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Recently, Kirchheim e r and Storrs ( 8.9 ) 
and Kirchheimer et 01 (1 0) have shown that 
some experimentally infected armadillos 
(Dasypus novemcinctus Linn .) are highl y 
su scepti ble to Mycobacterium leprae and 
develop the di sseminated form of the infec
tion. The close resemblance to human lepro
matous leprosy has been well established in 
their reports. 

The present communication describes the 
light and electron microscopic finding s in 
the peripheral nerves of an experimentally 
infected armadillo with lepromato us leprosy. 
It is concluded that neura l involvement in 
the armadillo bears a close resemblance to 
human leprous neuritis of the lepromatous 
type, thus strengthening the case for devel
oping the nine-banded armadillo into a mod
el for the study of the human disease. 
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MATERIALS AND METHODS , 
Arm adill o number 34-C. a mature" fe ma le. 

was inocula ted 16 Ma rch 1972 in the skin of 
the lower a bd omen with 2.0 x lOx via ble lep
rosy bacilli (mo use foot pad multiplica ti on) 
obtained from a leproma of a lepro us nine
ba nded a rmadillo. These bacteria had been 
identified as M. leprae by their fa ilure to 
grow on myco bacteria l culture media . the ir 
pa ttern of mUltiplicatio n in mouse foo t pads 
a nd by positi ve d opa-ox idase reacti o n ( 6. J.l ). 

The a nima l was kept under the usua l co n
ditions empl oyed a t Ca rville a t a n a mbient 
temperature of 24° C and was da ily fed a 
diet consisting of one raw egg, Purina ca t 
chow soaked in wa ter. gro und mea t. bo ne 
meal, raw liver, a cupful of mud , a nd wa ter 
ad libitum. 

On 13 June 1972, a wa lnut-sized subcu
ta neous swelling which gradua lly had deve l
oped o n the left thigh was bi opsied wit h a 
6 mm skin punch. Histo logica lly a nd bacteri 
ol ogica ll y thi s was shown to be a leproma ( 7). 

Approxima tely 190 days a ft er infecting 
thi s a rmadill o. a n uppe r res pira to ry t ract 
diso rder beca me appa rent. At tha t time nu
me r o us acid-fas t bac illi we re prese nt in 
smears made from its vo lumin o us nasa l di s
charge. The a nimal was eutha nized 196 days 
after infecti on a nd a ut ops.ied at o nce. 

-Ca ptu red in wild. exact age unknown. 
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TABLE I. Numbers of M. Ieprae per gill 0/ (issue. 

Tissue 

Skin at site of inoculation 
Skin (uninoculated) 
Lymph node (inguinal) 
Leproma (left thigh) 
Liver 
Splee n 

Number of M. /eprae 

3.6±0.7 x 10' (IS)" 
9.S±0.1 x 107 (16) 
1.9 ± 0.3 x 10 10 (18) 
I .S ± 2x 10 10 (2 1) 
1.4 ± I x 10'1 (21) 
3.S ±0.3 x lOx (12) 

"N umbers in parentheses are percentage of so lidly staining rods (Morphologic Index). 

Perip hera l ne rve specimens were o bta ined 
a t a ut opsy of the armadillo from two leve ls 
of the uJnar nerve, the media n nerve a t the 
forepaw, three leve ls of the pero nea l nerve, 
a nd two leve ls of the pos terior tibia l nerve, 
and were fixed in 3% g lutarald e hyd e in 
0.05M phosphate buffer at pH 7.4 for two 
ho urs. The nerve s pec im e ns were subse
quently post-fixed in 2% osmium tetroxide 
in 0.1 M phosphate buffer, dehydrated , and 
e mbedd ed in e poxy plas ti c bl oc ks. Thick 
secti o ns of three micro ns were cut using a 
glass knife, and stained with ParagonS stain 

5Paragon multiplcx sta in for frozcn secti o ns. Paragon 
C. & c. Co .. Inc .. 190 Willow Avenue. Bron x. New 
Yo rk 10454. 

for viewing with.'ight micr.oscopy. Ultrathin 
sections of 600 A to 700 A were cut with a 
diamond knife , stained with 10% uranyl ace
tate in methanol for four minutes and 0 .2% 
lead citrate solution for one minute. Finally, 
the stained grids were viewed with a Phillips 
300 electron microscope. 

RESULTS 

General pathology. There were no grossly 
visible les io ns o n the bod y or in the internal 
orga ns (aside from the walnut-sized leproma 
on the left thig h) . The histopathologic find
ings were very simila r to those desc ribed by 
Kirchh e im e r e( af (10) and mu s t have re
sulted from a vascular seeding. There was 

FIG. I. Light microsco pic view of median nerve from the forepaw of the armadillo showi ng epi
neurial bl ood vesse ls between two nerve fascicles. There are clusters of macro phages containing 
darkly sta ining bac illi (arrows) in a perive nular distribution . Parago n stain (600 X)." 

6Magnifi cati o ns of figures a re given as of the o rigina l. 
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FIG. 2. High power view of a n epineuria l ca pillary in media n nerve surrounded by macrophages 
fill ed with dar kl y sta ining bac illi in glo bi . Pa rago n stai n (900X) . 

FIG. 3. High power view of an arterio le (a) adjacent to a venule. (v). There is ma rk ed clustering of 
baci lli-filled macrophages a ro und th e ve nule a nd th e relative a bsence of clustering around the arteri
o le. Parago n stain (900X). 

FIG. 4. Epineuria l a rtery in median nerve. Mac rophages filled with bacilli have infiltra ted the ad
ve ntitia as well as the media of the a rtery . There is prese rvation o f so me remna nts of e lastica within 
the right s id e of the vessel wall. Parago n stai n (750X). 

FIG. 5. Hig h power view of a portion of a medium s ized a rtery with red blood cells in the lumen. 
The endothelia l ce lls of the vesse ls internal to the thick elas tic membra ne ha rb or aggrega tes of bacilli 
(arrow). Paragon sta in ( I ,200 X). 

mass ive invasion of lymph nodes, spleen, liv
er and skin remote from the site of innocula
tion with M. leprae. In peripheral nerves 
one could see, with the light microscope, 
macrophages stuffed with acid-fast bacteria 
mainly in the connective ti ss ue betwee n the 
nerve fa scicles. Acid-fast baci lli were also 
prese nt in periphera l blood ma croph ages. 
There were accumulations of macro phages 
containing enormous numbers of ac id-fast 
rods in the nasa l mucosa. There a lso were 
accumulations of macrophages with acid
fa st bacteria in the mucosa of the lary nx. Al
though there were no grossly recogniza ble 
lung les ions, microsco pically the animal had 
a widespread macrophagic pneumonitis with 
numerous ac id-fast bacilli in these macro-

phages. The bacteria recovered from the or
gans were dop a-oxida se positi ve, which 
identifies them as M. /eprae (6. 13). 

As previously noted ( U. 10), the number 
of leprosy bacilli in the va rio us ti ssues was 
much greater than that usually found in hu
man lepromatous leprosy . Data concerning 
bacterial number per gram of the respective 
tiss ues removed at autopsy a re shown in Ta
ble I. The viability of these bacter ia is now 
being assessed by their ability to multiply in 
mouse foot pad s. 

Light microscopy of nerve. Only the me
dia n nerve as it entered the forepaw was 
found to be involved. The nerve trunk is su
perficiall y situa ted in thi s location . The most 
obvious feature was the presence of thick 



254 International Journal of Leprosy 1974 

FIG. 6. Longitudinal sectio n of a fascicle from median nerve. Bacilli (arrows) are present within 
vacuoles in perineurial cells, a nd wi thin subperineuri a l, spindle-shaped macrophages of fibrobl asts. 
Parago n stai n (I ,OOOX). 

FIG. 7. Longitudinal section of a fascicle in median nerve. There are a large number of bacilli-filled 
macrop hages, cl ustered betwee n mye linated axons. The macrophages are probably surrounded by an 
endoneurial blood vessel which is not see n in this plane of section . Paragon sta in (900X). 

FIG. 8. Transverse section of a whole fascicle of median nerve. A blood vessel surrounded by a few 
macrophages occupies the center of the fascicle . There is a concentric zone of nerve destruction, fi
brosis, with a few scattered axons, around the blood vessel. The peripherally situated axons near the 
perineurium appear intact. Paragon stain (350X). 
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cuffs of heavily bacillated mac ro phages sur
roundi ng blood vessels (Figs. 1- 8), particu
la rl y veins and ve nules in the e pineurium 
(Figs. 1- 3), and endo ne urium (Figs. 7, 8). 
Macro phages were prese nt not o nly in the 
pe rivascular spaces a nd adventitia but also 
ins inuated themselves within the media as 
well (Fig. 4) . In some small a rt e ries a nd ar
terioles, little peri vascular macro phage infil
tration was ev ident, but clusters of bacilli 
were often found in adventitial and endothe
lial cells (Fig. 5). Capillaries were often 
heavil y cuffed by macrophages containing 
large clusters of organisms (Figs. 2, 7). 

Sharp contrast in the degree o f macro
phage cuffing be twee n veins a nd a rt e ri es 
was frequently observed (Fig. 3). A ring o f 
bacilli-laden ma c ro phages was see n sur
ro unding the ve nule with virtua lly no mac
rophage cuffing of the adjacent a rte riole. 
Clusters of bacilli were prese nt within some 
perineurial cells and subperine uria l cells, 
the latte r identified as mac ro phages o r fibro
bla sts (Fig. 6) . Aside from the bacillation of 
so m e pe rin e urial cells, the per in e urium 
maintained its integ rity (Figs. I, 6) . 

Foamy cells we re scatt ered within endo
neuria l spaces betwee n mye linated nerve 
fibers. M ye lin a t ed fibers a ppeared to be 
present in no rma l numbers in most fascicles 
(Figs . 1, 7), but in o ne fasc icle a broa d zo ne 
of central clea ring with apparent lo ss o f 
most nerve fibers was o bserved (Fig. 8). An 
e ndon e urial vesse l with a c uff of m ac ro-

FIG. 9. Electro n microgra ph of a capi llary in 
the epineurial tiss ue of the median nerve. T he 
lume n is co ll apsed (arrow) . Baci lli ( B) are seen 
in a vacuole in an endothelia l cell , a nd in the 
vac uo les within the macrophages surrounding the 
capilla ry. The surrounding macrophages lack a 
basemen t membra ne, but possess numerous filo
podia. Macro phage cytoplasm conta ins mitochon
dria, dark ly staining multivesicular bodies (mv) 
a nd lucen t seco nd a ry lysosoma l bodies with a nd 
without bacilli. Note: the large tra nsparen t holes 
surro unding baci lli are artifactual. Epon does not 
ap pear to "adhere" to the bacilli a nd form s tears 
around the bacilli during secti o ning as well as 
during view in g with the e lec tro n microscope 
(6,500X). 

phages was centrally placed in thi s loose ly
textured clea red zone, suggesting that nerve 
fiber destruction had occurred in a n ever
widening spread from the vesse l. It was not 
poss ible to eva luate the sta te of the unmye
linated nerve fibers by lig ht microscopy. 

Electron microscopy of nerve. Examina
tion of the perivascular cuffs o f macrophages 
seen by light microsco py confirmed the pres
ence of large cytoplasmic mem bra ne-bound 
vacuoles containing bacilli (Figs. 9- 12). The 
cells containing the bacilli-laden vacuoles 
were easily identifiable as macrophages by 
their finger-like filopodia, absence of base
ment membrane , and numerous darkly and 
li ghtl y staining vacuo la ted bodies in the cy
topla sm, presumably re pre~enting lysosoma l 
bodies (Fig. 9). The presence of endothelial 
cell bacillation see n by light mic rosco py 
was co nfirmed by electron microsco py (Fig. 
9). 

Schwann cell infestation was frequently 
e ncountered in a widespread di stribution in 
many fascicles , but was a lmost exclusively 
confined to Schwann cells associa ted with 
unmyelinated nerve fibers. Bacilli in va rying 
stages of degeneratio n were contained a long 
with a morphous debris in vacuoles which a t 
times almost completely replaced the entire 
Schwann ce ll cytoplasm (Figs . II , 12). These 
vacuoles a ppeared to di splace the unmye
linat ed axons t o th e per iph e ry of th e 
Schwann cell. A thin rim of Schwann ce ll 
cytoplasm se pa rated the contents of the vac
uoles from the axons (Figs. II , 12). Most un
mye linated axons a ppeared to be intact. 

Only rarely were bacilli found within the 
Schwa nn ce ll s of mye linated nerves. Mye
linated axons a ppeared to be intact in the 



256 In/emotional Journal 0/ Leprosy 1974 

FIG . 10. Elect ro n mi crogra ph o f perineurium in media n nerve. Pe rineuria l ce ll s have a base ment 
membra ne (a rrows). Co llagen fibers li e betwee n the pe rineuri a l cell laye rs. One per ineur ial ce ll is 
widened a nd co nta in s cyto plas mic vac uo les with bacilli (B). In the right field a da rkly staining mac ro
phage is seen in the subperineurial space . The cyto plas m of the macro phage co ntains severa l vacuoles 
filled with electro n luce nt ma te ria l a nd bacilli. The tra nspa rent ho les surro unding the baci ll i a re a rti 
fac tua l (7,500X). 

areas of unm ye lina ted nerve invo lvement 
as well as in o th er areas. Electron mi c r o
graphs o f the a rea of nerve des truction il
lustrated in Figure 8 revea led only rare in
sta nces of m ye linat ed ne rve invo lvement , 
and no unequi voca l exa mples o f intra -axo na l 
bacilla ti o n were o bse rved . 

DISCUSSION 

Resea rch and ex perimenta ti o n in le prosy 
in the past has bee n limited beca use of the 
absence of a va lid ex perimental model rep
resent a ti ve of the human di sease. M . /eprae 

still remains to be cultured in vi/ro, a nd un
til recentl y ha s not bee n reported to have 
ca used di sse mi na ted d i sea se in un a I te red 
experimental animals. The limitati o ns o f 
thi s type o f a nima l ex pe rimenta l m od el for 
the stud y o f human leprosy has bee n dis
cussed by Kirchheimer a nd S to rrs ( ~ ) . 

In 197 1 a nd 1972, Kirchheimer a nd S to rrs 
( 9) repo rted di sse mina ted leprosy in so me 
ex perimenta lly infected armadill os (Das.\'
pus novem cil1c/Us . Linn.) without immuno
suppress io n. M. /eprae was found in clumps 
of m ac rophages in bi o psies of the d ermi s 
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F IGs. II a nd 12. Electron mi c rog ra ph s of unm ye linated media n ne rv c In tr a nsve rse secti on . 
Schwann cell cy toplas mic processes a nd base ment membrane surround the unm ye linated axo ns (a) . 
Microtubul es, microfila ment s a nd mit ochondria a re present within the axo plas m. The cy toplasm of 
the Schwan n ce ll co ntains large vac uoles with an electro n lucent matrix, ce llula r debris and hacilli 
(B). A la rge a rea of Schwann cell cyto plasm is occ upi ed hy the vacuo les. Figure .11 (7,500X): Figure 
12 (7,OOOX). 






