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In the JJ1'eceding article of thi s se ries C' ) \\' e reported tran smission 
to th e golden hamster of a mycobactcrium obtain ed from borderline 
I c p1'o s~' pati ents, transfer of the lesio11 produced in that animal through 
se\'e rnl passages, and failure to obtaill g rowth of that m~7coba cterium 
ill an,\' culture m edium suitahl e for 11l~'cobact e ria gen erall y. Undoubt­
edl,\' , thi s bacillus is on e of the IIll culti,'abl e pathoge nic mycobacteria, 
such as il!. l ep1"(f(~ Ot' JII, l ep'ra e 111 'I('(i11I11 , and it was suggested that the 
illfection ill the hamster might be caused by th e form er of those micro­
organisms, 'rhe present investigation comprises studi es with the elec­
trOll microscope of the hamstc r les ioll \\'hi ch sho\\'s, both in the hacilli 
alld ill it s e11vironment, structures charactpri sti c of M, 1 ep 1'(l,e , 

III recent ,\'ears, electron microscope stucli es appli e(l in th e fi eld of 
lepros,\' r0S0a rch ha\'0 elucidated suhmicroscopic f eatures of both 71>1, 
{('PHI(' al1d various ti ssne r eaetion s ill th e polar t~7 pes 'of leprosy 
(I. 2, R, !J, 10, 17 , l R, 21 ) , rl~h ese stm1 i 0S ha YC' 1'e\'0a led especia 11y the bacterial 
ell\-iroJ\Il10Ilts characteri st ic of 10pros,v lesions_ rl'he1'0fore, to determine 
th 0 t~ ' p0 of the bacillus inlll Sl1litt t'd to th e ha mster from leprosy pa­
ti t' ll1 s, electroll microscopic 0xamillntion of animal 10sion s caused by 
that mi croo rganism is of gn'at int t' I' 0s t. 

Th 0 fin 0 sh'uctnr0S of hoth the hacilll1s alld it s t' llviromnen t in the 
pa ssaged allimal 10sions , a s comlw r erl with human and murin e' l e' pros~T 
10S ioll s, ar0 l' 0portec1 in thi s paper, 

:'I[ATEH,l AL A );1l :'IIETHOI) 

The 11l:1 tel'i[l b lIsed \\'cr c the Sil ll lC 11'; th o~c dl'sc l'ihcd ill ou r previ olls repor t , Th ey 
\I'PI'(,: the fil'~t P[lss1Igc le~ion nftl'l' 8 months, thosc of s uh~cqu ent passages after 3-4 
ll lO llth ,~, :lnd ,\'(' :11 '-010 lesions of th (' ~p('ond pn ~"ng(' ill 1 1H 11l ~ t (> I' ~, as \\'ell as a 3-l11onths 
Ip~ i tl ll ,' p\'p lopl'11 ill n ",hi t l' 111 0 11 ~ (, \I'i th Il'n tpl'ial of t l:1' tl ' il'rl \lH ~~ n ge in th l' h fl lllstel', 
TIll' fifth p assng'C' in til(' hnlll ,; tpr \I';\s 'thp Ili st nne t'xII 11Iilll'0 in thi s stud~', 

I Th e t'x pellses of thi s in w·, ti g-at ioll h:1\"o been co \-c redin pa. rt U)' Gran t B·-! :2 ] 6 of the 
Xa ti o n:ll Ins titutes of H pa lth , Jl l' th p !In , ~f,l , 

~" p rclimin:l1'Y Yersioll of thi s r e po rt wa s !'ead at t he L eona rd W ood M em ori a l·J ohns 
H op kins l'niye l' ~ it~, SY Illl'M illll1 o n R psen !'eh in L l' Ill'Osy, Bnltim o!'p, 'Md " M nY ,8·]0, ]961. 
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Biopsy specimell s were taken f rom the ear lesions without local anesthes ia. The 
ti ssue chips were fixed with one per cent osmium tetroxide bu£fCl'ed with 2,4,6,-collidine 
(0.2 M) at pH 7.3 for 5 hours (1 ), then debydrated with acetone and embedded in a 
mixture of methyl and butyl methan ·ylate. Ultra-thin scctions were made with a 
F ernandez-Moran-type Leitz ultra mi crotome equipped with a di amond kni fe, a nd they 
were examined with the Siemens Elmiskop I and Hitachi H S-6 electron mi croscopes. 
The sl' t tions were stainer! with uranyl-ace t.a te solution hefore eler tl'On mi crosw p'y ( Ill). 

ltESULTS 

Fi1St pas Q,ge in the hamste1- (8 months} . - Thi s lesion is mainly 
compo. ed of many cells containing bacilli. Their cytoplasm. contains 
variou s organelles which show no noteworthy alteration s. Rough-sur­
face cl endoplasmic r eticulum is abundantly distributed, toge th er with 
small vesicles . Many bacilli are observ ed among the cytoplasmic or­
ganelles (Figs. 1-4). The majority of the bacilli are accumulated as 
groups, each enclosed by a membrane. A small group of the bacilli is 
som etim es surrounded by moderately-d ense substance, that being sep­
arated from the bacilli by a narrow transparent zone (Fig. 3). Infre­
qu entl y, a foamy structure is visible around the bacilli (Fig. 4). 'When 
the bacilli form a large agglomeration, however , neither moderately­
dense substance nor foamy structure is visible. Rupture of the cell 
m embran es of host cells is occasionally observed in such a case; thus, 
the large agglomeration of bacilli is exposed to the extracellular envi­
ronment (Fig. 2). 

Most of the bacilli, especially those forming agglomerations, appear 
tn be electron-transparent but contain electron-dense fragments, cor­
r esponding to the debris of bacterial cytoplasmic components. This 
feature may r epresent bacterial degeneration. However , the bacilli in 
the small groups are laden with the cy toplasm and possess the com­
plex membranous configuration described later. Since the details of the 
bacilli are the same as seen in subsequent passage materials, they will 
be described in a later paragraph. 

:Membrane-limited vacuoles with fine granular matrix are visible in 
the host-cell cytoplasm, and contain an intensely dense substance vary­
ing in size and in shape (Figs. 1, 3 and 4). These vacuoles may r epre­
sent the disintegration of phatocytosed melanin. Sometimes bacilli sur­
rounded by moderately-dense droplet s are found in these vacuoles. 

In the cutaneous nerves of this material, no pathologic changes of 
Schwann cells, axons or myelin sheath are observed. The bacillus i not 
contained in either the Schwann cells or the axons. 

S econd passage in the hamster (3 months}.-The material examined 
3 months after transmission from the fir st-passage animal shows the 
lesion to consist of bacillated cells similar to those of the fir st passage. 
Frequently multinuclear cells containing the bacilli are also observed 
in this lesion (Fig. 8). 

The bacilli are dispersed abundan tly in the cytoplasm as single in-
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dividual s or as small groups, always enclosed by a membrane. However, 
they are not so closely aggregated as those seen in th e fir st passage, but 
are separated from each other in the same enclosing mem brane. Very 
small amounts of a moder a tely-dense droplet cling to the bacilli. 

,]~he majority of the bacilli arc laden with the cy toplasmic compo­
nents. A moderately-dense cell wall approximately ] 0 m,u in thickness 
cover s the bacillary body. Outside the cell wall, a mod l'at el~T dense 
eli ffu se laye r sepa ra ted from the former by a low density space is dis­
cernibl e (Fig. 5) . As observed on the surface of JIIl.l eprae e O), the low­
density space may r epresent the coating sub tance covering the cell 
wall. ,]~he outermost diffuse layer is probably a suhstance absorbed on 
the coating substance. 

A dense layer 30 A thick is closely adjacent to the inner surface of 
the cell ·wall. Separated from this dense layer by a less dense space 30 A 
in thickness, a dense layer 30 A thick border s on the bacillary cyto­
plasm. These two dense layer may r epresent the plasma membrane of 
the bacillus. In other words, the plasma membrane consist of a double 
dense layer separated by th e lovv density space. 

In some r egions, the plasma membrane enter s the bacterial cyto­
plasm and is transformed into a complex beehive-like configuration 
(Fig. 5) . This configuration corresponds to the "intracytoplasmic 
membrane system" observed in some mycobacteria eo, 15). 

A homogeneously dense substance not delimited by any membrane, 
believed to be a polyphospha tC' bod? , is seen 1n the bacterial cytoplasm 
(Fig.;)). r\ dense, irregulal'l.v-shaped substance, rC'pre enting the nuclear 
apparat us, is also observed, and i fr equ ently r evealed in th e trans­
parent a rea . It is surmised that this appearance of the nuclear sub­
sta ll cC' may be caused by hrinkage during methacrylate polymerization. 

'] 'wo bacilli flatt ened end to end are seen in F ig. 10. Th e cytoplasm 
of each is delimited by a membrano us layer . Tn the study of cultivahle 
mycobacteria, such a picture appears in the last stage of cell division. 
I n consequence, this feature is believed to r epresent bacterial cell divi­
s ion occurring in a host cell. 

In the cytoplasm of the host cell s, large electron-transparent va cu­
oles occasionally contain dense fragments surro unded by a dense mem­
hran e (Figs. 6 and 7). Sometim es this dense membrane appear to be 
di scontinuous. Since the dimension of this den se membrane conforms 
to that of bacterial cell wall, and also since membran e-enclosed frag­
ments di splay an appearance similar to that of the debri of cytoplas 
mic components of the bacilli, it is reasonable to believe that these fea­
tures may r epresent th e disintegrating process of degenerated bacilli. 

S econd passage in the hamster (1 y ear }.- Ther e is no morphologic 
differ ence between the host cell s of the 1-year material and those of th e 
3 month s lesion. However, the bacilli within the cell s are more abundant 
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than in the earlier 'Lages of thi . passage. Furthermore, the bacilli show­
ing fragmented 'cytoplasm (i.e., (lege ll erating bacilli) , are numerous 
(Fig. 9). Usually the bacilli are entirely ~wrapped in moderately-dense 
droplets, which a re compara bl e to the "opaque droplets " obse rved in 
lepra cells of the human leprosy les ion (8. Il. 18. ~ l ) . Of course, the en­
dosed space con tainillg the bacilli with sma ll amounts of the mod­
er ately-den 'e droplet (Figs. 9, 11 alld 12) is al so found in this material. 
On occasion, the droplet conta ining dense r droplets, believed to be of 
lipid na ture, is a ttached to the outer surface of the enclosing mem­
bran.e (Fig. 9). 

[t should be noted tha t a low-den::i ity 'pace i always discernibl e 
between the mod era tely-dense droplet and the cell wall (Fig. 12) . This 
means that the dropl et cannot be a ttached directly to the cell wall, be­
cause of the presence of the coa ting substance of low density. 

f) everal ner ve twigs, composed of both myelina ted and nonmyeli­
nated fib ers, a re found among the bacillate cells (Fig. 14). P erineurial 
cell s pOOl' in cytoplasmic components enclose these nerve fib er s and 
usually form a single lamella r layer. fnf l' equently, the Schwann cell. 
cytoplasm contain s many t ranspa rent vacuoles, bu t cytoplasmic or­
ganelles a re ver y . carce. No bacilli a re evident in these nerve elements, 
although the ner ves a r e surrounded by the cells containing many bacilli. 

T hinl} j Otwth and fi f th passages in hamster's (3-4 rnonths ) .- The 
l esions of these passages show an appearance similar to that of the 
ear lier passages. No differ ence in the submicroscopic structures ' of 
either the bacilli or the host cells is observed . 

M ouse lesion (3 rnonths} .- This lesion was provoked by the bacilli 
from the third passage in the hamster (Fig. 13) . 'rhe distribution of 
the bacilli in the host cells i. not different from that of the hamster 
l esion. 

The bacilli are accompanied by various amounts of moderately-dense 
dropl ets, and each is separated from the cytoplasm of the host cell by a 
membrane. This finding is very important in con sidering the identifica­
tion of the bacillus inoculated in the mouse, especially in distinguishing 
M. Zeprae from M. Zeprae rnttrittrn} as described later. 

DISCUSSION 

The bacilltts .- 'l'h e cell surface of the passaged bacillus is composed 
of the outermost diffu se layer , the low-density coating substance, and 
the less-dense cell wall. The bacterial plasma membrane consists of a 
.double dense layer, and its outer layer adher es closely to the inner sur­
face of the cell wall. This double plasma membran e enter s the bacterial 
cytoplasm and form s a complex configuration, which is believed to be a 
bacterial organelle because bacterial enzymes are generally located in 
the plasma membrane (1 0). 

The submicroscopic structures of l1I. lep1'(l e, reported hy several au-
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thors r ' ~I) and recelltly described most clea rl y by Imaecla and Convit 
eO), such as the bacte rial surface, the plasma membran e and the com­
plex membranous configuration (the latter call ed the " intracytoplas­
mic membrane s? stem "), are quit e similar to those of that bacillus as 
found in animal les ions. H owe" er, th e fin e st ructure of .M . l ep1 ~(( e 'lIW­

'I"iu'lll C) , \\'hich is also one of the noncultivabl e mycobacteri a, shows a 
close s imila rity to th e baci llus tran smitteQ to animal s. 'I' his beillg so, 
Oll e ca nn ot di scuss the icl ell t ifi ca tion of the tran smitted haci ll us f r om 
its morphologic appea ra nce. 

It should be mentio ll ed that th e majority of the bacilli forming ag­
glomeration ' in the fir st passage contain fragmented cytoplasm. In 
suhsequent passages, th e hacilli ladell with th eir cytoplasm a r c scat­
te red as smalJ groups ill thc host cell s and do not accurnulate as ag­
glomerations. ln the study of lepros~r , it is substantiated that M. lepro e 
grows ve ry rapidly and is clustered as " globi" in the lepromatous and 
some borderlin e and reactional tu berculoic1 cases (l ' 8 . 9 , J R, 21). ] n addi­
tion, clumped bacilli generall y show the so-called " cytoplasmic con­
el ensation" (plasmolysis in the bacte riologic sense ), ·which is a sign of 
bacterial degenera tion. Thus, there is an intimate r elat ionship he tween 
globus-formation and bacte rial degeneration; the bacillus may degen­
erate soon after the globus is fo rm ed as a result of rapid g rowth. Thp 
fact that in most borderlin e cases, and also in peripheral nerve ele­
ments of various leprosy cases, the majority of the bacilli a l'e laden 
with cytoplasmic components suggests that these bacilli may actively 
subsist and not quickly degenerate (1 0. 12) . These morpholooical differ ­
ences of M . leprae in various lesion s can bes t be explained as different 
phases of the mul tiplication of the bacillu s. Of course, the bacteri al 
g rowth depends closely on the type of leprosy. 

'J~hi s opinion r egarding the multiplication of l1 f. lepm e can be ad­
duced to explain various features shown by the bacilli inoculated in 
a nimals. The multiplication phase of the tran smitted bacillus may be 
dissimilar in the fir st and the subsequent passages. The bacillus may 
multiply rapidly in the fir st passage, formin g agglomeration s, and then 
r apidly degenerate, as seen in lep1'omatous leprosy lesion s. In subse­
qu ent passages, the evidence that the nodule formation in animals oc­
cm s within three mon ths is indicat ive of the fact that the bacillus may 
positively multiply in an imal ti ssues. However , they a re never clumped 
as agglomeration s, nor do they degenerate quickly. Since the ti ssue 
response of the kind of animal used for the present study may not be 
different in different individuals, the individual animal tissue may not 
inAuence bacterial growth. '1'he1'efo l'e, the change of growth rates in 
subsequellt passages i , p1'obabl~r chw to adaptatio]l or mutation of the 
bacillus tran smitted in animals. 

B acterial environment .- In animal les io1'I S, a single bacillus or a 
small group of bacilli are u suall~r enclosed by a membrane, supposedly 
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a remnant of the cell membran e taken into the cytoplasm of the host 
cell du ring phagocytosis, and they are thus sepa rated from the host­
cell c toplasm. Frequelltly a small amount of the mod el'atel.'·-deW';e 
dr oplet mater ial is closely attached to the bacillus in the enclo:;ecl space, 
even in the mou se lesion. 1~h ese bacterial di tributions are all like those 
seen in a borderline leprosy lesion by Tmaeda and Convit eO) . ~ r urine 
leprosy les ions a1. 0 show similar appearances (3.22 ), but the." do not 
contain any mod erately-dense droplets . From this featme, th e possi­
bilit,Y of M. l f pl'o e 11l71ri,u1II infection in the pre ent study can be ex­
clud.ed. 

Mod el'ately-dOl lse dropl ets enti r ely enclosing the bacillus in the 
1-yea1' lesion 1'e 'emble closely the "opaque droplets" obsen'e(l in lepra 
cells of human leprosy lesion s. Concerning the occurrence of Ih e opaque 
droplet in the lepra cell of lepromatous leprosy, Imaeda (8) ]Jo::itulatecl 
that pinocytotic lipoprotein droplets accumulate a round the bacilli as a 
result of the disturbance of the lipid metabolism in that form of the di -
ease. In the transm itted animal lesions, moderately-dense dropl etI-), 
pre umably of lipoprotein origin, cling to the enclosing 1110rn hr31l0 as 
seen in Fig . 9, showing that the pinocytotic droplet attaches to the en­
closing membrane, passing through it and accum ula ting a round the 
bacilli, Tn addition, the fact that the quantity of these droplets in­
creases in older lesions implies that the accumulatiOl'l of droplets oc­
curs very gradually, as in the human leprosy lesion. This corrcJation 
between the mod erately-dense droplet and the bacillus in animal lesions 
suggests that the transmitted bacillus may correspond to 111, l ep m e; but 
this phenom0non is not sho'wn exclu sively by M. l epme, since Salmo­
nella enter'itidis is found to be surrounrl ed by a similar chopl et, as 
reported by Yamamoto and Nakano (~O) . 

Besides the droplet , a foamy ,' tructure id entical with that of lepra 
cells appears around the bacilli. 'l'his foamy struct-ure, ho\\'ever, is evi­
dent only in the first passage and not in any of the later pa ssages, even 
in the 1-year lesion. It is presum ed that the foamy structure in the fir st 
passage might have been contained in the inoculum taken from the pa­
tient, and simply phagocytosed by hi.stiocytic cells in animals. .As al­
r eady discussed, bacterial multiplication in later passages may be dif­
ferent from that of the fir st passage, r esult i.ng from mutation during 
animal transmission. According to Clifton (4), "frequently the muta­
tion gives rise to loss of some characteri tic posses ed by the parent 
cells." ~rherefore, it may also be interpreted that the foam:" structure 
is not form ed in subsequent passages because of changes of the bac­
terial activity caused by the mutation. 

Cutaneous nerves.-The cutaneous nerves of hamster s' lesion s do 
not contain any bacilli, in spite of the fact that the nerves are com­
pletely surrounded by granulomatous tissue composed of bacillated 
cells. Furthermore, pathologic changes of nerves, such a degenerative 
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or r egenerative features and cytoplasmic changes of Schwann cells, are 
not observed, although the cytoplasm of some of the Schwann cells is 
vacuolated. 

In lepromatous and borderline skin lesions, both axons and Schwalm 
cens are frequently invaded by M. leprae, and the cytoplasmic organ­
elles of the Schwalm cells show a tendency- to increase in number s as a 
sign of pathologic changes of the nerves (11. 13) In tuberculoid skin 
les ions, alteration of both the Schwann cell and the axon, and epithe­
lioid change of peri- and endo-neurial cells, are observed (11, 13). The e 
feature of peripheral nerve lesion of human leprosy imply an intimate 
r elationship between M. leprae and nerves, as postulated by several 
authors (6. 14,18 ). 

As compared with human leprosy lesions, the absence of nerve 
lesions in the hamster does not strongly support the possibility of 
M. lep1'ae infection. However, it is r easonable to believe that the bacillus 
may lose the characteristic of invading prefer entially the n erves and, as 
a r esult of bacterial mutation, no longer aff ects them, even if the trans­
mitted ha cillus corresponds to NI. leprae. 

CONCL USION 

Examining the animal lesions caused by the bacillus obtained from 
human leprosy patients, one can find some features similar to those of 
the human leprosy les ions ; i. e., the bacterial fine structure, the opaqu e 
droplet around the bacillus, and the intracellular distribution of the 
bacillus. Since these f eatures are characteristic of M. leprae infection 
in human ti ssues, it seems very likely that the animal lesions stndied 
wer e caused by M. lepm,e, although non e of the. e features can identify 
the bacillus conclusively. In studies of animal transmission of human 
lepros by other worker s, the materials employed wer e obtained from 
lepromatous lesions in which M. lep1'Cte are abundant. As described in 
our fir st r eport, the majority of the bacilli contained in these lepromas 
show degeneration, and, furthermore, may be particularly adapted to 
human tissue. On the other hand, the inoculum used in the present study 
was obtained from a borderline leprosy lesion, which contains r elatively 
few M. leprae which, however, show intact features eo, 11. 12). From this 
point of view, it is po sibl e to say that M. lepme from borderline lesion s 
may adapt and multiply in animal tissues differently than in its proper 
human tissue host. 

However, various problems of the animal lesion, such as the absence 
of nerve lesions and no formation of either globi or foamy structures in 
the subsequent passages, are sti ll un solved. Tn order to clarify these 
problems, further studies will be made, including immunologic experi ­
ments. 
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SUl\U1ARY 

1. T he nodul e::; produced ill the I'a r:-; of go ld ell hamste r ::; primaril y, 
alld in white mice after trall sfer, by acid -fa s t bacilli obtained from a 
patiellt with borde rlin e l epro s~', \\'I'rc I'xamilled by th l' f' ll'ct roll mi c ro­
scope. 

2. J1I the material of the fir s t passagl" which r l'quirl'd 8 llIollths to 
d evelop, a majority of the bacilli sh owill g pla smol ys is an' a cc umulat-ed 
a s a gg lom eration s ill the hos t-cl'll cyto pl asm. Both mod l' rat l' l~'- cl l' n se 
dropl ets and foamy ~tructurl's arl' S('l'n aroulld th e bacilli. 

3. ~10st of th e hacilli ill late r pa ssages are laden with bacterial 
cytoplasm, eve ll ill the oldes t lcs ion , and thl'Y ar l' 0ll c lo:-i cd b \' mod ­
e rately-de nse droplets, bnt foa m~' s tructures arc not ev id ent ill the laj-eI" 
passages. 

~. J~he llI J~,Se lesion e:--.: hibiis s iructurcs entirely s illlilar to those 
observed in the hamsters , differill g from th e les ion provoked b.v M. 
leprae m'l.triu11'/. infection. 

5. Cutan eous n erves of the hamste r les ion do not di s pla~r an~' le­
s ioll s cau sed by ba cterial invas ion . 

6. The submic roscopic s tructure of hams ter s ' les ion s, compared 
with both human a nd murine lepros ,v lcs ion s, shows grcatl'l' s imjlarit~r 
to human leprosy. 

HESUMEK 

1. Los nod ulos pl'oducidos en la s o l'ejas dc Cr;ceti Illlrati Pl'illl il l'ia n. l'nte, y en I'Htonp,.: 
blancos dcspues del pa se a ell os, pOl' bacilos :-iriclorresistentcs obtenicl os de un cnPcrlll(} 
COli lepra lilllfb'ofe, fueron cxamimldos COil cl microscopio clcctroni co, 

2. En pi matcria l dcl primer pase, que l'equirio 8 Ill cses para d eslIl'roll a l'se, la lll a)'Orf:1 
de los bacil os que I'cvclan plfl Slliolis is se aculllui a en ag-Iomc l'rl ciones I' ll 1'1 citop lll '''IIl!l 
dc la celul a huesped. AIl'ededoe dc los baci l05 sc obscr\'a n hl11to g-otilln s Ill oderadnm en tl' 
espesas como es tructul'a s espumosas. 

3. La mayor parte de los bfl cilos de l o~ pfl ses subsiguientes e:-; t :-i !':l l'gll dn dc cito­
plasma bactel'ia no, aun en In les ion nH'i ~ a nti g-ua, Y pi;h'i rodeaclll de gotillll :-; mod e l'llmcnte 
esp esas, mas no se divisan estl'uetura s es pumo::;as P I1 los pases mas ree i ente~ , 

4. La lesion mUl'ina manifi esta estl'ucturas absolutal11ente semejantes :1 IllS obse l'\'ada5 
en los Cl'-iceti, discrepando de la lesion provocada pOl' la infcccion eon iJf, le]Jra e 1111/1' ;11111 , 

5, Los nervi os cutaneos de la k s ion del C ricetllS no desplirg-a n ning ulla Ir sion 
ocasionada pOl' la invasion bact-el'ia na, 

6, COlllparada con las Ics iones elf' 1a lepm tn nt o hUlllfln a ('0 111 0 IIlurina , la es truetUl'1J 
suhmicl'oscopiea dc las lesiones del C r;ee tu s revcln mayor sel1lPjanzll con 111 Icpra hum fl na . 

RESUME 

1, On a exami"e pal' Ie microscope eleet roniqu l' des nodules produit:-; , soit d'em blee 
dan s les Of'eill es de ha lllsters dOl'es, soit spconda irelllent aprcs tr a l1 sfe l't l'hez III soul' is 
bl an che, pal' des baci ll es Hcido-resistants obten us d 'un miliad c fl tteint de It'prr border-I in c, 

2, L ors du pl'emier p assage, qui l'cquit 8 Inois pOUl' sc devclopper, la majol'ite 
dcs bac ill es Illontl'ant de la p lfl smolyse sc ;;ont aeculllui es pn Ilgglol11t>I'Hts clans Ie cyto­
plasme des cellul es hotes, On a consta te ;1 la Poi s des gouttelettes Illocl eremcnt opaques 
et de ' structures spumeuses flutour dl's ha r ill es , 
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3. Lors dcs passagcs ultericul's, la plupart dcs bacilles sont (J hal'ges dc cytoplasmc 
bll l·illail·e, lIIe lll e dans les lesions les p lus anciennes, et ils sont enfe rmes dans des 
gouttel ettes model'ement dpnses. Les structurps spumeusps ne sont pas hidentes lors de 
ccs pa::;sages plus tal'difs. 

4. Chez les souri s, les lesions developppes t.emoignent de ;;tructul'es enti crement 
::; ilnilaires a cell es obsc l'vees t hcz les hamstcrs, differant elu type de Ipsions provoquee ' 
pal' I'infection pal' 111. /epl'lw mtll'iHllI. 

5. Dans Ia. lesion du hamster, Ips nerrs cutllne~ ne I'evelpnt pas d'atteinte ('Ilusep 
pal' I'innlsion bacillaire. 

6. Pat· cO lllparai son avc e les lesions dc la leprc hnl1\lline ct dc III lcpre murinc, 
Ill. s tru cturc sublllicroscop ique des lesions dcs hanls ters presente une plus g randc l'es­
scmblancc ayp e la lcp rc hUlllaine. 

1. 

., 

. ). 
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FIG. 1. The nrst·passage lesion in the hamster. Clumped degenerated bacilli (LBd) con­
taining fragmented cytoplasm are enclosed by n membrane in the host cell cytoplasm. Phago­
cytosed melanin granules (Mg) are also sern in the upper part. N: Nucleus of host cell. Mag­
l1incation, 19,OOOX. 
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FIG. 2. Three agglomerations of the baeilli showing pla smolysis. The upper right one is 
exposed to the extracellular environment by rupture of the cell membrane, together with the 
cytoplasmic organelles of the host cell. Debris of the host cell cytoplasm (DH ) is found in 
the agglomeration. Magnifica tiOll, 16,500X . 
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Fro. 3. Around the degenerated bacilli (LBd ) i~ a moderately dense droplet. Melanin 
granules (Mg) a re a lso evident in the droplet. Note a low-density space (arrow ) between tile 
hacterial surface and the droplet. Magnification, 80,OOOX. 

FIG. 4_ A foamy structure (FS) around bacilli in the first-passage lesion. Melanin gran­
Illes are contained, together \\;th t.he bacilli, in the same vacuoles. Magnification, 30,OOOX. 



FIG. 5. A bacillus in a 4·montbs lesion of the second passage. '1'he bacterial surface is 
composed of the diffuse layer (DL), the coating substaJ.Ce of low density (OS), and the cell 
wall (OW). The plasma membrane (PM), consisting of a double dense layer separated by a 
less dense space, is seen between the cell wall and the bacterial cytoplasm. Its outer layer 
closely adheres to the cell wall. Both layers of the plasma membrane enter the cytoplasm 
(arrow), to be transformed into the intracytoplasmic membrane system (OM). PB: Poly­
pliosphate bodies. Na: Bacterial nuclear apparatus. E:M: Enclosing membrane. )1:agnifica­
tion, 120,OOOX. 

FIGS. 6 & 7. Three-months lesion of the second passage. Dense fragments surrounded by a 
membrAne are · observed in the vacuoles (V). These features may represent the distintegrating 
process of degellerated bacilli. Magnification, Fig. 6, 32,OOOX; Fig. 7, 25,OOOX. 
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FIG. 8. A multinuclate cell containing many bacilli in the 4·month second pa sage lesion. 
The majority of the bacilli are enclosed by membranes in the host cell cytoplasm, and are not 
accumulated as agglomerations. Magnification, 13,500X. 
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FIG. 9. One-year' lesion of the econd passage. The bacilli (LB ) form sma ll groups, (,Heh 
('n<:lose(l by a membrane. Many vesicles are to be seen in the bacterial cytoplasm. Degenerating 
bacilli (LBd) arc also seen in this host cell . Moderately-dense droplets are attached to the 
bacilli, but the narrow space of low density is always visible between the bacillus and the 
droplets. The droplet containing den (\1' droplets clings to the outer urface of the encl0 ing 
membrane (arrow) . Magnification, 35,OOOX. 
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FlO. 10. Three·month s lesion of t.he second passage. Membranous layers are visihle be­
tll'een two bacilli (u r·row). This feature I11ny repl'f)~cnt tire process of bacterial cell fli,·isioll. 
~ragnifieation, 40,000X. 

FlO. 11. Moderately-dense droplet (D) surrounding the bacillus in the second passage 
:1 fter one year. This appe81'1I110e is identical with the "opnque droplet" in lepra cells of the 
11l1l11l1n Icpros.,· lesion. Magnification, 30,000X. 
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FlO. 12. This picture shows the diffuse laye r ( DL ) of the baci llu s observed in one·year 
materjal of tllC second passage. Note the low·density spn te (lI l'I'O\\') betwee n th e bacteri al S UI" 

fnce and th e J1lod el'3tely-dcnsc droplct . 'Magnifi ca tion, 5(i,OOO X . 
FIG. 13. Four·month s I(', io,' in II white mOll .e. Mod erfl tely·dense droplets fire notcd around 

th e b"c·illi. Mngllifi~ntion. ~ ' I.()IIOX . 
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