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Australia Antigen and Lepromatous Leprosy

Studies in South India and Elsewhere'*

Baruch S. Blumberg and Liisa Melartin®

Australia antigen (Au(1)) was first de-
tected in the serum of an Australian abo-
rigine using an antiserum which developed
in a hemophilia patient who had received a
large number of transfusions (*). Shortly
after its discovery, it became apparent that
Au(l) was (ln-,(]\' related to a hepatitis
virus and that it mwht be located directly
on such a virus (‘“) Au(1) is a virus-like
particle (') which can apparently be trans-
mitted to patwnts l)v transfusion and may
then cause hepatitis (*). It has been iden-
tified in the nucleus of patients with viral
hepatitis using direct fluorescent antibody
technics ('#). The evidence in favor of the
virus-hepatitis  hy pothesis has been re-
viewed recently ( *, 14y,

Although Au(1) is rare in normal Ameri-
cans, it is relatively common (i.e., 3-15%)
in many individuals living in troptcal coun-
tries and tends to be persistent in these
persons (* 7). These individuals who have
Au(1) in their blood are u‘;u&llv asympto-
matic and may be “carriers” of h(‘p‘\tltl\
virus. On the basis of studies conducted in
Cebu, Philippines, from 1964 to 1967, it was
established that there was a agnﬁcantlv
higher frequency of Australia antigen i
patients with lepromatous leprosy than in
either patients with tuberculoid leprosy, or
in nonleprosy patients from the same area

(" %). The difference was due primarily to
an increased frequency in young leprom.l-
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tous males. Lepromatous leprosy patients
with Au(1) appear to have slightly ele-
vated SGPT levels and may have chronic
anicteric hepatitis (#).

Family studies have been completed in
two areas (Cebu, and Bougainville, Trust
Territory of New Guinea) which are com-
patible with the explanation that suscepti-
bility to chronic infection with “Au(1) vi-
rus” is inherited as a simple autosomal
recessive trait (7 "). Large numbers of
people in the tropics who appear to bear
those genes and who have Au(1) do not
become clinically ill with hepatitis when
infected. If these genctic studies can be
confirmed, they may bear directly on the
question of inheited susceptibility to lepro-
sy infection and as such could be of impor-
tance to a general understanding of the
nature of the disease.

In our first report on Au(1) and lep-
romatous leprosy we commented on the
nocewty of confirming the association by
studies in places other than Cebu (®). In
order to do this it is necessary to locate
places where both Au(1) and lepromatous
leprosy are relatively common, so that ap-
propriate epidemiologic studies can be de-
signed. ("um('quvnt]\ we conducted a sur-
vey of Au(1l) in leprosy p‘ltl('nts and con-
trols in several locations in India, Singa-
pore, Japan and Australia during a field
trip undertaken in August 1967. In addi-
tion collections were made in Italy, Greece,
Brazil and Hong Kong under separate ar-
rangements. As a consequence of these
studies, we identified several locations
where useful projects could be planned
and, in addition completed a preliminary
study in South India, which is consistent
with the Cebu study.

MATERIALS AND METHODS

The population studies (including the
Cebu study described elsewhere (% %)) are
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shown in Table 1. This table shows arcas
where studies could I)ruﬁtahly be pursued.
The diagnosis, age, and sex breakdown for
India, and the previously published Cebu
data are shown in Table 2.

A total of 479 sera from patients with
lepromatous leprosy were collected at the
Central Leprosy Teaching and Research
Institute  (CLTRI) at Chingleput (near
Madras ), South India, in 1966. An addition-
al 77 sera from I('prmnaltous patients were
collected in the same institution in 1968, A
total of 272 sera from patients with tuber-
culoid leprosy were tested in 1966, These
included 196 sera collected at the Silver
Jubilee  Children’s Clinic  (SJCC), near
Madras, in 1966, 34 sera collected at the
same place the previous year and stored at
4°C, and 42 sera collected by the CLTRI
mobile unit in 1965 and stored at the same
temperature. An additional 117 sera from
tuberculoid leprosy patients were collected
in 1968 and tested at that time. To our
knowledge none of the tuberculoid patients
were institutionalized. The nonleprosy con-
trols included 31 employees of the Chingle-
put Medical College Hospital and 98 non-
leprosy  outpatients at the Polambakkam
Leprosy Center (which is not far from
Chingleput) collected in 1966. Sera from
an additional 126 nonleprosy patients were
collected in 1968.

The study conducted in Cebu is de-
seribed in detail in other publications al-
ready referred to. Briefly, it comprises sera
from 803 patients with lepromatous lepro-
sv, 605 with tuberculoid leprosy and 1,287
individuals without leprosy. The leproma-
tous cases were mostly patients at the Ev-
ersley Childs Sanitarium (for leprosy) and
the tuberculoid leprosy patients were most-
ly patients seen at the Cebu Skin Clinic
and the Cebu Traveling Skin Clinic. Some
of the lepromatous patients were outpa-
tients and some of the tuberculoid patients
were tested while in the sanitarium, and
this is described in detail in the original
publication. (No significant difference in
frequency was found between the leproma-
t(m;s )lt'prosy inpatients and outpatients

[

The sera from the Japanese leprosy pa-
tients were collected at the National Tnsti-
tute for Leprosy Research, Kitatama, To-
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kyo. They included 188 patients with lep-
romatous leprosy, and 55 patients with
tuberculoid leprosy. There were 1,034 sera
from nonleprosy controls. These were col-
lected from blood donors in the Tokyo area
and from other nonleprosy individuals from
Tokvo, Osaka, and Fukuoka.

The Singapore sera were nearly all from
Chinese residents of that city. The leprosy
cases were collected at the Trafalgar Home
and at the outpatients facilities associated
with that institution. The nonleprosy sera
were from blood donors and other individ-
uals who did not have leprosy.

Two collections were made in Australia;
one at the East Arm Leprosarium which is
near Darwin, Northern Territory, and the
second at Derby on the western coast of
Western Australia. All the patients are Aus-
tralian aborigines. A detailed analysis of
the type of leprosy was not available from
these institutions. Control sera included
sera from aborigines of various western and
northern bands. In addition, sera collected
from bands resident in the Derby area
were also available and are recorded sepa-
rately. The frequency of Au(l) varies
widely in different bands of Australian
aborigines.

The sera from Greek leprosy patients
were collected at Agia Varuara near Athens
and were nearly all from patients with the
lepromatous form of the disease. The non-
leprosy controls were collected from indi-
viduals without leprosy in various parts of
continental Greece and the adjacent is-
lands. These nonleprosy sera are described
in another publication ().

The sera from Italian leprosy patients
were collected by Dr. L. Bonomo of the
University of Bari. Nearly all had the lep-
romatous form of the disease. The non-
leprosy control sera were from patients and
normal individuals from several locations
in North Italy.

The sera from Brazilian patients were
collected by Dr. F. M. Salzano, primarily
in Florianopolis and are described in de-
tail elsewhere (1%).

The sera from Hong Kong were from
Chinese patients. They were collected by
Professor J. B. Gibson and Dr. Janie C. Y.
Shang of the University of Hong Kong
(O.D.M. grant No. R-1873), and were as-
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sembled as part of their larger study on
leprosy now in progress. These preliminary
results are presented here with the permis-
sion of Professor Gibson.

The presence of Au(1) is detected by
immunodiffusion technics in agar gel using
a micro-Ouchterlony pattern. The anti-
Au(1) antiserum is placed in the center
well of the pattern and the sera to be
tested in the peripheral wells. Human and
rabbit antisera were used in all the studies.
A clear precipitin band forms between the
center well and the peripheral wells con-
taining sera with the antigen. Observations
are made on the precipitin band and the
slides are then dried and stained with azo
carmine to increase the sensitivity.

RESULTS

Only the Indian studies (and the previ-
ously pll])]l‘\}lt‘(l Cebu studies) are suffi-
ciently larg ge to allow comparisons between
the discase and control groups. (As noted
above, the other populations are included
to indicate areas where studies could subse-
quently be pursued.) The MN chi program
(%), which gives a probability value correct-
ed for variation with age, was used to test
the differences between the several disease
and control categories. In the Indian
studies, the frequency of Au(l) in the
lepromatous leprosy group is higher than in
cither the tuberculoid leprosy (p = .0214)
or nonleprosy (p = .0472) control groups.
There is no significant difference between
the tuberculoid and nonleprosy groups (p
= .9828). The frequency is higher in males
than in females (p = .005) and in younger
males than in older males (p = .02). These
age, sex and diagnosis differences are the
same as those previously reported from the
larger Cebu study. The ratios of frequen-
cies of the lepromatous:tuberculoid, and
lepromatous:nonleprosy for males and fe-

males are about the same in both of the

studies (Tables 1, 2) although the absolute
values are lower in the Indian population.
In the other locations (Table 1) if Au(1)
is detected in the population at all, then it
invariably occurs in hlghor frequency in the
lepromatous group than in either the tuber-
culoid or in the nonleprosy controls. If
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Au(1) is not found in the general popula-
tion then it is not found in the leprosy
group.

DISCUSSION

There are inadequacies in the sample
selection for the India study. The patients
in the I('pu)\\ group originated from vari-
ous places in South India, primarily the
Madras area. No attempt was made to
match the patients with nonleprosy controls
from the same location and caste; they
were collected from several locations in the
general area from which the patients were
recruited, The lepromatous cases were
mostly institutionalized and the tuberculoid
cases were mostly outpatients. If institu-
tionalization were a factor in determining
the frequency of Au(1), this could v\pl un
the observed difference. However, in the
Cebu study institutionalization did not ap-
pear to be a factor in determining the fre-
quency of Au(1) in leprosy patients. (")

The lepromatous sample is representa-
tive of the cases in the leprosarium at the
time the study was done, since nearly all
the inpatients were tested. The tuberculoid
group represents only a fraction of all the
cases in the region and we do not know if it
is representative. For these epidemiologic
reasons, the present study should be con-
sidered as preliminary until more extensive
investigations can be done in this areca.
Despite this, the findings in the India study
are very similar to those in Cebu and can
be construed as a preliminary confirmation
of our original findings.

We have identified several locations
where additional studies could be done. It
also appears that the frequency of Au(1)
in the lepromatous cases is dependent on
the frequency in the general population,
but the ratio of lepromatous to control and
lepromatous to tuberculoid remains about
the same.

The interpretations of the Cebu studies,
have been strengthened by finding the
same Au(1) to lepromatous lupros\ associ-
ation in the preliminary India study. Also,
on the basis of two independent family
studies, we now have additional support for
the genetic interpretations (7).
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We have made some conjectures relative
to these findings which are published else-
where (% %), but will be summarized
briefly here. We hdve interpreted the gene-
tic studies to mean that patients who are
homozygous for a gene designated Au'
(ie., genotype Au'/Au') are more suscep-
tible to chronic infection with “Au(1)
virus” than are individuals with alternate
phenotypes (i. e., Au'/Au, Au/Au) and as
a consequence have detectable Australia
antigen in their blood. When these patients
become infected, they do not become obvi-
ously ill and appear to be carriers of he ‘pati-
tis. It should be emphasized that this
finding does not mitigate against the results
which support the view that Australia anti-
gen is a virus. That is, both the virus and
genetic hypothesis are tenable.

What connection does this have to our
findings in leprosy? We would like to pro-
pose a hypothesis which, although conjec-
tural, has the advantage of being testable
and in some respects provocative. This has
been discussed in an earlier editorial (2).
The postulated gene (Au') which in dou-
ble dose confers increased susceptibility to
chronic infection with hepatitis virus may
also confer susu'ptlblht\ to chronic infec-
tion with other organisms. If this were the
case, in areas where both the gene and the
organisms related to the susceptibility fac-
tor are common, there would be a correla-
tion between chronic infection with hepati-
tis (i.e., Australia antigen) and the other
organism. This appears to be the case for
lepromatous Ieprns\ in Cebu and India. If
this hypothesis is correct then it would be
expected that in areas of high leprosy inci-
dence, lepromatous leprosy would follow a
pattern of autosomal recessive inheritance;
and this can be tested.

The susceptible individuals may be at
some advantage when they become infect-
ed with hepatitis in that they do not appear
to have any clinical evidence of the dis-
case. This could constitute a form of pro-
tection against organisms, i. e., to become
infected but not develop any disease as a
consequence of the infection. However,
bearers of the susceptibility genes suffer a
compensatory disadvantage in that when
chronically infected with other organisms
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they may develop serious disease. This ap-
pears to be the case when infection occurs
with Hansen’s bacillus. According to this
hvpothesis, when the genetically suscepti-
ble individuals are infected they are more
likely to develop the le pmnmtnm form of
the disease than individuals with other
genotypes. It is also immediately obvious
that this susceptibility is not an absolute
one, and other factors such as age, sex and
possibly other genes are also involved. Sus-
uphh]v individuals not exposed to the or-
ganism could not, of course, develop the
disease despite their susceptibility.

Family studies in areas of high leprosy
('udt'mi(-it_\' combined with Australia anti-
gen and lepromin testing could show
whether Au(1) and susceptibility to lep-
romatous leprosy are associated and wheth-
er the traits are inherited in a related man-
ner,

SUMMARY

The frequency of Australia antigen in
lepromatous  leprosy, tuberculoid leprosy,
and nonleprosy controls has been deter-
mined in South India. The frequency is
higher in Ioprmn.lt(ms leprosy than in any
other group and in this group the frequen-
cy is highest in \()lmg_, males. Surveys were
also conducted in Japan, SmL,.lpon- Hong
Kong, Australia, Greece, Italy, and Br‘ml
to identify other areas where additional
studies may be done.

RESUMEN

En India mendional se determiné la fre-
cuencia del antigeno Australia en lepra leprom-
atosa, lepra tuberculoide y controles no-lepro-
sos La frecuencia es mayor en la lepra leprom-
atosa que en ningin otro grupo v, dentro d2
este grupo, es mayor en varones jovenes.
También se hicieron estudios en Japoén, Singa-
pore, Australia, Grecia, Italia y Brasil, para
identificar otras dreas donde se pueden desar-
rollar estudios adicionales.

RESUME
On a déterminé dans le sud de I'Inde la
fréquence de I'antigéne australien dans la lepre
lépromateuse, dans la léepre tuberculoide, et
chez des témoins ne souffrant pas de lepre. La
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fréquence s'est révélée plus élevée dans la lepre
I[épromateuse que dans n'importe quel autre
groupe: dans cette forme de lépre, c'est chez les
jeunes adultes de sexe masculin que cette fré-
quence était la plus élevée. Des enquétes ont
été également menées au Japon, a Singapour,
a Hong Kong, en Australie, en Grece, en ltalie
et au Brésil, en vue d'identifier d'autres régions
ol des études complémentaires pourraient étre
poursuivies.
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