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Le pro ma of lhe foot in s ix T 900r CBA mice produced by local inj ectio n wilh 
My co. lepra e is reported in this  pa per .  Orga nisms n u mbering 1 04 mul t iplied to the  
order  of 1 0 9 in  l O to 1 2  months .  The origina l  inocu lum of Myco. leprae was 
obta ined from a lepromatous pat ient  and the bacilli w ere first passaged thro ugh a 
gro u p  of T 900r Sw iss albino mice and later were subcultured three t imes 
successively in T 900r CBA mice.  One or more of  the animais used in each of the  
subcultures d eveloped erythematous swelling of  both inoculated hind feet  which on 
m icrosco pic e xa m ination showed t ypical lepro matous nod ules.  No n e  of the other  
2 3  strains of  bacilli s tudied from different lepro matous pat ients showed this 
reaction . I t  is possible t hat this part icular strain of Myco. lepra e  had undergone 
certain varia t io ns prod ucing lesions characteristic o f  l epro matous lepros y .  

In troduction 

A l imited mul tiplicatio n of Myco. lepra e in the foot pads of mice was first 
reported by She pard in 1 960 (Shepard , 1 960).  Since then i t  has been shown by 
severa 1 workers that if 5000 to 1 0 ,000 lepra bacilli are inj ected into the footpads 
of mice, they will m ul tiply 50 to 1 00 times in about 6 to 8 m onths. ( Rees, 1 964 ; 
Job,  1 97 0 ;  Levy et aI. , 1 970) .  I t  was a lso found that larger inoculum failed to give 
enhanced yields ( Rees, 1 964) .  If the same n umber of  organisms are inj ected into 
immunologically suppressed mice,  a marked enhancement of the growth wi th a 
yield ranging from 1 0 ,000 to 1 00,000 times the original number occurred ( Rees, 
1 96 6 ;  1 967 ; Shepard and Congdon,  1 968 ; Gaugas, 1 967 ; Job et  ai. ,  1 974) .  
Histopathological lesions characteristic of lepromatous leprosy has also been 
described by Rees and his associates in thymectomized irradiated (T 900r) mice 
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( Rees et aI. ,  1967 ; Rees and Weddel l ,  1968 ; Re.es and Wed d e l l ,  1970) .  Rees has 
also reported swel l ing of  the hind foot pads rese m b l ing l epro m a t o u s  nod u les i n  5% 
o f  ali T 900r m i c e  at ri sk ( Rees, 19i1 ) .  However no other worker  has c o n fi rmed 
the find ing of nodular swel l ing i n  s imi larly e x peri m e n t e d  a n i m a I s .  In  this paper we 
record our find ing of nodular leproma of the fee t  i n  6 T 900r CBA m i c e .  

Ma teria l and Met hods 

Experiments using T 900r m ice belonging to bo t h  CBA and Swiss a l b i n o  s t ra i n s  
for cultu ring Myco. leprae have been go i n g  o n  i n  o u r  laboratory fo r over 5 years 
and the finding of enhanced growt h  of Myco. leprae i n  t h ese a n i m a I s  i n  7 
experiments have been re ported elsewhere ( J ob el aI . . 1974 ) .  I n  t h i s e x peri m e n t  
Myco. leprae o b t a i n e d  from a le p ro ma to u s  pa t i e n t  w i t h  a morph ologica l  i n d e x  
( M . I . )  o f  2% were injected i n to bo th  the hinel foo t pads o f  T 900r Swiss a l b i n o  
mice .  The orga nisms isolated fro m  t hese Sw iss a l b i n o  m i ce were subcu l tu red i n  
the  foot pad s of T 900r CBA m i ce success ive ly 3 t imes .  The  resu l ts o f  o u r  
e x perience wi th thjs s tra in  of Myco. lepra e carr ied t h ro ugh 3 successi ve 
generat ions of T 900r CBA mice is be ing re ported in  t h is paper .  

The method used for pre pari ng the inoculum from the  t i ssue o f  the 
le promatous pat ient ,  for harvest ing the footpaels of mice ,  anel for count ing the 
organisms, c10sely followed that e1escribed by Rees i n  1964 .  Both the h inel 
foo tpads of ali the mice we re i nj ecteel wi th an inoculum con ta in ing 104 
organisms.  They were kept i n  an ai rcond i t ioned laboratory w i t h  a constant 
e nviron men tal temperature of 20-22° C. At the  e n el o f  6 ,  8 ,  1 0  a n el 1 2  m on ths ,  
one or two of the mice were sacri ficed a n d  the tissue fro m  o n e  foo t was processed 
for count ing the number of organisms presen t ,  and the o t her  foo t  w as am puta ted , 

fixed in formalin for 7 2  h, cut transversely i n to 3 pieces, decalc i fied and 
processed for paraffin sect ions .  Haematox yl in and eosi n stai n ,  and acid fast  stain 
were done on 5 J.UTI thick sections obtained from al i  the blocks for rus to­
pat hological study.  

Fou r  of the 6 m ice which developed leproma of the fee t  were autopsied and 
the internaI organs  such as lung, l iver, k idney,  spleen,  Iymph nodes and heart were 
examined both grossly and m icroscopical ly ,  using the same histopathological 
techniques as e1escribed above .  

ResuIts 

Of the 1 3 , T 900r CBA mi ce i nfected with Myco. lepra e obtained from T 900r 
Swiss albino m ice,  6 died before 6 mon ths, and only 7 were available for study . 
Of these, 3 developed erythematous and nodular swell ing of both the hind  fee t  
resembling human lepromatous nodules ( Fig . I ) . Tht,re w a s  no  evidence o f  
externaI ulceration a n d  t h e  nod ules were n o t  warmer than t h e  normal skin of  the 
mice.  Smears obtained from them showed numerous macrophages filJed wi th  acid 
fas t  organisms. The swelJing of the fee t  developed gradually and was noticeable as 
early as the e ighth month.  One animal was sacrificed and studied at the tenth 
month and the other two by  the twelfth m onth.  The  bacillary counts from one 
footpad o f  each of  these animaIs were 5 x 1 09 ; 1 x 1 09 and 3 x 1 09 . 

The strain of Myco. leprae obtained from one of t hese mouse lepromas was 
subcultured in to 1 0  T 900r C B A  mice .  Of these, 5 died wi thin 6 months,  and 5 
were available for study .  One among them developed swelling and nodulari ty  of  
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Fig. I .  Photograph of the hind footpad of T 900r CBA mice 1 0  months after injection with 
I O� Myco. leprae. 

the hind feet  at the eighth month and was sacrificed at the end of the tenth 
month giving a yield of I A  x 1 09 • 

The Myco leprae obtained from one of the mice from the previo us group were 
further subcultured for the t hird time in to 1 5  T 900r CBA mice. Ten of them 
died within 6 mon ths, and of the remaining 5, two developed swelling and 
nodulari ty  of both hind feet  beginning from the ten th month and were harvested 
at the end of  the twelfth month giving a yield of I x 1 09 and 3 x 1 09 organisms. 
The organisms isolated from this experiment were also subcultured for the fourth 
time into a group of T 900r CBA mice and the results of this study are awaited . 

Microscopic examination of the fee t  was most interesting. The appearances 
were almost identical in  ali the specimens examined from 6 different  animaIs. The 
lepromatous granuloma involved all the tissues of the foot ,  namely. the skin , its 
appendages, subcutaneous fat ,  tendon, muscle and bone ( Fig. 2). The epidermis 
was atrophic  and flattened.  The subcutaneous tissue was packed with large 
macrophages, most of which had a foamy cytoplasm,  but some had a granular 
pink cytoplasm. These macrophage collections were separated from the epidermis 
by a clear area (Fig. 3), but in focal areas the inflammat ory cells reached up to the 
epidermis (Fig .  4 ). There were also a few scattered plasma cells and lymphocytes. 
No polymorphonuclear leucocytes were seen . The striated muscle bundles and 
tendon tissues were in filtrated and destroyed by the macrophage granuloma 
(Fig. 5 ). In some areas the striated muscle fibres were completely replaced by 
macrophages. The nerves and their perineuri um looked normal a lthough 
surrounded by macrophages (Fig. 6). However, in one instance the nerve was 
infiltrated by foamy macrophages (Fig. 7 ). The bones of the foot and bone 
marrow also showed jnfiltration by macrophages (Fig. 8). Acid fast s tain showed 
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Fig. 2. Low power photomicrograph to show the "Ieprom a" beneath the f1at epidermis 
infil trat ing musc1e, tendon (T) and bone ( B ) .  Note the small cutaneous nerve bundles ( N )  
surrounded by macrophages. (H & E x 5 0 . )  

macrophages packed with Myco. leprae ( Fig. 9 )  in the  subcutaneous tissue, 
tendon , bone and bone marrow. Bacil l i  were also present in large n umbers inside 
striated muscle cells, but only very rarely inside nerve bundles. The nerve bundle 
infiltrated with foamy m acrophages con tained a large number of acid fas t  bacil l i  
( Fig. 1 0 ). 

In one animal the macrophage granuloma was, in focal areas, densely infil trated 
by Iymphocytes (Fig. 1 1 ) and Myco. leprae were considerably reduced in number 
at  these sites. 

Four of the 6 animais which developed leproma, 2 at the tenth month and 2 at 
the twelfth month were autopsied,  and lung, liver, spleen ,  kidney, heart and 
Iymph nodes were examined both grossly and microscopically. Gross examination 
did not reveal any abnormality in any of  the organs. On microscopic examination 
acid fast bacilli were seen in  K upffer cells of  the tiver and in reticulo-endothelial 
cells l ining the sinusoids of spleen .  No granuloma was presen t  in any of the organs 
in ali  the animaIs exam ined.  



Fig. 3. Microscopic picture of the Jeproma of the mouse foot pad . Note the flattened 
epid ermis,  beneath which w as seen a clear area separating Jarge collection of foamy 
macrophages. ( H  & E x J 3 0. ) 

Fig. 4. I n  focal areas of the Jepromatous Jesion ,  the macrophage collections reach up to the 
epidermis. ( H  & E x 5 00 . )  
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Fig.  5 .  Foamy m acrophages infil t rate  the  striated muscle cel ls some of  which also underwent 
foamy change due to the presence of intracellular bacil l i  (H & E x 5 0 0 . )  

Fig. 6 .  Apparent1y n ormal cutaneous nerve bundles were surrounded by foamy macrophages. 
(H & E x 5 00 . ) 
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Fig. 7 .  One nerve bundle was infiltrated with macrophages. Atrophic musc1e cells were aIs o 
seen in the photomicrograph.  ( H & E x 5 00 . )  

\ 

�. � .. . .  .t 
Fig. 8 .  Bones in the mouse foot were infiltrated with collections of foamy macrophages .  

Note the normal marrow in the lower part of  the photomicrograph. ( H  & E.x 5 00. ) 



46 C. K .  JOB, C .  J .  G .  C H ACKO, R .  V E R G H ESE A N D  S .  P A D A M  S I N G H  

Fig. 9 .  Foamy macrophages were packed with acid-fast bacilli . (A.  F .  x 1 3 00 . )  

Fig. 1 0. The intraneural foam cells aIs o contained numerous bacilli. N o t e  t h e  numerous 
normal axons around the foam cells. (A. F .  x 1 300 . )  
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Fig. 1 1 . I n  o n e  mouse i n  focal areas of t h e  l eproma there were collections o f  lymphocytes 
infiltrating the foamy macrophages. (H & E x 3 3 0 . )  

Discussion 

The development of swelling and nodularity of the footpads of  T 900r mice 
resembling human lepromatous leprosy seems to be an exception rather than the 
rule.  Rees et  aI. ( 1 968)  re fer in thei r  pape r to some animaIs among the many 
T 900r CBA mice they studied , which developed swell ing of the footpads, and 
also describe in de tail the histopathological picture in one.  In most of the animaIs 
there was no obvious change at all in the infected foot .  I n  our experiments 
conducted wi th T 900r mice using organisms obtainetl fram 23 d ifferent  pa t ients 
with lepromatous leprosy this is the only strain of Myco. lepra e in which 
n odulari ty of the fee t  of the animaIs was noticed . Six of the 1 7  animaIs available 
for study showed leproma of the fee t. The procedure of thymectomy,  irradiation 
and bone marrow replacemen t was e xact1y the same in ali experimen tal animaIs, 
was done by one well trained technician , using the same equipment ,  and therefore 
less likely to have any appreciable variation . The CBA mice are being inbred i n  
our own laboratory . Variability i n  their immunological status, though possible,  is 
also not  very likely . Further we have found this strain of Myco. leprae 
consistently giving rise to n odular swellings in 3 successive subcultures in T 900r 
CBA mice. Therefore one might  suggest that this particular strain of organisms 
proliferated more rapidly than the others. If that be the case, should it  not 
produce nodular granulomatous swelling in all the 1 7  mice in oculated with this 
organism? Instead ,  only 6/ 1 7  mice injected with this strain of the bacilli 
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developed the swe ll ing. Whether the swel l ing and n odularity of the feet  and 
prol iferat ion of the 1 04 organisms to 1 09 in a period o f  l O to 1 2  mon ths are due 
to a change in the immunological status of the experimen ted animais, or whether 
they are due to a varia tion in  the nature of the organism used i n  the i n fection ,  is 
not clear, a l though judging from our experience in this stud y the latter is more 
J jkely .  

The animaIs could no t  be followed up for a period longer than 1 2  months 
because most of them developed a tapeworm infestation and died soon after 1 2  
mon ths. My co. lepra e in  small numbers were seen i n  Kupffer cells i n  liver and 
re ticulo-endothelial  cel ls of the spleen in animaIs sacri ficed at  the end of 1 0  and 
1 2  mon ths showing that dissemination of the bacil l i  through the blood stream of 
various in ternaI organs occurred wi thin 10 mon ths after a local i n fection in a 
T 900r CBA mouse .  However, granuloma formation in the i n ternaI organs was not 
observed . Therefore i t  is reasonable to infer that the dissemination of the 
organism in the blood stream could not have taken place much earlier. 

The organisms were found in  abundance in macrophages , and equally so in the 
muscle cells. We may s tate that this strain of Myco. leprae would grow free ly not 
on ly in macrophages but in  stria ted muscle cells also. The bacillary invasion and 
proli feration of striated muscles of the feet  of T 900r mice was far more than 
what was seen in  our previous study using normal mice (J  ob, 1 970) .  This finding 
is in agreement with the observation of  Rees and Weddel l  in 1 968 .  M any of the 
stri ated muscle cells in the fee t  of these animaIs were colonized by bacilli and 
were destroyed.  It is very likely that if these animaIs survived for a longer period, 
paralysis of the foot due to destruction of muscle tissue could be observed . 

Most of the cutaneous nerves examined did not show invasion by in flammatory 
cells in haematoxylin eosin sec tion . The granuloma only surrounded the nerve 
bundles (Fig. 6 ) .  Intraneural bacilli were very scan ty .  Shepard ( 1 968)  did not find 
nerve invasion in the early months of  Myco. leprae infection in T 900r mice. 
However, in  one cutaneous nerve of a mouse foot there was infiltration of the 
nerve bundle by foamy macrophages ( Fig. 7). Bacilli were presen t  in large 
numbers in i n  traneural m acrophages ( Fig. 1 0) as seen in nerves of  lepromatous 
leprosy patients. It is in teresting to point out that the nerve invasion was seen as 
early as 10 months after inoculation of  Myco. leprae. 

The lepromatous tissue in all animaIs had infiltrated bone and bone marrow 
( Fig. 8 ) .  Bóne trabeculae also had been destroyed . These lesi ons are well known in 
small  bones of  the fingers in lepromatous leprosy patien ts (Job, 1 963) .  Further, 
the lesion in the mouse skin showed flattened epithelium and a band of foamy 
macrophages containing Myco. leprae separated by a c1ear area from epitheJjum 
(Fig. 3 ). Cutaneous nerves were surrounded by baci l l iferous macrophages (Fig. 6) .  
Ali these resem bled exactly the skin lesions of human lepromatous leprosy. 

If lepromatous granulom a  such as described here could be produced con­
sisten tly in most of the T 900r mice in ali experiments within 8 to 1 0  mon ths, we 
would have here a good animal model to study lepromatous leprosy. But since it 
is a rare phenomenon its use is limited. However, we in tend to study this 
particular s train of Myco. leprae further and will report later on any further 
developments in  i ts pattern of behaviour. 
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