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The D ist r i but ion of Mycobacterium /eprae 
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A survey of the various components of the skin for the p resence of acid-fast  bacil l i  
in  1 00 cases of leprom atous and  borderl ine leprosy is reporte d .  Bacil l i  we re fou nd 
to  occur in the nerves, m acrophages, arrectores pilorum muscles ,  h air foll icles,  
blood-vessel walls ,  and the epidermis,  in  that order.  B acilli were not  prese n t  in the 
sweat and sebaceous glands.  The frequent  occu rre nce of Myco. leprae in the 
endothelial  cel ls l ining the blood vessels is an in teresting observation and supports 
the haem atogenou s  spread of the bacil l i .  The location of  bacil l i  in the hair foll icles 
and epiderm is suggests a possible m ode of  exit of  the b acil l i  through these 
stru c tu res.  Myco. leprae appear to remain dormant in the nerves and arrec tores 
piloru m  m uscles, even i n  cl inical ly regressed cases, and could possib ly  accoun t  for 
the relapse of the disease. 

The in tracellular d istribution o f  Mycobac terium /eprae within the m acrophages of 
the skin lesions of leprosy h as been known fo r a long t im e .  As long ago as 1 8 79 
Neisser gave an accurate description o f  the d istri b u tion of the baci l l i  within the 
macrophages ( F i te and Wade , 1 95 5 ) . The location of the lesions in the nerves was 
also an early fi nding. Dehio pointed out as early as 1 89 7  that the peripheral 
branches of the nerves within the skin are the in itial  si tes of inv olvem ent  by 
Myco. /eprae. Revi ewing the subjec t ,  Fi te ( 1 943)  refers to the observations of 
several  early authors who rep orted finding acid-fast bacil l i  (A . F . B . )  in various 
com ponen ts of the skin  i n  leprosy lesions. The m acrophages in  the l ep rous 
granul om a ,  and the nerves in  the sk in , are the c om m onest locations in which to 
l ook for the presence of A . F . B .  when exam ining sections of skin from leprosy 
lesions. Careful search , h owever, reveals bacil l i  in other stru ctures of the skin ,  
though to a l esser exten t .  This paper records observations during a system atic 
study to define the various structures of the skin in which A . F . B .  are prese n t  in 
leprosy . 

Materials and Methods 

The m aterial on which this study was based consisted of sections of 1 00 
consecut ive bi opsy specimens of sk in lesions of leprosy , all of which contained 
A . F . B .  Paraffi n sec tions,  5 JJ. i n  thickness,  su itably stain ed , were examined in  great 
detai l .  All the appendages, nerves, and blood vessels in each specimen were 
m eticulously searched for acid-fast bacilli , multiple sections from each biopsy 
specimen bei ng studied in m ost  cases. The e n tire stre tch of epiderm is was 
carefully examined for A . F . B .  and a quan tita tive assessm e n t  of acid-fast organism s  
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in each biopsy specimen was attempted .  These specimens had earlier been 
classified in accordan ce with the schedule adopted by Ridley and J opling ( 1 962) ,  
using both the clinical criteria  and histological findingss. 

Observations 

The distribution of A.F . B .  in the various components of the skin is shown in 
Table I .  

Extent  of leprosy 

No. of cases 
Macrophages 
Nerves 
A. P. m uscles 
Blood vessels 
Epidermis 
Hair  foll icles 
Sweat glands 
Sebaceous glands 

M AC ROPHAGES 

TA BLE I 

4+ 3+ 

20 1 9  
20 1 9  
20 1 9  
20 1 6  
1 3  1 2  

6 I 
1 5  1 0  

2+ 1 +  Total 

1 2 · 49 1 00 
1 2  3 5  8 6  
1 2  49 1 00 
I I  3 0  7 7  
7 I 3 3  
I 0 8 
8 5 3 8  

Bacilli were present in  the macrophages in  86 cases.  The m acrophages, or  the 
"lepra cells" as they are cal led in leprosy lesions, are phagocytic cells derived from 
the tissue histiocy tes . In the early an d active lesions the m acrophages were seen to 
contain granular eosinophilic cytoplasm ; these cells contained large numbers of 
bacill i .  In the older lesions, on the other han d ,  the cells were highly vacuolated,  
the cytoplasm presenting a foamy appearance . Fewer baciIIi were present in such 
cells , and further the organisms were highly fragmented and dustlike .  

NERVES 

All the cases showed acid-fast bacilli in the nerves.  Bacilli were present  both in 
the lepra cells within the nerves and in the Schwann cells ( Fig. 1 ) . In the 
leprom atous an d near-leprom atous cases,  which showed macrophages in 
considerable num bers within the nerve , bacilli were found in greater numbers , 
often as large bundles or globi. In nerves which were totally destroyed and 
replaced by exudate cells, as in the near tuberculoid cases ,  bacilli were not seen or 
were extremely rare , whereas nerves which were partially destroyed showed small 
groups of bacilli amidst the intact fibres .  In 9 cases ,  nerve was the only tissue 
structure that showed Myco. /eprae. In these cases the organisms were very few ,  
and occurred singly or i n  very small groups. 

A R R ECTO RES PI LO R U M  M USCLES 

Bacill i  were present in the arrectores pilorum muscles in  7 7  cases . In  some of 
these cases the m uscles were in filtrated by the exudate cells, which replaced them 
to a varying exten t .  I n  such cases , baciIIi were present in large numbers ,  but they 
were mainly in the m acrophages infil trating the muscles ;  in several cases, however, 
bacilIi were seen in the uninfiltra ted muscles. They were usually found in  sm all 
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Fig. I .  Cross section of a neIVe within a lepromatous granuloma showing numerous acid-fast 
bacilli in the Schwann cells .  

groups in  thin spindle-shaped collections parallel to the nucleus of the muscle 
fibre (Fig. 2). The shape of the bacillary collection conformed to  the contour of 
the cel l ,  and the relation of the bacillary cluster to the nucleus indicated that the 
bacilli were present  within the muscle cells. 

BLOOD VESSELS 

Perivascular collections of exudate cells were seen m ostly in specimens from 
patients with lepromatous leprosy . Some of the cases also showed infil tration of 
the walls of  the blood vessel by the lepra cells .  These contained numerous bacilli 
throughout the thickness of the blood vessel wal l ,  and were located m ainly in the 
macrophages infiltrating the vessel .  In some of  the sections,  blood vessels without 
any infiltration of their walls by macrophages showed acid-fast bacilli in the 
endothelial cells l ining the lumen ( Fig. 3 ) . Some of these cells were loaded with 
bacilli and were seen budding out and projecting into the lumen.  
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Fig. 2 .  Bacillary clumps within the arrectores pilorum muscles seen as  spindle-shaped 

. 
bundles and lying parallel to the nucleus. 

EPI DERMIS 

Although not very common , bacilli were also seen in the epiderm is ,  where they 
were present in small clusters in the prickle cells and more superficially in the 
keratin layer. In one case , a fairly large number of A .F .B .  was found in the keratin 
layer. The possibIli ty of these bacilli being saprophytic mycobacteria could not be 
ruled out in this case . However, the bacilli in the deeper layers of the epidermis 
within the prickle cells were highly suggestive of Myco. /eprae. 

HAIR FOLLICLES 

The occurrence of acid-fast bacilli in the hair follicles in 38 cases out of 1 00 in 
the present study was an interesting observation . The num ber of  bacilli was quite 
appreciable,  being present  in m any instances as large groups or as globi .  They were 
observed m ostly in the epithelial cells in the root  of the hair (Fig. 4) .  
Occasionally , bacilli were also seen in  the space between the epithelial cells and 
the hair shaft . 
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Fig.  3 .  Endoth elial cells lining a blood vessel, loaded with acid-fast bacilli and seen to 
project  into  the lumen. 

SWEA T GLA N DS 

Although the sweat glands are often infiltrated by lepromatous granulom a, it 
was interesting in this study that in no case were bacilli found in the epi thelial 
cells of the sweat-glands or in their lumen . The cytoplasm of the epithelial cells of 
sweat glands frequently showed acid-fast granular m aterial ; but the size and shape 
of these granules precluded the possibility of their being b ac teria . 

SEBACEOUS GLANDS 

None of the cases examined showed acid-fast b acilli in the seb aceous glands.  
The distribution of bacilli in various types of leprosy is shown in Table 2 .  
From Table 2 i t  m ay b e  seen that the arrectores pilorum muscles contained 

acid-fast organisms in 8 out of 17 cases of  borderline tuberculoid leprosy . In  the 
other types of active cases of leprosy examined , practically all showed b acil li in 
the arrectores pilorum muscles.  In contrast to this, the occurr ence of bacilli in the 
blood vessel wall was a feature restric ted mainly to cases of LL and BL leprosy, 
although interestingly ,  one case of BB type and one case of BT also showed 
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Fig. 4 .  Hair follicle showing bacil lary clumps within the epitheliaJ cells. 

TABLE 2 

Type of leprosy LL BL B B- BL BB BT- BB BT Regressed Total 

No.  of cases 3 5  1 2  2 J I J I ·  1 7 J 2  1 00 
M acro 3 5  1 2  2 1 0  I I  8 8 86  
Nerves 3 5 1 2  2 I I  I I  1 7  1 2  1 00 
A.P .  muscles 3 1  1 2  2 9 1 0  8 5 7 7  
Blood vessels 22 8 2 I 3 3  
Epidermis 7 I 8 
Hair follicles 2 5 6 2 3 8  

A . F . B .  i n  the blood vessels . In like manner, the occurrence of acid-fast organisms 
in the epidermis and hair follicles was restricted mainly to cases of leprosy of the 
LL and BL types . 

An interesting observation was the distribution of bacilli in regressed cases ·of 
leprosy. Histologically , these cases, which had been under treatm ent  for a long 
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tim e, were typed as regressed because the picture was essentially non-specific ,  
being composed of collections of  a few lymphocytes.  In 9 of these cases skin 
sm ears were found to be bacteriologically negative .  

Bacilli were present  in the  nerves in  all the  cases, but the  frequent  occurrence 
of bacilli in  the arrectores pilorum muscles and hair-follicles is an interesting 
feature. 

Discussion 

The predilection of Myco. leprae for nerves is a well-known and established fact 
( lyer and Desi kan ,  1 968) .  The observation by Khanolkar ( 1 95 5 )  of acid-fast 
bacilli in the nerves of early . lesions of leprosy confirm s  the fact that leprosy is 
essentially neural in inception.  The phagocytic propensity of Schwann cells and 
their affinity for leprosy bacilli have been dem onstra ted in tissue culture by 
Lumsden ( 1 964) .  It appears from the present study that the leprosy bacilli remain 
in the Schwann cells long after they disappeared from other locations. The 
Schwann cells even seem to afford some pro tection to the bacilli from 
chem otherapy, as evidenced by the fact  that bacilli were found in the nerves in all 
the clinically regressed cases.  These bacilli ,  remaining dormant  in the Schwann 
cells ,  could be responsible for relapse of the disease . 

The presence of acid-fast bacil li in the arrectores pilorum muscles was pointed 
out earlier by Neves ( 1 96 1 ) , and Harman ( 1 968)  found the bacilli not only 
between the sm ooth muscles, but also within the cells themselves .  The 
electron-microscopic observations of Job et al. ( 1 969) confirm ed the location of 
the bacilli within the muscle cell . The muscle cell , there fore , seems to be another 
host  cell for the leprosy bacillus.  The bacilli in the muscle are often seen as solid 
forms, and on this ground Pearson et al. ( 1 970) conclude that the organisms 
m ul tiply in the m uscles in the early stages and persist in them after apparent cure . 
In the present study , bacilli were found in the arrectores p ilorum muscle in 4 out 
of 9 cases in which the skin smears were negative .  

The presence of bacilli in the endothelial cells l in ing the blood vessels in 
one-third of the cases provides evidence for the spread of l eprosy by the blood 
stream . It  is clear that the bacilli can multiply in the endothelial cells, since the 
cells were loaded with the organisms and were seen to bulge into the lum en .  From 
this situation, the bacilli could be released by the bursting of the cells, be thrown 
into the blood stream and so carried to distan t sites.  Recent observations by 
Padma (unpublished )  at  this Institute have provided supporting evidence for such 
a contention .  Acid-fast bacilli in the endothelial cells of blood vessels in several 
internal organs have been reported and haematogenous spread accounts for the 
occurrence of miliary lepromatous lesions in organs like the liver, spleen and 
adrenal glands (Desikan and Job, 1 970) .  

The hair follicle is another common structure showing acid-fast bacilli . The 
organisms are found mainly in the epithelial cells of the hair root,  and to a lesser 
extent with in the hair follicle . Prickle cells away from the hair follicles also show 
acid-fast bacilli ,  although in smaller numbers .  The superficial location of bacilli in 
the epidermis and hair follicles suggests a possible mode of exit of the bacilli from 
the body . Periaswamy ( 1 968),  who also found the bacilli in large numbers in these 
locations, dem onstrated the presence of bacilli on the surface of the skin by a 
m ethod of pooling and concentration.  

A s triking negative finding in the present study was the absence of bacilli in the 
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sweat and sebaceous glands. Sweat has been though t t o  be a vehicle o f  exit o f  the 
bacilJi ,  but the observations in the present study offer no support for th is 
con ten tion . 
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