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Australia antigen is a human serum anti-
gen which is closely associated with the in-
fectious agent of hepatitis (1-3). The anti-
gen develops in the blood of patients during
the incubation period and illness of acute vi-
ral hepatitis (4). Blood containing Australia
antigen is capable of transmitting the disease
(5).

In the course of studies on the effect of col-
lagenase on Australia antigen, a serum was
observed to lose its Australia antigen reactiv-
ity when incubated at 37°. Pseudomonas
aeruginosa was isolated from this serum and
it was found that incubation with this isolate
reproducibly destroyed Australia antigen re-
activity in the immunodiffusion test.

Materials and Methods. Australia antigen
was detected using the immunodiffusion meth-
od employing a 7 hole pattern cut in 1.1%
agarose in pH 8.2 Veronal buffer (6, 7). The
sera which contained Australia antigen used
in these studies were from patients with acute
viral hepatitis and Down’s syndrome. Tryp-
ticase soy broth and trypticase soy agar (Dif-
co) were used for cultivating the bacteria at
37°. Bacteria were identified at the Jeanes
Hospital Laboratory using the four part dif-
ferential system (Kliglers iron agar, Sim-
mons citrate agar, SIM medium and urea
agar). Sterile filtrates were produced by pass-
ing cultures through a 1.2 ym Millipore filter
and then a 0.45 um filter.

Experiments and Results. A. The efiect of
temperature on the action of P. aeruginosa.
The following experiment demonstrates the
inactivating capacity of the cultures and
shows that the loss of Australia antigen re-
activity upon incubation with P. aeruginosa
is temperature dependent. Three replicate
vials containing 0.2 ml of 10 different sera
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which contained Australia antigen were in-
cubated at 37°, 25° and in the refrigerator
at 3—4° with 1 drop of a 1 day broth culture
of P. aeruginosa. As a control, an additional
set of the same 10 sera was incubated with
1 drop of sterile trypticase soy broth at each
temperature. These 60 tubes were sampled
at different times and tested for Australia
antigen by immunodiffusion.

The number of sera in which Australia
antigen could be detected after incubation
with P. aeruginosa at different temperatures
is indicated in Table I. At 37° most of the
sera had lost their reactivity by the third
day; only 2 of the 10 original positive sera
remained positive on Day 3. In contrast, all
of the specimens kept at 25° and in the
refrigerator were still positive. By 7 days
4 of the 25° and all but one of the 37°
specimens had been inactivated but the re-
frigerated samples were all still reactive. How-
ever, by the 20th day 3 sera kept in the re-
frigerator and 4 kept at 25° had lost re-
activity. All of the samples at 37° were nega-
tive on Day 20. The trypticase soy broth
plus Australia antigen serum controls were
stable at all temperatures; Australia antigen
was detectable at all times, with the excep-
tion of one control serum maintained at 37°
for 20 days. The Australia antigen in this
specimen may have been unstable at 37° or
it may have been contaminated with bacteria
during the experimental period. The loss of
reactivity is clearly temperature dependent.

B. Possible mechanisms. Five possibilities
arise concerning the mechanism of the loss of
the Australia antigen reactivity in Australia
antigen positive sera incubated with P.
aeruginosa: (a) Substances produced in P.
aeruginosa cultures may clog the agar pores
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TABLE 1. Number of Sera Remaining Positive for Australia antigen by Immunodiffusion After
Incubation with P. aeruginosa at Different Temperatures.

Incubation Day: ! 3 7 20
®) TS Bact® TS Bact TS Bact TS Bact
37 10 10 10 2 10 1 6° 0
25 10 10 10 10 10 6 10 6
34 10 10 10 10 10 10 10 7

¢ TS — trypticase soy broth plus Australia antigen.

® Bact — Australia antigen plus P. aeruginosa.

¢ Three were not tested because of insufficient quantity; 1 was negative.

around the immunodiffusion well and prevent
the diffusion of the Australia antigen out of
the well. (b) Proteolytic enzymes released
during P. aeruginosa growth may diffuse into
the agar gel and destroy the reactivity of the
anti-Australia antigen antibody which migrates
from the center well. (c) Some nonenzymatic
substance produced during growth may inter-
fere with the antibody-antigen reaction. (d)
The incubation of Australia antigen with P.
aeruginose may result in the adsorption of the
antigenically reactive material to bacteria
thus preventing it from migrating in the gel
because the pores in the agar are too small to
permit the passage of bacteria. (e) Finally,
exoenzymes released into the growth medium
may degrade the antigenic determinants of
Australia antigen.

The following experiment was done to
attempt to distinguish between these possi-
bilities.

Three immunodiffusion patterns were pre-
pared A, B and C (Fig. 1). The first pattern
(A) contained Australia antigen controls in
top and bottom wells plus two sera which
had been converted from Australia antigen
positive to Australia antigen negative by in-
cubation with P. eeruginosa at 37° for 4 days
(wells 1 and 2) and two Australia antigen
negative sera which also had been incubated
with P. geruginosa in the same way (wells 3
and 4). Only the control Australia antigen
(not reacted with P. aeruginosa) in the top
and bottom wells of pattern A reacted with
the anti-Australia antigen. Pattern B also con-
tains control Australia antigen (top and bot-
tom wells) and the same four sera which had
been incubated with bacteria. Australia anti-
gen was added to the 4 test wells and was

allowed to be absorbed into the gel before
the bacterially treated sera were added. Pat-
tern C is the same except the Australia anti-
gen was added after the treated sera. Pre-
cipitin lines occurred between the center
well and all wells to which Australia antigen
was added. This result indicates that sug-
gestions (a), (b) and (c) are unlikely ex-
planations for the loss of reactivity. The wells
were not completely clogged by material
generated during the incubation of serum
with bacteria. If this were the case the
Australia antigen added after the culture
would not have been able to diffuse through
the agar to form the precipitin band. Sincé
this band was formed in pattern C this ex-
planation for the loss of reactivity is elimi-
nated. This same experiment also excludes the
possibility that the immunodiffusion reaction
between the antigen and antibody was pre-
vented by exoenzymes or other materials
generated during incubation. The reaction
occurred regardless of whether the culture
material was added before or after the anti-
gen. Therefore, there was no interfering
material in these preparations. The most
plausible remaining explanations for the dis-
appearance of Australia antigen reactivity
after incubation with P. geruginosa are (d)
and (e). That is that the antigen may be
adsorbed by the bacteria and thus prevented
from migrating (d), or the immunoreactivity
of Australia antigen is destroyed by sub-
stances produced during P. aeruginosa growth
(e).

C. The effect of P. aeruginosa culture fil-
trates on Australia antigen. If exoenzymes or
other soluble substances released during
growth destroy the Australia antigen, filtrates
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F1e. 1. Immunodiffusion results on sera incubated with P. aeruginosa and on the same sera pre-

ceded by and followed by Au (1) in the agar pattern: (Sera 1 and 2) Au (4) P. aeruginosa

_—

Au (—); (Sera 3 and 4) Au (—) P. aeruginosa Au (—). Pattern A contains control Australia
_—

antigen in the top and bottom wells. Wells 1 and 2 contain sera which gave a positive reaction for

Australia antigen before incubation with bacteria. Wells 3 and 4 contain sera which gave a nega-
tive reaction for Australia antigen before incubation with bacteria. The only positive Australia
antigen reactions were the control reactions. The treated sera were negative. Pattern B also con-
tains control Australia antigen and the same 4 sera which had been incubated with bacteria. Aus-
tralia antigen was added to the 4 test wells and adsorbed before the treated sera was added. Pat-
tern C contains all the same materials as Pattern B, The only difference is that the Australia anti-
gen was added after the treated sera. There were no substances in the sera which had been incu-
bated with bacteria which could interfere with the formation of an Australia antigen immune pre-

cipitate band.

of the cultures should be equally effective in
degrading the antigen. On the other hand, if
Australia antigen is adsorbed by the bacteria,
the presence of the bacteria would be required
and filtrates should be ineffective.

In order to distinguish between these pos-
sibilities the following tests were made: Six
4.5 ml tubes of trypticase soy broth were in-
oculated with 0.5 ml of a 1 day culture of
P. aeruginosa. At that time and daily for §
successive days, one of the replicate culture
tubes was examined in the following way.

The number of bacteria was determined
each day by streaking 0.01 ml of 10-fold dilu-
tions on trypticase soy agar plates and count-
ing the resulting colonies. Then the cultures
were filtered through a 1.2 um prefilter and
a 0.45 pm filter. One drop of each of these
filtrates was added to trypticase soy broth
tubes to test for the presence of bacteria and
the remaining filtrate was frozen. Six tubes
were prepared with these sterile filtrates.
They consisted of 0.5 ml sterile serum from
a patient with acute viral hepatitis which con-
tained Australia antigen plus 0.5 ml of a par-
ticular filtrate or sterile trypticase soy broth.
The pH of these mixtures was determined and
they were incubated at 37° and tested for
Australia antigen by immunodiffusion at the
time they were mixed, and daily thereafter
for 14 days. Each tube was tested daily for
sterility by adding 1 drop to a trypticase soy

broth tube. The results of this experiment
are reported in Table II.

The filtrates prepared at the start of the
experiment and those prepared at 24, 96 and
120 hr did not affect the Australia antigen.
The filtrates prepared at 48 and 72 hr did
destroy the reactivity of the antigen. The pH
of the reaction mixtures varied between 6.8
and 7.2 and all incubation mixtures remained
sterile during the period of observation. These
results indicate that the Australia antigen im-
munoreactivity is destroyed by soluble sub-
stances which are produced during growth by
the bacterial cultures between 48 and 72 hr.
Absorption does not appear to be a factor
since the presence of bacteria is not required
for the destruction of Australia antigen.

D. The effect of keat on bacterial filtrates.
The next experiment was designed to test
whether active filtrates are heat sensitive. An
active filtrate from a P. aeruginose culture
was dispensed into two glass tubes. One tube
was incubated (100° for 10 min) in a water
bath; the other was maintained at room tem-
perature. An amount of serum containing
Australia antigen equal to the filtrate was
added to each tube. A control tube with the
same amount of serum containing Australia
antigen plus sterile trypticase soy broth in-
stead of filtrate was also included. All were
immediately retested for Australia antigen
and sterility, and then incubated for 5 days
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TABLE II. The Digestion of Australia Antigen
Using Sterile Filtrates from P. aeruginosa Cultures.

Ageof culture No.of pHof Timerequired®
(hr) bacteria reaction (days)
0 23 x 107 70 -
24 59 x 10° 6.8 —
48 39 10° 68 4
72 21x10° 7.0 7
96 1.3 10" 7.0 —
120 15% 107 172 —

«Time required by the sterile filtrates to destroy
the reactivity of Australia antigen when they are
incubated together at 37°.

at 37°. On the fifth day and daily thereafter
they were tested for Australia antigen and
sterility. At the time the experiment was
started all three preparations were sterile and
positive for Australia antigen. This was also
true on the fifth and sixth days. However,
on Day 7 all preparations were still sterile
but the Australia antigen incubated with the
unheated bacterial filtrate failed to react in
the immunodiffusion test.

This indicates that the soluble substance
(or substances) released into the medium by
P. aeruginosa which is responsible for the de-
struction of Australia antigen is also heat
labile.

All of these results are compatible with the
explanation that P. aeruginosa releases a sol-
uble exoenzyme(s) which is heat labile and
which destroys the immunological reactivity
of Australia antigen.

E. The effect of fecal isolates on Australia
antigen. We next wanted to determine if bac-
teria isolated from the human intestine would
have the same effect as P. aeruginosa [Pseu-
domonas aeruginosa is said to occur in only
1 of 10 stool specimens (8).] We therefore
isolated two bacterial species from feces on
tripticase soy agar under aerobic conditions.
These isolates were identified as Escherichia
coli and Staphylococcus aureus. Cultures of
these isolates were prepared and tested for
their ability to alter Australia antigen. After
incubation at 37° and daily testing for 9 days,
it was found that E. coli destroyed Australia
antigen in 5 days while S. aureus did not
affect it during the 9 day period.

Filtrates of cultures of E. coli were made
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daily. They were tested for the ability to de-
stroy Australia antigen in the following way:

Replicate cultures of E. coli were prepared
by inoculating 0.5 ml of a 1 day culture into
4.5 ml of trypticase soy broth. At the time of
preparation and daily for 4 days 0.1 ml from
one culture was inoculated into 0.5 ml of
sterile serum containing Australia antigen
and the remaining culture filtered. One half
milliliter of this filtrate was mixed with 0.5
ml of sterile serum containing Australia anti-
gen. These preparations were tested at once
and daily for 14 days for both sterility and
Australia antigen. All filtrates remained ster-
ile throughout the test period. Results of this
experiment are presented in Table III. All
serum cultures inoculated with bacteria lost
their Australia antigen reactivity in from 4
to 7 days. Filtrates from Days 2 and 4 de-
stroyed Australia antigen during the period
of observation. These results indicate that E.
coli, like P. aeruginosa, releases filterable sub-
stances which abolish Australia antigen re-
activity.

It was determined, using the procedures
described above for P. aeruginosa that these
substances are destroyed by heating to 100°
for 10 min. This implies that the destruction
of Australia antigen by E. coli may be accom-
plished by heat-sensitive enzymes, as ap-
peared to be the case for P. aeruginosa.

F. The effect of prefreezing on the action
of bacteria. The action of bacteria on Aus-
tralia antigen in serum which requires ship-
ping may be a very serious practical problem
under some field conditions. An experiment
was designed to determine whether subject-
ing a contaminated serum specimen which

TABLE III. The Destruction of Australia antigen
by Bacteria and Sterile Filtrates from the Same
E. coli Cultures of Different Ages.

Age* of culture 0 1 2 3 4

Time* required for 4 5 4 7
E. coli to destroy
Australia antigen

Time® required for —_ - 7 - 3
filtrate to destroy
Australia antigen

¢In days.
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contained Australia antigen to freezing and
thawing would effect subsequent digestion of
Australia antigen in those samples.

Sterile serum which contained Australia
antigen was divided into five 0.5 ml aliquots.
Two were inoculated with 1 drop of a 1 day
culture of E. coli and two were inoculated
with 1 drop of a 1 day culture of P. aerugi-
nosa. The fifth was inoculated with trypti-
case soy broth as a control. One of each of
the bacterial preparations was frozen at —20°
for 24 hr and the other was kept at 37°. The
preparations were thawed and all prepara-
tions were then kept at 37° and tested daily
by immunodiffusion for the presence of Aus-
tralia antigen. Both of the E. coli prepara-
tions were negative for Australia antigen af-
ter 4 days at 37°. The P. aeruginosa prepa-
ration which had been frozen lost reactivity
1 day later than the one kept at 37°. These
two lost reactivity at 5 and 6 days, respec-
tively. The trypticase soy control remained
positive for Australia antigen throughout the
experiment. Short-term freezing of contami-
nated sera has no significant effect on the
subsequent destruction of Australia antigen
by P. aeruginosa or E. coli at 37°.

Discussion. The destruction of Australia
antigen can be reproducibly accomplished
with sterile filtrates of either P. aeruginosa
or E. coli. This activity is destroyed by heat-
ing at 100° for 10 min. Both of these results
are compatible with the hypothesis that the
destruction of Australia antigen is caused by
bacterial exoenzymes.

This finding that common bacteria can
convert Australia antigen positive serum to
an Australia antigen negative serum has ob-
vious application to the storage and shipping
of specimens to be used for testing for Aus-
tralia antigen. Sterile samples of serum con-
taining Australia antigen are remarkably
stable, remaining reactive at room tempera-
ture for more than 1 yr (9). However, be-
cause of possible loss of reactivity due to bac-
terial contamination it is recommended that
samples be kept frozen whenever possible and
not allowed to remain at ambient tempera-
tures for long periods of time. Samples should
be shipped by the fastest means possible and
should be frozen when practical. Prefreezing
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a sample does not substantially alter the ef-
fect of the two bacteria studied when the
contaminated samples are returned to 37°.
It is probable that bacteria other than those
included in this study may also be able to
degrade Australia antigen and produce false
negative results. In addition, the data pre-
sented in this communication suggest the fol-
lowing hypotheses which could have impor-
tant epidemiological implications.

Bacterial degradation of Australia antigen
may occur in the intestine. Australia antigen
has been identified in the bile (10). Australia
antigen is sometimes present in the feces of
Australia antigen positive hepatitis patients
(11, 12). However, this has been demon-
strated with some irregularity (13). This
may be because although the Australia anti-
gen enters the gastrointestinal tract it can
be degraded during its passage through it.

If the Australia antigen particle itself is
infectious, any alteration of the particle must
be important epidemiologically. The observed
alteration of the immunological identity of
the particle may or may not be accompanied
by a change in infectivity. It is possible that
infectious Australia antigen is released into
the intestine in the bile and immunologically
altered by enzymes in the intestine. The
feces may then emerge carrying particles
which are no longer identifiable as Australia
antigen but which remain infectious.
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