Australia Antigen: Detection and Transmission in Shellfish

Abstract. Australia antigen was found in clams contaminated by drainage of
untreated sewage from a coastal hospital. In closed-system aquariums, the antigen
was ingested by clams and transmitted to previously uninfected clams. In open-
system aquariums, the titer of Australia antigen decreased with time, suggesting
viral concentration rather than replication.

Epidemiological studies suggest a
causal relationship between shellfish in-
gestion and viral hepatitis (/). Australia
(Au) antigen is a marker of type B
hepatitis virus. Using Au antigen, we
studied the relation between clams and
type B hepatitis virus. Partially purified
Au antigen was prepared by sucrose
gradient ultracentrifugation of Au-
positive serum. The Au antigen was
detected by immunodiffusion (2) and
by liquid and solid phase radioimmuno-
assays (RIA) (3).

The antigen fraction was added to
serial dilutions of homogenized pooled
samples of normal clam tissues. From
68 to 110 percent of Au antigen added
was recovered from clam tissue in vitro,
an indication that Au antigen is not
destroyed by clam tissue.

Approximately 500 clams were har-
vested from 21 areas along a part of
the Atlantic Coast of Maine. These
areas were closed to commercial clam-
ming because of heavy bacterial pollu-
tion. Included were ten clam beds pol-
luted by drainage of untreated sewage
from coastal hospitals. Clams from each
of the 21 areas were shelled, pooled,
homogenized, and examined for Au
antigen by RIA. From 20 to 24 pooled
clams from one area were unequivocally
positive for Au antigen on three sepa-
rate occasions during a 2-month period,
as determined by immunodiffusion as
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Fig. 1. Australia antigen concentration in
clam tissues after addition of concentrated
Au antigen (0.1 ml) to a closed-system
aquarium on day zero. Normal serum was
administered to control clams in a separate
aquarium. The clams were removed from
the tanks at 1 to 17 days. One unit equals
the numbers of counts per minute per
milliliter corrected for radioactivity of
control tissue. Antigen or normal serum
was added at time zero.
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well as RIA. Unfortunately, subtyping
of Au antigen was not performed. This
particular clam bed has been closed
to commercial clamming for more than
5 years and is polluted by untreated
sewage directly draining from a small
coastal community hospital. During the
3 months preceding this study, two in-
dividuals with Au-positive hepatitis
were patients in this hospital. No clams
from the 20 other areas revealed Au
antigen when tested by RIA.

Laboratory studies were performed
in closed-circuit, temperature-controlled
aquariums (22°C). The Au antigen
(subtype adw+, y—) was partially puri-
fied and concentrated by ultracentrifu-
gation of 96 ml of Au-positive serum
at 78,000g for 16 hours. The pellets
were resuspended in one-tenth of their
original volume in 0.1M NaCl, 0.01M
tris-HCI, 0.001M ethylenediaminetetra-
acetic acid (sodium salt), pH 7.4 (TSE).
The resuspended material was centri-
fuged over a cushion of 10 percent
sucrose in TSE solution at 78,000g for
4 hours. The final pellet was suspended
in TSE (one-tenth of original serum
volume) checked for antigenicity, and
stored at 4°C. Partially purified, con-
centrated Au antigen was placed in or
near the afferent siphon of 15 to 25
cherrystone (Mercenaria mercenaria)
clams that were obtained from a com-
mercial supplier. The clams were kept in
natural seawater and sampled from 1 to
17 days later; each sampled clam was
separated anatomically into clam liquor,
hepatopancreas, and remaining tissues.
The clam liquor is the fluid collected
when clams were opened before the tis-
sue was dissected. Hepatopancreas in-
cluded almost all of the digestive tract.
Each fraction was homogenized. All
specimens were coded and tested by
RIA and immunodiffusion. Clams treat-
ed similarly with normal (Au-negative)
serum served as controls. Progressive
increase in titer of Au antigen occurred
through the third day in all infected
tissues (Fig. 1) with the greatest anti-
gen concentration in the hepatopan-
creas.

After exposure to Au antigen for 4
days, clams were removed from the

tanks and washed; then 2 to 4 clams
were placed in closed-circuit aquariums
with 10 to 20 previously uninfected
clams. Tissues from previously unin-
fected clams were serially sampled at
intervals from 1 to 20 days; they were
separated into clam liquor, hepatopan-
creas, and remaining tissues; and the
fractions were examined by RIA. Con-
trol clams were treated as before with
normal serum. Australia antigen was
detected in all previously uninfected
clams throughout the experiment (Fig.
2). The rising titer suggests relative
greater concentration in the hepato-
pancreas.

The question arises as to whether
these data represent concentration of
virus or replication. The following ex-
periment suggests that concentration of
virus may be the predominant mecha-
nism. From 12 to 24 clams infected
with Au antigen were placed in an
open, circulating seawater system, and
the effect of time on Au antigen con-
centration was determined. In all tis-
sues, the titers of antigen progressively
decreased, and antigen was no longer
detectable in previously infected clams
by day 12. Previous experiments con-
cerning viruses and shellfish were per-
formed with poliovirus as a model (4)
and revealed concentration of the virus
on the pseudomucus that lines the di-
gestive tract, without evidence of viral
multiplication.

Clams apparently filter and concen-
trate Au antigen in the water. The anti-
gen may be transmitted from one clam
to another. Our studies support epi-
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Fig. 2. Ten clams were exposed to con-
centrated Au antigen (0.1 ml) in a
closed-system aquarium., Four days later,
two “infected” clams were placed in a
closed-system aquarium with 14 unin-
fected clams; these were sampled in pairs
at 1 to 20 days. Normal serum was
administered to control clams in a separate
aquarium. Antigen or normal serum was
added at time zero.
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demiological observations linking clams
as possible vectors in hepatitis and sug-
gest that, under special circumstances,
shellfish may serve as a reservoir for
Au antigen and type B hepatitis virus.
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a-Ketoglutaramate: Increased Concentrations in the
Cerebrospinal Fluid of Patients in Hepatic Coma

Abstract. a-Ketoglutaramate, a deaminated metabolite of glutamine not pre-
viously identified in biological tissues, was measured in the cerebrospinal fluid of
human subjects and found to be increased three- to tenfold in patients with
hepatic coma. When perfused into the cerebral lateral ventricles of rats, a-keto-
glutaramate (10 mM) depressed the animals’ nocturnal locomotor activity, and
at higher doses induced circling behavior and myoclonus. The concentration of
a-ketoglutaramate in cerebrospinal fluid appears to be a reliable diagnostic indi-
cator of hepatic coma, and its accumulation may contribute to the pathogenesis

of this disease.

concentrations. Subsequent studies (5)
have failed to substantiate this proposal.

Warren and Schenker (6) reported
that methionine sulfoximine, an in-
hibitor of glutamine synthetase, pro-
tected mice against acute ammonia in-
toxication, although, paradoxically, am-
monia concentrations in brain more
than doubled. As this effect is ap-

Ammonia is believed to play a role
in the pathogenesis of hepatic coma,
since hyperammonemia is a prominent
finding in patients with this condition,
and the currently most effective thera-
peutic measures are directed toward
reducing the plasma ammonia concen-
trations (7). Also, a neuropathological
picture resembling that of human hepa-
tic encephalopathy can be induced in
monkeys after chronic ammonia in-
fusions (2). However, a causative re-
lation between the elevated ammonia

concentrations in plasma and cerebro- is given in parentheses.

parently not secondary to energy spar-
ing (7), it could conceivably result
from the inhibition of the synthesis of
a toxic agent formed after the gluta-
mine synthetase step. Glutamine, itself,
exhibits no known neurotoxicity (8).
a-Ketoglutaramate (a-KGM), a metabo-
lite of glutamine formed by transamina-
tion with an appropriate a-keto acid
9,
CONH2
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has not been explored in this con-
text although glutamine transaminase
and w-amidase are present in brain (Z0).
On the hypothesis that «-KGM (or
its cyclic isomer 2-hydroxy-5-oxopro-
line) might be involved in the patho-
genesis of hepatic coma, we measured
its concentration in the cerebrospinal
fluids of human subjects, and assessed
its pharmacology by perfusing it into
the lateral cerebral ventricles of free-
running rats.

Patients diagnosed with (i) hepatic
coma, (ii) demonstrated liver disease
unaccompanied by neurological symp-
toms, (iii) respiratory failure and ob-
tundation, and (iv) various neurologi-
cal diseases but without liver impair-
ment, were studied. CSF was obtained
from routine diagnostic lumbar punc-
ture and was immediately frozen at
— 80°C. The samples were deprotein-
ized with 3M perchloric acid and neu-

Table 1. Concentrations of ammonia, glutamate, glutamine, and o-ketoglutaramate in cerebro-
spinal fluid of human subjects. The data, expressed as micromoles per liter of CSF, are the
mean *+ S.D. for the number of patients shown in brackets. The range of individual values

spinal fluid (CSF) and the encephalop-

Concentrations (gmole/liter)

athy has not been firmly established. Condition
A major difficulty in this regard is the Ammonia Glutamate Glutamine "{ﬁi},‘iﬂ?‘
opservation that p .a tients with ’li.V er Nonhepatic controls [9] 67.7T = 456 3.6 = 2.9% 422 + 46.6 3.6 = 3.2%
dlsease‘ and pron'nr_xent neurological (2i,0:134j (<1.0-9.0) (329-:4775 (<1.0-8.7)
symptoms can exhibit normal or only  Respiratory failure with 28.8, 60.4 69,42 1750, 1594 <1.0,<10
moderately elevated concentrations of obtundation [2]
ammonia in CSF and blood (3). Liver disease without 37.9 = 21.1 2.4 + 1.4% 576 + 226 2.6 * 2.3%
Bessman and Bessman (4) suggested ~ coma [S] (13.5-56.2) (<1.0-4.8) (350-865) (<1.0-62)
that the toxic effect of ammonia in Hepatic coma [8] 154.6 = 61.87 7.6 = 42% 2056 = 679§ 49.0 £ 21.8§
(70.3-233) (2.0-14.4) (1030-2850) (30.9-95.4)

brain results from depletion of «a-

ketoglutarate, leading to a reduction in

. . ; . P< .01
tissue adenosine triphosphate (ATP) s~

§ P <001
11 JANUARY 1974

* Concentrations less than 1 uM were arbitrarily assigned the value of 1.0 uM for statistical pur-
i The difference from the nonhepatic control value is significant with P < .05.
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