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Many epidemiological features of lep-
rosy, including the mode of entry of My-
cobacterium leprae into the body are still
not definitely known. Careful studies of
sites of first lesions have held some promise
in this aspect '' ' 5 '' '''), lending credence
to a number of possible hypotheses. Based
on studies in southern India, Horton and
Povey (I 2 ) conclude that the distribution of
first lesions is nonrandom, confined to ex-
posed parts of the body and they support
the hypothesis of entry through the skin.
Bechelli, et al. ( 2 ) investigated 469 patients
with single lesions in Myanmar (Burma)
and conclude that although early lesions are
concentrated over the elbows and knees it is
unlikely such lesions develop at the point of
entry of M. leprae since these areas are gen-
erally clothed. In a study of leprosy among
an African population in Malawi ("), the
anatomical distribution of single lesions did
not provide enough evidence for associa-
tion with the nervous or vascular system,
and the authors concluded that the distribu-
tion reflects the influence of some "local"
environmental or behavioral factors. Al-
though the skin-to-skin contact has been
relegated to a minor position by strong pro-
ponents of the naso-respiratory mode of
transmission (21 27 ),) the appearance of skin

' Received for publication on 6 April 1998. Ac-
cepted for publication in revised form on 6 May 1998.

= S. Abraham, M.B.B.S., Medical Officer; N. Mani
Mozhi, M.B.B.S., D.H.E., Epidemiologist; G. A.
Joseph, M.D., Community Health Specialist, Branch
of Epidemiology and Leprosy Control; N. Kurian,
M.Sc., Biostatistician, Department of Biostatistics; P.
S. S. Sundar Rao, Dr.Ph., Head, Branch of Epidemiol-
ogy and Leprosy Control and Director, Schieffelin
Leprosy Research and Training Centre, Karigiri 632
106, Vellore District, Tamil Nadu, India. C. K. Job,
M.D., ER.C.Path., Consultant Pathologist, St. Thomas
Hospital, Chettopattu, India.

Reprint requests to Dr. P. S. S. Sundar Rao, Director,
SLR&TC, Karigiri 632 106, Vellore District, Tamil
Nadu, India.

lesions, especially the first ones, have con-
tinued to challenge scientists to examine the
portal of entry more carefully.

We have carried out a thorough investi-
gation on the location of patches in leprosy
among children younger than 15 years of
age detected with monolesions during
1990-1995. We present the relevant data
and discuss possible inferences on the mode
of entry and the epidemiological signifi-
cance of the appearance of the first patch in
leprosy.

MATERIALS AND METHODS
These studies were carried out in Gudi-

yatham Taluk, Vellore District, Tamil Nadu,
India, known to be hyperendemic for lep-
rosy. The people and living conditions in
this taluk are typical of that prevailing in
other rural areas in Tamil Nadu and have
been described elsewhere ( 13•").

The entire population was periodically
enumerated and screened for new cases
through many surveys by paramedical
workers/nonmedical supervisors and re-
ferred to the village clinic for confirmation
of the diagnosis. A general survey was done
by screening the entire population once in 5
years; a contact survey and a school survey
were done once a year. Women trained in
leprosy detection work were utilized, and
cases were also detected constantly through
the voluntary reporting from the input of
health education. Qualified physiotherapy
technicians were utilized in motor-sensory
assessment and in screening for peripheral
nerve thickening. Each patch was carefully
examined for loss of sensation, pain sensi-
tivity and thermal sensitivity, using the fol-
lowing methods.

First, the patients were made to sit at
ease, and the procedure was explained and
demonstrated with their eyes open. After
they had understood they were asked to
close their eyes. The normal skin was
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TABLE 1. Age and sex distribution of children with leprosy (monolesions) and normal
controls (scars).

Sex
Leprosy Normal controls

0-9 yrs. 10-14 yrs. All 0-9 yrs. 10-14 yrs. All

Male
No. 147 208 355 143 202 345
% 41.4 58.6 53.8 41.4 58.5 51.6

Female
No. 121 184 305 145 179 324
% 39.7 60.3 46.2 44.7 55.2 48.4

Total 268 392 660 288 381 669

touched with a feather and the patient was
asked to indicate the site touched by his in-
dex finger. When they responded, the sus-
pected skin lesion was touched next, and
the response was registered. The skin was
touched alternatively with the sharp and the
blunt end of a pin. The patient was asked to
tell whether the feeling was sharp or dull. A
thermal sensation tester was adopted to
elicit loss of hot/cold temperature sensation.
All cutaneous and nerve trunks were exam-
ined thoroughly and compared with the op-
posite side. Cases who were doubtful, not
classical in presentation, or who failed to
satisfy any of the cardinal signs were kept
under observation and reviewed and/or
biopsied. A diagnosis of leprosy was con-
firmed by the examining physician upon de-
tection of a hypopigmented skin lesion with
definite loss of sensation. The patients were
clinically classified according to the standard
Ridley-Jopling classification ("). Smears
were taken from four different routine sites:
right ear, left forehead, right chin and left
buttock or thigh and over the patch.

During the years 1990-1995 a total of
794 children below the age of 15 were diag-
nosed as having leprosy. Of these, 660 chil-
dren, 355 (53.8%) males and 305 (46.2%)
females, who had monolesions were in-
cluded in the study: 282 (43%) were de-
tected through a school survey (SS), 180
(27%) through a general survey (GS), 141
(21%) through voluntary reporting (VR)
and 57 (9%) through a contact survey (CS).
Seventy-eight (12%) belonged to the inde-
terminate group, 373 (56%) were border-
line tuberculoid (BT), and 209 (32%) polar
tuberculoid; one child was found to be se-
lective site-smear positive for acid-fast
bacilli (AFB) with a bacterial index (BI) of

2+, later confirmed as borderline tubercu-
loid by histopathological examination. The
age and sex distribution of the 660 patients
are shown in Table 1.

A random sample of 669 normal chil-
dren in three villages (matched for age and
sex distribution of children with monole-
sions) were questioned and examined thor-
oughly for scars, abrasions and fresh sores
on the skin. Scars were defined as those vis-
ible to the naked eye, caused by any injury
and excluded birthmarks. The numbers and
distribution of scars according to location
were noted and compared with those of the
leprosy lesions.

In order to test the ranking of the ana-
tomical sites for monolesions in leprosy pa-
tients and scars in the normal controls,
Spearman's rank correlation coefficient was
used. Rejection of a null hypothesis implies
a statistically significant correlation and,
hence, similarity of ranking in the two
groups.

FINDINGS
The locations of leprosy monolesions on

the body are given in Table 2 and shown in
The Figure. The distribution revealed that
240 (36%) were located on the upper ex-
tremity, 249 (38%) on the lower extremity,

TABLE 2. Location of patches/scars in
children on different parts of the body.

Leprosy
(660)

Normal controls
(669)

No. % No. %

Upper extremity 240 36.4 631 94.3
Lower extremity 249 37.7 664 99.2
Trunk 53 8.0 432 64.5
Head/neck 118 17.9 367 54.8
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THE FIGURE. Number of children showing monolesions by site.

33 (8%) on the trunk, and 118 (18%) on the
face.

The distribution of monolesions on the
different regions of the upper extremity in
the order of magnitude were as follows:
forearm 160, hand 46, upper arm 27, shoul-

der 7 (Table 3); on the lower extremity =
leg 109, thigh 82, buttock 38, feet 20 (Table
4); on the trunk = thorax 27; loins 15; ab-
domen 7, flank 4 (Table 5); and on the face
= cheek 79, forehead 18, chin 9, lip 4, neck
4, nose 3 and ear I (Table 6).



Normal controls

All^0-9^10-14 All
(660)^yrs. old yrs. old

(288)^(381)^(345)^(324)^(669)

38^155^139^162^133^295
5.8^53.8^36.4^46.9^41.0^44.0

82^166^200^214^152^366
12.4^57.6^52.4^62.0^46.0^54.7

109^284^375^343^316^659
16.5^98.6^98.4^99.4^97.3^98.5

20^205^275^251^229^390
3.0^71.1^72.1^72.7^70.6^58.2
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TABLE 3. Location of patches/scars on the upper extremity."

Leprosy

0-9 10-14
yrs. old yrs. old M F 

(268)' (392) (355) (305)

Shoulder
No. 2 5 7 -

% 0.7 1.3 2.0 -
Upper arm

No. 8 19 11 16
% 3.0 4.8 3.1 5.2

Normal controls

^

All^0-9^10-14 NI^F^All

^

(660)^yrs. old^yrs. old
(288 )^(381)^(345)^(324)^(669)

^

7^30^48^54^24^78

^

1.1^10.4^12.5^15.6^7.4^11.6

^

27^70^95^103^62^165

^

4.1^24.3^24.9^29.8^19.1^24.6

Forearm
No. 62 98 85 75
% 23.1 25.0 23.9 24.6

I-land
No. 16 30 21 25

160^248^355^316^287^603
24.2^86.1^93.1^91.5^88.5^90.1

46^136^224^199^161^360
6.0^7.6^5.9^8.2^7.0^47.2^58.7^57.6^49.6^53.8

Significant correlation, p <0.01, Spearman's rank correlation coefficient.
'' Numbers in parentheses indicate total number of children observed.

Seventy-seven children had monolesions
over the extensor elbow whereas only 20 of
them had lesions over the cubital fossa.
Likewise, 38 had monolesions on the knee
and only 14 over the popliteal fossa. The lo-
cations of the patches in the extensor (pos-
terior)/flexor (anterior) aspect of the upper
extremities and extensor (anterior)/flexor
(posterior) aspect of lower extremities are
shown in Table 7.

The distribution of scars on the 669 nor-
mal children examined revealed 631 (94.3%)
on the upper extremity, 664 (99.2%) on the
lower extremity, 432 (64.5%) on the trunk
and 367 (54.8%) on the face.

The distribution of scars on the different
regions of the upper extremity in order of
magnitude were as follows: forearm 603,
hand 360, upper arm 165, shoulder 78
(Table 3); on the lower extremity = leg 659,
feet 390, thigh 366, buttock 295 (Table 4);
on the trunk = thorax 347, loins 196, ab-
domen 173, flank 81 (Table 5); and on the
face = cheek 177, forehead 153, chin 86, lip
83, neck 48, nose 33 and ear 12 (Table 6).

Ninety-three percent of the children had
scars over the elbows whereas only 39% of
them had scars over the cubital fossa. Like-
wise, 98.6% had scars over the knees and
only 41.4% had scars over the popliteal

TABLE 4. Location of patches/scars on the lower extremity."

Leprosy
0-9

yrs. old
(268) 1'

10-14
yrs. old

( 392 )

NI
(355 ,
's^'

F(305)

Buttocks
No. 28 10 22 16
% 10.4 2.6 6.2 5.2

Thigh
No. 34 48 47 35
% 12.7 11.2 13.2 11.5

Leg
No. 46 63 54 55
% 17.2 16.1 15.2 18.0

Feet
No. 8 12 10 10
% 3.0 3.1 2.8 3.3

Significant correlation, p <0.01, Spearman's rank correlation coefficient.
h Numbers in parentheses indicate total number of children observed.



66, 2 Abraham, et al.: Site of First Skin Lesion

TABLE 5.^Location of patches/scars on the trunk."

135

Leprosy Normal controls

0-9
yrs. old
(268)''

10-14
yrs. old
(392)

M
(355)

F
(305)

All
(660)

0-9
yrs. old
(288)

10-14
yrs. old
(381)

M
(345)

F
(324)

All
(669)

Thorax
No. 14 13 16 II 27 153 194 212 135 347
% 5.2 3.3 4.5 3.6 4.1 53.1 50.9 61.4 11.6 51.8

Abdomen
No. 3 4 3 4 7 75 98 111 62 173
% 1.1 1.0 0.8 1.3 1.1 26.0 25.7 32.1 19.1 25.8

Loins
No. 5 10 12 3 15 91 105 121 75 196
r/c 1.9 2.6 3.4 0.9 23 31.5 27.5 35.0 23.1 29.2

Flank
No. 2 2 2 2 4 38 43 51 30 81
% 0.8 0.5 0.6 0.7 0.6 13.1 11.2 14.7 9.2 12.1

Significant correlation, p <0.01, Spearman's rank correlation coefficient.
'' Numbers in parentheses indicate total number of children observed.

fossa. Similarly, scars were commonly seen
over the extensor aspect and rarely over the
flexor regions of both limbs. The distribu-
tion of scars in the extensor and flexor as-
pect of the upper and lower extremities are
shown in Table 7.

On detailed history, it was noted that the
scars were mostly due to scratches by sharp
objects, after a fall, and an ulcer following
secondary infections. Scratches due to pru-
ritis of various causes with uncut fingernails
and superimposed secondary infection fur-

TABLE 6. Location of patches/scars on the head and neck."

Leprosy Normal controls

0-9
yrs. old
(268)''

10-14
yrs. old
(392)

M
/355 ,
''^-^'

F(305) All
(660)1)

0-9
yrs. old
(288)

10-14
yrs. old
(381)

M
(34
''5,-^'

F(3,4) All(669)

Forehead
No. 5 13 8 10 18 55 98 89 64 153
% 1.9 3.3 23 3.3 2.7 19.0 25.7 25.7 19.7 22.8

Check
No. 27 52 44 35 79 85 112 108 89 197
% 10.1 13.3 12.4 11.5 12.0 29.5 29.3 31.3 27.4 29.4

Lip
No. 2 2 4 4 39 44 40 43 83
% 0.7 0.5 1.3 0.6 13.5 11.5 11.5 13.2 12.4

Nose
No. 2- I 2_ 1 3 14 19 16 17 33
c', 0.7 0.3 0.6 0.3 0.5 4.8 4.9 4.6 5.2 4.9

Chin
No. 3 6 8 1 9 37 49 51 35 86
% 1.1 1.5 23 0.3 1.4 12.8 12.8 14.7 10.8 12.8

Ears
No. - I 1 I 7 5 7 5 12
% - 0.3 - 0.3 0.2 2.4 1.3 2.0 1.5 1.7

Neck
No. I 3 2_ /_ 4 27 21 30 18 48
% 0.4 0.8 0.6 0.7 0.6 9.3 5.5 8.6 5.5 7.1

Significant correlation, p <0.01, Spearman's rank correlation coefficient.
'' Numbers in parentheses indicate total number of children observed.
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TABI.E 7. Location of patches on upper/lower extremity with reference to extensor
and flexor

Leprosy Normal controls

Extensor
(post.)

Flexor^Extensor
(ant.)^(post.)

Flexor
(ant.)

Upper extremity
Shoulder 7 —^ 70 50
Upper arm 18 9^ 150 78
Forearm 116 44^ 603 339

(Elbow) (77) (20)^ (589) (163)
Hand 37 9^ 284 103

Lower extremity

Buttock 38 295 81
Thigh 24 58^ 228 201
Leg 37 72^ 422 659

(Knee) (14) (38)^ (218) (635)
Feet 20^ 155 356

ther worsened the breech of the integument.
Fissures were present over the angles of the
mouth due to vitamin deficiency and/or
nasal excoriation following repeated clean-
ing of discharge with rough material. Occa-
sionally, they were also due to bans, dog
bite and tattooing.

The scalp of newborn children which
was shaved repeatedly during their child-
hood would inevitably result in small cuts
and nicks. Branding and boring of ears are
rituals practiced in this area. Almost every
child inevitably had a scar/wound over the
knees and elbows. Scars of traumatic origin
were mainly seen over the exposed areas
and scars of infectious origin, i.e., scabies,
impetigo, eczema, were mainly seen over
the intertrigenous areas. These details are
useful in interpreting possible entry of M.
leprae into the human host.

DISCUSSION
It is now well accepted that a hypopig-

mented anesthetic patch is the first and ear-
liest lesion in leprosy, except in pure neural
cases, and it is often found in parts of the
body which are not covered by clothes

- 0 '). In a study of 469 children with
monolesions ( 2 ) in Burma, 87% were seen
on the lower and upper limbs and face and
only 12.6% were seen on the trunk. The
knees and elbows were selectively affected.
It should be noted, however, that in that re-
port only after the age of 5 years did the
children wear clothes to cover a major por-
tion of the body ( 2 ). A report from north

Malawi stated that in all age groups there
was an excess of lesions relative to the sur-
face area on the face, back of trunk, back of
arms, front of legs and buttocks (520/635)
( 24 ). In our present study, only 8% (53) out
of 660 had lesions on the trunk. It is inter-
esting to note that 38 lesions were found on
the anterior aspect of the knee and 77 on the
posterior aspect of the elbow, a dispropor-
tionately high number considering their rel-
ative surface areas.

Unlike that seen among adults, where
there is an excess of males, the sex ratio
among children is nearly the same in this
cohort as also observed earlier ( 2(i). Our sur-
vey revealed that children younger than 5
years often were poorly fed and clothed. In
summer, clothing was meager, if not absent.
From 5 to 10 years the girls were appar-
ently better clothed than boys. After 10
years of age the girls were covered from the
neck down to the knee ( 3) but the boys had
only short pants, except during winter.

Exposed parts of a child's body are liable
to enormous injuries, both minor and major,
almost from infancy. Pre-adolescent/adoles-
cent boys who are less covered had more
scars than the girls of the same age group.

Our finding that the majority of the le-
sions were found on the lower and upper
extremities is in agreement with that of
Bechelli, el al. ( 2 ), but does not compare
with the distribution of lesions reported by
Ponnighaus et al. (24,,) in whose study a
large majority of the lesions were on the
face. However, the selective involvement of
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the posterior aspect of the arms and the an-
terior aspect of the legs and buttocks re-
ported by them agrees with our findings and
other similar studies (' 2 ). It is clear from
our study and other similar studies (') that a
large majority of the lesions are in the un-
covered parts of the skin with a special
predilection for the posterior aspect of the
upper extremities and the anterior aspect of
the lower extremities and, to a lesser extent,
the face. In daily activities these areas come
in closer contact with the environment than
do other parts of the body, and they are also
more likely to he traumatized as compared
with the anterior aspect of the upper limbs
and the posterior aspect of the lower limbs.
The knees and the elbows are especially
vulnerable in this regard ( 4 . '").

The frequency of early lesions at these
sites can be explained in two ways: a) Since
these sites are in close and constant contact
with the dusty and dirty environment where
M. /eprae survive up to 46 days ("), the or-
ganisms could enter the body at these sites
through abrasions following trauma
These sites have a low body temperature
suitable to support the growth of the organ-
isms (") in susceptible persons ( 7 .'"). Lep-
rosy lesions following accidental inocula-
tion ( 23), tattooing ( 25.' 2 ), dog bite (w) vac-
cination (") and thorn prick ( 5 ) also have
been documented. b) Secondly, the organ-
isms could enter the body through some
other sites, such as the sole of the foot (97C/0
of the children in the village walk barefoot)
or through the nose ( 5 . 21 ). They are then
taken up by the macrophages and circulate
in the blood in susceptible persons, in whom
local environmental factors (such as temper-
ature at the site of infection, trauma and
other hitherto undiscovered factors) may be
responsible for localizing the circulating M.
Ignite at the site of the first lesion ( 14 . 17 ). Of
these two possibilities we suggest that the
first one as the most likely, i.e., the point of
entry being the site of the initial lesion.

Further studies are needed to carefully doc-
ument the history and site of leprosy patches.
As transmission of leprosy gets reduced,
more intensive research will be required to
elucidate the epidemiology of leprosy.

SUMMARY
The epidemiological significance of

monolesions in leprosy and the possible in-

ferences on the mode of entry by Mycobac-
terium leprae into the body are presented
based on data from the clinical records of
the Leprosy Control Programme of Gudi-
yathant Taluk in India; 660 children with
monolesions (335 males, 305 females)
younger than 15 years of age and detected
during the period 1990-1995 were included
in the study. Detailed investigations on the
location of monolesions were carried out
and compared with a random sample of 669
normal rural children matched for age and
sex. A large majority of the leprosy mono-
lesions were in the uncovered parts of the
body, with special predilection for the pos-
terior aspects of the upper extremities and
the anterior aspects of the lower extremi-
ties. Based on observation of normal chil-
dren, these happen to be precisely the sites
vulnerable for trauma since they are ex-
posed to the environment where M. !quite
could enter through abraded skin and mani-
fest as a patch. The need for further studies
is emphasized.

RESUMEN
Se hizo tin estudio basitdo en los datos de los expe-

diences clini cos del Programa de Control de la Lcpra
de Gudiyatham Think, India, sobre la sign ilicancia epi-
deinil6gica de las lesiones tinicas (monolesioncs) de la
lepra y sobre el modo de entrada de Mycobacterium
leprae en el cucrpo; en el estudio se incluyeron 660
nifios menores de 15 anus con monolesiones (335
hombres, 305 mujeres) detectados en el periodo de
1990 a 1995. Se hicieron investigaciones detalladas
sobre hi localización de las monolesiones y los resulta-
dos se compararon con los encontrados en una nutestra
tomada at azar de 669 !linos rurales, de edad y sexo
similares. La gran mayoria de his monolesiones de la
lepra estuvieron en his panes descubiertas del cuerpo y
mostraron una especial predilección por la superficie
posterior de las extramidades superiores y la superticic
anterior de las extremidades inferiores. En los niiios en
general, estos sinus son precisamente los was vulnera-
bles a traumas y por esto constituyen sitios propicios
pars la entrada de los bacilos de la lepra quienes al
penetrar a través de piel lesionada can origen a las le-
siones maculares de la entermedad. Se ent .iitiza la
necesidad de estudios adicionales solve el lend.

RESUME
La signification épidémiologique des monolesions

et les possibles déductions que Fon peat formuler
cluant a la vole d'entrée de Mycobacterium Iepr u ' dims
rorganisme sont présentées a partir des clonnécs
provenant des dossiers cliniques du Programme de
ContrOle de la Lepre de Gudiyatham Think en hide;
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660 enfants affectés de monolésions (335 gallons et
305 lilies), de mains de 15 ans, détectes entre 1990 et
1995, furent inclus dans l'étude. Une recherche detail-
lee de la localisation des monolésions fut entreprise et
comparée ii un échantillon temoin de 669 enfants ru-
raux normaux d'age et de sexe comparables. La ma-
jorité des monolésions de lepre était situ& sur les par-
ties non habillées du corps, avec une nctte tcndancc de
localisation it la face postérieure de l'extrémité des
bras et Ia face antérieure de l'extrémite des jambes.
Base stir l'observation d'enfants normaux, ces sites
correspondent aux sites Ics plus courants d'exposition
aux blessures. Comme ces sites correspondent precise-
ment aux regions susceptibles aux blessures, ces resul-
tats impliquent Ia possibilité de transmission de M.
Leprae a partir de l'environnement, a travers tine peau
lésee et le développement d'une macule localement.
Nous soulignons le hesoin d'entreprendre des etudes
plus poussees a partir de ces résultats.
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