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Leprosy i s  a commun icable  di sease caused by Mycobacte r ium leprae . 
Two princ ipal factors  invo lved in the transmis s ion of  the di sease 
are the source of  infection and the mode o f  entry . Although a lot 
is  known about the source of  M .  leprae , the mode of transmi s s ion , 
t i l l  date , is  shrouded in mystery . In th is pape r ,  I sha l l  attempt 
to pre sent to you a rev iew of the relevant l ite rature on the sub j ec t  
and add some of my own obse rvation s . 

Source o f  infect ion 

Unt i l  recently man wa s the only known source of infection . With the 
accumulating evidences showing fera l armadi l los harboring a disease 
caused by an ac id- fast organ i sm indist ingu ishable from M .  leprae 
us ing a l l  the now known te sts for ident i f icat ion ( 1 ) , it can no 
longe r be said that man i s  the on ly source of  in fect ion . Recent ly , 
some cult ivable and noncultivab le ac id- fast organ i sms from sphagnum 
and mos s  vegatat ion in coastal Norway and other parts of  the European 
continent have been iso lated ( 2 ) . The results on studies to ident i fy 
the se organ i sms are awa ited w ith great intere s t . 

In  a recent paper i t  has been sa id that the role of  armad i l los 
in the tran smiss ion of M .  leprae .to man i s  negl ig ib le ( 3 ) . I t  i s  
important t o  further inve s t igate the armadi l l o  as  a natural reservoir 
of M .  leprae . 

Leprosy patients can be broadlx d iv ided into two groups - those 
who are bac i l l i ferou s to such an extent that organi sms ove r flow from 
them into the environment and those who have a smal l  number of  
bac i l l i  l imited to the intrac e l lu lar locations and ord inar ily have 
no means of ex it  from the body . The patients of the lepromatous and 
border l ine lepromatous spectrum be long  to the former and those who 
are c lass i f ied as tube rculoid, border l ine tuberculoid , indeterminate 
and pure ly neural come under the latte r group . The patients o f  the 
lepromatous spectrum discharge M .  leprae into the surrounding envi­
ronment through nasal secre t ion s , s a l iva , exudate from ulcers  on  the 
lepromatous skin , and norma l secret ions of the sweat , sebaceous and 
mammary g lands . 

The importance of  nasal les ions and the ir role in the 
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d i s semination of M .  leprae ha s been reported as  early as  1 9 3 0  ( 4 ) . 

According to Cochrane " a  per son with pos it ive nasal secre t ion is  
relative ly more infect ive than one in whom bac i l l i  are  found in the 
deepe r parts  of  the cor ium of  the skin " ( 5 ) . The nose as a source 
of  d i sseminat ion of M .  leprae wa s red i scovered in the recent past 
and its importance reempha s i zed , perhaps , r ight ly so , by many 
workers . Pedley demonstrated the fact that a large number of ac id­
fast bac i l l i  escape through the nasal secretion s of lepromatou s 
pat ients ( 6 , 7 ) . H i s  reports were followed by that of Davey and 
Rees who showed severe nasal involvement in 5 3 %  of 2 9 5  patients in 
ear ly lepromatou s leprosy . They quant i f�ed the ?rgan isms in the 
nasal  di scharge and stated that 2 . 4 x 1 0  bac i l l i  escape da i ly from 
the nose of  lepromatous patients ( 8 ) . The h i s topathologica l appear­
ance of  lepromatous l e s ion s o f  the nose was we l l  documented as  early 
as  1 9 66 by Job et  a l . ( 9 )  and recently by Barton et al . in 1 9 7 3  ( 1 0 ) . 

Lepromatous  granuloma wa s known to involve the mouth , pharynx 
and larynx as we l� ( 1 1 ) . Le s ions have been demon strated in the l ips , 
gums , te eth , tongue , oral mucosa , and hard and · soft pa late . 
Recently , discharge of  a large number of bac i l l i  in s a l i�a has bee.n 
ident i f ied and quant i f ied . I t  i s  reported that 1 . 6 x 1 0  M .  leprae 
can be i solated per mouth wa sh ( 1 2 ) . 

In a h i stopathological  s tudy of  the s k in l e s ions in leprosy 
ac id- fast bac i l l i  were demon strated in sweat g l ands , sebaceous 
glands , ha ir  fol l ic l e s , epithe l ia l  ce l l s  and keratin ( 1 3 ) . There 
is  an ear l ier  report of the pre sence of  M . leprae in the ep iderm i s  
( 1 4 ) . M . leprae i s  constantly d i scharged through unbroken s k in of  

bac i l l i ferous lepromatou s pat ients along with normal secretions o f  
the glands and through keratin . 

I be l i eve tha t the mode o f  e scape of the organ isms from s k in and 
nasal  mucosa is s imi lar and that the bac i l l i  u sua l ly come out in 
sma l l  numbers if the epithe l ium i s  unbroken , a long with the normal 
secre t ions of the subepithe l ia l  glands . When  ulcerated , equal ly 
large numbers of M .  leprae e scape from the nose and skin . Howeve r ,  
the l in ing epithe l ium o f  the mucous membrane o f  the nose is  much 
th inner and more de l icate and there fore g iven the same subepithe l ia l  
nodu lar in f iltration of  lepromatous granuloma , the nasal mucou s  
membrane ulcerate s far more eas i ly than the sk in . Pedley has shown 
that human m i lk from lepromatous pat ients may a l so conta in M .  leprae 
and 4 ounce s  of m i lk may have up . to 2 m i l l ion bac i l l i  ( 1 5 ) . 

A quest ion often rai sed i s  whether non- lepromatous patients 
d ischarge bac i l l i  into the surrounding envi ronment or not . The 
le s ions in th i s  group of pat ients  are usua l ly in the skin and per i ­
pheral  nerve s and rare ly in the mucous membrane . In almost  a l l  of 
them , the skin smears are negative for ac id- fast bac i l l i  u s ing 
rou t ine methods of  examination, except dur ing the reactive phase when  
u lcerat ion of  the  skin  le s ion may occur . Nerve abscesses  are  known 
to Froduce s inuse s , di scharging caseous mate r i a l  conta in ing bac i l l i . 
H i stologica l ly bac i l l i  are seen in arrector p i l i  mu sc l e s , Schwann 
c e l l s , per ineurial  ce l l s  and ve ry rarely macrophage s .  Dur ing the 
react ive pha se , the re is evidence of bac i l lary mul t ipl icat ion and 
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fa i r ly large numbe rs o f  ac id- fast bac i l l i  are seen ins ide macro­
phage s . I t  has been reported that in Nauru where 9 0 % of  the 
pat ie nts are maculo ane sthe t ic 3 0 %  of the popu lation have the 
d i sease ( 1 6 ) . Brown , from h i s  exper ience , state s that most  patients 
at somet ime or othe r may be infectiou s ( 1 7 ) . As one who studi e s  the 
h i stomorphology of leprosy l e s ions , I see no reason to contr ibute to 
the view that non lepromatous pat ients in general  are infec tiou s . 
Howeve r ,  I wi l l  admit that some of  them may become infectious dur ing 
the reac tive phase  when les ions show evidence of u lcerat ion or s inus 
formation . The f inding of so-ca l led d i sproportionate preva lence of 
the d i sease in one endemic area where a large maj or ity are of the 
tube rculoid spec trum , can be expla ined by . othe r me an s . I t  shou ld 
a l so be me ntioned he re that , to my knowledge , none has i so l ated 
enough organ i sms from non lepromatous pat ients to infect the ava i l ­
ab le an imal mode l s , even the mo st suscept ib l e  ones . The re fore , I 
wou ld conc lude that the role of non lepromatous pat ients as  a source 
o f  infection is  comparative ly ve ry sma l l  indeed . 

Are the re car r iers  of  M .  leprae ? I f  so , where do they carry the 
organ ism s ?  In a study of 7 5 0 0  norma l peop le in an endemic area by 
Chatte r j e e  in 1 9 7 6 ,  5 0 0 0  s k in b iops ies were examined for M .  leprae 
us ing the concentrat ion techn ique ( 1 8 ) . No h i s topatholog ical exami­
nat ion was done . Ac id- fast bac i l l i  we re isolated from 5 . 8 %  of  the 
spec imens studied . These  organ isms were noncult ivable and the ir 
numbers  were not large enough to grow in the mouse footpads . 
S imi lar f indings we re reported e ar l ier  by F igue redo and De s a i  in 
1 9 5 0  ( 1 9 ) . I t  i s  not known whethe r the se organ i sms are tru ly � 
leprae and a l so in what part o f  the skin they rema in . I f  these 
norma l ind ivi dua l s  carry viable M .  leprae on the ir skin , they are 
pos s ib ly infe c t ious and can be con s idered as  carriers . In  th i s  
conne c t ion it mu st b e  po inted out that there is  a group of  undiag­
nosed early asymptomat ic  lepromatous pat ients who carry a large 
numbe r of  bac i l l i  in the ir  sk in and mucous membrane and are capab le 
of d i s seminating M .  leprae . 

F inally , are patients unde r treatment infect iou s ?  The only 
method now ava i l ab le to te st the viab i l ity of  M .  l eprae is the mouse 
footpad culture . I t  has been shown that if  the morphological  index 
o f  a patient is 0 ,  that i s , if sol id- stain ing bac i l l i  are absent , 
the organ isms fa i l  to mu l t iply in mouse footpads ( 2 0 ) . I t  has a l so 
been shown that if  a patient has had D . D . S . the rapy for ove r 3 

months , the organ i sms i so lated from h im are no more sol id and are 
not cu ltivable in the footpads of  mice ( 2 1 ) . The conc lus ion drawn 
that non-sol id- stain ing bac i l l i  are nonviable  and there fore non in­
fectious , is not accepted unive r s a l ly ( 2 2 ) . 

Retrospective studies  show that infectivity of  lepromatous 
patients on D . D . S .  the rapy is much reduced long be fore they become 
�acte r io logic a l ly negative ( 2 3 , 2 4 ) . Lepromatous ulcers  of the nose 
and skin heal  quickly dur ing anti l eprosy treatment as a result of 
lowered bac te r i a l  load and reduced edema o f  the le s ions . The re fore , 
the ove r flow o f  the organ i sms into the environment from the se 
patients is  only through normal secre t ions wh ich i s  much l e s s . I f  
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it is  agreed that a s ign i f icant ly large numbe r of organ isms , if not 
a l l , in a treated patient is  dead , the role of patients under treat­
ment , in spreading the in fection is  negl igible . 

Mode of transmi s s ion 

Pathogen ic organ isms ente r the body gene ra l ly a long 3 route s ,  name ly 
the skin , the gastro inte stinal tract , and the respiratory passage . 
The e stab l i shment of  the in fect ion wi l l  depend on the viru lence of  
the organ ism and the suscept ib i l ity of the ind ividua l . Viru l ence 
has 2 facets , name ly the in fectivity and the pathogenic ity . Infec­
tivity i s  the ab i l ity of  the organ ism to get a foothold on the host 
and mu l t iply the re . Pathogen ic ity is its power to produce patholo­
g i c a l  changes and cause  disease by a l te ring the t i s sue components 
and interfer ing with the ir norma l function . The susceptib i l ity of 
the individua l wi l l  depend on his constitution , environment , and 
immune mechan ism .  Each of the se is a broad sub j ec t  and I do not 
intend to dwe l l  on any one of them . I wi l l  on ly review the f indings 
tha t aTe re levant to the mode o f  transmiss ion of  M .  leprae . 

I t  was once thought that M .  leprae wh ich is  not cult ivable in 
laboratory med ia or t i s sue culture s , cannot survive for any length 
of  time outs ide the human body and that int imate contact fac i l itate s 
the organ ism di scharged from the pat ient to be direct ly transmitted 
to the contac t for the in fec t ion to take place . I t  is  now known 
that M .  leprae c an rema in a l ive in dr ied nasal  secretion s up to 7 

days ( 8 )  and in  mo ist  so i l  at room temperature for 4 6  days ( 1 2 ) . 

The se f indings are of great inte re st  and br ing a d i f fe rent dimens ion 
to the unde rstanding of the mode of  tran sm i s s ion . It  is important 
to study further the survival of  M .  leprae in d i f ferent envi ron­
ments . 

M .  leprae was thought to be only mi ldly infect ious . The study 
of Goda l et a l . in 1 9 76 has  indicated that infectivity of M .  leprae 
is  very high . About 5 0 %  of  the sub j ects  with occupationa l  or house­
hold exposure to M .  leprae for more than 1 year gave a pos itive 
immune re sponse to M .  leprae us ing lymphoblast  tran sformation te st 
( 2 5 ) . Howeve r , it has been reported that on ly 5 . 8 % of c lose 
contacts as  between spouses deve lop the di sease ( 2 6 ) . The re fore , 
it i s  c lear that a l though the in fec tivity of  M .  leprae is  high , the 
pathogen ic ity is ve ry low . 

Tran sm i s s ion of leprosy can be both direct and ind irect . In  a 
study the attack rate is  4 times more in contacts than in noncon­
tacts ( 2 4 ) . In  anothe r study the attack rate among household 
contac ts is  10  t ime s higher  than from the genera l population . Th is  
rate is  doubled i f  there are  mu l t iple index patients in  the same 
household ( 2 8 ) . I t  is  reasonable  to accept that direct contact i s  
pe rhaps far more e f fe c t ive i n  convey ing the disease than indirect 
contact . Organ i sms may be carr ied l ive in c lothe s , ob j ects u sed by 
the patient , food , wate r , dust , etc . The f loor of the house or 
hosp ital or the ground where the infected material  is shed , a l l  
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conta in l ive bac i l l i .  It  must be conceded that ind irect me thod o f  
transport o f  bac i l l i  is  anothe r important factor i n  the transm i s s ion 
of the disease . 

Some worke rs  have sugge sted that the blood suck ing insects l ike 
flea s , bed bugs , l ice , and mosqu itoes can carry M .  l eprae ( 2 9 ,  3 0 ) . 

Ac id- fast bac i l l i  i solated from mosqu itoes have been ident i f ied as  
M .  leprae us ing mouse footpad culture ( 3 1 ) . Usua l ly pathogen s  
carr ied by vec tors g o  through a cyc le t o  become infect ious as in 
plasmod ium or they l ive and mu ltiply in vec tor s ,  l ike r icket tsia or 
viruse s . Recent ly , Geater has reported the housefly as  a veh ic l e  
for M .  leprae ( 3 2 ) . The housefly  serve s as a transport for many 
pathogens  in the trop ic s .  �eprae can be conce ived as one of its 
rare , and not qu ite so important passengers . The ro le  o f  vectors in 
tran s ferring M .  leprae mechan ica l ly shou ld be ve ry sma l l  indeed . 

What is  the mode o f  entry o f  M .  leprae into the body? Le t me 
begin by saying the exact s ite and mode o f  entry is  not yet def ined . 
The re are seve r a l  hypothe s e s . 

The age -old concept o f  mak ing skin the favored s ite of  entry has 
had its ups and down s . Several authors have iden t i f ied M .  leprae in 
the skin of contacts and it is a l so reported . a h ighe r percentage 
among those pos it ive contacts deve lop leprosy ( 1 8 ,  1 9 ) . Assuming 
that the se organ isms survive on the ir  skin surface , they shou ld have 
been trans ferred from the patients by direct contact , from fomites 
or by other  mechanical  mean s . 

M .  leprae is  an enert organ i sm ,  i s  nonmot i l e  and is  not known to 
produce any toxin s . There fore , it could not pos s ib ly penetrate the 
unbroken skin and the on ly way it ga in s  acce s s  into the skin i s  
through broken epithe l ium caused b y  minor injuries , insect b i t e s  or 
scabetic  l e s ions . In a large ma j or ity o f  person s thus infected , the 
organ i sms could  eas i ly be taken up by macrophage s and are destroyed 
by nonspec i f ic and spe c i f ic immune mechan i sms . In a study it  wa s 
found that M . leprae i s  inge s ted by macrophages with in 2 0  m inute s 
( 3 3 ) . I n  some individual s  M .  lep rae may be engul fed by parenchyma­
tous c e l l s  such as  endothe l ia l  c e l l s , arrectore s p i l i  musc les , or 
per ineurial  ce l l s . Thu s , much unl ike othe r pathogen s , M .  l eprae 
may get an unorthodox , unconventional entry into the body , and 
rema in unrecogni zed or though unrecogn ized unharmed by the immune 
system . It is qu ite pos s ible  that th is  is the beginn ing of an 
indeterminate le s i'on , the pr imary l e s ion in leprosy . 

I t  i s  known that the initial  le s ion is  s ingle  and shows a 
regional var iation inf luenced by soc ioecon imic factors and the 
secondary les ions are mu l t ip le and are in the per iphera l parts  o f  
the body, be ing the pre feren t i a l  s ite of  M .  leprae ( 3 4 ) . Furthe r ,  
there are pat ients who have a s ing le  nodular lepromatou s l e s ion with 
no signs of  the disease in any other parts of  the body ( 3 5 ,  3 6 ) . 

Certa in ly the sk in entry o f  � l eprae is  favored by many worke r s . 
Recently a strong case i s  be ing put forward in favor of  the 

infection through the respiratory tract ( 3 7 ) . Ree s  has succes s fu l ly 
infecte d  T . 900r mice by expos ing the ir head s  to an ae roso l 
conta ining M . l eprae ( 3 8 ) . M .  l eprae is  a l so isolated from the 
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lungs several  months after the in fection , a l though h istopathological  
le s ions in  the  lungs are  not  shown . I t  i s  qu ite pos s ible  lung 
t i s sue can serve as  a transit  pO int of M .  leprae e spe c i a l ly the 
alveolar macrophage s .  In a study by Chacko ( 3 9 )  of  nasal b iops ies  
of contacts, le s ions sugge st ive of inde terminate leprosy have been 
demonstrated . Howeve r ,  it is  fe lt that the ep idemio log ica l  evidence 
is  not sugge st ive of  an a i rborne infect ion ( 3 4 ) . 

Pedley has pointed out that a ·breast fed in fant of a lepromatou s  
mothe r c a n  inge st  mi l l ion s· o f  bac i l l i  i n  a day and h a s  sugge sted 
that the gastrointe s t inal  trac t is  a mode o f  entry o f  M .  leprae . 
The transport of M .  leprae by f l ie s  can eas ily  carry them through 
contaminated food into the inte s tinal trac t .  As in tube rculosis , 
inte st ina l mucosa , without showing any pathological  l e s ions can 
serve a s  an entry po int o f  M .  leprae . In an autopsy study , � 
leprae was conspicuou s by its absence in me senteric  glands ( 4 0 ) . 

Certa in ly further studies  are indicated to val idate the se hypo­
the se s . 

I n  th is  connect ion , I am reminded of  the story o f  a few b l ind 
men who went to see an e lephant . One fe lt  the trunk and said 
"E lephant is  l ike a snake , "  another fe lt  its legs and exc l a imed 
'· E lephant is l ike a pil lar , " yet anothe r fe lt the tusk and thought 
" E l ephant is l ike a spear , "  and so on . Un fortunate ly , none of them 
saw the e lephant . Th is  may summar i ze our present pos ition with 
regard to the mode of transmi s s ion of  M .  leprae . 

There i s  much more ground to be covered with regard to thi s  
sub j e c t , and I hope i n  the not too d i s tant future w e  w i l l  b e  i n  a 
be tter pos ition to de f ine the mode of  entry of  M .  leprae and thus 
be able  to sugge st measure s  to prevent its entry . 
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