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Virus-like Antigen, Antibody, and Antigen-Antibody Complexes

in Hepatitis Measured by Complement Fixation

Abstract. Complement fixation techniques are described for measuring a virus-
like antigen associated with viral hepatitis. Antigen was found in the blood of 98
percent of 130 patients, with the serum form of hepatitis, from whom multiple
samples were obtained. Antibodies arising during hepatitis are usually combined
with antigen and cause anticomplementary activity in the serum, which is reversi-
ble with excess antigen or antibody. Tests for antigen and specific anticomple-
mentary activity can be used diagnostically and to screen blood donors for hepa-

titis carriers.

Australia antigen (/) is present in the
blood of a high proportion of patients
with serum (posttransfusion) hepatitis,
but it is found less frequently (I, 2)
or not at all (3) in patients with infec-
tious hepatitis. The antigen has mor-
phologic and physical characteristics
suggesting that it is hepatitis virus itself
(2, 4, 5). Agar-gel precipitation has
been the method for demonstrating this
‘antigen and the human antibodies used
have arisen in patients who had multi-

ple exposures to blood potentially con-
taining hepatitis virus. This report con-
cerns measurement of Australia antigen
by complement fixation (CF) tech-
niques that are much more sensitive
than agar-gel precipitation.

The antibodies we used to measure
antigen were found in serums from 7

of 21 hemophiliacs, in 3 of 8 patients.

with refractory anemias, all but one of
whom had been treated with multiple
transfusions over a period of years, and

Table 1. Sensitivity of techniques for detecting hepatitis-related antigen. Aggregates of virus-
like particles were prepared for electron microscopy (EM) by concentration on cesium
chloride gradients (5). Quantitative complement fixation (CF) was performed with an
amount of antibody that produced maximum fixation at each antigen dilution. In the box
microtitration, 0.025-ml samples of twofold dilutions of antibody and antigen were mixed
with 2 units of C in a total volume of 0.075 ml and incubated at 4°C for 18 hours before
0.025 ml of a 1 percent suspension of sensitized cells was added. Degree of complement
fixation is indicated by (—) for complete hemolysis, to 4+ for no hemolysis.

Optimum antibody

CF box titration at antibody dilution

Antigen
dilution Agar EM CF 30 60 120 240 480
gel units
1 3+ 4+ >10 — — — — -
2 1+ 3+ >10 — — — - -
4 — 2+ >10 24 — — — —
8 1+ >10 34 1+ — - -
16 * >10 4+ 34 - - -
32 >10 4+ 44 1+ - -
64 >10 44 4+ 4+ *® -
128 8 4+ 4+ 4+ 4+ —
256 48 4+ 4+ 4+ 4+ -
512 25 4+ 4+ 44 4+ +
1024 <1 44 4+ 44 44 *
2048 0 34 4+ 44 2+ -
4096 * * - — -
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in serum of 2 of 8 chimpanzees that
had been transfused repeatedly with
chimpanzee blood. The two chimpan-
zees and half of the patients who de-
veloped antibodies had no history of
hepatitis. One patient developed an
antibody within 10 days after his first
transfusion and subsequently had anic-
teric hepatitis. Eleven antibodies were
in the second protein peak (> 60,000
and < 200,000 molecular weight) of
serum fractionated on Sephadex G-200
(6) and one was equally distributed in
the first (>>200,000 molecular weight)
and second peaks. All of these anti-
serums precipitated antigen in agar gel.

Our quantitative CF technique was
developed for measuring cellular anti-
gens (7). The incubation mixture (0.4
ml) contained appropriate dilutions of
antigen and antibody and 10 or more
hemolytic (50 percent effective) units
of complement (C). Complement fixa-
tion was 85 percent complete within
15 minutes at 37°C, 95 percent com-
plete at 30 minutes, and not signifi-
cantly increased by additional incuba-
ation at 5°C. Human and guinea pig
C were fixed equally. We also used a
standard microtiter CF system (see
8).

When tested at a constant concentra-
tion of antigen, the highest titered anti-
bodies were from hemophiliacs who
had received more transfusions over
longer periods than had other patients
or the chimpanzees (Fig. 1). Three
antibodies that precipitated allotypic
human beta lipoproteins in agar gel (9)
were used as controls and did not fix
C with reactive beta lipoproteins or
with hepatitis antigen.

The same relative concentrations of
eight different antigens produced simi-
lar CF (Fig. 2). Antigen stored as long
as 15 years at —20°C or heated at
56°C for 1 hour gave results essen-
tially the same as antigen in fresh
serum. Partially purified virus-like par-
ticles, which could be separated at a
density of 1.28 on cesium chloride
gradients from all antigenic serums
after lipid extraction (5), reacted in
CF quantitatively like whole serum
from which the particles were obtained.
The similar reactions of antigens from
patients with serum or infectious hepa-
titis or from normal gibbons, chimpan-
zees, and orangutans with each of 12
antibodies suggests that a single im-
munologic specificity is involved. The
same 12 antibodies also gave agar-gel
precipitation reactions of identity with
these antigens, although a rabbit anti-
serum has been reported to differenti-
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0 [ Fig. 1 (left). Complement fixation with constant antigen concen-
0 02 04 .06 08 tration. Antigen was serum from a patient with serum hepatitis.

Antibody concentration

0.4 ml of mixture.

The concentration of antigen used, 0.005 ml per 0.4 ml of incu-
bation mixture, fixed 10 units of C with optimum antibody
concentration. All serums were inactivated for 30 minutes at 56°C. The unit of antibody concentration is milliliters of serum per

Fig. 2 (right). Complement fixation with constant antibody concentration. The amount of antibody used was

sufficient to fix approximately 6.5 units of C at an optimum antigen concentration, which is indicated by a concentration of 1.0
on the abscissa. The different relative antigen concentrations are based on dilutions of serums or of a saline suspension of virus-
like particles. Antigen was present in 3 of 23 gibbons, 2 of 128 chimpanzees, and 3 of 19 orangutans.

ate two hepatitis antigens in agar gel
20).

Of the techniques for detecting anti-
gen shown in Table 1, electron micro-
scopic identification of aggregated
virus-like particles (5) was fourfold,
quantitative CF 200- to 300-fold, and
microtiter CF 1000- to 2000-fold more
sensitive than agar-gel precipitation.
Most hepatitis serums that are positive
in agar-gel precipitation have an anti-
genic titer similar to the example shown

in Table 1. The antigen with the high- -

est titer in serum from a patient with
hepatitis was detected by agar-gel pre-
cipitation at a dilution of 1:8; electron
microscopy, 1:64; by quantitative CF,
1:2048; and by microtiter CF, 1:16,384.
The lowest titered antigenic serums
were detected only by the microtiter
system,

Table 2 compares the incidence of
antigen in the blood by agar-gel pre-
cipitation and CF techniques in patients
with serum and infectious hepatitis.
Measurement of antigen by CF in
serum hepatitis appears to be a reliable
diagnostic test, provided that several
weekly samples are obtained shortly
after onset of clinical symptoms, for
antigen in the blood always appeared
at some time after symptoms, although
it also was frequently detected several
weeks to several months before symp-
toms and after recovery (2, 11). Al-
though cases in groups 1 and 2 could
not be related to transfusion or inoc-
ulation, conceivably infection could
have been acquired by some obscure
parenteral route. Whether clinical dif-
ferences between serum and infectious
hepatitis are due to portal of entry or
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differences in virus per se remains an
open question. The virus measured in
our study may be only one of several
virus groups responsible for hepatitis.
Previous attempts to demonstrate
antibodies specific for hepatitis, with
acute and convalescent serums, have
been unsuccessful (/2). A clue to the
problem was finding that 95 percent of
patients shown in Table 2, group 4, de-
veloped anticomplementary (AC) activ-
ity in their serums at some time during
the course of hepatitis; that is, their
serum alone fixed C. Serum dilutions
that fixed two or more units of C varied
from 1:4 to 1:>512. Anticomplemen-
tary activity almost always precedes,
but could coexist with, appear after,
or occur without antigen in the blood
being detectable by addition of anti-
body (1/1). The temporal relation be-

tween AC activity and antigen in the
blood of the type shown in Table 3
occurred sufficiently often to suggest
that circulating antigen-antibody com-
plexes were responsible for AC activity.
Anticomplementary activity occurring
characteristically 4 to 6 weeks after ex-
posure could be due to antigen-anti-
body complexes, for the exceptional
cases without AC activity at this time
had free antigen in their serums. De-
creases in AC activity when the blood
antigen reached its greatest concentra-
tion, weeks 12 to 19, were consistent
with effects on CF of high ratios of
antigen to antibody (Fig. 2); and re-
turn of AC activity during convales-
cence possibly reflected a decreased

 ratio. On Sephadex G-200 fractiona-

tion, serum AC activity appeared
chiefly in the first peak—the same peak

Table 2. Incidence of antigenemia in hepatitis by agar-gel precipitation and CF techniques.
The four groups of patients are: group 1, soldiers involved in a probable common source
outbreak of infectious hepatitis at Ft. Belvoir, Virginia, on whom one or two samples were
available when liver function tests first became abnormal; group 2, cases of endemic hepa-
titis from Ghana, on whom occasional samples were taken during acute and convalescent
phases; group 3, patients with posttransfusion hepatitis, from whom serums were collected
once or twice during the acute and convalescent p-ases of the disease; group 4, volunteers
exposed parenterally in a 1952-54 study of a variety of blood products known to transmit
viral hepatitis and on whom blood samples were collected at weekly intervals after ex-
posure (/4). Normal controls were healthy hospital employees (group 5). In the quantitative

© screening procedure, an amount of antibody sufficient to fix 8 units of complement with

optimum antigen concentration was incubated with hepatitis serum at dilutions of 1:4, 1:40,
and 1:200 final dilutions. In the microtiter CF, screening was done with one concentration
of antibody and twofold serial final dilutions of hepatitis serum from 1:16 to 1:2048.

Individual Total Individuals with
ndividuals ot antigen (%)
Group (No.) samples 7
Agar gel CF
1 8 icteric 16 0 100
29 anicteric 45 7 45
2 112 296 16 59
3 24 38 8 54
4 130 4000 62 98
5 242 242 0 0
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Table 3. Relation between antigen in the bloodstream and anticomplementary activity.
Serum samples were from a patient who developed hepatitis after a transfusion. Samples
were obtained at weekly intervals. Antigen was measured by agar-gel precipitation and by
quantitative CF. The CF titer is the reciprocal maximum dilution of serum that fixed more
than 2 units of C in the presence of optimum antibody. The patient’s serum alone at 1:20
dilution fixed amounts of C listed as anticomplementary (AC) activity. The amount of
antigen added to reverse AC activity was approximately 15 times the amount of optimum
antigen for an amount of antibody capable of fixing 8 units of C at an optimum ratio of
antigen to antibody (that is, sufficient antigen to cause less than 1 unit of CF as shown
in Fig. 2). The source of antigen was highly antigenic serum (titer, 1 : > 10,000 by microtiter
CF) from patients with serum or infectious hepatitis, or from nonhuman primates, as well
as antigen purified on CsCl gradients. The amount of antibody added to reverse AC
activity was 0.15 ml of the antibody with the highest titer (shown in Fig. 1), per 0.4 ml of
mixture. Antigen or antibody was added to AC serum and incubated for 2 hours at 37°C

or for 4 hours at 24°C before C was added.

Serum antigen -

Time | Serum -}
after antibody Serum 4 excess antigen ex -ess
exposure Serum antibody
(weeks) e alone - .
Agar CF Incubated No inc. Incubated
gel titer before CF before CF  before CF
3 0 0 0 0 0 0
4 0 0 6.0 0 4.5 1.5
6 0 0 7.5 0 6.5 2.8
8 0 40 2.1 0 1.8
12 4 640 0 0 0
16 -+ 320 1.5 0 0
19 0 160 1.8 0 1.5
21 0 0 75 0 6.5 2.5
28 0 0 7.4 0 7.0 32
32 0 0 4.9 0 3.0 2.0
36 0 0 1.5 0 1.0 0

that contains virus-like particles of anti-
genic serums. Three high-titered AC
serums that were examined by electron
microscopy after sedimentation on
CsCl gradients, contained virus-like
particles which were anticomplemen-
tary. These particles appeared to have
an outer coat about 2 nm thick, which
could be removed by extraction with
dichlorodifluoromethane (5). This flu-
orocarbon removes antibody from neu-
tralized virus, with the virus being in
the aqueous phase and precipitated
antibody in the organic phase (I3).
Extraction of AC serum for 2 hours
at room temperature by Vortex mix-
ing with an equal volume of fluorocar-
bon decreased or eliminated AC activ-
ity and often doubled the antigenic ac-
tivity detectable with added antibody.
Thus, hepatitis virus in complex with
antibody appears to be responsible for
AC activity.

Further evidence that antigen-anti-
body complexes account for AC activ-
ity is the ability of excess antigen to
reverse it. Reversal was a time-depend-
ent reaction, the rate being inversely
proportional to the amount of antigen
added. For example (Table 3), amounts
of antigen that completely eliminated
AC activity when incubated with AC
serum for approximately 2 hours at
37°C or 4 hours at 24°C before addi-
tion of C, only slightly reversed AC
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activity if added immediately before
C. Most antibodies used in Fig. 1
showed a “prozone” phenomenon of
inhibiting CF at high ratios of antibody
to antigen; and these antibodies in high
concentration reversed AC activity as
did excess antigen. Serums from normal
individuals and from hepatitis patients
without demonstrable antigen or anti-
bodies in the blood did not reverse AC
activity. Free antibody was detected
much less frequently than AC activity.
Complement fixing antibody could be
demonstrated in only 3 of 22 hepatitis
cases on whom weekly serum samples
were obtained during the month after
disappearance of antigen in the blood.
None of the patients developed anti-
bodies that precipitated antigen in agar
gel (2). Thus it appears that CF anti-
body in most cases of hepatitis circu-
lates while bound to antigen and mani-
fests its presence as AC activity. Con-
versely, AC activity reversible - with
specific antigen or antibody appears to
be as indicative of viremia as measure-
ment of free antigen.
Complement-fixation techniques pro-
vide a valuable diagnostic test for hepa-
titis and lend themselves to screening
large numbers of blood donors to ex-
clude carriers of hepatitis virus. Screen-
ing tests must include procedures for
detecting not only free antigen, but
also the AC activity of antigen-anti-

body complexes that can be reversed
with specific antigen or antibody. Anti-
gen in the blood may be confirmed by
electron microscopy (5).
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Radiation Leukemia Virus:
Quantitative Tissue Culture Assay

Abstract. Radiation leukemia virus
does not propagate in tissue cultures
from either Swiss or C57BL mouse
embryos, but it does augment focus
formation by the defective Moloney
leukemia pseudotype of murine sar-
coma virus in Swiss mouse cells and
thus can be quantitatively assayed.

X-irradiation of C57BL mice, which
have a low spontaneous incidence of
leukemia, induces lymphomas from
which a leukemogenic virus (Rad LV)
and viral-specific antigen can be con-
sistently recovered (/). The host range,
the ensuing pathology, and the thymic
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