Conjectures on Inherited Susceptibility to
Lepromatous Leprosy"*

One of the unsolved riddles of leprosy,
a disease of many riddles, is why some
people get it and others do not. Leprosy
workers with life-long exposures to the dis-
ease rarely succumb, while others with
relatively minor exposure may become ill.
Children of leprosy patients appear par-
ticularly susceptible and many develop the
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disease even if removed from the house-
hold. Rarely, however, do all the children
of leprous parents suffer the same fate.
Striking differences in racial susceptibil-
ity have been recorded (). Europeans are
said to be less susceptible than Asians or
Africans. This is due, according to some
students of the problem, to the develop-
ment of resistance in Europeans as a con-
sequence of widespread exposure in the
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Middle Ages. This implies that there is an
inherited resistance to the disease which
developed as the result of exposure over
many generations and has been retained
in contemporary Europeans. Inherited re-
sistance is less common in populations with
only a few generations of extensive expo-
sure to leprosy. There have been some
analyses of the inheritance of leprosy as a
simple dominant autosomal trait (7 '7)
which are suggestive, but by no means
prove this mode of inheritance. It is sur-
prising that more family analyses have not
been made, since many family data are
probably available as a byproduct of popu-
lation surveys and control programs. It
would be useful to publish such data, giv-
ing age, sex, family relationship, and type
of leprosy in each family member, It is
important to include all families ascertained,
even those with only a single leprous mem-
ber.

There is also a difference in the form of
the disease that exposed individuals may
develop. Some will have the tuberculoid
form, which is usually mild, with a high
frequency of spontaneous recovery, and a
rapid response to therapy. Others acquire
the lepromatous form, which is usually
more severe and responds less well to treat-
ment. Lepromatous leprosy is apparently
more common in males, whereas tubercu-
loid leprosy has an equal sex distribution.
The ratio of lepromatous to tuberculoid
cases varies in different parts of the world.

Lepromatous leprosy is characterized by
a peculiar “anergic” state reflected in the
pathogenesis of the disease and in the re-
sulting tissue changes. As is well known,
lepromatous and tuberculoid cases differ
markedly in their reactions to lepromin.
Many apparently normal people in both
endemic and nonendemic areas develop a
characteristic skin lesion when injected
subcutaneously with lepromin ( positive
Mitsuda reaction). Patients with tubercu-
loid leprosy have a positive reaction, where-
as those with lepromatous leprosy never
do, even during remissions or after recov-
ery from the disease. Some lepromin-nega-
tive healthy individuals may become posi-
tive after repeated testing, or after immuni-
zation with BCG, which appears to have
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cross specificity with lepromin. However,
tll('r(‘ l’(‘l'l'l"lins a “hilrd (.'{)l'(‘“ ()f nonreactors
who will not convert under any circum-
stances, and it is from these that the lepro-
matous cases are presumably recruited.

Dharmendra and Chatterjee (') have
shown that persistently negative reactors
are far more likely to develop lepromatous
leprosy than individuals who are reactors, or
who convert from nonreactors. Beiguelman
(*1), in papers recently published in Tue
JournaL, has assembled family data on the
distribution of lepromin reactions to test
a genetic hypothesis. Although the results
are not entirely consistent, the author con-
tends that the capacity for lepromin posi-
tivity is inherited as a simple dominant trait,
and that this is related to the ability of
macrophages to lyse Hansen’s bacillus. On
this basis one could expect all children of
matings in which both parents have lepro-
matous leprosy to be nonreactors. This was
not found to be so, and the writer has pro-
vided several cogent reasons to explain this
apparent discrepancy.

Even in hyperendemic areas, the non-
reactor group is far more common than
lepromatous leprosy. Newell, in a very use-
ful review ('%), noted that the frequency
of lepromatous leprosy never exceeds 1
per cent, even though nonreactors may be
25 per cent or more of the younger popula-
tion. It has been postulated, therefore, that
within the nonreactor group there is a
smaller group who lack the “natural” ca-
pacity to react to M. leprae; i.e., they lack
the “N” factor of Rotberg (1°).

In this editorial we would like to de-
velop a hypothesis related to what might
be called the “S” or susceptibility factors,
which are the reciprocal of the “N” factor.
In doing so, we will draw on the subject
matter and principles of human population
genetics and conclude with a brief presen-
tation of data on a recently discovered
system which, on the basis of a limited
study in a single leprosy area, appears to
have properties expected of an “S” factor.
It is recognized that the data supporting
this hypothesis are weak, but it is hoped
that this presentation may have value in
stimulating further investigations.
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The following are some of the character-
istics expected of “S” factors:

1. It is probable that there is more than
one factor that increases susceptibility to
invasion by M. leprae. This could include
the ability of macrophages to lyse the bac-
teria, as suggested by Beiguelman, as well
as other factors affecting the reticuloendo-
thelial system, white blood cells, and the
immunologic defense system.

2. One or more of these factors would
render the individual more likely to de-
velop lepromatous leprosy than individuals
with alternate factors. This effect need not
be simply additive; i.e., one factor might
have a major effect on susceptibility while
others would make only a minor contribu-
tion.

4. Some of the “S” factors could be in-
herited. If the “N” factor is inherited as a
dominant trait, as suggested by Beiguel-
man’s data, then the “S” factor (or factors)
could be inherited as recessive traits.

5. Individuals who had the “S” factors
would not necessarily develop lepromatous
leprosy. If, however, they were exposed to
M. leprae under the appropriate circum-
stances, those with the “S” factors would
be more likely to develop lepromatous lep-
rosy than those with the alternate geno-
types determining the “N” factor,

6. The “S” factors would be relatively
common in areas of the world where lepro-
matous leprosy is now common, and less
common where the disease no longer exists,
or is very rare. As noted in paragraph 5,
the frequency of the disease would be less
than the frequency of the genes determin-
ing “S” factors, since the gene frequency
sets the maximum limit of susceptible indi-
viduals not all of whom would have the
appropriate exposure, Under some circum-
stances even individuals without “S”™ factors
would develop the disease; however, they
should be fewer than those with the factors.

7. The effect of the “S” factor need not
be important throughout life, but might,
for example, operate only in youth; natural
resistance could be more important in old-
er people.

8. The genes determining the “S” fac-
tors could affect other diseases both in
areas of high and of low leprosy endemic-
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ity. Since we have postulated that the gene
acts on the immunologic system, it would
not be surprising to see an effect on sus-
ceptibility to other diseases.

9. The factor would be of higher fre-
quency among males than among females,
since, as noted above, lepromatous leprosy
is more common in males,

We have recently discovered a serum
protein isoantigen trait that has many of the
characteristics of an “S” factor ('). It
should be emphasized that the entire
argument that this system is related to lep-
rosy is based on a correlation between the
trait and lepromatous leprosy in a single
study in one geographic area and that our
findings have not been retested by our-
selves or others. Such studies are in prog-
ress. It is presented here as an example of
a method that can be used in searching
for “S” factors.

For several years we have been studying
the development of antibodies against se-
rum proteins in the-blood of patients who
receive many transfusions (1"). In 1964 we
found an antibody in a transfused hemo-
philia patient that reacted with a protein
present in the serum of an Australian ab-
origine but was absent in the serum of most
normal Americans("). We could not iden-
tify this protein with any of the known
serum proteins, and therefore gave it the
geographic term “Australian antigen” (Au
(1)) (™). Preliminary chemical and im-
munologic studies suggested that Au(1)
contained a small amount of lipid, had the
electrophorectic mobility of an alpha glo-
bulin, a specific gravity less than 1.30, and
a relatively large molecule (2). Using the
antiserum from the hemophilia patient we
tested sera from several populations and
found Au(l) to be rare in the United
States (0.1%) but relatively common in
Asian and Pacific populations (Viet Nam
6%, Marshall Islands 7%, Australian abori-
gines 5%) and less common in Mediter-
ranean populations (Greece 2%, Israel 1%).

At about this time we received approxi-
mately 1,000 blood specimens from leprosy
patients and controls collected on Cebu
Island, in the Philippines. These were to
be tested as part of an extensive genetic
study on leprosy conducted by Drs. Bin-
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ford, Lechat, Cohen, Guinto and others
under the auspices of the Leonard Wood
Memorial. Approximately 6 per cent of these
specimens were found to have Au(1). We
were anxious to study the inheritance of
this trait. This was, however, very difficult
to do in the United States, where the trait
is very rare. Through the generous co-
operation of the Memorial and our col-
leagues we went to Cebu to collect blood
specimens  from families. The resulting
data, combined with family material col-
lected elsewhere, provided support, though
not proof, that Au(1) was inherited as a
simple autosomal recessive trait ('#). Fur-
thermore we found that there was a sig-
nificant difference in the frequency of Au
(1) in the lepromatous as compared to the
tuberculoid cases and the controls. This is
shown in a table taken from the paper (')
describing this study (Table 1). There is a
higher frequency of Au(1l) among males
than among females. There is also an in-
teresting age dependence of the trait. In-
the lepromatous cases the frequency de-
creases with age, whereas in the controls
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the frequency increases until the 20-39 age
group after which it decreases as in the
lepromatous cases. In the total sample,
there is a linear decrease with age.

The age dependence may have an inter-
esting significance. It could be due to the
decrease in amount of Au(1l) in an indi-
vidual with the passage of time. Alterna-
tively, the decrease in older age groups
could be due to differential mortality in
respect of Au(1); i.e., subjects with Au(1)
die earlier than those without it and, con-
sequently, their numbers are smaller in the
older age groups. The meager data cur-
rently available favor the latter view.

We have also found that in the United
States, Au(1) is associated with leukemia,
mongolism, Down’s syndrome and other
diseases involving the reticuloendothelial
system and/or white blood cells, but is un-
associated with a variety of other illnesses
(H,'.'l).

The hypothesis and conjectures that have
been presented are derived from theories
of human population genetics ('*). They
bear some analogy to the findings on the

TasLe 1. Australian antigen in leprosy patients and nonleprosy controls

from Cebu, Philippines ().

| Male Female ' Total
Agein No. | No. | % | No. No. | % ‘ No. ! ‘No. | %
years cases pos. | pos. cases pos. | pos. | cases | pos. pos.
Lepromatous cases
0-19 45 12 ’ 26.7 36 2 56 | 81 | 14 17.3
20-39 222 26 11.7 89 4 4.5 311 ‘ 30 9.6
40-59 103 6 | 5.3 49 4 8.1 152 10 6.6
60+ 26 | 1 38 | 14 | 0 | o | 40 | ey 25
TOTAL | 396 | 45 | 114 | 188 | 10 | 53 | 584 | 55 | 94
Tuberculoid cases
0-19 ‘ 38 3 79 | 29 | 2 i 69 | 67 5 7.5
20-39 | 103 2 2.0 ‘ 84 2 24 | 187 4 21
40-59 61 2 3.3 30 0 0 | 91 2 2.2
60+ | 20 2 | 100 ‘ 12 | 0 0 | 32 2 | 63
TOTAL | 222 | 9 41| 156 | 4 | 26 | 377 | 18 | 34
Nonleprosy
0-19 91 ‘ 5 a5 87 3 3.4 i 178 8 4.5
20-39 240 19 7.9 | 178 7§ 3.9 418 26 6.2
40-59 71 3 42 | 53 0 0 124 3 2.4
604 28 0 | 0 | 16 - 0 0 44 0 0
TOTAL 430 | 27 | 6.3 | 334 | 10 3 0 764 | 37 4.8
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relation of the hemoglobin sickling trait to
sickle cell anemia and malaria. Sickle cell
homozygotes develap a severe and often
fatal anemia. Young heterozygotes appar-
ently are less likely to develop falciparum
malaria than individuals with normal hemo-
globin; i.e., they are at a selective advan-
tage compared to the normal hemozygotes
('). There is at present no indication of
what protective selective forces might be
associated with the Au(1) heterozygote.
From all this one can conclude that
Au( 1) may qualify as one of the inherited
“S” factors. It would be far more convine-
ing, of course, if this association could be
found in other leprosy populations, and
such studies are in progress. It is probable
that there are other traits that qualify as
“S” factors, and investigations of various
kinds, genetic, epidemiologic, clinical and
biochemical may lead to their detection.
This, hopefully, would permit the iden-
tification of susceptible individuals and the
development of prophylactic technics to
protect them.
Barvcnh S. Bromsere, M.D.
Lusa Mevartin, M.D,

The Institute for Cancer Research
7701 Burholme Avenue
Philadelphia, Pa. 19111
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