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The association of Australia antigen,
Au(1), with viral hepatitis is well established
(1-5). The immunodiffusion (ID) (Ouchter-
lony) method is widely used (6) and permits
specificity control by means of lines of iden-
tity with known specimens; however, rela-
tively large amounts of antigen and antibody
are required to form a visible precipitin
band. “Cross over” or “reaction” electro-
phoresis described by Lang (7) and used by
Krassnitsky et al. (8) and Pesendorfer et al.
(9) for the detection of Au(1) is also contin-
gent upon a visible precipitin reaction. Al-
though more rapid, it is only slightly more
sensitive than immunodiffusion, and the ad-
vantage gained by the rapidity is compro-
mised by the inability to maintain a specificity
comparison. Complement fixation (CF) for
the detection of Au(l) first described by
Purcell et al. (10) is a sensitive test but it
also lacks the built in specificity comparison
of immunodiffusion since any antigen—anti-
body combination will permit the fixation of
complement.

Although 60-90% of patients developing
posttransfusion hepatitis have detectable
Au(1) at some time during the course of
their illness, only 20-30% of them have re-
ceived blood from Au(1) positive donors as
determined by immunodiffusion or comple-
ment fixation. The majority of the patients
have therefore contracted hepatitis either
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from a source other than blood transfusion or
from Au(1) negative donors. If transmission
has in fact been from Au(l) negative don-
ors, then the inability to detect Australia
antigen in these blood samples may be a
result of the insufficient sensitivity of the
current methods.

Our current investigation, an extension of
an earlier report (11)3 was directed toward
the development of a highly sensitive detec-
tion method for Au(1) and human antibody
to Au(1) without loss of immunologic specifi-
city. Specificity is preserved through the use
of purified Au(l) as a constant reactant.
Whereas many radioimmunossay systems
precipitate immune complexes either as a
double antibody complex or by gamma-
globulin precipitation with 50% saturated am-
monium sulfate the procedure described be-
low combines both methods to accomplish
specific immunoprecipitation of double anti-
body-antigen complexes with a less concen-
trated ammonium sulfate solution.

Materials and Methods. Purification  of
Au(1). Susceptible normal protein com-
ponents of an Au(1)-containing plasma speci-
men were degraded by enzyme treatment
(13). Au(1) was then purified by sequential
Sephadex G-200 column gel filtration, sucrose
and cesium chloride gradient centrifugation.
That fraction which displayed immunoreac-
tivity with human and heterologous anti-
Au(1) antisera, but not with antinormal hu-
man sera antisera, was used as the antigen

3 At the time of our first disclosure (11), Walsh e?
al. (12) described a radioimmunoassay for the
detection of Australia antigen. Their method differed
from the one reported here in the manner of
determining bound and unbound radioactive precipi-
tate.
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source in these experiments. The details of
the purification procedure have been de-
scribed elsewhere (13).

Purified Au(1) conjugation with **°*1. Con-
jugation of purified Au(1) with 25[-jodide
was accomplished with chloramine-T using a
modification of the method of Greenwood et
al. (14). The reactants, in small volumes,
consisted of 100 pg of purified Au(1), 1 mCi
of 1251, 100 pg of Chloramine-T, 244 pg of
sodium metabisulfite. Following removal of
unconjugated 1#5I-iodide by both gel filtration
and dialysis, 90-95% of the remaining radi-
oactivity was precipitated in 5% trichloroacet-
ic acid. Seventy to 92% of the protein-
associated radioactivity was precipitable by
human anti-Au(1) in the method described
below.

Immunoprecipitation of **°I-labeled Au(1).
Human antibody to Au(l) was obtained
from a blook-bank employee who had
never had recognized clinical or chemical hep-
atitis but had persistent anti-Au(1) anti-
body activity as determined by use of immu-
nodiffusion. The fraction of this serum that
was precipitated in 50% saturated ammonium
sulfate was equilibrated against a 0.1 M
borate-0.85% NaCl, pH 8.4 buffer without
concentration and designated the standard
antibody preparation. This preparation has
been used extensively for the routine clinical
immunodiffusion detection of Australia anti-
gen in our laboratory and is immunoreactive
in titers up to 1:8. Immunoprecipitation of
125T.labeled Au(1l) with this preparation was
performed in the following manner:

Twofold serial dilutions of the standard
antibody from 1:40 to 1:1,280,000 were
made using 0.1 M borate-0.85% NaCl buffer
with 0.049% bovine serum albumin (BSA), pH
8.4. Five hundred microliters of each dilu-
tion was incubated with 500 pl of *25I-labeled
Au(1l) (approx 15,000 cpm on the day of
labeling), at 37° for 2 hr and 4° for 22 hr.
Thereafter, 50 ul of rabbit antihuman IgG
(H-chain specific) was added, followed by
incubation at 37° for 2 hr and 4° for 18 hr.
Centrifugation of immune complexes was per-
formed at either 8000 rpm for 1 hr or at
5000 rpm for 30 min after the addition of
sufficient 60.9% saturated ammonium sulfate
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to provide a final saturation of 25%.

The qualitative detection of anti-Au(1) in
an unknown human serum was accomplished
by substituting for the standard antibody
preparation a 10-ul volume of undiluted
serum, Titers of positive specimens were de-
termined using 500-pl dilutions in the same
manner as described for the standard anti-
body preparation.

The detection of Au(l) in human sera by
coprecipitation-inhibition is based on the ca-
pacity of added unlabeled Au(l) to compete
with labeled Au(1) for a predetermined and
constant amount of the standard anti-Au(1)
preparation and thereby decrease the amount
of precipitable radioactivity. In this pro-
cedure, 10 pl of a 1:10 or greater dilution
of the test specimen is incubated with 500 gl
of the standard antibody preparation (gener-
ally a 1:20,000 dilution) at 37° for 2 hr and
4° for 22 hr prior to incubation with the
125T.labeled Au(1) and rabbit antihuman
1gG and separation with 25% saturated am-
monium sulfate. All dilutions are made in 0.1
M borate-0.85% NaCl buffer with 0.04%
BSA, pH 8.4.

Comparisons were made of sera which were
Au(1) positive by immunodiffusion; Au(1)
negative but containing antibody to Au(1)
by immunodiffusion; and sera found by use
of immunodiffusion to contain neither antigen
nor antibody. The latter specimens were
from first year medical students with no
known hepatic dysfunction as determined by
historical, clinical, and chemical investiga-
tions. In each case, these specimens did not
react with a panel of 20-30 Au(1) and anti-
Au(1) sera.

Results. Standard anti-Au(1) antibody
preparation. The precipitin curve of increas-
ing dilutions of the standard antibody prepara-
tion with constant !25I-labeled Au(1) and
rabbit antihuman IgG is shown in Fig. 1.
There is an area of equivalence between
1:10,000 and 1:20,000 dilution of standard
antibody. A nearly identical curve is obtained
when whole serum dilutions of standard an-
tibody are used in place of the 50% saturated
ammonium sulfate precipitable fraction of
standard antibody.

In preliminary investigations, the human
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F1c. 1. Standard anti-Au(1) antibody precipitin curve: Dilutions of the standard antibody were
incubated with *I-labeled Au(1), rabbit antihuman IgG and centrifuged at 8000 rpm for 1 hr.
The percentage of precipitable radioactivity is plotted.

anti-Au(1) antibody by itself did not form
an immune complex with labeled Au(1) that
could be separated from free unbound la-
beled Au(l) by centrifugation. Concentra-
tions of ammonium sulfate that efficiently
precipitate gamma globulin and thus any
bound labeled antigens were also unsatisfac-
tory in delineating immune complexes. We
found that the bulk of free Au(l) is also
precipitated at such concentrations. There-
fore, a method was developed to detect the
immune complexes in the area of antibody
excess by salt precipitation of double anti-
body complexes. A concentration of ammoni-
um sulfate was used that was inadequate to
precipitate the individual components but
that could quantitatively precipitate the in-
tact double antibody complex. A final con-
centration of 25% saturated ammonium sul-
fate followed by centrifugation resulted in
the selective precipitation of the double anti-
body-Au(1) complex.

Following the addition of ammonium sul-
fate to provide a final saturation of 25%,
maximal precipitable radioactivity equal to,
but not exceeding, that observed at equiva-
lence is obtained at the dilutions correspond-

ing to anti-Au(1) excess (Fig. 2).

Similar dilutions of normal human sera
used in place of the standard antibody prepa-
ration failed to precipitate more than 3.5% of
the total radioactivity at any dilution. At a
standard antibody dilution of 1:640,000 the
precipitable radioactivity of the standard an-
tibody dilution exceeds that of the normal
sera by 3 SD. There was no significant pre-
cipitable radioactivity in the absence of rab-
bit antihuman IgG.

Detection of anti-Au(1) antibody activity
in human sera. Serial dilutions of whole
serum with known anti-Au(1) and Au(1) ac-
tivity as determined by immunodiffusion
were made. After sequential incubation with
labeled Au(l) and rabbit antihuman IgG,
centrifugation was performed at 5000 rpm
following the addition of ammonium sulfate.
A comparison of titers as determined with
immunodiffusion, complement fixation, and
radioimmunoprecipitation (RIP) is given in
Table 1. Antibody was detected by radioim-
munoprecipitation in three of five specimens
which contained only Au(1) by immunodiff-
usion or complement fixation; in one there
was a moderately high titer (1:30,000).
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Fic. 2. Ammonium sulfate precipitation of double antibody complexes: Dilutions of the standard
antibody were incubated with '*I-labeled Au(l), and rabbit antihuman IgG. Ammonium
sulfate to a final saturation of 25% was added before centrifugation at 5000 rpm for 30 min. The
percentage of precipitable radioactivity for the standard antibody (®—); and for normal human
sera (@ - -) is plotted.

Detection and quantitation of purified oactivity as a function of added unlabeled
Au(1) by coprecipitation inhibition, In Fig. purified Au(l). Ten-microliter dilutions of
3 is shown the inhibition of precipitable radi- purified Au(1) are incubated with 1:20,000

TABLE I. Anti-Au(1) Antibody in Human Sera: Comparison of Immunodiffusion, Comple-
ment Fixation, and Radioimmunoprecipitation as Assay Methods.*

Titer
Specimen ID CF RIP
Au(1) negative®
66993 1:8 1:8 1:640,000
41177 1:16 1:32 1:160,000
66821 1:4 1:8 1:160,000
66820 1:8 1:16 1:320,000
67003 1:8 — 1:40,000
Au(1) positive®
66707 , — —_ _
45417 — — 1:50
66751 — — 1:200
42467 — — —_
66835 — AC 1:30,000
¢ID = immunodiffusion; CF =— complement fixation; RIP = radicimmunoprecipitation;

AC = anticomplementary.
® 66993, blood bank nurse, Hospital University of Pennsylvania; 41177, aplastic anemia,
female; 66821, hemophiliac, male; 66820, hemophiliac, male; 67003, Cooley’s anemia, female.
266707, hemodialysis for renal failure, male; 45417, Down’s syndrome, male; 66751, in-
fectious viral hepatitis, female; 42467, serum hepatitis, male; 66835, hepatitis of unknown
origin, female.
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Fic. 3. Inhibition of precipitable radioactivity as a function of added unlabeled purified Au(1):
A 1:20,000 dilution of standard antibody was sequentially incubated with unlabeled purified
Au(1), *I-labeled Au(1), and rabbit antihuman IgG, followed by ammonium sulfate separation.

standard antibody prior to incubation with
labeled Au(1), rabbit antihuman IgG and
separation with ammonium sulfate. In the
absence of added unlabeled Au(l), the 1:20,
000 antibody dilution precipitates approx-
imately 50% of the immunologically reactive
radioactivity. Thirty picograms (micromicro-
grams) of purified Au(1) caused a significant
inhibition of precipitable rddioactivity.

Detection and quantitation of Au(1) in
human sera by coprecipitation inhibition.
The detection of Au(1) in human sera, un-
like the inhibition obtained with purified un-
labeled Au(l) may be complicated by the
presence of other serum components. Princi-
pally, this includes the possible coexistent
presence of anti-Au(1) antibody and the
competition for rabbit antihuman IgG by
varying amounts of nonspecific gammaglobu-
lin.

For the most part, nonspecific interference
due to components of the test specimen other
than Au(1) or anti-Au(l) can be eliminated
by the selection of an appropriate serum
dilution. In the absence of added normal hu-
man serum a 1:20,000 dilution of standard
antibody preparation precipitates approx-
imately 50% of the 125I-labeled Au(1). If this
standard antibody dilution is preincubated

with 10 pl of a 1:10 dilution of normal hu-
man sera prior to the addition of '*5I-labeled
Au(1), the mean precipitable activity is
44.1% = 7.8 (1 SD). Greater dilutions result
in a much smaller deviation among normal
sera, e.g., 1:20 dilution permits recovery of
54.1% == 1.9 (1 SD) precipitable activity.

In Fig. 4, the inhibiting capacity of 5 sera
which contain Au(l) according to immuno-
diffusion is compared with that of 5 normal
sera. The mean precipitable activity 4= 2
standard deviations for each 10-ul dilution of
the normal specimens is indicated. The titer
of Au(l) in each specimen is the greatest
serum dilution that results in precipitable ac-
tivity of more than 2 SD below the corre-
sponding dilution of normal serum. _

The quantity of serum Au(l) (ug of pro-
tein/ml of serum) is determined by compar-
ing, under identical conditions, the degree of
inhibition of an appropriate dilution of the
test specimen with that of purified Au(1).

Immunodiffusion and complement fixation
testing is compared in Table II with the
antigen titer and Au(l) protein concentra-
tion as determined by radiocimmunoprecipita-
tion for the same Au(l) positive specimens
that were tested for antibody (Table I).

Detection of anti-Au(1) antibody by co-
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F1G. 4. Detection of Au(l) in human sera by coprecipitation-inhibition: Dilutions of 10-ul
volumes of either normal human sera (—); or immunodiffusion Au(1) positive specimens ( ---);
were incubated sequentially with the standard antibody (1:20,000), **I-labeled Au(1), rabbit
antihuman IgG and separated with ammonium sulfate.

precipitation enhancement. The method of
antigen detection employs a concentration of
standard antibody that is sufficient to pre-
cipitate about one half of the 125I-labeled
Au(1). If the test specimen contains anti-
body rather than antigen, the total amount of
antibody in the system will be increased and
the final percentage of precipitable 2°1-
labeled Au(1) will exceed the 50% control
level. With increasing dilutions of the test
specimen, less antibody is added and the pre-
cipitable activity will decrease to the 50%
level.

We refer to this method of detecting pre-

dominantly antibody activity in a specimen
being tested for antigen as ‘“coprecipitation
enhancement.”

Delineation of antigen—antibody complex in
human serum. 1. Antigen excess. Antigen
testing of specimen 66835 at the initial 10-ul
dilution of 1:10 (Eig. 4) fails to demonstrate
Au(1) by inhibition. As greater dilutions are
examined, however, inhibition is clearly
seen, increasing first to a maximum before
decreasing to a nondetectable level. That this
nonlinear inhibition curve is related to the
previously detected antibody activity is
shown by comparison of the amount of test

TABLE II. Comparison of Immunodiffusion, Complement Fixation, and Radioimmunoprecipita-
tion in the Detection of Au(l) in Human Sera.

Titer RIP
Specimen® ID CF Titer Protein (ug/ml)
66707 1:16 1:128 1:30,000 174
45417 1:32 1:256 1:26,000 (149)*
66751 1:4 1:32 1:5000 ( 26)°
42467 1:8 1:16 1:2000 10
66835 1:8 1:256 1:15,000 ( 60)®

¢ See Table I.
* Antigen—antibody complex, see Table I.
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specimen added relative to the constant
amount of standard antibody used. Ten-
microliter dilutions greater than 1:600 of No.
66835 do not contribute appreciable anti-
body in terms of the 1:20,000 standard anti-
body and the degree of inhibition is predomi-
nantly a function of antigen activity. On the
other hand, even though the test specimen
contains a large quantity of antigen, dilutions
less than 1:600 result in the addition of
significant amounts of antibody of test speci-
men origin thereby increasing the amount of
antibody available for subsequent complexing
of labeled antigen. Although the actual influ-
ence of the additional antibody on inhibi-
tion in this region of greater concentration is
determined by several factors, e.g., anti-
gen—antibody ratio in the test specimens, an-
tibody affinity, dissociability, etc., the net
effect is usually less inhibition than expected
for the amount of antigen. Significant inhibi-
tion may not be discernible unless the speci-
men is tested in dilution.

2. Antibody excess. In most circumstances,
10 wl (1:10 dilution) of human serum with
ID detectable antibody will, when added to
the standard antibody (1:20,000), precipi-
tate 95-100% of the immunologically reactive
125T.]labeled Au(l) that is subsequently
added. A major exception to obtaining full
precipitation occurs when coexistent antigen
is present in the test specimen. In this situa-
tion, a relatively constant level of precipita-
tion, short of full precipitation, may occur for
several dilutions before the progressive de-
crease of the 50% level begins.

While it is evident that an unknown speci-
men may be evaluated in a single test by
observing coprecipitation inhibition when an-
tigen is present or coprecipitation enhance-
ment when antibody is present, this technical
simplification should not be relied upon to
provide complete characterization of the spec-
imen because both antigen and antibody
may frequently be present in the same speci-
men. If complexes of antigen and antibody
are present, only the predominant activity
will be manifested at any single dilution;
and, if the components of these complexes
are at equivalence (equivalent amounts of
antigen and antibody), detection of either
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antigen or antibody may be missed unless
tested further.

We have therefore found it necessary to
test each specimen for antibody directly
(method in Sect. 2 of Results) as well as for
antigen by inhibition. If antibody is present
in the direct test and coprecipitation en-
hancement is not observed when testing for
antigen then it is probable that there is
coexistent antigen that will become evident
only when antigen is tested for in dilution.

Discussion. In view of the established asso-
ciation of Australia antigen with viral hepati-
tis it is apparent that a highly sensitive and
specific method for its detection would have
both pragmatic and experimental utility. In
addition to the obvious advantage of lowering
the threshold level of detection, such an
assay might provide the means for character-
izing the nature of the Au(l) association
with different “types” of viral hepatitis as
well as with other disease states in which it
has been implicated. (i) Whereas Australia
antigen is frequent in parenterally derived
viral hepatitis it is usually absent in most
point-source epidemics of hepatitis. Recently
Del Prete et al. (15) reported the occurrence
of an unstable antigen in the blood of pa-
tients involved in hepatitis epidemics. The
antigen is detected with an antiserum which
has antibody to Au(1l) and the precipitin
reaction shows a line of partial identity with
Au(1). In view of conflicting data and im-
pressions concerning the similarity of the
agents responsible for serum and infectious
hepatitis, it is important to determine wheth-
er epidemics are associated with Australia
antigen. (ii) A qualitative association of
Au(1) with Down’s syndrome, leukemia, lep-
romatous leprosy, chronic renal disease, and
certain population groups has been estab-
lished (16) but the direct quantitative rela-
tionships of Au(1) with these entities as well
as with viral hepatitis have not been investi-
gated. (iii) The current methods are particu-
larly insensitive with respect to the detection
of antibody. Previous investgations have
failed to demonstrate an antibody incidence
or titer in convalescent sera or among large
populations that approaches that which might
be anticipated in response to a viral infec-
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tious agent.

In general, immunodiffusion and comple-
ment fixation procedures do not detect anti-
gen—antibody complexes. Such complexes, at
equivalence, may remain precipitated and
undetected in an immunodiffusion plate well
or cause anticomplementary activity by com-
plement fixation test. Shulman and Barker
(17) observed a very high incidence of anti-
complementary activity among sera from pa-
tients with hepatitis during the incubation
stage and early course of the disease. Mill-
man et al. (18) have shown that the superna-
tant fraction following ultracentrifugal pellet-
ing of Au(1) derived from plasma, may pos-
sess antibody activity capable of reacting with
the pellet. Presumably, centrifugation per-
mitted sedimentation of the heavier Au(1)
from free antibody after promoting the sepa-
ration of an antigen—antibody complex.

The degree of sensitivity of the radioim-
munoprecipitation assay method for the de-
tection of human antibody to Au(l) and
antigen—antibody complexes compared with
immunodiffusion and complement fixation
has been illustrated (Table I). Although un-
diluted specimens 66993, 41177, 66820 pro-
duce strong precipitin bands for antibody,
reactivity is lost above dilutions of 1:8 to
1:32. In contrast radioimmunoprecipitation
assay evidence of antibody activity persists
up to dilutions of 1:160,000-1:640,000. Anti-
body titers do not always correlate. The
antibody titer of 66993 is four times higher
than 41177 when tested by RIP but only 4
when tested by CF. The reason for this
discrepancy may be due to differences in the
specificities of antibodies used in each test.
Specimen 66993 from a blood bank nurse
contained an unusually high RIP antibody
titer. Work is currently in progress to deter-
mine whether this is a common situation
among these nurses. Three of the five Au(1)
positive specimens (45417, 66751, 66835)
demonstrate concurrent antibody activity
only when tested by radioimmunoprecipita-
tion assay. Specimen 66835, though not hav-
ing detectable antibody titer by immunodiff-
usion, has a 1:30,000 radioimmunoprecipita-
tion assay titer,

The degree of sensitivity of radioimmuno-
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precipitation assay for the detection of Aus-
tralia antigen compared with immunodiff-
usion and complement fixation has been illus-
trated (Table II)}. Among the specimens used
as little as a 1:30,000 dilution of 10 ul of
serum contains sufficient Australia antigen to
cause coprecipitation inhibition. In compari-
son of equal volumes of Au(l) containing
sera, detection by radioimmunoprecipitation
assay is possible at dilutions that are 1000
times greater than that which is detectable
by immunodiffusion. The concentration of
Au(l) (pg/protein/ml) may be determined
by relating the degree of inhibition of
purified Au(1) to that of an appropriate dilu-
tion of serum.

The radioimmunoprecipitation assay has
been found to be not only highly sensitive,
but also reliable and reproducible. When
Au(1) is present in vivo as an immune com-
plex the radioimmunoprecipitation assay can
be relied upon to detect both components of
such a complex. This ability to detect Au-
stralia antigen and antibody in extremely
small quantities whether or not they exist as
complexes may prevent the transmission of
hepatitis by the transfusion of sera that are
negative by other methods of assay.

Summary. Purified Australia antigen
[Au(1)], conjugated with *2°I, was reacted
with and quantitatively precipitated by human
anti-Au(1) in the presence of heterologous
antihuman IgG and ‘“dilute” ammonium sul-
fate. The sensitivity of the devised radioim-
munoprecipitation assay procedure proved to
be up to 1000 times more sensitive for the
detection of antigen and up to 20,000 times
more sensitive for the detection of antibody
when compared with either immunodiffusion
or complement fixation assays. This method
is extremely valuable not only in the quanti-
tative detection of antigen and antibody but
also in the delineation of naturally occurring
antigen—antibody complexes.

The authors thank Dr. Scott Mazzur who per-
formed the complement fixation assays; and ac-
knowledge the generous assistance of Drs. Alton
Sutnick and W. Thomas London.
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