
J 

SLJSC1'~P'J'IBILl 'CY OF vVILD RODJ'~NrrS ~CO ~CHg 
~ll 'HI N I'; LI';PHOSY BACrLLUS 

SHTNJI N I SHIMU RA 

V I'pa.l'tmcnt of L CP1'OSY, R esearch lns titnt f fo r 
,Microbiltl Diseases, Osaka Ul1ivp rsUy 

Osaka, Japan 

r\ tiPll1pt ::; to infect a llilllai s of th0 murin e fami ly other than the nat
ural host (th e rat) with the murin t' leprosy ba.cillus are of inter es t be
('ause of tl10 rol e they may pl ay in clarify ing the problem of tran smit
ting human 10pros.v hacilli to a nima ls . I hav0 1'0ported prev iously 0 11 

the infection of hamst0 rs wi th the murine bac illu s (!J), a nd preliminary 
r eports ha ve been puhli sh r d 1'0C0ntly on the snsc0 pt ibility of several 
wild mi ce to it (5, U). 

In the present communica.t ion the findillgs in lat0r s tudies are sum
mariz0c1. The susceptibility of wild rod ents to th0 murin e leprosy baci l
lus is di scussed; the histopathologic findings of the les ion s ill the a l
r ea dy kn ow Jl specics, i. c., Ha ttus, ~ I us and Mcsocricctlls (hamster), and 
in thc rcccntly testcd species of \poclernus, ?\ I e r10nc ' and 11 iCl'otus , a r c 
compa rcd; and suggestion s arc adva nced r 0ga rdin g thc problem of 
trallsmission of lepra bacilli to anima ls. 

:\1ATERIAL AND METHODS 

R odelli s lI ser/ .- Th e fou l' species of wild IlJi ce used \\'er e Apodel1lll s s pel'io s lI .o SlJ e
ciostlS, Apodel1ltl s g eisha g eisha" M el'iones tl,nguieulatus, and Mic'l'ot'll s monteh elli lII on /e
belli. The Apodelllus and Microtus :milll als nre nnt ive to the 1l10untnillouS n ren~ of KHllli 
kochi, Kagano p refecture, and K yoto city . The spec imens of Merionl'S and sOll1 e of 
:Microtus \\'ere obt<lined frOIll the Tokyo Central Experimentnl Anillla l Laboratory wh ere 
t hey a re bred .1 

Apo. slJecioslI s closely resen lbles the house mouse in fo rm, but is s lightl y s lll all er. 
The leng th of the hend an d hody is less than 120 mll1. , and the tail is less than 120 mm.; 
the average weight 30-40 g m. The color of the fur of th e back is yell owish brown, and 
the belly is white. 

Al;o. 9 1'i .. ;]w also reselllbles the house Ill ouse but is e\'en smaller in size than the spe
ciosus vari ety. The hend-body leng tb is 77-90 III Ill., the tail 86-100 nllll., and the weight 
about 30 gm. The color of th e hack is ~I ellow-brown , anll the bell y is g rey . Thi s anima l 

, is peculiar to Japan. 
MM'. unguiculatus is a small animal weighing 40-50 gm., with a long tai l and long 

hind legs like a knnga roo. The head-body length is less than 125 mm., a nd the ta il less 
th an 98 mm . The ha il' of the back is lig ht yellow-b rown, and the belly is white. It is 

, nnt iye to the p la ins of centra l and westem Manchuria. 
IIlic. montehelli is a species of short-tai led fiel d mouse. The head-body length is less 

tha n 132 mm., and the tai l is short and less than 49 mill . The ha il' of the back is blackish
hrown, and the be ll~1 is grey. It is foun d in th e centrnl and northern parts of Honshu, 
Japan. 

I nocula and iuoc1Ilations.- For the initial inoculnt ions, thr KUlllallloto strain of 
lIl ur ine leprosy bacillus maintained in the r nt was used. The lep rollln \\' US sus pended in 
~ n line and 10- 2, 10 - 3 and 10 - 4 d ilu tions prepa red. .A I lo . ,o p el'io su8 , .A po. g eisha, am] 

I To silllpli fy the li se of th e names of th ese animn ls n8 th ey appeared in th e mnnuscript, 
t he generi c nanws will where permi ssible be nbbl'e\"inted: Apodel11us to Apo., Meri ones to Mer. 
a lld Mi crotus to Mic. Th ere being no appa rent rea son , in t.he present connectioll , for us in g the 
rerlupli ca1'erl spcci('~ nam es, th e J'epetition is avoided hereafter.- Eol'J'olt. 
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M ic , IIl on l eueli i wer e inocul a ted subcutan eously, lmd th e l1lel', ung1l ic lllat1l8 !l nilll a ls were 
ill o~ulated by three r outes, subcutaneously, intra pel'itoncally a nd intrH testi ~ul a rl,\'. ~rhe 
firs t lepromas in th e spec iosus, geisha a nd ung ui cul a tus Illi ce were mad e JIIto su~pensLOns 
Hlld back-passed. 

ObC/a ,.a l io!! of l'esu/ts.-'I1lC r es ponses of th e a nim nls to th e inocul:1ti ons n,.c rn ted 
in t erm s of (a) th e time req uired fo r le pr omas to nppea r fo llowing th(' inj ecti on of the 
diffe r('n t inf eeting doses; (Ii) of the enlfll'gelllen t, p ers istence 01' healing of Ips ions; (I' ) of 
th e hi stologic p i(·turp ; (d ) of the number of bacilli fO UJ1fl in the I('sions; nne! (e) of the 
t l'a lls illi ss ibility of the indu('ed infl'cti on to I'nts. mi ce 0 1' tIl(' hOlllologous spec ies of w ild 
r odent. Histolog ie s pe('illlPns for t he I'nt , mouse alld haillste r were sl'l l'ctpt\ t rolll 11Ifl tc l' ia l 
collected in pl'eyi ous experilll cnts. III all insta ll ces thc tissues wcre fi xed in fo nll nlill. a nd 
p nrnf'fln secti ons were s ta ined by the helll fl tox .vlin -eo,' in, va n Gipson, 0 1' ;7;iehl-Xl'elsen 
meth ods, a nd oecll"ionnlly til(> Bielscholl'sky s il ver method . 

RESULTS 

~~he r esults which are most important for compa rative purposes ar e 
summarized in Tabl e l. 

Apo. s pecios lls: Subcutan eous inoculation of a 0.2-0.25 X 10- 2 sus
pensioll r el::i ulted ill the local formation of a pea-s ized nodule afte r 2-3 
months. This nodul e gradually increased ill size and developed into a 
typical leproma. There was ma ss ive proliferation of bacilli within the 
lesion cell s, and transfer inoculation s into animals of th e sam e spec i('s 
r esulted in a similar infection. Back-passage in rats and mice also r e
sulted in infection. The organs in general were macroscopically normal, 
although bacilli were present in the more sever ely infected animal s 
after 26-29 month s. ~'he lymph nod es, however , showed moderately 
sever e changes and conta ined num erous ba cilli. 

A po . geisha: A pea-sized granuloma with a necrotizing center devel
oped at th e site of inocula tion after 3 months in this animal, too. A 
massive quantity of bacilli was present in the necroti c focus, hut ther e 
wer e relatively few ill the surrounding granulomatous tissue. Differing 
from the typical rat leproma, this lesion did not enlarge. Although a 
small number of bacilli wa s found in the inguinal lymph node, ther e 
wer e no changes or bacilli in the other organs. A second passage in the 
sam e species r esulted in the formation of small pea-sized lesion s after 
3 months, but ther e was no further development. However , the back
passage of the bacilli r ecover ed from the lesion after 6 months into the 
mouse r esulted in infection. Tn other words, a typical leproma is not 
form ed in this animal, hut th e bac illi ill th e lesion. r emain viabl e over 
a long period of time. 

Mer. unglliculalus : Intraperiton eal inoculations with eith er heavy or 
light doses produced only small nodules in the omentum which did no t 
develop progressively, and lesions were 1l0t produced elsewher e. \J
though the nodules contain ed a few bacilli, ther e wer e no sign that they 
had proliferated. Lesion s appeared r elatively earl y after subcutaneous 
inoculations of heavy doses (10- 1 and 10- 2, but not 10- 3 ) and then 
formed abscesses containing many hacilli, hut these lesion s wer e g rad
ually absorhed with the passage of time. Pa . sage of bacilli from the 



TABLE 1.- R esults of inoculation of wild mice with the 1I1Ut"ine leprosy bacillus. 

P assage 
Inoculation Local lesion Fate Bacilli inoculation 
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en en Z en 0.. ....::l 0.. ...:l ....::l ...:l en en 0:; "" --- - - - - --
Apodemtls Orig. 3 O.2 X10- 2 2-3 L. Enlarge 6-15 00 2+ 1+ 1+ 1+ 1+ 1+ 

speciOStlS 2 S.C. O.25 X10- 2 2-3 L. Enlarge 26-29 00 2+ 1+ 1+ ,1+ 1+ (3 ) (6) 
Pass. 3 O.4X10- 2 3 L . Enlarge 21 00 2+ 1+ 1+ 1+ (3)-
--- --- ---

Apodemus Orig. 2 S.C. O.25X10 - 2 3 G. P ersist 6 3+ 1+ ---- ---- --- ---- 1+ 
geisha (3) (6) 

Pass. 2 O.5 X10 - 2 { p erSist 3+ 1+ 3 G. d 18-23 ---- -- ---
H eale 

3 O.25X10 - 1 2 Nodule omentum 2-6 1+ ---- ---- ---- - -
Orig. 4 LP. O.5X10- 2 6 Nodule omentum 6-12 1+ ---- ---- ---- ----

3 O.5 X10 - 3 None 6-12 ---- ---- ---- ---- ------- - --
Met'iones 5 O.25X10 - 1 2-3 G. H ealed 2-12 2+ 1+ ---- ---- ---- ---- 1+ 

tmguiC1.11atus 6 S.C. O.5X10- 2 2-3 G. Healed 2-12 2+ 1+ ---- . --. ---- (3) (9) 
4 O.5 X10-3 None 6-12 ---- ---- .--- ---- ---- 1+ 

(2) 
Pass . 2 S.C. O.5X10 - 2 None 6 ---- ---- ---- .--- . ---

3 O.1 X10 - 1 2-3 G. Pcrsist 6-9 2+ 1+ ---- ---- --- 1+ 

Orig. 2+ 1+ 
(6) 

3 LT. O.2 X10- 2 2-3 G. Persist. 6-12 ---- ---- ---- 1+ 

4 O.1 X10- 3 3 L. Persist 6-12 3+ 1+ --.- .... 1+ 
(6) 
1+ 

(6-
12) 

- ----- ---
Mic1'o ttlS O.25 X10-2 { 2-3 G. Hcaled 6-12 ---- ---- ---- ---- ---- 1+ 

montebelli 
6 28 L. Enlarge 31 00 1+ ---- ---- ---- (31) 

Orig. 4 S.C. O.25X10- 3 2-3 G. Healed 12 ---- .--- ---- ---- ----
2 O.25X10- 4 None 6-13 ---- ---- ---- ---- ----

• Origmal, the original suspension of rat lep roma ; P ass., passage transfer to oth er mi ce of th e same " 'ild species f rom an infected one. 
b S.C., subcutaneous ; T.P., intraperitoneal; LT., intra testicular . 
e L, typical leproma; G, granuloma no t charaeteristic of leproma. 
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0-lllonths les ion fHiled to illfect other allimals of the same species. 
Materialrecoverecl after 9 months, how ever , infected mice. 

The most successful route in this species was intratesticular inocu
lation. Injections of heavy doses r esulted in rapid response, but there 
was only destruction of the testicular tissue by the granuloma and there 
was no proliferation of bacilli; atrophy took place later. vVith the 10- :1 
inoculum, intni ce llular proliferation of bacilli wa s found only after 1:2 
months in the lymph llod e (bronchial glands ) and spleen. l\ l ice ill ocu
lated with these bacilli all hecame infected . The results suggestell that 
in ihi s speci('s infect ion is poss ibl e only with intratesticular inject ioll 
of small <loses . 

Mic. 111n1llebelli: III this animal subcutan eous injection of heavy 
doses resulted in the formation of small nodules after 2-3 months, but 
these were gradually absorbed. No local r esponse wa s seen to the to- 3 

dose after 13 months, and it was believed that this animal was not sus
ceptible. However, examinat ion of an animal injected subcutan eously 
with the 0.25 X to- 2 inoculum which died after 31 month s with swelling 
of the joints, showed pathologic changes chara cte ri stic of murin e ]ep
ros~' alld many bacilli. Back-passage of the bacilli in mice resulted in 
infection of all the animal s. fn this animal leproma formation at the 
site of inoculation, characteristic of murine leprosy, was not seen, but 
lesion s were produced at far-distant points. Thi s suggests that infec
tion in a species of low susceptibility may take place after the lapse of 
a long period of time. 

H ISTOLOGIC l"INDINGS 

The histologic picture- i.e., cellular morphology, presence of giant 
cells, proliferation of conn ective tissue, number of migratory cell s, 
necrotic foci, and numhers of bacilli- in these 1'0111' species, and in the 
"Rattus, "Mus and Mesocricetlls (I1Iratus (golden ham ster) are compared 
ill 'I'a ble 2. 

Rattus : The rat is r ead il y infected by all routes. The lepra cell s ap
pearing in the lesion are ep ithelioid cell s with swoll ell cytoplasm, the 
nucleus pushed to one side. At times spindle-shaped connective tissne 
cell s are filled with bacilli alld form lepra cells. Proliferation of con
nective tissue is the more marked the older the les ion, and the bound
aries of lesions are sharply defin ed, especially in the liver (Figs. 1 and 
2) . Migratory cells are not found in the leproma, hut a slight infiltra
tion is seen in the periphery of necrotic foci or in the vessels surround
ing very new lesions. Bacilli are present in large numbers. Central 
necrosis is a characteristic of ok). lesions. Th e most favorable site of 
les ion formation is the lymph node, where many Langhans' giant cells 
are found (Fig. ]5), followed in order by the spleell, liver (Fig. 16), 
and lung. 

Mus: -Ill the mouse, al so, infection occurs readily. In general , there 
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is less c(Jllll ective ti ssue in the les ioll s than in those of the rat, gWlll g' 

the les ion a soft appearance. rrhe lepra ceJl s arc r ounder than in the 
rflt , and resC'mble large monocytes in shape (Figs. 3 and 4) . Typical 
Langhall s ' giall t cell , are seldom seen, but atypical giall t cell s ar e ob
se rved at times. Bacilli fill the cell s, giving the appearance of r ed balls 
on acid-fast sta illing. ']' he findings in the organ s arc similar to those 
in the rat. 

ll!lesocriceill s : Again ill the hamster, infect ion takes place r eadily. 
f\ S in the mouse, the qU<tIltity of connective ti ssue ill the lesioll is small 
and its appea rance is cOll sequently soft. ']' he lepra cells arc r ounel 
epithelioid cell s with the nucleu . pushed to one sid e liy th e proliferation 
of the bacilli. (Figs. 5,6 and 17. , ~rypicalLanghan s' gian t cell s arc not 
found, but atypical giant cells-pl'esumahly form ed by groupin g of 
la rge monocytes-are obse rved, especially in the liver. Many bacilli a re 
present. Tn severe infections, diffuse lesioll s arc found in the spleen, 
liver and lungs. Necro tic foci arc few, howeve r, Hlld the changes in thC' 
lymph nodes are less than in th e rat. 

TABLE 2.- C0111}Ja rison of histologic {Ittding ,in les /;{J1tS of th e t'a l fam'il!}. 

Connective 
tissue 

Lesion prolifera-
Species cell tion 

n attlls n01've- Typical Marked 
giclIs epithelioid 

Mil S molosimus Rounder Slight 
epithelioid 

M esol:1'icetll s Rounder Slight 
{( 1I1'o lus epithelioid 

Apodemus Monocyte- Slight 
8pecios1I s like round 

epithelioid 
Apoclemus Large round Marked 

geisha epithelioid 
lJileriones 1/,n- Sp indle-form Marked 

guiclllatns epithelioid 
Mic1'o tus Typical Slight 

montebelli epithelioid 

Giant 
cells 

Many, 
Langhans 
F ew, 
different 
Few, 
cl i fferent 

Bacilli 

Ma ny 

Many 

Many 

Visce ra" 

Marked 4+ 3+ 2+ 2+ 

Slight 4+ 3+ 2+ 2+ 

Very 1+ 3+ 2+ 1+ 
slight 

----1. __ _ _ 

None 

None 

None 

None 

Many Slight 2+ 1+ J+ .... 

~1a n y, later Slight 
few 
:Man y, later Heavy 
few 

!
Many, later Slight 
fe w; one 
case ma ny 

1+ 1+ ....... . 

1+ 1+ ...... .. 

1+ (Joint 3+) 

' Degree of visce ra l jl1\'olvement, 1+ to 4+. 

Apo. SlJecios1l s : 'rypicallepromas r esembling those in the mouse are 
produced. Lepra cells have the appearance of large monocyte-like cells, 
and they are fill ed with bacilli. rrhe les ion s ar c poor in connective tis
sue, and giant cells are not seen. (Figs. 7 and 8.) Slight necrosis is 
observed. rrhe changes in the lymph nodes a r e moderately sever e, but 
those in the spleen, liver and lung are slight and bacilli ther e are few. 

Apo. geisha: The leproma at the site of injection is not made up of 
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PLA'l'E 1 

FIG. 1. Somewhat old subcuta neous lep l·oma in th e rnt, surround ed by cOll ll ccth·e ti~s u l'_ 
50X . 

.b~IG. 2. A fie ld of Fig. 1 at lIigh er l11ilgnifi ta ti oll, 200 X . 'fyp ical cpitll e li oid I·;,t irprosy 
cel ls. 

FIG. 3. S il ilcuta nco u,; lep roma ill th e mOIl';('. S light round·ce ll ilifi ltTatiou present in tllc 
pcriph ery, but only a sma ll quantity of cOllll edi ' ·e tissue. 50X. 

FIG. 4. A fi eld of Fig. 3 at higher magnificn tion, 200X . 
FIG. 5. Somewhat old subcutn neous les ioll ill t he ha mster . Diffu se lep rn cell i nfil tnltion. 

50X. 
FIG. 6. A fie ld of Fig . 5 at ll igher mag nificatioll, ~OOX . 
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typical lepra cells. ]t consists of spinell e-form cell s containing many 
bacilli, and round epithelioid cells with their Jluclei pushed to one sid e 
but containing only a few bacilli in the central part. (Figs. 9 and 10.) 
The center is necrotic. Giant cells are not fOUlH1. Of the organ s, nodules 
are produced only in the lymph nod es, and ba cilli are found her e. 

M er. unouicu lcdu s : ~11he lesion pl'oducedloca ll y is not a t,vpicall ep
roma . Jt is similar to the granulat ion t issue whi ch (l evelops 'wh en non 
pathogeni c bacte ria a re inj ected into the rat, and the re is no formation 
of' epithelioi(l cell s du e to hacterial proliferati on. After intratesticular 
i.njection there is st rong interstitialread ion an(l th(' s0minal tuhules are 
destroyed, hu t typicall epl'a cells are not fOll nd . (Figs . 11, ]2 ancl18.) 
In an animal injected with a dilute inoculuJl1, proliferation was ob
served in smea l' specimens aft er 1 ~'ear , hut unfortunately thi s speci
men was lost. 

Mic. montebelli: Th e subcutan eous inoculation lesion wa s a localized 
atypical lep roma containing a f ew hacilli , and it disappeared after one 
yea r. rl'he lesion in the joints was a leproma form ed of typical epithe
lioid lepra cells, with necros is in places, allli the perim eter wa. com
posed of spindl e-.. haped cell s. (Figs . 13 and 1+. ) Bacilli wer e fonnd in 
all th e tissues except bone, ligam ent and skin , and. on staining with 
Ziehl-N eelsen th e whole took on a r ed color, beca use of the proliferation 
of the bacilli. Giant cells were not seen. Although nodular lesions 
formed of epithelioid cells and many bacilli were founel in the lymph 
nodes, no marked changes wer e ohserved in other organs. 

A comparison of the histologic changes shows that those in the 
mouse, hamster and Apo. specios1l s were close to those in the rat, ann 
the lesion produced in the joints of on e of the ~ri crotus allimal s shows 
a close similarity. In the Apo. [J e'is7la mice, hacillus proliferation was 
not marked and-suggested phagocytic granuloma cells rath er than lepra 
cells. Tn the Meriones mice, injection with heavy doses resulted in a 
severe granuloma, but typical lepra cell s anel bacillary proliferation 
wer e not found. 

DISCUSSION 

On the basis of the findings in the experim ental infections of four 
species of wild mice with the murin e lepr osy bacillus and the pathologic 
changes occurring in these animals, the following points are discussed. 

R elationship between endog enous chara cteristics, susceptibi li ty to 
1nurine leprosy and zoologic cla ssification.-The mouse, the hamster, 
and Apo. speciosus as well as the natural host, the rat, are highly sus
ceptible, whil e A po. /} eisha, M er. unguic1l1at1ls and Mic. 1nontebelli show 
littl e susceptibility. Jt can ther efor e be said that, within the range of 
the present inves tigation, susceptibility and morphology are r elated. 

Most fav orable rout e of infection.- Th e murine leprosy bacillus pro
liferates within mesenchymal cells, so in highly susceptibl e animals suh-
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PLA'l'E 2 

FIG. 7. Subcut:1 neOllS lesion in Apoclemus specioslls . 50X. 
FIG. 8. A fie ld of Fig. 7 at higher magnification, 200X. Fi ll ed with large mOllocyte·like 

lep r:. cp ll " sO lli e ulld crgoing mitosi s . 
PIG. 9. L oca li zed suhclltnncous le,ion iu Apo. gris/IO. 50 X . 
}'IG. 10. A field of l!'ig. 9 at higher lllagnific'n tion, 200 X . Epith e li oid cp lls losi ll g the 

nu c leus. Rou ud ('e ll iufiltmtio ll i~ lllarked. 
FIG. 11. Lo(·n li zed Su1)Cutn ll co li S gralluloma ill .lf erio ll c" 1ll1flllirlllallls . . 'lO X . 
F IG. 1 ~ .. \ fiplcl of Fig. II at lli ghr .· llI :q, lIifi entioll, ::!OO X . S imilar to o rdinary g rn llul oma; 

epithelioid lel'l":I (" (' li s alJsl' lIt. 
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PLATE 3 

FIG. 13. Lcp rolll a in thc j oint of Micro t liS monle bell i. 50X. ~ccl'os i s in pln ccs. 
FIG. ]4. A field of Fig. 13 nt hi gher Jllagnificat ion, :WOX. Notc typ ica l lep ra cells. 
FIG. 15. Langha ns' giant cc ll s in the lymph Hod c of th c rat. :WOX. 

1 !!60 

FIG. 16. FOl'ffintion of co nnective tissue within :l murin e Icp rosy nodnle in the rat liYer. 
] 25X. (BiclschowskY'8 method. ) 

FIG. 17. Giani IllUl'inc lep l'a cells with th e nuclei pushed to one sid e, in th e Ih'c r of the 
hamster. 200X. 

FIG. 18. Prolifera tion of conn ective ti ssue :l lld dnlll:lge of sem innl tubul es in the test is of 
M el·. 1l1t[!1IiclI la tlls. Note absence of lepra cells. 200X H .E. 
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cutancous injcctiolls will r esult in the formation of typical lepromas. 
1n animals of low su 'ceptibility, as Meriones, intratesticular injection 
gives bettcr results. This has already been r eported by Takayama (8) 
in the ~[erioncs amI, by Hanks (2) in the rat. 

Qllantitv of inoculum.- In animals of high susceptibility, a small 
do::;c (0.2 X 10- :1) sufficcs. 'When the inoculum is too concentratcd, it 
contaill s much of the ti::;suc components and tissue reaction is scvcrc, 
a lid bacillary prol ifel'ation is suppresscd by th e production of immune 
antibodies. A good example is the successful infec tion intratesticularly 
of .lIe I'. 11ng1ticlllahis by injecting a small dose. Hanks and Backer
man ( ~) have prcsented data on the suppression of development of 
Ie 'ion s ill the rat by the injcction of heavy doses. 

P eriod of observa tion.- In highly susceptible animals, infection can 
be ~ uccessfuly back-passed within a period of one year, but this length 
of timc is believed to be insufficient with animals of low susceptibility. 
J n ,:\1 C' riolles, prolife)'a tion is observed with intratesticular injection 
aft C' ), 12 months, alld lesion s occurred in the joints of one of the Micro
tll ~ animals after 31 months. Car eful obscrvation for a long period is 
th C' ), efor e required in dctermining susceptibility. 

j'iabili ty of bacilli in animals of low s'Uscept'ibility.- In animals of 
lo\\" ::;usceptibility infect ion takes place according to individual differ
ences, and in other thall special organs (e.g., the testes) infection will 
not take place. ~l'h e period of viability of the injected bacilli when 
t~' pi callesions are Hot formed is an important problem. In Apo. geisha, 
bacilli \\'C' )' e viabl e in the subcutan eous gra nuloma for more than 6 
mouths, \\'hile in Mp1' . 1In,fluiculatus viable bacilli were found after more 
than 9 months. Thi s finding diffcrs g reatly from the fact that murine 
je])l'o::;y bacilli disappea r within 8 weeks from the site of injection in a 
hctel'o-host such as the guinea-pig. It is believed that this is due to a 
tli ffer ence in resistance of the animals. 

Charact eris tics of the pathologic changes . - Comparison of the 
pathologic picture with the findings in the rat used as the standard 
sho\\'s that in the mouse, hamster and Apo. specios'Us there is less con
nective tissue, Langhans' giant cells are absent, bacillary proliferation 
is vcry marked, and thc rat leprosy cells are always swollen and take a 
)'ounel monocyte-like sha pe. ~l'he occurrence of necrotic foci is more 
tal'd~r a nd of less severity, The findings that bacilli proliferate spe
c ifica ll~' in cell s of mesodermal origin and that ther e is no affinity 
to\\"31'c1 ])(')'ipheral n('1'VOUS tissues a re basically similar. The degree of 
l'esi::; tance is som ewhat slighter , The subcutaneoues lesion in Apo. 
g eis ll a and ]III er. 1(,n.fJ~I:ic1t latus docs not show the characteristic picture 
of mu],in e leprosy, but appcars to be a tran sient granuloma. The lesions 
in the joints of one Microtus mouse were similar to the picture in the 
ra t except fo], the ahsence of giant cells. 



438 I nternational Jonnwl of L epl'OSY 1060 

F actors r elat ed to su,scepribili ty of animals to leprosy bacilli.- In 
order for leprosy bacilli successfully to invade the host, pl'oliferatillg 
and producing a lesion, the host cells must furnish nutrients for their 
growth on the one hand, and the host also must be in a state of low 
resistance, either congenital or acquired, on the other hand. In the rat, 
mou se, hamster and Apo. speciosus, the growth factor predominates 
over r esistance, while in the other wild species used the intracellular 
growth factor is ilJadequate although r esistance is low. Recently, we 
at.tempted to enhance proliferation of the mmin e bacillus in M er. un
guiculrtt71s by adm inistering adrenocortica l hormone to suppress the 
defensive action, but were unsuccessful (1) . Similar attempts have been 
made previously by many investigato rs. Yasuda (11) inoculated mice 
with human leprosy bacilli after pretr eatment with "habu" toxin , and 
obtained findings of interest in the first generation but further passage 
was reported un successful. Cochran e and Ramanujam e) inoculated 
splenectomized monkeys with the human bacillu s but did not obtain 
satisfactory r esults. They helieved that" success will be attained only 
if this tissue defense reaction can be abolished, allowing free multipli
eation of the bacilli in the corium of the skin." Kat6 (4) has treated 
guinea-pigs with antihistaminics and ' then injected murine leprosy 
bacilli, this too apparently done in an attempt to suppress r esistance. 
From the findings, however, I believe that the presence or absence of 
the growth factor in the host cells rather than the strength of the re
sistance is of the greater importance in determining suscepibility of the 
animal. 

Several years ago Tanimura and Nishimura e O) suggested that in 
order to infect animals with leprosy bacilli successfully, a substance 
perhaps a growth factor mu st be present in the host cells which is able 
symbiotically to accept the bacilli. There is no need to reverse this 
suggestion at the present time. It is therefore believed that in con
ducting animal experiments with leprosy bacilli the most important 
point is to fino species or strains of animals which inherently possess 
this property. 

SUMMARY 

Four species of wild mice have been inoculated with the murine lep
rosy bacillus, and the following observations were made. 

(1) Apocle'ln'us speciosus is the most susceptible of them. Apo. 
geisha, M eriones unguiculatus, and Microtus montebelli are susceptible 
although in low degree. 

(2) The inherent characteristic of susceptibility is closely related to 
zoologic classification. 

(3) In animals of high susceptibility the subcutaneous route of in
fection was satisfactory, but in animals of low susceptibility, as Mer. 
1tnguiculatu s, intratesticular inoculation is more effective. 
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(4) The quantity of inoculum should be as small as possible, in order 
to minimize irritation by the tissue clements of the leproma suspension. 

(5) The lower the susceptibility of the a !limal, the longer should be 
the p eriod of observation. 

(6) Bacilli r emain viable for a long time, even in animals of low 
susceptibility which do not show active infection. 

(7) The pathologic changes in the mouse, ham ster and Apo. spec io
S~I S are similar to those in the tat, which is taken as the standard, 
although slightly leo's resistance is seen. ,]~ he changes in Apo. geisha 
and Mer. unguicula,tu s are not typical, but those found late in the 
lesions of the joints of on e ]l!iir. montebelli animal wer e clo e to those 
seen in the rat. 

(8) It is concluded that the most important factor in determining 
susceptibility of animals to human or murine leprosy bacilli is the 
natural presence of an intracellular growth factor r equired by the ba
cilli, rather than the strength of r esistance possessed by the animal. 

HESUMEN 

A cuatro especies de l'atones campestres se Ie ha inoeulado el bacilo 
de Ia lepra murina, llev:indose ' a cabo las siguientes observaciones. 

(1) El Apodemus speciosus es el mas susceptible de estos animales. 
El Apo. geisha, el Mar-iones unguiculatus y el Microtus rnonteb elli son 
tambien susceptibles, pero en menor escala. 

(2) La caracteristica inherente de susceptibilidad se relaciona inti
mamente con la clasificacion zoologico. 

(3) En los animales de elevada susceptibilidad, la via sabcutanea 
de infeccion resulto satisfactoria, pero en los de baja suceptibilidad, 
como el Mer. 'Ung1Iiclllat11s. la inoculacion intratesticular es m.as efi caz. 

(4) La cantidad de inocilo debe serlo mas pequefia po sible, a fin de 
reducir al minimo la irritacion producida pol' los elementos histologicos 
de la suspension de leproma. 

(5) Mientras menor sea la susceptibilidad del animal, mas largo 
debe ser el periodo de observacion. 

(6) Los bacilos permanecen viables pOl' mucho tiempo, hasta en los 
animales de poca susceptibilidad que no r evelan infeccion activa. 

(7) Las alteraciones patologicas en el raton, el Cricetus y el Apo. 
specios1/'S son semejantes a las observadas en la rata, que se toma como 
pauta, aunque se nota una resistencia ligeram ente menor. Las alter a
ciones en el Apo, geisha y el Mer. unguiculatus no son tipicas, pero las 
notadas tanliamente en las leslon es de las articulaciones de un Mic. 
montebelli son parecidas a las observadas en la rata. 

(8) Deducese que e1 factor mas importante en determinar la suscepti
hilidad rle los animales a los bacilos de Ia lepra human a 0 murina es la 
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pl'esoneia natural de un factor intracelular dol crocimionto l'equorido 
pOl' los bacilos, mas bien quo la fu ol'za do r os istencia posoida pOl' 01 
animal. 
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