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Cnrn'i, l f', / ,o lli l; ill1ta 

Because of sugges tions that lit. lep'/'o e and related microorganisms 
might prefer a growth h'Jnpel'ature Jow('r than that commonly en
countered in mallllllal s, (·xperiments were carried out in the inoculation 
of several species of reptil es and fi sh, especiall y of the A1/Olis Ji~al'd 
(Analis c(t'rali'l1 ensis ) and of the yo ung painted turtl e (Chrys e111Jjs 
picta ). 

MATERIALS A:,\ I) METHODS 

Ano/i s liznrds were plln:llHsed commercinlly and cnged ill simple sC l'epned boxps 
containing pot ted plants. They \\'ere watered by keeping the p lanls drenched, and 
were fed on li\'e meal-worms or a prepared food composed of dri ed insC'cts, Deaths 
f rom starvation and dehydration (f aillll'e 1'0 adapt to cage conditions ) wpre numerous, 
but many anima ls survived nnd wpre ill ('xcelil 'nl' condition whell sa('l'ificrd 4 to 5 
months after inoculation. 

Sma ll pRinted turtl es were kept in open aluminum pans containing wntl' r and 
snpplied with a wooden out-of-water tray. ThC'y wpre f ed the same did. 

Alligators (A.lligat or miss iss ipiell sis ) were kept in an outdoor-indoor box and f ell 
meat. Some Inrger turtles indigenous to t he Louis iana locnle,. Triomyx, P seudomys, 
Chrysemys, and J(inos t en~on spp. wl're tanked with the alligators, A f ew fi sh of 
native spp. (catfish and bream) , as \\'1'1 1 as a JapanC'se mouth-breeder, wC're kept in an 
aerated fresh water tank. ' 

Experiments were carried out o,·er a one-year period. These provided, in the 
summer, day-night temperatures of 25-35 °C, with an average close to 32°C. Indoors, 
during winter months, the temperature was a standard 22-25 °, with a slight nocturnal 
drop. The fish tank showed li tt le variation from 22 °C, winter or summer. 

A nolis lizards are easily handled by chilling' to 5°C, but this procedure was not 
f ound neCf'ssary. At this temperature they are who lly innC'tive. Inoculations wrre made 
cutaneously, or intrnperitoneally, or both. Microscopic sections were made of tissues 
of a ll animals sacrificed and most of those dying. These showed clC'nrly that pure 
cutaneous iuoculations were 110t affected often. Inoculnted material f requently entered 
the general cireulation in quantity by way of lymphatics shortly after inoculation , eve II 
when great care was taken and the smallest size needles were used. 

Turtles were inoculated "subcutaneously" near the hind lrg·. These inoculation:; 
were frequently found to have entered the peritoneal cavity, or the general circulation, 
for reasons related to the physicnl effects of fluid exchange in a hnrd-shellC'd animal. 
Other animal., a lligators and fi sh, were inoculated suhcutnneously. 

The materials inoculated were homogenized saline sllsp ensions of IlIlman leprosy, 
or of murine leprosy, the usual dose being 0.1 m!. (rarely lnrger) of a hea\'y (1-30) 
suspension. 

UESULTS 

Inacttlation af Anolis lizards with M. leprae.- In 10 experiments 
177 lizards were inoculated with doses of M. lepme, varying somewhat 
in concentration (Table 1). Tn 5 of the ' 0 experiments 8 efforts to trans-
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TABLE 1.- fu o(·u/((tiIJIb of r eptiles oud fish ~fil7t lIIycobac/ eria. 
------ -

Total 
K llmlwr Total transfPr 

() rg'a n ism of anima ls Tral\,;fer animn ls 
ill of'lI la te<l tria ls Anima l llsNI nttempt-s llseu Results 

.1/. l eproe 10 .·1 Holis li zarus ]77 8 65 Negativ(' 
111. l ep rae 11 Pni ntNI turt l( 's 20:~ ]fi 15.1 Negat iv(' 
.1/. l eprae 1 A II iga i"ll rs 5 - - Negatin' 
jl/. l eprae 1 l<'is h ]2 - - Nf'gntiw 

-
.If . l ellraemuri'll1lt 8 .,1 'II o/i" lizards ]61 ] s t 18 157 Negati\'P 

2nd 4 29 
M. l e]J r!I e ll/!/ rin1n G PailltN] turtles ]5-l 1st 17 ]82 Probably 

2nd 1 6 negatiyc 
AI. I I' jJ rtl e 11111 r ilt?n 6 )1 is(·. t nrtl('s 18 - - Probably 

llcgative 
lIf. /1' / ifl/ ellltl ri nm 1 1\ Ili g1t.iors 5 - - Negative 
lIf. II'JJra l' IIIUrillm 3 Fish 3G - - Neglltiv(' 

--
Jl I. l/hlei , 2 .'1 Holis li zluds 80 - - Negntiv(' 
8 I11 e.ll l1wli8, 
Tub er cu los is 2 Tllrf-Ips 48 - - Nrgati\'e 

bov is, 
a nd BCG 

fe r to fresh groups were madc. Survival of animals ,\'as good, some 
living fo r -I- and :5 month s, and frequent survival to 90 clays was ob
tained. 

These experiments wcre compl etcly convi ncing that lIf. lepme did 
not propagate in thcsc animals. Although 1I1icroorganisnls could be 
delllonstrated at the sites of inoculation indefinitely, the numbers mani 
festly diminished, and the visceral les ions never progressed beyond 
the extent observable microscopically a few days after inoculation. 
The number of organi sms in the tissues was always a direct factor of 
the number inoculaterl, and transfer s made f rom more heavi ly inocu
lated animals nev€'l' yielrlerl sufficient organisms for an additional 
transfer attempt. 

The ilI. lep1"a e sc('n in the granul omas after a few weeks or months 
still stained vigorously, but the ctnangement within the phagocytic 
cell s was always haphazard, suggestin g absence of hi ologic activity. 
This is unlike the appearance of 111. lep1"(( c in mouse footpad infection, 
in which th('rc is sOllle "hundling" of hac illi s imilar to that een in th e 
artive infection in human tissu('s. 

J'noculation of 1\1. lepra(' i1lto IlI'rll es.- Tn 11 eXl)(, l'iments (~rabl (' 
1) 20:3 i'i lllall paintcd turtl(':-; " 'erc inotulat('d. rrhese animal s sUJ'vi vcd 
a littl c hett('r during the SUllllller months, many living 3, some 5, and a 
few G lIIonths. As with the A'I101is, no progression of infection was 
seen. Tn addition, ] 5 attempted transfers were made in ] 53 animals. 
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Surprlsingly, lltallY of the il'an :,;j'e l'l'ed Bu:,;pen BionB proved toxic to the 
r ecipient animals, producing letharg ic states lasting ] 2 to 2-1: hours 
after inoculation, "with some mortality. 

] t waB found n('eessal'Y to intl'oduc(' needles w('ll awa~· from ]Joints 
of inoculation, to pl'(\v('nt fung-us ahscess('s devploping along needl e 
tracts. rl'hc numhcl' of lIf. 7C' l Jra(' p en., isting in les ions wa, ' ]'('lat('d to 
the number intt·oduc(\c1 . In th(, lllajorit~, of animals lllost 1w,cilli di s
app('aJ'cd within a fe\\' \\,('(·ks, leaving only a few at inoculation , ites 
or .occasional phagocyt ized aecUll1ulatioJlf; in lung or liver. Nerve 
infection "was )1('V(,1' s('('n. 

Ill oculation 0/ Anolis 7i u l1'ds to ilh M. ]('IHaelllUriLllll.- "In 8 ex pe ri 
Ill('nts Hi-J. animal s "\\'e]'(\ inoculated, with good sunival s from 90 to 
1 G5 day .. , An additional] 57 animals \\'ere inoculated in transfer at
tempts, and a further 29 were uSf'd in second transfcr attempts :frOlll 
these. In one exp erillwnt, 14 animals ","e rc additionally inoculated with 
a boil ed (JO minut('s) susp('ns ion, t]l(' animals being kill ed s('rially 
at weekI.\' intpITals for comparison with thm;cinoculated with living 
organisms. 

It was ill1111l'diately elpar tlmt lIf. 7C']J1'(I p )JIlwilll11 survived lllol'pho
log-icall:' in greater dcgree than ill. If}Jm e in Anolis lizards. "Well pn'
served bacilli were found in those animals r eceiving live organisms, 
The quantiti es of boiled bacilli that p ers istpd wcre surpri singly large, 
and it was many weeks befo re there was evidf'nt diminished staining 
capacity. Even after this developed, ho\\'evp1', poorly stainpd organ
isms usually r emain ed in the tissues for a long time. In a few animals 
with ]i,' e hacilli the stain ed appearanc(' was better, but in th e r emainder 
it was not s ignincant. Th e p er s is tenee of organisms l ed, at nrst, to 
anticipation of possible biologic s Ul'vi\'al, and 18 attempted nl's t tran s
fers were made in ] 57 animal .. , hut 110 ('vidpnce of successful passage 
was obtainf'd. 

Ino c'ulatiol1 of M. lepraemuriulll iuto tll'rlles.-Six f'xperimental 
inoculations of turtles wer e made, Tn the first 3 of these the remaining 
animals wer e sacrificed at 50, ] 00, and 120 days. Negative r esults 
were r ecorded. Tn th e fourth group, comprised of.J.O turtles, J2 animals 
survived and were sacrincpd at 15.J. days. Some of these showed 
extensive lesions of the livC' r , which, at the time, ",' er e thougllt to 1)(' 
progressing. Transfer s from thesp animals, carried only 35 days, 
yielded no r esult. In a 5th eXp~)ri111ent, with both 1 ivf' and killed 
organisms, no differences "" f' r e sef'n up to -I: months, hut at 5 and G 
month s a fe\\' animals inoculated with live bacilli sho\\"pd largf' r les ions 
of the ]i.vPl' witl! many more hacilli. 1n a Gtll experimC'nt, in which ani
limb ]'('c(·i\'(·d a heavy dose, hac-illi droPlwd off in 11u1111)('1's aft('r 30 
days, but in one anillml surviving 22G da~· s the liver appeared so 
heavily infected that it seemed a pos::iible cause of dea th. All thc trans-
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l't'rs J'rOlIl Uli s group W0rc made' nt -l-!'i da~' l' or carlier , and yi elc! ed 
no l'('sult . 

.In adC!itiol1 to the abovt' nailled anilllal s, 18 old(~ r (native ) turtles 
were inoculated. Seven of thpse sacrifi ced at less than 1 00 da~' s showed 
no evidences of prog ress ion of th e infecti on. J n th e 11 animals 
examin ed at 5 to 6 month s nUIll('I.'OUS l('s ions were spen, oftf· n tuhc l'cu
loid in c:h a ractcl', hut usuall y with less than impn·ss ive numhe l's of 
hacilli . .In a fpw of th ese the tuherculoid lesion s \\'rro \' e l'~ ' large hut 
I'n capsulated . .In ]'etrospect it S('CI11 S poss ihl(' to ('xlllain them on a 
hasis of illlmune r espon s(:' s to hacillar~' lll'oducts, l'at ll('l' than to 
incl'pased numbers of hacilli, 

'T'lw pel's istenct' of lIf. 1cp1"(( (,1I1lIt" iu1J/ in turtlps c:ontimH's to he 
a stoni shing, a ' though all ol'gani sms survived. But r eference to th r 
compari son s with animal s r eceiving boiled hacilli leaves tir e impress ion 
that r eproduction of M. 1q Jr'oemu t'i'll111 may }lave taken place only in a 
fcw animal s, and th en after a long p eriod of time. There is at lea s t 
a 4 month lag phase, and an (·xperimental period of ] 2 to 18 months 
would be r equired to suhstantiato infr dion of turtl es with M. 
1 C'prae111uri u'I11 , 

Alligoto?'S (f??(l /is7l,- Fivp alligators inoculated 'with JJl. 
lepracnwr-t1tm , and 5 with M. leprae, have yieldpd nothing, not eV0n 
identifiable sites of inoculation after many month s. A f e\\' alli gators 
with lepraemuriu111 inoculation are still aliv(', 20 months later . Som e 
20 bream, 8 catfi sh, and 20 Japanese mouth-hrpcders, have shown no 
les ion s, although living M. l eZJr(( cnwr i'llll7 ,\'pre l'ecoYcl'<:' d (via mouse 
inoculation) aftcr 6 wreks from on e fi sh. 

Other 111Jjco7J((('tni((1 iIlO C'II1((tiO'lI." .- M. I'1I1) (" I'CII1 0S1S 1) 01'is, M. SJJ)). 
BGG, M. s111 egnwtis, and M. ph1C'i were inoculatf'd into 18 turtl es and 
80 Anolis lizards, in approximately equal di strihutions, in a dose of 
0.05 mgm. P Cl' animal. No lesioll s wcr e produccd at thc site of inocula
tion in any animals, and onl~r rare small groups of organisms Wf'rt' 
found, in peritoneal tags, in the animals inoculatf'd with the bovin<' 
tu1wl'cl e bacilli. These organisms all disappeared rapidly, in contras t 
\\'ith the pf'rsis tence of M. 1('771'(( (', and, cvrn morf' strikingly, M. 
1 (, JJm e1111/?"i1l111. 

C01vnmXT 

An inves tigation of thi s kind is not a \\'lroll~r sc ientific undertaking, 
often being conditioned by availability of animals and uncertain 
sUl'vival. It is complicated hy th e OCCUl'l'f'n Cf' of types of pathologic 
processes in r eptiles that are quite differcnt from those in mammal. , 
For exalllpl e, granulomas in the lungs of turtles are extrudf'd into 
alveolar-bronchial spaces, e \' entuall~r sloughing away. An animal with 
most of th f' inoculum cal'l'i f'd to the lungs may rid itself of the hulk of 
it hy thi s process, as has h0en ohsf' l'ved hi s tologi cally m&ny tilll rs . 
Mycohactf'ria inoculated intrapel'itoneall y are taken up hy phagocytrs 
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which gaUIl'r' til 'l1lse]ycs togetJI<'r in a ft·", largt~ .lIodlllar IWI SSPS 
arlherent to lJel'itoncal 1-5Ul'fa('('s. J\ InlOsl an (' ntire intrapcritonclnl 
inoculum lIIay Iw a(,(,llmulatC'd within a frw g ross l)' ohviolls small 
nodules, giving a fabt' imlll'('ssion of an adive or progress ing 10sion. 

It is possible to encount(' r unrelated myeobactprial 1-5pc(' i(ls in work 
such as thi. '. One group o f transfer turtl('s a ll died of an oV(l rwh ('lming 
massive m ycohacte ri a l infection within a few days, the ('anse not sus
pected immrdiately. A rapidly g rowing saprophyte " 'as culti vatrd 
from the fish tank, f oll ow ing ob1-5e rvat ion of )1I~r ('ohacte ri a in the 
ep idermis of se\'era l fish. 

']'h c important f0atul'e of this work lit' s in th e cliluinati on of 
J'cptil0s as a possihle hOl1lc for ill. lel)1'((('. Two spccies, the A110lis 
li7.ard and the young painted turtl e, fail to .'lIJlPo rt the organi sm. ~l'hi s 
is particularly well shown when compared with J'esults with Jlf. 
lepraemuTiU?n, which persists 11l 0rpholog i ('a ll~r in J'eptil es fo r many 
months. M. leprae pcrsists better thaJl the nonpathogens 111. s)ne[}matis, 
M. phlei a nd BGG, and hettr r than M. t Itb er'cul osis bovis. Y pt it is 
clea r that, cvcn though it may prcf01' a tcmpcraturc lowcr than that 
of the human body, the reptilian atmospltt'l'e is nnfa\·o rable. 

The toxicity of fresh susp('ns ion s of turtle tissues for other turtl(ls 
of the same species is puzzling. The recipi('nts show flaccidity of thn 
extremiti es, and then of the neck, and may be mi staken for dead. :Many 

FI(; . 1. 1'hn'~' \\ '('('k Irs ion of Al1ulis aftr !' in oculation of Jl. li-praCmllrillm . 

FIG. 2. 'l'h!'cc·w('ek Irsion of youllg' ('at fi sh showing " K oeh ·likc phf'IlOlllcnon" aftp!, inorlliation 
of lll. ! cIJ1'ac 11111 I'ill 111. 
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recover, but many also die 24 to 72 hoUl's after the inoculation. 
A commonly observed feature both in lizards and in fi sh (Figs. 1, 

2) is the development of something like a Koch phenomenon 3 to 4 
weeks after inoculation 'with M. lelJ1·aemttri'u,m. The sites of inocula
tion can look most hnpressive at this time, but histologically the lesions 
show only much edema, with no increase in ·hacilli. Cutaneous hyper
sensitization can and doC's occur. In fi sh with scales the reaction 
may be obscured, but in catfi sh it is st riking against the dark skin, 
and on subsiding it sometillH's leaves a macule with a hypel'pigmented 
border. 

Clark and Shepard e) observed growth of 11l. 1ncw;ntl'ln in AnoZis 
lizards to be negligible when the animals were kept at lOoC, moderate 
at 20°, and marked at 30°. Theil' animals were not fed, survived 2 to 
23 days, and microdrop counts showed increase in numbers of bacteria. 
:Most of their other observations are recorded from smears of tissues 
rated as to numbers of bacilli. ~rhis last was done routinely in the 
present work, also, but the smears were found unreliabl e (as compared 
with sections) in estimating extent of infection. Smf'ars usually 
showed many more bacilli than were found in sect ions. Pe1'sistence of 
111. marimt11t in some of their animal s, rather than growth, is suggested 
by their findings in some species, such as garter snakes, but nothing 
like the extracellular growth of masses of 111. 1narim(,11t in AnoZis was 
observed in the present case of the leprosy bacilli. 

SUMMARY 

In order to determine possibl e infectivity of leprosy bacilli, both 
human and murine, for reptil es, more than 1400 reptiles were inocu
lated, principally small lizards (.A noZis) and turtles. 111. Zeprae 
persisted in trace numbers during experimental periods of 4 to 5 
months, without suggestion of progression at any time, judged from 
histologic examinations. M. Zeprae1n1wium, on the other hand, per
sisted in some animals most astonishingly, as though all inoculated 
organisms survived, for periods of 4 to 6 months. Inoculations with 
heat-killed controls of 111. leprae11wriwn showed that these, too, per
sisted extremely well. No changes developed in a few alligators and 
fi sh inoculated, and the r esults indicate that it is improbable that any 
reproduction of these microorgani sms took place. FoUl' strains of 
mycobacteria, M. f1luercu,Zo s,;s lJovis, lIf. spp. BGG, M. phlei, and 
M. smegmatis, all disappeared from the ti ssues of lwavily inoculated 
animal s even more rapidly than M. leprrr e. 

RESUMEN 

CO li ('I ohjeto de detel'millal' Ill s posihilidncles infpdll lltl'.· (11'1 bncilo lepl'oso, tanto 
Illlmnno como murino, £uel'on inoclllnclo. mils do 1400 reptiles, principnlmente pequeno, 
laglll'tos (A.nalis) y tOl'tugns. EI]lI. lep"n,e persisti6 I'n cnntidndl's sennlllbl es dlll'llnte 01 
pel'lodo experimental de 4 n 5 mesf'S, sin sllg'l'sti6n de progr('si6n ('n ningun . momento, 
juzglldos pOI' los exn menes llistolog icos. lIf. l epraemm'imn, pOl' otro Indo, persisti6 
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asom bl'OSalllcu te en a lgunos a ni males, COlllO ·i todos los organisLllOs ill uculados sobre
vivieron pOl' periodos de 4 a 6 meses. Las inoeu laeioncs con controlcs de M. lepr((ernul'i~trn 
mucros a l ralor, mostral'on que cstos tambien peJ'sisti cron extrrma da mcnte biell. No 
hubiel'on cam bios en los pocos cailllancs y peces inoculad os, y 1m; l'esultados illdical'on 
que es imp robab le de que huhi era habido ninguna l'epl'Oduccion dr f'stos mi cl'ooganismos. 
Cuatro raUIS de micohact-f'rias, AI . tuberculosis bo vis, M. spp. BGG, IV . lJhlei, y M. 
smegma tis, d('spnrccicl'on todos de los tf'jil1os ,11' Hllimnll's inotu illdos f nl'l't f' ml' ll tf', nnn 
mas rnpidamf'nte que el M . lep ra I'. 

RESUME 

Dans Ie but de detel'lllin el.' Ull eventu cl pouvuir illfectieux ti l'S bacill es de la lepl'e, 
taut ceux de la lepre hUlllaine que ceux de la lepl.'e lllurine, pOUI' les I'l'ptilf's, p lus de 
1400 rept il es on t ete inocu les. 11 s'ag issn it pl'incipnlemf' nt de pptits IbmI'ds (£I /IO/oi::<) 
et de tor tups. M . lep1'Oe a persiste en trcs p pti t nomln'e L1ul'an t des pel'iodps ex pt'l'i 
mrntalt's qui se sont etendues sur 4 a 5 moi s. POUI' nll tnnt qu'on p uisse pn jngcr d'apl'es 
les exam ens histologiqucs, i l n'y a pas pu multipli cation. D'nutl'e part, 711. lep rll emw'imn 
a pcrs iste clwlI quelques animllux d'une f at,;on ),(;l'll pment surprenantI', comme si tous l('s 
org'anis mes inorul es avaient sUl'vecn duran t 4 :1 G mois . Drs inocula t ions de controli' 
menees HVpC M. lepl'ctemu,l'imn tne pal' In. (' hal!'lll' one montl'c qnc cf' lni-ci pprs istait d(' 
mome for t bien. Ancun chnngpm<>nt n'n etC note chf'z I('s qUplqllpS a lligators et chpz 
les poisso ns inocnles, et d'apres rf'S I'es ultats il sf'mhl(' imp ro bable qne CPS micl'ool'gl1nismps 
sc so ien t repl'oduits. Qllatrc souchf'S de mycobacter if's , II. savoir M. tuberculosis bm;is, 
M. spp. B GG, M. phlei et M. sme.qmatis, ont toutf'S c1ispll ru ell'S tiSS\1S chl'lI des animnux 
inocu les a dosp massive, C't ce p ins rapidpmpllt mpme qn'iI n'll\'ait Pte notp aw(·. 
M. lepme. . 
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