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The finding that in patients with lepromatous leprosy much larger numbers of 
bacilli are released from the nasal mucosa and from the milk ducts of lactating 
mothers as compared with those present on the surface of the skin, suggests the 
possibility of transmission by droplet infection and by breast feeding and the 
consequent possibility that the primary lesions are located in the respiratory and 
gastro-intestinal tract and that the skin lesions are secondary lesions. ClinicaI and 
epidemiological evidence against this hypothesis is presented, and it is concluded 
that droplet infection via the respiratory tract is not a common mode of 
transmission, and the present trend of  abandoning segregation and other restrictive 
measures against leprosy patients should not be  reversed. 

Introduction 

The concept that leprosy is a feebly contagious disease, mainly spread by 
prolonged, intimate direct skin contact between highly bacilliferous patients and 
susceptible healthy subj�cts, can no longer be he1d to be  valido It  has been 
difficult for some time to maintain the concept of feeble contagiousness in view 
of the epidemics of leprosy recorded' from various countries (Wade and 
Ledowsky , 1 9 5 2; Davey, 1 9 5 7 ;  Leiker, 1 97 1 )  with 1 0- 3 0% of the population 
developing symptoms of  leprosy within a few decades of the introduction of the 
disease into the community.  Recently , Godal et aI. ( 1 974)  produced immuno­
logical evidence that sub-clinicai infections are common. In people who had lived 
for some years in a country with endemic leprosy, a significantly higher 
percentage of positive lymphocyte transformation tests, after incubation with 
Mycobacterium leprae, was found as compared with recent immigrants from 
non-endemic areas. Apparently the rate of transmission of M. leprae is 
significantly higher than is indicated by prevalence surveys. 

The concept of  prolonged, intimate contact is also seriously chalienged by the 
actual findings in epidemics of  leprosy. Frequently, in whole-population surveys 
of villages with a very high leprosy prevalence, only a single one, or at most very 
few highly bacilliferous p atients are found, and not rarely none are encountered,  
even though cases of leprosy are to be  found in nearly al i  families in the 
community . It is inconceivable that so many p atients in unrelated families can 
have had prolonged, intimate contact with the few highly bacilliferous patients 
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present, because the intensity of contact in such communities is largely govemed 
by family relationships. It is much more likely that in a high proportion of the 
patients leprosy was transmitted after short, superficial, direct contact with the 
few highly bacilliferolls patients or with other, only moderately strong 
bacteriologically positive patients, or that indirect contact plays a maj or role , e .g.  
transmission by flies (Geater, 1 97 5 ) . 

In the Netherlands, more than 5 0% of the 1 000 recorded patients-immigrants 
from endemic countries were unable to recall any prolonged, intimate contact 
with highly bacilliferous patients, and in the great maj ority there is no reason to 
doubt their statements. Some Dutch patients have contracted leprosy after a brief 
soj ourn in an endemic country ,  without being able to recall any contact at all 
with leprosy patients. One Dutchman, who had never left the country and who 
had no known contact with leprosy patients, developed lepromatous leprosy 
(Beek, 1 96 1 ) . 

Recent1y , the concept of skin contact as the main mode of transmi;sion has 
been challenged as well. Pedley ( 1 9 7 0) has shown that the number of bacilli 
present on the surface of the skin of highly bacilliferous patients is relatively low 
as compared with the large numbers of bacilli released by the nasal mucosa. Large 
numbers of bacilli are also present in the secretory cells of the milk  glands of 
lactating lepromatous mothers (Pedley , 1 968) .  The theoretical possibility of 
spreading M. leprae by droplet infection is supported by experiments in mice with 
aerosols containing M. leprae ( Rees et aI., 1 976).  These findings suggest that M. 
leprae might be spread by droplet infection and by breast feeding, and that the 
primary lesion of leprosy is located in the respiratory or in the gastro-intestinal 
tract and not in the skin. Rees and Meade ( 1 9 74) have stated that the attack rate 
of leprosy and of tuberculosis are similar and that this finding, though not proof 
of identical m odes of spread, is consistent with this possibility. 

First, the p ossibility of transmission via the skin will be discussed. 

Transmission via the Skin 

It has been assumed that M. leprae is unable to pass through unbroken skin. It 
should, however, be emphasized that the skin is seldom unbroken, minor 
scratches and wounds usually being present. 

In lepromatous leprosy large numbers of bacilli are usually present in the upper 
p art of the corium. Though separated by a subepidermal zone which is usually 
free of bacilli, a minor wound or scratch may bring bacilli to the surface of the 
skin. Large numbers of bacilli may also be present in superficial lesions in reactive 
lepromatous patients, especially if the reaction is vesicular, bullous or ulcerating. 
Such lesions are most vulnerable and rupture of the bullae resuJts in the 
temporary presence of large numbers of bacilli on the surface of the skin. But also 
in the average non-reactive lepromatous patient small numbers of bacilli may 
constantly reach the surface of the skin. 

In skin sections, bacilli are not infrequently found in the epidermis. 
Occasionally they have also been seen in the subcomeal l ayer and even in the 
comeal l ayer of the epidermis. Bacilli have also been found in the lumen of the 
sweat ducts and in the orifices of sweat ducts. 

Though, admittedly, the number of bacilli thus reaching the surface of the skin 
is low as compared with the surface of nasal mucosa, the number is sufficiently 
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high for the transmission of M. leprae. In experiments with mice it has been 
shown that multiplication of M. leprae can be obtained after inoculation of very 
small numbers of bacilli only (Shepard and McRae, 1 96 5 ) .  Therefore, the 
transmission of M. leprae via the skin remains a definite possibility . 

In the following section evidence is presented against transmission via the 
respirato ry or gastro-inte stinal tract . 

Clinicai Course of Leprosy 

In a very high proportion of patients ,  probably in the great maj ority , the first 
clinicai manifestation of the disease is a single skin lesion or, less frequently , a few 
skin lesions. In epidemics of leprosy and in children the first and only symptom 
of the disease is a single tuberculoid patch in a high proportion of the patients. 

Fig. 1 .  Histopatho1ogica1 section showing M. lepra e being re1eased into a b100d vessel. FFW. 
x 1 00 .  

In a small proportion of the p atients the disease is progressive. However, the 
single patch is usuaJ1y not followed by a second single lesion, but by a crop of 
multiple new lesions, or by successive crops of new lesions. Such a course is 
compatible with the hypothesis that the first skin lesion is a primary lesion, 
indicating the si te of inoculation, and with the new lesions being the result of 
haematogenous spread of  several bacilli at a time from the primary lesion. 

Histopathologically bacilli are frequently found in endothelial cells of blood 
vessels. It is likely that they are usually released only after the number has grown 
to the extent that the cell has been d am aged, or after aging of the cell. 
Occasionally the release can be seen in histopathological sections (Fig. I). 
Apparent1y it is the rule, rather than the exception that not one bacillus, but 
several bacilli are released at a time, producing multiple new lesions at different 
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sites. The course of the disease is difficult to explain by the hypothesis that the 
primary lesion is located in the respiratory tract or in the gastro-intestinal tract 
and that the first skin lesions are in fact secondary lesions. It is inconceivable that 
so frequently only a single bacillus would escape from a lesion in these tracts, 
causing a single skin lesion , whereas so frequently many bacilli escape at a time 
from a first skin lesion causing multiple new skin lesions. The course of the 
disease is compatible with the hypothesis that the first skin lesion, as a rule, is a 
primary lesion. 

The Sites of the Skin Lesions 

The site of primary lesions is governed by the chance of inoculation. The si te of 
secondary lesions, resulting from haematogenous spread , is influenced by the 
preference of M. leprae for the peripheral parts of the body. Consequently, a 
different distribution between the primary and secondary lesions in the individual 
patient,  and a regional variation in the distribution of primary lesions is to be 
expected , the latter being influenced by various sociological factors such as 
customs influencing contact between people , the use of protective clothes, the 
mode of carrying and handling children,  etc .  The course of lower resistant 
(sub-polar) tuberculoid leprosy ( Leiker, 1 964) and of borderline tuberculoid 
leprosy, is illustrative. 

Sub-polar tuberculoid leprosy usually starts with a single,  or less frequently,  
with a few small indeterminate or tuberculoid lesions. 

This first lesion may be located anywhere on the body. There is no obvious 
preference for the periphery of the body. Lesions on the trunk are about as 
common as those on the extremities or on the head. There is considerable regional 
variation in distribution. Single lesions on nose, ear, elbow, knee, hand or foot are 
not very common. In a high proportion of the patients the first lesion is followed 

. by one or more successive crops of new lesions. The new lesions, however, are not 
distributed at random. A definite preference for the periphery of the body is seen. 
After a single crop of new lesions in lower resistant tuberculoid leprosy, some 
lesions may be  seen on the trunk, more often on the buttocks than elsewhere on 
the trunk and the distribution of the lesions remains asymmetrical. However, 
many more lesions are seen on the extremities, often with a marked tendency 
towards symmetry. Lesions are common on the hands, feet, elbows, knees, ears 
and the central part of the face, indeed "the peripheries of the peripheries" are 
predilection sites. 

This distribution strongly suggests that the first skin lesion is a-primary lesion 
and that the new lesions are secondary lesions resulting from haematogenous 
spread of bacilli from the first skin lesion. If the first lesions were the result of 
dissemination from a primary lesion in the respiratory tract or the gastro­
intestinal tract one would expect no difference in distribution between the first 
skin lesion and successive skin lesions and that both would show the same 
preference for the most peripheral p arts of the b ody. 

Epidemiology 

In the last 30 years, in the Netherlands more than 200 immigrant patients with 
"open" leprosy, many of them not on treatment immediately after immigration 
and some on sulphone treatment but resistant to sulphones, have moved freely in 
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the community. In the crowded streets, while using public transport, during daily 
labour in factories, at school, etc. the conditions for the spreading of an airborne 
causative agent l\ndoubtedly are favourable .  If leprosy is an airborne disease, 
many thousands of people must have been exposed to infection. However, only 
once has leprosy been diagnosed in a Dutchman who has never been in an 
endemic country . Only very few new patients have been found outside the 
families of known patients. Lack of susceptibility cannot be the explanation, 
j udging from the prevalence rates in the different ethnic groups of immigrants 
(lndo-Europeans 1 %0, Ambonese 1 . 5 %0 ,  West Indians 5 %0 ) . The degree of 
susceptibility to M. leprae of the Dutch population is not known but the fact that 
at least 80 Dutch people contracted leprosy in endemic countries indicates that 
their susceptibility is far from negligible. 

In the light of these observations, it appears most unlikely that in general the 
modes of spread of tuberculosis and leprosy are similar. 

The history and the epidemiology of leprosy in parts of West New Guinea 
(Irian Yaja)  were studied by Leiker ( 1 960,  1 97 1 ) . lt was possible to reconstruct in 
detail the course of the disease since its introduction into the community and to 
define with reasonable accuracy when each patient developed the first symptoms 
of the disease, what his family relationships were and in which house he had lived. 
In the Wandamen Bay area the disease was obviously largely focalized in certain 
families and in certain houses. 

No correlation was found between the prevalence in one house and the 
unrelated neighbouring houses, but a correlation was present between one house 
and other, more distant, related houses. Fami1y relationship, which primarily 
governs the degree of contact between people, was obviously more important 
than the distance between homes. Frequently a high prevaIence was found in one 
c1an and a low prevalence in another c1an sharing the same village. 

Difference in susceptibility is not a likely explanation of these findings, because 
once leprosy was introduced into a hitherto unaffected family , it usually spread 
within the fami1y . 

The p opulation of Wandamen Bay lives in a row of a dozen villages along the 
beach. The administrative centre, shops, market and medicai centre are in the 2 
most northern villages. The third in the row is the leprosarium. Year after year, 
many people, who were living in the south ,  have made weekly visits to the 
northern villages, frequent1y taking the short cut through the leprosarium for 
visiting rei atives or for reasons of convenience. If leprosy is an airborne infection 
one would expect a much m ore even distribution of the disease in the southern 
villages. The epidemiological evidence is not in favour of an airborne route of 
transmission. 

Castro-intestinal I nfection 

It is ais o not likely that leprosy is frequent1y transmitted from lepromatous 
mothers to their infants via the breast milk. Because of the large numb ers of 
bacilli present in the milk glands one would expect transmission of M. leprae to 
occur soon after birth, and consequently a high incidence of leprosy in children 
around the age of 4-5 years. In practice, however, the incidence of leprosy in 
children below school age is relatively low. There is also no evidence of a 
particular1y high incidence of leprosy in common feeding groups, or evidence that 
food, water or beer sellers suffering from leprosy are a high risk for their 
customers. 
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Although it is likely that M. leprae i s  frequently inhaled or digested,  the 
environmental conditions in the respiratory and gastro-intestinal tract are 
probably not favourable for survival of the bacilli. 

The foregoing arguments do  not challenge the importance of the nasal mucosa 
as a very important, if  not the most important source of M. leprae. 

lf hygiene is deficient the skin may easily become contaminated with nasal 
discharge or saliva, whether d irectly or indirect1y , e.g. by flies feeding on nasal 
discharge (Geater, 1 97 5 ) , and the number of b acilli thus reaching the skin may be 
higher than those reaching the surface by other routes. 

Recapitulation 

The importance of the nasal mucosa and the milk ducts of lactating mothers as 
sources of M. leprae is not challenged,  neither the likelihood that M. leprae found 
on the skin may frequent1y have originated from the nasal mucosa. It  does not 
however necessarily follow that as a general rule the primary lesion of leprosy is 
located in  the respiratory or gastro-intestinal tracts and that skin lesions are 
secondary. On the contrary there is considerable evidence against this hypothesis. 

EPIDEMIOLOGICAL EVIDENCE 

(a) The course of leprosy in a closely observed area of lrian Yaj a, Indonesia, 
over a period of 30 years d oes n ot appear to be consistent with transmission by 
droplet infection. 

(b) In The Netherlands more than 200 patients with "open" leprosy have 
moved freely in a crowded community during the past 30 years but only one 
definite autochthonous case of leprosy has been found. This does not suggest that 
droplet infection is an important m ode of  transmission of leprosy. 

(c) The average age at onset of  the disease in children of lepromatous mothers 
does not correspond with the average incubation period of the disease. If the 
disease was transmitted by the bre ast milk during the early m onths of life one 
would expect more cases to arise at around 4-5 years of age, whereas in practice 
its onset is usually later than this. 

CLINICAL EVIDENCE 

(a) In a very high proportion of patients with tuberculoid leprosy , in particular 
in children, the first and only symptom of the d isease is a single skin patch. In 
sub-polar and borderline tuberculoid leprosy the single first lesion is followed 
usually not by a single second lesion but by a crop of new skin lesions indica tive 
of haematogenous spread of bacilli. Apparent1y several bacilli are usually released 
at a time from the primary lesion, wherever this is located. Such a course is 
compatible with the hypothesis that the first skin lesion is a primary lesion, 
because if the primary lesion was located in the respiratory or gastro-intestinal 
tract one would expect more frequent1y an onset of the disease with multiple skin 
lesions. 

(b) The distribution of single lesions varies from area to are a, but the 
peripheral p arts of the b ody are not sites of predilection (Bechelli et ai. , 1 973 ; 
Ganapati, 1 976).  The d istribution of secondary skin lesions h owever shows a 
definite preference for the extremities and head. If the primary lesion was located 
in the intemal .tracts, and skin lesions are secondary, one would expect to find the 
first and single lesions predominantly at the periphery of the body. 



TRANSMI SSION OF M LEPRAE 1 5  

B ACTERIOLOGICAL EV IDENCE 

It  has been shown from experiments with mice that inocula containing as few 
as 1 0- 1 00 solid bacilli produced "takes" consistently and that the minimum 
infectious dose of solid bacilli was 3.4 to 34 (Shepard and McRae, 1 96 5 ). The 
number of bacilli reaching the surface of the skin from ulcerating or ruptured 
vesicular lesions in reactive patients or those with histoid leproma, in addition to 
those present as a result of minor injury or contamination with nasal discharge or 
saliva, is sufficiently high to provide an adequate inoculum. Transmission via the 
skin therefore remains a definite p ossibility. 

The Need for Caution 

So far there is no conclusive evidence that leprosy is transmitted by droplet 
.infection from one human being to another. Until such evidence exists the utmost 
discretion is needed in publicizing this possibility . 

The present trends towards abandoning segregation and other restrictive 
practices on the part of health authorities have b een hardly won, but have been of 
immense importance in the fight against leprosy. They must not be j eopardized 
except for the most compelling reasons. The suggestion that leprosy can be spread 
by droplet infection will have far-reaching effects. Implicit in it is the threat that 
restrictive mcasures should be re-introduced. This must profoundly affect the 
existing basis for leprosy control programmes which relies on the c�operation of 
patients in the early stages of their infection. With fear once again an important 
factor in their l ives the m otivation for co-operation disappears. The effect on the 
general public is equally profound.  The admission of children with early leprosy 
to general schools, the employment of leprosy patients, the admission of leprosy 
patients to public p laces and public transport, even the willingness of nurses to 
care for leprosy p atients in general hospitais ; these are all facets of the situation 
which have to be reckoned with. Until such time,  therefore, that conclusive 
evidence is found that leprosy can be spread by droplet infection from one person 
to another and the conditions in  which this can occur are determined, great 
caution is  needed in publicizing this hypothesis. 
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