HBe.

The presence of Dane particle-HBeAg in serum of 45
anti-HBe positive carriers with and without liver disease
is shown in Figure 2. The antigen was not found in the 10
healthy carriers without histological evidence of liver
disease. It was present in 8 carriers with chronic liver
disease; 3 had chronic persistent hepatitis, 2 chronic
active hepatitis, 2 inactive cirrhosis at histology; in an-
other carrier, no liver biopsy was available, and the
diagnosis was based on persistently abnormal ALT levels

The mean anti-HBe titer in carriers with Dane parti-
cle-HBeAg (1:2,048) was similar to that of Dane particle-
HBeAg negative carriers (1:1,024). Serum Dane particle-
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Fig. 2. Titers of Dane particle-HBeAg in 46 HBsAg carriers with
serum anti-HBe divided according to clinical status. HC, healthy car-
riers; CH, chronic hepatitis. Values below 2.1 are negative.
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HBcAg and DNA polymerase activity and intrahepatic
HBcAg were only found in carriers with Dane particle-
HBeAg. The diagnosis of these patients, the presence
and correlation of HB virion markers, and the titer of
anti-HBe is shown in Table 1. Dane particle-HBcAg was
found in 2 patients with chronic persistent hepatitis, 1
with chronic active hepatitis, and in the patient with
elevated serum ALT activity. A low level of DNA poly-
merase activity was detected in two patients (nos. 6 and
7); the Dane particle specificity of the reaction could not
be confirmed due to nonspecific precipitation of activity
by anti-HBs negative control serum.
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HBcAg was observed in the liver of 5 of 7 patients
whose biopsy was examined. HBcAg was localized only
in hepatocyte nuclei in two patients (nos. 3 and 5); it was
localized in the nuclei but predominantly in the cyto-
plasms (Figure 3) in the other three patients (nos. 1, 4,
and 6).

Anti-HBe was reported positive in serum samples
taken from Patients 4 and 5, one and three years previ-
ously. Two follow-up serum specimens taken 8 and 18
months apart were available from Patients 6 and 7. The
first and second samples of Patient 6 contained anti-HBe
at a titer of 1:1,024, Dane particle-HBeAg at titers of 6

TaBLE 1. D1acNosis aAND HBV MARKERS IN E1cHT HBsAG CARRIERS WITH ANTI-HBE AnD DANE ParTicLE-HBEAG IN SERUM

HBV markers

Liver
Serum
BcA
([;e:e Sex Age Diagnosis® Behe
’ Anti-HBe Dane particle-  Dane particle- HBV DNA )
(titer)” HIIBeAg HBcAg polymerase” Nuclear Cytoplasmic
(titer) (titer)”
1 M 28 CPH 64 40 10 NT* +
2 M 43 CAH 32 4 — — - -
3 M 23 CPH 8,192 10 3 — + —
4 M 40 IC 127 5,5 — — + +
5 F 27 CAH 8,192 9 6 —_ + -
6 F 40 IC 1,024 5 — 6337 + +
7 M 35 CPH 1,024 6 — 712/ — -
8 F 6 persistently 1,024 7 3 NT NT
elevated
enzymes
“ P/N ratio.

" CPH, chronic persistent hepatitis; CAH, chronic active hepatitis; IC, inactive cirrhosis.
“ Reciprocal serum dilution.

! Fxpressed as cpm.

"NT, not tested.

"Not confirmed as HBV-specific.

Fic. 3. HBcAg immunofluorescence in
liver cell nuclei and cytoplasms of Pa-
tient 4, Table 1.
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and 5. The first and second samples of Patient 7 con-
tained anti-HBe at a titer of 1:2,048 and 1:1,024 and Dane
particle-HBeAg at a titer of 6.

DISCUSSION

The HBeAg observed in the original preparation of
Dane particles presumably represents contaminating-
free antigen from serum which had a high titer of reac-
tivity.

Incubation of Dane particles with Nonidet P40, which
exposes HBcAg on the core particle (25), revealed an
activity detectable both with the Abbott Laboratories’
HBeAg RIA and HBcAg RIA. Incubation with guani-
dine, a dissociating agent which denatures the core an-
tigen (26) but maintains the antigenicity of HBeAg (27),
yielded a strong activity with HBeAg assay but none
with HBcAg RIA. The activity recovered with HBeAg
RIA after treatment with detergent was blocked by anti-
HBc, whereas the activity recovered with the same assay
after guanidine was not inhibited by anti-HBc but only
by anti-HBe. We interpret these results as indicating
that the Abbott Laboratories’ HBeAg RIA also detects
HBcAg but, after addition of guanidine, it measures a
cryptic form of HBeAg released from core particles dis-
rupted by the dissociating agent (18). The localization of
extractable HBeAg in the HB virion is also shown by
increased recovery of HBcAg and HBeAg in the immu-
noprecipitate between Dane particles and anti-HBs. The
determination of Dane particle-HBeAg in sera containing
anti-HBe required complete removal of the antibody,
which would have otherwise interfered with the test.
Anti-HBe was filtered through Sepharose 4 B, a proce-
dure previously shown to separate anti-HBc from Dane
particles, regardless of high titers of this antibody in
serum (17).

In demonstration of the high sensitivity of the HBeAg
RIA in clinical testing, the other serum and liver markers
of the HB virion were found only in individuals positive
for Dane particle-HBeAg. As in a previous study (17),
DNA polymerase activity appeared to be the least sen-
sitive marker, being detected only in 2 of 6 carriers with
Dane particle-HBeAg; the specificity of the reaction,
moreover, could not be confirmed in either patient.

The lack of HBcAg in 4 of 8 sera which were positive
for Dane particle-HBeAg does not establish superiority
of the HBeAg assay in the clinical setting; due to the
paucity of serum available from most patients, the
HBcAg test was performed in microtiter plates. The
sample volume was 3-fold smaller than that used for the
HBeAg RIA. The good correlation between titration
curves of HBcAg and HBeAg in the preparation of Dane
particles suggests that the two assays are of similar
sensitivity. It is likely, therefore, that the Abbott Labo-
ratories’ HBeAg RIA may be used also as a method for
serum Dane particle-HBcAg; variations between differ-
ent batches, however, may be expected when assaying
for core antigen, as the kit is optimized for HBeAg.

Based on the failure to detect DNA polymerase activ-
ity or Dane particles in sera with anti-HBe, it was pos-
tulated that anti-HBe indicates a noninfectious type of
HBYV replication reduced to synthesis of the HBsAg (16).
Contradictory to this hypothesis, studies in experimental
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infectivity in chimpanzees reveal that HBV may be trans-
mitted from inocula containing anti-HBe (12, 13), sug-
gesting that the antibody may coexist with infectious,
presumably complete forms of the HB virion.

This study demonstrates that HB virion synthesis,
reflected by the presence of Dane particle-HBeAg, occurs
in sera containing anti-HBe. The finding of Dane parti-
cle-HBeAg in 18% of patients examined suggests that a
distinct proportion of carriers with anti-HBe are poten-
tially infective and indicates that this antibody may be
no safeguard of absent or diminished replication of the
HB virion. Previous discrepancies of the significance of
anti-HBe may be explained by the low levels of Dane
particles circulating in anti-HBe positive sera. These
were not detected by less sensitive assays but are detect-
able by the new RIAs for immunological markers of the
HB virion or by an equally sensitive radioassay for HBV
DNA, low to moderate amounts of which were found in
four carriers with chronic persistent hepatitis despite
absence of conventional markers of HBV replication and
the presence of anti-HBe (28). Negative results in carriers
with anti-HBe were obtained by Takahashi et al. (29)
using a serum HBcAg RIA similar to ours: these authors
examined only symptomless anti-HBe positive carriers.
We also failed to detect productive HBV infection in
these patients.

Our data show that HBeAg may circulate in the blood
hidden from the homologous antibody in analogy with
the HBcAg/antibody system. Anti-HBe was reportedly
positive in sera of two patients taken years before the
specimen in which HBeAg and anti-HBe were demon-
strated. Both reactivities were detected in each of the
specimens taken months apart from two other carriers,
suggesting that coexistence of Dane particle-HBeAg with
anti-HBe represents a persistent phenomenon of chronic
HBYV infection rather than a temporary dynamic equilib-
rium between antigen and antibody.

Liver damage in patients with anti-HBe may be influ-
enced by the degree of infectious HBV replication, as
chronic hepatitis was found in each carrier with Dane
particle-HBeAg; hepatitis, however, was also present in
many of the anti-HBe carriers without this marker, sug-
gesting that an active synthesis of the HB virion may be
but one of the factors contributing to the liver disease.
Chronic HBV hepatitis is currently regarded as the clin-
ical expression of a deficient immune response of the host
to the virus, which is eliminated only partially from the
body (30): some carriers with anti-HBe and liver disease
possibly represent the extreme of this spectrum. Whether
in this situation, anti-HBe is a secondary epiphenomenon
or plays a specific role in modulating host-virus interac-
tions is unknown. Interestingly, in 3 of 5 anti-HBe posi-
tive carriers with HBcAg fluorescence, intrahepatic an-
tigen was observed in an unusual cytoplasmic localiza-
tion, possibly related to abnormal retention of core par-
ticles which are not released as mature virions to the
blood (31) or to synthesis of HBcAg which is not trans-
lated to the nucleus for assembly in core particles (32).
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