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Correlation between leprosy rates in villages
different distances apart*
L. M. BECHELLI,1 I. BARRAI,1 P. GALLEGO GARBAJOSA,3 K. UEMURAJ, MG MG GYI,'
& C. TAMONDONG'

In order to study the role of genetic factors in susceptibility to leprosy infection, the
prevalence of leprosy in 118 pairs ofBurmese villages different distances apart was investi-
gated. The distribution pattern ofthe correlation coefficientsfor leprosy rates was compared
with that known to occur for genetic markers under similar conditions. The correlation
coefficients decreased rapidly as the distance between the pairs of villages increased and then
showed periodicity with distance, becoming negative at almost regular intervals of 4 kmi:
negative values were preponderant for villages more than 25 km apart. Thus with this set
ofcorrelations it was not possible to fit a monotonically decreasingfunction of the type that
wouldfit similar data for a genetic marker

The role of genetic factors in susceptibility to
leprosy infection has been reviewed by Spickett
(1962) and by Beiguelman (1967, 1972). The finding
of a significant association between positivity for the
Australia antigen and lepromatous leprosy prompted
Blumberg & Melartin (1970) to suggest the presence
of recessive factors in the susceptibility to infection.
The object of this study was to examine the way
in which leprosy prevalence in pairs of villages was
correlated; 118 pairs of villages, separated by dif-
ferent distances, were selected. A second purpose
was to compare the distribution pattern of the
coefficients with that expected for genetic markers
under similar conditions. Similarity in the pattern of
the correlation coefficients would indicate the possible
involvement of genetic factors in the etiology of the
disease. The absence of similarity should not neces-
sarily, however, be interpreted as indicating no
genetic involvement.
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The distribution of leprosy in towns and villages
is never uniform and inside these units cases of lep-
rosy are usually aggregated around infectious cases.

MATERLALS AND METHODS

Mathematical methods
The kinship coefficient has been used by geneticists

to measure the genetic similarity between individuals
and between groups of individuals (Malecot, 1966).
Given a set of n villages Vi (i = 1,2.....n) the ith
village having population wj, and a gene frequencypt
for one genetic marker, the kinship coefficient be-
tween all villages at distance x from each other is
estimated by:

Wiwj
£' (pi -p) (pi -P)

b (x) p = wiw3
p(l-p)-ww

wiwj

where p is the average gene frequency for all villages
separated by distance x, and the summation is ex-
tended over all village pairs V' and Vj that distance
apart. This indicator may be interpreted as a coef-
ficient of intraclass correlation between the gene fre-
quencies for all the pairs of villages separated by the
same distance. The kinship coefficient is expected to
decrease with distance and its estimate may be fitted
by a monotonically decreasing function of the type:

ae-bx
b (x) = ebz
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where a is the mean coefficient of kinship for local
populations (equivalent to the coefficient of inbreed-
ing as a result of subdivision of a population), b is
a function of the standard deviation of the distri-
bution of distance between villages and of the sys-
tematic pressure on the genetic marker, and c is a
coefficient measuring the dimensionality ofmigration.

This model has mainly been used by Morton as
an application of the theory of Malecot to genetic
markers and Yasuda and Morton (1967) have shown
that it fits the variation of the kinship coefficient
for blood group markers. In the present study it
seemed interesting to apply the model to the variation
of leprosy rates in the villages covered by a WHO
mass survey in Burma and determine whether the
distribution of leprosy rates was similar to the expec-
ted distribution of genetic marker frequencies.

Material
The population of Singu township and of a

small part of Shwebo district was surveyed before
the allocation of children to the trial groups in
an investigation concerning the effect of BCG in the
prevention of leprosy. Bechelli et al. (1970) gave
details of the methods used in this trial.
The populations of the villages varied from 15 to

1282.

Coverage of the population surveyed
In the initial survey 87.5% of the total population

(60 592 of 69 242 inhabitants) were examined. When
the annual follow-ups of children in the trial were
carried out, those absent from the initial survey
were also traced and examined. In this way, at the
end of the fourth annual follow-up the coverage
reached 93.9 %. For children < 1, 1-4, and 5-9 years
of age, the coverage was about 95% in the initial
survey and reached 98-99% at the end of the fourth
follow-up.

Leprosy prevalence rates
Among the 118 villages of Singu township the

leprosy rates varied from 0 to 82 per 1 000, with
an average of about 30 per 1 000; lepromatous lep-
rosy rates varied from 0 to almost 30 per 1 000.
The former included all forms of leprosy-lepro-
matous (L), tuberculoid (T), indeterminate (1), and
borderline (B)-detected in each village. The dis-
tances between villages were measured on a map
(scale 1 cm: 600 m) and were measured in units of
1 cm along a straight line. The data for villages 55
units (33 km) or more apart were pooled together.
The villages were grouped according to distance apart

Table 1. Correlation between rates in pairs of villages
separated by different distances

Distance No. of pairs Average Correlation
(cm on map) leprosy rate

0
1°
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

118
47
67
99

111
161
166
183
174
200
197
224
231
238
234
238
227
191
222
177
185
191
194
194
167
157
152
145
136
126
146
122
107
117
100
89
89
97
77
82
71
62
45
56
43
53
51
47
35
43
34
29
29
25
27

193

30.0
28.8
30.4
33.3
31.4
29.4
30.4
29.4
29.3
30.6
29.7
29.8
30.7
29.8
30.3
30.2
30.1
28.3
28.7
29.5
29.8
30.1
29.6
28.0
30.2
29.4
31.7
31.2
29.9
31.7
29.4
30.9
31.0
29.4
27.5
27.5
26.5
30.6
29.3
29.1
30.1
31.3
29.7
31.5
27.5
29.2
30.6
30.5
30.7
30.9
29.5
20.5
35.0
27.7
31.8
32.6

0.01052
0.00447

-0.00032
-0.00172
0.00128
0.00056
0.00006
0.00184
0.00102
0.00023

-0.00056
-0.00098
0.00048
0.00024
0.00049
0.00047
0.00115

-0.00022
-0.00109
-0.00072
0.00021
0.00025
0.00041

-0.00025
-0.00015
-0.00151
0.00087
0.00110
0.00022
0.00073
0.00025

-0.00141
0.00099
0.00031
0.00085
0.00135

-0.00181
0.00194
0.00184
0.00057
0.00082
0.00033

-0.00272
0.00199
0.00114

-0.00490
-0.00409
-0.00243
-0.00227
-0.00425
0.00135

-0.00236
-0.00238
-0.00179
0.01045

-0.00058
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PREVALENCE OF LEPROSY

and the number of pairs of villages in each distance
group, the average leprosy rate, and the intraclass
correlation coefficient between rates are given in
Table 1.

RESULTS AND DISCUSSION

The correlation between the leprosy rates in vil-
lages at different distances from one another shows
a rapid decrease with increasing distance and then
fluctuates around zero. The tendency towards a nega-
tive correlation becomes more accentuated for dis-
tances above 25 km. However, with this set of corre-

lations it was not possible to fit a monotonically
decreasing function of the type used for the kinship
coefficient. It can be seen from Table 1 that the corre-

lation coefficient shows a periodicity with distance
becoming negative at almost regular intervals of
about 4 km. To determine whether this periodicity
was related to a peculiarity of this particular network
of villages, and not to the distribution of leprosy,
the rates were permuted at random among the
villages, and the correlations were recalculated. This

was done several times, but neither the periodicity
nor the tendency towards a negative correlation with
increasing distance was evident. Thus we conclude
that the periodicity is related to the distribution of
leprosy.
The periodicity may be an artefact or, alterna-

tively, it may be related to the distribution of
L cases and L rates, and the consequent difference
in endemicity levels in the villages. In fact, the rela-
tion between the L and prevalence rates was studied
in groups of villages in the area surveyed and Table 2
shows that there is a trend for high L rates to be
associated with high prevalence rates. The group of
villages with a low L rate (0.1-1.9 per 1 000) had a

low prevalence rate (26.6 per 1 000) while the highest
L rates (26-27.9 and 28-29.9 per 1 000) were asso-

ciated with the highest prevalence rates (79.7 and
72.5 per 1 000). In those villages with an L rate of 0
per 1 000 the prevalence was the lowest (14.7 per

1 000). The cases among the population in the latter
group of villages could have resulted from exposure
to L cases living in neighbouring villages; in other

Table 2. Correlation between the lepromatous leprosy rate (per 1 000) and
of villages (first survey only)

the prevalence of leprosy in groups

Leprosy cases
Population LpoycssTotal

Lepromatous in village lepromatous tuberculoid indeterminate borderline
leprosy rates groups

No. rate No. rate No. rate No. rate No. rate

0 11 717 0 0.00 155 13.24 13 1.11 4 0.34 172 14.69

0.1-1.9 4 062 6 1.48 94 23.14 3 0.74 5 1.23 108 26.59

2-3.9 13 879 39 2.81 309 22.26 33 2.38 8 0.58 389 28.03

4-5.9 10 322 52 5.04 264 25.58 18 1.74 2 0.19 336 32.55

6-7.9 4 153 28 6.74 120 28.89 6 1.44 4 0.96 158 38.04

8-9.9 8 588 78 9.08 283 32.95 27 3.14 6 0.70 394 45.88

10-11.9 3 936 42 10.67 104 26.42 2 0.51 3 0.76 151 38.36

12-13.9 1 869 23 12.31 58 31.03 7 3.75 3 1.61 91 48.69

14-15.9 1 131 17 15.03 43 38.02 5 4.42 0 0.00 65 57.47

16-17.9 0 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

18-19.9 325 6 18.46 3 9.23 1 3.08 0 0.00 10 30.77

20-21.9 0 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

22-23.9 0 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

24-25.9 39 1 25.64 0 0.00 0 0.00 0 0.00 1 25.64

26-27.9 439 12 27.33 19 43.28 4 9.11 0 0.00 35 79.73

28-29.9 69 2 28.99 3 43.48 0 0.00 0 0.00 5 72.46

> 30 0 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
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instances perhaps there had been L patients who had
died or migrated."

If we consider that the biological and environ-
mental factors and the socioeconomic conditions
in the different villages were fairly uniform, the
relation between prevalence rates and distance be-
tween villages would be primarily a function of
the number of L and other infectious cases. An
untreated lepromatous patient exposes those people

' Two of the villages had 1 borderline case each.

in close contact with him to a high risk of infection,
and the risk decreases with decreasing contact: it
would be much less for the inhabitants of distant
parts of the village and even less or nonexistent for
those of neighbouring villages and more distant vil-
lages rarely visited by the patients. If other villages
with sources of infection were randomly distributed
in the area, it is possible that the interactions between
villages with infectious cases would give rise to the
type of periodic fluctuation in the correlations
obtained in this study.

RESUME

CORRELATION ENTRE LES TAUX DE PREVALENCE DE LA LtPRE DANS DES VILLAGES
SITUES A DIFFERENTES DISTANCES LES UNS DES AUTRES

Les auteurs ont eu recours a un modele math6matique
utilise en genetique pour rechercher le role 6ventuel des
facteurs g6n6tiques dans la r6ceptivit6 a l'infection
lepreuse.

Les investigations ont porte sur 118 paires de vil-
lages de Birmanie situes a differentes distances les uns
des autres. On a etabli pour chacun d'eux le taux de pre-
valence de la lepre et calcule les coefficients de corr6lation
en fonction de 1'eloignement des villages groupes par
paires.

La correlation entre les taux de prevalence de la lepre
diminue rapidement a mesure que s'accroit la distance
entre les villages, puis fluctue autour de zero avec des
valeurs positives ou negatives. La frequence des correla-
tions negatives augmente lorsque les distances sont
superieures a 25 km. Le type de repartition des cas de
lepre ne correspond pas au type de r6partition caracte-
risant les marqueurs g6netiques, ce qui n'exclut cependant
pas l'intervention possible de facteurs genetiques dans
la receptivit6 ou la r6sistance a la maladie.
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