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A study of over 38,000 families living in the Gudiyatham Taluk, S. India, revealed 3200

families in which there was at least one case of leprosy and that in 490 of these families there

was more than one case. The many interesting findings, which are presented in the 13 tables,

cannot be effectively summarized but it may be noted that 2 patients in the same family often

suffered from different types of leprosy and also that the disease in a parent was not always

of the same type as that in an affected child. Further, out of 67 families in which both parents
had some form of leprosy, only in 20 of them were the children affected.

INTRODUCTION

The influence of genetic inheritance in the
epidemiology of disease is
interest and

of considerable
importance for understanding
the transmission and endemicity of such di-
seases. While it is generally accepted that
Mycotucterium leprae is the causative organism
in leprosy, it has been suggested that the bacillus
cannot produce the disease in all human beings
exposed to it, owing to a supposed variation in
susceptibility. Such variation may be due to
several environmental factors as well as to
factors described asinnate, inborn, constitutional,
familial or hereditary (Spickett, 1962). Families
with multiple-cases of leprosy provide good
material for investigation of these types of
genetic studies and several authors have
reported interesting findings (Fernandez, 1948;
Nordeen and Mohamed Ali, 1964; Mohamed
Ali, 1965; Christian et al., 1966). Doull et al.
(1942) showed in Cebu that the risk of con-
tracting the disease was as much as 8 times
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greater for individuals in contact with leprom-
atous patients, and twice as great for individuals
in contact with tuberculoid patients, as it was
for individuals not known to have had house-
hold contacts with leprosy patients. Lechat
et al. (1568) further studied the blood group
systems in this population to determine possible
associations. More recently, Sharma (1968) has
reported studies undertaken in Uttar Pradesh,
India.

No study has so far produced conclusive
evidence about household transmission of
leprosy. If problems of genetics, as they affect
leprosy, are to be studied the data must be
collected carefully and on a world-wide scale in
view of the great variations noted in the
manifestations of this in different
geographical areas. And even to make tentative
hypothesis, it is necessary first to describe
clearly the patterns of familial aggregation in
relation to the demographic characteristics in
the community. In this paper certain facts

disease

determined as part of a leprosy control pro-
gramme in Gudiyatham Taluk, North Arcot
District, are described and the implications
discussed.
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MATERIALS AND METHODS

Data from a population of 300,000 pertaining to
two-thirds of the Gudiyatham Taluk is con-
sidered in this paper. Out of the 38,158 families
surveyed and examined, 3200 families contained
at least one leprosy patient and in 490 of these
there was more than one case of leprosy. The
relative proportion of families with no patient,
one patient, and multiple patients is shown in
Table 1.

TAaBLE 1
Familial aggregation in 38,158 families studied

No. of patients Total (%)
0 91.6
1 7.1
2 or more 1.3
Total 100.0

The characteristics of patients in terms of
age and sex are shown in Table 2.

TABLE 2
Age and sex of patients studied

Patients No. 4

Men 1702 4.4
Women 1106 28.9
Children 1021 26.7

Total 3829 100.0
In terms of type of leprosy the pattern is as
presented in Table 3.

TABLE 3
Type of leprosy in the patients studied

Type No. %
Lepromatous 777 20.3
Tuberculoid 2348 61.3
Borderline 322 8.4
Indeterminate 382 10.0
Total 3829 100.0

In this paper the words “family”” and “house-
hold” are considered synonymous, and defined
as “a group of individuals partaking of food
from a common kitchen”. The basic characteris-
tics of the patients, as well as salient demo-
graphic and socio-economic characteristics of

the families to which these patients belonged,
have beenabstracted fromrelevant records main-
tained as part of the leprosy control programme.
Forpurposes of comparison similar characteristics
from families with no leprosy patient(s) have
also been abstracted and used. Additional data
such as pedigrees, contacts outside the house-
hold, other members of the families who might
have had leprosy but were not residing at this
time in the area, were obtained through sample
surveys and interviews conducted by trained
paramedical personnel.

FINDINGS
Stze of family

The average size of families in which there
was more than one patient is compared with
that of families in which there was only one
patient or no patient. The findings are shown
in Table 4.

TABLE 4
Size of family

General

Mutiple-case Single-case
families families population
Average
family size 6.6 5.76 5.25
S.D. 2.47 2.52 2.50

It will be seen that the average family size in
one-case significantly  greater
(P<<0.01) than that in the general population,
while the average family size in multiple-case
families is significantly greater (£<<0.01) than
that in the single-case families. Another way of
looking at this problem would be to determine
the proportion of single-case families and the
proportion of multiple-case families among all
families of a particular size in the general
population. Comparison of these 2 ratios in each
size of family might give some indication of any
associations that might exist between size of
family and multiple cases of leprosy in a family.
The findings are shown in Table 5.

The ratios of the percentage between single and
multiple-patient families in each size of family
were calculated. These show that as the family
size increases the ratio changes from 5: 1 to
3: 1, indicating thereby that as family size

families is
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TABLE 5
Percentage of families with single or multiple
cases in the general population of different family

sizes
Size of Single-case families Multiple-case families
family to all famalies (%) to all families (%)
l1toh 7.2 1.3
6 to 10 8.9 2.4
I1to 15 13.2 5.3
>16 25.0 8.3

increases the number of families containing
multiple-cases shows a significant rise. Of course,
it should be noticed also that even among large
families, single-cases are more common than
multiple-cases. The number of patients per
100 families in each size of family can also be
computed and the results are as shown in
Table 6.

TABLE 6
Number of patients per 100 families in relation
to size of family

Size of family No. of patients per 100 families
I to b 9.9
6 to 10 14.9
11 to 15 25.4
> 16 41.7

This also reveals the association between the
aggregation and large families.

Demographic characteristics of patients belonging
to single-case and multiple-case families

Sex ratio. The sex ratio (number of males per
1000 females) in the rural population belonging
to Gudiyatham Taluk is 981. The sex ratio of
patients in single-case and multiple-case families
are as given in Table 7.

TABLE 7
Sex ratio
Sex ratio (no. of males
Cat
ategory per 1000 females)

General population 981
Single-patients 1549
Multiple-patients 1346

All patients 1486

It is a known fact that among leprosy patients
there is a predominance of males. Among the
single-patients this predominance is intensified,
while among the multiple-patients it is less so,
though there is still a greater predominance of
males than in the general population.

Age distribution. The percentage distribution
of patients in single-case and multiple-case
families are shown in Fig. 1.
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Fia. 1
Age distribution of general population (———)
compared with age distributions of patients in single-
case (— — — —) and multiple-case (. . . . . ) families.

It is observed that patients belonging to
multiple-case families are on the average of
younger age than patients in single-case families;
they are, however, still not as young as the
general population in the area. Another way of
looking at the age distribution is to see how
many of the patients in each age-group are
affected in the general population as a whole
and belong to single-case families and to
multiple-case families. These findings appear in
Table 8.

TABLE 8
Prevalence of leprosy in different age groups in
the general population

Age group Single-case Multiple-case All-patients

(yr) Sfamily family families
0to 10 0.61 0.43 1.04
11 to 25 1.32 0.56 1.88
26 to 45 1.89 0.63 2.52
1.9

46 and over 1.47 0.43
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It is observed that the peak-age group is
between 26 and 45 years consistently in both the
single-case and multiple-case family patients.
In the 4 age groups the proportions of patients
in single-case families are compared. While
there was no significant difference among those
under 10 years of age, in the higher age groups
there were 3 times as many patients in the
single-case families as in the multiple-case
families.

Counsidering the prevalence of leprosy in
different generations in families where this
could be studied, the pattern is as shown in
Table 9 for 2-patient and 3-patient families.

TABLE 9

Familial aggregation in different generations
among multiple-case families

Double- Triple-
patient patient
families (%) famailies (%)

General Type

Within the same generation
or between marriage

partners 41.7 23.7
Between two consecutive

generations 55.8 72.4
Between the first and third

generations 2.5 2.6
All three-generations 0.0 1.3

Here again it is observed that involvement in
2 consecutive generations is the most common
phenomenon. The involvement was, however,
not necessarily between those having the most
intimate contact. For example, where parents

TaBLE 10
Familial aggregation of parents and children

No. of families

(a) No parent affected

Children affected 1180
(b) Father alone affected

No child affected 627

Children affected 132
(¢) Mother alone affected

No child affected 565

Children affected 122
(d) Both parents affected

No child affected 47

Children affected 20

Total 2693

and children were studied, the pattern is as
presented in Table 10.

We see from this table that in only 10.29 of
the families both parents and children are
affected and in nearly 449, of families the
children are affected but not the parents. From
the same table, we also notice that of 1713
couples of whom one member had leprosy, in
only 67 (or 49%,) were both members affected.
Further analysis is being continued.

Type of leprosy. The type of leprosy seen in
patients belonging to single-case families and
multiple-case families are as shown in Table 11.

TasLE 11
Type of leprosy in single-case and multiple-case
families

In single-case In multiple-case

Classification famalies famalies
No. % No. %
Lepromatous (L) 548 20.2 229 20.5
Tuberculoid (T) 1672 6 1.7 676 60.4
Borderline (B) 238 8.8 84 7.5
Indeterminate (I) 252 9.3 130 11.6

Total 2710 100.0 1119 100.0

It is notable that in multiple-case families there
were more cases of the indeterminate type of
leprosy, whereas there was no difference in the
lepromatous-type rate. Considering the multiple-
cases in the same family the type of leprosy
seen was not the same among all those atfected.

TaABLE 12
Type No. actually Theoretical

Ist 2nd seen
L. L 23 16
L T 89 96
L B 9 13
L I 18 17
T T 151 145
T B 32 39
T 1 43 48
B B 7 3
B I 1] [
| 1 9 4
'._
Total 387 387
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For example, the types of leprosy in 2-case
families are as indicated in Table 12.

I't is also noticed that in only 509, of the 2-case
families were both the patients suffering from
the same type of leprosy. The number of cases
of different varieties in 2-case families based on
the prevalence of the different types of leprosy
in the area has been theoretically worked out
and shown in Table 12. The ¥ test of signi-
ficance revealed that the differences between the
observed and the theoretical were statistically
not significant, thus indicating that there was no
predominance of multiple cases in family where
there was a lepromatous index case, and also
that the prevalence of different combinations
reflects the pattern of endemicity seen in the
area.

In regard to 3-case families, the proportion
of families in which all 3 patients had the same
type of leprosy is much smaller (25 or 33%,), as
shown in Table 13. This percentage declines
considerably as the number of cases in a family
increases to 4, 5 and 6.

TABLE 13
Type of leprosy in 3-case families

Ty pe
1st 2nd 3rd No.
L L L I
T T T 24
L L T 3
L L I |
T T L 16
T T B 3
T T I 10
B B L 2
B B T 1
I I T 3
L B I 1
L T 1 6
T B I 2

Total 73

Socto-economic characteristics. In a sample of
villages, the religion, community, and occu-
pational patterns in the single- and multiple-case
families were studied. The familial aggregation
of patients was not related either to the socio-
economic groups or to the occupational patterns
in these villages.

COMMENTS

The incidence of leprosy is probably dependent
on a chance balance between opportunity for
infection and the degree of individually existing
immunity (Skinsnes, 1964). In an area where the
leprosy prevalence is high and the disease has
been endemic for many years it is surprising
that only about 19, of the families resident in
the area have multiple-patients in them.
Similar findings have been shown in studies
at Chingleput, Lucknow, Sholapur, and in some
endemic areas of the United States of America
(Sharma, 1968).

Familial aggregation could be the result of
inherent susceptibility to the disease and /or
intensity of contact with leprosy in the same
household. Alternatively, in view of the large
number of members in a household, such mem-
bers might through their wider occupational or
social contacts outside the household, reflect the
prevalence of the disease in the area. Nordeen
and Mohamed Ali (1964) and Mohamed Ali
(1965) computed the average number of patients
according to size of family and concluded that
there was no correlation between the number of
cases and size of the family. While one cannot
expect a proportionate increase in the number of
patients (as envisaged by these 2 authors) our
study shows definitely that largeness of family
and familial aggregation are associated.

From this study it appears that the index case
in a family is more likely an adult male. There is,
however, very little evidence to show that the
secondary cases in a family acquire the disease
from this index case either as a result of genetics
or due to intra-familial contact. Doll and
Kellock (1951) found evidence to show that
relatives of gastric ulcer patients tend also to
have gastric ulcer, rather than duodenal ulcer,
and this appears to hold for the site of the ulcer
in different generations as well as in the same
generation. In the results presented here it was
quite common to see polar varieties of leprosy
within the same family. This might be explained
as due to genetic variability in the bacillus
(Spickett, 1962). It might also be explained on
the basis of immunological response in the host
(Skinsnes, 1964). At the same time, familial
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aggregations can also be attributed to inter-
familial contact. This is an important issue,
particularly in a rural population where several
households or families, though housed in-
dependently, often live, work, and move
together as though they all belonged to one
household. It is obvious from the results that
the common associations popularly assumed as
intimate, such as between husbands and wives
or between parents and children, have not been
responsible for any large number of multiple-
cases within families. Such findings have also
been reported through other studies (Aycock,
1941). x

Even assuming that leprosy manifests itself
after a long incubation period, the pattern of
prevalence of multiple-patient families seems
to be as much a function of exposure to the
disease outside the family as it is to exposure
inside the family.

Before drawing any inference from such a
finding it is essential to view this phenomenon
in relation to the degree of exposure between
members of the same family, the concept of
prolonged and intimate contact, the acquisition
of the disease from outside the household either
through occupational or social contacts, inherent
as opposed to acquired susceptibility, acquired
or passive immunity, the rendering of the
disease inactive through treatment, exacer-
bations of the disease, and the genetic variability
in the bacterium itself.

Carefully planned longitudinal studies with
reliable baseline data of the population examined,
and subjected to periodic examinations, are
useful for this purpose. Data on pedigree drawn
for a representative random sample of families
with one leprosy patient and compared with
that for families showing familial aggregations
are also valuable. Data acquired from control
programmes are based on communities where
leprosy patients are under treatment; thus open
cases of leprosy are bound to be rendered non-
infective in course of time. While the disease
could have been transmitted before the treat-
ment began, it is essential that the duration of
the disease before the treatment was started,
the status of the disease at the time of beginning

treatment, as well as the duration of treatment,
should all be taken into account in interpreting
familial aggregations. Only studies on a world-
wide basis which present facts obtained through
objective and simple measurement can con-
tribute substantially to throwing light on this
crucial problem of the transmission and epi-
demiology of leprosy.
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