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Intro.duction 

Ancient writ ings describe leprosy either as a highly infect ious 
d isease or  as an hereditary disease. In more recent times the work of 
DANIELSSEN and BOECK ( 1 848) gained widespread support for the 
v iew that leprosy was an hereditary cond it ion .  Hansen's d iscovery of 
Mycobacterium /eprae as the causative organism of leprosy was 
considered to disprove Daniel ssen and Boeck's t heories. 

It i s  generaJly accepted that Mycobacterium /eprae is  the causat ive 
organism of leprosy, however some authorities have argued that the 
baci l lus  cannot prod uce the disease in  all h uman beings. A variety 
of factors have been invoked to explain th is  supposed variation in 
susceptibi l i ty ; these include d iet, cl imate, t he incidence of debil itating 
d iseases, and factors variously described as innate, inborn, constitu­
t ional,  famil ial and hereditary. 

AYCOCK ( 1 940 ; 1 94 1 ; 1 948) considered t hat there were genetic 
factors that determined susceptibil ity to leprosy. Other workers, 
notably ROTBERG ( 1 937), STEINIGER ( 1 94 1 ;  1 950) and KINNEAR 
BROWN (1955 ; 1 956 ; 1 957 ; 1 959), have held s imi lar views to those of 
Aycock,  nevertheless the theory of a d ual etiology of leprosy depend­
ing upon the coincidence of effective contact from an open case with a 
genetically determined susceptible individual is not general ly held . 

I t  is the object of this  paper to make a review of the l iteratu re 
relevant to the problems of genetic mechanisms i n  the i ncidence of 
leprosy, ill the hope that th i s  wil l  sti m ulate workers i n  the field to 
provide the i nformation needed if t hey are to be elucidated . 

The distribution of leprosy 

The frequency of leprosy is not uniform ; variations in incidence 
are apparent between nations and races. H owever the distribution of 
leprosy is  not random rhe social units between which variations i n  
i ncidence of  leprosy may be  demonstrated are genetically rather than 
politically determined ; tribes and races show more distinctive pat­
terns of leprosy than do administrative territories . Such observations 
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on the d istribut ion of leprosy suggest t hat some genetic factor or  
factors may be  of  i mportance i n  the  epidemiology of  leprosy. 

The concept that the d istribut ion and freq uency of a paras it ic 
relat ionship depends upon the in teract ion of genetical ly determi ned 
characteristics is not new. It has been shown to hold for several 
infectious d iseases incl ud ing  tuberculosis in man . It is probable that 
all parasit ic associations are control led in some measure by genet ic 
variabi l i ty i n  host and parasite, and i t  would be surpris ing if  th i s  
were not so for the relat ionship between M .  /eprae and man . 

It is d ifficul t  to make an accurate assessment of the number of 
persons suffering from leprosy in a given populat ion,  so that data 
from different  populat ions derived by d ifferent methods and 
gathered by d ifferent people can not be used to make val id compari­
sons.  Some investigators have, however, col lected data of different 
populations by s imi lar methods. MUIR ( 1 927 ) has given data of t he 
frequency of leprosy i n  three castes of H i ndus cohabi t ing i n  the 
provinces of Bihar and Orissa ; Table 1 .  Each caste forms an i n  breed­
ing community, and i t  is clear that there are considerable d ifferences 
in the frequency of leprosy between them. The standard of l iv ing 
is  d ifferent in  each group although cl imate i s  obviously the same for 
them al l .  It has been suggested that hygiene is a factor of great 
i mportance in the epidemiology of leprosy, but  .it is  clear that it i s  
no t  of predominant importance here s ince the  Bowris, who  suffer the 
highest leprosy rate, have a higher standard of l iv i  ng and of hygiene 
than the more aboriginal Sonthals, but l ower standards t han the 
Brahmins .  

TABLE 1 

Incidence of Leprosy i n  Different Castes Living 
i n  Bihar and Orissa 

Caste 

Bowris 
Brahmin  
Sonthal 

Incidence 

1 45/ 1 00,000 
28/ 1 00,000 
29/ 1 00,000 

GEHR and MUNDAR ( 1 954) have published data relati ng to the 
frequency of leprosy in the d ifferent components of a m ul t i racial 
society in Surinam .  I t  is  evident from these data : Table 2; that there 
are significant differences in  the incidence of the disease between the 
various races, s ince X,z(6) = 435.0 1 69 and p <{ .00 l . 

Similarly, analysis of data fro m  HUMPHREY ( 1 952); Table 3 ;  
gives a significant d ifference between the frequency of leprosy in  
Australian Aborigines and persons of mixed European and Aborigi-
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nal parentage : X2(1) = 7 .9 1 659, P < .0 1 > .00 1 . WAYSON ( 1 934) 
has given com parable data of the freq uency of leprosy amongst 
d ifferent races from Hawaii : Table 4 .  T t  is  notable that the incidence 
in part Hawaiians is approxi mately midway between that i n  
Hawaiians and that i n  other races. 

TABLE 2 

I ncidence of Leprosy in Different Races from Surinam 

Race Population Number with Leprosy 

Creo le 89,280 874 
H i ndu 72,960 254 
I ndonesian 4 1 ,280 1 35 
Bushman 23,040 1 6  
American Indian 3 ,840 4 
Chinese 3 , 1 20 6' 
European 3 , 1 20 4 
Others 3 ,360 0 

TOTAL 240,000 1 293 

TABLE 3 

I ncidence of Leprosy in  Australian Aborigines and in those of 
Mixed Aborigine European Parentage 

Race No. Examinert No. IVith Leprosy 

Aborigine 4 1 8 1  264 

Aborigine 
x 800 30 

European 

TABLE 4 

I ncidence of Leprosy of Different Races i n  
Hawaii 

Race 

Hawai ian 
Part  H awaiian 
Japanese 
Chinese 

Incidence 

0 .850/ 1 ,000 
0.480/ 1 ,000 
0.0 1 9/ 1 ,000 
0.030/ 1 ,000 
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The freq uency and distribution of leprosy in North America have 
been the subjects of reviews by HOPKINS AND DENNY ( 1 929) ; DENNEY 

(1933) ; HOPKINS ( 1 938) ; McCoy ( 1 938) ; AYCOCK AND McKINLEY 

( 1 938) ; AYCOCK ( 1 940, 1 94 1 )  and AYCOCK AND HAWK INS  ( 1 94 1 ) , so 
that the facts need not be detai led here. Aycock has shown that the 
main concentrations of leprosy in the Un ited States attri butable to 
the immigrant population occur in d ifferent parts of the country 
from the main endemic foci . He has also shown that in  those states 
with the highest i ncidence of leprosy there are d istinct foci in wh ich 
racial restriction i s  marked and between wh ich there i s  no epidemio­
logical relationship .  

The leprosy rate may become very high i n  sma l l  i nbreed ing com­
munit ies. This i s  exem pl ified by the experience of a colony of 
Bavarians establ ished in  Colonia Tovar, Venezuela, over a hundred 
years ago . 1 1 3 of the 1 , 1 26 mem bers of th is  colony had leprosy 
when examined by CONVIT, GONZACES AND RASSI ( 1 952). This  rate 
of leprosy i s far higher than that in the surrounding ind igenous 
population . 

Demonstrable d ifferences between the incidence of leprosy in  the 
different groups of a m u lt iracial society have been shown in  very 
many studies. Even in populat ions which are relatively homogenous 
racial ly there i s  evidence of some degree of l imitation to certain  
breed ing groups ; See KINNEAR BROWN ( 1 952) .  CoCHRANE ( 1 959a). 
However, although d ifferences in the frequency of leprosy are found 
between populations, this does not necessari ly  mean that these 
d ifferences are genetically determined . 

BADGER ( 1 959) has shown that one of the principle factors con­
trolling the incidence of leprosy is the chance of contact with an open 
case ; he has argued further that this is  the predominat ing factor in 
the epidemio logy of the d i sease. Also he has shown that the chance 
of contact with an open case is not dependent upon the frequency of 
such cases alone but that it depends very largely upon the behaviour 
and social structure of the commu nity. Evidence has been put 
forward that strongly sugge�ts that the actual mechanism of trans­
mission of the baci l l i  from an infected ind iv idual to an uninfected 
individual may involve skin parasites ; SPICKETT ( 1 96 1 ) ;  and that the 
relat ionships of these parasites with both host and bacil l us m ust add 
further epidemiological complications which may vary between 
populations. The point at issue is that different populations may vary 
in a n umber of characteristics control l ing the probability that any 
individual wi l l  come i nto effective contact with an open case, and 
therefore that variations i n  i ncidence of leprosy between populations 
may be unconnected with b iological susceptibility to M. leprae. 
It would seem very probable that these factors do explain at least i n  
part racial variations in  i ncidence o f  the d i sease. BADGER has argued 
that the d ifferences in  incidence between the various races in Hawaii 
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and in  Lou isiana are functions of the probabi l i ty of contact with an 
open case. f the argument that the predominant reason for d iffer­
ences in racial incidence is the frequency of open cases holds, it would 
be expected that an imm igrant population from a country where 
leprosy was not endemic would have a lower rate than the native 
populat ion of the country to which they move i f  leprosy i s  endemic 
in that country.  The data of ROTBERG AND BECHELLI ( 1 956) are not 
i n  accord with this expectat ion .  In a populat ion of 6 ,557,423 Brazi­
l ians there was a leprosy rate of 0.204/ 1 ,000 whereas in an immigrant 
European populat ion of 8 1 5, I 08 (the majority of whom originated 
from T taly in which country there was very l i ttle if any endemic 
leprosy) the leprosy rate was 0. 303/ 1 ,000. his  i s  the reverse of what 
would be expected if chance of contact with an open case was the 
control l ing factor. BECHELLI  and ROTBERG have also made a study of 
the incidence amongst the contacts of patients in a leprosarium, their 
data are given in Table 5 .  The incidence amongst Brazil ians of 
foreign extract ion i s  significantly higher than that amongst native 
Brazil ians (X2(I) = 1 2 . 7303, p. < .00 1 ) . I t  is clear that the variation 
in the incidence of leprosy between populations cannot be explained 
on the basis of variat ions in the probabi l ity of coming into contact 
with an open case alone. It m ust, therefore, be concluded that there 
i s  a variat ion i n  the frequency and/or degree of susceptibility between 
populations .  

TABLE 5 

I ncidence of Leprosy amongst Native Brazi l ians and Brazilians of 
Foreign Extraction 

Native Brazilians 
Brazilians of 

Total foreign extraction 

Affected 7,6 1 4  4,873 1 2,487 

Unaffected 5,8 1 5  3,232 9,047 

TOTAL 1 3,429 8 , 1 05 2 1 , 534 

Although it  may be conceded that populations vary in their 
pattern of suscept ib i l ity to leprosy, this does not necessarily mean 
that these variations are genetically determined ; unless "genetic 
determination" is taken in the broadest sense, includ ing the influence 
of genetic mechanisms on choice of diet and the like. Several of the 
environmental factors that have been thought to exert an influence 
on the i ncidence of leprosy have already been mentioned. It has been 
demonstrated that climate is not of itself a factor of overriding 
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importance nor i s  hygiene or standard of l i ving, nor is i t  poss ib le to 
draw any correlation between diet and the incidence of leprosy. No 
environmental factor can of itself be shown to be of predominant 
importance in infl uencing susceptibi l ity to leprosy, nor can any 
combination of them be shown to be of great effect in  this respect .  
I t  i s  possible that d ifferent environmental factors have a d ifferent 
intensity of effect in d ifferent popu lations ;  however th is  imp l ies 
genetic d ifferences between populations relat ing to suscept ibi l ity 
although their influence may be remote. It may be considered that 
there m ust be some factor other than the environ ment influencing the 
susceptibi l ity of the body to parasit ism by M. leprae, and that th is  
factor must be genetic. 

Even though it may be concluded that there are genetic effects 
upon suscept ibi l ity to leprosy, there is no ind icat ion in the evidence 
presented so far as to what the nature of t he relevant genet ic system 
may be . These effects could be manifestations of known genes ; as 
for example those control l ing blood groups ; or they could be mani­
festat ions of genes hitherto unknown . Furthermore i t  is  not possible, 
at th i s  stage, to make any hypothesis as to whether the genetic 
control of susceptibil ity to leprosy is mediated through one or many 
genes . 

I t  i s  apparent from.the evidence that has gone before that racial 
d ifferences in suscept ibi l i ty are not of the k ind that can be used to 
d i stinguish virtually all the members of one race or popu lation from 
virtually a l l  the members of another race or population .  This implies 
that differences between populations with respect to the relevant 
genetic system, are differences either in gene frequencies or  in the 
manifestations of the gene or genes. The causes of variation in 
manifestat ion  of gene activity may be manifold and complex .  A gene 
may have no manifestation with regard to a particular character in 
some i ndividuals whereas it has in  others. S uch a gene is referred to 
as being non-penetrant in those individuals, the percentage of 
individuals carrying the gene who show manifestations of its activity 
with regard to that character is equal to the penetrance of the gene 
in that respect. There may be many reasons for lack of penetrance 
of the gene. It may be due to the presence of other genes modifying 
i t s  activity or  it  may be due to environmental variation .  Clearly genes 
controlling susceptibility to M. /eprae will be non-penetrant if the 
individual carrying them does not come into contact with the 
bacilli . 

The manifestation of a gene may also vary with respect to the 
degree to which the character is expressed . For example ;  in a family 
reported by LUCAS ( 1 88 1 ) , some members of whom carried the 
dominant gene for polydactyly, one person had a normal number of 
fingers but  an extra toe on each foot, whereas another had an extra 
finger on each hand as wel l as an extra toe on  each foot.  This varia-
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tion is said to be in the expressivity of the gene, and it may be due to 
envi ronmental and/or genetic factors. It is obvious that populations 
may vary in gene penetrance and in expressivity though the latter 
need not be considered here. 

I t  is possible to summarise the hypothesis as fol lows; the suscepti­
bi l ity of man to leprosy is influenced by some genetic factor, and 
human populat ions vary in the frequency of this factor and in its 
manifestat ions, so that its behaviour and significance may vary 
between populat ions.  

The d istribut ion of leprosy with in  affected populations is not 
random, there being a tendency, first noted by DANIELSSEN AND 
BOECK ( 1 848): see Table 8 ;  for the disease to be l imited to certain 
fam i ly l i nes. This l imitat ion is, as m ight be expected, more obvious 
in those populations where leprosy i s  infrequent than i n  those where 
it is com mon, and has been reported by AYCOCK ( 1 940) from New 
Brunswick ; BRACKEN ( 1 900) from Minnesota ; M ELSOM ( 1 953) from 
Norway ; BJARNHEDINSSON ( 1 909) from I celand, M ARIAN I  ( 1 93 1 )  
from Italy, MUIR ( 1 940, 1 943) from Cyprus and Barbados and by 
STEIN IGER ( 1 950) from the Eastern Baltic States. There are many 
reports from countries with a high rate of endemic leprosy con­
firming the tendency for limitation to certain fami lies. DENNEY ( 1 9 1 7) 
has shown, with data from the Phillipines, that 33 % of children not 
separated from parents with leprosy showed signs of the disease, and 
LAM PE has given data from the East I nd ies that show a frequency 
of 26 % in the chi ldren of parents with leprosy. AYCOCK ( 1 94 1 )  has 
quoted detai l s  of a study by SAND AND LIE of 2,0 1 0  children of 587 
couples one or both of whom had leprosy. They found that when the 
mother alone had leprosy 14 % of the children contracted the disease, 
w hereas on ly  7 % did when the father alone was infected, however 
when both father and mother were infected 26 % of the children 
acquired the d isease. The incidence when both parents have the 
disease is more than the sum of the incidence when the mother alone 
has the d isease and when the father alone has the d isease, it i s  how­
ever nearly equal to twice the incidence when the mother alone has 
leprosy. From this i t  might be suggested that contact with the father 
alone is insufficient to give ful l  expression of all the susceptible 
chi ldren, whereas with the mother it is ,  therefore when both parents 
have leprosy ful l  expression is gained from contact with the mother, 
and there is twice the chance of having genes for susceptibility when 
both parents have s uch genes as when only one parent does . 

Estimates of familial leprosy are usually too low, as has been 
pointed out  by AYCOCK ( 1 941 ) .  This is  because the index cases do 
not always have ful l  knowledge of the frequency of the disease in  
their own families, and moreover, they are often rel uctant to admit 
t hat a disease regarded as shameful has occurred in their families 
before. Also studies of the incidence in children involve an under-
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leprosy 

2 1 3  

TABLE 6 

Family relationships between patients with leprosy in St. George's Hospital, Bergen 

In the lille of direct descent 

Number of cases Number of cases Series of generations in the lines of both families 
in the paternal ill the maternal Number of cases 

family family 
in both families 1st Generation 2nd Generation 3rd Generation 4th Generation 

29 40 69 20 40 I 8 

In the collateral lille 

Number of cases Number of cases Number of cases Series of generations ill the lines of both families 
in the paternal in the maternal 

family family 
in both families 

1st Generation 2nd Generation 3rd Generation 4th Generation 

52 64 1 1 6 38  58  7 1 3  
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esti mate si nce the probabi l i ty of uninfected chi ldren contract ing the 
d i sease may sti l l  be h igh . 

The data show t hat the tendency for concentration of leprosy in  
fami ly  lines i s  found in  a l l  types of com m unity which have leprosy. 
H owever the demonstration of l im itation df leprosy to certain 
fam ily l ines while consistent with an hypothesis of genetically 
controlled susceptibility does not prove it s ince it is  also consistent  
with a pure ly contagion theory of the epidemiology of leprosy, and a 
decision in favour of one theory over the other can not be made, on 
this evidence, unti l  m uch more is known of the epidemiology of 
leprosy. 

DUARTE AND L IMA ( \ 936) exam ined 9,239 contacts of persons 
with leprosy and found that 456 of them had leprosy, the relation­
sh ips of the infected contacts with the i ndex cases are given in 
Table 7 .  Unfortunately no data i s  given of the proport ion of each 
type of contact infected, however the l imitation to the family is 
quite clear. It can be argued that this fami l ial l im itation is a function 
of the greater probability of -contact within the family than between 
unrelated persons rather than a funct ion of hered ity .  It  was found 
that of the 456 infected contacts 1 89 d id not l ive in the same house 
as the index case, this suggests that int imacy of association is not 
the only factor operable i n  the l imi tation of leprosy to certain 
fami l ies .  

FERNANDEZ ( 1 948) compared the i ncidence of leprosy amongst 
the children of leprosy patients with that in  conjugal adults, h is  data 
are quoted in Table 8 .  

T hese resu l ts  show that children usually acquire the infection 
from within the household in which they l ive, since when susceptible 
ch i ldren  l ive in  a household with a relatively non-contagious case 
(tuberculoid) they rare ly contract the disease. However the incidence 
in conj ugal adults is not significantly h igher in the households in  
wh ich there are  relatively contagious (lepromatous) cases than in  
those households in  which there i s  a non-contagious case . I t  is ,  
therefore, clear that chi ld incidence may frequently be underestimated 
s ince distinction is not usually made between tuberculoid and lepro­
matous index cases .  Also it is  clear that adults leading an active 
l ife are as l ikely to acquire the d isease from contacts o utside their 
home as within it . I t  is ,  t herefore, d ifficult to explain the limitation 
of the disease to certain families if  i t  is  as freely contagious  as these 
data indicate. 

It is rare for an entire fami ly  to be affected by leprosy. Several 
pedigrees have been establ ished in i l lustration of the very h igh 
frequency of leprosy that  may be found in certain families. The 
proportion of wholly affected sibships in all the available publ ished 
ped igrees is shown in Table 9 .  These data are derived from: 
FERNANDEZ ( 1 948), STEINIGER ( 1 942), THIN ( 1 892), GUINTO, RODRI-
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TABLE 7 

Relationships of Affected Contacts with the index Case 

Relationship of the index 
% of total affected contacts 

case to the affected contact 
No. affected attributable to each 

relationship 

Father 1 1 2 24.6 

Brother 83 1 8 .2 

Mother 76 1 5 . 7  

Sister 70 1 5 .4 

H usband 30 6 .6 

Wife 24 5 .4 

Daughter 1 6  3 .6  

Son 1 0  2.2 

Uncle 7 1 . 6 

Grandfather 6 1 . 3 

Sister-in-law 3 0.6 

� Cousin 3 0 .6 

G randmother 2 0.4 

Father-in-law 2 0.4 

Aunt 2 0.4 

Friend 2 0.4 

Mother-in-law ; Nephew ; Niece; B rother-in-law ; Employer ; 
Acquaintance ; <1 Cousin and Daughter-in-law ; all have 1 affected ; 
that is 0 .2 % of the total . 

GUEZ, DOULL AND DE GUINA ( 1 954), MUKERJEE AND GHOSH ( 1 958), 
DREISBACH ( 1 954), M ELSOM ( 1 953), and NEFF AND SNODGRASS 
(1930). When it is considered that most of these sibships have been 
chosen as illustrations of high incidence the proportion of whol ly 
affected sibships would appear to be very low, unless it  is al lowed that 
leprosy is very feebly contagious indeed . The data of Fernandez, 
which has already been quoted, suggests that leprosy is not as 
feebly contagious as the within family restriction implies. The 
literature abounds in reports of isolated cases of leprosy which 
cannot be traced to any known contact which implies that the 
contact must have been brief. Similarly KINNEAR BROWN ( 1 956) has 
pointed out that in Uganda the d isease must in  many instances 



TABLE 8 

Incidence of leprosy i n  children and conj ugal adults 

Type of disease of Unaffected Affected 

index case 
Conjugals Children Conjugals Children 

Lepromatous 9 1  1 84 24 90 

Tuberculoid 59 1 22 1 6  4 

Total 1 50 306 40 94 
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originate from a casual contact. Vahiable information concern ing 
the  commun icabiUty of leprosy i s  avai lable from the work of  
QUAGLIATO (1 956) who followed up  a large n umber of contacts over 
several years . The majority of cases that occurred in the contacts 
were detectable within six years of the first contact , this period 
i ncludes the t ime between invasion of the new host by the baci l l i  and 
the appearance of the first cl in ical manifestations  of the d i sease . 
S imilar conclus ions may be reached from consideration of the data 
of CoCHRANE AND RAJAGOPALAN ( 1 943) and of FERNANDEZ ( 1 948) 

and of DUARTE AND L IMA ( 1 936) .  Comparison can be made between 
the i ncidence of leprosy in the older and younger halves of affected 
sibsh ips ; such data are given in Table 1 0. There is no s ignificant  
difference between them (X2(1) = 0.470, p < . 50 > . 30). On the bas is 
of this evidence i t  seems un l i kely that the l imi tation of the spread of 
leprosy within fami l ies i s  attributable to the feebly contagious  nature 
of the disease. I t  must, therefore, be concluded that there is variat ion 
in  susceptibility to leprosy within fami l ies, and, s ince the effect of 
environmental factors i s  m i nimised within famil ies and no correlat ion 
is  evident between the order of birth and the frequency of leprosy 
within sibs hips, it must be concluded that these in t rafami l ial 
variations are genetic and moreover that the evident segregation 
of the d ifferent genes wi th in  the fami ly ind icates that the appro­
priate genetic system may wel l  be s imple .  

TABLE 9 

Proport ion of Sibships Wholly Affected by Leprosy 

Size of sibship No. of sibships No. of sibships Total No. of 
wholly affected partly affected sibships 

2 3 1 2  1 5  
3 3 9 1 2  
4 - 1 0  1 0  
5 1 8 9 
6 - 4 4 
7 - 3 3 
8 - 2 2 
9 - 2 2 

1 0  - 3 3 

There are several requirements that must be fulfil led i n  the taking 
of pedigree data for the estimation of genetic ratios, these require­
ments are discussed i n  the appendix.  The majority of publ ished 
pedigrees concerning leprosy are very far fro m  sat isfying these 
requ i rements and cannot, therefore, be u sed for the elucidation of the  
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genetic system controll ing susceptibi l ity to leprosy. The pedigree 
shown in Fig. 1 has been taken from STEIN IGER ( 1 942) and i s  from 
the Acadian French community i n  New Brunswick . It suggests t hat 
susceptib i l ity to leprosy is controlled by a single irregularly dominant 
gene, that i s  a dominant gene t hat i s  not fu l ly penetrant as a hetero­
zygote. The s ibship of 3 comprising I I I (t, 2, 3) has one parent with 
leprosy and one without ,  one of the sibs has leprosy. The sibship 
of 4 comprising I V  ( 1 1 , 1 2, 1 3) also has one parent with leprosy and 
one parent without and one sib with leprosy. These families suggest 
that there is  a single dominant gene control l ing  susceptibil ity to the 
d i sease . H owever ne i ther  I I I  10  nor  I I I  I I , both of whom have 
leprosy, have an affected parent and this suggests that the gene is 
recessive. The ent ire ped igree, therefore, suggests that the gene is 
i rregularly dominant  and this is  in  accord with the appearance of 
other publ ished ped igrees. 

0 Male • 
0 Female 0 
0 Sex not rn 

known 

Af fected 

Unaffected 

Condition not known 

Fig. 1. 

II 

ill 

13 IS.? 

A very large pedigree also taken from the Acadian French 
com m un ity in New Brunswick has been given by AYCOCK AND 
McKINLEY ( 1 938) .  It is probable that all the geneological informa­
t ion that can be gained from th is  comm unity has been publ ished and 
t hat ascertain ment i s  complete within t hese limits. I t  is ,  therefore, 
possible to calculate a value for the penetrance of the gene in this  
population .  Since the frequency of leprosy and by implication the 
gene frequency, i s  h igh , and s ince the gene is  not fully penetrant the 
most satisfactory value is that to be obtained from a consideration 
of sibships none of the parents of which had leprosy. It is assumed 
that where leprosy occurs in  a sibship one of the parents must have 
carried the gene and that the mating is probably of the normal by 
heterozygote type. If matings of i ndividuals with leprosy by normal 
individuals were taken there is  a higher probability that the mating 
would be of the heterozygote by heterozygote type or of the homo-
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zygote by heterozygote or normal . Data concerning sibsh ips with one 
or more s ibs hav ing leprosy but with parents free from the d i sease 
have been abstracted from the ped igree and are given in Tabl e I I . 

TABLE 1 0  

The I ncidence of Leprosy i n  the Older and Younger Halves of 
Sibships* 

Age Affected Unaffected Total 

Older half 58 59 1 1 7 

Younger half 63 54 1 1 7 

Total 1 2 1  1 1 3 234 

• Where the size ofa sibship was an odd number the middle sib was recorded as a half in hoth 
the older and younRer groups. 

TABLE I I  

Analysis of Ped igree Data 

Size of No. of Total No. No. of affected 
sibships sibships of individuals individual 

s ns ts Ts 

1 1 4  1 4  1 4  
2 7 1 4  1 3  
3 2 6 5 
4 2 8 5 
5 0 0 0 
6 1 6 3 
7 1 7 2 
8 2 1 6  5 
9 1 9 6 

JO 0 0 0 
1 1  1 I I  3 

ns t. = T T. = R 

Since inclusion of a sibship in  the data depends u pon the  presence 
of an affected propositu s  within i t ,  the number of affected individual s 
within each sibsh ip  must  be reduced by one to give an unbiased 
proport ion of affected individuals .  
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The penetrance value can be calculated as fol lows: 

Let s size of sibship .  
number of s ibships of a particular size s .  
number of i ndividuals with leprosy within sibships of  
size s .  

T 
R 

Then: 

and 

total number of individuals .  
number of individuals with leprosy. 

T 

R 

The proportion, P, of individuals with leprosy is therefore: 

R 
P =­

T 

Making a l lowance for the bias attributable to the propositi: 

R - ns 
p = 

T - ns 

I f  i t  is assumed that the matings are al l  heterozygote X n ormal 
then the expected proportion is  equal to t. 

Observed proport ion 
Penetrance = --------

Expected proportion 

Therefore: Penetrance for heterozygotes 

Substi tut ing in values from Table 1 1 . 

_ (56-3 1) 
Penetrance -2 --

9 1 -3 1 

= 83.333% 

p 
- . 1 00% 

t 

100% 

X 1 00 

The penetrance value  for heterozygotes where neither parent has 
leprosy is therefore 83.3 %. This is a maximum estimate since there is 
a possibility that some matings may not be of the heterozygote by 
normal type and the two parents may carry more than one suscepti­
bi l i ty gene, in which event more affected progeny would be expected 
so that the calculated penetrance value would be too high . 

It must be emphasised that the penetrance value for homozygotes 
may be different and also that the value  might be higher where one 
or  both parents have the disease. Also i t  must be emphasised that the 
penetrance value may well vary in d ifferent populations. 
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Discussion 

The evidence strongly suggests that there is  a human genetic 
factor involved in  the epidemio logy of leprosy. This controls whether 
or not the baci l l i  can become establ ishe� in  the human body and 
would appear to involve a si ngle i rregu larly domi nant gene, wh ich 
may have a penet rance as h igh as 80 %.  There is evidence of a second 
gene complex that exerts an  influence upon the course of the d i sease, 
and th i s  will be d i scussed in  a future paper. 

It i s  probable that these genet ic systems vary between different 
populat ions both i n  the freq uency of the relevant genes and in  the 
extent of the ir  manifestat ions .  I t  is ,  therefore, necessary that data 
should be studied from a wide range of com m un it ies .  The im pl icat ion 
of these genetic systems on the epidem iology of leprosy may vary 
widely between d ifferent populat ions and attempts to extrapo late 
from the knowledge of one commun ity to another may be both 
mis lead ing  and dangerous .  

The probab i l i ty of genetic variat ion in  the infect ing o rganism 
must  also be considered, there i s  some s l ight evidence that th is  might  
be of importance and a priori i t  would be i mprobable that i t  is not .  
I t  i s  perhaps appropriate here to d raw attent ion to the  r i sk  t hat 
strains of baci ll i  resistant to modern d rugs are being selected by the 
widespread use of these drugs and there is indeed some evidence 
that th i s  is happening .  This possibi l ity m ight be thought to give an 
added u rgency to the study of genetic variation in  h uman popula­
t ions with regard to leprosy. 

If the problems of genetics as they affect leprosy are to be studied 
they m ust, for the reasons  that have gone before, be studied on  a 
world-wide scale .  Obviously it i s  of some i mportance that the con­
siderable effort that wil l  be necessary for such a survey should not be 
misdirected due to ignorance of the part icular requirements that must 
be ful filled i n  the col lect ion of data for purposes of genetical analysis .  
These problems wi l l  be d iscussed i n  a futu re paper. 

The main object of th i s  series of papers is to review the evidence 
that genetic mechanisms may be of importance i n  the epidemiology 
of leprosy, and so to sti m ulate workers in leprosy endemic areas to 
collaborate in a large scale survey. It is appreciated that many leprosy 
workers are extremely hard pressed for time and assistance, and it i s ,  
therefore, with some hesitation that th is  appeal i s  made. Any collabo­
ration will be most welcome and every effort will be made to l i ghten 
the task of workers i n  the field .  
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Summary 

I .  A review has been made of variation in the i ncidence of leprosy 
in  d ifferent populations.  

2 .  The evidence suggests that populations vary in their suscepti­
bi l i ty to the d isease and that th i s  variat ion i s  in  part due to genetic 
d ifferences, expressed as d ifferences in gene frequency and manifes­
tation .  

3 .  The  evidence concerning fami l ial leprosy has  been analysed 
and a large ped igree has been examined. 

4. The evidence suggests t hat suscept ibi l i ty of the body to inva­
sion by M. leprae is control led by a s ingle i rregular ly dominant gene, 
and in one popu lat ion th i s  gene has a penet rance of 83 . 3  %. 

5 .  An appeal is  made for col laborat ion in the furtherance of 
stud ies on the infl uence of genetic systems on the epidemiology of 
leprosy. 
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