supply for the mediocortical amygdaloid
field or whether some other arrange-
ment exists, Application of the new,
Fink-Heimer technique to appropriate
species and careful observation of the
distribution of terminal degeneration
in and about the amygdaloid complex
should readily resolve this question.
SARAH S. WINANS*
FrANK ScaALIA
Department of Anatomy, Downstate
Medical Center, Brooklyn, New York
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Hemagglutination Assay for Antigen and
Antibody Associated with Viral Hepatitis

Abstract. Hemagglutination assays are described for measuring hepatitis-asso-
ciated Australia antigen and antibody. Red cells coated with isolated antigen,
with chromic chloride as a coupling agent, are used for detection of antibodies.
Detection of the antigen in serums depends on inhibition of hemagglutination. The
test has the sensitivity and rapidity of the best tests available, is simpler to perform,
and lends itself to large-scale screening of blood donors.

The finding of a specific antigen,
popularly known as Australia antigen
(I), in the serum of many patients
with viral hepatitis has led to evalua-
tion of a variety of techniques to pro-
vide a simple, rapid, and sensitive test
for diagnosing hepatitis and detecting
blood donors who may transmit the
disease (2—6). At present complement
fixation (CF) procedures appear to be
most sensitive and rapid, immunodif-
fusion (ID) techniques are simplest
but least sensitive and slowest (7), and
electrophoretic modifications of pre-
cipitin techniques are as rapid as CF
but are relatively insensitive (5). We
now describe a hemagglutination (HA)
technique for measuring hepatitis-asso-
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ciated antigen (HAA), which is as sen-
sitive and rapid as the CF technique for
detecting HAA and is easy to perform
with reagents that can be standardized
for use over long periods. The tech-
nique is more sensitive than CF and at
least as sensitive as radioimmunoassay
(6) for detecting antibody to HAA. In
the HA test the agglutinogen consists of
inert indicator red cells coated with iso-
lated HAA with chromic chloride as a
coupling agent (8). The agglutinator is
antibody to HAA, and detection of
HAA in serums depends on inhibition
of agglutination (9).

Plasma samples from asymptomatic
carriers of HAA were used to isolate
purified antigen. Isolation was carried

out by combined rate and isopycnic
zonal centrifugation (I0) with cesium
chloride density gradients (/I). The
purified preparations were dialyzed ex-
tensively against 0.85 percent sodium
chloride (saline) at 4°C. The Kjeldahl
nitrogen content of the purified HAA
used was 27 pg/ml, and the optical
density at 280 nm wavelength was
0.445. This antigen preparation gave
a single band in agarose at a maximum
dilution of 1:2 with antiserum to HAA,
and when concentrated tenfold gave no
precipitin band with rabbit antiserum
against whole human plasma.

Indicator cells were prepared from
group O human blood collected in
ethylenediaminetetraacetate. Cells were
stored at 4°C for no more than a
week prior to being coated with HAA.
Red cells were washed four times with
saline and used as a 40 percent sus-
pension in saline. To coat the cells,
0.025 ml of cell suspension was mixed
with 0.075 ml of purified HAA, and
0.025 ml of 1.25mM chromic chloride
was added. The mixture was agitated
gently in a glass tube (10 by 75 mm) at
room temperature for 5 minutes. Cells
were then washed four times with saline
and used as a 0.2 percent suspension in
phosphate-buffered saline, pH 7.3, con-
taining 0.5 percent bovine serum albu-
min (BSA), 0.0025 percent polyvinyl
pyrrolidone (PVP), and a 1:20,000
dilution of Tween 80 (12). These con-
ditions of coating were found to be
optimum by a “checkerboard” test with
different dilutions of HAA and chromic
chloride (9).

Hemagglutination reactions for de-
tection and titration of antibodies were
carried out in V-shaped microtiter
plates (13). The specificity of antibody
to HAA was established by hemag-
glutination inhibition (HAI) with puri-
fied HAA and known HAA-positive
serums and failure to inhibit agglutina-
tion with known HAA-negative serums
12).

In testing for HAA, ten times the
minimum amount of antibody that gave
a positive agglutination was mixed with
an equal volume of various dilutions of
test serum, and then HAA-coated cells
were added. The antiserum to HAA
used had a titer of 10,000 in HA, 480
by CF, and 8 by ID. Serum containing
HAA used as a known positive control
was from a patient with serum hepatitis
and had a titer of 1280 by HAI, 1000
by CF, and 8 by ID. Serum from a nor-
mal individual that had contained no
antigen by these tests was used as a
negative control.
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Table 1. Antibody assay on 72 serums by HA,
CF, and ID. HA titers are reciprocal dilutions
of serum showing agglutination.

Number of serums
No. of

HA positive in
serums titers

CF ID

46 0 0 0

2 4 0 0

6 8-128 0 0

10 256-2,560 9 0

6 2,560-40,000 6 6

A total of 72 serums was tested for
antibodies by CF, ID, and HA (Table
1). The two serums with titers lower
than 8 could not be tested for specificity
of antibody by HAI (I2). Antibodies
with HA titers of 8 or higher were
found to be specific for HAA by the
HAI assay. The sensitivity of HA ap-
peared to be at least 2000-fold greater
than that of ID and 100-fold greater
than that of CF. All antibodies detected
by CF or ID were detected by HA.

To test for HAA in serum samples,
0.025 ml of test serum at 2-, 4-, 8-, and
16-fold dilutions were mixed with
0.025 ml of antibody to HAA contain-
ing 10 agglutinating units as defined
above, and then 0.025 ml of cells
coated with HAA was added. As a con-
trol, a 1:2 dilution of each serum was
tested with HAA-coated cells in the
absence of antibody to HAA. A rare
agglutination in the control system (2
of 523 serums tested) was checked with
the noncoated cells to rule out red cell
isoantibodies. The one positive sample
in this test system proved to contain
specific antibody to HAA and the sec-
ond one was too weak to determine
specificity. In all, 523 serum samples
obtained from patients during the in-
cubation period, acute phase, and con-
valescent phase of viral hepatitis were
tested by HAI, and the results are com-
pared in Table 2 with those of CF and
ID performed previously (7). The test
for HAI was read as follows: partial
inhibition of agglutination in 1 : 2 dilu-~
tion was considered negative, definite
inhibition of agglutination in 1 :2 dilu-
tion was a weak but definitely positive
test for the presence of HAA, inhibi-

Table 2. Detection of HAA antigen in a panel
of serums tested previously by CF and ID (7).

Results
Assay Nega- Weak  Posi-
tive positive tive
ID 463 60
CF 326 55 142
HAI 321 60 142
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tion of agglutination in 1:4 and higher
dilutions was a more strongly positive
test for HAA. As shown in Table 2, the
sensitivity of the CF and HAI is sim-
ilar, whereas the ID test is much less
sensitive. Of the 142 positive results
with CF, 29 specimens were strongly
anticomplementary, indicating the pres-
ence of large amounts of antigen-anti-
body complexes (3). Five samples of
another patient that were negative in
CF were positive in HAI at a dilution
of 1:2.

Of the various techniques now in use,
the plain immunodiffusion test, while
easiest to perform, is least sensitive and
requires 1 or more days for completion.
The use of electrophoretic techniques,
either with agar-gel or cellulose acetate
membranes, permits tests to be com-
pleted within 2 hours; the gel electro-
phoretic procedures increase the sensi-
tivity of immunodiffusion approxi-
mately fivefold (4), while the cellulose
acetate technique does not increase
sensitivity (5). The CF tests can be
completed within 2 hours and are ap-
proximately 100-fold more sensitive
than ID techniques for detecting the
antigen and about 20-fold more sensi-
tive for detecting the antibody. Semi-
quantitative or qualitative CF tech-
niques with microtiter plates can be
performed in a routine manner and
also can be automated. For smaller
laboratories not equipped to standard-
ize reagents for the CF tests, gels in-
corporating sensitized cells permit the
CF test to be carried out as easily as
the ID test (/4). One unique advan-
tage of the CF assay is its ability to
detect circulating antigen-antibody com-
plexes by their anticomplementary
properties. The HAI and CF tech-
niques have similar sensitivity for de-
tecting HAA. The HAI can be applied
with reagents that can be stored for at
least a week and potentially longer, if
the cells are fixed in glutaraldehyde
(15). The test also lends itself to auto-
mation.

A recently developed radioimmuno-
assay (6) appears to have about the
same sensitivity as CF and HAI for
detecting HAA and sensitivity similar
to that of HAI for detecting antibody.
Since the radioimmunoassay is very
complex, requires large amounts of spe-
cialized equipment, and takes about a
week to perform, it appears that the
HALI test is superior. Of all the tech-
niques to date, the HA and HAI tests
compare favorably with respect to
rapidity, sensitivity, and simplicity, and
they should be as practical as any cur-

rently available laboratory procedure
for large-scale screening of blood do-
nors and for rapid diagnostic tests for
hepatitis.
G. N. Vyas

Department of Clinical Pathology and
Laboratory Medicine, University of
California School of Medicine,
San Francisco 94122

N. R. SHULMAN
Clinical Hematology Branch, National
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