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B iopsies from 1 4  lepro m atous nerves were examined . Unequivocal evidence for the 
presence of  Myco. leprae  in axonal cytoplasm is found in four  biopsies .  I n  the  
nerves the organisms are  present much more freq uently and in large numbers in  
Schwann cel l s ,  macrophages and perineuriaI cells and there fore the intra axonal 
bacil l i  may not have much part to play in the destructive process of  the nerv e .  
However it i s  suggested t h a l  a x o n s  a r e  very likely sites f o r  bacilli to remain 
protected fro m  lhe bodily d e fence mechanisms and drugs resuIting in relapse of  the 
d isease . 

The affinity of Myco. lepra e to peripheral nerves and especially to Schwann cells 
is qu ite well k nown and has been well established through several studies using the 
light microscope ( Khanolkar, 1 9 5 5 ; Weddell et ai. , 1 96 3 ; Lumsden, 1 9 64) .  
Nishiura et  ai. ( 1 9 5 7 ,  1 9 5 8 ,  1 960)  and 1ater lmaeda and Convit ( 1 963)  
i n  their electromicroscopic studies have reported the  finding of Myco laprae in  
axons  and have suggested that S chwann cel l  infiltration by Myco. leprae i s  a 
seque1ae to axonal invasion. However, Job ( 1 970)  and later Dastur et ai. ( 1 9 7 3 )  
studying lepromatous nerve biopsies using the electronmicroscope have clear1y 
demonstrated and confirmed the observations of Weddell et aI. ( 1 96 3 )  and 
Lumsden ( 1 964) tl1at Myco. lepra e primarily affect the Schwann cells .  A1though 
we are convinced that the target cell of Myco. lepra e in the peripheral nerve is the 
Schwann cell ,  we would l ike to record here the finding of Myco. leprae in axons 
in  fou r of the lepromatous nerve biopsies stuclied .  

M a terial and M ethods 

In a period of three years 1 4  lepromatous nerve biopsies have been stucl ied 
using the electronmicroscope.  Thirteen of them were from the radial cutaneous 
nerves and one from the greater auricular n erve .  They were cut into small pieces 
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Fig. 1 .  Electronmicrograph to sho w a myelin ated nerve fibre containing the cross section of 
a bacillus ( M L) inside an axon (AX) .  Note electron transparent zone ( ETZ ) surrounding it . MY,  
Myeli n ;  C F ,  ColJagen fibres. 

of about 3 mm long and 1 mm thick and were fixed in 5% glutaraldehyde solution 
in phosphate buffer at pH 7 . 2  for 4 h at 4° C. Later they were washed in buffer 
solution and treated with 2% osmium tetroxide,  processed in grade a1cohol 
followed by propylene oxide and embedded in araldyte. In a few biopsies part of 
the tissue was fixed in Dalton's solution instead of glutaraldehyde.  Ultra-thin 
sections were prepared ,  stained with lead citrate and uranyl acetate and were 
examined under an electronmicroscope. 

Findings 

The results of the study of most of the lepromatous nerve biopsies have been 
reported earlier in two communications (Job,  1 970,  1 97 1 ) . The nerve 
parenchyma in most instances was partly , and in some largely , replaced by 
collagen fibrils, macrophages, plasma cells, Iymphocytes and fibroblasts. The 
number of Schwann cells with axons were much reduced . Perineurium was 
thickened with infiltrating collagen fibrils and proliferating perineurial cells. 
Myco. leprae were found in large numbers in Schwann cells, macrophages, 
perineurial cells and endothelial cells. 

On searching through m any ultra-thin sections we were able to find in four 
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Fig. 2 .  Electronmicrograph showing a myelinated axon containing two Myco. leprae ( M L) 
inside the axon ( A X ) .  A double membrane bound vacuole ( M V )  contain the organism s .  SC,  
S chwann cell ; C F ,  Collagen fibril ; LB,  a lamellar body . • 

biopsies very occasional bacilli inside axons ( Figs I and 2 ) .  The cytoplasm of ali 
the intraneurally situated organisms was markedly electrondense as found in 
solidly staining orgamsms. The thin electrondense double layers of the plasma 
membrane were well seen. In some instances the organisms were found in the 
ground substance of the axon with an electron transparent zone around it 
(Fig. I ) . In  other sections there were membrane b ound vacuoles which contained 
the organisms (Fig. 2). The axons which contained the bacilli appeared normal 
with no evidence of any d egenera tive changes. The S chwann cell in one of them 
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contained a large vacuole with bacillary debris and in another there is a lamellar 
body ( Fig. 2 )  which normally occurs in Schwann cells. 

Discussion 

In this paper unequivocal ev idence for the intra-axonal presence of Myco. 
leprae is presented in four different lepromatous patients. In  some the bacilli were 
present in the ground substance of the axonal cytoplasm and in other sections the 
bacilli were present in membrane-b ound vacuoles. There were also electron 
transparent zones surrounding the organisms as seen in Fig. I .  

Khan olkar ( 1 9 5 5 )  had suggested earlier that bacilli enter the nerve through the 
naked axons in the skin , proliferate in the axonal tissue and are taken up by the 
Schwann cells only later. Nishiura et aI. ( 1 9 5 7 ,  1 9 5 8 ,  1 960) in their 
electronmicroscopic studies had sought to confirm these findings. However, 
Dastur et  ai. ( 1 97 3 )  were unable to see organisms in axons. J ob ( 1 970)  reported 
findings of organisms inside axons in two patients but suggested that they could 
be situated in intra-axonal Schwann cell processes. The electronmicroscopic 
evidence in this study leaves no doub t as to the intra-axonal presence of the 
bacilli. The interaction between the bacilli and the axonal cytoplasm had 
produced the electron trans'parent material around it and " this is very similar to 
what was described in the cytoplasm of macrophages and Schwann cells ( lmaeda, 
Convit and Lapenta, 1 96 3 ; Job,  1 974) .  

I t  is interesting to note that in a l i  the four patients the bacilli were seen in 
myelinated fibres. Bacilli could enter the myelinated axon at the internodal sites. 
Intra-axonal proliferation of the bacilli is quite possible but we are not able to 
demonstrate it .  The significance of the presence of bacilli inside axons is yet to be 
deterrnined.  Compared with the number present in other components of the 
nerve, the bacilli in axons are very uncommon and therefore it is reasonable to 
infer that it is only in a very rare instance bacilli enter the axoplasm. Once they 
enter the axons they are very much protected. No Iysosomal granules are present 
in axons and therefore intra-axonal d egradation and dissolution of bacilli m ay not 
be possible as in other cells. No fragmented bacilli were seen in the axons and al1 
those seen were solidly staining and electron dense and therefore they could be 
considered viable .  Axons may be sites where organisms can be protected from 
enzymic and other protective action of the body's defence m echanism and drugs 
and can remain there long enough to be responsible for relapses. If they do 
multiply in axons, which is also reasonable to expect,  disintegration of axons 
directly by the organism is a p ossibility (lmaeda and Convit, 1 96 3 ) .  However, this 
process would indeed be a rare occurrence. 
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Addendum 

Since submitting this paper for publication we h ave come across two papers on intra-axonal 
Myco. leprae, one by Yoshizumi e l  a i. and another by J.  Boddingius ,  and their references are 
given belo w :  

Yoshizumi,  M .  O .  a n d  Asbury, A .  K. ( 1 9 7 4 ) .  l ntra-axonal bacilli i n  lepromatous leprosy -a light 
and electron m icrosco pic st udy .  A ela Neuropath.  (Berl. ) 2 7 ,  1 - 1 0 .  

Boddingius,  J .  ( 1 9 7 4 ) .  The occurrence o f  My co bacteriu m leprae  within axons of  peripheral 
nerves . A eta Neuropath .  (Berl. ) 2 7 , 2 5 7 -2 7 0 .  
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